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Analysis of effect of optical aberration on star centroid

location error
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Abstract: Centroid location accuracy of stars directly affects the limits of star sensor attitude
measurement accuracy, one centroid location error is selection of spot model of star image energy in the
algorithm. Star sensor’s optical system inevitably has aberration which leads to changing of spot
distribution, therefore, it has a realistic significance to explore the effect of optical aberrations on centroid
location error for engineering application. Compared with the Gauss function model, four kinds of optical
aberration were studied such as defocus and distribution law of centroid location error under the influence
of the optical aberration. The analytical expression of location error was calculated combining with the
physical process of centroid location, and its numerical simulation was achieved. Experimental results

show that the different aberration result in respective spot distribution, further, different centroid location
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error. And the centroid location error will decrease if the edge energy gets lower evenly at a slow speed

according to controlling aberration well. The analysis of centroid location error will help to guide the

latter systematic error compensation, and principle of controlling optical aberration will guide the optical

system design of star sensor.
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Fig.1 Normalized star image
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Tab.1 Fringe Zernike polynomials

Zernike item(z;) Polynomial Aberration
A 2p°-1 Defocus
Z, pcos(26) Astigmatism at 90°
Zs p’sin(26) Astigmatism at 45°
Zs (3p*-2p%)cos(0) Sagittal coma
Z, (3p*=2p%)sin(6) Transverse coma
Z4 6p'-6p"+1 Primary spherical aberration
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Fig.6 Change of centroid location error with different aberration

] 6(c)2h T 9RO o8 (i 22 B S
551 03K 2 A [R] 1) 2 A1 PR 52 B 2P i 4 n] Aol o for
PRZEFXF N, TSR 2 e R B X R
A 11852 0 D 2 67 1R 25 R T R 2 AR T, B0y
SENTIRZE B TR BT DR R USRS RS
A BT SRS FE AR T 1710 pixel R~ % 25 [y #42
HITE 0.1AP-V)LLIN

Bl 6(d)% T 90 UG 22 2= R G, Tl E

0217004-6



9Nk TAE

www.irla.cn

% 46 %

PR ZE A B ARG D0 | Bl B AR IS 22 B35, B8R A5
P ECR BT O RO SR (HAE 0.6A(P-V) 4k, Hih
Grhig I 55 R NGl SR 22N BN AL
K BT 1/50 pixel R}

ATRLVE W, AR 255 B S 0 8 0 R G iR 2
AR TR M 2 & =Y [ D s €SS G U i8R
SRS WA R T R 2 U R R G
TEEE N %5 2 R R G A R G O, B
QIR 25 7T LUK S BESR 1 LA 4 3 e RS B, AL [R] s
FEAEAD 2 HOCEE G IRTE 434, i LA e & 45 il 4
JCRERE HR B R XSPRI G | I G R B A i
551 R AR B0 R V7 1R 25 3 BR 22 A SRR 22, (B X Jo
D RENRE BRI, 1R 2% RMS B BEfS 25 K/VEfL
FEI S AL, BT ARDR HA RIFEA LR, 40 0.6 MP-V)E
BT, O IEAS 5 AR It H PN 22 A2 T 0 55 foff 44 0
#ORFE S AHABIZ T RE AR L 2218, A AT B0
BRZE IS o B 2 R R FRAR 22, X8 000 6K B 5%
M B S, I R N

48 %

SCrp I I oA B AURR R AR G R PRI Ay B i
T, 3R FOL RE PR 22 MR AT A S, AR R I TUL E
(LR GEUR 2L VR BIERAL , RID'G % 2 58 mi 47 ok B3R
TR BE G W A, 11748 22 R 22T WA [F) 9 9™
R BT | 5T LS8 Gauss s34 HICRR KU R
HALE, B AT E MR 22 BTl , B2 ma a5 5, i
AR 22 X B T 78 6 1R 22 B4 R M 6 TR B B
AR W B A HrR R s PR 2R
BLVURIOC AR ZERMA T | B2 O L R ZE(E 1 3 A1
O, B U AR G oA R GBI 255 22 1 1 il
e TR REIL . EHIEOLS RGN KLY R R B A
DL, 281825 0 P ] L (0 Jt 5 R B 10 5 B L 1
AT AN FR G L RE AR

Sk

[1] Ju G, Junkins J L. Overview of star tracker technology and

its trends in research and development [J]. Advances in the

[2]

(3]

[4]

(5]

(6]

[71

(8]

(9]

[10]

[11]

[12]

0217004-7

Astronautical Sciences, 2003, 115: 461-477.
Zhang Xinyu, Hao Yuncai. Analysis of the star image energy
model and its effect on the

distribution mathematical

accuracy for a star tracker [J]. Aerospace Control and
Application, 2013, 39(3): 14-18. (In Chinese)

Alexander B F, Ng K W. Elimination of systematic error in
subpixel accuracy centroid estimation [J].  Optical
Engineering, 1991, 30(9): 1320-1331.

Jia H, Yang J K, Li X J, et al. Systematic error analysis and
compensation for high accuracy star centroid estimation of
star tracker[J]. Science China Technological Sciences, 2010,
53(53): 3145-3152.

Wei Xinguo, Xu lJia, Zhang Guangjun. S —curve error
compensation of centroiding location for star sensor [J].
Optics and Precision Engineering, 2013, 21 (4): 849-857.
(in Chinese)

Giancarlo Rufoino, Domenico Accardo. Enhancement of the
centroiding algorithm for star tracker measure refinement[J].
Acta Astronautica, 2003, 53: 135-147.

Jiang Liang, Zhang Yu, Zhang Liguo, et al. Effect of point
spread functions on star centroid error analysis [J]. Infrared
and Laser Engineering, 2015, 44 (11): 3437 —3445. (in
Chinese)

Chen Y L, Liu X Y, An W P. An improved weighted
centroid location algorithm [J]. Lecture Notes in Electrical
Engineering, 2014, 270: 135-140.

Stirbl R C, Pain B. CMOS active pixel sensor specific
performance effects on star tracker/imager position accuracy
[C]//Proceedings of SPIE, 2001, 4284:43-53.

Liao Yufu, Zhong Jianyong. A new method used for star
distillation of near-infrared star image of star tracker [J].
Infrared and Laser Engineering, 2014, 43 (5): 1667-1671.
(in Chinese)

Wang Fan, Chang Jun, Hao Yuncai, et al. Mathematical
model research of star image energy distribution of star
tracker [J]. Laser & Optoelectronics Progress, 2015, 52(5):
051203. (in Chinese)

Wu Yanxiong. Study on several key technologies for high-
accuracy star sensor [D]. Changchun: Changchun Institute of

Optics, Fine Mechanics and Physics, Chinese Academy of
Sciences, 2015. (in Chinese)



