
DOI: 10.25696/ELSYS.VC1.EN.11

VALID PARAMETERS EXTRACTED FROM FREQUENCY CHANGES 
OF HEAD MOVEMENT ON STRESS STATE 

USING VIBRAIMAGE TECHNOLOGY
Park Jin Hee1, Hwang Sung Teac2, Choi Jin Kwan3

1  VIBRASYSTEM Co., Ltd., South Korea (kelly.park@vibrasystem.co.kr);
2  SangMyung Univ., South Korea (columstyle@naver.com);

3  VIBRASYSTEM Co., Ltd., South Korea (kwan.choi@vibrasystem.co.kr).

Abstract: Recently, according to increase the people who interest health management 
and medical services of individuals, the information and communication technology and bio-
medical technology combined biological signal of product have been developed. and many 
scientists and engineers have researched in U-health, Health care, Wellness care fields. As the 
measurement, methods for the mental health, fMRI(Functional Magnetic Resonance Image), EEG 
(Electroencephalogram), PET(Positron emission tomography), etc. have been used by monitoring 
the brain activities or recognizing the stress state through ECG (Electrocardiogram) readout or 
pulse measurement. This study propose the novel way to extract the effective parameters related to 
an individual's stress of physiological mechanisms by using a micro-movement imaging technology, 
one of the non-contact measurement technology. Twelve subjects participated in the study. The 
underlying changes in frequency changes of head movement that are associated with valid 
parameters of Vibraimage in response to stress have been explored.
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1. Introduction

As human life gets longer and longer, according to increasing people who expect the 
high quality life, the medical and health care service industry is growing and the market 
of the medical equipment and health care systems is enlarging in volume. The research 
and development in medical industry is more proactively increased for seeking to 
increase the reliability to extract the bio-signals furthermore and improve the usability. 
The interests for caring the mental health are especially increased to all that are suffering 
from the mental difficulties like stress, anxiety, depression and etc. The market volume 
is growing more and more in the industry of U-health, Health care and Wellness care to 
prevent disorders by measuring and monitoring biologic responses [1, 2].

The methods that the present people manage their health care are in hospital to 
diagnosis their own states by using Electrocardiogram, MRI, Endoscopy etc. In case 
of brain state, there are methods that manage their psychiatry health by observing the 
brain state directly by EEG, fMRI and PET and etc. These methods are to require the 
high expenses to the current persons and it is not easy to manage the state of their 
health because of the difficult usability and real-time accessibility. The health care 
service companies and hospitals have made a lot of effort that users can manage and 
monitor the state of their health more easily and comfortably by means of health care 
monitoring platform and wearable devices. And there are lots of researches about the 
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human trait and state to study and develop how to use the human's bio-signals like 
voice, image, gestures and others [3].

Vibraimage technology is the non-contact sensing technology by camera to acquire 
the biological information by psycho-physiological responding parameters. By 
measuring the biological information based on video image by camera, it is one of the 
new bio-signal technologies that can acquire the biological information by reducing 
the charge of time and expense, and by the easy operation and accessibility.

Human body is designed for sustaining the life support by generating cells and 
supplying oxygen through the blood flow that is circulated by heart pulse. The 
periodical micro-movement is generated by the circulation activity of blood from 
heart to brain, which flows by abdominal-aorta and carotid arteries [4].

Vibraimage technology is to indicate and determine human emotional state by 
analyzing a various frequency and amplitude, pixel movement, and extracting data 
from the differences between image frames, which acquire and detect the information 
of head movement and face image by camera [5, 6, 7, 8, 9].

This research is to find out the effective parameters to make an interference of 
the mental stress state observing the changes by Vibraimage technology when 
the cognitive stress and emotional stress are stimulated and then, to compare the 
differences between the stabilized condition and stress condition.

2. Research method
2.1. Theoretical background
2.1.1. Physiological theory. Vibraimage technology is based on a new discovered 

vestibulo-emotional reflex (VER). VER shows the dependence between head 
micromovements and human psychophysiological state.

The vestibular system, which contributes to our balance and our sense of spatial 
orientation, is the sensory system that provides the dominant input about movement 
and equilibrioception.

Vertical human head position controlled by vestibular system by the means of 
head-neck anatomy. Two month old child begins to poise the head in vertical position 
on reflex level, firstly performs visible movements for it [5, 6, 7, 9].

2.1.2. Vibraimage parameters. Movements of human head are the most frequently 
repeated motions of human body during life. Vertical head position is controlled by 
the vestibular system reflex movements. This includes continuous micromobility 
(hundreds of micrometers several times per sec, 1–10 Hz) of head and stopped only 
when the head is sloped to a support. From the physical standpoint, mechanical 
head oscillations present vibration process, whose parameters provide quantitative 
correlation between energy and object mobility. General information about head 
mobility parameters can be obtained using vibraimage technology. Vibraimage 
technology provides quantitative information about movements of any pixel of the 
object, processed into general object activity or emotional parameters. Values of 
amplitude and frequency of vibrations of a person head differ in each point of space 



and are displayed as pseudo color image. Integrated processing of parameters values 
of vibration in each point can give the general information on parameters of the 
person movement. Vibraimage the person heads displaying amplitude and frequency 
the distributions of vibrations modulated by a color scale [5, 6, 7, 8, 9].

2.2. Experiment design

2.2.1. Testee and experiment environment. The total 12 persons (male: 6 
persons (32,8 ± 5,5 age, female: 6 persons (28,6 ± 4,4 age) were participated on 
this experiment in order to prove the emotional interference using video image-
based Vibraimage. All testees were directed to stare at the front side monitor 
sitting on armchair comfortably, at which was very calm at the closed testing room 
under room temperature and humidity. There were camera and monitor at the front 
side of testee at 50cm distance. The camera was focused on the face/head. The 
background of testee was a wall and there were no moving objects except the testee.

2.2.2. Experiment stimulus and experiment procedure. The experimental stimuli 
that give cognitively and emotionally the mental fatigue and stress to testee are the 
mathematical problems required the mental arithmetic and the video stimulation to 
cause emotional agitation. After being stabilized for five minutes to stabilize the 
biorhythm and emotion, the experiment was to present math problems for 5 minutes. 
5 minute resting and again gave the depressive video stimulation caused the emotional 
stress and then, was finished by five minute stabilization.

Fig. 1. Experiment procedure and cognitive, emotional stress stimulation

2.3. Data acquisition

The parameters were acquired by analysis of vibration frequency and amplitude 
and 10 ~ N frame treatment to provide 25 ~ 30 frame per second (25 ~ 30 fps) through 
Vibraimage system that is provided by dual core PC based on Windows OS and 
camera with VGA resolution or higher.

Through micro-vibration frequency analysis technology, the variables used to 
extract emotions from video images are composed of 10 variables: Aggression, Stress, 
Tension/Anxiety, Suspect, Balance, Charm, Energy, Self-Regulation, Inhibition, 
Neuroticism.

The 10 variables were determined by using amplitude variables (A1 ~ A4), 
frequency variables (F1 ~ F5), and vibration symmetry variables (S1 ~ S5), 
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mathematical processing variables (P1 ~ P4) using the variation in the frames that can 
be obtained from the images.

The 10 variables are extracted by combining the variables A, F, S, P etc. 
mathematically by means of the anatomical and semantic interpretation.

3. Research result
3.1. Data analysis
The data analysis took the 10 valid variables created with frequency analysis, 

amplitude, and symmetry using the Vibraimage program with the video images 
extracted from the camera, and then compared the differences between data obtained 
at resting state (base) and data obtained at stimulated state. Statistical analysis was 
performed using SPSS 17,0 K (SPSS, IBM Company).

Figure 2A shows the mean value of variables during the mathematical stimulation, 
and Figure 2B shows the mean value of variables during the emotional stimulation.

Fig. 2A. Variations of 10 variables during the cognitive stress stimulation 
by mathematic mental arithmetic

Fig. 2B. Variations of 10 variables during the emotional stress stimulation by video image



3.2. Analysis result

In the cognitive and physiological stress stimulation, 9 variables (Aggression, 
Stress, Tension/Anxiety, Suspect, Balance, Charm, Energy, Inhibition and 
Neuroticism) were performed by independent sample T-Test according to the normal 
distribution (p < 0.05). But Self-regulation variable did not comply with the normal 
distribution, so Noon-parametric Test was performed (p < 0.05) (Table 1).

In the emotional stress stimulation, 9 variables (Aggression, Stress, Tension/
Anxiety, Suspect, Charm, Energy, Self-regulation, Inhibition and Neuroticism) 
were performed by independent sample T-Test according to the normal distribution 
(p < 0.05). But Balance variable did not comply with the normal distribution, so 
Noon-parametric Test was performed (p < 0.05) (Table 2).

Table 1
Analysis result of the cognitive stress stimulation by mathematic mental arithmetic

Table 2
Analysis result of the emotional stress stimulation by video image
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When comparing the data stimulated by the mathematic mental arithmetic stress 
against the date under the resting state (Base), 6 variables of Aggression, Charm, 
Energy, Self regulation, Inhibition, Neuroticism showed the increasing pattern, but 
Stress variable was decreased.

At this analysis, there is the difference of increase and decrease in Stress, Charm, 
Self-regulation variables, but the statistically effective difference was not found. (Self-
regulation: z = ‒ 1,215, p = 0.224), (Stress: t = 1.766, p = 0.093), (Charm: t = ‒ 1.782, 
p = 0.090). But Energy and Neuroticism variables showed the statistically effective 
difference (Energy: t = ‒ 3.341, p = 0.003), (Neuroticism: t = ‒ 2.773, p = 0.012) 
(Fig. 3A, 3B).

The result by the emotional video stimulation showed the increasing pattern in 
Charm, and Neuroticism variables. But there was also the difference of increase and 
decrease but did not show the statistically effective difference (Charm: t = ‒ 0.517, 
p = 0.611), (Neuroticism: t = ‒ 0.619, p = 0.543) (Fig. 3C).

Fig. 3A. Comparison of statistical significance by the cognitive stress stimulation (1)

Fig. 3B. Comparison of statistical significance by the cognitive stress stimulation (2)



Fig. 3C. Comparison of statistical significance by the emotional stress stimulation (3)

4. Conclusion and future study

As the contactless biometrics measuring tool, Vibraimage technology using micro-
movement frequency variations are used to measure changes in head micro-movements 
during the cognitive and emotional stress stimulation. When a person is being stabilized, 
or under stress, or under certain stimulation, we can see that there are changes in the 
head micro-movement frequency due to the changes in autonomic nervous system and 
in muscle movement, and the cognitive stress impacts to increase the heart rate and 
to decrease homeostasis by nervous system change rather than the emotional stress 
stimulation among all testees.

Among 10 variables, the most of variables showed the significant variations in the 
cognitive stimulation, and the statistically effective difference was shown in Energy and 
Neuroticism variables. But during the emotional stress stimulation to testees, there were 
the small variables with the same pattern variations and also the statistically effective 
difference was not found.

What are lacking in this study are the small number of subjects involved in the study, 
given the differences in degree of individual acceptance of the emotions or stress and the 
variables in the stress resistance, and the emotional trigger stimulations were not diverse.

It would also be nice if the subjects' self-assessment and comparative validation with 
the existing stress judgment criteria provided a multilateral validation of the efficacy of 
the emotional recognition technology using vibration frequencies.

In this study, the video image-based emotional recognition technology is used as 
a method to manage and monitor the mental health in the health care system and medical 
fields, making it more likely to be used for ensuring accuracy and convenience.
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