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Image Fusion Based on Sparse Representation Using

Shannon Entropy Weighting
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Abstract In order to overcome the shortcoming caused by the equal weighting on LL (Low-low frequency) components,
LH (Low-high frequency) components of low resolution images and H (High frequency) components in the sparse rep-
resentation image fusion model, a novel image fusion method of Shannon entropy multi-view weighting based on sparse
representation is proposed. The proposed method can assign different weights to LL, LH and H components, and adap-
tively enhance the influences of the important components. Thus, the image fusion effect can be improved effectively.
Experimental results obtained on different kinds of images indicate that the proposed method can achieve the promising

performance in terms of both visual quality and quantitative evaluation metrics.
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(LR: low resolution; LF: low frequency; LPF: low-pass filter; LHF: low-high frequency; LLF: low-low frequency

component; SR: sparse representation; FSC: fused sparse coefficients; HFF: fused high frequency; LLFF: fused low-low

frequency component; LHFF: fused low-high frequency component; Dyy,: dictionary for LL; Dru: dictionary for LH; D:

dictionary for H; ODS: orginal dictionary set; AEW: adaptive entropy weighting; FI: fusion image; DL: dictionary

learning)
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HEATBE B N IR, nT DA B X P 58 = 5 A5
B, 3B AR G AR 2) Wil Dogs Dy Mt
SEAE S PR T R s S I, DU Dy
22 R 3) G A G o R R A R R 2D
SEIK.

N; N
Il Vl
NxN
v
N
K-SVD
L v,
Ul L=
Dictionary

3 K-SVD F3%2)
Fig.3 Dictionary learning based on K-SVD

3 MEXRBERSHR

S0 83 e A P R Rl UV A A IR B 2
Klfg . 2 RERG. BIKEGAUN HREE LT,
it 5 SRSR (Super-resolution using sparse rep-
resentation). NSCT-1. NSCT-2,. DWT-1. DWT-
2. SR-1. SR-2 J7ikm b (W3R 1), Jf %) sk
g5 R e LE B AT TR A B, S5 R R YR
TG R A AR A SRR, 2 56 i B 1t AT I HE A
o 54, BT ARG ETEG CE T/ D PR E
B, R 28 T ik — B 2 B SE B R X, BRI, AS
SEI S W PR R B AR BT, LR NSCT
ZHKE N pfilt = 'Pyrexc, dfilt = 'Sinc/, 4>
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SZHWE N KO REE RN 4, AR 2 fil A
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g Y SRR S R N (=Y A T BU R S e
17 50 W38 1 J5 i e . A8 F 6 EA 4 B L
* 2.

SEIGHR > 2 H R 55 3.1 WA R AT B
L PR SRS A] T LERC I B 56 3.2 T AL
JTERZR 1 Fros J7 ik il & ROR A REFR AR LLA
SrHT; B 3.3 AT B A R e R AT UL 2>
s 28 3.4 VR RE T OB AT A SRS IR A4 ST R P g
ZEFAT LU 20 #.

3.1 IR IEFRFALLE A AR

H T N AR S B VAT M RE VT
fili, AN ST FHAN 5 SRRV R AE 4 2 2% R I VP
FEARETA0 (B Qo, Qry Qw, QAT ¥ofH) R
TR BAE A 2 2% (I VE 4RER (771 % (Root
mean square error, RMSE)) LRI BT REVENY, b
RERFR AR S AN 2 PR,
3.2 AEEBEGFEIR
321 EFEGXRE

P T o0 B 27 AR AR BRI ) R Z AE A, T HL
HATR A I g a2, PRIy, A8 43 52 50 108 M 2 2
CT EIEEAT, 4R WK 4 f1 5 K3 3.

R T AR TR LA S

Table 1 The abbreviation of different methods used for comparison
JTIETRRR EISEWIRrS AR k)
A R 5 SSR-FUSION SSR-FUSION (A SCHZLJ51) SSR-FUSION
P 1 =i G193 251w
SRSRI?2 SRSR SRSR
NSCT-1 NSCT!e] SRSR (A3CSEULEIE)
NSCT-2 NSCTIe! Bicubic (35 HELI%)
S TS DWT-1 DWTH2] SRSR, (A 3CSBUHZE)
=y =]
DWT-2 DWT42] Bicubic (A3CSBLE)
SR-1 SR/[43] SRSR
SR-2 SR[43] Bicubic
® 2 ASCRAIIVER bR
Table 2  The evaluation indices adopted in this paper
TEARA AR KB
2Uaf 25?
A F) = .
QO QO( ’ ) Ug +O’? 52 +?2
Qo(4, B, ) = QAT QB
Qr Qe(A, B, F)=Qw(A,B,F)-Qw (A", B, F')~
Qw Qw(A, B, F) = 3 c(w)Aw)Qo(A, Flw)) + (1 = A(w))Qo(B, Flw))
we
N
> (@ (n, m)w? (n,m) + Q¥ (n, m)w” (n,m))
n=1m
QAB/F QAB/F = —
> (w(n,m) + w?(n,m))
n=1m=1
MEAN uw= 1 T;
n i=1
M N o
> % (R(,9) — F(i,3)?
RMSE RMSE =\ =/
M x N
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(a) Image A (b) Image B

¢) SSR-Fusion
¢) SSR-Fusion
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(g) DWT-1
(g) DWT-1

(h) DWT-2
(h) DWT-2

(d) SRSR
(d) SRSR

) NSCT-1
e) NSCT-1

) SR-1 (j) SR-2
(j) SR-2

K4 CT1 BG4 R
Fig.4 Experimental results of different methods on CT1 images
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(i) SR-1
(i) SR-1
K5 CT2 B R

(j) SR-2
(j) SR-2

Fig.5 Experimental results of different methods on CT2 images
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(a) Image A (b) Image B (c) SSR-Fusion
(c) SSR-Fusion
(g) DWT-1 (h) DWT-2
(g) DWT-1 (h) DWT-2
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FAER PR G AT 525, 45 R 6. K 7 RISk 3.

3.2.3 HMEAEGILE
1) DEFEE. D HEREGETREG T EEH
FrRE/N B 5e0Eiz BRI, B BT H bR
dxffﬁx&?ﬁ%iwaﬂffﬁ SEREIE S, BOA Al A X
2 — . AT A N H ARG, 25 H LK
8 FIk 3. 2) mKEMG. LAt i sk At H ik oK
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REfE UL I VR A R, DRI, A4 S v 328 EC i
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Table 3  Comparison of results obtained by different methods
SEES febraiik ATk SRSR NSCT-1  NSCT-2  DWT-1 DWT-2 SR-1 SR-2
Qo 0.5168 0.5151 0.4948 0.5155 0.3325 0.3083 0.4909 0.514
Qe 0.4499 0.4469 0.3039 0.3588 0.1788 0.1308 0.3143 0.3671
CT1 Qw 0.827 0.85 0.7589 0.7629 0.4659 0.3956 0.8162 0.8404
QAB/F 0.71 0.6988 0.5373 0.6119 0.2279 0.2174 0.5618 0.6166
MEAN 31.445 31.4446 17.4447 17.4284 12.3208 12.0833 31.4134 31.1915
RMSE 22.229 21.3141 63.6353 64.6631 33.5386 33.5386 45.9429 44.5735
Qo 0.6635 0.6569 0.6632 0.6813 0.5578 0.6006 0.6323 0.6625
Qr 0.2352 0.2353 0.2051 0.1923 0.2831 0.2807 0.2193 0.1696
cT2 Qw 0.7839 0.7829 0.7475 0.6642 0.8124 0.8295 0.7601 0.7808
QAB/F 0.4545 0.4731 0.4768 0.3183 0.5218 0.5454 0.4359 0.4452
MEAN 84.0319 80.4565 57.8145 57.4347 49.7296 47.8192 80.2276 80.1038
RMSE 24.0871 32.5212 67.0632 62.0935 82.0442 74.2368 37.4871 31.5742
Qo 0.9878 0.9878 0.9517 0.9824 0.9554 0.982 0.9692 0.9867
Qe 0.4719 0.4553 0.4379 0.3929 0.3991 0.4549 0.3897 0.4143
Goldhill Qw 0.873 0.8716 0.8121 0.7984 0.8162 0.8803 0.8423 0.8503
QAB/E 0.4877 0.4937 0.4331 0.4024 0.4274 0.4981 0.4385 0.4703
MEAN 113.2378 113.1789 111.6891 112.1849 111.723 112.1872 112.2606 112.7073
RMSE 14.9878 12.228 12.5313 11.8024 14.997 7.9438 12.1465 9.196
Qo 0.9951 0.995 0.9772 0.9716 0.9846 0.9957 0.9888 0.9918
Qe 0.6595 0.6392 0.5471 0.4514 0.6028 0.669 0.5795 0.4868
Qinghua Qw 0.9513 0.9505 0.8724 0.7731 0.9154 0.9563 0.9339 0.9139
QAB/F 0.68 0.6797 0.5277 0.3222 0.6331 0.7078 0.624 0.5366
MEAN 151.8831 148.9453 146.584 147.7187 147.1086 147.4595 148.1698 148.8045
RMSE 11.9737 11.3116 19.7076 16.4849 17.7055 10.9 15.2923 14.0357
Qo 0.9772 0.9768 0.897 0.9447 0.9801 0.9682 0.9324 0.9637
Qe 0.4272 0.429 0.4011 0.3191 0.6563 0.3352 0.3478 0.3234
Tank Qw 0.9504 0.9497 0.8524 0.8561 0.9597 0.931 0.8895 0.9132
QAB/F 0.5955 0.5945 0.4534 0.4276 0.7375 0.5281 0.4837 0.5049
MEAN 128.4998 110.1473 107.6575 108.394 108.2712 108.2511 108.3408 109.1573
RMSE 14.7141 15.5021 13.067 17.9363 5.0978 12.5656 10.3325 15.4805
Qo 0.9023 0.899 0.8592 0.9022 0.8367 0.8704 0.8643 0.8949
Qe 0.3346 0.3451 0.352 0.2956 0.3072 0.3124 0.298 0.2614
Remote Qw 0.7898 0.7888 0.7606 0.7225 0.7064 0.7645 0.7455 0.7492
QAB/F 0.4574 0.4811 0.4198 0.3164 0.3964 0.4861 0.4346 0.3843
MEAN 81.3129 81.1785 74.731 75.0652 75.0513 75.3561 79.7966 80.1594
RMSE 17.564 23.541 18.8129 24.3336 24.2395 23.1833 23.0761 25.0632
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(a) A (b) M B
(a) Image A (b) Image B (¢) SSR-Fusion (f) NSCT-2
(¢) SSR-Fusion (e) NSCT-1 (f) NSCT-2

(g) DWT-1 (h) DWT-2 (i) SR-1 (j) SR-2
(g) DWT-1 (h) DWT-2 (i) SR-1 (j) SR-2
Kl 6 Goldhill K5 ah )

Fig.6 Experimental results of different methods on Goldhill images

a) B A (b) © B

I A b) I B
mage (b) Image (c) SSR-Fusion

(¢) SSR-Fusion

(e) NSCT-1 (f) NSCT-2
(e) NSCT-1 (f) NSCT-2
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(g) DWT-1 (h) DWT-2 (i) SR-1 (j) SR-2
(g) DWT-1 (h) DWT-2 (i) SR-1 (j) SR-2
7 Qinghua E/§s056 455

Fig.7 Experimental results of different methods on Qinghua images
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(i) SR-1 (j) SR-2
(i) SR-1 (j) SR-2

K8 Tank KRS,
Fig.8 Experimental results of different methods on Tank images

(a) KA
(a) Image A

(b) B

(b) Image B (c¢) SSR-Fusion

(c) SSR-Fusion

(g) DWT-1
(g) DWT-1

(h) DWT-2
(h) DWT-2

(i) SR-1
(i) SR-1

(j) SR-2
(j) SR-2

K9 Remote FE§sL6 s

Fig.9 Experimental results of different methods on Remote images
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T A 2 A AL EARAE R 4% LL. LH. H
B BEAT R B IR, T LA LN T M 58 H B NS R,
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Table 4  Weights of different images
H2~8 BAGH. AR AR R T IE 2) r POR
Al ML AN ARG TR 5 1.
CT1 10.5: 10.5 : 9.9
CT2 10.5 : 10.5 : 10.3 3.3 5 LL.LH. H FAImiet &38R 3T tb o i
e Tor 105509 ACHHS LL. LH. H =30 R FAA S 00
e e S5 I 25 L RSl £ 245 LA K S 0
o e HERT T SERAMHT. S0P R AR R HE 0 3.2 5T

2) IALLLHB 2 AT, A AR B X3 4 BRIt 28491
SER AT by, ATUAR W R &5 8 a) ANIEIE
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Fig.10 Analysis of fusion results versus different sizes of image patches
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(@) H (b)LL (c)LH (d 5k (e) %5 LB IS R 25 20
(a)H (b) LL (c) LH (d) The proposed method (e) Equal weighting
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Fig.11 Performance comparison with different weighting ways (Shannon entropy multi-view weighting and equal
weighting) on LL, LH, H

(a) 78I SR

(a) Separating dictionary learning way

(b) &M IR
(b) Merging dictionary learning way
12 AN 7922055 (B IR ) PERELEER

Fig.12 Performance comparison with different dictionary learning ways (merging and separating)
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Table 5  Performance comparison with different dictionary learning ways (merging and separating)

ks Goldhill Remote People Clock Barbara Remote’
Tk pon) HIF I3 HIF P HIF pan I pan &It GIE Hof

Qo 0.9889  0.9877 0.8986  0.8981  0.5418 0.5422 0.9719 09722 09777 0.9776 0.8800  0.8853
Qe 0.4631 0.4558 0.3328 0.3279  0.1053 0.0991  0.2705 0.2687  0.4257  0.4257 0.2341  0.2253
Qw 0.8730 0.8729 0.7758  0.7750 0.4798 0.4773 0.6865 0.6864 0.8232 0.8220 0.6548  0.6422
QAB/F 04701  0.4860 0.4537 0.5440 0.3795 0.3697 0.3606  0.3588  0.5412  0.5344  0.3424  0.3329
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