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Im age B lind Restoration M ethod Based on Projection
G radient A lgorithm
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Abstract In order to restore hich quality inage rapidly by using multifran e degraded mages a novel recursive projection
gradient algoritm for blind restoration of multi-frane inages is presented W e take full advantage of priori nfom ation of
multifran e mages Firstly we present a new cost function which can efficiently control noisem agn ification, thenm inin izes
the noise by projection gradient algoritm and calculate iteration fomula Fmally we use multple recursion iterations to
reconstruct mage i the frequency damain Resulis of experments demonstrate that this method works efficiently For
m ages of different noise grades and PSF types it can clearly restore detail features of inage and exactly restore degraded
PSFE at the sane tine

Keywords projection gradient recursive inage restoration

BRI, DR ke o e o Pl 45— e 2K 0 B 45 4k

0 51 & B R AT A R A B, DL AR v TS S R B R4
ATAT 6 2 3 45 3K BUIG AL 1) 4 4 SR 45 B 52 LEREIG A04F1R), BUSA JR s R BN F B %

IR M BRABIRIE S s e R R ERA N MRMERBR U, RSO GBI LREEAR
RAEFBAR BN FECT MW EAR PR AT 7R A b R ok 5 T R R T
AT . BB B G R R B BUR 2 2000, BRI AT BEAR AN AR A . (EAE O 4R

EEWH: MXK 86311 %5 H (2008AA7034180A, 2006AA 122110); FH 5K HARR} 4T H (60778051)

ks B #3: 2008-09- 17 2= HH#i: 2008-12-12

E—EEE N BIRA (1981 — ), F . 20094F 6 F T5 & LR 3R BE N &2 58 & i 124 . WFo0 05 o B R AL 2
Email zhaozhenleizz@ 163 cam



%2

BIRE S H TR B M E R E B RSk 207

2 J5 ), A AT L )R] A R BT AR —
NG FER R .

E G AR R B AR AR H 18 AR Sk Xt 1R b B A5 3t
T, NG R 215 8 — e R S B
(U L ARG R B AR SR RO R S
() 547 B R K (PSF) RSB TN AN . AR AE 14 2 S
BRis oL, SRAS KSR PSE & A 0] BE 1K, 4 K SCAN
BRI BT EG ERER . B ER
GRREILEHIRZ, W AyersFl Damty $2& H B EH
A (BD) 5E" M «Callom 32 H (R BE LB K
(SAYE T Kundurd H 1 35 47 57 335 55038 071300 g
B (NASRIF) 5310145

FUG B G B AN A L O T 15 B4 1)
SR, WIF R T B2 (565645 L . Christou
28 N A8 P 22 A 080 PR A% R A g — AN B )
FERAS AR LR A A, A 1A% B () 00 0 2 1 L 2R BN g
R 2 15> 2] LW ER S (L+ 1): Lo [R5y
T AN VLIS 7 620 B R B 22 8] W] B AR AEAH 06 6
R, B, 55 Bt G o) Sl A 6 AR ks 22 it 1545 5
FHINECT- ¥ (BPAESE 2478 sh 15 2 Al R A PR A 3]
RKAESG, ¥ 2 Wi E G, 53— iREE )5
TR B G, 2 Wi G 7 6 B AT B 5 BUE AR R
Gt 2= FE A S ] SR (R g 5T

K& & RS R R T T B ME AR iR 5L
AT B4 5 AL B L AR SR Y A B
B2 i 5 8 R Ak, %57 R 2 il
BILRARE K, B S H— A E AR 8 2, R A
K atkovn k25 A V4R HY A9 45008 6 15 45 5 Sk % AR
M BB AT B Mk, B I 2 R T IEARIE H LU B
UG R IR B . SRR B, BT sEBl, vk
A, B S BG4 AIE B AR SC VR BE S A A ik B2
BRI PR ) 40 TR AL

1 BRABEREEE

11 EGERRIRE

JEAE H bR K FE R BN y(x), yER, x€ R’ =
{(x, %), 21= 1 2 s ngao=1 2 -y ny}, K18
I E B A 2 (x ), B BRI T st 72 2 2 1t
() B2 TR AN A (1, W P A5 e 7 T S vy e 7
Bz 300 B Ax, W A& mr (1) 3%
— [10]

7N
z(x)= (y* v)(x)+ ON(x) (1)

K, v(x ) PSE * RoRBRIEH, N(x) R
FHTERDMN (Q 1), 50 o N BRI 2% |
b3 R I Rl ER NI EA TR ISR RS R

z(x)= (¥ v)(x)+ 9T (x)
j=1.L (2)

T A PR P e P S R ANAH DR R, W =X (2) i
Iy AEAT AR B AR e (FT), M4 R e B A 15

Zi(f)=(YV,)(f)+ o0(f) j=1-4L (3)

. 27k, .
f&ﬁlj,fz {(f19f2)7ﬁ27> k=132 s ngi=1

20, Z,(f). Y(f). Vi(f). V(£)or R (2) A A
B4 LI AR
12 BERPEE
P4 2 5 1 2 AT 75 A {2 () )L\ R
STEHAPRR v (x), 3k (2) TR AR AL
P

J= 2.2 5 -y yl® (4)
48 1R e /N — R Rl I d B (4) SREEAT
B R, AR 1% B 78 50 R 2 i BRI 56

s BIh 2 - g% o] 2= | onx - o
v | 2 T A A, 03 (4) AT G, SE R
52 SUB AR B K

L L
NI N I
]2?__4 z — y¥ yl’

o+ _4__4|zi* v — z* vilz

(5)
ks MEC (5) AR R 2L, AT DA B B
1 PSF 1Ak vt B

(v, v) = argyegrf};ggl}_] (6)

y A o BIE SR Q, A Q4 st (7) SR (8)
P s
Q,={yT2y20).T=F max(y) (7)
Q= {2 u(x) = Lu(x) 20x€D,,) (8
K (7)h P> 04— B WY e
DL 5 52 J5L PR 1 00 B TR R 400 7 0 T K,
X (8)H K D, For PSFHISC R . T it
(6), XF=X (5) PIId 53 ) BEAT {8 BL AR e v 15

L L
lelfflzj- Y‘{»|2+;1}7|ZJ//»—Z,-V,-|2 (9)
j= ij=

HTHR (9) WATHME, 4 3 J= 0 8, J=
Qj=L - L WA

awjz—L'l(z,»—V,Y)ﬁ (10)

Jj=



208 SIS UV

B 15%

“ffax—awﬂi
(11)
L (10) SR (1) P EARES (¢ )RREI
B, A R 3 VR Bk BE B B R L (6), T ok,
W YR v
Y(k) - Y(A:f o aaw J(Y(/ff 1), V”k 1)
Vj(k) — Vj(k— 1) _ Ba/; ](Y(k)’ V(A:— 1))

& J=-(Z-VY)Y +

) (12)
B ] i
(13)
H, a>Q B> 028 KSH ., Wil HEsRE
WE L JEANRIZEA AR REE, 4 T /e
A FE R AERRE, K oMl BV
BUNE, G55 980 YR VYR SIGH 4 A
AR AR g .

AT HER L (12) A (13) B BI0HE B, 43
FIH Hessian 5 FE H ol H » o F 42K B R
Blr-:

YV =¥V oo JYY, v (14
Hy y
Hyy= 88 J=2lyl>+ A (15)

Vj(k): Vj{k—l) _ BH—laﬁ ](Y(’f)’ V”f)) (16)
ViV

Hyy = (3,8 J), ="+ 2 1z1* (17)
A (15) 1 MY—IENSH, EZRN TR
Gy BEAFRIG O WL B NME . KX (15) 48N
A (14) K (17) AKX (16), BB EIERL
S
A A

+ A 1) ]2
2.l vV + A

Y = (1- a)yY*V
y“‘):PQJ FT”{W’}’ (18)
zY *V 2.2, VVZ
V" = (1- BV 4 B
ly" >+ 2.z

i = py| FT )| (19)

13 EEPRE

TR H R VRS BB 2 i EHG B B R SR
PEAN ST A5 B

1) ¥0ta4k: B BT PSF 4 v\ T, 0 g
BMEIRG v = 207 5 (x) A, MERRIERG

2) BG4 R AR AR (18) & YV

Y IRBBER R v Y = F Y )

3) PSF it As: = (19) o4 v/ A
oM T IR SGE SR A A R R T AR, R
(19) EE AT M IR, AT M= #5511 PSF
W VY =FT (4" };

4) B EWEIFEEEATE 2)M 3) K Ik,

2 ZRERESH

SEHG G A 256 x 256 [F1iEE B AL (Satellite) &
B, G4 Matlab 7 0. 2351 19 x 19 HL£E
PSE, F1 19 x 19(/)iz ) PSF X} Satellite 515 3k 47 45
B9, RIS S5 (1) P50 on s S0 1 v s s P14
z j= 1 2MIBCHIfE e LE (BSNR) 43304 50 4Q 3Q
20 Lo BSNRARHE S (20)3H55 1
BSNR =
o —L 1 w) () =~ 2 2o 1]

nn,;

(20)
S A, PSF I S FFIFR 2 o0 20 x 20 44
a=0 6 B=0Q 9 P= 0 8 WL EEAIREIY AN
500K, FIIF R4 110 s S22 e 1~ & 4
BN .
B o1, B 1(a) HERGR T Satellite B £, Kl 1
(b) B PSF AT EME AT 2R, FF H s hng /&
{3 BSVR = 50 Bl 1( c) W Hiz3h PSF X EG AT
iR, - Has g 4 H BSVR = 50. B 2+,
2( a) AHUFER PSE, O THE T EoR, K 19 x 191
W PSF B T 50 x 5075 1% 1 8 F W11
b, B 2(b) & BSNR = S0 B PSF [ & J5 45
BB 2(c) NIz PSE, E 2(d)A BSNR = 500
B PSFRIEREE R, W (3)H, B 3(a) N
BSNR = 500 i) R R 45 3, B 3(b) A BSVR
=30 M EBREIREG R, B 3(c) i BSNR = 20
N EGE RS R . B 4 5 AF BSNR A E
JRFERfEE LE (SNR) £k . WK 2. 3+
Al UE H, AR SR EA AL & 15 B LG e 68 13 4
Hiu PR 0 7R AR AR PSF, T HL A2 U ] 45 g
jE A N A e 8 ) R AT R B R R, T
Bl 4115 M bb AR 4 ih 25 2 0 E AR A ) houk e
A SRR R



5 234 BRI A B TR RO N B R E B RS 209

(a) Jith B4R (b) BSNR =50 i fiic# PSF 3B F1& (¢) BSNR =50 i}z zh PSF #iB R

B PR AR 1 E AR

g. 1 Original image and degrade images

Fi

(a) #(4E PSF (b) BSNR =50 (4 PSF & Jfig 3 (¢) iz 3h PSF (d) BSNR =50 it iz ) PSF & 45

B 2 JEts PSF J & J§ PSF

ig. 2 Original PSF and restorative PSF

(a) BSNR =50 B R 8 45 3 (b) BSNR =30 B+ & {8 5 J5 45 2 (e¢) BSNR =20 i B8 5 J 45 3%

Bl 3 AR BSNR B A9 5 R AR

Fig.3 Restorative images of different BSNR
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