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Human Face Changes during Stress and the Study of Variances
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ABSTRACT: During the mental stress and work pressure, the face of human beings reflects changes and the temperature
of the body has some relations with these changes. The correlation values are studied between points and areas and
assessments and made of the averages and variances during the experiment with a group of people. The experimental
results reveal that human brains shown rest in the first level and arithmetic calculations are loaded later.
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1. Introduction

In the present day, push-button calculators and computers are commonly used and play a crucial role in our lives. This will
undoubtedly increase in the future as programs become more sophisticated and the speed of machines increase and their size
and price decrease. Unfortunately, this has led to a reliance on the calculator even for simple calculations: the student auto-
matically reaches for his/her calculator as soon as he/she sees an addition or multiplication question which has to be done.

The dependency on calculators, in lieu of the natural mental skills of humans, could lead to a loss of intellectual dignity. As
calculators get more and more sophisticated they can do more and more complicated jobs: drawing graphs, solving equations
and differentiating and integrating. Ultimately, all mathematical processes which the mind is capable of, could be done with
the calculator. This demonstrates that we do not practice only mathematics which the calculator cannot do but that we practice
mathematics for its ability to develop the mind [1-5].

The innate ability of humans to solve mathematical problems without regard to applications is a time-honored method to keep
one’s mind stimulated [6-9]. One becomes more familiar with how numbers interact. If someone can’t add and subtract without
the help of a calculator, it can certainly reflect poorly on him. It is the fact that calculators are most useful in a setting that
requires either things that are essentially impossible for humans to compute at any reasonable speed or for calculations with
rather large numbers. For two digit addition, not using a calculator should actually be faster, given that you have learned the
techniques well.
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The increasing of mental workload, which is caused by using the appropriate choice of arithmetical tasks, is suitable for the
estimation of changes of human body processes [10- 14]. Here we will study temperature fields changing on the human face
[15]. In our research group, we have studied ideas to evaluate and estimate correlations using facial thermal imaging as
measured by infrared thermography [16, 17].

Thermal image techniques have been widely used in industry for detecting the faults online of operating components or
systems [18-24]. Furthermore, the technology can also be extended for personal identification recognition [25]. Here we
investigate how the distribution of blood flow in superficial blood vessels causes the changes of the local skin temperature.
This is readily apparent in the human face where the layer of flesh is very thin [26, 27]. The human face and body emit both the
mid and far infrared (8-12mm) bands [24]. Therefore, mid and far infrared thermal cameras can sense the temperature
distributions in the face at a distance to produce thermal images.

The advantage of using skin temperature is that, unlike the measurement of electrophysiological indicators, the method
obviates the need to attach sensors, hence it is possible to measure the mental workload by using low-bound and noncontact
methods. However, this method uses time series data  and is a relative evaluation based on the comparison of resting and task
loading, thus providing feedback of the results of the analysis is time consuming.

2. Theory

Any object with temperature higher than absolute zero degree (-273oC) will emit electromagnetic radiation spontaneously
[21]. This is known as natural or thermal radiation. By definition, all incident radiation will be absorbed by a black body in a
continuous spectrum according to Planck [28].

Many methods are based on the extraction of the forehead and nose temperature for performing the evaluation and estima-
tion [29]. However, this approach does not consider the correlation between different points/areas. The proposed study
enables parts or areas of temperature change other than the nose to be captured.

This presents the possibility of accurate evaluation and estimation at levels that are more sensitive than the conventional
methods.

In general, physiological indices are often used as an indication of autonomic nerve activity derived from indicators such as
the heart rate, respiration, blood pressure, myoelectric properties, and electroencephalogram (EEG) measurements [30].

3. Experimental Setup

We have investigated the evaluation of the physiological mental state to determine the mental workload by using a heat image
of the skin temperature of the whole face, as measured by infrared thermography (Figure 1).

For a workload we have used tasks with subtraction and adding of numbers [2, 31].

At the beginning, the skin surface of all participants needed to be tempered so as to avoid the impact of previous outdoor
temperature [32]. We provided a constant ambient temperature and relative humidity, without forced air movement and
closely located heat or cooling systems. We tried to be sure that the results in temperature change are connected only with
psychological factors. After completing the experiment we have visually checked thermography pictures to make sure of
their quality. During the experiment we used tasks, printed on regular paper. We chose this option to avoid the additional
influence of the computer screen.

Experimental design is relatively simple and inexpensive making it easy to achieve. All this combined with the openness of
the person’s face as part of the human body makes this method suitable, available and promising for very different future
research. The measurement is non-contact,  non-invasive, and safe for participants and the environment and does not depend
on the brightness in the visible spectrum, making it easy to apply. It makes it possible, by recording the IR image, to trace the
change in the response of the brain and nervous system respectively on blood circulation and metabolism expressed by a
corresponding change in the temperature of certain parts of the human face.
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Figure 1. Experimental setup a-positions in space, b-timing of the experiment

4. Results

We planned the course of the experiment. We informed the ethics committee of the Technical University of Sofia (where the
experiment took place). We received approval from the ethics committee. We informed the participants about the nature of
the study and familiarized them with the equipment. We received their written informed consent to participate in the experi-
ments, as explained to the participants, that they can withdraw from it at any time.

We did experiments involving more than 16 people. For various reasons we decided to use the results of six of them. For every
person we did 21 shots. 10 at state of rest and 11 in a state of MWL. We processed pictures with FLIR tools version
5.12.17041.2002. In the settings we used 0.98 as value for emissivity coefficient [24]. We chose 7 regions of interest, as can
be seen from Figure 2. From each zone we took average temperature value and then arranged in a table. Since the table is more
than 100 lines we have not presented it here.

In Table 1 we present a summary of temperatures (min, max and average values) for all participants for all zones of interest.

Figure 2. Example of infrared image taken during the experiments

Infrared camera that we used was FLIR E40 [33].
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El1 El2 El3 El4 El5 El6 El7

min 30,7 29,8 22,2 31,4 31,1 30,1 31,7

max 34,7 34,3 34,1 35,2 35,2 34,5 35,0

average 33,0 32,6 28,0 33,7 33,7 32,5 33,8

Table 1. Summary of the Temperatures in Zones (Ellipses)

We detected that the absolute temperature in different zones of the various participants varies within a wide range. For this
reason we turned to the use of central statistical moments [34].  We calculated variances for every person divided for cases
“rest” and “MWL” Table 2.

Person  El1  El2   El3       El4       El5         El6       El7

rest 1 0,008 0,041    0,473    0,009   0,039    0,044    0,007

mwl 1 0,016 0,037    0,138    0,060   0,027    0,052    0,007

rest 2 0,020 0,043    0,255    0,035   0,026    0,023    0,022

mwl 2 0,016 0,089    0,121    0,054   0,369    0,014    0,016

rest 3 0,144 0,314    0,662    0,390   0,063    0,103    0,035

mwl 3 0,071 0,073    3,527    0,197   0,071    0,149    0,036

rest 4 0,294 0,312    0,637    0,094   0,092   0,325     0,056

mwl 4 0,084 0,109    0,134    0,081   0,038   0,053     0,044

rest 5 0,187 0,078    0,326    0,076   0,072   0,007     0,025

mwl 5 0,046 0,047    0,522    0,040   0,038   0,086     0,010

rest 6 0,172 0,127    0,134    0,431   0,171   0,389     0,048

mwl 6 0,112 0,193    0,129    0,401   0,173   0,385     0,020

Table 2. Variances

We subtracted the values of variance in the case “MWL” of the values in the “rest”. We puted this values in Table 3.

Prsn   El1      El2          El3             El4           El5              El6        El7

1  0,007       0,004      0,335         0,051       0,012         0,009       0,000
2  0,004       0,046      0,135         0,019       0,342         0,009       0,007
3  0,073       0,241      2,865         0,193       0,008         0,046       0,001
4  0,210       0,203      0,503         0,013       0,054         0,273       0,012
5  0,140    0,031      0,196         0,035       0,034         0,079       0,015
6  0,060    0,066      0,006         0,030       0,002         0,004       0,028

Table 3. Subtracted Variances – (Case Rest Minus Case Mwl)
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We noticed that only areas El1 and El7 are indicative.

Finally, we calculated the correlation between the different zones for all measurements (Table 4).

5. Conclusion

This study shows that the IR shooting of changing the surface temperature of the skin of certain areas of the human face allows
registration of the change in brain activity. The results show that based on this idea, studies could be made on the influence of
various external factors on the brain activity and accordingly, the reaction of the human body, since the change in mental
processes gives rise to a change in the temperature of the facial tissues. The method could be involved in creating models for
assessing or predicting the response of the body to the change of the environment, change of the health status and the change
of various psychological factors giving rise to different types of stress. It could also be applied in reliable mechanisms for
assessing the impact of different thought processes on the mind and hence the physiological responses of the human body.
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