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Image processing of star sensor based on maximum
background estimation
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Abstract ; Stray light interference is one of the main effect factors for image process of star sensor. To eliminate the
effect of stray light,features of targets and background in star image were analyzed. According to 2D-Gaussian distri-
bution,a weight reference function was constructed ,and maximum background estimation model was improved. A Eu-
clid four-quadrant rotational symmetric mask was designed, combining with image segmentation and denoising,an im-
age processing algorithm of star sensor based on maximum background estimation was proposed. A comprehensive
method was adopted to evaluate the performance of the image process algorithm, including star detection ratio , false-a-
larm ratio, star detection limit magnitude, single star position accuracy and timing sequence. The experiment results
prove that the proposed algorithm is effective and universal for star detection,also robust for stray light interference.
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Fig. 3 Max background estimation mask

R BT AT AR S A o 32 2O TR TE
BRI ICBE S S e PR Al (H R R ok T 5T 5
1155 HARSEFE PR IR, F 22 000 A 5 R A A58
NIRRT , B RS B 5 30 % 50 R 1
1E Bb , R B B S R F T B R R T AR AR
o R R G

HY 2. 1 500 AL e B 0 A RRAE 1 4 A, A5 B4
St L e v s 780 5 A5 D6 N 1Y) R AR L R] A
X F L UM 0 ~6.0 M, &2, {fiF 8 x8 {47T
A4 7 1 R AT 4 2 4 3 28018 0T S A i i S R
TG HREEIEM S AT B A Ay, 0T AR
BB S A B TR R 9 x9 R X F
ANTRI S 1 B ABURRAS , TS 1 RO T AR AR 2 S VR
BE Y SRR R GE R

P ST, 25 R 52 H AR R K EE 52
BUE SEEAS TR BE B N AFFEIE LG R TR T
AT S H R

JI < c

0
W(r) ={ (6)
(r—c)/ZW(r) T >c

Hrr, W(r) AR SRR r B8 R AL AL
i ;e MR,

PASC(6) Sy 3, 256 2 JRON B SR R R B
SR DL B FPGA v S B, 3128 — S FR B hy
W, = (7)), oA G R AR 5 A7 8 306 i 4 e 5
XFFRIEFR , e R Al T B or R A B 50 vk



892 5 RS AN

DLIE 3o 2(T) HpEEI A2 AT N AEL O 0, I 5
BB T R o AT LRSI, B &R OTAUE
WOR BRI, BAEZ AR 2 B RO, A T
FPGA BRizizHi,

112 23
0001 2

W,=10 0 0 0 2|16 (7)
000 0 1
0000 1

=

3.3 EHSE 5 £%

et RIS A S R sk 22 AR L,
RIEC(8) , KA AR St LA LB, GG 21 AL 1Y
2T R o Bk 22 BB R R Ax R R IR R ) g S
o3, WX (9) o X A P A iR A KPP, B HR
o S B e A% i, BRI S N, ansX(10) ,
B R T =5, 0 %5132 B AR ER
1o £ HAREBERIRT BB R BB — A s~ H
PrAgEst 7, RIAT 22 BR H A R M A S S B R XL
RFERM AR o ZorE) LM, B bR g A
DGR R, RIVR] 98 R RIS, B R P o 1 m] 4
LN

L=1-1, (8)
G(%}”) =S(x,}/) +Nh(%}”) (9)
[ =1-T (10)

3.4 Ek ekt

ARSCFIEMK FPGA FHATANBRS 55 T R, 2R
F 4 KGR, E 4 FrR . SRR ST I
KACE St 08 BE A B HAR RS b P, 4545
P A8 1T KB & T HA R W 2 A IR b B
SERFPEER

B4 %
Pixel Data Bus
REGs REGs REGs REGs
Pixel Quad i Target

from Transfe: uadrant (BKG ax BKG Pixel Information
e B ckground M| Background jamm |nreshold Target
% i Segment Cluster

Prediction Calculation

K4 FkpmrE
Fig. 4 Algorithm flow chart

IORF FAGTT R AL 5 FPGA SE3L ) PU 2K
TAKAE 55 I8 B 07 UL S 453 i b A i) e 3K 8l DY
PRt K P& BT AL 5 U AT

a) RRER S5 RIRE AL (Pixel Transfer
and Quadrant Background Estimation) : ;{4 3.2 7
GBSO, B MR R A RZHS S 36 R
B PRI, A AT 55 B B8 36 AN IFATIY SRk -
7B AR AR I A S RO AT 36
AR RN o i

b) #H KE &= il'% (Max Background Calcula-
lon) % T B9 4 7 (91 , 6
BER )G, RIRT 58 B LAZAR 2% AL 1 (1% 4%
FAOLTHERA T M) 2R RE SER T,
I 3 YA, B AT S AR oK T R

c) B/ % ( Threshold Segment ) : 7£45 | iz K
HREE, m EEE e T, RIS R4 00 5B,
FHHHIW O, THER PO R R 2 B s S, K
JEAE/N T EERS AR 2R R 5, At 2, 5 0]
ZBRERATRERE T 2 A, dnic 2 ASUPR R, T8 R Y
CIRBE - MR AR ;

d) HHFREEZE(Target Cluster) ; 7E B {H 5> ¥ 1 &
TR E TR SRR RS BT I N, Ry
B GE RIS I

Time

1(1,j) 1G,j+1) 1(1,j+2)
Pixel Transfer Pixel Transfer Pixel Transfer

I(i.j+1)

1G,j)
Quadrant Background Prediction |Quadrant Background Predictio; |

1(i-4.-4)

Max Background Calculation

1(i-4.j-3)
Max Background Calculation |

Task

1(i-4.3) '

Threshold Segment |
1(i-4.j-4)

Target Cluster

1(i-4,j-4)
Threshold Segment

1(-4,j-3)
Target Cluster
1(i-4,j-4)
Target Information

1(i-4,j-5)
Target Information

Fls Gk 4 Gk

Fig. 5 4-stage assembly line for algorithm



W 54 4 No.7 2017

REEHE RABRKER

e 2 s B R AL BT % 893

4 BEMESHSH
4.1 EHELHELERN
TEMIZOE TR TOLT , 2 2 R B fELTE 5 AR
SR ERORAGTHEAM UL, B EIEIL E 2Dk
BTRNSE=ATEMSILS 6 RS T
W, L ATHB RO 5 45 e 1290t
T ST AR SE 2 P 00, SRR S 5K
TRl o ZSE LA 16 BE NP R BBk, 35
SRIBE T = My + T, Forb My HHIE,
T P BUEDRFS BE, MU TR0 BE
TR, R EIAEBES R S e, RO SR
HEAG ARG, SORIKEREFRE 0 -255, W
K 6(a) (b)) 7358 fEBUFATR Y 52 K FHOC A A e+
YUk 2 B, HARBURE AL T F7 fir v 30 , UG A K F-
Ko (b) o3z At 077 & 58 BE i e Dt
o, R EA B R O IR TOLZ — . AbFEZE
P IE SR IBUR AT R 0 L T A SR AT HEAR
0o JrHIE AL PREE R T R, R BEAT RN
GEEAE IR 1 P,

*1 REHZXR

Tab. 1 Process results
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