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ABSTRACT:  
HEALTH PROBLEMS RELATED TO WORK PROCESSES CAN DRAIN COMPANY RESOURCES BOTH 

FINACIALLY AS WELL AS IN TERMS OF END PRODUCT QUALITY. DESPITE THE  FACT THAT IT HAS 

BEEN PROVEN THAT SECURING WORKPLACE ERGONOMIC IMPROVEMENTS LEADS TO QUICK AND 

HIGH RETURN ON INVESTMENTS, COMPANIES ARE STILL STRUGGLING TO SECURE FUNDING FOR 

ERGONOMICS OPTIMIZATION PROJECTS. THE OBJECTIVE OF THIS PAPER IS TO PRESENT THE 

USEFULNESS OF A TOOL THROUGH WHICH A COMPANY CAN ANALYZE THE SMALLEST OVERALL 

THEORETICAL EQUIPMENT INVESTMENT NEEDED IN ORDER TO IMPROVE PHYSICAL LOAD 

RELATED ERRORS AND INJURIES TO THEIR WORKERS. THE RESEARCH WILL BE SUPPORTED BY AN 

ANALYSIS OF THE WAREHOUSE CASE WHERE MANUAL HANDLINGS ARE DOMINANT AND 

REPETITIVE, BUT COULD BE REPLACED BY ADEQATE EQUIPMENT. IN THIS CONTEXT, A FORMULA 

FOR MAXIMUM EFFICIENCY IS PROPOSED WITH REGARDS TO THE MOST RELEVANT ERGONOMIC 

ASPECTS AND ALL WAREHOUSE HANDLING EQUIPMENT IS RATED IN ORDER TO SUPPORT THE 

DECISION MAKING PROCESS FOR THEIR AQUISITION.  

 
KEY WORDS: WAREHOUSE, LOGISTICS, ERGONOMICS, COMPETITIVENESS 

  

 

 

 

 

INTRODUCTION 

Ergonomics is well recognized as the study of the design of a workplace, equipment, 

machine, tool, product, environment, and system which takes into consideration human 

being's physical, physiological, biomechanical, and psychological capabilities. The main 

objective of the ergonomics design approach is to optimize the effectiveness and productivity 

of work systems while assuring the safety, health, and well-being of the workers2. As an 

applicative subject, it plays a critical role in understanding the physical capabilities of 
                                                           
1 Eng., M.Sc., PhD. Student, Politehnica University of Timisoara, Romania, ancamocan2003@yahoo.com.  
2 Prof. Dr. Eng., Politehnica University of Timisoara, Romania, anca.draghici@upt.ro. 
3 Prof. Eng. Dr. Ec, Politehnica University of Timisoara, Romania, marian.mocan@upt.ro. 
2 Fernandez, Jeffrey E. and Marley, Robert M., Applied Occupational Ergonomics: A Textbook, Kendall-Hunt 

Publishing, 1998 
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workers and translating those into requirements related to those workers’ assigned tasks, tools 

and equipment as well as the procedures they have to follow within their day to day work 

environment. Furthermore, different ergonomics “definitions are largely consistent but they 

lean toward the needs of the organization”. Various ergonomics approaches have addressed 

the occupational needs of different types of employees, workplaces and organizations in a 

holistic and interdisciplinary manner3. 

Today’s ergonomic knowledge has been exploited to different economic sectors or 

areas. The principles and different problem approaches have been extended from the 

traditional industrial context (factories or offices related to factories) to address the needs of 

different employees’ working environment in the field of services (as commerce, logistics 

systems etc.), health care and recreational industries.  

The present research context is defined by the ergonomics problems that occur in 

logistics systems. Logistics is the process of strategically managing the procurement, 

movement and storage of materials, parts and finishing inventory (and the related flows of 

information) through the organization and its marketing channel in such a way that current 

and future profitability are maximized through the cost-effective fulfilment of orders4. Within 

the management of the storage and movement a warehouse is a facility in the supply chain 

that is used to consolidate products, achieve economies of scale in manufacturing or in 

purchasing5, or provide value added processes and shorten response time6, being one of the 

main areas where logistics companies can gain competitive advantage by offering their 

clients tailored services. This competitive advantage is hard to discern, as it is not easy to 

predict what skills will be essential to retail survival and which are the unsubstantiated new 

hot trend in the business. While serious amounts of research has been done with regard to 

warehouse maintenance, inventory control, stacking solutions or cross docking solution 

implementation, there has not been a large amount of attention paid to human factors and the 

way in which these can be leveraged to not just reduce overall costs and improve the quality 

of work, but also add value to the final customer.  

In this context, the paper will analyze the ways in which ergonomic lessons can be 

used within a warehouse environment to improve productivity and reduce injury via the help 

of material handling equipment. In addition, the presented research will show how 

ergonomics can be proofed as an adequate tool that support the decision making processes by 

offering a grading of the possible improvement results (that could be adopt or implemented) 

with the lowest level of financial investment. 

 

HOW TO USE ERGONOMICS 

The source of competitive advantage is found firstly in the ability of the organization 

to differentiate itself positively in the eye of the customer from the competition and secondly 

by operating at a lower cost and hence a greater profit7. To this point the application of 

ergonomic principles and approach in the workplace context have been conducted to the 

following results8:  

• Increasing productivity; 

• Improving workers’ health and safety conditions;  

                                                           
3 McCauley-Bush, Pamela. Ergonomics: foundational principles, applications, and technologies. CRC Press, 

2011 
4 Christopher, Martin. Logistics & supply chain management. Pearson UK, 2016 
5 Bartholdi, John J., and Steven T. Hackman. Warehouse & Distribution Science: Release 0.89. Supply Chain 

and Logistics Institute, 2008 
6 Gong, Yeming, and Rene De Koster. "A polling-based dynamic order picking system for online retailers." IIE 

Transactions 40.11 (2008): 1070-1082 
7 Christopher, Martin. Logistics & supply chain management. Pearson UK, 2016 
8 Fernandez, Jeffrey E. "Ergonomics in the workplace." Facilities 13.4 (1995): 20-27 
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• Lower workers' compensation claims;  

• Compliance with government regulations such as Occupational Safety and Health 

(OSH) standards;  

• Improving job satisfaction;  

• Increasing work quality and defining well-being at work;  

• Lower worker turnover;  

• Lower lost time at work;  

• Improving workers morale;  

• Decreasing the absenteeism rate. 

With an average warehouse size between 2000 and 4000sqm, warehousing activities 

take up to between 2% and 5% of the cost of sales of a corporation meaning that improved 

efficiency and throughput time can lead to significant reduction of costs even in companies in 

which warehousing is not the core business9. The increase in productivity that ergonomic 

system implementation can lead to will also almost automatically lead to an improvement in 

throughput time which in turn leads to higher returns. This is achieved by reducing the 

number of errors and reducing the effort put into the picking and transportation. Reduced 

throughput also leads to less time in the warehouse, emptier warehouses as a result, therefore 

the realization that the need of space is not directly proportional to the amount of items to be 

picked and shipped, but is a function of complexity, error and performance of the warehouse 

workers. It has been proven that investment in ergonomic improvements in the workplace can 

result on a return on investment ranging from 3:1 to 15:110. Previous research has 

demonstrate that in the case of a workstation redesign in an assembly factory, settings made 

by ergonomists led to an increase of over 15% of the productivity and because of the higher 

quantity of the work output, the productivity per worker has been increased to $2250-300011.  

There are three areas in which ergonomic principles can be used to improve the 

quality of the work environment and help reduce negative incidents such as injuries: 

1. Removing physical loads that cause error by fatigue; 

2. Structured processes and training implemented to reduce the number of errors 

caused by lack of knowledge; 

3. Leveraging emerging intelligent technologies to aid workers in recognizing 

mistakes. 

In this context, the article will focus on the first area of improvement, while the 

second and third will be covered in subsequent research articles. 

 

ASPECTS OF REMOVING PHYSICAL LOADS  

Warehousing operations involve a series of activities that a worker or collection of 

workers must do to ensure the inbound arrival of goods in the warehouse, the storage of said 

goods and then subsequent picking, packing and outbound shipping operations. These 

operations include a vast majority of handling activities of which, depending on the level of 

warehouse automation, a part can be manual. Manual handling is defined as any transporting 

                                                           
9 Hwang, Heung Suk, and Gyu Sung Cho. "A performance evaluation model for order picking warehouse 

design." Computers & Industrial Engineering 51.2 (2006): 335-342 
10 Heller-Ono, Alison. "A Prospective Study of a Macroergonomics Process over Five Years Demonstrates 

Significant Prevention of Workers’ Compensation Claims Resulting in Projected Savings." Evaluation 30 

(2014): 90 
11 Hendrick, Hal W. "Determining the cost–benefits of ergonomics projects and factors that lead to their 

success." Applied Ergonomics 34.5 (2003): 419-427 
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or supporting of a load by one or more workers. It includes the following activities: lifting, 

holding, putting down, pushing, pulling, carrying or moving of a load12. 

a) Lifting and putting down - Work related low back pain and injuries are some of 

the most common musculoskeletal disorders that manual handling causes. About a quarter of 

European workers consider that work related back pain injuries affect their health, and in 

areas such as construction, agriculture and transportation as many as 47% of people are 

suffering from some form of work related back problems13. Within a warehouse environment 

one of the most incorrectly done activities is the lifting and putting down of weights. A 

majority of people chose to pick up a weight by bending rather than squatting. This causes 

undue strain on the muscle ligaments and vertebrae that can lead to herniated disks, strains on 

the thoracolumbar fascia or latissimus dorsi muscles or sciatica.  
b) Holding and carrying - Holding and carrying involve static endurance, which can 

be determined by the length of time a limb can maintain a certain position. The amount of 

muscular strength is the maximum amount of force that a muscle can exert under maximum 

contraction. It has been shown that isometric (or static) activities cause greater levels of 

exhaustion than isotonic ones, meaning that holding a weight for a period of time is more 

straining that moving it14. Holding a weight also changes the point of gravity, thus putting a 

strain on posture muscles such as the trapezius and the erector spinae muscles in order to 

maintain a proper upright position.  

c) Pushing and pulling - The amount of force that can be exerted by your limbs 

depends on body posture and the direction of force. For example, when standing, you can 

exert more force when pulling backwards than when pushing forwards. Pushing is preferable 

to pulling for several reasons such as the awkward positioning of the arm stretched behind the 

body during pulling while facing in the direction of the walk that places the shoulder joint in 

a posture that can increase pain and possible injuries. Similarly, pulling while walking 

backwards can lead to accidents very easily as there is no line of view to see the travel path15. 

Further, research demonstrates that people can usually exert higher push forces than pull 

forces. In some situations, pulling may be the only viable means of movement, but such 

situations should be avoided wherever possible, and minimized when pulling is necessary. It 

has been shown16 that pushing and pulling lead to an increase in shoulder aches on a dose 

response relation and that sometimes lower back issues can also occur. 

 

EFFICIENCY ANALYSIS (RESEARCH RESULTS AND ANALYSIS) 

The experimental research has been developed in an existing warehouse of an 

industrial company. The purpose of the study was to identify and presents scientific 

arguments for the warehouse equipment’ acquisition by taking into consideration ergonomics 

aspects of their use.  

 

 

 

                                                           
12 Council Directive 90/269/EEC, Minimum health and safety requirements for the manual handling of loads 

where there is a risk particularly of back injury to workers, Office for Official Publications of the European 

Communities, 1990 
13 European Foundation for the Improvement of Living and Working Conditions, 4th European Working 

Conditions Survey, 2005 
14 Salter, Nancy. “The effect on muscle strength of maximum isometric and isotonic contractions at different 

repetition rates”. The Journal of Physiology 130.1 (1995): 109-113 
15 Cheung Z., Height R., Jackson K., Patel J., and Wagner F., Ergonomic Guidelines for Manual Material 

Handling, DHHS Publication 2007-131. National Institute for Occupational Safety and Health, 2008 
16 Hoozemans, M. J. M., et al. "Pushing and pulling in association with low back and shoulder 

complaints." Occupational and Environmental Medicine 59.10 (2002): 696-702 

http://www.cdc.gov/niosh/docs/2007-131/
http://www.cdc.gov/niosh/docs/2007-131/
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A) Research method 

An analysis of the existing warehouse material handling equipment has been made 

based on three areas of importance, namely the total investment amount, ergonomic 

efficiency and ease of use17. These aspects have been graded on a scale of 1 to 5 (1 being 

least desirable and 5 being most desirable) based on which would maximize the efficiency 

equation (1): 

𝐸 =
𝐼∗𝑝1+𝐸𝑒∗𝑝2+𝑇𝑒∗𝑝3

𝑝1+𝑝2+𝑝3
     (1) 

where E is the overall efficiency; 

I = Investment volume; 

Ee = Ergonomic efficiency; 

Te = Training effort; 

p1, p2, p3 = weights given to each considered factor. 

The grading explanations presented in Table 1, show that the best possible grade that 

an equipment can get is 15 if all the weights in the formula are equal to 1 (p1 = p2 = p3 = 1), 

which is the case that will be further examined. Furthermore, the investment refers 

exclusively to the amount needed for the purchasing of the equipment and not subsequent to 

the training costs. The ergonomic efficiency refers to the capacity of the equipment to reduce 

strain of the employees’ human body that would otherwise be caused by the manual 

manipulation, which the equipment is replacing. The ease of use refers to the average 

duration (amount of time) that workers will need to spend for trainings in order to be able to 

correct use the equipment.  

 

 

Table 1. Grading explanation 

Grade Investment Ergonomic efficiency Training effort 

1 €50000-€100000 Minimal manipulation strain reduction > 1 week training 

2 €10000-€50000 1 week training 

3 €5000-€9999 Average manipulation strain reduction 1-3 days training 

4 €1000-€4999 1/2 day training 

5 <€500 Complete manipulation strain reduction < 1/2 day training 

 

B) Research results 

The grading of all handling equipment analyzed is presented in presented Table 2. 

 

Table 2. Grading of material handling equipment 

Equipment 

type 

Equipment name Investment Ergonomic 

efficiency 

Training 

effort 

Overall 

grade 

Cranes 

 

Jib cranes 4 2 5 11 

Gantry cranes 4 2 4 10 

Bridge cranes  2 2 4 8 

Stacker cranes 1 5 2 8 

Conveyors Chute conveyor 4 3 4 11 

Wheel conveyor 4 3 4 11 

Gravity roller conveyor 4 3 4 11 

                                                           
17 Chu, H-K., P. J. Egbelu, and Chung-Te Wu. "ADVISOR: A computer-aided material handling equipment 

selection system." International Journal of Production Research 33.12 (1995): 3311-3329; Tompkins, James 

A., et al. Facilities planning. John Wiley & Sons, 2010 
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Live (powered) roller 

conveyor 

4 3 4 11 

Flat belt conveyor 4 3 4 11 

Screw conveyor 4 3 4 11 

Sortation conveyor 5 5 1 11 

Vertical lift conveyor 4 3 4 11 

Reciprocating vertical 

conveyor 

4 3 4 11 

Troughed belt conveyor 3 3 4 10 

Bucket conveyor 3 3 4 10 

Vibrating conveyor 4 2 4 10 

Carrier-system pneumatic 

conveyor 

4 1 5 10 

Magnetic belt conveyor 3 3 4 10 

Chain conveyor 3 3 4 10 

Tow conveyor 4 3 3 10 

Slat conveyor 3 3 3 9 

Dilute-phase pneumatic 

conveyor 

3 3 3 9 

Trolley conveyor 4 2 3 9 

Power-and-free conveyor 4 2 3 9 

Monorail 4 2 3 9 

Cart-on-track conveyor 4 2 3 9 

Positioning 

equipment 

Ball transfer table 4 2 5 11 

Hoist 4 2 5 11 

Parts feeder 4 3 3 10 

Air film device 3 4 3 10 

Balancer 5 2 3 10 

Dock leveler 2 2 5 9 

Rotary index table 2 3 3 8 

Lift/tilt/turn table 1 2 5 8 

Manipulator 4 2 2 8 

Industrial robot 2 5 1 8 

Industrial 

trucks 

Two-wheeled hand truck 5 1 5 11 

Dolly 5 1 5 11 

Floor hand truck 5 1 5 11 

Manual pallet jack 5 1 5 11 

Powered pallet jack 4 2 5 11 

Manual walkie stacker 4 1 5 10 

Powered walkie stacker 4 2 4 10 

Narrow-aisle straddle truck 3 4 3 10 

Sit-down counterbalanced lift 

truck 

3 4 3 10 

Walkie platform truck 3 3 3 9 

Personnel and burden carrier 2 4 3 9 

Rider platform truck 3 3 3 9 

Stand-up counterbalanced lift 

truck 

3 3 3 9 
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Narrow-aisle reach truck 3 3 3 9 

Operator-down turret truck 3 3 3 9 

Operator-up turret truck 3 3 3 9 

Order picker 3 3 3 9 

Side loader 3 3 3 9 

Tractor-trailer 2 4 3 9 

Pallet truck 3 2 3 8 

Tow AGV 2 4 2 8 

Unit load AGV 2 4 2 8 

Assembly AGV 2 4 2 8 

Light load AGV 2 4 2 8 

Fork AGV 2 4 2 8 

 

C) Discussion 

The presented data offers an example of how to design the grading scale for a medium 

size warehouse with average weight loads. However, each individual company operates 

under different industrial constraints (in a particular environmental context), therefore it is 

required that the grading scores have to be modified to suit each particular operational 

situation needs in order to bring the level of detail pertinent for the decision making process 

(when establishing the corrective and/or improvement measures). In the case study above it 

has been clearly seen that the company would most benefit from the investment in the case of 

17 overall pieces of equipment, covering each of the 4 types of equipment analyzed, however 

the solution is not, as mentioned, industry transversal, but rather a firm specific result. An 

extra level of flexibility in this equation is given by the individual weights that each of the 

three factors in the formula have, that allow users to tweak the relative importance of one 

factor over the other, based on the company’s culture and strategic objectives.  

 

CONCLUSION 
The research conclusions and debates have well argued that minimal investment in the 

ergonomic well-being of employees can lead to increase in productivity and reduction of 

costs. The fact that this information is not clearly obvious as well as applied within the 

industry leads to the conclusion that there is a gap between what sciences/scientists know and 

what managers are willing to apply. A cross functional working environment as well as more 

popular science oriented publications in business magazines would be recommended to 

disseminate and share knowledge and make sure it benefits more people, employees through 

its practical implementation.  

The analysis method proposed in this paper could offer a first step in bridging that 

gap, by offering managers an easy to understand formula and measuring tool and also, easily 

changing to their particular needs. The analysis method used within this research will also be 

applied during the subsequent research papers that will discuss the other two areas in which 

ergonomic principles and approach can be used to improve the quality of the work 

environment and help reduce negative incidents (finely define real well-being of workplaces).  

Furthermore, more researches are needed in order to analyzing the direct impact of 

warehouse processes mechanization and automation on the day to day behavior of the 

workers, especially in relation with the training support that is needed. A special attention 

should be payed to aspects such as employees’ rate of acceptance, their behavioral 

modifications and persistence in use as the end goal is not to invest in the equipment in itself, 

but make sure that the equipment is being properly used to reduce repetitive physical pain.  
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Finally, more extensive researches have to be focus on the possible combination of 

employee’ handling equipment and the synergy of which this will lead to the highest possible 

work efficiency.  
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ABSTRACT:  
IN THIS PAPER, WE HAVE ANALYZED THE MOST IMPORTANT CATEGORIES OF INTERNET OF 

THINGS (IOT) DEVICES, THEIR CAPABILITY TO EXPAND IN THE FUTURE AND THEIR POSSIBLE 

EFFECTS ON THE ENERGY MARKET. WE HAVE TACKLED RELEVANT ISSUES RELATED TO THE MOST 

IMPORTANT IOT APPLICATIONS IN EVERYDAY LIFE, SUCH AS: HOME AUTOMATION AND SECURITY, 

SMART APPLIANCES, SMART LIGHTING, SMART GRIDS, AUTONOMOUS CARS, VEHICLE 

CONNECTIVITY, HEALTHCARE APPLICATIONS, TRANSPORT AND LOGISTICS APPLICATIONS, ETC. 

WE HAVE ANALYZED IMPORTANT CHALLENGES THAT HAVE TO BE OVERCOME WHEN MANAGING 

EXTENSIVE IOT IMPLEMENTATIONS. IN VIEW OF THE FACT THAT THE DATA PRODUCED BY IOT 

DEVICES IS GROWING SIGNIFICANTLY, IN THE NEAR FUTURE, ONE OF THE GREATEST 

CHALLENGES CONSISTS IN THE APPROPRIATE MANAGEMENT OF THE HUGE AMOUNT OF DATA 

THAT RESULTS AND OF THE ASSOCIATED PROBLEMS RELATED TO DATA STORAGE, SECURITY, 

PRIVACY AND ANALYTICS.

 
KEY WORDS: INTERNET OF THINGS (IOT), SMART DEVICES, DATA MANAGEMENT 

 

 

 

 

 

INTRODUCTION 

The United Nations specialized agency for information and communication 

technologies, International Telecommunication Union (ITU)3 and the European Research 

Cluster on the Internet of Things (IERC)4 have defined the Internet of Things (IoT) as a 

network infrastructure, having a dynamic characteristic and a global extent. IoT offers self-

configuring capabilities and is based on interoperable and standard communication protocols. 

The virtual and physical entities are endowed with their own identities, virtual and physical 

attributes, using intelligent interfaces and being integrated easily into the information 

network. Even though at its introduction, in 2013, the Internet of Things notion seemed to 
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pirjan.alexandru@profesor.rau.ro 
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3 The United Nations specialized agency for information and communication technologies, International 

Telecommunication Union (ITU); http://www.itu.int/en/about/Pages/default.aspx, accessed on 10 May 2017 
4 The Building Technologies Office of the United States Department of Energy;  

https://energy.gov/eere/buildings/about-building-technologies-office, accessed on 10 May 2017 
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have a futuristic, imaginary character, lately it has become more and more palpable and has 

gained increasingly significance in everyday life5. 

In this context, the IoT devices have also gained in popularity, becoming an essential 

part of the people's life. An IoT device consists in a nonstandard computing device, 

connected through a wireless connection to a network, having the ability to receive and 

transmit data, thus being a component of the Internet of Things. The Internet of Things in 

ensemble and the IoT devices particularly rise a series of challenges to the developers and 

users. Among these challenges, it is worth to mention the ones concerning the technical, the 

security and the efficiency issues. Every IoT device communicates with other devices that are 

components of the same ecosystem, devised in order to automate a home, an industry branch, 

a business or other domains. The devices also provide useful data to their users (private 

individuals or businesses), facilitating their daily activities and life6.  

The Internet of Things concept is closely related to business, industry, health, research 

activities, to smart homes, smart cities and many other fields of the human's life. Examples of 

IoT applicability in the daily life can vary from fully automated houses which increase the 

comfort and safety of their inhabitants, to intelligent cars that communicate with each other 

or even send notifications to emergency services in case of accidents7, to healthcare systems 

that assist the elderly or disabled patients and monitor their health, etc. On a larger scale, we 

should mention the IoT applicability to smart cities, where intelligent systems are integrated 

in urban planning, in order to improve the efficiency of various services (to reduce the public 

energy consumption, to improve the public transport, to make the traffic more efficient, etc.), 

or even to develop more effective urban policies where decision makers can rely on 

intelligent tools and advanced ICT technologies8. For industry, the range of applications of 

intelligent systems is even wider, such systems can be used for optimizing productivity, 

automating maintenance operations, managing the distribution or shipping of products, 

monitoring the environment, increasing the production of green energy and managing its 

distribution and integration in the existing power grid, etc.       

According to our research project's plan of activities within which this research has 

been conducted, with regard to the above-mentioned aspects, taking into account the national 

and international concerns for improving the energy efficiency of the Internet of Things in 

ensemble and of the IoT devices in particular, we have analyzed in this paper the most 

important categories of IoT devices, their capability to expand in the future and their possible 

effects on the energy market. We have paid special attention to the most relevant issues 

related to the IoT applications in everyday life, such as: home automation and security, smart 

appliances, smart lighting, smart grids, autonomous cars, vehicle connectivity, healthcare 

applications, transport and logistics applications, etc. As when managing extensive IoT 

implementations the developers and users have to overcome a series of challenges, in the 

following we review and analyze them, along with issues regarding the appropriate 

management of the continuous growing amount of data produced by IoT devices, the 

emerging problems related to data storage, security, privacy and analytics. 

In the following we present a series of issues regarding the energy consumption 

resulting from using the IoT devices. 
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8 Din, Marilena -Aura, Coculescu, Cristina; Modeling of urban policies for housing with fuzzy cognitive map 
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THE ENERGY CONSUMPTION OF THE IOT DEVICES  

The IoT development certainly offers a wide range of opportunities, but also raises 

many risks and problems for users and developers. Among these, it is worth to consider the 

necessity of properly managing the potential increase of the energy consumption. Because the 

IoT devices must be permanently accessible for other devices, it is essential for the 

communication modules of these devices (or even the devices themselves) to be permanently 

powered, even when they are not in operation. Although in this state the energy consumption 

is low, the extremely high number of IoT devices can result in a global considerable energy 

consumption, especially in view of expanding the use of these devices9. 

When assessing the potential increase in the energy consumption, one must take into 

account the forecasts regarding the growing use of both standard equipment that employ 

communication networks (such as computers, laptops, gaming consoles, smart TVs, etc.) and 

of the novel IoT devices (such as household applications, sensors, equipment for monitoring 

and maintaining the user's health). In this context, a comprehensive study regarding the 

energy consumption related to the Internet of Things should consider the use of all these 

devices and should aim to develop effective policies in order to prevent excessive energy 

consumption that could result due to these devices.  

As shown in10, the rapid technology evolution of recent years offers a series of 

technical options for reducing the increasing energy consumption, ranging from 

implementing smart metering systems that improve consumption management, to using 

alternative renewable energy sources. The advantages of using renewable energy as an 

alternative energy source are well known and have been discussed extensively in recent 

years; the most notable benefits consist of conserving traditional energy resources, reducing 

pollution, stimulating economic development11, and even assuring the stability of the national 

power system12.  

Another relevant aspect with respect to energy consumption is the fact that IoT devices 

have also the potential to facilitate the efficient use of energy as they offer a wide range of 

data management capabilities related to the life and habits of the customers who are using 

them. 

A number of international organizations and boards, for example the European 

Research Cluster on the Internet of Things (IERC)13, the IEEE Communications Society 

(Comsoc)14, the Building Technologies Office of the United States Department of Energy15, 

the United Kingdom Government Office for Science16 aim to develop researches related to 
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Things, Technology and Energy Assessment Report, http://www.iea-4e.org, accessed on 10 May 2017 
10 Căruțașu, George, Coculescu, Cristina, Stănică, Justina Lavinia, Pîrjan, Alexandru; An analysis of the main 

characteristics and implementation requirements of the advanced metering infrastructure systems in Romania, 

Database Systems Journal, București,  2016 
11 Lungu, Ion, Bâra, Adela, Carutasu, George, Pîrjan, Alexandru, Oprea, Simona-Vasilica; Prediction intelligent 

system in the field of renewable energies through neural networks, Economic Computation and Economic 

Cybernetics Studies and Research, Bucuresti: Editura Academia de Studii Economice, 2016 
12 Lungu, Ion, Carutasu, George, Pîrjan, Alexandru, Oprea, Simona-Vasilica, Bâra, Adela; A Two-step 

Forecasting Solution and Upscaling Technique for Small Size Wind Farms located in Hilly Areas of Romania, 

Studies in Informatics and Control, București: ICI Publishing House, 2016 
13 The European Research Cluster on the Internet of Things (IERC); http://www.internet-of-things-

research.eu/index.html, accessed on 10 May 2017 
14 The IEEE Communications Society (Comsoc); http://www.comsoc.org, accessed on 10 May 2017 
15 The Building Technologies Office of the United States Department of Energy;  

https://energy.gov/eere/buildings/about-building-technologies-office, accessed on 10 May 2017 
16 The United Kingdom Government Office for Science;  

https://www.gov.uk/government/organisations/government-office-for-science, accessed on 10 May 2017 



September 2017 

 

19 
 

the Internet of Things field, the energy consumption resulting from using the IoT devices, the 

standardization of these devices, the involved technologies, the potential offered by the IoT 

devices' market and their implementation in commercial and residential buildings. 

In the following we present the main application areas of the IoT devices and the most 

important categories of IoT applications.  

 

THE MOST IMPORTANT CATEGORIES OF IOT APPLICATIONS 

According to17, when speaking about the IoT applications one can classify them into 

several main application areas, namely:  

 the smart home area (comprising as main applications the smart lighting, the home 

automation, the smart appliances);  

 the smart health area (comprising as main applications the physical activity 

monitoring, the weight monitoring, the sleep monitoring, the health monitoring, the 

emergency notification, the medicines management, the fall detection, the nutrition 

monitoring);  

 the smart retail area (that comprises the product tracking, the location based 

services and the smart vending machines application);  

 the smart grid (that comprises the smart meters, the smart appliances, the 

renewable energy resources and the energy efficient resources);  

 the smart mobility area (comprising as main applications the emergency 

notifications, the smart road, the smart parking guidance, the traffic monitoring, the 

public transport ticketing, the communications between cars, the communications 

between cars and infrastructure, the smart street lightening);  

 the smart logistics (comprising as main applications the products tracking, the 

monitoring of the storage and shipment quality, the fleet tracking, the waste 

management);  

 the smart agriculture (comprising as main applications the animal tracking, the 

irrigation and pest monitoring);  

 the smart office area (comprising as main applications the office automation, the 

access control, the intrusion and fire detection);  

 the smart factory area (comprising as main applications the asset tracking, the 

machine monitoring, the machine diagnosis, the machine remote control and the 

inventory management);  

 the smart environment monitoring (comprising as main applications the monitoring 

of the water quality monitoring, floods, forest fire, avalanches, earthquakes, 

glacier).  

As mentioned in18, based on the above-mentioned classification, the most important IoT 

applications that should be considered when studying the impact of IoT devices on the global 

energy consumption are those implied in the everyday life's fields of activities, such as: home 

automation, smart appliances, smart lighting, smart street lighting and smart roads. Even if all 

these applications cause an additional energy consumption in their standby mode, they also 

have a considerable impact on energy saving. In most of the cases, the extra power 

consumption brought by these devices is inferior to the energy savings that they can bring. 
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According to19, analyzing the impact of the above-mentioned most important IoT 

applications on the worldwide energy consumption, one can observe that the energy 

consumption in the standby mode is expected to grow with an annual rate of 20%. It is 

expected that, in 2025, the most important IoT applications causing an additional energy 

consumption in their standby mode will be the home automation (with a percentage of 78% 

from the total additional consumption), the smart appliances (with a percentage of 15%) and 

the smart lighting (with a percentage of 7%).  

On the other side, taking into account the permanent and sustained development in the 

IoT domain, the impact of the IoT devices in the energy efficiency will become more and 

more substantial, both for existing technologies and for the new, emerging ones.  

In the following, we discuss a series of challenges that have to be overcome by the 

developers and users when managing extensive IoT implementations.  

 

CHALLENGES THAT THE IOT POSES TO ITS DEVELOPERS AND USERS  

When speaking about the Internet of Things and IoT devices' future development, one 

must consider the appropriate management of the continuous growing amount of data, 

produced by the IoT devices, the emerging problems related to data storage, security, privacy 

and analytics.  

The main steps before implementing the Internet of Things at a large-scale extent are to 

obtain a model validation from the technological and business points of view, to address in an 

integrated manner the issues regarding the security and trust, to validate and certify the 

ecosystems in the IoT field. The developers should focus their interest in solving the 

technological impediments, especially those related to the security, approaching the 

integration potential of the IoT devices with the existing technologies, gaining the users' 

acceptability and trust, implementing novel applications as to facilitate the communication 

between the users and the smart devices, validating the specific technological concepts 

involving interlinking and compatibility between the novel and existing technological means. 

According to20, as each category of users has its own interests and needs, the IoT 

applications developers should consider the three main user categories: the individuals, the 

community within a certain area (a city, a country or even the whole human society) and the 

enterprises. At an individual level, the users' expectations from the IoT applications refer to 

ensuring their own and their families security, offering the possibility to conduct certain daily 

activities in an easier, more effective and safer manner, thus improving their life-style and 

decreasing the expenses. At the society's level, it is expected that the usage of IoT 

applications ensures an improved public safety, offers new possibilities of protecting the 

environment, creates new jobs and ensures the sustainability of the existing ones. Regarding 

the enterprises as a category of IoT users, the IoT application developers should take into 

account their needs in view of obtaining an increased productivity, offering the products' 

diversification on the market, reducing the costs in order to obtain an improved economic 

efficiency.  

Another category of challenges for the developers refers to the novel network 

technologies that have to deal with the ever-increasing amounts of data, the large number of 

users and the huge number of devices, offering a low latency, low energy consumption and 

being cost-effective.  
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A recent study conducted by Juniper Research21, shows that the number of connected 

IoT devices will triple from 2016 to 2021, reaching over 46 billion devices. The research 

predicts that the highest growth of IoT applications will be in the industrial sector and public 

services. On the same note, another research conducted by Cisco22, forecasts that the global 

data generated by IoE (Internet of Everything) applications will reach the extraordinary 

amount of 600 Zettabytes per year by 2020, compared to the 2014 figure of 134.5 Zettabytes 

per year. However, the study pointed out that, fortunately, only slightly above 1% of those 

data (about 6.2 Zettabytes) will have to be stored.  

Under these circumstances, the biggest challenge end-users and providers must cope 

with consists in managing the huge amount of data produced by the increasing number of 

devices. The Juniper research author Steffen Sorrell cautioned that the technical architecture 

cannot handle these data: "The platform landscape is flourishing. However, analytics and 

database systems are, for the most part, not architected to handle the Big Data 2.0 era that 

the IoT brings"23.    

Another fact highlighted by the Juniper research24 consists in the fact that the security 

threats for business and individuals will increase, due to the huge growth of IoT devices. The 

IoT DDoS (distributed denial-of-service) attacks recorded in 2016 are considered to be only 

"the tip of the cybersecurity iceberg", since on the long and medium term the IoT hackers 

might focus on other directions such as the theft of personal or corporate data or physical 

asset damage.  

The Internet of Things development rises emerging challenges for the researchers and 

developers in order to lay the foundation for a new smart world, in which the energy, the 

transport, the cities and many other aspects of the daily human life become more intelligent 

and usable. The capacity of the Internet of Things devices to connect with each other, to 

interact at any moment and place with other devices and with their users represents a huge 

step in improving the human health and quality of life.  

When analyzing the Internet of Things impact among the human society, one must take 

into account not only the type of developed applications and devices or the security concerns, 

but also aspects regarding the data generated by the IoT devices and its management. 

Therefore, in the following, we tackle significant issues regarding the management of data 

generated by the Internet of Things and by the IoT applications.  

 

MANAGING DATA GENERATED BY THE IOT APPLICATIONS 

Considering the fast development of the Internet of Things, one of the most important 

issues that have to be considered is the growing amount of data produced by the IoT 

applications that have to be stored, used and managed securely. The data produced by the 

Internet of Things and IoT applications is characterized by their huge dimension, being 

unstructured and non-static. The traditional systems used in managing databases are the 

relational database management systems.  

Despite their undeniable qualities (performance, flexibility, simplicity, scalability, 

robustness), the usage of the above-mentioned systems in the Internet of Things field faces a 

series of limitations, deriving from their static schema. In this context, a newer class of 
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database systems, the NoSQL databases, have arisen, offering an improved performance 

compared to the traditional SQL ones25.  

The main elements that worth to be highlighted when comparing the SQL and the 

NoSQL databases have been synthetized in (table1)26.   

 

Table 1. A comparison between the SQL and the NoSQL databases 

The database's  

type  

The compared 

elements 

SQL Database NoSQL Database 

The emerging moment  Since 1970 Since 2000 

The model Relational  Non-relational 

The development model  Mix Open Source 

Schemas 

Fix  

(structure and data types  

are fixed in advance) 

Typically, dynamic  

(records can add new 

information on the fly) 

Scaling Vertically Horizontally 

Consistency  
Atomicity, Consistency, 

Isolation, Durability 

Basically Available, Soft 

state, Eventual consistency 

Types 
One type with minor 

variations 

Many different types 

(key-value stores, document 

databases, wide-column 

stores, graph databases) 

Examples 
MySQL, Postgres, Oracle 

Database, MSSQL, DB2 

MongoDB, Cassandra, 

HBase, Neo4j, Riak, 

Voldemort, CouchDB, 

DynamoDB 

Data manipulation 

Through a specific language 

(using Select, Insert, Update 

statements) 

Through object-oriented 

APIs 

 

As described in27, the main characteristic of the NoSQL databases is their non-

relationality, as they can incorporate any kind of data in a single database. In addition, the 

NoSQL databases offer an easy replication support, they are horizontally scalable, suitable 

for data having a schema-free structure. These databases can be distributed with ease and 

provide a high level of scalability and availability.  

Comparing the SQL and the NoSQL databases, it is almost impossible to state that one 

of these databases systems is better than the other without specifying first the type of the 

application in which the data definition and querying are required. Nevertheless, NoSQL 
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databases are more suitable for the heterogenous type of data than traditional SQL 

databases28.  

According to29, in the case of IoT applications, the NoSQL databases are more efficient 

than the traditional SQL ones. The requirements of a database system designed to manage 

data produced by IoT applications consist in a system that has to be flexible, scalable, capable 

of handling real time and dynamic data types, efficient in managing large amounts of data. As 

they are able to store and process such types of data, the NoSQL databases seem to be the 

best choice for the developers when managing data generated by the Internet of Things and 

the IoT applications.  

Both SQL and NoSQL were, at the moment of their release, the best solution for the 

purpose for which they were designed: the data management, storage and retrieval. Even if 

regarding the data generated by the IoT domain, NoSQL databases offer great advantages, it 

does not mean that NoSQL is always the best and only solution. Both technologies are useful 

and it remains at the choice of the developer to select the best option, depending on the 

particular situations and his own needs. Establishing the most suitable database type is not a 

universal truth, but requires a thorough study that takes into account the specific of the 

application.  

 

CONCLUSION 

We have analyzed in this paper a series of challenges regarding the appropriate 

management of the emerging Internet of Things applications. Of course, the existence of 

these challenges (as well as others that have not been mentioned) does not represent an 

impediment to the development of Internet of Things, of emerging applications and devices. 

As in the last decades there have been technical developments that seemed unimaginable 

twenty or thirty years ago, it is expected that the next decades will bring other significant 

evolutions and challenges. This is the reason why in the future, the emergence of new devices 

that will be part of the IoT universe, as well as the development of new applications for these 

devices, will bring new challenges to the users and developers. 

Regarding the future work, corresponding to the project's objectives, the research team 

will develop a custom-tailored IoT solution using Microsoft Azure IoT Suite30 that will 

retrieve from the smart meters data that will be further analyzed using Stream Analytics31. 

Thus, based on the analyzed IoT data we will design and implement a NoSQL database that 

will scale efficiently to the large volume of produced IoT data. Once stored, the data will be 

further analyzed using machine learning techniques in order to obtain o forecasting solution 

regarding the consumption of energy according to the users' profiles.   
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ABSTRACT:  
THIS ARTICLE PRESENTS A WORK IN PROGRESS OF USING AUGMENTED REALITY AS A WAY TO 

HELP HANDLING COMPUTER NUMERICAL CONTROL (CNC) MACHINE TOOLS. SEVERAL REASONS 

JUSTIFY THE USE OF AUGMENTED REALITY IN MACHINE TOOLS: (I) A HIGH COMPLEXITY OF 

USING SUCH MACHINES, ESPECIALLY FOR BEGINNERS; (II) LOW ERGONOMICS SINCE THE 

OPERATOR HAS TO MOVE CONTINUOUSLY BETWEEN THE MACHINE WINDOW AND A CONTROL 

SCREEN TO ENSURE SMOOTH OPERATIONS; (III) THE WINDOW IS OFTEN OBSTRUCTED BY THE 

LUBRICANT, THEREFORE THE OPERATOR MUST OFTEN RELY ONLY ON INFORMATION DISPLAYED 

BY THE CONTROL SCREEN; (IV) A NON-USER-FRIENDLY INTERFACE OF THE MACHINE; AND (V) A 

COMPLEX MAINTENANCE OPERATION. 

 IN THIS WORK, A PROTOTYPE OF A SYSTEM ALLOWING AN OPERATOR TO IMPROVE ITS WORKING 

CONDITIONS AND BETTER HANDLE CNC MACHINES USING AR DEVICES IS PROPOSED. THESE 

DEVICES ARE POSITIONED IN FRONT OF THE MACHINE, CONNECT TO IT AND DISPLAY REAL-TIME 

INFORMATION, SUCH AS THE OPERATING CONDITIONS AND A 3D REPRESENTATION OF THE 

CUTTING TOOL MOTION. A USER INTERFACE WAS ALSO DESIGNED TO MANAGE OPERATORS’ 

PROFILES WITH CUSTOMIZED INFORMATION. THE SYSTEM WAS TESTED BY SEVERAL USERS WHO 

CONFIRMED ITS POTENTIALITIES TO ASSIST MACHINE OPERATORS IN THEIR WORK. OTHER 

POSSIBILITIES OF THIS SYSTEM ARE UNDER INVESTIGATION, SUCH AS A TRAINING TOOL FOR 

BEGINNERS AND A GUIDE FOR MACHINE MAINTENANCE. 

 
KEY WORDS: AUGMENTED REALITY, ERGONOMICS, MACHINING TOOL, INDUSTRY 4.0 

 

 

 

 

 

INTRODUCTION 

Augmented reality (AR) has gained great interest over the last years, especially in 

industrial applications, due to cheaper devices and the large possibilities offered by this 

technology. Moreover, AR is one of the pillars of governmental programs in several countries 

such as “Industrie du Futur” in France, or “Industry 4.0” in Germany, to achieve high 
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industrial productivity, thus accelerating the deployment of this technology in industrial 

applications. 

In this regard, we present in this paper a work in progress of using this technology in 

the context of manufacturing with computer numerical control (CNC) machine tools. Issues 

are related to: (1) low ergonomics since the operator has to move continuously between the 

machine window and a control screen to ensure smooth operations; (2) the window is often 

obstructed by the lubricant, therefore the operator must often rely only on information 

displayed by the control screen; (3) a non-user-friendly interface of the machine, especially 

for beginners; and (4) a complex maintenance operation (figure 1). 

 

 

 
 

Fig. 1. Issues related to current use of CNC machine tools 

 

Still few examples of implementation in machining exist in the literature. In past work, 

several technologies were used to help operators better monitor manufacturing processes. 

Olwal et al.4 presented an autostereoscopic see-through AR system based on two external 

projectors projecting on a holographic optical element mounted on the machine’s window. 

Though this system provides high ergonomics for the operator, it however requires a heavy, 

expensive and specific setup and it is just used as a visualization tool (no interaction can be 

performed). Other systems used markers to track the position of the tools5, providing a low 

cost solution, but they were mostly used as a validation tool for machining simulation 

purposes, and not in real machining conditions. Computer vision algorithms were also 
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considered to recognize specific parts of the tools6, but the major issue is occlusion problems, 

which is a typical issue in computer vision. A huge piece of literature explored possibilities to 

manage occlusions (see for example in7 for an implementation in machining processes). 

Again, this past work shows its effectiveness only in machining simulation and not in real 

machining conditions. 

We propose to use cheap portable devices to perform AR as an aid for the use of CNC 

machine tools, namely tablet PCs, AR glasses, as these systems are widely spread among 

society. These devices can connect to any machine tool without any specific setup, thus 

bringing to operators ease of use of our system. A user interface was designed to manage 

operators’ profiles with customized displayed information, such as operating conditions and a 

3D representation of the cutting tool motion. 

 

DESCRIPTION OF THE SYSTEM 

General architecture 

Our system is based on the use of a portable device capable of performing augmented 

reality, i.e., with an embedded camera, such as tablet PCs, AR glasses, etc. Our system’s 

architecture is summarized in figure 2. 

 

 
 

Fig. 2. General architecture of the system 

 

The architecture is composed of different modules written in C# to communicate with 

the CNC machine and provide real-time information to users: 

- TCPFetcher module is the connection module with the CNC machine. The device 

connects by Wifi through the TCP protocol. 

- InfoRetrieval module asks the CNC machine information to be displayed to the user 

on the AR device. Information is requested every 200ms to avoid latencies in the 

system. 

- DataProvider module gets and stocks the required information. 

- DataRefresh module organizes the information to be displayed, depending on what 

the user wants to see. 
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- ScreenData module displays the data in AR scene, i.e., the information are rendered 

to the user. 

- A database has been created to store user profiles and machines. This allows users 

to configure the system to display only information they want to see in a convenient 

and fast way. 

Information to be displayed can be operating conditions, cutting speeds, tool position, 

cutting tool motion, potential collisions, forces, etc. 

The AR scene is composed of a graphic user interface to navigate through menus and 

select profiles (figure 3), and the display of desired information on the real environment 

filmed by the embedded camera of the device. We used Unity3D to build the AR scene and 

the final application. The application is then installed in the device. 

 

 

 
 

Fig. 3. User interface. Top: the user chooses the machine he wants to use. Bottom: the user 

selects his profile 

 

User manipulation 

Here we considered just one use case where our system is used as an aid while 

operating the machine tool, i.e., while machining. Information that can be displayed for the 

moment is the cutting tool position and motion speed, and a 3D representation of the cutting 

tool motion (namely a 3D arrow). 

The user first selects the machine tool he wants to use in the database then his profile. 

Note that he can also create a new profile in the database with customized parameters for the 

visualization of information. Then he places the AR device in front of the machine window. 

When starting a machining process, the user can see through the device the machine window 

with information from the machine tool (figure 4). To display the 3D representation of the 

cutting tool motion at the right position (the position of the arrow must match the one of the 

cutting tool), AR markers have to be placed on the machine tool to detect the position of the 

AR device with regard to the one of the cutting tool. Recognition is done using Vuforia SDK. 
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Fig. 4. AR system in operation (on the left: using a tablet PC; on the right: using AR glasses 

with a zoom on displayed information) 

 

FIRST USER TESTS 

We made a pre-user test with 5 participants, all of them use machine tools regularly 

(several times per week) but none of them are familiar with AR systems. We asked them 

through interviews to evaluate the usability of the system (“did you find the system easy to 

use?”), in terms of software and hardware manipulation (“did you find the user interface easy 

to handle?”), ergonomics (“how did you feel with the devices?”) and utility (“do you find the 

system useful?”, “would you use it every time?”). They were able to give also free comments. 

To answer the questions, a 10-point Likert scale was provided. We proposed two different 

devices: a tablet PC, needing however to hold it all the time, and EPSON Moverio BT-200 

AR glasses, allowing participants to keep their hands free for other tasks. Both devices ran 

Android OS. No indication on how to use the system was provided to participants, to check 

its ease of use. The machining process to be executed was basic milling between two 

positions without any work piece. The process was performed on a DMC 85V machine tool. 

Participants had to launch the AR application, select the right machine tool, ask for specific 

parameters to be displayed, such as the tool position and cutting speeds, and supervise the 

machining process over the AR system without looking at the machine-embedded control 

screen (figure 5). Interviews were done at the end of the machining process. 

 

Fig. 5. A participant evaluating the application 
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From participants’ answers, all of them were very interested in the system. They found 

it easy and practical to use. In terms of ergonomics, no significant difference was found 

between the tablet PC and AR glasses. Indeed, the tablet PC needs to be held all the time as 

mentioned above, depriving users of using their hands for other tasks, while AR glasses were 

considered a bit heavy on participants’ head. Participants also pointed out that currently they 

probably would not use it every time since they are used to move continuously between the 

machine window and the control screen, and not yet with AR devices. Nevertheless, they told 

us it would be useful for learning purposes, e.g., for operators new to CNC machine tools, by 

getting views of the different parts of machine tools while discovering the tool, or by 

providing a tutorial on how to use the machine user interface for instance. 

As free comments, participants reported to look forward to seeing further 

functionalities of the system. 

 

CONCLUSION 

We presented a preliminary work on the utility of an AR system to provide aid for the 

use of complex machine tools. We used cheap and common devices capable of AR, and we 

aimed at being as generic as possible, not to be device nor machine dependent. First tests 

showed strong potentialities of our system. 

Future work include the development of other use cases such as a training tool for 

beginners, a guide for machine maintenance, and deeper investigation will be done on 

ergonomics and interaction possibilities with the machine. 
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ABSTRACT:  
IN THIS PAPER, WE HAVE DEVELOPED, USING AN ARTIFICIAL NEURAL NETWORK (ANN) 

APPROACH, A NOVEL METHOD AIMING TO IMPROVE THE FORECASTING ACCURACY OF TWO 

CRITICAL INDICATORS FOR PHOTOVOLTAIC POWER PLANTS: THE AMOUNT OF PRODUCED AND 

CONSUMED ENERGY. THE METHOD IS ESPECIALLY USEFUL IN THE CASE OF PHOTOVOLTAIC 

POWER PLANTS COMPRISING SOLAR PANELS FIELDS LOCATED AT A CERTAIN DISTANCE. OF 

PARTICULAR INTEREST WAS TO DEVELOP AND IMPLEMENT CUSTOM ARTIFICIAL FITTING NEURAL 

NETWORK ARCHITECTURES, IN ORDER TO ACHIEVE A SPATIAL INTERPOLATION WITH A HIGH 

DEGREE OF PRECISION, REGARDING THE INPUT METEOROLOGICAL PARAMETERS 

CORRESPONDING TO THE RESPECTIVE FIELDS OF SOLAR PANELS. OUR METHOD IS USEFUL FOR 

THE PHOTOVOLTAIC POWER PLANTS OPERATORS THAT MUST PROVIDE DETAILED REPORTS 

REGARDING THE FORECASTED QUANTITY OF ENERGY PRODUCTION AND CONSUMPTION, TO THE 

NATIONAL AUTHORITIES. THE DEVISED METHOD POSES ADVANTAGES IN ASSESSING WHETHER A 

CERTAIN AREA IS APPROPRIATE FOR SUSTAINING A PHOTOVOLTAIC POWER PLANT 

DEVELOPMENT, THUS IF FINANCIAL RESOURCES ARE WORTH INVESTING. ONCE IMPLEMENTED 

AND COMPILED, THE METHOD BECOMES A SPECIALIZED FRAMEWORK, THAT IS USEFUL FOR THE 

DEVELOPMENT OF A WIDE RANGE OF CUSTOMIZED APPLICATIONS FOR PREDICTING 

PERFORMANCE INDICATORS IN THE FIELD OF RENEWABLE ENERGY.

 
KEY WORDS: ANNs, PHOTOVOLTAIC ENERGY, SOLAR PANELS, FORECASTING METHOD 

 

 

 

 

 

INTRODUCTION 

A series of papers from the scientific literature3 and patents from the international 

databases in the energy field tackle issues regarding the solar or wind energy and the 
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prediction of the amount of the produced energy, based on the meteorological data. However, 

to our best knowledge, none of the works so far have approached the development of 

methods for forecasting the quantity of energy production and consumption using a 

prediction method based on a meteorological spatial interpolation of the input parameters for 

photovoltaic power plants comprising solar panels fields located at a certain distance, like the 

method that we have developed and presented within this paper. The meteorological spatial 

interpolation is based on a set of input meteorological parameters, provided by a specialized 

institute, that correspond to a certain location. Starting with the set of values that is known, 

the values of the same parameters, corresponding to other locations situated at a certain 

distance from the first one, are estimated using an artificial neural network (ANN) approach. 

Our method addresses the needs of the photovoltaic power plants operators, of the 

potential investors that want to develop solar power plants, as well as other categories of 

users whose activity requires accurate forecasting methods for the produced and consumed 

energy within the production process. These methods must be effective, resourceful, fast, 

reliable and economically advantageous. In this context, our developed method provides a 

solution for achieving this goal, based on a set of input parameters consisting in the 

meteorological data (the solar irradiation level, the environmental temperature, the humidity, 

the atmospheric pressure) and finally provides a method of predicting the produced and 

consumed energy within the production process with a high level of accuracy. 

 The devised photovoltaic energy prediction method is based on developing and 

implementing artificial neural networks, which are carried out in two stages. During the first 

stage of the method, a meteorological prediction artificial neural network is developed and 

applied afterwards to predict the necessary parameters.  During the second stage of the 

photovoltaic energy prediction method, an energy prediction artificial neural network is 

developed and used in order to forecast the produced and consumed energy. In the following, 

we present our novel method, aiming to improve the forecasting accuracy of two critical 

indicators for photovoltaic power plants: the amount of produced and consumed energy.   

 

THE DETAILED DESCRIPTION OF THE DEVISED PHOTOVOLTAIC 

ENERGY PREDICTION METHOD 

The method targeted at improving the prediction accuracy of the produced and 

consumed energy in photovoltaic power plants comprising solar panels fields located at a 

certain distance, aims to improve the forecasting accuracy of the existing methods, by 

developing an estimation technique in two stages. The meteorological data supplied by the 

specialized institute is related to a particular solar panels field, but if the photovoltaic power 

plant is large in size, comprising several solar panels fields that are situated at a distance from 

the initial one, the weather data is no longer appropriate.  

Our proposed photovoltaic energy prediction method solves this deficiency and proves 

to be best suited for photovoltaic power plants comprising solar panels fields located at a 

certain distance that is large enough so that the meteorological data of the first solar panels 
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field is not representative to the other solar panels fields as to obtain an accurate forecasting 

of the produced energy, but small enough to fit into the weather resolution area (WRA).  

The new photovoltaic energy prediction method comprises two stages, the first one 

containing 4 steps and the second one 3 steps (figure 1).  

During Stage 1, according to the photovoltaic energy prediction method, a 

meteorological prediction artificial neural network is developed and once trained, the network 

is used to predict the meteorological parameters corresponding to the solar panels fields that 

are situated at a distance from the initial one. The neural meteorological prediction network 

of the method is developed based on the Bayesian Regularization algorithm4, using the 

following architecture: one neuron for each of the input data (the solar irradiation level, the 

environmental temperature, the humidity, the atmospheric pressure), 16 neurons for the 

hidden layer, 4 neurons for the exit layer and 4 for the output data (the solar irradiation level, 

the environmental temperature, the humidity, the atmospheric pressure, predicted within the 

WRA). The initial conditions for starting the first stage consist in knowing beforehand the 

statistical meteorological data recorded by the solar panels fields' sensors, consisting in 

representative samples for a suitable period of time, so that it covers at least one year. During 

the first stage, the following conditions must be met: in order to obtain the rebuilt data set for 

training the photovoltaic energy prediction neural network it is necessary to know the 

statistical meteorological data recorded by the first solar panels field's sensors and the 

forecasted meteorological data for the other solar panels fields, using the developed 

meteorological artificial neural network; in order to rebuild the dataset that will be used in the 

prediction of the produced and consumed energy using photovoltaic energy prediction neural 

network, there are necessary the meteorological data recorded by the first solar panels field's 

sensors  and the forecasted meteorological data for the other solar panels fields, obtained 

using the developed meteorological artificial neural network (figure 1). 

During Step 1 of the Stage 1, according to the method, a meteorological prediction 

artificial neural network is developed based on the Bayesian Regularization algorithm, using 

the above-mentioned architecture. In order to start the first step, one must know the statistical 

meteorological data recorded by the solar panels fields' sensors. 

During Step 2 of the Stage 1, according to the photovoltaic energy prediction method, 

one obtains the forecasted meteorological data for the other solar panels fields. These data 

will be used later for the reconstruction of the data set that will be used to train the energy 

prediction artificial neural network. The initial conditions for starting the second step consist 

in knowing the statistical meteorological data recorded by the first solar panels field's sensors 

and the meteorological prediction artificial neural network, previously developed during the 

first step. 

During Step 3 of the Stage 1, according to our developed method, one obtains the 

reconstructed meteorological data set that will be needed in order to train the energy 

prediction artificial neural network. In order to start the third step, one must know the 

meteorological data recorded by the first solar panels field's sensors and the forecasted data 

that have been obtained at Step 2. 

During Step 4 of the Stage 1, according to our photovoltaic energy prediction method, 

one obtains the forecasted meteorological data set for the other solar panels fields that will be 

used for reconstructing the data set, the data set been mandatory in order to be able to forecast 

using the energy prediction artificial neural network. The initial constraints that must be met 

in order to start the fourth step consist in having the meteorological data set delivered by the 

                                                           
4 Beale, Mark Hudson, Hagan, Martin, Demuth Howard; Matlab Neural Network Toolbox User's Guide, 

R2016b, http://www.mathworks.com/, 2016 
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specialized institute for the first solar panels field and the meteorological prediction artificial 

neural network that has been previously trained in the first step.  

During Stage 2 of the photovoltaic energy prediction method, an energy prediction 

artificial neural network is developed and used in order to forecast the produced and 

consumed energy. The energy prediction artificial neural network of the method is developed 

based on the Bayesian Regularization algorithm, according to the following architecture: one 

neuron for each of the input data (the solar irradiation level, the environmental temperature, 

the humidity, the atmospheric pressure) for each of the solar panels fields, 14 neurons for the 

hidden layer, 2 neurons for the exit layer and 2 for the output data (the produced and 

consumed energy). The initial conditions that must be met in order to start the second stage 

consist in knowing the meteorological reconstructed data set obtained after executing the 

third step of the first stage, as well as the data regarding the production and consumption of 

energy. During the second stage, the following constraints must be satisfied: in order to 

reconstruct the meteorological dataset that will be used for forecasting the production and 

consumption of energy, one needs the meteorological data from the specialized institute for 

the first solar panels field and also the data set that has been obtained after executing the 

fourth step of the first stage; in order to forecast the produced and consumed energy for the 

photovoltaic power plant, one needs the reconstructed meteorological dataset that has been 

obtained after having executed the sixth step of the second stage, as well as the energy 

prediction artificial neural network that has been previously trained, at the fifth step of the 

second stage (figure 1). 

During Step 5 of the Stage 2, according to our photovoltaic prediction method, an 

energy prediction artificial neural network is developed and once it has been trained, the 

network is used to forecast the amount of produced and consumed energy. The energy 

prediction artificial neural network of the method is developed based on the Bayesian 

Regularization algorithm, according to the above-mentioned architecture. In order to start the 

fifth step, one must know the meteorological reconstructed dataset that has been obtained 

after executing the third step of the first stage, as well as the data regarding the production 

and consumption of energy. 

During Step 6 of the Stage 2, according to the devised method, one obtains the 

reconstructed meteorological dataset that is useful for predicting the amount of produced and 

consumed energy. The initial conditions for the sixth step consist in knowing the 

meteorological data, provided by the specialized institute, from the first solar panels field as 

well as the data set obtained in the fourth step. 

During the last step, Step 7 of the Stage 2, according to the photovoltaic energy 

prediction method, one obtains the forecasted data regarding the energy production and 

consumption. In order to start the seventh step, one must know the reconstructed 

meteorological dataset resulting after having executed the sixth step of the second stage, as 

well as the energy prediction artificial neural network previously developed, in the fifth step 

of the second stage.  

The block diagram of our photovoltaic energy prediction method has been synthetized 

in (figure 1).  
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Figure 1. The block diagram of the photovoltaic energy prediction method 

 

In the following we present an eloquent but nonlimitative example of how our devised 

method can be successfully applied to a solar power plant located in the Giurgiu County, 

Romania. 

 

EXPERIMENTAL RESULTS AND THEIR ANALYSIS 

The experimental data has been obtained from a solar power plant located in the 

Giurgiu County, Romania and they consist in a number of 9214 samples (after the exclusion 

of the irrelevant ones), that have been obtained through hourly measurements, during a one 

year period (from the 1st of January to the 31st of December 2014). The solar power plant 

comprises two solar panels fields, located at a distance of 1500 meters from each other.  

The values corresponding to the input parameters are provided by the specialized 

meteorological institute (the solar irradiation level, the environmental temperature, the 

humidity, the atmospheric pressure), the forecast being provided at a horizontal weather 

resolution of 10 km5. The energy producer can also acquire a forecast with a more refined 

resolution, of 5 km, however the high cost involved for acquiring this forecasting service 

makes it unaffordable for most of the renewable energy producers6. 

Even in the case of refined weather resolutions (such as the one of 1500 m, presented in 

the case study) there are recorded changes regarding the direct beam solar irradiation, the 

atmospheric reflection, the atmospheric absorption, the reflected low wave solar irradiation 

                                                           
5http://www.meteoromania.ro/anm2/despre-noi/meteorologie-operationala/prognoza-numerica/modelul-aladin/, 

accessed on 2 July 2017 
6 http://www.meteoromania.ro/anm2/despre-noi/meteorologie-operationala/prognoza-numerica/modelul-alaro/, 

accessed on 2 July 2017 
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determined by different surfaces (Albedo), the diffuse-scattered solar irradiation, all of these 

influencing the amount of solar irradiation captured by the collector surfaces of the solar 

panels, even in the case of panels that are equipped with auto-directing mechanisms towards 

the sun.  

The neural meteorological prediction network of the method forecasts with high 

accuracy within the same WRA, thus obtaining adjusted meteorological parameters for the 

other solar panel field(s) located at a certain distance within the WRA, consequently refining 

the forecasting accuracy within the weather resolution area of the forecasting provided by the 

specialized meteorological institute. 

For both the meteorological prediction artificial neural network and the energy 

prediction one we have benchmarked different alternatives related to the allocation of the 

dataset in subsets required by the developing phases of the ANNs (in the case of the networks 

developed using the BR algorithm, these stages are the training and the testing phases).  

For both networks, the setting that has offered the best results was the one in which we 

have allocated 75% of the data samples in the training process and the remaining percentage 

in the testing phase. Both of the artificial neural networks have been developed, trained and 

tested using the Neural Network Toolbox from the development environment 

MatlabR2016b7.  

Using the meteorological data recorded by the sensors of the two solar panels fields 

(from the 1st of January to the 31st of December 2014), we have developed the 

meteorological prediction artificial neural network, according to the first stage of our method. 

Afterwards, we have used this ANN in order to forecast the meteorological dataset 

corresponding to the second solar panels field, when the meteorological dataset 

corresponding to the first solar panels field are delivered by the national specialized institute. 

The obtained results are used in order to obtain an accurate meteorological dataset, as close as 

possible as if the data had been provided by the sensors themselves.  

This reconstructed dataset that contains the meteorological data corresponding to the 

first solar panels field and the forecasted meteorological dataset corresponding to the second 

solar panels field, will be used along with the dataset containing the production and 

consumption of energy, in the second stage of our devised method, for training the energy 

prediction artificial neural network. This network has been developed using the Bayesian 

Regularization algorithm.  

Once trained, the energy prediction artificial neural network is used in order to forecast 

the amount of energy production and consumption within the solar power plant, using a 

reconstructed dataset that contains the meteorological dataset corresponding to the first solar 

panels field delivered by the national specialized institute and the forecasted meteorological 

data set for the other solar panels field, obtained by using the meteorological prediction 

artificial neural network.  

In order to validate our developed method, after the networks have been trained, the 

method has been applied using the dataset for the year 2015, provided by the photovoltaic 

power plants' operator, comparing the forecasted results with the actual ones, recorded by the 

solar panels' sensors.  

The obtained results have confirmed the accuracy of the developed method, thus 

resulting in a solution that forecasts the produced and consumed energy within the production 

process of photovoltaic energy when knowing a set of input parameters consisting in the 

meteorological data (the solar irradiation level, the environmental temperature, the humidity, 

the atmospheric pressure). 

                                                           
7 Beale, Mark Hudson, Hagan, Martin, Demuth Howard; Matlab Neural Network Toolbox User's Guide, 

R2016b, http://www.mathworks.com/, 2016 
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In the following, we present and analyze the prediction accuracy recorded by the 

energy prediction artificial neural network, developed using the Bayesian Regularization 

algorithm. In this purpose, we have represented the plots highlighting: 

 the performance analysis through the minimum value of the Mean Squared Error 

MSE (figure 2); 

 the error histogram highlighting the range of the registered errors (figure 3); 

 the regressions between the network targets and network outputs, highlighting the 

minimum values of the correlation coefficient corresponding to the training phase, 

the testing phase and the global one (figure 4).  

 

 
Figure 2. The best training performance of the energy prediction artificial neural network 

 
 

 

 

 

Figure 3. The error histogram of the energy prediction artificial neural network 
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Figure 4. The regressions of the energy prediction artificial neural network 

 

Analyzing the plots, one can notice that the value of the MSE coefficient is low 

(0.043406), the range of errors is narrow and all the values of the correlation coefficients are 

close to one. 

 

CONCLUSIONS 

The obtained results highlight the high level of forecasting accuracy and confirm the 

efficiency of our method that improves the prediction accuracy of the produced and 

consumed energy in photovoltaic power plants comprising solar panels fields located at a 

certain distance. Our method can be implemented and compiled, thus becoming a specialized 

framework, useful in developing a wide range of specialized applications that forecast 

accurately key indicators in the field of renewable energy. 
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ABSTRACT: 
IN THIS PAPER WE AIM TO PROVIDE A SYNTHESIS OF THE MAIN METHODS USED TO ANALYZE THE 

EVOLUTION OF POWER CONSUMPTION IN ORDER TO HIGHLIGHT WAYS TO OPTIMIZE AND 

PREDICT IT. THE FIRST PART INCLUDES A GENERAL APPROACH TO THE CURRENT STATE OF 

EVOLUTION OF ENERGY SYSTEMS AND POLICIES BOTH IN A GLOBAL CONTEXT AND IN TERMS OF 

THE COMPLEXITIES OF THE ROMANIAN ENERGY SECTOR. ALSO, BY IDENTIFYING THE MAIN 

FACTORS OF INFLUENCE ON ELECTRICITY CONSUMPTION AS WELL AS THE DELIMITATION OF 

CONSUMER TYPES, WE WILL BE ABLE TO DEFINE GENERIC CONSUMPTION PROFILES AND 

ANALYZE THEIR ROLE IN CHOOSING THE TYPE AND METHOD OF FORECASTING ELECTRICITY 

CONSUMPTION. FINALLY, WE WILL PROVIDE A SYSTEMATIC OVERVIEW OF THE MATHEMATICAL 

METHODS USED IN FORECASTING ELECTRICITY CONSUMPTION, REVIEWING BOTH NUMERICAL 

METHODS AND TECHNIQUES, AS WELL AS MODERN APPROACHES BASED ON ARTIFICIAL 

INTELLIGENCE ALGORITHMS. 

 
KEY WORDS: ELECTRICITY, MATHEMATICAL MODELING, FORECAST OF POWER 

CONSUMPTION 

 

 

1. INTRODUCTION 

Through dedicated mechanisms and instruments, the competitive market ensures the 

balance between the efficient usage of limited resources and the fulfillment of particular and 

social needs, that are unlimited and have a varying nature. The competitive relations adjust 

the producers' behavior by promoting discovery and technological progress as basic vectors 

of continuous and sustainable development. In this context, an efficient producer will aim to 

maximize his earnings, by incorporating into the restrictions system also constraints in order 

to ensure the optimization of consumption, thus improving the consumers' satisfaction level. 

Therefore, through a continuous adjustment and training process, the new challenges are 

turned into opportunities, thus ensuring the attaining of the whole economic system 

objectives.   

The competitive market of electricity has certain characteristics generated both by the 

means of production, transport and/or distribution of electricity and also by its acquiring and 

consumption processes. The relationship between the producers and consumers of electricity, 

achieved through a predefined robust transport network, imposes the strong necessity of 

collaboration and integration between all the decision-making factors and action ones, in 
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view of assuring and maintaining an internal system balance, but in the same time the 

necessity of a legislative framework, for regulating and coordinating at the macroeconomic 

level. It is common knowledge that electricity cannot be stored efficiently.  

Therefore, the evaluation of the demand becomes an objective necessity for both the 

producers of electricity and for the distribution/supplying operators.  

 

2. STATE OF ART REGARDING THE EVOLUTION OF THE 

PRODUCTIONAND CONSUMPTION OF ELECTRICITY 

Among the general strategic objectives of the energy policies developed at the global, 

European and national level, one major concern consists in minimizing the difference, that 

tends to rise, between the production and consumption of electricity, by assuring an optimal 

mix of the energy resources, by correlating the economic development rate with the 

production capabilities and also by making the consumption more efficiently, in order to 

preserve and protect the environment.   

Nowadays, an essential characteristic of the worldwide actual context, within which the 

energetic systems function, is represented by an increase in the energy consumption, 

especially the electricity, generated by many influence factors, like economic, technologic, 

demographic, climatic, regulatory, environmental ones etc.     

In a more and more globalized context, the energetic policy of the European Union 

until the years 2020, relies on three fundamental objectives3: 

- sustainable development–aims to improve the energy efficiency and reduce the 

negative impact of the energetic sector on the environment; 

- competitiveness - aims developing competitive energy markets and assuring the 

nondiscriminatory access of all the participants to the energy market; 

- reliability in energy supply- has as an objective the diversification of the energy 

sources, in view of reducing the vulnerabilities regarding potential future energetic 

crises.  

The Romanian energetic policy must take into account the evolutions and changes that 

take place at the national level and the challenges at the global and European level in order to 

ensure the development of the national electric power system correlated to the strategic 

targets of the worldwide energy policies. According to the Romania's Energy Strategy for the 

period 2007-2020, the main target of the energy development sector consists in the "covering 

the energetic needs both in the present and in the near and long future, at the lowest price, 

suitable to a modern market economy and to a civilized life level within quality conditions, 

security and maintaining the principles of sustainable development" [15]. 

The particular aspects of the structure and dynamics of the national power system, and 

the strong links between this system and other activity branches, lead to the need of 

integrated approaching of phenomena and processes that develop within the whole chain of 

evolution from production, delivery/supplying and up to the energy consumption, in view of 

optimizing and obtaining efficiency.  

In Romania, gross electricity consumption in the period 1990-2015 recorded a 

significant decrease, mainly due to the reduction in consumption in the industrial sector 

(Figure no. 1). 

In the context of a broader market, the forecasting of the electricity consumption has an 

essential role in ensuring the efficient and safe operation of the energetic system, as an 

important link in ensuring the cybernetic system adjusts the processes along the whole chain 

of production – delivery/supplying of electricity.  

                                                           
3 Energy 2020. A Strategy for Competitiveness, Sustainable and Secure Energy 

https://ec.europa.eu/energy/sites/ener/files/documents/2011_energy2020_en_0.pdf 
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In Romania, the process of the energy market liberalization brought a growth in the 

competition and therefore, an increase in the involvement of both the producers and 

electricity consumers, in order to identify the means of increasing the efficiency, in the 

context of the negative influence of the basic energy sources decreasing, of the instability of 

the electric power price, of the structural changes in the national economy, of the strong 

decreasing of the population number, but also taking into account the regulations regarding 

the environment protection.  

 

 

 
 

Figure  no. 1 

Source: Eurostat 

 

3. INFLUENCE FACTORS OF THE ELECTRICITY CONSUMPTION 
In the following, we will analyze the evolution of the electricity consumption taking 

into account the different mathematical modeling techniques, in view of finding the best 

methods and techniques for optimizing and forecasting that consumption. 

The results obtained through the mathematical modeling of the electricity consumption 

reflect the real evolution of the process to an extent that essentially depends on the most 

accurate and complete identification of the influence factors that act upon it. 

From this perspective, the main causal factors of electricity consumption are: 

 economic factors - linked to the economy structure and its dynamics (GDP, the 

resident population, GDP per capita, number of consumers, price); 

 technological factors - the technological changes imposed by the fast pace of 

development and innovation in the field of energy; 

 socio-demographic factors - changes in the population dynamics and structure, 

in the urban/rural spatial distribution, in the living level evolution; 

 environmental factors–the climate changes, increasing the share of renewable 

energy in total energy sources; 

 changes of the regulatory framework. 

The evolution of the Gross domestic product (GDP) has a decisive influence on the 

electricity demand, especially on the industrial energy consumption segment. Recent studies 

analyze even the opposite correlation, trying to highlight the contribution of electricity 
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consumption to economic growth, in the context of the structure's particularities and 

economic development at national level. 

The changes brought about by the necessity of continuously adapting to the 

technological developments have a positive influence on all the participants in the electricity 

market, offering advantages both in terms of energy efficiency and intelligent monitoring of 

the electricity consumption. The existence of the two-way flow of information transmission 

between the producer and the consumer gives to the intelligent metering system a feedback 

mechanism, based on which realistic consumption forecasts can be made using dynamic load 

curve approximation methods4. 

Integrating and using intelligent metering systems into a power management system 

can help improve communication and control between consumers and suppliers, optimizing 

the electricity consumption, production and distribution. 

The changes in the regulatory framework in view of aligning national laws with the 

Framework Strategies developed at a regional and global level facilitate the integration and 

cooperation between states, ensuring the security of the national electric power systems 

operation. In the same time, through the impact on the price, the legislative changes are a 

decisive factor influencing the evolution of the electricity consumption, also having direct 

consequences on the balancing process of the electricity market5. 

The climatic factors, along with the Energy Strategies' objectives generate changes both 

in the mix of the electricity generation sources and in the structure of its consumption in order 

to reduce the negative impact on the environment of the energy sector activities. 

 

4. TYPES OF ELECTRICITY CONSUMERS AND GENERIC CONSUMER 

PROFILES 

According to the current provisions of the electricity market regulatory framework, 

there are the following types of electricity consumers: 

 the end-user consumer-consumes electricity on a contract basis and under 

regulated conditions may re-transmit electricity to subconsumers; 

 the household consumer - uses electricity only for domestic purposes; 

 the public lighting system–is under the coordination of the local administration; 

 the industrial electricity consumer. 

In the category of industrial electricity consumers, one can distinguish: 

 small consumers - consumers having a contracted power of 100 kW or less on 

the consumption place; 

 large consumers - consumers having a contracted power of over 100 kW on the 

consumption place  

One of the major challenges of the liberalization of the electricity market process 

consists in ensuring the access to the electricity market for consumers who do not have an 

hourly consumption metering equipment (small consumers and household consumers). For 

these consumers, it is a question of determining the profile of the load curve, that is, the 

distribution of the total electricity consumption over a certain period of time over time 

intervals. 

                                                           
4 Căruțașu, George;Coculescu, Cristina;Stănică, Lavinia-Justina;Pîrjan, Alexandru; An Analysis of the Main 

Characteristics and Implementation Requirements of the Advanced Metering Infrastructure Systems in 

Romania, in Database Systems Journal, December 2016, ISSN: 2069-3230, pp. 354-363, ASE Edit Press, 

Bucharest, 2016 
5Energy 2020. A Strategy for Competitiveness, Sustainable and Secure Energy  

https://ec.europa.eu/energy/sites/ener/files/documents/2011_energy2020_en_0.pdf;  

Romanian Energetic Strategy for the While 2007–2020. Updated to 2011-2020,  

http://www.minind.ro/energie/STRATEGIA_energetica_actualizata.pdf 
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By applying the methodology for determining the profile of load curves for electricity 

consumers, it is intended to group them into consumer classes having common characteristics 

and to establish the consumption profile of each class. 

In the literature there are known two methods for determining the electricity 

consumption profile6: 

 the statistical consumption profile method; 

 the residual consumption profile method. 

The statistical consumption profile method is based on complex procedures, analysis 

techniques, mathematical and statistical processing that ensure the obtaining of the most 

accurate results. 

The residual consumption profile is computed as the difference between the total 

hourly consumption in a certain area and the total hourly consumption in that area of the 

consumers having smart meters installed that allow hourly consumption measurements. The 

method is simple to apply, but has the disadvantage that it does not offer the possibility of 

highlighting the peculiarities of the consumers in a particular residual group. 

Although both ways of determining the consumption profile have advantages and 

disadvantages, in the specialized theory and practice is presented and applied with 

satisfactory results, especially the residual consumption profile method. 

In Romania, starting with 2007, it is applied "The procedure for defining and utilizing 

the residual consumption profile", developed by the Romanian Energy Regulatory Authority 

(ANRE). 

 

5. CLASSICAL METHODS VERSUS MODERN APPROACHES IN 

MATHEMATICAL MODELING OF ELECTRIC POWER CONSUMPTION 

Current major and rapid transformations that address virtually all areas of life and 

socio-professional activities have led to the increasing complexity of processes and 

phenomena in society, which requires the use of modern methods of investigation combining 

the intuitive aspects with the scientific knowledge tools of reality, in view of obtaining 

decisions through deductions. The methods and techniques of forecasting have an important 

role in the process of scientific substantiation of managerial decisions, due to the multiple 

investigation and analysis possibilities that they offer7. 

In the scientific literature, there is no unitary and exhaustive classification of the 

mathematical modeling methods regarding the evolution of electricity consumption. 

Although scientific points of view are not always convergent, the following criteria for the 

classification of electricity consumption modeling and forecasting methods are 

distinguished8: 

 Depending on the period to which the forecast refers: 

- short-term forecasting methods (from one hour to a week) 

- medium-term forecasting methods (from one week to one year) 

- long-term forecasting methods (more than one year) 

 According to the mathematical method nature: 

- numerical methods (polynomial interpolation methods, finite differences, least 

squares adjustment methods) 

- optimization methods (linear, non-linear) 

                                                           
6 Dumbravă, Virgil; Bazacliu, Gabriel; Nicoară, Bogdan; Popescu Christian; Apetrei, Dan;Using of Generic 

Profiles of Consumption for Romanian Electric Power Market-  The Energetic, year 55, nr. 12/2007 
7 Coculescu, Cristina; Căruţaşu, George; Despa, Radu; Information – Essential Element in Decision Process 

Modeling, in Annals of the Oradea University, Fascicle of Management and Technological Engineering, CD-

ROM Edition, Volume VII (XVII) 2008, pp. 2016_2021,Oradea, 2008 
8 Luștrea, Bucur; Energy Consumption Forecasting, AGIR Edit Press, 2001 
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- fuzzy methods 

- algorithms of artificial intelligence 

 According to the type of the method: 

- analytical methods (solution based on deduction) 

- simulation methods (having an experimental character) 

 Depending on the nature of the independent variables: 

- direct methods 

- indirect methods 

 

The regression method is one of the most used methods for the mathematical 

modeling of dependencies between two or more variables, especially the random ones. 

Starting from the experimental research of the analyzed phenomena variations and from the 

theoretical hypotheses formulated based on the principles and laws specific to the belonging 

scientific domain, the regression model describes quantitatively the dependencies between 

the specified variables. Furthermore, if the estimated regression model is valid, meaning that 

it reflects as accurately as possible the actual analyzed phenomena, it can be used to predict 

the evolution of the interest variables or to scientifically substantiate the managerial                   

decisions. 

In the literature, there are numerous studies in which the linear or non-linear 

regression method is presented and applied to describe the evolution of electricity 

consumption according to the main influence factors such as GDP, GDP per capita, number 

of consumers, price etc. Therefore, the theoretical electricity consumption regression model is 

given (1): 

                                𝑊𝑡 = 𝑓(𝐺𝐷𝑃𝑡 , 𝐸𝑃𝑡 , 𝑁𝐶𝑡, … . )                                  (1) 

 

where: 𝑊𝑡 is the electricity consumption, 𝐺𝐷𝑃𝑡 is income or economic growth, 𝐸𝑃𝑡 is 

electricity price, 𝑁𝐶𝑡  is number of electricity customers etc. 

The approaches aim, on one hand, to identify the most suitable mathematical function 

for describing the cause-effect correlations (the least squares method) and, on the other hand, 

to compare the regression method with other statistical and mathematical methods and 

techniques from the accuracy of the results point of view, but also from the possibilities to 

adapt to the level and volume of the processed data9. 

Some of the oldest forecasting methods are those based on time series analysis. The 

hypothesis in which these methods apply assumes that the studied phenomenon is comprised 

by the aggregation of the following components: the trend (reflects the long-term evolution of 

the studied phenomenon), the cyclical component, the seasonal component (periodicity due to 

the environment) and the residual component (including random fluctuations). The 

importance of these components depends on the period for which the forecast is made, as 

follows: short-term forecasts are very important for the residual component and less 

important for the trend and cyclical variations, while in the medium and long-term forecasts 

the trend component occupies the main place. 
In power consumption evolution models, the aggregation of the four components is 

either additive (2) or multiplicative (3) with a variety of functions: linear, polynomial, 

exponential, Gompertz function, logistic function, etc.  

 

                                                           
9 Bianco, Vincenzo; Manca, Oronzio; Nardini, Sergio; Linear Regression Models to Forecast Electricity 

Consumption in Italy, Journal Energy Sources, Part B: Economics, Planning and Policy, Volume 8, 2013-Issue 

1; Mihai, Petruța; Popescu, O. Mihai;Mathematical  Models Used in Quality Management of the Electrical 

energy, U.P.B. Sci. Bull., Series C, Vol. 70, No. 3, 2008 
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                      𝑊𝑡 = 𝑇𝑡 + 𝐶𝑡 + 𝑆𝑡 + 𝜀𝑡                                               (2) 

 

                      𝑊𝑡 = 𝑇𝑡 ∗ 𝐶𝑡 ∗ 𝑆𝑡 ∗ 𝜀𝑡                                                  (3) 

 

where:  𝑊𝑡 is the electricity consumption, 𝑇𝑡 is the trend, 𝐶𝑡 is the cyclic component, 𝑆𝑡 is the 

seasonal component and  𝜀𝑡 is the aleatory component. 

The most frequently used methods for analyzing time series for the electricity 

consumption forecasting, which have led to satisfactory results from the practical point of 

view, are: ARMA, ARIMA, ARMAX, ARIMAX10. For the long-term electricity 

consumption forecast the methods should also take into account the changes induced by the 

technological development and innovation pace. The technological forecasting methods 

combine statistical and mathematical analysis tools with descriptive investigation techniques 

of phenomena and processes, among which the most popular are the trend curve method 

(exponential curves, linear, logistic, Gompertz curves) and the Delphi method (based on the 

experts' consultation, stimulating the scientific substantiation of forecasts). 

Nowadays, in order to describe the dynamics of complex processes, as a result of the 

assembly of the component elements evolution, modern versions of the extrapolation 

methods are used. These methods are also known in the literature as "extrapolation methods 

with the aid of the winding curve". Operational research also provides a multitude of 

optimization algorithms for modeling and solving large scale problem shaving multiple 

objectives, as well as modern multicriterial analysis methods that provide forecasting in tight 

correlation with the overall macroeconomic developments, both in the energy field and in the 

systems with which they relate to. 

The increasing complexity of processes and phenomena in the energy sector has 

required the development of modeling methodologies that include data processing methods 

based on artificial intelligence solutions: artificial neural networks, fuzzy logic, genetic 

algorithms. Due to the increased precision of the results, the possibility of finding complex 

data approximation functions, the generalization capacity and the modeling of the 

multivariable systems, there are several approaches to the electricity consumption forecasting 

using artificial neural networks and fuzzy techniques11. Also, one can remark the concern for 

the comparative estimation of electricity consumption for certain types of consumers, using 

both classical methods and models that incorporate artificial intelligence12. 

 

CONCLUSIONS 

Forecasting the evolution of electricity consumption is of particular importance in the 

complex process of designing, developing and implementing modern management strategies, 

both in the field of production and in the one of electricity consumption, in accordance with 

the current constraints, requirements and challenges posed by the competitive environment 

integrating energy systems. 

                                                           
10 Mohsen Mehrara; FatemehRafiei; Energy Consumption and Economic Growth: Kalman Filter Approach, 

International Journal of Academic Research in Economics and Management Sciences,May 2014, Vol. 3, No. 3 

ISSN: 2226-3624; Pasapitch,Chujai; Nittaya, Kerdprasop; Kittisak; Time Series Analysis of Household Electric 

Consumption with ARIMA and ARMA Models, Proceeding of Soft International Multi-Conference of Engineers 

and Computer Scientists 2013VolI, IMECS2013,March 13-15, 2013,HongKong 
11 Ming, Meng; Wei, Shang; Dongxiao, Niu; Monthly Electric Energy Consumption Forecasting Using Multi-

window Moving Average and Hybrid Growth Models, Journal of Applied Mathematics, Volume 2014 (2014), 

Article ID 243171 
12 Ozoh, P.; Abd-Rahman, S.; Labadin, J.; Apperley, M.; A Comparative Analysis of Techniques for Forecasting 

Electricity Consumption, International Journal of Computer Applications (0975 – 8887), Volume 88 – No.15, 

February 2014 

https://www.hindawi.com/18317085/
https://www.hindawi.com/37496828/
https://www.hindawi.com/27239349/
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The bibliographic research conducted in order to develop this paper regarding the 

methods and techniques used for optimizing and forecasting the electricity consumption, 

leads to the following assessments: 

 the methods of modeling the electricity consumption evolution use a wide variety of 

statistical and mathematical tools and techniques (probability theory elements, 

numerical analysis, mathematical statistics, econometrics, artificial intelligence, etc.); 

 both the classical methods and the dynamic methods of electricity consumption 

forecasting have advantages and limitations regarding the accuracy of the results, the 

flexibility, the applicability, the generalization capacity, the possibilities of computer 

implementation and integration in the forecasting software systems; 

 in the case of the short-term electricity consumption forecasting, the research results 

have revealed particular influences on the energy consumption of the climatic factors 

(temperature, humidity, wind velocity etc.), but also the shape of the load curve for 

the special days; 

 in the case of medium and long-term electricity consumption forecasting models it is 

used a range of macroeconomic factors such as: the economic growth, the population 

number, the consumer price index, the living standard, etc.; 

 the accuracy of the forecasting results depends on the consumption profile, the 

accuracy of the data gathered from the consumption history, the technical 

characteristics of the software used for the implementation and data processing; 

 the classical electricity consumption forecasting methods are relatively easy to apply 

and are recommended in the hypothesis of normalized measurement errors; 

 the multiple (linear or non-linear) regression method is one of the most commonly 

used forecasting methods and provides good forecasting accuracy, especially for 

consumers who are faithful to a particular consumption profile. 

The multitude of approaches and results mentioned in the literature reveals that using 

only classical numerical methods and techniques one cannot describe and analyze the varied 

and complex influences on electricity consumption, its peculiarities and interdependencies 

with various processes and phenomena in society. Recent studies highlight an increasing 

interest in using artificial intelligence methods and techniques (artificial neural networks, 

expert systems, fuzzy logic, genetic algorithms) in the mathematical modeling of the 

evolution of electricity consumption, since, due to the high degree of flexibility and 

adaptability, they lead to an increased accuracy of the forecasting results. 
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ABSTRACT:  
DIGITAL TOOLS SUCH AS CAD/CAE OR SIMULATION, DIGITAL DIRECT MANUFACTURING 

TECHNOLOGIES SUCH AS ADDITIVE MANUFACTURING, ROBOTICS AND AUTOMATION, VIRTUAL 

AND AUGMENTED REALITY ARE NOW SHAPING THE ENGINEERING WORLD. THE CONNECTIVITY 

PHYSICAL-DIGITAL AND DIGITAL-PHYSICAL INCREASED DUE TO A SIGNIFICANT INCREASE IN THE 

MACHINES’ CAPABILITY TO COLLECT AND INTEGRATE DIFFERENT TYPES OF DATA AND TO 

INTELLIGENTLY AND AUTOMATICALLY REACT UPON DATA ANALYSIS RESULTS. THEREORE, IT 

BECAME POSSIBLE EXPLOITING THESE TECHNOLOGIES TO THEIR FULL POTENTIAL. THIS IS 

ESPECIALLY TRUE FOR ADDITIVE MANUFACTURING SYSTEMS THAT FOR YEARS FUNCTIONED IN A 

STAND-ALONE MODE AND WHICH NOW HAVE STARTED TO BE AUTOMATIZED. BY AUTOMATION, 

ADDITIVE MANUFACTURING CAN BETTER FIT INDUSTRY 4.0 PARADIGM AND IT CAN BE USED FOR 

COUPLING MORE EFFICIENTLY THE DIGITAL WORLD WITH THE TANGIBLE MANUFACTURING. 

THE PAPER IS FOCUSED ON ANALYZING THE STATE OF THE ART IN AUTOMATING ADDITIVE 

MANUFACTURING PROCESSES IN ORDER TO ASSESS THE CURRENT CHALLENGES AND 

LIMITATIONS, AND ALSO TO OFFER A PERSPECTIVE OVER OPPORTUNITIES AND APPLICATIONS.  

 
KEY WORDS: ADDITIVE MANUFACTURING, AUTOMATION, INDUSTRY 4.0, DATA 

INTEGRATION 

 

 

 

 

 

INTRODUCTION 

Looking at engineering history one can observe how concepts, technologies and 

processes have evolved, connected and sustained each other for achieving more and more 

complex levels. This retrospective view can be useful for understanding future developments 

and for positioning ourselves so that to be prepared not only to efficiently react to change, but 

also to actively participate in to it. Nowadays the industrial world came to a point when 

different existing manufacturing technologies, digital tools, devices, processes and systems 

can be connected by networks (Internet of Things – IoT) and can reciprocally exchange 

information so “that the product communicates with the machinery to tell it exactly what to 

do“3. It is the 4th industrial revolution (Industry 4.0 – as defined in 2011 at Hannover Messe, 

                                                           
1 Associate professor PhD, University POLITEHNICA of Bucharest, Romania, diana@mix.mmi.pub.ro  
2 University POLITEHNICA of Bucharest, e-mail: amza_catalin@yahoo.com 
3 Sniderman, B., Mahto, M., Cotteleer, M.J., Industry 4.0 and manufacturing ecosystems available at  

https://dupress.deloitte.com/content/dam/dup-us-en/articles/manufacturing-ecosystems-exploring-world-
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Germany). This means a change in the way the conventional production processes work and 

it is based on establishing the connectivity physical-to-digital and digital-to-physical, i.e. 

between the tangible manufacturing and the digital world (Cyber-Physical Systems – CPS). 

Moreover, there is a permanent and seamless share of information within and between these 

‘worlds’, so that machines’ actions in the production process are determined by data analyses, 

by mapping the physical world to the digital world (digital twinning).  

Digital engineering tools (CAD/CAE and virtual simulations, for instance), additive 

manufacturing (AM) technologies, virtual and augmented reality, embedded sensors and 

systems, internet technology, robotics and automation, etc. are used for years in many 

applications and production processes. In other words, these technologies and tools are not 

new: SketchPad - the first Computer aided Design (CAD) system was developed by Ivan 

Sutherland in the 60‘s4, Virtual Reality concept and first applications were created in 1989 by 

Jaron Lanier5, augmented reality was initially used in 1992 by Caudell and Mizell in an 

application for Boeing6, AM Stereolithography process was patented 30 years ago7, etc. What 

is new is the development of capabilities to collect, intelligently monitor and interpret data 

from different sources and synchronize them across different functional systems. Thus, even 

if the aforementioned technologies, tools and systems are mature and already proved their 

advantages in products’ design and manufacturing processes, they can get a new value within 

Industry 4.0 (IR 4.0) frame. This is the case of AM technology and AM machines – for years 

functioning in a stand-alone mode, which now due to technology and material advances can 

and should be automatized. In the current view over IR 4.0, 3D printing is viewed as one of 

the pillars (fig.1). However we consider that in order to fulfill this role, AM automation is 

required. By automation AM can be deployed at a production-scale and, thus, it can better 

find its place in IR 4.0 paradigm as shows the late developments of the main AM producers8. 

                                                                                                                                                                                     
connected-enterprises/DUP_2898_Industry4.0ManufacturingEcosystems.pdf (accessed on February 2017); 

Germany Trade & Invest, “Smart manufacturing for the future,”  

http://www.gtai.de/GTAI/Content/EN/Invest/_SharedDocs/Downloads/GTAI/Brochures/Industries/industrie4.0-

smart-manufacturing-for-the-future-en.pdf ,  National Academy of Science and Engineering, “Securing the 

future of German manufacturing industry: Recommendations for implementing the strategic initiative Industry 

4.0” 
4 Sutherland, I.E., Sketch pad a man-machine graphical communication system, Proceeding, AC '64 Proceedings 

of the SHARE design automation workshop, pp.6.329-6.346 
5 Lanier, J., Using Virtual Reality As A Tool To Study The Relationship Between Human Beings And Physical 

Reality, In Human Machine Interfaces For Teleoperators And Virtual Environments, Nasa Conference 

Publication 10071, 1990 
6 Claudell, T., Mizell, D.W, Augmented reality: An application of heads-up display technology to manual 

manufacturing processes, Proc. IEEE Hawaii Intl.Conf. on Sys.Sciences, 992, 659-669 (1992) 
7 Hull, C., Apparatus for production of three-dimensional objects by stereolithography  

US 4575330 A Patent, granted March 1986 
8 Buelsamid, S., Ford starts pilot testing Stratasys infinite build 3D printer, 6 March 2017, available at 

https://www.forbes.com/sites/samabuelsamid/2017/03/06/ford-starts-pilot-testing-stratasys-infinite-build-3d-

printer/#3ef270a83710 (accessed April 2017); Krassenstein, B., Viridis3D & Palmer Manufacturing Partner to 

Create a Robotic 3D Printing System, 7 Nov 2014, available at https://3dprint.com/23612/vridis3d-robotic-3d-

printer/ (accessed February 2017); 3D Systems Unveils Industry’s First Scalable, Fully-Integrated Additive 

Manufacturing Platform available at https://www.3dsystems.com/press-releases/3d-systems-unveils-industry-s-

first-scalable-fully-integrated-additive-manufacturing (accessed February 2017); https://www.eos.info/eos-

exhibits-the-future-of-additive-manufacturing-at-formnext-2016-8936f51c2af4b41a; Krassenstein, B., 

MatterFab Reveals Their Affordable Metal 3D Printer, An Order of Magnitude Cheaper, 2014, available at 

https://3dprint.com/9592/matterfab-reveals-their-affordable-metal-3d-printer-an-order-of-magnitude-cheaper/  

(accessed February 2017); The Additive Manufacturing Factory of Tomorrow, available at 

http://www.fabricatingandmetalworking.com/2016/05/additive-manufacturing-factory-tomorrow/ (accessed 

April 2017); Park, R., a good fit: robotics and additive manufacturing, December 2015, available at 

http://www.disruptivemagazine.com/features/good-fit-robotics-and-additive-manufacturing (accessed February 

2017) 
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Therefore, in IR 4.0 it is not about 3D printing (the name associated to low-cost machines, 

mostly based on FDM –Fused Deposition modeling process), but about AM. 

 
Fig.1. AM in Industry 4.0 

 

ADDITIVE MANUFACTURING AUTOMATION 

By its definition – “the process of joining materials to make parts from 3D model data, 

usually layer upon layer, as opposed to subtractive manufacturing and formative 

manufacturing methodologies“9, AM establishes a straightforward connection between digital 

and physical (see figure 2). 

 
Fig.2. AM technology – a link between digital and physical 

 

AM starts from the digital 3D representation of the object to manufacture, saved in STL 

or AMF file formats, the following working steps being then applied: 

- Import the STL file of the object in AM machine software; 

- Orient, scale and/or move the object within the build space; 

- Slice the object by parallel planes, perpendicular on the build direction; 

- Generate paths for laser, deposition nozzle, inkjet nozzle, etc. 

- Manufacture the object by superposing thin layers of material; 

- Remove the printed object from the AM machine; 

- Post-process the object. 

Some of these steps involve manual labor. In fact, most of today’s AM machines 

heavily rely on operators for choosing the orientation, removing the printed object from the 

machine, refilling the feedstock, performing post-processing operations or fixing different 

                                                           
9 ISO/ASTM 52900:2015 - Additive manufacturing -- General principles -- Terminology 
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problems. Therefore, in order to cope with IR 4.0 requirements, AM machines should be able 

to work independent of operator and to communicate with other AM machines, robots, etc. 

Automating the selection of the optimal build orientation based on different criteria (for 

instance, minimization of support structures volume) is in the researchers’ attention for a long 

time. Different algorithms and solutions were proposed10. There are also software 

applications (Meshmixer, for example) or plug-ins offering suggestions regarding AM parts’ 

orientation. Other options regarding layer optimized or automatic infill based on part’s 

geometry and functionality or automatic temperature setting as function of material also 

started to be included in AM software for supporting designers’ work. But the final decision 

still belongs to designer/operator. However, based on the advances in artificial intelligence 

(AI) decision systems, we consider that the problem of preparing the object for AM without 

human intervention will be tackled soon. And, in the same context, soon enough self-learning 

AI-based applications will heavily support designers’ decisions in applying Design for 

Additive Manufacturing rules when designing new products. 

As mentioned, AM producers have started lately to focus on combining AM, robotics 

and/or automated handling systems for providing a degree of automation to this technology. 

In this sense, three main directions are currently targeted: 

- Use robots to deposit the layers of material (Robotic Additive Manufacturing). Examples: 

o Robotic Composite and Infinite-Build 3D Demonstrators from Stratasys11. In 

case of Robotic Composite 3D Demonstrator, a multi-axis robot deposition 

head is associated with a perirobotic system for building the part. The systems 

also include a tool changing device which allows performing also secondary 

operations such as drilling, milling, painting, etc. so that the final product is 

obtained within the same system. Infinite-Build 3D Demonstrator builds the 

part horizontally using a gantry robot, while pellets are used as feedstock for 

producing filaments. Different tools and materials can be used increasing these 

systems flexibility. 

o Viridis 3D printer includes an ABB robot which has as end-effector a print 

head for binder jetting process from EnvisionTEC12. As for Infinite-Build 3D 

Demonstrator, this platform is also suitable for 3D printing large objects. 

In these applications, objects’ removal from the building zone at the end of the manufacturing 

process is performed by human operators. 

- Use robots to perform different operations such as loading and unloading AM machines, 

delivering material, applying post-processing curing operation, etc. Example: 

o Figure 3 from 3D Systems13 – a fully automatized AM system. The 

manufacturing speed provided by DLP (Digital Light Processing) process 

allows obtaining a large number of parts which justifies robots’ presence 

within SLA Bot-1 and SLA Bot-2 systems. This is an example of successful 

                                                           
10 S. Allen, D. Dutta, Determination and evaluation of support structures in layered manufacturing, Journal of 

Design and Manufacturing, 5 (3) (1995), pp. 153-162; Paul, R., Anand, S., 2011. Optimal Part Orientation in 

Rapid Manufacturing Process for Achieving Geometric Tolerances. 30(4), pp. 214-222; P., Wits, W.W., Design 

for Additive Manufacturing: Automated build orientation selection and optimization, Procedia CIRP, Volume 

55, 2016, pp.128-133 
11 Buelsamid, S., Ford starts pilot testing Stratasys infinite build 3D printer, 6 March 2017, available at 

https://www.forbes.com/sites/samabuelsamid/2017/03/06/ford-starts-pilot-testing-stratasys-infinite-build-3d-

printer/#3ef270a83710 (accessed April 2017) 
12 Krassenstein, B., Viridis3D & Palmer Manufacturing Partner to Create a Robotic 3D Printing System, 7 Nov 

2014, available at https://3dprint.com/23612/vridis3d-robotic-3d-printer/ (accessed February 2017) 
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https://www.3dsystems.com/press-releases/3d-systems-unveils-industry-s-first-scalable-fully-integrated-additive-manufacturing
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integration of an AM machine into a fully automated manufacturing 

environment. 

- Use automated handling systems for transferring objects within different modules of an 

AM system. Examples: 

o EOS M400-4 modular platform14, which includes four lasers for layer 

formation for increasing the productivity, as well as automated transfer of 

objects between stations, automated material feeding and automated part 

cleaning. 

o Additive Industries MetalFAB1 is also a modular platform which includes 

automated handling systems that transfer objects from a module to another for 

performing operations such as post-processing, cleaning, heat treatment, 

object measurement etc. Airbus already purchased such automated metal-

based AM systems which offers productivity and quality15.  

Software producers such as Siemens PLM (Simcenter portfolio), PTC (Creo 3.0 

Additive Manufacturing M040 module, fig.4), Dassault Systemes (Simulia for Additive 

Manufacturing) are now offering the so called “end-to-end additive manufacturing software 

package“ containing tools that cover the entire AM product cycle: design, optimization and 

production. Partnerships between software producers and manufacturing systems producers 

were established, such as Siemens PLM and DMG Mori for the hybrid manufacturing module 

in NX (fig.4), Siemens PLM and Stratasys (for Robotic Composite and Infinite-Build 3D 

Demonstrators) or Siemens and Trumpf (for developing TruTops Print with NX software 

solution). 

 

  
Fig.3. Creo Additive Manufacturing – example of generated lattice structures  

 

                                                           
14 https://www.eos.info/eos-exhibits-the-future-of-additive-manufacturing-at-formnext-2016-8936f51c2af4b41a 
15 Krassenstein, B., MatterFab Reveals Their Affordable Metal 3D Printer, An Order of Magnitude Cheaper, 

2014, available at https://3dprint.com/9592/matterfab-reveals-their-affordable-metal-3d-printer-an-order-of-

magnitude-cheaper/  (accessed February 2017) 

https://3dprint.com/9592/matterfab-reveals-their-affordable-metal-3d-printer-an-order-of-magnitude-cheaper/
https://3dprint.com/9592/matterfab-reveals-their-affordable-metal-3d-printer-an-order-of-magnitude-cheaper/
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Fig.4. Screenshot NX CAM Hybrid Additive Manufacturing 

 

DISCUSSION AND CONCLUSIONS 

Despite indisputable advantages, the way AM technology was implemented until now 

(i.e. standalone machines, manual labor for part build orientation and post-processing 

operations, etc.) makes difficult its integration within the production flow of IR 4.0. In this 

context, producers are working for changing AM paradigm and their business focus. 

Therefore, all the intelligent AM solutions presented in our survey are conceived to be 

included in smart factories, showing how producers decided to comply with these new 

concepts. In the same time, they are the expression of producers’ vision over the development 

of the AM field: automation, focus on metal-based AM processes, focus on product 

customization, enlarging the build space (Big Area AM trend), development of end-to-end 

(from product design to product manufacturing based on AM) solutions.  

AM automation involves automating the steps of the working flow which are currently 

executed by human operators, parameter settings optimization, automating AM machines’ 

loading and unloading, post-processing and also using robots for depositing layers. Moreover, 

one can also notice that by developing automated AM systems producers are in the same time 

trying to increase the productivity of their machines/process. It is the case of 3D Systems 

which automatized a process (DLP) 50 times faster than SL process or the modifications 

made by EOS to M400 machine so that to include four lasers for manufacturing a larger 

number of parts.  

CAD, CAM, CAE software producers are following the same trend for their 

developments by proposing integrative solutions for the design process of AM products, 

optimal process parameter settings and AM process simulation.  

AM in IR 4.0 environment has nothing in common with the “3D printing 

democratization” trend started in 2009. In preparation for IR 4.0 many challenges are still 

ahead. One of them is related to the production flexibility (customization and 

individualization being highly required by today’s clients) at low costs. Here AM can bring 

its advantages if automated. However, considering the investments in research & 

development activities necessary for implementing such automated solutions, we consider 

that only big AM producers together with big CAD, CAM, CAE software producers can 

accomplish the discussed goals.  

 

 

 

 



Research and Science Today Supplement No. 2/2017 

  

56 
 

ACKNOWLEDGEMENTS 

This work was supported by a grant of the Romanian National Authority for Scientific 

Research and Innovation, CNCS/CCCDI – UEFISCDI, project number PN-III-P2-2.1-BG-

2016-0036, within PNCDI III. 

  



September 2017 

 

57 
 

REFERENCES 

 

1. Sniderman, B., Mahto, M., Cotteleer, M.J., Industry 4.0 and manufacturing ecosystems available at  

https://dupress.deloitte.com/content/dam/dup-us-en/articles/manufacturing-ecosystems-exploring-

world-connected-enterprises/DUP_2898_Industry4.0ManufacturingEcosystems.pdf (accessed on 

February 2017) 

2. Germany Trade & Invest, “Smart manufacturing for the future,” 

http://www.gtai.de/GTAI/Content/EN/Invest/_SharedDocs/Downloads/GTAI/Brochures/Industries/ind

ustrie4.0-smart-manufacturing-for-the-future-en.pdf ,  National Academy of Science and Engineering, 

“Securing the future of German manufacturing industry: Recommendations for implementing the 

strategic initiative Industry 4.0”  

3. Sutherland, I.E., Sketch pad a man-machine graphical communication system, Proceeding, AC '64 

Proceedings of the SHARE design automation workshop, pp.6.329-6.346 

4. Lanier, J., Using Virtual Reality As A Tool To Study The Relationship Between Human Beings And 

Physical Reality, In Human Machine Interfaces For Teleoperators And Virtual Environments, Nasa 

Conference Publication 10071, 1990 

5. Claudell, T., Mizell, D.W, Augmented reality: An application of heads-up display technology to 

manual manufacturing processes, Proc. IEEE Hawaii Intl.Conf. on Sys.Sciences, 992, 659-669 (1992) 

6. Hull, C., Apparatus for production of three-dimensional objects by stereolithography  

US 4575330 A Patent, granted March 1986 

7. Buelsamid, S., Ford starts pilot testing Stratasys infinite build 3D printer, 6 March 2017, available at 

https://www.forbes.com/sites/samabuelsamid/2017/03/06/ford-starts-pilot-testing-stratasys-infinite-

build-3d-printer/#3ef270a83710 (accessed April 2017) 

8. Krassenstein, B., Viridis3D & Palmer Manufacturing Partner to Create a Robotic 3D Printing System, 

7 Nov 2014, available at https://3dprint.com/23612/vridis3d-robotic-3d-printer/ (accessed February 

2017) 

9. 3D Systems Unveils Industry’s First Scalable, Fully-Integrated Additive Manufacturing Platform 

available at https://www.3dsystems.com/press-releases/3d-systems-unveils-industry-s-first-scalable-

fully-integrated-additive-manufacturing (accessed February 2017) 

10. https://www.eos.info/eos-exhibits-the-future-of-additive-manufacturing-at-formnext-2016-

8936f51c2af4b41a  

11. Krassenstein, B., MatterFab Reveals Their Affordable Metal 3D Printer, An Order of Magnitude 

Cheaper, 2014, available at https://3dprint.com/9592/matterfab-reveals-their-affordable-metal-3d-

printer-an-order-of-magnitude-cheaper/  (accessed February 2017) 

12. The Additive Manufacturing Factory of Tomorrow, available at 

http://www.fabricatingandmetalworking.com/2016/05/additive-manufacturing-factory-tomorrow/ 

(accessed April 2017) 

13. Park, R., a good fit: robotics and additive manufacturing, December 2015, available at 

http://www.disruptivemagazine.com/features/good-fit-robotics-and-additive-manufacturing (accessed 

February 2017) 

14. ISO/ASTM 52900:2015 - Additive manufacturing -- General principles -- Terminology 

15. S. Allen, D. Dutta, Determination and evaluation of support structures in layered manufacturing, 

Journal of Design and Manufacturing, 5 (3) (1995), pp. 153-162 

16. Paul, R., Anand, S., 2011. Optimal Part Orientation in Rapid Manufacturing Process for Achieving 

Geometric Tolerances. 30(4), pp. 214-222 

17. Zwier, M.P., Wits, W.W., Design for Additive Manufacturing: Automated build orientation selection 

and optimization, Procedia CIRP, Volume 55, 2016, pp.128-133 

  

 

 

 

 

 

https://dupress.deloitte.com/content/dam/dup-us-en/articles/manufacturing-ecosystems-exploring-world-connected-enterprises/DUP_2898_Industry4.0ManufacturingEcosystems.pdf
https://dupress.deloitte.com/content/dam/dup-us-en/articles/manufacturing-ecosystems-exploring-world-connected-enterprises/DUP_2898_Industry4.0ManufacturingEcosystems.pdf
http://www.gtai.de/GTAI/Content/EN/Invest/_SharedDocs/Downloads/GTAI/Brochures/Industries/industrie4.0-smart-manufacturing-for-the-future-en.pdf
http://www.gtai.de/GTAI/Content/EN/Invest/_SharedDocs/Downloads/GTAI/Brochures/Industries/industrie4.0-smart-manufacturing-for-the-future-en.pdf
https://www.forbes.com/sites/samabuelsamid/2017/03/06/ford-starts-pilot-testing-stratasys-infinite-build-3d-printer/#3ef270a83710
https://www.forbes.com/sites/samabuelsamid/2017/03/06/ford-starts-pilot-testing-stratasys-infinite-build-3d-printer/#3ef270a83710
https://3dprint.com/23612/vridis3d-robotic-3d-printer/
https://www.3dsystems.com/press-releases/3d-systems-unveils-industry-s-first-scalable-fully-integrated-additive-manufacturing
https://www.3dsystems.com/press-releases/3d-systems-unveils-industry-s-first-scalable-fully-integrated-additive-manufacturing
https://www.eos.info/eos-exhibits-the-future-of-additive-manufacturing-at-formnext-2016-8936f51c2af4b41a
https://www.eos.info/eos-exhibits-the-future-of-additive-manufacturing-at-formnext-2016-8936f51c2af4b41a
https://3dprint.com/9592/matterfab-reveals-their-affordable-metal-3d-printer-an-order-of-magnitude-cheaper/
https://3dprint.com/9592/matterfab-reveals-their-affordable-metal-3d-printer-an-order-of-magnitude-cheaper/
http://www.fabricatingandmetalworking.com/2016/05/additive-manufacturing-factory-tomorrow/
http://www.disruptivemagazine.com/features/good-fit-robotics-and-additive-manufacturing
http://www.sciencedirect.com/science/journal/22128271
http://www.sciencedirect.com/science/journal/22128271/55/supp/C


Research and Science Today Supplement No. 2/2017 

  

58 
 

Engineering 
 

A CASE STUDY OF USING POIGO PLATFORM FOR 

COLLABORATIVE DESIGN OF CUSTOMIZED SURGICAL 

GUIDES  
 

 

 

Diana POPESCU1 

Dan LĂPTOIU2 

Anton HADĂR3 

Nicoleta CĂRUŢAŞU4 

 

 

 

 
ABSTRACT:  
DESIGN OF CUSTOMIZED SURGICAL GUIDES INVOLVES STRONG COOPERATION AND 

COMMUNICATION BETWEEN SURGEON AND ENGINEER DURING ALL THE PROCESS STEPS. 

HOWEVER, THIS IS NOT AN EASY TASK TO ACCOMPLISH DUE TO DIFFERENT REASONS RELATED 

MAINLY TO SPECIFIC PROFESSIONAL LANGUAGE, DIVERSE APPROACHES TO PROBLEMS SOLVING 

AND ASSESSING OUTCOMES, DIFFERENT WORKING TIME SCHEDULES OR GEOGRAPHICAL 

LOCATIONS. THEREFORE, AN ONLINE INTELLIGENT PLATFORM WAS DEVELOPED FOR IMPROVING 

SURGEON-ENGINEER COLLABORATION, FOR SIMPLIFYING THE PATIENT-SPECIFIC SURGICAL 

GUIDES’ DESIGN PROCESS AND FOR AUTOMATIZING SOME OF ITS STEPS. THE PLATFORM IS 

BASED ON STRUCTURED QUESTIONNAIRES USED FOR AUTOMATICALLY TRANSPOSING MEDICAL 

INFORMATION AND REQUIREMENTS INTO DESIGN SPECIFICATIONS IN THE FORM OF TECHNICAL 

REPORTS. THE CURRENT PAPER PRESENTS A CASE STUDY FOR ILLUSTRATING THE APPROACH 

IMPLEMENTED IN THE PLATFORM. BASED ON A SCENARIO, SEVENTEEN ENGINEERS TESTED THE 

PLATFORM AND ANSWERED A QUESTIONNAIRE FOR GATHERING DATA REGARDING THE 

COMPLETENESS OF INFORMATION AND TOOLS PROVIDED BY PLATFORM FOR DESIGNING 

GUIDES. FURTHER RESEARCH WILL INVOLVE PERFORMING TESTS WITH A LARGER GROUP OF 

USERS, BOTH DESIGNERS AND SURGEONS, IN ORDER TO DEPLOY AN IMPROVED VERSION OF THE 

PLATFORM. 

 
KEY WORDS: PATIENT SPECIFIC SURGICAL GUIDES, 3D PRINTING, COLLABORATIVE DESIGN, 

ONLINE PLATFORM 

 

 

 

 

 

1. INTRODUCTION 

The development and implementation of POIGO platform – dedicated to the 

collaborative design of personalized guides for orthopedic surgery5 – was dictated by the 
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need to improve surgeon-engineer communication during the design phase of these medical 

instrumentations, as well to the necessity to automatize some steps of this process for 

simplifying both surgeons and engineers work. Hopefully, the platform will determine an 

increase in the use of these surgical aids during surgery. 

A customized surgical guide is a medical device which transposes the cutting or drilling 

trajectories set by surgeons in the planning phase of the surgery, being based on patient 

Computer Tomography (CT) scanning data6. Therefore, surgical guides are unique for each 

patient, anatomical zone in which they are used (arm/shoulder, spine, forearm/wrist, 

thigh/tibia/foot), surgical approach and diagnostic (degenerative deformity, post-traumatic 

deformity, malformative deformity), intervention type (fusion, osteotomy). However, these 

surgical guides include some common features, namely hollow cylinders (for accommodating 

drills) and slots (for accommodating saw blades), placed in different positions and at different 

orientations as indicated by surgeons7. These are attached to the guide body, which usually is 

designed as negative of the supporting bone structure, using connection structures (arches, 

ribs, etc.). 

The advantages of patient-specific guides: decrease in the surgical time and x-ray 

exposure for patient and surgeons, easier alignment/placement of bone fragments in the 

correct position for plates and screws fixation, makes them valuable during surgery8. 

However, the design process for these guides is complicated, requires expertise and specific 

skills, as well as a good cooperation between surgeon and engineer for correctly transferring 

preplanned tools trajectories into surgery.  

In this context, POIGO platform implements several tools such as: structured 

questionnaires dedicated to the aforementioned anatomical zones and to several pathologies, 

automatic technical report generation based of questionnaires’ answers, contextual 

information which can be used by surgeons while answering the questionnaire, collaborative 

design tools, dicom and images archives loading tools, online communication tools. 

 

2. POIGO PLATFORM 

POIGO platform can be used by surgeons for: 1. building an anatomical model based 

on dicom (CT) data of a patient, 2. building a surgical guides also based on dicom (CT) data 

of a patient. Figure 1 illustrates the work flow for each case. 
 

                                                                                                                                                                                     
5 Popescu, D., et al., Workflow for Additive Manufacturing of an Individualized surgical template, Journal of 

Proceedings in Manufacturing Systems, vol.10, issue3, pp.131-140, 2015 
6 Gibson, I., et al., Medical Applications for Additive Manufacturing, Springer, 2010; Iacoviello, D., Andreaus, 

U. (eds), Biomedical Imaging and Computational Modeling in Biomechanics (Lecture Notes in Computational 

Vision and Biomechanics), 2012, Springer  
7 Popescu, D., Laptoiu, D., Rapid prototyping for patient-specific surgical orthopaedics guides: A systematic 

literature review, Proc Inst Mech Eng H., 230(6):495-515, 2016 
8 Bibb R., et al., Rapid manufacture of custom-fitting surgical guides, Rapid Prototyping Journal, Vol.15, No. 5, 

pp.346-354, 2009; Tack, P., et al. 3D-printing techniques in a medical setting: a systematic literature review, 

Biomed Eng. Online, 15(1):115-136, 2016 
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Figure 1. Work flows in POIGO platform 

 

As example, some of the working steps in POIGO platform are presented in figures 2-5 

for the case of designing an osteotomy guide. 

 
 

Figure 2. Starting a new case and choosing between anatomical model and surgical guide 

 

  
Figure 3. Filling in the questionnaire for building a guide for tibia/knee anatomical area and choosing 

diagnostic 
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Figure 4. Selecting the type of osteotomy guide and uploading dicom and pre-planning images 

archives 

 

     
Figure 5. Choosing the type of guide and the fixation type for a pre-reduction guide  

 

3. DESIGN OF AN OSTEOTOMY GUIDE FOR FOOT SURGERY 

3.1.Case study description 

Male patient with foot deformity (Charcot osteoarthropathy) caused by diabetes 

complications requires removing osseous prominences, multi-planar realignment osteotomy 

and bones’ repositioning and fixation with screws. The goal of the surgery is to re-establish a 

plantigrade – (stable, realigned) foot during stance.  

This information is sent to the designer using POIGO platform along archives 

containing dicom files and two images with the pre-planning osteotomy trajectories (fig.7).  

The other information necessary for obtaining the 3D virtual model of the guide are 

generated by the platform based on the answers given by surgeons to the structured 

questionnaire. Thus, the engineer receives an email with data for a new case (as technical 

report), generates the STL model anatomical zone and selects (on the anatomical model) the 

supporting surfaces and the cutting trajectories based on dicom files and images. Then, using 

online collaboration and visualization tools, she/he presents these data to the surgeon. 

Together they establish on the 3D virtual model, the K-wires and screws insertion points, 

these being the final details needed for designing the guide. 
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Figure 7. Pre-planning trajectories annotated by surgeons 

 

3.2.Surgical guide design and manufacturing 

The surgical guide for the wedge osteotomy was designed to be the negative of the 

bone structures on which is placed. Also, it includes three hollow cylinders (interior diameter 

of 2 mm) for accommodating K-wires which fix the guide on bone, as well as two slots (2.5 

mm width) for accommodating saw blades (fig.8). Guide overall dimensions are 50mm x 

56mm x 53mm. 
  

  
Figure 8. Virtual foot and surgical guide Figure 9. Foot and surgical guide physical models 

The guide was 3D printed using Mojo 3D printer (Stratasys Inc., USA) from ABS (Acr 

Acrylonitrile Butadiene Sstyrene). The total 3D printing process was approximately 8h, other 

6h being required for eliminating support structures. During manufacturing, the guide was 

oriented so that its surfaces coming in contact with the bone are not built with support 

structure, even if this orientation was not optimal from time and cost points of view. 

 

3.3.Testing POIGO platform – engineers perspective 

Based on this case study, a group of seventeen engineers with 3D CAD modeling 

background tested the platform and answered a Likert-based questionnaire for gathering 

information on the completeness of information and tools provided by POIGO for supporting 

the design process. 

At the evaluation have participated ten experienced designers/engineers and seven 

young designers/engineers. Three participants were women. 

Four experienced participants (P3, P4, P6 and P7) and three young participants (P11, 

P13, P15) were not informed about the working flow in POIGO platform and no previous 

presentations of the structured questionnaires (surgeons’ perspective) were shown to them. 

In the first stage, demographic data where gathered from engineers (age, gender, 

number of 3D CAD software used, general experience in design field). Then, a hands-on 
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session for using the platform was organized by simulating a scenario. The respondents 

received and evaluated the report generated by the platform. Finally, the following questions 

were asked: 

Q1. Is information provided in POIGO’ report enough for starting the design process of a 

surgical guide? 

Q2. Is information from the report clearly presented? 

Q3. Is information regarding medical producers (screws, K-wires, plates, etc.) necessary? 

Q4. Is information received on producers enough for the design process of a surgical guide? 

Q5. Are the communication tools well implemented in the platform? 

Q6. Are the design collaboration tools well implemented in the platform? 

Q7. What other information do you consider useful for guides’ design process? 

The questions were rated: 1 (completely disagree) to 5 (completely agree). 

 

4. RESULTS AND CONCLUSIONS 

Figures 10-12 shows some of the evaluation results based on average values. 

In general, experienced designers rated better the platform to all investigated aspects 

(fig.10). Young designers were slightly more convinced about the usefulness of receiving 

information about medical instruments producers (question Q3) in comparison to experienced 

designers. 

Participants who did not received complete information and did not see the 

demonstration about the platform workflows, evaluated less well the data provided by 

platform as technical report (questions Q1, Q2, Q4, Q5 and Q6). Therefore, visual tutorials 

and platform users’ documentation are needed for facilitating a steeper learning curve. 

 

 
Figure 10. POIGO platform evaluation results based on average values 

 

 
Figure 11. Experienced designers (average age of 40.6, average number of years of experience: 13.6) 
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Figure 12. Young designers (average age of 23.8, average number of years of experience: 1.5) 

 

In case of experienced designers, no direct correlation could be established between the 

number of years of experience and the evaluation results. Also, despite a significant 

difference in years of design experience, the average scores to Q1-Q6 were almost the same 

for both groups of respondents (fig.10-12). 

Participants’ comments (Q7) referred mainly to the design collaboration instruments, 

suggesting the development of dedicated tools/software which, in the first place, should be 

easily to use by surgeons when indicating pre-planned cutting or drilling trajectories. 

Further research will suppose performing tests with a larger group of users, both 

designers and surgeons, in order to deploy an improved beta version of the platform. 
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ABSTRACT: 
IN THE CONTEXT OF A HIGHLY JUSTIFIED GLOBAL INTEREST TO COLLECT, RECYCLE AND REUSE 

WASTES FOR REDUCING NATURAL RESOURCES EXPLOITATION AND PROTECTING THE 

ENVIRONMENT, THIS STUDY PRESENTS THE INNOVATIVE CONCEPT OF A MODULAR FULLY 

AUTOMATED INSTALLATION FOR THE SEPARATE COLLECTING OF PLASTIC AND GLASS 

RECIPIENTS, ALUMINUM CANS, CARDBOARD, PAPER, LARGE AND SMALL ELECTRIC AND 

ELECTRONIC EQUIPMENT. AUTOMATIZING THIS COLLECTING ACTIVITY ALLOWS RAISING THE 

RECOVERED QUANTITY OF WASTES, DECREASING THE LOGISTICS COSTS, ELIMINATING 

POTENTIAL BOTTLENECKS IN CASE OF EQUIPMENT ERRORS, AND REDUCING AT MAXIMUM THE 

PRESENCE OF HUMAN OPERATORS. THE PROPOSED SOLUTION ENSURES A COLLECTING 

PROGRAM OF 24 HOURS A DAY, SEVEN DAYS PER WEEK. MODULARIZATION PROVIDES A FAST 

RECONFIGURATION OF THE INSTALLATION BASED ON THE RECYCLING STATISTICAL DATA 

SPECIFIC TO DIFFERENT GEOGRAPHIC ZONES REGARDING THE TYPE AND QUANTITY OF WASTES. 

 
KEY WORDS: WASTE, SEPARATE COLLECTING, MODULAR, AUTOMATED, WEEE, CARDBOARD 

WASTE 

 

 

 

 

 

INTRODUCTION 

Collecting, recycling and reusing all type of wastes are mandatory aspects in the 

sustainable development of the actual society for reducing the exploitation of the natural 

resources and protecting the environment. Therefore, it is important to raise the efficiency of 

all these activities, to develop methods, systems, devices and installations with high 

productivity that allows recycling and then reusing a large quantity and variety of wastes. 

 The present study enrolls in this context of interest by proposing a modular and fully 

automated installation dedicated to the separate collecting of different type of wastes: plastic 

recipients, glass recipients, aluminum cans, small and large waste electrical and electronics 

equipment (WEEE), cardboard and paper, batteries etc. Automating this activity allows an 
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increase in the collected wastes quantity, a decrease of the logistics costs associated with the 

current installation operations, in the same time eliminating the bottlenecks determined by 

potential errors in the equipment functioning and reducing clients waiting time in rush hours 

in front of the station. Moreover, automation reduces at maximum the involvement of the 

operators’ who currently perform difficult tasks such as verifying the wastes conformity, 

wastes’ transport and transfer within the station for pressing/compaction and depositing. 

Thanks to automation, the solution proposed and described in this paper ensures a collecting 

program of 24 hours a day for seven day per week. 

Modularity offers the advantage of a fast reconfiguration of the installation so that to 

better answer the collecting requirements specific to each geographic area. For instance, in 

some cities one possible configuration of the installation can include one module for plastics, 

glasses and aluminum cans, two modules for small WEEE and one module for cardboard and 

paper. While in another city, based on statistical data regarding wastes collecting quantity and 

types, the decision could be to implement an installation with one module for large WEEE, 

two modules for cardboard, one module for cans, plastics and glasses recipients and one 

module for small WEEE. 

 

STATE OF ART IN THE FIELD 

In Romania, the stations for separate waste collecting are manually operated, two 

employees being required for performing the tasks associated with large and small WEEE 

identification, weighing, transport and transfer etc. 

There are several companies such as Tomra, Envipco, Wincor Nixdorf2 that produce 

automate reverse vending machines. Currently, this equipment serves for selectively 

collecting plastic and glass recipients, aluminum cans, according to the type of waste and 

quantity the client receiving a voucher. Similar solutions can be found by studying patents in 

the field such as US51119273, US59880544, US20080027581A15, US8851265B26, 

EP1235191A17, US 7669740B28 or EP1173834A19. All these patents implement different 

automation methods for selectively picking, sorting, weighing and compacting wastes such as 

plastic bottles, glass recipients or aluminum cans in dedicated containers. Some of these 

solutions also involve shredding the waste or breaking it into fractions. This is the case of the 

solution presented in US5447017A which collects, sorts, processes and compresses various 

types of waste such as cardboard, glass, paper, aluminum and plastic bottles. 

Regarding cardboard recycling, there is the solution proposed in US 4240339 for 

collecting, compacting and baling cardboard. However, this patent is not containing any 

information on verifying cardboard humidity or paying the client in accordance to the 

quantity delivered to the recycling machine.  

                                                           
2 Tomra –  Automated return systems for recycling, https://www.tomra.com/en/solutions-and-

products/collection-solutions/reverse-vending/  accessed February 15th 2017; Envipco – Reverse Vending 

Machine, https://www.envipco.com/recovery-solutions/reverse-vending.php, accessed January 28th 2017; 

Wincor Nixdorf – Reverse Vending Systems,  

http://www.wincor-nixdorf.com/internet/site_PT/EN/Products/Hardware/Retail/ReverseVending/Node.html 

accessed February 4th 2017 
3 Automated Recycling Machine, US5111927 Patent, 1992 
4 Automated system for handling returned drink containers, Patent US5988054, 1999 
5 Means in a reverse vending machine (RVM) for receiving, handling, sorting and storing returnable items or 

objects, Patent US20080027581A1, 2007 
6 Reverse Vending Machine, Patent US8851265B2, 2011 
7 Reverse Vending Machine Patent EP1235191A1, 2002 
8 Beverage vending machine installation, Patent US7669740B2, 2004 
9 Rücknahmeautomat für verpackungen, Patent EP1173834A1, 2002 

https://www.tomra.com/en/solutions-and-products/collection-solutions/reverse-vending/
https://www.tomra.com/en/solutions-and-products/collection-solutions/reverse-vending/
https://www.envipco.com/recovery-solutions/reverse-vending.php
http://www.wincor-nixdorf.com/internet/site_PT/EN/Products/Hardware/Retail/ReverseVending/Node.html
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The only reference found regarding an automated recycling station is presented in 

EP2759988A1. This installation includes a depositing unit organized as matrix of shelves, a 

transport system of the recipes and a transfer system of the recipes from the deposit into 

containers or buffers. The installation uses sensors to make the distinction between different 

containers which hold different sorts of wastes. The patented solution automatizes only 

transport and transfer activities, but not the selective collecting task. 

Hence, any solution currently implemented or patented is not offering an integrated, 

compact, fully automated and reconfigurable installation making possible a more efficient the 

separate collecting of various types of waste. 

 

MODULAR AUTOMATED INSTALLATION FOR SELECTIVE WASTES 

COLLECTING 

The installation proposed in this paper can be described by its two main characteristics: 

modular and fully automated.  

Modularity means it can be configured differently upon recycling necessities in certain 

cities/geographical zones. An illustrative example is presented in figure 1, the installation 

containing: 

 Module for plastics, glasses and aluminum recipients; 

 Module for batteries; 

 Two modules for cardboard wastes; 

 Two modules for small WEEE; 

 Three modules for large WEEE. 

All modules include a system for communicating with the dispatcher for emptying the 

module, maintenance activities or repairs. Also, each module provides vouchers for clients 

according to the type and quantity of wastes. 

The overall dimensions of the surface of the installation are 12m x 5m, that is 60m2, 

each module having 1m width, 5 m length and 2.5m height.  

At the back side of each module, there are access doors for the operators who empties 

the deposits/vertical carousels, conveyors, containers, etc. or who perform repairs or 

maintenance activities. 
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Figure 1. Illustrative example of a configuration for the proposed modular automated separate waste 

collecting installation 

 

A typical workflow for the module collecting plastics, glasses and aluminum recipients 

contains the following steps: 

 Recipients/cans are introduced in the dedicated slot placed in front of the module which 

has also an interface of communication with clients; 

 Recipients/cans are collected, identified and weighed; 

 Recipients/cans which do not correspond the established requirements are returned to the 

client using the same input slot; 

 The client is paid with vouchers; 

 Recipients/cans which correspond to the requirements are sorted by type of waste (plastic, 

glass, aluminum); 

 Recipients/cans are placed in containers and afterwards are transported and transferred in 

the deposit area; 

 When the warehouse/deposit is full, the module sends this information to the dispatcher 

for emptying the module. 

The module for collecting cardboard and/or paper contains the following: 

 System for interaction with the client for selecting the type of waste (cardboard or paper) 

and for proving a voucher; 

 System for analyzing the waste conformity, especially its humidity level, using a specific 

sensor matrix; 

 System for compacting and baling the cardboard/paper; 

 Conveyor for transporting bale towards the transfer zone; 

 Transfer system of the bale in a vertical carousel deposit. 
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The module for large WEEE includes the following components: 

 System for interaction with the client for selecting the type of waste (washing machine, 

microwave oven, refrigerator, large TVs etc.) and for proving a voucher; 

 System for identifying the type of waste and thus establishing the conformity with the 

client selection – it uses a video recognition module; 

 System for weighing the waste; 

 Safety system with doors which help avoiding unauthorized access inside the station 

(considering that the input for this type of wastes requires a large access area and not a slot as 

for the other modules); 

 Conveyor for transporting the large WEEE towards the back of the installation, working in 

accumulation. 

The module for selectively collecting small WEEE is composed of: 

 System for interaction with the client for selecting the type of waste (mobile phone, 

laptops etc.) and for proving a voucher; 

 System for identifying the type of waste and thus establishing the conformity with the 

client selection – it uses a video recognition module; 

 System for weighing the waste; 

 System for collecting small WEEE in larger containers; 

 System for signaling the fill of the larger containers; 

 Transport system of the container towards the vertical carousel storage deposit. 

 The module for batteries collecting is composed of: 

 System for interaction with the client and for proving a voucher; 

 System for identifying the type of waste and thus establishing the conformity with the 

client selection using a video recognition module; 

 System for collecting the wastes in larger containers; 

 System for signaling container filling; 

 Conveyor for transporting containers towards the deposit zone; 

 Transport system of the container in the vertical carousel storage deposit. 

Hence, each module has the zones presented in figure 2 which are placed in line so that 

to optimize the space: 

 Zone A – zone for separate wastes input and interaction with the client; 

 Zone B – zone for waste identification, verification of conformity and weigh; 

 Zone C – pressing and compacting area needed for some type of wastes such as paper and 

cardboard, or for gathering small size wastes (small WEEE or batteries) in larger containers; 

 Zone D – wastes transport and transfer area towards warehouse/deposit space; 

 Zone E – warehouse/deposit space. 

Depending on the type of waste the client wants to recycle, she/he goes to the reverse 

vending and collecting module which corresponds to the type of waste: 

 If, for instance, the waste is a refrigerator, the client selects from the interface zone (A) the 

type of waste and places the object inside the loading zone which is positioned at the ground 

level. The loading area door is closed after the object is placed inside, then the waste type 

identification is performed and the conformity with the client’s selection is established. In the 

same zone, the waste is weighed (zone B). The system displays the voucher value for that 

waste and the client chooses to accept the voucher or to cancel the process. In case of 

cancellation, the door is opened and the client can remove the refrigerator. If the client 

accepts the voucher, a second safety door is opened and the waste is transported from zone D 

towards the deposit area E. For large WEEEs, the transport and storage are made on the 

conveyor. The conveyor is working in accumulation which means that each object is pushed 

forward by a new object until the deposit area/conveyor is filled. When the conveyor is full 
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with objects, the system is sending this information to the dispatcher and blocks the input 

zone. The module is manually emptied using the door placed at the back of the station. 

 If the waste is cardboard type, for instance, the client inputs one by one the wastes using 

the input slot from zone A. The cardboard is tested for humidity in zone B and if it is in 

conformity with the specification, a voucher is issued for the client. If the cardboard is too 

humid, it is sent to a different container in order not to contaminate the other cardboard or 

paper wastes. The accepted cardboard reaches then zone C for pressing, compacting and 

baling. The bale is transported by a conveyor in zone D and transferred towards the deposit 

zone E. 

 
Figure 2. Example of a collecting flow for small WEEE 

 

 

DISCUSSIONS AND FURTHER WORK 

The installation presented in this paper provides the following advantages: 

 Allows reconfiguration by integrating and interconnecting different reverse vending 

modules, thus allowing adaptation to the particularities of the geographical area or city where 

the respective wastes collecting station is located; 

 Allows the installation to operate even if one of the module is blocked, needs repairs or 

maintenance due to the fact that modules function independently; 

 Allows the installation to operate autonomously 24 hours a day, seven days a week; 

 Automates wastes collecting, identification, verification and weighing, compacting, 

transport and transfer according to their type, thus eliminating the need for a human operator; 

 Provides storage on waste categories so that they can be removed from the 

installation/station at different times for transportation for further processing/recycling; 
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 The modular configuration ensures a high degree of storage compared to the existing 

solution (manually operated installation) relative to the same surface; 

 Communicates with the dispatcher the amount and type of wastes in each module allowing 

optimal programming the discharging of the various modules, as well as maintenance and 

repairs activities; 

 Includes standard conveyor equipment, vertical carousel storage systems, compactor and 

cardboard baling press, plastic container compressing press, thus reducing the cost of 

implementing the installation. 

Further work will be focused on developing each module and then integrating them into 

the prototype installation for performing tests. 
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ABSTRACT:  
AUTOMATIC SYSTEMS HAVE A GREAT SIGNIFICANCE, BUT THE SYSTEMS THAT REQUIRE AND USE 

ROBOTS’ CHARACTERISTICS ARE IMPORTANT AS WELL, ALLOWING AN EFFICIENT DIVERSITY 

REGARDING THEIR CONSTRUCTION AND DEVELOPMENT. STATISTICS SHOW THAT IN EU, IN THE 

LAST 10 YEARS, ON AVERAGE OF APPROXIMATELY 40000 PEOPLE LOST THEIR LIVES EVERY SINGLE 

YEAR IN ROAD ACCIDENTS, WHILE ANNUAL FINANCIAL LOSSES WERE EVALUATED TO 

APPROXIMATIVELY 25 BILLION EURO. STUDIES REVEALED THAT THE NEGATIVE EFFECTS OF A 

ROAD ACCIDENT INCREASE EXPONENTIALLY WITH THE INCREASE OF THE TIME PAST BETWEEN 

THE IMPACT MOMENT AND INTERVENTION MOMENT. TODAY, IN EU, THE AVERAGE TIME TO 

INTERVENTION IS AROUND 30 MINUTES. IN ALL EU MEMBER STATES, A „SINGLE INTERVENTION 

SYSTEM FOR EMERGENCIES” IS IMPLEMENTED AND WORKING THAT IS CONNECTED TO 112 

EMERGENCY NUMBER. IT IS EXPECTED THAT THE TIME BETWEEN IMPACT AND INTERVENTION 

CAN BE REDUCED UP TO 50% THROUGH THE USE OF E-CALL. THIS SYSTEM INVOLVES AUTOMATIC 

CONTACTING OF 112 IN CASE OF AN ACCIDENT, BY A DEVICE INSTALLED ON THE CAR (A ROBOT), 

AS WELL AS PRIORITY CONNECTION TO THE CLOSEST STATION OF 112 SYSTEM AND THE 

TRANSMISSION OF A MINIMAL SET OF USEFUL DATA FOR INTERVENTION. EU CURRENT 

REGULATION REQUIRES FROM 2017 THAT HOMOLOGATION OF VEHICLES, FOR SEVERAL TYPES OF 

VEHICLES, HAS TO BE DEPENDENT BY THE EXISTENCE AND FUNCTIONALITY OF SUCH TYPE OF 

ROBOT INSTALLED ON THE VEHICLES. THE ARTICLE PRESENTS THE SYSTEM FEATURES AND NEW 

FUNCTIONALITIES DEVELOPED IN IHEERO PROJECT BASED ON ECALL TECHNOLOGY. 

 
KEY WORDS: 112, ECALL, ROAD ACCIDENT, VEHICLES HOMOLOGATION 

 

 

 

 

 

INTRODUCTION 

Globalization, as well as the fast development of IT&C technologies, creation and 

development of new business models in digital economy, the extension of internet usage in 

all aspects of our economic, social, cultural life have led to the unprecedented development 

and numerical increase of all forms of transport. People mobility for business, tourism, work, 

learning and so on increased, while using all available ways to travel (land, air, water). 
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More and more transport vehicles move around, carrying merchandise, medicine, 

help, supplies and so on. On the other hand, the transport infrastructure required for them is 

still not sufficiently developed in a lot of EU countries, and the drivers’ set of skills is not yet 

significantly improved in order to be sure that they would successfully address the new 

challenges.    

Because of this, a large number of terrible accidents are happening as we speak on 

highways and roads, with casualties or heavy injuries. Considering this, both at EU level as 

well as local government level, considerable efforts are done to prevent or limit the 

consequences of these accidents. To address this, the Single intervention system for 

emergencies (SISE) was developed and implemented in all EU countries, by using a single 

emergency call number, 1124.  

 

EU CONCERNS FOR LIMITING THE OUTCOMES OF ROAD ACCIDENTS 

European Comission has developed and partially funded the eCall (Emergency Call) 

project, that creates an automated call system from a vehicle when a road accident occurs. 

The platform is developed as a component of a EC road safety program that is implemented 

on the existing infrastructure of 112 emergency platform and allows the location 

identification for the vehicle that announces the road accident (E112). The new eCall 

emergency call system will be operational in all EU states and will send a minimal 

standardized set of data (Minimum Set of Data–MSD) directly to system operators that can 

then send the proper intervention crews to the intervention site5. The MSD will be specific to 

the crashed vehicle and relevant for the accident.    

A general view on the eCall communication system is presented in Figure 1 below. 

 
 

 
 

Figure 1. eCall system architecture6 

 

„Public Safety Answering Points (PSAPs)” are organised on 2 levels: 

 1st level PSAP – they receive the emergency calls  

 2nd level PSAP- they receive 1st level PSAP calls and send the intervention crews7. 

Regardless of the activation method, either manual or automatic, a supplementary voice 

connection is initiated between vehicle and PSAP. In this way, any vehicle passenger that is 

                                                           
4 Directive 2009/136/EC of the European Parliament and of the Council of 25 November 2009 amending 

Directive 2002/22/EC on universal service and users rights,  

http://www.europarl.europa.eu/oeil/popups/ficheprocedure.do?lang=en&reference=2010/2274%28INI%29 
5 Proposal of the European Commission for a decision of the European Parliament and of the Council on the 

deployment of the interoperable EU-wide eCall (16 June 2013) - COM(2013) 315 final - 2013/0166 (COD) 
6 EENA –Operations Document -112 Service Chain Description (10.06.2011) 
7 EENA –Operations Document -112 Service Chain Description (10.06.2011) 

http://www.europarl.europa.eu/oeil/popups/ficheprocedure.do?lang=en&reference=2010/2274%28INI%29
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able to answer some questions can provide supplementary details about the accident to the 

PSAP operators8. 

EC had continued to develop, for 3 years (January 2011 up to december 2013), the IT&C 

platform for eCall emergency system based on 112 through HeERO (Harmonised eCall 

European Pilot) EU funded project. 

9 European states that formed the HeERO consortium of partners have worked 

together in order to ensure implementation, interoperability and harmonization of the 112 

single emergency number in EU. As such, the countries of Croatia, Czech Republic, Finland, 

Germany, Greece, Italy, Holland, Romania and Sweden had a major goal within the project: 

preparation of the local infrastructure needed for providing a sustainable eCall service for the 

european citizens and sharing this experience with the rest of the member states or EU 

associated countries. 

The general objective of the HeERO project was preparation for later implementation 

of the needed infrastructure in EU, in order for the Pan-European harmonized interoperable 

emergency alert system service within vehicles to become a reality.  

When a terrible car accident happens within EU, the eCall system will automatically 

call E112 (Picture 2). The eCall modem allows the transfer of messages from the In-vehicle 

System (IVS), through the cell network, to the PSAP, that identifies the eCall MSD. The 

MSD data submitted allows vehicle localization, allowing the identification of the exact 

place, date and hour of the accident, as well as the Vehicle Identification Number (VIN) as 

well as other relevant information concerning the accident, thus significantly reducing the 

required time to respond and intervene for the intervention crews (firemen, ambulance, 

police, guardians, mountain rescue, etc.) 

 
Figure 2. Communication from IVS in case of a road accident [4] 

 

Following the DECISION No 585/2014/EU OF THE EUROPEAN PARLIAMENT 

AND OF THE COUNCIL of 15 May 2014 on the deployment of the interoperable EU-wide 

                                                           
8 Studiu privind transportul și mobilitatea în cadrul Regiunii SUD-VEST Oltenia, universitatea din Pitești, 

Departamentul Autovehicule și Transporturi, ISBN: 978-606-633-512-6, http://por2014-2020.adroltenia.ro/wp-

content/uploads/2015/12/Studiu-TM-SVO-pentru-publicare-pe-site-1.pdf 

 

http://por2014-2020.adroltenia.ro/wp-content/uploads/2015/12/Studiu-TM-SVO-pentru-publicare-pe-site-1.pdf
http://por2014-2020.adroltenia.ro/wp-content/uploads/2015/12/Studiu-TM-SVO-pentru-publicare-pe-site-1.pdf
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eCall service, the member states have to implement the PSAP infrastructure required to 

manage eCall emergency calls no later than 1st of October 2017. 

It is estimated that by using eCall more than 2500 lives will be saved each year9, as 

well as considerably limiting the risk of secondary accidents, reducing the traffic jams 

duration, waste of fuel and CO2 emissions, as well as faster victims treatment with a lot 

better recovery chances for them.  

It is also estimated that the EU losses caused by road accidents are above 160 bn 

Euro/year and by using eCall system on vehicles a significant reduction of 20 billion 

Euro/year of losses will be achieved. The studies conducted so far predict that the eCall 

system will contribute to achieving the EU major goal of reducing terrible accidents and 

deaths by 50%10. 

The eCall platform required the development of cooperation systems and provided 

information for the traffic management centers, allowing later and further development of 

intelligent transport systems11. Each EU member state had the task to build its own national 

eCall platform, as a part of the European platform. 

 

NEW APPROACHES FOR INCREASING ROAD SAFETY IN EU 

EU is proposing an European space of road safety achievable within 2010-2020 

timeframe, based on the efforts of all member states. 

Analysis concerning road safety have proven that, in 2015, the average rate of death 

in EU road traffic was 51,5/1 million inhabitants (picture 3), while in Romania that was a lot 

higher than the average, more than 95/1million inhabitants12. 

  

                                                           
9 Safety Forum – The eCall Project – eCall Expert Meeting Helsinki April 2005 
10 http://www.heero-pilot.eu/view/ro/ecall.html 
11 Cezar Botezatu, Bârcă Claudiu, Intelligent vehicle safety sustems-eCall, Journal of Information Systems & 

Operations Management Vol. 2 No.2 / December 2008, Editura Universitară, Bucuresti, ISSN: 1843-4711, pg. 

495-507 
12 Siguranța rutieră: potrivit ultimelor statistici, sunt necesare noi eforturi pentru salvarea de vieți omenești pe 

drumurile UE, Bruxelles, 31 martie 2016, la http://europa.eu/rapid/press-release_IP-16-863_ro.htm 

 

http://www.heero-pilot.eu/view/ro/ecall.html
http://europa.eu/rapid/press-release_IP-16-863_ro.htm
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  2010 2014 2015 2014-2015 2010-2015 

Belgium 77 65 67 4 % -10 % 

Bulgary 105 91 95 4 % 12 % 

Czech Republic 77 65 70 7 % -8 % 

Denmark 46 32 30 -8 % -35 % 

Germany 45 42 43 3 % - 5 % 

Estonia 59 59 50 - 15% -16 % 

Ireland 47 42 36 -15 % -22 % 

Greece 112 73 74 2 % - 36 % 

Spain 53 36 36 o % -32 % 

France 64 53 54 2 % -13 % 

Croatia 99 73 82 13 % - 18 % 

Italy 70 56 56 1 % -17 % 

Cyprus 73 52 66 27 % - 5 % 

Latvia 103 106 94 -11 % -14 % 

Lithuania 95 91 82 - 10 % -19 % 

Luxemburg 64 64 58 - 9 % 0 % 

Hungary 74 63 66 3 % - 13 % 

Malta 36 24 26 10 % -27 % 

Holland 32 28 28 0 % -12 % 

Austria 66 51 56 10 % -14 % 

Poland 102 84 77 -8 % -25 % 

Portugal 80 61 60 -2 % -33 % 

Romania 117 91 95 4 % -21 % 

Slovakia 67 52 58 11 % -13 % 

Slovenia 65 48 51 6 % -22 % 

Finland 51 42 48 15 % - 3 % 

Sweden 28 28 27 - 2 % 0 % 

UK 30 29 29 - 1 % -4 % 
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EU 63 51 51,5 1 % -17 % 

Picture 3 Statistics regarding deaths in road accidents fatalities/ millions of habitants13 

 

Under these circumstances, in order to reduce the harsh effects of road accidents, EC 

discussed a number of measures concerning the technical readiness of vehicles, transport of 

dangerous cargo and road safety. EC decided, in its political strategy, 7 major goals that will 

be targeted through national and EU level rules and regulations:  

Improvement of the level of education and training for the traffic participants; 

improvement of the road infrastructure and vehicles safety; increase of use for intelligent 

transport systems, as eCall use for vehicles, for example; improvement of emergency 

response services as well as ambulance and wounded participants’ reception and care; 

protection of vulnerable traffic participants, like walking people and bicycle users14. 

In order to achieve this, EU level regulation was needed, as well as local government 

and responsible national public bodies regulations that would provide both single 

management of intervention from specialized institutions, as well as their use of resources for 

road accidents.  

Thus, the EC and member states are debating a set of measures for road safety 

increase through improvements in infrastructure as well as its equipment with intelligent 

warning systems through the use of cutting edge IT&C technology. As such: 

 In order to reduce the number of casualties, the EC developed in September 2016 a general 

roadmap for implementation of intelligent transport systems that would be able to 

cooperate by providing bidirectional communication between vehicles as well as between 

them and road infrastructure, and between different road infrastructures. These systems 

would allow vehicles to warn each other, either directly (automated emergency breaking) or 

through road infrastructure (to signal the approach of incoming road maintenance works for 

example). 

 EU adopted last year the needed legislation to force all producers of new cars in EU of 

certain types (M1, N2) to equip them with eCall system, starting with 1st of March 2018. 

That means that every new vehicle of these types will be connected to eCall from the 

factory. The Gartner market research company estimates that, by 2020, there will be more 

than 250 million connected vehicles on the roads15. As eCall platform is an open system, it 

will relay as well useful information for other beneficiaries, like traffic management 

centres, for examples, that would announce the citizens and traffic participants with 

information regarding notified road events16. It is estimated that this approach will enhance 

the emergency services response to events with 50% in rural areas and 40% in urban areas.  

 As the number of light commercial vehicles on the roads is increasing, leading to an 

increase of the risk for them to get involved in road accidents, the possibility of mounting 

intelligent speed limiters on these vehicles is analyzed, considering as well the related 

benefits of such idea to environment protection and climate change. 

More than that, in European Official Journal 12/17.01.2017 were published 2 

Regulations17, that setup a single framework for implementing eCall services and checking 

                                                           
13 Siguranța rutieră: potrivit ultimelor statistici, sunt necesare noi eforturi pentru salvarea de vieți omenești pe 

drumurile UE, Bruxelles, 31 martie 2016, la http://europa.eu/rapid/press-release_IP-16-863_ro.htm 
14 Transportul rutier: norme privind traficul și siguranța, la  

http://www.europarl.europa.eu/atyourservice/ro/displayFtu.html?ftuId=FTU_5.6.5.html 
15 http://easyengineering.ro/masinile-asistenti-pe-roti/ 
16 Dorin Dumitrescu, Solution and final results of HeERO Romanian Pilot – HeERO Workshop 12-13 dec2013, 

Budapest 
17 EU Regulation no. 2017/78 from 15th of July 2016 establishing administrative provisions for the EC type-

approval of motor vehicles with respect to their 112-based eCall in-vehicle systems and uniform conditions for 

http://www.europarl.europa.eu/atyourservice/ro/displayFtu.html?ftuId=FTU_5.6.5.html
http://easyengineering.ro/masinile-asistenti-pe-roti/
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procedures for it. They are completely compulsory and have to be implemented in all 

member states. The Regulation18 decides administrative compulsory requirements for EU 

vehicle type homologation regarding 112 based eCall systems that are installed in vehicles, as 

well as single requirements concerning private information and user data protection for the 

users of these systems, while the Regulation19 decides the technical requirements and testing 

procedures for EU vehicle type homologation regarding the 112 based eCall systems that are 

installed in vehicles, its’ components and separate 112 based eCall systems’ units that can be 

installed in vehicles, together with the applicable single standards and exceptions from the set 

rules. 

 

I_HeERO – AN EU PROJECT IN IMPLEMENTATION 

Starting with 1st of January 2015 EU continued to partially fund a new stage of the 

HeERO project, called I_HeERO, that will continue to be implemented until 31st of 

December 2017 and involves a consortium of partners from 11 European States (Bulgaria, 

Cyprus, Czech Republic, Finland, Germany, Greece, Italy, Ireland, Portugal, Romania and 

Slovenia), including 58 commercial partners and 26 development partners20.  

Besides the further development of the needed PSAP infrastructure needed for the Pan-

European eCall system development, the project also proposes21: 

 Extension of eCall service for heavy vehicles and dangerous cargo freight, as well as 

for big busses traveling long distances 

 eCall implementation for 2 wheels’ vehicles 

 defining and conformity evaluation of PSAP, that would be a legal requirement for 

eCall management of 112 based PSAP service. 

These measures are extremely important, especially considering the fact that 

vulnerable participants (people on foot, bicycle users and motorcycle users) represent almost 

half of the casualties, and in urban areas this percentage is even higher22. The analysis of this 

data and the circumstances that generate road accidents leads to the conclusion that besides 

old and improper infrastructure, the main two reasons that would cause road accidents with 

casualties are people on foot indiscipline (22% of accidents) and unadapted speed (19,5%). 

                                                                                                                                                                                     
the implementation of Regulation (EU) 2015/758 of the European Parliament and of the Council with regard to 

the privacy and data protection of users of such systems; Commission Delegated Regulation (EU) No. 2017/79 

of September 12, 2016 Establishing Detailed Technical Requirements and Test Procedures for the EC Type-

approval of Motor Vehicles with Respect to Their 112-based eCall In-vehicles Systems, of 112-based eCall In-

vehicle Separate Technical Units and Components and Supplementing and Amending Regulation (EU) No. 

2015/758 of the European Parliament and of the Council with Regard to the Exemptions and Applicable 

Standards 
18 EU Regulation no. 2017/78 from 15th of July 2016 establishing administrative provisions for the EC type-

approval of motor vehicles with respect to their 112-based eCall in-vehicle systems and uniform conditions for 

the implementation of Regulation (EU) 2015/758 of the European Parliament and of the Council with regard to 

the privacy and data protection of users of such systems 
19 Commission Delegated Regulation (EU) No. 2017/79 of September 12, 2016 Establishing Detailed Technical 

Requirements and Test Procedures for the EC Type-approval of Motor Vehicles with Respect to Their 112-

based eCall In-vehicles Systems, of 112-based eCall In-vehicle Separate Technical Units and Components and 

Supplementing and Amending Regulation (EU) No. 2015/758 of the European Parliament and of the Council 

with Regard to the Exemptions and Applicable Standards 
20 http://iheero.eu/about-iheero/ 
21 http://iheero.eu/about-iheero/; George Căruțașu, Cezar Botezatu, Mihai Botezatu, Expanding eCall from cars 

to other means of transport, International Conference Applied Informatics in Economy and Information 

Technology “e-Society – Knowledge and Innovation”, November 3-4, 2016, Romanian-American University, 

Bucharest, in: Journal of Information Systems & Operations Management, Vol. 10 No.2 / December, 2016, 

ISSN 1843-4711, http://jisom.rau.ro/editorial_board.html    
22 Strategia națională de siguranță rutieră 2016 – 2020, http://cursdeguvernare.ro/tara-cu-cea-mai-mare-rata-de-

morti-pe-sosele-masurile-europei-pentru-a-diminua-numarul-acestor-victime.html 

http://iheero.eu/about-iheero/
http://iheero.eu/about-iheero/
http://jisom.rau.ro/editorial_board.html
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Taking this into consideration, the Romanian government considers that priority measures 

have to adress these causes first and is already considering a series of supplementary 

measures besides the one concerning implementation and operation of the automated eCall 

system, like increasing the penalties for breaking the law by all traffic participants (people on 

foot as well as drivers for all types of vehicles, 2 or 4 wheeled vehicles)   

A current major goal for Eu is to reduce, by 2020, the number of casualties in road 

accidents by 50%. In order to provide an increased security for transport, innovation and 

implementation of ideas have to be supported through a number of supplementary measures 

that would complement those for implementing the eCall technology23, such as: 

 Harmonization and implementation of road safety technologies – such as driver 

assistance services, intelligent speed limitors, warning sensors for safety belt, 

infrastructure-vehicle interfaces and improvement of the technical readiness of 

vehicles.  

 Development of an action plan and strategy concerning road accidents with victims 

and emergency systems that would include single definitions and standardised 

classifications of injuries and casualties.  

 Training, education for all traffic participants, support for use of safety equipment 

(safety belts, protective gear, safety devices). 

 Special care provided to vulnerabile users, like people on foot, bycicle users and 

motocycle users, including training effort for them and specific regulations.  

 11th of March 2014, EU Parliament adopted the single minimal requirements for 

technical periodical assessment of vehicles’ readiness, registering documents for 

vehicles and techical traffic checks for commercial vehicles. The agreement with the 

member states, that will be officially approved by the European Council, will 

contribute to road safety improvement and crossborder recognition of the technical 

readiness assessment certificate.  

In the business environment, some vehicle builders have already taken steps in 

including the new IT&C systems for road safety. The Ford models have already provided 

since 2012 the Emergency Assistance function for emergency situations, through the 

SYNC connection system. In the event of a vehicle accident that would trigger the 

explosion of an airbag or the interruption of the fuel intake, this technology would use a 

connected cell phone that initiates a direct call to local emergency services in the local 

language used in that area, thus alerting the emergency response crews and providing 

information with vehicle localization24. 

Ford is already experienced in this field, and how the company is improving this system 

with the help of an integrated modem, providing to car owners the eCall service, that 

automatically contacts emergency systems after an accident and communicates vehicle 

localization and the fact that the driver is either conscious or not. Ford will keep offering 

the older emergency assistance package for the cars that are not equipped with FordPass 

Connect. In order to be able to benefit from the integrated Wi-Fi hotspot capabilities, a 

Ford MY2018 model (vehicles produced after the second half of 2017) has to be equipped 

with the hardware.  

 

 

 

                                                           
23 “CARTE ALBĂ Foaie de parcurs pentru un spațiu european unic al transporturilor – Către un sistem de 

transport competitiv și eficient din punct de vedere al resurselor”, http://eur-lex.europa.eu/legal-

content/ro/TXT/PDF/?uri=CELEX:52011DC0144 
24 http://www.capital.ro/un-parteneriat-intre-ford-si-vodafone-promite-sa-aduca-internetul.html 

http://eur-lex.europa.eu/legal-content/ro/TXT/PDF/?uri=CELEX:52011DC0144
http://eur-lex.europa.eu/legal-content/ro/TXT/PDF/?uri=CELEX:52011DC0144
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CONCLUSIONS 

EU has achieved the development and implementation of a Single intervention system 

for emergencies (SISE), reachable at the common single number 112 through a conversation 

with a human operator from a PSAP. As it was at first designed for communication with 

fixed emplacement devices, that have a known localization, the system had to manage later 

on the calls from mobile devices as well. Caller localization is extremely necessary for 

intervention efficiency reasons, while using the needed resources for each intervention from 

an optimal resource center. At each member state level, the SISE structure includes a 

carefully distributed network of intervention resource centers and a network of PSAPs that 

are interconnected. In order to reduce the harsh effects of road accidents, for a series of 

vehicle types that require CE type homologation it was already adopted and it will be 

applicable starting with 31st of March 2018 a solution consisting in an IVS (In-Vehicle 

System) that in case of a road accident will initiate, manually or automatically, a call to 112 

and will transmit as well a minimal standardized set of data that will include the geographical 

coordinates of the accident location. This eCall system has already reached implementation 

phase in EU for some types of vehicles. Starting with 31st of March 2018, as previously 

stated, these types of vehicles will have to be equipped with an IVS that will respect the 

compulsory techincal requirements in order to get EU type homologation. This IVS is 

practically a robot25 that operates automatically in case of a road event. It is desired that the 

eCall system will be expanded to other types of vehicles, a fact that would require the update 

and modification of the standardised minimal data set, as well as other functions. The 

localization is automatically provided by the IVS in case of a road accident.  

112 and eCall systems are complex systems, with nation wide network structures that 

have to be integrated in a global single network, as well as dedicated networks for certain 

specific sectors, like transport, energy, communications, etc. For efficiency, the connections 

and integration will be provided by intelligent systems – robots, reducing the human 

intervention to a minimum. It is a worthy challenge provoked by the high pace of 

technological and IT&C development. The depth of integration of eCall system with the other 

currently existing systems at vehicle, road, service, technical assistance, security assistance or 

insurance levels is dependant on the IVS chosen to be implemented. A series of questions still 

remains unsolved yet, such as: will this new device handle the new requirements for eCall 

system extension for other types of vehicles (2 or 4 wheeled vehicles), transport for 

dangerous cargo or by PSAPs? Will it be efficient? How much will be the associated costs? 

The whole 112 system as well as the eCall system based on 112 will be efficiently connected 

together and with the rest of the infrastructure systems in EU and outside of EUSome 

answers will come from the robot producer solutions, that have already approached the 

subjects and will continue to do so in the following years.  

  

                                                           
25 G.Carutasu, M.A.Botezatu, C. Botezatu, M. Pirnau, “Cloud Computing and Windows Azure”, in ECAI 

Proceedings, Electronics, Computers and Artificial Intelligence, vol 8, ISSN 1843-2115, 

http://ecai.ro/Arhiva/ECAI-2016%20VOLUMES/POSTER/ECAI-2016_paper_13.pdf 

http://ecai.ro/Arhiva/ECAI-2016%20VOLUMES/POSTER/ECAI-2016_paper_13.pdf


September 2017 

 

83 
 

 

REFERENCES 

 
1. Directive 2009/136/EC of the European Parliament and of the Council of 25 November 2009 amending 

Directive 2002/22/EC on universal service and users rights,  

http://www.europarl.europa.eu/oeil/popups/ficheprocedure.do?lang=en&reference=2010/2274%28INI

%29 

2. Proposal of the European Commission for a decision of the European Parliament and of the Council on 

the deployment of the interoperable EU-wide eCall (16 June 2013) - COM(2013) 315 final - 2013/0166 

(COD)  

3. EENA –Operations Document -112 Service Chain Description (10.06.2011) 

4. EENA Operations Document – eCall, 13/08/2014, la  

http://www.eena.org/uploads/gallery/files/pdf/2014_10_28_3_1_5_eCall_Update_v2.0_FINAL.pdf 

5. Safety Forum – The eCall Project – eCall Expert Meeting Helsinki April 2005 

6. http://www.heero-pilot.eu/view/ro/ecall.html 

7. Cezar Botezatu, Bârcă Claudiu, Intelligent vehicle safety sustems-eCall, Journal of Information 

Systems & Operations Management Vol. 2 No.2 / December 2008, Editura Universitară, Bucuresti, 

ISSN: 1843-4711, pg. 495-507 

8. Siguranța rutieră: potrivit ultimelor statistici, sunt necesare noi eforturi pentru salvarea de vieți 

omenești pe drumurile UE, Bruxelles, 31 martie 2016, la http://europa.eu/rapid/press-release_IP-16-

863_ro.htm 

9. Transportul rutier: norme privind traficul și siguranța, la  

http://www.europarl.europa.eu/atyourservice/ro/displayFtu.html?ftuId=FTU_5.6.5.html 

10. http://easyengineering.ro/masinile-asistenti-pe-roti/ 

11. Dorin Dumitrescu, Solution and final results of HeERO Romanian Pilot – HeERO Workshop 12-13 

dec2013, Budapest 

12. EU Regulation no. 2017/78 from 15th of July 2016 establishing administrative provisions for the EC 

type-approval of motor vehicles with respect to their 112-based eCall in-vehicle systems and uniform 

conditions for the implementation of Regulation (EU) 2015/758 of the European Parliament and of the 

Council with regard to the privacy and data protection of users of such systems 

13. Commission Delegated Regulation (EU) No. 2017/79 of September 12, 2016 Establishing Detailed 

Technical Requirements and Test Procedures for the EC Type-approval of Motor Vehicles with 

Respect to Their 112-based eCall In-vehicles Systems, of 112-based eCall In-vehicle Separate 

Technical Units and Components and Supplementing and Amending Regulation (EU) No. 2015/758 of 

the European Parliament and of the Council with Regard to the Exemptions and Applicable Standards 

14. “CARTE ALBĂ Foaie de parcurs pentru un spațiu european unic al transporturilor – Către un sistem 

de transport competitiv și eficient din punct de vedere al resurselor”, http://eur-lex.europa.eu/legal-

content/ro/TXT/PDF/?uri=CELEX:52011DC0144 

15. http://www.capital.ro/un-parteneriat-intre-ford-si-vodafone-promite-sa-aduca-internetul.html 

16. http://iheero.eu/about-iheero/ 

17. George Căruțașu, Cezar Botezatu, Mihai Botezatu, Expanding eCall from cars to other means of 

transport, International Conference Applied Informatics in Economy and Information Technology “e-

Society – Knowledge and Innovation”, November 3-4, 2016, Romanian-American University, 

Bucharest, in: Journal of Information Systems & Operations Management, Vol. 10 No.2 / December, 

2016, ISSN 1843-4711, http://jisom.rau.ro/editorial_board.html   

18. Studiu privind transportul și mobilitatea în cadrul Regiunii SUD-VEST Oltenia, universitatea din 

Pitești, Departamentul Autovehicule și Transporturi, ISBN: 978-606-633-512-6, http://por2014-

2020.adroltenia.ro/wp-content/uploads/2015/12/Studiu-TM-SVO-pentru-publicare-pe-site-1.pdf 

19. Strategia națională de siguranță rutieră 2016 – 2020, http://cursdeguvernare.ro/tara-cu-cea-mai-mare-

rata-de-morti-pe-sosele-masurile-europei-pentru-a-diminua-numarul-acestor-victime.html 

20. G.Carutasu, M.A.Botezatu, C. Botezatu, M. Pirnau, “Cloud Computing and Windows Azure”, in 

ECAI Proceedings, Electronics, Computers and Artificial Intelligence, vol 8, ISSN 1843-2115, 

http://ecai.ro/Arhiva/ECAI-2016%20VOLUMES/POSTER/ECAI-2016_paper_13.pdf 

  

http://ecai.ro/Arhiva/ECAI-2016%20VOLUMES/POSTER/ECAI-2016_paper_13.pdf


Research and Science Today Supplement No. 2/2017 

  

84 
 

 

Engineering 
 

DISASSEMBLY TASK EVALUATION IN VIRTUAL REALITY 

ENVIRONMENT 
 

 

 

Peter MITROUCHEV 1  

Jingtao CHEN2 
Sabine COQUILLART3 

Franck QUAINE4 
 

 

 

 
ABSTRACT:  
THE INFLUENCE OF VIRTUAL REALITY (VR) ON HUMAN BEHAVIOR WITH USING BIOMECHANICAL 

ANALYSIS METHODS AND ITS APPLICATION FOR ASSEMBLY/DISASSEMBLY OPERATIONS 

SIMULATION IS PRESENTED IN THIS PAPER. A NEW HAPTIC MODEL FOR MECHANICAL ENERGY 

EXPENDITURE IS PROPOSED WHERE THE REQUIRED MECHANICAL WORK IS USED AS MAIN 

PARAMETER. THE FATIGUE LEVELS ARE EVALUATED BY ANALYZING THE RECORDED 

ELECTROMYOGRAPHY (EMG) SIGNALS ON THE MOST INVOLVED MUSCLES OF OPERATOR’S ARM. A 

SET OF EXPERIMENTAL DISASSEMBLY TESTS REALIZED IN A VR ENVIRONMENT ARE PERFORMED 

THUS ALLOWING TO VALIDATE THE PROPOSED METHOD. THE COMPARISON OF THE ANALYTICAL 

AND EXPERIMENTAL RESULTS HAS SHOWN GOOD CORRELATION BETWEEN THEM. THE PROPOSED 

METHOD PROVIDES THE FEASIBILITY TO INTEGRATE HUMAN MUSCLE FATIGUE INTO 

DISASSEMBLY SEQUENCE EVALUATION VIA MECHANICAL ENERGY EXPENDITURE WHEN 

PERFORMING DISASSEMBLY OPERATION SIMULATIONS IN THE INITIAL STAGE OF PRODUCT 

DESIGN. 

 
KEY WORDS: VIRTUAL REALITY ENVIRONMENT, MUSCLE METABOLIC ENERGY, 

DISASSEMBLY SEQUENCES EVALUATION, MUSCLE FATIGUE, MECHANICAL ENERGY 

 

 

 

 

 

INTRODUCTION 

Assembly/Disassembly (A/D) operations simulations represent important research 

subject today. With the new European and International sustainable legislation these 

operations are often considered in the initial stage of product design. Thus, in order to 

evaluate disassembly sequences different tools and Virtual Reality (VR) human-computer 

interfaces (HCI) are proposed5. The VR set-up can be easily modified allowing designers to 

quickly adjust the design of product. Ppreliminary evaluation of disassembly sequences 
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during product design being a very important issue for disassembly task of complex products, 

two questions are arising, namely: i). disassembly sequence generation; ii). disassembly 

sequence evaluation. This paper is focusing on the second one. In this context, it considers 

the operator’s hand muscle fatigue factors in evaluation of fatigue associated with 

disassembly task simulation. Thus, a new method for evaluating the hand fatigue associated 

with disassembly task by utilizing metabolic energy expenditure is proposed here. Note, that 

before displacement, the components/modules linked by fasteners (screws, clips) have to be 

separated. Thus we assume that the two main parameters for carrying out the calculation of 

metabolic energy expenditure for disassembly tasks are: i). the weights of the components; 

ii). the disassembly paths of the components. Disassembly experiments in VR were 

performed in order to evaluate fatigue with electromyography (EMG) analysis. The proposed 

method shows that using EMG data can give relevant information about the subject muscle 

state, which could be of interest in the field of evaluation of disassembly task. According to 

the proposed protocol, during the disassembly task (subjects in standing position), the EMG 

signals on the four most involved muscles of operator’s arm namely: extensor carpi radialis 

(ECR), flexor carpi radialis (FCR), biceps and triceps are recorded and then analyzed. This 

capture of muscular contractions is the reason to limit the observed movements in quasi-static 

motion. For this reason, in the proposed method only the calculation of the energy expended 

by the hand with only vertical displacements are taken into account. The energy expenditure 

for the operator to maintain his/her standing position during the test is a source of fatigue 

which is not included in the proposed method. 

 

RELATED WORK 

Today some approaches for VR disassembly evaluation are proposed by taking into 

account different criteria such as: i). visibility score6, ii). set of directions for removal 

(SDR)7, iii). stability of sub-assembly8, iv). number of tools9. However, they do not take into 

account the muscle fatigue of the operator for different conditions of requests (postures, 

loads, …), which in our opinion is highly influencing work’s efficiency and very important 

today with the increasing of the retire age of the operators. In order to avoid uncertainty of 

disassembly operation  process, Tian et al.10 proposed a method to calculate the probability of 

disassembly energy's distribution and the minimal energy expenditure in a disassembly 

sequence. The minimal energy for each disassembly sequence is estimated. However, the 

authors pointed out that the probable energy expenditure intervals of several disassembly 

sequences had the possibility to overlap with each other. Bisi11 proposed an EMG 

(Electromyography)  driven model for predicting metabolic energy consumption during 
                                                           
6 WANG C., MITROUCHEV P., LI G., LU L., Disassembly operations’ efficiency evaluation in virtual environment. 

International, Journal of Computer Integrated Manufacturing, Ed. Taylor & Francis, DOI: 

10.1080/0951192X.2015.1033752. (2015) 
7 LI W.D., XIA K., GAO L., CHAO K.-M., Selective disassembly planning for waste electrical and electronic e 

quipment with case studies on liquid crystaldisplays. Robotics and Comp.-Integr. Manuf. Vol. 29, N°. 4, 2013, 

pp. 248–260 
8 MITROUCHEV P., WANG C., CHEN J., Disassembly Process Simulation in Virtual Reality Environment, Advances 

on Mechanics, Design Engineering and Manufacturing, Lecture Notes in Mechanical Engineering, DOI 

10.1007/978-3-319-45781-9_63 
9 RUBE N., SECHER N.H., Effect of training on central factors in fatigue following two-and one-leg static exercise 

in man, Acta physiologica scandinavica, Vol. 141, Nr. 1, 1991, pp. 87–95 
10 TIAN G., IU Y, KE H., HU J., Energy evaluation method and its optimization models for process planning with 

stochastic characteristics: A case study in disassembly decision-making, Computers & Industrial Engineering, 

Energy Management and Economics. Vol. 63, Nr. 3, 2012, pp. 553–563 
11 BISI M.C., STAGNI R.,  HOUDIJK H., GNUDI G.,  An EMG-driven model applied for predicting metabolic energy 

consumption during movement, Journal of Electromyography and Kinesiology, Vol. 21, Nr. 6, 2011, pp. 1074–

1080 
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physical effort which includes EMG signals from active muscles associated with some 

kinematic joint parameters. However, the model is too complex and time consuming to 

predict its metabolic energy consumption which requires a motion capture analysis system 

coupled with EMG data processing. Rube and Secher12 proved that the neural adaption of 

muscles may by activated by changing their activation mode. In13 it was mentioned  that the 

effect of training on fatigue depends on training mode. The fatigue of muscles being an 

important factor affecting the efficiency of performing disassembly task, its evaluation is the 

aim of our work. One possibility for this evaluation is to calculate  the slope of median 

frequency of EMG signals14. It was proven15 that the peak value of EMG signals after root 

mean square (RMS) processing is also an index of fatigue16. Thus, a new method of 

predicting the fatigue during disassembly task in VR environment is proposed here.  

 

METHOD 

In the proposed method it is assumed that17: i). more mechanical energy is required to 

complete the disassembly task, more metabolic energy will be consumed in the human arm, 

ii). the arm muscles, involved in the disassembly task, perform in an environment with 

constant temperature, iii). the task is performed in continuous way, iv). he fatigue 

accumulated in the muscle is a monotonically increasing function of the metabolic energy 

expenditure, v). during the disassembly task, the operator, in standing position, is moving the 

virtual objects with a given velocity in all allowed disassembly directions, vi). if the 

consumed metabolic energy for performing disassembly task 1 is bigger than this for 

disassembly task 2, then disassembly task 1 induces more fatigue than 2. The fatigue is 

presented as 𝐹𝐴 = 𝑓(𝐹𝐴𝑐 , 𝐹𝐴𝑝), where 𝐹𝐴𝑐 and  𝐹𝐴𝑝 are respectively the fatigue in central 

nervous system and peripheral system (muscle). The central nervous system fatigue is not 

taken into account in the proposed method. The metabolic energy expenditure E being 

considered as a function of F, t and v, then the 𝐹𝐴𝑝 can be expressed as: 𝐹𝐴𝑝 = 𝑓[𝐸(𝐹, 𝑡, 𝑣)] 

where:   is the loading level;   is the loading time;  𝑣 = (0, 𝑣𝑚𝑎𝑥] is 

the velocity of the end of the hand. The muscle mechanical model we presented in18 shows 

that the maximal muscle fatigue may be reached for different values of F, t and v. Suppose 

that there are n components to be disassembled in sequence S (task). Thus, the mechanical 

energy expenditure for moving the operator’s arm is: 

 where:  𝑚𝑎 is the mass of the arm;  ℎ𝑎𝑖 is the 

vertical displacement of the mass center of the arm between the starting point of the 𝑖-th 

component and the position of the next component; ℎ𝑎𝑖𝑢 is the vertical displacement of the 

                                                           
12 RUBE N., SECHER N.H., Effect of training on central factors in fatigue following two-and one-leg static exercise 

in man, Acta physiologica scandinavica, Vol. 141, Nr. 1, 1991, pp. 87–95 
13 ROGER M.E., Neuromechanics of Human Movement. Third Edition. Aufl. U.S.A : HUman Kinetics, 2001 —

 ISBN 0-7360-0251-0 
14 ROSE L.M., NEUMANN W.P., HÄGG G.M., KENTTÄ G., Fatigue and recovery during and after static loading, 

Ergonomics, Vol. 57, Nr. 11, 2014, pp. 1696–1710 
15 SONNE M.W., HODDER J.N., WELLS R., POTVIN J.R., Force  time-history affects fatigue accumulation during 

repetitive handgrip tasks, Journal of Electromyography and Kinesiology, Vol. 25, N°. 1, 2015, pp. 130–135 
16 BOYAS S., GUEVEL A., NAIK R.G., Endurance time  prediction using electromyography, Applications, 

Challenges, and Advancements in Electromyography Signal Processing, Vol. 219-233 : IGI Global, 2014 —

 ISBN 978-1-4666-6090-8 
17 CHEN J., MITROUCHEV P., COQUILLART S., QUAINE F., Disassembly task evaluation by muscle fatigue estimation 

in a virtual reality environment, The International Journal of Advanced Manufacturing Technology, 2016, DOI 

10.1007/s00170-016-8827-6 
18 CHEN J., MITROUCHEV P., COQUILLART S., QUAINE F., Disassembly task evaluation by muscle fatigue estimation 

in a virtual reality environment, The International Journal of Advanced Manufacturing Technology, 2016, DOI 

10.1007/s00170-016-8827-6 
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arm’s mass center along the positive (up) direction of 𝑖th component. We model the arm as a 

two DOF (degrees of freedom) mechanism with three segments as shown in Fig. 1.a where 

the first segment, the operator’s body, is supposed to be its frame. Gravity is defined as –Z. 

   
 

Figure 1.   a). Operator’s arm with its associated two joints mechanism, b). Mechanical 

assembly and parts’ trajectories for disassembling target component 𝑪𝟑  

In the proposed method we also assume that the shoulder only rotates around Y axis. 

Consequently, the forearm and upper arm form the plan of ZOX. It is also assumed that the 

center of mass of each segment is stable inside each segment. Note that for disassembling 

some components specific tools may be required. Consequently, they are considered as 

ordinary disassembly components moved by the operator. Those tools require efforts 

(couples, forces) which are similar with two hand disassembly operations. However, in the 

performed experiments one hand haptic device with force feedback was used (Fig. 3) that 

limits the proposed method of one point loading (weight in the mass center of the wrist). 

With the proposed model, the mechanical energy expenditure for performing all the possible 

disassembly sequences (including moving the disassembly components, fasteners and tools) 

can be estimated. Note, that different disassembly sequences are potentially disassembly 

tasks which may induce different levels of fatigue in the muscles. 

The analytical model for evaluating the fatigue induced during disassembly sequence 

simulation is illustrated by an example of a simple disassembly manufacturing process. It 

consists in disassembling a five component mechanical assembly where the target component 

is component 3 as presented in Fig. 1.b. Each component ( ) is moved from its 

initial position to storage place ( ) following the corresponding disassembly path (

). For disassembling the target component 𝐶3, for instance, there are two possible 

disassembly sequences: Sequence S1= {𝐶1, 𝐶2, 𝐶3} and Sequence S2= {𝐶5, 𝐶4, 𝐶3}. 

The mechanical energy for performing the disassembly Sequence 1 and Sequence 2 are 

respectively:  and . It is seen that  is bigger than  . Based 

on the hypothesis, the results show that performing disassembly Sequence 1 (S1) induces 

more fatigue in the arm’s muscles than performing disassembly Sequence 2 (S2).  

 

VIRTUAL REALITY ENVIRONMENT FOR FATIGUE DISASSEMBLY TASK 

EVALUATION 

Series of experiments were carried out in the Virtual Reality environment GINOVA 

platform, Grenoble-INP (National Polytechnic Institute) in order to prove the proposed 

model. The task (divided in two sub-tasks T1 and T2) consisted in handling an electrical 
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motor (weight of 1kg.) in a restricted vertical space of 0.5m with repetitive bottom up and up 

down movement during 5 minutes with low speed (frequency of 0.17 Hz (10 movements for 

one minute). The distance between subjects’ eyes and the display screen is fixed at 2.25 m. 

The displacement of the motor in the VR screen (visual feedback) is the same as the 

displacement of the end of the hand in the real physical environment. In order to limit the 

amount of EMG signals treatment and consequently the number of muscles involved in the 

disassembly task, the latter was performed only by the lower arm of the subject (upper arm in 

static position. In the experiments nine subjects, aged from 24 to 58, were involved. 

Unfortunately, the female subject did not endure until the end of the task, so the effect of 

different sex on fatigue has not been investigated in this stage of the study. Subjects declared 

no performed intensive muscle efforts during 24 hours period. All participants reported no 

history of problem in upper limbs. When calculating the mechanical work, the task is 

performed when only the lower arm is moving. The VR environment consists of (Fig. 2): 

VIRTUOSE 6D35-45 haptic device with force feedback; Kinect tracking system; stereoscopic 

display; 3D glasses; four channels EMG BIOPAC MP150 system. The simulation 

environment IFC (Interactive Fitting for CATIA) is a CAAV5-based plug-in for CATIA 

V5TM for interactive simulations. The weight of the motor was simulated by the gravity 

environment in CATIA. Virtual objects in the software are constrained by gravity field. The 

force feedback, during collisions, is sent to the subject via the haptic device. 

 

 
 

Figure é.   Virtual reality environment setting 

 

The task was divided into two sub tasks in order to discriminate which one induces more 

muscle fatigue. The first 2.5 minutes period of vertical movements represents the task 1 (T1). 

The total 5 minutes period of the whole movement represents the task 2 (T2). Note, that T1 

and T2 consist in the same repetitive bottom up and up down movement. In order to evaluate 

the muscle fatigue level on the subject forearm, subjects had to perform a maximum 

voluntary contraction (MVC) task before and after the test. The EMG signals on extensor 

carpi radialis (ECR), flexor carpi radialis (FCR), biceps and triceps were recorded during 

the task (subjects in standing position). SENIAM (surface EMG for non-invasive assessment 

of muscles) location protocol was used with four sets of electrodes of EMG BioPac MP150 

system. The signal from the electrode on the ulnar styloid process muscle was used as ground 

signal. The EMG signals for each subject have been normalized with EMG signals of each 

muscle detected during the task. After filtering, Fast Fourier Transfer (FFT) function was 

used to transfer the raw EMG signal. The power spectrum density of each muscle contraction 

was estimated by using Hamming window. The median frequency for each muscle 

contraction was approximated by straight line. Thus, bigger decreasing  slope  represents  

http://www.researchgate.net/publication/228486725_Standards_for_surface_electromyography_the_european_project_surface_emg_for_non-invasive_assessment_of_muscles_%28seniam%29
http://www.researchgate.net/publication/228486725_Standards_for_surface_electromyography_the_european_project_surface_emg_for_non-invasive_assessment_of_muscles_%28seniam%29
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faster  fatigue  process. The normalized EMG signals define the power spectral density 

function (PSDF) which reflects the change of the frequency of EMG along with the time. 

Thus, after Short-Time Fourier Transform processing of the normalized EMG signals, the 

power spectral density function (PSDF) are obtained. Calculating the median frequency 

(MDF) in each window and connecting all the points of MDF allows to obtain a curve which 

is nearly linear. MDF slopes have been used as fatigue index in process of maintaining 

isometric contraction. The linearly decreasing slopes of each MDF line in the PSDF figures, 

which is indicator of the fatigue, are given in Table 1. 

Table 1. Slope of MDF line 

 1 2 3 4 5 6 

slope -0.213 -0.198 0.198 -0.083 0.227 -0.136 

  

Student t test analysis (unilateral Student t test, 0.05) shown that a significant difference 

appears between average peak value of last five successive muscle contractions of T2 (C) and 

average peak value of last five successive muscle contractions of T1 (B) for FCR and Biceps 

muscles only (respectively t=-1.848, t=-1.775). No significant statistical difference was 

found between average of the RMS peak values of the first five muscle contractions for the 

involved muscles in T2 (A), and B for all the muscles, neither between B and C for ECR and 

Triceps muscles. Hence the fatigue induced by T1 is less than T2 as the average of B is lower 

than C in FCR and Biceps.The results indicated also that T2 induced more fatigue than T1. It 

means that the task involves greatly flexor muscles (FCR, Biceps) with greater fatigue in T2 

than T1 for those two muscles. The results of the performed tasks in the VRE show that 

Biceps and FCR muscles are the prime movers involved. On the other hand, fatigue develops 

faster in the beginning of the task (first 2.5 minutes, T1) than for the whole 5 minutes time 

period (T2). This could be resulted from the fact that the anaerobic exercise of fast twitch is 

the activity mainly involved in the T1 task and the aerobic exercise of slow twitch is the 

principle muscle behavior in T2 task. However, experimental results indicated greater fatigue 

in T2 than in T1. The validity of the proposed mechanical model was proved by its 

application to calculate the mechanical energy expenditure in T1 and T2 performed in the 

VRE. The values of the mechanical energy expenditure are respectively  and 

. Thus, according to the proposed methodology, the fatigue developed in T2 is 

bigger than in T1, which is in agreement with the experimental results. The associated 

mechanical energy expenditure values are calculated by the proposed mechanical model in 

order to compare fatigue for different disassembly tasks. Since the gravity forces of the 

components were simulated, the loading level is the same as in the real world. From the 

aspect of operation method of haptic device, it only allows simulating a single hand operation 

by holding the handler of the VIRTUOSE haptic device. The main application field of the 

results of this study is to enable designers to compare the fatigue levels associated with 

different disassembly tasks simulation performed in VR environment.  

CONCLUSION 

The paper introduced a new method for disassembly task evaluation which aims at 

using the expenditure volume of metabolic energy to quantify fatigue. It is more efficient 
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than the method of Bisi et al.19 which requires so much data necessary for predicting 

metabolic energy consumption and consequently fatigue evaluation. The method is based 

upon six hypothesizes and proved by experimental tests. The agreement between the 

theoretical results and experimental ones indicated that the proposed method is pertinent for 

estimating the level of peripheral fatigue induced while performing a disassembly task in 

VRE. The analysis of the median frequency of EMG signals proved the existence of fatigue 

in the involved muscles. Another interesting result is that subjects fatigue happens faster in 

T1 (beginning of the task) than in T2.  

Acknowledgment: This work has been partially supported by the LabEx PERSYVAL-Lab 

(ANR--11-LABX-0025) » (http://www.persyval-lab.org/index.html) 
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ABSTRACT: 

IN THIS PAPER, WE AT FIRST INTRODUCE THE CONTEXT OF MULTI-DISCIPLINARY 

COLLABORATION AND THE USAGE OF MULTIPLE COMPUTER-HUMAN INTERFACES (CHIS) WITH 

DOMAIN SPECIFIED SOFTWARE. THEN WE PROPOSE THE CO-LOCATED MULTI-VIEW SYSTEM WITH 

THE TECHNOLOGY OF MULTI-REPRESENTATION, MULTI INTERACTION AND VIRTUAL REALITY. A 

STUDY IS INVESTIGATED TO EVALUATE THE CONTRIBUTION TO THE PROPOSED MULTI-VIEW 

SYSTEM IN COMPARING WITH THE TRADITIONAL MONO-VIEW SYSTEM DURING A MULTI-

DISCIPLINARY COLLABORATIVE TASK. A MULTI-ROLE COLLABORATIVE APPLICATION IS 

DEVELOPED TO TEST THE CO-LOCATED COLLABORATION WITH MULTIPLE REPRESENTATIONS IN 

VIRTUAL REALITY ENVIRONMENT. THIS COLLABORATIVE APPLICATION CONSISTS OF A 

COLLABORATIVE TASK WHICH SIMULATES INDUSTRIAL PROJECT REVIEW USING MULTI-

REPRESENTATION DIGITAL MOCK-UP (DMU). THE EXPERIMENT IS CONDUCTED WITH TWO 

PERSONS UNDER TWO DIFFERENT COLLABORATIVE CHI’S CONDITIONS: TWO MONO-VIEW 

SYSTEMS AND SINGLE MULTI-VIEW SYSTEM. THE DIFFERENCE IN TERM OF VERBAL 

COMMUNICATION, CONTRIBUTION AND EFFICIENCY OF COLLABORATION DURING THE MULTI-

DISCIPLINARY COLLABORATIVE TASK IS ANALYZED TO COMPARE THE TWO CONDITIONS. 

 
KEY WORDS: COLLABORATION WORK, MULTI-VIEW SYSTEM, VIRTUAL REALITY 

 

 

 

 

 

1. INTRODUCTION 

Nowadays, more industries are adopting the new strategy of product development, the 

Concurrent Engineering (CE), to replace the traditional Sequential Engineering (SE). This 

new design management system asks people to take into consideration in the early design 

phase all the information on a product’s lifecycle, such as production, assembly message, 

maintenance4. Furthermore, CE allows people to conduct all production activities in a parallel 

manner and to integrate technical data for sharing among different experts. These two 

concepts make sure that all errors and redesigns could be realized and resolved in the early 

                                                           
1 Arts et Métiers ParisTech, Institut Image - Chalon-sur-Saône (France)Bo.LI@ensam.eu 
2 Arts et Métiers ParisTech, Institut Image -Chalon-sur-Saône (France) e-mail:Hongyi.ZHANG@ensam.eu 
3 Arts et Métiers ParisTech, Institut Image - Chalon-sur-Saône (France), e-mail: ruding.lou@ensam.eu 
4 Wiley & Sons; Concurrent engineering: automation, tools, and techniques,1993 
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design process to avoid the economic and time loss5. Because of CE’s collaborative nature, 

there must be much more communication with various domains of expertise in the whole 

product lifecycle. It means individual experts must work together in an interactive way in the 

different phases of product life cycle. That is why we need real-time and co-located 

collaboration. 

In practical operations, experts on different specialties need to have their proper 

representations of the product to make their own designs. Each expert must use a domain-

specific tools or software to produce various data. These data can be shared and sent into a 

global database. The organizing and planning process of this package of data is usually called 

Digital mock-up (DMU) of the product lifecycle6. In collaborative design activities, these 

DMUs should be shared among the different sorts of domain-specific software and among the 

experts’ communication. DMU can offer to expert multiple representations with different 

technical data or in different forms. Each expert has their own perspective. For the same 

model in 3D, DMU allows that different information could be provided to different users at 

the same time. 

All the product activities need both software and human beings. CE asks not only the 

more closely communications with human beings, but also the better interface between 

human and machine or human and design tools. Computer-human interface (CHI) is 

described as the communication medium between people and computers7. It is a link between 

human and machine. Because the tools used are different, users may have different kind of 

CHI to use. If engineers need collaborative work, the interoperability of different CHIs is 

important. Users can interact with a good CHI by using multiple metaphors and achieve to 

more than one command by one metaphor8. In this case, different expert should have their 

own specified metaphor according to their specified needs. As described on the left of Figure 

1, users interacted with different software and different data formats; right of the figure 

allows users to interact with each other by one single CHI with one file format that could 

reduce the misunderstanding and save the communicating time among experts.    

Figure 1: Left: multiple CHIs; Right: One single CHI replaces several CHIs may let the 

collaborative work between multiple users more efficiently9. 

                                                           
5 Pardessus, Thierry; Concurrent engineering development and practices for aircraft design at Airbus, In 

: Proceedings of the 24th ICAS Conf., Yokohama, Japan, 2004 
6 LAWSON; Michael; KARANDIKAR; A survey of concurrent engineering, 1994 
7 Segond, Frédéric; Julie, Nelson; Améziane, Aoussat; PLM and architectural rehabilitation: a framework to 

improve collaboration in the early stages of design, International Journal of Product Lifecycle Management 6.1, 

2012 
8 Morris, M; R, Huang; Paepcke, A; Winograd, T; Cooperative gestures: multi-user gestural interactions for co-

located groupware, In Proceedings of the SIGCHI conference on Human Factors in computing systems, pp. 

1201-1210, 2006 
9 Li, B; Lou, R; Segonds, F; Merienne, F;  Multi-user interface for co-located real-time work with digital mock-

up: a way to foster collaboration?, International Journal on Interactive Design and Manufacturing (IJIDeM), 

2016  
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To support collaborative work using DMU, CHI must have function to support 

multiple representations of virtual content and multi-user interaction. Virtual reality is a kind 

of support technology which allows the collaborative work by DMU become more intuitive. 

For example, in tradition CAD work, there are usually some problems in conceptual design in 

architecture: the shape and resolution of the typical workstation screen will affect designers’ 

judgement about geometric structure. However, by using virtual reality technology, designers 

do not have a “screen” anymore. They are being placed in an environment which may be 

more suitable to watch and create the geometry form. As this support technology, our multi-

view CHI technology can help users to work with each other in 3D virtual environment co-

located and concurrently10. 

 

2. RELATED WORK 

For a collaborative work in a virtual environment where each collaborator has a 

specific role, a proper representation of the virtual world for each user is significant. Each 

user must have the own point of view so that they could inspect the virtual world from 

different angles and positions. Snowdon proposed the framework of individual perspective in 

virtual environment: What You See is Not What I See (WYSNWIS)11. Each user has view-

independent representations of the virtual environment. However, the awareness of other 

people’s activities is necessary in collaboration too. The other framework: What You See is 

What I See (WYSWIS) is proposed for changing the perspective of users. Users can choose 

the point of view and switch the perspectives between egocentric (first person) and exocentric 

(third person). Further research by Huahai.Y and Gray.M shows that egocentric is better for 

co-operation than third person12.  

There are several kinds of technologies for multi-view visualization. The glasses with 

stereoscopy technology could present two images separately to left and right eye of the 

viewer. Based on this technology, many technologies of multi-view systems have been 

developed. Nagono et al13 proposed the new polarized glasses: One user wears the glasses 

with two left lenses of original glasses; the other one’s glasses have two right lenses of 

original glasses. Therefore, two users could have the representation independent in 2D.  

Mistry14 made the other technology, called ThirdEye for getting a different point of 

view. Each eyeglass of shutter glasses is made by a single pixel LCD screen. The LCD screen 

could be transparent or opaque if we change the voltage on it. ThirdEye switches the state of 

LCD of two users alternatively at a high frequency (at least 120Hz).  The displayed content 

on the screen is synchronized with glasses. When the first user’s LCD is transparent and the 

second user’s LCD is opaque, the screen presents content correspondingly of first user and 

vice versa. With this technology, it is possible to generate more than two points of view if we 

increase the frequency of LCD and screen. Roman et al15 contributed a multi-view tabletop, 

called Permulin which supports both co-located collaboration work and individual work. 

                                                           
10 Chevaldonné, M; Neveu, M; Mérienne, F; Dureigne, M; Chevassus, N;      Guillaume, F ; Human machine 

interface concept for virtual reality applications,2005 
11 Snowdon, D; Greenhalgh, C; Benford,S; What you see is not what I see: Subjectivity in virtual environments, 

FIVE’95: Framework for Immersive Virtual Environments ,1995 
12 Yang, H; Olson, G. M; exploring collaborative navigation: the effect of perspectives on group performance. 

In Proceedings of the 4th international conference on Collaborative virtual environments (pp. 135-142), 2002 
13 Nagano, K; Utsugi, T; Yanaka, K; Shirai, A; Nakajima, M; ScritterHDR: multiplex-hidden imaging on high 

dynamic range projection, In SIGGRAPH Asia 2011 Posters (p. 52), 2011 
14 Mistry, P; ThirdEye: a technique that enables multiple viewers to see different content on a single display 

screen, In ACM SIGGRAPH ASIA 2009 Posters (p. 29). ACM, 2009 
15 Lissermann, R; Huber, J; Schmitz, M; Steimle, J; Mühlhäuser, M; Permulin: mixed-focus collaboration on 

multi-view tabletops, In Proceedings of the 32nd annual ACM conference on Human factors in computing 

systems, 2014 
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They proved that in co-located collaboration work, multi-view technology could provide 

better interaction than traditional tabletop. 

 

3. PROPOSITION OF MULTI-VIEW SYSTEM FOR COLLABORATION  
Our multi-view can provide two independent 3D points of view of the two users. The 

interaction and visualization technique is used to share information about two views on 

coordination.  By using this system, users can work collaboratively and interactively with 

each other using domain-specific representations of DMU. The implementation of the system 

utilizes High Brightness digital video projectors. Each projector is controlled by a computer 

and can provide an individual 3D representation due to its refresh rate of 120Hz. Meanwhile, 

the user wears the shutter glasses with LCD eye lens which is synchronized with the projector 

by the radio frequency 3D emitter. The light emitted by the two projectors will be separated 

by a polarized filter for getting certain polarized light. Therefore, with the matched polarized 

filters on shutter glasses, users will only see the image issued by the projector that 

corresponds to them. Users’ movements are represented by one of the glasses.  The glasses’ 

movements are captured by the tracking system and send to the computers. After that, the two 

computers process the data and generate the image corresponding to the user’s position 

(Figure2).  

 

 
Figure 2: each shutter glasses can only be synchronized with the emitter and receive the light 

from the 3D projector correspond with it. So that users could have individual representations. 

 

4. EXPERIMENT 

The experimental study is designed to explore the advantage of collaborative work in 

the virtual environment by using the multi-view system we introduced earlier. To simulate 

the collaborative work during industrial design and optimization work using DMU, a game is 

designed through three characteristics: First, the collaboration task must be completed by 

collaboration work of both of the two users. Second, this collaboration task must be co-

located and be conducted in real time working condition. Third, each user in collaboration 

task must have independent perspective.  

 

4.1 Description of the game 

We proposed a collaborative game for two participants with two different roles: 

“player” and “helper”. They must work together for going through a labyrinth.  

Player role: The player’s objective is to move in the labyrinth and to find the exit. 

The player can see and collect golden coins. At meanwhile the player should avoid the bombs 

that are not visible to him/her (Figure 3).  

Projectors 
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Helper role: The helper oversees guiding the player to find the exit of the Labyrinth 

and to avoid the bombs. At an intersection of the labyrinth, the helper can identify the correct 

way to take due to its highlighted appearance. In addition the helper can also see the bombs 

that are not visible to the player. In summary, the helper should tell the player which way to 

take and where is the bomb (Figure 3).  

 

 
Figure 3: The player’s top view of the labyrinth is shown in (a). The player’s 

perspective is shown in (b); the helper’s top view of the labyrinth is shown in (c). The 

helper’s perspective is shown in (d).  

 

4.2 Visualization conditions 

This experiment is carried out by a group of two users under two viewing conditions 

(Figure 4): 

 Separated view system: Two screens of separated views and one view for each user. 

For example the player can see the labyrinth with golden coins (fig.5.a) whereas the helper 

can see the highlighted way (fig.5.b).  

Multi-view system: A screen of multiple overlapping views (Multiview) for each user 

(fig.5.c).  

 
Figure 4:  two device conditions, right: separated view conditions; left: multi-view conditions 

 

4.3 Experimental hypothesis 

The various aspects (effectiveness of collaboration, awareness, usability, involvement, 

collaboration satisfaction) related to the user’s experience will be investigated. These aspects 

are used to prove the following hypothesis. 

H1: Our multi-view system provides greater collaboration efficiency. In other words, 

compared to the traditional ways of collaboration, users reach the collaborative task by 

using the multi-view system more efficient. Three following sub-hypothesizes express this 

hypothesis: 

H1.1: Participants will finish the task more quickly with multi-view system than with 

separated view system. 
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H1.2: Participants spend less communication time with each other with multi-view 

system than with separated view system. 

H1.3: The percentage of the time for communication is smaller with multi-view 

system than with separated view system. 

H2: Multi-view system provides better user experience than separated view system for 

people. 

4.4 Experimental protocol 

The duration of the experiment ranged from 40 minutes to 90 minutes. Before the real 

test, participants must undergo a preliminary training. The purpose of this preliminary 

training is to make participants understand the process of experimentation. Participants are 

served as "player" and "helper" separately and crossed a small labyrinth with the rules 

presented previous. The "player" is positioned before a projector screen and the "helper" 

plays the game with a computer screen (separated views). Both participants move in the 

labyrinth by the mouse. For starting experiments, Participants must finish the training without 

the problems of movement and hit no bombs at the same time. 

In the experiment, each group of participants will do 4 tests of 2 view conditions we 

mentioned in 4.2. Four labyrinth maps in similarly difficulty will be used in our experiment.  

In the first and second test, players and helpers plays in separated views (like the preliminary 

training). After two tests, both participants must complete a questionnaire before passing the 

following tests. Then, participants play the game in a virtual environment with the multi-view 

system and complete a questionnaire in the same manner as before at the end. 

 

4.5 Measuring 

Participants’ activities are analyzed by subjective measures and objective measures. 

In objective measure, we measure the time to complete the task and the communication time 

for each participant during the task: 

Finish time: The length of the completion time during a collaborative task; 

Communication time: how much time participants spend to communicate with their 

partners; 

Error committed: An error occurred when players touch a bomb in our experiment. 

The number of bombs touched by the player during the task is recorded. 

A questionnaire is used to measure the subjective variable which is described below: 

Involvement: participation level of the participants in their activity16; 

Usability: Ease of learning17; 
Collaboration Satisfaction: User's acceptance of the performance of tool or system18 

 

5. ANALYSIS OF RESULTS 

10 groups of participants have attended the experiment. In this chapter, we will 

compare and discuss the performance of each group of participants in two device conditions.  

  5.1 Subjective measures 

Involvement, usability, and collaboration satisfaction is investigated by questionnaire 

with a scale of 1 to 5 points. Since the distribution of data compliance with nonparametric 

                                                           
16 Gerhard, M; Moore, D. J; Hobbs, D. J; Continuous presence in collaborative virtual environments: Towards a 

hybrid avatar-agent model for user representation; In International Workshop on Intelligent Virtual Agents, 

2001 
17 Andersson, M; Carlsson, C; Hagsand, O; Ståhl, O; DIVE—The Distributed Interactive Virtual Environment, 

Swedish Institute of Computer Science,1994 
18 Andersson, M; Carlsson, C; Hagsand, O; Ståhl, O; DIVE—The Distributed Interactive Virtual Environment, 

Swedish Institute of Computer Science,1994 
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test conditions and the frequency of data is small, we use the chi-square test to specify the 

difference between groups is significant or not.  

Involvement: The result of questionnaire shows that the average of the involvement 

of separated view condition is 3.95, while for the multi-view system condition it is 4.53. Chi-

square test proves that there is the significant difference between 2 device conditions 

(p=0.032).  With multi-view system, participants could feel more involved in an experiment 

and feel more concentrated.  

Usability: For the separated view condition, the average of usability is 3.26. This 

value is 3.70 for multi-view system condition. Chi-square test proves the significant 

difference between 2 device conditions (p=0.030<0.05). Compare with separated view 

system, the multi-view system is easier to use.  

Collaboration Satisfaction: Chi-square test shows no difference in this measure 

(p=0.854>>0.05, 3.81 for separated view condition and 3.95 for multi-view condition. This 

indicates that under both conditions, participants are positive in their collaboration effects, 

even though from the result of statistical analysis, the difference is not significant. 

5.2 Objective measures  

The sum of helper’s communication time, the sum of player’s communication time 

and finish time of each test are measured during the experiment. The ratio of participants’ 

communication time to finish time is calculated after that. The number of touched bombs is 

analyzed at the end. Since the distribution of data compliance with nonparametric test 

conditions and two groups of data are dependent, we use Wilcoxon test to prove the 

significance of the measurement result. 

Finish time: Finish time can be used to represent the collaboration efficiency. A 

significant difference between two device conditions (p value = 0.008) is analyzed with 

Wilcoxon test. The average finish time for separated view condition is 563.74s and it is 

451.4s for multi-view condition. The player could finish the task more quickly by using the 

multi-view system. 

Player’s and helper’s communication time: Players spend an average of 39.94s to 

communicate with helpers in separated view condition, which is 8.82% of finish time.  

However, the average of communication time of multi-view condition is 10.67s. It is 2.51% 

of finish time. Wilcoxon test shows a significant difference between two conditions. (p=0.009 

for communication time, p=0.007 for ratio of play’s communication time to finish time.)  

Helper’s communication time: Helpers spend an average of 172.47s to 

communicate with players in separated view condition, which is 31.45% of finish time.  The 

average of communication time of multi-view condition is 136.15s, 37.08% of the finish 

time.  The result of Wilcoxon test shows a difference of communications between two 

conditions (p=0.028). However the Wilcoxon test shows no difference in ratio of 

communication time between two conditions. (p =0.074) So the difference between two kinds 

of communication time may be caused by the shortening of finish time.                                                                                                                                                        

Error committed: In separated view condition, player touches an average of 1.46 

bombs each game. Meanwhile, player touches 0.8 bombs in multi-view condition. Wilcoxon 

test proves a significant difference between two conditions (p = 0.041). Therefore, the multi-

view system could reduce the error incidence rate. 

 

5.3 Discussion 

Although the ratio of communication time of the finishing time of helpers is not 

significant (H1.3), the result of another variable: finish time (H1.1) and communication time 

(H1.2) are significant to represent the efficiency of collaboration. From our analysis results, 

these dependent variables have the differences between two working conditions. On the other 

hand, the difference between helpers’ communication time is not significant. From these 
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objective data analysis above, we found that users achieve the collaborative task more 

efficiently with the multi-view system than without it. Users can finish the collaborative task 

with less communications with the use of multi-view device. 

From the analysis of involvement in participants and usability of the system, the 

significant difference between both conditions indicated that participants have better user 

experience with multi-view system than without it (H2). There is no significant difference in 

terms of collaboration satisfaction for the both conditions; however, the collaboration 

satisfaction level may depend on the participants themselves. 

 

6 CONCLUSIONS 

In this paper, we describe a multi-view system for co-located collaboration work in a 

virtual environment. An experiment was carried out to examine the efficiency of the system. 

The result showed that compared with separated view system, our multi-view system has 

better collaboration efficiency and a better user experience. In the future, we will apply this 

multi-view system in industry collaboration design work with DMU. An example of how to 

apply this multi-view system in industrial design is presented in Figure 5. Two people can 

work together to design a cup. The user, show in left picture, test the usage of the mug in 

driving situation. The designer, showed in the right picture, could change the design 

parameters of the cup through the buttons.  

 

 
Figure 5: An example of using multi-view system in the product (mug) design. Left picture: 

the scenario of utilization in a car.  Right picture: the panel of tools available for the designer. 
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ABSTRACT:  
THE PRESENT PAPER AIMS TO BRING INTO THE SPOTLIGHT ONE OF THE NEWEST SOLUTIONS FOR 

IMPROVING THE EMERGENCY SYSTEMS DYNAMICS, A SOLUTION AROUSED FROM THE DIGITAL 

ENVIRONMENT WE FACE TODAY: AUGMENTED REALITY. THE POSSIBILITY TO REPLACE COSTLY 

AND HEAVY MAINTENANCE REQUIRING MACHINES WITH AUGMENTED REALITY COUNTERPARTS, 

THE POSSIBILITY TO BRING INTO FOCUS ENTIRE SETS OF DATA AT THE EXACT TIME AND PLACE 

AS TO ENSURE THE BEST MOMENTUM FOR STRENGTHENING THE EMERGENCY RESPONSE AS 

WELL AS THE POSSIBILITY TO PROVIDE REAL-TIME DATA OVER ELECTRONIC NETWORKS IS A 

MANDATORY NEXT STEP FOR THE EMERGENCY SYSTEMS. THE PAPER PRESENTS AND COMPARES 

DIFFERENT WORLDWIDE USED APPROACHES FOR INTRODUCTION OF AUGMENTED REALITY INTO 

THE DIGITAL ENVIRONMENT WE USE TODAY. THE PAPER ALSO PRESENTS A SET OF CASE 

SCENARIOS FOR POSSIBLE INTRODUCTION OF AR SUPPORTED ACTIONS WITHIN THE EMERGENCY 

RESPONSE SYSTEMS. TECHNICALLY SPEAKING, THE SMART USE OF DIFFERENT VIRTUAL REALITY 

APPLICATIONS, SUCH AS AUGMENTED REALITY, CAN BE THE BEST SOLUTION, ON SHORT TERM AT 

LEAST, FOR THE ROMANIAN AND EU EMERGENCY SYSTEMS TO IMPROVE QUALITY WHILE 

KEEPING THE COSTS DOWN. 

 
KEY WORDS: AUGMENTED REALITY, DIGITAL HIGHER EDUCATION, VIRTUAL REALITY 

TRENDS, DRONES 

 

 

 

 

 

INTRODUCTION 

Augmented Reality (AR) is a reality that catches up to us at a very fast pace. During the 

last couple of year, the Augmented Reality applications invaded all types of electronic 

human-machine environment, from personal computers to movies, from mobile phone to 

video gaming consoles. Nevertheless, we have to remind that this type of applications is, by 

no means, something unique and new to these last several years. The Augmented Reality 

applications started more than 50 years ago – closer to the times of world war two than today. 

The first AR application is now generally considered to be the machine known as “Sword of 

Damocles”. The name came from the famous ancient Greek story of Damocles, because the 

machine was in fact suspended on top of the user’s head (see figure 1), hanging from the 

ceiling. Professor Ivan Sutherland, from USA, working together with his student Bob Sproull, 

are the pioneers that managed to design, develop and build that unique machine. 
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Figure 1. The first AR device developed in 1967 – “Sword of Damocles”3 

 

As in case of a lot of modern era developments, the first section of the society that 

tested and later adopted the new concept was the military. In fact, today, AR is almost 

standard equipment on most of the latest, state-of-the-art military machines. The largest, and 

first chronologically speaking, large user base for AR was the air force. The pilot helmets, the 

equipment that seemed to come from the ages, became an active player in the air force, now 

actively helping the pilot to control the plane, acquire targets and even direct fire. The 

concept became known as HUD (head up display) and, even though, basically, is a direct 

development of Sutherland’s machine, it is light years away from it, in both size and 

capabilities. Besides the air forces, now virtually all branches of the advanced countries 

military employ AR in most of their deadly arsenals: tanks, ships, guns and rockets all use 

different AR applications to enhance their capabilities. 

We will introduce in this article several ideas and concepts that support the use of AR 

not only for military, but for public emergency systems. 

 

MAIN PUBLIC WIDE-SCALE USE OF AUGMENTED REALITY 

Despite the aura of high tech devices, nowadays in fact everyone can get in touch with 

the Augmented Reality! All mobile phones categorized as smart phones are in fact able to 

connect to the AR field, through software applications that take advantage of the different 

sensors already placed inside these devices. 

We have today the ability to put AR applications to good use in very different civilian-

life fields, such as education, tourism, support, medicine or scientific research. Besides these 

approaches, a huge impact on both present but mostly future use of AR is done by the gaming 

industry. In 2003, an American company launched a new type of video game – a “virtual 

reality” game that became iconic for the first decade of this millennium, Second Life. Even 

                                                           
3 Image available from: http://etsanggarp.blogspot.ro/2016_03_01_archive.html  
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though Second Life was more of a simulation game and did not involve actual Augmented 

Reality features, the players that formed the huge ecosystem of the game (started 14 years 

ago, and still existing!) are, of course, more prone to make the next step and bring reality into 

their online environment, embracing without reserves the new mixture of real and virtual that 

form the Augmented Reality of today.  

Many specialists today consider that we are today at the beginning of fourth stage, from 

the point of view of computing power. This integrated approach defines the new computing 

power as an integrated continuum of numerous sensors, online cloud platforms, big data 

analysis, artificial intelligence algorithms and electronic wearables. This 4th stage is bases on 

technology directions such as AR (augmented reality), VR (virtual reality) and MR (mixed 

reality). Per a public report of the Bank of America “It [AR/VR/MR] has the potential to 

become the ‘form factor’ for nextgen computing as a universal, smart, and intuitive interface 

for the internet of things (IoT) ecosystem. It could be the technology that disrupts the rules – 

bridging the digital and physical worlds”4. 

There are two different approaches to public AR use, that we can discern very easy: 

dedicated devices and software applications on convergent devices. 

 

SOFTWARE APPLICATIONS FOR AUGMENTED REALITY 

The software approach of implementing AR has a huge advantage from the start – the 

pricing. If one already has a smartphone and considering that the internet access (still a 

mandatory requirement for most AR applications) is today something as trivial as water 

access, electricity or public transportation – going even further, in several countries internet 

access is already a right in itself, stipulated within the legislation in the case of Finland for 

example5 – of course that the next logical step is to allow this person to enjoy AR without 

having to buy another hardware device. All one should do is use the GPS inside the phone – 

for location triggered AR – or point the camera to a certain type of AR marker. 

 Software applications for AR are most widely used for tourism, education, support 

services and gaming but, lately, they started to appear in retail sales too. We should also note 

that, in clear majority, these applications are focused on mobile devices such as smartphones 

and on the traditional vehicles for new technologies in the IT field, the personal computers – 

in either desktop or laptop flavors.  

There are several interesting facts that we can comment on, regarding this 

mobile/smartphone orientation of the AR software applications. As in all life aspects usually, 

there are pros and cons to this situation. The applications being target to smartphone mostly 

means that we are always ready to use them, so AR becomes more and more something that 

is right at hand and will, at some point, become as normal as internet browsing today. For 

example, based on an AR application that you can use for free an any smartphone, one can 

see how the ancient Colosseum looked like almost 2000 years ago, (see figure 2), how will 

the new couch will fit inside the living room (see figure 3) or shoot some hoops over a virtual 

arena (see figure 4). 
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Figure 2. Colosseum through an AR application that can reconstruct different sections6 

 

 
Figure 3. Augmented Reality application from IKEA catalogue7 

 

 
Figure 4. Capture screen from AR demo application8 

 

                                                           
6 Image available from: https://www.youtube.com/watch?v=WOVjISxlhpU  
7 Image available from: http://www.businessinsider.com/ikeas-2014-augmented-reality-catalog-2013-8 
8 Image from AR demo application presented by the author, Alexandru TĂBUȘCĂ, at MLIBCW-2016 

international conference (http://mlibcw.rau.ro)  

https://www.youtube.com/watch?v=WOVjISxlhpU
http://mlibcw.rau.ro/
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HARDWARE BASED AR APPLICATIONS 

Besides relying on “your” software, AR applications can also require specialized, 

dedicated hardware in order to provide different services. One field that can greatly improve 

AR quality experience is computing power. The CPUs of today are still the brains of a 

computer but, strictly number wise, they are sometimes put to disadvantage by the sheer 

computing power provided by the dedicated graphic cards/CPUs of today. The two main 

vendors of graphic solutions for computers today, NVidia and ATI, have both integrated 

different enhancements into their architectures, so as different applications, including AR 

ones, could take advantage of the huge capabilities of number crunching and memory size 

that a modern GPU can add to the total computing power of a device9. Together with other 

cases, such as very difficult mathematical calculations or weather predictions, AR greatly 

benefited from both GPU usage and modular software architectures10. 

The best-known AR hardware dedicated device is the (now defunct) Google Glass. 

Even though the idea and even the implementation were very good, the device did not 

manage to get itself on the market, mainly based on potential privacy issues and not because 

of any hardware/software problems. We are quite convinced that this device was a little bit 

ahead of its time and, in the next decade, something very similar if not a direct offspring will 

emerge and become a game-changer product, much like iPhone or iPad on the smartphone 

and tablets markets.  

Think for a moment, of a Google Glass implementation for emergency services. Let 

alone different privacy issues – real and important, of course – the possibility of the medical 

personnel to wear and make use of such devices would be of an invaluable help. If the 

emergency team that arrive to a certain accident site has no surgeon included, and the closest 

one is 500 km away – the possibility to live-stream, directly from the Google (or whatever 

the name) smart glasses, the situation seen through the onsite doctor’s eyes to the specialist at 

500 km afar in invaluable. The smart glasses, together with different AR applications, can 

even propose a certain diagnostic to the onsite physician or help with different proposals and 

data gathered automatically through its own or connected sensors. 

One hardware device that managed to clearly impose itself as a real contender to 

classical solutions - based on price, ease of use and comfortability – is the drone. Yet again, 

we have to mark that first wide-scale usage was again for military purposes. But the military 

drones, even though much cheaper than the previously classical solution for throwing bombs, 

spying or recon, are very expensive and require specialized maintenance. On the other hand, 

the public-use drones have become event cheaper than some high-priced toys! Almost all 

drones today have versions that can carry, or come equipped with, a digital camera that can 

take pictures or shoot movies. Almost all drones today have an attached application to control 

it through one’s smartphone, tablet or personal computer. 

One of the latest and state of the art implemented technologies on civil drones make use 

of AR for an optimized way of flying. The implementation of AR for drones is used at 

software level, by automatically recognizing objects such as vehicles and humans. Using 

algorithms for recognizing humans is a leap forward in the use of small sized civil drones. 

The algorithms recognize humans not to suppress them, as their military cousins do, but to try 

to avoid or help them. A further usage of AR drone technology means not only to recognize 

things but also to track them through a real, urban-like environment. This approach is at a 

                                                           
9 PÎRJAN, Alexandru; Managing graphics processing units’ memory and its associated transfers in order to 

increase the software performance, Journal of Information Systems and Operations Management – vol.11.no.1 

pp.106-117, 2017 
10 STĂNICĂ, Lavinia; Modular Software Architecture for Authoring Mathematical Content, Journal of 
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different level of complexity and usually requires a hardware supplement on the tracked item, 

in order to ensure an optimum tracking capability for the drones11. 

The usage of AR can be further enhanced by employing drones with implemented AR 

technology for recognizing humans at accident sites, a solution than can be integrated into the 

European Integrated Emergency System. The AR implementation can have many uses, 

depending on what purpose has to be achieved. Basically, the main construction of algorithm 

classes of recognizing humans could be enlarged with child classes for different features. In 

figure 5 we have an example of a civil use of active tracking for humans, using AR 

technology implemented on civil drones. Together with the real landscape and the different 

persons engulfed in a sport activity, we can observe different indicators such as speed and 

position. From this forward, we can think on other implementation such as identifying 

persons on accident sites and even assessing their state. 

 
Figure 5. Demo image for DJI Phantom 4 Pro Quadcopter12 

 

Accurate classification of the subjects is very important, so that different types of 

actions can be initiated. Initially, all subjects are identified based on main characteristics - 

such as form. Advanced algorithms of visual recognition will be carried out automatically, so 

that subjects are clearly identified by classification and thus reducing the risk of software 

confusion to a minimum. For example, in case of the AR integration to an emergency system, 

main types of subjects that need to be recognized as vehicles would be: civilian, emergency, 

police, special transportation. Going further to a set of sub-types for vehicles, we should have 

something in the lines of: two wheels, four wheels, goods transportation, people 

transportation etc. 

To help with the easily distinguish between the civil vehicles and the emergency/police 

ones, specific visual printed elements can be physically added on the latter. In this way, the 

software algorithm will have a certified element to check/rely on, and subsequently, will be 

able to categorize and act much faster while minimizing the risk of confusion between 

vehicle types. 

It is important to specify that visual elements are not something of a mandatory 

requirement, because the main construct of the identification classes has enough elements of 

                                                           
11 CALLOWAY Thomas, MEGHERBI Dalila, ZHANG Hongsheng; Global localization and tracking for 

wearable augmented reality in urban environments, Computational Intelligence and Virtual Environments for 

Measurement Systems and Applications (CIVEMSA), 2017 
12 Image available from: https://www.amazon.com/DJI-Phantom-Professional-Quadcopter-CP-PT-

000549/dp/B01N639RIJ  

https://www.amazon.com/DJI-Phantom-Professional-Quadcopter-CP-PT-000549/dp/B01N639RIJ
https://www.amazon.com/DJI-Phantom-Professional-Quadcopter-CP-PT-000549/dp/B01N639RIJ
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classification. Nevertheless, because of the importance of using this technology in rescue 

missions any means of minimizing the risk of confusion must be used.  

Other characteristics that can be determined using the AR technology are quality 

elements such as color, temperature, altitude, moisture, etc. These are characteristics that are 

already widely and easily used in today’s smartphones, based on different type of sensors. 

Having already behind the experience of the smartphone, implementation of all these sensors 

into other devices, such as drones, is quite an easy feat.  

Quantity of identified information, gathered from the AR enhanced drones, is important 

in the process of estimating the dimension and size of an accident site. Quantitative elements 

include the dispersion of identified elements and the number of involved elements. Example 

of quantitative elements could be: how many vehicles are detected, how many persons are 

detected, the dispersion of the accident site fragments (for and size of a space designated as 

accident site), altitude, temperature, wind speed etc. 

At least at this time, based on using of-the-shelf equipment, an example of using drones 

for emergency situations is not exactly straight forward. Sending remote drones to the site 

from a faraway rescue center is not doable, because of signal range problems and battery 

range issues. More likely, the usage scenario involves send a drone after the moment a real 

rescue vehicle arrives to the accident site – thus, flying the drone locally. One can say that 

there should be a specialized person that can fly the drone on site. But as drones come today 

equipped with many sensors that can put it in autopilot mode, the presence of specialized 

personnel is not a very relevant requirement – a short several-hours training can render 

anybody into a drone-user. 

A real-case example can be as follows:  

- the rescue team arrives at the accident site 

- anyone of the rescue-team members takes the drone out of its casing and positions it 

as close to the accident site as possible, then pushes a single button 

- the drone initiates a set of standard actions predefined for such rescue missions 

- the drone elevates to a certain altitude and gathers as much information as possible 

- the drone sends the information to a predefined smart device such as tablet or smart 

phone, to the on-ground personnel 

- the drone can also be turned to manual mode, if a human controller needs a 

customized information gathering service 

Going even further, the AR software on the drone can be configured to act based on 

recognition of different gestures, form different actors involved. In figure 6 we can see an 

example of AR acting on gestures in order to recognize a human. This recognition can trigger 

an action of flying directly above the human and transmitting its exact coordinates to the 

rescue team. The gesture triggers can be made available only for rescued/in need of rescue 

subjects, so as to limit the confusion of getting false triggers from other unauthorized onsite 

persons. 
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Figure 6. AR identified human gestures13 

 

Of course, all identified characteristics send by an AR application would be used to 

categorize the subject but also to transform the raw data into human-like messages, based on 

a database of corroborated values and artificial intelligence. After receiving the set of data 

from the drone sensors, the AR should be able to interpret it and provide something more 

complex, like for example: “The values of color, temperature and moisture indicate a certain 

inflammable or explosive material is identified on site”. 

Gathering all the information from the devices used on or off accident site are crucial in 

acting based on highly rapid and documented decisions. The information must be gathered 

and stored on onsite servers as well as on centralized servers (based on a cloud solution). In 

this way, if there is a signal error contacting main servers, the onsite emergency delegated 

officials can take immediate and more documented actions even without having to wait for 

the repair of the communication breach between the respective location and the central site. 

 Of course, the introduction of AR drones will not only bring benefits, it will also bring 

about the issue of the devices maintenance and own emergency situations. Fortunately, the 

issue of the drones’ emergency in-flight situations has already been studied and solutions 

have been found in order to keep it controllable and able to return to the human controller 

even in case of rotor malfunctions14. 

 

CONCLUSION 

Smart devices, equipped with state of the art hardware and software technologies such 

as augmented reality, can offer – even NOW, not somewhere in a more or less distant future - 

a more reliable and faster decision based action in crucial moments such as rescuing lives 

from accident sites.  

The only visible and important drawback of the equipment that we can use today is the 

lifespan of the energy source. Unfortunately, the best of-the-shelf drone today have batteries 

that can help them fly, in best conditions, around 30 minutes on average. As with all other 

smart devices today (laptops, tablets but more important smartphones) this issue of energy 

recharge requirement is critical and it becomes more and more so. As time passes, more and 

more intelligent algorithms are developed, more and more miniaturized components and 

                                                           
13 Image available from: https://www.newegg.com/Product/Product.aspx?Item=9SIAAWD5325941  
14 MERHEB Abdel-Razzak, BATEMAN Francois; Emergency Control of AR Drone Quadrotor UAV Suffering 

a Total Loss of One Rotor, IEEE/ASME Transactions on Mechatronics – vol.22 issue 2 pp.961-971, 2017 
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 September 2017 
  

109 
 

sensors are available – but all of them need power to operate. We consider that the next brake 

through that smart device really need is not something related to computing power, is not a 

new type of sensor or a better camera, is a new type of battery that would last a lot longer and 

charge a lot faster. 

While many herald the economic downsize in costs, related to AR devices being 

implemented on large scale, there is no definite answer at this time. The technology is in fact 

quite at the beginning, and even though it has a huge potential there will probably not be a 

world-wide scale replacement of personnel only activities with AR counterparts. Others 

consider that the best approach would be a safe one, as to first go through a MR (mixed 

reality) solution before relying solely on VR (virtual reality). 

As a further direction of this study, we aim to finish a hands-on research that will 

provide hard data on economic costs related to implementing a complete AR supplement 

component (hardware, software, controller training, personnel) to an emergency system 

response team such a Romanian SMURD team. 
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ABSTRACT:  
THE PRESENT ARTICLE FOCUSES ON SOME OF THE CHALLENGES FACED BY THE FUTURE 

MANDATORY SAFETY SYSTEM FOR THE AUTOMOTIVE INDUSTRY: THE ECALL SMART SOLUTION. 

THE TOPIC TACKLED INSIDE THIS PAPER COVERS THE DIFFERENT POSITIONING ISSUES THAT 

HAVE TO BE CONSIDERED IN ORDER TO ENSURE THE RELIABILITY OF THE ECALL SYSTEM. THE 

MAIN POSITIONING SOLUTIONS CONSIDERED ARE: GLOBAL POSITIONING SYSTEMS (GPS, 

GALILEO, GLONASS, BEIDOU), MOBILE NETWORKS (CDMA, GSM, LTE) AND WIFI CONNECTIONS. 

ALL THESE SOLUTIONS HAVE BOTH STRENGTHS AND WEAKNESSES, NEITHER OF THEM BEING IN A 

DECISIVE ADVANTAGE POSITION. THE CASE STUDY WILL DEMONSTRATE THE NEED FOR A REAL-

LIFE SOLUTION THAT COMBINES ALL POSITIONING SOLUTIONS BASED ON A SMART PATTERN, AS 

TO PROVIDE BOTH FASTEST AS WELL AS MOST ACCURATE PINPOINTING OF AN ECALL 

EMERGENCY MESSAGE. THE SECOND PART OF THE PAPER WILL PRESENT DIFFERENT 

CONFIGURATION POSIBILITIES, AS WELL AS OUR PROPOSAL FOR INTEGRATION OF THE ECALL 

HARDWARE EQUIPMENT INTO ALL FUTURE CAR MODELS SOLD ON THE EUROPEAN AUTO 

MARKET. THE CONCLUSION WILL TAKE INTO ACCOUNT BOTH THE SECURITY POINT OF VIEW AS 

WELL AS THE ECONOMIC POINT OF VIEW, BOTH RELEVANT FOR THE FUTURE OF THE ECALL 

SYSTEM AS A MANDATORY INTEGRATED SOLUTION. 

 
KEY WORDS: ECALL, POSITIONING, GPS, WIFI, MOBILE NETWORKS 

 

 

 

 

 

INTRODUCTION 

The EU Council, on March 2015, made public its position on the new eCall system that 

was developed and designed for the last years through a common effort of different research 

teams all over Europe, including Romania, with EU funding. 

This new and mandatory system, for the EU automotive market, is designed in order to 

minimize the number of death due to traffic accidents by automatically calling the EU-wide 

emergency number 112. According to EU official statements, the eCall system infrastructure 

should be deployed and in place, ready to be used, no later than October 1st, 2017. Even since 

2014, the EU adopted the decision the make eCall mandatory for all new vehicles produced 

or sold within its boundaries. The deadline for the car makers is March 31st of 2018 – starting 

from that day all companies producing cars or selling cars inside the EU will have to have 

this new device onboard their new cars. 
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We should also mention a very important fact – the infrastructure of the eCall system 

should be free of charge for all consumers. 

But, as in lots of cases, the devil is in the details. Using the eCall system infrastructure 

should, and it would most probably be, free… directly looking at it. On the other hand, all car 

producers must design, develop, build and integrate a new and very reliable device within all 

their architectural car platforms – a thing that might be quite expensive and that will be, of 

course, mirrored in the prices of the cars. So, the infrastructure is free but, one way or 

another, the user will pay for it when buying a new car. In order for the system to be able to 

always be in contact with the eCall points and be at ready to send data at any given moment, 

immediately after an accident/incident on the road, there must be a data communication 

channel permanently available and open, and even more, at least one backup solution should 

be in place – all these voice and data transmission channels have to be paid by someone. So, 

the infrastructure is free but, one way or another, the user will pay for it when buying a new 

car. Maybe the EU will strike a sort of a deal with the largest voice/data operators within EU 

(for example Vodafone, Orange, Deutsche Telekom etc.) in order to have direct access to 

their networks for the eCall system transmission without a car buyer paying a separate 

voice/data plan for its car. But the EU is said to actually buy a huge voice/data subscription to 

these operators, paying for their services – and the payment is made from the EU budget, 

which, much to ones’ surprise, does not come from somewhere afar but from every EU 

citizen taxes. So, the infrastructure is free but, one way or another, the user will pay for it 

when buying a new car – it is not a mistake, this phrase appears three times in one paragraph 

in order to forcefully imprint its truth on the reader. It is not an anti-EU statement, by far – 

we think the EU is a great, maybe even the greatest, achievement of the European states after 

the second world war but we must help people understand the reality, we need to impose a 

better and more transparent way of communication regarding different EU projects and plans.  

The eCall system, including its direct or inferred costs, is a huge step forward in 

assuring a safer Europe, at least from the point of view of the traffic incidents. The EU 

funded research projects have been a huge help for increasing the indicators regarding 

innovation and ICT readiness at European countries level3. 

 

POSITIONING AND COVERAGE - IMPLEMENTATION PROCEDURES AND 

TECHNOLOGIES 

Within this article, we are not going to present and process all the technological aspects 

comprised into such a huge project as eCall. We are just going to talk about one of the parts 

of this technologically challenging feat – the positioning of the eCall incident report. 

When the eCall in-car system is triggered, by any of the multitude of sensors placed 

and monitored inside the car, the message should immediately reach out and connect with the 

eCall central component. Let alone the economic part for the moment, this message present a 

technical challenge related to coverage. 

There are two different aspects about coverage that come into focus, as related to eCall. 

The first one is linked to the position of the car that triggered the emergency message. The 

position is based on positioning systems relying on satellite coverage. The EU documents 

state as mandatory the eCall system compatibility with Galileo and EGNOS. But Galileo is 

still under development and its first real large-scale test will be exactly the inclusion into the 

eCall system. At this time, most smartphones are able to use the American based GPS, the 

Russian based GLONASS or even the Chinese BAIDU but almost none knows about Galileo. 

EGNOS is the precursor of Galileo, a legacy technology still usable to improve location 
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detection at an even higher grade of accuracy. We consider that, at least as backup, the 

GPS/Glonass support would be mandatory for improving the accuracy of the eCall 

positioning system. Even besides the choice of satellites for global positions, the eCall has to 

tackle the challenge of locations which are out of satellite reach, for different reasons: 

tunnels, some mountain areas, mountain passes or deep valleys, in-house areas (such as 

garages or parking-space buildings). This problem was recognized and approached by a lot of 

scientists, with different improvements and hybrid technologies being proposed in order to 

increase the reliability and precision of the geolocation technologies4. 

Another aspect that may pose a coverage issues to the eCall system is related to the 

actual means of transmitting the message – the GSM capability. There still are, in Romania as 

well as in all other EU countries, areas which are not covered by the GSM telecommunication 

operators. Even if the position of an accident might be determined, there might not be 

possible to get in touch with the vehicle’s occupants after the accident, or with the eCall 

system in case they are incapacitated.  

Besides the above mentioned two aspects, there is still one more that might appear in 

real life scenarios. Even with the supposedly best design, development and integration 

processes that will integrate the eCall system into the new cars, there is always the possibility 

that the device might not work as supposed – the positioning system might fail or the 

communication component might fail. 

 

SOCIAL APPLICATIONS APPROACH 

One approach that we consider to be viable in order to answer the issue we presented 

earlier is the integration of open access, so called social-applications, into the eCall equation. 

The emergency system should take advantage of the online communities, even more at this 

time, when internet is the “virtual home” of so many people in the EU. EU member countries 

internet access and penetration rates are increasing continuously and several countries already 

consider internet access as a right that is to be stipulated by law – starting with Finland which 

considered that broadband internet access should be guaranteed by law since 20105. 

As time advances, so is the technology - keeping track of all the evolutions that 

surrounds us inside the modern society. The eCall system tries to implement many state-of-

the-art technologies. Implementing new technologies demands a strong analysis and thus a 

complex process that should take into account pros and cons must be undertaken. Some 

technologies are valuable but not mature enough, some technologies prove to be unreliable in 

real life conditions and only a fraction of all available technologies are actually receiving the 

ok from the technical point of view. On the other hand, after graduating the technical test, not 

all new technologies are useful from a ROI (return on investment) point of view. New 

technologies usually tend to have a definite drawback - they demand other new technologies. 

For example, new implemented hardware need not only new software but also highly trained, 

re-trained again, personnel to use it. New hardware devices demanded in systems such as 

eCall, that have a remote driven architecture, must have compatible and fully reliable 

networking communication channels assigned, in order to reliably connect all the needed 

component systems. 

The main issue for future eCall automotive systems remains remote connectivity 

assurance – a problem that can be minimized, at least at this point in time, only through 

assuring redundant connection channel systems. At the same time, clearing costs for the use 
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of data in roaming type of usage for GSM transmitting channels (implemented in the EU 

starting with June 2017) offers a more reliable opportunity to engage communication even if 

the owner of the vehicle travels beyond its legacy national borders. In this way, data 

communication can be more reliable and can be used for sending more complex information. 

Receiving the data through a GSM channel can also be extended from basic information to 

more complex types of transmission, such as video feed for example. But again, another issue 

still remains - the data traffic is dependent on the contract/subscription used for transmitting 

through the GSM system channel. 

Another scenario that can add new and important information, but can also raise new 

issues at the same time, is the use of GPS social software, such as WAZE6 - the Israeli 

initially company bought by the internet giant Google. The aforementioned application 

displays for the vehicle’s driver not only maps and routes but also real-time information 

related to traffic, speed and optimized roots that take real traffic into calculation. Based on 

this complex sets of data, the application can optimize the rooting variables and provide a 

better travelling solution for the drives. The user of such a system is registered to the network 

using his name and phone number or by means of providing a social media account (such as 

Facebook). The eCall system can also take advantage of using such systems, in order to have 

an incident image enhanced with real-time traffic indicators. In figure 1, we present a screen 

capture of the Waze application (Android flavor).  

 

 

Figure 1 – Waze software as a real traffic indicator 

Adding such open access systems, such as Social GPS applications, to the eCall 

scanning system can also bring new issues as well as new opportunities. Indeed, adding an 

application like Waze in order to obtain more detailed information regarding real-time traffic 

near the accident sites has the huge advantage of the raw quantity of data made available. On 

the other hand, issues for such systems are related to the confidentiality of using such 

information (from the drivers point of view) as well as to the reliability of the information. 
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These issues are not insurmountable – the confidentiality issue can be tackled, legally, as 

simple as adding a paragraph to the Waze license agreement, while the erasing of 

location/sensitive data can be done automatically either at the exit point from Waze 

application or at the entry point inside the eCall system. The use of complex AI algorithms 

can help solve the accuracy and reliability issues based on statistics and mathematics 

approaches to large sets of data. Unfortunately, based on a misguided perception of an 

incident or out of malevolent intention, the information inserted into such a social application 

might be quite often misleading, requiring very focused approaches in order to tackle this7. 

The computing power and the advanced algorithms available today can greatly help with this 

issue8. The big data algorithms used today are even able to become part of the election 

processes in huge countries, like the United States of American or United Kingdom, through 

possible manipulation-like online posts and news delivery9. 

The information that we consider eCall should integrate from such applications are 

related especially to the speed of drivers that are located near the accident sites and the 

numbers of vehicles involved in the accident. On the other hand, the eCall system can also 

provide information back to the Waze system – making officially sanctioned information 

available to the social application users. 

Statistical information from Waze website shows that the number of active users of 

this system only in Bucharest has grown in last two years from 2000 users to more than 

15000 users, as presented in the figure 2.   

 

 
Figure 2 – Waze user growth in last two years for Bucharest area (Romania)10 

 

Such a system based on real-traffic information can add more information about the 

number and speed of vehicles at a given location on the map, using GPS positioning systems 

(such as GPS, GLONASS, Baidu or the future Galileo). These are valuable information of 
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University - Public Policy Program, https://publicpolicy.stanford.edu/news/data-turned-world-upside-down, 
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real-time traffic that are useful not only for gathering info about the speed of vehicles - the 

eCall Center system should be able to communicate with the users of the Waze system, 

clustered on a specific area around the accident. 

After researching the application architecture of the Waze system (the Android flavor), 

we consider that an external, approved, application such as eCall, can be integrated with the 

capability of sending text messages or visual alerts, both within the Waze application screen 

as well as directly to the mobile phones of the registered users. By these means, eCall can 

inform or even instruct the drivers around an accident area on how to act, what to do, for 

optimizing emergency intervention times (clear a certain traffic lane, move aside, avoid 

certain streets, etc.) or how to even handle the victims before the emergency team arrival. 

 

CONCLUSION 

The social media and socially oriented open access applications can help today with a 

lot more than simple exchange of courtesy messages or advertisements. They can be used for 

real social engineering applications and even for emergency solutions, such as EU’s eCall 

system. Social application might lack the accuracy of centralized systems but have the huge 

advantage of being free - from both the eCall point of view and from the users point of view, 

because the application, the internet access and the messaging system is already in place, 

used and tested. Another great advantage is the starting point for collecting data – whereas 

the emergency system, by architecture, relies on one device (the in car eCall hardware 

component), the social applications such as Waze start with a possible input data stream 

coming from thousands of sources in the same pinpointed area. If we can find a reliable way 

to transform these data into accurate and trustworthy information, the social applications role 

will become even predominant. A further step for eCall would be to integrate other smart 

devices and technologies, to employ cutting edge technical approaches in order to put to good 

use all the advancements that our eSociety of this century can offer. The integration of 

autonomous vehicles or drones would be a logical next step, with both technologies 

becoming more and more mature and trusted every day. As a future direction of study, we 

aim to present a further paper on reliability of data, in a comparison study, between a set of 

social applications and a set of commercially available software titles. 
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ABSTRACT:  
THE ARTICLE AIMS TO CAPTURE THE INDUSTRY’S AND CONSUMERS’ OPINIONS ON ALREADY 

INSTALLED EMERGENCY CALL SYSTEMS ON VEHICLES. THE IMPORTANCE OF THE STUDIED TOPIC 

IS GIVEN BY THE FACT THAT AFTER MARCH 31ST, 2018, ACCORDING TO THE EU REGULATIONS, 

ALL NEW AUTOMOBILES WILL HAVE THE ECALL SYSTEM INSTALLED ON BOARD. CONSIDERING 

THAT INNOVATION IS NOT ALWAYS EASILY EMBRACED BY THE LARGE PUBLIC, A THOROUGH 

RESEARCH ON WHAT CONSUMERS THINK AND EXPECT FROM SUCH A SYSTEM IS VITAL FOR A 

SMOOTH ACCEPTANCE. SLOVENIA IS THE FIRST EU COUNTRY TO IMPLEMENT THE ECALL SYSTEM, 

BUT THERE ARE AUTOMOBILE PRODUCERS THAT HAVE ALREADY EQUIPPED THEIR VEHICLES 

WITH IDENTICAL OR SIMILAR TECHNOLOGIES, MANUFACTURERS LIKE BMW, MERCEDES-BENZ 

AND AUDI BEING SUITABLE EXAMPLES IN THIS REGARD. WHAT`S THE PUBLIC OPINION ON 

ECALL? HOW WELL WERE THE EMERGENCY CALL SYSTEMS RECEIVED BY CONSUMERS? IS THE 

EMERGENCY CALL SERVICE A DIFFERENTIATION ELEMENT FOR A CONSUMER WHEN CHOOSING A 

BRAND OR A GENERAL PUBLIC SERVICE FOR INCREASING ROAD SAFETY? IS THERE ANY 

COMMERCIAL INTEREST IN USING THE ECALL SERVICES? THESE ARE QUESTIONS THAT WILL SEEK 

ANSWERS IN THIS ARTICLE. BASED ON THE FINDINGS RECOMMENDATIONS ARE MADE. 

 
KEY WORDS: ECALL, CONSUMER BEHAVIOUR, CONSUMER RESEARCH, MARKET RESEARCH, 

EU REGULATION. 

 

 

 

 

 

INTRODUCTION 

Considering the imminent implementation of IHero in Europe in 2018, the present 

paper aims to probe into the existing information on car accident alarm systems used by 

car manufacturers as well as pros and cons coming from drivers about these systems  
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The authors performed a comprehensive secondary data research on existing 

sources pertaining to the automotive industry on one side and to the drivers (consumers) 

on the other side about the current car accident alarm systems as well as the behavior of 

drivers about these systems. 

Since, 2004 when the EU started to grow interest in developing ways of reducing 

car crash fatalities (Carutasu, 2016), both the academic world and the business joined 

hands to develop, test and implement the new idea. The need is huge due to the fact 

that, worldwide more than 1.3 million people die because of road traffic accidents, and 

between 20 and 50 million are being injured and disabled each year4. Projects like 

I_HeERO (I_HeERO, 2017), in which 14 EU States Members and 1 associated are 

working together to analyze the feasibility and to ease the implementation of eCall 

service5, are the ones that facilitate the information to the large public, because the 

acceptance on innovation is not always an easy path. Introducing a new technology will 

not affect only the industry and the individual users6 but also might raise issues on 

personal privacy7. The privacy issues are highly researched8 because of the fact that 

they have significant implications in the implementation of public policy, government 

regulations, business environment, internet of things and so on. The implications are 

coming from the fact that consumers’ primary concern in this fast developing 

technological environment is for their personal privacy9. So, the question is how to best 

implement such a technology in order to be fully functional and also largely accepted by 

the consumers. In order to accomplish the two perspectives a thorough research on the 

already implemented solutions by different car producers and the publics` opinion on 

them will be performed to uncover whether there is a common path that can be widely 

accepted by both parts, and in correlation with the EU legislation.   

 

THE NEED 

The need for implementing such a system is huge due to the high number of road 

accident fatalities each year. Even if the EU is one of the most safe regions with only 50 

road fatalities per one million inhabitants, against 174 deaths per million globally10.  
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Fig. 1: Fatalities per million inhabitants by country - 2015 and 2016 

(source: European Commission - Fact Sheet, 2016) 

 

As seen in Fig. 1, there are countries that perform better than others but for the 

first time, for two years in a row, all the EU countries registered numbers under 100 

deaths per million.  

The EU average is lower than 30% of the global average due to the interest the EU 

is showing to this domain, by reviewing and monitoring of existing legislation, 

involving innovative technologies which have a huge road safety potential, and also 

financing studies and projects dedicated to further improving the knowledge on serious 

road injuries11.  

 

FIRST STEPS – FIRST ISSUES 

The first European country that introduced the eCall system is Slovenia12, which 

introduced the system in December 2015. The Slovenian solution is based on an Iskratel 

product SI3000 eCall Node.  

Croatia is another country that is showing high interest in introducing the system, 

Marijan Rimac, the head of technical assistance at the Croatia Auto Club, is saying: 

“The basic idea is to save human lives. It is estimated that the implementation of the 

eCall could save at least 2.000 lives a year in Europe and dramatically reduce the 

consequences of injuries,”13 but he is also concerned about the possibility of violating 

people’s right to privacy if the measure is not properly implemented. 

There are studies14 that suggest that privacy concern regarding personal data or 

location identification can affect their subsequent consumer behavior, and companies 
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should learn that harmful consequences can occur when sensitive location or personal 

information is revealed without users’ consent15. 

To satisfy the users’ need for privacy, the regulations require that the In -Vehicle 

System (IVS) remain dormant until a serious accident happens16, also for more 

assurance no tracking or transitions will take place during normal activity, and the 

amount of data transmitted will be kept at minimum required. 

 

THE PRODUCERS 

Companies that already implemented the system also take their own safety 

measures to ensure the privacy requirements of their customers. 

Mercedes-Benz17  has implemented a system called Emergency Call System that is 

capable, due to the sensors mounted on the car’s key points, to detect serious accidents 

and establish a voice call to the Mercedes-Benz emergency response center, sending 

them, details such as GPS position, direction of travel, time of the emergency call and 

the preferred language, or in the scenario of a lighter accident the driver can trigger the 

call by pushing an emergency button situated in the roof control panel or the SOS 

READY indicator on the telephone screen. 

BMW has a more evolved system which was implemented starting with 2016 also 

on motorcycles, that has a three step system18. First the system is automatically 

triggered, in case of a very serious collision facilitating the possibility of 

communication until help arrives. Second, it triggers automatically, but if the sensors 

established that the collision is not very serious, the driver has a 25-second window to 

cancel the call, and third the driver can trigger the SOS signal by pushing the distress 

button. This system gives more liberty to drivers to determine if they really need help, 

making it more easily accepted by the end consumer.  

Under the name of “My Audi cares for me”19, the producer is introducing, 

alongside with other facilities, driver assistance and safety systems, allowing the car to 

execute a piloted emergency stop and place an emergency call via the eCall system.  

Giving the fact that from 2018 the system will be mandatory other producers, like 

Volkswagen20, Toyota21 or Honda22, are introducing the system prior to 2018.  

 

 

 

                                                           
15 UN, G., CHANG, V., RAMACHANDRAN, M., SUN, Z., LI, G., YU, H. & LIAO, D. 2017. Efficient 

location privacy algorithm for Internet of Things (IoT) services and applications. Journal of Network and 

Computer Applications, 89, 3-13 
16 FIAMMETTA, D. A., FERNÁNDEZ-WYTTENBACH; MARCO, LISI. 2017. Europe has launched an 

initiative to save lives through in-vehicle communication and positioning technology. [Online]. InsideGMSS. 

Available: http://www.insidegnss.com/node/4720 [Accessed 11/07/ 2017] 
17 MERCEDES-BENZ. 2014. The Mercedes-Benz emergency call system [Online]. Available: 

http://www.mercedes-benz-mobile.com/extra/ecall/details.php?en&countryCode=ro [Accessed 11/07/ 2017] 
18 DEAMICIS, M. 2016. BMW Motorrad Introduces New eCall System [Online]. BMWblog. Available: 

http://www.bmwblog.com/2016/05/02/bmw-motorrad-introduces-new-ecall-system/ [Accessed 11/07/ 2017] 
19 AUDI-ILLUSTRATED 2016. Audi FitDriver Features. Audi Illustrated 
20 VOLKSWAGEN. 2017. Always there for You. Reliably. [Online]. Car-Net. Available: http://volkswagen-

carnet.com/int/en/start/app-overview/security-service/sas_emergencyservice.html#tab/open/f7a4ab61-5a90-

4eea-bb8a-1f0355f0b39b [Accessed 14/07/ 2017] 
21 TOYOTA. 2014. We're Here To Help - Safety Connect [Online]. Toyota.com. Available: 

https://www.toyota.com/safety-connect/ [Accessed 14/07/ 2017] 
22 HONDA. 2016. HondaLink Assist: Automatic Emergency Response System [Online]. DOW Honda. 

Available: http://www.dowhonda.com/2016/12/15/hondalink-assist-automatic-emergency-response-system/ 

[Accessed 14/07 2017] 

http://www.insidegnss.com/node/4720
http://www.mercedes-benz-mobile.com/extra/ecall/details.php?en&countryCode=ro
http://www.bmwblog.com/2016/05/02/bmw-motorrad-introduces-new-ecall-system/
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http://www.toyota.com/safety-connect/
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THE CUSTOMERS 

Another dimension to be researched is regarding the customers’ opinion on the 

eCall car systems.  

A study23 conducted in 2003 proved that this kind of system, if implemented, can 

prevent around 3.6% of the road fatalities that were investigated, and the percent can 

increase if the emergency call is made within 5 minutes after the accident. The percent 

can increase up to 10 percent of the fatalities in motor crash accidents24, given the fact 

that most of the time this kind of accidents is with single victims, influencing 

significantly the delay in which the accident is reported. 

Another study25 shows that more than 55% of the respondents are putting safety 

issues the first when choosing a new car.  

And yet the costumers’ perception is not the expected one. A research26 shows that 

out of  418 people that were involved in car accidents, in France, only one considered 

eCall systems as being vital, 2 persons as being urgent, 11 call it useful, and 404 say 

that it is unnecessary. 

But the perception on cars’ eCall systems tends to be different among drivers as 

regarding to the intelligent systems27 mounted on the vehicles. More than 50% of the 

respondents put the eCall system on the third place among the most important 

intelligent safety systems, being surpassed only by the ABS and ESP systems.  

The mixed fillings about this kind of system are due to the fact that sending 

private info without the drivers’ consent is an ongoing discussion. Even if the data is 

sent for the safety of the motorists, the benefits of that action are not quite accepted as 

they actually are, but are seen as a way of monitoring one’s actions without his/her 

consent. In theory, the systems’ benefits are understood and accepted as they should be 

but in real life having some device mounted on the car that can provide to third parties 

real time location is perceived as an uncomfortable device. This is why, even if the 

benefits are quite clear and the system is nominated as one of the cars’ important 

intelligent systems, yet the necessity of introducing it on all cars is seen as unnecessary.  

Showing the advantages of using such a technology alongside with the safety 

benefits, the fact that the system is responding to a real need, understanding the 

complex network of sensors that ensure the correct decision, the fact that the system 

already exist on different car models and was tested on various markets, and the proven 

fact that it can actually save lives, are the key factors28 that communicated correctly can 

ensure a smooth and wide acceptance of eCall systems. 

  

 

 

                                                           
23 SIHVOLA, N., LUOMA, J., SCHIROKOFF, A., SALO, J. & KARKOLA, K. 2009. In-depth evaluation of 

the effects of an automatic emergency call system on road fatalities. European Transport Research Review, 1, 

99-105 
24 VIRTANEN, N., SCHIROKOFF, A. & LUOM, J. Impacts of an automatic emergency call system on accident 

consequences.  Proceedings of the 18th ICTCT, Workshop Transport telemetric and safety. Finland, 2005. 1-6 
25 JARAŠŪNIENE, A. & JAKUBAUSKAS, G. 2007. Improvement of road safety using passive and active 

intelligent vehicle safety systems. Transport, 22, 284-289 
26 CHAUVEL, C. & HAVIOTTE, C. eCall System; French a posteriori efficiency evaluation.  Proceedings of 

the Twenty Third International Conference on Enhanced Safety of Vehicles. Washington DC: National 

Highway Traffic Safety Administration, 2011 
27 JARAŠŪNIENE, A. & JAKUBAUSKAS, G. 2007. Improvement of road safety using passive and active 

intelligent vehicle safety systems. Transport, 22, 284-289 
28 AIZSTRAUTA, D., GINTERS, E. & EROLES, M.-A. P. 2015. Applying Theory of Diffusion of Innovations 

to Evaluate Technology Acceptance and Sustainability. Procedia Computer Science, 43, 69-77 
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CONLUSIONS 

Even the need to introduce such a system is high, some issues must be solved prior 

to its EU introduction. Some questions must be answered for ensuring an easy 

acceptance of such a system, because of the privacy issues that orbit around it. Which is 

the best way to introduce such a system in order to maximize the acceptance rate? 

Should an intermediary evaluate the emergency of the event first, like in Mercedes -

Benz’s system, or should it be transmitted directly to the unique emergency call center? 

In case of an event, should the system be the one to evaluate the damage and make the 

call or should the people involved have the opportunity of making the final decision, 

like BMW’s three steps system? What strategy is more reliable and easier to be 

accepted by the consumers? Giving the fact that the article is a secondary data research, 

a more reliable means of answering these questions would be a direct research. A mix 

between a qualitative research, focus groups, and a quantitative research, survey, would 

be the next step in determining the best way to deal with these issues. These can be 

considered both as recommendations as well as future research plans for the authors. 

Seeking the answers directly from the consumers would provide the optimal solutions to 

the acceptance problems.  

Another strategy in easing the way to acceptance is to communicate the benefits of 

such a system. A mix between traditional communication and innovative 

communication is advisable. Both official institutional communication and drivers ’ 

testimonials are adequate, the former growing the confidence and reliability in such a 

system and the later lowering the concerns about the privacy issues and also increasing 

the benefits of such a system. 
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ABSTRACT:  
OVER THE LAST YEARS PARTICIPATION IN URBAN DESIGN AND PLANNING HAS GAINED INTEREST 

OF RESEARCH INSTITUTIONS, AND MORE PARTICULARLY ICT-MEDIATED CITIZEN PARTICIPATION 

IN URBAN PROJECTS. THIS PAPER IS EXPLORING A SOLUTION TO FOSTER CIVIC ENGAGEMENT IN 

URBAN DESIGN PROJECTS THOUGH AN ICT TOOL. WE PROPOSE A FRAMEWORK TO SUPPORT 

INTERACTIONS BETWEEN NON-PROFESSIONALS AND PROFESSIONALS THAT WILL EASE THE 

UNDERSTANDING OF URBAN DESIGN AND CREATION OF DESIGN PROPOSALS FOR NON-TRAINED 

PEOPLE AND, ON THE OTHER HAND, OFFER VALUABLE PROPOSITIONS AND INSPIRATION TO 

EXPERTS. THE PAPER IS FIRST OFFERING AN OVERVIEW OF THE EXISTING METHODOLOGIES AND 

TOOLS FOR PARTICIPATORY URBAN DESIGN, FOLLOWED BY A PRESENTATION OF A CASE-STUDY 

IN MARSEILLE. THEN WE PROPOSE THE DEFINITION OF A SCENARIO ALONG WITH A 3D 

MODELLING TOOL TO ENGAGE CITIZENS, AND FIRST RESULTS OF IMPLEMENTATION. 

 
KEY WORDS: URBAN DESIGN, PARTICIPATORY DESIGN, CREATIVITY, CO-DESIGN, 3D 

MODELING, 3D COLLAGE 

 

 

 

 

 

INTRODUCTION 

Citizen participation in urban projects has imposed in the last decades as one of the key 

for success. It is clearly identified there is a lack of communication and collaboration 

between citizens and urban design experts which can lead to conflictual situations. The stakes 

of these projects are generally too critical to leave citizens voices apart. Urban designers and 

local authorities should not forget end users when designing public places in order to respect 

their quality of life and their ‘ownership’, in the sense of2, whom define it as “the right to act 

upon an issue…, a sense of belonging to a collective place”. Moreover, regarding the nation 

legal framework of France (Article L103-2), participatory processes are mandatory for urban 

projects aiming to modify the living environment of citizens. As a result, a huge number of 

methodologies and toolkits have been developed lately, applicable to different steps of urban 

projects whether it is urban planning or urban design. Among these methodologies, an 

increasing number is focused on ICT-mediated citizen participation in urban issues which are 

                                                           
1 PhD Student, Yncréa Méditerranée, ENSAM Le2I, Toulon, France, barnabe.faliu@yncrea.fr  
2 Lange, Michiel De, and Martijn De Waal. 2013. “Owning the City: New Media and Citizen Engagement in 

Urban Design.” First Monday 18 (11) 
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“technology being addressed in such areas as governance, urban planning, information 

systems and interaction design, geography, citizen activism and community development”3. 

The ambition of ICT tools is to provide a digital interface between urban design experts and 

citizens to let them collaborate and benefit from each other’s knowledge.  

In the first section, we present a non-exhaustive state of the art of interactive and 

immersive tools for participatory design. We are mainly focusing on ICT tools. Second, we 

introduce a case-study held in the city of Marseille by Euroméditerranée, from which we 

have some first observations to share. The first two sections permit us in a third section to 

define a 3D modeling tool included in a scenario to involve citizens in urban design projects. 

Finally, we present first results of implementation of the tool and future work planned. 

 

Interactive and Immersive tools for Participatory Urban Design 

Urban design is a multidisciplinary process to create places for people and define their 

interactions with it. The work done is mainly related to public places like plazas, parks, open 

spaces or streets. Urban designers have to consider the needs, habits and customs of the 

different kinds of citizens that will use the place and imagine how they will experience it. In 

the other hand, economical, technical, political and sociological constraints must be 

considered during a short-range period of approximately five years, to come to a successful 

solution adapted to needs of everyone. Urban design is a complex process due to the 

important number of stakeholders, representing different interests: local residents, local 

authorities, associations, special interest groups, urban planners, urban designers, architects 

and more. More generally, we can simplify it in two distinct groups, professionals and end-

users. Professionals represent urbanism experts and decision makers. End-users represent the 

people that will live with the newly designed place. On top of it, other issues as ecological 

challenges, social equity, culture, safety or water supply influence both the choices made by 

professionals, and the debate or needs risen by end-users. 

To tackle the complex situation of urban design, many people worked on solutions to 

enhance stakeholder’s collaboration. Sanoff4 divided participation methodologies in urban 

planning and design into six main categories: 

 Awareness methods: Inform people about the ongoing project and the main issues 

through exhibits, medias or walking tours. 

 Group interaction methods: Better known as workshops, whether it is a focus group of 

meticulously selected people or an open session, it aims to solve a particular problem 

through series of working sessions mixing professionals and end-users. 

 Gaming methods: Gaming methodologies places participants into a real-life context in 

order to solve an identified problem. The context is composed of participants, rules, 

constraints and methodologies. It can act as an educative process for citizens (and 

professionals), or as a way to solve issues between multiple stakeholders. 

 Indirect methods: Questionnaires and interviews to grasp citizen’s opinions and 

needs; 

 Open-ended methods: Methodologies where participants have the less constraints to 

express themselves. 

 Brainstorming methods 

Salter5, Saad-Sulonen and Horelli6 and van Heeswijk7 demonstrate in case-studies that the 

usage of interactive and immersive tools in participatory planning is greatly approved by 

                                                           
3 Saad-Sulonen, Joanna Catherine, and Liisa Horelli. 2010. “The Value of Community Informatics to 

Participatory Urban Planning and Design: A Case-Study in Helsinki.” The Journal of Community Informatics 6 

(2). http://ci-journal.net/index.php/ciej/article/view/579/603 
4 Sanoff, Henry. 2000. Community Participation Methods in Design and Planning. John Wiley & Sons 
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citizen. It helps to better understand the environment and issues for non-professionals but it 

also helps with connecting urban planning, community development and local governance. 

Interactive and immersive tools for participatory urban design can be defined as a group 

interaction method as well as a gaming method since from one side it connects experts and 

citizens whom can share experience and knowledge, and from another side it is a constrained 

environment with rules aiming to solve an identified problem. The gamification also enables 

an educative process regarding the local community. Digital tools are also a great support for 

co-creation and permit bottom-up (local) initiatives supervised by top-down (institutions) 

rules to end with comprehensive and high-quality design propositions. 

The following list presents a few existing interactive and immersive tools for participatory 

urban design:  

 Interactor from van Heeswijk8: A software assisting users in creating their own world 

in 3D for urban renewal, graphic art or design. It permits manipulation of 3D objects 

and textures. Objects can also be reworked through a 2D drawing mode where users 

can cut, paint or draw. 

 Terf9:  A multi-user virtual world used for long-distance collaboration of multiple 

stakeholders in companies, and more particularly construction management. It offers 

several points of view (first person, bird view, …) to manipulate 3D models (from a 

database or imported) or 2D images. Additional features are available like voice and 

text chat, webcam video, placement of 360 audio sources and in-game usage of 

programs like excel or word. It is also linked with external programs as SketchUp or 

ArcGis. 

 The Betaville Project10 offers a “massive participatory online environment for 

distributed 3D design and development of proposals for changes to the built 

environment”. Multiple actors can be connected to the same virtual city and ‘fly 

through it’, model new structures, leave comments and engage a real-time discussion. 

 Westerberg and Von Heland11 promoted the use of the Mojang AB’s video game 

Minecraft to build propositions in a virtual city using the Minecraft tools. Feedback 

tools such as commenting produced design proposals are also available. 

 City I/O12 proposes a table with an urban model on top build out of Lego pieces. One 

can see the representation of the urban model in 3D on a screen that is directly linked 

to the physical model with extra textures added like trees and building shapes. Two 

modes of interaction are possible: one by adding/removing Lego blocks on the table 

and seeing the change on the screen; or by interacting with the virtual model for softer 

actions like changing building colors or adding a comment. The virtual scene can be 

visualized either on a TV screen or on a mobile device using an AR application. 

                                                                                                                                                                                     
5 Salter, Jonathan D, Cam Campbell, Murray Journeay, and Stephen R J Sheppard. 2009. “The Digital 

Workshop: Exploring the Use of Interactive and Immersive Visualisation Tools in Participatory Planning.” 

Journal of Environmental Management 90 (6): 2090–2101. doi:http://dx.doi.org/10.1016/j.jenvman.2007.08.023 
6 Saad-Sulonen, Joanna Catherine, and Liisa Horelli. 2010. “The Value of Community Informatics to 

Participatory Urban Planning and Design: A Case-Study in Helsinki.” The Journal of Community Informatics 6 

(2). http://ci-journal.net/index.php/ciej/article/view/579/603 
7 Heeswijk, Jeanne van. 2017. “Face Your World.” Accessed July 11. http://www.faceyourworld.net 
8 Heeswijk, Jeanne van. 2017. “Face Your World.” Accessed July 11. http://www.faceyourworld.net 
9 3D Immersive Collaboration. 2014. “Immersive Terf.” http://3dicc.com/ 
10 Skelton, Carl. 2013. “Soft City Culture and Technology.” In . Springer 
11 Westerberg, Pontus, and Fanny Von Heland. 2015. “Using Minecraft for Youth Participation in Urban Design 

and Governance. 
12 “Changing Places.” 2017. Accessed July 1. http://cp.media.mit.edu/cityio/ 
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Case Study: Euroméditerranée in Marseille, the Bougainville Park 

1.1. Context 

Euroméditerranée is a consequential project held in Marseille, France, focusing on urban 

planning and economic development since 1995. It has been initiated by French government, 

the city of Marseille, the region Provence-Alpes-Côte d’Azur and is financed by Europe. 

Euroméditerranée is the contracting authority responsible for urban planning, project 

management and funding of the different urban projects included in a 480 hectares area. 

Currently in the second phase of the global project, Euroméditerranée started working on the 

construction of an urban park, so called Bougainville Park, which is a 4 hectares terrain at a 

central position of the city: it is surrounded by a metro station, residential districts, joint 

ownership properties, an elementary school and a social housing building. It aims to be the 

“green lung” of the district which is more or less an industrial wasteland for the moment. The 

main desire of the team is to offer a high level of involvement of the different stakeholders 

and more particularly the citizens and local associations representing residents in order to get 

a consensus of opinion, and consequently a successful and cost-effective project that is 

representative of the local needs. The next section will present the participatory methodology 

used by Euroméditerranée to involve citizens in urban design. 

 

Methodology 

The project started in Mars 2016 with a clear view of the methodological approach, that is 

oriented on co-designing the park with workshop’s participants and local residents, three 

years before the construction work starts. From this point, inputs data where already 

identified such as: a budget, existing infrastructures, a soil survey, flooding risks, pollution, 

topological information and social context. Two major objectives have been defined:  

 The definition of temporary infrastructures in order to provide quickly some elements 

of the future park. 

 The definition of a pre-planning in dialogue with participants and local residents, 

which will act as a recommendation list for the prime contract, a landscape specialist 

company. The objective is to define the features and uses of the park. 

On this basis, Euroméditerranée proposed three phases before the start of construction:  

 Pre-consultation: Workshops - Choices of the temporary infrastructure and first draft 

of a pre-planning intended for landscape specialists. 

 Selection of the landscape specialist: 5 teams were in competition to gain the project. 

The citizens were not involved in the selection process, nevertheless, one of the 

mandatory requirements to win the competition was the acceptance co-design 

methodology. 

 Consultation: Workshops in collaboration with the selected landscape specialists for 

three consecutive phases of urban design (sketch phase, pre-project phase, project 

phase). 

 

Workshops 

The co-design workshops organized by Euroméditerranée were inspired by the Participatory 

Prototyping Cycle framework13. Different stakeholders, professionals or non-professionals, 

were melted to make and tell on key subjects like security, local culture, history of the 

district, and finally co-creation of design propositions. Enacting is not part of the current 

process. During co-creation sessions, several questions have been answered either with the 

usage of make tools, or through a simple vote. For instance, in order to gather the needs about 

                                                           
13 Sanders, E.B.-N. 2013. “Prototyping for the Design Spaces of the Future.” Valentine, L 
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the open question: ‘What features should appear inside the park and where?’, participants 

were working in groups of 5. They were given a 2D map centered on the future area of the 

park. The animators of the workshop (Euroméditerranée) also gave printed images of the 

most common features to each group (skate parks, public facilities, playgrounds, trees, …) 

along with scotch tape and scissors. Then each group had to stick the images on the map, at 

the position they want it to be. This process of course lead to debates inside each group. At 

the end of the session, a group by group presentation is made and the animator realizes a 

synthesis to identify the key needs of the citizens throughout the propositions. After each 

workshop, outputs are delivered to local authorities so they can identify early the main issues 

of the project. 

 

Workshops observation  

We participated to almost every workshop, hence we had the opportunity to analyze the 

benefits and limitations. The methodology used by Euroméditerranée confirm the theory that 

participatory urban design is helping with the acceptance, the ownership, of the project by 

citizens. The general feeling is positive and the multiple workshops created quality debates 

and propositions. This will permit professional to work in line with the needs of the 

inhabitants. 

Nevertheless, the audience wasn’t fully representative of every kind of inhabitant of the 

district, which is problematic because their needs aren’t heard. Moreover, a huge turnover has 

been noticed between each workshop, except for a core group of approximately five persons. 

The overall feelings of the citizens about the participative methodology was mixed, some 

participants had their trust in the project enhanced, and others were frustrated because it was 

too long, or because of some political announcements made late that created a feeling of 

treason. Regarding the co-creation process, we identified some drawbacks that will lead us to 

the definition of a numeric tool to support participatory urban design:  

 Participants have a wrong understanding of spaces and relief, 

 Printed images are not convenient when looking for a particular feature/atmosphere, 

 Understanding of technical, political and financial constraints could be enhanced, 

 Collaboration can be enhanced between professionals and non-professionals 

 

Definition of a 3D Modeling tool to engage citizens and enhance their creativity 

To answer the drawbacks listed previously, we propose an interactive and immersive digital 

tool to help citizens’ understanding, enhance their creativity and their knowledge of urban 

design constraints. Based on Salter et al.14, Saad-Sulonen and Horelli15 and van Heeswijk16 

observations concerning the usage of digital tools in urban design, we choose to create a 3D 

modeling tool in order to support spaces and relief understanding. Alike the participants of 

Euroméditerranée’s workshops, the users of the tool have access to a large digital database of 

categorized 3D models, meaningful for urban design. Inside the database, one should be able 

to find models from a complex playground to a basic shape and manipulate it easily: select, 

move, rotate, scale, deform and delete. Some characteristics of the model could also be 

changed as the color or the material. 

                                                           
14 Salter, Jonathan D, Cam Campbell, Murray Journeay, and Stephen R J Sheppard. 2009. “The Digital 

Workshop: Exploring the Use of Interactive and Immersive Visualisation Tools in Participatory Planning.” 

Journal of Environmental Management 90 (6): 2090–2101. doi:http://dx.doi.org/10.1016/j.jenvman.2007.08.023 
15 Saad-Sulonen, Joanna Catherine, and Liisa Horelli. 2010. “The Value of Community Informatics to 

Participatory Urban Planning and Design: A Case-Study in Helsinki.” The Journal of Community Informatics 6 

(2). http://ci-journal.net/index.php/ciej/article/view/579/603 
16 Heeswijk, Jeanne van. 2017. “Face Your World.” Accessed July 11. http://www.faceyourworld.net 
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To support creativity, we propose a 3D collage metaphor to support the divergence phase of 

creation. A user should be able to start from an existing model and create a new one by 

cutting it, merging it with another model and resize it. Hence, we add 3D cutting and merging 

metaphors to our tool palette. 

Such a tool should provide a friendly user interface for non-professional, as well as 

background processes producing statistics of usage for professionals and help them in 

decision making. To support collaboration, we propose the use of an interactive table upon 

which multiple participants could interact with natural gestures instead of being alone in front 

of a computer using a keyboard and a mouse. 

To enhance spaces and relief understanding, we propose to implement an immersed 

visualization mode, in a 1-1 scale, thanks to a virtual reality headset. Thus, participants would 

be able to walk through their design proposition and fully experience the place. For instance, 

they could realize that a building isn’t well positioned because it is hiding a nice sea-view. 

We can also introduce an audio feature to improve the understanding of the impact of a 

building regarding an existing noise source, a street with heavy traffic for example. A 

collaborative aspect is present here as well through the possibility to annotate the proposition 

and leave audio comments, or emoticons representing a feeling. 

Finally, to improve citizen’s understanding and bring an educative characteristic to the tool, 

we want the use semantically enriched 3D models, in the manner of Panagopoulos, Andrade, 

and Barreira17. They made research to embed meaningful data in 3D models such as 

economic, legal or social data. This methodology is useful for both experts and amateurs. Of 

course, such a feature should let users enrich information themselves. For example, 

information relative to the noise approximately generated by a 3D model can help user to 

place things wisely, whether it is a highway or a swimming pool. Another interesting extra 

information would be a categorization of models and newly created (cut and paste) models. 

By categorization we mean giving an explicit functionality to each model, like ‘this is a 

basketball terrain’ or ‘this is a bench’. This feature will help professional in decision making 

thanks to data aggregation. For instance, if every object of the urban design proposal is well 

categorized, analytics can be made to evaluate, among every proposal, the percentage of 

citizens interested in a football terrain and where they want it to be. Another example of 

semantically enriched 3D models is the definition of constraints inside the workspace: we 

want an admin user to be able to define places where no objects can be dropped by drawing, 

as it is illustrated in (figure 1). The user can only place objects inside the red grid-pattern. 

The goal is the creation quality urban propositions by limiting users’ possibilities. 

To summarize, we define two different workspaces, leading to an iterative process of work-

visualize-rework:  

 The creation workspace: Usage of an interactive table. It is composed of three data 

layers:  

o Map layer: Geometric data used to generate the workspace. 

o Semantic layer: On top of the previous layer a user can add constraints and 

useful information. 

o Creation layer: On top of the semantic layer, a user can manipulate and place 

3D models and text comments. 

 The immersed visualization workspace: usage of a virtual reality headset to 

walkthrough the proposition realized in the creation workspace. Possibility to add 

comments. 

                                                           
17 Panagopoulos, Thomas, Rita dos Reis Andrade, and Ana Paula Barreira. 2009. “Citizen Participation in City 

Planning and Public Decision Assisted with Ontologies and 3D Semantics.” CISTI 2009 - 4a Conferência 

Ibérica de Sistemas E Tecnologias de Informação. Associação Ibérica de Sistemas e Tecnologias de 

Informação, 167–72. http://sapientia.ualg.pt/handle/10400.1/3982 
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Figure 1: Data layers of the creation workspace 

 

Scenario of usage 

The tool is intended for urban design projects accepting participatory design concepts. During 

the sessions, multiple stakeholders can be involved, this is why we have to define clear roles 

and responsibilities regarding the usage of the tool. We identified four different roles: the 

contracting authorities, the project supervisors, the animators; called the professionals; and 

the citizens. Their responsibilities are detailed in (figure 2). Just like Euroméditerranée’s 

methodology, the tool shall be used along multiple workshops carried out a long while before 

the start of construction work. The following is a proposition of hypothetical steps that 

illustrates the usage of the tool for an urban park:  

 Step 1: An initial brief is made between professional. 

 Step 2: Pre-configuration of the tool between professional. Here, the initial map 

would be imported as well as the identified constraints/information. The database 

shall be filtered at this step if necessary, to avoid unrealistic proposition. 

 Step 3: Definition of additional constraints and rules thanks to local residents’ 

knowledge and culture. 

 Step 4: Functionality definition workshop, what functionality should appear and 

where? People are divided in multiple groups and make 3D propositions with the 

interactive table. Each group can use the immersed visualization workspace the 

validate the proposition or refine it if necessary. At the end of the session, participants 

can use the tool to present, debate and choose the final proposition. 

 Step 5: Zoom-in workshop on each functionality to work on their shape in 

collaboration with project supervisors. Example themes: “The shape of the trash 

bins”, “The shape of the fountains”. 
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Figure 2: User roles 

 

First results of implementation 

Implementation effort has already been made regarding the tool. We are using the cross-

platform game engine Unity to create an interface that will suit for both interactive table and 

VR Headset. We implemented a draft version of the interface (figure 3) which permit to 

navigate in the virtual world, zoom, rotate and tilt the camera. We also imported a 3D City 

model (.obj file) generated from OpenStreetMap data (.osm file) with the use the open-source 

third party software OSM2World (http://osm2world.org/). We also implemented an interface 

to drag and drop 3D objects from a carrousel menu accessible in the virtual world. First test 

with immersive view has already been made with a Google CardBoard, using Google’s VR 

SDK for Unity. It clearly appears that mobile phones are not powerful enough in terms of 

graphic rendering to provide a fluid and pleasant experience to users: the video is not fluid 

gazing around, which can lead to motion sickness. 

 

 
Figure 3: Draft user interface of the tool 

 

http://osm2world.org/)
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Finally, we worked on a virtual mesh cutting algorithm, necessary to implement the 3D 

collage metaphor. We are relying on an open-source library called CGAL 

(http://www.cgal.org/) written in C++, which is communicating with Unity as an external 

plugin. CGAL permit us to manipulate 3D models as triangulated meshes and apply 

mathematical operation on it, and then send it back to Unity when the computation work is 

finished. We decided to implement the cutting metaphor as follow: a user draws a line on the 

desired element to cut, then a triangulated surface is generated from this drawing that 

intersects the shape with its current position. Finally, the cut is computed by looking for the 

intersection points between the target model and the surface. Then two different models are 

sent back to Unity. 

 

Future work and conclusion 

This paper presented the definition of a 3D Modeling tool to engage citizens in urban design 

projects and foster collaboration between experts and amateurs. The tool has been defined on 

the basis of observations taken during Euroméditerranée’s workshops, our case-study. More 

observation opportunities will come in the next 2 years until the construction work starts. It 

will permit us to realize tests and refinements of our tool. To do so we intend to organize 

workshops mixing citizens and professional to challenge the functionalities we specified, but 

also to work with test groups on subjects such as the interaction metaphors of the interactive 

table. Specific workshops will be realized focusing either on experts’ benefits or citizens’. 

Moreover, we intend to realize questionnaires to grasp users’ feelings about the experience 

we propose. Finally, huge effort will be made on implementation to provide all the 

functionalities described in this paper and offer a collaborative, intuitive, interactive and 

educative experience in urban design. 
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ABSTRACT: DESIGNING AND CONTROLLING INDUSTRIAL ROBOTS INVOLVES DETERMINING THE 

POSITION OF ITS KINEMATIC CHAINS IN RELATION TO A FIXED COORDINATE SYSTEM – THE 

ABSOLUTE POSITION OF THE ELEMENTS AND THE RELATIVE POSITION – REVEALED BY 

GENERALIZED COORDINATES. MOST OF THE WORK AVAILABLE REGARDING THIS ISSUE IS BASED 

ON DIRECT KINEMATICS USING THE DENAVIT-HARTENBERG (D-H AND D-H MODIFIED) 

CONVENTION, WHICH LEADS TO PARTICULAR GEOMETRIC MODELS AND WHICH ARE 

EQUIVALENT TO A CERTAIN EXTENT BUT DO NOT CORRESPOND TO THE COMPLETE DESCRIPTION 

OF THE REAL ROBOT. IN ORDER FOR THIS PURPOSE, KINEMATIC MODELING USING A FULL SET 

OF GEOMETRIC PARAMETERS OF THE REAL ROBOT ARE MANDATORY FOR THE DEVELOPMENT OF 

APPROPRIATE GEOMETRIC MODELS, ESPECIALLY IF SOFTWARE COMPENSATION IS DESIRED FOR 

ERRORS SUCH AS THERMAL DEFORMATIONS. A NEW UNIVERSAL APPROACH FOR DIRECT 

KINEMATICS MODELING (APPLICABLE TO ANY TYPE OF ROBOT) WHERE THE REFERENCE SYSTEMS 

OF EACH JOINT MAINTAIN THE SAME ORIENTATION ON THE ENTIRE STRUCTURE AND IN WHICH 

THE REAL GEOMETRIC PARAMETERS CAN BE USED IS PRESENTED IN THE PAPER. THIS METHOD 

ALSO FACILITATES THE INTEGRATION OF ERROR PARAMETERS IN THE GEOMETRIC MODEL IN 

ORDER TO COMPUTE THE ERROR COMPENSATION. A COMPARISON BETWEEN USUAL DH 

MODELING, THE UNIVERSAL MODELING PRESENTED IN THIS PAPER, AND THE VALIDATION USING 

A VIRTUAL MODEL AND CAD SOFTWARE IS ALSO PRESENTED. 

 
KEY WORDS: INDUSTRIAL ROBOTS, DIRECT KINEMATICS, ORIGINAL MODELING APPROACH. 

 

 

 

 

 

INTRODUCTION 

The study of the movement of the robot’s mechanical elements (without regard to 

masses and forces) is called „kinematic modeling”. The movement is relative, and for this 

reason, the motion and position of a material system is determined in relation to a reference 

system by means of angles and distances. Solving the problems of designing and conducting 

industrial robots involves determining the position of its kinematic chains in relation to a 

fixed coordinate system – the absolute position of the elements and the relative position – 

revealed by generalized coordinates. In the specific literature, these problems bear the name 

of the direct problem and the inverse problem (direct kinematics and inverse kinematics). The 

meaning of direct problem is the determination of the position and orientation of the 

characteristic point (of the last mobile element) and the inverse problem is the determination 

                                                           
1 Asst. Prof. Eng. University Politehnica of Bucharest, Romania, cozmin.cristoiu@gmail.com 
2 Prof. PhD. Eng. University Politehnica of Bucharest, Romania, afnicolescu@yahoo.com  
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of the movements in the kinematic joints when the position of the characteristic point is 

known. The results of solving these problems are used both for controlling industrial robots 

and for designing them3. In this paper, only the direct issue (direct or forward kinematic) of 

industrial robots (IR) is discussed. In practice and in the related literature, the matrix method 

is preferred for developing kinematic model along with the D-H convention. To describe the 

position of an element within the kinematic chain relative to the previous element, we need to 

consider 6 transformation parameters. By D-H formalism4 the relationship between elements 

can be described using four parameters by applying constraints related to the positioning of 

the coordinate systems5. The result is that in modeling and in the kinematic scheme, 

references systems are sometimes constrained to be in positions that are non-obvious or even 

do not match real physical elements. Choosing coordinate systems is not unique. For the 

same robot, different individuals can obtain different kinematic schemas but still correct 

because they lead to the same expressions of the end-effectors position relative to the robot 

base6. Also in D-H modeling the dimensions of the joints are neglected, fact that leads to 

deviations from the real model of the IR and the impossibility to correctly evaluate IR's 

elastic and thermal behavior as well as to apply appropriate software compensation 

procedures. 
  

CLASSIC APPROACH (DENAVIT-HARTENBERG) 

The main confusing issue in D-H kinematic modeling is that for the same robot, 

different people can get different kinematic schemas (Table 1), but still correct because they 

lead to the same expressions of the end-effectors position relative to the base7. This is true to 

said "correctly", but only in the conditions in which in the theoretical study it’s important 

only the position of the end-effectors without taking into consideration other real constructive 

and functional aspects, aspects that radically influence the way in which the mathematical 

model must be elaborated. Only few specific papers present some kinematic models ready to 

be directly implemented on a real scale IR or to assess the kinematic behavior of a specific IR 

model8. This is usually due to inconsistencies in modeling, the most frequent of which is the 

incomplete formalization of the entire set of real constructive and functional parameters 

(which is mandatory to be considered in case of a specific model of real IR), the ignorance of 

some specific aspects (such as actual dimensions of structural elements and joints) leading to 

the wrong localization of the coordinate systems used to express the homogenous coordinate 

transformations, as well as the lack of a validation procedure able to verify the correctness 

before being implemented on the real robot controller.  

 

 

 

 

                                                           
3 Alexandru, Dorin; Tiberiu, Dobrescu; Nicoleta, Pascu.; Ioana, Ivan; Cinematica robotilor industriali, 

Bucuresti: Bren, 2011 
4 Peter, C.; Robotics, Vision & Control: Fundamental Algorithms in MATLAB, Springer, 2011. ISBN 978-3-

642-20143-1 
5 Spong M.; Hutchinson, S.; Vidyasagar, M; Robot modeling and control, Wiley, 2006 
6 Peter C.; Denavit-Hartenberg notation for common robots,2014,  

 ***http://www.petercorke.com/doc/rtb_dh.pdf 
7 ***ABB Product specification IRB120; Document ID: 3HAC035960-001; Copyright 2010-2017 ABB; 

www.abb.com/robotics 
8 Nicolescu, A.F.; Ilie, F.M.; Alexandru T.G.; Forward and inverse kinematics study of industrial robots taking 

into account constructive and functional parameters modeling; Proceedings in Manufacturing Systems, Volume 

10, Issue 4, 2015, 157−16; ISSN 2067-9238; Cezara, A.; Strajescu E.; Research on structural and functional 

optimization of IR's numerically controlled axes in order to increase their performances; PhD. Thesis - , 

University “Politehnica” of Bucharest; faculty IMST - 2014 
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Table 1: Example of different modeling using DH for the same robot (ABB IRB140)  

Frame assignment DH parameters 

 

  
9 

10 

Joint Θi  di ai αi 

1 q1 352 70 -pi/2 

2 q2  - pi/2 0 360 0 

3 q3 0 0 -pi/2 

4 q4 380 0 pi/2 

5 q5 0 0 -pi/2 

6 q6 + pi/2 65 0 0 

 
11 

12 

Joint Θi  di ai αi 

1 Θ1 = 00 d1 a1 -900 

2 Θ2 = -900 0 a2 00 

3 Θ3=1800 0 0 900 

4 Θ4 = 00 d4 0 -900 

5 Θ5 = 00 0 0 900 

6 Θ6 = -900 d6 0 900 

 
13 

14 

Joint Θi  di ai αi 

1 Θ1 + pi/2 L1 L0 pi/2 

2 Θ2 + pi/2 0 L2 0 

3 Θ3
 0 0 pi/2 

4 Θ4  L3+L4 0 - pi/2 

5 Θ5  0 0 pi/2 

6 Θ6  L5+d 0 0 

                                                           
9 Arturo, Gil; ARTE-Robotic Toolbox for Education, Universidad Miguel Hernández de Elche 
10 Arturo, Gil; ARTE-Robotic Toolbox for Education, Universidad Miguel Hernández de Elche 
11 Djuric, A; Urbanic, R. J.; Utilizing the Functional Work Space Evaluation Tool for Assessing a System Design 

and Reconfiguration Alternatives; University of Windsor; Intech, Canada 
12 Djuric, A; Urbanic, R. J.; Utilizing the Functional Work Space Evaluation Tool for Assessing a System Design 

and Reconfiguration Alternatives; University of Windsor; Intech, Canada 
13 Baquero-Suárez, M; Ricardo Ramírez, H.; Kinematics, Dynamics and Evaluation of Energy Consumption for 

ABB IRB-140 Serial Robots in the Tracking of a Path; 2nd International Congress on Mechatronics 

Engineering and Automation, Universidad de la Salle. Bogotá D.C., Colombia 
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A new and different solution is presented for the first time in15 for a gantry robot and 

continued in16 for articulated arm robots, solution that involves a new approach in forward 

and inverse kinematics modeling based on a full set of constructive and functional parameters 

of IR. The importance of this modeling was especially emphasized in17 for taking into 

account the real constructive and functional parameters, parameterization of the geometric 

errors and of errors due to deformations, in the correct (real) elaboration of the mathematical 

model to determine the loads applied to an IR, in developing of the mathematical model for 

the calculation, selection and verification of the actuators and in the evaluation of the IR’s 

volumetric precision as well as in the elaboration of some software compensation procedure 

for the geometric and kinematic errors due to thermal deformations of structural components. 
 

THE NEW KINEMATIC MODELING APPROACH 

Instead of using classic DH in this paper is presented and suggested applying of the 

homogenous coordinate transformations following two specifications: 1) the final goal of this 

study is developing a universal mathematical model applicable for any IR architecture type, 

mathematical model that must correspond to the real physical IR and which to take account 

of the real constructive and functional parameters and error parameters (geometric and due to 

thermal deformations) with the possibility of software compensation of these errors by 

implementing this mathematical model in the robot controller; 2) a particular case is when 

referring to robots with a closed kinematic chain (e.g. ABB IRB 460) where the number of 

transformation matrices is higher because of the influence of the passive joints and closed 

kinematic chain elements that affect the position of the other couplings and this must be taken 

into consideration. 

Five steps are proposed to be followed: 1) Develop mathematical model equivalent to D-H 

using the new approach for a IR with bilateral symmetry (ABB IRB120) and for one without 

symmetry (ABB IRB140) and to compare results obtained by new approach modeling with 

results from D-H modeling and with a virtual modeling using a CAD software (CATIA). 2) 

Applying new approach for developing a mathematical model equivalent to D-H for a IR 

with closed kinematic chain (ABB IRB460) and to compare results with the D-H and also 

with the virtual model (in a second following paper). 3) Improve the above mentioned models 

by adding real constructive and functional parameters and to compare results with D-H and 

with the virtual model. 4) Develop a mathematical model with the constructive and functional 

parameters and plus error parameters (especially errors due to thermal deformations) 

following the study of the influence of the thermal deformations on the positioning precision 

and repeatability of the IR (study in progress in PhD thesis). This mathematical model should 

be used for compensation of these errors by implementing it on the robot’s controller. 5) 

Compare theoretical and experimental results and validation with dedicated software for 

programming and offline-simulation of ABB robots, “ABB Robot Studio”. 

                                                                                                                                                                                     
14 Baquero-Suárez, M; Ricardo Ramírez, H.; Kinematics, Dynamics and Evaluation of Energy Consumption for 

ABB IRB-140 Serial Robots in the Tracking of a Path; 2nd International Congress on Mechatronics 

Engineering and Automation, Universidad de la Salle. Bogotá D.C., Colombia 
15 Nicolescu, A.F.; Ilie, F.M.; Alexandru T.G.; Forward and inverse kinematics study of industrial robots taking 

into account constructive and functional parameters modeling; Proceedings in Manufacturing Systems, Volume 

10, Issue 4, 2015, 157−16; ISSN 2067-9238 
16 Cezara, A.; Strajescu E.; Research on structural and functional optimization of IR's numerically controlled 

axes in order to increase their performances; PhD. Thesis - , University “Politehnica” of Bucharest; faculty 

IMST - 2014 
17 Nicolescu, A.F.; Ilie, F.M.; Alexandru T.G.; Forward and inverse kinematics study of industrial robots taking 

into account constructive and functional parameters modeling; Proceedings in Manufacturing Systems, Volume 

10, Issue 4, 2015, 157−16; ISSN 2067-9238 
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Further on in this paper is presented the first stage of the above, with the continuation 

of studies and the presentation of the results in the future in the doctoral thesis and other 

papers on this topic. 

For each robot, link dimensions were taken from official ABB Product manuals18. 

 

Table 2: DH parameters and NEW APPROACH parameters 
Denavit-Hartenberg New approach Robot 

Model 

  

 

 

 
IRB 

120 

  

 

 

 
IRB 

140 

 

The general form of the homogenous coordinate transformation matrix (4x4) composed from 

4 separate sub-matrices, is the following: 

               T =                                                              (1) 

where: R = fundamental rotational matrix (3x3) 

p = translation vector (3x1) 
  = perspective vector (1x3) (in kinematics is the null vector) 

 σ = scale factor (usually = 1) 

For kinematic modeling two steps must be followed: 1) the translation matrices are applied on 

directions X, Y, Z from joint “i” to joint “i+1” (without any change in the orientation of the 

reference frame). 2) rotational matrix is applied for joint “i+1”. Axis system of joint “i+1” 

will rotate around one of its own axis (depending which one is the rotation axis). 
 

Table 3: Transformation matrices and frame assignment for robot joints in the new approach 
Transformation matrix Frame assignment  and 

parameters for IRB 120 

Frame assignment and parameters 

for IRB 140 

T01 

   (2) 

 
  

                                                           
18 ***ABB Product specification IRB120; Document ID: 3HAC035960-001; Copyright 2010-2017 ABB; 

www.abb.com/robotics; ***ABB Product specification IRB140; Document ID: 3HAC041346-001; Copyright 

2010-2017 ABB; www.abb.com/robotics 
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T12(IRB 120) 

  (3) 

T12(IRB 140) 

  (4) 

  

T23(IRB 120)  

  (5) 

T23(IRB 140) 

   
T34(IRB 120) 

 

T34(IRB 140) 

 

  
T45 (IRB 120)  

 
T45 (IRB 140) 

 
  

T56 (IRB 120) 

 

T56 (IRB 140) 

  
 

 

In order to prove the compatibility of the new approach with the classic DH approach, 

for the moment a simplified model will be elaborated and used without taking into account 

the full set of geometric parameters. For robot models ABB IRB 120 and ABB IRB 140 the 

modeling is very similar, differences occurring at the lengths of the elements. Further will be 

presented the steps for developing the kinematic scheme with positioning of the reference 

frames and mathematical formalization for ABB robots IRB 120 and IRB 140. 
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By multiplication of the frame transformation matrices of each joint (equation 13), the 

solution of forward kinematics is obtained (position and orientation of the robot’s end effector) 

relative to base reference system. 

Tbase-effector=T01* T12* T23* T34* T45* T56 = (

𝑅11 𝑅12 𝑅13 𝑃𝑥
𝑅21 𝑅22 𝑅23 𝑃𝑦
𝑅31 𝑅32 𝑅33 𝑃𝑧

0 0 0 1

)       (13) 

 

VALIDATION WITH 3D CAD MODEL 

For almost each robot model manufactured by ABB Robotics, the virtual model of the 

robot is available on the manufacturer’s website in order to be able to use them with the 

specialized programming and off-line simulating software. Virtual models for the robots 

studied in this paper were imported in the design and simulation software, CATIA V5. 

“DMU Kinematics” workbench from CATIA V5 allows loading the virtual model, creating 

geometric constraints between robot elements, changing joint parameters and monitoring of 

those in the virtual 3D space. In the following table (table 4), results of end-effectors position 

for different robot poses are presented.  
 

Table 4: Comparison between DH, new approach and virtual model 
Virtual Model (CATIA V5) 

ACTIVE JOINTS PARAMETERS 

NEW APROACH JOINT PARAMETERS AND 

END EFFECTOR POSITION RESULT 

IRB 120 

 

NEW APPROACH 

 
DH 

 

 

NEW APPROACH 

 
DH 

 
IRB 140 

HOME POSE:  

all joints at 0 O 

 

END EFFECTOR: 

X=374; 

Y=0; 

Z=630; 

 
RANDOM POSE:  

J1= -130 O 

J2= 25 O 

J3= -10 O 

J4=40 O 

J5=-55 O 

J6=-5 O 

END EFFECTOR: 

X=-334.698; 

Y=-339.899; 

Z=557.107; 
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NEW APPROACH 

 
DH 

 

 

NEW APPROACH 

 
DH 

 
In above pictures and tables are compared the results obtained from the conventional DH 

modeling, new approach modeling and 3D CAD virtual modeling, showing a perfect 

correspondence. For the new approach and for the DH formalization, parameters and 

transformation matrices were implemented in excel files in order to be easily computed. 

 

CONCLUSIONS 

In this paper, a new approach for forward modeling of IR kinematic was presented. For 

the two studied robots (ABB IRB 120 and IRB 140) the mathematical modeling results using 

the new approach and the results from the classic DH formalism are proving the compatibility 

of the new approach with the D-H one. Also, the correctness of the new approach was also 

confirmed by comparison and validation with the results from the robot virtual model using 

CATIA V5 CAD environment. Among the major benefits of applying the new approach first 

of all we can mention eliminating the ambiguities introduced by DH modeling with regard to 

the development of kinematic schemas and the assignment of reference systems. The fact that 

the coordinate systems now have the same orientation facilitates the elaboration of correct 

cinematic schemas in particular if it is desired to take into account of the real robot geometric 

parameters. This way it is very easy to introduce parameters regarding to joint distances and 

displacement of the elements as simple translation parameters in the same directions X, Y, Z. 

Therefore, first step presented in chapter 3 is complete. Further, the focus will be to prove the 

compatibility of the new approach with the robots including closed kinematic chain 

(mathematical model and validation being also done for ABB IRB460 and presented in 

another paper) and to develop mathematical model by taking into account full set of real 

constructive and functional and error parameters. 

HOME POSE:  

all joints at 0 O 

 

END EFFECTOR: 

X=515; 

Y=0; 

Z=712; 

RANDOM POSE:  

J1= -120 O 

J2= 30 O 

J3= -25 O 

J4=70 O 

J5=65 O 

J6=15 O 

END EFFECTOR: 

X=-279.141; 

Y=-594.201; 

Z=608.184; 
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ABSTRACT:  

MODELING THE FORWARD KINEMATICS FOR ROBOTS THAT INCLUDE CLOSE KINEMATIC CHAIN 

STRUCTURES IS DIFFICULT. WHEN DENAVIT-HARTENBER (DH) FORMALISM IS APPLIED, USUALLY 

IT COMES TO A SIMPLER KINEMATIC MODEL THAT DOES NOT ALWAYS CORRESPOND WITH THE 

REALITY. IF MORE THAN SIMPLY KNOWING THE END EFFECTOR POSITION IS DESIRED, SUCH AS 

KNOWING THE POSITION OF THE PASSIVE JOINTS IN THE CLOSED KINEMATIC CHAIN, THE DH 

CONVENTION IS NO LONGER SUFFICIENT. IN THIS PAPER, A NEW METHOD IS PRESENTED FOR 

FORWARD KINEMATIC MODELING FOR A ROBOT WITH A CLOSED CINEMATIC CHAIN (ABB IRB 460), 

AN EXTENDED MODELING METHOD THAT TAKES INTO ACCOUNT ALL ROBOT JOINTS (INCLUDING 

PASSIVE ONES) AND ALL THE ROBOT ELEMENTS (INCLUDING THOSE COMPOSING THE CLOSED 

CINEMATIC CHAIN). SUCH A MODEL PROVIDES BOTH POSITIONS OF THE END-EFFECTOR AND 

THE POSITIONS FOR ALL JOINTS (BOTH ACTIVE AND PASSIVE) AND CAN BE EASILY 

PARAMETERIZED TO TAKE INTO ACCOUNT SOME ERROR FACTORS (SUCH AS GEOMETRIC ERRORS 

AND THERMAL DEFORMATIONS) IN CASE IT IS DESIRED TO IMPLEMENT IT ON THE ROBOT 

CONTROLLER IN ORDER TO COMPENSATE THESE ERRORS. 

 
KEY WORDS: PALLETIZING ROBOT, FORWARD KINEMATICS, CLOSED KINEMATIC CHAIN, 

NEW APPROACH.  

 

 

 

 

 

INTRODUCTION  
In the specific literature there are just few articles on the topic of forward kinematic 

modeling for robots with a closed kinematic chain structure (usually robots used in 

palletizing applications)3. Usually, the DH convention is used with applying of some 

simplifications, such as ignoring passive joints and structural elements that are part of the 

closed cinematic chain, leading to something similar to the modeling of the 4 DOF robots 

without a closed kinematic chain, fact that is not true in reality. In the idea that the robots are 

                                                           
1Asst. Prof. Eng. University Politehnica of Bucharest, Romania, cozmin.cristoiu@gmail.com 
2Prof. PhD. Eng. University Politehnica of Bucharest, Romania, afnicolescu@yahoo.com 
3 Han, X.S.; Tian, Q.; Kinematics Analysis of Palletizing Robot; Advanced Materials Research, Vols. 915-916, 

ISSN: 1662-8985, pp. 477-481, Trans Tech Publications Ltd., 2014; Zhao, Y.G.; Xiao, Y.F.; Chen, T.; 

Kinematics analysis for a 4-DOF palletizing robot manipulator, Applied Mechanics and Materials, vol. 313-

314, pp. 937–940, 2013; Zhu, S.X.; Lei, Q.S.; Li, J.Q.; Analysis on influence coefficient of workspace about a 

configuration palletizing robot, Advanced Materials Research, vol. 630, pp. 321–324, 2013 

mailto:cozmin.cristoiu@gmail.com
mailto:afnicolescu@yahoo.com
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affected by errors, DH modeling (where the robot elements are considered to be rigid, and 

joint dimensions are considered null and where ambiguities exist due to location of the 

reference systems) no longer correspond to the real robot model and real behavior. As the 

result of researches carried out in4 it was proved that by adding error parameters in the 

kinematic model, it can be established a mathematical model that better fits the robot than the 

nominal kinematic model. In the researches carried on the structural and functional 

optimization in order to increase the performance of an IR5, 2 cases were considered for the 

elaboration of the analytical calculation model: 1) model of error unaffected IR (but including 

real constructive and functional parameters in addition to conventional DH parameters); 2) 

model of error affected IR (with modeling of the constructive and functional parameters in 

addition to the DH parameters and also the modeling of some error categories taken into 

account in the evaluation of the volumetric error). Such extended models have been studied, 

as in6 where, based on DH modeling, a model with 29 parameters was used to calibrate an 

open-kinematic (ABB IRB140) robot to improve the positioning precision approximately 3 

times. Error sources affecting the positioning accuracy of RI are presented in7 and 5 factors 

responsible for robot errors have been identified: ambient (temperature), parametric (e.g. 

kinetic parameter variation due to friction or assembly errors, influence of dynamic 

parameters, friction and other nonlinearities, including hysteresis and backlashes), 

measurement (resolution and nonlinearities of joints position sensors), calculation errors 

(approximations and "steady state" errors) and application (installation errors). Further on, 

this paper presents a new approach (which already has been validated on 2 open-kinematic 

chain robots with symmetrical and non-symmetrical structures, ABB IRB120 and ABB 

IRB140,8) to develop a forward kinematic model for a robot with closed cinematic chain 

structures with the modeling of the closed kinematic chain elements and all passive joints. 
 

TECHNICAL SPECIFICATIONS AND FUNCTIONAL PARAMETERS OF THE 

STUDIED ROBOT 

The robot model is ABB IRB 4609 and features a closed kinematic chain structure that 

ensures a horizontal position of the final flange through this mechanical synchronization 

system. This robot type is commonly used in palletizing operations. The robot has 5 degrees 

of freedom but only 4 are motorized (A - axis 1, B – axis 2, C – axis 3, D – axis 6). Main 

technical specifications and functional parameters may be found in ABB IRB 460 technical 

manual10.  

 

THE NEW APPROACH FOR FORWARD KINEMATICS 

The first step in the realization of the forward kinematics is the elaboration of the wireframe 

kinematic scheme with the allocation of the joint reference systems and the identification of 

the necessary parameters for the homogenous coordinate transformation matrices. What can 

                                                           
4 Georgia-Cezara, A.; Cercetări privind optimizarea structural – funcţională a axelor comandate numeric ale 

RI, în vederea creşterii performanţelor acestora , PhD. Thesis, “Politehnica” University of Bucharest, 2014 
5 Georgia-Cezara, A.; Cercetări privind optimizarea structural – funcţională a axelor comandate numeric ale 

RI, în vederea creşterii performanţelor acestora , PhD. Thesis, “Politehnica” University of Bucharest, 2014 
6 Nubiola, A.; Bonev I.A.; Absolute calibration of an ABB IRB 1600 robot using a lasertracker, Robot Comp 

IntegrManuf 2013;29(1):236–45 
7 Mehdi, C.; Jean-Yves K.; Alex B.; Thermal aspects on robot machining accuracy, Virtual Concept 2010 , 

Bordeaux, France 
8 Cristoiu, C.A.; Nicolescu, A.F.; New approach for forward kinematic modeling of industrial robots; 

Management and Innovative Technologies Conference – MIT2017; Sinaia, Romania, 2017 
9 ***ABB Product specification IRB460; Document ID: 3HAC039611-001;Copyright 2010-2017 ABB; 

www.abb.com/robotics 
10 ***ABB Product specification IRB460; Document ID: 3HAC039611-001;Copyright 2010-2017 ABB; 

www.abb.com/robotics 
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be seen on the kinematic scheme shown in fig. 1 (different from the DH convention) is the 

same orientation of the axis systems attached to each joint. To make it easier to understand 

for the moment just a simple model compatible with DH was developed (for now just few 

distances on Y axis between joints being taken into account, most of the joints being 

considered in the symmetry plane) following that in the near future the complete model to be 

developed with the real geometric parameters similar to the kinematic schemes presented 

in11. In the wireframe, represented in black color from L1 to L7 are specified the dimensions 

from the robot’s datasheet and with the red color from L1p to L7p are specified dimensions 

measured on the virtual model of the robot and which are corresponding to the closed 

cinematic chain. The active joints are represented with a blue circle and the passive joints 

with red circles.  

The mathematical modeling is still based on homogeneous coordinate transformations 

using successive transformations matrices from one joint to another. The general form of 

homogenous coordinate transformation matrix (4x4) composed from 4 separate sub-matrices, 

is the following: 

                                                           T = (
𝑅 𝑝

η𝑇 𝜎
)                                                              (1) 

where: R = fundamental rotational matrix (3x3) 

            p = translation vector (3x1) 

 η = perspective vector (1x3) (in kinematics is the null vector) 

 σ = scale factor (usually = 1) 

Steps for kinematic modeling: 1) first the translation matrices are applied on directions X, Y, 

Z from joint “i” to joint “i+1” (without any  change in the orientation of the reference frame); 

2) rotational matrix is applied for joint “i+1”. Axis system of joint “i+1” will rotate around 

one of its own axis (depending which one is the rotation axis). Different from the modeling of 

the open-kinematic robots is only the multiplication with an additional rotation matrix 

(resetting in the normal position of some joints) as it is presented in the followings. 

 

                                                           
11 Nicolescu, A.F.; Ilie, F.M.;Alexandru T.G.; Forward and inverse kinematics study of industrial robots taking 

into account constructive and functional parameters modeling; Proceedings in Manufacturing Systems, Volume 

10, Issue 4, 2015, 157−16; ISSN 2067-9238 
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Fig. 1 Kinematic parameters and reference frames localization in the new approach 

Robot dimensions used further as link parameters were taken from robot product manual12. 

Table 2: Parameters table for kinematic modeling 
 

 
θp1 = θ2-θ3; θp2 =θ3; θp3=θ2; θp4 =θ3; θp5 =-1*θ2; θp6 =θ3; θp7 =0. 

                                                           
12 ***ABB Product specification IRB460; Document ID: 3HAC039611-001;Copyright 2010-2017 ABB; 

www.abb.com/robotics 

 

http://www.abb.com/robotics


 September 2017 
  

149 
 

 
Fig. 2 Joint notations 

Robot dimensions used further as link parameters were taken from robot product manual13.  

 
1) Transformation matrix from joint 0 to joint 1 

(

𝑐𝑜𝑠𝜃1 −𝑠𝑖𝑛𝜃1 0 𝑇. 𝑆𝑖𝑠. 𝑅𝑒𝑓1. 𝑋
𝑠𝑖𝑛𝜃1 𝑐𝑜𝑠𝜃1 0 𝑇. 𝑆𝑖𝑠. 𝑅𝑒𝑓1. 𝑌

0 0 1 𝑇. 𝑆𝑖𝑠. 𝑅𝑒𝑓1. 𝑍
0 0 0 1

) 

2) Transformation matrix from joint 1 to joint 2 

(

𝑐𝑜𝑠𝜃2 0 𝑠𝑖𝑛𝜃2 𝑇. 𝑆𝑖𝑠. 𝑅𝑒𝑓2. 𝑋
0 1 0 𝑇. 𝑆𝑖𝑠. 𝑅𝑒𝑓2. 𝑌

−𝑠𝑖𝑛𝜃2 0 𝑐𝑜𝑠𝜃2 𝑇. 𝑆𝑖𝑠. 𝑅𝑒𝑓2. 𝑍
0 0 0 1

) 

3) Transformation matrix from joint 1 to joint 3 

(

𝑐𝑜𝑠𝜃3 0 𝑠𝑖𝑛𝜃3 𝑇. 𝑆𝑖𝑠. 𝑅𝑒𝑓3. 𝑋
0 1 0 𝑇. 𝑆𝑖𝑠. 𝑅𝑒𝑓3. 𝑌

−𝑠𝑖𝑛𝜃3 0 𝑐𝑜𝑠𝜃3 𝑇. 𝑆𝑖𝑠. 𝑅𝑒𝑓3. 𝑍
0 0 0 1

) 

4) Transformation matrix from joint 2 to joint 

(

𝑐𝑜𝑠𝜃3 − 𝜃2 0 𝑠𝑖𝑛𝜃3 − 𝜃2 𝑇. 𝑆𝑖𝑠. 𝑅𝑒𝑓4. 𝑋
0 1 0 𝑇. 𝑆𝑖𝑠. 𝑅𝑒𝑓4. 𝑌

−𝑠𝑖𝑛𝜃3 − 𝜃2 0 𝑐𝑜𝑠𝜃3 − 𝜃2 𝑇. 𝑆𝑖𝑠. 𝑅𝑒𝑓4. 𝑍
0 0 0 1

) 

5) Transformation matrix from joint 3 to joint p1 

(

1 0 0 𝑇. 𝑆𝑖𝑠. 𝑅𝑒𝑓 𝑐. 𝑝 1. 𝑋
0 1 0 𝑇. 𝑆𝑖𝑠. 𝑅𝑒𝑓 𝑐. 𝑝 1. 𝑌
0 0 1 𝑇. 𝑆𝑖𝑠. 𝑅𝑒𝑓 𝑐. 𝑝 1. 𝑍
0 0 0 1

) 

6) Transformation matrix to reset joint p1 to 0 

(

𝑐𝑜𝑠𝜃𝑝1 0 𝑠𝑖𝑛𝜃𝑝1 0
0 1 0 0

−𝑠𝑖𝑛𝜃𝑝1 0 𝑐𝑜𝑠𝜃𝑝1 0
0 0 0 1

) 

7) Transformation matrix from joint p1 to joint p2 

11) Transformation matrix to reset joint 3 to 0 

(

𝑐𝑜𝑠𝜃2 − 𝜃3 0 𝑠𝑖𝑛𝜃2 − 𝜃3 0
0 1 0 0

−𝑠𝑖𝑛𝜃2 − 𝜃3 0 𝑐𝑜𝑠𝜃2 − 𝜃3 0
0 0 0 1

) 

12) Transformation matrix from joint 3 to joint p5 

(

1 0 0 𝑇. (3_𝑝5). 𝑋
0 1 0 𝑇. (3_𝑝5). 𝑌

0 0 1 𝑇. (3_𝑝5). 𝑍
0 0 0 1

) 

Distances from joint 3 to joint p5 on X,Y,Z axis 

were measured on the virtual cad model. 

 
 

13) Transformation matrix to reset joint p5 to 0 

(

cos (−𝜃2) 0 𝑠𝑖𝑛(−𝜃2) 0
0 1 0 0

−𝑠𝑖𝑛(−𝜃2) 0 𝑐𝑜𝑠(−𝜃2) 0
0 0 0 1

) 

 

14) Transformation matrix from joint p5 to joint p6 

(

1 0 0 𝑇. (𝑝5_𝑝6). 𝑋
0 1 0 𝑇. (𝑝5_𝑝6). 𝑌

0 0 1 𝑇. (𝑝5_𝑝6). 𝑍
0 0 0 1

) 

Distances from joint p5 to joint p6 on X, Y, Z 

axis were measured on the virtual cad model. 

 

15) Transformation matrix to reset p6 to 0 

                                                           
13 ***ABB Product specification IRB460; Document ID: 3HAC039611-001;Copyright 2010-2017 ABB; 

www.abb.com/robotics 
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(

1 0 0 𝑇. 𝑆𝑖𝑠. 𝑅𝑒𝑓 𝑐. 𝑝 2. 𝑋
0 1 0 𝑇. 𝑆𝑖𝑠. 𝑅𝑒𝑓 𝑐. 𝑝 2. 𝑌
0 0 1 𝑇. 𝑆𝑖𝑠. 𝑅𝑒𝑓 𝑐. 𝑝 1. 𝑍
0 0 0 1

) 

 

8) Transformation matrix from joint 4 to joint 5 

(

1 0 0 𝑇. 𝑆𝑖𝑠. 𝑅𝑒𝑓5. 𝑋
0 1 0 𝑇. 𝑆𝑖𝑠. 𝑅𝑒𝑓5. 𝑌
0 0 1 𝑇. 𝑆𝑖𝑠. 𝑅𝑒𝑓5. 𝑍
0 0 0 1

) 

9) Transformation matrix from joint 1 to joint p3 

(

𝑐𝑜𝑠𝜃𝑝3 0 𝑠𝑖𝑛𝜃𝑝3 𝑇. (1_𝑝3). 𝑋
0 1 0 𝑇. (1_𝑝3). 𝑌

−𝑠𝑖𝑛𝜃𝑝3 0 𝑐𝑜𝑠𝜃𝑝3 𝑇. (1_𝑝3). 𝑍
0 0 0 1

) 

Distances from joint 1 to joint p3 on X,Y,Z axis  

were measured on the virtual cad model. 

 

10) Transformation matrix from joint p3 to joint p4 

(

1 0 0 𝑇. (𝑝3_𝑝4). 𝑋
0 1 0 𝑇. (𝑝3_𝑝4. 𝑌

0 0 1 𝑇. (𝑝3_𝑝4). 𝑍
0 0 0 1

) 

Distances from joint p3 to joint p4 on X,Y,Z axis 

were measured on the virtual cad model. 

 

(

𝑜𝑠𝜃3 0 𝑠𝑖𝑛𝜃3 0
0 1 0 0

−𝑠𝑖𝑛𝜃3 0 𝑐𝑜𝑠𝜃3 0
0 0 0 1

) 

 

16) Transformation matrix from joint p6 to joint p7 

(

1 0 0 𝑇. (𝑝6_𝑝7). 𝑋
0 1 0 𝑇. (𝑝6_𝑝7). 𝑌

0 0 1 𝑇. (𝑝6_𝑝7). 𝑍
0 0 0 1

) 

Distances from joint p6 to joint p7 on X, Y, Z 

axis were measured on the virtual cad model. 
 

17) Transformation matrix to reset 5 to 0 

(

𝑐𝑜𝑠𝜃2 0 𝑠𝑖𝑛𝜃2 0
0 1 0 0

−𝑠𝑖𝑛𝜃2 0 𝑐𝑜𝑠𝜃2 0
0 0 0 1

) 

18) Transformation matrix from joint 5 to joint6 

(

𝑐𝑜𝑠𝜃6 −𝑠𝑖𝑛𝜃6 0 𝑇. 𝑆𝑖𝑠. 𝑅𝑒𝑓6. 𝑋
𝑠𝑖𝑛𝜃6 𝑐𝑜𝑠𝜃6 0 𝑇. 𝑆𝑖𝑠. 𝑅𝑒𝑓6. 𝑌

0 0 1 𝑇. 𝑆𝑖𝑠. 𝑅𝑒𝑓6. 𝑍
0 0 0 1

) 

 

 

By multiplication of the frame transformation matrices for the right joints the solution of 

forward kinematics can be obtained in order to compute position and orientation for each 

joint or for the end-effector position. Position and orientation of each joint can be obtained 

from the previous equations as follows: 

 
Joint 1 = T01 

Joint 2 = T01*T12 

Joint 3 = T01*T13 

Joint 4 = T01*T12*T24 

Joint 5 = T01*T12*T24*T45 

Joint 6 = T01*T12*T24*T45*T5 reset*T56 

 

Joint p1 = T01*T13*T3p1* Tp1 reset  

Joint p2 = T01*T13*T3 p1*Tp1 reset*Tp1 p2 

Joint p3 = T01*T1-p3*Tp3 reset 

Joint p4 = T01*T1-p3 *Tp3-p4 

Joint p5 = T01* T13* T3 p5* Tp5 reset 

Joint p6 = T01*T13 *T3 p5* Tp5 reset*Tp5 p6*Tp6 reset 

Joint p7=T01*T13*T3p5*Tp5reset*Tp5p6*Tp6reset*Tp6 p7 

 
 

Robot’s end flange characteristic point is obtained by multiplying coordinate transformation 

matrices from base to axis 6  as follows: 

Tbase-end flange=T01*T12*T23*T34*T45*T56 = (

𝑅11 𝑅12 𝑅13 𝑃𝑥
𝑅21 𝑅22 𝑅23 𝑃𝑦
𝑅31 𝑅32 𝑅33 𝑃𝑧

0 0 0 1

)       (19) 

 

  VALIDATION OF NEW MODELING FORMALISM WITH 3D CAD MODEL 

 The virtual model of the ABB IRB 460 robot was downloaded from the 

manufacturer’s CAD database. The files were imported in CATIA V5 software and then 

assembled in Assembly workbench. Joint definition and constrained were created in DMU 

Kinematics workbench. Here are also set the commands for joints movement and „Measure“ 

tags are created for monitoring each joint position. 
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 In order to compute each joint position, the mathematical model was implemented in 

an excel files with 35 matrices (18 transformation matrices + 17 matrices multiplications). 

Only the first and the last ones are presented in the following fig. 4 and 5. 

 On the virtual model, multiple joint commands were set up. For each different pose of 

the robot configured in the virtual model, same joint values were set as parameter in the excel 

file. For each pose, same results were obtained both in the virtual CAD model (fig. 6) and in 

the mathematical model of the new forward kinematic model implemented in excel (fig. 7). 

In fig. 6 and fig. 7 there are presented the initial results for the “Home” pose as well for a 

random configuration (θ1=1500, θ2=350, θ3=400, θ6=300). 

 

 
 

Fig. 3 Robot virtual model, measure tags, DMU Kinematics tree specification / command window 

 

 

 
Fig. 4 Parameters table, first transformation and multiplication matrices and results table 
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Fig. 5 Last joint transformation and multiplication matrices and final flange position 

 

 
Fig. 6 Virtual model results for “Home” pose and random pose 

 

 

 
Fig. 7 Mathematical model results for “Home” pose and random pose 

 

 

CONCLUSIONS 

In this paper a new approach was presented regarding the elaboration of the mathematical 

model for the forward kinematics of robots with closed cinematic structures (as is usually the 

case with robots dedicated to palletizing operations). This approach also involves modeling 

the passive joints and taking into account the elements of the closed kinematic chain. For the 

first time, a mathematical model is presented in which not only the position of the active 

joints but also the position of the passive joints is monitored. This is of great importance if 

there is a need to develop a model that takes into account real functional constructive 
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parameters. For example, the thermal deformations that may occur in the elements of the 

closed kinematic chain structure can seriously affect the positioning accuracy of the robot as 

well as the orientation of the axis 6 which for this type of robots must mandatory be in a 

vertical position to ensure the end flange parallelism with the ground. Applying the approach 

presented in this paper facilitates the development of a complete mathematical model, where 

error parameters can easily be introduced as simple displacements in the parameter table 

(chapter 3, Table 2). This method is also more easily to be applied by using reference frames 

with same orientation on the robot’s entire structure. This fact is also avoiding DH 

ambiguities about positioning of reference frames and provides a clear general method to be 

used by everyone. The mathematical results were computed within an excel file and 

compared with the robot’s virtual model. The results were identical proving the new method 

is correct. 

 

 

  



Research and Science Today Supplement No. 2/2017 

  

154 
 

REFERENCES 

 

1. Han, X.S.; Tian, Q.; Kinematics Analysis of Palletizing Robot; Advanced Materials Research, Vols. 

915-916, ISSN: 1662-8985, pp. 477-481, Trans Tech Publications Ltd., 2014 

2. Zhao, Y.G.; Xiao, Y.F.; Chen, T.; Kinematics analysis for a 4-DOF palletizing robot manipulator, 

Applied Mechanics and Materials, vol. 313-314, pp. 937–940, 2013 

3. Zhu, S.X.; Lei, Q.S.; Li, J.Q.; Analysis on influence coefficient of workspace about a configuration 

palletizing robot, Advanced Materials Research, vol. 630, pp. 321–324, 2013. 

4. Georgia-Cezara, A.; Cercetări privind optimizarea structural – funcţională a axelor comandate 

numeric ale RI, în vederea creşterii performanţelor acestora , PhD. Thesis, “Politehnica” University of 

Bucharest, 2014 

5. Nubiola, A.; Bonev I.A.; Absolute calibration of an ABB IRB 1600 robot using a lasertracker, Robot 

Comp IntegrManuf 2013;29(1):236–45 

6. Mehdi, C.; Jean-Yves K.; Alex B.; Thermal aspects on robot machining accuracy, Virtual Concept 

2010 , Bordeaux, France 

7. ***ABB Product specification IRB460; Document ID: 3HAC039611-001;Copyright 2010-2017 

ABB; www.abb.com/robotics 

8. Nicolescu, A.F.; Ilie, F.M.;Alexandru T.G.; Forward and inverse kinematics study of industrial 

robots taking into account constructive and functional parameters modeling; Proceedings in 

Manufacturing Systems, Volume 10, Issue 4, 2015, 157−16; ISSN 2067-9238. 

9. Cristoiu, C.A.; Nicolescu, A.F.; New approach for forward kinematic modeling of industrial robots; 

Management and Innovative Technologies Conference – MIT2017; Sinaia, Romania, 2017 

 
 

 

 

 
 

 

 

 

 

 

 

 

 

 

  

 

  

 

 

 

 

 

 



          September 2017        
  

155 
 

Engineering 
  

CONCEPTUAL AND FUNCTIONAL STUDY OF A MULTI-

ROTOR DRONE PROTOTYPE USED FOR SECURITY 

APPLICATIONS 
 

 

 

Mihai-Alin STAMATE1  

Adrian NICOLESCU2 
 

  

 

 
ABSTRACT:  
THIS PAPER PRESENTS THE DESIGN AND FUNCTIONAL STUDY OF THE PROTOTYPE OF A MULTI-

ROTOR (HEXAROTOR) DRONE AND SUBSEQUENTLY OF ITS ACTUAL PROTOTYPE REALIZATION. 

THE DRONE IS INTENDED TO BE USED IN SECURITY APPLICATIONS FOR INDUSTRIAL FACILITIES 

OF STRATEGIC INTEREST, GOVERNMENTAL INSTITUTIONS, DETENTION CENTERS, BORDER 

SURVEILLANCE ETC.  
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INTRODUCTION 

The paper presents the solution of a hexarotor drone, adopted for designing and 

practical implementation. 

Following the elaborate calculation abstract and considering the experimental data 

obtained, the solution chosen, presented in this article, is a hexarotor in X model, given that 

this solution exhibits much higher air stability due to the resulting lift force created by the 

rotation of the six rotors (fig. 1)3. 

A multirotor UAV (unmanned aerial vehicle) is an unstable dynamical six-degree of 

freedom system consisting of three-dimensional translation and three rotational movements. 

The translation motion is obtained by altering the direction and magnitude of the vertical 

traction force4. 

                                                           
1 PhD Student, MSC Eng. University Politehnica of Bucharest, Romania, stamyhay@yahoo.com 
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For fixed rotor blades (relatively to those mounted on drones) the rotational movement 

for drone tilting is accomplished by individual variations of the rotor speeds to create rotation 

torques around the rotation center. The magnitude of the rotor speeds results in the magnitude 

of the traction force vector5. 

The movement of the multi-rotor vehicle in two dimensions is illustrated in fig.2-fig.4. 

 

COORDINATE SYSTEMS ASSOCIATED WITH THE DRONE 

To analyze the behavior of the drone, two coordinate systems were used to represent 

the position and orientation of the hexarotor in the three dimensions work space, namely: the 

ground coordinate system and the hexarotor coordinate system6. 

The ground coordinate system is a fixed reference system, so that, if it is desired to 

define a spatial route of the drone it will be followed, by referring to this coordinate system. 

The hexacopter coordinate system is chosen to be aligned with the drone mounted 

sensors, so that the x-axis will be oriented in the forward direction (the red mounting heads of 

the motors), the y-axis oriented to the left and the upward-facing axis, perpendicular to the 

plane determined by the axes x and y7. (See Figure 5) 

    
    Fig.1 Hexarotor in X, highlighting the     Fig.2 The propellers rotate at the same angular velocity       

rotational direction of the propellers and                        so that the total lift force vector is in the same direction  

   the direction of the drone (white arrow)                                             as the force of gravity vector 

                                                                                                                                                                                     
Cambridge University Press, 2000; Christian Månsson; Daniel Stenberg, Model-based Design Development and 

Control of a Wind Resistant Multirotor UAV, Department of Automatic Control, Lund University,  2014; V. 

Martínez, Modelling of the Flight Dynamics of a Quadrotor Helicopter, Department of Aerospace Sciences: 

Cranfield University, Cranfield, Bedfordshire, United Kingdom, 2007 
5 V. Artale; C.L.R. Milazzo; A. Ricciardello, Mathematical Modeling of Hexacopter, Kore University of Enna 
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Control of a Wind Resistant Multirotor UAV, Department of Automatic Control, Lund University,  2014; R. 
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and Automation (ICRA), 2012 IEEE International Conference on, year = 2012, pages = 4937–4942, organization 

= IEEE 
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Control of a Wind Resistant Multirotor UAV, Department of Automatic Control, Lund University,  2014; R. 
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and Automation (ICRA), 2012 IEEE International Conference on, year = 2012, pages = 4937–4942, organization 
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Fig.3 By varying the speed of rotation of the                 Fig.4 The direction of the total thrust vector does not  

    propellers result in a torque of rotation                     coincide with the direction of the gravitational force,

                     resulting in a horizontal acceleration 

 

 

THE ROTATION AXES  

The attitude of the drone is defined as the orientation of the drone’s coordinate system 

to the Earth's coordinate system. This represents the rotation of the drone around its x, y and z 

axes, by using the right-hand rule, and consists of three movements: roll, pitch, and yaw8 (See 

Figure 6) 

The attitude is controlled by changing the speed of the motors, implicitly by the speed 

of rotation of the propellers, the rotors being numbered clockwise, with the rotor number 1 

being in the right front position of the hexacopter9 (See Figure 5) 

The roll (roll) represents the rotation movement around the x axis, obtained by 

increasing / decreasing the speeds 1, 2 and 3, and simultaneously by increasing / decreasing 

the rotation speed of the rotors 4, 5 and 6. During this maneuver a torque of rotation around 

the x-axis and thus an angular acceleration occurs. The rotation angle for roll motion is noted 

with φ and is measured in rad/s10. 

The pitch is the rotational movement around the y-axis and is achieved by increasing / 

decreasing the speed of the rotors 1 and 6 and simultaneously by increasing / decreasing the 

rotation of the rotors 3 and 4. Since the y-axis direction coincides with the position of the 
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rotors 2 and 5, they do not affect the pitch rotational motion. The pitch motion is noted with θ 

and is also measured in rad/s11. 

                           
                  Fig.5 The hexacopter coordinate system and                            Fig.6 The hexacopter rotation axis: 

                                numbering of the rotors                                            roll (x-axis), pitch (y-axis), yaw (z-axis)  

           

The yaw represents the rotation movement around the z axis. In the case of this 

movement, each propeller creates a torque around the z-axis when rotating. Thus, this torque 

is directed in the opposite direction to the rotation direction of the rotor. If the propeller 

rotates clockwise, it will create a trigonometric rotation around the z-axis12. 

To maintain a stable hexacopter, it is necessary to rotate the rotors in different 

directions so that the three rotors rotate clockwise and the other three in the trigonometric 

sense. The rotation movement is achieved by decreasing / increasing the speed of the rotors 1, 

3 and 5 and simultaneously increasing/decreasing the rotation speed of the rotors 2, 4 and 6. 

The rotation angle for the rotation motion is noted with ψ and is measured in rad/s13. 

 

THE VIRTUAL PROTOTYPE OF THE HEXACOPTER  
The virtual 3D prototype of the hexacopter was realized using SOLIDWORKS CAD 

software (See fig. 8-fig.9). 

In order to achieve the best performance of the hexacopter, a calculation algorithm was 

developed in order to analyze the behavior of the drone in all flight modes (hover, ascending 

flight, forward flight, rotation around the center axis, lateral flight). The calculations results 

were correlated and validated with the data obtained from the dedicated software platform 
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4937–4942, organization = IEEE 
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existing on the website www.ecalc.ch, which allows, based on the user’s inputs, to verify if 

the chosen version of the drone's motors is correct and able to fly without errors14.  
 

 
Fig.7 The hexacopter dimension figures 

 

Figure 9 illustrates the fully equipped PROTOTYPE of the hexacopter including: 13” 

carbon fiber propellers, brushless motors, 4S LiPo battery, ESCs (Electronic Speed 

Controller), main controller, tilt-pan orienting system, camera, PMU (Power Module Unit), 

GPS antenna and receiver [6]. 

 

 
Fig.8 The CAD prototype of the hexacopter  

 

                                                           
14 Drone configuration calculation checking, range estimator, motor characteristic at full throttle evaluation; 

[Online]. Site: https://www.ecalc.ch/xcoptercalc.php 

http://www.ecalc.ch/
https://www.ecalc.ch/xcoptercalc.php
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Fig.9 Hexacopter PROTOTYPE fully equipped 

 

 
Fig.10 Choosing the components that equip the drone15 

 
Fig.11 Verifying the actual configuration16 

(the green circle with white check mark indicates that the actual configuration has been properly chosen) 
 

                                                           
15 Drone configuration calculation checking, range estimator, motor characteristic at full throttle evaluation; 

[Online]. Site: https://www.ecalc.ch/xcoptercalc.php 
16 Drone configuration calculation checking, range estimator, motor characteristic at full throttle evaluation; 

[Online]. Site: https://www.ecalc.ch/xcoptercalc.php 

https://www.ecalc.ch/xcoptercalc.php
https://www.ecalc.ch/xcoptercalc.php
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Fig.12 Hexacopter range estimator17 

 

 
Fig.13 Brushless motor characteristics at full throttle18 

 
Fig.14 Choosing the right motor-propeller combination19 

 

Figures 10-14 illustrate the data obtained from the simulations performed on the 

www.ecalc.ch platform, using the chosen variant of the driving equipment mounted on the 

hexarotor, to identify any inconsistencies or errors that may occur during its flight20. 

                                                           
17 Drone configuration calculation checking, range estimator, motor characteristic at full throttle evaluation; 

[Online]. Site: https://www.ecalc.ch/xcoptercalc.php 
18 Drone configuration calculation checking, range estimator, motor characteristic at full throttle evaluation; 
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Fig.15 Wiring diagram 

 

 

CONSTRUCTIVE AND FUNCTIONAL ASPECTS OF THE HEXAROTOR 
Figure 15 shows the wiring diagram, where the connection of the avionics 

components is highlighted. They connect to the central element of the hexarotor - the main 

controller, which provides the processing power required for the evolution of the drone 

during flight and is equipped with intelligent computing and navigation control systems, a 32-

bit processor, integrated anti-vibration sensor, metal housing, supports dual S-BUS reception, 

sends warnings in case of failure. 

Power is provided by a 4S LiPo battery pack with a capacity of 6600 mAh, voltage - 

14.8V. From the battery (indicated on the Battery 2-6S circuit diagram), a fraction of the 

voltage is distributed through the upper plate (which also acts as the voltage distribution 

board) to the 6 Electronic Speed Controllers (ESC), which, in turn, through the engine control 

software distributes the voltage to brushless electric motors. 

The other fraction of the voltage supplied by the battery passes through the power 

distribution module (PMU) from where it is divided into 2 bus lines: the 5V bus provides the 

voltage required for the main controller (coupled to the PMU-5V slot) and the other, a 12-volt 

bus system provides power to the tilt-pan camera system. For the 3-axis tilt-pan control part, 

the power supplying cable is inserted into the tilt-pan system slot and on the controller. 

Motor's control is achieved by coupling servo cables to the M1-M6 ports on the 

controller (corresponding to the 6 ESCs). At the other end of the controller, the servo cables 

are inserted into the appropriate CH1-CH8 slots, and the opposite end of the servo cables is 

inserted into the slots on the receiver. 

In the case of the hexarotor, the control of the motors is made through channel 3 on 

the receiver. 

                                                                                                                                                                                     
20 Drone configuration calculation checking, range estimator, motor characteristic at full throttle evaluation; 
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The GPS antenna connects to the GPS slot on the controller. To program the different 

flight modes and set the control limits on the 3 axes: pitch, roll, rotation, via a USB cable, the 

drone is connected to the PC and the software can be programmed (on the pink cable scheme 

- Cable to PC). To indicate the operation modes with the help of light signals, a LED unit has 

been installed, connecting it to the LED / OSD slot on the controller. Optionally, if a FPV - 

First Person View system is installed, it will require an OSD - On Screen Display equipment, 

which will also connect to the LED / OSD slot on the controller. 

In the following, there are briefly presented the components used for the practical 

realization of the above mentioned hexarotor solution. 

For the frame side, carbon fiber tubes were used, like the landing gear arms for engine 

mounts due to the reduced weight of the material. As a support of the above-mentioned arms, 

landing gear and avionics and camera equipment, two carbon fiber plates (upper and lower) 

were used, which are assembled with screws. After checking the obtained data, the next step 

was to equip the drone, as shown in the following lines. For propulsion, the hexarotor was 

equipped with Tarot 4006/620KV brushless electric motors. To control the engine start/stop 

phases, speed and rotating direction ESCs (Electronic Speed Controller) were mounted at the 

bottom side of the motors. The type of the ESC chosen is Hobbywing XRotor 40A-OPTO. 

To produce lift 13" carbon fiber propellers, Tarot 1355 type, were used, and as a power 

source the hexarotor was equipped with a 4 cell LiPo 6600 mAh battery, Multistar 6600mAh 

Lipo type. 

For the avionics part, the drone was equipped with a main controller (the central 

component that also provides the automatic pilot function and controls the flight modes of the 

drone), Tarot ZXY-M model, a GPS antenna, a voltage distribution module, to supply power 

from battery to consumers, a USB module to program the drone, and, of course, the Tx-Rx 

radio frequency transmission equipment pack, Turnigy TGY 9x model. 

Considering the purpose of this hexarotor, namely, perimeter surveillance, it is mandatory 

to equip the drone with a surveillance camera. For this purpose, it was used a 3-axis steering 

and position control system from an integrated Tarot T4-3D controller. Surveillance is 

achieved with a Turnigy Action Cam video camera, which can shoot at a resolution of 1080p, 

and its autonomy is ensured by a battery. 

As an auxiliary solution, the drone can be equipped with infrared surveillance camera 

(FLIR – Forward Looking Infrared) or thermal imaging camera for surveillance in difficult 

visibility conditions (at night or in dense conditions). 

 

CONCLUSION 

The mechanical structure of the hexarotor, the elaborated calculation algoritm which 

shows the behavior of the drone during various flight maneuvers (hover flight, forward flight, 

lateral flight, ascensional flight, rotation around the vertical axis), the selection of the number 

and type of the motors equiping the drone, the correlation of the payload to be mounted on 

the hexarotor and driving system component;s selection, as well as the integration of the 

avionics components and the Tx remote control, represent original contributions to this work. 

From the cost point of view, compared to a similar constructive-functional solution 

available on the market at a price of approximately EUR 3,800 - 4,500, the solution presented 

in this paper has a final price of about EUR 1,500, resulted by cumulating the price of the 

components that equip the drone, the materials and tools used for construction. Thus, on may 

conclude too that this drone represents an better financial solution to be used in perimeter 

securing applications, for the surveillance of industrial facilities of strategic interest, 

government buildings, detention centers, borders, illegal border crossing. 
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ABSTRACT:  
IF PHILOSOPHY AND ENGINEERING ARE REGARDED AS (APPARENTLY) INCOMMENSURABLE 

PARADIGMS WE CAN MAKE THEM COMPATIBLE BY ANALYZING THEIR BASIC ASSUMPTIONS MADE 

IN DIFFERENT THEORETICAL AND PRACTICAL CONTEXTS. AND THUS, THE BUILDING OF OUR 

BRIDGE DEPENDS ON HOW WE SEE THE WORLD, AS AN UNIVERSAL OR A FRAGMENTED ONE? THE 

CENTRAL CLAIM OF THIS PRESENTATION IS THAT BY ADOPTING THE PRINCIPLE OF A “THIN 

UNIVERSALISM” WE CAN CREATE A COMMON GROUND FOR PHILOSOPHERS AND ENGINEERS TO 

SUSTAIN COHERENTLY THEIR ARGUMENTS. AND THUS THE BUILDING OF A THEORETICAL BRIDGE 

WOULD INVOLVE THE EXERCISE OF OUR PRACTICAL REASON BY WHICH WE GAIN COMMON 

SENSE AND REASONABILITY. 

 
KEY WORDS: PARADIGM, ASSUMPTIONS, THIN UNIVERSALISM, PRACTICAL REASON, 

THEORETICAL BRIDGE. 

 

 

 

 

 

INTRODUCTION 

For most people, engineering and philosophy has not too much in common. Engineers 

could build a bridge without philosophical knowledge. But can philosophers build a 

“theoretical” bridge between (apparently) incommensurable paradigms? The central claim of 

this presentation is that philosophy, and also humanities and social sciences, has a double-

task in engineering education:  

a) to provide tools for conceptual clarification and for a better understanding of our 

multiple social engagements in a plural world;  

b) to contribute to the decisions regarding internal or ethical and professional issues of 

engineering design. 
 

A BRIDGE BETWEEN PHILOSOPHY AND ENGINEERING 

The study of epistemology and philosophy of science would point out that the source of 

our misunderstandings about the nature and objectives of scientific knowledge rests upon 

different theoretical presuppositions we assume when taking about science, truth or reality. 

The reconstruction of these assumptions, and of some historical debates Kuhn vs. Popper or 

                                                           
1 This is an amended version of a paper presented at the International Workshop Actual Research Topics in 

Fluid Mechanics in relation to History and Philosophy of Science, Sinaia. 2012, entitled ”Is philosophy 

important for engineering education?” 
2 Associate Professor, University POLITEHNICA of Bucharest, ROMANIA 
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Bohr vs. Einstein, would improve students ability to use the proper meaning of the concepts 

and to shape their arguments and research interests. Could we give a more consistent account 

of virtual reality by using the distinction between nature and convention in Greek 

philosophy? Is Kant’s view on a priori conditions of experience useful for understanding the 

role of experimental conditions in quantum mechanics? But the reconstruction of various 

philosophical, theoretical and cultural assumptions made in different historical contexts is 

also important for explaining and understanding social practices and political ideas which 

necessarily involve evaluation. Are there differing criteria of rationality? How can we 

understand beliefs, practices and personal projects of the others without recourse to our own 

assumption about what is rational? Is then possible to establish a set of minimum conditions, 

or thin universalism, for a reasonable public space of reciprocity and mutual respect? 

At this point, humanities and social sciences play an important role for a critical 

judgment and evaluation of our complex social arrangements and social responsibility in a 

global world (figure 1).  

As citizens we are making immense demands on one another. These cannot be idly 

undertaken or easily dispatched. Our personal projects and preferences will have to be 

compatible with the projects and preferences of (relevant) others. Our attention will 

necessarily have to be focused on ways of co-operating rather than on specific objectives. 

Why we should accept the burden of mutual restraint is a matter that must be settled 

discursively. 

 

 
Figure 1 Complex social arrangements and social responsibility in a global world3 

 

 

                                                           
3 *** http://i.dailymail.co.uk/i/pix/2008/04/17/article-1015690-00F34D7100000578-713_468x540.jpg 



          September 2017        
  

167 
 

 

 

The study of social sciences is thus relevant for assessing that social cooperation is the 

only way for realizing our human capacities and practical nature as free and equal moral 

persons.  

What kind of ethical choice is involved in engineering design? Most engineers think 

that ethical issues refer to human rights or to the good of our life. Others would think that is 

not ethical to produce parts or components in countries where children labor is exploited.  

But professional ethical issues are questions of safety, risk, liability, privacy, 

environmental protection which cannot be solved with engineering methods. Philosophy 

(especially ethics) is an internal need for engineering in designing decisions. The main target 

is to establish a normative framework which contains all obligations given by political 

regulation and obligations resulting from technical codes and standards and codes of ethics4. 

This normative framework involves an engagement to competitive moral values (for 

example, utilitarianism, perfectionism or human rights) which would shape practical 

argument and choices.  

Let us briefly examine the criteria of accreditation for engineering education in US. 

According to the American organization called Accreditation Board for Engineering and 

Technology (ABET) engineering programs require a minimum of: 

a) one year of mathematics and basic sciences. 

b) one half year of humanities and social sciences 

c) one and half year of engineering topics. 

If we add ‘skills’, competence in written and oral communications, associated with liberal 

arts, the ABET require students to complete one year of humanities study. These 

requirements are necessary to meet the objectives of a broad education but also to make 

engineers fully aware of their social responsibilities so to take into account related factors in 

the decision-making process5. 

 

CONCLUSION 

How philosophers and engineers are seeing the world depend upon the values and 

preferences made in specific circumstances. In building our identities we have to take into 

account our complex moral, social and practical engagements which shape these identities. 

According to Clifford GEERTZ we live in a “world in pieces” which involves the radical 

contingency of our judgments, but this contingency is not an obstacle for our understanding 

and agreement6. Recognizing the principle of a”thin universalism” would define the 

intelligibility of each context.  

 

 

                                                           
4 Armin GRUNWALD, “Against Over-estimating the Role of Ethics in Technology Development”, Science and 

Engineering Ethics, 6 (2), 2000, 181-196 
5 Carl MITHCHAM, ‘The Importance of Philosophy to Engineering’, Teorema, vol. XVII/3, 1998, 31-32 
6 Clifford GEERTZ, “The World in Pieces: Culture and Politics at the End of the Century”, in his Available 

Light: Anthropological Reflections on Philosophical Topics Princeton, Princeton University Press, 2000, pp. 

218-63 
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Figure 2. The bridge between Philosophy and Engineering 

 

Between Philosophers and engineers should be established a common ground in order 

to express coherently their arguments (Figure 2). Our practical reason is not a simple floating 

entity arbitrating neutral between various claims and identities. Far from being just an 

expression of our rationalized interests, is an exercise by which we gain common sense and 

reasonability. 
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ABSTRACT 

THE NEW TECHNOLOGICAL DEVELOPMENTS IN THE INDUSTRIAL ENVIRONMENT CALL FOR A 

LEADERSHIP BASED ON COLLABORATIVE STRATEGIES, A LEADERSHIP THAT PRODUCES 

RESPONSIBILITY AND OVERCOMES TRADITIONAL METHODS.  UNDER THESE CIRCUMSTANCES, WE 

PROPOSED THE ANALYSIS OF THE CHARACTERISTIC FEATURES FOR AN ECOLOGICAL 

LEADERSHIP (EL) IN THE CASE OF STUDENTS IN THE FIELD OF ENGINEERING SCIENCES. 

STARTING FROM THE EL PARADIGM, CONCEIVED IN TERMS OF ACTIVE SEARCH FOR 

OPPORTUNITIES FOR SHARING AUTHORITY, RESPONSIBILITY AND RESOURCES, WE PROPOSED 

THAT THE CONTENT OF THE NOTION OF ECOLOGICAL EL SHOULD INTERFERE WITH VARIABLES 

SUCH AS SOCIAL RESPONSIBILITY, EMOTIONAL INTELLIGENCE, HONESTY, PERSEVERANCE, SPIRIT 

OF PERFECTION, PLANNING, AUTONOMY, RESONANCE WITH NATURE, ETC. 

IN ORDER TO CARRY OUT THE RESEARCH, WE USED A TOOL THAT INCLUDED THE SCALES 

EXTRACTED FROM TWO VALIDATED AND CALIBRATED INSTRUMENTS ON THE ROMANIAN 

POPULATION, NAMELY A PERSONALITY QUESTIONNAIRE ABCD-M AND EMOTIONAL INTELLIGENCE 

QUESTIONNAIRE BARON - EQ-I. 

THE ANALYSIS OF THE RESULTS REVEALED THE CHARACTERISTICS OF THE GROUP: OPENNESS TO 

EXPERIENCE, DEEPENING, RESPECT FOR OTHERS, ACTIVISM, DESIRE FOR PERSONAL 

AFFIRMATION AND EMOTIONAL INTELLIGENCE OVER MEDIA. THE RESULTING FACTORIAL 

SOLUTIONS ARGUE THAT ECO-FRIENDLY LD COULD BE DEFINED BY RESPONSIBILITY FOR 

PERSONAL INITIATIVES, SOCIAL CONSCIENCE, FAIRNESS AND PROFESSIONAL COMPETENCE AND 

SOCIAL EFFICIENCY. 

 
KEY WORDS: LEADERSHIP ECOLOGICAL, SOCIAL RESPONSIBILITY, EMOTIONAL 

INTELLIGENCE, SOCIAL EFFICIENCY, ENGINEERING STUDIES 

 

 

 

 

 

INTRODUCTION 

The current trend is to conquer new frontiers, from geographic to technological, 

limiting being imposed only temporarily. The real question is not where, but when, the 

technology will make a new leap? 

The great challenges of the global economy put forward visionary leaders in a "virtual" 

symphony on the consequences of current crises: social, cultural, environmental, political, 
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and economic. How virtual is this symphony? This virtual symphony can be explained like a 

temporal dimension, but also as an opposition to the real size. Can we build a "Brave New 

World" from a humanist perspective and less from the perspective of technological 

innovation? The "philosophical stone" of "Brave New World" would be an ecological 

leadership in perfect harmony with the challenges of Industry 4.0. 

Industrial ecology, said Daniel Goleman, is an area that addresses environmental 

challenges, and this is a young field dating back to at least two decades. The subject of study 

of this new field, after Goleman, aims to evaluate the multiple consequences of launching any 

new products or services in the field of modern technology. 

In order to reduce the impact of the consequences on the environment, we should return 

to the germination phase of the idea until it reaches the final technology. 

A new type of Leadership, namely Ecological leadership, would meet these challenges. 

 

TRADITIONAL LEADERSHIP VS ECOLOGICAL LEADERSHIP  

The usual approaches to sustainable development, corporate social responsibility, 

product innovation are insufficient for the radical transformation of organizations into an 

ecological leadership. In order to respond to global challenges, the concept of leadership - a 

traditional and mechanistic concept at present - should be rebuilt and rediscovered a new 

paradigm: Ecological Leadership (EL). 

The traditional model of leadership, a charismatic model based on hierarchical models, 

is characteristic and is recommended especially during times of crisis or for reaching the 

objectives. In stability situations, when the emphasis focuses on the collaboration and 

involvement of all stakeholders, the recommended model is ecological leadership4. 

Traditional perspective of leadership is inadequate to make on current changes. It 

would take a new leadership in which the emphasis is on social responsibility, on our ability 

to learn new ways of understanding global change, defining and solving increasingly 

complex problems: environment, innovation, culture. Due to these considerations, it is 

necessary to describe and define the profile of ecological management, starting from the 

principles of symphony of all conjugated elements. 

The new model of ecological leadership known as "Environmental leadership" implies 

a greater fits between the type of leadership and the challenge coming from both the 

environmental and the technological side. It is actively seeking to promote opportunities to 

share authority, responsibility and resources within an organization. The environmental 

leader preserves the vision of the entire organization, directing all the elements involved. It 

seeks to identify those with features and abilities as strengths for achieving specific goals, 

giving freedom of action but also directing the whole process5.   

According to many theoretical perspectives, leaders are directly responsible for 

organizational success and adaptation. In each organization there is an ecological and 

industrial constraint. That is why at the organizational level it is necessary to implement the 

ecological principles in the management processes, which will increase their adaptation 

characteristics. From this point of view, another theory of leadership is needed, and then a 

description of leadership based on ecological principles. 

The adaptive changes that result from the interaction of the new development 

challenges require the redesign of the leadership principles from an ecological perspective. 

The leadership process can play a sustainable role for a sustainable and generative future. 

They propose a leadership that develops the ability of organisms and people to respond to 

                                                           
4 *** http://www.processeducation.org/ijpe/2011/ecological.pdf 
5 Wielkiewicz, R. M., & Stelzner, S. P. (2005). An ecological perspective on leadership theory, research, and 

practice. Review of General Psychology, 9(4), 326-341. doi: 10.1037/1089-2680.9.4.326 

http://www.processeducation.org/ijpe/2011/ecological.pdf
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these challenges. This is mainly about changes in the level of social, cultural, social 

innovation6 

Lange has developed ten principles of ecological sustainability that suggest interrelated 

considerations for organizational policies7. From the perspective of corporate social 

responsibility, which is important for the subject addressed in this article, we have selected 

from Lange's principles the following: Taking greater responsibility, Restoring and 

preserving biodiversity and Adoption of biomimetics / biomimicry using new technologies 

that mimic natural processes. 

The implementation of these principles, along with the others put forward by Lange, 

aims to reduce the negative impact of the "environmental footprint" on bio-social networks 

through what the author calls "treading lightly". 

The representation of the principles we consider to be important for ecological 

leadership, passing through social responsibility, emotional intelligence, from the individual 

level to the societal level, is represented in figure below (figure 1). 

 

Figure 1. Ecological leadership 

THE INTERPRETERS OF THE ECOLOGICAL SYMPHONY - CASE STUDY 

The new paradigm of leadership should derive from the principles of ecology and 

requires a radical change. It highlights individual responsibility, the long-term perspective, 

the development of individuals' capacities within organizations and the harmony with nature, 

while presenting the path to sustainability for future generations. For this new vision, we 

propose the Inspirational conductor - as a leader - to orchestrate instrumentalists in full 

harmony with the challenges of new technologies. The following valences have been 

identified for defining the concept of eco-Leadership, in turn described by factors in close 

interdependence with the three levels describing the Ecological Leadership: 

A. Assuming responsibility for personal initiatives - described by the factors: Activism 

Personal Affirmation, Independence, Creativity;  

                                                           
6 *** http://www.kathleenallen.net/index.php/writings/leadership-change/61-the-ecology-of-leadership/file 
7 Fenwick, T., (2007) "Developing organizational practices of ecological sustainability: A learning 

perspective", Leadership & Organization Development Journal, Vol. 28 Issue: 7, pp.632-645 

http://www.kathleenallen.net/index.php/writings/leadership-change/61-the-ecology-of-leadership/file
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B. Social Consciousness - Described by the Factors: Respect, Social Responsibility, 

Emotional Intelligence 

C. Correctness and Professional Competence - Described by the Factors: Honesty, 

Refining, Will, Deepening, Spirit of Perfection, Planning; 

D. Social Efficiency - Described by the Factors: Problem Solving, Self Strength. 

 

Methodology 

Objectives: To formulate the content of the term Ecological Leadership based on the 

observation of some defining factorial configurations for the categories of subjects 

investigated. 

Participants and Procedure: 50 students of the Machine and Production Systems 

Department, Faculty of Engineering and Management of Technological Systems at the 

University POLITEHNICA of Bucharest: 42 Male students (M.age= 22.02, AS = 1.62) and 8 

Female students (M.age= 21.62; AS = .91). The administration of the questionnaire was done 

both online and in writing by the subjects in two stages.  

Instrument: The proposed test comprised selected scales from two questionnaires, 

namely a personality questionnaire (ABCD-M, built on the basis of the Five Factors model) 

and one of emotional intelligence (BarOn EQ-I) [3]. They referred to: 1. Activism expressed 

through energy and initiative; 2. Personal affirmation - self-image through success; 3. 

Respect - prosocial behavior and ability to be generous and benevolent; 4. Strength of Ego- I 

mature and stable; 5. Honesty - Correctness in Relationship; 6. Will; 7. Spirit of perfection - 

control of the effort of analysis and action; 8. Planning - the sense of organization and self-

control; 9. Deepening; 10. Refining - tinting capability; 11. Independence - autonomy of 

decisions and assuming responsibility; 12. Creativity - open-minded attitude; 13. Social 

responsibility - ability to become a cooperative member, contributing constructively to the 

success of the group; 14. Emotional Intelligence - Effective Emotional and Social 

Functionality; 15. Problem solving - the ability to identify, define and solve problems. 

Overall, the questionnaire contained 133 items. The Cronbach alpha coefficients for these 

scales are between .66 and .95. 

Results and discussions 

In table no. 1, we presented the descriptive analysis of the averages and the standard 

deviations for the mentioned variables. Referring to the medians obtained by the standards 

produced by Minulescu, it results that the analyzed group has high scores on in-depth 

dimensions, creativity, respect, activism and personal affirmation, while the lowest scores 

appear for the variable spirit of perfection and the force of Ego (figure 2)8. 

In table no. 2 is presented the result of the factorial analysis. The first factor - F1, 

which holds the largest variation (20.96%), brings together the highest variable saturations 

whose content is related to action and creativity, namely activism indicating the preference 

for a high tempo, personal assertion, independence Personal doubled by assuming personal 

responsibility) and creativity (open attitude to novelty). 

In table no. 2 is presented the result of the factorial analysis. The first factor -  F1, 

which holds the largest variation (20.96%), brings together the highest variable saturations 

whose content is related to action and creativity, namely activism indicating the preference 

for a high tempo, personal assertion, independence Personal doubled by assuming personal 

responsibility) and creativity (open attitude to novelty). According to the established 

objective, the second part of the analysis aimed to obtain a group of defining attributes for the 

notion of ecological leadership for the analyzed sample.  

                                                           
8 Wielkiewicz, R. M., & Stelzner, S. P. (2005). An ecological perspective on leadership theory, research, and 

practice. Review of General Psychology, 9(4), 326-341. doi: 10.1037/1089-2680.9.4.326 

http://psycnet.apa.org/doi/10.1037/1089-2680.9.4.326
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Table 1. Descriptive analysis 

 

Variables M. S.D Min. Max. 

Activism 24,08 4,15 10 30 

Personal affirmation 23,24 3,25 11 29 

Respect 25,08 4,03 13 30 

Strength of Ego 21,32 4,38 11 29 

Honesty 25,16 2,84 16 30 

Will 24,74 3,08 16 30 

Spirit of perfection 22,28 2,91 15 29 

Planning 24,00 3,87 12 30 

Deepening 25,32 3,25 11 29 

Refining 23,12 3,20 10 30 

Independence 24,60 2,47 20 29 

Creativity 24,90 2,41 20 29 

Social responsibility  40,06 2,84 16 30 

Emotional Intelligence     

Problem solving 34,18 3,75 25 40 

 

 

 

Figure 2. Psychological variables 

The main methodological exigencies we have imposed in factorial analysis (Main Hotelling 

Components) were:  

1. The instantiation of the limit of the correlation between a variable and its factor of .55;  

2. Establishing the lower limit of the statistical ratio indicator of the total variation of a 

factor to 10%; 

3.  Adopting the factorial solution in the normalized varimax variant. 

This factor is referred to as taking Responsibility for personal initiatives. 

The second factor - F2 (the 18.05% variant), relates variables such as respect for prosocial 

behavior, specific to those who respect others around Self-respect and Self-confidence, Social 

responsibility and Emotional intelligence (non-cognitive skills and abilities). 

Because all the variables emphasize the individual's orientation towards his fellow men and 

acting with responsibility, we consider it to be social consciousness. Factor F3 (16.31%) 

combines honesty, Refinement (tinting ability, open attitude to one's own completeness), Will 

and Deepness (opposed to superficiality) and indicates a factor of Correctness and 
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Professional competence. The last factor - F4 (12.22% variant), joins two variables such as 

Problem solving and Strength (I mature and stable) and generates a social efficiency factor. 
 

Table 2. Factorial analysis 

Variables 

 

Factors 

1 2 3 4 

Activism .72 .11 .11 -.38 

Personal affirmation .72 .26 -.06 -.04 

Respect -.17 .16 .76 .34 

Strength of Ego -.09 -.05 .36 .78 

Honesty -.02 .72 .43 .10 

Will .46 .57 .19 .07 

Spirit of perfection .48 .55 .28 .17 

Planning -.07 .60 -.13 .59 

Deepening .37 .57 -.38 .06 

Refining .10 .84 .04 -.12 

Independence .71 .24 -.11 .26 

Creativity .75 -.11 -.04 .09 

Social responsibility  .00 .08 .89 .04 

Emotional Intelligence .51 .02 .64 .27 

Problem solving .25 .05 .17 .61 

Variant 20,69% 18,05% 16,31% 12,22% 

 

CONCLUSION 

The research on Ecological Leadership - from the outset - emphasizes the quality of the 

leader in controlling, conserving and protecting nature in order to preserve the health of 

individuals and their well being9. For this, we have need by a Ecological Leadership (EL), 

collaborative, in which the leader has the role of counselor, mentor, strategy-maker, and 

secondary have to a manager role. It requires a combination of transformational EL qualities 

and the desire to protect and develop the natural world. 

                                                           
9 Brymer, E., Gray, T., Cotton, W., Carpenter; C., (2010) Ecological leadership: a new perspective on 

leadership, Spirituality, leadership and management conference, January, 2010 
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The present paper started from the hypothesis of the existence of possible factors 

included in EL and proposed to evaluate them in the case of a group of technical students 

who will carry out their activity with implications both in the natural technological and 

human environment. 

The secondary features that characterize the respective group of research, with possible 

implications in defining the concept of EL are: Taking responsibility for personal initiatives, 

Social consciousness, Correctness and Professional competence and Social efficiency. Under 

these circumstances, we believe that the environmental leader seeks to create new 

opportunities for the organization and maximize its resources, abilities and talents, acting for 

the benefits of employees (the management of individuals and processes) and the wider 

society. 

The milestone of EL involves developing a culture of creative communication, how can 

transform the environment in the positive way. The starting point would be the involvement 

of the traditional leader in ecological leadership. The second step would be the awareness of 

each member of the "orchestra" of the importance of the ecological vision. Organizational 

culture is the third essential feature of an efficient organization that has an ecological 

leadership. We need to innovate, considering that new technologies are at least neutral in 

terms of their environmental impact - and, ideally, technologies that fulfil our debts to nature. 

This leap requires the leaders with daring, great vision, remarkable persuasive and 

collaborative skills. 
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ABSTRACT:  
UNTIL NOW COLOR MANAGEMENT FOR BACKLIT APPLICATIONS WAS PERFORMED MOSTLY BY 

APPLYING THE EDUCATED GUESS OF THOSE INVOLVED IN EDITING OR PRINTING. SUCH 

APPROACH IS SUBJECTIVE, TEDIOUS AND TAKES TIME WHILE THE RESULT MAY NOT BE THE 

EXPECTED ONE. THE METHOD PRESENTED IN THIS PAPER PROPOSES AN OBJECTIVE APPROACH 

TO PERFORM COLOUR MANAGEMENT FOR BACKLIT APPLICATIONS. AFTER OBTAINING THE 

MEDIA-RELATIVE TRANSMITTANCE MEASUREMENTS OF THE BACKLIT MEDIA AND THE 

MEASUREMENT OF SPECTRAL POWER DISTRIBUTION OF THE LIGHT EMITTED THROUGH THE 

MEDIA, AN ICC-PROFILE CAN BE CONSTRUCTED FOR EACH MEDIA AND LIGHTBOX COMBINATION.  

AN IMAGE IS MODIFIED FOR EACH OF THE LIGHT BOXES SO WHEN PRINTED IT IS EXPECTED TO 

LOOK PERCEPTUALLY THE SAME BEING LIMITED ONLY BY THE RESULTING COLOUR GAMUT. THE 

APPROACH IS INTENDED TO BE USED WITH THE GRAPHIC TECHNOLOGY COLOUR MANAGEMENT 

SYSTEMS, COMPONENTS AND DEVICES INCREASING THEIR EXISTING FUNCTIONALITY.

 
KEY WORDS: PRINTING THE EXPECTED, COLOUR MANAGEMENT, BACKLIT APPLICATIONS 

 

 

 

 

 

INTRODUCTION 

The SPD (spectral power distribution) of the light source and the observer visual 

adaptation are integral parts of the colour appearance models as defined by CIE (Commission 

Internationale de l'Éclairage). Graphic Technology assessment of colours between an original 

and a reproduction is based on the transmission or reflection properties of the samples to be 

evaluated. It results in two different types of standardized viewing conditions defined by 

ISO 36645: T1 for viewing transmissive media and P1 for viewing reflective media using the 

warm white CIE D50 daylight illuminant as the standard illuminant since 1974. Typical 

transmissive objects are photographic transparencies while reflective objects are 

reproductions such as proofs or production prints. Closing the loop on “measure as we see” 
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principle, ISO 136556 defines the measurement conditions for front viewing conditions 

corresponding to reflectance response (0°:45° or 45°:0° geometry) and transmittance 

response (0°:d  or d:0° geometry). 

The current practice of colour appraisal is marked by a significant decline of 

transmissive media to be used as typical originals (e. g. slides). Nowadays the graphic content 

is being originated from digital data sources and the assessment protocols of the printed 

reproductions is based on hard proofing (e.g. proof/print comparison as per ISO 12647-77 

scope) or soft proofing (e.g. display/print comparison as per ISO 148618 scope) situations. 

The past decade adoption of digital LFP (large format printing) technologies created a variety 

of printing applications, mostly for the signage sector, but also for interior decorations and 

other niche applications, where the reproduction of images is done on translucent or 

transparent substrates. To acquire correctly the light distribution and its interaction with the 

intended printing combination, both colour measurement and colour management processes 

requires a revamp. 

When producing a colour reproduction using a printing technology, it is important that 

the parties responsible for data creation, colour separation, proofing and printing operations 

have previously agreed on a minimum set of parameters that define the visual characteristics 

and other technical properties of the planned print product9. Because of growing interest on 

this topic, Fogra (Fogra Graphic Technology Research Association) started the project 

“Colour management for backlit materials” aiming at developing methods for a high-fidelity 

color reproduction (“Printing the Expected”) on transparent media, focusing on three 

prioritized work packages10. One of the aims was to develop a concept for standardization 

(ISO 3664 and ISO 13655) by providing tools and guidelines for measuring, profiling and 

visual matching of transparent media. The project identified two main practical use cases: 

 Campaign printing – same image will be reproduced using various printing 

combinations and displayed mounted on various light boxes; 

 Proofing – side by side comparison under standardized viewing conditions P1/T1 

between a reflective colour accurate contract proof of a characterized printing condition 

(e.g. FOGRA51) and backlit reproduction. 

BACKLIT APPLICATIONS 

Based on the effective light/media interaction, the actual products of backlit printing 

applications are designed to catch the eye and attention of the viewer (human observer). A 

printed backlit substrate mounted on a lightbox is easy to spot due to its vivid colours 

amplified by the lightbox high luminance. Most of these products are used indoor, but also 

outdoor in day/night backlit off/on setup. Backlit applications are one of the few where the 

viewing condition for the visual assessment of colour is in its ideal setup. This is because it is 

exactly the one in which the product is always viewed. 

                                                           
6 ISO 13655:2017; Graphic technology -- Spectral measurement and colorimetric computation for graphic arts 

images, Geneva: ISO, 2017 
7 ISO 12647-7:2016; Graphic technology -- Process control for the production of halftone colour separations, 

proof and production prints -- Part 7: Proofing processes working directly from digital data, Geneva: ISO, 

2016 
8 ISO 14861:2015; Graphic technology -- Requirements for colour soft proofing systems, Geneva: ISO, 2015 
9 Kraushaar, Andreas; PSD ProcessStandard Digital, Fogra Graphic Technology Research Association, 

Munich, 2012 
10https://fogra.org/en/fogra-research/wc-digital-printing/digital-printing-current-projects/backlit-2-

623/colormanagement-for-backlit-materials.html 

 

https://fogra.org/en/fogra-research/wc-digital-printing/digital-printing-current-projects/backlit-2-623/colormanagement-for-backlit-materials.html
https://fogra.org/en/fogra-research/wc-digital-printing/digital-printing-current-projects/backlit-2-623/colormanagement-for-backlit-materials.html
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The human observer mechanism modelled by CAT (chromatic adaptation transform)11 

is responsible for adjusting to the lightbox illumination overriding the ambient one dimming 

it less relevant. Even a change in the ambient light or simply turning it off will not 

significantly affect the adaptation as long as backlit light is still having the higher luminance 

level of the two. In contrast, the perception of any opaque printed substrate is always 

dependent on the ambient light. 

To facilitate the proof of the concept, two typical printing combinations were selected 

for producing the printed part of the backlit applications based on the following components: 

 HP Latex 560 printing system; 

 Light scattering capable polyester film and textile printing substrates (translucent media 

exhibiting higher diffuse transmission). 

 

Figure 4: LK1..LK9 designated lightboxes used for the project 

To complete the framework, nine lightboxes (Figure 4) of different types and with 

different SPD were selected to provide the back light using various lighting technologies: 

 Fluorescent tubes (LK1 and LK5); 

 Edge lit (side) LED (LK3, LK7 w/ diffuser, LK8 w/ diffuser and LK9); 

 Backlit LED (LK2, LK4 and LK6). 

MEASUREMENT OF THE TRANSMITTANCE 

For the purposes of colour management, a printing condition is fully characterized by 

giving the relationship between the CMYK digital input values (as defined in ISO 12642-212) 

and the corresponding measured colorimetric values – characterization data set. To obtain 

this relation for the two combinations, the Universal LFP chart composed of 12 A4 pages and 

1680 colour patches of 19x13 mm size was printed in device mode13 (colour management 

turned off) and then measured. 

 

Figure 5: Barbieri Spectro LFP spectrophotometer and its d:0° geometry 

                                                           
11 CIE TC 8-01; A Color appearance model for color management systems. Publication 159, Vienna: CIE 

Central Bureau, 2004 
12 ISO 12642-2:2006; Graphic technology -- Input data for characterization of 4-colour process printing -- Part 

2: Expanded data set, Geneva: ISO, 2006 
13 https://www.fogra.org/en/fogra-research/prepress/expert-knowledge/expert-knowledge.html 
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A normal:diffuse (0°:d) or diffuse:normal (d:0°) geometry measurement device is 

typically used to replicate the “measure as we see” principle of capturing the diffuse 

transmittance. Due to the lack of choices, the selection was limited to the Barbieri Spectro 

LFP14 spectrophotometer with automatic XY measurement table (Figure 5). Besides being 

limited to just one device type, its measurement condition is also limited by the CIE A 

illumination source similar to the ones specified by the M0 measurement condition as defined 

by ISO 13655 for 0°:d or d:0° measurement geometry. The definitions of M conditions for 

0°:d  or d:0° geometry were updated in 2017 by ISO 13655, specifying also a CIE D50 

illumination source that results in M1 measurement condition, but no such device is 

commercially available yet. While both ISO 13655 and ISO 3664 defines the requirements 

that allows a proper visual/measurement reflectance correlation under CIE D50 illuminant by 

pairing the M1 measurement condition with P1 standard viewing condition, there is no 

sufficient research on the topic for transmittance and how OBA’s (Optical Brightening 

Agents) are reacting when are simultaneously excited by both transmitted and reflected light 

thus limiting the visual/measurement correlation consistency caused by the high OBA content 

of the backlit printing substrates categorized as high fluorescence. 

 

Figure 6: Light perception of a fluorescent tubes lightbox without (left) and with (right) substrate 

Another consideration was to determine how the actual measurement process will be 

set to take place. In case of transmission, the observer colour perception results from directly 

seeing the light scattered (translucency dependent) through the printed substrate acting as a 

diffuser (Figure 6). 

The complex scene composed from the sum of light and substrate is being interpreted 

by the HVS (Human Visual System), resulting the perceived (adapted) white point of what 

we see. Replicating this under “measure as we see” principle means that the transmission 

measurements should be done in media-relative mode as result of measurement device 

“zeroing” itself on the substrate. This is conceptually similar when viewing a display and 

every displayed colour is transformed from the white point of the display. The result of this 

approach is a characterization data set containing the spectral data just for the coloured part 

of the printing combination while the substrate measured spectral data has the transmittance 

set to a value of 1.0 (100%) for any wavelength. 

The resulted measurement files were stored as standard CGATS.17 data files as per 

ISO 2817815 and CxF/X files as per ISO 17972-316 for full compatibility with any colour 

enabled software environment. 

                                                           
14 https://www.barbierielectronic.com/en/products/spectrophotometers/spectro-lfp/91-339.html 
15 ISO 28178:2009; Graphic technology -- Exchange format for colour and process control data using XML or 

ASCII text, Geneva: ISO, 2009 
16 ISO/FDIS 17972-3; Graphic technology -- Colour data exchange format (CxF/X) -- Part 3: Output target 

data (CxF/X-3), Geneva: ISO, 2017 

https://www.barbierielectronic.com/en/products/spectrophotometers/spectro-lfp/91-339.html


Research and Science Today Supplement No. 2/2017 

  

182 
 

MEASUREMENT OF THE BACKLIGHT 

The SPD is typically measured by a spectrometer/spectroradiometer in a wider spectral 

range (e.g. 340 nm – 850 nm using a GL SPECTIS) and with a spectral resolution of 1 – 3 nm 

as compared to typical Graphic Technology affordable handheld instruments of 380 – 780 nm 

and 10 nm resolution. 

One of most commonly used devices for colour measurement is the X-Rite i1Pro217 

spectrophotometer capable of measuring reflective spectrum, but also emissive spectrum and 

ambient light (diffused). Based on the considerations explained in previous part, the choice of 

emissive measurement capability of this device and its availability made it the perfect 

candidate for the task. 

 

Figure 7: LK1..LK9 luminance variation relative to each lightbox min and max lux determination 

The visual assessment of the nine lightboxes with the unprinted substrate mounted 

inside indicated a variation in luminance level between the center and the sides, varying from 

a lower to a higher degree of change in perception – luminance inhomogeneity. Even a small 

variation in substrate planarity in relation with the light source changed the brightness in that 

area. To prevent further influence over the measurements, the substrate had to be mounted as 

flat as possible to prevent deformations especially for the stretchable textile substrate and a 

special ruler sitting on the edges of the lightbox had to be used to align the X-Rite i1Pro2 at 

substrate level during the contact measurement of light and substrate emissive spectrum. 

To confirm numerically the luminance variation, a 5 x 5 matrix with a center point 

evenly distributed over the illumination area was defined to measure the lightboxes. The 

result was consistent with the visual assessment. Most of the lightboxes have their most 

bright and/or stable illumination area in the center except the edge lit type of lightboxes 

(Figure 7). Since the observer attention will usually concentrate to the center of the viewing 

area it was decided to use only the center measurement of the SPD and not the average of the 

25 measurements. Some of the lightboxes exhibited similar shaped SPD‘s of the light emitted 

through the substrate even if each came from different manufacturers. 

                                                           
17 http://www.xrite.com/categories/calibration-profiling/i1publish-pro-2 
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Figure 8: LK1..LK9 individual 380 nm to 740 nm SPD’s of the normalized light emitted through the substrate 

The resulted normalized measurements (Figure 8) were stored in the same manner as 

the transmittance measurements. 

COLOUR MANAGEMENT 

The two sets of spectral data one for each of the media-relative measurements of the 

used backlit media are now ready to be combined with each of the nine lightboxes SPD’s 

characterization data set resulting in 18 lightbox/substrate dependent data sets. The 

combination of CMYK driving values with the spectral stimuli hitting the human eye is based 

on the additive model with the two sets being multiplied together wavelength by wavelength 

resulting the combined colour spectrum for each of the 1680 colour patches: 

  (1) 

where: 

 is the wavelength, in nanometers (nm) in the available 380 nm to 780 nm range 

(min. from 400 nm to 700 nm range); 

 is the combined spectrum (final stimulus) at wavelength ; 

 is the media-relative transmittance at wavelength ; 

 is the normalized SPD of the emitted light through the substrate at wavelength . 

Two software solutions were used to generate the ICC colour profiles18 from the 

resulted characterization data sets capturing the colour gamut capabilities of each 

combination and allowing their integration in the typical colour management LFP production 

workflow. The commercial available X-Rite i1Profiler19 and open-source Argyll20 profiling 

environments were successfully able to interpret the incoming data and generate the 

                                                           
18 ISO 15076-1:2010; Image technology colour management -- Architecture, profile format and data structure -- 

Part 1: Based on ICC.1:2010, Geneva: ISO, 2010 
19 http://www.xrite.com/categories/calibration-profiling/i1publish-pro-2 
20 https://www.argyllcms.com/ 

 

http://www.xrite.com/categories/calibration-profiling/i1publish-pro-2
https://www.argyllcms.com/


Research and Science Today Supplement No. 2/2017 

  

184 
 

corresponding ICC profiles. The key factor of the method is predicting colour by defining the 

mapping between the HVS perception and the ICC standard PCS (profile connection space). 

The evaluation of the colour managed reproductions resulted from applying the method 

had two components based on the same “measure as we see” principle: 

 A visual side-by-side evaluation of several printed images; 

 A numerical comparison between measurements of the printed Color Checker with 24 

colour patches resulted from applying the same method for light emitted through the 

substrate using X-Rite i1Pro2. 

Such an assessment reflects the use cases of the practical applications but is only 

applicable for printing combinations when lightbox-media gamuts are similar in size and 

shape or when the smallest gamut is used as simulation colour space for all the others. 

To maintain the independence of the reproduction from the printing combinations, the 

colour management approach should reflect a late binding, meaning that the same data will 

be used for printing and prepress colour management will be responsible for the correct 

transformations during processing stage from the objects colours (input) to simulation (output 

intent) and then to output (the actual printing combination). In both cases the digital data 

should be ideally delivered as PDF/X data file having its output intent a characterized 

printing condition insuring a complete exchange of data and satisfying colour management 

requirements. The recommended version as per Fogra PSD (Process Standard Digital)21 

industrially oriented and standardized procedure is PDF/X-4 as defined in ISO 15930-722 plus 

the additional requirements specified by PDFX-ready23. 

 

Figure 9: Typical evaluation setup with backlit off/light on  (left) and backlit on/light off (right) 

The unadjusted reproductions viewed with backlit off would had been look identical 

(same data printed, but not shown here) while with backlit on would had been look different 

due to the differences in SPD emitted through the substrate. By applying the method, the 

backlit off state reflects the differences between the infused SPD data (different data printed 

due to colour management conversions) while matching with backlit on (Figure 9). 

The lightboxes LK3, LK6 and LK9 based combinations produced colour gamuts that 

are similar in size and shape and were selected for the validation. Six different patches of the 

X-Rite ColorChecker24 were selected for the validation. They were printed unadjusted, 

                                                           
21 Kraushaar, Andreas; PSD ProcessStandard Digital, Fogra Graphic Technology Research Association, 

Munich, 2012 
22 ISO 15930-7:2010; Graphic technology -- Prepress digital data exchange using PDF -- Part 7: Complete 

exchange of printing data (PDF/X-4) and partial exchange of printing data with external profile reference 

(PDF/X-4p) using PDF 1.6, Geneva: ISO, 2010 
23 http://www.pdfx-ready.ch/index.php?show=3 
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meaning that the corresponding LK light was not considered, and adjusted for each of the 

lightboxes separately according to the method described above. The patches were then put in 

front of the respective lightboxes and measured with X-Rite i1Pro2. The u'v' measurements 

are presented in Figure 10. When compared the measurement produced by the unadjusted and 

adjusted hues formed clusters, the adjusted clusters are being much smaller in size. A simple 

MCDM (mean colour distance to mean) metric was applied to quantitively capture the 

reduction in the size of the clusters, see Table 1. 

Table 1: CIEDE2000 (ΔE*
00) MCDM for selected hues of the ColorChecker 24 reproductions 

 Cluster 1 Cluster 2 Cluster 3 Cluster 4 Cluster 5 Cluster 6 

Unadjusted 7.89 6.01 4.69 5.43 5.43 1.74 

Adjusted 1.76 2.27 1.02 1.97 1.48 0.66 

The numerical correlation improvement is consistent with the actual viewed perception 

and while the reduction in ΔE*
00 units is significant, its value may be misleading if compared 

for example with the colour accuracy tolerance of spot colours as specified by ISO 12647-7 

(Maximum ΔE*
00 ≤ 2,5). The units are here comparable only relative to the reproduction and 

lightbox combination context. 

  

Figure 10: CIE (u′, v′) chromaticity diagram of the data clusters  

CONCLUSION 

The presented method improves the ability to apply colour management related 

activities to backlit applications. Even if is not an absolute colorimetrical match, the 

perceptual side-by-side match is moving the backlit applications to a new level of high-

fidelity color reproduction (“Printing the Expected”) giving the printers the necessary tool to 

fulfill the expectations of their customers. 

In current available colour management workflows the method will be easy to be 

integrated by adding just one additional step in the profile generation. An alternative way of 

the method and more in-line with its scope, would be the ability to program the light source 

of the measurement device with the SPD of emitted light through the substrate and use the 

traditional absolute-media measurement mode. The concept is similar with Konica Minolta 
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FD-724 spectrophotometer programmable device light source for any chosen illuminant, 

including self-measured illuminants. 

Further study of the concept is required considering the impact of OBA’s for both 

reflection and transmission and how to match opaque and translucent reproductions in mixed 

ambient and backlit light resulting into an absolute colorimetrical match. 
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ABSTRACT:  
MICROREACTOR TECHNOLOGY GAINED ON ITS MOMENTUM THROUGH DEVELOPMENT OF 

DEDICATED MICROMANUFACTURING TECHNOLOGIES. ONE OF THE CRUCIAL COMPONENTS OF A 

MICROREACTOR IS A MICROMIXER. ITS FUNCTION IS TO MIX DIFFERENT REACTATNTS FOR THE 

PURPOSE OF CHEMICAL SYNTHESIS OR ANALYSIS. 

IN THIS PAPER TWO ESTABLISHED MICROMIXER DESIGNS, NAMELY OBSTACLE AND MODIFIED 

TESLA MICROMIXER, ARE NUMERICALLY INVESTIGATED AT REYNOLDS NUMBER OF 0.5. POSSIBLE 

SYNERGIES OF INCORPORATING BOTH GEOMETRIES IN A SINGLE DESIGN WERE ALSO 

INVESTIGATED. THE SIMULATIONS SHOW THAT OBSTACLE DESIGN BY ITSELF PERFORMS THE 

BEST IN RAGARDS TO MIXING INDEX AND PRESSURE DROP. ON THE OTHER HAND COMBINED 

DESIGNS PERFORMED BETTER THAN MODIFIED TESLA DESIGN BY ITSELF. WE CONCLUDE THAT 

FURTHER STUDIES ON OBSTACLES LAYOUT WITHIN THE MODIFIED TESLA DESIGN ARE SENSIBLE 

IN ORDER TO FULLY EXPLOIT THE MIXING PRINCIPLES OF BOTH DESIGNS. 

 
KEY WORDS: MICROREACTOR, MICROMIXER, TESLA DESIGN, MIXING, CFD 

 

 

 

 

 

INTRODUCTION 

Miniaturization of products and their components is a common trend in various fields. 

Advances in micro- and nano-manufacturing technologies enable integration of small 

components from various materials into microdevices6. The research field of microreactor 

technologies, commonly understood as miniaturized flow through systems, is also benefiting 

                                                           
1 PhD, University of Ljubljana, Slovenia, izidor.sabotin@fs.uni-lj.si  
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4 BSc, University of Ljubljana, Faculty of Mechanical Engineering, Slovenia, pavel.drešar@fs.uni-lj.si 
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from micromanufacturing systems development. Main application fields of microreactor 

technology are chemical and bio-chemical synthesis and analysis7. Related terms to 

microreactor technology are microfluidics and laboratory on a chip (LOC). Microreactor’s 

advantages compared to conventional scale reactors stem from high surface/volume (S/V) 

ratio on microscale which enhances many physical phenomenons such as heat and mass 

transfer. Due to small dimensions of the microreactor geometries great process control can be 

established, very small volumes of reactants are needed, there is less energy consumption to 

maintain operating conditions, they take up smaller space and can be stacked up to enhance 

yield and many functionalities can be integrated on a single substrate. 

Micromixers are one of the key functional components of the microreactor system8. 

Their purpose is to quickly mix two or more reactants. This task is not trivial on microscale 

due to dominant viscous forces which determine the laminar flow characteristics of the fluids. 

Passive micromixers, where no additional energy aside from inlet pressure is applied, tackle 

this difficulty with generally four different principles: lamination, injection, chaotic advection 

and implementation of a droplet setup9. 

In this paper two chaotic micromixer, namely modified Tesla design (figure 1a) and 

obstacle design (figure 1b, 2), are considered. The modified Tesla micromixer (TM) design 

was originally presented by Hong et al10 and experimentally and numerically optimized in11. 

The principle of mixing is based on Coanda effect. Coanda effect occurs at denoted (figure 

2b) diffusor like geometry and splits the whole stream into two parts. The second part of the 

stream continues its path along the curved shaped channel at the end of which it collides with 

the first part. Due to present transverse component of fluid flow mixing occurs. 

In obstacle micromixer (OM) design (figure 2) transvers fluid flow is generated by 

placing obstacles in the flow path12. Placing obstacles inside the microchannel stirs the fluids 

creating lateral mass transport which enhances fluid mixing. 

 

                                                           
7 Cvjetko, Marina, Izidor Sabotin, Ivan Radoš, Joško Valentinčič, Tomislav Bosiljkov, and Mladen Brnčić. 

2013. “A Comparative Study of Ultrasound-, Microwave-, and Microreactor-Assisted Imidazolium-Based Ionic 

Liquid Synthesis.” Green Processing and Synthesis 2 (6): 579–90. doi:10.1515/gps-2013-0086 
8 Hessel, V, H Lowe, and F Schonfeld. 2005. “Micromixers - a Review on Passive and Active Mixing 

Principles.” Chemical Engineering Science, 2479–2501; Nguyen, Nam-Trung. 2008. Micromixers: 

Fundamentals, Design, and Fabrication. 1st ed. William Andrew 
9 Sabotin, Izidor, Gianluca Tristo, Mihael Junkar, and Joško Valentinčič. 2012. “Two-Step Design Protocol for 

Patterned Groove Micromixers.” Chemical Engineering Research and Design. Accessed October 30. 

doi:10.1016/j.cherd.2012.09.013 
10 Hong, Chien-Chong, Jin-Woo Choi, and Chong H Ahn. 2004. “A Novel in-Plane Passive Microfluidic Mixer 

with Modified Tesla Structures.” Lab on a Chip 4 (2): 109–13. doi:10.1039/b305892a 
11 Asgar, A, S Bhagat, and I Papautsky. 2008. “Enhancing Particle Dispersion in a Passive Planar Micromixer 

Using Rectangular Obstacles.” Journal of Micromechanics and Microengineering,; Hossain, S, MA Ansari, A 

Husain, and KY Kim. 2010. “Analysis and Optimization of a Micromixer with a Modified Tesla Structure.” 

Chemical Engineering Journal, 305–14 
12 Asgar, A, S Bhagat, and I Papautsky. 2008. “Enhancing Particle Dispersion in a Passive Planar Micromixer 

Using Rectangular Obstacles.” Journal of Micromechanics and Microengineering,; Bhagat, Ali Asgar S., Erik 

T. K. Peterson, and Ian Papautsky. 2007. “A Passive Planar Micromixer with Obstructions for Mixing at Low 

Reynolds Numbers.” Journal of Micromechanics and Microengineering 17 (5): 1017. doi:10.1088/0960-

1317/17/5/023; Tseng, Li-Yu, An-Shik Yang, Chun-Ying Lee, and Chang-Yu Hsieh. 2011. “CFD-Based 

Optimization of a Diamond-Obstacles Inserted Micromixer with Boundary Protrusions.” Engineering 

Applications of Computational Fluid Mechanics 5 (2): 210–22. doi:10.1080/19942060.2011.11015365 
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Figure 11. a) Obstacle micromixer design (OM), b) modified Tesla micromixer (TM) 

design and c) combined (TM+OM) design representation. 
 

In this paper we present preliminary results of possible synergies between both designs 

combined into a single micromixer design (figure 1c). Both original designs are readily made 

by soft lithography13, thus combined design (TM+OM) does not represent additional 

difficulties to manufacture combined design. The investigation is based upon using CFD 

simulation software and coefficient of variance is used as the mixing criterion. 

 

MATERIALS AND METHODS 

Geometry of micromixers 

The basic geometries of TM and OM design were adopted from Bhagat et al14 and are 

shown in figure 2. The main difference was in channel cross section where we used the width 

of the channel w = 0.2 mm and depth of the channel d = 0.05 mm whereas Bhagat el al used 

w = 0.1 mm at the same channel depth. All the other functional geometries were scaled to our 

width of the channel. The inlet length before the start of the first functional geometry was set 

to be 0.1 mm. 

At combined TM+OM designs functional geometries of the particular design remained 

the same. This means that the basic geometry of the TM was taken in which we implemented 

obstacles as they were in the basic OM design. Since this is a preliminary research only three 

variations of the TM+OM design were investigated (figure 5): 

1. insertion of obstacles before the diffusor – TM+OM var1; 

2. insertion of obstacles after the diffusor – TM+OM var2; 

3. insertion of obstacles on the both ends of the diffusor – TM+OM var3. 

 

                                                           
13 Bhagat, Ali Asgar S., Erik T. K. Peterson, and Ian Papautsky. 2007. “A Passive Planar Micromixer with 

Obstructions for Mixing at Low Reynolds Numbers.” Journal of Micromechanics and Microengineering 17 (5): 

1017. doi:10.1088/0960-1317/17/5/023; Asgar, A, S Bhagat, and I Papautsky. 2008. “Enhancing Particle 

Dispersion in a Passive Planar Micromixer Using Rectangular Obstacles.” Journal of Micromechanics and 

Microengineering 
14 Asgar, A, S Bhagat, and I Papautsky. 2008. “Enhancing Particle Dispersion in a Passive Planar Micromixer 

Using Rectangular Obstacles.” Journal of Micromechanics and Microengineering 
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Figure 12. a) Presentation of modified Tesla micromixer and Obstacle micromixer mixing 

mechanism (Asgar, Bhagat, and Papautsky 2008). b) Applied geometry for TM and OM 

design. 

 

Simulation tool 

CFD modeling was performed using Comsol Multiphysics 4.1 which implements the 

finite element method (FEM) for numerical computation of physics governing equations. The 

numerical simulation was used to solve Navier-Stokes equations for incompressible fluid and 

convection-diffusion equations at steady state. The governing equations that describe the 

physical phenomena of mixing are as followed: Navier-Stokes (NS) equations, 

      ,0 p
T

vvvv   

(1)   

 ,0 v  

and convection-diffusion (CD) equations, 
 .02  ccD v  (2) 

 In equations 1 and 2 ρ denotes density [kg/m3], v is the velocity vector [m/s], η 

denotes viscosity [Pa∙s], p equals pressure [Pa], D denotes the diffusion coefficient [m2/s] and 

c represents the concentration [mol/m3]. 

Meshing of simulated geometries was implemented by the software applying free 

mesh elements that can easily adapt to the structure of the channel. The tetrahedral free 

meshing method was applied. Briefly, the computation of NS and CD equations was 

decoupled in order to reduce the computational power needed. Maximum mesh element size 

for the main channel of the mixer was set to 25 µm in order to reliably capture the fluid 

dynamics and diffusion of the species. Minimum element size was set to 0.002 mm, element 

growth rate to 1.3, mesh curvature factor to 0.3 and the resolution of the narrow region to 1. 

The laminar flow terms were discretized using P2+P1 scheme; second order elements for the 

velocity field and first order elements for pressure. For transport of diluted species quadratic 

discretization was employed. 

The fluid properties were set to the ones of water at 20˚C; density ρ = 998.2 kg/m3 and 

viscosity η = 1.002 mPa∙s. The diffusion coefficient of the solute was set to D = 10-9 m2/s 

since this is a typical value for most ions in aqueous solution. The inlet flows were set as 

inflows with average linear fluid velocity v = 0.0063 m/s corresponding to Reynolds number 

Re = 0.5 and Peclet number Pe = 630. 

The boundary condition for the outflow was set to 0 Pa (pressure, no viscous stress) and 

flow velocity at the walls to a no-slip condition (v = 0 m/s). Fluid concentration of one half of 

the channel was set to 1 mol/m3 (color coded red) and the other half to 0 mol/m3 (color coded 
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blue) respectively. The post processing and visualizations of simulated results were obtained 

using the associated functions in Comsol and Matlab. 

Coefficient of variance was used as a criterion of mixing efficiency which is commonly 

applied to static mixers15, 
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(3) 

where CoVx denotes the coefficient of variance in yz-cut plane at channel length x, cxn denotes 

the concentration at a point in the cut plane, N denotes the number of concentration points 

considered in the cut plane and c denotes complete mixing,  which is 0.5 mol/m3 in our case. 

Concentration data at each cut plane was exported in a uniform grid with 2.5 µm spacing (N 

= 1600 points). A value of CoVx closer to 0 corresponds to better mixing performance.  

 

RESULTS AND DISCUSSION 

Investigation of basic TM and OM design 

 

Firstly, basic TM and OM designs were used for mixing simulations. Figure 3 

qualitatively presents the performance of both designs. TM designs shows CoV = 0.68 at the 

end of the 4 mixer segments and the pressure drop of 265 Pa. OM designs performs better 

with the values of CoV = 0.50 at the end of the main channel and the pressure drop of 148 Pa. 

From the figure depiction of the cut plane at the end of both mixers (figure 3) it can be seen, 

that OM design was able to disperse both fluid components laterally whereas the TM design 

failed to do so. 

Figure 4 shows the course of mixing for both simulated geometries along the x-axis. It 

is clearly visible, that OM propagates mixing faster then TM. At this stage it should be noted, 

that the literature reports modified Tesla design to be more effective at higher flow rates (Re 

above 5). Thus, low mixing performance of the TM is also a consequence of less suitable 

operating conditions defined by Re. This fact also suggest, that adding features to TM should 

be oriented in enhancing mixing for low Re regimes (Re < 5). 

 

                                                           
15 Kukuková, Alena, Benjamin Noël, Suzanne M. Kresta, and Joelle Aubin. 2008. “Impact of Sampling Method 

and Scale on the Measurement of Mixing and the Coefficient of Variance.” AIChE Journal 54 (12): 3068–83. 

doi:10.1002/aic.11639 
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Figure 13. Simulation of basic TM and OM designs at Re = 0.5. Mixing along the channel 

length is presented. In the upper parts the exit cut-plane concentration profiles are presented 

for each design. 

 

Figure 14. The course of mixing along the x-axis for OM and TM. 

 

Investigation of combined TM+OM design 

As mentioned under previous subsection three variations of the combined Tesla and 

obstacle design were investigated. The qualitative presentation of mixing performances can 

be observed on figure 5. It can be seen that only TM+OM var1 and TM+OM var3 enhance 

the mixing process due to the interface surface between both fluids is being trapped within 

the obstacles. The corresponding lateral displacement of the interface enhances mixing. As 

seen from the figure 5 mainly the obstacles placed before the diffusor influence mixing. Later 

observation is especially obvious at inspection of the TM+OM var2. Very little difference in 

mixing dynamics can be seen in comparison to pure TM design (figure 3). 
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Figure 15. Mixing performance of combined TM and OM designs. 
 

Quantitative evaluation of the hybrid designs is presented in figure 6. The best 

performing TM+OM designs are var1 and var3 with CoV = 0.57 (at pressure drop of 323 Pa) 

and CoV = 0.59 (at pressure drop of 329 Pa) respectively. Mentioned variation perform better 

then original modified Tesla design. On the other hand, from the comparison of mixing 

performance with original OM design it can be concluded that the OM outperforms all of the 

variation of combined designs. This is due to acting of obstacles along the whole channel 

length on lateral displacement of the fluid. Once the both fluids interface is trapped within the 

small opening between one obstacle segment, this further increases the surface of the 

interface in thus mixing. 

 

 
Figure 16. The course of mixing along the x-axis for all simulated designs. 
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The reason for smaller effectiveness of obstacles placed into the modified Tesla design 

is due to 1 phase of the fluid quickly escaping the obstacles through the diffusor and thus 

leaving the second phase almost exclusively flow around the curved part of the Tesla shaped 

segment. In order to enhance mixing the interface area must be enlarged and since mainly 1 

phase is present at particular place of the Tesla segment this phenomenon is hindered. 

 

CONCLUSION 

In the presented paper possible synergies between obstacle and modified Tesla 

micromixer geometries were briefly investigated. The simulations show, that the 

enhancement of mixing by adding obstacles in modified Tesla design is not achieved 

successfully since the OM by itself performs better than any of the tested combined 

variations. 

On the other hand, combined designs performed better then original TM. The results 

show, that the obstacles enhance mixing only if placed before the diffusor segment. This 

finding implicates, that there should be a more favorable obstacles configuration which 

would adapt the Tesla design mixing principle in more synergetic way. Thus, further studies 

on obstacle geometry in combination with modified Tesla design should be performed. 
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ABSTRACT 
BY 2050, 70 PERCENT OF THE WORLD POPULATION WILL BE LIVING IN URBAN ENVIRONMENTS. 

ALL THIS HAS STARTED WITH THE UNPRECEDENTED URBAN GROWTH IN THE LAST FEW DECADES. 

REGARDLESS OF WHETHER A COUNTRY HAS A SHRINKING POPULATION, CITIES ARE STILL 

GROWING AND THRIVING. IN 2017 THE EU HAS SEEN ITS BEST YEAR IN NEW PROPERTY 

DEVELOPMENT SINCE THE DIP OF 2010 AFTER THE GLOBAL ECONOMIC CRISIS IN MEMBERS 

RANGING FROM THE UK TO ROMANIA. HOWEVER, THE PROBLEM OF BUILDING QUALITY HAS 

STARTED EMERGING. IN MARCH 2017, A SURVEY CONDUCTED BY YOUGOV FOR THE HOUSING 

CHARITY SHELTER FOUND THAT 51% OF HOMEOWNERS OF NEW BUILDS IN ENGLAND HAVE 

EXPERIENCED MAJOR FAULTS, IN ROMANIA, ANNUALLY THERE ARE HUNDREDS OF COMPLAINTS 

ABOUT ABUSES IN CONSTRUCTION BUT THE MEASURES BEING TAKEN ARE TOO FEW WHEN 

COMPARED TO THE NUMBER OF NEW PROJECTS. THIS PAPER PROPOSES A QUALITY ASSURANCE 

FRAMEWORK BASED ON BLOCKCHAIN TECHNOLOGY WHICH WILL ALLOW A MORE TRANSPARENT 

HOUSING DEVELOPMENT MARKET WITH MORE ACCOUNTABILITY AND OPPORTUNITY FOR LESS 

ESTABLISHED COMPANIES TO COMPETE. 

 
KEYWORDS: URBAN GROWTH, PROPERTY DEVELOPMENT, BUILDING QUALITY, QUALITY 

ASSURANCE, BLOCKCHAIN 

 

 

 

 

 

INTRODUCTION 
According to the United Nations’ World Urbanization Prospects: The 2007 Revision, 

by 2050, 70 percent of the world population will be living in urban environments. All this has 

started with the unprecedented urban growth in the last few decades. For the first time, in 

2008, the number of people living in cities (400 over 1 million and 19 over 10 million) was 

equal to those in rural environments. Taking this trend into consideration and a need for 

                                                           
1MA, University Politehnica of Bucharest, Romania, ionutosavu@gmail.com 
2Professor PhD, Romanian-American University, Romania, carutasu.george@profesor.rau.ro 
3Lecturer PhD, University POLITEHNICA of Bucharest, Romania, laur.popa79@gmail.com 
4Professor PhD, University POLITEHNICA of Bucharest, Romania, costelemilcotet@gmail.com 



Research and Science Today Supplement No. 2/2017 

  

198 
 

sustainable growth, a demand for greater efficiency in the administration of cities is a natural 

emergence. For this to happen, the use of information and communication technologies is a 

must. In recent years the concept of the Smart City has come out to merge the ideas and 

technologies that will lead to the cities of the future. By using information and 

communication technologies, Smart Cities will be able to more efficiently run their 

infrastructure and public services with a smaller environmental footprint and enable the 

people living within them to interact at a more base level with both authorities and the city 

itself. One of the outcomes and, in part, driving forces of the shift in population distribution is 

a growing real estate market in cities around the world5. The real estate industry has a 

positive outlook on the major markets despite many political and economic uncertainties 

clouding Europe’s future. Today, factors such as quality of life, forward-thinking municipal 

authorities, physical and social infrastructure, diversity, and sustainability are an intrinsic part 

of the equation. Regardless of whether a country has a shrinking population, cities are still 

growing and thriving6. In 2017 the EU has seen its best year in new property development 

since the dip of 2010 after the global economic crisis7 in members ranging from the UK to 

Romania. However, the problem of building quality has started emerging. In March 2017 a 

survey conducted by YouGov for the housing charity Shelter found that 51% of homeowners 

of new builds in England have experienced major faults including issues with construction, 

unfinished fittings and problems with utilities8. In Romania, annually there are hundreds of 

complaints about abuses in construction but the measures being taken are too few when 

compared to the number of new projects. In a paper titled Emerging Trends in Real Estate: 

Europe 2017, PWC revealed that the industry is starting to look beyond traditional solutions, 

perhaps having realised it does not hold all of the solutions. For real estate to thrive in an 

uncertain and fast-changing world its leaders will have to make bold disruptive decisions9. 

This paper proposes a quality assurance framework based on blockchain technology which 

will allow a more transparent housing development market with more accountability and 

opportunity for less established companies to compete. 

 

KNOWN ISSUES IN QUALITY 
Although the root of the problems might be different, the issues that arise for new 

homeowners are common among the the two markets studied, UK and Romania. Some of the 

problems reported are weak mortar, faulty drainage or unfinished fittings which turns buying 

new homes into a problematic endeavour. Experts report that the rush to build homes in 

Britain’s housing shortage and the dominance of large building firms which use a variety of 

                                                           
5 "World Urbanization Prospects - Population ...." Accessed July 30, 2017. https://esa.un.org/unpd/wup/ 
6 "Emerging Trends in Real Estate: Europe 2017 - PwC." Accessed July 30, 2017.  

https://www.pwc.com/gx/en/industries/financial-services/asset-management/emerging-trends-real-estate/europe-

2017.html 
7 "Urban Europe — statistics on cities, towns and suburbs - Europa EU." Accessed July 30, 2017.  

http://ec.europa.eu/eurostat/statistics-

explained/index.php/Urban_Europe_%E2%80%94_statistics_on_cities,_towns_and_suburbs 
8 "Why are Britain's new homes built so badly? | Money | The Guardian."  

Accessed July 30, 2017. https://www.theguardian.com/money/2017/mar/11/why-are-britains-new-homes-built-

so-badly; "Research Report: Survey of Private Landlords - Shelter England."  

Accessed July 30, 2017.  

https://england.shelter.org.uk/professional_resources/policy_and_research/policy_library/policy_library_folder/r

esearch_report_survey_of_private_landlords;  

"Fixing our broken housing market - GOV.UK." Accessed July 30, 2017.  

https://www.gov.uk/government/publications/fixing-our-broken-housing-market 
9 "Emerging Trends in Real Estate: Europe 2017 - PwC." Accessed July 30, 2017.  

https://www.pwc.com/gx/en/industries/financial-services/asset-management/emerging-trends-real-estate/europe-

2017.html 

https://esa.un.org/unpd/wup/
https://www.pwc.com/gx/en/industries/financial-services/asset-management/emerging-trends-real-estate/europe-2017.html
https://www.pwc.com/gx/en/industries/financial-services/asset-management/emerging-trends-real-estate/europe-2017.html
http://ec.europa.eu/eurostat/statistics-explained/index.php/Urban_Europe_—_statistics_on_cities,_towns_and_suburbs
http://ec.europa.eu/eurostat/statistics-explained/index.php/Urban_Europe_—_statistics_on_cities,_towns_and_suburbs
https://www.theguardian.com/money/2017/mar/11/why-are-britains-new-homes-built-so-badly
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https://england.shelter.org.uk/professional_resources/policy_and_research/policy_library/policy_library_folder/research_report_survey_of_private_landlords
https://england.shelter.org.uk/professional_resources/policy_and_research/policy_library/policy_library_folder/research_report_survey_of_private_landlords
https://www.gov.uk/government/publications/fixing-our-broken-housing-market
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subcontractors are, in part, to blame for poor execution10. In the UK, there is no single 

licensing body that issue licences for builder to practice, they can however sign up to a body 

like the NHBC or the Federation of Master Builders but on a voluntary basis. All homes need 

to be signed off by the local authority building control to ensure that each key stage meets 

building regulation standards. Organisations such as NHBC can provide approved inspectors 

to do these checks. NHBC says in about half of the homes where it provides warranty, 

building control is carried out by another body, usually the local authority. Questions have 

been raised over NHBC’s independence after it emerged that the organisation pays millions 

of pounds to housebuilders every year.11 In Romania, problems arise not from lack of 

regulations but corruption and lack of compliance with the issued building permits. Although 

many complaints have been issued in regard to new homes there hasn’t been significant 

response from authorities. To date, no new apartment block has been demolished even if it 

was illegally constructed or had not been in compliance with construction regulations. From 

2013 to 2014 alone the ISC (State Inspectorate for Construction) has put a halt to 641 

construction sites due to problems but only at the request of the owners that have already 

bought property from the developer. After the devastating earthquake of 1977 when dozens 

of buildings collapsed in Bucharest authorities changed building standards and imposed very 

strict guidelines to avoid further problems that might arise from seismic activity. These 

standards are still in place today but in the 40 years since, the constant alteration of laws 

regarding accountability, the political changes and the centralized non transparent issuance of 

permits has created loopholes that have been exploited to the detriment of safety and 

quality.Be it in Romania or UK, the main issue that affects new home buyers comes down to 

a lack of transparency in the building process of the properties. 

 

PROPOSED QUALITY ASSURANCE FRAMEWORK 

A. Blockchain Technology 
A blockchain is a distributed database that is used to maintain a continuously growing 

list of records, called blocks12. Each block contains a timestamp and a link to a previous 

block13. A blockchain is typically managed by a peer-to-peer network collectively adhering to 

a protocol for validating new blocks. By design, blockchains are inherently resistant to 

modification of the data. Once recorded, the data in any given block cannot be altered 

retroactively without the alteration of all subsequent blocks and a collusion of the network 

majority. Functionally, a blockchain can serve as "an open, distributed ledger that can record 

transactions between two parties efficiently and in a verifiable and permanent way. The 

ledger itself can also be programmed to trigger transactions automatically."14 Blockchains are 

secure by design and are an example of a distributed computing system with high Byzantine 

fault tolerance. Decentralized consensus has therefore been achieved with a blockchain15. 

                                                           
10 "Fixing our broken housing market - GOV.UK." Accessed July 30, 2017. 

https://www.gov.uk/government/publications/fixing-our-broken-housing-market 
11 Why are Britain's new homes built so badly? | Money | The Guardian."  

Accessed July 30, 2017. https://www.theguardian.com/money/2017/mar/11/why-are-britains-new-homes-built-

so-badly 
12 Narayanan, Arvind, Joseph Bonneau, Edward Felten, Andrew Miller, and Steven Goldfeder. Bitcoin and 

Cryptocurrency Technologies: A Comprehensive Introduction. Princeton University Press, 2016 
13 "Blockchain - Investopedia." Accessed July 30, 2017. http://www.investopedia.com/terms/b/blockchain.asp 
14 Iansiti, Marco, and Karim R. Lakhani. "The Truth About Blockchain." Harvard Business Review 95, no. 1 

(2017): 118-127 
15 Raval, Siraj. Decentralized Applications: Harnessing Bitcoin's Blockchain Technology. " O'Reilly Media, 

Inc.", 2016 

https://www.gov.uk/government/publications/fixing-our-broken-housing-market
http://www.investopedia.com/terms/b/blockchain.asp
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This makes blockchains potentially suitable for the recording of events, medical records,16 

and other records management activities, such as identity management,17 transaction 

processing, and documenting provenance. The first blockchain was conceptualised by Satoshi 

Nakamoto in 2008 and implemented the following year as a core component of the digital 

currency bitcoin, where it serves as the public ledger for all transactions18. Blockchains in 

some sense can be considered as automatically notarised ledgers. They alleviate the need for 

a trust service provider and are predicted to result in less capital being tied up in disputes. 

Blockchains have the potential to reduce systemic risk and financial fraud. They automate 

processes that were previously time-consuming and done manually, such as the incorporation 

of businesses19. 

 

B. Smart Contracts 
Blockchain-based smart contracts are contracts that can be partially or fully executed or 

enforced without human interaction.20 One of the main objectives of a smart contract is 

automated escrow. The IMF believes blockchains could reduce moral hazards and optimize 

the use of contracts in general. Due to the lack of widespread use their legal status is 

unclear21. Some blockchain implementations could enable the coding of contracts that will 

execute when specified conditions are met. A blockchain smart contract would be enabled by 

extensible programming instructions that define and execute an agreement22. 

 

C. Quality assurance framework 

i. Digital Twining of Property on Blockchain 
The concept of creating a decentralized quality assurance framework leverages 

Ethereum technology created as an evolution of the Bitcoin platform which only made use of 

one of the many possible applications of the Blockchain technology (peer-to-peer transfer of 

funds). Ethereum is a platform based on the Blockchain technology used for developing 

decentralized applications. It has a few benefits over Bitcoin such as the feature of coding 

Smart Contracts and the Ethereum Virtual Machine. Smart Contracts are a digitized version 

of a traditional contract. They are computer programs which run on the Blockchain database 

and can be programmed to self-execute when the conditions written in their source code are 

met. Smart Contracts are trusted by the users as once programmed, the terms of the contract 

cannot be changed thus making the contract immutable23. As such, we can consider the 

quality rating of a property as a smart contract with conditions as legal constraints, 

construction material quality, qualifications of the builders, etc. In essence, a digital twin of 

the property is created which has the advantage of not being prone to failures such as power 

                                                           
16 Yuan, Ben, Wendy Lin, and Colin McDonnell. "Blockchains and electronic health records." Mcdonnell. mit. 

edu 
17 "How Blockchain Fits into the Future of Digital Identity | American Banker." Accessed July 30, 2017. 

https://www.americanbanker.com/news/how-blockchain-fits-into-the-future-of-digital-identity 
18 "The great chain of being sure about things - The Economist." Accessed July 30, 2017. 

https://www.economist.com/news/briefing/21677228-technology-behind-bitcoin-lets-people-who-do-not-know-

or-trust-each-other-build-dependable 
19 "Delaware Blockchain Initiative to Streamline Record-Keeping for ...." Accessed July 30, 2017. 

https://bitcoinmagazine.com/articles/delaware-blockchain-initiative-to-streamline-record-keeping-for-private-

companies-1462812187/ 
20 Franco, Pedro. Understanding Bitcoin: Cryptography, engineering and economics. John Wiley & Sons, 2014 
21 He, Dong, Karl Friedrich Habermeier, Ross B. Leckow, Vikram Haksar, Yasmin Almeida, Mikari Kashima, 

Nadim Kyriakos-Saad et al. Virtual Currencies and Beyond: Initial Considerations. No. 16/3. International 

Monetary Fund, 2016 
22 Swan, Melanie. Blockchain: Blueprint for a new economy. " O'Reilly Media, Inc.", 2015 
23 "Smart Contracts: Separating Ethereum from Bitcoin - Cointelegraph." Accessed July 30, 2017. 

https://cointelegraph.com/news/smart-contracts-separating-ethereum-from-bitcoin 

https://bitcoinmagazine.com/articles/delaware-blockchain-initiative-to-streamline-record-keeping-for-private-companies-1462812187/
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https://cointelegraph.com/news/smart-contracts-separating-ethereum-from-bitcoin
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cuts, node failures, tampering, there is no risk of misplacing or losing the information as the 

contract is saved on a distributed ledger. What this means is that each device connected to the 

network has a copy of the contract and the data stays on the network forever. Since the terms 

of the contract cannot be changed, the users are at a lesser risk of being cheated. Smart 

contracts are free from all kinds of human intervention. Although the underlying base 

technology exists and is constantly being developed, a user friendly application and interface 

has to be developed for the specific creation of smart contracts in this particular use case.  

 

ii. Legal Requirements as Contract Conditions 
To address the issues that arise from not withholding the requirements set by authorised 

legal entities upon issuance of building permits these can be integrated into the digital twin’s 

smart contract as conditional barriers to the rating system. The advantages of this approach 

are an increased transparency for all stakeholders as well as an automated system for 

validating all conditions set forth by the authorities. However, implementing such a system 

has to have political support as it requires adoption by the city government which in turn 

would need a legal basis for recognising authority of the automated smart contract. 

Furthermore, for legal requirement validation, digital signatures would have to be adopted 

and used by all parties interacting with the smart contract. Although not in this particular use 

case, implementation of a similar project on blockchain technology has gone through a pilot 

program in Sweden by the Mapping, Cadastre and Land Registration Authority in 

collaboration with Landshypotek Bank, SBAB, Telia, ChromaWay and Kairos Future to 

study and test the possibilities of using blockchains as a technical solution for real estate 

transactions and the mortgage deed processes. It is the second stage of the program, the first 

having ended successfully in June 2016. As outlined in their 2017 report, among other 

considerations, further lobbying, investigation and innovative solutions to allow for a digital 

process with digital signatures is a key element to secure the realization of the value of the 

project. Furthermore, the operation of a blockchain is a joint responsibility. The appropriate 

governance and incentives for operation has to be set up. The ambition is to make the 

solution open source to a large extent. Still, ownership of the software and hardware, and a 

framework for potential external partners for cloud solutions, storage, network etc. has to be 

outlined. There are many possibilities to develop new solutions and services with the use of 

the data and platform developed. Conditions for this has to be discussed, and the process for 

decision on changes investigated24. 

 

iii. Conditional Use of Suppliers, Materials, Expertise 
As previously mentioned, another consideration for home buyers is the quality of 

materials used as well as the expertise of the builders, especially in markets where there 

aren’t strict legal requirements for formal qualifications. For example, training of builders in 

Germany takes three years, where the ‘master craftsman’ status is a formal licence to trade, 

which is not the case in the UK, hence the proliferation in the UK of ‘builders’ who do not 

have formal qualifications25. By digitising the builder’s licenses, they can be integrated into 

the smart contract thereby contributing to the final quality rating of the property. In the case 

where formal education is more relaxed or absent, builders can still use a digital signature as 

proof of the quality of their work which would be backed up by their past reputation in work 

done transparently through smart contracts on the distributed ledger. Suppliers can also 

                                                           
24 "The Land Registry in the blockchain - testbed - ChromaWay." Accessed July 30, 2017. 

https://chromaway.com/papers/Blockchain_Landregistry_Report_2017.pdf 
25 "Why are Britain's new homes built so badly? | Money | The Guardian."  

Accessed July 30, 2017. https://www.theguardian.com/money/2017/mar/11/why-are-britains-new-homes-built-

so-badly 

https://chromaway.com/papers/Blockchain_Landregistry_Report_2017.pdf
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adhere to this framework and create a feedback loop where the quality of the end product 

influences their reputation and vice versa. 

 

CONCLUSION 
This paper proposes a blockchain - smart contract based quality assurance framework 

to reduce or eliminate issues that have affected new home buyers as a result of rapid property 

evolution in markets where population redistribution and growth have created a need for new 

real estate development. The advantages of this technology over a centralized database 

provided by a third-party trust service provider are, by its nature, improved reliability, 

increased transparency from city authorities, contractors, builders and suppliers as well as 

resistance to tampering, an immutable history of the digital twin of the property and in the 

end more trust in the market as a whole. Hence, the integration of a distributed network based 

on smart contracts running on blockchain technology into the framework of a smart city 

would alleviate some of the friction brought by rapid development and create growth from 

value assurance. Further works have to be done to study the potential viability of the 

proposed system from a logistical point of view as well as political acceptance. However, 

creating a digital twin of a property has potential application in other aspects of the life cycle 

of the asset that might bring value in other aspects of managing a smart city. 
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ABSTRACT: 
OVER THE LAST FEW YEARS THERE HAVE BEEN GRADUAL CHANGES TOWARDS THE NEW 

TECHNOLOGY, BUT FROM NOW ON, THERE IS ALREADY A DIFFERENCE IN THE PACE AT WHICH 

THINGHS NEED TO CHANGE. PROGRESS AWAITS NO ONE, AND EVERYTHING THAT IS NEW MUST BE 

ABSORBED AS FAST AS POSSIBLE. MOST OF THE DISCUSSIONS ON THE 4.0 INDUSTRY HAVE AS 

THEIR MAIN CONCERN THE LACK OF SPECIALISTS IN THE FIELD, THE LACK OF SPECIALISATIONS 

THAT CAN SUSTAIN NEW TECHNOLOGY OR THE LACK OF NEW SPECIALISATIONS REQUIRED BY 

THIS ONE. UNFORTUNATELY, TECHNICAL OR INDUSTRIAL SPECIALIZATIONS ARE NOT THE ONLY 

NECESSITIES THAT WILL COME IN HAND WHEN DEALING WITH THE CHANGE TOWARDS NEW. THE 

LACK OF SOFT SKILLS WILL BE FELT AS COMMUNICATION AND COLLABORATION AMONG 

VARIOUS INTERESTED COUNTRIES SHOULD BECOME BETTER. GREAT ORGANISATIONS ARE 

ALREADY BEGINNING TO REALISE THAT THERE IS A LACK OF SOFT SKILLS AT THEIR CURRENT 

EMPLOYEES OR AT THE PEOPLE TO COME TO JOB INTERVIEWS. HOW DO WE PREPARE 

EMPLOYEES FOR THE NEW TECHNOLOGY REGARDING EXPERT SKILLS AS WELL AS SOFT SKILLS? 

 
KEY WORDS: SOFT SKILLS, 4.0 INDUSTRY, NEW TECHNOLOGY, SPECIALIZED SKILLS 

 

 

 

 

 

INTRODUCTION 

Many observers estimate that the world is at the start of a new Industrial Revolution, 

which is considered the Fourth Revolution and is called ”Industry 4.0”. Connecting a lot of 

products to the Internet, presence of sensors, wireless communications expansion, robot and 

intelligent machine development, real-time data analysis have the potential to turn the way 

the production is done. Connecting the physical world to the virtual world in cyber-physical 

systems will have a disruptive impact on technologies, manufacturing processes and people. 

Industry 4.0 is a significant transformation of all industrial production by unifying digital 

technologies and the Internet with conventional industry. The views are divided with regard 

to the use of the terms of revolution or evolution. 
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In Europe, the concept was launched and supported by Germany through government 

programs and top companies like Siemens or Bosch. In America, the move is called ”Smart 

Manufacturing” more often, China is talking about ”Made in China 2025” and Japan is 

promoting ”Innovation 25”. All aim to develop an industry that launches products faster, 

increase flexibility as well as resource efficiency through digitization. 

If we think that over the past 15 years the product variety has doubled while the life cycle 

has been reduced by 25%, it is quite easy to imagine that the development and manufacturing 

process is growing and requires new models and technological solutions could meet the needs 

of customers. From this point of view it can be stated that Industry 4.0 has emerged as a 

necessity for the efficiency of production processes. Technological exponential advances, 

manifested by processing power, memory capacity and the multitude of developed 

applications have made industry evolve to this level. 

From an economic point of view, Industry 4.0 is a chance to re-launch, re-technologize 

Production and evolve business models for services and products. 

Political and social aims to re-industrialize Europe for sustainable development after two 

decades in which production has been shifted to Asia and only one in 10 EU-wide companies 

have made it into manufacturing. The European Commission has developed a "European 

Industrial Renaissance" plan. In 2014, value added in production accounted for only 14.5% at 

EU level and the growth target is projected to be 20% by 2020. 

 

SKILLS AND JOB ANALYSIS FOR INDUSTRY 4.0 

The training of specialists in the framework of Industry 4.0 is of tremendous importance 

for the society as a whole. Priority should be provided in this respect to the transition of 

experience (generically speaking) from one generation to another; new skills cannot be 

promoted and developed on an empty space, but on the contrary, they could continue and 

raise at higher levels to the already existing expertise both from theoretical and pragmatic 

points of view. Through organized school activities and informal actions, the already 

accumulated experience during the last decades with regard to automatic profile of industries, 

AI ways and means, digitization, cybernetics etc. could and should be taken into account and 

developed from new perspectives. 

A second matter envisages the exchange of experience about the evolution under the 

auspices of Industry4.0. Here we have in mind multiple levels: local, regional, global with a 

great plurality of actors such as: communities governing bodies, Governments, governmental 

structures (agencies, centers and authorities), NGO’s, academic and scientific entities 

(schools, Universities, research centers, think-tanks), intergovernmental agencies, regional, 

sub regional and national organizations (e.g. UN System, European Union etc.), media, 

financial and banking institutions.  

Concrete and valuable experience should follow in double way, having a great role in 

sharing new ideas, scenarios and priorities on short, medium and long term. Industry 4.0 and, 

on a much broader level, the Fourth Revolution of this century (the first one of the Third 

Millennium) does not represent a task limited to a single local community, a single nation, a 

single geographical region, but has to concern the mankind and the world as a whole. It is 

therefore a universal worldwide matter. 

 Thirdly, interdisciplinary approach represents a sine qua non (an indispensable and 

essential) condition which could guarantee the future of the Industry 4.0. This is why, besides 

the contacts among experts from the same scientific or technological branch, collaboration 

among specialists belonging to various, but complementary fields is needed on the basis of 

some matters of mutual interests, discussed and evaluated from different professional 

perspectives. 
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Looking at the technology history from the point of view of adapting to consumer 

requirements, we can divide it in the next four stages: 

1. The period before the first industrial revolution (that of craft production) is 

characterized by the fact that each product was designed and made for a particular 

customer (footwear, clothes, horse harnesses etc.).  

2. The industrial revolution of the 18th and 19th centuries has led to an increase both in 

productivity and volume of production by product variants, which led to the transition 

to a new paradigm at the beginning of the 20th century: that of production (introduced 

by Ford in the Ford T model).  

At this stage, a limited number of products are manufactured, which are made in a very 

large number (mass), assuming there will be enough customers for them. Year 1955 is 

considered to be characteristic of mass production, as the year with the highest production 

volume for a particular product alternative. Starting this year, turning, the variety of products 

grows and the number of similar products starts to drop.  

1980 is the year of transition to a new stage, that of mass customization in which the 

customer selects the desired product from a list of options before it is made (classic example 

is that of choosing the passenger car configuration based on a list of variants and then putting 

it into production).  

The fourth technological stage is that of personalized production that begins in the first 

decade of the 21st century. During this time, product options are chosen by the customer, 

purchased from the manufacturer and then made with advanced processing systems. An 

essential role in the leap in technological innovation that has been applied on an industrial 

scale: faster prototyping technologies, called Additive Manufacturing, cloud manufacturing, 

augmented reality, simulation etc.  

 

The great Industrial Revolution depends on small technological revolutions in various 

areas such as: 

 Applying information and communications technology to digitize information 

and integrate systems into conception, development, manufacturing and use of 

products. 

 New software technologies for modeling, simulation, virtualization and digital 

manufacturing. 

 Developing cyber-physical systems to monitor and control physical processes. 

 The evolution of 3D printers and additive manufacturing to simplify 

manufacturing. 

 Decision support for human operators, the emergence of intelligent tools and 

assistance using augmented reality. New forms of human-machine interaction. 

Many of these technologies have been available for a few years, and others are 

not yet ready for use on a broad scale. 

 

Benefits of Industry 4.0: 

TIME: Every employee becomes more efficient while working in an optimized process. 

Engineers spend 31% of working hours searching for information which can be used for 

activities that produce value. 

COST: Provides accurate data in the right context and format to make information-based 

decisions. Incorrect or partial information and erroneous decisions taken on them cost about 

25% of the company's income. 

FLEXIBILITY: Creates flexible systems ready for change and for new opportunities. 

Only 36% of companies are prepared to optimize processes based on data analysis. 
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INTEGRATION: Digital manufacturing involves the simultaneous development of the 

product and the production process. Companies reduce 80% time with production 

interruptions if they use digital validation. 

As a matter of fact, there are certain specific advantages, mainly related to the 

professional background of young people who will be sooner or later involved in all 

processes of Industry 4.0. This background envisages on one hand, the level of knowledge 

and updated information and on the other hand, the level of competences and abilities. There 

is a relevant and useful point, for instance, the openness of younger generation, particularly 

of graduates of the secondary and higher education institutions, towards the basic issues of 

IT, communication systems, virtual environment, new software technologies etc.  

At the same time, one should stress the fact regarding the knowledge of certain foreign 

languages (mainly English-for those who don’t have it as a native language, but also French, 

German, Italian or Spanish), with an emphasis on the technological and scientific language 

(area of words and expression). It is obvious that those languages represent am useful door to 

a solid specialization in accordance with the values, realities and trends of Industry 4.0. 

The Digital Factory will allow optimization of all phases in the product life cycle. Virtual 

simulations of design and functionality, developed parallel to the manufacturing planning 

lead to a much faster market launch, significant cost reduction and higher quality. Everything 

will be driven by data analysis. The Digital Factory integrates Product Lifecycle 

Management, Digital Manufacturing, Manufacturing Execution System and IoT components 

that communicate feedback from on-going manufacturing processes or from in-service 

products. 

In terms of inherent disadvantages and short-comings we have to underline various 

aspects, among them: 

 The need for professional re-orientation, a matter which requires a certain 

degree of mobility, of capacity of changing, in due time, the environment (in 

its broad sense, including social one). Such a process of re-orientation seems 

to be more difficult and complex on the level of those people being more than 

40 years old; anyway ”difficult„ does not mean ”impossible”. 

 The need for new categories of professions/kinds of activity, which have to 

overcome the previous ones, very familiar for the given reasons and which 

must cover the full range of competencies that will come up with advancing to 

the Industry 4.0. 

 The particular need for high-level specialists in fields like: IT, Artificial 

Intelligence, robotic etc. 

Each of the above-mentioned requirements depends on the content and orientation of 

training process of various degrees, mainly on higher education process, which is the closest 

to the future jobs understanding. 

 

Jobs in Industry 4.0 

The future of specialists will be seriously influenced by Industry 4.0. Surely the skills 

required in the factories of the future will be other than the present ones. Many of today's 

activities, serving production machines, precision positioning, assembly, quality inspection 

will be done by robots. They are not only more effective, but they also communicate 

perfectly with decision and control systems. 

The labor market will change, but it is hard to predict if there will be more or fewer jobs 

overall. Robots are still at the beginning and cannot replace people in all their activities. On 

the other hand, the rate of return on investment in a fully automated factory is not attractive 

nowadays. All forecasts are based on historical data, but exponential technologies are 

completely new, so the effect of large-scale evolution and use is hard to be predicted. The 
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risk is to have massive unemployment for certain categories of population and the lack of 

staff with digital skills. 

Disturbing changes in business models will have a profound impact on the labor market 

landscape in years to come. The rapid pace of change will translate into distortions of current 

business models that will lead to a permanent need for new skill sets. At the same time, this 

will require joint efforts for adaptation. Expert Klaus Schwab voiced concern that 

organizations may not face the adaptation process. Governments may also, from their 

position, not be able to hire or regulate new technologies to make the most of their benefits. 

The transfer of power will generate important safety concerns, inequality may increase and 

society may be fragmented. 

When compared to previous industrial revolutions, this fourth wave of change evolves 

rather at an exponential than linear level. In addition, it brings massive changes almost every 

industry sector in each country. The extent and depth of these changes predict the complete 

transformation of production systems, management and governance. The revolution can 

amplify the phenomenon of social inequality, especially through its potential to disrupt the 

labor market equilibrium. 

As a consequence, some analysts are of the opinion that talent in the future, more than 

capital, will become an essential factor in the production process. This will bring an 

ascendance of a more and more segregated labor market into categories such as "few skills / 

little money" and "multiple specializations / more money" and this will in turn lead to an 

increase of social tensions. Technology is, therefore, one of the main reasons why revenues 

have stagnated or even diminished for most of the population in countries having high 

income sources. The demand for super-qualified personnel increased, while employees with a 

basic level of education diminished. The result is a labor market with a strong demand at both 

ends, but with middle-goal goals. 

 

Job training for a successful career path 

The field of informatics and mathematics was expected to record a strong focus on data 

analysis, as well as on the development of software and applications. Not only the IT & C 

industry will grow, but also a wide range of sectors, including: 

 The system of financial and investment services. 

 Entertainment and Information. 

 Mobility and professional services. 

 Computational power and Big Data analyzes as an important driver for 

generating new jobs, all as a result of digital transformation globally. 

The future looks good for those who want indeed to become data analysts or sales 

representatives. That's because of all the malfunctioning generated, the competition for 

genuine talents in IT, math, architecture, engineering and other strategic areas will become 

fierce. Employers will have to prioritize how they secure their valuable human resources. 

The world is changing: from smartphones to video games or gadgets which we are 

witnessing, transforming the world into an incredible place. The same happens with 

professional skills. The qualities that we are now implementing at work are not necessarily 

the same we will need in the future. 

Fortunately, a report done by the World Economic Forum, generically called ”The Future 

of Jobs”, makes a forecast of how the labor market will look more than 15 years old. The 

information comes from dialogues with certain heads of human resources and strategy 

managers from some of the most renowned multinationals. But before we find out what are 

the skills that everyone will need in 2020, let's first understand what the change factors are: 

 Extreme longevity - people live longer. 
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 The rise of smart devices and systems can potentiate and even expand our own 

skills; automation at work brings the end of repetitive jobs. 

 A Computerized World - The multitude of sensors and processing make the 

world a programmable system. Information gives us the ability to see things 

on a scale that has not been possible so far. 

 New Media - New media and communication tools require media literacy that 

goes beyond the usual text; Visual communication becomes the new common 

language. 

 Super structured organization - Social technologies generate new forms of 

production and place great emphasis on creation; Social tools allow 

organizations to work at oversize levels. 

 Global Connectivity - Diversity and adaptability are at the heart of things; 

Europe and the United States no longer have the monopoly of job creation, 

innovation or political power. 

Which abilities will suffer the most significant changes? In our view, these change leaders 

will metamorphose the way we live and how we operate. Some jobs will disappear, while 

others will appear and become commonplace. One thing is certain: the future of the 

workforce will have to align its skills set in order to keep up with the change. 

 

Tabel 1. Top 10 skills 2015 vs. 2020 

 In 2015 In 2020 

1. Complex problem solving Complex problem solving 

2. Coordinating with others Critical thinking 

3. People management Creativity 

4. Critical thinking People management 

5. Negotiation Coordinating with others 

6. Quality control Emotional intelligence 

7. Service orientation Judgment and decision-making 

8. Judgment and decision-making Service orientation 

9. Active listening Negotiation 

10. Creativity Cognitive flexibility 

 

Creativity will make the biggest jump in the rankings of skills, becoming one of the three 

most sought-after qualities by employers. With a great deal of products and services, new 

technologies and working methods, employers of the future will have to exploit more and 

more creativity to implement the most of these changes. 

On the other hand, negotiation and flexibility, two skills that are now leading in the 

ranking, will gradually lose their relevance. Computers using large data sets are starting to 

make decisions in our place. By the same pattern, active listening also loses ground and runs 

the risk of not taking place in the top 10. Emotional intelligence, which so far has not 

accumulated too many points, will also go up in the rankings to an attribute that everyone 

needs. 

Another report, this time provided by the Institute for the Future (IFTF), identified some 

of the key skills needed in the coming years. They are as follows: 

 The ability to mix correlates things to give rise to new ideas and proposals. 

 Social Intelligence - the ability to relate to people and build functional ties. 

Influence and the creation of relationships will derive from the ability to ask 

the right questions and not necessarily always have the best answers. 
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 Computational Thinking - refers to being analytical, a very important quality 

in a focused environment around the notion of information. The ability to 

translate large amounts of data into really useful information is now more than 

ever an essential quality. 

 Inter disciplinary - Companies will look for people having new skills, trained 

agility who have general views, know how to listen, synthesize ideas and 

make connections. 

 Cognitive load management - the ability to effectively filter and focus on what 

is really important. 

Of course, all of the abilities above mentioned do not only function independently. They 

also need to be accompanied by technical skills or professional certifications to help the 

individual entity remain relevant in the competitive labor market environment. 

 

Advantages of Romania in Industry 4.0 perspective 

There are significant development opportunities for Romania in the context of Industry 

4.0. The direction in which the industry goes is very clear. Data management and security 

will be key issues requiring adequate and lasting solutions. To achieve the true Industry 4.0 

potential, companies need to plan digital transformation, producers must today on-the-go 

search for and build the best talents with digital skills and develop a clear plan on how the 

digital factory will look and companies need to fully understand the importance and urgency 

of digitization, both success and bankruptcy will happen at very high speeds. 

There are many factors that place our country as an EU Member State in a very favorable 

position in the prospect of moving to Industry 4.0. Even if there are some voices claiming 

that we cannot make the leap from 2.0 to 4.0, Romania will significantly benefit and attract 

many investments. Here are 7 major advantages that Romania has: 

 Strategy Industry 4.0 aims to bring production back to Europe, focusing on 

personalized production, high quality and manufacturing near the consumer market. 

Eastern European countries with their emerging market economies are the best 

destinations for investing in new production facilities. 

 The car industry will be the one to engage most resources and make the most 

investments. Fortunately in the last 10 years, this industry has strongly developed. The 

number of automotive suppliers in Romania is steadily increasing. We have only two 

car makers, Dacia and Ford, but the supplier network is well-developed and diversified. 

Of the top 20 global automotive suppliers, 13 are today present in Romania with 

production facilities. According to ACAROM (Association of Automotive 

Manufactures of Romania-a professional body of companies involved in the automotive 

industry), the turnover of suppliers higher than the builder's. 

 The speed of Internet connection in Romania is one of the highest in Europe. The 

Internet of Things will generate a huge amount of data and will require very high 

transfer and processing speeds. 

 IT companies will have increased involvement, Industry 4.0 will attract new cyber-

physical systems (CPS) or services: IT security, Big Data analysis, M2M solutions and 

Artificial Intelligence. The IT sector is well developed in Romania and can support 

investors' efforts in digital factories. 

 The skills required for the digital factory can be found in Romania. There is a good 

production tradition and good technical universities all over the country, as evidenced 

by the numerous investments in automotive R & D centers. 

 In the period 2016-2020 there are envisaged many programs with non-reimbursable R 

& D in Industry 4.0 technologies. They will support the development of Romanian 

companies and attract foreign investors. 
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 Germany is the main supporter of Industry 4.0 strategy and one of the largest investors 

in Romania. Many German companies already have state-of-the-art technology in our 

production facilities. 

 

CONCLUSION 

An important challenge for education and training systems is represented by their rapid 

adaptation to the spectacular technological developments of the last quarter of a century. 

Automation and information technologies radically changed the skills needs of the labor 

market, highlighting the enormous gap between the provision of training provided by the 

institutions and the demand for new skills tailored to the needs of this new Industrial 

Revolution. As early as 1970, Alvin Toffler drew attention to the impact of new information 

and communication technologies on individuals and society in general in his famous 

book:”Future Shock”. More recently, but in the same direction, a plethora of global 

personalities presented arguments on how spectacular developments in technology 

revolutionize the nature of work, triggering an alarming signal about the need to adapt the 

organization and functioning of public institutions.  

Sir Ken Robinson, in his book ”Creative Schools: The Grassroots Revolution That’s 

Transforming Education ” emphasized the idea that new forms of work are characterized by 

innovation, creativity and in-depth specialization, which is why it is very important for 

governmental institutions dedicated to education and training to encourage skills-based 

approaches through effective capitalization of the skills / talents of each individual. Ray 

Kurzweil, an inventor, futurologist and artificial intelligence expert, stated in one of his 

public interventions that "the biological abilities of the human mind develop at a linear pace, 

while non-biological abilities of technology develop exponentially," which means, according 

to its projections and expectations, that by 2029 artificial intelligence will have similar skills 

to those of people.  In 2011, a study elaborated by the Institute for the Future1 (a research 

group with more than 40 years of experience in anticipating and identifying emerging trends 

and discontinuities that transform markets and global society) outlines the main challenges 

ahead for 2020. Digital technologies can substitute workforce through capital. Productivity 

shows major increases, but not the same with wages. Moreover, due to increased accessibility 

to telecommunication services (voice and data), multinational companies have the 

opportunity to use a cheaper local workforce to carry out activities in a region of our planet 

where workers are much better paid. This generates social dumping and increased 

competition on the labor market, especially in developed countries, which can lead to the 

escalation of conflicts whit in society and the degradation of social protection systems. 

In order to assist Member States in implementing education and training policies, the 

European Commission considers that public dialogue should be stimulated in the next period, 

that a new Education and Training Vocational Agenda be adopted as well as alternative 

models of local, national and global governance. Following consultation with the social 

partners and the main training providers, the Commission has established a list of key 

competences that are needed to increase employability in the labor market: mother tongue 

communication, foreign language communication, mathematical skills, basic skills In science 

and technology, digital competences, learning to learn, social and civic competences, the 

spirit of initiative and entrepreneurship, cultural awareness and expression. 
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ABSTRACT:  
THE AIR CAR INTRODUCED IN THIS PAPER IS A VEHICLE THAT IMITATES THE SIMPLE OPERATING 

PRINCIPLE OF A THREE WHEELS BICYCLE. THE MOTOR IS COMPOSED OF TWO SIMPLE 

PNEUMATIC PISTONS (32 MM AND 63 MM AND THE STROKE IS 320 MM), WHICH ARE CONTROLLED 

BY MECHANICAL VALVES. NO ELECTRONIC DEVICES ARE USED. THE VEHICLE CAN OPERATE IN 

TWO MODES: "SAVING ENERGY MODE" AND "SPEED MODE". IN ORDER TO INNOVATE, WE USE A 

HIGH-PERFORMANCE SHIMANO GEARBOX, AND ALSO A MODERN STRUCTURE WITH HIGH-

RIGIDITY. THE GAS BOTTLE IS ISOLATED BY A 3 MM THICKNESS ALUMINIUM SHEET, AND THUS 

PROTECTING THE DRIVER. THE ENGINE IS PROVIDED WITH A PROFESSIONAL SHIFTER THAT IS 

QUITE A TECHNICAL CHALLENGE. THE FIRST OBJECTIF OF THE PROJECT IS TO BUILD AN 

EFFICIENT PNEUMATIC MOTOR WITH A SIMPLE DESIGN, TAKING INTO CONSIDERATION THE 

CONSTRAINTS OF THE COMPETITION IN CASE: THE SPONSORS IMPOSE TO THE COMPETITORS TO 

USE JUST THEIR RANGE OF PNEUMATICAL COMPONENTS. ANOTHER IMPORTANT OBJECTIF IS TO 

MANUFACTURE THE AIR CAR USING PROPULSED JUST BY “LINEAR MOVEMENT”, WHICH MEANS 

PNEUMATIC PISTONS UTILIZATION.  REGARDING THE CONTROL AND COMAND OF THE ENGINE, IT 

CAN BE REALIZED BOTH BY PNEUMATIC VALVES AND DISTRIBUTORS AND BY PLC’S. PNEUMOBIL 

COMPETITION IS A TOUGH COMPETITION, THEREFORE IN ORDER TO SUCCESFULLY PARTICIPATE, 

THE TEAM OF UNIVERSITY POLITEHNICA OF BUCHAREST CHOSE A PURE PNEUMATIC MOTOR, 

THUS AVOIDING THE POSSIBLE PROBLEMS OF AN ELECTRO-PNEUMATIC MOTOR. 

 
KEY WORDS: PNEUMATICS, AIR CAR, MECHATRONICS, VALVES, PISTON 

 

 

 

 

 

INTRODUCTION 

"UPBair no. 48" is an experimental vehicle using compressed air, designed to 

participate in the race "PNEUMOBIL 2017" organized by company Aventics GmbH for ten 
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years6. After nine editions, the competition became a well organized one, with clear and very 

strict rules. Two of the most important rules are: firstly, the motor must use just components 

produced by the Aventics, the main sponsor of the competition, and secondly, for creating 

movement only pneumatic pistons could be used. During the competition, more than twenty 

cars had serious technical injuries, most of them being in impossibility to participate to the 

races. Therefore, creating an air car using a pure pneumatic motor or an electro-pneumatic 

one represents a real challenge. Forward, we bring a few arguments in favor of UPBair 

motor, in comparison with a mechatronic system controlled by a PLC or another electronic 

device/assembly7. 

The specific features of the races are meant to highlight the quality of these air motors 

together with the air cars design. For example, the acceleration race aims to emphasize the 

engines able to develop high speed, given the same gas bottle for being used by all the 

competing cars. The competition record exceeds 60 km/h.  As for the long distance race, the 

cars must go through the longest distance, under the condition of a constant average speed 

exceeding 15 km/h.8  

 

STRUCTURE AND DESIGN 

The idea of the UPBair vehicle came from the simple design of the trike called delta 

(figure 1). In order to avoid the swinging sideways of the car, the gravity center must be 

correctly located (CoG), and thus giving the position of the driver itself (figure 2). 

Consequently, the prototype was provided with three wheels: one driven in the front place, 

and two in the rear (left wheel steered, right wheel driven)9. 

 

Figure 1. Types of tribike 

 

                                 

                                                           
6 Agud, M., Nica, L.I., Stanciu, R.D., Ungureanu, L. Tehnical_document_upbair_no.48_v2.0, The 10th edition 

of the PNEUMOBIL competition (2016) 
7 Agud, M., Nica, L.I., Stanciu, R.D., Ungureanu, L. Tehnical_document_upbair_no.48_v2.0, The 10th edition 

of the PNEUMOBIL competition (2016); Ghinea, M. Objectif function development in optimization's problems 

for engineering, Course notes, University POLITEHNICA of Bucharest (2012) 
8 Agud, M., Nica, L.I., Stanciu, R.D., Ungureanu, L. Tehnical_document_upbair_no.48_v2.0, The 10th edition 

of the PNEUMOBIL competition (2016); Ghinea, M. Objectif function development in optimization's problems 

for engineering, Course notes, University POLITEHNICA of Bucharest (2012) 
9 www.jetrike.com 
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The optimal CoG  - Looking down from above (figure 3), if it is drawn a triangle (the 

blue line) between the three contact points and at the mid-point of each line it is drawn 

another line to the opposite corner (red line), then the intersection of these three lines is the 

optimal point where the driver CoG should sits10. 

The lateral position of CoG - Looking from the front (figure 4), if it is taken the track 

measurement B and it is divided in halves it gets A. 

We use A to construct an isosceles triangle between the contact patches. This triangle 

represents the tipping point of the trike, and if the CoG is inside the triangle, then the trike 

skids when it loses traction while cornering, otherwise the trike tips11. 

The longitudinal position of the CoG – A similar triangle can be drawn on a side view 

of the trike using the wheelbase measurement from B to derive A. It can then use this side-on 

triangle to calculate where to place the CoG in order to prevent the tipping forward when 

breaking12.  

 

 
 

                                                           
10 Gulati, V., Mehta, S., Kashyap, A., Pawar, K. Design and FEA of a Recumbent Trike, International Journal of 

Applied Engineering Research, ISSN 0973-4562 Vol.7 No.11, Research India Publication, 

http://www.ripublication.com/ijaer.htm (2012); www.jetrike.com 
11 Gulati, V., Mehta, S., Kashyap, A., Pawar, K. Design and FEA of a Recumbent Trike, International Journal of 

Applied Engineering Research, ISSN 0973-4562 Vol.7 No.11, Research India Publication, 

http://www.ripublication.com/ijaer.htm (2012); www.jetrike.com 
12 Gulati, V., Mehta, S., Kashyap, A., Pawar, K. Design and FEA of a Recumbent Trike, International Journal of 

Applied Engineering Research, ISSN 0973-4562 Vol.7 No.11, Research India Publication, 

http://www.ripublication.com/ijaer.htm (2012); www.jetrike.com 

http://www.ripublication.com/ijaer.htm
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Based on these calculations, it can be established the correct position of the driver for 

our UPBair trike. The car length is 2015 mm with the width of 1175 mm. The engine and the 

back wheels are protected by metal plates and the car frame. The driver’s head and back are 

protected by a 395 mm height aluminum tube. The ground clearance is 102 mm which is 

more than enough to protect the bottom of the automobile against obstacles that may appear 

on the race track. 

The center of mass is closer to the back of the car at 400 mm from the back wheel and 

at 328 mm height, which gives a good  stability as shown in figure 513. 

In the figure 5, the dimensions of the vehicle are shown to be in compliance with 

competition rules, and the center of gravity (G) is determined by the CAD program. 

 

FRAME AND STRUCTURE 

The structure of the vehicle is made of 35 mm diameter aluminum tubes (the wall 

thickness of 3 mm) and boards of 10-20 mm thick aluminum are both designed to support all 

the other car components. At the bottom, a platform composed of five sleepers faces the 

driver's weight, engine and the compressed air bottle14.  

Therefore, the vehicle is designed to protect the driver in case of accidents (Agud et al., 

2016). For the same reason, the frame welding was the responsibility assumed by a company 

authorized in welding aluminum vehicle, while its assembly was done with removable 

mechanical assembly (screw and nut). 

 

 

  

                                                           
13 Agud, M., Nica, L.I., Stanciu, R.D., Ungureanu, L. Tehnical_document_upbair_no.48_v2.0, The 10th edition 

of the PNEUMOBIL competition (2016); Ghinea, M. Objectif function development in optimization's problems 

for engineering, Course notes, University POLITEHNICA of Bucharest (2012); Gulati, V., Mehta, S., Kashyap, 

A., Pawar, K. Design and FEA of a Recumbent Trike, International Journal of Applied Engineering Research, 

ISSN 0973-4562 Vol.7 No.11, Research India Publication, http://www.ripublication.com/ijaer.htm (2012); 

www.jetrike.com 
14 Agud, M., Nica, L.I., Stanciu, R.D., Ungureanu, L. Tehnical_document_upbair_no.48_v2.0, The 10th edition 

of the PNEUMOBIL competition (2016); Ghinea, M. Objectif function development in optimization's problems 

for engineering, Course notes, University POLITEHNICA of Bucharest (2012) 
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Considering that aluminum density is around one third of the steel’s or copper’s, in 

other words one of the lightest commercially available metals, the resultant high strength to 

weight ratio makes it an important structural material allowing increased payloads or fuel 

savings for transport industries in particular. The UPBair vehicle has the body frame all made 

of 35mm aluminum tube (fig.7), thus providing it with a good resistance while keeping the 

weight as low as possible. The frame covers the car as a 6 point cage protecting the inside 

parts, and especially the driver. Moreover, the vehicle floor is reinforced with 3 transversal 

aluminum tubes. As seen in the picture 6, the back is also provided with a protecting bended 

tube. As for the front side, a two bended tubes windshield is meant to protect the driver from 

debris15. 

The internal components are tight on the frame due to some adaptors specially 

designed. This way, as figures 7 and 8 show, rigidity is maintained and vibrations reduced 

(for not affecting the mechanical components). 

As previously mentioned, welds was the concern of a specialized company working 

with the latest technology in the field. The utilized types of aluminum are: 5754, H1111 (for 

sheets), 6060, T6 (for pipes) and 5083, H111 (for plates).  
 

THE ENGINE 

The motor of the UPBair vehicle consists in two Aventics cylinders, one piston (P2) 

Ø 63x320mm and another (P1) Ø32x320mm which are operated by a simple pneumatic 

assembly (see the scheme in fig.  

10)16.   

The engine operates in two modes, the energy saving mode and speed mode. In 

economic mode the engine works with the small piston (32 mm diameter), the large piston 

(63 mm diameter) being disabled pneumatically and mechanically. In the economic mode, the 

small piston (P1, fig.8) is controlled by the distributor D1 (figure 9), when the valve V1 

(Roller Pneumatic Manual Control Valve) is closed and valve V2 (Roller Pneumatic Manual 

Control Valve) is opened17.  

In the speed mode, the engine works with both pistons. The piston P2 actuates the 

transmission. At the output, it commands the distributor D1 (fig.8 and 9), the valve V1 opens 

and the valve V2 closes, and at the input the small piston withdraws the whole system. All 

steps of speed mode running, from pneumatic point of view, are presented in figures 11a, 

b….14 a, b.  

                                                           
15 Agud, M., Nica, L.I., Stanciu, R.D., Ungureanu, L. Tehnical_document_upbair_no.48_v2.0, The 10th edition 

of the PNEUMOBIL competition (2016); Ghinea, M. Objectif function development in optimization's problems 

for engineering, Course notes, University POLITEHNICA of Bucharest (2012) 
16 Agud, M., Nica, L.I., Stanciu, R.D., Ungureanu, L. Tehnical_document_upbair_no.48_v2.0, The 10th edition 

of the PNEUMOBIL competition (2016); Ghinea, M. Objectif function development in optimization's problems 

for engineering, Course notes, University POLITEHNICA of Bucharest (2012); Vladislav Blagojević, Miodrag 

Stojiljković Mathematical and Simulink Model of the Pneumatic System with Bridging of the Dual Action 

Cylinder Chambers, FACTA UNIVERSITATIS Series: Mechanical Engineering Vol. 5, No 1, pp. 23 - 31, 

(2007); www.jetrike.com 
17 Vladislav Blagojević, Miodrag Stojiljković Mathematical and Simulink Model of the Pneumatic System with 

Bridging of the Dual Action Cylinder Chambers, FACTA UNIVERSITATIS Series: Mechanical Engineering 

Vol. 5, No 1, pp. 23 - 31, (2007); www.jetrike.com 
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Figure 8. The original mounting of the engine system (CAD model) 

The fixing of the engine frame is in three points, two side straps and a lock screw in the 

middle (fig. 8 and 9 partially). Transmitting motion from the engine to the wheel, the axle is 

driven via a chain and sprockets. The yellow part in figure 8, made by special plastic 

material, connects the pistons and ensures the chain linear movement with the alternate 

displacement of the pistons. As shown in figures 8 and 9, the engine is designed as a single 

structural unit connected to the car frame (fig.9)18. When the piston P2 pushes the yellow 

element, which drags the chain along a linear guide, the linear guide helps the linear 

movement of the pistons. The mechanical parts are fixed with screws, thus allowing an easy 

access to all the elements in case of any calibrations or repairs needed. For a better precision 

and tolerance, all the mechanical parts were machined with special tools. The 18 tooth pinion 

Shimano is fixed on an original shaft that is hold in place by two bearings facilitating rotation 

with less friction. As for a smooth and vibration-free movement, a linear track from Aventics 

was used (see figure 8). 

The transmission is quite simple: piston P2 pushes the yellow element which is 

connected to the chain, and thus, practically the linear chain movement spins the mechanism 

of the speed hub, which rotates the rear wheel. The speed on the wheel is given by the 

number of spins on the cogwheel multiplied by the gear transmission. This way, we get 

better performance than just going without the speed hub. With the inferior gear we get a 

better start and by going into higher gears we increase the maximum speed. When the rod of 

the piston P2 is complete and touches the sensor of the valve V1, the piston P1 starts the 

movement in the opposite direction, until the yellow element touches the sensor of the valve 

                                                           
18 Agud, M., Nica, L.I., Stanciu, R.D., Ungureanu, L. Tehnical_document_upbair_no.48_v2.0, The 10th edition 

of the PNEUMOBIL competition (2016); Ghinea, M. Objectif function development in optimization's problems 

for engineering, Course notes, University POLITEHNICA of Bucharest (2012); Vladislav Blagojević, Miodrag 

Stojiljković Mathematical and Simulink Model of the Pneumatic System with Bridging of the Dual Action 

Cylinder Chambers, FACTA UNIVERSITATIS Series: Mechanical Engineering Vol. 5, No 1, pp. 23 - 31, 

(2007) 
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V2. This cycle is repeated as long as pedal P is depressed (see fig. 9). In fact, this pedal 

acting an  

Aventics fine setting valve, which allows filling the piston P2 chamber with gas19.  

 

Figure 9. The photos of the air car motor 

The motor also contains components of the MISWP (Manual Infinetely Setupable 

Working Pressure) and ESS (Emergency-Stop Switching), both imposed by the competition 

rules in order to avoid any accident specific for high pressure instalations. 

 

PNEUMATIC SCHEME & SIMULATION 

As presented before, the pneumatic scheme (fig. 10) of the UPBair vehicle is simple, 

thus reducing malfunctions. From the air/gas bottle (N2), the pressure is controlled by the 

components of the ESS and MISWP, in other words, the gas can be released toward the 

motor or stopped, if an emergency situation appears20.  

For simulating the dynamic behaviour of the pneumatic motor, a model based on 

pneumatic components was conceived (figure 10)21. Unfortunately, mechanical assembly 

cannot be used in this software, thus the mechanical linkage betweeen pistons (using plastic 

component) cannot be used. Therefore, a piston system (PS) is used in the model. This 

simulates the behavior of the real pistons assembly. Furthermore, figures 11….14 show the 

equivalence between simulation of the PS with both P1 and P2 running, while figures 11, 

a….14, a show the double strokes for both pistons P1 and P2.  

                                                           
19 Vladislav Blagojević, Miodrag Stojiljković Mathematical and Simulink Model of the Pneumatic System with 

Bridging of the Dual Action Cylinder Chambers, FACTA UNIVERSITATIS Series: Mechanical Engineering 

Vol. 5, No 1, pp. 23 - 31, (2007); www.jetrike.com 
20 Ghinea, M. Objectif function development in optimization's problems for engineering, Course notes, 

University POLITEHNICA of Bucharest (2012); Vladislav Blagojević, Miodrag Stojiljković Mathematical and 

Simulink Model of the Pneumatic System with Bridging of the Dual Action Cylinder Chambers, FACTA 

UNIVERSITATIS Series: Mechanical Engineering Vol. 5, No 1, pp. 23 - 31, (2007); www.jetrike.com; 

https://resources.hkedcity.net/res_files/201101/20110128101153_259037.pdf 
21 Documentation of Automation Studio 5.2 (Trial version) 



Research and Science Today Supplement No. 2/2017 

  

220 
 

In figure 11, a, the piston P2 acts the chain producing propulsion for the vehicle, then, 

in figure 12, a, the sensor of valve V1 is touched, and the distributor D1 starts to fill the 

piston P1 which pushing back the assembly PS (unload running). In figure 13, a, the sensor 

of the valve V2 is touched, whereas in figure 14, a, the filling of the chamber of piston P2 

starts again, thus producing a new propulsion of the vehicle22.  

Similarly, figures 11, b…14, b display the simulations for the assembly PS, during the 

four phases (due to the PrintScreen shooting some arrows have or have not the proper 

representation). 

Not insisting anymore on the pneumatic motor running, we still emphasize the fact that 

the dynamics of the assembly is not proper for a professional car. In fact, the main objectiv of 

the team UPBAIR was to obtain a running air car, not a performing one. It is easy to observe 

that when the piston P1 works, and the PS moves back, the air car does not have propulsion. 

That means that the propulsion is  

discontinuous and the maximum speed cannot be reached23. 

 

 

 

Figure 10. The screen shooting of the simulation of the air car motor model 

                                                           
22 www.jetrike.com; Documentation of Automation Studio 5.2 (Trial version) 
23 Agud, M., Nica, L.I., Stanciu, R.D., Ungureanu, L. Tehnical_document_upbair_no.48_v2.0, The 10th edition 

of the PNEUMOBIL competition (2016); www.jetrike.com; Documentation of Automation Studio 5.2 (Trial 

version) 
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a                                                           b      

Figure 11. Phase 1 of the motor running’s cycle (a – with both pistons, b – with the system PS) 

  

a                                                                           b      

Figure 12. Phase 2 of the motor running’s cycle (a – with both pistons, b – with the system PS) 

 

 

a                                                                b      

Figure 13. Phase 3 of the motor running’s cycle (a – with both pistons, b – with the system PS) 
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a                                                          b      

Figure 14. Phase 4 of the motor running’s cycle (a – with both pistons, b – with the system PS) 

 

ADVANTAGES AND DISADVANTAGES OF THE PURE PNEUMATIC 

MOTOR UTILISATION  

2017 was the very first participation of the UPBair team, the representative of the 

University POLITEHNICA of Bucharest, to PNEUMOBIL, the competition of car prototypes 

using as propulsion compressed air/gas. A simple pure pneumatic motor was chosen instead 

of an electro-pneumatic one. It is well known that using controllers within a pneumatic 

system, like a PLC for example, leads to form a mechatronic system, which is difficult to 

control and command24.  

The vehicle must respect the competition constraints, namely: 1) the motors must be 

realized just with linear pneumatic components (pistons), 2) the original mechanical systems 

for linear-rotational transformation, 3) any programmable equipment to control and command 

the motor.  
 

ADVANTAGES  

- Simplicity. Like in a puzzle, a pneumatic component has just one correct position into the 

pneumatic scheme.  

- Effectiveness. The pneumatic systems have high effectiveness, after use, compressed gas 

can be released directly into environment, without contaminating it.   

- High durability and reliability.  

- No high experience and professionalism required. The team members have to be 

students. Therefore,  

there is no way to require high skills in controlling and commanding the pneumatic 

devices. Thus, using just pneumatic components for the air car motors, they have more 

time to design and produce a successful air car. 

- Economical. Any PLC involves high price consist in equipment and technician courses. 

Any power supply is no necessary for this kind of motor. That helps both the weight of 

the car and the final cost (maintenance is includes). 
 

                                                           
24 Vladislav Blagojević, Miodrag Stojiljković Mathematical and Simulink Model of the Pneumatic System with 

Bridging of the Dual Action Cylinder Chambers, FACTA UNIVERSITATIS Series: Mechanical Engineering 
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DISADVANTAGES 

- Few ways to control and command. All participants receive the same bottle gas. When 

needing to save gas, the range of pneumatic devices is really poor. Thus, a lot of gas is 

lost during the car running, which means low performances regarding the long distance 

races. 

- Low accuracy. Pneumatic systems are powered by the force provided by compressed air, 

their operation depends on the volume and the temperature of the compressed air. As the 

volume of air may change when compressed or heated, the supply of air to the system 

may not be precise, causing a low accuracy of the system25. 

- High compressed air consumption. In this case, the piston P1 practically works just to 

move back the system that pulls the chain, wasting a lot of compressed air.  

- Uneven moving speed. As air can easily be compressed, the moving speeds of the pistons 

are relatively uneven, as it shown in graphs in figure 10.  

 

CONCLUSION 

As it is already known, pneumatic motors have existed in many forms over the past 

two centuries, ranging in size from hand-held motors to engines of up to several hundred 

horsepower. Some types rely on pistons and cylinders; others on slotted rotors with vanes 

(vane motors) and others use turbines. Many compressed air engines improve their 

performance by heating the incoming air or the engine itself. Pneumatic motors have found 

widespread success in the hand-held tool industry, but are also used stationary in a wide 

range of industrial applications. Continual attempts are being made to expand their use to the 

transportation industry. However, pneumatic motors must overcome inefficiencies before 

being seen as a viable option in the transportation industry. As long as vehicles exist, 

engineers will try to find out the best solution to propel them.  

Apart of competitions like PNEUMOBIL, the designers of the air cars take into 

consideration both solutions, pure pneumatic and electro-pneumatic motors. Of course, to 

reach the best performances, all the time they will use any novelty in the field of 

mechatronics. 

  

                                                           
25 www.aventics.com; Documentation of Automation Studio 5.2 (Trial version) 
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ABSTRACT:  
INCREASING THE LEVEL OF WASTE ELECTRICAL AND ELECTRONIC EQUIPMENT (WEEE) SEPARATE 

COLLECTION REPRESENTS A PRIORITY IN THE CONTEXT OF HIGH REQUIREMENTS FOR MATERIAL 

RESOURCES. NOWADAYS, WEEE COLLECTING SYSTEMS ARE NOT FULLY AUTOMATED, HUMAN 

OPERATORS ARE STILL USED FOR WEEE IDENTIFICATION, WEIGHING, SORTING, TRANSPORTING 

AND STORING. IN ORDER TO OBTAIN A FULL AUTOMATED WEEE COLLECTING SYSTEM, THE 

WASTE IDENTIFICATION PART IS THE HARDEST TO ACHIEVE.  IN THIS PAPER, SOME PRELIMINARY 

RESEARCH RESULTS REGARDING A SOFTWARE DEVELOPMENT AND IMPLEMENTATION FOR THE 

WEEE IDENTIFICATION, WEIGHING AND SORTING ARE PRESENTED. THE MAIN COMPONENTS OF 

THE WEEE IDENTIFICATION SYSTEM ARE DESCRIBED, SUCH AS: A VISION SYSTEM, A METAL 

COMPONENTS DETECTION SYSTEM, AN INTEGRATED ELECTRONIC WEIGHING SCALE, A POS 

PRINTER AND A READING INTERFACE. 

 
KEY WORDS: SOFTWARE DEVELOPMENT, WEEE, IDENTIFICATION, VISION SYSTEM 

 

 

 

 

 

INTRODUCTION 

Technological innovation accelerates the replacement of equipment which generates an 

increase of waste electrical and electronic equipment (WEEE)6. More and more WEEEs need 

to be collected for recycling, that is why, an improvement of the WEEE separate collecting 

systems is needed in terms of automation. Currently, human operators are still used for 
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WEEE identification, weighing and sorting. In order to increase the level of WEEEs 

collection it is necessary to obtain a full automated WEEE collecting system.  

For some categories of WEEE, product and producer identifiers started to be used in the 

last decade. In this way, an automated identification of using the RFID technology became 

possible7. Plosek and Fiser propose an automated recognition system able to identify the 

position of general labels and manufacturers’ logos, to determine the producer and to relate 

unstructured information from labels with a specific model of electrical equipment8. But the 

identification problem still remains because the majority of electronic and electric equipment 

do not contain such identifiers and labels or logos are missing because of product utilization 

or handling. On WEEE separate collection for recycling a complete automated identification 

system is needed. This system should include a vision system for an accurate waste 

identification. The identification is based on machine vision, a convolutive neural network 

specifically trained to recognize electrical and electronic equipment. 

The proposed system consists of: 

- a vision system (video camera, neural network application); 

- a metal component detection system and a read interface; 

- a control system for the conveyor; 

- an integrated electronic weighing scale on the conveyor and a reading interface; 

- a POS printer and a print interface. 

In the following sections, some preliminary research results regarding a software 

development and implementation for the WEEE identification, weighing and sorting will be 

presented.  

 

THE VISION SYSTEM 

For image analysis, we used Caffe. Caffe is a deep learning environment developed for 

expressiveness, speed and modularity. This development environment was launched by 

Berkeley AI Research (BAIR) and by the open source community of developers. Yangqing 

Jia created the project during his doctorate at UC Berkeley. Caffe is available under the BSD 

2-Clause license. 

Expressive architecture encourages application and innovation. Models and 

optimization are defined by configuration without coding. 

Processing speed makes Caffe perfect for research experiments and industry 

implementation. Caffe can process over 60 million images per day with a single NVIDIA 

K40 * GPU. About 1ms / inferential image and 4 ms/ image for learning, the more recent 

versions of the library being even faster. Caffe is one of the fastest deployments available. 

Caffe is implemented in various academic research projects, prototypes and even large-scale 

industrial applications in machine vision, voice recognition and multimedia.9 

To create a Caffe model, the model architecture must be defined in a prototype 

definition file. For this application, we used the GoogleNet model. (figure 1) 

Caffe layers and their parameters are defined in the protocol buffer definitions for the 

caffe.proto project. 

 To train the model we need to prepair all the training sets images and create the lmdb 

databases. The prepairing process consist in: 

- Run histogram equalization on all training images. Histogram equalization is a 

technique for adjusting the contrast of images. 

- Resize all training images to a 227x227 format. 
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- Divide the training data into 2 sets: One for training (5/6 of images) and the other for 

validation (1/6 of images). The training set is used to train the model, and the 

validation set is used to calculate the accuracy of the model. 

- Store the training and validation in 2 LMDB databases. train_lmdb for training the 

model and validation_lmbd for model evaluation. 

- generate the mean image of training data 

- After defining the model and the solver, we can start training the model 

After training the Caffe model, its files have been converted into binary blob so they 

can be read by CaffeJS through http.  

The image captured by the video camera is analyzed and the analysis results are stored 

in a target-score array of 5 decreasing order estimates by precision score. Subsequently, this 

array is analyzed element-by-element and compared by score with the elements of a 

classification database (electronics, small home appliances and large home appliances). If at 

least one of the array elements is found in the database corresponding to one of the three 

categories mentioned above, the application validates the object's identification as being 

recyclable and determines the price by category and by the weight read by the scale. There 

are higher weight limitations, for a certain element identified, we have maximum permissible 

weight, so we can eliminate fraud attempts by overloading weighing objects by the user. 

 

 
Figure 1. GoogleNet Chart - 9 Inception Modules, 22 Layers10 

 

Subsequently, the type of the object, the category it belongs to, the proposed weight and 

redemption price are displayed. The user can accept or cancel the transaction. If the 

transaction is accepted, the item is taken over by the conveyor and stored and a receipt will be 

printed to the user. 

The application has a web touch-screen interface that can run in kiosk mode directly 

into a browser on any OS (Windows, OSX, Linux, Android). Recorded transactions are 

transmitted to a central server (Figure 3). 

 

THE METAL DETECTION SYSTEM AND THE READING INTERFACE 

As a further safety measure, a metal detector that can read the metal content (ferrous or 

non-ferrous part) of the recycled object. 
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Figure 2. Scheme of the metal detector 

 

The detector is made with an Arduino Uno development board11 and a Colpitts 

oscillator connected to the T1 pin of the development board. Pin A1 is connected to the 

potentiometer cursor, which allows the sensitivity adjustment (see Figure 2). The digital 

outputs D2 and D9 provide the output signal proportional to the oscillator frequency variation 

due to the proximity of a metallic object. 

Since the oscillation at the oscillating circuit nodes before and after the inductor is 

offset by 180°, one of the nodes will provide the oscillation at the base of the transistor, 

which will amplify and reverse the signal from the collector, then return it to the other 

oscillating circuit node. This whole circuit is called the Colpitts oscillator. 

The Colpitts oscillator above provides a constant oscillation with a frequency in the 

100kHz range. Metals in recycled articles changing the permeability of the inductor core, will 

fluctuate this frequency around 10 kHz. Arduino will store the fixed frequency and will 

continuously compare the input frequency of the detector circuit with the stored frequency. 

 

THE CONTROL SYSTEM FOR THE CONVEYOR 

To control the conveyor, we used an Arduino Uno development board and the 

JohnyFive12 open source IoT library integrated with socket.io13 and node.js.14 

The development board operates two relays to command the conveyor direction of 

movement. 

In the first step of the collecting process, the user places the product on the conveyor in 

the pickup area and clicks the Load button. By pressing this button, the Arduino command is 

sent via USB and commands the relay for the proper movement direction of the 

conveyor. The operation is timed for a predetermined period so that the object reaches the 

visual scanning area.  After identifying the category, weight and the proposed price are 

displayed. The user can accept or cancel the transaction. By pressing one of the two buttons, 

Arduino is driven to command one of the two relays, and the object is stored or returned to 

the user.  

                                                           
11 Arduino; https://www.arduino.cc/ 
12 Johny Five JavaScript Robotics & IoT Platform http://johnny-five.io/ 
13 Socket.io https://socket.io/ 
14 Node.js https://nodejs.org/en/ 
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Figure 3. Application interface 

 

 

THE ELECTRONIC SCALE INTEGRATED ON THE CONVEYOR AND THE 

READING INTERFACE 

The electronic scales are connected via USB and the values provided by them are read 

through node.js and processed by the web application. The weighing app module has three 

methods that can be called independently: 

Connect ()  - connects to the driver and if the scales are not immediately online, sets up a 

listening subroutine until it becomes online. This method is required to access the methods 

below. 

GetWeight ()  - Get the current weight on the scale. Returns an object that contains the value 

and unit of measurement (ounces or grams). 

GetOverweightStatus () - If the ladder is overweight, this method will return true, otherwise 

false. 

GetStatus () - returns true or false based on the availability of the scale. 

Events: Online, Offline, weight-change, overweight-change, weight, end. 
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Figure 4. Arduino and relays board 

 

Figure 4 shows the automation hardware prototype consisting of the Arduino development 

board and the relay block. The relays control the conveyor motors in a timed manner in the 

two travel directions. 

 

CONCLUSION 

The WEEE identification system is mandatory to obtain a full automated WEEE 

collecting system. The proposed automated WEEE identification system can accurately 

identify all types of WEEEs because different identification methods are used: visual method, 

weighting method, metal detection method etc. Preliminary tests on small electrical 

appliances show good results and the solution of WEEE identification can be validated. The 

future research will be focused on integration of the WEEE identification system into the 

automated WEEE collecting system. Tests on electronics, small and large electrical 

appliances will be made. 
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ABSTRACT:  
A COMPLETE INTEGRATION OF WASTE COLLECTING SYSTEMS INTO SMART CITY 

INFRASTRUCTURES IS MANDATORY FOR A CITY TO BECOME TRULY ”SMART”. BY USING A SMART 

WASTE MANAGEMENT SYSTEM, COMPANIES, AUTHORITIES AND POPULATION CAN MONITOR AND 

MANAGE THE WASTE FLOWS IN THEIR CITY. IN THIS PAPER, SOME PRELIMINARY RESEARCH 

RESULTS REGARDING A SOFTWARE DEVELOPMENT AND IMPLEMENTATION FOR INTEGRATING 

WASTE COLLECTING SYSTEMS INTO SMART CITY INFRASTRUCTURES ARE PRESENTED. THE 

DEVELOPED PLATFORM CONSISTS IN A GPS/GPRS MODULE AND ULTRASONIC SENSORS 

CONNECTED TO A ARDUINO BOARD. THE SOFTWARE APPLICATION ALLOWS TO SEND SMS 

INFORMATION ON REQUEST, PROVIDING CONTAINERS FILL LEVEL AND GPS COORDINATES TO 

PROPER PLAN THE TRANSPORT OF CONTAINERS WITH WASTES FROM THE COLLECTING SYSTEM 

TO THE RECYCLING PLANTS. 

 
KEY WORDS: SMART CITY, WASTE MANAGEMENT, GPS/GPRS MODULE, IoT 

 

 

 

 

 

INTRODUCTION 

Currently, most urban waste collection operations are accomplished by emptying 

containers according to predefined programs. This is inevitably ineffective, with the 

emptying of half the containers, the inappropriate use of the city's assets and the unnecessary 

fuel use of the fleet5. Innovative waste management systems are essential to the success of 

smart cities where it is necessary to create a community that benefits economically from 

being “smart” about its resources6. The proliferation of sensors and actuators enable the new 
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era of Internet of Things (IoT) that can be adopted in Smart Cities and help in Waste 

Management7.  

Several solutions can be found in specialized literature, for example Ludin et al. 

propose a system of wireless nodes that use ultrasonic sensors to measure the empty space in 

the bins, a sensor gateway that is based on Long Rage Wide Area Network (LoRaWAN) 

protocol and cloud-based back/front end for data collection, analysis and visualization8. Their 

case study was based on only 6 bins.  

The research conducted by Anagnostopoulos et. al. focused on a Smart City where a 

number of collection bins are located in different areas with sensors attached to them. They 

described how the system effectively responds to the demand as realized by sensor 

observations and alerts originated in high priority areas. The aim was to minimize the time 

required for serving high priority areas while keeping the average expected performance at 

high level9. 

Shyamala et al. propose a smarter way of conventional waste management using smart 

sensors to gather fill-level data, presence of garbage around the dustbin and send it to servers 

in real time by using communicating modules (GSM/GPRS module), the entire operation is 

controlled using a Atmega328P 8-bit microcontroller10. 

Our proposed solution is dedicated for an integrated separate waste collection system 

where plastic recipients, aluminum cans, bottle recipients, small and large appliances, paper 

and carboard are collected. In this way, several separate waste collection systems can be 

monitored in real time and proper transportation route to the recycling plants can be planned. 

 

IoT PLATFORM SOLUTION 

We developed an IoT solution which supervises the filling level of the containers from 

the separate waste collection systems and sends this information remotely. There are two 

models of implementation. The first model includes an GPS/GPRS module which sends the 

information by SMS and second model is a web based solution that can send the information 

live using a socket connection to a central server. 

Model one 

We chose an Arduino development board as IoT controller and a GPS/GPRS shield. As 

a waste level sensor, we used an Ultrasonic Module Hc-Sr04 Distance Measuring Transducer 

Sensor for Arduino. The components needed for this implementation are: 

 1 x Arduino 

 1 x Ultrasonic Module Hc-Sr04 Distance Measuring Transducer Sensor (figure 1.) 

 1 x GPRS+GPS Quadband Module for Arduino (SIM908) (figure 2.) 

 1 x GPRS antenna 

 1 x GPS antenna 

 1 x SIM card 
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Figure 1 Hc-Sr04 sensor wired to the Arduino Board 

 

 
Figure 2 GPS/GPRS shield connected to Arduino11 

 

The Ultrasonic sensor mounted on the top of the container continuously measures the 

level of the waste in the container. When a user calls the number of the SIM card inserted in 

the GPRS module, the system replies by a SMS containing the level of the waste and the GPS 

position. This implementation is designed for isolated and mobile containers, placed in 

different zones of the city. 

 

Model two. 

For this model, we use also the Ultrasonic sensor connected to Arduino development 

board, and for communication we used Johny Five IoT java script platform12 and node.js13. 
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This implementation is designed for multiple containers collocated in the same zone (for 

selective waste collection system). Each container has a sensor and an Arduino board. A local 

edge micro server, reads the level of each container and stores the data in a local database 

based on container ID. The edge micro server can be remotely interrogated by a central server 

and can send programmatically alert messages by SMS or email.  

The components needed for this implementation are: 

 n x Arduino 

 n x Ultrasonic Module Hc-Sr04 Distance Measuring Transducer Sensor 

 1 x Dual Core 1Ghz ARM-A9 Linux Server with Wifi Thin Client  

 Wifi / wired internet connection, or 3G/4G modem 

 

Where n is the number of waste containers colocated in the same location and interogated by 

a single edge server. 

 All Arduino boards are connected to the micro server by an USB Hub, and have a 

different virtual communication port mapped on the JohnyFive.  

 The server read data from each mapped virtual port and store the information 

(container ID, time stamp, filling percent) in the local database. When a central srever send a 

read request by socket.io, the latest data storred are transmitted in json format.  

 Also, when some containers reach the maximum filling percent, the server send to a 

preconfigured list of emails and phone numbers, allerts by emails and /or SMS. 

 

 

 
Figure 3. Connection diagram 

 

The micro server has a web interface where all the information regarding the level of 

each container, and waste type is displayed. 

The central server application (based on PHP and MySQL) can read on timed interval 

(CRON based) the data from mobile containers and from collocated containers and display 

                                                                                                                                                                                     
12 Johny Five JavaScript Robotics & IoT Platform http://johnny-five.io/ 
13 Node.js https://nodejs.org/en/ 

https://nodejs.org/en/


Research and Science Today Supplement No. 2/2017 

  

236 
 

the information on a map. Also, the application can provide the most economical route to 

unload the containers.  

The central server has a GPRS module and when the CRON commands are triggered 

the application reads from the database the phone numbers of mobile containers and calls 

them sequentially. After the call routine, the central server will receive by SMS the required 

information and process them to be stored in the database. 

To interrogate the micro edge servers the socket protocol can be used and data will be 

retrieved and stored in real time. 

The data sended by SMS and by socket connection contain: container ID, time stamp 

of the reading (Unix time in seconds), latitude and longitude of the container location, filling 

state (in percent). 

All the data received by SMS and by socket connection are storred in a history 

database, based on time stamp, and the most recent ones will be retreived from database and 

showed on the server web interface on a map representation. The web interface is based on 

leaflet .js14, the leading open-source JavaScript library for mobile-friendly interactive maps, 

Leaflet Routing Machine15 and Open Street Map16. 

To display the data and route on the map the leflet routing machine will be initialised 

with an array of: 

- container ID (numeric) 

- latitudes, longitudes (in grades and minutes),  

- pointMarkerStyle - color of the point based on container filling percentage:  

  green: 0-50%, orange 51-90%, and red 91-100% 

- container content (paper, glass, weee, pet etc). 

 

Based on this array the optimal route wil be drawed on the map. 

 

                                                           
14 The leading open-source JavaScript library for mobile-friendly interactive maps. 

https://github.com/Leaflet/Leaflet 
15 Control for routing in Leaflet; https://github.com/perliedman/leaflet-routing-machine 
16 Open Street Map Project; https://www.openstreetmap.org 
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Figure 4. Web Based map interface on central server 

 

 

CONCLUSION 
Our proposed solution is able to gather information from multiple containers collocated 

in the same selective waste collection system. Containers with different types of waste 

(plastic recipients, aluminum cans, bottle recipients, paper and carboard etc.) can be 

monitored in real time.  

Also, other information from the selective waste collection system can be provided for 

companies, authorities and population, for example: equipment status (working, blocked, 

needs repairs or maintenance etc.), storage system status (allows full reports for all waste 

types), the total amount of wastes collected allowing optimal discharging, route optimization 

for waste discharging (on city or county level). 

Our future research will be focused on implementing the LoRaWAN™ technology in 

our proposed platform. 
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ABSTRACT:  
VIRTUAL IMMERSION (OR VR) GETS INTO ATTENTION OF MANY RESEARCHERS, REGARDLESS OF 

THEIR ACTIVITY DOMAINS OR INDUSTRY. NOWADAYS, VR IS PRESENT IN ALMOST ANY DESIGN 

STAGE OF INDUSTRIAL PRODUCT. FOR MORE THAN TWO DECADES, 3D MODELLING IN 

COMPUTER AIDED DESIGN (CAD) HAD PROVIDED A HELP IN THE ANALYSIS OF THE FUTURE 

ASSEMBLY/PROTOTYPE. HOWEVER, THE CAD-3D SUPPORT PROVED TO HAVE ITS LIMITS, GIVEN 

THE SCREEN BI-DIMENSIONALITY. AS AN ALTERNATIVE, RAPID PROTOTYPING INTRODUCES 

ANOTHER TOOL, 3D-PRINTING, COMPLYING WITH THE NEEDS OF DESIGNERS, ESPECIALLY IN 

AUTOMOTIVE FIELD. OF COURSE, LIKE ALL TECHNOLOGIES, 3D-PRINTING COMES WITH SOME 

INCONVENIENCE, AS WELL: SOME PROPERTIES OF THE ROW MATERIALS, AND ALSO THE 

LIMITATION OF THE 3D VOLUME OF THE WORKING SPACE OF THE 3D-PRINTING MACHINES. 

BESIDES, VR TECHNOLOGY IS EVEN BETTER KNOWN IN THE ENTERTAINMENT INDUSTRY, WHERE 

IT FACILITATES THE IMMERSION IN A VIRTUAL SPACE, AROUND VIRTUAL 3D OBJECTS. 

NOWADAYS, PDP (PRODUCT DESIGN PROCESS), DEPENDS A LOT ON THIS TECHNOLOGY, 

IMPROVING AND SHORTENING THE DESIGN PROCESS. THIS PAPER PRESENTS THE ROLE OF 

VIRTUAL IMMERSION IN THE ANALYSIS PROCESS OF AN AIR CAR PROTOTYPE. THIS TECHNOLOGY 

CAN IMPROVE FEATURES LIKE AERODYNAMICS AND DIMENSIONAL SCALING, THUS OPTIMIZING 

THE PROTOTYPE STRUCTURE IN ORDER TO A PROPER MOUNTING/DISMOUNTING OF ITS PARTS TO 

BE PERFORMED, ETC. VIRTUAL IMMERSION COULD ALSO BE SUCCESSFULLY USED FOR THE 

SECONDARY STAGES OF THE PDP: COLORING, ESTHETICS AND ERGONOMY, OR EVEN THE 

PRODUCT MANEUVERABILITY BY LEFT-HANDED PEOPLE. 

 
KEY WORDS: VIRTUAL REALITY, IMMERSION, INDUSTRY 4.0, CAD, PRODUCT DESIGN CYCLE 

 

 

 

 

 

INTRODUCTION 

The continuous development of the computer hardware/software industry leads to the 

performing  Product Design Process - PDP of any industrial product. For many years, CAD 

platforms had offered to their users many 3D modelling powerful facilities, together with a 

lot of tools meant to improve the visualization and to obtain a more realistic picture of the 

designed product. Even if all these are mainly the attribute of the design phase, some other 

innovations follow (like 3D-Printing), aiming to offer a more realistic perception of the future 

product. Nevertheless, it does not imply the lack of drawbacks: the bi-dimensionality of the 
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screen monitor is an important obstacle against the full virtual counterfeit of the future 

product.  

At one moment, 3D-Printing technology seems to be a perfect completion for the CAD-

3D. To handle the future product in all dimensional and ergonomic features brings designers 

closer to the future final product. However, the existent inconveniences push the studies in 

field forward and require some other even better performing technology. For few years 

already, a possible answer appears to be the virtual immersion, its combination with CAD-

3D, 3D-Printing and VR.   

Such a support for the modern PDP addresses the need of design specialists and 

ordinary users. Nowadays, there are industries requesting the customers involvement within  

the PDP process. Thus, professionals and non-professionals personnel work together during 

the design process, from idea to the prototype, and a unitary reasoning finally results3. 

For example, by using CAD-3D technology, people with eye malfunction are still not 

able to correctly analyze the volumetric solutions. Such an example is amblyopia, quite 

spread all over the world whereas in different stages, and called the “lazy eye” disease. The 

person in case is disabled and therefore in impossibility to efficiently see with both eyes. The 

outcome is the lack of the image depth, or, in other words, its third dimension. Only in 

Romania, for example, 10% of the population suffers from this disease that alters the human 

tridimensional sight, irrespective of its severity. Considering the many other eye diseases 

distorting the human sight, the challenge faced by PDP specialists when analyzing a CAD-3D 

model on the monitor screen or when viewing a 3D photo/film becomes quite important4.  

On the contrary, by using virtual immersion, the designer can tri-dimensionally 

perceive the designed product and also its spatiality. Without any doubt, the prototype 

obtained by means of 3D-Printing brings comparable benefits, the major advantage provided 

by the virtual immersion is the instant outcome.  

The present paper introduces the way that AVRENG (the lab for Augmented & Virtual 

Reality for ENGineering) from the University POLITEHNICA of Bucharest helped the 

member of its academic team UPBair (participant to the 10th edition of the PNEUMOBIL – 

the international competition between universities for air cars prototypes), to solve some 

design problems associated to their prototype by using the virtual immersion. The used VR 

equipment was based of Oculus Rift glasses and devices. 

 

VIRTUAL REALITY AND PDP PROCESS 

Generally, before the scaled prototype fabrication, the designed product goes through 

several design stages. Usually, all checks and analysis are made on the 3D model, generated 

by CAD software (figure 1). As it is shown in the above figure 2, the VR technology can be 

used along almost the entire PDP process, immediately after the 3D model is obtained5.  

ESI Group, Leading Innovator in Virtual Prototyping Software and Services, is a 

pioneer in helping industrial designers and manufacturers to replace the physical assembly 

                                                           
3 Ghinea, M., Deac, G.C., Georgescu, C. N. Improving the Image Quality in Virtual Reality for Industry., 

International Journal of Computers, 1, pp.284-289, 2016 
4 Ghinea, M., Deac, G.C., Georgescu, C. N. Improving the Image Quality in Virtual Reality for Industry., 

International Journal of Computers, 1, pp.284-289, 2016; Lutters, E., van Houten, F., Bernard, A. Mermoz, E., 

Schutte, C.S.L. Tools and techniques for product design, CIRP Annals - Manufacturing Technology 63, pp. 

607–630, 2014 
5 Ghinea, M., Deac, G.C., Georgescu, C. N. Improving the Image Quality in Virtual Reality for Industry., 

International Journal of Computers, 1, pp.284-289, 2016; Lutters, E., van Houten, F., Bernard, A. Mermoz, E., 

Schutte, C.S.L. Tools and techniques for product design, CIRP Annals - Manufacturing Technology 63, pp. 

607–630, 2014 
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obtained by 3D-Printing or other technologies which replicate stages of the manufacturing 

process (products fabrication, assembling and/or testing in different environments). 

As an important leader in the field of VR industrial application, ESI Group has 

already launched the idea of a future manufacturing process that implies virtual immersion 

support. Their product, IC.IDO (“I see – I do”) VR, helps making decision especially when it 

comes about geographically spread operating interdisciplinary teams. Thus, due to the 

flexibility of the VR technologies, designers replace the physical prototype with interactive 

digital features Figure 2). As it is shown in figure 3, IC.IDO VR is continuously operational 

and made use of, not only in the design process, but in the production one as well. Therefore, 

it proves its utility for the entire modern industry line Industry 4.06. 

Nowadays, all important producers take into consideration virtual immersion at any stage of 

PDP process, from ergonomics to CAE or Marketing (figure 2). 

 

 

  
      Figure 1. PDP stages and VR influence           Figure 2. IC.IDO and its influence on PDP 

 

 FROM CAD TO VIRTUAL IMMERSION 

 Developed as different technologies, CAD and VR use different software products. 

Consequently, it is rather difficult to compare them. Moreover, when using a 3D CAD model 

in VR, a special 

conversion is needed. 

As already mentioned, 

out of the three types 

of PDP design soft-

wares, one is 

especially conceived 

for VR application, the 

other two needing 

conversion7. 

Specialists, such 

                                                           
6 Shawn Wasserman Can Virtual Reality Help Optimize Product Engineering, Manufacturing and Operations?,  

www.engineering.com, January, 29, 2015; https://www.esi-group.com 
7 Shawn Wasserman Can Virtual Reality Help Optimize Product Engineering, Manufacturing and Operations?, 

www.engineering.com, January, 29, 2015; Whyte, J., Bouchlaghem, N., Thorpe, A., McCaffer, R. From CAD to 

virtual reality: modelling approaches, data exchange and interactive 3D building design tools. Automation in 

Construction 10, pp.43-55, 2000; https://www.esi-group.com 

 
Figure 3. One-way or ‘‘downstream’’ process in order to 

transport the graphic information from CAD software to the VR 

http://www.engineering.com/Author/ID/195959/ShawnWasserman
http://www.engineering.com/Author/ID/195959/ShawnWasserman
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as J. White, prefer one-way or ‘‘downstream’’ process in order to transport the graphic 

information from CAD software to the VR (figure 3)8. The most used CAD software are 

CATIA, AutoCAD, SolidWorks, Inventor, and the most common graphical files format are: 

DXF, IGES, STL or STEP9. 

 In Romania, CATIA is the software used both by universities and industry. To transfer 

the information from CATIA to VR, one gets several possible approaches10:  

1- Using a plug-in for Unreal Engine or Unity (depending on VR application). PIXYZ 

is such a plug-in used with several VR devices like Oculus Rift. 

2- CATIA 3D model saved in .STL format is imported into 3D Studio Max software for 

more specific modifications (animations, colors, materials) and the file is then saved in FBX 

format (FBX2014). After that, the model in this new format is imported in Unreal Engine or 

Unity (for others VR specific operations like rendering or lights). 

3- Using FreCAD, 3D models are imported in STEP or IGES format, and then exported 

in OBJ file format to the Unreal Engine or Unity software. 

 

USING VIRTUAL IMMERSION TO IMPROVE THE DESIGN OF  A 

PROTOTYPE  

The 3D model was build in CATIA and imported in VR by means of the above method 

2. Using Oculus Rift glasses, the students could improve several air car features such as: 

mounting/dismounting spaces, shapes of courves, chair position, colours etc (figure 5). 

Virtual immersion made possible the optimization of the driver position and the routes of the 

brakes cables, so that  not to overlap other functional zones of the air car. All the observed 

inconveniences were alleviated in the 3D CATIA model. Moreover, during the prototype 

fabrication, virtual immersion helped techniciens find the most efficient and effective 

welding of the car structure. 

 

  
Figure 5. Simplicity of the virtual immersion during the prototype analysis 

 

 

 

 

                                                           
8 Whyte, J., Bouchlaghem, N., Thorpe, A., McCaffer, R. From CAD to virtual reality: modelling approaches, 

data exchange and interactive 3D building design tools. Automation in Construction 10, pp.43-55, 2000 
9 Whyte, J., Bouchlaghem, N., Thorpe, A., McCaffer, R. From CAD to virtual reality: modelling approaches, 

data exchange and interactive 3D building design tools. Automation in Construction 10, pp.43-55, 2000 
10 Ghinea, M., Deac, G.C., Georgescu, C. N. Improving the Image Quality in Virtual Reality for Industry., 

International Journal of Computers, 1, pp.284-289, 2016 
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CONCLUSIONS 

VR has become an important technology for the future of the industrial products 

manufacturing. Through virtual immersion, by means of systems like CAVE or special 

glasses, designers could place themselves in front, 

around or inside of their future product. Grace to these 

facilities, the prototype of UPBair team (figure 6) 

considerable improved its performances.  

We estimate that in the very next future the VR 

technology becomes indispensable for the modern 

industry development. No further than the fourth 

industrial revolution, Industry 4.0, counts VR & AR 

technologies among its pillars. 

                                                                                      Figure 6. The prototype running 
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ABSTRACT:  
INTELLIGENT WASTE COLLECTION SYSTEMS BECAME A PRIORITY ISSUE OF DEVELOPED 

COUNTRIES LEADING TO THE NECESSITY OF PROCESS AUTOMATION. IN THIS PAPER, WE AIM TO 

EXPLORE THIS TYPE OF SYSTEMS WHICH ARE ABLE TO DETECT, RECOGNIZE AND IDENTIFY THE 

WASTE. THE FIRST PART OF THIS PAPER INTRODUCES APPLICABLE TYPES OF SENSORS WHICH 

COULD BE USED WITHIN AN APPLICATION, WHILE THE SECOND PART CONTAINS A CASE STUDY 

PRESENTING SENSORS DISPOSAL METHODS WITH THE ADVANTAGES AND DISADVANTAGES WHICH 

MIGHT OCCUR. A VISION SYSTEM WILL BE USED FOR THE PROPOSED APPLICATION, WHICH WILL 

CONTAIN ONE OR MORE CAMERAS FOR THE CORRECT RECOGNITION OF WASTE ELECTRICAL AND 

ELECTRONIC EQUIPMENT. FOUR POSSIBLE CONFIGURATIONS OF CAMERA POSITIONING WITHIN 

THE VISUAL RECOGNITION SYSTEM IN RELATION TO THE IDENTIFIED / RECOGNIZED PART ARE 

PRESENTED. 

 
KEY WORDS: WASTE, SENSOR, VISION SYSTEM 

 

 

 

 

 

INTRODUCTION 

The purpose of this paper is to identify sensor system solutions for the detection, 

counting and recognition of waste electrical and electronic equipment within an automated 

separate waste collection system. Particular emphasis will be placed on the vision system for 

the shape recognition of the waste electrical and electronic equipment. This identification 

system complements the mechanical assembly used for the waste transport and transfer, thus 

forming an integrated system which is capable of making certain decisions by itself according 

to predetermined criteria. 

The visual recognition sensor system is a digital system which takes over information 

from its range as images, processes them and transmits the result of the decisions to the 

command and control system. The sensor system is used to identify, count and target the 
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parts to be inspected / identified. The major advantages of using such systems are the speed 

and the decisions accuracy in order to identify and select waste electrical and electronic 

equipment. 

In the automatic waste collection centers, using sensor systems for the rapid 

identification of wastes is not really the issue, but the identification correctness and shape 

recognition of the waste electrical and electronic equipment. 

The sensor system used will include, besides the visual recognition system of the waste 

shape, a weighing system and possibly a volume measurement system, allowing the central 

command system to make the correct decisions on the types of waste electrical and electronic 

equipment based on the shape / appearance and weight criteria according to the product 

selected from a predefined list.  

 

WASTE ELECTRICAL AND ELECTRONIC EQUIPMENT  

Waste electrical and electronic equipment (WEEE) is the fastest growing component in 

the solid waste streams, as people change their mobile phones, computers, TVs, audio 

equipment and printers much more frequently than ever before. In Europe, the quantities of 

WEEE generated show increases of 3-5% per year, 3 times faster than the total waste 

streams. 

Waste electrical and electronic equipment (Figure 1) is a special category of waste, and 

the collection, treatment and recycling are important for several reasons: 

- pollution with greenhouse gases or heavy metals harmful to health can be avoided - 

about 70% of the toxic substances which reach the cesspools (landfills) come from this 

equipment; 

- significant quantities of secondary raw materials can be recovered as WEEE has a 

high recycling-reuse rate (between 85-90%); 

- recycling reduces our dependence on natural (exhaustible) resources and is an 

important part of creating a sustainable society5. 

 

   
Fig.1. Waste electrical and electronic equipment 

 

Waste electrical and electronic equipment has been identified as a priority waste stream 

by the European Commission due to the potentially hazardous characteristics, resource 

consumption in the manufacturing process and projected growth rates. In response, the 

European Commission has prepared legislative acts in the form of several directives, which 

require producers to take responsibility for taking over and recycling electrical and electronic 

equipment. 

The directive provides for measures which are aimed at the following: 

                                                           
5 Feng Wang et all, A systematic and compatible classification of WEEE, 2013; Kees Baldé et all, The globale - 

waste monitor, 2014;  
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- to create systems which should enable holders and end-distributors to hand over waste 

electrical and electronic equipment (WEEE) to collection points; 

- to ensure the collection by the distributors of electrical and electronic equipment of 

the waste electrical and electronic equipment of the same type and in the same quantity as the 

equipment provided; 

- to ensure the availability and accessibility, throughout the country, of the necessary 

collection points, taking into account, in particular, the density of the population; 

- to reach 80% use of the average weight per equipment and 75% material use for: large 

household appliances and automatic dispensers; 

- to reach 75% use of the average weight per equipment and 65% material use for: IT 

and telecommunication equipment as well as for consumer equipment; 

-  to reach of 70% use of the average weight per equipment and 50% material use for: 

small household appliances, lighting equipment, electric and electronic tools (except for large 

fixed industrial tools), toys, sports and leisure equipment, surveillance and control 

instruments6. 

 

THE COMPONENTS OF A VISUAL RECOGNITION SENSOR SYSTEM 

Modern visual recognition systems contain fast and powerful PC platforms and 

integrated software applications, making these systems easy to use and much more 

inexpensive than other complex identification systems. 

Visual inspection / recognition systems can be used in a wide variety of operations 

across different types of processes, for repetitive inspection or recognition tasks where 

accuracy and reliability are required. For this purpose, a vision system will be used for the 

proposed application, which will contain one or more cameras for the correct recognition of 

waste electrical and electronic equipment. 

Because visual sensor systems are very diverse, the specific components vary from 

system to system. However, most systems include a vision camera, a light source, image 

capture triggering sensors, an acquisition board, a PC platform, the connection network and 

visual recognition software (Figure 2). 

 

                                                           
6 Kees Baldé et all, The globale - waste monitor, 2014; Felicia Boar et all, Gestionarea deşeurilor, strategia 

viitorului pentru conservarea resurselor naturale, Cluj-Napoca, 2011; Keshav Parajuly, Henrik Wenzel, 

Potential for circular economy in household WEEE management, 2017 
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Fig. 2. Components of the visual recognition system  

 

The vision camera (Figure 3) performs the graphical capture and transmits it to the data 

acquisition board. Modern inspection systems feature compact vision cameras provided with 

both their own light source and the graphical capture processing hardware interface (the data 

acquisition board). 

 

  
 

Fig. 3. Camera models for visual recognition7 

 

The equipment lighting for the optimal data acquisition implies the existence of an 

external light source. The lighting systems are of different shapes and sizes and varying 

intensity (Figure 4). 

 

   

Fig. 4. Outdoor lighting models for vision systems8 

 

The acquisition or graphical capture board (Figure 5) performs the interfacing between 

the image units (vision cameras) and the computer. The acquisition board takes over the 

                                                           
7 Industrial camera vision, available at: http://www.xenics.com, Accessed: 2017-04-04; Industrial camera vision, 

available at: http://rodtechuk.com, Accessed: 2017-04-05 
8 Industrial light source, available at: www.yagoptics.com, Accessed: 2017-04-05; Industrial light source, 

available at: http://www.tpl-vision.fr, Accessed: 2017-04-05 
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image data provided by the camera in a digital or analog format and converts them into 

information which can be used by the PC9. 

 

   

Fig. 5. Models of data acquisition boards for vision cameras10 

 

The vision system software can have one function (designed for one operation only) or 

it can be multifunctional (designed with a number of features/functionalities: bar code 

reading, calibration, visual guidance of robots, verification and recognition of shape, area, 

color, etc.). Since the recognition of waste electrical and electronic equipment involves the 

use of several differentiation criteria, a multifunctional software application will be used.  

 

CASE STUDY 

Further on, four possible configurations of camera positioning within the visual 

recognition system in relation to the identified / recognized part are presented. 

 

Positioning a single camera above the object to be recognized 

For this case, the camera is positioned above the object (Figure 6) and the scanning is 

performed on a single face of the objects to be recognized. From the viewpoint of the 

implementation cost, this configuration is the best, but depending on the type of waste, it may 

not be recognized by the vision system. 

 

Positioning 3 cameras to scan the 5 sides of the object 

This configuration can be used on any type of transport system, and the five sides 

scanning of the part can be done with three cameras due to the scanning at a 45 ° angle 

(Figure 7). The objects must be aligned with an accuracy of ± 15 ° on the transport system. 

The disadvantage of using this configuration of the vision system is the waste positioning 

with the required precision, which makes it necessary to check the correct positioning. 
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Fig. 6. Positioning the camera above the 

object to be identified11 

Fig. 7. 5-way scanning with 3 cameras12 

 

Positioning 5 cameras to scan the 5 sides of the object 

This configuration can be used on any type of transport system, and the 5 sides 

scanning of the part is done with 5 cameras (Figure 7). In this case, the visual recognition 

system is the most complex of the above presented ones, but the implementation costs are 

higher.  

Scanning which combines volume measurement, weighing and recognition 

In addition, other types of measuring equipment can be added to check other 

characteristic parameters specific to the waste electrical and electronic equipment presented 

in Figure 8. Thus, the resulting recognition and identification system combines the image 

capture for five sides of the part, volume and weight measurement, and all data are analyzed 

by a central computing system (Figure 9). The system also includes an internal memory for 

storing information and has a display for the interaction with the operator interaction. This 

configuration meets the requirements for waste recognition and identification. 

 

  
Fig. 8. 5-way scanning with 5 cameras13 Fig. 9. Scanning which combines volume 

measurement, weighing and recognition14 

                                                           
11 Industrial applications, available at:    http://www.sick.com, Accessed: 2017-05-10 
12 Industrial applications, available at:    http://www.sick.com, Accessed: 2017-05-10 
13 Industrial applications, available at:    http://www.sick.com, Accessed: 2017-05-10 
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The information flow regarding the criteria based on which the types of waste electrical 

and electronic equipment will be correctly identified is the following: 

- Selecting the type of waste from a predefined list which will contain most types of 

electrical and electronic household appliances (refrigerators, washing machines, microwave 

ovens, electric ovens, kitchen mixers, TVs, audio systems, desktop computers, laptops, 

tablets, phones etc.); 

- visual recognition of waste by the vision system by comparing the real-time captured 

images with images of the parts found in the command and control system specific database; 

- weighing the waste and comparing its weight with the predefined weights in the 

command and control system specific database; 

- in the case of using a waste volume measurement system, measuring its volume and 

comparing it with predefined volumes in the command and control system specific database. 

The final validation, the recognition of the equipment as the one initially selected from 

the predefined list and its acceptance for storage, is made after the result of 

interrogating/querying the database for each of the 3 or 4 criteria presented above is 

affirmative (the equipment selected from the predefined list corresponds to the real weight 

and the shape / volume of the product to be identified). 

 

CONCLUSION 

In order to have a proper waste management, its collection has to be done continuously. 

This can be done through automated waste collection and storage systems. 

The construction of such a center implies the use of a complex sensor system, which 

allows to check all the characteristic parameters specific to the waste electrical and electronic 

equipment for its correct identification and recognition. From this view point, it is necessary 

to check the parameters specific to the weight, shape and eventually the volume of the waste 

to be collected. 

Even if in a first phase, the investment to equip a waste collection systems with modern 

recognition and identification systems is high, this will pay off over time and the collection 

centers will be able to work without human operators continuously, which ensures a strict 

record of the amount and types of waste electrical and electronic equipment. 
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ABSTRACT:  
DRAWING ON DATA FROM THE 7TH WAVE OF THE EUROPEAN SOCIAL SURVEY, THE PRESENT 

ARTICLE LOOKS AT THE CHARACTERISTICS, WORK PATTERNS AND OTHER VALUES OF 

INDIVIDUALS WITH AN OCCUPATION IN THE ENGINEERING FIELD. BASED ON A SAMPLE OF 335 

SELECTED CASES FROM 15 PARTICIPATING COUNTRIES, A PICTURE OF THE PRESENT-DAY WORK 

SITUATION OF AN ENGINEER IS PRESENTED. FINDINGS ARE PRESENTED REGARDING WORK 

PATTERNS: TYPE OF CONTRACT, SUPERVISION ATTRIBUTES, NUMBER OF HOURS WORKED, 

INCOME, TYPE OF ORGANISATION WORKED FOR, DEGREE OF CONTROL AT WORK. OTHER VALUES 

SUCH AS CIVIC ENGAGEMENT, RESPECT FOR NATURE, RELIGIOUS BELIEFS ETC. ARE ALSO 

PRESENTED. 
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INTRODUCTION 

Being part of the teaching body of a technical university, I am often confronted with the 

situation of speaking to students about their career prospects as future engineers. This is why 

I am interested in the answer to the question “What’s it like to be an engineer?”. Universities, 

national agencies for quality assurance in education and other actors involved in the 

educational system regularly conduct qualitative and quantitative studies in order to find out 

what the job market trends are in numerous professional domains and how educational 

programs could be tailored to meet both national and international job market requirements. 

In addition to these reports and other information from alumni, statistical data about the 

working engineering professionals can bring useful and interesting details about the career 

prospects in this domain. Such a useful source of comprehensive, standardized, reliable 

information is the European Social Survey (ESS), conducted regularly in European countries. 

Drawing on data from the European Social Survey, the present article looks at the 

characteristics, work patterns and other values of individuals with an occupation in the 

engineering field.  

In the following sections the methodology used for selecting the investigated cases is 

presented, the resulted sample is described, and the identified working patterns and other 

values of engineers from 15 European countries are presented. Based on what we find out 

from this aggregated data, how could we better prepare engineering students for their future 

careers? 
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METHODOLOGY AND SAMPLE DESCRIPTION 

This article is based on secondary data analysis using the European Social Survey 

database, the 7th wave, conducted in 2014 in 15 European countries. Data from the file was 

analyzed using the IBM SPSS software. From the entire datafile containing 28221 cases, the 

cases analyzed in this article were selected using two filters: the variable entitled 

“Occupation” and the control filter variable entitled “Highest educational level”. For the 

“Occupation” variable those cases containing the “engineer” or “engineering” keywords were 

selected, resulting a first sample of 447 respondents. From all possible education level 

options, the 5 highest educational levels needed for an engineering occupation were selected: 

 “ISCED 5A medium, bachelor/equivalent from lower tier tertiary”, 

 “ISCED 5A medium, bachelor/equivalent from upper/single tier tertiary”, 

 “ISCED 5A long, master/equivalent from lower tier tertiary”, 

 “ISCED 5A long, master/equivalent from upper/single tier tertiary” 

 “ISCED 6, doctoral degree”.  

After filtering for the educational level, of the 447 initial cases 335 remained in the 

study sample. Non-responses and the “other” option for the “highest educational level” were 

also eliminated from the sample. These two variables assured the selection of those 

respondents with a similar education with today’s requirements for the engineering 

profession.  

The resulting sample included the following occupational categories: 

 Science and engineering professionals - 20 (6%), 

 Engineering professionals (excluding electrotechnology) – 4 (1.2%), 

 Industrial and production engineers – 37 (11%), 

 Civil engineers – 57 (17%), 

 Environmental engineers – 6 (1.8%), 

 Mechanical engineers – 65 (19.4%), 

 Chemical engineers – 11 (3.3%), 

 Mining engineers, metallurgists and related professionals – 8 (2.4%), 

 Engineering professionals not elsewhere classified – 61 (18.2%), 

 Electrotechnology engineers – 2 (0.6%), 

 Electrical engineers – 33 (9.9%), 

 Electronics engineers – 20 (6%), 

 Telecommunications engineers – 11 (3.3%).  

The values of the “Occupation” variable are based on self definition given by 

respondents. Categories such as engineering technicians, mechanics were not included. 

Management positions in the IT&C or manufacturing domains, for example, were not 

included in the study sample, even though these positions are very often occupied by people 

with a diploma in engineering. This is a research limitation of the present study, as managers 

with a possible engineering background were not included, given the fact that they identified 

themselves first of all as managers and not as engineers. Regarding the education level, 

41.8% (120) of respondents in the sample had a ISCED 5A long, master/equivalent from 

upper/single tier tertiary. 

Of the 335 respondents, 81.5% (273) were males and 18.5% (62) were females, with 

ages between 21 and 92, the most often mentioned age being 27. In terms of the respondents’ 

country, from the 15 participating countries, the resulting sample has the following structure 

of respondents: 

 Austria 6 (1.8%), 

 Belgium 8 (2.4%), 
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 Switzerland 11 (3.3%), 

 Czech Republic 6 (1.8%), 

 Germany 77 (23%), 

 Denmark 25 (7.5%), 

 Estonia 26 (7.8%), 

 Finland 37 (11%), 

 France 49 (14.6%%), 

 Ireland 13 (3.9%), 

 Netherlands 14 (4.2%), 

 Norway 26 (7.8%), 

 Poland 18 (5.4%),  

 Sweden 13 (3.9%),  

 Slovenia 6 (1.8%).  

Only 14.9% (50) of respondents live in another country that that of their birth, the 

largest number originating from the Russian Federation.  

 

WORK PATTERNS   
Engineers tend to work in large and very large companies: 31% (104) work in 

companies with more than 500 employees and 26.6 % (89) in companies with 100 to 499 

employees. Most engineers work in the private sector, as shown in Table 1 and most have a 

40 hour work week.  

77.6% of respondents have an unlimited work contract, supporting the idea that the 

engineering profession provides job security. Entrepreneurial status is however rare, only 32 

of respondents saying that they are self-employed. Correlated with the information that most 

engineers work for large companies, this rather low entrepreneurial rate could be explained 

by the high costs of starting a business in this domain (with the possible exception of 

consultancy firms). Acquiring the latest technologies and equipment requires substantial 

budgets that only large companies have. The engineering degree also gives one access to the 

public sector at central or local level but also to the educational and health sectors.  

Table 1. What type of organization work/worked for 

     

 
Frequency Percent Valid Percent 

Cumulative 

Percent 

Valid Central or local government 25 7.5 7.5 7.5 

Other public sector (such as 

education and health) 

23 6.9 6.9 14.3 

A state owned enterprise 25 7.5 7.5 21.8 

A private firm 237 70.7 70.7 92.5 

Self employed 18 5.4 5.4 97.9 

Other 7 2.1 2.1 100.0 

Total 335 100.0 100.0  

 

Engineers are rather satisfied with their income: 58.8% (197) of respondents say they 

live comfortably on their present income and 34.6 % (116) say they are coping on their 

present income. Only 6.3% of respondents say they have difficulties living on their present 

income. For 73.4% of respondents the main source of their household income is represented 
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by wages or salaries and only 6.3% state income from self-employment as their main 

household income. Only 13.1% of respondents have had paid work in another country for 

more than 6 months in the last 10 years. This is in accordance with other surveys showing 

that engineers’ incomes keep increasing and engineers’ job satisfaction is high2. 

Almost half of the respondents in the study sample - 48.1% (161) - say they are 

responsible for supervising other employees. This is an interesting aspect also to take into 

consideration when designing the university curriculum for future engineers, which should 

also include subjects such as leadership or communication in order to prepare future 

engineers for the task of supervision or coordination of other people. A positive correlation 

was found between the age of respondent and the degree in which he is allowed to decide 

how work is organized. A positive correlation was also found between the age of respondent 

and the degree in which he is allowed to influence policy decisions about the activities of the 

organization he forks for.  

Engineers have a great degree of autonomy in their work. About three quarters or 

respondents (Figure 2) have a large or complete control over how they organize their daily 

work. This can be correlated with the high percent of respondents (75.3%) who say it is 

important to them to be able to make own decisions and be free.  

 
Figure 1. Degree of control at work 

 

Another interesting observation is that a little over half (52.2%) of respondents went to 

a course/lecture or conference in the last 12 months in order to improve their skills. This is in 

accordance with principles stated in the codes of ethics of the engineering profession. For 

example, in the Statement of Ethical Principles of the Engineering Council and the Royal 

Academy of Engineering of the United Kingdom3 one such principle is that engineers should 

                                                           
2 American Society of Civil Engineers; The Engineering Income and Salary Survey Standard Report Trends 

Analysis, Policies, and Practices, 2012. https://www.asme.org 
3 Engineering Council of the UK. Statement of Ethical Principles of the Engineering Council and the Royal 

Academy of Engineering of the United Kingdom, 2014. www.engc.org.uk/professional-ethics 

https://www.asme.org/
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“Keep their knowledge and skills up to date and assist the development of engineering 

knowledge and skills in others”. 

 

OTHER VALUES 

Engineers are quite interested in the current political affairs (76.1% are very or quite 

interested in political affairs) and civically active: 37.3% signed a petition in the last 12 

months (in comparison with 27.2% from all participants in the survey) and a little over 80% 

voted in the last national elections (in comparison with 69.8% from all participants in the 

survey). Compared to the whole sample for the general population, engineers are less inclined 

in agreeing with the statement that the government should reduce differences in income 

levels (52.5% of respondents in the engineering group agree with this statement in 

comparison with 68.6% of the respondents in the entire dataset).  

Respect for nature is one important aspect of the engineering profession4. According to 

several professional codes of conduct for engineers, one of the professional duties is to care 

about sustainability and the environment. For example, the Statement of Ethical Principles of 

the Engineering Council and the Royal Academy of Engineering of the United Kingdom 

includes two such provisions for engineers: “Minimise and justify any adverse effect on 

society or on the natural environment for their own and succeeding generations” and “Take 

due account of the limited availability of natural and human resources.”5. In relation with 

this, for the item „it is important to care for nature and the environment“ of the total sample 

for the general population, 31.8% of respondents say it is „very much like“ me and 40.9% say 

it is „like me“. Only 2.6% of the total population says it is „not like me“ or „not like me et 

all“. For the engineers sample, 27.6% of respondents say it is „very muck like me“ and 41.1% 

„like me“ to care for nature and the environment. 9.6% of engineers say it is „a little or not 

like me“ to care for the environment. None of the engineers say that it is not al all like them 

to care for the environment (as opposed to 0.5 of the general population).  

62.7% of respondents describe themselves as people for whom thinking up new ideas 

and being creative is important. 41.4% of respondents say following traditions and customs 

are very little or not at all like them. In comparison, only 28.4% of the general population say 

following traditions and customs in very little or not at all like them. 50.1% of respondents 

declare themselves to belong to a certain religion or denomination. Of the 165 respondents 

who said they don’t currently belong to a certain religion, 116 (70.3%) said they never did. 

The majority of respondents declared themselves to be not religious.  

 

CONCLUSION 

In conclusion, based on the present data, the following answer can be given to the 

question “What’s it like to be an engineer in Europe?”: he/she works in a large company in 

the private sector with a 40 hour work week, has an unlimited work contract with a 

satisfactory income and is likely responsible for supervising other employees. Based on data 

from the study sample the engineering field remains male dominated. 

Engineers have a high degree of control in their work, they have jobs that allow 

freedom of organizing their daily activities and the power to take decisions. Because 

engineers in many cases also supervise other people, their communication, leadership and/or 

management skills should also be developed during their educational course. Engineers are 

free thinkers and value creative thinking, required characteristics for the advancement of 

science. For a large part following traditions and customs is unlike them.   

                                                           
4 Harris, Charles; The Good Engineer: Giving Virtue its Due in Engineering Ethics.  Science and Engineering 

Ethics, 2008, 14: 153. https://doi.org/10.1007/s11948-008-9068-3 
5 Engineering Council of the UK. Statement of Ethical Principles of the Engineering Council and the Royal 

Academy of Engineering of the United Kingdom, 2014. www.engc.org.uk/professional-ethics 

https://doi.org/10.1007/s11948-008-9068-3
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This article presented findings based on data from the European Social Survey, the 7th 

wave, conducted in 2014 in 15 countries. Unfortunately, Romania hasn’t been part of the 

surveyed countries since 2008, but given the fact that Romanian engineers have free access to 

the European job market, results presented here are also interesting for future Romanian 

engineers. The engineering occupation remains a rewording one and most engineers are 

extremely or very satisfied with life as a whole and declare themselves happy in a large 

majority.  
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ABSTRACT:  
NOWADAYS ALL MODERN PRODUCTION SYSTEMS INCLUDE ONLINE MACHINE MONITORING 

SYSTEMS. AS IOT (OR INDUSTRY 4.0) TOOLS ARE EVOLVING THEY REPRESENT A GOOD 

ALTERNATIVE FOR TRADITIONAL MONITORING PLATFORMS. EVEN FOR A SMALL PRODUCTION 

PLANT A COMPLETE MONITORING SYSTEMS HELD A LOT OF DATA WHICH USUALLY IS DIFFICULT 

TO HANDLE. 

IN THIS PAPER, WE PRESENT A METHOD OF USING AUGMENTED REALITY TO EASILY DISPLAY 

ONLY RELEVANT INFORMATION ABOUT EACH MACHINE IN A USER-FRIENDLY INTERFACE. 

AUGMENTED REALITY CAN COMBINE REAL WORD DATA WITH COMPUTER GENERATED IMAGES 

OR DATA. THE INTERFACE CONTENT IS SELECTED BASE ON THE USER TYPE AND THE MACHINE ID 

FROM AN IOT THINGWORKX MONITORING PLATFORM. THINGWORX STUDIO WILL BE USED TO 

AUGMENT DATA VALUES ON THE MACHINE (ONSITE) FOR OPERATORS, OR TO SHOW A SERVICE 

SEQUENCE FOR A MAINTENANCE TECHNICIAN OR EVEN TO AUGMENT THE 3D MODEL OF THE 

MACHINE OFFSITE WITH THE SENSOR VALUES LIVE FROM THE REAL MACHINE FOR A 

SUPERVISOR.  

TO IMPROVE THE INDUSTRIAL MONITORING SYSTEM FURTHERMORE CONTROL CAPABILITIES CAN 

BE ADDED SO THAT ENGINEER, OPERATORS, AND SUPERVISOR CAN TAKE RESPONSIVE ACTIONS 

OFF SITE BASED ON MONITORING DATA.    

 
KEY WORDS: AUGMENTED REALITY, IOT, MACHINE MONITORING 

 

 

 

 

 

INTRODUCTION 

In industrial environments, the use of monitoring systems of the machines is becoming 

the best method to enhance the plant productivity. Current industrial monitoring systems 

gather a lot of data about equipment usage but usually only a small percent of this data is 

processed for predictive maintenance purposes. 

Working with a big amount of data can be sometimes difficult as not every piece of 

information collected is relevant for everyone. To solve this problem usually dashboards are 

used to process and display data for each role in a company. The main drawback of this 

method is that for larger plants it is a hard job to navigate through all available dashboards to 

identify a faulty machine. In this case augmented reality can be used to display only relevant 

information for each machine that is monitored. 

                                                           
1 PhD, University Politehnica of Bucharest, Romania, radu.parpala@gmail.com.  
2 MA, PTC Eastern Europe SRL, Romania, acazacu@ptc.com.  
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AUGMENTED REALITY IN ENGINEERING 

Modern monitoring systems are used nowadays to collect working data from machines, 

to store and to process information to prevent downtimes and to schedule repair periods as 

accurate as possible.  

The IoT platforms provide a good support for predictive maintenance as it can integrate 

information from different machines and manufacturing systems and support a lot of 

predefined code programs that can be used to facilitate some routine operations like sending 

alerts by SMS or email. 

Augmented reality usually represents a mix of real world physical objects and 

computer-generated elements, usually sounds and graphics. The augmented data is related 

with different objects by using markers that are place over the physical objects. In industrial 

application AR is used mainly for training, quality inspection or repair operations [X1, X2].  

As both virtual reality and augmented reality are now considered mature technologies 

increasingly more industrial application are developed and implemented. In this context, we 

developed a system that can enrich a preventive maintenance system with graphical 

representation of data to ease operation, supervise and maintenance of the industrial 

equipment. 

 

CASE STUDY 

For this case study, we’ve used a smart monitoring system based on the ThingWorx 

platform. ThingWorx is a dedicated IoT platform that support a great variety of protocols and 

programming languages like Representational state transfer (REST) API or Java protocols. 

The platform is used to store all the functional parameters of the machines that are monitored.  

For this case study, a new thing called “Test_stand” was defined. The thing includes 

four properties, one for each key parameter that needs to be measured by the monitoring 

system (Figure 1). The thing includes also numerical properties for the alarm threshold levels 

and the alarm state for each sensor. For this case study two different threshold where 

implemented: one at 32 ℃ and one at 35℃. If the temperature reaches the first critical value 

an alarm is displayed on the operator screen and a text message is send to the supervisor. If 

the second alarm level is trigged an emergency stop command is issued and the machine 

stops.  

 

 
Fig. 1 Key functional parameters for the screw ball stand 
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The data acquisition system includes a process computer and one NI cDAQ-9191 WiFi 

DAQ device for each machine being monitored (Figure 2). Sensor values are transferred from 

the LabView environment and converted to numbers with a service defined within the IoT 

platform.  

 
Fig. 2 Advanced monitoring system architecture 

 

 

 
Fig. 3 Labview backend diagram for data acquisition 

 

The UpdateValues service is accessed from LabView using a REST call. Every time a 

new value is changed the service check if the value is smaller than the alarm value and if this 

is true an alarm is trigged.  

Augmented reality can combine real time data with computer generated representation 

of machine systems so engineer can easily identify where are the key parameters measured, 

what are the normal values for each parameter and if are any alarms activated. 



          September 2017        
  

263 
 

 
Fig. 4 Service used to transfer and convert monitored parameters from the LabView 

Programming environment 

 

The augmented reality application, created in ThingWorx Studio (figure 5), has 

components one that can be used on site to monitor the temperature values and one that can 

be used off site, to augment the machine anywhere and show the parameters and their limit 

values. The last is used to map sensor data on a virtual model of the machine.  

 

 
Fig.5 ThingWorx Studio project that gets the parameters from ThingWorx 

 

In figure 6 we can see the supervisor screen for our monitoring platform, in this case 

only working parameters and alarms are visible, augmented on the CAD model of the 

machine. In this AR experience, the supervisor can also see a disassembly sequence (for 

training a technician) that shows how to replace the screw or nut or a faulty sensor. The 

sequence was created in Creo Illustrate (Figure 7) and published in the ThingWorx Studio 

experience. The sequence is in the same application and the animation can be started by 

pressing the play button. 

The onsite module is used to map parameters value directly on physical equipment 

(Figure 6) so that engineers will be able to see sensor values and working parameters directly 

on the machine. If several parameters of the same type are monitored the values are 

represented regarding the sensor position, in case of an alarm the operator can easily identify 

the faulty area. Without using the augmented reality in case of an alarm the operator should 
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look for the name of the sensor and search more information about sensor position in the 

technical documentation. 

 

 
Fig.6 Supervisor augmented view of a monitored machine – off site 

 

 
Fig 7 Creo Illustrate disassembly process animation 
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Fig. 7 Operator augmented view of a monitored machine – on site application 

 

CONCLUSION 

By using augmented reality on machines monitoring platforms user can easily filter 

relevant information based on their role. Maintenance engineers can see maintenance data, 

operators are able to check functional parameters directly on site by using a mobile device 

like a phone or a tablet pc.  

By measuring key parameters maintenance stops can be better scheduled using 

ThingWorx machine learning module. This Module will predict failure based on learning the 

normal behaviour and understanding the nominal values of each parameter. Using predictive 

analytics and machine learning operators and supervisors may schedule the maintenance 

processes before a failure occurs, saving time (they will know the parts that need to be 

changed and procure them) and money (the machine downtime will be scheduled). 

Maintenance operations are also simplified by displaying visual representation of the 

parts that are malfunctioning. Also for known defects detailed repair instruction can be 

displayed for each machine.  
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ABSTRACT:  
THE PRESENT PAPER ANALYZES TWO OPTIMIZATION VARIANTS OF A TRICYCLE METAL FRAME. 

THE INTEGRATION OF THE PARAMETRIC DESIGN IS TREATED THROUGH THE OPTIMIZATION OF 

AN EXISTING METAL STRUCTURE BY APPLYING THE VORONOI DIAGRAM AND THE SHAPE 

GENERATOR. 

BOTH VARIANTS ARE BASED ON A FREE CELLULAR FORM THAT ONLY MEETS THE CRITERIA OF 

FUNCTIONALITY AND PRESELECTED RESISTANCE, THE REMAINDER BEING DEDUCED BY 

ANALOGY. 

THE REQUIREMENT FOR SUCH OPTIMIZATIONS STEMS FROM THE NEED TO ACHIEVE A CONCEPT 

THAT FULFILLS THE SAME FUNCTIONS AS A PRODUCT DESIGNED USING CLASSICAL DESIGN 

METHODS, BUT UNLIKE THESE, IT REDUCES THE AMOUNT OF MATERIAL AND IT RESULTS IN 

BETTER STRENGTH, A PROCESS BY WHICH THE PRODUCT OBTAINS A FINAL ORGANIC FORM. 

IN THE FIRST STAGE THE FORCES ACTING ON THE TRICYCLE FRAME WILL BE STUDIED IN ORDER 

TO GENERATE THE NECESSARY CONDITIONS FOR STABILITY, STRENGTH AND FUNCTIONALITY OF 

THE WHOLE SYSTEM. 

ONCE THESE ARE ESTABLISHED, THE FRAME WILL BE OPTIMIZED BY APPLYING THE VORONOI 

DIAGRAM AND THE SHAPE GENERATOR USING THE INVENTOR PROGRAM 

 
KEY WORDS: PARAMETRIC DESIGN, VORONOI, SHAPE GENERATOR, INVENTOR 

 

 

 

 

 

INTRODUCTION 

This article presents the steps required to optimize a metal structure by applying the 

Voronoi and Shape Generator techniques. 

These methods of optimizing the shape and the amount of material used are increasingly 

being applied in the design and construction of different products due to the removal of 

unnecessary surplus material without affecting the integrity of the product. 

In the first stage the forces acting on the tricycle frame will be studied in order to generate the 

necessary conditions for the stability, strength and functionality of the whole system. 
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Once these are established, the framework will be optimized by applying the Voronoi 

diagram. This will be applied at the level of the individual piece. 

A product that is parametrically 

engineered with a minimal amount of 

optimized material and distributed in a way 

that is functional will be a product with a 

significantly reduced weight with a low 

production cost and the form it will take will 

be an organic one. 

Two such products optimized by parametric 

design are a wheelchair for people with 

disabilities, and a motorcycle frame, both 3D 

printed, with customized structure on the 

user's dimensions, offering a much higher 

degree of comfort than the classic ones, 

figures 1 and 2 a), b) and figure 3. 

 
 

a) b) 

Figure 2 a), b) Parametric optimized wheelchair 

 

 

By de-stressing the classical 

shapes of serial made products, a 

mathematical formula can be achieved 

that can provide a mechanically-made 

organic form without the need for many 

manual drawings, and the actual 

construction of the finished product can 

be accomplished by a robot capable of 

fulfilling more functions not just one 

repeatedly as is the case in most 

factories. 

 

 

OBJECT OPTIMIZATION THROUGH PARAMETRIC DESIGN METHODS 
Modern design methods are increasingly based on the understanding of the nature of 

the processes and the principles of the automatic organization of biological structures, their 

 

Figure 1. Optimization procces through 

parametric design 

 

Figure 3. Parametric optimized bike frame 
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representation being performed by technological methods based on mathematical models, 

methods used even in contemporary architecture. 

Bionic design elements play a very important role in modeling and urban development, 

ranging from architecture to product design. The development of informational technology 

has made it possible to create more complex structures inspired by natural forms. The 

Voronoi diagram had inspiration for surface relaxation, the honeycomb structure or a libelula 

wing, figure 4 a), b), c). 

 

 

 

a) b) c) 

Figure 4 a), b), c). Types of biological structures that uses automatic organization 

 

In mathematics, a Voronoi diagram is a partitioning of a plane into regions based on distance 

to points in a specific subset of the plane. That set of points (called seeds, sites, or generators) 

is specified beforehand, and for each seed there is a corresponding region consisting of all 

points closer to that seed than to any other. These regions are called Voronoi cells. The 

Voronoi diagram of a set of points is dual to its Delaunay triangulation. 

As implied by the definition, Voronoi cells can be defined for metrics other than Euclidean, 

such as the Mahalanobis distance or Manhattan distance. However, in these cases the 

boundaries of the Voronoi cells may be more complicated than in the Euclidean case, since 

the equidistant locus for two points may fail to be subspace of codimension 1, even in the 2-

dimensional case. 

A weighted Voronoi diagram is the one in which the 

function of a pair of points to define a Voronoi cell is a 

distance function modified by multiplicative or additive 

weights assigned to generator points, figure 6. In 

contrast to the case of Voronoi cells defined using a 

distance which is a metric, in this case some of the 

Voronoi cells may be empty. A power diagram is a type 

of Voronoi diagram defined from a set of circles using 

the power distance; it can also be thought of as a 

weighted Voronoi diagram in which a weight defined 

from the radius of each circle is added to the squared 

distance from the circle's center. 

 Parametric design is a process based on an 

algorithmic thinking model that facilitates the expression of parameters and rules that 

together can decode or clarify the relationship between the response / result and the originally 

proposed design. 

 Essentially, the parametric design is a paradigm in the field of modern creation, in 

which the relationship between elements is used to model the design of complex geometric 

elements and structures. 

The term "parametric" is usually used in mathematics and refers to the use of certain 

variables that can solve or constrain the results of an equation. 

 

Figure 6. Parametric cells 

relationship 



Research and Science Today Supplement No. 2/2017 

  

270 
 

Currently, the term used in the field of design refers to design calculation systems using 

analogue models to explore space for design. 

All these applications combining clear mathematical formulas and specific constraints in 

designing a piece or assembly, facilitate the entire design process. Initial data about the total 

size, the shape of a profile, and then applying one of the two variants - voronoi or parametric 

design - gives an optimization of superior shape to the classic design methods and implicitly 

design. Everything starts from the idea of a free form that only the physical conditions 

imposed by the user have to meet, depending on the requirements that the product has to 

meet. 

Starting from the above examples, the two optimization techniques were applied on the 

Greeny tricycle, respecting its original form and functionality. 

 

 FRAME OPTIMIZATION  

The first frame variant was made of a steel profile. The structure of the framework met the 

initial functionality requirements, but after practical testing of the framework in various 

situations - rides in the park, distance between home and work, merger with public transport, 

there were identified problems related to the weight of the product, freedom limitations of 

handling during use, ergonomic and stability aspects, figure 7. 

 Due to these negative aspects, the framework was rebuilt into a CAD modeling 

program and a 1/1 scale physical model was developed to analyze what measures are needed 

to improve the original concept. Starting from the Greeny prototype, improvement of the 

framework and the functions were needed taking into account: 

1.Folding style: At the first prototype, folding was done by removing a central spindle 

linking the top and bottom of the frame, and there is a risk of it being lost during the process, 

making it impossible for the vehicle to be used later. 

2.The angle available for the steering ratio was to small, and the test itself found the 

need to improve it to provide greater comfort and safety during use; 

3.The handlebar required a more ergonomic shape and needed to be easyer to fold (the 

solution identified at this point is by rotation) 

4.An improvement in width is required for better grip stability 

5.The tilting angle of the handlebar allows for better handling of the vehicle and a 

much better position for the user. 

  

a) b) 

Figure 7 a), b). First frame prototype, without optimization 

 

Because the shape of the second frame is similar to the Greeny prototype, notable 

improvements can be seen only in the frame folding process (there are no more parts that 

needed to be removed and then inserted) and a somewhat greater degree of comfort in use, 

figure 8. 
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Following the feedback received after testing the two tricycle variants, the following 

weaknesses were highlighted: 

1.The fairly large weight of the tricycle makes it difficult to handle it in folded form; 

2.Lack of a seat support to make traveling more comfortable; 

3.Rethinking the folding mode to result in a more compact form, thus facilitating its 

storage in public transport, where space is usually quite limited. 

In order to find the best optimization, the design and testing process has resumed. Thus, 

Voronoi and Shape Generator were chosen to make this frame fit the new requirements, 

namely: increased stability and reduced weight by reducing the amount of material used to 

frame the frame. 

 
 

a) b) 
Figure 8 a), b). Improved  frame prototype without parametric optimization 

 

DETERMINATION OF FORCES USING FORCE EFECT 

In order to study the forces acting on the frame, the ForceEffect program was used. 

The results thus obtained were used to optimize each part of the assembly - fork, arm, front 

axle, rear axle, figure 9. 

A frame scheme was constructed to delimit fixed and movable areas, welded areas and whole 

parts, a predetermined weight applied to the whole frame (1000 N) was also applied, then the 

forces to be taken into account for testing the two optimization options used later. 

 

 

Figure 9. Force effect forces aplied to the frame 
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FRAME OPTIMIZATION USING THE VORONOI DIAGRAM 
For the problems found in balancing the distribution of internal tensions and optimizing the 

structure, solutions can be found in the forms proposed by nature. 

The cells divide the space so that under minimal structural constructive effort for the 

organism, the equilibrium of the internal stress distributions, the optimization of the flows for 

different forms of energy transport, the optimization of the path of an information circuit are 

achieved. 

The mathematical models of rational portion of the most commonly used space are the 

Voronoi solutions and the Delaunay triangulation. The Voronoi diagram has been applied 

experimentally in various design projects. 

In view of these considerations, the framework was optimized using the Voronoi method, 

thus reducing the amount of material without affecting its resistance. The Rhino program was 

used with the Grasshopper plug-in, generating a network that selected some criteria to be 

taken into consideration, given the ratio of previously generated forces, figure 10. 

 

Figure 10. Grasshopper generated network 

 

In this picture is presented the definition used for creating the Voronoi grid and setting the 

full-empty ratio. Genetic algorithms have been used to produce near-surface cells, figure 11. 

 

Figure 11. Optimization process for a basic shape 

 

To test a component of the asembly with the applied vortex grid, the component was 

imported in Inventor, and Force Effect forces were applied to evaluate the strength of the 

component as exemplified below, figures12, 13, 14. 
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a) b) c) 

Figure 12. Optimization process for a component of the frame 

 

 

  

a) b) 

Figure 13. Tricicle down tube, a) before optimization, b) after optimization 

 

 

 
 

a) b) 

Figure 14. Tricicle frame before and after optimization 

 

Distributed forces in each region are represented in the figure 15. 

 
   

a) b) c) d) 

Figure 15. Tricicle down tube during the process of optimization (forces aplied) 
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To apply the Shape Generator, Inventor was used to build the frame and to select the mobile, 

fixed and distributed forces in Force Effect. Using Shape Generator resulted a mesh that was 

used as a template to cut the original piece. 

 

CONCLUSION 

Following these simulations / tests, using the two optimization methods using parametric 

design to improve a metal structure can result in an object with superior mechanical and 

aesthetic characteristics. 

Using these optimization processes streamlines design, production, and testing methods, 

reducing the time needed to perform them more accurately, eliminating the human error in 

the process. 
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