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Image Fusion Algorithm Based on Regional Characteristic Coupled DS
Evidence Theory

FAN Hui', XIA Qing-guo®, WU Wei'
(1.Xijing University, Xi'an 710123, China; 2.Northwestern Polytechnical University, Xi'an 710072, China)

ABSTRACT: The work aims to improve the visual quality of fusion image. The focus image fusion algorithm with re-
gional multi-features and improved DS evidence theory rule is proposed. First of all, the 2" generation Curvelet transform
was introduced to decompose source image and obtain the coarse scale coefficients and fine scale coefficients. Then, ac-
cording to the absolute values of the coarse scale coefficients in the selected region, the maximum fusion rule was con-
structed to fuse the coarse scale coefficients. In combination with such features as regional variance, information entropy
and regional energy, the regional features of the fine scale layers were extracted. Moreover, by defining the probability
constraints, the fusion rule of DS evidence theory was improved, the credibility of DS fusion rule was enhanced, and the
fine scale coefficients of the image were effectively fused, so that the fuse image could preserve more details. Finally, the
image fusion was completed by inverse Curvelet transform. The simulation results showed that, compared with the current
image fusion algorithm, the fuse image of the proposed algorithm can preserve more abundant details and have better
visual effect and its fusion is less time-consuming. It is concluded that the proposed algorithm has taken into account the
cross correlation between pixels and further optimized the image fuse quality, and it can be applied to such fields as re-
mote sensing and package printing detection.

KEY WORDS: image fusion; 2" generation Curvelet transform; maximum fusion rule; fusion rule of DS evidence
theory; regional correlation
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Fig.3 Image fusion algorithm based on the fusion of the source image A



F3E B

JURESE . XIHAHEMRI G DS R4 it i R Rl 5 500k - 187 -

a JiE % BI

d SCHER[20]RE 5 B R RR

e UhE L IIRG ERBOR

K4 RTEEGES A TR B & R

Fig.4 Image fusion algorithm based on the fusion of the source image B

BEGRER L AT B A 3R, (E 2 o WS 40 45 ] DL &
B, SCH AR B R A RO O T IR A SRR B A AR
Feo lad XTI 3¢ A 4 BIANTTMESRT LA B, SCik!™
ol A SR AFAE RN, Sl XTI 3d FE 4d 40y
SREETT LAR B, SCHR 20109 flG U AE T SR b iR A7 HE
ANFELERN . Wi X E 3e MK de LT UK BR,
SCHRER B A A R B R b, ST, TERR T
HAON SO . X R SO R O B Rk Rl A Y
FURE & 24015 B o ORI SCPeR A T AR
Curvelet 84 X} BMRHEAT o0 i, (EASAH RS R BRI 48
REZEE T ERIGE Z 4015 8, i HAE X S
FRBE R B UL B RO R B AT il A b, R A
TR T, BT Rl AR DX SR G
KA E T, N T B A BN A B
SCHR[19] X IR EUG R T /N i i 5k, T
Z BN RBE Ty e B BRI, S B0 T/ N AR Y Ty ik
AlA EUR I RCR A . SCER[2017E 317 RS Rl G B
F B X AR R S TR, 2 TR R 1Y XU
Xt PEEA RS AME.

Al 3 FELARL A TR, SO AR ERT (EY) |
PR 22 (SD) LA K 25 [H] 513 (SF) A dR bk 275 VFA . 15
SV AT R A A i R, A AR R B i 4
T BE B o br v 22 ] F R A B GOK B
B, HEMRKERHEGREA N AERERFEE . 20
BT FH R A 3 R 3 R, AR KR B G e

JER R A o S S48 B (MUT) ] P R 4 s (115 S0 B AR Ak K
M ME R, FHAE MR R EGREE W . filA BT FE ()
2 i AL R A BB bR, LR /N R R
R ST LA B S N TEM R BRI R R BE T &
SIS .

AR EXTRE S A RS B 0BG a4 i
SRR AL R IR 1. X R E T
W, SCRBERTE 5 AN PE R bR AL TR B A B
XEFE RSP FIH AR Curvelet 28 X FZ 347 43
i, MR s R RN R R BES T
KIMEEZ A5 B Aoh, SOhFEXT Al R E R
FA Y, XA RO 2 X 22 . X BV A &
X RE fEHEAT T HE I, SR J5 G A DS ks #E 58
AR ZE R, (A aA R E S T2
AR5 B, s TRA EURMER &, Jish, X
R TR R RBE R AL S A ROBE R A i, AR
KT KIBERER Ik, BE T EENRCR,
Fsf 6 B i o SCRR[ 191 X VR G SR T /Nl A 3 i 1)
Tk, BARSTFRAE AN B A Pt s, (B FERT g in
T, T E N AR Y v T A2 B OB T R
PR, (15 al A ER R AR EA . SCHR[20]
PR TR TRENRA L, 2B TR B RAHE
Kk, M H X R R B BAE B T IR R L,
PA] It SR (20758 6 il G 19 SR 5 S Bk il 4 A
lhi 2z, HEER®Z.



188 - % TR

20174F 3 H

x1 AEEENEEG A WRERES IR
Tab.1 The fusion quality and efficiency of different algo-
rithms on source image A

- o ¥ A
v 7N ﬁlﬁx'ﬁ /\‘ N
AFE A [RER R B R tls

HEE: 4.5273 32.4135 4.5673 10.0934 1.2368
. SCHR[ 191387 3.6843 30.5713 3.9768 9.6213 1.8875
Tr X ,
SCHR[2015 7 4.0945 31.8614 4.3219 9.8647 2.1246
BA \ :
SCHR[211E 7 4.1854 31.9921 4.4128 9.9114 1.9875
CHR[22])5 7 4.2769 32.0154 4.3759 9.9641 1.4627
XHEDE 4.0159 32.0148 4.3895 9.8956 1.4972
. SCHR[19]559% 3.1862 29.8792 3.4587 9.0146 2.1861
Tr X ,
SCHR[201587% 3.8791 31.1673 4.1258 9.5679 2.6752
%BB .
SCHR[2113E 7% 3.9024 31.1857 4.1476 9.6023 2.3017
SCHR[22158 7% 3.9628 31.7519 4.2095 9.6874 1.7962

[
[

h T RS EGE, SO T XKL
FRAE S e R DS JESE BEIE HL Y SR AR G A
o R AR Curvelet 284 X5 G 2E 1) 40 531
IRBCIE G R R BE = . AR R %, LAilifR o)
it REE E B Z A5 B . A X i ga XA
SR AY 1) R S5 AL Rl 0 000 e L R BE R 80 A T
G, PEEAN R ZE R X0 2 . XS B L &
X EHE X 3 AMRHIE, A e A9 DS JiE 4 BRI X 41
ROBE REGHATRG o DF ELSCH R, SCh B iy il
AEUGLAE TEERAHEE, BA RTHIER
RERARR

S -

(11 ZyvmbH, FEJIA, AR, FEURDEHAEED A b
NFBFSE[I]. A% T HE, 2012, 33(5): 111—114.
YI Duan-yang, TANG Wan-you, HAO Jian-qiang. Re-
search on the Application of Image Mosaic in the De-
tection of Printed Matter[J]. Packaging Engineering,
2012, 33(5): 111—114.

[2]1 BRBHT, 487, 5kJ¥. #FIE T REE Shearlet At 5
5 A DX ARG DN 1Y 22 SR AR IR Rl S0k (D). T H S P
H, 2015, 35(2): 490—494.
OU Yang-ning, ZOU Ning, ZHANG Tong. Multi-focus
Image Fusion Algorithm Based on Nonsubsampled
Shearlet Transform and Focused Regions Detection[J].
Journal of Computer Applications, 2015, 35(2): 490—
494.

3] WEREZ, BXR, W& BT EAZAHRAM top-hat
I3 iR 2D AN R RS (D). Lk S OEE >
Hr, 2014, 34(4): 1144—1150.
LIN Su-zhen, YANG Feng-bao, CHEN Lei. Fusion of
Dual Color MWIR Image Based on Support Value

(7]

(8]

[9]

[10]

[12]

[13]

Transform and top-hat Decomposition[J]. Spectroscopy
and Spectral Analysis, 2014, 34(4): 1144—1150.
KAVITHA C T, CHELLAMUTHUB C. Fusion of
SPECT and MRI Images Using Integer Wavelet Trans-
form in Combination with Curvelet Transform[J]. Im-
aging Science Journal, 2015, 36(1): 17—23.

L3, B R T RGSR & K 2E S 2 R A
FEUG G FILT]. e T 2Bk, 2013, 22(1): 5—S8.
MA Wen-juan, ZHAN Qian. Multi-focus Image Fusion
Based on Image Block Segment and Differential Evo-
lution Algorithm[J]. Journal of Huaihai Institute of
Technology, 2013, 22(1): 5—S8.

T, HXUE, KR, 454 Curvelet 254l LSWT
2 RAERGR G RIED]. HEIL TR SR,
2015, 37(5): 1203—1207.

WANG Li, MIAO Feng-juan, TAO Bai-rui. A Mul-
ti-focus Image Fusion Algorithm Based on Curvelet
Transform and LSWT[J]. Computer Engineering &
Science, 2015, 37(5): 1203—1207.

GHAHREMANI M, GHASSEMIAN H. Remote-
sensing Image Fusion Based on Curvelets and ICA[J].
International Journal of Remote Sensing, 2015, 16(6):
4131—4143.

B, EFX. 5 AR Curvelet #0515 2 BEim f-1E
XF LR A B B o RMR S il S Bk (0], /N B
HEHLRSE, 2015, 36(12): 2760—2762.

DAI Yin, WANG Yu-yi. Medical Image Fusion Method
Base on the Combination of the Second Curvelet
Transform and Pixel Energy Feature Contrast[J]. Jour-
nal of Chinese Computer Systems, 2015, 36(12): 2760—
2762.

TAHER G M, WAHED M E, TAWEAL G E. Image
Fusion Approach with Noise Reduction Using Genetic
Algorithm[J]. of Advanced
Computer Sciences and Applications, 2013, 11(4):
10—16.

SULOCHANA S, VIDHYA R, MANONMANI R.
Optical Image Fusion Using Support Value Transform
(SVT) and Curvelets[J]. International Journal for Light
and Electron Optics, 2015, 126(18): 1672—1675.
e, BRWA, TIryE. #ET Curvelet Ak ik X i 7 22
B SRS R A [T]. S B Tl k25224, 2015, 38(9):
1220—1225.

LUAN lJing, YIN Ming, YU Li-ping. Remote Sensing
Images Fusion Based on Curvelet Transform and Im-

International Journal

proved Regional Variance Weighting[J]. Journal of
Hefei University of Technology, 2015, 38(9): 1220—
1225.

BHATNAGARA G, JONATHAN Q M, ZHENG L C. A
New Contrast Based Multimodal Medical Image Fu-
sion Framework[J]. Neurocomputing, 2015, 157(17):
143—152.

R, AR@E, BHUL NSCT BN A& T st
PCNN 1 X Il REHE (19 22000 1 2 (0 P 15 Rl 5 vk )],
AN 5O TR, 2013, 42(11): 3097—3101.



$38% H£5H

LSS

DXCBRRHIERE 5 DS TR BIS Y BG Bl B 1k - 189 -

[14]

[17]

LI Xin-e, REN Jian-yue, LYU Zeng-ming. Fusion Me-
thod of Multispectral and Panchromatic Images Based
on Improved PCNN and Region Energy in NSCT Do-
main[J]. Infrared and Laser Engineering, 2013, 42(11):
3097—3101.

PR HET DS GRS FUR 4 B WSN E
S SRS B[] AL SR, 2014, 22(8):
2618—2621.

LIAO Chang-rong. Design of Data Fusion Strategy in
Wireless Sensor Network Based on DS Evidence
Theory and Compressing Sensing[J]. Computer Mea-
surement & Control, 2014, 22(8): 2618—2621.
GUERRA M V, SALINAS M R, JIMENEZ M, et al.
Key Point Descriptor Fusion with Dempste-Shafer
Theory[J]. International Journal of Approximate Rea-
soning, 2015, 60(12): 57—70.

B2, X Z 7R, FIHTIESS BIE i B4 a5 J7 ik 0]
AN SO TR, 2013, 42(6): 1642—1646.

MAO Hai-cen, LIU Ai-dong. Image Fusion Method
Based on Evidence Theory[J]. Infrared and Laser En-
gineering, 2013, 42(6): 1642—1646.

HH, LBESE. 454 SVM 5 DS IESEFLE A5 Kl
AT AL TR S M, 2013, 49(11):
114—117.

LEI Lei, WANG Xiao-dan. Approach of Information
Fusion and Classification by SVM and DS Evidence
Theory[J]. Computer Engineering and Applications,
2013, 49(11): 114—117.

[18]

[19]

[20]

21]

[22]

BERA A, BHATTACHARIJEE D, NASIPURI M. Fu-
sion-Based Hand Geometry Recognition Using Demp-
ster-Shafer Theory[J]. International Journal of Pattern
Recognition and Artificial Intelligence, 2015, 29(5):
536—541.

BT, (TER. BE TSGR Y 1R R R R RS
R HETTED] SHRAPLTAR S, 2013, 493): 174—
177.

ZENG Yu-yan, HE Jian-nong. Remote Sensing Image
Fusion Based on Edge Statistical Features[J]. Computer
Engineering and Applications, 2013, 49(3): 174— 177.
SHAH P, MERCHANT S, DESAI U. Multifocus and
Multispectral Image Fusion Based on Pixel Signific-
ance Using Multiresolution Decomposition[J]. Signal,
Image and Video Processing, 2014, 7(1): 95—109.
TRHES, EReFy, HePl. BT s 4B A THS 22
bl B R L AT WG RN ZL AR RS (D], S PR,
2015, 29(3): 411—417.

XING Ya-qiong, WANG Xiao-dan, BI Kai. Fusion
Technique for Grey-scale Visible Light and Infrared
Images Based on Independent Component Analysis and
Intensity-hue-Saturation Transform[J]. Control and
Decision, 2015, 29(3): 411—417.

VIJAYARAJANA R, MUTTANB S. Discrete Wavelet
Transform Based Principal Component Averaging Fusion
for Medical Images[J]. International Journal of Electron-
ics and Communications, 2015, 69(6): 896— 902.



