BT wa2m p = A= B Vol. 17, No.2
1997 4( 2 J1 ACTA OPTICA SINICA February. 1997

G VBT B AT R
I8 NG RGeS A

FANE 3 S/ ik

( R B 6 A ARBIESE T, 1B 610209)

B B OGN RGT, BT RN A R At R U BT RATE AL 2. 16 m Bix
BELA QG O R GE, M Aal R dss i R GE M A RE 0 B 1067 o B0 2 AR R G E i R b i A
i, MRS L HET T ARG W T A ] A i ek B UL BT RN R IR S 2050 Dadh, kg i
TAE RGP 200 1) TF 36 R A ER W 5

eSS S IS BTV s S35 78 I ) [ R MR |/ 2 o S € AL F

1 50 F

KA AL 40 52 B g U (0 T O R RN o 7E 0T WOt B, 4 m 25 300 5 (1) 17 S i PR
S HRER A LA R 0. 03 MAFP. HE T RS2, W LB A /MER I, RS2 RO
FE(0.5~ 2"y, HSEPRHEFIFALL 0. 1~ 0.2 m B BIUF. N H I YOG HA AT LLSE
o} Jii L RN BEATAME o NREE B UL, AREN G RGO AR RS, B Ay
PRI 25 D5 i Ak B8 DL R I8 AR IR AR A ko 1 O D16 27 A B 2R 0] R/ i A 110 W 2 171 35 A 41
I A0k 2 ) v 08 0 e, O] 0 T U 8 e 7 1 5 DA A0 ) v A 2 R 8 A% o PR RS
1F (1) SI2 U A A4S0 285 e 745 3 (1) 15 | N A AT 8 DU A0 T 3R i R A PRI 2, i VRS IR K T I
AR 5 T 75 ) A 7 R IR R PR R 0 A e P ST A PR O IG5 R S e B A i —
PR, R RE AR BR RO — 1 EEN R

AR B A A ik — M6 [ 35 WG 27 2R 0 M S i T ) S RS AR L BR TS 4 BT
BAGHEE R EFEY T 48 21 RO HENEERE, IFSIERUIFXE 2. 16 m #Hik
Gt HE, I HBEATZ050 H & OG5 U AME I o A SCLLZ R G0 AEA, 012 22 45 1) e 75 14
DLEEAT T HE Lt 4 T scie st B, Mk By U T A 5] NCL R RGN,
T Z ARG e 75 Th A R 7S AL pR B, S T R GIT I AN A IR S A S

2 HENIEF ARG T HER
(BRI Y RG A — A E B RS, 5 AT B (WFS) « BRTR LA (DM) LA

g e A TR % Bh I H .
ok H W 1995 2 9 1 7 H: W42 KO H - 1995 4E 11 1) 27 H



[ 17 4

e
s

176 5

JeF AT AR FEES (W FP) 4K .

12 2. 16 m L BELLAb F GG AR G0 SURAE o 350 8 PRI T
i T A 8 R A 4 0 B0 0 WL AT AR T BTG C) T T A (WFR) LA R4 0
(CC), BRI D/A BAR(DAC) R 5 o BTG I 25 A4 D i A 0 %326 1 (1
5 SRR RN B (HV A) K= AR T, AR IE i S T -

atmosphere  Tesidual noise wavefront contrel  nigital 1o analog
turbulence  "avefront saurce [eCONsStruct Compuier  Converiers

wavefront  gradient )
sensor computer deformable  high voltage
mirror amplifier

Fig. 1 Block diagram of adaptive optiecs

turbulence
wavefront

3 BRI
LEA R G, R T A BRI B85 AN . 3K SR 6 T B A A A T A
S YT RIES . SUAA A 2 B Y, w T i A ) T RSB RL 32 3
T T T S 10 A2 Ak 3 DU 348 40 441 R
o AMP : 0 5 A 0 1) T 0 R P M o M % A S

I‘"’ L‘r PMT array “:r:flfiﬁ?t Hhi].f'iffm Iﬁil‘ji\ _|J_. ﬁjj I-ETJ H{j ’ﬁﬁ- I-ETJ El,-"; -t;u-, ;{FR.-J- j“): !‘_F. Flﬁ T
M, [P WEIEREAT L. FEFEB0 I T AT 28 R

64

Counter BE, IEHEUR 5 100 305 5 2 B B0 it
ML | (PMT) 6 BAZ 0 b . 32 3838 6 71t B s b )
ST FRE P SEILGICAR S I s fE e LE B R . RO IR
52 pise SR AT T BRI GO A (PMT) (8
I B BCR &S (PRE-AMP) « %51 4% ( DISC) A1t 4k

Fig. 2 Schematic diagram of shearing interferom— 8% O UNTER) » 52 % &b B S8 3547507 F G0k 1
o | MK ) J 155 55 o R 32 AT FLA i T
Jropiers Mmoo Lo S f5 . BT B R 0 B 2

e ANl P e (TR, A FAL IR It A e

Gy PMT

PMT array

rav: AMP: amplifier: PMT: photon-

multipler tube: DISC: diseriminator jﬂJ 1] lﬂ%ux'ﬁﬁ};{ﬂ'ﬁfl‘rg ;)‘J
I(x.y.0) = To[ 1+ Ysin (wt + 6] (1)

A w RHIREIAE, ¥ DGR S R EEEE, 6 S AHA .
1 HENCE RGN, BSEE S0 MIUE. P — KRR T N3 )61
B, TREAT AR

T/8 ir/8 5T/8 /8

P = ﬁclt/e+ ﬁd;/ﬁ ﬁd.ﬁ/e+ fidt/e: A+ B+ C+ D (2)
“T/8 T/8

Ko e T, (1) RACA(2) AT B
A= P[1/4+ ( [2ysin@)/2m] B= P[1/4+ ( [2¥) cos 8) /27



2 34 e - Yo7V By U T SO AR B 13 A N ' S AR S 177

C= P[1/d- ( [2¥sin®)/2n] D= P[1/4- ( [2¥) cos 0)/2n] (3)
M ( 3) XA LA
tg 6= (A - C)/(B- D) Bl:0= arctg [(A - C)/(B - D)] (4)
WHRACB. C. D WREPAHAER AL AB. AC. AD , WA 35 T HR iR 25 4
(&mgz‘(A— cﬁ+ ﬁi—!ﬂz
+|m-cﬁ+f;-nf (5)
E T35 TR 5 1) 3 M A SRS G T ORI RS BRI AR 23 A, DR A
(AA)*+ (AC)’'= A+ C= P/2 (AB)’+ (AD)’= B+ D= P2 (6)
K LA BTARN( S) 20T LA 33 iR A7 A0 35 AR 2 0
go= m/2Y 1P (rad) (7)

4 RGN
N 0 Sl A% ¢ I, HAFEW FXA:
8= 2mG/A= 2nfoG/do (8)
A L AERTBIYIRE, 1= M o/do, A RIRMDCFEAS, do AOCHRI, £o e BB AR, h
(7) ~ (8) Py AT LAZS 235 i A8 () B2 O i 22 D

0c = (do/21f o) 0o = 0.25do/(¥fo [P) (rad) (9)
AR 2 8 SUHT R 7R o 2 AN F X R
o = E,L’0; (10)

NFE, P ER MR AR R, L o FALES . F(9) AN (10) ST LIHEH R
45 T A R AR A 350 T MR R 25 g

- EsLo- (0.25 doL/¥f o) \/E,/P = (0.25 doL/Yf oA) J(E,/P T) (A)

(1)
Al PO TR TR B G THEC T HECR, BP.= P/T .

5 ARGMIMEFE
R PHIRUR 1495 2 o 15 RIS 4 AT e bR BAAE I PR

OFie = Jf'fntf) Tra(f)df (12)

A Fra(f) BTN, Tr(f) AW 45K EL.
5.1 REINEE
I R G (1) = T P YU G kg S, e — A e s, LThESk e eloh — A, A
I R GE I 75 D328 ) R A
Fra(f) = 00/Bu (13)
N 0. ARG IO TR R 22, B 580 RS 17 9 .



178 * 2 2 3 17 %

W RGO — A UCKFE LR, A% 34 s AN

H(S)= (1-¢/ST (14)
AT KRR . MR A BT R i ST LAHE HY AR A A T N
B, = Hlﬁ J‘H(jwﬂzd,f: 213,, (15)
TR A IS AT L 11) S (13) A1 15) sk H:
Frf) = diL’E,/8Y’f NP, (A’/Hz) (16)

5.2 BREfRIBEE
P 3 b 1836 O 2 ) Bl ) 3R 4t T HE ] o o AR 0 A i v 0 S el = 0 A i
1) SRR SRR DRl 52 5. 1 — AN SRR R R A 2R, A% 38 pR 30 R
H(S)=[(1-¢)/ST] e " (17)
A T KA.
2) pEBRBE ISl RGP, R M e aEs o X, AL sk B
H.(S)=g/(1+ ST (18)
b g HRGIE, T A UEB ) H .
3) ARTEEER S RN AT o B BLEAE— AN e kR, AL s e EO:

Hm(S) = I/( 1+ S.rm] ( Ig)
A T AR TE BB A5 W M. (8] W 8. A o< T, FrELZIn] 208, RoxA:
Ha(S) = 1 (20)
+ e(t) ] —esT - g : y(t)
ST N 1+ST
x(t) — SO WER oC HVA. DM

Fig. 3 Block diagram of servo control system
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Fig. 4 Noise transfer fuunction curve (a) sampling frequency f = 500 Hz; (b) f, = 250 Hz
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Fig. 5 Open loop RMS wavefront error versus photon counting rates persubaperture

(do= 0.4mm. L = 10mm, ¥= 0.8, fo= 250mm. E, = 0. 64, A= 0.6328um)
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Noise Analysis of an Adaptive Optics System Using Photon Counting
Shearing Interferometer as Wavefront Sensor

Rao Changhui Jiang Wenhan Li Mingquan
(Institute of Optics and Electronics, The Chinese A cademy of Sciences, Chengdu 610209)
(Received 7 Setember 1995; revised 27 November 1993)

Abstract The noise of wavefront sensor is a major noise source in adaptive op—
tics system. Based on the infrared adaptive optics system at 2. 16 m telescope,
the photon counting noise of wavefront sensor which is photon counting shearing
interferometer, and error propagation in the course of close loop are analysed in
terms with servo control system. The noise power spectra, servo transfer func—
tion, the open-loop and closedHdoop RMS noise error are deduced theoretically.
The experimental results are presented.
Key words adaptive optics, wavefront sensor, shearing interferometer,
photon counting, shot noise.



