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Abstract: Enforced is more strictly the intangible evidence of polygraph examining results 
than any other emotion. Nevertheless, a wide range of polygraph test is increasing. The more 
investigation request increases, the later schedule delays in reality and so, the confidence of its 
reliability test is required more and more.

There are still not only the uncomfortably long time investigation but also the unpleasant 
feelings and a dispute on personality injury due to the contact testing, which occurs in the 
conventional polygraph. The background was the development of modern science to solve this 
situation.

The psychophysiological technology that provides the information and visualizes the bio-
signal transformed to image by using a non-contact method secured the confidence to be tested 
and finally presented to detect the human emotions in a convenient way.

This scientific technology is called as VIBRAIMAGE (VI) that is based on Brain-Science and 
Image Processing Technology. VI technology registers micro-movement (vibration) of human’s 
head-face and then, it is the testing system to determine the reliability of statement as a lie detector.

Vestibular-Emotion Reflex (VER) and Vestibulo-Ocular Reflex (VOR) is linked with emotions 
and psychophysiological human state. The emission of head micro-movement (vibration) by brain 
vestibular system is visualized by special video processing, and measures, controls, and corrects 
the relevant algorithm by human psychophysiological state, and provides to evaluate the reliability 
of statement.

In Korea, the psychophysiological detection of deception (Lie Detection system) has been 
operated in Korean National Police Agency, Seoul Metropolitan Police Agency and Incheon 
Metropolitan Police Agency.

As the result of consistency test against the conventional polygraph which 120 cases were 
examined by VIBRAIMAGE system as the complementary investigation, the consistency rate 
is recorded to 82,9% which was tested by VIBRAIMAGE system in Seoul Metropolitan Police 
Agency, and it can be improved to 90,6% if we assume the weighted score to the correspondingly 
processing parameters, even though all the investigation processes in question and answer 
are exactly same as the conventionally contacting polygraph. It is 100% compatible with the 
traditional polygraph like BACKSTER and UTAH and etc.

Psychophysiological image processing system that provides a various channels to make up for 
the weak points of the conventional polygraph is analyzed to increase the service quality for public 
security and protect the human rights toward the people.

Hereafter, it is required to the in-depth analysis for sustaining the standard registration of 
lie detection system that has been performing at Science Working Group in Science Criminal 
Investigation team in Korean National Police Agency together with academic circles, to be 
complementarily co-operated with the conventional polygraph.

Keywords: Polygraph, VIBRAIMAGE, Psychophysiology, Symmetry, Vestibulo-Emotion 
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1. Introduction

The result of the polygraph investigation with the intangible evidence is applied 
very strictly rather than any other evidence. But the polygraph investigation has been 
continuously kept using in spite of controversy as shown on Table 1.

Table 1
Total polygraph investigation number in KNPA (Korean National Police Agency)

Kind
(Year) Sum Murder Robber

Rape
(Sexual 
assault)

Fire Theft Violence Others
(accusation)

Trans-
port

2010 9265 104 83 962 109 978 1,917 1,505 3607

2009 9256 196 83 879 124 812 1,610 1,542 4010

This data is to show that Polygraph investigation helps the prosecution’s 
investigation so much. The Polygraph investigation contributes to not only the 
continuous protection of human rights but also scientific investigation and, it means 
to satisfy the demand of citizen’s safety service. On the mean time, the intelligent 
criminal, deterioration of investigation environment and extension of citizen’s human 
right play those roles. Nonetheless, there is a limitation to operate the conventional 
Polygraph [16, 17, 18].

First, it takes about one month to get the investigation result because the demand 
can not be kept with supply due to the growth of the number of investigation request. 
Korean National Police Agency recommends to perform 3 time investigations per week 
in the investigator’s training course. And it applies to the rules of Korean Polygraph 
Association without the specific regulation [17, 18].

Second, since Polygraph was imported and then operated, it has been continuously 
debated by the conditions of the strict admissibility of evidence.

Third, there is a problem of human’s right and unpleasantness due to the attachment 
of chest and stomach respiratory, cardiac activity, GSR etc.

To overcome this limited conditions, non-contacting Polygraph investigation 
method was sought not only for the easy operation to examine criminal for a short time 
but also for avoiding the traditionally contacting method by attaching sensors to body.

While we are testing VI application that was developed by ELSYS in Russia, 
we researched and found out some improvement and upgrade for overcoming the 
conventional judgment method [14, 15].

First, we can sharply reduce the traditional investigation time within about 
30 minutes per 1 person’s investigation.

Second, we can proactively cope with the debate about the strict admissibility of 
evidence because VI (VIBRAIMAGE) Polygraph use a various parameters, while the 
traditional Polygraph takes a sense of central nerve system by over 3 kinds of sensors.

Third, we can improve the psychological safety service by the non-contacting 
investigation without any sensors that should be attached to testing body.
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While insisting on rationality and protection of human rights, the evidences and 
skill by scientific investigations should be required during not only the court process 
but also investigation process. This scientific skill or method should be always verified.

In spite of the completely scientific evidences, they can not be adopted by the forced 
means for confession. The result of Polygraph investigation that is referred for the 
intangible evidence must be always explained and verified to parties to investigation 
and investigation agency as well. We should keep researching and making effort 
continuously for protection of human rights and scientific investigation.

This researching article introduces one of Polygraph solution based on the 
evolutionary and innovative and unique VIBRAIMAGE technology among Polygraph 
that is kept operating in a various nation despite some debate since it was used in USA 
so actively.

It can be sought by one of the new equipment to prevent the increasingly criminal lie.
One of the new equipment can be suggested by “VIBRAIMAGE” lie detection 

system that was researched and developed by Russian scientists through the 
technologies of biometrics, physiology, psychology, image processing, medical and 
etc. VIBRAIMAGE is emotion detection technology based on video image processing.

Image processing technology transfers video image into VIBRAIMAGE. 
VIBRAIMAGE reflects movements and human head micro-vibration, depends on 
psychophysiological state, so VIBRAIMAGE system is behavior, health, emotion 
and lie detector. In lie detection system by VIBRAIMAGE technology, it contains the 
unique algorithm to judge “truth” and “lie” and “inconclusion” (Figure 1) indicates the 
testing result between the conventional Polygraph and VIBRAIMAGE's Polygraph.

Fig. 1. Case of “Fire” investigation

2. Theory and principle

The most innovative and unique character in Jung’s personality theory is a collective 
unconscious [8]. It is one of unconscious form that results from brain's congenital 
structure and also is common to all human. He claims that it is inherited to all humanity 
and is embedded in the depths of the mind to form the basis of the overall structure 



of personality [8]. Jung considered personality or mind as a partially closed energy 
system, based on the principle of equilibrium − the first law of thermodynamics, the 
energy preservation law of Hermann von Helmholtz [9, 10]. In a completely closed 
system, personality can maintain a complete stability, but since it is not, the dynamic 
personality occurs when stimulus is given from the outside. Psychic energy (the mental 
energy) is a process of metabolism in the body, which is the life energy that enables 
the dynamics of personality. It is a hypothetical concept that can not be measured, 
but it gives concrete expressions such as hope, will, emotion, and attention effort in 
a potential form.

In his book The Evolution of Dreaming Machines, Rodolf R. Llinas (a world − 
renowned scholar of brain science research) presented a unique view of the evolution 
and nature of the mind. The cell motility of a single cell is characterized by its 
spontaneous and vibrating nature. According to Llinas, consciousness is controlled 
electrically through the spinal cord and ultimately integrated into cerebral activity, 
and between the thalamus and the cerebral cortex of the central nervous system, 
between the 40 Hz electrical signals [11]. In other words, the 40 Hz electrical action 
of neurons between the thalamus and the cerebral cortex is eventually conscious, and 
the consciousness is the motility of the single cell life. In one sentence, thought is an 
evolutionarily internalized movement [11]. The various forms of our consciousness − 
thinking, emotion, feeling, and other conscious processes − are ultimately internalized 
by motion. So the process of vibration, that the essential vibration of a single cell 
is internalized and connected to the central nervous system, is just the emergence of 
thought. VER (Vestibulo-emotional reflex) is one of vestibular reflex capability linked 
to human psychology and emotion [1, 2, 3, 4, 14].

Robert Barani (1914 Nobel Prize-winning) studied for physiological and 
pathological studies of the ear equilibrium mechanism (Vestibular system). Depending 
on the vestibular function and the behavior of mechanical micromovement, a person 
supports the head in a balanced vertical position while continuously and reflexively 
moving or vibrating in three dimensions. The dependency between the head vibration 
parameters and emotional state is one of character, either vestibular-emotional reflex 
(VER) or vestibular-energy reflex [1, 2, 3, 4, 5].

Vestibulo-ocular reflex (VOR) is reflex eye movement that stabilizes images on the 
retina during head movement by producing an eye movement in the direction opposite 
to head movement, thus preserving the image on the center of the visual field [6]. The 
vestibular organ responds to the stimulus as well as the normal sensory organ. But 
gravity is constantly stimulating, so the cooperation of vertical head muscle movement 
works consistently and creates a reflective process (reflex process). This is a major 
physiological difference between the cooperation of vertical head muscle movement 
and any other sensory processes that sometimes work.

This difference is transferred to a general physiological process by the cooperation 
of vertical head muscle movement with ECG (Electrocardiogram) and measured pulse-
blood pressure (HR, Hart Rate) and brain activity measured by brain memory response 
detector (EEG: Electro encephalography) or, thermoregulation (a type of homeostasis) 
measured by Galvanic-Skin Respond (GSR) generated by current [9]. Since movement 
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is the movement of the cell, which is the expression of energy, and natural head 
movement is the ideal vibration movement within the high energy range, bio-logical 
evolution uses the cooperation of vertical head muscle movement to the energy law.

The other sample of nature vibration process for energy regulation is dog tail 
wagging, but humans have not tail and head movement is more optimal for it. It is 
understandable, that more high frequency head movement requests more energy, than 
low frequency movement. On sensor level it means, that signals send from vestibular 
receptors to autonomic nervous system, brain and muscles are going with different time 
delay, depends on biochemical human state.

3. Accuracy analysis between Polygraph 
and VIBRAIMAGE's Polygraph

3.1. VIBRAIMAGE Theory

Vibraimage is emotion detection technology based on video image processing. 
Image processing technology transfers video image into vibraimage. Vibraimage 
reflects movements and human head microvibration, depends on psychophysiological 
state. In recent years, the active research has been conducted on the physiological 
significance and diagnosis of vestibular reflex in human functional state evaluation. 
This is a special device that fixes to the head or eye area of the experimenter, and 
the medical diagnosis of the position change of the head or eye area is recorded. In 
addition, objects using modern TV technology based on screen — sensitive devices 
and the fixed camera located remotely, record the motion coordinates and integer 
parameters of the object's high moving frequency state (0,1 to 10 Hertz) and integer 
parameters (frequency, amplitude, acceleration). The Vibraimage method records the 
fine movement and spatial movement of objects by the accumulation of the vibration 
(frequency and amplitude) parameters of the individual elements (pixels) of the 
research object. This allows you to record complex and finely moved parameters of 
objects, including records of integer parameters that specify fine head movement due 
to vestibular reflex [1, 2, 3, 4, 5, 6, 14, 15].

3.2. Measurement method

The existing polygraphs directly attach sensors to the body to measure breathing, 
sweat, electrical skin response, blood pressure, heart rate, etc., while the face image 
analysis (Vibra Image).

The micro-vibration frequencies that appear in the face images taken by the camera 
in contact with the body are represented by 256 color scale, and the emotional state of 
0 ~ 10 Hz by the algorithm is measured and analyzed.

While the existing polygraph is required to attach to the body directly to measure 
breathing, sweat, electric skin response, blood pressure, heart rate and etc., the face 
image analysis (VIBRAIMAGE) represents the microvibration frequency of the face 
image taken by the camera contactlessly as 256 color scale, and the emotion state of 



the frequency range 0 to 10 Hz by the specific algorithm. VI graph display represents 
among VI parameters, all groups of non-relevant VI parameters, such as F1 (Fast), F3, 
F6, S2, P2, P5, and audio level [12, 13, 15].

Each parameter has a reference maximum and minimum value to measure the value, 
and a) stands the range of comparison value when calculating the P value with the 
average value (average). b) (determined by random) is the range of emotional changes 
that the general person has, and c) (current) is the range of emotional changes that the 
testee examines at the time of examination. The V (visualization) that displays the 
parameters is the weight of the A, F, and S values measured by the visualized aura 
of the testee (Aura), and the C (calculation) is the weight of the A, F, and S values 
associated with the calculation.

Parameters A1 (Fast) and F1 (Fast) show people’s responses to questions and 
situations as quickly as possible, so they change ahead of any other parameters. F3 
shows the testee’s general mental energy level and in default settings, this parameter 
is calculated for 20 seconds. So the parameters that reflect psychophysiological state 
change slowly. A high level of this parameter means that the level of exciting or 
aggression is high. So this parameter is related to the lie. F6 shows human inhibition, 
and it is also associated with respiratory changes or respiratory behavior. S2 (mental 
symmetry) represents asymmetry of movement (asymmetry) in the middle of time. So 
it includes the behavior elements of the left/right brain. A large change in this value 
usually means a lie. P2 represents the MSD (Mean Square Division) of the frequency 
histogram, and the parameter M value of the general person is 2, which is normal. 
So if it is higher or lower than this range, it is related to a lie, and if the parameter 
value is high, it can be related to a more meaningful lie. P5 is a lie level automatically 
calculated for selected parameters. In the default setting, there must be at least 8 
important parameters for a lie mark. Usually a lie detection system records important 
changes in 12 or more parameters.

It is difficult to analyze a lie by one or two parameters. This is the same as biometric 
authentication by fingerprint recognition, and as a whole, only a few parameters 
provide reliable lie detection.

Audio levels are not used directly for lie detection. However, the selection of the 
threshold of the voice sets the voice level at the beginning and end of the lie detection 
in audio mode, so it is important to adjust and visualize it by the expert. The level of 
the psychophysiological parameter represents a short phase response that returns to 
normal after a question-answer or other stimulus.

The Seoul Metropolitan Police Agency evaluated and compared 120 cases of the 
existing Polygraph using the above important parameters. The current Polygraph is 
tested for psychological condition with test theory, but VI can confirm psychological 
condition and conduct tests without stimulus.

The current Polygraph test evaluates the test of more than 3 charts and 5 charts, 
but it is recommended that the first test be disregarded for the purpose of stabilizing 
distortion and emotion and the second chart as the inspection data. Recently, the existing 
polygraphs spend a lot of time before testing for raffle formation, and VIBRAIMAGE 
uses F-T interview technique to suit human emotional response for pre-test interview.
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In other words, the human consciousness structure recognizes the whole first and 
then, enters into the next structure. The test results are derived by more awakened 
stimulation with interview technique that awakens the tree by seeing the forest.

The method of questioning is UTAH technique proved by Dr. Kutcher, professor 
of psychology at the University of Utah, USA, and Backster-You Phase, proven by 
a professor of psychology at Korea University in Korea, under Korean situation, was 
used with the reliability and confidence.

3.3. Result of Accuracy Evaluation

The Seoul Metropolitan Police Agency compared the results of the tests conducted 
in the past one year, focusing on actual inspections. 120 cases were evaluated for 
counting accuracy level.

Table 2 shows that the accuracy rate is 82,9%, evaluated by the existing Polygraph 
and VI Polygraph application. This figure is not different from 82% much in its 
accuracy rate, which is operated by the existing Polygraph during the same pilot period 
at Seoul Metropolitan Police Agency since May 2010.

But when VI Polygraph applies the weight to some parameters, the accuracy rate 
show on Table 3 is increased to 90,6%, which can be much more reliable in statistics.

Table 2
Comparison of testing result at Seoul Metropolitan Police Agency

Case # Not suitable case for 
examination

Case # for 
comparison

Concordant
case # Concordance rate

120 26 94 78 82,9%

Table 3
Evaluation Result applied by weight

The final accuracy rate is 90,6% after applying the weight to some parameters as 
shown on Table 4.



Table 4
Comparison the final accuracy after applying some weight

Case # Not suitable case for 
examination

Case # for 
comparison

Concordant
case # Concordance

120 3 117 106 90,6%

4. Development Direction of Polygraph

In Korean Police Agency's established rule, as shown on lie detector operating 
rules (Rule # 1, Purpose), "It aims to contribute to the scientific development of 
human rights advocacy and investigation". Science is not perfect. Science is evolving. 
The crime of lying is evolving constantly.

To obtain the reliable test results, you must perform tests that meet the test conditions. 
To maintain a complete examination, the entire inspection process should be examined. 
Particularly, pre-test interview is one of the most important procedures. A lot of 
experience and concentration is needed in interviews. An untrustworthy testee attempts 
many deception. It is because he is trying to avoid fear and avoid the discovery of lies.

If you operate the measurement mode of VI, you will be able to easily identify the 
unsuitable testee such as schizophrenia, depression, and medication. It can be also used 
as a use-ful device for the Profiler and Care team (CARE, crime victims counselor), 
which have a great influence on recent Korean investiga-tion. When interviewing 
criminals and victims, you can visually and quantitatively analyze whether they have 
mental disorders (ADHD, PTSD, aggression, depression) in about 3 to 5 minutes or not.

5. Conclusion

A series of judicial processes are a debate between truth and lie. For the developing 
evolution of crime and its response, the new equipment was needed to operate the 
current Polygraph and EEG alternatively. We are looking forward to the appearance of 
a short-term investigation and easy-to-evaluate the equipment for the non-contact with 
the testee.

From May 2010, we piloted the VI Polygraph and compared 120 actual case testees 
with the existing Polygraph and VI Poltgraph.

As a result, some features can be suggested as below.
First, comparing to conventional tests measured by breathing (up and down), skin 

resistance response, cardiovascular response, etc., VI Polygraph is to analyze the real 
video image of head/face micromovement (vibration) that is visualized by image 
processing such as a general digital camera or CCTV. The microvibration of human 
head is linked to vestibular emotion reflex (VER) and it affects the emotional level. 
VI system is to analyze a three-dimensional (3D) adjustment of head-neck movement 
and cumulative change in several frames.

Visualizing the vibrational frequencies and amplitudes in one frame is called as 
external VI and looks like a human aura. In general, the external VI is associated with 
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the frequency of vibration (aura) and the size of the external VI (aura) is related to the 
amplitude of vibration.

Second, the result of accuracy rate by the matching test between the existing 
Polygraph and VI Polygraph for 120 real cases is 82,9%. This figure was similar in the 
data published after the first matching test, at the report of “Study on lie detection test 
by using AURA-3D video image analysis”.

Considering the weights of the total value LD (m), the mean value LD (a), and the 
integral value LD (i), we can get more reliable test results. Its final accuracy rate is 
90,6%.

Third, comparing that the conventional Polygraph measures the pressure of chest 
and blood pressure, and the brain memory response detector that requires 10 brain 
needles (probes), VI Polygraph naturally measures human emotions by the non-
contacting method.

Fourth, in the evaluation, the existing Polygraph sets the evaluation area called 
as Window by manual method for the examiner’s question and the testee’s answer. 
Meanwhile, the brain memory response detector measures the responses at the point of 
P300. But VI Polygraph completely measures the starting and ending point by sensing 
the voice sound level automatically.

Fifth, there are various psychophysiological parameters that are evaluated step by 
step. It evaluates overall the visualization based on amplitude for head microvibration, 
frequency, and symmetry and then, scientifically digitize to the detailed data.

Sixth, the quantitative analysis was conducted for the first time by using 
a physiologically proven test method (VI Polygraph) in Korea. It is easy to use and can 
increase the reliability by supporting alternatively the result of the existing Polygraph. 
A number of investigators can conduct the remote test simultaneously to a same testee.

Seventh, because of the various parameters and physiological background theories, 
VI Polygraph can be applied not only to a regional lie detection application, but also, 
interviewing method that will have a powerful effect (investigation, female police, 
transportation accident investigation, auditing work, pre-employment personality test) 
and interviews (child, sexual violence victim) and etc.

Humans have homeostasis, which responds naturally to the threats and fears of the 
external environment, whether consciously or unconsciously. There are traditionally 
emotional recognition techniques that show the relationship between human imitation 
and emotion from the past. The development of imaging technology allows us to 
capture and accumulate the invisible changes in human head-neck positions in these 
days. So, it works like an optical microscope that accumulates frame rate to make it 
visible to the features of the head micromovement parameters such as the amplitude 
and frequency of the micromovement of the human head.

The VI theory may seem unfamiliar with Korean, which are currently armed with 
the US-centered Polygraph investigation theory and system.

Human behavior is ultimately an outward expression of our minds. Modern science 
knows that the brain is central to these behaviors.

However, there is a debate among scholars about how the brain works and makes 
the mind.
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