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Abstract: To address the problems of temporal gradient instability and inadequate image detail preservation in existing
diffusion models for infrared and visible image fusion, a dynamic temporal diffused and multi-level refined network for
infrared and visible image fusion was proposed. Firstly, in the diffusion fusion module, a graph neural network middle
block was employed to precisely capture local features and model complex relationships between feature regions. Then,
a dynamic denoising path planning method was developed to achieve optimal partitioning of the reverse denoising pro-
cess. Subsequently, a segmented decoder was designed based on the optimal dynamic denoising path to perform targeted
optimization denoising of the diffusion process. Finally, a multi-level refinement module with cross-hierarchical feature
was constructed to perform further refined fusion through re-extraction of source image features and preliminary de-
noised fused images. An analysis and comparison with 9 representative fusion methods, both subjectively and objec-
tively, on the MSRS, M3FD, and RoadScene datasets show that the proposed method achieves improvements in 7 objec-
tive evaluation metrics. The proposed method has excellent performance in complex scenes, enhances the preservation of
image details, and can better conform to human visual characteristics. Furthermore, practical applicability is validated
through downstream object detection experiments.
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E% 5 00754N. 01098NA101194N. &5 @R 1 644
FUE R ml A a5 R . i =W L 278, RFN-Nest
FIDDFM FERUTE AR B 2190 B A {5 B 07 TH R IAE,
LLAMARS AR B E R E R AR, RN RE 4
Frrn] W EUR (R MR BE PRI T 805 5t 2K
HIL5E B . MUFusion A1 TarDAL A5 B £ 41 4h 5 A
DL G il B i) 52 2T AR 15 e T 80A S 2
s R E R HA A H b B ™ H, W
X 2 MR AE I 5 4 IR R P A T (S R R AEAS
W1 . BTSFusion fl GIFusion # G545 45 %5 47 BF 7J
WESF AL A H brfs B, {5 BTSFusion #5781 i
ARG RS, SRk, sl
R AT A 5 5 o AR R RO BN A Y R R
GlFusion 8 [ il & B G L A 15 T, Wi
501 A5 S AL GAEM . Text-Difuse 5 84 fil
A EUGAT LR E F, o WS A R B s, 3
X T LA EUR T B 55 B e S BRI ZE, W
Yrge 3 R BN, 5t 6 IR R iR N
YT AR . MMAE 5528 B % 4 47 Hb £ B3 W] WL ole 8¢
HADANEbRME R, HIH AR 38 0 S S A
BIMGERA HIR, TR ™ = 5 B0 7 48 719 st
&Ky G135 6 W BT AR b A DRI S M R T AR AN
T, LIEHEA . MLFuse #5  fil2 BG 0 2 5
(EAFAETR A TR, Wndgy s 5 55 N BT NS
Mo ASCHIEAECRIE R IR L ER FIRS, Rets IR
AT L MG B 2 SO 1 AN 2L A R I AR S (S
B, I AR R B S8 AEREAS B 77 TH R I SR 47
R, RTECFEERSEEE B AR, (HRE EE I
0 BRI A 0 S

T AR g R LR S, 8 A MSRS FdiE
b 361 KA A BUR AT G PR RE AT 2 4 S o
B, @RWFR VPR, Hep, IS s,
TRIZE R AR . AL TTEAEEN. ML, SSIM,
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*1 MSRS #7255 361 3k Ft & BE N ZWITM T5 4R
T EN MI SSIM PSNR STD cC VIFF HEHE A)/s FLOPs
RFN-Nest 6.304 6 27299 0.650 7 17.5450 55192 0.936 4 0.539 8 0.2313 520.81x10°
MUFusion 5.948 5 1.533 4 0.594 4 16.890 3 53524 0.629 0 0.6722 0.908 9 3.01x10°
DDFM 6.288 6 26375 0.640 1 17.678 3 5.6380 0.938 1 0.554 1 41.53 1113.75x10°
TarDAL 5.054 1 2.1672 0.439 7 17.062 7 4395 4 0.4358 0.163 6 0.090 0 19.44x10°
BTSFusion 6.5140 24938 0.603 7 17.606 9 6.044 4 0.928 6 0.719 4 0.1858 3.36x10°
GlFusion 6.376 8 23344 0.624 4 17.844 3 5.8362 0.947 0 0.661 5 0.416 0 37.70x10°
Text-Difuse 7.466 0 22296 0.3813 10.326 3 7.876 9 09195 0.936 6 13.63 113.92x10°
MMAE 6.2278 3.499 6 0.6559 16.8319 6.7427 0.850 2 0.687 3 0.078 0 42.06x10°
MLFuse 6.696 8 3.1827 0.654 0 18.6311 6.240 9 0.956 5 0.727 8 0.027 3 31.00x10°
ATk 6.872 6 45413 0.670 9 20.997 8 6.802 8 0.969 7 0.8142 1.4147 85.31x10°

PSNR. STD. CC Al VIFF 2% WA 16 b5 L%
AR 5 o Text-Difuse £ 8 (1) EN #1 STD 48 bR ¢ =1
Rl G R RES OR B & 0 B S R AR A SO A,
I A8 PG LU RE AR R v 2 B R R A 1)
HARGEH, G m g R, SEMI. SSIM
HIPSNR fia b5 2 2 FRAK, IREAHEBE SR T
B, 1T AR STV T AN B MVEAN T8 45 30 B AL BLIK
M, CEE MR L. TR ERE i, A3
. DDFM 5 Text-Difuse 3 )& T 115 8 4 FE 1 = 11
B A Y, B 2R B = I HE R I R AR S
B & (FLOPs, floating point operations) 3 &b %%
K, ARSI VA DR Rl G 1t BE 1R[] B I 3 P
K 7RIS, RIS, @50 Eofh
RN, EFEE R E RS EEE N, &
OTEAE ER A AT T AR, T2
TEEFEOREE . SO . HAREEH R B IRl o
BT, YIRBLH B RAA .
2.2.2 M3FD 34k & £ ZIIFH

N T 30 B UE AR SV AR R 1 A2 A R

(¢) BTSFusion (h) GIFusion (i) Text-Difuse

71, ASCEIUMIFD BHEEFEATZ AR, A
WA ORI 2 AR MG AT AR 5k 2%
WX EE A B, A ISR AR 5t 013937 i B
W5t 028467, 2 Fhig sl A a5 R a6 AE 7
HiR e

i W T B & B, RFN-Nest. GIFusion £l
TarDAL BB R B T R 47 1 AT WOR SOy, {HAE
A G R R 2 A R, SEE A RERZE,
W 6 AR TS S A B AR 2B B . MU-
Fusion A1 BTSFusion 15 7 (1 &t & FUE /i, &
SCANFTER A, Wi 6 v AW = R g,
BEAE E 5%, [FI MUFusion #6856 Eb i v S 5
BRAEIN, HGATER, R 7 e g
FIATEMW . Text-Difuse f B 7E il A i R b 5| ANk £
M FEUEGE S, W e MK T i s N
W, KGEA R E AT, MMAE #5895 200
AE T RIS ERAS BARE R, HEGEIT
P ARG 3 B 6 TR AR RS BRI LR .
DDFM #5284 &4 Rl i £/ B 1 0] WL SO R 20 AME

- (jMAE

K6 M3FDHHE 013937 W iz 5t &5 45 51
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(2) BTSFusin (h) GIFusion (i) Text-Difuse

(j) MMAE (k) MLFuse eSS

7 M3FD %4l 42028467 1 4 37 il & 45 1

B, HERAREERK . MLFuse B {5 415 58
TEMT, (HEMGBA RIS . X T LR,
ARSI IEAEAT R BE W] WG SR G 5 RN 214 F e S
GEMEIR, R T EBRMERREE, R
WHZAGRE T, s B LT Hh 58 B & P B A e HE AN ER 5
THILLANE AT B AL A AT S

M3FD %4 4 300 5K filt & FUE 16 &5 S VPA 48 A
mFE2 fraw, HAnoHEAE v, s R E
RO . BAEERM, ARCTTEAEEN. ML, SSIM.
PSNR. STD Al CC Z£ 2 WA #8 b5 4G T 8L 4f
)25 5 . MUFusion 15 B il & B4 (1) VIFF 45 55 52
&, T SSIMy MIFI CC FEAREAK, 1% 2 i T X
PeRE &, FFA AR, (HixiE sk 1 G5
WA AR T R B, R T IREE TS
B RS AAT R T S50 — SO ARG B e
P Text-Difuse f5 84 7 fil A o 2 Hh ik 52 5% 18 40 15 A
XL (3 s, I EN I STD 4845 . E fE s, =

AR WS T REAR SR R RE, R T IREIE N B
SREER], FECSSIM FRbR T 3 PR . A LSS
Febr s AL, AXAE VIFF $8 b5 _E IS {% T MUFusion
FIBTSFusion 2, 33X i PR Jy 155 B 7F fil £ o) B
2P, AR R ECR — ] W U B4
B ARSI ST AL A EUR T R S BT
DL EUE = E SR ()[R, BeRE 78 75 Ok BE 4
SMEE, SEMMEN—E. A, R
TEARAREEEAZ A7 B A BRI, fe%
TENANF S A5 P A5 0] Wt BUR R G AT 55
2.2.3 RoadScene #4345 & = Z UM

RNT B IEA ST Rz A BE A R
AICIEH RoadScene Hda ARE B 3750 T IR, 7E1%
e i — AR “FLIR_05879” #H473
XL AT, 45 R un& 8 Fron . MUFusion. GIFu-
sion Fll TarDAL 8@l & G R o, i1 ik
%%, RFN-Nest. DDFM Al Text-Difuse 15 %4 g & K14

*w2 M3FD #4255 300 3kEt & BRI ZEWIFMN 4R
WARrS En MI SSIM PSNR STD cc VIFF

RFN-Nest 6.924 8 1.5899 0.546 4 14.402 8 5.808 3 0.340 9 0.372 0
MUFusion 7.5015 1.5477 0.505 1 13.384 5 6.9877 0.3923 0.670 1
DDFM 6.778 4 1.6713 0.564 5 14.466 7 54819 0.4899 0.3749
TarDAL 7.260 0 2.566 2 0.549 1 14.9817 6.5345 0.152 8 0.283 6
BTSFusion 74351 15571 0.522 4 13.9792 6.708 4 0.705 1 0.556 0
GlFusion 71121 22815 0.560 8 14.925 1 5.9343 0.830 7 0.296 7
Text-Difuse 7.8519 2.299 8 0.480 9 12.289 3 8.157 6 0.893 8 0.3514
MMAE 7.300 4 3.468 3 0.5549 132915 6.856 5 0.720 0 0.198 5
MLFuse 7.0189 1.957 1 0.561 7 14.150 1 5.8221 0.696 3 0.373 3
AT 7.536 9 4.0577 0.5715 16.570 4 6.998 5 0.9417 0.4125
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(i) Text-Difuse (j) MMAE

(k) MLFuse

O AT

8 RoadScene ¥#E4E“FLIR 05879 iH 17 Ffil & 45 1

TFH G TLANS AT HOGE R, (RS8R iR
B, B R N30 256 B 4N ST % 2K . BTSFusion Al
MMAE B ER G i R 2 DA g, I N2
g 7 S RIS AR . MLFuse B8 400 SR 40715 AN
Mo JEIEXTEERT AR, ASCT AR S A ST %
HEsiE s NSNS ] WU AL A AT
RoadScene F i 45 221 5K fil & K14 1) 2 WA
FRbranaR 3 pror, AR A A, IR Rk
B kA . BAEERM, ARCTEAE ENS MIL
SSIM. PSNR. CC 1 VIFF % & Wi febx EELS
TS 5. MUFusion 15 71 g & 1% (1) VIFF 1§
Wi, FFa NIRPLRRPE, (H2 BUR = 5 g
¥, ERTIHEUEMAYEE . TarDAL AT K
G R A R A BB S 1 R S ek P AR % A Y

%, SEGERMEMZIES, STDHabsEE T, 1M
SSIM S4B RIMAHE. FHLZ N, RXHIEES
Tifats FIER] T BARBIRAL K, 7R RS RS T RE
RO, R AR A TH R R B R A
P, BeE RIE N AN F B 2 5 N LA SR LG
Eg R &k, BA RGHNERN M.
2.3 HEASCLS

N T BGAE S BAARRD 2% A 42 o 4% r R A H A
Z 2 B ER A R, AR SCE I TS L R
5, WAL EN AFIA RN 51, AR
181 F MSRS £ AT MR . 55 1 2530 AN 3
BEMEERAIE], TR Py B A B b 4 B
fil hh 2 T M O B TR B AR AT AR, R M LA
4%, it N GMB+MLRB. #2455 HiE LR 2 )2

%3 RoadScene #{#E %5 221 5kt & BRI ZEWITEMN IR
Jiik En MI SSIM PSNR STD cC VIFF

RFN-Nest 72549 3.1127 0.593 3 14.133 8 6.818 0 0.7453 0.504 0
MUFusion 73180 2.4810 0.659 5 15.6314 7.165 6 0.595 4 0.870 2
DDFM 72277 2.1679 0.400 7 135108 6.7170 0.629 5 0.391 6
TarDAL 7.091 1 32898 0.699 4 15.5512 7.705 3 0.548 4 0.574 6
BTSFusion 51377 2.5654 0.605 1 16.003 6 6.616 9 0.6872 0.5532
GlFusion 7.105 5 22584 0.496 0 15.481 3 6.2875 0.6019 0.3673
Text-Difuse 7.340 3 22742 0.509 6 149226 7.162 1 0.619 0 0.2255
MMAE 7.3952 47486 0.737 4 18.850 6 72452 0.518 6 0.443 3
MLFuse 72933 3.369 4 0.670 4 14753 6 6.879 1 0.684 0 0.641 6
AT 74328 5.074 7 0.700 6 19.246 7 7.334 6 0.773 4 0.656 2
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B

AN, 5 FH Bl 45 25 M B A M ) L G 4% D) 4% 4
FMIAAE, it H SD-Unet+GMB. 4 3 20525004 2 |2 4%
YA LR b T SRR, 8 s L AR
A H AR 2 S5/ A2, 108 SD-Unet+GMBC.
55 4 2H SIS PP BGRR[0 I % v ]
B o T SR ) 2, RS,
10N SD-Unet+MLRB. 55 5 20 S 56 A F 2 245 25 e i
IR, FEOR M H R A N 45 H 1 4 B R 2%
FEI 2 P 25 B AR, (R BH 22 2 A, H
G TE AN N R A A5 R, DAL

B9 IR T 5 R[] W9 445 435 1 T 1 TR P R 2 o
Y MR SE IR A 5 o T RRSE IS R 5 A TR
LR ALK 361 TRl A UG IIE B AN FE bR a0 2 4 i
N, DR A EA, IR RIS . WEe
BUE AT AN, BT 4 2 5256 1A il o S i KT 52 8
BT B R AR B R A R, LR R4 B
SR FR A UGB M R S5 7 T, e BRI A T
fth 4 A FE LB S5 R 55 5 AL SEIRBR EN $RARAh, I
RIGIR ARG T B mi i . SD-Unet+GMB Fll SD-
Unet+GMBC 5256 41 /) EN fe brd i, B HAb T b
ECT ALSELS, X2 i TR )0 56 i B 5l &
JERE T REFREGHIATER, B&EBIEAFE
GERRE, WEFESERCMN, B — D BT

(al) £14h_1

(a2) AT _1

(a3) GMB+MLRB _1 (a4) SD-Unet+GMB_1 (a5) SD-Unet+GMBC 1 (a6) SD-Unet+MLRB 1

o ZREFTATENS, UEBH T 7B as . EIE M
28 v (A BN 22 2 R AR RS HR 1) B 21 R AT 01
2.4 TiFSELE

AT SS A EUR Rl A N ) — DN EE T T, N
TR E B RS X T RS ER AR SO
YOLOVS [¥] H ARl 77 53047 525 . 2045 0) W
K& & 5 YOLOV8 H Fnter il 45 & 1) N AR5 10
fE T RS E B HAN, WERS H R RS
R R s P IS IE . RS .

A% F MSRS ##s & 2140 5 ] W' G
17T HARKE I Sege, I 5 B — RS BN 9 Flowt b 77
ERRE BASEAT XL, AT 2 SR A 10 Frs o
[FIRE, A SCfE YA R 35 (MAP, mean aver-
age precision) 1EFRIEAT 2 WITH, S5 R aFK S
N, IR AR, N RIGEEE IR, G
FEMIEAN IS, ASCOOTERRE BUR3EAT B bk
DU PRI A B2 AR T B — AR AR A T 92 (1) ik
%o T WEEME MAPO.S s, H H ARSI 25 4
A, [RIBTAEAE BAR RS R ISR . AT HoAh
%, AOTTERRE BB MAPO.S s H A HILHE
FRRAERR IR . SRS, AT ELE H bk
MAESS h R IR AL, A REETH T TR AE 55 Bk
P RS FH

(a7) All_1

(a) 21

P e

| L

| FEL

T - s e TEN Peo=

®2) FTRYE 2 (b3) GMB+MLRB 2 (b4) SD-Unet+GMB_2 (b5) SD-Unet-GMBC 2 (b6) SD-Unet+MLRB 2 (b7) All 2

(b1) £85h 2
(b) BR
PO BRI 9K 2 gy S5t (10 30 Ml I 6 i 15 45
=4 SHERSCLE P S TR R 4B L5490 AY 361 skt & B EZIIFMN R
P 2% EN MI SSIM PSNR STD cc VIFF
GMB+MLRB 6.776 8 4.0724 0.6317 19.901 6 6.655 1 0.964 3 0.772 6
SD-Unet+GMB 6.962 1 22023 0.376 2 14.967 6 6.691 6 0.9510 0.7219
SD-Unet+GMBC 7.126 8 1.619 6 0.240 6 133178 6.7202 0.909 2 0.680 7
SD-Unet+MLRB 6.706 5 3.6558 0.610 3 18.760 7 6.5675 0.963 2 0.758 9
All 6.8726 45413 0.670 9 20.997 8 6.802 8 0.969 7 0.814 2
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(a) £L5b (c) RFN-Nest

(g) BTSFusion (h) GIFusion (i) Text-Difuse

10 FARKLINAE 55 3 55 T IS 2R

x5 BAreME SR BTN IEIR

Jii MAPO.5
AR 03335
LIRS 0.8335
RFN-Nest 0.708 5
MUFusion 0.594 0
DDFM 0.708 5
TarDAL 03735
BTSFusion 0.500 0
GlFusion 0.500 0
Text-Difuse 0.361 3
MMAE 0.625 0
MLFuse 0.778 0
AT 0.7915
3 Z5RiE

AL T —FENASE P BUR 2 2 R
ZLA0 5 a] DL UG G 2% o 145 D 1 3 5 U-
Net 25 ¥4 4 i 05 25 18] 1 9 A% 38, B GNN 5 U-Net
454 N GMB, GMBIE R ALY SEE, FIA
BRI B2 B R0 R I 1 B A AR S R ) AR A
B H o @ B F M R AR IR T4 B RS 3
ST HIOR [ 2 M R 0 2 B BT RV 2, A ARk
TG WS TR) A0 R 22 e 3 N A B R AR R R, [
W, ST L AME B A AR W, Wt T
% JZ R AT A IR EUR (S B AR R BR E5 4,
P T EGATT R R . RIS IR RN, A
¥E1E MSRS. M3FD £l RoadScene iX 3 4~ 4L 4h 5 1]
DL UG Ed £ b I s Il & M RE A AL RE
77, [FRARBERT T FIHEAAT S5 B A I 004G FE
MISEH . SRTT, A7 954 U-Net 55 B & AL 45

(d) MUFusion (e) DDFM

(j) MMAE

(k) MLFuse

(D) AR3LT5 %

By FESEILENAS LM B AT LRI I 2 A BOK BT R AE
B SEOFEIT RS, ARORBE TR £ GMB R B
A A B B v RS P A S SRS DA v TR R, B
THHEAE M2 B . FARAI T A2 3 S S B sk
RIS AL P BE

EEP e
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