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Frequency-spatial Collaboration Network for Infrared and Visible Image Fusion

CAO Chunhong'”,JIANG Yunyun', WANG Cairui'
' ( School of Computer Science and Engineering , Northeastern University , Shenyang 110169 ,China)
2(Key Laboratory of Intelligent Computing of Medical Images,Ministry of Education , Northeastern University , Shenyang 110169 , China )

Abstract : Infrared and visible image fusion aims to generate a single image highlighting salient objects and rich textures. Existing fu-
sion methods predominantly focus on spatial characteristics while ignoring valuable frequency information. Therefore, this paper propo-
ses a frequency-spatial collaboration network for infrared and visible image fusion. Firstly, the frequency decomposition module de-
composes the source image into high-frequency ( modality-specific features) and low-frequency components ( modality-shared fea-
tures } . Simultaneously , the spatial characteristics are roughly extracted to preserve the spatial structure of the fused image. Finally, the
cross-domain adaptive fusion module learns adaptive weights to dynamically adjust features in both frequency and spatial domains,
thereby mitigating inter-domain differences and generating high-quality fused images. Quantitative and qualitative experimental results
on the TNO and VOT2020-RGBT datasets demonstrate that the proposed method performs excellently across six evaluation metrics.
Compared with seven state-of-the-art methods, it effectively integrates multi-modal complementary information and generates fused im-
ages with prominent salient targets and fine-grained texture information.

Keywords :infrared image ; visible image ;image fusion;frequency decomposition ;cross-domain adaptive fusion
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Table 1 Quantitative comparison of different fusion methods on TNO-*"! dataset

Ttk Fh EN 1 SD 1 SF 1 VIF 1 AG1 FMI, 1
DenseFuse!®] 2019 6.1738  22.5446  6.0508 0.5343 2.3443 0.4166
MFEIF-22] 2021 6.5386  30.5456  6.6998  0.6213  2.6423  0.4030
DeF[2] 2022 6.3309  26.3028 5.6513  0.5091  2.2885  0.2800
YDTR!] 2022 6.2268  24.0540  6.9244  0.5461 2.4679  0.3560
DDFM %! 2023 6.7155  32.5963  7.4420  0.2912  3.0133  0.2450
LRRNet! - 2023 6.8384  39.4994  9.3306  0.5508  3.5841  0.3290
CS2Fusion! %! 2024 6.6670  36.6245  8.9417  0.7968  3.3125  0.3702
AXTE 6.9268 40.9632 10.3726 0.7890  3.9815  0.4352
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Fig.4 Qualitative comparison of different fusion methods on TNO-?- dataset
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#£2 AFBG T VOT2020-RGBT ™ HHi4E | A4 1 e
Table 2 Quantitative comparison of different fusion methods on VOT2020-RGBT-*" dataset

T A4y EN 1 SD 1 SF 1 VIF 1 AG1 FMI, 1
DenseFuse!®! 2019 6.3568  25.8544  6.6471  0.5820  2.4575  0.4188
MFEIF- %] 2021 6.6923  34.6952  7.5791  0.6792  2.8714  0.4059
DeF[%] 2022 6.5306  30.7549  6.5467  0.5604  2.5077  0.2804
YDTR!'! 2022 6.4047  29.0864  8.3152  0.6049  2.8172  0.3529
DDFM %] 2023 6.8188  34.6992  7.3361  0.2675  2.8799  0.2142
LRRNet![ %" 2023 6.9645  41.5869  9.4734  0.5751  3.5341  0.3324
CS2Fusion!? 2024 6.8098  39.4802  9.1304  0.7424 3.377 0.3746
AT 6.9799  41.8115 10.2662 0.7872  3.7865  0.4359
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Fig.5 Qualitative comparison of different fusion methods on VOT2020-RGBT™*! dataset
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Fig.6 Ablation experiment results of the frequency-spatial collaboration network for infrared and visible image fusion

4 & i

S GIES SN Sy Pk S F e
AERYBUAR A SCHR Y Y — 7o 30 2R 2 (6] UIp VR B 2041 AT Dl B 4%
Rl 5 M4 (FSCN) . ASCBUOT T — M IRIMB IR, BEHEA
PR IR RAE AR AP 1 42 5 (5 R AR R BB R 35 sk
ABEB I 8 0 e MR o CRAZS A PR AE ) RIS 2 (RS 3%
BHRHE) . FEIG W 2425 BB 0 AR A AR RRE 40 S R, A
BRI R EE R R, 0 1 AR 45 AR A (2 [E]
B, AR ST 0 M BB T Y % 0 = T LIS A , B AT B4
XTAREREFAE B RAPTE. SR A S FFEA] B DME , LR R T
PSR PR RE. BEAM, A SCRIA T — A B5 3K B 38 BL Rl A 5
e, LIS TR 895 8, A USRS 2 (B 2 [ A
TE B E] 22 TR B, 3l T R SC IR TR AG FSCN [P 6E,
SRR R, A SO B TE R PR A B R0 B2 PR IE A A
BRGNS J5 TH EA YA

7 SCER H RT 5 8 L 2 LA AR R A 55 A9
J1. BRI L EE AL A ] WOE R R R & S0, 8 1t
KEFHERNSRBIUE 7 HAMPERAAT. R, IR
—FE B R B AESR , DLR TS 16 WA 1) SR P R R
R, BN A B ARG R, A SOR M A5 TN 64
S5 BIUR R B TORABEIE , LAE S IR P48 I Rt 72, I
AR SRS R DL BT S 45 5 , YT 2 e APk RE S B R .

References:

[ 1] LiuJ,Fan X,Huang Z, et al. Target-aware dual adversarial learning
and a multi-scenario multi-modality benchmark to fuse infrared and
visible for object detection [ C]//Proceedings of the IEEE/CVF
Conference on Computer Vision and Pattern Recognition, 2022 .
5792-5801.

[2] YUM Y,LIU X Y. Ship detection method based on multimodal
visible and infrared image fusion[ J/OL ]. Computer Engineering,
2025, 1-10, https://doi. org/10. 19678/j. issn. 1000-3428.

0070436 ,2025-01-15.

[3] WANGY T,LIU Z M, WAN Y P, et al. Target detection under
low light conditions based on visible and infrared images[ J]. Com-
puter Engineering ,2024 ,50(8) :270-281.

[4] CHENG Q H,JIAN H F,ZHENG S K, et al. lllumination-aware in-
frared/visible fusion for object detection[ J]. Computer Science,
2025,52(2) :173-182.

[5] Tang Z,Xu T,Li H,et al. Exploring fusion strategies for accurate
RGBT visual object tracking [ J]. Information Fusion, 2023,99 .
101-881,doi;10. 48550/ arXiv. 2201. 08673.

[ 6] Wang D,Liu J,Liu R,et al. An interactively reinforced paradigm
for joint infrared-visible image fusion and saliency object detection
[J]. Information Fusion,2023,98.101-828, doi; 10. 1016/]j. inf-
fus. 2023. 101828.

[7] LIUD,ZHANG G Y,SHI Y Q, et al. Zero-shot infrared and visible
image fusion based on fusion curve[ J]. Pattern Recognition and
Artificial Intelligence ,2025,38(3) :268-279.

[ 8] Li H,Wu X J. DenseFuse; a fusion approach to infrared and visible
images[ J]. IEEE Transactions on Image Processing ,2019,28(5) ;
2614-2623.

[9] YANG Y,LIU J X,HUANG S Y, et al. Convolutional auto-enco-
ding fusion network for infrared and visible image fusion[ J]. Jour-
nal of Chinese Computer Systems,2019,40(12) :2673-2680.

[10] QIU D F,HU X Y,LIANG P W ,et al. A deep progressive infrared
and visible image fusion network[ J]. Journal of Image and Graph-
ics,2023,28(1) :156-165.

[11] Tang L,Yuan J,Ma J. Image fusion in the loop of high-level vision
tasks:a semantic-aware real-time infrared and visible image fusion
network[ J | . Information Fusion,2022,82.2842,doi: 10. 1016/].
inffus. 2021. 12. 004.

[12] Li H,Xu T,Wu X, et al. LRRNet: a novel representation learning
guided fusion network for infrared and visible images[J]. IEEE
Transactions on Pattern Analysis and Machine Intelligence, 2023,
45(9) :11040-11052.

[13] Ma J, Yu W, Liang P,et al. FusionGAN; a generative adversarial

network for infrared and visible image fusion[ J]. Information Fu-



54 BHRLL S PR RPE LIS T O R R R & M 4% 1189

sion, 2019 ,48 ;1126 ,doi; 10. 1016/]. inffus. 2018. 09. 004.

[14] Zhou H,Wu W,Zhang Y,et al. Semantic-supervised infrared and
visible image fusion via a dual-discriminator generative adversarial
network[ J]. IEEE Transactions on Multimedia,2021,25:635-648 ,
doi;10. 1109/TMM. 2021. 3129609.

[15] Tang W,He F,Liu Y. YDTR ;infrared and visible image fusion via
Y-shape dynamic transformer[ J ]. IEEE Transactions on Multime-
dia,2022,25 .5413-5428 ,doi;10. 1109/ TMM. 2022. 3192661.

[16] SUN X H,GUAN Z,WANG X. Vision transformer for fusing in-
frared and visible images in groups [ J]. Journal of Image and
Graphics,2023 ,28(1) ;166-178.

[17] Chen Y,Fan H,Xu B, et al. Drop an octave ; reducing spatial redun-
dancy in convolutional neural networks with octave convolution
[ C]//Proceedings of the IEEE/CVF International Conference on
Computer Vision,2019:3434-3443.

[18] Tang L, Yuan J, Zhang H,et al. PIAFusion; a progressive infrared
and visible image fusion network based on illumination aware[J].
Information Fusion, 2022, 83-84.79-92, doi; 10. 1016/j. inffus.
2022.03.007.

[19] Li H, Wu X. CrossFuse: a novel cross attention mechanism based
infrared and visible image fusion approach [ J]. Information Fu-
sion, 2024 ,103 ;102147 ,doi ; 10. 1016/]j. inffus. 2023. 102147.

[20] Alexander T. TNO image fusion dataset [J]. Figshare Dataset,
2014 ,doi;10. 6084/m9. figshare. 1008029. v2.

[21] Kristan M, Leonardis A, Matas J, et al. The eighth visual object
tracking VOT2020 challenge results[ C]//Computer Vision-ECCV
Workshops , European Conferenceon Computer Vision,2020:1-56.

[22] Liu J,Fan X,Jiang J,et al. Learning a deep multi-scale feature en-
semble and an edge-attention guidance for image fusion[ J]. IEEE
Transactions on Circuits and Systems for Video Technology,2022,
32(1):105-119.

[23] Liang P,Jiang J,Liu X, et al. Fusion from decomposition ;a self-su-
pervised decomposition approach for image fusion[ C]//European
Conference on Computer Vision, 2022, doi: 10. 1007/978-3-031-
19797-0_41.

[24] Zhao Z,Bai H,Zhu Y et al. DDFM:denoising diffusion model for
multi-modality image fusion [ C]//Proceedings of the IEEE/CVF
International Conference on Computer Vision,2023 :8082-8093.

[25] Wang X, Guan Z,Qian W, et al. CS2Fusion; contrastive learning

for self-supervised infrared and visible image fusion by estimating

feature compensation map [ J]. Information Fusion,2024,102;1-
15,doi;10. 1016/j. inffus. 2023. 102039.

[26] Roberts J W,Van Aardt J A, Ahmed F B. Assessment of image fu-
sion procedures using entropy, image quality, and multispectral
classification[ J]. Journal of Applied Remote Sensing,2008,2(1) :
1-28.

[27] MA Jiayi, MA Yong,LI Chang. Infrared and visible image fusion
methods and applications :a survey [ J]. Information Fusion,2019,
45.153-178 ,doi:10. 1016/j. inffus. 2018. 02. 004.

[287] Wang Z,Bovik A C,Sheikh H R, et al. Image quality assessment ;
from error visibility to structural similarity[ J]. IEEE Transactions
on Image Processing,2004,13(4) :600-612.

[29] Yu H,Cai Y,Cao Y,et al. A new image fusion performance metric
based on visual information fidelity[ J]. Information Fusion,2013,
14(2) ;127-135.

[30] Cui G,Feng H,Xu Z, et al. Detail preserved fusion of visible and
infrared images using regional saliency extraction and multi-scale
image decomposition[ J]. Optics Communications,2015,341:199-
209 ,doi;:10. 1016/j. optcom. 2014. 12.032.

[31] Haghighat M, Razian M A. Fast-FMI; non-reference image fusion
metric[ C]//IEEE 8th International Conference on Application of

Information and Communication Technologies,2014 :1-3.

Mt 38 5 SORk :

(2] FEW, X0 . BT 2R WS SNE GRS RS I
Jr#E [I/0L]. 2 L 1%, 2025, 1-10, https://doi. org/10.
19678/j. issn. 1000-3428. 0070436 ,2025-01-15.

[3] 88 NH, AW, 5 BTG S BRGS0
T HESRILT]. H AL R, 2024,50(8) :270-281.

[4] B, ST, FEIMRRE , 2. BT OURUBRAI ML 40/ 7T WoGR &
HFsR [T]. HHRYIARE:,2025,52(2) :173-182.

(7] %0 %, skEA0, £ —, 4 B TR RN FRARLIN ST I
HEGE A FELT] EAE RN 5 AT 868, 2025,38 (3)
268-279.

(9] % B, 054, 50, 45, AR O it Rl G 2R W L0810 ] oG
W gRha [ T]. RIS HLE S ,2019,40(12) 2673 -2680.

[10] BRESH:, B2 5, BMSAE, & 2040570 W6 B G e & TR B
P T]. hEE S B ,2023,28(1) ;156-165.

[16] #MILME, B 4, T 2 aAh 5w KGR o 4l & A
Transformer[ J]. A [H El& I 244 ,2023 ,28 (1) :166-178.





