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A image processing algorithm with marker for high-speed and
multi-channel star sensor
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Abstract: To improve the measurement angular resolution of star sensors while maintaining high update rates, the
detector of four million pixels, parallel output data through multi-channels is chosen. The problem of star sensor’ s
image processing based on this kind of detector is solved by designing a method of using marker to achieve
extraction of star centroid fast and efficiently. Algorithm is divided into markers calculation of multi-channel and
target processing of channel boundary ; markers calculation of multi-channel is mainly to solve the problem of image
processing within the channel, while among channels using parallel processing method ; target processing of channel
boundary is mainly to solve the target cross border splicing problem. In the high frequency clock is 100 MHz, under
the condition of using the FPGA implementation algorithm based on level 4 lines parallel processing architecture ,
and the actual test validation. The validation results show that the algorithm can quickly and correctly extracts as
target point on the surface of the detector. Accuracy of positioning extraction of single star is better than
1/172 pixel, update rates is better than 9.5 Hz, which meets the requirement of the star sensor accuracy and high
update rates.
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Tab.1 The abbreviation of pixel marker
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Tab.2  Star extraction algorithm (1)
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Tab.3  Star extraction algorithm (2)
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Tab.4 The processing method for up row with page unconnected
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Tab.5 The processing method for up row with page connected
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Fig.1 The general architecture and operation environment of FPGA software
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Fig.2 Diagram of star extraction algorithm using four-level pipeline

2 RBER
2.1 REHE

BT H G B XA SO AR B L AT IR L,
HBRINE .

1) AT T FPGA B GRUR 7 FH AR 0 A 4
N DS 2 TS

2)@AM~#FT PR SOt B S B UR g Xt
T, S gkl T SR A e AL I SR BRGSO A
R BB S T AR bR He X AR B R R AL
55 RLURER T B A — B

3)EWFMT B A R A B U X
T 38 3 I R AR U O B I S min,
MHAZE G SO RS o — e M EE iR
P, I 3 k.3 W 58 WS, 43 AT A 1 4R
I AR BSREE R 3 RS A R E A
KR BB ERS B b B LR 22
22 EITER

Btk F ACTEL 23 R FLASH & FPGA | .t

RIS B B — TR BT — K, R T, R U AR Y
BE B AT LA E] 9.5 Ha.

FAEUR R T LVDS K500 #8448 i 2 8 s
&, RIR 8 B A O B s bR 1R 3 2 R i Je —
Tkt AL B 3 (a) RN 284050 B I, AT I
RS 134,/ 3(b) il LVDS f&%5i il 2 5
JR O SRR I AL AU A AR o A O, SR BRI 13 A
B AT OB A B A A Y — B, R A A S Y
BB RO AR bR — L

a) AR
A1y A3PE3000, I A1 AR 2590 H 100 MHz, 25 4 200 W
R BRI IR L 6. o
6 RELAWER | .
Tab.6  General information about use of FPGA resource % 1000k +
75 PR o A Y/ % _H L.1200F ) i '
1 Core Cells 29 980/75 264 40 1 400 #
2 Block Rams 36/112 32 1600t
+
. . 1800r °
R 25, 5 B 4 BT 050 o I
100.462 MHz. 0 500 1000 1500 2000
o R
23 Sl (0) SEHHLILAG R £ T
AR A B — R EEEE (10 bit) 75210 B3 REEELS SRR E SR
/I\HTJ‘%EP}%—JE%( 100 ns) ,4 U [R) 20 4 s B TR/ Fig.3 True image and actual centroid of exiracting stars
512 B3 x2 048 1831, UL, i th — it P {5 i (1] SR IS SCHITAR 68 75 ¥ 2 b 3 12 K E AR

4 100x512x2 048 = 104 857 600 = 104.858 ms. 3L H
Jr it B4 B B O BRI I A A B R B0l , — ot
Pl 15 el 14 52 18U BRI [ 42 5 B0 0 9 F2 1,

TEVE I 4~6 73 3 U EEAS 2R, BRI 25
3 ARG 45 R
T HNEE T LI RS ST HA.



5 10 1) JEIBT, A SR FHARIC 4 e T 20 00 1 2 AR R (R AR IR 0 - 123 -

276.365T 388.30 T

495861
% 1% 276.360 s
% 49585} %276‘355 L 8 388.29
b = = |
£ 498.84 22763501 ‘ﬁ .
3 i i <388.28 +
495,83 276345 o _
] 14 276.340 X e

495.82 276335 | 388.27

404.10 40411 40412 404.13 627.985 627.995 628.005 628.010 532.145 532.155 532.165 532.175
YRR Y IVIL & S xR GER AL ARG R
B4 F1XURINMERDT
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Fig.5 The distribution of the three stars in the second test

602.685 1 322.925 1 450.215 1
oo2om] 3229200, 450205 |
602675 2 3015 W
12 602670 ¢ 2322910 < 450.195 |
< L ~
£ 602.665 £ 322,905 e i
1z 602.660 | % 322,900 | 450185 |
T 602,655 g ’ b
322.895 ¥ 150.175 |
602.650 I, . — L AT L
49304 49395  493.96 73162 73163 73164 73165 425.20 42522 42524

E6 H3IXMAINMESST
Fig.6 The distribution of the three stars in the third test

®7 LRMEBLERBEST SCHR [ 10 ] >R I AM 2 BT 0 16, R JT RS B2 ik
Tab.7 The accuracy of statistics for the actual measurement results 1/100 1%% , PIEEEI’E%E 7 ﬂ%ﬂ s Z'Kqujil:;%;':H E’\J%{zﬁﬁ“%
RS E BBl () RYE R S KSR A T 17172 1%?, B ML % 2240 T
M5 0.204".
x ¥y x Y

2.4 KL

H i A 32 3 A2 SRR g B s B R AT i 8 ~
10 Hz™ 5 B SRR 38 W 1% o0 kS B 3238 17100 1%
R G RE A SBRRIRIGE, v FER 8RR 100 MHzZ
(R T 0 S, B T Bk 3 9.5 Hz, S04
B B B M EERGE ILT VI R,

B 17219 1/248 0.161  0.142
Fivamid o B2 1232 1/306 0.151  0.115
BA3 17232 1/337 0.151  0.104
R 1/280 1/250 0.125  0.141
Howiit EA2 1172 17411 0.204  0.086

23 1/294 1/193 0.120  0.182
Y= 1/312 1/263 0.113  0.134 3 é‘é? ’L{ﬁ\
Ve Sl 32 = 15 s Y >y N
25 3 Wil B2 1/389 1/217 0.090 0.162 1)2'33:%%&?@1%4&}%43 IXﬁkﬁEKYz*iE‘JfEX%H

BRD VAR Vs OIS 0NNy A R i PR RS A A BT
7 USRI TSSO E] b M0 R T ARICH) AR AR (U A

20°, T4 2 048 153, 2) AR SCHR A B 0E A B 1 S B, B G
BEMLIR 22 = (WL () /THi ) > P, AT AR A2 L/ 220 T A A 2

FLRENRTE (1R 3) x3 600. AbFRER .



c124 - MR O T Ol ok ¥ % R

5 48 %

3) R H] FPGA S B 58 125 91 52 bR il 454, i
TR 1 2 BT, TE B T AR S Y RS Ak B
SRR B B SRR P N R o Bl S Ry T
A W ERCR.

5% ik

[ 1] ZHANG Shaodi,ZHANG Zhijun,SUN Honghai,et al. High accuracy
star image locating and imaging calibration for star sensor technology
[ C]//Proceeding of the Sixth International Symposium on Precision
Engineering Measurements and Instrumentation. Hangzhou SPIE,
2010,75442T. DOI:10.1117/12.885374.

BB, BT IRIRVL. BT IATIS S R 451 1) B U s
TRALTEEL (1] F A4 4, 2011, 32 (3) : 611 -619. DOIL; 10.
3873/j.issn.1000-1328.2011.03.024.

MAO Xiaonan, LIANG Weisheng, ZHENG Xunjiang. A parallel
computing architecture based image processing algorithm for star
sensor| J |. Journal of Astronautics,2011,32(3):611-619. DOI;
10.3873/j.1ssn.1000-1328.2011.03.024.

WReT oK) 45, AORTL, 56 /N ML B U SR BOR [J]. BT,
2013,30(4) :69-78. DOI: 10.3969/j.issn. 1006 - 1630.2013. 04.
015.

CHEN Shu,ZHANG Guangjun,ZHENG Xunjiang, et al. Technology
of miniature star sensor| J]. Aerospace Shanghai,2013,30(4) ;69—
78. DOI1:10.3969/j.issn.1006—1630.2013.04.015.

BPLLZE At PR K R AT b PR R AR AR B B R
FLI]JERG% T, 2009,17(9) :2230-2235. DOI; 10.3321/
j.issn:1004-924X.2009.09.024.

ZHONG Hongjun, YANG Mengfei, LU Xin. Increasing update rate
for star sensor by pipelining parallel processing method [ J]. Optics
and Precision Engineering, 2009, 17 (9) : 2230 - 2235. DOI.; 10.
3321/j.issn: 1004-924X.2009.09.024.

B, B HRE, A5 HE i A AR B ) B R AR B 5
[J]. Bi HI ok %, 2013, 34 (1) 111 - 116. DOI: 10. 5768/
JA0201334.0103004.

LUO Changzhou, WANG Jie, SHAO Lei, et al. Improving data
update speed of star sensor[ J]. Journal of Applied Optics,2013,
34(1).111-116. DOI: 10.5768/JA0201334.0103004.

ZRAE L BUHR. — RIS T R SRR R RO ()] B0 S
214,2009,39(12) :1348-1350.DOI; 10.3969/j.issn.1001-5078.
2009.12.023.

LI Deliang, RUAN Jin. Method adapting to the star sensor’ s star
extraction| J]. Laser & Infrared,2009,39( 12) ; 1348 -1350.DOI;
10.3969/j.issn.1001-5078.2009.12.023.

—
\e]
[

—
(98]
[

—
IS
i

—
wn
[

—
=)}
[

(7] ARME, JRIRAE k. BU7 FGAL B M. B3 b i S0 K2
th ik, 2007 :307-309.

BRI, 5K 2, V. 2 g v R T PR B0 B2 TR 40 03 5 327
BEEFE [ T]. Um0 28 L R R 2 2 4, 2003,29 (9) : 812~ 815.
DOI; 10.3969/].1ssn.1001-5965.2003.09.014.

WEI Xinguo, ZHANG Guangjun, JIANG Jie. Subdivided locating
method of star image for star sensor[ J]. Journal of Beijing University
of Aeronautics and Astronautics, 2003,29(9) :812-815.DOI; 10.
3969/j.issn.1001-5965.2003.09.014.

HEE W VLI, 7k 7. CMOS AL MUk # MR IR 3 J S i A 0508
PR LT AL AL %S i K K227 4, 2005, 31 (4) : 381384,
DOI: 10.3969/j.issn.1001-5965.2005.04.002.

Hao Xuetao, Jiang Jie, Zhang Guangjun. CMOS star sensor image

r8

s

—
=)
[l

acquisition and real-time star centroiding algorithm[ J]. Journal of
Beijing University of Aeronautics and Astronautics, 2005,31(4) .
381-384. DOI: 10.3969/j.issn.1001-5965.2005.04.002.

[ 10] BME. o BE B AU B R 4R S B IEUIIAF R [ D). Kb [
Bii B 2a BRI, 2010.

(11752008, THik—. CMOS APS W 0 2 B 530 R 57 A JEE 9 5% 1)
[J].oH TH2,2013,40(6) :11-16. DOIL: 10.3969/j.issn. 1003~
501X.2013.06.003.

SHI Shaolong, YIN Dayi. CMOS APS noise effect on position
accuracy of star tracker [ J]. Opto-Electronic Engineering, 2013,
40(6) :11-16. DOI; 10.3969/j.issn.1003-501X.2013.06.003.

[12]BIWEZR, W5, 3 2%, 45, — R 1 K B U AR 1 B2 R B0 i

BOFEL ] b BB B R 2741, 2014, 22 (4) - 481 -485. DOIL:
10.13695/j.cnki. 12-1222/03.2014.04.011.
HU Xiaodong, HU Qiang, LEI Xing, et al. Method of star centroid
extraction used in daytime star sensors [ J]. Journal of Chinese
Inertial Technology, 2014, 22 (4 ) ; 481 — 485. DOI. 10. 13695/
j.cnki.12-1222/03.2014.04.011.

C13 ]38, A I, TR T8, 45, B MURR A BRI 50 IR % & Jé s
[J]. " EDE,2016,9(1) :16-29.

LIANG Bin, ZHU Hailong, ZHANG Tao, et al. Research status
and development tendency of star tracker technique [ J]. Chinese
Optics,2016,9(1) :16-29.

[ 141 5 4E. ks 2RI RBURG BRI [ D] K& E
FHEBER LR U5 Y BT ST T, 2013,

(1S TROEYL, 545, I, —FhEE et R U B 1l 122
[J]. 405530 T ,2015,44(5) : 1605-1609.

ZHENG Xunjiang, ZHANG Guangjun, MAO Xiaonan. A very high
precision errors test method for star sensor[ J].Infrared and Laser

Engineering,2015,44(5) :1605-1609.

(% %k )



