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Abstract: To mitigate perception degradation in autonomous driving caused by illumination variations and
cross-modal interference, an infrared-visible image fusion network with reliability-adaptive guidance is pro-
posed. A pixel-level reliability estimation mechanism is constructed by jointly modeling structural consis-
tency and intensity anomalies, enabling dynamic assessment of source credibility. A “trusted injection”
strategy is introduced to correct the global intensity distribution, while adaptive guided filtering enhances
the competition between salient objects and texture details in the detail layer; the process is optimized
nmyxnRa a multi-constrained loss function. Experiments on the M3FD and RoadScene datasets demon-
strate that, compared with DWT, GTF, U2Fusion, and Umcfuse, the proposed method improves EN,
SD, SF, AG, MI, Qabf, EI, and VIFF by 1.51%, 16.56%, 42.36% , 52.24%, 38.28%, 80.51%,
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21.4%, and 17. 6%, respectively. In downstream target detection tasks, an average accuracy of 91.4%

is achieved, surpassing existing fusion methods. The proposed approach effectively suppresses artifacts

and noise, exhibits strong scene generalization and robustness, and significantly enhances environmental

perception accuracy in autonomous driving systems.

Key words: image fusion; infrared and visible; reliability-adaptive guidance; cross-modal structural con-

sistency; trusted injection; autonomous driving perception
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Fig.1 Reliability adaptive guided infrared and visible fusion framework
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Fig.4 Comparison of fusion results based on M3FD dataset
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Tab.1 Comparison of index mean and efficiency on RoadScene dataset
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Tab.2 Comparison of ablation experimental results
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Fig.8 Comparison of perception verification evaluation indexes

BEX 5 2% A2 T8 PR R 2140 5 ] DL ' PR 5 R
A T 3l A A RS b 5 K JRCHTRE g AR A )
ASCHR T — R e TR RE R A Y S ]S B RE S
Ti ik o T E B I AR B ST AR R AL
SEBL TN R PR AR AR DR 5T B RS i RAL O 4
S AE AT S AT )E S NS A e T

3 AR B T S AR R 2 18] A AU ()
SR S SRR R SO AR B W BRI P R
WS . M FDWT,GTF, U2Fusion &
Umcfuse 4 B QR M A X B EREEE R
F B ARG [ A, S T TS G 3 B SR L
B bR v 22 5 s ) A R Ay O B e T
16. 56 70 #142. 36 06 ; 76 Al i SO AR 55 %0 il GE ) 5
PSR AT BAG R BCR A0 B A B A



1154 pot= A K 55 34 %
JRafg s b, B R T 52.24%, 38.28% Al TR 34 n) #, 2F TEIRR 5l AR R S0E B

80. 51 % ; 1€ i1 %k 5% B K A0 3 A5 B4 B 5 1 43
BT 21.4% M1 17.6% . MLAb, 14 il 52 5 3k —

AUESE T AT EE R G S ALE TR 2 B

AL P R G

A H i SR T . R SRR IR UE R W, AR S vk
FE YOLOTT AT 45 Rk 8 T 91, 4% B9 F 20K
TR IEI T AT R A AE R T A 3h 2 B R SR

AR

PEJ7 T A TR N A (. R ok B BIF 5T

ERSNR WOR I N ER A N AP £ RS g PR

Sk
[1] SHA H, SINGH M K, HAOUARI R, ez al. Net-

[3]

[5]

work-wide safety impacts of dedicated lanes for con-
nected and autonomous vehicles[J]. Accident Anal-
ysis & Prevention, 2024, 195: 107424.

EmE, FE=, AKX, F. LT HMSD 5t
PCNN WZLAN ST WG SR (7). k5 # %
#2, 2025, 33(9): 1481-1495.

REN P B, LETH Y, DANG J W, et al. Infrared
and visible image fusion based on HMSD and im-
proved PCNN [J]. Optics and Precision Engineer-
ing, 2025, 33(9): 1481-1495. (in Chinese)

shia, Hpde . BETIRT RE UL # S BF 5 5
AL R LA L LT] A RS A2, 2021,
21(17): 7224-7229.

HAN Y, YANG H. An image fusion algorithm
based on nonsubsampled shearlet transform coupled
with significant information weighting [J]. Science
Technology and Engineering, 2021, 21(17) : 7224-
7229. (in Chinese)

NG, AR, B, F L IR EIIRITER
TR G IR G I M 2 ROBE R SR [ 7].
#2, 2025, 33(10): 1609-1626.

SUN L, TANG Q, LIAO Y P, et al. Multi-scale

enhancement and color depth codec correction of flo-

& Pl %

tation foam low illumination images[J]. Optics and
Precision Engineering, 2025, 33(10) : 1609-1626.
(in Chinese)

FER, REE, ZH, 5.
it P 38 B AR Rl & Jr s [T
2024, 17(5): 1098-1111.
LIY CH, ZHAO ZH H, WANG Q, et al. Polar-

TAT 1] i 00 1R A S 1Y
R (FES),

ization spectral image fusion method for hybrid back-
grounds of ground objects [J]. Chinese Optics,

2024, 17(5): 1098-1111. (in Chinese)

WRIZ R B9IE SR, DLk —

O LU RE R kT

TER R KRBT T AYAR E T

(6]

[8]

[91]

[10]

[11]

[12]

fEE THkERA

TR BT ERE,EILMELSRE
I R Ak R, B XL F S
JAEAR . RIS 5,

SU IR ok /P

LYU F, LIU X Y, CHEN L, er al. Low-ampli-
tude structure recognition method based on non-sub-
sampled contourlet transform [J]. Petroleum Sci-
ence, 2024, 21(5): 3062-3078.

RoR%, MW, B, F AT 2 RES ENE
BOHEAWLA G IOGEGmMA[T]. ks A%
I A2, 2025, 33(7): 1152-1168.

ZHANG Y X, LIAN B W, GUN T, e al. Infra-
red and visible image fusion based on multi-scale spa-
tial attention complementary [J]. Optics and Preci-
sion Engineering, 2025, 33 (7) : 1152-1168. (in
Chinese)

XIAN R H, XIONG X, PENG H, et al. Feature
fusion method based on spiking neural convolutional
network for edge detection [J].
tion, 2024, 147. 110112.

ZHAO Y Y, ZHENG Q C,

Pattern Recogni-

ZHU P H, etal. TU-
Fusion: a transformer-based universal fusion algo-
rithm for multimodal images [J]. IEEE Transac-
tions on Circuits and Systems for Video Technolo-
gy, 2024, 34(3): 1712-1725.

PENG SR, ZHU X Y, DENG HY, et al. Fu-
sionMamba: efficient remote sensing image fusion
with state space model [J]. IEEE Transactions on
Geoscience and Remote 2024, 62:
5410216.

Keat, T, RIE, F . ROEYHON 28 58 T
iﬁﬁﬁﬁ’*]él%'iﬁfﬁ)“ﬁ@]fé‘%ﬁﬂé[ﬂ. F A E
I#2, 2025, 33(1): 148-163.

DIJ, WANG H R, LIANG CH, et al. Condition-

Sensing,

al diffusion and multi-channel high-low frequency
parallel fusion of infrared and visible light images
[J]. Optics and Precision Engineering, 2025, 33
(1): 148-163. (in Chinese)

Mk, AL, R, S KELLAST IO



573

OB A TERE (& NS A L0 A0 S ] LG PR Rl

1155

[13]

[15]

[16]

REMFRBEAXMGRGI]. ¥ HE e,
2025, 33(2): 282-297.

YANG Y CH, LIJL, LT1Y, et al. Multiscale se-
mantic injective fusion of nighttime infrared and vis-
ible[J]. Optics and Precision Engineering, 2025,
33(2): 282-297. (in Chinese)

SHI Y, LIU Y, CHENG J, et a/. VDMUFu-
sion: a versatile diffusion model-based unsuper-
vised framework for image fusion[J]. IEEE Trans-
actions on Image Processing, 2025, 34: 441-454.
TANG L F, XIANG X Y, ZHANG H, et al. DI
VFusion: Darkness-free infrared and visible image
fusion [J]. 2023, 91:
477-493.

WA, EUL, IR, F . BT RS RS RHIE S H AN
Z REE #M LU 5 IO ER R G [T]. ok 5
ok A, 2025, 54(8): 20250210.

YAO R, WANG K, GUO H F, et al. Infrared

and visible image fusion based on cross-modal fea-

Information  Fusion,

ture interaction and multi-scale reconstruction [J].
Infrared and Laser Engineering, 2025, 54 (8) :
20250210. (in Chinese)

Res R, KRB, FEE, . ETSH MK
LA 5 s G M [T] R F R,
2025, 45(15): 1510007.

ZHANG X D, ZHANG D W, L1 Y Y, et al
Mask-guided two-stage infrared and visible image

fusion network[J]. Acta Optica Sinica, 2025, 45

fE& &9t

T OE(2001—), 5B WA A W
HWFFE A, 2023 4F FT g Tl oK 2 3k
o2 b, E BN F AL
e B AZEZETHMIR . E-

mail: chenw(@mails. cqjtu. edu

[17]

[18]

[19]

[20]

(15): 1510007. (in Chinese)

AR, B, RS, ETE2RVAFZIIN
LA SR WO E AR R A [T]. a5 2, 2025,
40(12): 1840-1852.

ZHAO Y, YANG W G, GAO C Y. Infrared and
visible image fusion based on global dual-group at-
tention[J]. Chinese Journal of Liquid Crystals and
Displays, 2025, 40(12) : 1840-1852. (in Chinese)
Fok, vHiE, ML, F BT GO B
L ARMEOCEAREBTELT]. v F F R,
2025, 45(23): 2310001.

LIB, YEM, XIEZHF, et al. Adaptive illumina-
tion-based natural low-light image enhancement
method for transmission lines[J]. Acta Optica Si-
nica, 2025, 45(23): 2310001. (in Chinese)
MAJY, CHEN C, LI C, et al. Infrared and visi-
ble image fusion wvia gradient transfer and total vari-
ation minimization[J]. Information Fusion, 2016,
31(C): 100-109.

XU H, MAJY, JIANG J J, et al. U2Fusion: a
unified unsupervised image fusion network [J].
IEEE Transactions on Pattern Analysis and Ma-
chine Intelligence, 2022, 44(1) : 502-518.

LIXL, LIXS, TANTS, etal. UMCFuse: a
unified multiple complex scenes infrared and visible
image fusion framework [J]. IEEE Transactions

on Image Processing, 2025, 34: 6231-6245.



