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Image fusion based on the improved sparse representation and PCNN

WANG Jian, WU Xisheng
(School of Internet of Things Engineering, Jiangnan University, Wuxi 214122, China)

Abstract: To improve the clarity of image fusion, in this paper, we propose an image-fusion algorithm based on im-
proved sparse representation and a pulse-coupled neural network (PCNN). First, using a non-subsampled shearlet trans-
form (NSST), source images are decomposed into low-frequency and high-frequency sub-band coefficients, which con-
tain different information. Then, we use the K-singular value decomposition algorithm to fuse the improved sparse rep-
resentation with low-frequency sub-band coefficients and construct a joint dictionary from the adaptive learning mul-
tiple sub-dictionaries in the source images. The high-frequency sub-band coefficients are fused with the improved
PCNN. To stimulate the PCNN model, we use the modified spatial frequency as neuron feedback input. The high-fre-
quency coefficients are selected according to the fusion rule for the maximum amplitude of fire output. Finally, we re-
construct the fused image with the NSST inverse transform of the fused low-frequency and high-frequency sub-band
coefficients. The experimental results show that the proposed algorithm preserves the edge information of the source im-
ages very well; additionally, the fused image achieves good results on the evaluation criteria, thus verifying the effect-
iveness of the proposed algorithm.

Keywords: image processing; image fusion; NSST; sparse representation; adaptive learning dictionary; joint dictionary;

PCNN; improved spatial frequency

WrfE B #1:2018-05-29. M4 kR A #A: 2018-12-28. A
ESTME (15 1 4 F125 4601 H (61672265). P il 3 TOACT R P B 22 Wi P o

BE e : 2 8)/F . E-mail: wxs@jiangnan.edu.cn. (s SRk, B8 —EEEEMEEES



mailto:wxs@jiangnan.edu.cn

553

Fad, S5 T Motk A 5 2 8 A PCNN 1) RS Bl & S i 5% © 923«

TR A58 8 RS T3S AL 30 Y (145 Ak 3
BR o ABGARPLIE 5k &0 2 A BRI
)R, 3k LATEAS S FOG S 2 0 R AL J2 s 1Y 15
O R s R ARG . XA
o RN A AL BT, 2 R ARG ]
W, %Rl — 3 5, 2 R EMR R RS T LUR
R LA b B PR B A% | 2R A IX B 5 31— i AR
Hr, N3G 25 B IR ER B 2 95 R . B,
ZRERGMESTEZER WA By iy | A
TG RHLAR R 5E A A LA T3 g Y

G Rl G T 1k 32243 o 225 ) S8l AR 238 35
MA PSS A A ik B TR R IR
TR, AR IEATAE AT 53 ff 38 5, Rl I A5CR
AN PRAR, TV T T M R IR R 0 i S S R A
B HTZRERRNZ RESMdREE T A
Ko tr, I B TIHEALL I, HAr, 2504
R B A S B TR B 2 RO AR 405 vk
H A BN A e (discrete wavelet transform-
ation, DWT)' | I (ridgelet) 28 'Y | il £k iy
(curvelet) Z5#: #B LY (contourlet) 24 JE T
K AEE BL % 75 e (nonsubsampled contourlet trans-
form, NSCT) Fl55 4] (shearlet) 254" LI 2 JE T
K FE BTV A8 e (NSST) 45, NSCT iz 8 /3 #E
fF, HAEEMG Dy 10 40 g b sz SRR, B To ik ik
E| DO NS E U B T 1) ) Vs S D WA N 82
LA, 1z R, O BN T BB A 5 1 A
R, FEULELR E A NSST AN AT 85 5] 9k A5
M2 R 207 ke, BB A 4 1 52 F
RSV, BRIl B T O 3 A r sl 4, Xt
NSST 2 W 4 £ 1 iz FIE S AL 34588

i 151 7 s 1T A R B2 HY Y — PP AR R 5 Ak B
(BT 0 T 5 A AT T A 5 0 PR AL ) 454
SR A & Iz N, AR R ERE
W MR EG . N U S, RN R
DAFR i 1 7 2ok R RS B, 48 UG Ab AT ok
TRRIER]

Jik 1 25 X 4% (pulse coupled neural networks,
PCNN) J& Eckhorn F 20 fH 22 90 44X 42 H i —F
T T A i A A ) T Al 2 D 2 AR AR, L

7 I AL AL AT S N8 2 RGEHY
A AR A, TERMRRLG L BRI E] L BRI L
30 2 A ) 45 S5 B E AR . 1999 4F Brous-
sard 4 7E EE b5 R PCNN 48 = Rl & EUZ Y
HEWRE, IEW] T PCNN 7 B& Rl & h ARy
A E

i 28 78 B Rl O 08 23 RS R T
BOGW , AT X KR %5 B R &, H T

R ZH i 227 1 R Rl G s 2 56 T 2 RUE AR
B, PONN A R A 4 DL bk o [ 4 4
PR, 78 B RL G ol LA SO R s 2. |
PCNN 240 22 HME DL, A B 1Y — SE il
HFEHEBR T PCNN 1Y 138 Ry 2 Bobs =1
AR, 3T 2 R AR 40 F PCNN 2545 1 (&1 44 il
GEIEANIEP PR o SCHR [15] 48 i TORRE TR R A
F R I (NSCT) 5 PCNN MHZS & 1 il & ik
SCHR [16] 42 1 2T 4E T R AR BT VI (NSST) Al
PCNN AHZE A 1Y B2 o R Rl 530k s SCHR [17] 42
H T R 5 22 % 1 PCNN M1 454 1921 40 5 1] L
TG AL A o e BRL AT DU B b ) il
BMOR, B G A B . 78 LIRS
SRl b, AR SCHR T — i T e R 5 3R s A
ik PR B b 2 R 2% 1 RS B AL . B e, T
FlA TR AR JE AT NSST 43, 43 51 45 21 K45 Al
B R A IR 4 e e 2R R Oy G AT
filvG, BRI K 25 548 53 % (K-SVD) 53k IR 1#]
B 15 2 2 > L, SR R A TR ER AR 2
T LG5 A AR BB G T, PR HTIE A2 DR B BR
(orthogonal matching pursuit, OMP) 8.7 15 2| 7 i
FE SERUR A RS o TR, AR
SCIUR FH PCNN B35 AT Rl G, B i 4307y el itk
Y25 [A) 43 % (modified spatial frequency, MSF) /£
PCNN R, LA SRS s MR 2 IR AR S e A3
Tl RS RN . SEERAE R AR, AT iR Y
ERAEASE SR N EOITANY AU T 8RR

1 HEARHE

1.1 BE1&HI NSST ik

BT Y) AL th Easley S (EAL G0 9 RGEHY
Senh b, K LA S 22 ROBE AR $ 445 A e R i 4 Hh i
B BN, YR 0 2 B, B UK Y
EIEXW)
Mas () = {0 (x) =Idet (A)|*y (B' A’x—k) : j.l e Rik € R}

(D

K ye 2(RY); H bR BT w0 () HEE A 238 1 XF
BAAS R R R A g R BGIEAT E BT U) LA R
AR I s A R BY VIR, 45 BRI 2 05 1n)
O35 B N SRR IR B 4 R 22 RO 43 i
IS8 WRIESE; k N FBE S
A, 1 B, FBUE 75

4 1 1
A°=[ 0 (2)] 302[0 1 ]
NSST 4k TR 4 F 3 40 f# (non-subsample
pyramid, NSP) FlI 87 YT yE I 45 20 1, BB &3t k 9%



© 924 . O R

H 14

NSP 5t 2 )5, & il kA4 F 1A
A L F MR o R IE W k1 il S
TR G R/ IMATE], HZ REEANR] . 3 9% NSST 47 fift
AR 1R

ST

Wl
I.ﬁﬁ[ELHL[]*

N=2 -
WG w2 R
NSP
Nl RO
1
R

1 3Z NSST R BRRE

Fig.1 Diagram of three-level NSST decomposition process
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Fig.2 Simple model of single neuron in PCNN
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Fig.3 Flowchart of fusion based on the improved sparse
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Fig. 6 Clock image fusion of each algorithm
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