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Fig. 1. The x axis profile of tradition SHWFS spot.
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Fig. 2. (a) Spot image with background noise (SNR = 16.73 dB); (b) the three-dimensional show of the spot image

with background noise (SNR = 16.73 dB).
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090701-5


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

) I % R Acta Phys. Sin.

Vol. 66, No. 9 (2017) 090701

MR FAN S BT AT LU Y, 72 i o B i i
B 7S 7K e A2 AR Ak 51k SNR e A= B AR I, AR S
Bt B et BB A A6 U1 D7 V2 5 R R b B T VR A
Et, $59 RE % B vHE Aff 1t 15 8 M 75 11 B 2 A AL IR E.
RIS, AR SCHAS R 3h B /MELLR, B AL
5 PR B’ A cos O BOAN A (1 R B0 AT 15 HOAN
Irt, BIREIRTG 5 K 3 R 4 AHZEBAR 45 8.

4 EBUR

N T SR AR SO H I A R BRI A T SRR K
B, B TWES IR R %L RS
T B FEEOE A B UE B FE ) 1 COD R 88
KA SHWFES S it SANFR AR B 3 N8 4. Forpif
Je AR K N = 1.064 um (1 #J AT I 5 0 3
Je4k, SHWFS K H 77 TEHEAT 8 x 8 MRS 85 B 51,
BANYGE B0 T 42 2.667 mm, £EFE N 77 mm,
SHWFS i F t] CCD & I #5% $E 1 K /N 240 pix-
els x 240 pixels, BT FLIE K /NN 24 pixels x 24
pixels, %70 R ~f K24 pam, PRI 28 A7 BN 14 47
SHWFS KB 87 1) 8 x 8 (A H R TFILAEHN
48) HF I BE UL BEFIan B 6 (a) B, R A SCH2
A B A BRI A T 7 1 A B S TR B B B )
WE6 (b), &N TFLAMSNR W 6 (c) . H
K16 (b) F1EL 6 (c) /T LLE , fE & FfL12 N SNR A
10—25 dB KRG IS rE LT, I ASCHE H
THEAR IR REfE A B 23 B AT FLAR P T 75

SHWFS
I /. p———
Laser | >S< / HI‘
7 fi—— sensor
BS §
[— |

B5  Scuols R

Fig. 5. The schematic diagram of experiment Setup.

B 5 40 B 5 Bt s B SHWES & 48, R 4 5
HiR [8, 16] 7E 7 g 75 m] DLBE 2 B O T, 1
SRR B MRS REOLMR A SE SR B E
e RGBS JF Bz s RN s oA,
JeAERABOLER RSN, SRELSHWES R 45 1)
7RG AR R, @I 2 i 3 1 7 15 3R AS A 0 T
(%) M 5 S5) A R A o 22 A S0 o R v R N 8 ) 1
fit IR SIS ] DL S S B0 IR 58 45 2% A 35 R 5 — 2.

e, AT AN A M 7 ) I B AN AR U 22 B AR OR AN AR
B P O o A0 R TR e AN, AR (19) 2mT BAAS 3
2SI SR AT T W B B AL B A 410 ADU; SR 5
TE I Y SO AR FA I VR A RS S IR R,
M A5 31 52 16 75 5 e 1) SR {5 5. X SHWEFS &
GREREBAE T, 2R HASIR H BT, 1%
BE S B KAE A 2 BERIAE 7 B Ostu v 3R 15 9
18, H5FERRIBEEAT 7R, 4 M5 ikss
RSB RMRERRZEMLWE TR, 18
I8 T AR TIRAE AN E SNR 4644 T 13 B i1 5 45

HHE 73 1 AT LUE ), 5 38 B AL FE TR AR L,

25 T
()
20 - g
m
<
&
0
| | ‘ |‘ |
y | Il I
0 5 10 15 20 25 30 35 40 45 50
Aperature No
El6 (a) AbFFTH SHWFS B EE; (b) 4FE )51 SHWES

FIg; (o) SRR SNR

Fig. 6. (a) The image in the SHWFS before processed;
(b) the image in the SHWFS after processed using the pre-
sented method; (c) the SNR of all the apertures.

700

600 |-

The we}ghted function

l.'

J'

500 |

X 400}
S

Estimated error/%

300 |
200 |

100

[m =
v A

0

-1
10 15 20 25 30 35 40 45

LR

SNR/dB

o The weighted function
¥ Max proportion

¥ Overlap ® Ostu

n
v SN

10

E7
15 22

15

25 30
SNR/dB

20

45

(FITIRA ) S92 T & A RELAG T T7 15 5 B e B

Fig. 7. (color online) The error between the theoretic thresh-
old and the threshold obtained by different methods.

090701-6


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

38 F W)

Acta Phys. Sin.

Vol. 66, No. 9 (2017) 090701

#1

ANF SNR AT % T 5350 B 4 1 BRME LA (B4iz: ADU)

Table 1. The estimated threshold using the different methods with the different SNR (unit : ADU).

e SNR/dB
BB 771
41.31 39.96 38.86 37.13 36.44 35.08 31.90 27.10 19.02 11.97
Hot 2046 1583 1174 934 820 712 450 265 157 132
AR 2998 2329 1918 1616 1447 1256 858 624 448 403
Ostu 2703 2084 1747 1371 1243 1113 614 337 114 47
V@RS 440 434 430 426 424 421 417 413 412 411
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Abstract

The Shack-Hartmann wavefront sensor (SHWFS) is an optical detection device based on the measurements of
wavefront slopes. It is widely used in an adaptive optics system due to its simple structure and strong environment
adaptability. The measuring accuracy of the SHWFS depends mainly on the accuracy of the spot image centroid in each
sub-aperture. There are many centroid algorithms including the center of gravity algorithm, Gauss fitting algorithm,
and correlation algorithm. As to the simplicity, robustness, high accuracy and stability, the center of gravity algorithm is
more widely used. However, the accuracy of gravity algorithm is sensitive to the noise including discretization, aliasing,
photon noise, readout noise, stray light, and direct current bias. To improve the accuracy of centroid, the output
signals of SHWFS must be pre-processed to suppress the noise effect by using the method of thresholding in general.
Many threshold methods have been presented to reduce the error of centroid and there theoretically exists an optimum
threshold which causes the minimum error of centroid based on the characteristics of SHWFS and noise. However, it
is difficult to separate the signals from the noises, and the optimum threshold cannot be estimated accurately in real
time in the SHWFS systems. In this paper aiming at noises in SHWFS, which vary with time and space rapidly, a
method based on the noise weighted function of the mean value of pixels and the local gradient direction of image
signals in the moving windows is presented according to the characteristics of the Gaussian spot and noise distributions.
Moreover, the theory and parameters determination of the method are analyzed. The method utilizes the probability
that the pixels in the moving windows belong to the noise, and the probability is inversely proportional to the mean
value of pixels and the local gradient direction of image signals, and so the monotonically reducing probability function
of pixels is constructed. Finally, the standard deviation and mean value of noise can be obtained, and the estimation
value of optimum threshold is equal to the mean value of noise plus three times the standard deviation of noise. To
investigate the effects of the optimum threshold estimation with the different spot sizes, spot strengths and noise levels,
the proposed algorithm is compared with traditional methods. The simulation and experimental results show that the
proposed method could achieve higher accuracy, and the error between the threshold obtained by the method presented

in this paper and theoretical optimum threshold is less than 10%, which is less than those from the traditional methods.

Keywords: Shack-Hartmann wavefront sensor, Gaussian spot, optimum thresh, weighted function
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