B

Liu

EEERIK

HE T S IRRE SR AU 7 1L PR VR R 1 o 0675 T
AN KR BER, REE, £RE, R

‘EFEﬁﬂr%I%Eifﬁ‘t%*%‘%‘mifﬂiﬁﬁ?{}ﬁ%%hﬂ%&ﬂiﬁﬁSEE@%, Bepi V54 710119;
P E Rk e K2k, b ET 100049

TEE T kT LA T 2 0 S B O 4 AT A AT SR A S T 2R E A R R A S T =
o S5 0L A 1 10 3 R B SO0 S AN B 0, O L S 0 0L A A 0% 2 0 ) A DR L A 5 L S R, X b A TR R L
ARG G TR 0 LR 2 R BT = REE S LG A A G B0 R 2= ] BN ARG G R . M E
MLk R 20 dB B BT = REE A LG 4 A8 B9 B0 5 07 12 25 7 AR 22 (0K 0. 003 pixel, 38 52 B SE A A I & A9 AL N
G FRR IR T BT3RS A A b o T = WORE SR 0065 3 0 1 5 0 B B0 A BBk P A R o LR 25, B
BT B PR SO R E AR R Sl Y AT

KR WE; BN, BEUESE; B0 E i MEIREME ; SRS BIE R E

FES%ES V241.62+3 XHIRERS A doi: 10.3788/A0S202141.1212004

High Precision Centroid Location Algorithm Based on
Cubic Spline Fitting and Interpolation

Jie"?"", Zhang Geng'"", Feng Xiangpeng', Zhang Zhinan', Li Siyuan', Hu Bingliang'"
' Key Laboratory of Spectral Imaging Technology, Xi’an Institute of Optics and Precision Mechanics,
Chinese Academy of Sciences, Xi’an, Shaanxi 710119, China;
* University of Chinese Academy of Sciences, Beijing 100049, China

Abstract In this paper, we proposed a high-precision centroid location algorithm based on cubic spline fitting and
interpolation combining the advantages of centroid algorithms and surface fitting algorithms. Besides, the principle
behind its double error suppression was given. The simulation showed that the location error of the proposed
algorithm at different SNRs was significantly smaller than that of traditional centroid algorithms. When the SNR
was 20 dB, the root-mean-square error of the proposed algorithm was only 0. 003 pixel. Furthermore, the star
images {rom real instruments verified the effectiveness of this algorithm once again. In summary, this algorithm can
effectively suppress the location error and has strong noise resistance, which can be widely applied without requiring
specific star models.
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Fig. 1 Star centroid location algorithm based on

get star centroid

double error suppression
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7 de [M, N] ~ size(Data);

8 DataNe— awgn(Data, SNR, 'measured’,'dE");
9 tt ~ {linspace(l,Z0,Z0), lln";: H(i,:[,i\i)b;
10 FFN « csaps(tt,DataN,D.5%5%6,tt);

11 x1e 1:0

12 yle 1:0

13 [xZ,yI]~ m»::hwn dixl,yl);

14 tlle interpZ (x,y,FPN,xZ,¥Z, 'spline');
15 [x1,¥1] « GetPointzZxX(DataN);

16 [xZ,¥Z] «~ GetPointZX(FFN);

17 [x3,y¥3] — GetPoint cCz(tll,DataN);
18 DafF (i, 1)~ [x1-xD -

19 FaF (i, 1)+~ [xZ-x0 01:

20 TaF (i, :)~ [x3-xD y3-yD1:

21 [min(paF(:,1)) max(DaF(:,1))];

22 [min(paF(:,Z)) max(DaF(:,Z))];

23 [min(FaF(z,1)) max (FaF(:,1))1;

24 [min(FaP(:,2)) max (FaF(:,Z2))]1;

25 [min(TaF(z, 1)) max(TaF(:,1))1;

26 [min(TaP(:,2)) max (TaPF(:,Z))1;

27

28 sum(DaF(:,1))/pt;

29 sum(DaF(:,Z))/pt;

30 sum({FaF(:,1))/pt;

31 sum(FaP(:,2))/pt;

32 sum(TaF(:,1))/pt;

33 sum(TaF(:,2))/pt;

34

35 sgrt{sum(bDaF(:,1).*Daf(:,1))/pt);
36 sqrt(sum(baf(:,Z).*DaF(:,2))/pt);:
37 grt(sum(FaF(:,1).*FaFr(:,1))/pt);
38 grt{sum(FaF(:,Z).*FaFr(:,2))/pt);
39 grt(sum(TaF(:,1).*TaPr(:,1))/pt);
40 sgrt(sum(TaF(:,Z2).*Tak(:,2))/pt):
41

[ 2 A 3OO 00 A4 4B BT 20 1 D AT
Fig. 2 The pseudo code of the interpolation fitting

part of proposed algorithm
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Table 1 Suppression effect of spline fitting on location error under different SNR unit: pixel

Traditional centroid algorithm Centroid algorithm with spline fitting

SNR
Ax Ay R, R, Ax Ay R, R,
5dB 0. 005 0. 007 0. 289 0.279 0. 000 —0.004 0.062 0.066
10 dB —0.003 0.051 0.052 0.065 0.001 —0.021 0.023 0.051
15 dB —0.001 0.072 0. 041 0.075 0. 000 —0.041 0.010 0. 045
20 dB —0.001 0.077 0.036 0.077 0. 000 —0. 040 0.003 0.041
0.30 030 o —
. L. : R, obtained by traditional algorithm
\ ﬁ g' 3:$§g Eﬁ ngﬁ iggﬁm t‘\ —# R, obtained by traditional algorithm
0.25 1 \ & R obtained by algorithm with spline fitting 0.25 [ 3 —&— R, obtained by algorithm with spline interpolation
= R:/ obtained by algorithm with spline fitting “, —¥- R, obtained by algorithm with spline interpolation
0.20 < 0.20
?3 X
& 2 \
£0.15 o 0.15 \
= 2 1
& 0.10 0.10 N,
0.05
0
SNR /dB SNR /dB
B4 ASTFF B LT AR S G 2 iR 221 RMS ] 5 AN 5 M LU T AR S50 {BLE 37 2R 22 RMS fH

Fig. 4 RMS of location error with spline fitting
under different SNR

Fig. 5 RMS of location error with spline interpolation
under different SNR
R 2 A [l M T R AR 4 0 R AL 5% 22 B 4 7]

Table 2 Suppression effect of spline interpolation on location error under different SNR unit: pixel

Traditional centroid algorithm Centroid algorithm with spline fitting

SNR

AZ i JANG o R, R, AT in AT o R, R,
5 dB —0. 836 1.007 0. 287 0.275 —0.135 0.173 0. 040 0.039
10 dB —0. 369 0.155 0.052 0.067 —0. 085 0. 086 0.028 0.030
15 dB —0.113 0.106 0.042 0.074 —0. 060 0. 059 0.024 0.028
20 dB —0. 065 0. 060 0.035 0.077 —0.044 0.039 0.021 0.025

VAR =SS R ERO R VAT =2 SR s SR OEE (Y I (N S
FUTR A 284 (0] 5 07 152 2 ) 0 ) OR JE FE WD 2 L
ZEW R R/ MEIX A & 2R .

TEARAE MR LR X b TSRO I — B iR 22
0 35 L OUE B 25 4 3k E LR 25, AR 3
6 Al 20 DUH R 2 O RE IR 22 A 3 T

BAF R, Hr 7 AT 2R U R 22 L
AU AV 1% 25 T A A8 B X ) 0 B O PR A . Y M L
5 dB B JUHB & A xR 22 {H H 1 pixel 247 B
#)0.15 pixel AT, ZEANFEBEE T, EHEIRZEM
5 9 000 A 1R 25 B B N TFAR G O . S
M bk 20 dB B, BUCEE 15 22 0 3k 1) O B AR IR 254K

£ 3 AR Z MG BE SRR

Table 3 Location effect with different error suppression

unit: pixel

After one error suppression

Centroid location algorithm

After double error suppression

SNR (spline fitting) (spline fitting, spline interpolation)
AZ i, AZ R, R, AZ iy AL R, R, AZ i AZ R, R,
5dB —1.075 1. 055 0. 286 0.280 —0.373 0.191 0.053 0.065 —0. 145 0.127 0.035 0.035
10 dB —0.181 0. 364 0.055 0.065 —0.110 0.108 0.023 0.050 —0.075 0. 082 0.016 0.016
15dB  —0.123 0.115 0.041 0.074 —0.041 0.038 0.009 0.050 —0.033 0.031 0. 007 0. 007
20 dB —0.068 0.102 0.036 0.073 —0.032 —0.028 0.003 0.050 —0.024 0.019 0.003 0.003
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Fig. 6 RMS of location error with different error suppression
0. 003 pixel, H1 LA b0 A AT T, B T B0 158 22 17 1
HOD TR =R VA R7 0 b=f APE Y E (N Py S V@R
4.2 EXNFEGZRER
DLSE TR v 63 8 e Ay S 50 A AN A L AT
S I SRR A 30 15 2 4 o AR A AR . AR L
BE R KL 8 s . T AL AR 0 AR R
TS WO BE LIS B AL ST 0 Y 1R 2 (R4S R

15
—&— Ax,,, obtained by traditional algorithm
1.0 L —#- A%, obtained by traditional algorithm
o) 0.5 b "
»
] ~~<
K= Foz==== = oo
< 0 T T T TS s XTI ]
% 4
~ 05 4 //
-0. //.
’,/
i
-1.0 "~ A%y, obtained by algorithm with one error suppression
& A%, Obtained by algorithm with one error suppression
—&— A%, obtained by algorithm with double error suppression
-15 —¥- A, obtained by algorithm with double error suppression
10 15 20
SNR /dB

P77 [ 22 T 9 {0 R 22 A
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with different error suppression
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Fig. 8 Star image in the instrument
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Fig. 9 Location results of star images in the instrument
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