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Preprocessing of infrared star map and position accuracy analysis
of star point
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2. University of Chinese Academy of Sciences, Beijing 100049 , China)

Abstract: As the raw data of daytime star gazing, there are single—point—noise, stripe noise and some other
noise in infrared star map, which severely affect the sequential star —point extraction and centroid
localization. According to the star map of field star gazing, methods of star map denoising and star—point
position accuracy analysis were studied in the paper. An algorithm for single —point—noise detecting and
compensating and a colum mean offset correction (CMOC) algorithm for stripe denoising were proposed.
Then, a complex filtering method of Wiener 2 and Top—hat was used to denoise the star map furtherly. At
last, a method of adding ideal simulated star—point to observation star map was used to calculate the star—
point centroid position accuracy. Experimental results indicate that the preprocessing method could denoise
various kinds of noise in infrared star map, and the peak signal-to—noise ratio of star point target could be
raised from 4.7 to 31.3, and the standard error of star —point localization of simulated 2 Mv star could
achieve 1/30 pixel, which satisfies the accuracy of engineering application.

Key words: infrared star map; single—point—noise; stripe noise; star map preprocessing;

position accuracy of star point

%5 B #1.2013-07-02; {17 B #§:2013-08-25

EEW B . 16 %K &KL IR (GFZX0301030108 )

fE&E B WA (1984—) , 3 WA N R SCT A 1 1 WF 58 LAE . Email: weiwei_ioe@163.com

50 18 Av o X0 B (1964-) 5 BESE B, B AR S 0, 32 DA g DR 2 D A B R O A B 9E T AF . Email: leh@ioe.ac.cn



992 roh ok TAR

% 43 A

0 3l

i}

BEHUERE—FUERENSER, BHEENE
) 35 25000 2B W Ol AT K A R o A Y A 1)
P, TEMUR AT A F B AW 28
Wi, REURSHEAREREN LR, KT k2 UK
A0 B Y R B 4 K, 2 TR T A
R RFEAR BTG . B AR R 1 506 P 204k
BoA XA WO I BB sS 15 2, I JLAR B N AR T
W TN B R RS, B AN B IT R 2R
S I AT T — R

B PR R AR R, R R R A
O A8 NG B P U B USRS B BNk
VP 22 SCHR A AT L SRR 25 8 NG 3 R A 00 A
JEHEAT TR, SR, i T LA B R P AR K
S P A R 1R B A R DL R B ) SR B0 R 0 il A
B PR IBOUE B e as BRI R, 0 RS B &
ZBAR KA L o BT LAAE SR AT 5 A 4 ORI O 5
HIF 200X 21 40 B IR AT Ak L, AT Be A i 41 40 2
P v g M P L[] S 20 A I L R RE
R B 75 DU T Ak B 2 2 B A1 B S

— & 16 {57 /1 320%x256 K FE G K /N 160k F
LA HER R 640x512 B ECHE B4 TR B LK T 5K
TSI s Ah BRI R A R S, R TR 1 2 Ak R
ANRE T 00 SCrp e 2 AT T AR SR R DY 5
JILET A L T e o 0 AL B O vk, RO E L
B KT B E A

1 52 BB

il %R Gt A, B T — R K
g 7 A5 5 B9 S [ R . TR P i 2 R P B O A — T
RaE P R I TIEN 1 N AR 2 S S oK B o A 3
722 AR 5 R 4R R A — /N B B R B i 15 ot X
SN, O BERE o3 A AT B v i A DX )R AR

2 iy g,

LN R T RA R E R R RSN, R AL
THE T S R LD A PRI T O i 7 B 2 B R
o e RGOt E oG, oo e s G rh R
B SR s BN AR 0 T R T S AR O R
MR T H s o DO S8 e B T — i U AR
G, HOK R G v A TR AY 8 S L, BT DAt AR X b R B
N 58 g IR T B R M TR LT A AR Y
RIS AR B SV R AR AR B S AR AT R R P 1 L
4 R I 0 22 8] B9 S i A [ Z0 40 AR AR 2 1k
A — R HAE T T A AR S R R IR AR S S0, RIAR AL
ARX SV, o Bk A SO | A% SO T AR T T 4R
A8 B3 5 I — D TR AR, AR F 2 1) 2 B Y
2 S P A FG BE B9 4% SUIR B9 K B 23 A1 B
T UL IR A R 2T Ah B R R A — S
o MR PR R MR P AR A £ B MR, X HLPR X B LR
MG 7 g Bk Ef 5 W P R0 2% U P O G R AR IR

2 dASNEETAAEE X

ZLA0 B B rh 52 L 1R I 2 A B A M R 2 S
MRS R LS R A R A R I I R T
ST S A SR ORI BTG 67, TER XS LA I
FEFEAT AT Sy )4 T R R A M A i
B0 Y B S AE B AL IE B )5 Wiener2 il
Top—hat ZH & I (1 7 125 3 — 20 10 i) 3 A M s
21 BoRERNSMEEE

ZLAN R R G MR ) E B A, — 2
SRR H 45 0T BRI AR R, T B R R I 0 A
BOR T, TR — 0 PN R R H R SR
R WA EWASEZGRER mERTEAFESY
W ] 9K 8 BE ARDN T SHE R, (H R s RE i 0y
A& Ly, B2 BE I At 1915 45 W i 1) DY ] 3 i
PHOT W

R4l PR M S A 3R R R AT DL I 33 pixel
ARSI BT 1, AP R ORI R B LA AR
RABEW LT ALAMENMERE NN S, BE—E
R 180 (L oh , DU) 5 A5 TR P G T 4 o

x,>th and Number (X, ;<th,x, ;,, <th ) =3,wheni#1,Mand j#1,N

X, >th,

Ahox, (121,20, M,j=2, -, N) R () R AE 1R 3 1
JREEAR s M F1 N 43 50 R 09 47 $50R1 51 %2 ; Number (- )

) ) (1)
when i=1,M or j=1,N

PN WG S N AR E AR
SCH RS B R W R Y o A EAT T 2R ——AF 3x3



% 3 M

M OAFE . O ERATMAE B R E R A S 993

BN R R AR A R PR ER, B
O R L T B, AR BRI KA =
AT YA T B I IA 32 AR 3R R B R R
O T BRI S B9 T RAT AR R B A9 15 3 A0 D0 4R IR
AoEHE T LA BE 4B S L B O vk, B IR B TR
BT G 1) 2 i AR T e g b B, BT LU R AT AN
AN OB BE R A AR 3R 0 D B R
T R B2 T P A TR P A 0 S A B R IR
PR A X F5 50 1L B0 N, HLER AR R AT
XTI T AR TR R B R A AT SR
PIEACRE HEAT A
22 FHEHHEMIHERBRER R

WA AR SCIE S S P i R BRI, D[] — 51 R %
Z BRI JE 22 S 0 AR TR 81 2 ) R 22 5 ) 1
B, BT DUAE A D 2 S AR 2 2 Pk i, 32 B GE AN A
B Z [ B 22 5%, %8 Rl — SR 3R nT LLEAT A R B AR 2
SCH ST T8 i S A I A

y,=x,+ A0, (=12, Mj=1.2,--,N) (2
A, Ay 23 90 DAy P AR A0 i AR IR U () Ak R
R KA s A 55 j 51 A8 2

S Tty FELAL A T SR B ST Y R TR A £
A4 g T LA S Ay g — B0 6 1) 45 AR X AT
HEL AR AN T G B 5 AR 1), o LA X A P 2 BT 149 2 e i
PR, WU AR — 1] 14 51 349 (AL I 51 AR 7Y 5
i H AL DAL DA S R B T A TR e A LT R BT o 1R
FECOIEIN T RUIE LA Sy i S22 P 1) R 52 34 {2
AEUA) S5 H R 8 B (LR TR A X EL A BT 1 T 7 8
o B B8 4 TE B9 A5 R ANE

Column mean gray value contrast

4000
3500
£3000
$2500 {t-
gz 000
01500
1000
500

Uncorrected
== === Corrected

0 50 100 150 200 250 300 350
Column number

Pl 1 900 240 0 % A5 1E 5OR:

Fig.1 Result of column mean offset correction
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Fig.2 Raw star map
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Fig.3 Raw star map denoised single—point—noise
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Fig.4 Star map denoised stripe noise furtherly
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Tab.1 Peak signal-to—noise ratio of star point

target after star map preprocessing
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StarmaP denoised stripe 154 12.8
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Star map filtered by Wiener 2

and Top—hat furtherly
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Fig.5 Star map filtered by Wiener2 and Top—hat complex filter furtherly
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Fig.6 Result of preprocess to complex star map
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Tab.2 x direction position error of simulated star at the center of field of view in 30 complex star maps

Position error/pixel

—-0.0050 0.003 0 -0.009 0 -0.056 9 0.049 8
-0.024 6 -0.0126 -0.029 2 0.088 6 0.088 6
0.0459 -0.027 5 -0.0106 -0.0735 0.0357

0.006 5 -0.033 7 -0.0029 0.032 6 -0.005 3
-0.083 1 -0.0139 -0.037 2 0.1357 -0.004 0
0.0250 0.056 8 -0.0655 0.062 1 0.0153
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Tab.3 y derection position error of simulated star at the center of field of view in 30 complex star maps

Position error/pixel
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Tab.4 Position error e, and standard error o, of 9 simulated star position(Unit:pixel)
No. No.1 No.2 No.3 No.4 No.5 No.6 No.7 No.8 No.9
A 0.0570 0.080 2 0.057 4 0.052 2 0.056 3 0.049 4 0.053 5 0.064 3 0.049 0
o, 0.033 7 0.041 4 0.0381 0.026 3 0.0310 0.026 4 0.028 1 0.037 5 1
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