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Tab.1 Parameters of USNO and 2 MASS photometry systems™ "

Starlist Filter Aefp/pm Bandwidth A1/pm Fy/W-em™2 - pm™! In-band/W - cm™2
R 0.620 0.125 2.42E-12 3.03E-13
USNO
I 0.767 0.148 1.26E-12 1.86E-13
J 1.235 0.162 3.129E-13 5.082E-14
2 MASS H 1.662 0.251 1.133E-13 2.843E-14
K 2.159 0.262 4.283E-14 1.122E-14
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Tab.2 Mean values of atmospheric parameters in

different bands

Band R 1 J H
Bandwidth/um 0.6-0.7 0.75-0.85 1.2-1.3 1.6-1.7
Transmissivity 0.82 0.90 0.96 0.97

Radiance/W -cm™ -sr™! - um™" § 68E-04 3.34E-04 3.69E-05 8.01E-06
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Tab.3 Typical IR sensor parameters

Name Model Total pixels Depth Full well Dark current Readout noise
QHY990 CMOS 1392x1052 12 bit A/D 120 ke <227 e /pixel <150e
ZephIR™ CCD 640%512 14 bit A/D 110 ke <125 e'/pixel s75¢e
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Tab.4 Typical star sensor operating conditions

Pixel size/um Focal length/mm p Band 70(A) I/W-cm™2.sr~! . um™! F() /W-cm™2 . pm™!
0.25 R 0.81 8.68E-04 2.42E-12
0.25 1 0.89 3.34E-04 1.26E-12
5 100
0.25 J 0.85 3.69E-05 3.129E-13
0.25 H 0.95 8.01E-06 1.133E-13
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Tab.5 SNR ratio of 0 magnitude stars in each band

(SNRg100)
Band R 1 J H

Width/pm 0.6-0.7 0.75-0.85 1.2-1.3 1.6-1.7
Ratio 1 1.01 1.16 1.04
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Tab.6 Star statistics in R, I, J, and H bands

Magnitude 0 1 2 3 4 5 6
R band 12 26 98 280 870 2618 8385
Iband 18 36 126 439 1422 4472 14730
Jband 66 177 688 2182 6273 17894 57975
Hband 171 569 1825 5527 19594 45210 130851
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Fig.3 Detecting number of stars with different optical responding bands
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Tab.7 Statistics of the number of detected stars in different optical response bands

SNR 10 20 30 40 50 60 70 80 90 100

R 26 49 75 100 130 172 205 230 275 300

27 63 102 155 194 252 315 382 441 495
Band J 90 294 564 873 1172 1441 1756 2047 2351 2650
H 297 828 1372 1984 2620 3312 3974 4652 5359 6080
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Fig.4 Proportion of detected stars in different optical responding bands

R R L J U B B AR 17,10, 2 4%, B
A PRI AE Ve L2 T, H e Be AL A B 2, fie v ml ik
25T R L J B 20, 12.2, 2.2 1%

O SRR 0 R ik B 0 45 LA I A5 e LN 10,
50, 100 I, 22 A [ 5t 2 vl 137 38 Be 44 0 1) 5 2 K ok
YA DL, WAL 5. F T, A R SRR A SR, R
FH BB R 4 R I B AURR R S e o ) B, 4 KBRS
DI Tyt R B FE W R T R 1L J BB

X TR BURAS T, N 27 E R F)
3WLL LEEA R L., WEMESRNYS N
5ex5°, BHHLIEAT 3000 ¥R 58 55 Rk AL, TR
FHAS [ 516 27 el 137 35t Be i 37 P9 AT #6503 LA 2 A
RANE 8 FivR .

S}
S
Q
0 50 100 150 200 250 300 350
RA
(b) SNR=50
) e e +Jf.*. Rbandg
€0 e e S 50 o Thand §
40 i S « Jband
20 .
2 o ¥
Q

(c) SNR=100

P 5 SRS RGeS BERIIAE 2 7347 P4
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Tab.8 Probability of detecting three or more stars using star sensors with different optical response bands

SNR of star sensor with R band 0 magnitude star

Band
10 20 30 40 60 70 80 90 100
R 0.00% 0.05% 2.00% 2.85% 3.40% 4.80% 5.09% 5.49% 5.94% 6.09%
1 0.00% 0.50% 4.90% 9.84% 15.28% 22.68% 28.07% 35.81% 42.16% 48.30%
J 0.93% 4.10% 12.94% 23.08% 33.32% 44.93% 56.57% 64.81% 71.71% 77.28%
H 4.04% 20.68% 40.36% 60.44% 76.65% 87.09% 92.93% 96.63% 98.17% 99.23%

12 8 T, SR H i B 4 K I L AUl o 28k
DR AR T R, 1L J BB, Y B BURER X R B 0 5%
B0 e He ok B 100 B, SR H O B RD AT s
99.23% ML & I B 3 LA A B I R A AR AR
R, I, J B HA 6.09%, 48.30%. 77.28%:
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4.1 XWigit
Sk B8 UE SR AN [ ' 2 i o7 39 Bt 4 R ) 2 R
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Fig.6 Daytime infrared star observation system
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Tab.9 Star SNR in different optical response bands

Name Item 1 J H
Magnitude 1.22 0.795 0.46
Polaris
SNR 4.2 6.7 8.5
Magnitude 1.4 1.11 0.83
Sadr
SNR 12.1 19.3 22.4

FIH 9 1 Polaris, Sadr B4k, 70 MR 1 1. J,
HPE B 0% R {5 1:1.08: 1.01fl1:122:
1.09, 5 3 THEHESAY 1.01 ¢ 1.16 : 1.04 SARE R 1%
T, BOUE T 45D B 0 A5 BLERIN AR M LAY (148 Rt
3T 0 55 BLE MR LB R AR DR 22 TR R O : 1) B fE
XoF L A, A ATL ) £ 0T o DRI R 3 B30 AR KR
— 3 2) A BEGE— W G R 5 1 s o 18 ot it
s 3) BAIM R S . KRB R EES S
o SR IEANSE 2 A o

7E Polaris, Sadr #5149 1. J. H J% Bt 0 %5 B (5
FCSER b, 45 A A [ B A2 0 A 1 0, 0 333 4
R 2 R SR AN [ s 2 i i 96 3 T 2 g 4 ko
Fefiloe &, W 9 iR, B o il (o KLk | Bl T
FORE TN 2 R EWBE N B, J, 1B 4 K2
SRR PR BRI BE AT 06 2R 4r 2k LT
TFRARETRE—ERWEEW H, J, B2 A
e e R B D AEDGE L B 56 R, i 2k [
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Fig.9 Comparison of actual star detection ability in different optical

wavebands
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Optimal design and experimental verification of optical

response band of all-time star sensor

Gou Wanxiang', Tong Shuai', Jia Jingyu', Qin Zixuan', Sun Jifu?, Li Chonghui'’

(1. School of Geospatial Information, Information Engineering University, Zhengzhou 450001, China;

2. Tianjin Jinhang Institute of Technical Physics, Tianjin 300308, China)

Abstract:
Objective

For all-time star sensors, traditional wide optical response bandwidth design can easily cause

imaging chromatic aberration, which is not conducive to star detection and extraction; Some bands have low

atmospheric transmittance, and excessively wide response bandwidth can easily reduce the signal-to-noise ratio of

star detection. With the rapid development of infrared sensor technology, these issues have gradually become

important bottlenecks that limit the further improvement of the accuracy of all-time star sensors. Due to the

significant spectral correlation between atmospheric background radiation and transmittance, there are significant

differences in the number of observable stars in different bands, resulting in significant differences in the actual

star measurement capabilities of all-time star sensors using different optical sensitive bands. Therefore, according

to the characteristics of the near-infrared band atmospheric window, it is of great significance to select an

appropriate optical response band to improve the star detection capability of the all-time star sensor.
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Methods Based on the definition of 0 magnitude star radiation flux in different optical response bands, and
taking into account factors such as atmospheric background radiation and transmittance in different bands, the
signal-to-noise ratio relationship of 0 magnitude star corresponding to different optical response bands under the
same hardware conditions is derived (Tab.5); Using Modtran software to simulate and calculate atmospheric
parameters in relevant bands, and combining with the statistical number of stars in different bands, the
quantitative analysis adopts the relationship between the number of star detections in different optical response
bands (Fig.3, Tab.7). A daytime star observation platform is built and the model of the relationship between the
number of star detections is verified by taking pictures of Polaris and Sadr. On this basis, based on the distribution
of stars in different bands of the same magnitude (Fig.5), combined with the attitude determination conditions of
the star sensor, Monte Carlo simulation was used to calculate the actual success rate of the star sensor's attitude

determination using different optical response bands.

Results and Discussions Under the same hardware conditions, the star detection ability of the all-time star
sensor using the H-band as the optical response band is about 17 times, 10 times, and 2 times that of the R, /, and
J bands (Fig.4). The correctness of this conclusion was verified through actual observations of one or two stars in
North Star and Sadr (Fig.9). The field of view of the star sensor is taken as 5°x5°, when the signal-to-noise ratio
of the star sensor to R-band 0 magnitude stars reaches 100. Using the H-band can achieve the detection of more
than 3 stars in a field of view of 99.23%, while under the same conditions, the R-band, /-band, and J-band are
only 6.09%, 48.30%, and 77.28%, respectively (Tab.8).

Conclusions In order to reduce the chromatic aberration of the all-time star sensor imaging and improve the
daytime star measurement signal-to-noise ratio of the all-time star sensor, a comparative analysis was conducted
on the star measurement capabilities of the all-time star sensor in various optical response bands. Through
comparative analysis, it is found that the use of different optical response bands has a significant impact on the
actual star measurement ability of all-time star sensors; Under the same hardware conditions, the all-time star
sensor has the most outstanding ability to detect stars in the H-band, with a detection number of stars about 17
times, 10 times, and 2 times that of the R, /, and J bands. The success rate of attitude determination also has a
significant advantage. A daytime star observation platform was built, and the actual star measurement capabilities
using different optical band platforms were experimentally calculated. The experimental results showed that the
H-band all-time star sensor has significantly stronger star measurement capabilities than other optical bands,

making it the optimal optical response band for all-time star sensors.

Key words: sar sensor;  background radiation;  atmospheric transmissivity;  magnitude;
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