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Fig. 1 High dynamic OPT image processing method

(a) The original image sequence arranged from smallest to largest by exposure time; (b) The two-dimensional Fourier transform image sequence

corresponding to  (a) time series after zero-frequency filtering; (c) The frequency domain image obtained by (b) superposition; (d) The high

dynamic image obtained by normalization of (c) after inverse Fourier transform.
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Fig.2 High dynamic OPT imaging principle device diagram

(a) Schematic diagram of imaging method with high dynamic OPT imaging; (b) Experimental device diagram of high dynamic OPT imaging.
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Fig.3 Comparison of images with different exposure times and high dynamic images

(a) The original image of zebrafish at a minimum exposure time of 0.06 ms. The dorsal fin on ring 1 and anal fin on ring 3 in the figure can be

clearly observed, and the protruding spine of ring 4 can be distinguished; (b) The original image of zebrafish at the exposure time of 0.54 ms,

and fish bones corresponding to circle 2 and fish intestines of circle 6 can be clearly observed; (c) The original image of zebrafish at a maximum

exposure of 1.50 ms, and the structural layers of fish head and swim bladder can be observed; (d) The high dynamic image of zebrafish, which

expands the dynamic range of the image and allows simultaneous observation of information in different regions.
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Fig.4 Comparison of A1 and A2 gray values of different exposure time images in Figure 3

(a), (b) are the normalized signal curve at A1, A2 in different images in Figure 3 respectively, including 1 ring is fish fin area, circle is the

anal fin of the fish area 3, 4, 6 corresponding circles are to organize shark fin and fish maw. It can be seen from the diagram, the strength of the

signal curve of 0.06 ms have evident changes, and the curve of 0.54 ms and 1.50 ms due to the exposure time is too high, the presence of signals is

distorted; corresponding spine and swim bladder can be observed at area 2 and 5, 0.06 ms signal curve because of the exposure time is too low,

the light can't through, curve is not obvious, and 0.54 ms, 1.50 ms signal curve a significant change can be observed. The curve of the HDR

retained the different exposure time the change of the original image information, broaden the dynamic range of the image, can see different parts

of the signal curve changes at the same time.
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Fig. 5 High dynamic OPT reconstruction structure of zebrafish

(a) The 3d reconstruction image of zebrafish under 0.06 ms exposure time; (b) The 3d reconstruction of zebra fish under 0.54 ms exposure time;

(c) The 3d reconstruction of zebrafish under 1.02 ms exposure time;

(e) The 3d reconstruction image of zebrafish after high dynamic fusion,

Swim bladder

The spine

(d) The 3d reconstruction of zebrafish under the exposure time of 1.50 ms;

the two cross sections XY and XZ identified on (e) are shown in Figure 6.

"\
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Fig. 6 High dynamic OPT imaging of the chromatogram of the location identified in Figure 5

(a) The XY section diagram obtained in Figure 4e, which is the 499 th slice along the Z-axis of the X and Y plane. (b) The XZ section diagram in

Figure 4¢; this section is the 156 th section along the Y-axis in the X and Z plane.
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High Dynamic Optical Projection Tomography Based on Multi—exposure for
Three—dimensional Imaging of Zebrafish®

LI Bing-Yao, ZHANG Yan-Ting, LIN Qiu-Ping, WANG Lei, LI Si-Na, HAN Ding-An,
ZHONG Jun-Ping, WANG Ming-Yi, ZENG Ya-Guang™

(School of Physics and Optoelectronic Engineering, Foshan University, Foshan 528000, China)

Abstract In this paper, a multi-exposure fusion high-motion projection tomography three-dimensional imaging
method based on spatial frequency filtering is proposed to realize the three-dimensional structure imaging of
living zebrafish(17 mmx>4 mm, maximum thickness 2.33 mm, minimum thickness 0.29 mm). Our method is to
record the series of absorption images by using different exposure time of the camera, transform each image into
the frequency domain to remove the low frequency, and then superimpose each filtered spatial frequency signal
and inverse Fourier transform back into the air domain, and the transformed image is normalized to obtain a high
dynamic image. The high dynamic absorption projection image is obtained at each projection angle, and then
reconstructed by a filtered back projection algorithm to obtain highly dynamic three-dimensional structure
information. The experimental imaging results show that the multi-exposure fusion high-visibility optical
projection tomography three-dimensional imaging study of spatial frequency filtering can obtain more abundant
spatial information of complex structures, and the relationship and process of early embryo growth and
development of zebrafish monitoring and quantitative assessment have certain application prospects.
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