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Airborne electro-optical image fusion based on diffusion reconstruction and
wavelet frequency-domain perception
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Abstract: In long-range reconnaissance missions, multimodal image fusion aims to generate fused images that preserve salient features
from each modality while maintaining photorealism. To address the challenges of ambiguous feature representation and structural-textural
distortion in distant targets, this paper proposes BalanceFusion, a novel fusion architecture integrating diffusion-based reconstruction with
wavelet-domain frequency-aware perception, specifically designed to enhance detail representation and fidelity in infrared and visible
image fusion under long-range conditions. The proposed method first employs an efficient image restoration network to strengthen target
feature representation. Subsequently, a wavelet-conditioned fusion module is introduced to incorporate frequency-domain awareness,
emphasizing thermal radiation contours of targets while mitigating the adverse effects of super-resolution methods that overly prioritize
foreground targets at the expense of background structural integrity. Finally, modality-specific high-frequency features exhibiting
significant differences are hierarchically aggregated across multiple scales to ensure the fused image retains both sufficient discriminative
details and authentic shared structures. Experimental results on real-flight datasets demonstrate that the proposed algorithm outperforms
state-of-the-art methods, achieving a 33% improvement in the structure-preserving perceptual quality metric Qabf and 21% gain in
spatial frequency (SF).
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Fig. 1 The Pretraining Process of BalanceFusion model
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Fig.2 The Training and Inferring Process of BalanceFusion model
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Fig.3 The structure of wavelet model
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Fig. 4 Fusion results with different wavelet bases
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Fig.5 Comparison of fusion results on real flight data
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Fig. 6 Actual flight data recognition results ( partial )

PG 2 ) 5 4 AT, R I 155 5 285 R A 418 IR Py LS 1V
2) GIAY B AL, 75 v 5525 M 0 ] I A2 TR 15 R AL
B o DR LA, 2 R T ACRAIE ) Sk 5 3) A /N
IR AU S BB, 4545 6 7 IE SRS D IR R 2
ROBE S AR 3 1, BRSRAL T H bR S 40 B 1 3k
MARRE TR S A EER,

TE LS RAT R G B L ) R SR R W, B4R 7 vk A
MRS BN TR AR L4 B0 T A B RE
%o ERARE R, S-S B AR R Qabf A1 SF
ST 33% H1 21% , FE5r Bk 1AL RIAE A0 {5 4
PSR J5 TR e 2 PR Xk Bk — 2P 3R
BalanceFusion RERSTER Z8I5 50 T AL U 2% T M7 SO
HARPEAFESE RS IR, B4R 0T ARy Al Bkl
P, ATAE LR B 2RO H KRR A 424 T —Fhs
PRI SRERAEOR RS, BAT RAFH) TR /)
B3
[ 1] FEDH a0 A0 5T IR B2 2 T /Y HARA I 55

EWHE S D] R T RHEOR 7, 2025,
WANG SH M. Research and implementation of deep
learning-based object detection algorithms under air-

ground observation conditions [ D]. Chengdu: University

of Electronic Science and Technology of China, 2025.

[2] FEB%E KRR KR, 5. G 22 PR 1 & 2

BT 55/ AR [ 1], AR IR A4, 2022,
43(3) .221-229.
YAN J H, ZHANG K, SHITJ, et al. Weak small target
detection in remote sensing images based on multi-level
feature fusion [ J ]. Chinese Journal of Scientific
Instrument, 2022,43(3) . 221-229.

[ 3] PANG H, ZHU M, GUO L. Multifocus color image
fusion using quaternion wavelet transform [ C]. 5th
International Congress on Image and Signal Processing,
2012 543-546.

[4] LI H, WU X J, KITTLER J. MDLatLRR: A novel
decomposition method for infrared and visible image
fusion [ J ].
2020, 29. 4733-4746.

[ 5] CHEN]J, LIX, LUO L, et al. Infrared and visible image

fusion based on target-enhanced multiscale transform

IEEE Transactions on Image Processing,

decomposition [ J]. Information Sciences, 2020, 508:
64-78.

[6] WANG Z, ZI0U D, ARMENAKIS C, et al. A
comparativeanalysis of image fusion methods [ J]. IEEE

Transactions on Geoscience and Remote Sensing, 2005,



5 4 3

BTy B A S /NI A FLEOE L 1A B -315 -

(7]

[8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

43(6) : 1391-1402.
LIU Z, BLASCH E, XUE Z, et al. Objective assessment
of multiresolution image fusion algorithms for context
enhancement in night vision; A comparative study [J].
IEEE Transactions on Pattern Analysis and Machine
Intelligence, 2012, 34(1); 94-109.

MA J, ZHOU Z, WANG B, et al. Infrared and visible
image fusion based on visual saliency map and weighted
least square optimization [ J ]. Infrared Physics &
Technology, 2017, 82. 8-17.

WIS, (i, 2peilk, 55 ST AR S W
LRI RIS RS AR EI R T Co =R I M AW/ E 5 N
2023, 45(9) : 907-914.

CHEN S J, FU ZH T, LI Z Q, et al. Visible and
infrared image fusion algorithm based on adaptive
[J].

enhancement and saliency detection Infrared

Technology, 2023, 45(9) . 907 - 914.

FHEWR, Y, HEH. FF NSST-DWT-ICSAPCNN
M2 B R RS Rk [T]. 48R, 2022,
44(5) . 497-503.

WANG X N, PAN Q, TIAN N L. Multimodal image
fusion algorithm based on NSST-DWT-ICSAPCNN [ J].
Infrared Technology, 2022, 44(5) . 497 - 503.
B, XN, E A, &% BT I R AR R A A
A AR ML S T WOGRR RS [T]. BOLS
JeHL AR 2023, 60(14) : 1410018.

YANG Y J, LIU G, XIAO G, et al. Infrared and visible
image fusion based on adaptive feature enhancement and
generator path interaction[ J]. Laser & Optoelectronics
Progress, 2023, 60(14) . 1410018.

ZHANG X C, DEMIRIS Y. Visible and infrared image
fusion using deep learning [ J]. IEEE Transactions on
Pattern Analysis and Machine Intelligence,2023,45(8) .
10535-10554.

TANG Y, ZHANG X, LI J, et al. CMTFusion: A cross-
modal transformer architecture for efficient visual
recognition[ J |. IEEE Transactions on Pattern Analysis
and Machine Intelligence, 2023, 45(8) :10234-102438.
ZHANG H, TANG L F, XIANG X Y, et al. Dispel
darkness for better fusion: A controllable visual enhancer
based on cross-modal conditional adversarial learning[ C].
2024 IEEE/CVF Conference on Computer Vision and
Pattern Recognition ( CVPR). Newyork: TEEE Press,
2024 . 26477-26486.

ZENG Y Q, LIANG T F, JIN Y, et al. MMI-det:
Exploring multi-modal integration for visible and infrared
IEEE Transactions on Circuits and

2024, 34 (11):

object detection[ J ].

Systems for Video Technology,

[16]

(17]

(18]

[19]

[20]

[21]

(22]

(23]

[24]

[25]

[26]

[27]

11198-11213.

CHEN X, XU S, HU S, et al. ACFNet: An adaptive cross-
fusion network for infrared and visible image fusion[J].
Pattern Recognition, 2025, 159 111098.

HELVIG K, ABELOOS B, TROUVE-PELOUX P.
CAFF-DINO: Multi-spectral object detection transformers
with cross-attention features fusion [ C]. Proceedings of
the IEEE/CVF Conference on Computer Vision and
Pattern Recognition, 2024 3037-3046.

HU J, NI L, PENG B, et al. WiCAFNet: A wavelet
transform and cross-attention modality-adaptive fusion
network for multispectral ohject detection [ J]. Signal
Processing, 2025,242. 110446.

LIUJY, WUGY, ZHU L,et al. Infrared and visible image
fusion; From data compatibility to task adaption[ J]. IEEE
Transactions on Pattern  Analysis and Machine
Intelligence, 2025, 47(4) ; 2349-2369.

XIA B, ZHANG Y, WANG S, et al. Diffir; Efficient
diffusion model for image restoration[ C]. Proceedings of
the IEEE/CVF International Conference on Computer
Vision, 2023 13095-13105.

LIXL, LILS, TANTS, et al. UMCFuse: A unified
multiple complex scenes infrared and visible image fusion
framework[ J]. TEEE Transactions on Image Processing,
2025, DOI;10. 1109/TIP. 2025. 3607623.

MA J Y, CHEN C, LI C, et al. Infrared and visible
image fusion via gradient transfer and total variation
minimization [ J ]. Information Fusion, 2016, 31:
100-109.

LI H, WU X J. DenseFuse: A fusion approach to
infrared and visible images [ J]. IEEE Transactions on
Image Processing, 2018, 28.5: 2614-2623.

XU H, MA J, JIANG J, et al. U2Fusion: A unified

unsupervised image fusion mnetwork [ J ]. IEEE
transactions on  Pattern  Analysis and  Machine
Intelligence, 2020, DOI, 10. 1109/TPAMLI.

2020. 3012548.

XING M L, LIU G, TANG H, et al. CFNet: An infrared
and visible image compression fusion network [ J].
Pattern Recognition, 2024, 156 (10): 110774.

WANG Z S,ZHANG Z Q,QI W Q, et al. FreqGAN:
Infrared and visible image fusion via unified frequency
adversarial learning[ J ]. IEEE Transactions on Circuits
and Systems for Video Technology, 2024, DOI:
10. 1109/TCSVT. 2024. 3460172.

TANG W, HE F, LIU Y,et al. DATFuse: Infrared and
visible image fusion via dual attention transformer[ ] ].

IEEE Transactions on Circuits and Systems for Video



- 316+ e R = I O %40 &
Technology, 2023, DOI. 10. 1109/TCSVT. Kong Lingbing ( Corresponding author) is a researcher and

2023. 3234340.

[28] WANG X, GUAN Z, QIAN W H, et al. Cs2fusion:
Contrastive learning for self-supervised infrared and
visible image fusion by estimating feature compensation
map[ J]. Information Fusion, 2024, 102: 102039.

[29] HEJC, LUO X Q, ZHANG Z C,et al. MemoryFusion;
A novel architecture for infrared and visible image fusion
based on memory unit[ J]. Pattern Recognition, 2026,
170 112004.

[30] LIUR H,LIUY WANG H, et al. F2Fusion: Frequency
feature fusion network for infrared and visible image via

contourlet transform and Mamba-UNet [ J ]. IEEE

Transactions on Instrumentation and Measurement, 2025,

DOI: 10. 1109/TIM. 2025. 3580829.
EE®E T

ASEGEFEE) , H9E 5, L aisg il
KA SR BE B LA A, RO
TR R AL B 22 PR IR A | H bR R
BRA
E-mail : feixiang-f@ 163. com

a Ph. D. candidate at the School of Automation and Intelligence,
Beijing Jiaotong University. His main research interests include
image processing, multi-source image fusion, object tracking,
and other related areas.

BB, 1L, B b st K 4 AL F
U R LRRIW , FEBEREAY 5 10 R HLER B4
AbBE RPE ] | FARERER
E-mail ; cxzy_paper@ 163. com

Chen Xin, Ph. D., is a senior engineer
at the Beijing Institute of Aerospace Control
Devices. Her main research interests include airborne image
processing, deep learning, and object tracking.

RER AL, B AL BT R P AL %
WEE BT LRRIN , T 8] AL R AL
R ) HARERER
E-mail ; songmq98@ 163. com

Song Meiqi, M. Sc., is an engineer at
the Beijing Institute of Aerospace Control
Devices. Her main research interests include airborne image

processing, deep learning, and object tracking.



