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Abstract: A fusion method for infrared and visible images was developed based on target enhancement
and butterfly optimization to address the problems of target blurring, textural detail loss, and artifacts in
traditional infrared and visible image fusion results. First, to deal with the blurring of the fusion target
edge caused by the imaging mechanism of the infrared image, an infrared image enhancement module
based on target edge enhancement was constructed. Second, a visible light enhancement module based
on multiscale Retinex with color restoration was developed to solve the problem of missing details in

fused images caused by the low quality of visible images. Third, fourth-order partial differential equa-
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tions and the principal component analysis method were used to smooth out the edges of infrared and visi-
ble enhanced images to solve the problem of artifacts in the fusion results. Finally, an image reconstruc-
tion module based on butterfly optimization was designed for the adaptive allocation of reconstructed im-
age weights. This allows the target to be highlighted in the final fusion result while retaining more textur-
al details. To verify the advantages of the proposed algorithm, it was compared with six classic algo-
rithms on the TNO, INO, M3FD, and RoadScene datasets. The experimental results show that the fu-
sion results obtained by the proposed algorithm have clear edges, strong contrast, no artifacts, and rich
textural details. Compared with the other algorithms, the objective evaluation indicators EN, SF, SD,
JE, VIF, and NSS are improved by an average of 9.24%, 38.88%, 51.11%, 4.65%, 35.44% and

19.36% , respectively.
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Tab.2 Objective comparison of ablation experimental results
T MS- BT TEE T FP- 57 8
S5 RCR) MWZ4NE DE-PCA iy &
FR AN M L R SF SP B VI NS
SR AR P B [FRER He

S N, N, N, 6.9217 11.4189 36.3293 10.9757 0.8399 2.9407
TR N N/ N, 6.6636 11.5827 30.2605 10.9594 0.6944 2.7291
TR = N, N N, 6.6952 7.0985 28.8636 11.1249 0.7416 3.0513
F2 5 N, N, N, 6.9052 10.9578 35.2551 11.7675 0.8719 2.9971
TEBOFuse N, N, N N, 7.2873 12.3981 49.0664 12.7198 1.0801 3.2007
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Fig.5 Subjective comparison results of ablation experiments

B MG F B R SCHAE B iR, SR DU Y
B TP AT AE S A BRI (5 B A AN A, R
R EAERBA I EL . 5 Fk AR s
¥ A1 H, A SR B9 TEBOF use 76 4 30F {5 B 3
B H BRSBTS AR P
SCRERATE R 4w TRA R

M 20 LA, TEBOFuse 6 4> 48 47 i F
et . a0 EN 5 SD (S 1k, = W] 3t
T MSRCR 9 7] WO 1S 58 458 He 5 5L T TEE 1Y 21
A LG 38 5 A5 B R AT 501 8 i R L B X L
BE VL B 8B AE B SF 5 VIF E e, KB 3T
FPDE-PCA (1 £h 5 2 5 A5 B BB AT 250 £ B 161 4

FURHIEAR B L Ril5 BRI W7 s NSS(E e it , % B
T O Ak iy PRI R R A A A 2Rl RTR
55 MR Z 0] AR DGPR3 5 | il 25 1 78 0 I B8
TR ERAE B B A R SOk
3.3 X

TS UE BOA B fE e, 76 AH [A) /Y 52 56 2% 1
T 5 4 Bl AR A SR BEAT HU B, A4 - 22 S AL
(Differential Evolution, DE) " | & k H# & ¥k
(Firefly Algorithm, FA)"™ 8 f& & 1 (Genetic
Algorithm, GA) ™ L & ki F #f 1t 1k (Particle
Swarm Optimization, PSO)"™, Xf b 25 5 41 % 3
Fis AR R s B A AE

®3 MUEENEUNILER

Tab. 3 Objective comparison results of optimization algorithms

(ERCS EN SF SD JE VIF NSS

DE 5.9871 8.7918 21.2857 10.0154 0.5601 2.8129
FA 6.1799 10. 337 3 30.856 1 11.946 2 0.9537 2.729 1
GA 6.539 4 10.440 9 30.384 3 11.789 6 0.678 4 3.0513
PSO 6.1836 10.178 7 42.643 2 11.376 7 0.8231 3.2132
BOA 7.2721 11.8813 48.7019 12.722 8 1.092 3 3.188 5
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Fig. 6 Subjective comparison of experimental results
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Tab.4 Objective evaluation indicators of different fusion methods

il Ak EN SF SD JE VIF NSS
HMSD 6.592 8 11.6521 29.1894 12.0337 0.8110 2.5571
CNN 6.9234 11.092 3 38.768 5 12.1159 0.940 2 2.9316
IFCNN 6.589 2 11.889 3 31.4977 12.0190 0.7300 2.606 6
RFN-Nest 6.869 4 6.508 6 36.076 9 12.2557 0.854 3 2.8163
DenseFuse 6.1937 6.324 7 22.7917 11.711 6 0.6137 2.4050
NestFuse 6.9198 9.9738 39.917 1 11.824 6 0.946 1 2.850 2
TEBOFuse 7.2873 12.398 1 49. 066 4 12.7198 1.080 1 3.2007
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