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Abstract: Objective: To explore the correlation between depression micro-expression and 
depression based on vibraimage technology measurement. Method: Sixty-four patients with different 
degrees of depression were selected as subjects. Vibraimage technology is used to recognize its 
micro-expression. The 10 psychophysiological parameters (PPP) obtained were correlated with 
the Zung Self-Rating Depression Scale (SDS) and Zung Self-Rating Anxiety Scale (SAS). The 
results provide new evidence for understanding the pathopsychological mechanism of depression. 
Result: Vibraimage parameter values calculated by the neural network are consistent with the 
detection results of SDS and SAS with the accuracy rate higher than 97%. Conclusion: Vibraimage 
technology may have an imperative predictive effect on the occurrence of depression by micro-
expression recognition, with high clinical value. Special thanks to Mr. Akimov from ELSYS Corp, 
Russia for the help with ANN computing.
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Introduction
Depressive disorder is one of the most common mental disorders, referring to a type of 

mood disorder with significant and lasting depression as the main clinical feature caused 
by various reasons. It is accompanied by varying degrees of cognitive and behavioral 
changes. Some patients have self-injured, suicidal behaviors, which may even cause death. 
Depressive disorder is a chronic mental illness with high incidence, high recurrence rate, 
and high disability rate. According to data from the China Mental Health Survey (CMHS) 
in 2019, the lifetime prevalence of depression in mainland China is 6.8% (Medical…, 
2020). Micro-expressions are very short-lived and uncontrollable expressions leaked 
when humans try to suppress or hide their true emotions. As an effective non-verbal 
clue, micro-expressions play a crucial role in people’s lives that other language symbols 
cannot replace. The duration of micro-expression is very short. Studies have shown 
that micro-expression only lasts 1/25 s ~ 1/3 s (Yan et al., 2013). Besides, the micro-
expression motion range is very small, and it will not appear on the upper half of the face 
and the lower half of the face at the same time (Porter & Brinke, 2008). Therefore, it is 
quite difficult to observe and identify micro-expressions correctly. Although there are 
professional training tools (Ekman, 2002), the accuracy of relying on manual recognition 
is not high, only 47% in the known reports (Frank et al., 2009). Manual recognition is 
limited by professional training and time cost, making its large-scale promotion difficult. 
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Therefore, there has been, in recent years, increasing demand for relying on computers 
to realize automatic recognition of facial micro-expressions. This study aims to explore 
the correlation between the comprehensive parameters of micro-expression recognition 
and depression based on vibraimage technology.

1 Materials and Methods

1.1 Research object

64 patients who attended the depression clinic of our hospital from January 2020 to 
December 2020 were selected. The inclusion criteria: unlimited sex, aged 14–64, more 
than 2 weeks of a consciously depressed state. Exclusion criteria: insomnia caused 
by serious physical diseases such as heart, lung, liver, and gallbladder; a history of 
allergy to similar drugs; severe suicide, self-harming thoughts or behavior; mental 
disorders caused by psychoactive substances; poor compliance such as dementia. 
Participants voluntarily participated in the study and signed the informed consent 
form of the project, with 64 cases.

1.2 Clinical information

1.2.1 General Demographic Information

Include seven factors: name, gender, date of birth, family history, marital status, 
occupation, and highest degree of education.

1.2.2 Psychometric scale

The Zung Self-Rating Depression Scale (SDS) and Zung Self-Rating Anxiety 
Scale (SAS), which are commonly used in outpatient clinics and have good reliability 
and validity, are selected. The Self-Rating Depression Scale (SDS) and the Self-Rating 
Anxiety Scale (SAS) were compiled by Zung in 1965 and 1971. There are 20 items in 
each of the two scales, all of which have 4 grades to assess the subjective feelings of 
depression and anxiety in patients, respectively.

1.2.3 Evaluation tool

The evaluation tools include 1 PC (i5-6500/4GDDR), 1 camera (Microsoft 
1080P/USB camera) with vibraimage software Analysis, Recognition, and Detection 
System for Emotions of People in Images Based on Biological Principles (Taiyuan 
Kangqi Technology Development Co., Ltd.). Through vibraimage computer 
analysis, 10 psychophysiological parameters of aggression, stress, anxiety/tension, 
suspiciousness, balance, self-regulation, charm, energy, self-regulation, inhibition, 
and neuroticism are obtained.
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1.3 Method

The research took the form of scale evaluation. After a professional psychiatrist diagnosed 
the disease and completed the collection of demographic data and clinical related data, 
participants fulfilled the Zung Self-Rating Depression Scale (SDS) and Zung Self-Rating 
Anxiety Scale (SAS). The 64 subjects were divided into non-anxiety-depression group and 
anxiety-depression group. Then, trained professionals performed vibraimage technology tests 
on the two groups of subjects. Through vibraimage computer analysis, 10 psychological and 
physiological state parameters were obtained. Afterward, the correlation and correspondence 
between the vibraimage parameters NN_anx, NN_dep and SAD, SDS were learned using 
the vibraimage statistical program and artificial neural network (ANN) standard methods.

2 Results

2.1 Comparison of behavioral parameters between the two groups

The vibraimage statistics program (Minkin, 2020) was used to view the difference 
statistics of the behavior parameters of the vibraimage measurement without anxiety-
depression level group (V1) and anxiety-depression level group (V2). The histogram 
of the variability of 10 behavioral parameters is illustrated in Figure 1. (V = SD/M, 
where M indicates the average of 10 parameters, SD denotes the standard deviation 
of 10 parameters, and V represents the variability value of 10 parameters). The histogram 
in Figure 1 does not reveal a significant difference between the two test groups.

Fig. 1. Statistics on the variability of 10 behavioral parameters between 
the non-anxiety-depression and anxiety-depression group.

Note: T1–T10 are the 10 psychophysiological parameters of aggression, stress, anxiety, suspicious, 
balance, self-confidence, vitality, self-regulation, depression, and neuroticism
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In vibraimage technology, variability is more mathematically sensitive than the 
measured parameters and is often used to classify the psychological and physiological 
differences of the test group (Blank et al., 2012). However, the histogram in Figure 1 did 
not present a significant difference between the two test groups. Therefore, simple ANN 
(Fig. 2) was developed to distinguish the results measured using SAS and SDS scales 
and vibraimage technology.

Fig. 2. Block diagram of the feedforward ANN based on vibraimage parameters processing 
and SAS/SDS data learning

2.2 The correlation between PPP (vibraimage processing) 
and SAS after neural ANN learning

The correlation and correspondence between the vibraimage parameters NN_anx, 
NN_dep and SAD, SDS were observed using the standard method of neural network 
learning (Minkin et al., 2020; Akimov & Minkin, 2021). The neural network learning uses 
34 PPP (behavioral) parameters of vibraimage, including 10 M values (Mean for every 
of 10 PPP), 10 SD values (standard deviation of 10 PPP), 10 V values (variability value 
of 10 PPP), positive emotion value, negative emotion value, physiological value, and the 
ratio of positive and negative emotion. After 10 minutes of learning, the neural network 
generated a discrimination file with 113 significant coefficients. The neural network 
was adopted to determine the correlation between the participants’ NN_anx and SAS 
scores. As illustrated from Figure 3, the Pearson correlation coefficient R between 
NN_anx and SAS scores is 0.977. Therefore, vibraimage parameter NN_anx has a higher 
prediction accuracy for the SAS score.
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Fig. 3. Correlation between NN-anx and SAS scores calculated by neural network

2.3 The correlation between PPP (vibraimage processing) 
and SDS after ANN learning

It can be observed from Figure 4 that the Pearson correlation coefficient R between 
the NN_dep and the SDS score calculated by the neural network is 0.974, demonstrating 
that vibraimage parameter NN_dep has a higher prediction accuracy for SDS scores.

Fig. 4. Correlation between NN_dep and SDS score calculated by neural network
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3 Discussions
Generally, human beings, including all kinds of life, are presented based on many 

periodic processes (breathing, pulse, sensory system work) occurring in the body. The 
intensity of the physiological process is related to the condition of the organism. When 
a person is calm or resting, the heart rate and breathing volume are very small. When 
a person is excited or exercising, the breathing and heart rate increase. The characteristics 
of various vibration processes depend on two basic parameters: frequency and amplitude. 
The frequency and amplitude of the each point of human body movement can be displayed 
to reflect a person’s psychological and physiological state. In vibraimage every pixel 
reflects the vibration of a subject and includes the spatial and temporal parameters of 
the movement. It has been verified that the frequency of a person’s muscle vibration 
demonstrates the energy consumed by a person during exercise, as well as his mental 
state, mood, and health. Vibraimage technology applies the principle of biological 
reflection so called vestibule-emotional reflex. It uses a computer to convert images of 
a person’s head-neck movement into a vibraimage showing the amplitude and frequency 
of muscle vibration and then adopts a series of algorithms and calculation equations to 
derive the person’s emotional index (Minkin, 2017; 2020).

Depression is a common mental illness with low mood, lack of interest and 
pleasure as its main clinical features. The lifetime risk of disease is 5%–12% for men 
and 10%–25% for women. At present, nearly 10 million people are in depression. 
Depression is characterized by recurring episodes and generally has a longer course, 
with an average duration of 6–12 months. It severely affects people’s health, quality 
of life, and interpersonal communication, and even causes some people to lose the 
ability to work (Huiling, 2010). The development of depression is generally related 
to social, environmental, and personal factors while the specific pathogenesis remains 
unknown. Currently, there are no specific laboratory tests for depression. The diagnosis 
of depression by clinical psychiatrists is mostly based on the diagnostic criteria of 
depression, as well as the patient’s or family members’ independent medical history 
(symptoms and duration), scale measurement, and the patient’s mental state (APAM, 
2015). There are some problems: first, the patient’s self-provided medical history and 
self-filled questionnaire are too subjective; second, the experience level of clinicians is 
also the reason for misdiagnosis or missed diagnosis when depression is atypical.

In this study, the micro-expression of depressed patients is recognized based on 
vibraimage physical measurements. The comprehensive vibraimage parameter values 
calculated by the ANN are consistent with the detection results of SDS and SAS, with 
an accuracy rate of higher than 97%. However, the sample size of this study is limited. 
In future research, the experimental sample size needs to be expanded for further 
research and discussion. Hopefully, AI + Vibraimage technology would be used to 
further integrate the early recognition, early warning, and treatment technology of 
depression, allowing machines or smart devices to replace the simple and repetitive 
work of the medical care part (Qinmei et al., 2020). Then, it will provide more 
scientific, more convenient, and safer auxiliary examination methods for the prediction 
and biological diagnosis of depression.
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