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Phase estimation based blind restoration for atmospheric

turbulence degraded images

YANG Afeng ,LU Min ,TENG Shuhua ,SUN Jixiang
(College of Electronic Science and Engineering, National University of Defense Technology, Changsha 410073, China)

Abstract; The resolution of space object images observed by ground-based telescope is greatly limited due to the influence of atmospheric

turbulence. An improved blind deconvolution method is presented to enhance the performance of turbulence degraded images restoration. Firstly, a

mixed noise model based blind deconvolution cost function was deduced under Gaussian and Poisson noise contamination of measurement. Then,

point spread function (PSF) was described by wavefront phase aberrations in the pupil plane according to Fourier Optics theory. In this way, the

estimation of PSF was generated from the wavefront phase parameterization instead of pixel domain value. Finally, the cost function was converted

from constrained optimization problem to non-constrained optimization problem by means of parameterization of object image and PSF. Experimental

results show that the proposed method can recover high quality image from turbulence degraded images effectively.

Key words: turbulence degraded images; blind deconvolution; mixed noise model; wavefront phase; point spread function

iR R 5 NN 51 2 NSO N D RN
HEZA TR, A Mg — R 2
BOULIN AR LA , ) B G 55 2 48 04T R SO
—HEMMFEREREMEETRZ —. 2 R
S RDEECEE IS R TZ BA s ER R T, i TR
URHALIE B 128 AT SR B AN B S BT A 4R
i AR LR 2 2 1 E B BEALAIC 3l , K At 9
S sh 2 B AR e iR F WL B Y H ARG 40
T FEAGE HANB S22 SR E BRI AR , R i K
RFFEAR T BB H AR I HR I BE 7 , o Ak 10
R

TR A PR A8 1 A2 2 — i S P o
e E NI FRHEE MR AR AR —HEU)
iR LR PR TR o A 2 R O 2 O 2 ()B4
J& , Wi PEaB A0 LA A et R O D E B T AR
E 25 EMT MR SRR EH . A 20 L

«  WrFs HHE:2013 —06 -30

60 LRI, £ I 2 2 7E S IR AT L 3 At g
ARG AR TR BB TAE, 38 ViR 2 H
Kl PR EME A B 7 AR, =iz 1l 1%
(Lucky TImaging) ' | B 8 T ¥ % A ( Speckle
Interferometric Imaging) Bl Hih HFE SR
A2 I RIS T AR R
BTl 5 fi# 45 2 ( Blind Deconvolution ) 5l 42 £
P G FNIE 24 i Se o £ SIS Al T I 46 1 i
PR SR R B (— IR s e R ) i
PR P B R A5 AR T R BRI U o A )i
RORRYIERL . ARk, V2w H 3R T REME
filp A T X B Tl A R R A B — 1Y 1
Mg AR O (RS R A L [ %
W BN Z R EAIME S 1 T 0, R 13RS B A
AR IR 5 225 SR AE Z W5 S5 T B
FRBERY . Jes HR R A BUR R B i G AR e

EE&WH :EHEK QAR RS TRIIH (60972114 ) ; v (=1 1 J5 B2 34 ¥E B3 H (2012M512168 )
EE R BT EE (1983 —) , 3, WFg i & A, T L0 5T A , E-mail ;. yangafeng09@ 163. com
PNARE GREMEE) , 20% , Wit , 14 800, E-mail ; sjx75461 @ hotmail. com



- 104 - EZ VIS AN 4

5535 &

8 LTI B , R 1 o i A R o PR, i )
B AR ARGy . HATRZH i
R IE MR 1 75 I R R G 3 e e R, (R
— Bk, TE N5 i B B SOR TR,
B RN R B i 2 1], 2 i R
)RR AN S 1o B B R, A SO T —
P O A ARG LB i AR BAE Y
AT (1) X i PR o AR AR AR AL, 25 RE A
TR g 0 PP Al R 7 ) 52 4 ) R TR S MR R A
BUR A RS (2) ARG Ll S B, ) P9
FITAHZE A0 1R i 4 88 R B, 5 T A AR e v ke
ST BRBAR RAE R TR R SR T

1 imifibE R EGRERESTREE

AT TR AR BG4 5 00 38 A1 b ek
ML RG, —F R ST B RS B bR
BIBRIER, T ERIE W E & RS BN
HRAERL RIS SO0 [ A AT 3k G b 7 5] e 75
75 G, R SPGB = I e P e R 2 IR DT A 43
A BT IERS  (HR SCH AR EMR I 5t K AR,
TEIXLE X 5, CCD g M R g 220, BARM
ET A BRI B LI AR 1 R S R R s A
HE RS 1 SR B X

g =Poisson (Hf) +e (1)
Horfr, g eR™ 7R WL i R B IR 1%, f eR™ g SR
WM 1%, H eR™ " SR A4 R R 0 45 71
R Hf S50 1050 8 s B SRR 1 0 MR 1 6
P, Bl Hf ARQf ,H Fl h 2 [8] A] DLAH B %46
e~N (0,0°1) A E i M o MR o0 b PR s
H , Poisson (A) =N (A,A), H,=0(1) 8] LT
LR U P
g=Hf+e (2)
Hrpre' ~N (0,diag (¢’ +Hf)), T CCD ™/
(1 R 0T A Py 25— /IS AR H ~ g, PR T g
A 2RI LA R e’ ~N (0, diag (o1 +
g2))o

UG E B ) B k28 i I B4 (g) i
TR E ARG (F) RS D e SR (A A0
TR~ 8 o A 7 2R i, 32 ML TR £
N3 7 S [a) i ( 1l-posed Inverse Problem) , DI i-3;
PSR R IR e B A %O . A oh, 3
F L2 WiEIG 0 AT L e 43 A H 51 v
AR BRI 22 ek e 3 A B, e W AR AR . 2 Tl
O (04 (o P AT AR O BV i 6 B TR — A B 24
TR, BV 2R S RO 2 ) b 3 DA ST R Y 20 1
TR T ZMERE (K +1): K, 3T 280

U G SR YR TSpo L DEE R S PN )

SRAGTIERIE AT F ARG SR S e R g L A
TSR IR X TEISR BB M, 4 A 2R (2)
BT R B

K M2

JUEL D =3 Y

== oy + g (m)

- (H,[)(m) ]’ (3)
Horfr K ZoR P58, JH, A o, 700385
WOTRRIN P 150 547 bR 20 ARUREL I 2 B g S0 Mg 7
7722 , f AT B BREE

PSR A BLRE 75 U D) (9SG T
R BRI o i T IR B R R AE A T fE H B
TE, E 5 fARAE R LR B S AR R

f(x) = a(x)’ (4)
A x FoR BB P ERE A=A E 0 A—T0
AFE, HERF IR HARE f = 0.

i PR AR E RS R fi i sl 9
PRI TE R A TR AR O 20 o AR 1 L 2
JEE RS R UL P 1 5 TR BRSO I8 G
2N B Mg

hi(x) = [F(p(u)e™ ™) |? (5)
AL F () FoREHIM AR, @, (u) NPEHTANL,
p(u) NAfUAR R R — BB p (u) FESLRENOY T,
TEXCRESN g 0 H GO0 , BERTAHAL AT LU — &
FIIESE Z WU R & £, i THEJE
(Zernike) ZI A B AR ZE 8 XL, B7E )t~
AT EN )2 W o R I 5 | A 1) 38 i AH 82
B Zernike ZIEIFFR RN

o (u) = ;B;HZ/(”) (6)

o, g FORH b WUE T RE R BN LB
Zernike ZIF I RE,Z,(u) R LB Zernike %2
T 5 F FH Zernike 223020 JEE T 2718 I8 T AH 0L 1
AR, HO IO BRI BT A, I i AH
REFEAT T AR , 38 R e A B AR, (R
TRt Y, e SRS B o EE AR i 65 B
Zernike ZIA I (5 1Y LAl T 95% o P IGAEAS
SCH R B RTAR AL Zernike Z2 301 B EUE N

80, B g (u) = 3BV Z, (). HAR () - R
(6, R B T F L

[g,(m)

K M
JCOIB.! ,a):; 2:1 m[gk(x)—(hk ®f)(x) ]’
f(x) = a(x)’

h(x) = |F(pweso( Y, Y2,(u)))|
(7)



56 ]

Wb , 45 BT ARG T B0 T U A S 15 1 A2 D - 105 -

S SRR KSR £ R R, (O
EEHA 4 @ i Zernike ZELBY BRI, IR 2
SRR AL LS 1 by e 2SR AR A I B,
M U R R PR 0 525 0 T S e
FSR it

&’ {ﬁ(k) | = argminJ( %ﬂ(k) )
a, B!

f :&2 (8)
()= F(p(wexp( Y Pz, (w)) |’

EREER(T) B AR I8 @)
FETFBY | M a AR Y, HAHET S (8) SRIFE
Gy BN R/ ME , S B B J0 R U B IR A )
1Y a EEr,J(BY | a) EXT(BY ] M
PRE RS B | Rt J(1BY ) a)
T oa M R, KW F IR R 2B S
( Alternating Optimization) FJJy R ARG (8) ,

B L) 4y 5 1 (MBS o8]

2
dar g, +8;

APl _ . Z[f®(m)]

2

a," TP+ 8

BT WATA LA T S 5k, BRI R
LA IR, SR SR R G FLAR 2 (p (u) ) F1I
BRTAANE (@ () ) Foom 59 R R B (=X (S) P
AR AL T Y R R B AR G, [l 2
HT ST &R B 3 AT 2 R 3 P pR AR
TR X 25 @ (u) BT, FIA Zernike
Z I L2 G R Al B AT AR 7, R AR 2 3

HESH R AE R

SRS H e S P e (G A DR K i

(B} = arg minJ({BY} @), [HE a
1Bt

a = argaminJ( BY ) HEIBY

(9)
[l e S B R A A, X E s B LS
JEE PRSI GE 24 1 56 56 24 3 (a0 s 47 8 R 50H —
b B PSR A BRECEIREE) , DL SR 45 R BE A
SRy AR /N A E(9) BRI T IEATIR 2  AEASC
, AT ILPERR 35 (Conjugate Gradient) 5K
fifk MR A IR R o o4 S8 SC, S B BE 1 AE 00
A TR e AR, X (10) 45 AN
MERBOET o Al BY MM T Kb, f 7 (%) =
f(=x),h(x) = h(-x), ® KR _4EH,
Im( ) FRBUZBI R

(10)

Im{ [F(p(u)e™ )] Flp(u)e™ ™ Z,(u)],}

Fetfe %t Zemike REL B (1=1,2, ) Bkt @
b AR 3 R 2 TR i BUR HR S B
HAHLBHIN (K + 1) K TR (K + (L/M°)): K
(L g Zernike ZIR M EL, M* S EE 1915 H A
B, L), BE— 25 B 02 IR A N 3
ST AT A T T L R o PR e R
PR AEHEE AN 1 R

H AR B 5 Zemike 25X

N ‘ |
Tl TR 2 L B4
o SRS I SIS
|

|
|
: W0, ki |
|
|

FRUKLAN gt rom{p}
- ______ l
T r
I <
[

[
| A 4
| 4 . ~ _
B bREH% Zemike Wil B bR B bR EHE %
PSFIH—Ab £y IR
: it (00 [ T e [ s
[
[

BRI

P 1 T ARl 0 g O e It P AR DUk TR R ]

Fig.1 The architecture of wave-front phase estimation based turbulence degraded image blind restoration algorithm
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