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ABSTRACT 

The research model presented in this article, of control room operators’ 
work activities in an electric power system, includes an analysis of the 
main control room’s characteristics, the performance of the operators, and 
the influence of the environment on the operators’ efficiency. For the 
purpose of group ranking the most important aspects describing the risk 
factors, fuzzy numbers are used. The influence of all the experts on the 
final decision is based on their previous experience. Human system, control 
information system, and supporting system elements are used as 
assessment criteria. In the analysed control room, the major impact on the 
operators’ efficiency is the causes and effects of stress and the 
presentation of information. Display panels and control desks are crucial 
aspects of the control information system, as they affect the efficient 
presentation of information. In relation to the indoor environment, lighting 
conditions are identified as the most important. Based on the results 
obtained, we propose changes that decrease the risks by enabling better 
work positions for operators and the presentation of information on display 
panels and graphic screens. 

OPSOMMING 

ŉ Elektriese kragstelsel se beheerkameroperateurs se aktiwiteite word in 
hierdie artikel ontleed. Die analise sluit in die hoof beheerkamer se 
eienskappe, die vertoning van die operateurs en die invloed van die 
omgewing op hul doeltreffendheid. Wasige nommers word gebruik om die 
belangrikste aspekte wat die risikofaktore beïnvloed te rangskik. Die 
invloed van die kundiges op die finale besluit is gegrond op hul vorige 
ervaring. Mens-stelsel, beheer inligtingstelsel en ondersteuningstelsel 
elemente is gebruik as assesseringskriteria. Die hoof impak op operateurs  
in die bestudeerde beheerkamer se doeltreffendheid is die oorsake en 
gevolge van spanning en die aanbieding van inligting. Vertoonpanele en 
beheerlessenaars is kritiese aspekte van die beheer inligtingstelsel, omdat 
hulle die doeltreffende aanbieding van inligting beïnvloed. Beligting is ook 
identifiseer as belangrik. Veranderinge aan die hand van hierdie resultate 
word voorgestel om risiko’s te verminder.

 

1 INTRODUCTION 

The efficient and safe distribution of electric power needs effective monitoring and responsiveness. The 
operator is located in the control room, to which information from the field is transferred. The monitoring 
system provides the data on the current state of the distribution system and production units [1-3]. The 
speed and precision of the operator’s decision-making are mainly influenced by the quality and 
completeness of the information that is received. In both modern and conventional electric power control 
rooms (CRs), the functions, architecture, indoor environment, and applied technologies are identified as 
the most important properties. Functional efficiency and the harmonisation of control information systems 
with the capabilities of the operators in the CRs are achieved at three different levels — perception, data 
processing, and action. By achieving such harmonisation, an operator can efficiently solve decision-making, 
diagnosis, and planning problems. The incorporation of ergonomic requirements into the system design 
improves the effectiveness of the monitoring system [4]. A detailed assessment of the operator and the 
control system elements is needed. As a result of the research, a detailed analysis of the operator’s 
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activities was obtained. This was the basis for the creation of a cognitive model incorporating complex 
cognitive activities such as prediction, monitoring, and mental calculations [5]. The design of many 
conventional CRs was made on the basis of the display panel installations, which defined the CR’s 
dimensions, and the shape and dimensions of the control desks. By applying modern technologies, more 
data processing functions can be achieved with significant workspace savings. The issues regarding working 
conditions can be the cause of incorrect operator decisions and inappropriate reactions to adverse events. 
The humanisation of the working environment increases an operator’s overall working abilities, which is 
especially important during shift work [6].  
 
Risk analysis is needed, because many aspects influence the operators during their work and decision-
making. Very important aspects of that analysis are, among others, organisation of the control room, the 
presentation of obtained information, and an analysis of the operator’s activities [7]. Control room 
equipment helps an operator to monitor the electric power system and assess its state and reliability [1]. 
The integration of information reduces the time needed for decision-making, improves operational 
efficiency, and increases the efficiency of resource utilisation. It also improves the reliability of the system 
by better evaluations of the state of an electric power grid [8]. The development of the system and the 
control room, taking into account the efficiency of the operators, increases the success of the monitoring 
[7]. Improving the operators’ working conditions can improve the accuracy of the decisions they make.  
 
The activity of an operator is significantly influenced by the interaction between themselves and the CR 
equipment, as well as by their workload and situation awareness. There are different interactions between 
the operators and the CR equipment, because they must observe the functioning of the system and initiate 
corresponding safety actions [9, 10]. The workload and the CR design affect the accuracy and reliability of 
the operators’ decisions [11]. Ergonomic design principles were therefore applied during the design of CRs 
and work systems. Because of the need for interaction, the human-centred principles of interaction were 
applied during the development of the CRs [12-15]. Efficient interaction improves the speed and the 
accuracy of the operator’s reactions.  
 
A subjective rating of the workload, fatigue, and stress of an operator is usually based on the collection of 
activity data and an analysis of their psychological load [16]. Illumination and the lighting conditions also 
affect the workload of an operator [17]. Alarm situations also require a physical or cognitive response in 
order to identify the anomaly and maintain the safe and efficient operation of the system [18]. 
 
The concept of ‘situation awareness’ is significant in human factor analysis in independent and 
collaborative energy production and distribution systems, where more attention must be paid to 
coordinated behaviour, collaborative tasks, training programmes, information searching tasks, performance 
defined by experience and training, and the definition of work procedures [19-21]. 
 
The ergonomic assessment of the activities of CR operators and the conditions in which these activities 
take place is needed to identify the most important determining factors: the reach of the operator’s hands; 
the visual, muscular, and mental symptoms of fatigue; the technological obsolescence of CR elements; the 
locations and dimensions of the control panels; seat dimensions, and the dimensions and colours of the 
display panels; information capacity; the contrast between symbols and the graphic screen background, 
flickering, and the reflections of graphic screens, and colours on graphic screens; keyboard functionality; 
CR lighting; and microclimate. 
 
The analysis of the complex system described here is based on the application of a systems approach and 
the fuzzy analytic hierarchy process. Since its initial development, the analytic hierarchy process (AHP) 
and fuzzy AHP (FAHP) have been applied in many areas in risk assessment, control room development, and 
process safety assessment — such as the assessment of the human-machine interface [22], estimating the 
risk of accidents [23], the quantitative estimation of human error probability [24], accident scenario risk 
assessment [25], and skill measurement and identification of the performance indicators of industrial 
operators [26, 27]. The procedure for decomposing the elements of a decision-making problem into smaller 
parts and a pairwise comparison of the elements with fuzzy numbers is used to define the priority of 
elements in the hierarchy of ergonomic research.  
 
This paper presents the analysis of the CR of the Electric Power Company of Serbia. In applying an analysis 
of the system, the research into the ergonomics of this complex system is divided into the analysis of the 
operator, the control room, and the indoor environment. 
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2 METHOD 

Human factors are an important aspect of situation assessment in power grid operations [28]. They must 
be included during the requirement specification and the definition of guidelines for control system 
development. Some future requirements and the possibility of further development of a system must also 
be considered [29]. In addition to the analysis of the human system, the research model is created according 
to a detailed analysis of the complex CR working environment, which consists of the control desk, the 
graphic screens, and the display panel (control information system), taking into account the lighting, noise, 
and microclimate (supporting system). The FAHP method, involving a pairwise comparison of all of the 
requirements, is applied. 

2.1 Research model 

The research model of a complex system, presented in Figure 1, consists of the system analysis and the 
system synthesis, providing optimal solutions to improving productivity in a complex system of ergonomic 
research. 
 
Within the model, the following analyses were done: anthropometric, biomechanical, and sensorimotor 
analysis [30]; mental workload and situation awareness [31]; human reliability and stress assessment [32, 
33]; cognitive task analysis [34]; ergonomic design [35-37]; information flow analysis [38]; microclimate 
conditions assessment and illumination measurement [39, 40]; and health and safety system assessment 
[41]. 
 

 

Figure 1: Ergonomic research in electric power control rooms 

The analysis is based on the following research areas:  
 
O) Bio-cybernetic system ‘dispatcher-operator’ 
(o1) Anthropometric measures. The anthropometric list, modified according to Grieko-Masalin (Appendix 2 
in [42]), was used. The measurements were carried out using a Harpenden anthropometer (98601) on the 
population of 30 operators, and we obtained 20 anthropometric values for every operator. For this data, 
correlation coefficients, which define their mutual relationships, were calculated. SPSS version 22 was used 
to calculate the correlation coefficients representing the relationship strength between the relative 
movements of two variables. The value of correlation coefficient 1 defines the strongest relationship 
between anthropometric parameters, while the value 0 represents the weakest relationship [43, 44]. Based 
on this data, the dimensions of the characteristic body parts of the operators working at the control desk 
were determined (shoulder height and width, elbow height, upper arm and arm length, and hand and 
forearm length), on the basis of which, together with the determination of characteristic operator working 
angles, the functional dimensions of the operators’ bodies were obtained [42]. 
 
(o2) Biomechanical-kinesiological measures. Based on measurements of the directions and times of the 
operators’ hand movements, the maximum force was determined, with a previous determination of the 
mass of the operators’ hands. By analysing the movements of the operators’ left and right hands, head, 
eyes, and trunk (three times for 15 minutes each during shifts), their workloads were defined. 
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(o3) Information search characteristics. An experimental investigation of the CR was used to form 
probability tables for whether an operator adequately responds to an information message. Based on those 
results, and applying the Bayesian rule, the amount of information passing through the monitored 
information channels was calculated. 
 
(o4) Operators’ errors. The results of experimental studies of typical operator hand-movement errors in 
response to presented information signals led to the formation of a conditional probability of errors in the 
selection of a direction and choice of an arm, and the conditional probability of cumulative error. 
 
(o5) Operators and stress. To analyse the work of the operators in stressful situations, the operators’ stress 
model was formed. The workplace stress scale is most commonly used to identify the causes of stress 
perception and stress coping capacity [42]. To obtain an assessment of the impact of stress on operators’ 
activities, the effects of emergency situations and other stress factors on operators’ work were analysed, 
and medical examinations were carried out with questionnaire surveys containing the Copenhagen Burnout 
Inventory and the Copenhagen Psychosocial Questionnaire [33]. 
 
(o6) Operators’ work activities. Based on the 24-hour monitoring of operators’ work activities, a working 
diagram of the relative ability of the operators was formed, expressed as a percentage deviation from the 
daily average, and the daily load diagram of electric power distribution system (five-day monitoring). 
 
(o7) Mental models of operators’ activities. A mental model of the operators’ activities in emergency 
situations was formed and used to monitor a planning of probable events, prediction skills, workload 
management skills, and self-assessment activities. The mental workload assessment models applied to CR 
emergency situations were the Mental Workload Assessment and the Subjective Workload Assessment 
Technique [31]. 
 
(o8) The training of electro-energetic system operators. Software packages were created for general 
education and for specialised user training programmes for operators in the electric power system. 
 
R) Control information system ‘dispatch control room’  
(r1) Ergonomic analysis of display panels. The ergonomic analysis of the display panels consisted of coding 
of visual information; alphanumerical signs; the form of visual signs; and illumination, brightness, and 
contrast. 
 
(r2) Visual search. An analysis of the dimensions of the display panel was determined on the size of the 
operators’ view angles in relation to the coordinates of the endpoints of the display panel. The angular 
dimensions of the visual symbols on the display panel were analysed. For the proper construction of displays 
and the presentation of their signals, it was important to obtain the visual angle, which was defined by the 
following equation: 
 

,
2 2
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   (1)  

 
where α is the visual angle of a symbol, S is the linear dimension of a symbol, and l is the distance between 
an operator and the presented symbol. 
 
(r3) Ergonomic characteristics of graphic screens. The ergonomic analysis of the video terminals (screen 
size, dimensions, symbols on the screen, the sensitivity of the screen, the screen brightness, the contrast 
between the screen and the symbol, the reflection on the screen, and the refresh rate of the screen) was 
done. 
 
(r4) Control devices. We measured the initial forces that represent resistance in activating keys on the main 
keyboard and the switching buttons. The measurement relied on Avery scales, with an accuracy of 
measurement of 25g, and a measurement range of 0-10kg. The initial moment of the selectors was 
measured by the method of static load with declared weights. 
 
(r5) Ergonomic characteristics of control desks. The control desk dimensions were measured, and on the 
basis of these results, the locations of the video display terminal, main keyboard, switching button, and 
screen on the desk were defined. The control desk working zones and the frequency of operators’ 
engagements were defined for all working zones. 
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(r6) Characteristic seat dimensions. The operators’ working positions while seated were analysed, as well 
as the dimensions of the seats, the weight distribution during sitting, and the influence of the position of 
the backrest on the electrical activity of some back muscles and the pressure on the discs. 
 
(r7) The characteristics of accidents. The disintegration of the distribution system, emergency situations, 
obsolescence of the equipment, and device errors in the CR were analysed.  
 
E) Supporting system ‘indoor environment’ 
(e1) Workplace organisation. A complete re-organisation of the workspace in the CR (video display terminal, 
display panel, control desk, etc.) was done, as well as of additional locations (computer equipment storage, 
locations for developers, equipment maintenance and repair facilities, lounges, etc.). 
 
(e2) The analysis of noise. Noise measurement was performed for 12 hours at intervals of 15 minutes, using 
a precision sound level meter type 2209 and type 3143 Bruel and Kjaer microphone.  
 
(e3) The analysis of light conditions. Measuring the level and uniformity of the light sensitivity was carried 
out for the complete CR and at the workplaces using luxmeter Metrux-k, on the basis of the defined 
measurement plans. 
 
(e4) The analysis of the microclimate. Measurement of the microclimate conditions (temperature, relative 
humidity, and air velocity) was performed using a digital hygrometer DH1, thermometer Q510, mercury 
thermometers, and a tastoterm. 
 
(e5) Electromagnetic radiation. The radiation originating from a video display terminal, from its oscillatory 
circuits and electronic components, was measured (non-ionising radiation), and from the cathode ray tubes 
(ionising radiation). 
 
(e6) Colours scheme in the centre. Recommendations for the use of colours (for the ceiling, upper parts of 
the walls, the floor) in the CR were made. Specific reflection coefficients of the surfaces of the control 
panel and display panels were also defined, which were required to determine their luminosity. 
 
(e7) Quantification of the compatibility of man and the environment. The quantification of the 
compatibility of the operators and the CR elements was defined in matrix forms, based on availability and 
connectivity. A systems dynamics method was applied to specify interactions between the solutions related 
to the improvement of the working ability of an operator, a more humane and rational design of the control 
room elements, and improvements to the working conditions. 
 
In order to assess the system efficiently, the selection and ranking of the key aspects of ergonomic research 
is needed. 

2.2 Identification of key aspects  

The ergonomic analysis of the electric power system operators’ efficiency in the system ‘operator-control 
room-working environment’ was obtained. The identification of the most important aspects describing risk 
factors was obtained by the fuzzy AHP. To be able to reduce subjectivity during the analysis, a range of 
experts with different previous work experience were involved in the assessment [7, 45]. The key risk 
factors were defined according to the research model (Figure 1). The basic elements on which the system 
was based (human system ‘operator’, control information system ‘control room’, and supporting system 
‘indoor environment’) were used as criteria. The list of criteria and aspects describing risk factors is shown 
in Table 1. 
 
The aspects were ranked by group FAHP, using triangular fuzzy numbers M=(l,m,u). The hierarchy shown 
in Figure 1 was used. The following fuzzy scale was used during the pairwise comparison of elements: equal 
importance (1,1,3), as well as weak (1,3,5), strong (3,5,7), demonstrated (5,7,9), and absolute dominance 
(7,9,9). 
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Table 1:  The research model 

Criteria  Aspects 

Human system 
‘operator’ (O) 

anthropometric measures (o1); biomechanical-kinesiological measures (o2); information 
research characteristics (o3); operators’ errors (o4); operators and stress (o5); operators’ 
work activities (o6); mental models of operators’ activities (o7); the training of electro-
energetic system operators (o8) 

Control information 
system ‘control room’ 
(R) 

Ergonomic analysis of display panels (r1); visual research (r2); ergonomic characteristics of 
graphic screens (r3); control devices (r4); ergonomic characteristics of control desks (r5); 
characteristic seat dimensions (r6); the characteristics of accidents (r7) 

Supporting system 
‘indoor environment’ 
(E) 

Workplace organisation (e1); analysis of noise (e2); analysis of light conditions (e3); analysis 
of microclimate (e4); electromagnetic radiation (e5); Colours in the centre (e6); 
Quantification of the compatibility of man and the environment (e7) 

 
Three levels were identified. The main criteria for the research were human system (‘operator’), control 
information system (‘control room’), and supporting system (‘indoor environment’).  The results of pairwise 
comparisons were the weight vector of the criteria and the weight vector of the aspects for each criterion 
[46, 47].  
 
The aggregation of the experts’ opinions was based on the length of their professional career and the 
experts’ experience with the specific system, represented by a gamma coefficient, as described by 
Grozdanovic et al. [7]. The row geometric mean method was used to obtain the weights of the individual 
experts [48] using the gamma coefficient. The crisp value was obtained by mean aggregated weight. The 
consistency was checked by the centric consistency index [49], with acceptable values proposed in research 
by Aguarón and Moreno-Jiménez [50]. 

3 RESULTS 

The control room key performance indicators to be assessed were selected by six experts from the following 
fields: ergonomics, human reliability assessment, risk assessment, electric power systems, and 
mathematical modelling. The experts’ years and level of experience were B={17,16,28,13,23,12} and 
C={4,3,5,3,4,5}, defining the experts’ weight vector Γ={0.15,0.11,0.33,0.08,0.21,0.13}. The individual and 
aggregated judgement matrices for the criteria are presented in Tables 2 and 3. The aggregation procedure 
was applied to obtain the ranks of aspects. Tables 4—6 show the aggregated matrices for aspects compared 
with the criteria, where CCI is the centric consistency index. 

Table 2:  The matrices of individual experts for the criteria 

D1   O R E 

γ1=0.15 O (1,1,1) (1/3,1/2,1) (1,2,3) 
 R (1,2,3) (1,1,1) (1,2,3) 
 E (1/3,1/2,1) (1/3,1/2,1) (1,1,1) 

D2 O (1,1,1) (1/5,1/3,1) (3,5,7) 
γ2=0.11 R (1,3,5) (1,1,1) (1,2,3) 

 E (1/7,1/5,1/3) (1/3,1/2,1) (1,1,1) 

D3 O (1,1,1) (1/3,1/2,1) (1,3,5) 
γ3=0.33 R (1,2,3) (1,1,1) (1,2,3) 

 E (1/5,1/3,1) (1/3,1/2,1) (1,1,1) 

D4 O (1,1,1) (1/5,1/3,1) (1,3,5) 
γ4=0.08 R (1,3,5) (1,1,1) (1,1,3) 

 E (1/5,1/3,1) (1/3,1,1) (1,1,1) 

D5 O (1,1,1) (1/3,1/2,1) (1,2,3) 
γ5=0.21 R (1,2,3) (1,1,1) (1/3,1,1) 

 E (1/3,1/2,1) (1,1,3) (1,1,1) 

D6 O (1,1,1) (1,2,3) (1/3,1/2,1) 
γ6=0.13 R (1/3,1/2,1) (1,1,1) (1/5,1/4,1/3) 

 E (1,2,3) (3,4,5) (1,1,1) 

Table 3:  The aggregated matrix for the criteria (CCI=0.07) 
 

O R E Mean 

O (1,1,1) (0.35,0.55,1.15) (0.98,2.18,3.52) 0.35 
R (0.87,1.81,2.88) (1,1,1) (0.65,1.26,1.81) 0.40 
E (0.28,0.46,1.02) (0.55,0.8,1.54) (1,1,1) 0.25 
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Table 4: The aggregated matrix for the human system (CCI=0.05) 
 

o1 o2 o3 o4 o5 o6 o7 o8 Mean 

o1 (1,1,1) (0.7,1.53,1.93) (0.24,0.34,0.67) (0.21,0.29,0.49) (0.2,0.27,0.46) (0.45,0.59,1.26) (0.45,0.72,1.38) (0.48,0.72,1.26) 0.09 
o2 (0.52,0.65,1.43) (1,1,1) (0.23,0.28,0.39) (0.19,0.25,0.42) (0.17,0.22,0.32) (0.27,0.43,0.85) (0.62,0.92,1.76) (0.51,0.86,1.61) 0.07 
o3 (1.18,2.64,3.92) (2.13,3.2,4.19) (1,1,1) (0.77,0.93,2.13) (0.44,0.68,1.26) (0.55,0.69,1.45) (0.55,0.91,1.53) (0.62,0.96,1.59) 0.16 
o4 (2.02,3.41,4.7) (2.36,3.98,5.16) (0.47,1.07,1.3) (1,1,1) (0.45,0.86,1.27) (1.8,2.78,3.63) (2.13,3.3,4.34) (1.8,2.86,3.84) 0.17 
o5 (2.19,3.73,5.1) (3.14,4.61,6.01) (0.79,1.48,2.28) (0.79,1.16,2.24) (1,1,1) (1.02,2.61,4.09) (2.75,3.99,5.09) (2.45,3.7,4.72) 0.19 
o6 (0.79,1.68,2.24) (1.18,2.35,3.71) (0.69,1.45,1.8) (0.28,0.36,0.55) (0.26,0.41,1.01) (1,1,1) (1.01,2.26,3.4) (1.02,1.65,2.76) 0.12 
o7 (0.72,1.39,2.24) (0.57,1.09,1.61) (0.65,1.1,1.81) (0.23,0.3,0.47) (0.2,0.25,0.36) (0.29,0.44,1.01) (1,1,1) (0.51,1.02,1.32) 0.09 
o8 (0.79,1.4,2.07) (0.62,1.17,1.96) (0.63,1.04,1.61) (0.26,0.35,0.55) (0.21,0.27,0.41) (0.36,0.6,0.99) (0.76,0.98,1.97) (1,1,1) 0.10 

Table 5: The aggregated matrix for the control information system (CCI=0.13) 
 

r1 r2 r3 r4 r5 r6 r7 Mean 

r1 (1,1,1) (1.16,2.29,3.3) (1.07,1.7,2.33) (1.9,3.64,5.13) (0.34,0.63,0.85) (0.42,0.62,1.02) (0.29,0.38,0.58) 0.18 
r2 (0.3,0.44,0.86) (1,1,1) (1.45,1.97,3.18) (0.19,0.26,0.45) (0.16,0.2,0.26) (0.41,0.78,0.94) (0.31,0.49,0.65) 0.09 
r3 (0.43,0.59,0.94) (0.31,0.51,0.69) (1,1,1) (1.11,1.18,2.73) (0.69,1.15,1.8) (0.38,0.48,0.82) (0.45,0.61,1.18) 0.13 
r4 (0.2,0.28,0.53) (2.22,3.78,5.21) (0.37,0.85,0.9) (1,1,1) (0.36,0.51,1.12) (1.58,2.42,3.2) (1.45,2.28,3.05) 0.12 
r5 (1.18,1.59,2.91) (3.78,4.96,6.06) (0.55,0.87,1.45) (0.89,1.95,2.75) (1,1,1) (1.4,2.91,4.24) (2.01,3.05,3.95) 0.20 
r6 (0.98,1.62,2.35) (1.29,2.43,1.43) (1.43,2.07,2.62) (0.31,0.41,0.63) (0.25,0.37,0.79) (1,1,1) (1.65,2.46,3.22) 0.14 
r7 (1.71,2.62,3.46) (1.53,2.04,3.25) (0.85,1.65,2.22) (0.33,0.44,0.69) (0.26,0.33,0.5) (0.31,0.41,0.61) (1,1,1) 0.14 

Table 6: The aggregated matrix for the supporting system (CCI=0.1) 
 

e1 e2 e3 e4 e5 e6 e7 Mean 

e1 (1,1,1) (1.16,2.46,3.61) (0.18,0.24,0.38) (0.21,0.28,0.45) (0.24,0.37,0.85) (0.45,0.67,1.18) (0.32,0.44,0.73) 0.09 
e2 (0.28,0.41,0.86) (1,1,1) (0.15,0.16,0.19) (0.22,0.29,0.57) (0.15,0.19,0.26) (0.38,0.78,1.19) (0.39,0.62,0.81) 0.06 
e3 (2.91,4.25,5.49) (5.21,6.58,6.83) (1,1,1) (1.01,1.18,2.82) (1.01,1.65,2.61) (0.47,0.66,1.06) (0.5,0.71,1.23) 0.23 
e4 (2.22,3.52,4.67) (1.76,3.4,4.86) (0.35,0.85,1) (1,1,1) (0.85,1.49,2.22) (1.45,2.28,3.05) (1.01,1.81,3.09) 0.18 
e5 (1.18,2.73,4.09) (3.78,5.21,6.58) (0.38,0.61,1.02) (0.45,0.67,1.18) (1,1,1) (1.11,2.62,3.95) (1.4,2.78,3.95) 0.17 
e6 (0.85,1.49,2.22) (0.85,1.29,2.62) (1.04,1.53,2.12) (0.33,0.44,0.69) (0.26,0.41,1.01) (1,1,1) (1.43,2.26,3.03) 0.13 
e7 (1.36,2.29,3.15) (1.23,1.62,2.59) (0.81,1.4,2.01) (0.32,0.55,0.99) (0.25,0.36,0.71) (0.33,0.44,0.7) (1,1,1) 0.14 
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Table 7 shows the final rankings. For the CR that was analysed, the most important aspects were the causes 
and effects of stress, the control desks, the display panels, and the lighting conditions. 

Table 7: The rankings of key aspects 

 Aspect 
O 
0.35 

R 
0.40 

E 
0.25 

Aspect 
weight 

Rank 

o1 Anthropometric measures  0.09   0.0300 19 
o2 Biomechanical-kinesiological measures 0.07   0.0258 20 
o3 Information search 0.16   0.0556 7 
o4 Operators’ errors 0.17   0.0574 6 
o5 Operators and stress 0.19   0.0669 3 
o6 Operators’ work activities 0.12   0.0436 12 
o7 Mental models of operators’ activities 0.09   0.0346 17 
o8 The training of EES operators 0.10   0.0358 15 
r1 Ergonomic analysis of display panels  0.18  0.0718 2 
r2 Visual search  0.09  0.0366 14 
r3 Ergonomic characteristics of graphic screens  0.13  0.0500 9 
r4 Control devices  0.12  0.0490 10 
r5 Ergonomic characteristics of control desks  0.20  0.0792 1 
r6 Seat dimensions  0.14  0.0546 8 
r7 The characteristics of accidents  0.14  0.0574 5 
e1 Workplace organisation    0.09 0.0230 21 
e2 The analysis of noise   0.06 0.0151 22 
e3 The analysis of light conditions   0.23 0.0576 4 
e4 The analysis of microclimate   0.18 0.0453 11 
e5 Electromagnetic radiation   0.17 0.0419 13 
e6 The colours in the centre   0.13 0.0334 18 
e7 Quantification of the compatibility of man 

and the environment 
  0.14 0.0354 16 

4 DISCUSSION 

This section presents the discussion of the top four key aspects influencing the operators’ work efficiency. 

4.1 Control desks 

Operators spend most of their working time at a control desk. It must be designed to provide the operator 
with the maximum comfort and the highest functionality. Unfortunately, most of the analysed control desks 
did not meet these criteria because, when these desks were designed, some of the ergonomic parameters 
were not taken into account. 
 
The high video terminals that obscure the view of the display panels were identified as the major 
disadvantage of the control desks in the control rooms. The command desks in the control room are analysed 
below.  
 
The desk in the CR is shown in Figure 2. It is polygonal, designed for two operators to work simultaneously. 
It consists of a flat plate and two branches for each operator, on which there are switching buttons for the 
telephone connection and the main keyboard for the formation of regulatory pools, which consists of a 
keyboard unit for the control of neighbouring areas and keyboard pools for the control of their own area of 
jurisdiction only. 
 
The desk has the following characteristics: the height is 700 mm; the depth is 100 cm; the width at the 
zero point is 1130 mm; and the horizontal section height is 630 mm. 
 
Only the desk width is greater than the recommended values [42]. According to the analysis of body 
movements during work, both hands are engaged only in the areas over 90○, which correspond with work 
zones D2 and D3. These work zones are unsuitable for frequent work, which further restricts the movement 
of other body parts. 
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(a)     (b) 

Figure 2: (a) The desk in the CR; (b) The desk dimensions 

4.2 Display panels 

The display panels are structurally implemented in order to reproduce the network topology of the electro-
energetic system (EES) synoptically, displaying visual indications of the condition and functionality of the 
system being controlled and managed. Figure 3 shows the appearance of the main part of the control room 
for monitoring and control of the EES, and Figure 4 shows the dimensions of the display panels. 
 

 

Figure 3: The control room  

 

(a)    (b) 

Figure 4: (a) The display panel in the control room; (b) The display panel dimensions 

The values of the viewing angles (Table 8) were obtained according to the methodology presented by 
Grozdanovic [42]  

Table 8: Values of the perceptible angles in the control room in relation to display panel height (hdp) 
and length (ldp) 

hdp 1(5)  

' ''44 3443  

1(50)  

45  
1(95)  

' ''44 4815  

2 (5)  

' ''9 546  

2 (50)  

' ''10 3022  

2 (95)  

' ''11 445  

ldp 1(5)  

' ''18 5945  
1(50)  

' ''19 731  

1(95)  

' ''19 1032  

2 (5)  

' ''35 730  

2 (50)  

' ''351921  
2 (95)  

' ''35 2356  
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Based on the results of the visual angles presented for the fifth, fiftieth, and ninety-fifth percentiles, and 
their comparison with recommended values, we conclude the following: 
 

 In the CR, the height of the display panel should be reduced; 

 The length of the display panel is inadequate, as the value of the angle is greater than recommended. 
However, one must account for the presence of another operator at the same control desk, as this 
would impair the adequacy of their visual angles.  

 
On the display panel, the height of the instruments at the power transmission lines is 4.5 cm, which is an 
acceptable dimension, because the distance between the operators and the panel is l=550 cm, and 
 

4.5
2 2 0.46 28'.

2 1100

S
arctg arctg

l
      

 (2)  

 
However, the operator must follow the data presented on the scale of this instrument, which is much 
smaller in size; so this display is inadequate; and on the instruments displaying the totals, the scales have 
a small scope, and it is difficult to track the indication. Also, the printers below these instruments are 
inadequately lit, and flashing occurs. 

4.3 The causes and consequences of stressful situations 

In order to assess the impact of stress, its possible causes, and measures to reduce it, tests were conducted 
with the operators in the CR on the impact of accidental situations and other stress factors on their work. 
Medical checks of the CR operators were also analysed, in order to define the ergonomic recommendations 
to improve these situations. 
 
The results from testing the operators identified the following causes of stress: 
 

 Heavy dependence on telecommunication, measurement, and control technologies, especially during 
emergency situations; 

 Constant nervous tension in anticipation of unforeseen events and possibilities of committing errors; 

 Monitoring is done using a technologically obsolete information system, and there is not enough 
information for fast decision-making; 

 The need for rapid and proper response in complex situations; no operational task can be postponed 
or transferred to others — it must be completed on time and accurately; 

 The work is continuous, with day and night shifts that last twelve hours every day for a year. So the 
operators, in one calendar year, work about 25 per cent of their working time during the afternoon 
and 25 per cent during the night; and they also work on Saturdays and Sundays; 

 Maximum concentration to memorise and monitor all events and data in the system is required when 
identifying alarm states;  

 Inadequate training, which increases the possibility of an inadequate response, and ignoring the 
impact of neighbouring systems, can cause disturbances; 

 Inadequate transition from a monotonous state to a state of intense work activity; 

 The inadequacy of the workplace, because the efficiency of the operator and the number of errors 
significantly depends on its design and environment; 

 Unnecessary communication through the operational channels: priorities need to be defined because, 
during hardware malfunctions, there is a much higher number of telephone calls (from journalists, 
various social and political organisations, and state bodies) that significantly interfere with the work 
of the operator during the first and most critical moments of re-establishing the power system; 

 Unnecessary communication in the CR, which should be kept to a reasonable level; 

 The attitude of the operators to the consequences of stress on their health and ability to work was 
not specifically studied, but the medical examinations of the CR operators produced the following 
results. A group of operators (average age of 37.1 years; work experience of 12.8 years) was examined, 
and 13 of them had health problems. The most common problems related to nervous system and 
sensory organ diseases (73.3%), followed by respiratory diseases (56.6%), mental disorders (30%), and 
circulatory system diseases (16.7%). Among the individual diseases, the most common were damage 
to the cochlear nerve (73.3%), respiratory diseases (60%), refractive errors (46.7%), and 
neurovegetative dystonia (NVD)  (33.3%). 

 
The percentage of affected operators is large, with a high occurrence rate of certain diseases. These results 
should be carefully analysed; but owing to the lack of any detailed health status of the operators before 
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the start of work, the findings cannot be attributed solely to the working conditions and requirements in 
the CR. 
 
Although the analysis is based on a relatively small number of operators, some alternative strategies for 
reducing the presence of stressful situations in the control room must be applied. 

4.4 Lighting conditions 

Lighting is a problem in most control rooms [42]. The measurements in the CR confirmed this conclusion.   
 
A measurement of illuminance is performed according to the recommendations of Grozdanovic [42], based 
on the reduced plan of measurements at the operators’ workplaces. The brightness and the uniformity of 
the light were measured in the entire CR (Table 9), and at the workplaces (Table 10), using the luxmeter 
Metrux k at a height of 0.85m above the floor, and at the height of the work surfaces. Measuring the level 
of brightness was performed on the basis of defined measurement plans, and the results are shown in Table 
10. 

Table 9: The results of illuminance measurement in the entire CR  

Measurement point Illuminance (lx) Measurement point Illuminance (lx) 

1 500 9 700 
2 410 10 280 
3 300 11 210 
4 70 12 115 
5 600 13 300 
6 390 14 150 
7 215 15 180 
8 95 16 75 
  Esr 286.9 

 
The recommendations require that the illumination at the least illuminated workplace be greater than 0.6 
Epr (where Epr in our example is 250 lx). From the results presented in Table 9 and Table 10, the CR does 
not meet these requirements. 
 
To determine the illuminance uniformity, the ratio should be Emin/Esr > 0.4. As the value of this ratio is 0.24 
(70/286.9, Table 9) for the CR, we conclude that it does not meet the recommended values. 

Table 10: The results of illuminance measurement at the workplaces 

The workplace Illuminance (lx) 

1 390   430   310   155   220 
2 220   155   195   110   130  
Esr 231.5  

 
To ensure illumination uniformity, the ratio between the lowest level of illumination at the workplace and 
the medium illumination needs to be greater than 0.8. As the value of this ratio is 0.48 (110/231.5, Table 
10) for the CR, we conclude that this does not meet the requirements. 
  
In order to define the luminance, the following factors of reflection are determined. In the CR, the desk is 
made of a brown veneer (ρ=0.12). The panel has a medium yellow colour (ρ=0.54). 
 
The luminance in the CR is calculated as follows: 
 

20.12
231.5 8.85 ( / )

3.14
ksL cd m     (3)  

20.54
342.5 58.90 ( / )

3.14
ppL cd m     (4)  

6.66ks ppL L    (5)  

 
The obtained values of luminance corresponded with the recommended values; and the illumination levels 
of the display panels, presented in Table 11, were derived from measurements in the CR. 
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Table 11: The results of the measurement of the illuminance of the display panel in the CR 

Measurement point Illuminance (lx) 

1 500 

2 370 

3 290 

4 210 

 
It is important to consider the illumination in the rooms in which operators work with video terminals 
(VDTs). The general conclusion is that the illumination of these rooms should be lower, as it would reduce 
unpleasant reflection from the screens, which is normally recommended for rooms without VDTs. Newer 
VDTs or monitors, which allow higher levels of illumination, together with new forms of indirect light 
source, would allow a higher level of illumination in the CR. 

5 CONCLUSION 

The design and the development of a control room in an electric power system is based on a number of 
criteria defined by the standards, work procedures, and characteristics of the processes being controlled. 
Based on the application of criteria in this study, operators’ efficiency, the functional harmonisation of the 
CR and the operators, and the influence of the environment on the operators’ work are evaluated. On the 
basis of the applied solutions from the results of the research conducted in this paper, this assessment 
provides recommendations for designing and developing new CRs and the reconstruction of the existing 
ones. 
 
The proposed methodology allows the analysis of a CR by identifying key aspects based on the systems 
approach and the group FAHP method. Every aspect is described by a set of indicators. The method can be 
applied during the development of a new system or the analysis of an existing one. The key aspects of 
ranking identify the order (priority) during the CR development and/or improvement process.  The FAHP 
method can be applied to the analysis of complex systems that are described by the hierarchical structure 
of indicators. The FAHP method can be applied to assess the model describing the system ‘operator-control 
room-environment’. Owing to the complexity of the problem, one expert is not able to describe the system 
in the right way. Therefore a group decision-making method is applied. Fuzzy numbers allow the application 
of a range of values in the analysis, or to define a qualitative indicator for the range of values, that can 
help experts who are not familiar with the multi-criteria analysis to make a precise assessment. 
 
During the analysis of the control room for electric power distribution monitoring and control, the following 
key aspects were identified: the control desk design, the display panel characteristics, the impact of stress, 
and the CR’s lighting conditions. A desk redesign would remove the operators’ inadequate movements. A 
different work organisation and presentation of important information would help operators to make the 
correct decisions in both normal and emergency situations. Based on the results obtained, we propose 
changes to enable better work positions for the operators, and a clearer presentation of the information 
on display panels and graphic screens. 
 
The results of the research are not final solutions; they require constant improvements. Future research 
should therefore define a model of continuous improvement and control of ergonomic research results in 
the CR, supported by the latest ergonomic standards and recommendations. 
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