Aot 2 a b HOR Vol.46  No.2
202442 A Infrared Technology Feb. 2024

H ERES LN R ER ISR E A

EE, THE, S, 3004
(Fdb R ER5\EEIEER, LrE KJE 030051)

WE: 4 ERAMe T AL ERBENESLNEGZ RN A FARARA RS E A, &Y
T—HEMIARSFREREGZERANSEHEGTEZ, EATERGREZREXNZRFEH#HTH
i, FIEZZRFERBNAETRAN R AL EAGHNEZRHE; AGHERTEREGE, UEIZR
RIESWNETTEFEEZL TS, HELX LA EEN; REEE T EEHAEETZRFERE
WEELZT, WRAEMNAEME THANZRFENFLERESE, HEELRAES L REANSE
1, BRER, TRERKRF, GFEWIMNMAXTEZEROAR YRS L T RERNBREMR; &
BN AX TR ERA A REE, BUMAX T EEZIAT dobRgmEENAEARE T HEW
A E.

KR ZEL T, MAGEMH; NARS; FERMEXRE; FIERLGE

hESES: TP39I HAFRIRES: A NEHS: 1001-8891(2024)02-0190-09

Mimic Fusion Method for Differences in Dual-Mode Infrared Images

WANG Xueshuang, WANG Xiaoxia, JI Linna, GUO Xiaoming
(College of Information and Communications Engineering, North University of China, Taiyuan 030051, China)

Abstract: Traditional fusion methods cannot select an effective fusion strategy based on the different
characteristics of dual-mode infrared images. A mimic fusion method for the difference between the infrared
intensity and polarization images was developed in this study. First, the degree of difference between image
features was calculated to roughly screen the difference features, and the selection rules of the main difference
feature types were formulated to determine the main difference features of the image groups. Next, the degree
of feature fusion was constructed to establish the mapping between the difference features and variables in
each layer of the mimic variable set and to determine the hierarchical structure of the variables. Finally, in the
hierarchical structure of the variables, the variables of each layer of the main difference feature type were
selected. The degrees of feature fusion of the difference features between combined variables of different
mimic structures were compared to determine the mimic structure with the highest proportion of its maximum
value and form a variant. The experimental results show that the visual effect of the proposed method was
better than that of the comparison method after a subjective analysis. After objective evaluation, the results
obtained using the proposed method indicate effective fusion. Therefore, this method realizes adaptive
selection of the fusion strategy and improves image fusion quality.

Key words: multi-layer variables, mimic structure, mimic fusion, main difference feature types, feature fusion
degree
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Fig. 1 Flow chart of mimic fusion method for dual-mode infrared image difference
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Table 2 Main difference feature types

Image group a b c d e f
AE AE TCD CD CD TCD
Main difference
TCD DF AG AE DF
Feature type
TCD DF EA TCD AG AG
#3 KBRAENSEETT
Table 3 Variables of each layer of image group
Image group a b c d e f
GF GF LP GF GF LP
Each layer variable 1 WBG WA  MAX WBE WAX WBE MAX WBWA MAX WBWA MAX WBE
symmetric symmetric n=4 symmetric symmetric n=>5
NSST NSST
GF LP DWT GF
MAX WBSD MAX WBSD
Each layer variable2 PCA WBE  PBPCA WBSD MAX WBE WBG_WA
[1224] [1224]
symmetric n=4 n=3 replicate
[3216 16 8] [3216 16 8]
NSST
RP DTCWT LP DWT DWT
MAX WBSD
Each layer variable 3 MAX WBE [1224] FSWM_WA  PBPCA_WBSD MAX WBE MAX_ WBE
n=3 n=4 n=4 n=3 n=4
[3216 16 8]
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Table 4 Evaluation index results

AE STD ES EA TCR DF SF AG EN
a(l) 0.4095 0.1654 0.3064 6524 0.0201 13576 0.0974 0.0316 7.3297
a(2) 0.409%4 0.1650 0.2967 6310 0.0192 13083 0.0973 0.0312 7.2816
a(3) 0.4218 0.1509 0.2909 6635 0.0162 11562 0.0937 0.0305 7.1670
b(1) 0.3231 0.2182 0.2997 5136 0.0395 13957 0.0735 0.0261 7.5084
b(2) 0.3230 0.2146 0.2883 5098 0.0381 12200 0.0660 0.0249 7.4757
b(3) 0.3250 0.2135 0.2884 5369 0.0376 12180 0.0660 0.0249 7.4959
c(l) 0.3644 0.1272 0.2641 6601 0.0121 8200 0.0518 0.0224 7.0437
c(2) 0.3690 0.1248 0.2587 6386 0.0111 7813 0.0505 0.0219 7.0067
c(3) 0.3691 0.1256 0.2568 6552 0.0114 7591 0.0501 0.0217 7.0165
d(l) 0.2906 0.2262 0.4904 5818 0.0356 32283 0.1432 0.0494 7.2654
d2) 0.2102 0.2306 0.4718 5483 0.0355 32146 0.1375 0.0480 6.9189
d(3) 0.2287 0.2398 0.4691 5741 0.0398 31247 0.1360 0.0476 7.0447
e(l) 0.5024 0.1407 0.3506 6408 0.0127 14557 0.0801 0.0327 7.0314
e(2) 0.4149 0.1600 0.3211 5237 0.0178 11267 0.0698 0.0300 7.2885
e(3) 0.4024 0.1525 0.3132 6222 0.0155 10595 0.0686 0.0295 7.1660
f(l) 0.4722 0.2289 0.1923 4261 0.0457 4636 0.0559 0.0184 7.3488
f(2) 0.4786 0.2276 0.1762 2731 0.0454 3651 0.0498 0.0167 7.2826
f(3) 0.4811 0.2273 0.1741 4423 0.0455 3395 0.0480 0.0164 7.2846

x5 BEAERESR
Table 5 Fusion effectiveness results
AE CD EA AG TCD DF

a(l)  1.9966 0.0935 126019 0.8300 0.2380 314171

a(2) 1.9218 0.0598 135319 0.7991 0.1645 137245

a(3) 2.5679 0.0395 137119 0.7501 -0.1521 112802

b(l) 1.7659 0.1327 83076 0.8230 0.0526 417975

b(2) 1.6151 0.0670 95676 0.6858 -0.0927 240694

b(3) 1.6984 0.0674 106376 0.6900 -0.1431 240287

c(l) 0.5483 0.0540 117497 0.5446 0.0251 202064

c(2) 0.8172 0.0426 107697 0.4860 -0.0670 155986

c(3) 0.8526 0.0403 112597 0.4781 -0.0521 141204

d(1) 4.0119 0.2512 74796 1.3454 1.8448 479182

d(2) 0.1422 0.1253 62896 1.0272 1.8357 426562

d(3) 1.4290 0.1057 67096 1.0020 2.2600 375589

e(l) 3.8526 0.1356 69813 1.1519 0.3232 483782

e(2) -3.6600 0.0318 66713 0.6146 0.8463 122979

e(3) -4.8496 0.0252 51213 0.5991 0.5955 87527

f(1) 0.8010 0.0761 55456 0.7373 0.0571 193877

f(2) 1.3093 0.0214 48056 0.4515 0.0338 72326

f(3) 1.5717 0.0197 71656 0.4456 0.0328 69765

197



a6k Fo M
20242 A

ANETNE S N
Infrared Technology

Vol.46 No.2
Feb. 2024

Rl o 3 AP T EEE W] R A RS U
HONIEAR, T QR)HPTH 3R E A RUEAE by ¢ e
BIMGRAH A7 AE UAE Q)BT I D7 i Rl & A U AE a
by ¢ e BGAPAAENE, REATER LT
X R SRS HEAT G N R, SEBLE B 2 R AL

(ARG, T oA 7 VAR E VR BEMG 22 A E I
Bl
3 %

AR — i ) R 2 S S BB T, 1%
JrkIBI e A TT o R A, AR MR 32 22 R RHIE R
AU E 5 JZ A TONAAS 54, SEBUX AR AR R AL, ik
BRI ZLAMEME BAME S E K, Sl 7 xR
B R EO R FERT EUR ) BE SRS, N FE%
MBEAT VMY, FEAR ST R AR I 25 RAF A7
VRSB T BE 22 A5 B A Rl S A R R A
Had v, e T BRI E R . ARSI N —
AT e B X 3R 53, 0 o o 38 X I 5 ot 2 PR AU
R E iRt 2%

%%iﬁk H

[1] CHENCS, DAIMY, LIU H F, et al. Comparison and analysis on test
methods of infrared radiant intensity of infrared decoy[J]. Infrared
Technology and Applications, 2014, 9300: 93000K.

[2] LIP,KANG G G. Vartiainen I. Investigation of achromatic micro polarizer
array for polarization imaging in visible-infrared band[J]. Optik, 2018, 158:
1427-1435.

[3] Kumar P, Gaurav A, Rajnish R K, ct al. Applications of thermal imaging
with infrared thermography in orthopacdics[J]. Journal of Clinical
Orthopaedics and Trauma, 2021, 24: 101722.

[4] TUOHN, SHI G C, LUO X L. Detection method of ship target infrared
polarization image[J]. Journal of Physics: Conference Series, 2021, 1802
022063002E

[5] ZHANG J H, ZHANG Y, SHI Z G. Long-wave infrared polarization
feature extraction and image fusion based on the orthogonality difference

method[J]. Journal of Electronic Imaging, 2018, 27(2): 023021.

198

[

N
=

(7

(8]

(9]

[10]

(1]

[12]

[13]

[14]

[15]

[1e]

[17]

MAJ Y, MA Y, LI C. Infrared and visible image fusion methods and
applications: a survey[J]. Information Fusion, 2019, 45: 153-178.
LIS T, KANG X D, HU J W. Image fusion with guided filtering[J]. IEEE
Transactions on Image Processing, 2013, 22(7): 2864-2875.
LIUY, LIUSP, WANG Z F. A general framework for image fusion based
on multi-scale transform and sparse representation[J]. Information Fusion,
2015, 24(C): 147-164.
LIU Y, CHEN X, CHENG J, et al. Infrared and visible image fusion with
convolutional neural networks[J]. International Journal of Wavelets
Multiresolution and Information Processing, 2018, 16(3): 1850018.
HU P, YANG F B, WEI H, et al. Research on constructing difference-
features to guide the fusion of dual-modal infrared images[J]. Infrared
Physics & Technology, 2019, 102: 102994.
WX, IOMESIARMI. 2 i dbat: B ok HRAE, 2020.
YANG Fengbao. Infrared Physics and Technology[M]. 2" edition:
Beijing: Publishing House of Electronics Industry, 2020.
BURT P J, ADELSON E H. The Laplacian pyramid as a compact image
code[J]. IEEE Transactions on Communications, 1983, 31(4): 532-540.
Toet A, Image fusion by a ratio of low-pass pyramid[J]. Pattern
Recognition Letters, 1989, 9(4): 245-253.
Kannanl K, Arumuga Perumal S, Arulmozhi K. Area level fusion of
multi-focused images using double density DWT and DTCWT(J]. Digital
Image Processing, 2009, 1(6): 231-242.
EOR, WEE, BT TN GRS T
ZEIRMEA, 2015, 7: 726-728.
WANG S J, PANJ X, CHEN P. Image fusion based on dual-tree complex
wavelet transform[J]. Nuclear Electronics and Detection Technology,
2015, 7: 726-728.
Easley G, Labate D, Lim W. Sparse directional image representations
using the discrete shearlet transform[J]. Applied and Computational
Harmonic Analysis, 2008, 25(1): 25-46.
GU B, LI W, ZHU M, et al. Local edge-preserving multiscale
decomposition for high dynamic range image tone mapping[J]. /EEE

Transactions on Image Processing, 2013, 22(1): 70-79.



