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Infrared and Visible Image Fusion with Convolutional Neural
Network and Transformer

Yang Yang, Ren Zhennan', Li Beichen

School of Electrical and Information Engineering, Tianjin University, Tianjin 300072, China

Abstract An innovative image fusion model combining convolutional neural network (CNN) and Transformer is proposed
to address the issues of the CNN’s inability to model the global semantic relevance within the source image and insufficient
use of the image context information in infrared and visible image fusion field. First, to compensate for the shortcomings of
CNN in establishing long-range dependencies, a combined CNN and Transformer encoder was proposed to improve the
feature extraction of correlation between multiple local regions and improve the model’s ability to extract local detailed
information of images. Second, a fusion strategy based on the modal maximum disparity was proposed for better adaptive
representation of information from various regions of the source image during the fusion process, enhancing the fused
image’s contrast. Finally, by comparing with multiple contrast methods, the fusion model developed in this research was
experimentally confirmed using the TNO public dataset. The experimental results demonstrate that the suggested model
has significant advantages over existing fusion approaches in terms of both subjective visual effects and objective evaluation
metrics. Additionally, through ablation tests, the efficiency of the suggested combined encoder and fusion technique was
examined separately. The findings of the experiments further support the effectiveness of the design concept for the
infrared and visible image fusion assignments.
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Fig. 1 Overall structure of the proposed model
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K4 “Street” EIM% 1Y Rl & 45 3 . (a) 20 78 EA% 5 (b) 7] WG B % 5 (¢) RP; (d) Wavelet; (e) ResNet-ZCA; () DenseFuse; (g) Dual-
Branch; (h)FusionGAN; (1) GANMcC; (j) fir 4 J5 v
Fig. 4 Fusion results of the “Street” image. (a) Infrared image; (b) visible image; (c) RP; (d) Wavelet; (e) ResNet-ZCA;
(f) DenseFuse; (g) Dual-Branch; (h) FusionGAN; (i) GANMcC; (j) proposed method
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Branch; (h)FusionGAN; (1) GANMcC; (j) fr 42 J5 7
Fig. 5 Fusion results of the “Kaptein_1123” image. (a) Infrared image; (b) visible image; (¢c) RP; (d) Wavelet; (¢) ResNet-ZCA;
(f) DenseFuse; (g) Dual-Branch; (h) FusionGAN; (i) GANMcC; (j) proposed method
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Branch; (h)FusionGAN; (1) GANMcC ; (j) ir 4 7 %
Fig. 6 Fusion results of the “Kaptein_1654" image. (a) Infrared image; (b) visible image; (c) RP; (d) Wavelet; (e) ResNet-ZCA;
(f) DenseFuse; (g) Dual-Branch; (h) FusionGAN; (i) GANMcC; (j) proposed method
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Fig. 7 Fusion results of the “Bunker” image. (a) Infrared image; (b) visible image; (¢

) RP; (d) Wavelet; (e) ResNet-ZCA;

(f) DenseFuse; (g) Dual-Branch; (h) FusionGAN; (i) GANMcC; (j) proposed method

TR Lb B AR 2 5 HE B9 AT N B AR A AT B s 21 A TR
TE e B b A 35 R J3E AT, T T 41 A5 2R 44K 9K B A5 58
iz B b PR I R 3X 3R W T 4R R A X 214 R
175 2 B L BA R BE AT, e A, T H A5E 7 A 3L 1) 4 £ 7 AE
TR KT Ol B S A AR YT R A A H A B B A
X 2% W T AR AU 8 4 X W] DO AR S AT A R B BBORD
FH . FEE S RP ARG 25 R s S A
R MR s Wavelet . ResNet-ZCA Fil Dual-Branch F Fil
B R 0 68 Ll BE SR Al 1) T 21 A0 G RN aT D' (8145
B 3 9 25 51 5 FusionGAN Hl GANMcC 1 il 4 K 14
HRl OGR4 E R R R Z BlA A5 R e ) T
JE 4R 21 40 % 5 58K DenseFuse XF F 1 41 R A 1) #4
LR ISR S A RO A BRSPS SR SRS Bt i
PRAF  AELIZ BT S A5 78 0 fal 5 (RIS A T 4 04 40 9 280 SR
HEBMNANEE . F6oME 7R AERS RSk
1, Wavelet. ResNet-ZCA . DenseFuse 1 Dual-Branch
SR X AT N RBR £ 45 21 AP IR 5 B bR LB AT R
LIRS A T OR B AR S L A, & AR AE
T AT 5 2 2258 RP B R Ay il & 45 R 200 T LA Ly
Tl TR | B A% 550 - M LR A7 (] 6 40 2 T A v %) i T AT IR 7
HL£E 7 4 9 5 £ 5 FusionGAN Al GANMcC 6 ik 4
BCOR B oK AT LG B A B 45 Rl Al 1 {5 R Rl 25 2R
5 JEAR 20 A0 AR G AR B8 B vy o BT, T 4R A
R —J7 I RE WS 28 th AT N M iR S5 R A H s, R B T T
FEOIME R, 75— X AT R WA EASE
YT XIS AT TR E A 6 AT O ER R AR B
SEEE T A SR .
4.3 BEHEREWIEN

R FWATH 537, 38 358 H 6 > BHR & WPEAN 48 b
BT il G AR RN Z2 B SR G X R il T vk 1Y il
BRI AT E HTAR

1) EFLJEEA@@! I {E B4 (En)

— > P(F,)log,P(F,), (14)

A POF) G BSEKE H 7 . En#icoR , IER]
AlE 4R P S B S U7 I PR RE LAY
2) beifE2E(SD)

/MNZZ F(i,j)— J , (15)

i=1j

K F (4, ) RRTER/INAM X NBEG L (i, j) 7 &
I AR R TR s p TR % B L T AT R R TR R (.
P o 2 10 K, ¢ B il G RS b EL A oy WA R B 2 4y
A, A S 0 R A
3) ZE [ % (SF)

Ve=F?+ F.*?, (16)
KA F MFe 3 00 2R AR AT A5 32 F g i %6 . SF
e P15 JK B8 B A8 Ak 2, Al R T s e TR S 1 3 T B

— el , SF R, 25 ()80 25 8 g, 1] 50 3 A o
4) BAFE (MID)
Px.y(l”,y)
Vwvy = Xy WL, log———————, 17
v = 2perleylog SEn T (D

Vi = Vi T Vivis » (18)
Fav R PXY(Iy TR EGR XM Y ZH 8BS 91
px ()M py () o 7R 38 B 2oy A HAG B Hk
%‘zﬁﬂﬁ%lﬁl@ZIﬁJE’J*H%@o xF & R A 55 Ok
B, A A M A 5K D s P45 R Rl TRLS 23 50 158
5 B 1H Vit fus T Vit vi s T AH A &5 5 . MI{E K &
Bl A R A Ok BRI R TP B
5) ZEFARNEZ M (SCD)
SCD™ & — Al o T AR EE 5 A B R 2 1]
4 22 (E EBAR 5 155 TR IR TSR 5 R Bz T iy 181 15
S PO O7 Wk AR bR BOR 5 W H A B9 PF A i
— .
6) 7 8L I8 5 B I A 4 B Q _abf
Q_abf ' R 8 & 7155 U R A RS 2 TH] 1Y
Jry B R e A TR IS b 0 R R B ARG IR Y
RIARIE  IZAR bR, Bl AR T IR RS P i 3%

1610013-7



FRAE R B A5 52 4
FIF 6 AN 15 b 47 Rl 5 25 R O PERE PR A, A

£ 6055 16 H/2023 £ 8 A/ B SHBEFZEHE
] il & A 7R AE TNO B 45 2 S PF #2455 an 141 8
TN o

8.5 @ ®
—e—RP: 6.779 ~—#— Dual-Branch: 6.606 80 | —e—RP: 31.1902 ~4— Dual-Branch: 31.3161

8.0 [ ——wavelet: 6.443 —— FusionGAN: 6.6736 —¥—Wavelet: 25.1221 ~ —— FusionGAN: 32.7235
—#—ResNet-ZCA: 65184 —— GANMeC: 6.8745 70 | —<—ResNet-ZCA: 26,777 —— GANMcC: 35,9824
——DenseFuse: 6.9208 —— pr method: 6.9639 —+—DenseFuse: 36.7181 —— proposed method: 40.7271

75 proposed

2 4 6 8 10 12 14

Image pair No.
50
(© (d)
—e— RP: 14.9599 —4— Dual-Branch: 6.7169 6| —*—RP: 1.7097 ~—4— Dual-Branch: 2.5805
—¥— Wavelet: 5.9287 ——FusionGAN: 6.148 —¥—Wavelet: 2.2864 —— FusionGAN: 2.5029
40 . ResNet-ZOA: 59378 —— GANMcC: 6.0321 —s—ResNet-ZCA: 2.1158  —— GANMcC: 24549
—+— DenseFuse: 8.6235 —+—proposed method: 7.9535 5} —+—DenseFuse: 2.3602 —— proposed method: 2.6949
p DY
w
20+
10
2 4 6 8 0 12 14 2 4 6 8 0 12 14
Image pair No. Image pair No.
2.8
(e) K]
2.6 | —s— RP: 16501 —4— Dual-Branch: 1.6401 10F e rP-0418 —4— Dual-Branch: 0.38
—v— Wavelet: 16649 —— FusionGAN: 1,558 —¥— Wavelet: 0.3263 —— FusionGAN: 0.2439
2.4 | —— ResNet-ZCA: 16668 —— GANMcC: 1.8016 —s— ResNet-ZCA: 0.3447 —— GANMcC: 0.3004
9.9 —+— DenseFuse: 1.8471 —+— proposed method: 1.7645 (.8 t —— DenseFuse: 0.4639 —— proposed method: 0.36859
§ 2.0
1.8
1.6
14
1.2
1.0 : - : : - : -
2 4 6 8 0 12 14
Image pair No.
K8 AIFmh A BAAE TNO BHE S 1y 6 B Z MAE AR . (a)En; (b)SD; (¢)SF; (d)MI;(e)SCD; () Q_abf
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Table 1 Average value of objective results of the ablation experiment
Model En SD SF MI SCD Q_abf
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cnn+trans&.mean 6.6574 31.7763 6.5209 2.2648 1.7249 0.3110
cnné.spa_fus 6.7775 35.1202 7.4665 3.2954 1.6879 0.4115
Proposed method 6.9639 40.7271 7.9535 2.6949 1.7645 0. 3695
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