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A dilated convolution parallel attention mechanism and texture contrast
enhancement for infrared and visible image fusion
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(1. School of Electronic & Information Engineering, Lanzhou Jiaotong University, Lanzhou 730070, China; 2. School
of Information Science & Engineering, Lanzhou University, Lanzhou 730000, China)

Abstract: In the realm of machine vision, the fusion of infrared and visible images for video surveillance enhances the
ability of machines to recognize targets and environments with greater effectiveness. Aiming at the problems of
insufficient character detail extraction and blurred target object contours in existing infrared and visible light image
algorithms for video surveillance, a parallel attention mechanism with dilated convolution and texture contrast
enhancement for infrared and visible image fusion are proposed. Firstly, the fusion network uses multi-scale dense
connection and dilated convolution parallel attention mechanism to extract gradient and intensity information from the
images. Then, the texture contrast-enhanced network is constructed using Scharr filters and depthwise separable
convolutions to enhance the contrast and texture details of fused features. Finally, the decomposition network is
designed with an information exchange flow network. Since the quality of the decomposed images depends directly on
the fusion result, the decomposition process can enable the fused image to contain more scene information. Compared
with other eight representative image fusion methods, the seven objective evaluation indexes of this paper’s method
have an improvement of 5 % ~ 62 %, which indicates that the proposed method not only can fully extract source image
information and obtain fusion results with clearer texture details and better contrast, but also effectively solves the
problem of multispectral remote sensing analysis, military reconnaissance, and other practical applications hindered by
the large difference in resolution between source images.

Keywords: infrared and visible image fusion; multi-scale dense connection; attention mechanism; texture contrast
enhancement network; depthwise separable convolution; information exchange flow network
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Indicators CDL CCFL MFMBEMD RTVD SMVIF SDNet BF PMGI ours
EN 6.7934 6.8127 6.8323 6.6069 6.3308 6.784 8 6.4218 6.8585 6.9714
AG 54709 4.8605 4.5634 4.0701 52782 6.1397 3.6227 2.6098 6.2186
SF 16.1523 15.2942 15.306 1 12.7258 15.6479 18.5612 11.3134 8.6448 18.7816
SD 5.5624 5.5693 5.5664 5.3593 4.8745 5.5237 5.1595 5.9259 6.1900

VIFF 04261 0.4496 0.3331 0.2498 0.3497 0.4653 0.2690 0.3202 0.706 1
MI 13.5869 13.6254 13.6652 13.2140 12.6616 13.5696 12.8435 13.7170 13.9428
MSSSIM 0.8856 0.8916 0.8833 0.7744 0.8947 0.9079 0.8676 0.7892 0.9358

R 2 N6 MEUREMEAN Fabr it~ F 358, o LU
H: AT E M ENE &, R EEG A EERE
F 5 AGE &, R 5 BME 1405 RAE RS ES
AIE B 2.5 SFAH =, Ut B R I UG5 B =i SDAE =,
W) UG  E {E B  , ERAE A r An  A5 B

& ; VIFF FTMSSSIM 18 i1, 2 B & 5 R 5
— 0 MU =, R RS 5 BRI T K =R ER S
JE. M ZE AR BE 43 A A0 2 PR AR HE AR AR T LA
T T VEERFAE SR L. SO R AT S R

L7 T HAb A S 5.
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Indicators CDL CCFL MFMBEMD RTVD SMVIF SDNet BF PMGI ours
EN 6.6228 6.606 1 6.6187 6.5121 5.8899 6.5903 6.0056 6.6125 6.9049
AG 4.8630 34308 4.1184 3.6115 4.5372 5.8549 2.9596 1.7732 6.0983
SF 12.5029 10.1055 11.3858 9.9835 11.5560 15.3832 7.7413 6.7259 16.2124
SD 53177 5.2977 5.3927 5.3262 4.1291 5.2015 44970 5.7060 5.9810
VIFF 0.3345 0.2960 0.2758 0.2032 0.2520 0.3969 0.1545 0.3042 0.746 8
MI 13.2476 13.2141 13.2555 13.0262 11.7798 13.1806 12.0112 13.1750 13.8099
MSSSIM 0.8925 09017 0.9034 0.8113 0.9025 0.8951 0.8668 0.8230 0.9222

2.2.2 RoadScene HIELE F M IEH

N T HE— 2B IR IE AR S U7 i A R P, 3 Y
RoadScene H 19 30 X Yt B 45 33 47 I 4K, I A H 34 B
“FLIR_00497” — 4 i 8 UG AT = % W% B, dn
8 fira. MK 8 1T L Hi: PMGI J7 3 B T 4075 {5 B &
2R, PR RS EASOH, B OR b & R B 25 RTVD 7V
SMVIF J5 1% F1 BF J7 VA48 7~ MAS 25 0, 2% 05 2 A

(a) infrared image (b) visible image

(g) SMVIF

(f) RTVD (h) SDNet

& 8

LIR_00497 37 5t fit & 45 R AN 3 s, K 3 w)
M, AL HEN. AG. SF. VIFF. MSSSIM &5,
RS B AE EEE . O8N X ER LGS 3
WAL — 2. CDL J7 7% 1 SD 38 b 1, /- 4075 20 HE
15 B RTVD J5 65 (1) MI 36 b i, 00 T EAIE 1 3

(c) CDL

“LIR 00497

JIT O B2, AEL 2 0 23 w] WO AE BRI 78 47, S Bl &
RGNS B £, CDL /7. CCFL J7 ik Al
MFMBEMD i & 48 F B AR B0, {5 GO0 B B R AR,
— BB LT PN {5 B 2% SDNet = 2Rl & T 40 4ME B
5] WG B, E 2 B 1 45 15 BANE 5 A Sy
AR T SR R, B AR R, S T a4
5 0] WG MBI R LT

(i) BF (j) PMGI (k) ours
RMEER
RBEFE 7 PR BT WO & AE B T A S5 3% 5 FhvE

FEbR IS B, RIUA S T8 70 SR T £LAMATR] I e P 5
F R PR LA S R WO T SE L T R 4F 1A,
FEAR B G5 0 [RI IR 2R L T 2040 H A5,

%3 FLIR 00497 = BZWIEMIgHR

Indicators CDL CCFL MFMBEMD RTVD SMVIF SDNet BF PMGI ours
EN 7.1850 7.156 1 7.1434 6.9331 6.9771 7.0584 6.8438 7.2784 7.3709
AG 6.0560 5.3246 5.5241 2.7439 5.9952 7.3269 3.9004 2.1651 7.6549
SF 18.2404 17.6876 18.2400 11.509 1 18.8586 22.8114 12.2613 7.8543 24.0680

VIFF 0.4240 0.4952 0.4273 0.3269 0.4888 0.4484 0.3511 0.2834 0.4995
MI 3.5319 3.5017 3.8899 3.9024 3.1610 2.9504 3.5149 3.6255 2.8531
MSSSIM 0.8709 0.9031 09109 0.8153 0.9291 0.8900 0.8663 0.7128 0.9459

2.2.3 MSRSHEHEE EZ WP

4k 22 N MSRS MK 4 & h $k ik —H B R
S ORI 1) 3y 55 R UG AT faib 2, 4n 11 9 T 10 BT
. A LU H: PMGI 7 vl £ 45 Bt Le FEAIG, 175 i R
ANt BRI A R 2 BF J71% . CCFL J5 i£ M1 SMVIF
TEAE— B REFE BT T T L, (H B AT bE FEARR,

SR LY {5 B VAR BL; MFMBEMD. SDNet Al
RTVD J7 VLA SCRAH L 2 5 T W S o, (E AT I
15 B AR, BN K i) BRE A R ILE Rl A BB
i, CDL J7 v il & 1) UG R Ak i & 00 SR A5 e, (HL A 48
G BAFAE F 0 T A SCRG T AR AR R 31, Ak
Xof FeFE S, RIS I, B AR 23, Bl A RO i
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(f) RTVD

(a) infrared image (b) visible image

(g) SMVIF

(¢) CDL

(h) SDNet

(i) BF
9 MSRSHIEEREIFREME

(d) CCFL

(e) MFMBEMD

() PMGI

#ZR

(d) CCFL

(¢) MFMBEMD

(k) ours

(f) RTVD (g) SMVIF (h) SDNet (i) BF (j) PMGI (k) ours
B 10 MSRSEBEBEEAXRARAMELER
R4 MSRSTWENAREIIFNIEAR
Indicators CDL CCFL MFMBEMD RTVD SMVIF SDNet BF PMGI ours
EN 5.7175 6.4095 6.4003 6.3916 5.1616 5.8396 5.7380 2.5474 6.4217
AG 2.1890 2.4176 2.6148 1.9920 2.2300 2.4964 1.8866 1.074 1 3.0119
SF 10.4922 10.6580 10.8453 10.3395 8.5336 9.6964 7.5502 8.5919 11.1707
SD 4.7355 5.6424 5.6228 5.6396 4.3582 4.4815 47356 3.8180 5.6452
VIFF 0.5073 0.8534 0.8053 0.776 3 0.4792 0.4632 0.5354 0.2377 0.8564
MI 1.9326 3.4506 3.1932 3.4823 2.1728 2.6310 2.9784 1.2846 3.2309
MSSSIM 0.9209 0.9724 0.9628 0.9336 0.9436 0.9409 0.9530 0.8408 09714
MSRS % [8] 37 5t PPN FEbr iR 4 fios. R 2SR G BUFAT I R UL 25 4, oA 2%

4T, A LTV EN AG. SF. SD. VIFF 84548
151, 1 MI$6 A5 F1 MSSSIM $i 45 73 51l B ik T RTVD J7
VAR CCFL J5 i, MIFE A5 £ BLOC1E B T YMEVE N %
FEAE R, G S il & 5 1 S B 28 & R R 5, T 2
SECE S B0, RTVD J7 i & T 4045 B, 2
W& TR WO . SR G SRR bR R LAAS Y, A SO vk
REAE TR B BURRHIE(S B, SCREIRAS S AR IS FE | T M
FERIGHHTE B
23 HRACIE
231 MKHEL

T REFTHR I 2 RS SIRER
HATFER TN SRS LB I G 28 43 il I 2%
A P, B Th— FR 50 ¥ R S 064 BT B HE v B 2
AN P 48 G5 R AT IR, 5F 1 LStk 22 N 4R
R — R, AR MR SR AR, 5

SERIRFEAAR. 55 3 2H S IHG SUHE NS LY FEE 19 55 X 24 )
o, At o9 286 25 A6 R AF AN AR 5 4 2H S50 K o0 i ) 4%
o dmt, oAt R0 28 5 K R AR . 55 5 4 S ) Ry B A X 4%
LAY 7E I X 29 4 Ik % — 9K Kaptein_1654 fil &
28 AR AR, G 11 Fros. R e B 10 26 &4
(P IENE NI CPAN PR AR AT X LL, W1 5 .

(a) Z9MEMR (b) TA;‘@IEH%

(C) III *E

ST (e) gy (D) %%%‘ﬁq: (g) ASCH:

(d) %Tﬁ
BRIT
e wakilhl

Xf LE 3 Rk
P2

B 11 HEBERIIEER
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moudle AG VIFF

B 11(c) 4.8593 0.4229
E 11(d) 5.2026 0.5021
El11(e) 58115 0.5868
11(f) 5.0268 0.3725
K 11(g) 6.3619 0.6236

H P& 11 AR 5 AT 0L, S BE A S TE 18 AL 5E
A T VAN 4R R B T oA 44> B 2 OB AR HEZE,
R FE PRI AT LS R ) 2 R 3 AR 12

G BIFATIE R JIHUE] 0] L E 3 55 94 25 A 73 fige
2% (R 2T

232 BEHRRK

SR FEE A5 2R 1) LN AT DA A i RS IR B B L
5, WO LRI RN A B TR A
1) B P R BE SR IR R A 37 55 XURS, JEAT S i e 56
BOUFFL A Rk, 25 B an i 12 o,

(b) "EEIE
ST

(c) BRKHRILHIK
12 SERERAIHRMSIINEER
HT I 12 7] AL, k= 5 2 450K S R e B AR
FEAm AR, R R IL AL 08 B2 A, — Lo 1 (5 B C
EFE AL, XA TR 6 HAUE K KA.
R 6 REBRKHMIBEIITNER

(d) ALEE

moudle EN AG VIFF SCD

missing intensity loss 6.6400 3.3304 0.2787 1.696 1
ours 7.0364

233 BREHRE

HEAT Y Rl S 56 DLBS UE A BE 45 2% T DAY o F A
I BCER AN, 5 AN 13 fT. B B IR kg
R B EUE H IR SO 25 9 A R B AR, T A
JEA5 U AT AR B8 T )37 AT 158 486 i S B 1Y I
WAERTHARE] T IIE.

4.5416 0.4545 1.8373

(©) BB Fk (d) AEE
B 13 R RS R

®7 BEBRKHEMIBEIITNGER

moudle SF AG MSSSIM
missing gradient loss 9.9814 2.6727 0.9095
ours 129552 4.7863 0.948 8

T BB R IR LB R BN AT DAk — 5 i
THRERE SR LR, A JIUEN] KR BE S R AE Bl & AT 55
Hh )

3 & #®

N T R N IREHLE ARV R & ROR, 25 6
HI T AN AT IO AR b i) 525 H bR A SO A0 19 {5
BASCRR T — M R A AT R L ISR
Xof EERE 3G 58 B £ 40 5 AT WOG BHER R iZSER
2 R RER . SHEHIHTIER IHLH], Scharr
P AR MR BE 7T 73 B B AR AU AL S Rl & R 10
SEJE 0BG RE RN SR A0 (0 A I 5% L 3 AR, SRR
B, AL ZE R PR ENS AG. SF. SD.
MI. MSSSIM 73 7l # 5 1 7.61 % 62.61 %+ 57.31 %.
17.80 % 7.68 %~ 5.63 %, F Rfl & 1 41505 1] WG]
&, B3GR e E BRI, T
A S0k, i th SR AE R SR . 2R IR L S0
X bE RESR v T AT g S AR, A ST R
B HE SR IE T 55 R, 36 SIS X 55 AR R
. FEARSRH TAE H, ABCRHR 2 AT A ot Rl & R
X 5 B B R T ST 55, 1 4 2 1 3 B8 S it 1%
AEFRHAR R, RN gt — B R S HESE R b P A &
B R AR
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