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Abstract: The paper presents the results of a comparative assessment of the parameters of the 
head and body vibraimage of persons performing simulated operator activity on a psychophysi-
ological simulator. According to the parameters of amplitude, frequency, symmetry, spatial and 
temporal parameters of the mathematical processing of human body oscillations, new integral in-
dicators for the assessment of behavioral reactions have been developed. Their changes are shown 
under different operating modes on the simulator, high correlation with the integrated parameters 
of the facial vibraimage. This allows an assessment of the current psychophysiological state using 
video recordings of a person’s face and body.
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There are many professions, in which a person is required to interact with technical 
and informational means, in which an employee’s mistakes can lead to adverse 
consequences. The main reason is non-compliance of the current psychophysiological 
state of the employee with the requirements of the activities. The development of the 
state of monotony among operators of nuclear power plant control panels can reduce the 
functions of memory, attention, attention distribution, perception, etc. The same danger 
exists for civil and military air traffic controllers. Malfunctions in the work of technical 
and information systems can lead to a change in the psycho-emotional state of an 
employee, down to a level where they lose the ability to correctly perform the necessary 
actions and even stop performing them. Many professional activities are associated with 
a fairly stereotypical set of actions. If current psychophysiological state of an employee 
does not meet the requirements of the activity as a result of, for example, fatigue or 
increased psycho-emotional stress, stereotypic actions may be violated in terms of speed, 
order, etc. That is, the actions themselves (behavioral reactions) may be an indicator 
of inconsistency of the current psychophysiological state with the requirements of the 
activity. Therefore, the development of methods and criteria for monitoring the current 
psychophysiological state in the performance of professional activity is an important 
task of applied medical and psychophysiological research. The most promising for 
solving this problem, in our opinion, is vibraimage technology (Minkin, 2017).

This is evidenced not only by the numerous results of its effective use in 
profiling, but also by the research of the specialists of FSBU SSC FMTC named 
after A. I. Burnazyan when assessing the current psycho-physiological state of people 
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working on a psychophysiological simulator (Bobrov at al., 2016). It was found 
that the micro vibration parameters of a human head, recorded using a webcam, 
highly correlate with the parameters of electrophysiological signals and the quality 
of performance of the simulated activity. However, in real production conditions, 
placement of a webcam near the employee’s face may not always be possible due 
to the nature of the workplace. In some cases, it may be more appropriate to install 
a video camera that captures the entire body of the worker, allowing to evaluate the 
change in the behavioral response.

The aim of this study was to develop criteria for assessing behavioral reactions of 
individuals performing simulated operator activity on a psychophysiological simulator 
by vibraimage technology.

Materials and Methods
The studies were carried out within the framework of the Russian-Norwegian 

Cooperation on the rehabilitation of radiation-hazardous facilities in North-West 
Russia (Contract No. M18–15/02 dated 02.02.2015). As a model of operator activity, 
a software and hardware complex (SHC) was used that implements interactive 
simulation training games with biological feedback in a virtual environment 
with simultaneous recording of the parameters of the modeled activity and 
electrophysiological indicators.

SHC was developed by the specialists of the FSBU SSC FMBTS named after 
A. I. Burnazyana together with employees of NIIMBB (Novosibirsk). The SHC is 
intended for training specialists using a psychophysiological simulator in the Center 
for Radioactive Waste Management (RAW) — Department of Andreeva Bay SSC 
“SevRAO” — a branch of FSUE “RosRAO” (“SevRAO”) involved in spent fuel 
management operations. Psychophysiological training is aimed at developing spatial 
and temporal coordination, coordination and motor interaction, increasing stress 
tolerance, improving the characteristics of attention and memory. It is implemented 
on the basis of the performance of game tasks that simulate the work of personnel 
to overload substandard spent fuel assemblies (SSFA) of water-to-water reactors 
of utilized nuclear submarines using psychophysiological analogues of real-life 
conditions recreated using immersive virtual reality technology.

The SHC implements the usual and stress modes (time limit and external sound 
interference) of container disassembly. A webcam was used for video recording of 
the person in training/undergoing the test; body video was taken with a Panasonic 
HC-V770 video camera. Video recordings were processed using vibraimage 
technology implemented in VibraImage 8 PRO program (Vibraimage PRO, 2019). 
Video recordings of the face were processed in accordance with the program settings 
for the Micro mode. Optimal settings for the Macro mode were developed by Elsys 
specialists. The study involved 6 people who performed activities in the normal mode 
(BGROUND mode) and with the stress factor of a shortage of time and exposure to 
sound interference (LOAD mode). A total of 118 individual studies were conducted.

The results of the study were analyzed using the program STATISTICA v.8.0.
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Research results
To assess the psychophysiological state of the person in training/undergoing the 

test according to the video of the face, the integrated vibration image parameters 
were used: stress level (Str), stability level (St), activation level (Act), self-regulation 
level (SR), calculated by the parameters of the human head vibraimage (Bobrov et al., 
2016; Schelkanova, 2018).

Figure 1 shows the vibrogram of the body when being tested for various types of 
behavioral responses. Since the model is controlled using a joystick, the arm area is 
the most active.

	 а	 b

Fig. 1. Vibraimage of the testee during low (a) and high (b) movement activity

In total, vibraimage technology registers more than 40 parameters reflecting various 
types of movement and vibrations, and vibraimage parameters divided into 4 main 
groups: A — amplitude parameters; F — frequency parameters; S — symmetry parameters; 
P — spatial and temporal parameters of mathematical processing (Vibraimage PRO, 
2019). To assess the behavioral reactions based on the video of the body of the testee 
in accordance with the parameters of the specified groups of vibraimage and using the 
factor analysis (Schelkanova, 2018), 4 new integrated parameters A, F, S and P were 
constructed. The factor analysis was carried out according to the primary parameters 
that reliably distinguish between the operating modes of the BGROUND and LOAD.

It has been established that there are 3 types of behavioral reactions when 
performing simulated activities performed in different modes: Type 1 — typically 
characteristic of the BGROUND mode, Type 2 — typical of the LOAD mode, Type 
3 — encountered in both modes (fig. 2).
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Fig. 2. Distribution of typical behavioral reactions along the axes of canonical discriminant 
functions

Figure 3 shows the average values of the integrated parameters A, F, S and P for 
different conditions of the simulated activity.

Fig. 3. the average values of the criteria for evaluating behavioral reactions in various modes 
of operation on the psychophysiological simulator
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As follows from the above results, low values of amplitude (A), frequencies (F), 
dispersions (P) and high symmetries (S) in the body vibrations of the trainee/tested 
are characteristic of the background mode. The level of behavioral activity is low 
and corresponds to the tasks solved in the simulation model of activity. In the LOAD 
mode, the level of psycho-emotional stress of the trainee/person under test increases, 
which is reflected in the deterioration of the behavioral response parameters: an 
increase in the amplitude, frequency and uniformity of movements, and a decrease in 
their symmetry. However, in both modes of operation, behavioral reactions with an 
average intensity of movement parameters are encountered.

The interrelation of vibraimage parameters of face and body of the trained/
tested individual was estimated using canonical correlation analysis (Kim et al., 
1989). A high correlation of the compared parameters was established: the 
canonical correlation coefficient is high (R = 0.84) and reliable (Xi-square = 74.5, 
p = 0.0000001). The factor structure of the canonical variable Root 1 corresponding 
to this R is shown in table 1.

Table 1
Factor structure of the canonical variable parameters of vibraimage of the face and body 

performing the simulated activity

Facial vibraimage parameters Root 1

stress level, pu 0,70

stability level, pu –0,45

Activation level, pu –0,49

self-Regulation level, pu –0,12

Body vibraimage parameters Root 1

Integrated amplitude of movements, pu 0,77

Integrated frequency of movements, pu 0,43

Integrated symmetry of movements, pu 0,31

Integrated dispersion of movements, pu 0,31

It follows from the above data that the higher the level of stress of the trainee/
test subject is (accompanied by a decrease in the stability of the psychophysiological 
state, a decrease in the levels of activation and self-regulation), the higher are the 
amplitude, frequency, dispersion and movement asymmetry. This allows, depending 
on the possibility of installing the equipment, to use the recording of the worker’s face 
and body to assess the current psycho-physiological state.
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Conclusions:
1. Vibraimage technology allows to effectively assess the current 

psychophysiological state of a person while performing a simulated activity. This 
provides the basis for its use in assessing the effectiveness of human interaction with 
technical and information systems in order to improve the reliability of the human 
factor.

2. The developed criteria for evaluating behavioral reactions allow to use both video 
recordings (face and body), depending on the possibility of placing video registration 
tools in order to assess the current psychophysiological state of the employees.
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