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Curvature Bounds-based Parameter Estimation in Super-Resolution Image Restoration

XIE Kai
(College of Information & Mechanical Engineering, Beijing Institute of Graphic Communication, Beijing 102600)

Abstract In many super-resolution image restoration applications, the regular parameters are not known. However,
the computationa for the estimation of the unknown parameters is quite costly though L-curve. The paper proposes an
efficient method based on the Lanczos algorithm and Gauss quadrature rules in super- resolution image restorations.
The method can compute matrix moments though Gauss quadrature rules. L-curvature ribbon is yielded with partial
Lanczos algorithm. The method can reduce the computational complexity of the regular parameters and determine the

suitable iterative times for the Lanczos algorithm.

Keywords Curvature bounds, Regular parameter, Super-resolution image

1 5l&

BoREEAGEREREA - AERE K2 HREGE
FPERER . ERER., FHMTELH Tsai f1 Huang™
Bir s FEMNTRAETES PR AEEET RN
AERE, R Emx (2] IRE, RPE TS THXS
BAGHHIRTSE . Molina® 48 H & TR £ Bl 5 540 BLE
FANEZE A B S Ay R (M P N S BAG TR AR . A 1 &
KRR KNG BEBEAFTEHFAREBREN, B8
FEGRE RN KRG 7 AR A KA o] &L, B % A L-iih
Lok ENESES B Rt ERMN AR AR
{8 / Lanczos & 8L MR BT RLST BLIS 5 i3 Ah 11 L- M 28 A il 36
L R R B e E LSS

2 jEEHR

BIRA/NK N=L N, XL N, MBS HERR, ELiF
HBHFIFREREE 2=[0, 20,0y ] REBHER.
4 Ly T L, Fon/K PR3 ] R B N R, (R Bt
EURF/NA M=N; XNz, 25k WER v =y mzomes
e Lo Hoo £=[1,2,+, p 1. BREARSTBERE G E M
PERRE 7 0 F AR A

w=DBMux+n  1<b<p 99

w=Wix+mn (2)

M, & LiN L N: X LN\ Ly Ny BT 5B, X AN 40 B 3
Rizsghp R BHBESENS., B /8 LINL:N;, X
LN Lo Ny (556, D & NouNe X LiN Lo Ny TRAESR
me TN T HIFUT HES (W 1 . ANk — T, AR

REBRADOK. W KD NIN X LN LN, RERHE
M. R WIHES - B3

Y=Wx+n 3
HbYhp WEREME—-EMN pNI N, X1 &, 07,
ooy JTsm R pNiN, X 1 Wh 3 [ B W 2 pNI N, X
LiNI LN, REERE, EM R PMEBRSHRRERABE.
REAGHEMEEHKN BARSHETER. B TRHEG
R, T8 XA B ER/IMER R M R

argfmin lY—Wx|?® (4)

SRR B0 e L A T 2 03508 o (0 558
DR T8 43 S 2 T 55 A TE MU R 1
YRS, BRI b, 8 A E AT R A F

E(I):argjmin( | YWz || ?+px” Rx) )
w AERESE FEHBAEEE . R HENLER, XK
BN, —fEH R=C'C, Heh CHEBFRNRE MBS, N
TE.BE R EAMERE (. XMRRAK B, i
AR o AT A FRIE B A AR R R AR E R R=D
B/MEG)RMBRARWT

2, =(WIW,D'WTY (6

3 L-igkfnpps

WA Y IE SR —F o AT FIRMZ

PGy =Cog || z, || slog | Wz,—Y || ) for x>0
TR E U L-#2R (L-curve), #3484 24 IF M4k 2 800 RE
FLHMAMWGE” REBEX XA BERIMEL, £
>0 FE MESEH —AME, 1 (6O XF

|z, | 2=alx, =Y"WW W+,D*WTY @

O BRTEHFTITREES A0SO ML PRIERBEEAL T HELTHE ., # I L, 8%

« 218


http://www.cqvip.com

| We, —Y || 2 =2 YT(WWT + DY )
SIARH

$() + =(tFp) (9

FHaE AR R K

Pt =W Tg(WIW)HOWTY

g =AY $(WWDY (10
R4,

|z, | =pi%, | Wx,—Y || =g, an

L-curve EA4RA PG =(log p., log g.)/2. %4
p.t =log p,.q,  =logg,
A4 L-curve 78 5 PO bW AT FRRINTF -
A Py
(P (g D)
ER PR ERNASE .. BADRRE
1‘),‘=2x,, ;q'#=2WT(Wx# -Y)
PROFYY
W= Wz, —Y)=—pz,
E5]lid
bl#:—l‘q/#
BERTAAOR BHEFH
, 0, 7
k,=2 %‘gf (#_:P;z: +£) 372
CIPNE i ¢

s _de(®) -3
40 dy 2(t+w

W4 p, WEEHRERIA.

P =(WIY)TY(WTW) (WTY) (14

ERREENRRRTE p..q. My, WEE. HEHEW
HERN X FAESH L BT EERES KRN, R
WL BATE LLE 3 Gauss Fl Gauss-Radau FH43 38 2 © 1K
ETFR. HFREMNSCERE T ¥ Gauss B2 1 T4 M iR 5
g,

B p,.q. F p. WEEA Stielges A FER. BT
WAL ES R A

WWT=DAD"T
A:=diag(A A5+ yAn) ER™*" ,D'D=1,, ,DE R
A NBIEEG=1,2,--,m), &

R=[R1 ks s+ shp s 0, ,O) T =puDTY ER™™ 185

(12)

k=2

(13

g, =h"$ (M h~[3Z () dw(t) (15)

2, =hT$ (Mh=~]TZ g1 da(t) (16)

P =" (Mh~ T2 ¢(2) dw(2) an

BHE o) F @ RAEE BT ER B E IR R
{8 A FUER A BRBR . X T RSB A A FITHA B
RE o

4 Lanczos Y XF fa kL Fn i A E %

6 F 1 2514 Lanczos St AKMAE R A F#HE WA
MY W, LT R

WV, =U,C,+8i+1wrr e

WU, =V,C,Y=48Ue, (18
Heb U ={w w, - w JAV,=[v, v, u ] BHGF]
EZ,CERMBTICHAKEME. & BIEFITE. BE;
A AR BN

% Cr  ERGVRE—AT X AR B E (X T8

.00 0 http://www.cqvip.com]

Bk Co HEFE—TT R e ENTEN (18 2B #E /4,
B Crin I QR-G3f8 W 72— IERHE R — 1 R =/ IXU
HEE—EHR G, BE Con B, QRABITHETEN L4
Given JEs it B3 [6]) . Hik & B atia 8 42t
FHOW, MCu G M EIXU—DTHER.
BE1 XTADA, HETIE oD L & Gauss 5
HE.
gl =p Y I 2el (C,CDHes
= 1Y [ 2l (CCT + ) 72 a9
EBE2 WTAHRK, HETUE (OB ! £ Gauss-
Radau U HE, HA — M EWSFEES
Ri(gp) =/ ty | Zel $(CrirClii) e
=p" | Y || 2el (Crar i Cliri+plinn e (¢A0))
I FoR AR, EREASEEMIEHES % (6],
THEHERINODOXHIMETR. % ¢ £ 20 A
. HX[7]5IARDRE
E (=]*2Bdw(®)~ g/ ()

Q@ I
=5‘le()6‘;‘—)]§:];(:—@)2®(:) 2n

o BB 17 BB A 6, (<6, <) AL 7
Or (A <Or<lA) T
Er (=72 ¢()dw(t) =R, ($)

§<21—1> / _
- <zz—§§Ry) JEZe 0L (=85 du(®) 22)
EE3 #0810

Eg(¢)>0vER(¢)<O 23)

JER S g (D) =(—1) G+ (t+p) 72

S0 B, gD <0, ¢4 >0

B ERRERMRACOFCORK, HE o(OKTF 0.8
@AW, EEE.

By (23) X5

g( PG <R () X))

FE, RITAEXTME o, E p, 197 WH Gauss
4y #1 Gauss-Radau F143(16) ;

éz(¢)= [ WTY || 2e] (CCTye

Ri(p= WY | 2el $(C1.-. CT-en (25)

g (PH<p.<R/(p (26)
T p. MREL: ‘

& (P<p . <Ri(P @n

& (W=2 || WTY || 2ef ¢(C,.,-, CT1=1) ey

Rip=2|WTY || 2el ¢CC,CT e (28)

T Gauss BUMHEHE M E
y : :(C[C;‘_'_lul[)ilel

&) B AT B EE R A R S ia] S K
min

cr _.,,TO
Los ]
yeR! ¥ Il €1

Elden"" " #38 T 20 & B Given Jeks 2 #e e B it & b
RN B, KT BRI E Rt R O HIF A kEkiE
B, RIEEDAHEC ML TFENLESE .. HREEZ
3T BN S B 10 Gauss FH4 13 E AL 2t
B OO AFEEEE, BEX(11], B -1 ERLS5
BHA R et OONDGIF M ka8, W Zm/hF N, B
I, BT Gauss BRI BT ERM R A SR K.

SIATH&:

2 -
,0ER

+ 219 -


http://www.cqvip.com

g P =N gl i =R (g0,

=N pr =R,

GBOT=RW P DT =g (29)
AIHE L-cureve MR, SIAB MR

s —o_ Pu9e . 2
S o e S A T A
FAADR, 4

k/‘:rﬂsﬂ
/?\‘\
- Py 9a
Ty 2(#2(q;)2+(p:)2)3/2
N Pu G
P ¢ CRR s W S
& =pq, TP Ta, (‘f‘“?
P
"
& =pqs T ps gl (—fﬁ“
”
o {r;s; Jif & >0, (30)
Lo lgreif e <0
k+:{r:5:,if5;>o, (31)
o lgelif & <0
B H MRS
by <<k, <kS (32)

B (12) 3R 5E X Lcurve b il 32 AUE, TR T
HER—k,, RIOVGBMEFHE LB (v — k) p>
0}, i1 (32) 2 s s T g 3

Ut Qo) = =k <<k ) (33)

TFIEERE BB (1< <N)HE RIBHRHF .

&% 1 (Curvature-Ribbon Algorithm)

Stepl Hj Lancros XU f AL AT BSOS AR Crer i

Step2 Xt Criy. 347 QR HRHE Cr.

Step3 for j=1,2,---,N;

doi+8

8108220 ($)81(8) R (9 R ($) R ()

WHEMER £ (2 (300,631,

end;
5 I

TSR TR R B R B ST R,
S 4 AR VIR E TR E . BB SH W, ARE IR
2. BEBALR TR e AR R A TR I AT
BBt 1 RRRAEITHE 4 Wi 80 60 AR M —{K5
PEERR . FIREYHR A N KR B /RTER 1),

e

o

()7 A2
B (80%60)

)R
HAER

EFTFehRFHHEL
#EER u=50%10

B 1 TG S PR R E R

T HE B S P R IR R ) IE WAL S8 AT 16
A I HAE Lancros XM AL B R B 4T, TEW
+ 220 -

PO 00 http://www.cqvip.com]

EBBEE AT B[ 10—5, 10— 10X 505/ 40 4. B 2
7 T Lancros YU 3 (BB B2 4TI ) 1=250, 300, 350, 400
BHEBMERE, BAER —k, CERFER L . WE 2 RA1E
MR AR BEN. SERREE S, 0 =200, &R EE
LB SRR K. FEE LRSI, s AR BE, 0 £
=400, FRAIENATHAE MR TE 5. 03 10— 4 oA B R 2
{EL, B L-curve @35 55, EE BRIV ERENENLSE. A
HRE, R R A B S 4 B R 1 (b) B SR
E 1ORRITEB B T R 07 ik Ml R4 ke
HIIENAE S EAR AT S a8 2 PR B . 3 7 i
MIEASEA T E RS PR E RS R BT .

400 ( 80
h {
20 ! 40 i
! 2 )

a JREG — 0 /\__/ﬂ‘\.____
R v T T 3 3
(a)l=250 (b) =300

15 10
i

10 L s .

5 ! /\‘ \
/ 0 -

o]

% s 4 3 3% % s 3 2 1
(c)1=300 (d) 1=400

B2 FT PR ER R i

#it A Sfdi A Tikhonov 1F Nk 75 3 RS B &0 T &
A R A o PR B G, ATE B B T Curvature-Rib-
bon ¥ 1E ML S 4 BLs i i & R E — K@ Lanczos
O kB, MiTE S ENESEN ETR, AR RN
THERIE, BSRSIIE T BT E NS ER HE R
RO 99 5 R R R BE LR 1 8 40 Y B R A i IR R PR 2 Al R
HEWT A,

2 £ XM

1 Tsai RY, Huang A K. Multi-frame image restoration and regis-
tration, In As advances in Computer Vision and Image Process-
ing, 1984,1:317~339

2 Park SC, Park M K, Kang M G. Super-resolution Image Recon-
struction; A Technical Overview, IEEE Signal Processing Maga-
zine, May2003, 21~36

3 Nguyen N, Milanfar P, Golub G. Efficient Generalized Cross-Valida-
tion with Applications to Parametric Image and Resolution Enhance-
ment, [EEE Trans on Image Processing, 2001, 10(9).1299~1308

4 Molina R, Vega M, Abad J, et al. Parameter Estimation in Bayes-

ian High-Resolution Image Reconstruction with Multisensors.

IEEE Trans on Image Processing, 2003, 12(12) ; 1655~1667

Elad M, Feuer A, Resoration of a Single Super-resolution Image

from Several Blurred, Noisy, and Under-sampled Measured Ima-

ges. IEEE Trans IP, 1997,6(12);1646~1658

6 Calvetti D,Reichel G H L. Estimation on the L-curve via Lanczos
Bidagonalization. Bit,1999, 399(4):603~669

7 Bai Z, Fahey M, Golub G. Some large-scale matrix computation
problems. J Computing Appl Math, 1996, 74. 71~89

8 Golub G, Meurant G. Matrices, moments, and quadrature,
1993, In; Griffiths D F, Watson.G A, eds. Numerical Analysis,
Longman, Essex, UK, 1994

9 Golub G,von Matt U, Generalized cross-validation for large-scale
problems. J Computing Graph Statist, 1997, 6; 1~34

10 Elden L. Algorithms for the Regularization of Ill-conditioned
Least Squares Problems. Bit, 1997, 17:134~145

11 k8. BaPREGERNMR. (M) tE.tR Tk
K2F,2002

w1


http://www.cqvip.com

