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Fig. 11 Multispectral imaging results under different wavelengths. (a) A=950 nm; (b) A=910 nm; (¢) A=870 nm; (d) A=765 nm;
(e) 2=670 nm; () A=490 nm
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Table 2 Camera SNR under different exposure time

T /ms 5 10 15 20 25 30 35 40 45 50 55 60
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Fig. 12  Absolute polarization azimuth test site

MFE 3R LA B, 3 e kA2 e A AN R B G I

6 4 i’
(6] W A5 64 I 9% J7 07 A AR — B0, R R 22 N T
0. 22°, FHEL T JCHE I AMEEAT ORI AR 22 JETE AR BILAY D BE T K, 45 G TR N4 A

2411001-9



&5 43 % % 24 H1/2023 £ 12 B /R3320

3 670 nm ) 3 A% i I 18 I ) 4 08 i 41k D5 £ 0 i 2
Table 3 Results of absolute polarization azimuth for three

polarization channels at 670 nm
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T/ . . . .
compensation a /() compensation a /(°)
ms
P1 P2 P3 P1 P2 P3
3 4.745 64.517 124.439 1.079 60.834 120.756
15  4.856 64.499 124.447 1.611 61.250 121.185
60 4.959 64.505 124.501 3.331 62.901 122.903
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Abstract

Objective The components such as water vapor and aerosol in the atmosphere can lead to the blurring of high-resolution
satellite remote sensing images, and the image quality will be seriously undermined. By means of multispectral imaging
technology, an atmospheric correction instrument and the satellite main camera can obtain the atmospheric parameters in
the same region at the same time, and the atmospheric correction for remote sensing images is carried out to improve the
image quality. In the field of spectral imaging, CCD detectors are applied by most traditional cameras. However, with the
rapid development of technology, CMOS detectors have been able to compete with CCD in terms of quantum efficiency,
noise level, dynamic range and other key performance parameters, and have the tendency to gradually replace CCD
detectors. To fill the gap of domestic scientific CMOS detectors in the field of space spectral imaging, we design a set of
CMOS imaging electronics systems with high reliability and signal-to-noise ratio based on the scientific CMOS detector
HR400 of Gpixel for the multispectral imaging requirements of a correction instrument project. Besides, a dynamic time-
delay imaging method is proposed according to the characteristics of its filter wheel imaging, which solves the problem of
polarization azimuth deviation caused by the variation of exposure time and provides a reference for the design of similar

instruments.

Methods The system architecture is based on field programmable gate array (FPGA) and static random access memory
(SRAM) buffer. The driver design and image acquisition technology of CMOS detectors is discussed in detail. To address
the problem that the variation of the exposure time of the filter wheel multispectral cameras will lead to the difference in the
polarization azimuth, the influence of the imaging position on the polarization azimuth is analyzed first. Then, combined
with the working principles of the rolling shutter CMOS detectors, a time-delay imaging method is proposed, which can be
dynamically adjusted according to the exposure time. The driving schedules are designed to complete the simulation
verification, and the position error of the imaging center in the dynamic time-delay imaging method is analyzed. In the
stage of image storage, a 2X2 binning method is devised to improve the image signal-to-noise ratio. Finally, a test
platform is built to test the imaging quality of the camera, and the signal-to-noise ratio and dark noise of the imaging
system are also tested. An experiment is conducted to compare the polarization azimuth before and after using the dynamic

time-delay imaging method.

Results and Discussions For the filter wheel of multispectral polarization cameras, if the incoming light spot is taken as
the starting point of imaging, the imaging center positions of the same channel are not consistent under different exposure
time. The angle positions of the motor change with the variation of exposure time in the actual imaging. The increase in
the difference in exposure time is accompanied by the enlargement of the difference in the polarization azimuth angle of the
actual imaging (Fig. 2). The time sequence simulation of the dynamic time-delay imaging method shows that the different
delay time before imaging can ensure the positions of the imaging exposure center are consistent under different integral
time (Fig. 7). The angle position errors of the motor with dynamic delay compensation are about +0.087°, which is
mainly affected by the motor positioning error, with weak influences from other error sources (Table 1). The image quality
test results show that the temporal dark noise is 71. 6 (equivalent electron number) and the SNR is 588. 1 when the system
light intensity is 80% of saturation light intensity, meeting the requirements of the camera (Table 2). In addition, with the
addition of delay compensation, the maximum deviation of polarization azimuth angle measured under different exposure
time is less than 0. 22°, which is greatly improved compared with the method without delay compensation. The time-delay

imaging method can significantly reduce the polarization azimuth difference caused by exposure time (Table 3).
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Conclusions In this paper, an imaging electronics system based on the scientific CMOS detector HR400 of Gpixel is

established according to the functional requirements of multispectral cameras and the characteristics of aerospace
applications. The system structure is introduced in detail, and the driver design and image acquisition technology of
CMOS detectors are discussed in particular. To address the problem of polarization azimuth difference caused by the
variation of exposure time of the filter wheel of multispectral cameras, we analyze the influence of imaging position on
polarization azimuth. The greater difference in exposure time is coupled with the greater difference in the polarization
azimuth angle of actual imaging. Then, a time-delay imaging method is proposed, which can be dynamically adjusted
according to the exposure time. The angle position errors of the motor with dynamic delay compensation are about
+0.087°, mainly affected by the motor positioning error, and the influences from other error sources are less strong.
Experimental results show that the time-domain dark noise of the imaging system is 71. 6 (equivalent electron number),
and the signal-to-noise ratio is 588.1 when the system light intensity is 80% , which meets the requirements of camera
imaging. The maximum deviation of polarization azimuth angle measured at different exposure time is less than 0. 22°.
Therefore, the system is expected to provide some valuable references for the in-orbit application of domestic CMOS

imaging sensors and the design of similar satellite-borne remote sensing instruments.

Key words imaging system; multispectral camera; CMOS; satellite imaging; signal-to-noise ratio
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