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ARG XRBWEIEANE. &5, TEE SR IR 48 4 P A — R B B . Ak
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XS AT — DR FL & T BB & ik (Iterative shift-and-addfi 7 ISA
J7ik), B, ARUER Bire AR REME S BinA S A E ., YR ILAER.
W 5Ok B iR B A SRR R BT TE R AR P B BB 275 51, WL RE A8 TR E T~ 15 Bk TET b
BE B E X HE T H ARG B — A A, B RE S g B, AT LU T R 2P B 52 B
BB B

(1) X B ARt #EAT MG T, 153 00(X), FIRZINET ASEBLX — 5, dnfaj S #8 & hnik,
BER T HHES

(2) Fr MR BE ] ii(X) HIK S 00(X) TR, BEIFHLR 6o(X);

(3) MR F-H& Cro(X) FEBRAEHICLE Xmk;

(4) F# cco(X), HAFRARIERILLT H

(5) R P Wy AT LR, JRBI Co(X — Xmk) BANER, 1EHXT B AR Fr ) it
01(X);

(6) K26 5L Hysm iR A2 2 By, RIEERE 2 28, X AETT AR AR B R4t — &
FIEIAE 0i(X), 24 11 0ir1(X) — 6i(X) Il /T4 € R BR(E 22 LR AR, S i 01 (X) VRN H AR 4s
MRy R ZAG T

b R e AR S R LB IR R ARATIE ARG R B B R /N T4 R R Y,
X A “BER” FHBCA 4 W0 2 S, RPRs I A iy BE 2 2R i o R I A S R (LT vy
Il -« 1l 8 R M SR IERGE ).

ATLAR AN T i D ARAE R fR] B T M st i ik i 20 3R (1R (58 AT BT SO A3y LWH J7 i3RI
Xt B RS p gL it)-

0p(X) = LWHIik(x)]
repeat

ck(x) = correlation[ix(x), Op(X)]

Xmk = find_ max[cy(x)]

0g(X) = sum[ck(X = Xmk), K]

d = max[op(x) — 0g(X)]
untild < dm,

B, HLER PN AIEHI TR, BRRAABEIMEN AP REE, AU TH
TR THE R,
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S5 HHEPEMEBEEIIE

— kil B AR ER o(X), R 3EEREpst () A SM 4 2R (B ) 1(X) Z [FAFEm T
BRI R (AR RERA LT B AN

iI(X) = psf(x) = o(x)

B B B AR AR AR 2 $O i 2 S8 AR O 3 R S PP S R R B ps T (O i, 485
THE (Deconvolution)y 77 v5 B fig i B AREIR o(X). {H KA B8k A W 7 ik T EER Ly
WG R, 50 TR E RN B ARE R ERE .

Lane#l Batesi®"! {73 T 7R A1 A 8 B B 5 00 M3 B AU v IR Ay B ARy
BEie LA, XMIEARHIE S S ERE R BT E — T T, S BT Ak
WA E B (Blind deconvolution) i fi T4 53 T LA R Dy S HIBCHE A S A A T o
B HARENR . R — B ECSR AR, TR R Tk ST AR e 1

.
L4

S r

1" 1"
(a) (b)

K6 ZEAXGHEA ISA JrikEd ADS16800/ %
(a) mBE K, (b) yEges s 1130

AyersFil Dainty 32 Hi B8 aT DL LbHH & A7 W BOHR A SERR VL . M6 T BB 5L
B2 RA M BAREGS MY R R BB . (R G187 v Tovk A B A e 2 VR iy
T2 R, X AT AT,

Daveyxf Ayers 5 Dainty i 77 {0 Hh T oot B9, b 752 A3 R o 1 7 24 0B 0 5%,
FHAEEE LG RN TR T ERAE. KB, Davey 7k st 7T L I o 4b 52 2
S F NI 245 3R

Holmes & BEIA#A G {8 FI B ISR 7 v 50t T B AR 12, 78 Holmesiy Hiikd, 4
— B EARE A P Lucy-Richardson &R it Bt th 3L, 3Bt vl L™K it 4k 51 24
. Holmes[FEREBF 7 T Hif 293 (X BREELIT . 4 R B0 58 20 R 45) AR

Schulzgsf B A B HE 35 4 T WA W25 S8 T Holmesiy 7k 191, 7 Schulzfy 7 ik
H, (BT E AT, WARRIRE . BAh, Schulzie i Fl T A & i ¥ORF i 2 18 WL 25 5
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& AR AR ER.

Lane S 4 H T 3 35 5 /ME 5 R B0 HEAT B AR 77 i 10, T 570 o i it ik L 25
FiX) HHBERGER ox), psf(x) 2 BB MmE, [FEHE T REORHRIE B AR
LR A KT RER LA RAIBIN . X RER RS R B RIS R DA K& A B R A SR A 1R 3k
FR W LAE 2 B /MG ST R EOR B PG . X PR RS R AR 2 T AR .

Thiebautfe 5 K B4R 77 35 B Bt 1 XA T e B A+ 2938, FEF XCRA T Lanedg i
T B/METT RS R, d— S T E SRk M, X For kA Holmesty
T7IRE T R, R4S Lanefy O i R TEE, X RO IR BE S B T E EE, AF
WL 25 S A B TR 2 A RS L A, XTI RO I LB B, sk R AR AT I AS A R o
B Bk B RS A A BR B 4 R, KRR, X Rl IR BE T LA R MR U T O — R T
e T TTE VNS 2 S =R A LTE- 1

.

1" 1
(a) (b)

K7 mERXEMA ISAJrikEE ADS11344F %
(8) HBEAH, (b) Easis 1Y

Xu 42 H B K JE 1 5B B B W7, ARYE DU s B, FE7E W9 R AT AR 3 —
BRRURAEH M ERF S A5, Holmesiy 77 ik T IR ARG T, Xu BIr R NER T BoR)q
Bfliit. RKFERAM TS R BRI EN{E . Xu fA T AERES — SRR
WEMLZ AT T IENIME, TR TR — SR AT REEPLEZ AL (Huber-Markov random-field
model) Xu #7579k —J7 T A AR O R B @ 45 R A K -, 55— 07 B i LA ZOR A E
AN RS

6 [E NTEZ U A AROC AR

6.1 =EEAXE

19834 AR A HE T RCHHA LR U, I\ 19844EIF 44K SCRE 4 P B S BF 52
THE.

1984—1987F AT R AW B T Wik, B TR ILRE, Bl THTFI6%0
AL PR MR ELIESE, HEAT T LOBOGA F6 A 6 TR A B AR S A BE R T 07 ik 4k
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BESCEy, fSE]T HART R G AR, EHEH T E R — A RS T AL B2, sl T 4
5 F e P H CCD 4252 RoC B AR BE A R WOk, BEAT T BEA T W ik i 623 07 12 S5 Samon ik
LhFE, BB —HBUR R A RS E 1S,

19884F, 7 MR A FFMHHATREABRILMITIFS . HAT T KA B ARBE AR5
SR BRI SE 00 A 92 BR R S H AR R RS0 H, S48 T IR, il T SmL sk i, 25
SRR T B SRR RS, RSB A B RAR A SRR T R DRI

XERLT A, RS BARAOC T RO, H AR B B 28R B B T, BRA
FMERE | [ AT G BB TR RS R A L, s, W R A . &
MR A WRF TS HEIE T MR R 20, R L T B P i B,
KA F e B4 R E AT T —HESUR A = RIS 5, 1645 T 3R 40 S 45 R,
BAEE bR LR K.

FHBE 0 H AR LSRR AR AR, FTRBARAE 21 (R, X—BIZ RN
FARIAHLS. 2 TR CH i TARR R FARL 52 B T 3 e %t B A7 i 0 FL P390 36 A L30T 18
AT 368 65 T A2 428

TEAE P RBUARYE W BR A RIS, BRI R AR K, BN R R SR,
BRI W LAEE XX R AT T A, B A7 B AR (e s B ATTE B, st
B HE— N Y SRR AT, A SRR

Mok, ZHRCEEHFT T BEE 2 BRI HFsE BR8] e A M g gyt
B B 2 28 [ R B A D B A PRI AL B 0, L R L s . 25900 BB B e
6.2 EMRHFHAFIR T

o R B FE R B B A A B2 AR R SRR I So LR, ML K
1.5 mELTmEE A BEYUM 1 57 B9 7 4 D SLTm SR R AT T B0 RHAB LR 7 22 . IRHU
PEHEAT T 2 IR et . FF S0 225 40 B BN R 0 LB 5 4 B RE % 1 B 507G 7 1 X R AL
LR 6 2 AT T 9P . 306 TR B T BE AR A S0 VAL 3 ) T 1623 ML B8 A A L
Hl. WG, TR, Tt B8 SR TR A M RS, BB G R R 2
Ik, BT REHEE TSI NRHIAR LR, R4 B ARR R E R, FIBEAR AL,
LIRS AR E R B S FR I AR R, B A5 3] AR AT AR R

7 AR RN FH B E T IR A A kA R
AR, LB PR BB R TE S WU 8 4 By S — 3 H RIS T ek,

X KBRS KRR K E 2 FE2 NI, EHARARERTE, BA=
J7 TG (1) T LA R ek ey e T G 2 B B LI 45 3R 5 (2) AT LAREARSS R 152 45 #y 2
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K (3) AT LA m o R B R

TR RS B ARRY M AT, ) B A BT B R B AR U 2R 450 e W] LA B AF 5 B B A
B SRy . T 2 A R e ) AR R g A (S 15 B A LR TR DU R e B 7 U s 4k 42
PRERIE ST, X R, 23 TA]ER N 4 g 00 B 45 SR AT LA BE 4t N R ARy LB 2 | DB S R0k
PO SE (. S6E); H—Jrm, AT S ERNAS R K IARRANE RS, FEmHE
It TE U0 5 8 38 2t BRE U BAR BEA SR LA X 5

Horch % A )\ 19964F 574 1231 1] FiI B 45 it (B R HEATOUR RAIBFST. 38 X HHF 52 T
TS BB FI T R RGO 54 1577k (25467981 ) 14952 ) e 4k Sy b 3 (20531,
HET, it 2 re s E R K 3cq (Kitt Peak National Observatoryly WIYN 3.5m it 4%
fii & RYTSI (Rochester-Yale Tip-tilt Speckle Image¥ V14 — B & WA B S R 58, —Flr
FrALBE A RARAL) R B AR BB, S BERURUEREOR, RBE LB RS AR PR By 2 BER X 43
WERRSE.

Calloi ff Bh gt A B E g7k, /MR SO Him GExt— A X E RGE#HA TN, FFE
7ob 7 308 ) X 28 A Sk AR 46 51, o AR AU T SR IR 45 SR A7 b B, )5 Al A H X
BARG 2% B,

Zakharovii i BE AR A& A P8 B T T 1 m 3 SR PH S e 4 A5 2 Y K TH 2R T4
U, 15 B SE R A IR 74 . 8 X SRR, AT LAHA E K FH 281 A 258 H By [ H 52 3 K
Ho FEAIRG A . BFRSE RAE R T KM B 5 H B AP TE s ZY K- 07 Wl 3 Y
XA, XS H B0 2% 0 B SR A 3 EL T 10 RGBT .

Kuwamuras A 51 57 (378 B 7 xS S s SRR iU B R TR, 75
FT I0(REMTEZ—) WEE. BE OB LR EE 5@t 23 a0 25 5B B8 4T ik,
LA 45 R W B R B 7 I AR T 20 HF R LU Y o SRTHT 45 M 1A

8 /p 2k

BT 47 T RAR HARBE R B3RS 08 T R IER R AR BER{ B A0 B T7 3%, (B B 5%
B TE IR, (RSB R . T B T 22 ()3 r 77 9%, P RUAE 2 T3 A B
BERL B RE, RACBE R B AT . BE R AL 2 B SR L B W T7 3k, X P
LR EIRmHRE R, T H WA BN e &R B SRS, IER X RE, BE R R Y A
(B o) BN T3 2 AT, T AN B R KR E AR AR SR R . (ER AR T oAt
Tk, BERMAGA N TR—MEI STk, AR MR 2%, STHR AR/
CARIE R THBR A AN FEFE U, A5 B AL B — S B A T A T RE Y
AT Lt il e, REFEREFIT R,
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B ARUBEIEZ A RBEES (10603004)57 Bl 5 [F] 3745 E % B R AR 5T
K JETHRI (973) ¥t By (2009CBB24800) A2 SCH| A T 1 AR 2 RIR Y BE U I A A2 AT ISR AL
WRAEY BTV 5 AIRSCEEH T 2R G AR EGR UL EESR.
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Methods of Astronomical | mage Reconstruction from Speckle Image
HUO Zhuo-xi+%3, ZHOU Jian-feng-%3

(1. Tsinghua Center for Astrophysics, Department of EngingePhysics, Tsinghua University, Beijing 100084,
China; 2. Key Laboratory of Particle and Radiation Imagimd/inistry of Education, Tsinghua University, Beijing
100084, China; 3. Key Laboratory of High Energy Radiatioradiimg Fundamental Science for National Defense,
Beijing 100084, Ching

Abstract: This article is mainly intended to give a review of how astwmcal images are

reconstructed from speckle images. The speckle image fammeechanism and acquisition
method are introduced and the computer simulated specklgamare demonstrated first. Then
the methods of speckle image reconstruction is describetljding methods in both frequency
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domain and spatial domain. In the frequency part of thelart&peckle interferometry for re-
trieving modulus information is introduced. Knox-Thomps@peckle masking and phase re-
construction from modulus for retrieving phase informatarse also introduced in the frequency
part. LWH method and iterative shift-and-add method anediced in the spatial part. Some
methods that are based on blind deconvolution and have echeegently are also introduced
in this article. And then the research work at this field dige@chers in Mainland China has
been highlighted. Not only the methods of astronomical ienegconstruction themselves but
their applications are also introduced in the article. Sementific achievements on astronomy,
astrophysics and solar physics have been included. Résearoinary star system that makes
use of speckle image reconstruction takes a significantdeertto the simplicity of the object.
For the same reason speckle image reconstruction has b@en gheat power to help binary star
system related research. The relevant methods are sunechatithe end of the article.

Key words: speckle imaging; frequency domain reconstruction; spatimain reconstruction;
Blind deconvolution
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BEENE: AXFRMAFRHORFAAR, BEFRRANT . AR EREAME YR XER
MR RXETH.

CRXZFHEYHFH, F K 200 H K, 16 FF&; F# 2 2570, 24 1007,

g —F|5: CN 31-1340P, #f & 5. 4-819 4 & & M ik 534 7T 4],

KAAT # 20104 K X C k@]

CRCFHEY REH

20104 3 A



