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Abstract: Current existing sparse coding models employ the mean square of the error between the actual image

and the reconstructed image to measure how well the code describes the image. Under the assumption that human
visual perception is highly adapted for extracting structural information from a scene or a video, an alternative
measure for information preservation assessment, based on the structural similarity, is introduced. After minimizing
the cost function, the improved model attains a complete family of localized, oriented, and bandpass receptive fields,
similar to those found in the primary visual cortex. The experimental results show that the improved sparse coding
model is more consistent in human visual system. \ »

Key words: sparse coding; natural image; structural similarity; biological visual system; compufgtiona‘| model

B OB CH RSB R R E 6T T Falk A5 & AR 0 BRI A JE SRR 69 AR A IRALSE
Yot 3 B3 R AL (K SRR (A T 60 S AL 15 3] At AL T B 15 AR 60 A2 it o it
4 1 A B AT, AT 5 A AL o AR Bt A b o 0 0 R AR 8 I B R R
B, BB e M B AR R B A A ABRALIE A il

XKEIF: BB, § KB s R i#mfm%% AR

HESESESITPI8 | SCEkFRIRED: A

¥
3

« Supported by the National Natural Science Foundation of China under Grant No.60805041 ([ X 4 #% £} 2% %5 4>); the National Basic
Research Program of China under Grant No.2007CB311004 (| & & »5 LW 57 & & 71 %1(973)); the National High-Tech Research and
Development Plan of China under Grant N0.2007AA01Z132 ([H 5 i+ AW 5Tk & 71-%1(863)); the National Science and Technology
Support Plan of China under Grant No.2006BAC08B06 (& 5 Bl 4 37 ## i1 &1l)

Received 2008-12-01; Revised 2009-04-03; Accepted 2009-07-07

© PEEEESAIITOT

http:// Www. jos. org. cn



EEF FOL T4 HAE GG AIER 2411

R A 4 S 3 0 R o R 43 03 5 R ST AL B 5 L e T L
BLRLEEE RN S HUREE 2 BTS00 0057 A, WL R e K A
ORI H T I 1R 855 P 3K 9 AELAS A WM 3R 5 5 4 B 2 ) RS 4 REBE R 2 W05 R B A
ST 1 5 A58 AR B U 2 92 S 25T 2 5T K TR 2 o

Barlowt? g 5 42 H1 47 2040 13 15, DA o 2 WL 28 6 4 0 A BB — A T 230 T i 52 4 A
SR IV TU A A BT8R 020 B2 2 R0 26 20 M S SRR 55 0 0 574 S 4 B 0 4 9 157
SR 2 H6 71 Tl 5 M 2 N RS, R SR R I 5 0 £ M 25 0 L 1)/ 0 T i >

AT IR FE 1 48 45060 96 o 3 e 50 R e B 5 390 01 5 A 9 26 8 0 I T WL, 4%
T -5 1 0 0, 5P 2 4 L 0 W 5 P (b 28 2 B 2 47 LU Field 1 OllshausentU42 H1 T3 44 1 7 5 4
PR 2R 50 3 R e 1 2 N S PR 4, 2 05 /3837 27 R ST 45 5 e 450U il 5 5 44
110, 7 T3 R 91122 0, VMR 3178 00 55 0 L 1 2 40 L B R £ e,
B« R P, B0 2 B S 4 R A R R U S 1 W B 4 A i
ﬁ&ﬂﬁﬁ@?ﬁi%Tﬁm%T$@m&%&%mTﬁ%ﬁ%%%ﬁ%@ﬁﬂ%Tﬁﬁﬁ??ﬁi*
JRAT I Olshausen 35 4 25 B2 BT Sy b v i 2 i \ \ =

M 20 k2 70 4EACTFAR AT 2 A B, 375 16T 07 545 75 43 H i AL TR 40 S5 MR i LA B 13
TR £ S A AR MU 9 T (15 5 10 2 ) AP D R . S5 A S H A
J A 13 T 0 T 5 8 7 T RO 1 S P SO 1 22 1 98 T S5
G T3 A5 A 0L 10 5 O 2 114 P15 1 S S e 2090 0 9T 24 0L 7 6 5 220 L B 4 7 4
Mﬁﬂ%ﬁﬂ%%?ﬁ@%m%%ﬁ%ﬁfﬁ@@&ﬁMﬁﬁi%ﬂﬁﬂﬁﬁﬁ

1 %ﬁ%ﬂﬁﬂmﬁ%ﬁ%’

Field '%‘Hjﬁ'ﬁi%ﬁ%iﬂ%i’ﬂéﬁ‘fﬁ%d\ﬁwﬁﬁ%E‘J?‘i?ﬂils*ﬁl,%EI?ii@1%%']125(%&‘&??%&M%E@iﬁ)\,iﬁiﬁi}ll
G ) AE A (K0 20 400 RS O AT et D 5 A0 A AT X Gabor 98 a8 12 B AT I LAk, R B AE
Jai (KRB 5515 WA BZ I P ] S0 40 I 56 o 157 Al AR R B (O B B T i P RO A P

Olshausen &5 A AR HI ek & I ) 77 30— D WT 90 1 1] o0 200 L S 32 B A 0 7 i i 40 - WD 1) 5 2%, tn 181 1 o
71 M) Y ke o 501 4 A7 88 00 2 7 i N VR AR A i /DN 18 0 22 BRSO A M B I AN ) 5 SRS AT e b L it
GRHABL. R IR ST R A6 38 7 PR A A 45 0 138 0, S 19 6 R B B @ )R PT REZ Mol O sl 45T 0.

¥

() "
/
_External _ . \nternal =
word model "
3 10cy) Bi(xy) &
% ¥ ' Fig.1 Linear superposition model of image
;e 1 R AR
P eV B A ) AR 2R 2k
X=AS 1)

T B X 7 i N 8 P AR A 1A 5 o B e P 8 o T, 3K 5 oy K 30 K T R o B B A (K 7 TR
FEL A B I BEAJ bR KA AR 20 90 B ) S (1 — > fi AR A 2 1) A 25 18, P AR e 1k 8 e 21

© PEEEESAIITOT

http:// Www. jos. org. cn



2412 Journal of Software 3k 3k \Vol.21, No.10, October 2010

AJ DAY B R R J2 1 25 0 ) R N L R T S R AN A 20 0 0 Ko A i PR A% RS i R A o v O 4 A
i Olshausen $2 tH AL AL HE I VT LR 7R Ky

E(a, @) =§y}{l(x, V)= 2.ahx, y)} ”ZS(%J @

XL y) R SR B B X I8 R AL, i(x,y) 7 2k bR OB A R SR T AN B 1) oy 3RS 1) 2 S TR SR T A Wiy L
2P IES 1 30 A R £ B DR R R B ) D P A5 TR JRT B 2 TRD R R 21 T AN 7R 58 2 TR T i
i T3 g 7 900 . b T e e 8 D RS R v e Ak T (0 5 i A 2 4 M JR 52 OIS 1 P B B, DR B 3RAT T o
SRR S R HEAT B RAE A A R DAL SRS A N 41 ) B X
R b A 7 G A 2R, N AR P A B RILAE IR 1 B AR Rt e — A DN SR 5 il L v ok 4 > ) 2k
EFSNFEEESEaE PR AL AT 5 WU B i H 0 B AL A 5, G P 2 s

E=========E= HyvarinenU™ M8 17— AN 19 J2 1) i i 4 o A 250 308 b ) 42 )
i i % HRT
1 I Jii RS T AU T A A% A0 M R P ) R B R AR A R T
BEELIERBUREARY j\JﬁﬂﬁéE’J%ﬂ»uﬂIﬁt,%ﬁqﬁ@ﬁ?&_:.1‘}31 %Zﬁmjﬁ
===E=====E= X3 (1 {5 JEL AL FEML ). Tenenbaum Al 2 N8OVt il AR e )
- _{ AT T T O e ﬂﬂwﬁmﬁﬁﬁﬁﬁm
EESFOENENE EW 2 ° ‘ . »
MENEN SN %058 A R R ) R R
NENASNNDEEEEE .ammeMﬁm# AR 1 2 B O 2 i o 4 AT A 4
ASENDVEREEESR
IPEEPEIZEANE Q% /\)‘ﬁ/ﬁﬁ%Téﬂé P 25 i 45 L 1) v B AH S 7 Hoyer R4 v
i LN B mi N G v R B 2 2 IR R A A T SR T
ig.2 Basis functions of standard s%arse Q T 1 B
coding model ¥

22 [ 2 2 AR R g A5 07 T EAT T K R AR e 8 1
W JIT B, 3 LA AN — — B 2% 1 AR 1 N, R T i e ) R 0T A 20 T
e 1H HEEYJ%TT’% 6 8 R 27 A 2 RO T 5 T 4 SIS A 45 £ 7 o A TR 0 50 22 2 A D20 20 50) s it
B e L Y ) R T K B R BIE 5 45 A P B T LA, 2 0 5 N 3R 3 0 0 o AR AR 22 [ e
BG4 25 MR A5 b B 5 10T, 61 P 1) 2 5 AT T ) 2 P9 2327 3149 7 AR I A SR

T4 80 P S50 G R A TR i A5 R T A TR T R AL (B R O A I PR R R ) I, V2 R A 22 11
V7 R A 2 VP bt SR R A I SR 2 R B SO B2, 20 tH4d 70 SEARFF R AT B &
PRI, R ZE 141 T RUAS B AR L b DA T A5 10 R o, DR A 2 8 70 40 5 R N IR P R 1 3 1 Rl e 2
e 16 8 NBR A5 5100 5 2 e W A S B, AR B AS 5 B g G, BT R R M2 R RS
PE R I I AR R A 2 A, B I AT gib*ﬁ%ﬁ%m?ﬁ%ﬂﬁ%ﬂi@%@ﬁ?ﬁﬁ R %Jﬁl%%ﬂﬁ:f:ﬁﬂ]
AN R T R IE A 35 5 2 8] I AN [), I A 25 1 31 B A5 A5 352 ) 110 3 i g 274 l‘%ﬁ,ﬁii"ﬁﬂmi%%mi% .
DAL bt A ST o 4 65 0 T A 70 ) i 1, %’I)\ *ﬁﬁﬁ’]@@)ﬁiaﬂu et AZ(@) I AF B R RE I T 2L
M B2 1 T 3T 45 RAR B0 fr gt g o ‘ 3 B
2 HHREEE W\

N ® .

%ﬁ%i,k1f]ﬁ¢ﬁﬁa‘”ﬁ%ﬁfﬁgﬁﬁﬁm%J?El’»]?éﬁ&,Wang 2 NSRBI g MR AL 5 R 45 0 32 Bl fig S
%mﬁgiﬁi%gx@ FORUB 1 G5 M A 155 L B T S5 MOA S (structural similarity, (PR SSIM) A {5 5 e 7
J5 5 3 L7 ELSE 86 E B 7B 8T PSNR(peak signal to noise ratio) 73E. B 3 Fiom, 18 3(a) & 5 4, K
3(b)~ &l 3(F) & Pl 3(a) 2k L5 (¥ M5, 2 B 1 A5 22 51 ) AN ok 210, 0H 45 Jit B 5 2 [11 [¥) SSIM AR 4% ASAH 7). B 3(b)
Pl 3(c) ) SSIM AEAR i, M 5 5T L 48 45 B 3(dl)~ &l 3(F) 1) SSIM (B FRAR, MR 0 Jot o Al 85 22 . 2 AR AT 5 2 W
B — S0k, SSIM LY 5 2 7 07 F0 538 A T PF 0 B 15 10 T o i

@2«ﬁ@%ﬁ%ﬁ§i%ﬁ@ﬁ

© PEEREBAEETIT

http:// Www. jos. org. cn



2EF FOL T4 AAE GG AIER 2413

(a) Original image (b) Contrast-Stretched image, SSIM=0.9168 (c) Mean-Shifted image, SSIM=0.9900
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Raw pixel values of an image patch
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