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Abstract: The piecewise statistical stationary property of natural image signals provides an effective way to
model the image signals. However, the statistical stationary region always has an irregular profile. Large mismatch
errors rise when a regular shape window is adopted to estimate the statistics in these regions. This paper proposes an
implicit piecewise autoregressive model based on a probabilistic description of the statistical stationary region.
According to this model, an improved image interpolation algorithm is presented. The experimental results show
that the proposed interpolation method can greatly alleviate the blurring, ringing, and noisy artifacts around edges in
interpolated image.
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Fig.1 Piecewise statistical stationary property of natural images
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Fig.2 Low-Resolution image generation and two-pass interpolation layout
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BT SR

Ct={c,(i, D} =12,...16, j =12,....25), (i, j)—{é" Y € e [t=12,34}

0, other

1, i=]j
C?={c,(i,N}(i=12,..,9,j=12,..,25), ¢,(i, j) = —6[, Y; €{Vie 11=12,3,4},

0, other

D* ={d,(i, i)} ( =1.2,....25, j =1,2,....36), d.(i, j) ={Zf‘ zihir{y@t t=1234
Dz :[|16><16 016><20]'
o F(L8) (IR AT AR TT LA 7 Bl 2 (19) (I T =, B
§=(C'W?C)'C"W?Dx (19)

I VRSB AR R A LA R T 2 HERAR BN y=IynYa, .. Yas)T AR VB D T 5 (5 A, AR S
A 7T Rt 9 BB A S (L9) TT LUE H T 1 AN A 11 10 2 B R R R B2 SRR & N T Ik 43
MRG RN x BREEMNEEAG I BT TGRSR ESAALERE B ENEAXTEELE DA EN
3G N eS8 % 4.

3 TWHER

ARG NG AT RS AT A 5 1 AT S50 6 Lok I AR SO B R 1A R0t AT LG A 4 SV A
W= YA E (Bicubic)™ . Li 2 A5 (NEDN)MLL K Zhang 25 A (853 (SAN M = Y 2 453 (0 S Lok B
T MATLAB 7.6,Li %5 A () NEDI 532 S8k [ M 356 (http://www.csee.wvu.edu/~xinl/)$2 1] MATLAB {15,
Zhang %5 A SAI S0 5235k B W ik (http://www.ece.memaster. ca/~xwu/)$2 1 () a] AT S A8 A< SCE v ) B
AASITEIL R S 50 2 LA B 2 AR R 28 155 2 X (B) T 1 2 4093 T X 01=17, 6,=50000, 5-5=33 i}, PSNR(peak
signalto noise ratio) 45 S 4T DAk, T R S 36 v 1 S AN 0 30 SR RN 5 P &5 SR (PSNR) 8 4 71 Hik 45 58 8T

AR SO A AT 53 BN BB (LA D)PE RS2 30 MR UGSk T BN [ 4 1 55V 4 8 B 4B
(1)U A1 15 1 L (PSNIR), B S8 06 JU e 3 B AR AT A 2 Oy DRI (A0 a5 I SRAE A3 8106 2 PR 2 e 36 B N AR 1
N TR) PR 9 1 R0 X AT 43 % 2R BV AT A1, 75 81 5 D 4 00 3 1 £ I 25 4 % 53 /I PR A 1L P A% B 28 58 i PSNIR
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FIHEL S SRR R B 2(a) T,
3.1 PSNRIH%&E LLEE

F LT AT S A0 AN R BG L ff) PSNR BG4 18 W 1R 2 AN [R) 602 th T R 30 2 10 PR R /e AN
[, 0 T A1 BB A S i 3 (e M i 76 VH 5 PSNIR B 2235 17 4% 10 A% 25 58 B 11030 358 o AU AR 81 B 1 Y
X IR AE 1 AT LLE A SO AR R S 1 PSNR 1 GBS 38 00 T Hfth 82032233 5 7R ¢ 32 W0 003 28 S 116 5 L
£E A2

Table 1 Comparison of PSNR of different interpolation methods (dB)

Rz 1 AFEEITIER PSNR L (dB)

mages | 2solution Bicubic NEDI SAI Proposed method
Cameraman 256x256 25.18 25.34 25.70 25.78
Peppers 512x512 32.77 33.30 33.51 33.56
Lena 512x512 33.86 33.80 34.63 34.67
Monarch 768x512 31.72 31.68 32.90 33.16
Tulips 768x512 33.69 34.16 35.66 35.82
Caps 768x512 33.67 34.05 34.48 34.48
Airplane 768x512 30.73 31.21 31.65 31.72
Bike 768x512 25.93 25.97 26.97 27.02

32 EWMMARHR

7 FE 8 Bon T AR EETE Monarch B4 Airplane 45 1) R 0 < 58 1448 2% S0 b Hoh, & Fh
ST R AR R XAk A 4G . PSNR 452 BoR 7048 5 h WA SR i T R 4 BB AE N SRR I I F b %
KRG AT D, T BUR 5 2 40N BRI L B2 A 0 0 B AR, BR1 b 25 4 1 55022 11 45 SR 5 T TR AR TG 7
PG LG 1 AT — i T B 1) AR 5 LA 5 A L, AR ST ARV 0] 1 01 5 A PR A5 4 (L JBOBE 1) 25 B3 R 30 5 R A0E 11 £
FERCR T 1 7(F)~ B 7(h) R E] 8(f)~& 8(h)4> 727 T 5 Bicubic. NEDI I SAI SLVEAH LG, A SCE 0 I 45 1#]
PR BB A AR 3 AT

(a) Jlsl (b) = R (c) NEDI 7514 (d) SAI J5i2:
(PSNR=28.69dB) (PSNR=30.99dB) (PSNR=32.24dB)

() A3CH5k (f) 5 Bicubic J7i% (9) 5 NEDI Jrik (h) 5 SAI Jji%k
(PSNR=32.38dB) AHEL AHEL AL

Fig.7 Comparison of different interpolation methods on Monarch image
7 Monarch EIG A R E 72 1 H st
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/
-

(a) JE (b) M= WA (c) NEDI J5i (d) SAI 77k
(PSNR=26.30dB) (PSNR=26.78dB) (PSNR=27.79dB)

/
D

() ALy (f) 5 Bicubic J5i%k (9) 5 NEDI J5i (h) 5 SAIl Jrik
(PSNR=28.04dB) AH G A A

Fig.8 Comparison of different interpolation methods on Airplane image
¥ 8 Airplane EE AN IRl HR A8 7 V2 10 Ll
IS 37 5 P T L T Mt S SEST A P M3 T 0 U416 (Bicubic) 75 P (R 28 43 0 I A
ARV E NEDI A1 SAL SHIEA EE AR th 1R A T Bl ar Be B [RS8 R 20 1 3 BEGe vk R &5 X B 25 60
GEvk R AOAG VF SOINAE A, DR s D T30 G A L Bl AN SRR PR AL A AR ST A 9 R AL
SEPAERA O G L 3 (B ROCR A EIG L SR SCPR X S8R, AR SCAVE R A T L0 ) AN e R

__

(a) ki (b) NEDI J5¥% (c) SAIl Jiik (d) A&3LT7i%:

Fig.9 Comparison of different interpolation methods on color images
B9 B E1G EAS T 7201 g
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4 2 i

ARSCE SR B ARG 2> B v RS PR BUEAT T 0B 3R T B RE TR A 0 B K0 BB [
T JFHETAZBER B vh T b S 1) P A (L S0 AR A SO A8 A 3R 0 Jey 8 2 1 P S AR D i a8 22
T R P L AR ADLSE M =R AT IO R ds J AT s /s SRl UF SR AT B3 1 v 0 R AR SR AR SR AE
RAI B R AN 2 G B PP A &5 R (PSNR)_E 3 A T- At 3 ik b (1 AR IR 45 b 1R 3 GRS AIE DR 5 A L i A
SCEEVE R — AN AN L Z A AE T I 18] T 55 A2 2% E A v, DR 0k, 4 i ) — AN W7 A A e SR Y A PR P AR
SRR PR P 0 38 557, mOxT R i Pl 46 R P AT 7 S Tl e i e

gt B West Virginia K240 Li Xin #0821 McMaster K241 Wu Xiao-Lin ##Z 42 45 5 5 60 A m] $047
P,
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