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Abstract 

The relevance of the use of modern digital technologies for continuous monitoring of the current functional and psycho-
emotional state (CFPES) of workers in critical professions is shown. The possibilities of optical technology based on the receipt 
and analysis of vibroimages of a person’s face are analyzed. It is shown that the practical implementation of the principles of 
cognitive psychology makes it possible to increase the informativeness of vibraimage by minimizing the influence of external 
noise, as well as noise of software and hardware for image processing. The developed algorithm is focused on streaming video 
digital processing. The experimental testing of the approach during the training sessions confirmed its high efficiency. 
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1. Introduction 

The use of the principles of information processing embedded in biological systems in technical systems makes it 
possible to more effectively solve intellectual problems in recognition and classification of objects. Moreover, both 
physical objects and intangible ones, for example, new knowledge, can act as objects themselves. 

Human CFPES refers to intangible objects. Its constant monitoring directly in the course of labor activity, first of 
all, for workers of the so-called critical professions makes it possible to minimize the likelihood of accidents and 
catastrophes of technological origin. 

For reliable assessment of human CFPES in practice, various modern digital technologies are used. Firstly. these 
are acoustic and optical technologies of the visible and infrared ranges of radiation [1]. The listed technologies allow 

 

Available online at www.sciencedirect.com 

ScienceDirect 

Procedia Computer Science 00 (2019) 000–000  
www.elsevier.com/locate/procedia 

 

1877-0509© 2019 The Authors. Published by Elsevier B.V. 
This is an open access article under the CC BY-NC-ND license (https://creativecommons.org/licenses/by-nc-nd/4.0/) 
Peer-review under responsibility of the scientific committee of the 9th Annual International Conference on Biologically Inspired Cognitive 
Architectures. 

Postproceedings of the 10th Annual International Conference on Biologically Inspired Cognitive 
Architectures, BICA 2019 (Tenth Annual Meeting of the BICA Society) 

Increasing the informativeness content of human face vibraimage 
through application principles of cognitive psychology 

Lyubov Kolobashkinaa and Victor Alyushinb 
abNational Research Nuclear University MEPhI (Moscow Engineering Physics Institute), Moscow, Russia 

alvkolobashkina@mephi.ru, bvmalyushin@mephi.ru,   

Abstract 

The relevance of the use of modern digital technologies for continuous monitoring of the current functional and psycho-
emotional state (CFPES) of workers in critical professions is shown. The possibilities of optical technology based on the receipt 
and analysis of vibroimages of a person’s face are analyzed. It is shown that the practical implementation of the principles of 
cognitive psychology makes it possible to increase the informativeness of vibraimage by minimizing the influence of external 
noise, as well as noise of software and hardware for image processing. The developed algorithm is focused on streaming video 
digital processing. The experimental testing of the approach during the training sessions confirmed its high efficiency. 
 
© 2019The Authors. Published by Elsevier B.V.  
This is an open access article under the CC BY-NC-ND license(https://creativecommons.org/licenses/by-nc-nd/4.0/) 
Peer-review under responsibility of the scientific committee of the 9th Annual International Conference on Biologically Inspired 
Cognitive Architectures. 
 
Keywords: Vibroimage of a person’s face; functional state; increase in information content 

1. Introduction 

The use of the principles of information processing embedded in biological systems in technical systems makes it 
possible to more effectively solve intellectual problems in recognition and classification of objects. Moreover, both 
physical objects and intangible ones, for example, new knowledge, can act as objects themselves. 

Human CFPES refers to intangible objects. Its constant monitoring directly in the course of labor activity, first of 
all, for workers of the so-called critical professions makes it possible to minimize the likelihood of accidents and 
catastrophes of technological origin. 

For reliable assessment of human CFPES in practice, various modern digital technologies are used. Firstly. these 
are acoustic and optical technologies of the visible and infrared ranges of radiation [1]. The listed technologies allow 

2  

Kolobashkina L. and Alyushin V./ Procedia Computer Science 00 (2019) 000–000 

real-time registration of the most important human bioparameters characterizing the current state of his nervous 
system, respiratory system and cardiovascular system. Analysis and subsequent interpretation of this totality of 
bioparameters allows us to draw a reasonable conclusion about human CFPES.  

Analysis of the so-called vibroimage [2] of a person’s face allows you to remotely evaluate the current state of a 
person, as well as groups of people. The relevance of the application of this technology, related to the category of 
optical, is due, first of all, to the simplicity of its implementation. So, for remote acquisition of vibroimages of a 
person’s face, it’s enough to use a standard Web-camera, a personal computer and specialized software.  

One of the problems that arise when receiving a vibroimage and evaluating its level is the filtering of vibrational, 
optical and methodical noise and interference. These interference have a different physical nature, which makes it 
difficult in practice to deal with them. As a result, a change in the level of external noise and interference can be 
interpreted as a change in the CFPES of a person.  

The aim of the study is to increase the information content of the vibroimage of a person’s face when assessing its 
CFPES based on the study of the cognitive psychology principles. 

2. State of the art in the area  

Among the numerous studies in the field of obtaining and processing vibroimages of human faces [3-6], 
including processing facial images in the deep infrared range of optical radiation [7-10], first of all, the works of the 
Computer Science and Artificial Intelligence Laboratory from Massachusetts Institute of Technology (MIT CSAIL) 
[11] should be highlighted.  

A large amount of methodological and experimental studies was performed at the National Research Nuclear 
University MEPhI (Moscow Engineering Physics Institute) [2, 12, 13]. These studies are devoted to minimizing the 
effect on the person’s face vibroimage of interference caused by his speech activity. as well as external vibrational 
interference. To compensate for the latter, it is proposed to use a specially created individual vibrational model of a 
person’s face. The model is based on experimental data obtained for a number of frequencies and power levels of 
vibrational interference. A typical view of this model for different power of vibrational interference [13] is presented 
in Fig. 1. 

Fig. 1. The view of an individual vibrational model of a person’s face. 
 
The applied threshold noise discrimination allows reducing the influence of interference caused by factors such 

as:  
• Temporary instability of external lighting;  
• Pixel noise due to compression and decompression algorithms for streaming video; 
• Intermodulation distortion due to the finite frequency of the camcorder and the instability of external lighting; 
• The final discreteness of digitization of image colors, which is usually 256 gradations; 
• Non-linearity of the transformation used to adjust the brightness and contrast of the image. 
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However, along with these, threshold discrimination leads to a loss of information content of vibraimage, 
especially with a low level of manifestation of psychomotor reactions on the face (weak tremor of certain parts of 
the face). 

3. The essence of the proposed solution  

The approach to increasing the vibroimage informativeness of the face considered in this study is based on the 
implementation of a number of principles inherent in cognitive psychology. 

Cognitive psychology studies how “... people get information about the world, how this information is presented 
by a person, how it is stored in memory and converted into knowledge and how this knowledge affects our attention 
and behavior” (this definition was given by Roberto Solso [14]) . In accordance with this definition, it is proposed to 
implement the following principles inherent in the process of human perception of visual images when receiving and 
processing vibroimages of a person’s face:  

• Selection and ranking of the importance of the image various areas from the point of view of the most 
important task being solved by a person at a given moment; 

• Isolating and tracking changes only in the most important areas of the image, for example, an object for 
pursuit, with almost complete disregard for changes in the situation in other areas of the image; 

• The use of information in the "unimportant" areas of the image only to adjust the parameters of the algorithm 
of the important task to be solved. 

In accordance with the principles of cognitive psychology considered, an algorithm for processing the image 
frame is proposed to increase the information content of the received vibroimage of the face, especially with a low 
level of recorded psychomotor reactions. The sequence of tasks is presented in Fig. 2. 

Fig. 2. Algorithm for increasing the information content of the vibroimage of a person’s face. 
 

In Fig. 3 illustrates the operation of the presented algorithm. 

  a)   b) 
 Fig. 3. Illustration of the operation of the algorithm. 

Face contouring in image frame

Approximation of changes in the level of external 
vibrations for each image line for the face area 

using the F function

Determination of vibration levels for each pixel 
of the image line for the face area

Correction of vibration levels for the area
faces using the F function

Determination of average levels of external 
vibrations LL and LR for each line of the frame

images outside the face
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 For each row j (0≤ j≤ jmax) of the image frame (Fig. 3, a) the average values of the level of external vibrations 
LL and LR are determined:   

where Iim  and  Iim-1 – the pixel brightness of the image line with the coordinate i, respectively, for a given m and 
previous m-1 image frames.  

The different values of the vibration levels LL and LR indicate, first of all, the presence of a gradient of 
illumination in the horizontal direction.  

The obtained LL and LR values are used to approximate the level of external vibrations for each line in the face 
area using the function F(i), which in the case of using a linear approximation has the form:  

, 
где , 

. 
The approximating function obtained in this way is used to correct the vibration level V(i) at each point of the 

image line in the face area: 

 As a result, after applying threshold discrimination with a minimum threshold value, it is possible to obtain a 
face vibroimage (Fig. 3, b) of increased information content. 

4. Experimental testing of the technology 

The considered technology was tested during educational and training sessions with students in order to remotely 
monitor their CFPES based on an analysis of the parameters of the cardiovascular system. At the same time, the 
parameters of the cardiovascular system of each student were measured using bracelets that transmit current 
information via Bluetooth. The practical implementation of the considered principles of cognitive psychology 
allowed us to increase by 10-30% the accuracy of the remote determination of the parameters of the cardiovascular 
system, which are the most informative in assessing CFPES. 

5. Conclusion 

Thus, the considered approach, which implements the principles of cognitive psychology, makes it possible to 
increase the reliability of the remote assessment of human CFPES using modern digital video stream processing 
technology.  

The approach allows minimizing the influence of external factors such as uneven lighting, vibration, and also 
ripple in the brightness of image pixels, due to the finite discreteness of the analog-to-digital conversion and the 
operation of built-in algorithms to improve image contrast. The technology is applicable when processing 
vibroimages of a person’s face in the visible and infrared (thermal) ranges of optical radiation. In the latter case, it 
minimizes the temperature effect of air masses.  

This technology should be considered as a tool for effectively managing the reliability of the human factor, which 
is important for ensuring the trouble-free operation of potentially dangerous objects.  
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