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Automatic exposure technology for space camera
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?Beijing Institute of Space Mechanics and Electricity, Beijing 100094, China

Abstract: Highly integrated miniature cameras based on CMOS sensors have been used more and more widely in
spacecraft. Space camera can accomplish the key operation record, remote sensing and near celestial observation
of spacecraft, and has the characteristics of small volume, light weight and intelligent. In order to achieve a good
imaging effect, automatic exposure technology which is suitable for the space environment is indispensable. In this
paper, a fast adaptive exposure algorithm is proposed for the particularity of space environment and the irreversibility
of spatial tasks. The algorithm is based on energy analysis, weighting statistics on the target according to the statis-
tics of the image, and using the lookup table method to calculate the optimal exposure time. The double objective
adjustment range is set, so that the automatic exposure algorithm converges better. The experimental results show
that the algorithm can obtain the best exposure time quickly and stably. The speed of exposure is fast and the sta-
bility is high. It is very suitable for space scene detection. The correlation algorithm has been successfully applied to
multiple on orbit models.
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Fig. 1 High contrast scene image Fig. 2 Imaging link of space camera
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Fig. 3 Simulation process of imaging link of space camera
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Table 1 Calculation conditions for the radiance of the camera pupil
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Table 2 Calculation results of radiance of remote sensing imaging
@) ( 0.5 pm~0.9 um)
0.05 0.10 0.20 0.30 0.40 0.50 0.55 0.60 0.65 0.70

20 13.11 18.36 29.02 39.89 50.98 62.30 68.05 73.86 79.73 85.66
30 17.08 25.54 42.71 60.22 78.09 96.33 105.59 114.95 124.41 133.96
40 20.83 32.23 55.36 78.96 103.04 127.61 140.09 152.70 165.45 178.32
50 24.88 38.82 67.11 95.96 125.41 155.47 170.73 186.15  201.73  217.48
60 29.47 45.47 77.93 111.05 144.85 179.34 196.86 214.56 232.45 250.53
70 31.98 49.49 85.03 121.28 158.28 196.04 215.21 234.59 25417  273.96
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(1) o)
50%
3 ( K=0 DN <16
ms) K =0.0274xDN -0.313 16< DN <32
3 K=1 32<DN <216 , (2)
20°~70° K =-1/64DN +4.25 216 < DN <235
0.005~0.7 K=05 DN =236
0.38 ms ~7.9 ms 30° K DN  8bit
0.3 1.72 ms (8 bit )
£ 3 ABAURAGATE 6981
Table 3 Exposure time required for camera imaging ms
)
0.05 0.10 0.20 0.30 0.40 0.50 0.55 0.60 0.65 0.70
20 7.90 5.64 3.57 2.59 2.03 1.67 1.53 1.41 1.30 1.21
30 6.07 4.05 243 1.72 1.33 1.08 0.98 0.90 0.83 0.77
40 4.97 3.21 1.87 1.31 1.00 0.81 0.74 0.68 0.62 0.58
50 4.16 2.67 1.55 1.08 0.83 0.66 0.61 0.56 0.51 0.48
60 3.51 2.28 1.33 0.94 0.72 0.58 0.52 0.48 0.45 0.41
70 3.24 2.09 1.22 0.85 0.65 0.52 0.48 0.45 0.40 0.38
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Fig. 4 Weighting coefficient setting
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Fig. 5 The background recognition area of the image. (a) The image taken by a camera; (b) DN<16 dark background area;
(c) 16 <DN<32 background transition region
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Fig. 6 Coefficient of image lookup table
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Fig. 7 Automatic exposure control flow chart
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Fig. 8 Block diagram of automatic exposure based on FPGA
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Fig. 9 Automatic exposure image of camera
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Fig. 10 Image effect of under exposure
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Fig. 11 Image effect of overexposure
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Fig. 12 A special scene image taken by a camera (outside scene)
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Fig. 13 The histogram of a special scene. (a) Full image histogram; (b) Remove background histogram
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Fig. 14 An on-track image taken by an automatic exposure. (a) Imaging effect of Chang'e three landing camera; (b)
Imaging effect of technical test camera in orbit; (c) Automatic exposure imaging effect of video camera on orbit
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Automatic exposure imaging effect of video camera on orbit

Overview: The automatic exposure technology controls the imaging brightness by adjusting the exposure time of the
camera, so that the image is suitable for visual observation. In space field, space camera based on CMOS image sensor
has been widely used for its high integration, small volume and light weight. It plays a very important role in spacecraft
key action records, earth remote sensing and near earth observation. Because of the particularity of space environment,
the irreversibility of space tasks and the lag of manual intervention, the camera can be intelligent and autonomous,
which is very important. The camera can quickly and automatically adjust the imaging parameters and get the best im-
aging results for the first time. In view of the particularity of space environment and the irreversibility of space tasks, a
fast adaptive exposure algorithm is proposed, which can separate the target from the background and adjust the expo-
sure time quickly and steadily. It is very suitable for deep space exploration and remote sensing. First of all, taking the
remote sensing image as an example, the imaging link simulation is carried out. Special software is used to analyze the
imaging link and get the target radiance. On the basis of the simulation analysis of the imaging link, according to the
imaging characteristics of the lens and the sensitivity of the image sensor, the energy of the target to reach the image
sensor and the number of electrons converted from the lens are calculated to estimate the exposure time range, thus
setting the initial exposure value. The target and background are separated by simple histogram distribution statistics.
The different weights are applied to the target and the background. The luminance characteristics of the image are cal-
culated by the weighted statistics. The exposure time is obtained by the look-up table method according to the result of
the luminance characteristic. In the process of adjusting the exposure time, a dual target adjustment range is set up to
make the auto exposure algorithm converge well. The algorithm can be conveniently implemented on FPGA with less
resource occupancy and no complex operation. The algorithm is fast in computing speed and large in throughput, and
can be easily transplanted on various platforms. The experimental results show that the algorithm can quickly and stably
obtain the best exposure time, fast convergence speed, high stability, and less resource occupancy, which is very suitable
for space scene detection. The correlation algorithm has been successfully applied to multiple on orbit models, and a
large number of effective images have been obtained.

Citation: Xie J, Hu Y F, TangQ, et al. Automatic exposure technology for space camera[J]. Opto-Electronic Engineering,
2018, 45(11): 180033
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