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Abdtract: A fast image super-resol ution reconstruction a gorithm is proposed based on multigrid (M G) and conjugate gradient
(CG) agorithms. Frstly ,the image super-resol ution reconstruction mode! is put forward using Tikhonov regularization. After system-
icaly introduction of MG and CG agorithms,an accelerative M G a gorithm named M G-CG is propased to solve the sparse symmet-
ric positive linear equation ,which is often occurred in image super-resol ution reconstruction. The smocth , restriction and interpolation
operators are thoroughly studied and the computational complexity is anayzed in detail . Experimental results demonstrate that the
proposed agorithm can greatly improve the speed of convergence compared with MG, CG,and Richardson iteration.

Key words: image processing; super-resolution reconstruction; multigrid algorithm; conjugate gradient algorithm; multigrid-
conjugate gradient a gorithm

2
[1.2] Y= DBX + E, X, Y,
' E
’ ' B D
’ Y%
, N |
[3] . E , X =
4 Bayesan (5] agmn Il Y - DBX | z Euler-Lagrange
(6] _ B'D'DBX=B'D'Y,
, , Tikhorov
Krylov x=agminll Y- DBXI ®+a Il cxII ® )
I I ,C ,
; | Laplacian a
) , , a )
:2006-05-10; :2006-12-19

(No. Zk206006)



7 : MGCG 1395
Euler-Lagrange Sepl: Xo,To=Db- TXo,20= M rg, s = 20,
TX=(B'D'DB+0aC'C) X=B'D'Y=b (2 k=0;
T=B'D'DB +acC'C b= Sep2: Ay = rizd skTs;
B'D'Y. SP3: Xir1 = Xy 0 S;
( ) Sepd: 1= - 0TS
' ' Sep5:  zee1= M rien;
Sepb: Pysi= l’E+1Zk+1/ TIZk;
3 (MG SEP7: Ser1= Zerr FBra1Se
Sep8: , k=k+1 Sep2.
MG (mutigrid agprithm) 1!
: 5 - (MGCQ)
: MG CG
MGCG (multigrid - conjugate gradient
' agorithm) MG CG )
lh h h wh Ah 2h h Krylov (CG ) MG !
X'=MG(T', 0", X5,Q",S,,%, Ih", 120,01 ,02,p) ’ MG
Sepl ; X3, ™X"=p" e Kettler €] Tatebel !
St oap X' =Sp(T 0" XD ; cG
g2 Q" . Sep4, L Pl T MG
b2h - |Eh( bh _ Thxh) , X(Z)h - 0’ Q2h 5 1
T2hx2h: b2h, p
NS ™", bZh,Xéh,QZh,Sl] , MG CG
- S, 12 10 a 0, p : T=B'D'DB+0C'C MGCG
X%h:XZh 2 Z = M"lrk
Sep3 X" = X 1B, 2= MG(T, 1,20 Q. 81, &, 11", 120,000z, p)
Sepd Coxb=x, X 2 MG
S A X=X, >2
thgzh ;Iﬁh, Igh MGCG
81, S T T o
h 2h 2h ’
Ko, Xo R 0.25 0.5 0.25
M | Me - ] 0.5 1 0.5! HE
, p=1 \Y ,p=2
w | | o 0.25 0.5 0.25 .
Ful 0.25 - (lz2n) . , ™= (B")
(DN TD"B"+a ()T,
4 (CO =120 8,
CG (conjugate gradient agorithm) '® = 1"(BN) (D) DBz + a1 (C) TC3 (3
: Ritz : D"
1",
, Krylov . "= 138" TN TIR'B"Z, v () TCE (4)
CG T , . ,
CG , M, .



1396 2007
FFT(N)  O(Nilog(N)) ,
L1
1h2n g2 ’ O[ ‘Z 6(ay +0a,) FFT( NI)J
= IR(BY) TR "B, = o[ Li 6(0y +0,) 4" 'N log(4° 'N)J (13)
+O17"(CM TI5IECM B, (5 !
(12MT=0.2513,,
TZh —0.25(82) 82" 401 () T2 © o(6(a, +0(L2_)1N log(N))
B*" = 15"8"13,, C*" = 15"C"13, B", C" < o[ 3 6@1+0)4° 'N log(4~ 'N)J
0o2nh . ™ Q4h ‘; (1)
< o[ Z 6(a, +0,) 4" 'Nlog(4 'N)J
-|-4h 2025( B4h) TB4h +a ( C4h) Tc4h (7) ! 16
MG CG MG = Q| 8(a;+0,) Nlog(N) - 3 (o, +05y) I\J
S1, S, , $=$=5, 0,0, , V. MG
B c W  O(Nlog(N)). CG
, B C
D , T , ,
Richardson . T MG ; FET ,
T=A"A+aC’'C=(wl+ac’c) - (wli- ATA) (8) O(N log(N)) : O(N).
A=DB,® ' MG CG
Xese1= (Wl +0C"C) " H(b+ (@ - ATA) X)) (9) Cuscs O k(N log(N) + N log(N) +2N) ]
Wi N VX OL k(N log(N) ] (15)
: w>p (ATA) (@l +ac’c) *(wl- ATA) K MGCG cG
. CcG
[0 0() 6
pl(wl+ac’c) *(wi- ATA)] , MGCG
<p[(wl +ac’c) " (.OI] <1 (10 ) Baboon , 512 x
, MGCG 512. 1 5x5
w : B 2, 0 0=2 .
: M p(B'B) Leplacian o =0.01,MG
) 1. V , 6, a, =
D 1, p(D'D) =1, 0,=1" Richardon” w=1,
P(ATA) =p(B'D'DB) =p (D'DB'B) <1 (11) I rl =1l b- TX Nl <le- 6.
w>p(ATA), w=1 1 “ Richardon” CG
(@i +ac’c) : MG MG CG )
e FFT Baboon .
5.3 12_ i giéhardson
MGCG , : 16} MG
, , _ 14t — MG-CG
FFT : L,N,I=0, ,L é‘i
-1 | , No= N ,MG 2 o8}
“ Richardson” .,V MG < zvﬁ— N
. o:- X e e,
w O[ |Z 6(01 +02) FFr( Nl)J (12) 00 10 Nuufgerofite?'gtion " 0

a, o, , N, =4 'N,

1 BRIk A AR A R 2 VG B 4%



7 : MGCG

1397

g

',J'i’ P - % 2 g% ;4,'! W
(a) it (b) BEMEE  (c) MERMEN (@) =W (e) MG-CG
/& 2 Baboon P8 4 ¥ % M &t
,Richardon
,CG MG )
) Krylov
CG , MGCG MG CG
7
, MG CG
MGCG
) MG
, CG

MGCG

[1] Park S C,Park M K, Kang M G. Super-resol ution image recon-
struction: A technical overview [J]. |IEEE Signa Processing
Magazine 2003, (5) :21- 36.

[2] , , , .

[31. ,2001,27(1) :6- 9.

SU Bing-hua JIN Wei-qgi ,NIU Li-hong,LIU Guang-rong. Su-

per-resol ution image restoration and progress[J]. Optica Tech-

nology ,2001,27(1) :6- 9. (in Chinese)

[3] Tsa R Y,Huang T S. Multiframe image restoration and regis-
tration[ A]. In:Advances in Computer Vision and Image Pro-
cessing[ C]. Greenwich,CT:JAI Press,1984, (1) :317 - 339.

[4] Nguyen N, Milarfar P, Goub G. A computationaly efficient
superresol ution image reconstruction agorithm[J] . | EEE Trans-
actions on Image Processing,2001,10(4) :573 - 583.

[5] Bad M, Feuer A. Super-resolution reconstruction of image se-
quences[J]. |IEEE Transactions on Pattern Anaysis and Mar
chine Intelligence,1999,21(9) :817 - 834.

[6] Patti A J,Sezan M |, Tekap A M. Superresol ution video recon
struction with arbitrary sampling lattices and nonzero aperture
time[J]. |IEEE Transactions on Image Processing,1997,6(8) :
1064 - 1076.

[7] Hackbusch W. Multi-Grid Methods and Applications [ M ].
Berlin:Springer-Verlag,1985.

[8] Hageman L A, Young D M. Applied Iterative Methods[ M ] .
New York :Academic Press,1981.

[9] Kettler R,Meijerink J A. A multigrid method and a combined
multigrid-conjugate gradient method for dliptic problems with
strongly discontinuous coefficients in genera domains [ R].
Technica Report 604, KSH_P, Rijswijk, The Netherlands,
1981.

[10] Tatebe O. MGCG method:a robust and highly paralel itera

tive method[ D] . Tokyo: The University of Tokyo,1996.

[11] , . .TOERLITZ [M].
: ,1999.
1971 11
,2006 ,

. Emall :hanyb @163. com

3 ,2002

Emal :fengshu @seu. edu. cn



