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Fig. 1. Structure diagram of 8T CMOS image sensor pixel unit (PMD, pre-metal dielectric; TG, transfer gate; RS, row select tran-

sistor; RST, reset transistor; VDD, device internal operating voltage; PC, pre-charge transistor).
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Fig. 2. Change of dark current versus the total ionizing dose.
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Fig. 3. Change of DSNU versus the total ionizing dose.
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Fig. 4. Change of PRNU versus the total ionizing dose.
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Table 1. Image gray-mean of the whole star map

with different integration time and different dose

levels.

FEBUILL /krad(Si)  BUMNIE]/ms  EHRIKEEHE /e
95.6 5381.3
7.5 143.4 5381.7
525.6 5413.7
95.6 6850.6
10.0 143.4 6842.1
525.6 6911.3
95.6 15337.5
20.0 143.4 15385.2
525.6 15394.1
95.6 26813.5
50.0 143.4 26828.3
525.6 26836.6
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Table 2.  Number of star points identified by star

sensors at different cumulative doses.

BRGAIAE /krad(Si) PR SEHE
0 11
75 10
10.0 9
20.0 7
50.0 5

K5 RERBAE T REUESREN 2R (a) 10 krad(Si);
(b) 50 krad(Si)
Fig. 5. Star maps collected by the star sensor at different
cumulative doses: (a) 10 krad(Si); (b) 50 krad(Si).
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Fig. 6. (a) Star (SAO132176) position of 50 krad (Si) star
map (The white box is the coverage of unidentified stars);

(b) gray value distribution of the star spot and its vicinity.
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Influence mechanism and recognition algorithm of CMOS
active pixel sensor radiation damage on star
sensor star map recognition”
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Abstract

In order to analyze the causes of star sensor performance degradation and attitude measurement accuracy
reduction in space radiation environment, the total ionizing dose effects on complementary metal oxide
semiconductor (CMOS) star sensor performance are studied. By using an established outfield star sensor test
system, the Orion Nebula and the zenith direction of the sky are imaged. Through the experimental processes of
star map data acquisition, star point extraction and star map matching, the influence mechanisms of
complementary metal oxide semiconductor active pixel sensor (CMOS APS) noises on background gray mean
value of star map and number of identified stars are analyzed. A recognition algorithm for finding stars
annihilated by radiated noise is proposed. Through theoretical derivation, the quantitative relationships
between CMOS APS dark current noise, dark signal non-uniformity noise and photon response non-uniformity
noise and star centroid positioning error are established. The ¥ radiation results show that the image gray-mean
of the whole star map increases, the number of identified stars decreases, and the star point centroid positioning
accuracy decreases, which seriously affect star map recognition of star sensor. This research provides a

theoretical basis for the radiation-resistant reinforcement design of high precision star sensors.

Keywords: star sensor, radiation damage mechanism, star map recognition, complementary metal oxide

semiconductor active pixel sensor, recognition algorithm
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