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Abstract: To address the challenges of detail loss and the imbalance between visual detail features and infrared
(IR) target features in fused infrared and visible images, this study proposes a fusion method combining
multiscale feature fusion and efficient multi-head self-attention (EMSA). The method includes several key
steps. 1) Multiscale coding network: It utilizes a multiscale coding network to extract multilevel features,
enhancing the descriptive capability of the scene. 2) Fusion strategy: It combines transformer-based EMSA
with dense residual blocks to address the imbalance between local details and overall structure in the fusion
process. 3) Nested-connection based decoding network: It takes the multilevel fusion map and feeds it into a
nested-connection based decoding network to reconstruct the fused result, emphasizing prominent IR targets
and rich scene details. Extensive experiments on the TNO and M3FD public datasets demonstrate the efficacy
of the proposed method. It achieves superior results in both quantitative metrics and visual comparisons.
Specifically, the proposed method excels in targeted detection tasks, demonstrating state-of-the-art
performance. This approach not only enhances the fusion quality by effectively preserving detailed
information and balancing visual and IR features but also establishes a benchmark in the field of infrared and
visible image fusion.
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Fig.8 Comparison of metrics between 20 pairs of infrared and visible images in M3FD dataset with different fusion methods
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Table 2 Mean values of indicators on TNO and M3FD datasets with different fusion methods

Dataset Methods EN SD MI SCD MS-SSIM  VIF
CBF 6.890 34.010 2.115 1.326 0.665 0.285
DCHWT 6.626 29.402 1.993 1.542 0.759 0.369
FusionGAN  6.548 30.699 2.593 1.382 0.755 0.425
DenseFuse  6.347 24.707 2.423 1595 0918 0.529

TNO U2Fusion 6.511 31.186 2.411 1.654 0.923 0.490
RFN _Nest  6.997 3742 2484 1.799 0.967 0.555
IFT 6.981 36.301 2357 1.745 0.962 0.566
Ours 7.015 38.559 2.683 1.805 0.957 0.614
Average 6.739 32.785 2382 1.606 0.863 0.479
CBF 6.920 33339 2427 1217 0.566 0.583
DCHWT 6.668 27.781 2.003 1.493 0.699 0.621
FusionGAN  6.551 29344 2909 1.307 0.668 0.406
DenseFuse  6.307 23.722 2969 1.582 0.975 0.587

M3FD  U2Fusion 6.496 26.606 2.834 1.643 0.989 0.562
RFN_Nest  6.795 32995 2919 1.799 0.993 0.581
IFT 6.950 36.943 2.677 1.776 0.866 0.413
Ours 6.947 35550 3.181 1.829 1.020 0.665
Average 6.704 30.785 2.739 1.565 0.847 0.552

IMRR

N HE— B B R AR SCR G TR A R, i
YOLO-v 720 e i 530 0f b 3R 5 T 9 Ji2 27 >0 S0 i
A EURHEAT BRI . SRR AT MPFDUSIA T $idii 4=
BEATINZR S, BB RN 1024 X768, LEFF

772

420 XHLLANS ] WG R RELE BT B As ki, il
PR HER (Average Precision, AP) . ~“FXJK5 L)
{ mAP (mean Average Precision) 1F il 4 5 1) 1°F
Wrigts. Hr AP FE &2 A HEZR 5 1 [0 2 (Precision
-Recall, P-R) % th £ AR, FHT-5& B brka i



46 5 T
2024 £ 7 H

PRKAESE: BT 2 RS K2 SRER IS S a] WO R R & Jul.

Vol.46 No.7
2024

25 HRRSE R IRDRE ff B AN 4[] 26 2 (] P47 o mAP & 2
) AP WIPIME .. ASCESE T — KA RERENR
MR AT R, B9 ATHn, FfEA SRl & IR -
AfAERA LR E N S SRR AR T AT AL B, L
KBTS HARR . ANFTTER AP Fl mAP 45540
K3 PR, ARER, B EUGA A5 0] 0 E
BAESR & B bkl v ge 7 T B AW E L. AHLL 5
Fhez A B, ASCRbE BURAE B bRt iiifE 55 b3k
13 7 B = mAP, 5508 b B R AT 55 b ASUR A i
] DenseFuse #HELHE M T 0.56. 28 L, A%
filG AR B AR RIS EEUS T A I RUR, 2R

(a)Visible

(f)FusionGan

Fig.9 Comparison results of target detection
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Table 3 Evaluation of experimental results of fusion effect target detection

.

(h)Ours

Models AP mAP
Bus People Car Truck  Motorcycle  Lamp
Visible 0.839 0.639 0.877 0.794 0517 0.681 72.45%
Infrared 0.826 0.763 0.835 0.740 0.452 0.351 66.17%
DenseFuse 0.827 0.776 0.898 0.830 0.636 0.569 75.62%
FusionGan 0.831 0.687 0.883 0.763 0.550 0.425 69.02%
RFN_Nest 0.834 0.683 0.895 0.814 0.592 0.650 74.50%
IFT 0.844 0.765 0.891 0.824 0.589 0.580 74.94%
U2Fusion 0.836 0.754 0.900 0.818 0.612 0.587 75.16%
Ours 0.837 0.739 0.889 0.831 0.665 0.607 76.18%
® 4 THESLIREE RN
Table 4 Evaluation of ablation experiment results
Dataset Methods EN SD MI SCD MS SSIM  VIF
Exclude Transformer 6.948 38.159 2.675 1.787 0.948 0.606
TNO Exclude RDB 6.941 38.036 2.705 1.780 0.944 0.608
Ours 7.015 38.559 2.683 1.805 0.957 0.614
Exclude Transformer 6.745 33.325 3.108 1.783 1.007 0.643
M3FD Exclude RDB 6.74 33365 3.16 1.774 1.005 0.635
Ours 6.947 35.550 3.181 1.829 1.020 0.665
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