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Myopic Image Deconvolution of Point Source Based on Joint
Estimation of Object and Point Spread Function
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Abstract: In the classical deconvolution based on wave-front sensing (DWFS), point spread function (PSF) is
considered to be accurately achieved and therefore Wiener filter can be used in retrieval. However, for the inevitable
noise with PSF, the object image cannot be restored perfectly. A myopic deconvolution method based on joint
estimation of the object and PSF to overcome this limitation is proposed. It takes into account the available a priori
information on the object to be restored as well as on PSF. The a priori information is used as constraint of the object
and PSF, and therefore a better estimation of the restored object can be obtained. The principles and experimental
procedure are presented. The experimental results for the indoor point source show that the myopic DWFS can give a
better object restoration than Wiener filter method.

Key words: image porcessing; image restoration; myopic deconvolution; joint estimation; wave-front sensing

1 5 B JRBRE T — R 5 B OG AT A 52 Fr R R B R, X
75K R B2 AR R G, A ey PR LAV ESEBRE ARG T KRR B—MIrkA

e RE 32 BRSO PR R L BT Bk 2 AR ERDRSERORYY ERE G Sk W R F H AR S HK
BRI ER IR A, LUE G Sk e i DR B A OGS AR AL ERT » AT 2R R SO | Eot
BRERE, R rSETE AR ARk, EREREARTEMA. — AR BN

EE RN BXEA981—), L, BERA B LA, FENERFEBGAEE S TP . E-mail: 2zink@sohu. com
FIWEA: GBREAITL ), B IARS A IR FENFEHEMEFEF TR . E-mail: chrao@ioe. ac. cn

BRI (1958—), B AR M A B, FENERFEGRESER T EMNMA . Email: [62006@126. com
WekE H 8. 2006-03-03; We Bk H B3 2006-05-31



1 BCEE . BT B SY R BB A A T80 5 IR B AR B RIE S 53

FRGE T B i AT ER I | I AT 2 AL 0 H R R =B
H. AT BUSEIEM SR REGF R, RERN
BARBEREFR . HMAGZHEE R WEBR. H
T TR AL R GE AN AR A A S — 2P 4R R B NG
RE/RINVEGRE, BERAFELENITE,
X AR EMR HATIRE . “ERALET T EA R
ZR,ETHATHENS MEGBRERRE—FMBE
MM, K& m B RN EEDY . H
Y AP E k% (Point spread function) /AN 8% 4 #f
B, i 6 AR D R AR M 5 B B AR RO

TR XER, L HEREDH, EER
ONERA /NI H T BHRE EERS Y Bk, 3t
N TT B % SE B B R SCMI B AR 4T T FEE L
OB TREFMIRE SR, XFE LR IE
T E R RIS BT A B E AR B T R BON B R
JRBORAE. EIERBERE LG, R % E T K
BABE AR AR E, IF BSIA T 8RB B iw
MR B RmE B

SCHRL7 12K FE 4 4 ik I8 O v (3 T U i R 00 1y ]
BREROXT E NS EHT TIRE , BUS T84
AOMRIZ G5 . T SCHR (8 JZE HL A mlt |, PG B 4R 418
PR RGBT T 3 — 2 W BR B R R 5 AL
H,GB3 TRFHEERRE,

AXTEMERM ELRETETHRAMAY BE
BT EBRENBERER WEETERR
HRFEERTEAWREMST RREPAEHE
B EBFSIA T I H AR FS Y R B B RE L,
I HEAAY REE N EEY R, it Emy R
HHEEVERET RARMERER.

2 KEBEA
TELETBALZRG T, G BB N ERG, 125
¢ WiET R ERU TR N
i=oxh +n, 1<t<M D)
He « FoRBH A, FRRE c WIH ST REE 7,
TNy ¢ I BB A, M2 BB R SR SR i
— MR, G R A ok IR R B BRG] R A, 7E
I B ) P 5 RO BN A R AN AR Y L R R AR B A
JR X R B 5% e BT LA 2B, FE SR ¢ BT s Y R BRI 8K
CIRVE N
h, = | PexpGe) 1%, 2
Horp P 3R RE bR B (E TS A ARt 1, 2SR R
0),F FNEE M AR, o RN I A9 BERT (PR 2 B
HiENOLF R AT R RRE-E AR R R,

1R B A A0 5 A0 6T bR A, B g T
LUK (D KB ERRBEE R
i,=o%h,+n = H,0+n,, 3)
Hdr oy, Fln, 331378 B AR VLI B 15 AN 2 248 B
L H, Bl S RS RN LAY Toeplitz £H[E

3 T HARH LY & BUK &A1

A5 Lt A R

T G B T BT AR A9 B R g s AR P, 8 F
RIXBB A Y R BCRER A B, PATRI
B A ] ek G i A R MR R, O HL B I A R DR R AR
AUALE T R B AT BRI A% B B R A R B W
BEHIER . B AEN SRR AR ST inA S
I I R B B0 ST S £ B AR A UL [ 45 B9 5 Bt
BEBET.

LHEBEEROTEARE, /D 3k,
Richardson-Lucy 88 % RALAR Al 3156, (H 2 L5
UEBH , 7E 31X 86 5 ¥ 1, B KB B Al 71 (Maximum A
Posterior) & i FEAR ) 5

HRH% D it Hr (Bayes) & 2, B #5195 344 11
H B AR 5B 55 A p (o) RSB ZE p (i o)y I 0t
Wik A TR B pCo]idocp(ilo) X plo),

R A Y R BRI HRR K T B, Bl 2 R B9 H AR AT LA
RN

Ongp =arg Maxp (o|i) =
arg muaxp(i lo) X p(o). 4

n_EFTR , RYR pR BUR AR RS Y, BT LA TR
TEGERFEERERN, FEMABRMEY R
R R E BB KRR ERMITH. MFLE, R
S BT IR B S R e BT AN S 2 — A BE L
T, b (DX IER
[o,h] =arg rrjezxp(o,hﬁ) =

arg ma}txp(i|o,h) X p(h) X plo) =
arg mihn[]n(o,h) + Ju(h) +T,(0) L5
XA B — A B AHEN
J=J1.+tJi+J.» (6)
He J, =—1InpGilo,h), ], FTmTHEBIEREHZ
B EERE, ], (o hsi) HHERARTMRENE ¢
T T A5 8 7 % 4

o> = Lk o 07C G 0,

Ju - lnP(O) ’]u j‘j H*f_ﬁﬂg%%\{%zé\;



54 * & ¥ ® 27 %
Jo=—Inp(), ], IRV REEHEREER. R PR Y 20 BRR N T ZRE 1

XF (6) A /MEBL R X B A5 R 37 R R 58
BR & B R 5 T MR Al i, 18 L P0A BE R X
frim/ME. BT B FXS S R e £ 508 B 2 A 6]
BEFR, TR AT B/ MU TR RIS, Br DU T 40
FRAEAL , BEE (6) a3 R XF B AR AN s e B A %
IMEPIAFRGY B Bt — AR o #E AT — B A A 3L
EHER/MOERERRERY RRED, AEH
HEA NS, REARINEA THEERR/PRZE
RE

B SEx R YR R AT AL R B AR /M, BD

h =arg min, [ Jyap(o,h) ] =

arg min,[J,(osh;i) + J, () ], )
RJEXF B br AT S B B /b, BP
o =arg min,[ Jyar(0,h) ] =

arg min,[ J,(o,h;i) + Jo(0) ], €D

BEGHE BAEE B R X S P R R R M, an
WERT 2, EELEE SR L& H. ER/MuE
B, BRI E R — RN SR, 5
BERBHNMGEBEBRES-E w iRl S5 85
WETHALTE ST,

%30 AR 2 VR BR 10 B O BhE M T 15
Rtz HE BAR A S P R R it A, i 2k 5
BERR/MEEREN, REX BRI TEEBRER
BB ERE. T IR AT E AR G EAR vEN] H
BEEE.

3.1 BEGH
R A RFENEN RS, A T2
Bl C, X BREER T 955 — B4 AT R H

]AOM)==%(h*o—iVCT(h*o—i% ©
LSRR R 0 E1WR S 72 of K (9) ST
AR BN T T

T.Cosh) = -

Ll hxo—il” =
n

élz |Ch*o](lym) —i(l,m)|%,  (10)
Xt T o E‘J‘i’ﬁé,ﬂu#ﬁﬁ—ﬁ(éﬁ%ﬂﬁ&%ﬁiﬁ%%
(E# o) KAttt
o = 12— M LiCm) —h(Lm) * o(lym)]. - (A1)
%ﬂ:gﬁ%ﬁ‘],ﬁ?fﬁﬁﬁﬁﬁ'

T B GOE RS AR B R A Tk b BRT 1R B
AR B B GAR BRAE, BT LR R Bk

3.2

FATAN B8 R B AY SE B Al IR W 3 o
i )5 [Fl R B A T8 R RO B 1 B 22 18] Y 215
ERER,XB T, LKA A
—h.(H ]

1w EY
Iy = 572, R¢))

Hef D, BAY BERNSENREBE, L,
BEY R MEREEM A . D, TR R
RN K

D,(f) =EL|RH P ]—|h.(H|? A
HEEENE, Y f K TERENR LM RE,D,
B HER, HLTERT S YR R B AR, DR R
% fRFHEEHE MBI ERR, X () HETER
3.3

» (12)

HizHERER
% B A5 B S B o i 2 I B 30 23 AR B9 . (H
HEL b, THRYE, A —ERWE, FHltoth
ATREAR R ER, Il T BB, Bk —
0,) JEFAE B, X 7 B v U AT DS BE 2R
| 5(H —T.(O |

N
J.(0) = 57 j;] 5. , (14)
HA D, BB FZNREERE, o, & WM EZH

FHE.

M TFAERGEF B AR IS E LRI , T
FER AL B el TFE . Br LUl 2
T G T R AR

D,(f) =E[|o(HO|*]—|0.(NH]|*. AD

4 LEHR

0T SRR T H AR AR YR RO & Al T Y B
BOE MBS RN E R AT AT, RATEE NHT T —
RIDGF BUR L S
4.1 LWRFEEHN

B 1 REmHA M RE . 55 F A HeNe
BOtRBEERIRA, FiridEdEs L1 RS,
FH 68 BS1 B HRAOCHEERGER L2 LR
B SGAEL L, FoE 5 6 15338 B he e 2 - B S IR AT
B b, i CCD R 8330 % M3 #E 45 o B 5 19 1L
BECBEENR AT AT IR I . M5 ACFBRE,
HATEB S L1 W48 BS1 Z RIEAGER . Lk
RGP EESERN;O04F D= 88 mm; TALEH:
8X8; T R F:d=10. 39 mm; CCD 14 & %X .
128X128;CCD % 4 o %% - 12 iz 5 UG AH AL 5 & %K
512X512 48R K/ 24 pm, BESGET ) AT AR 2



1 BCEE . BT B SY R BB A A T80 5 IR B AR B RIE S 55

Ll BS1 H-SWFS
Spot object M1 At S r
TR T "% Camera
i i
Reference Aberration | Lenslet
pL2
source -
!
!
CCD image
camera

B 1 BT I AR I R 4R A% 5 B RY SE B G B
Fig. 1 Experimental setup of image deconvolution from

wave-front sensing
4.2 ZXBRTR

St AR AL B AT -

H R 4 B 7Y A T IBE R 15 SRS R L 1S5 BBt
HIHRAAL T @, HR4E (2) AR B ZWUE T R R B 0]
WR1E

K& CCD BUGARPL b /Y BUR L5 . 15 2] BT g
R

. _IHH* () .
RAEAEN IR BRI o(f) = “TH(OE iz F

BAMTECE AR BT Bl B AR R RIAG1E .

B X)) XA ER LI RBER,
ot —ot | <107 || o || B3 k2L AR, B Y
EHARMERD R BT R o, g RAEH ¢ IRER
4.3 ZWHER

S g A, X R R O 1 BT e A O B 1R R

X108
L 10

DD o W W

= =
S U b o W% &

for]
Field of view (arcsec)

0591419232833 37 05914 1923283337

10 —— —
091 - Airy disk

° Restored object |

y
=]
™

0.7
0.6
0.5
0.4 |
0.3 i

0.2 J[\
o |

0.0

Normalized intensit;

‘\)t\«

0 5 10 15 20 25 30 35 40 45
x direction resolution pixel

frriEmERER, K2 K 3 25 T4 ma
G RRERERE & 4,8 5 4550 T HARRE
BEBU T W ADEREER G S D R R B AN IR B

9 ‘
8| M////
71 I AV
%6,\\4////7‘
EESXI ///ﬂ
S \lj‘

g1 r /7
I v A\
NP AN
2 Vs~

Ly P
T 5 1 5 6 7 8 9

Sub-aperture

B2 drRE SRR R E

Fig. 2 Slope vector from Hartmann-Shack wave-front sensor

< &

PV o
VA
g

Ve e e
v N NN

N
AN S
VN RS
PAN

2 3 4 5 6 7 8 9
Sub-aperture

B3 WA ANMRRER

Fig. 3 Slope vector from Hartmann-Shack wave-front sensor

Sub-aperture
N
NNV Y
~NNVYV S

f
f

<o
—

._
(=]
Field of vi

0 5 9 14 19 23 28

059 14 19 23 28

10— S
0o 1D f - Airy disk

= 0.8} I Restored object
2071
[

£06¢
8 0.5 ¢ /

) |
= 0.4} |

0 5 10 15 20 25 30 35 40 45
y direction resolution pixel

B4 RENBERBEN. (0 RERZERK, b) ARFERVBETBERI ST RER, (o FNBBERIER,
(D BBERBEEPIKELSR, (o (D SICEBEAH AR A B AR B —ZE800 35 5 74 B

Fig. 4 Image deconvolution of point source. (a) Raw blurred image, (b) PSF derived from the Shack-Hartman wave-front

measurements, (c) object restored by the Wiener filter, (d) object restored by the myopic deconvolution, (e), (f)
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Fig. 5 Image deconvolution of point source.

(a) Raw blurred image, (b) PSF derived from the Shack-Hartman wave-front

measurements, (c) object restored by the Wiener filter, (d) object restored by the myopic deconvolution, (e), (f) intensity

distribution for one-dimensional cross section of the restored object in contrast with Airy spot in x and y axis
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