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Abstract: As the accuracy of wave-front detection of Shack-Hartmann sensors is mainly dependent on
the accuracy of centroid detection of a focal spot, this paper proposes a dynamic determination method
of array spot centroid detection window based on marked watershed segmentation. This method
smoothes the spot image captured by a Shack-Hartmann wave-front sensor based on the marked wa-

tershed segmentation and obtains its gradient image, firstly. Then the OTSU method is used to mark
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the target on the gradient image. Finally, the marked gradient image is segmented by the marked wa-

tershed method and the detection window of every spot is determined. Because the detecting window

can be matched with the actual size of spot, the affection of the noise on centroid detection is effective-

ly suppressed. The experimental results demonstrate that the precision and stability of centroid detec-

tion by this method are higher than that of traditional method. The mean values of standard deviation

in every detecting window of statistic multiple images are calculated, which is 0. 010 9 , 6 times that

of the traditional method (0. 073 4).

It can satisfy the requirement of Shack-Hartmann wave-front

sensors for precision and stability of centroid calculation.

Key words: Shack-Hartmann wave-front sensor; centroid detection;detection window; marked water-

shed method; standard deviation

1 7]

qul

5 i -0 R 2 A A% A4S (Shack-Hartmann
Wave-front Senson, SHWS) |1z i i F )6 24
i OGRS iy B 22 S U, B R B
i AT EEPE Y CCD AR B M 41 2H A4 O'6 ~ i i
PRI G CE o, B0 B B 9 D 1B A S D8
R CCD WEOL T b, B i — 8 B 2] ' 5 K]
8 SR 5 o T T S RN B O BE O 1 i A
I, PP OB i A B AT AR AL o A . PR
DG TRE BT B8 42 I 3 550 2 B30 R AR 22 4R D

KRS TR S CCD A HLAE IR I i 23 7= A=
TR 52 A R TS R MR S, I SR AR A 5

W) R AR K B8 . 204 B 3R 7 1 A B BROK Tl
B R B W 7 2 18 R 5 T XY B0 BRI 7 11/
BERSE B O AR DN R 22 S B R, PR, S0 AR DU
7 5 6 BE K /)N UG L A5 8 4, 5O 4R I R 22
/N
SHWS 2 5% 1 45 /N 6 1132 38 B 47 o0 450
FEHUAS T R B 45 B L B Prieto 48 ASTIR I T 3%
A48 /NI B 1 RS 5 I vk L o AR
TR 45 /N ER I 1, B R AR N e
il 1 R S0 R — I 26 O A5 B S50 5 SRS DA I A5
(14 5O A v ST BT AR TN 7 T . AR R ik
FEAE T 1R /INS SEBR G BEAS VT B i [) &5
YK LR — R T IE A iéﬁﬁa\iﬂﬁ
T R A3 H A TR) 1 45 A ok 4 B 5 11
NG, T B R B B AT 4 B
U2 B A B A E Y ) B, bR id 3 K I Bk T A

R gt PR3 A ) B, O B A 28 50 K R X 35 55 i
G R e 7 A5 R A5 RO 2 R A E )
W O] 5 R AR BE AT R AP DL AR SOCR
FHARIC A3 /K I8 336 XF SHW'S Y B4 51 5 BE 9 47 43
F, IEH0 R Y RE S R G R A DS A I
AT 2 T SHWS B9 J5 0 358 00K B

2 M F xRS N E AR

TE SHW'S w5 358 [ i 4 fwice 456 14 571 73 1)
BT FLAR S A TGE B B xoF 7 B 1 L AR XS R
G BERI 2 1

O DR T3 30 3 A — B R A SR AL 7R R
B 1 E B — KJ/T%E PN R R/AS WS

Lo
=1 =1
:[] — n n , ( 1 )

R v (2)

K Cay s y) B § AT AR B0 AL HR 5 2,0 N
BEHE(m, A x BB v HIE R S Cm, ) 4k
y B 5 L, WA 2R 0 Cms ) AR E O TRAE

SHW'S il 145 B 1) 52 ) PR 38 = A AN —
IO PRI B2, R AT REE . TR
AN [R] B4 30 AT 52 DGR RN 2 0k BT 7 2 ) A iR
ZEAR] AR SCOR T it it . JBuC SR 1R 25 3 W
Y

(DCCD B2 i M L6 A/D e #2551 R 1Y
BEMLIE P, B — PP AT G v 2 0 A B e s



1496 e KE TR

522 %

(2T WS, OGR4 B A AL LT R Ak
1 1 BE AL R A BT RA A

(3)CCD B HCRFEGIRMIRE, ARE
BIET MG BER ) 60 KF 0. 5aCa MR IC R )
B J3 0o R DU 158 22 14 11 5 ARAEL /N T 0. 0204, IR UL
Al DL 200 B HORFE IR 25

(DHFFFE O, i CCD i B HL -3 Sk i Mg
PR TR R

(5)CCD 1§ % ma i 4k ¥ 5] iy [ 2 T2 28 e 7
A3 2o b E R HEAT M

Fh 352t M 7 R I R R ) R 0 15R 2
FoR o,

o

=t MLCE XD ()

K o0y o I BRI T3 2 5 0. O CCD B
MR AT 25V ORI B SO T RG M L
D6 BEAE - 10 B SRR A X3 X e 5 T
DARAR s p RN 1 AR R B R

1 = (3D AT L, B R R 22 5 0L BE BT AR
RIJE BAEER G AR T LR N ADE T
BRI BT A BAR R B B AR RN G
AWEFE RIS TR R B 10 N B S — A BE, E
1A AR 3R 38 Bl 25 0 A I s T
T O I 2 3 R ORI . (FR 2 5 iy e 7
FEAE— B TR B AR AR, R 4R i (AR R BE 4R
o LR B L BT Al fE 25 AR T R E . 4R I 7
FB R /N SR B R IR E R BN R 2 —,
Tk PRI A DX /N 2 S A TR R
B I8 20 o 2 A A 1 S ER DN R A
I

3 A TARE AL Sk AR E 2

SHWS EM% HA 56 BE5i B 52 o W o0 A 4%
FEBER A 22 8K T B /N SRR . — R
T SHWS ELA5 5 09 A0 % 10 BN T % 18 R
(209607, 24 3k B B (E a3 B, 4 90k 4
(ERER

R 35 1 5 2 O B PR A% A A, R B R
FRic 43 K W B e BE LR b e AT 4 B b 5 3
TR VAN E B Ao B A B R . PR e O B R
18R 45 SRy A8 E PG 2 i g X Ol BRE LR A S 3
FFAE AR e 5 00 66 B8 A% SR FH A 345 %) ) 195 D B

b BE R Th A A R MR

e JUT B U A O — b Rk R A LR
W
iii>, 4)
20,
Pz, y 20 0 R AR 3R 0 A A 5 A A
o K i T PR AR O 2% AR m T R B TE . AR
P () THEARR 3 X3 BT IE AR IE R N
(1 2 1)
2 4 2
1 2 1
FRT5, I A5 08 97 A5 B0 Ay 0 06 1 ¥ I 1 IR

KEECOTSU) BB ARy —Fp )iz 89
N (R T AT B Y B IS N R B 4 R
R 22 S5 E L BB B 1 U8 o ' BE PR AR I R L 4
e LB .

d=w(w—wW’+o(m—w’, 5

Ko REEFGEIT S LG w R HERR
RRERHE o AE BRI GG, A
HEAR R MK BEYIE , e R B A R K BE 4 1A
o MM, BIERIIEE NADKER, Lo,
N—1JARKIER T {E, ff & & KN OTSU
R ZEA e

HR G F 3R 53 BT, A SCR bR 10 43 7K 08 53095
JEGRIN B R AR B R (D SR 3X3 (= g
PR T SR A E B SH. B 31 6 BE G 0 17 F W Ak
B 5 (2) X 3k 0 AR AT B BE AR s (3) R T
OTSU [ {f vk X 06 B2 B 34T — {5 46 IF 45 15
(O FEFRIC I A 16 B B AT 43 K08 53 o1
B AR R BE A AR I 7 T,

glax, y)=exp(—

1

T o PR 1R 47

4 ZHE5EREH5H

SH JERTHEMDEE R G WK 1 s, R4
i ANFLE BRI AT A AR B AT R . A Y
FAS P o5 T A S B A R S D AR IR

Beam expander
Pinhole s
. —_—
I

. | H-8§ wavefront
He-Ne Laser——— Collimator —* | ~
l —_—

SENsSor

e

¢ N\

P 1 B 5 R & (SHD AT G

Fig.1 Beam path of SH wave-front detection
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Fig. 2 Image of spot array
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Fig. 3 Centroid detecting window of marked water-

shed segmentation
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tional and watershed methods
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Tab.1 Mean values of S and partial centroid coordinates
5 4 ik 43 K I B9
o1 734.924 9 734,706 5
19 711.571 9 711.485 3
Zs0 688.371 3 688. 230 9
2115 665.097 1 665.012 6
Tis1 734.894 8 734,975 2
174 711. 496 7 711. 448 2
S 0.073 4 0.010 9
(a) R oL BE (h) TN 75 J5 19 6 Bt

(a) Laser spot (b) Spot with noise

(¢) Window without noise
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Fig. 5 Centroid calculation of single window by marked watershed method
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Comparison of centroid errors between tradi-

tional and marked watershed methods

SE

[1] SEIFERT L, LIESENER J, TIZIANI H ]J. The a-
daptive Shack-Hartmann sensor [ J]. Optics Commu-
nications, 2003, 216(4).:313-319.

[2] EW%.F¥. 0%, 5. Shack-Hartmann I §iff%
TR MR A A N B R R (1], k3 Mg i,
2010,18(2) :334-340.

XIA M L. LI CH, LIU ZH N, et al.. Adaptive
threshold selection method for Shack-Hartmann

B AR G A Y 0 15 22 0 B v K
FE 0.4 DL b s AR SCRE I B0 R 228 ke, T
{H R 0.026 4,8 SCER L3 ] A A 2 fn g O
TR 0 SR R 25 A TR
5 % #

AR SR F B F bR 19 43 K 0 Bk E AT SH-
WS OGEERTC BRI, I 15 1 8 06 BE 7.0 4800 J7
HEAT T XL . S5 R R 78R FH 43 7K U8 B0 o
A CBEFR I % 11 LR — B R T35 OB o0 Ll
TER FH AL 88 7 1 ) P A 5 R /INI 52 118 16 B
7l 1 L33 04 O B 0 0 B0 K A R R R M
JEOERIR 224 0. 026 4,581 Z i@ K BTl
T F BT A fE 22 0 ~F- (8 i A% 48 5 12219 0. 073 4
#E50.010 9,

wavefront sensors [ J]. Opt. Precision Eng. ,
2010, 18(2): 334-340. (in Chinese)

(3] 4m3Rar, sk, A, 5. NIRGZEHRINIG K20

BIL AR M IO RAE (1], 24 #h % = 4,2011,19
(12):3016-3024.
NIU S S, SHEN J X, LIANG CH, et al.. Cen-
troid optimization of Hartmann-Shack wave-front
sensor for human eye aberration detection [J]. Opt.
Precision Eng. , 2011, 19 (12):. 3016-3024. (in
Chinese)



%6 1 FEFE &5 FH AR IC 43 7K I8 1 51 BB T8 - WA R 2 0l A A% SRR 2% o0 R T 1499
(4] Dwedi, fshid s K48, AEN RGP SRS 0 AT 1545. (in Chinese)

(5]

L6]

[7]

(8]

[9]

[10]

R AR BT O 1 e AR R & [J]. k& T3,
2009,36(4) :22-26.
MA X Y. ZHENG H Q. RAO CH H. Optimal
spot centroid positon during Shack-Hartmann wave-
front sensor calibration in adaptive optics system
[J]. OptoElectronic Engineering, 2009, 36 (4):
22-26. (in Chinese)
AR B A0, Y EH, %, Hartmann-Shack I 5%
AR B BUO RN vk [T F B sk, 2009, 36
(2):430-434.
LIANG CH, LIAO W H, SHEN ] X, et al.. An
adaptive detecting centroid method for Hartmann-
Shack wavefront sensor [J]. Chinese Journal of
Lasers. 2009, 36(2): 430-434. (in Chinese)
E B HRRAT. TR RN B O 0 0 BE O 3R
Tk (1] ok 5k F Kk, 2006, 18 (2): 1249-
1252.
WANG W, CHEN H X. New method for centroid
detecting of focal spot based on optimizing detecting
window [J]. High Power Laser and Particle
Beams, 2006, 18(2): 1249-1252. (in Chinese)
T LB B R . B n- MR R MR G
DM R 2Z AR [J]. $HRKRFFR: 22 F R,
2010,48(6):1013-1017.
JING W B, DUAN J, WANG X M, et al.. Compari-
son of Shack-Hartmann array spot centroid detection
errors [J]. Jowrnal of Jilin University: Science Edi-
tion, 2010, 48(6):1013-1017. (in Chinese)
PRIETO P M. Analysis of the performance of the
Hartmann-Shack sensor in the human eye[]]. J.
Opt. Soc. Am. A,2000,17(8):1388-1398.
EoRA) DR S BRI DNORS B R B i
[J]. &sh 5k 242,2012.41(2) :472-477.
XIA A L, MA C W. Method for improving wave-
front detection accuracy based on high moment [J].
Infrared and Laser Engineering, 2012, 41(2):
472-477. (in Chinese)
B RA LR BT RMGAL B R B BE BTG &
B (1], ke F - #ok,2011,22(10): 1542-
1545.
XIA A L., MA C W. Measurement of focal spot
centroid based on image processing [J]. Journal
of Optoelectronics » Laser, 2011, 22 (10): 1542~

1EE @It

N

TR (1988—) . B . HMKRFHF AN, 2012
ETRAEMTRFRGS L, FH
DA G AL 3, R 2 R 2 4
T A9 BF 58, E-mail: liquncheng827 @
126. com

[11]

[12]

[13]

[14]

[15]

[16]

[17]

VINCENT L., SOILLE P. Watersheds in digital
spaces: an efficient algorithm based on immersion
IEEE Transactions on Pattern
139

simulations [ J].
Analysis and Machine Intelligence, 1991,
(6): 583-598.

EF EBA- R E WL F. TR E A
PRI E& By 43 K 08 A8 4r 0 (1], & B B 3 »
F4R,2008,13(11) :2176-2180.

WANG Y, CHEN D R, SHEN M L, etal.. Wa-
tershed segmentation based on morphological gra-
dient reconstruction and marker extraction [ ]J].
Journal of Image and Graphics, 2008,13(11):
2176-2180. (in Chinese)

B AT, R — R T ARSI A K IE 1
Bor R AL 1]+ B B4% B % #K, 2007,
12(6):1025-1032.

GAO L, YANG SH Y. LI H Q. New unsuper-
vised image segmentation via marker-based water-
shed [J]. Journal of Image and Graphics, 2007,
12(6): 1025-1032. (in Chinese)

£ R, 82, i, Shack-Hartmann % B f% X 45
MR 22 [J]. & F & F % 4R,1998,15(2):193-
199.

JIANG W H, XIAN H., SHEN F. The detection
error of Hartmann-Shack wavefront sensor [J].
Chinese Jowrnal of Quantum Electronics, 1998,
15(2): 193-199. (in Chinese)

GAO G R, YU X. Accuracy analysis of a Hartmann-
Shack wavefront sensor operated with a faint object
[J]. Optical Engineering, 1994, 33 2331-2335.
Yo, & SR, 428 Hartmann 3 Hi % 5825 B0 428
KRB 5 (], ke T42,1997,24(3):1-8.
SHEN F, JIANG W H. The threshold method im-
proving the centroid detection accuracy of a Hart-
mann-shack wavefront sensor [J]. Opto-Electronic
Engineering, 1997, 24(3) :1-8. (in Chinese)
1E6)9% , ek 48, 280 4. —FP Hartmann-Shack 7§
HI 12 IR A% RG0S 0 B Ok [T, ke
#£,2002,29(1); 1-5.

REN J F, RAO CH H, LI M Q. An adaptive
threshold selection method for Shack-Hartmann
wavefront sensor [J]. OptoElectronic Engineer-
ing, 2002, 29(1):1-5. (in Chinese)

FRRS (1956 ), &, HEHREKEFEN. X
2. A4 T W, 1980 4F, 1983 4E T K
& TN B ML Bt 43 B AR AR 2 1
2, BE N F R AE OB B A
B O B T L A A 2 D R A
& )5 1 M OBF 9. E-mail; wmftys @
126. com
(REBHHE. & 4)
(RRIETE XREZFA IHBER)



