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Abstract: An experimental study to determine vibraimage by various mathematical algorithms 
has been carried out. Test video images of various grey contrast were developed, making vibrations 
in the frequency range (1–10) Hz with different displacement resolution. The comparison of Fast 
Furrier Transformation and Frequency VibraImage algorithms (FFT and FVI) for calculation of 
objects movement frequency by parameters used in the vibraimage technology is carried out.
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Vibraimage technology [Minkin, Shtam, 2008; Minkin, Nikolaenko, 2008; Minkin, 
2017; 2018 a, b] converts streaming video by software processing into two different 
image components that reflect the amplitude and frequency characteristics of object 
vibrations and movements in frame. Vibraimage technology uses the generated 
amplitude and frequency images of objects to obtain additional information about said 
objects. In the case of a living object monitoring, it can be different psychophysiological 
characteristics, in the case of control of a non-living object, it can be mechanical 
or reliability parameters. In the general case, the initial amplitude and frequency 
vibraimage of an object obtains in various ways. The basic principle of vibraimage 
capturing is maximum information content for solving the set task with minimal 
operating power and cost. Initially, the following formulas were proposed to obtain 
the amplitude and frequency components of the vibraimage. The amplitude component 
of each vibraimage point [Minkin, 2017; Minkin, Nikolaenko, 2008] calculates by the 
equation (1):
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Where: x, y — the coordinates of the point;
Ux,y,i — signal value at the point x, y in the i-th frame;
Ux,y,(i+1) — signal value at the point x, y in the (i + 1) frame;
N —  is the number of frames for which the amplitude component of the 

vibraimage is accumulated.
The frequency component of each vibraimage pixel [Minkin, Nikolaenko, 2008; 

Minkin, 2017] calculates by the equation (2):
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Where: Fin — video signal processing frequency.
The amplitude and frequency components of the vibraimage are parallel video 

streams, similar in format to the original video signal. Each frame of the amplitude 
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and frequency component carrying temporal and spatial information about the past 
of this video stream, limited in time by the number of accumulated frames for frame 
difference N. Vibraimage technology converts these video streams into primary 
vibraimage parameters [Minkin, 2017, 2018 a, b]. Primary vibraimage parameters 
converts into informative parameters of an object under study, depending on a study 
purpose. At the same time, the developers of the vibraimage technology had a clear 
understanding that the proposed formulas for calculating the amplitude and frequency 
components are inherent in the real vibraimage, rather than ideal [Minkin, 2017], which 
should reflect the movement parameters of all points of the object. This was especially so 
for the frequency vibraimage (FVI) defined by equation (2), which reflects the frequency 
of recorded changes in the signal in each element, and does not reflect the actual frequency 
of the signal in time for each element. With the similarity of these characteristics, the 
numerical values obtained for each of these methods may differ significantly.

Of course, the developers of vibraimage technology know that it is possible 
to measure the frequency of the signal change at each point of the image using the 
Fast Fourier Transformation method [Heideman et al., 1984], for example, using the 
equation (3).
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At the default settings for a period of 100 samples with a frame frequency of 
30 Hz, corresponding to a time of 3 seconds, the measured frequency of the signal 
at the selected point X (for example, determined by the fast Fourier transform, 
FFT or DFT) should have a value of no more than 15 Hz (in accordance with the 
Kotelnikov-Shenon-Nyquist theorem [Nyquist, 1928; Kotelnikov, 1933; Shannon, 
1949], for example, 10 Hz with a signal period of 0.1 s. The calculation for the 
same settings for the frequency of a signal change of an element according to the 
formula (2) can give a different value, since the frequency of the signal change 
does not depend on the signal period, but on how many times the signal change 
is recorded, i. e. from the signal-to-noise ratio of the photodetector. At the same 
time, it is impossible to say which of the calculation algorithms is more correct, 
since both of them have their own limitations. However, is possible definitely say 
that the algorithm (2) is less powerful especially for large image formats. The high 
operational cost of the FFT algorithm was determined the choice of the developers of 
the vibraimage technology on formulas (1) and (2) when developing the vibraimage 
technology 20 years ago.

However, the progress of computer technology does not stand still and things 
impossible 20 years ago is now becoming feasible. The aim of this study is comparing 
by the tests the possibilities of equations (2) with (3) in order to obtain a vibraimage 
close to the ideal.

Method and experiment

To test FFT and FVI algorithms for obtaining vibraimage, several test videos 
with vibrating objects with different optical contrast, different frequency and 
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amplitude of vibrations were developed. The test object is a rectangle with the size 
of 50  30 elements, having a uniformly increasing gradient of contrast at the edges 
and a uniformly gray middle. The background around the rectangle in the test video 
is uniform and close to white (brightness 200). The total size of the test video was 
160  120 elements, data on the frequency, displacement and gradient of test objects are 
shown in table 1. The duration of the test video files was 120 seconds.

Table 1

File Gradient
[1..20;21..30;31..50]

Background 
level

Displacement, 
pxl

Frequency, 
Hz

test_b_g5d1f010.avi +5; 0; –5 245 1 1

test_b_g5d3f010.avi +5; 0; –5 245 1 3

test_b_g5d3f030.avi +5; 0; –5 245 3 3

During the experiment, the created test objects were loaded into the Vibraimage 
10 PRO program [Vibraimage10, 2019] and processed by various processing 
algorithms (2) and (3), focusing on the compliance of the real vibraimage with the 
ideal one and the load of the Intel Core i7-5600U CPU 2.6 GHz.

Experiment results

The vibraimages of the developed test video objects launched in the Vibraimage 
10 PRO program and processed by the algorithm (2) is given on figures 1–3.

VI AV AR

Fig. 1. test_b_g5d1f010

VI AV AR

Fig. 2. test_b_g5d3f010

VI AV AR

Fig. 3. test_b_g5 d3 f030
Where: VI — internal vibraimage;

AV — external vibraimage around internal vibraimage (aura-vibraimage);
AR — external vibraimage around real image (aura to real).

The corresponding frequency histograms for the three indicated test videos with 
a vibraimage determined by the formula (2) are given on figure 4.
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    test_b_g5d1f010

    test_b_g5d3f010

    test_b_g5d3f030
Fig. 4. Frequency histograms of test video processed by the algorithm (2)
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    test_b_g5d1f010

    test_b_g5d3f010

    test_b_g5d3f030
Fig. 5. Frequency histograms of test video processed by the FFT algorithm
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The vibraimages of the developed test video objects processed by the FFT algorithm 
are given on figures 6–8.

VI AV AR

Fig. 6. test_b_g5d1f010

VI AV AR

Fig. 7. test_b_g5d3f010

VI AV AR

Fig. 8. test_b_g5d3f030

The corresponding frequency histograms for the three indicated test videos with 
a vibraimage determined by the formula (3) are given on figure 5.

Table 2 shows the dependence of the processor load on the image format for the 
vibraimage capturing by the Vibraimage PRO 10 program for both algorithms with 
identical program settings.

Table 2

Frame size
Algorithm 160  120 320  240 640  480

FVI 12% 15% 23%

FFT 33% 70% > 100%

Discussion

Consider the resulting figures 1–8. For the first test video (1 Hz frequency, 
1 element offset), almost identical vibraimages are observed for both vibraimage (2) 
and (3) algorithms (figs 1 and 5).

At the same time, frequency histograms are quite similar, however, the stability of 
the vibraimage by the equation (2) is the same as the stability of the FFT algorithm for 
first test video and differs for second and third test videos. The vibraimage stability 
indicator is standard deviation or S value on figs 4 and 5. For the second test video 
(frequency 1 Hz, shift 3 pixels) vibraimage determined by formulas (2) and (3) have 
significant differences. Despite the fact that the real frequency for this test video 
was 1 Hz, for the algorithm (2) there was an apparent shift in the frequency of the 
vibraimage in the direction of increasing, due to the fact that the real object shift was 
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3 elements, and not one, as the frame frequency the survey was 15 Hz, and within 
15 counts, each element of the test object made a movement in one and the other 
direction, returning to its place. Thus, the frequency of the signal change (8 Hz, fig. 4) 
significantly exceeded the real frequency of the object’s movement (1 Hz, fig. 5). 
Only at the edges of the testing object vibraimage, determined by the FVI algorithm, 
coincided with the vibraimage, determined by the FFT.

For the third test video, a similar discrepancy was observed between the results 
of the FVI algorithm and FFT, and again the magnitude of the vibraimage obtained 
by the FVI algorithm exceeds the magnitude of the vibraimage obtained by the FFT 
algorithm. In this case, we note that both algorithms detect the movement of only 
optically contrasting objects. The middle of the test object, which has no contrasting 
details (uniform gray background), turned out to be invisible for both algorithms.

Conclusions

The vibraimage obtained by the FFT algorithm showed greater accuracy in 
determining the real frequency of moving an object than the traditional FVI algorithm. 
At the same time, the software power of supporting the FFT algorithm substantially 
exceed the traditional FVI algorithm. For full-format work with FFT, you must have 
processors with a capacity of about 100 times higher than the Intel Core i7-5600U CPU 
2,6 GHz used in this work. The development of processor’s technology allows us to 
forecast that such processors will be available on the mass market of electronic devices 
in about 6–8 years.

However, accurate knowledge of the movement frequency does not guarantee 
higher accuracy in determining the psychophysiological state by the vibraimage 
technology. The number of detected vibraimage elements captured by the FVI and FFT 
algorithm is almost the same. Therefore, the number of detected vibraimage elements 
and methods of vibraimage parameters calculation determine the accuracy of PPS 
parameters measurement. It remains an open question whether the vibraimage is more 
informative in terms of PPS detection, FVI or FFT? The answer to this question will be 
available soon, since processors with a capacity of 100 times more than i7 are already 
available on the current market, for example, as i9 processor. However, the research of 
the various vibraimages informativity is the subject of another study.
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