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Research on Key algorithms of automatic device
for observing the behavior of zebrafish

Mo Site, Liu Tianqi, He Ling"
School of Electrical Engineering and Information, Sichuan University, Chengdu, Sichuan 610065, China

Abstract: Studies on the zebrafish behavior have attracted more and more attention. The algorithm of 3D coordinate
calculation is the basis of zebrafish behavioral analysis. An automatic device for observing the behavior of zebrafish
was designed based on binocular stereo vision technology. According to methods of p-rate threshold and pattern
threshold, the image threshold algorithm was proposed. Horizontal X and Y coordinates of single zebrafish were
figured out by calculating the average of pixel coordinates of image contour. If the difference of Y coordinate values
among different zebrafishes is large, two groups of zebrafishes captured by two cameras will be set up separately
according to the Y coordinate values, and the same serial number in two groups means the same target. If the dif-
ference of Y coordinate is small, the same target in different cameras was identified by the method of minimum dis-
tance. The formula of three-dimensional coordinates was conducted based on the refraction theorem and the
structure of the observation device. Algorithm analysis shows that the running time of the algorithm proposed in the
paper is saved. Validating testing to a number of fishes is designed and carried out to show that the calculated
coordinates are close to the preset locations.
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Table 1 The static coordinate experimental data of model fishs
/mm /mm /mm

X Y V4 X Y Z X Y V4
1 84 -59 -82 96 -56 -88 12 3 -6
2 -33 -29 -44 -25 -31 -48 8 -2 -4
3 =77 64 -1 =77 70 -112 0 6 -1
4 -29 -96 -28 -31 -96 -33 -2 0 -5
5 -121 -91 -103 -123 -94 -96 -2 -3 7

K2 FEBR GATH AT R AR

Table 2 Experimental data of behavior analysis in single model fish

/mm /mm
/mm /(mm-s™")
Xo YO Zo X1 Y1 Z1 a B
1 -4 3 -140 100 0 -145 -2 -2 104 20.7
2 9 -1 -155 -90 3 -155 177 0 98 19.7
3 5 5 -145 8 101 -140 91 3 97 19.3
4 5 -8 147 5 -106 -151 269 -3 98 19.7
5 -1 -6 -159 2 -3 -62 51 87 103 20.7
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Diagram of three-dimensional coordinates

Overview: Zebrafish, which is highly analogous to humans in terms of physiology and genetics, is widely used in the
fields of fertility, genetics, behavioral science and molecular biology. More and more researchers have been attracted by
the zebrafish behaviors. An automatic device for observing the behavior of zebrafish was designed based on the binocu-
lar stereo vision technology. The zebrafish behavioral characteristics can be calculated and analyzed by the real-time
video data that is collected from two digital cameras, and the algorithm of 3D coordinate calculation is the basis of ze-
brafish behavioral analysis. According to methods of P-rate threshold and pattern threshold, the image threshold algo-
rithm was proposed. Image threshold method was proposed according to the image threshold, and the image segmenta-
tion was calculated based on the threshold image. The image contour of zebrafish was calculated based on the image
segmentation, and then the horizontal X and Y coordinates of single zebrafish were figured out by calculating the aver-
age of pixel coordinates of image contour. If the difference of Y coordinate values among different zebrafishes is large,
two groups of zebrafishes will be set up separately according to the Y coordinate values decided by each camera, and the
same serial number in two groups means the same target. If the difference of Y coordinate is small, the same target in
different cameras was identified by the method of minimum distance. A three-dimensional Cartesian coordinate system
was constructed. The straight line of zebrafish was calculated according to refraction principle and the optical path of
zebrafish above the surface of the water, which was determined by the right camera. At the same time, the zebrafish was
on the plane that was calculated by the optical path of zebrafish above the surface of the water, which was determined by
the left camera. The formula of three-dimensional coordinates was conducted based on the straight line and the plane.
The behaviors, such as stillness, direction, speed, etc., were calculated based on the change of zebrafish coordinates in
unit time, and then the analyses of the behavior characteristics of zebrafish were put forward. Algorithm analysis shows
that the running time of the algorithm proposed in the paper is saved. Five stationary model fish were randomly placed
in different locations, and the coordinates of each model fish were calculated. The difference between the calculated
results and the actual position shows that the maximum error is less than 12 mm and the maximum error rate is about
12%, which could meet the needs of the zebrafish experiment.

Citation: Mo S T, Liu T Q, He L. Research on key algorithms of automatic device for observing the behavior of zebra-
tish([J]. Opto-Electronic Engineering, 2018, 45(8): 180101
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