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Improved kernel regression model for image restoration

Liu Hongyi ", Wei Zhihui®’ ,Zhang Zhengrong"’
D' (School of Science ,Nanjing University of Science and Technology , Nanjing 210094 China)
2 (School of Compute Science and Technology , Nanjing University of Science and Technology , Nanjing 210094 China)

Abstract: Steering kernel regression is an adaptive and effective image restoration algorithm, which has been widely used
for image denoising, enlargement and deblurring. However this model is based on the Gaussian kernel function,which often
blurs the image edges, especially micro-edges in its restoration. A new anisotropic image restoration model based on robust
statistics is proposed, which improved the Steering kernel regression model. The new method is to incorporate anisotropic
distance and introduce robust estimation kernel function instead of Gaussian function. Extensive experiment results
demonstrate that the new method can yield superior performance to that of the steering kernel regression, especially in
preserving the details of the image edges.

Keywords :image restoration ; kernel regression;edge preserving

FTT i B, PATRCR R (AR R G2 D
M. FEHIR N 20 T EHR AR A S i — A
FURFAE , BN [R)90 0 HAT AN [R] 3 B2 AR S « 1 [R5

PG B 2 B sl D MG AT iy AP DX, o) R 3R EA ik A DG 5 ITTTE R
R PR SBCT B R, O PR R TR 2l IR KB AR R A B SRR o I JLAR ISR
MR RGBS THEM A BR R A EAG T T SRR B 15 BRI 7 i 1R
[IRE S FENip/ R N (IR N (T S ) 2 N A € 5 Q110 MK (e 6 | 2 4 Gt 313 7B P SN 3 4

W HEA:2011-01-04; f&[E] HE#A:2011-03-09

EEWE : EE ARFA RS H (60802039) s VL5 4 FARPH AL G H (BK2010488 ) 5 1 5L TR [ FERHIFL 31l 2k
4% B (2010ZYT070,2010ZDJHO7 ) ,

F—EEEN XL (1974— ) 2, YT, 2003 FF PR AT EF Ll 247, FEEHFIE 7 1 Ry R s R/
1% 2 ROE o #r AR5, E-mail : hyliu@ mail. njust. edu. cn,

0 35

T




512 4

XL 45 el f % (el 3 Gk 2141

ARSI AR R 7 1 IR G A Al S R B B R R T
el

Tomasi 1 Manduchi & H X0 & U #% , [F] B 2%
JEE JE R 2= 5 0 SR 3 0 LA R 2 DL SR
AR 2 ] A AR LR B T, AR N Y
BNRUA , R Z T 5B RKAUE . 2005 4F, Baudes
S N HE— 204 0030 08 O R AR ¥ R 2 A SR B Y (E
BT LIAR S 5 M R R 2 18 R
AR AR . 13X A 7 ik SE IR T 4% 45 )R 4R
B2 ARG JRy B e AE i B AR 48 &R A L
Yo 3HE R LR o Brox 48 N GE i MR R HL i A7
32 DA IAR AR Jm 35 3408 5 v i 48 2 ol BE A5 30 %t
T UL b AR 1 00 P T 5 0 7 95 Takeda %
AR Steering 4% [0 Y 45780 1005 i 4% 1) Sk B
B A IE N E Y BUE, IS T AR R AE A
Relel A R 2 ] g e R, Liv 25 B T
Takeda 1] Steering % 1] 5 45 %Y, i F 45 #4 5K & Ji
P A 3t 2 ) S MR BRSO OR A TR BB 19 3
ZiEa,

Ph A% 1l )3 B8R SR #8349 08 77 v 19 OC B 2
A AN R HER R SBRE IS5k
() 1 A R0 P LA A5 30 ) BB AR 3= K R (B 0 T 24 HiR
2R BEAE B STRR——AUE , B4Rk O A 2= F B 2L
P& 4 H At A R B8 A R T 8 34 18 8 U v 1 AR
BRKI A S A (] IS A AR v AR R R E AT
e i S T G AR B A 1) S M A ]
VAR SR S 86 25 1 BOR , JCI8 2 0 5 3%
SR T7 T SR W {5 e b 7 T, U B R R A LA
R 1 RS 5 808

1 ZEPFE G RERE

7 L& G WL A5 Al
y,::z(xi)+g,. i=1,2,"-,p (1>
A x, = (xy 0) " HRBERCHE A o, R

MR BEAEL, 2 () RESEUR &, HIRIE,p R
FEAH . BB A (A ml A R Dy

mini[yi—z(xi)]zwh(xi—X) (2)

K, W, (x;, —x) IR ERG RS x, H5x ZH
IARIE X 2(x,) 7E x AL PEFT Taylor JBIF, 1% B;
4 Taylor JEFFAH 2(x) BY5S @ Br-248, 10

y =y, (3)

b= [Bo(x),Bl(x), B ()] (4)
W= diag[w/h(xl -x),W,(x, _x>’...’Wh(xp -x)] (5)
DU/ — el K (2) F 5 S 2
b =argmin |y -Xb |} =
arg min(y - X.5)'W(y - X,b) (6)

X, X, BAICE N Taylor JBIF A x (92 I,
KA (3) 153

2(x) =B, = el (XIWX) "' XIWy  (7)
Artrel=(1 0 0 - 0) ikt

TERMFBR(T) h RE R 2(x) Fom h
MG y B IACE- X8 AR RIACE W, (BR800 P
TR VIR T7 v Wk T SR 5 oK o 2 A
T,

TR G r% vR AL R 2% TECR AR A Z 8] B R B, XU A%
PRI T T3 RAE 1 22 [8] 1) s iy ELAT ORI ] 1
KA R

Wi (X, —X,5, = y) =
W, (x; =x)W, (y, - y) (8)
o, W GRS R, b A e ST R B T S8 3L
NSRRI A3 B A Of R B 5 K FE AR B 454, (3
XAANRE 56 42 I B EIR  JUAT {5 B Takeda £
D7 2250 MR B 0 UG T LA 4546 15 2., 32 10 3 B
M) 4% PR AU Steering Ko
/det(C;) eXp{(x -x,)'C/(x —x[)}

W(x —-x;) =
.3( z) 2Trh2,u,2 _ ZhZ/L,z

(9)
b, € NIRRT 22 1, X (9) il ad By J7
ZEHE C; FIWH R R 2T, J& T 10 Gk 2 F- it 38
1, IR E) TR R A R A R R H

2 EERSITHIZEFHEE

Takeda £ H} 1Y) Steering 4% [a] 5 45 B4 F| H] & 1]
SERE B A AR R B IR S R AR
AT 25 ¥4 PR F5 WK 2 G o AR T 1 30 eR B0 7 1
SR R A G 0 Al /N 7 2 45 TR O a4 B Ol 25
Ko TERMBGR A /NRGAL, S HTR R AR (E F
FEIG 2R 00 AR AL LU AR, 17 e B0 A o A0 X T 3
ZJHBEG RO T T S AUE . &g E
I e SRR AR (R R ) oR K T 50 S5 a5
(L) WFZMA . Ry T 3G 04 H Pk FHE 248 59 1,



2142 FEFLEIEAR www. cjig. cn

%16 &

B IR RNV 1Z T AR AL 20 i L, oY
M) RS S B 13X AR, 20 B TE — 1 [ AR
ZA HE b o R A A BR R Bl R A
T 5 B AT W SBT3 % R ) 4 5 B
PRAIFIIROCR o Black & A F HIAS [] 6 4 ok KA 3
B TR B AR JL AR FE o6 R Tukey B
AR T HAFROR . Peter Z¢ NTESCHR[ 13 ] rp 42
i 7 Gaman-McClure &% AT LS 3] HE =y Hir R 40
U B AE Jay B8 22 MR AUR |
NEFEGE 1Y £ BE , v 307 oK RS B i R R B
Welsh pREXT I B AL PR %L, Welsh pR%L, Tukey XWik
PRERLL K Gaman-McClure pRZR 1) 2027 ik X ETTE
wmr. MWEIE ET LLIFE 3], Tukey , Gaman-McClure
PREILL | 2 SEBOT I, BB (e 5 AR 2 A, iR
B pRE S B B 5 RU(E o R 2 R, AH Y T
BME . SXAME DL OGHT J1 RS s (B T 2
AT RR AR
1) Welsh pR%R

HRRH py(x) == (1 - )
BUREC Wy (2) = e

EREL ¢y (x) = xe =
W1 R

K1 Welsh &4 K%k
Fig.1 Welsh robust function

2) Tukey PRZX

FEIR PRAL
%’ %t
?_F |x|$0’
o
(o) = |7
X l x|l >0
4
R
2
W(x)—{l_;z l x|l <o
T =
0 l x| > o
52 PR
2
z,b(x)—{x(l_z'z) lxl <o
. =
0 |l x| > o

wmE 2 fros.

N/ WI\ m\)

K2 Tukey &

Fig.2 Tukey robust function

3) Geman-McClure Z@Z

2

FETRPREL P(,M(x> = 2
0' + x
PR Wcm(x) =%
(o +x%)
ot
SR PREL lll(“M<x) (0_ +x2)2
e 3 fis

K3 Geman-McClure 4% pR %
Fig.3 Geman-McClure robust function

TELL LA M e mb I, 3% FH Tukey A2 R %0 1
Geman-McClure FUpR A, H 7 PIFh E B ST LT
PR % T S P A 1 U PRI Ak S A A

minz [y, —z(xi) ]2W|~(x,~ -x)

(10)
mlnz —z(x,)} WCM(X - ) (11>
A, Wy B Wey 53510
1 - | x -x ||z Ix-x |, <
Wy(x - x,) = o le=9a
0 [x -x;l¢c >0
(12)
— 0-2
Vo X =) = e =107
(13)
T2 SR FH 8 T 25 0 A 380 1) 45 1) S P I
”x_xi ||L = (x_xi>TCi(x_xi) (14)

B (10) (1) BsR ARSI (2) .
3 XWERKRDH

AR ) 25t P PO A 2% W 4 2 S 6 4



512 4

X215 4 - ootk i A% [l I3 MR & 2143

UL T, R AR SR Steering 4% [0 I AR HY
JH Tukey 7~ Tukey #% [F1IH#E %, GM %7/~ Geman-
McClure #% 5] A
3.1 EfgEX

S EUHE K ] Lena 1% (256 x 256) \ Rice &
1%(256 x256) Fll Lena JI& #8 E 1% ( Lenasf) ( 100 x
100) o FEBCR S, O 145 3 J5 ¥ 1 AT Lo, X
JE AR EHGGHAT 2 R RERAE JS FE AT RO

K4 25t 70 3 FPBERIXS Lena R AT
KPR ER IR 22 R . K 4 (a) h, m il RECR
ARG G118 R8O B R AR 1 e 45 S A 7 40
TR HLSE 2RI 10 2k (4o ) 25 Bl 70 O
Tukey F ok ECTEMEME A 5 5 7 R BCEA, A 3 T
T HYROR B EUR T Al /N 25 3k e 5 2045 LU A
Fio AHECTTE , GM AL R B H AT L3k 3[R 4 11
TRCR 1M H. Lena BRI IR Sk & % i1 2 S 2L
M UL (B 4 () ), A R0RER T BB RO, Bk
ZEEMRIE 4 (d) v, hs iz As B it oA B B 8 2%
RAONE , T AW PR A 5 12 v a8 B 300 2 W 3 s/, T
TER AL . R, GM 7 345 2 i 5k 22 MR R A &
B SCHE 9 2% 18 53 fe /b, U B AR o 57 R U
20N 2 e SO T EAT RAFVERE

(a) RHTHCR K&

(d) BTk ZER  (e) Tukey ¥R EKE () GM RZEEIER
K4  Lena FUZHURESHR

Fig.4 Enlargement results for Lena image

(b) Tukey KEIE  (c) GM k&%

3 Pl [l A B X Rice PRI 8T8 K A7 J 119
RORANIELS i 7s o AR T Lena 1%, Rice KR £
oA BT EE NG Z . Tukey Al GM
7 YRS B O P 5B TR T R,
R A B B4R PR b B i G TR () I B
RGO ZR T EZHROKA S, T GM X}

T AN SR FFAR T, PG00 23 i vl WL, 3% 2
FGH AR — Mo g K, I TriR 2
BB T fe/bh o Tukey Tk T HIH Z [

(a) FRTHOR B (b) Tukey KIS () GM HUKIEIE

(d) Falbrgk 2 Eg

(e) Tukey 5k 714

K5  Rice KGR E:

Fig. 5 Enlargement results for Rice image

(f) GM F& 2= &11%

14 OR R R AE 3 R AL ORI
WhiR2E, Kig 8 M EE M Lena K14 Fl Lena
i &R P&, 16 2 40795 F 5 1Y Rice B4, GM % #§
IREN T /NI TR 2 FERIEXT T Rice BIEX
FKEAH/N A G KGR, GM J7 k] Lk BRI
TR 24 (3.4327)

®1 HXEGHARELR
Tab.1 RMSE for the enlargement results

RMSE
% TR A EL
=g Tukey GM
Lena 2 8.8395 8.5912 7.7919
Lenasf 2 10.049 1 9.8063 8.990 2
Lenasf 4 19.349 7 18.5851 18.2417
Rice 2 6.8583 3.9860 3.4347
Rice 4 9.8454 10.016 6 9.2453
3.2 BEHgER

TEEMG LML, X 256 x 256 K/IME Pepper
Rice I TA UL MRS SN 30% f i 37 1 1
o 6 LR T 3 R JLA B Y 25 s R
TR A R BR T RE s (R TR 1D 24
AR, 7 = FTE A T 20 BT 28T IR48 4%
PR Rl 5% 25 RGBT B T 2 0 245
B GM ARSI Y L M I 50R 21 5 v i R RE 1
MR (6 () ), T HL 2 e G 407 i B, Hoh iy



2144

T EEREE MR www. cjig. en

%16 &

JUTEIE =fAE RSS2 TR RFE .
Tukey AZAH2I L MR BARA AT (BEF R
TER %% FEXTTF Pepper EIRAN Rice KR IR
Kb AR TR AE R, G R I I 2,
PRI, GM AZAE MR )[R I AR DR T TEIR A4 /)
W2 BAFE) T8 R B IEE R R L .

W@ Ul@ |o

(a) Pl LM IEI1R (b) Tukey EMEER  (c) GM LM [EIE

(d) FIR 2% (o) Tukey ARG (D) GM 3R 22 [&1{%
E6 NTA L EG ke R

Fig.6 Denoising results for Geometric image

F2 EREGEERERILLER
Tab.2 PSNR for the denoising results

PSNR
o -
=i Tukey GM
JUAT MR 28.294 4 26.639 5 27.449 4
Rice 30.761 7 30.795 9 30.898 9
Pepper 27.707 5 27.3715 27.859 9
\Vs S
4 & ®

BT AL G5 v A R BIA B 0 B MG TP
IR, & ST pR 2L Tukey DL GM pR%K15
A PRI A [ 05 v ) A pRBRC, A5 2R ) 5 0R
FHUN 5 22 R BT A5 21 04 45 1) S MR 5, 48 1 ol it
1) Steering % [0 5 KR PR SZ #58Y , [A] Steering 4% [7]
VAR A AH A, 78 MR 2 MR SE 56 v, g H 1)
PRI A5 21 A9k 2 G 2 T4 (R A o 35 R T
B B G ORRE T MG ) T 2% 5 S0 A5 A T 5843, il
JEXT T o> A0 E Y EHMR (U0 Rice EHE) .
P 3 FpAZ AR R ) S GM A% pR A A% m] A 455
RURAGR B T S5 (058 508, i HLHLAT 51K i
(B L AR /NI 38 iR 25

5 % ik ( References)

(1]

[8]

(9]

[11]

[12]

[13]

[14]

[15]

Tomasi C, Manduchi R. Bilateral filtering for gray and color
images [ C]// Proceedings of the International Conference on
Computer Vision, Washington, USA : IEEE ;1998 :839-846.

Elad M. On the bilateral filter and ways to improve it [J]. IEEE
Transactions on Image Processing,2002,11(10) ;1141-1151.
Shao Wenze, Wei Zhihui. Digital bilateral TV filtering and
nonlinear denoising [ J ]. Journal of Graphic and Image, 2007,
12(7) :1178-1184. [ HBSCH, 45 50, B Xk 478 22 0k 5 4k
RPELME[T]. T EE G EIEEH,2007,12(7) :1178-1184. ]
Rudio L,Osher S, Fatemi E. Nonlinear total variation based noise
removal algorithm [ J]. Physical D,1992,60(1) ;259-268.

Chan T, Marquina A, Mulet P. High order total variation-based
image restoration [ J]. SIAM Journal on Scientific Computing,
2000,22(2) :503-516.

Caneds E J. Ridgelet: Theory and Application [ D ]. Stanford;
Stanford University,1998.

Buades A, Coll B, Morel J M. A review of image denoising
algorithms, with a new one [ J]. Multiscale Modeling ~and
Simulation, 2005 ,4 (2) :290-530.

Buades A, Coll B, Morel J] M. A non-local algorithm for image
denoising [ C]// Proceedings of the International Conference on
Computer Vision and Pattern Recognition, San Diego, USA:
IEEE,2005 :60-65.

Brox T, Kleinschmidt O, Cremers D. Efficient nonlocal means for
denoising of textural patterns[ J]. IEEE Transactions on Image
Processing,2008 ,17(7) :1057-1092.

Takeda H, Farsiu S, Milanfar P. Kernel regression for image
processing and reconstruction [ J]. IEEE Transactions on ITmage
Processing,2007,16(2) :349-366.

Takeda H, Farsiu S, Milanfar P. A generalization of non-local
means via kernel regression [ C]// Proceedings of I1S&T/SPIE
Conference of Computational Imaging. San Jose, USA: SPIE,
2008 :68140.

Liu H Y, Wei Z H. An edge-adaptive structure tensor kernel
regression for image interpolation [ C ]//Proceedings of the
International Conference on Future Computer and Communication.
Piscataway NJ,USA;IEEE ,2010:2681-2684.

Peter D J, Govindan V K, Abrahan T M. Robust estimation
approach for nonlocal-means denoising based on structurally
similar patches [ J]. International Journal of Open Problems in
Computer Science and Mathematics,2009,2(2) :293-310.

Ming L. An improved non-local filter for image denoising[ C]//
Proceedings of the International Conference on Information
Engineering and Computer Science. Piscataway NJ, USA. IEEE,
2009:14.

Black J, Sapiro G, Marimont D H, et al. Robust anisotropic
diffusion [ J]. IEEE Transactions on Image Processing, 1998,
7(3):421432.



