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Abstract  Complex technical systems require special process monitoring and control. The control room is a 

location that is designed to allow the operator to monitor the process and coordinate activities. The ergonomic 

design of control rooms allows operators better insight into supervised process within a customized and 

pleasant working environment. This paper presents example of application of the analytical-synthetic model of 

ergonomic research in complex systems in Serbia. 
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1. INTRODUCTION 

The central term in systems theory is the term “system”. Mutual relations between the elements of a 

system lead to the fact that the system as a whole acquires properties that are not the properties of its 

individual elements. Numerous authors agree that the system is a set of elements connected by 

functional connections that are based on certain principles and laws [1]. Systems should be 

understood as entities that are maintained in a changing environment by stabilizing the difference 

between what constitutes the interior of a system and its exterior [2]. A special type of systems is a 

complex system characterized by a number of elements and connections between them. It can be said 

that a complex system is a system consisting of a number of powerful interactive entities, whose 

understanding requires the development and use of new accurate tools, specific reproductions, 

descriptions of imbalances and simulations, realistic modelling and application of existing 

knowledge to new research areas [1, 3]. 

Definitions and interpretations of complexity differ significantly upon the goal of the research or the 

method of application [4, 5]. In [6], the author determines complexity using specific criteria, 

emphasizing that in complex systems there is no single control, but numerous communication units. 

The most pronounced feature of complex systems is irreducibility, where the system as a whole is 

more than the sum of its parts and shows unexpected patterns of behaviour [1]. In [4], the author 

points out that a complex system is characterized by a large or medium number of elements, but also 

high variability of elements and their relationships, i.e. high behaviour variability. In [7], the author 

describes complexity using the following characteristics: diversity, connectivity, and dynamics. 

Diversity refers to the type and number of elements, connectivity describes the type and number of 

variable relationships, while dynamics implies uncertainty and unpredictability [8, 9, 10]. The main 

properties of complex systems are emergence and nonlinearity. Emergency is typified by the fact that 

some system properties do not have a meaningful interpretation at subsystem and element levels, 

while nonlinearity is a property of a system described by the fact that inputs have disproportional 

impact on outputs. 
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Technical systems are becoming more complex. They contain a large number of interconnected 

components, and defined by a specific structure and way of functioning. In addition, significant 

features of these systems are management and cooperation. The main subsystems are most often 

defined as man, technology and environment. These subsystems contain a number of functions that 

are implemented by a large number of related elements. The success of these systems is reflected in 

the efficient hierarchical organization of monitoring, decision-making and control, monitoring a large 

number of related variables and overcoming the simple feedback principle in solving control tasks 

[11, 12, 13]. The system functioning is based on the subordination principle, while cooperation is 

realized by effective information flows, coordination of events and cooperative connections, as well 

as various “side-effects” in the cause-effect chain of events [14, 15]. 

The control centre of a complex technical system is a location developed to permit an operator to 

control a process [13, 16]. The process complexity causes that observed technical process is 

controlled by monitoring equipment, and an operator may find himself or herself in a situation of 

deciding on conflicting goals when coordinating activities [11]. The increased complexity of the 

system causes increased complexity of tasks and a larger number of unwanted events that need to be 

monitored, which increases the complexity of the operator’s work activities [13]. Automation causes 

the dynamic properties and structure not to be fully displayed to the operator, but only those 

properties that are necessary for his or her successful response when adverse events occur. The 

control room operator must monitor dynamic process changes using measurement and control 

systems, and make decisions based on presented data [17, 18, 19]. It is important to study the 

performance of operators in control rooms of complex technical systems [20, 21], i.e. their functional 

convenience and efficiency [22]. To be able to obtain appropriate assessment, the properties of the 

work environment are considered [12, 23, 24], as well as information flow [25, 26, 27], information 

presentation [28], operator fatigue and workload [29, 30]. Technical complexity is only one side of 

the coin. Social complexity is also very important if several operators participate in the control. This 

is called the complexity of crew coordination [25], or the complexity of various interactive processes 

required to control a complex technical system [31, 32]. 

The systems approach is suitable for the purpose of complex system research. System complexity 

requires the development of new workforce skills with an emphasis on systems capability [33]. 

Therefore, the development of an applicable system methodology is needed, as a combination of 

systems approach and cooperation. Specific systems require special approaches for the development 

and modernization of control rooms, as well as an analysis of operators’ decision-making process [34, 

35]. Due to a large number of influencing factors, it is necessary to identify the key ones. This can be 

successfully accomplished by applying the methods of multi-criteria or multi-attribute analysis and 

expert evaluation. In Serbia, research using these methods was conducted when considering three 

complex technical systems [12, 13, 23, 24], with the aim of improving and adapting existing methods 

of managing according to new identified situations and risks, i.e. reconstruction of existing elements 

and introduction of new elements of control centres. The procedure itself required a detailed analysis 

of existing solutions and identification of new solutions using systems approach and multi-criteria 

analysis. By applying the fuzzy logic and including a group of experts in the decision-making 

process, uncertainty was significantly reduced, with simultaneous quality improvement of obtained 

results. 
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2. METHODOLOGY 

In this paper, an analytical-synthetic approach is applied, as a methodological framework for research 

of key factors in the ergonomic design of control rooms of complex systems in Serbia. It incorporates 

two models: model of system analysis and model of system synthesis. The first model is used to 

identify functions in the “man-technique-environment” system. The second model, according to 

analysis results, gives the proposal of improving the design of the control centre elements, working 

environment, and operators’ working skills. The initial variant of proposed model was applied for the 

purpose of the research of management and control in three complex systems in Serbia - coal mines, 

electric power and railway companies [12, 13, 23, 24, 27]. 

2.1. Analytical-synthetic model of ergonomic research in railway control rooms 

The structure of the analytical-synthetic research model of control rooms for railway traffic 

management is shown in Figure 1. This model consists of five specific research levels.  

 

Figure 1. Analytical-synthetic model of ergonomic research in railway control rooms. 

The first level involves setting the hypothesis and research goal in relation to obtained research task. 

At the second level, the formulation of research methods and techniques is performed. The third level 
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is especially important because it allows the following: determining the operator’s body 

anthropometric measures; determining the attitudes and movements of operator’s body; mathematical 

modelling of operator’s activity; determining operator’s field of view; determining subjective feeling 

of operators’ visual fatigue; determining operator’s throughput capacity; analysis of time plan of 

work in the control room; analysis of control panel; analysis of operator’s seat; as well as design 

analysis and ergotechnical analysis of control room elements. 

At the following levels, the synthesis of previously obtained data and decision-making is performed. 

The fourth level enables a unique estimation of the functional suitability and effectiveness of the 

workplace. The last, fifth level, enables the prediction of possibility of applying solutions for 

improving working ability of operators and more humane and rational design of control room 

elements. 

2.2. Analytical-synthetic model of ergonomic research in electric power control rooms 

The structure of the analytical-synthetic research model of control centres in the power industry is 

shown in Figure 2. This model is presented by five levels of research.  

 

Figure 2. Analytic and synthetic model of research in electric power control rooms. 
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The first level of ergonomic research is the definition of hypotheses and goals related to unique 

system of ergonomic research “operator-control room”. At the second level, research techniques and 

methods are formulated in the context of three subsystems (human subsystem “operator”, control 

information system “control room”, and supporting system “indoor environment”). The third level 

allows a detailed analysis of all identified subsystems. The following is considered for the human 

subsystem: anthropometric measures; biomechanical-kinesiological measures; information retrieval 

characteristics; operators’ errors; operators’ stress; operators’ work activities; mental models of 

operators’ activities; training of electro-energetic system operators. The control information system is 

analysed using: ergonomic analysis of the display panels; visual search; ergonomic characteristics of 

graphic screens; control devices; ergonomic characteristics of control panels; characteristic seat 

dimensions; and accident characteristics. The supporting system “indoor environment” is described 

by: workplace organization; noise analysis; lighting analysis; microclimate analysis; electromagnetic 

radiation; colour schemes in the centre; quantification of compatibility of man and the environmental. 

Based on the obtained data, at the fourth level, ergonomic recommendations are given for operators’ 

working capacity improvement and more humane development of the elements in the control room. 

The synthesis of ergonomic research ends with the fifth level, which defines proposals for improving 

technological and human productivity in automated control rooms in electric power systems.  

2.3. Analytical-synthetic model of ergonomic research in coal mine control rooms  

The structure of the analytical-synthetic model of research of control centres in coal mines with 

underground exploitation is shown in Figure 3. It contains five levels of research. 

The first level of research is setting the hypothesis and goal of the research. At the next level, the 

selection of methods and techniques for research of biocybernetic system, management information 

system and data monitoring system is performed. The third level defines the research process in more 

detail, as follows: determination of anthropometric measurements of the operator's body (a1); 

research of operator activity (a2); research of the effect of the volume of presented information on 

psychophysiological behaviour of an operator (a3); exploring the “operator-means of information 

presentation” dialogue (a4); ergotechnical research of control devices in the pit (b1); ergotechnical 

research of control panels (b2); ergotechnical research of video terminals (b3); research on 

management through means of presenting information (b4); research on the impact of underground 

coal exploitation on the environment (c1); research of environmental parameters important to control 

centre (c2); research on the application of information technologies in the control of the mining 

environment (c3); and research on the concept of a coal mine environmental information system (c4). 
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Figure 3. Analytical-synthetic model of ergonomic research in underground coal mine control rooms. 

The fourth level provides assessment and determination of limiting factors of the system “operator - 

management information system - environmental control". The last level is the assessment of the 

possibility of applying solutions to improve the working capacity of operators, more humane and 

rational design of the elements of control centres and working conditions improvement. 

2.4. Integral analytical-synthetic research model  

Based on the experience achieved during the application of the analytical-synthetic model in railway, 

mining and electric power systems in Serbia [12, 13, 23, 24, 27], an integral research model is 

proposed, as presented in Figure 4.  

The initial research model is expanded with research plan and programme activities and research 

assessment, which are defined in the process of network planning [13]. The abstractness of the model 

enables its application in various complex systems. Research plan and programme development 

activity defines research hypothesis and goals, and presents research model details. It selects 

corresponding experimental research frameworks and corresponding research methods and 

techniques, as well as expert team.  
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Figure 4. Integral analytical-synthetic model of research of complex technical system 

“man-technology-environment”. 

Research assessment consists of the analysis of the unique research system and interpretation of 

research outcomes. The results of the analysis consist of proposals for adaptation, reconstruction and 

new construction of control room elements. All previously mentioned activities require appropriate 

technical processing of the entire research material. 

3. RESULTS 

Detailed ergonomic analysis of three complex systems in Serbia involved the identification of key 

factors. These factors were identified by group expert evaluation, with a detailed analysis of the 

current state of analysed systems [12, 13, 23, 24]. 

During the analysis of key factors of ergonomic assessment of the control rooms in the electric power 

industry [23], the following weights were determined: wR=0.40 for the control information system 

(control room), wO=0.35 for the human system (operator), and wE=0.25 for the supporting system 

(indoor environment). The relative weights in relation to each criterion and final weights are shown in 

Figure 5. 

In the analysed system, taking into consideration the control information system (control room), 

ergonomic characteristics of the control boards (r5) and ergonomic analysis of display panels (r1) 

were pointed out as the most significant. Among others, operators’ stress was identified as very 

important, as well as light conditions in observed control room. 
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Figure 5. Relative weights in relation to the criteria and final weights in electric power control room. 

The analysis of key factors in railway control rooms gave the results shown in Figure 6 [24]. The 

results of expert evaluation, using the fuzzy logic and group decision-making, are the weights for the 

organization of work in the control room (wA=0.36), operators’ perceptual abilities (wB=0.18), work 

organization (wC=0.14), and ergo-technical analysis (wD=0.32). The relative weights in relation to 

each criterion and the final weights are shown in Figure 6. 

 

Figure 6. Relative weights in relation to the criteria and final weights in analysed railway control room. 

In analysed railway control rooms, as the most important indicators the following were identified: 

hand movements (a3), location and dimensions of control desks (d1), and visual symptoms of fatigue 

(b2). The analysis of the operator activity algorithm (a5) was also identified as very important. 
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During the analysis of coal mine control rooms [12], the following factors of operator quality are 

identified as the most important: work organisation (wf2=0.130), ergotechnical characteristics of 

control panel (wf3=0.342), manner of information presentation (wf4=0.342), expansion of the system 

with occupational and environmental parameters (wf7=0.130), and operators’ education (wf8=0.130).   

The results of the ranking of key indicators in the research of the underground coal mine control 

rooms are presented in Figure 7. Based on the group AHP method, according to final weights, the 

following key indicators are identified [12]: (1) VDT functionality, (2) control panel shape and 

dimensions, (3) keyboard functionality, (4) alarm response time, and (5) expansion of MIS with 

occupational and environmental parameters.  

 

Figure 7. Relative weights in relation to factors and final weights of indicators in analysed underground coal mine 

control room. 

During the research of complex technical systems, the extended model is applied [13]. The results of 

ranking of factors based on the integral analytical-synthetic model are shown in Figure 8. 
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Figure 8. Relative weights in relation to criteria and final weights in the integral analytical-synthetic model of 

complex technical systems. 

During the analysis of representative systems and factor determination, the experts determined the 

weights describing significance of the research plan and program (wR=0.27), bio-cybernetic system 

“operator” (wB=0.18), technical system “technology” (wT=0.23), supporting system “working 

environment” (wS=0.16) and research evaluation (wA=0.17), especially emphasizing the importance 

of the research program and plan and characteristics of the technical system. 

4. DISCUSSION 

Analytical-synthetic model of ergonomic research was applied in Serbia during the consideration of 

three complex systems. Due to their specifics, these systems are of special importance for the 

functioning of the society, and dangers that may occur require special measures to monitor and 

control these processes. Operators are very important elements of these control systems, so their 

well-being caused by appropriate working conditions, as well as adequate information from 

supervised processes are the key to success of these systems and prevention of adverse events. The 

complexity of these systems requires a detailed analysis of all influential elements and identification 

of key factors and indicators that lead to better working conditions and operators’ efficiency. 

Ergonomic analysis of electric power included three factors and twenty-two indicators. The relative 

weights of indicators in relation to factors were very close, and weights of the factors (wR=0.40, 

wO=0.35, i wE=0.25) conditioned that several key indicators could be distinguished, which can be 

clearly seen in Figure 5. Information presentation in this system is very important, which was shown 

by expert evaluations of ergonomic characteristics of control boards (wr5=0.0792) and display panels 

(wr5=0.0718). Furthermore, light conditions in the control room help operators to better understand 

the current state in the monitored system (we3=0.0576). The organization of work requires a 

significant workload of operators, so stress is identified as crucial for the efficiency of an operator 

(wo5=0.0669). The redesign of the control board will solve the operator's inadequate hand and body 
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movements, while different organization of displayed information will improve visibility and 

facilitate correct and timely decision-making, which is especially important in emergency situations. 

Small differences in values of final weights of some indicators indicate the importance of constant 

monitoring of the situation and proposing the improvement of control room elements. Therefore, the 

results of the analysis of this control room cannot be considered as a final solution, and must be 

adjusted to the latest ergonomic and occupational safety recommendations and standards. 

The results of analysis of the control room in the railway industry emphasized the organization of 

work and ergotechnical analysis of the elements of the control room. The experts assessed other two 

factors (perceptual abilities of the operator and the organization of work) as such that the weight 

values were approximately twice less than the other previously mentioned factors. All four factors are 

described by groups of five key indicators. In each of these groups, a single indicator stands out. In 

the context of work organization, hand movements dominate in the control room (wa3=0.150). Also, 

the indicator describing the algorithm of operator activity (wa5=0.088) can also be considered as 

significant one. The most important among the indicators that describe perceptual abilities of the 

operator is visual symptoms of fatigue (wb2=0.105). During the analysis of this system, control boards 

location and dimensions were identified as very important (wd1=0.124). Inadequate dimensions of the 

control board result in an inadequate arrangement of control elements. This leads to dysfunctional 

movements of an operator, which often cause workplace injuries. Also, discomfort and fatigue of the 

operator can be caused due to inadequate quality of information display. The most common problems 

with display are information overload, frequent changes in the displayed content and insufficient 

readability, as well as inadequate quality of information presentation. These are the most important 

causes of subjective feeling of visual fatigue and operators' workload. The solution to the problem 

was found by experts in the design of a new control board, which enables elimination of 

dysfunctional movements of the body and arms. Also, use of graphical screens to display part of 

necessary data allows a significant reduction in the operator's information load. 

During the analysis of the underground coal mine control room, five factors and twenty-three 

indicators were used. The experts identified as the dominant factors the manner of information 

presentation and ergotechnical properties of the control panel. In all groups of indicators that describe 

the factors, there are one to two dominant indicators, which made it easier for experts to propose 

measures to improve the existing system. Among the indicators that describe the way information is 

presented, the most significant is VDT functionality (wi1=0.140). The use of three monitors to display 

information complicates the work activities of operators, bearing in mind that they display data in real 

time. All ergonomic recommendations were not met. The angular dimension of the visual characters 

is α=16.32’’ versus recommended values of α=(35-40)’’. The distance between monitors and 

operator's eye are d=105cm in relation to recommended values of d=49cm for computer monitor and 

d=86cm for the touch screen. This requires different location of monitors and modification of the 

control panel. The area of the operator’s control panel is occupied by four keyboards for the alarm and 

voice communication subsystem. The keyboards measure 400×270mm. The weights of the indicators 

describing the control panel shape and dimensions (wi7=0.120) and keyboard functionality 

(wi11=0.120) are equal. In addition to existing information, the experts recommended the upgrade of 

existing system to be able to present new parameters, primarily environmental data (wi19=0.065). 

Special training is needed to prepare operators to work in such an environment and to respond 

precisely and timely to the occurrence of adverse events, as described by experts with the alarm 

response time indicator (wi13=0.082). This is helped by an adequate arrangement of control elements 



 

http://ieti.net/TES 

2022, Volume 6, Issue 1, 10-23, DOI: 10.6722/TES.202204_6(1).0002. 

21 

 

(buttons, switches and signals), divided into logical groups (four of them). They meet all necessary 

ergonomic recommendations. Also, the priority-of-use principle is met and marking is done so that 

the fastest possible response is enabled. 

By applying ergonomic research models, according to the outcomes of the research of previous 

systems, a new integral methodological approach for the analysis of complex technical systems is 

proposed. This model uses thirty-two indicators that describe five factors. The objective of the model 

is to analyse the research of complex technical systems, where the key subjects of the research are 

operator, technology and work environment. The model describes five research areas, from the 

research plan and program definition to research evaluation. Although the names of some research 

activities differ slightly in formulation from previously presented models, they have essentially the 

same roles. By applying the model in various complex systems, shortcomings and key indicators have 

been identified to enable the improvement of working conditions and system efficiency. The model is 

defined to enable the selection of methods for application during the analysis of control rooms of 

complex systems (anthropometric, biomechanical, ergonomic, mathematical methods and other 

experimental and analytical methods) and application of interdisciplinary knowledge during the 

analysis of these systems. During the initial state of the control room development in observed 

complex technical systems, not enough attention was paid to ergonomic and functional requirements, 

i.e. the consistency of information-management units and operators. The integral model defined in 

this way can be further extended to enable its application to other control centres. 

5. CONCLUSION 

Complex systems require special monitoring and control. The key control element in these systems is 

an operator. Ergonomic aspects of control room design are the key factors that affect the efficiency of 

operators’ activities. The design of control rooms must be adapted to characteristics of system being 

monitored and operator’s needs. In order for the operator to react in a timely and correct manner in 

case of an adverse event, the data collected from monitored process have to be presented in an 

unambiguous manner. The analytical-synthetic models of various complex systems, presented in this 

paper, allow to adequately analysing ergonomic aspects of control rooms. According to results of 

presented analyses, using multi-criteria methods and group expert decision-making, key factors and 

indicators can be identified. Additionally, the experts can identify potential problems, suggest 

improvements of existing elements or introduce new control room elements. 

References 

[1] Savić, S.. Stanković, M., 2012, Theory of systems and risk, Academic mind, Belgrade. (in Serbian) 

[2] Luhmann, N., 1998, Systems theory - purposefulness and rationality, Plato, Belgrade. (in Serbian) 

[3] Efroni, S., Harel, D., Cohen, I.R. 2005, Reactive animation: realistic modeling of complex dynamic 

systems, Computer, 38, pp. 38-47.  

[4] Grösser, S. N., 2017, Complexity management and system dynamics thinking, in: Dynamics of long-life 

assets, from technology adaptation to upgrading the business model, (eds. S. N. Grösser, A. 

Reyes-Lecuona, G. Granholm), Springer Open, pp. 69-92. 

[5] Hester, P. T., and Adams, K. M., 2017, Systemic decision making fundamentals for addressing problems 

and messes, 2nd edition, Springer. 



 

http://ieti.net/TES 

2022, Volume 6, Issue 1, 10-23, DOI: 10.6722/TES.202204_6(1).0002. 

22 

 

[6] Casti, J. L., 1994, Complexification, explaining a paradoxical world through the science of surprise, 

Harper Collins Publisher, New York. 

[7] Klabunde, S., 2003, Wissensmanagement in der integrierten Produkt - und Prozessgestaltung: 

Best-Practice-Modelle zum Management von Meta-Wissen, DUV, Wiesbaden. 

[8] Fischer, A., Greiff, S., Funke, J., 2012, The process of solving complex problems, The Journal of Problem 

Solving, 4(1), pp. 19-42. 

[9] Kluge, A., 2014, The acquisition of knowledge and skills for taskwork and teamwork to control complex 

technical systems – a cognitive and macroergonomics perspective, Springer Science + Business Media, 

Dordrecht.  

[10] Walker, G. H., Stanton, N. A., Salmon, P. M., Jenkins, D. P., Rafferty, L. A., 2010, Translating the 

concepts of complexity to the field of ergonomics, Ergonomics, 53(10), pp. 1175-1186. 

[11] Wickens, C. D., Hollands, J. G., Banbury, S., Parasuraman, R., 2015, Engineering psychology and human 

performance, 4th ed., Routledge, New York.  

[12] Grozdanović, M., Savić, S., Marjanović, D., 2015, Assessment of the key factors for ergonomic design of 

management information systems in coal mines, International Journal of Mining, Reclamation and 

Environment, 29(2), pp. 96-111. 

[13] Grozdanović, M., Janacković, G.L., 2016, The development of a new integral control model based on the 

analysis of three complex systems in Serbia, Cognition, Technology & Work, 18(4), pp. 61-776. 

[14]  Blech, C., Funke, J., 2005, Dynamis review: An overview about Applications of the Dynamis Approach 

in Cognitive Psychology, German Institute for Adult Education (DIE), Bonn.  

[15]  Kluge, A., Schüler, K., Burkolter, D., 2008, Simulatortrainings für Prozesskontrolltätigkeiten am Beispiel 

von Raffinerien: Psychologische Trainingsprinzipien in der Praxis (Simulator trainings for process control 

tasks using the example of refineries: psychological training principles for practice), Zeitschrift für 

Arbeitswissenschaft, 62(2), pp. 97-109. 

[16] Hollnagel, E., Woods, D.D., 2005, Joint cognitive systems: foundations of cognitive systems engineering, 

CRC Press, Boca Raton.  

[17] Funke, J., 2010, Complex problem solving: a case for complex cognition?, Cognitive Processing 11, pp. 

133-142. 

[18] Marjanović, D., Grozdanović, M., Janaćković, G., 2015, Data acquisition and remote control systems in 

coal mines – a Serbian experience, Measurement and Control, 48(1), pp. 28-36. 

[19] Marjanović, D., Grozdanović, M., Janaćković, G., Marjanović, J., 2016, Development and application of 

measurement and control systems in coal mines, Measurement and Control, 49(1), pp. 18-22. 

[20] Buddaraju, D., 2011, Performance of control room operators in alarm management, Master thesis, 

Graduate Faculty of the Louisiana State University and Agricultural and Mechanical College. 

[21] Dadashi, N., Wilson, J. R., Golightly, D., Sharples, S., Clarke, T., 2013, Practical use of work analysis to 

support rail electrical control rooms: A case of alarm handling, Proceedings of the Institution of 

Mechanical Engineers, Part F: Journal of Rail and Rapid Transit, 227(2), pp. 148-160.  

[22] Grozdanović, M., Janaćković, G., 2018, The framework for research of operators' functional suitability 

and efficiency in the control room, International Journal of Industrial Ergonomics, 63, pp. 65-74. 

[23] Janaćković, G., Grozdanović, M., 2020, A systems approach to analyse work efficiency in power control 

rooms: a case study, South African Journal of Industrial Engineering, 31(4), pp. 151-164. 

[24] Grozdanović, M., Janaćković, G., Stojiljković, E., 2016, The selection of the key ergonomic indicators 

influencing work efficiency in the railway control rooms, Transactions of the Institute of Measurement 

and Control, 38(10), pp. 1174-1185. 

[25] Collis, L., Schmid, F., Tobias, A., 2014, Managing incidents in a complex system: a railway case study, 

Cognition, Technology, Work, 16(2), pp. 171-185. 

[26] DiLaura, D. L., Houser, K. W., Mistrick, R. G., Steffy, G. R., 2011, The lighting handbook: Reference and 

application, Illuminating Engineering Society of North America, New York.  



 

http://ieti.net/TES 

2022, Volume 6, Issue 1, 10-23, DOI: 10.6722/TES.202204_6(1).0002. 

23 

 

[27] Grozdanović, M., Marjanović, D., Janaćković, G., 2016, Control and management of coal mines with 

control information systems, The International Arab Journal of Information Technology, 13(4), pp. 

387-395. 

[28] Grozdanović, M., Marjanović, D., Janaćković, G., Đorđević, M., 2017, The impact of 

character/background colour combinations and exposition on character legibility and readability on video 

display units, Transactions of the Institute of Measurement and Control, 39(10), pp. 1454-1465. 

[29] Gertler, J., DiFiore, A., Raslear, T., 2013, Fatigue status of the US railroad industry (No. DFRA. 

080088). Report, US Department of transportation, Federal Railroad Administration, Washington DC. 

[30] Lin, C. J., Feng, W. Y., Chao, C. J., Tseng, F. Y., 2008, Effects of VDT workstation lighting conditions on 

operator visual workload, Industrial Health, 46, pp. 105-111. 

[31] Hagemann, V., Kluge, A., Ritzmann, S., 2012, Flexibility under complexity: Work contexts, task profiles 

and team processes of high responsibility teams, Employee Relations, 34(3), pp. 322-338. 

[32] Savioja, P., Liinasuo, M., Koskinen, H., 2014, User experience: does it matter in complex systems? 

Cognition, Technology, Work, 16(4), pp. 429-449. 

[33] Davidz, H. L., Martin, J. N., 2011, Defining a Strategy for Development of Systems Capability in the 

Workforce, Systems Engineering, 14, pp. 141-153. 

[34] dos Santos, I. J. A. L., Farias, M. S., Ferraz, F. T., Haddad, A. N., Hecksher, S., 2013, Human factors 

applied to alarm panel modernization of nuclear control room, Journal of Loss Prevention in Process 

Industries, 26, pp. 1308-1320.  

[35] Greitzer, F. L., Podmore, R., Robinson, M., 2010, Naturalistic Decision Making for Power System 

Operators, International Journal of Human-Computer Interaction, 26, pp. 278–291. 


	Goran Janaćković1,a, Miroljub Grozdanović2,b
	1,2University of Nis, Faculty of Occupational Safety in Nis, Carnojevica 10a, Nis, Serbia
	agoran.janackovic@znrfak.ni.ac.rs, bmirko@ni.ac.rs

