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1) VGG-19 MEKTETRFEE F i CNN, H Rl J7 75 A1
Xof ] B, Xof T EMR TR BE A7 R AZ AN | 1T HLBE A 1
IR, AETE MR B4 . WS Li %17 X
P T — PR TR 22 P 4% (residual network , ResNet)
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FRORRAIE 11 5 X R iE 1814588 ] 28 A 32 23 6 53 BT ( zero-
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MR E PR S P AR Z e (2),
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K4 ProriER ik
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K, af(¢) FRMEANE, LR ILARK (1),

exp[£i(s") ]
o (e) = ;)eXp[L(S )] (4)
1
R =
1 +exp[ - ¢i(s") ]
WA IR TI REC R KT 1, 4 softmax
PREVE I B U0 AR, An 2R R 45T 1, I
sigmoid @?&’T@ﬂﬂ@]ﬁﬂ@*ﬂﬁ,{i R softmax
oY, sigmoid PREL,
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T B T A SERE R S R AE A T B A5 B A
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EA — A EAE WL AT, 7E ResNeSt 195 24 ) B
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V+ax,
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[ Pl 25 1) 2 5 Bk R 32 42 78 0 ol FH 4 P O R B
(rectified linear unit, ReLU) YE AL 0E BREX, ReLU BR
BOLAK(5) o ReLU BREULHAE T #2511, T3
RO, ZE WS, (H B e T 2 A s T % 5
BN KBB4 TC R I 1) AL 1, AN BE
Jrev(x) = max(0,x) (5)
FEPLAL ReLU eREGE R 48 1 T ZFP TS o
B0, Ty i 55 4 M 3 T o BK (leaky ReLU) M 54K
%‘@Eﬁfﬁ@@(( exponential linear unit, ELU) [20] i ,
SCHRL21 T4 T — ol 1 3 d5c KB BT BR AR ( smooth
maximum unit, SMU) , BERE A SkEG ReLU PRER A9 R
B4, TEAT28 L EARASIN I8 SC 310 45 by P S5 3 il
BT ReLU, SMU B AF(6) .
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D ¥t Zye , 72T U, 13 3N 223 AU IS B9 FREAE
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FLL AN RET W EUR R Z,, 383 — A
KN T x 1 ERE, H AW E o, (258
8) Mo, (AT RGEIR) S — T 1H A] LSS SR
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XFELAMHTAT UL G ATE Sy 3 00 A0 S5 6 1 i A\
TG WS o T = R7 S B RAR AN I A S WS W ESE i)
G BE T, BRI T A3 L1 AN FUR €8] I SG ENE T
PEATRRG 929, TE 28R B WIT O i, 2B BCCHR
[ 24 ] LT HMRTAT W' G il L HE (visible and in-
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VNN R
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Pytorch RAS 1.7
Python i< 3.8.5
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Wil 8c) firzn, GSF BLIETES 4 2 b Y38l Aw
SRS UIE. &I S = W VB =10 st 9y 1 e B O] 1
FLILEARTI L 55 5 51 vt 20 40 B G A5 R A
FE MR BT R BB ALEL A 56 6 AP
(30 JEANUHER , B AR K 1, A&l 8d) Jilf 7 IFCNN
SR AR RN L _EARXHR A, 3 BB i8R
i —, 7R3 1 FIHEAR NGRS 3 B b IE AR b T
HER 5 5 SRR FRESHER, B SR K, WE
8e) Ui/, LatLRR .92 Ab R J5 %) RS A A o g, 26 3
FI_ERBILHEH  55 5 5 i A FE S B8 TR
REARLA A WoR , BR T AMNEE G B RS 6
G O WA B AR, K 8f) fT s, VGG 55
BAESS 5 B RN ) Rl A R ANE: T 1K AT
U, Qi 8g) ~8h) Jizn , DLF 55351 ResNet 5.
AR AT R AN PR BA A e 8, 3R 4~ 5
IR SR , ResNet 247518 T DLF &3k, H
SUHERIE W, R A EUR A b 2 iR BRI AN TR
FERE 2K BL, DLF 535 f K , ResNet 5572 B €5 55 U
FEWE 8i) FIT /I, AR SCARVE A6 G A0 49 1) 32 BRURN 7 7
R, SO ZAE WA 7RSS 3 B P R
PR AL Ze B0 S5 A BH S 5 ZEXT AR A A B 1 BRAR BE T A

P HURCJEE , W IE T s T AR R AN 5 IR, AR
SCERER TR 30 S5t Ry VA, AR AR Y 25 3R
IS
2.3 ZEBREUWITEMN

BMPPAN  ZH A AR AR, B R E AR
MR AL %] P 5T i R, AR OCHE BR AR B2 A
SCEIL A RN 4 Fh . O F1F B HIS g
(XL 354 (peak signal-to-nosie ration, PSNR) (26] s H
BRI Rl ] R R & 22 18] 22 500 0
1Y (R B R SE R 5 Q) T 45 AH DL B 19 45+ A
I +8 B i ( structural similarity index measure,
SSIM) 7", SSIM B 7E[ 0, 1] 22 [, Hofe iR AU
PR 2 i RGBT ; KL T RUGRRAIE 1 25 [ 43
K (spatial frequency, SF) 1| 23 [A] 451 58 K (i 85 Ak
U, FAC PRI T R ey, UL JR BT 34 AT 5 (4D % 1766 2 11
Al A& P BE ( gradient-based fusion performance,
QM) QM MK G R B R R 1 D A
LEEGNIEISRININ G €N

1E 4 Fp Fldatst , R SF T HEA O 5 b6
ARG BT TR RS KR SF S HE T HEERD
Al HA 3 MR PR AR B o3 A Rl R S R R
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A B AN F B AT WO PRIAR 4 45 B B fEL, #54 2
AN DA 24 07 AORFIS B R 2 Rl 5 R A TR AR AL

[ —GSF LatLRR - DLF
63 ~IFCNN - VGG ;{%%Net

61

59

PSNR/dB

57

55

53

I 3 9 13 17 21
&l 0k
i a)  UE(EIEWR LT b
~GSF LatLRR — DLF
0070 —IFCNN — VGG Re}g{Net

SF

KLy
o) ZMBFRM

SSIM

(B, HAARSCER A RANE 9 FR

[ —GSF LatLRR — DLF
09t —IFCNN — VGG Rejs‘CNet

GECes)
b) SRR R B A b
LatLRR —~ DLF
ResNet
3

[ —GSF

09t —IFCNN — VGG

d)  FET R R A AR R L

B9 7R 4 TR MIEARNT H

S L W AE PSNR SSIM A1 Q*F 3 1 i
Wrigbrrh , A SCHE H 9 T ResNeSt 1Y flA 515 %
I, T L HA 6 FhEL 2 5l 2 /D4 T 1.78%,
2.00% M 3.10%, 1€ SF & 45 HHE 4 55 =, (% IR
LatLRR 8% 2.73% , (B} AL 48 ResNet ik, B
6.52% MR, IRl Ryl i A L M BATROR | i
PRGBS T B AT T T3, AR SCORE AR R T
1248 ResNet FEPATROR m UL TR R
L B 1E BT, 34 A ERAZ A mh A e R AR X
ResNet B /MBI T 4.5% , 458 21 A& F 1%
FMPEAN S5 RS- BE AR 2 FR

F2 21 AREEK S IENENERTEHIEEE

®y: PSNR/AB  SSIM SF Q™' /s
GSF 57971  0.628 0.047 0.613 11.276
IFCNN 58261  0.622 0.040 0.553 33.638
LatLRR  56.133  0.600 0.050 0.433 198.515
VGG 57926 0.611  0.044  0.653 28.679
DLF 58443  0.650 0.025 0429  9.977
ResNet  58.376  0.604 0.046 0414  3.754
AL 59484 0.663  0.049  0.673  3.923

SRR A Y BT 3 ATH AL, S8
55 1 2 ResNeSt W48 HEATRFAE S 5L, P95 1
ReLU bR 01 S 0T RO 5256 2 18 A% 48 1Y
ResNet (28 HEATHRIE SR, 7EH BB H] SMU pR%K
VESR TS pRER; 5250 3 f ] ResNeSt P28 47 47 11E
PRI, FEAE NS ] SMU eRBCVE 80T PR VB, B AS
SCTEEEAT . RS IR A EALSE PN N 24
B B VT W8 43, 356 BT I 46 rp e AR 1
— Y MG SRl G e G AT ELAR U B 3 Rl S 56
RUL A 25 R WL 10,

&l 10a) A A RIS EMR, ] 10b) 2 i AR
ATWGEE, B 10e) R sEss 1 Frfan & Eg, EIR
TRER T s AL RERS S IR T R SO ;5 1A
10d) A 5250 2 Frfe il G R, BT 58 i T Rl G
255, 401 RFE LR 6T, R 48 B I 2kt TR i
F 5 10e) MG 3 FTAS A EE, BOR ol B4R
R (R SO AT, A DA T DR B R I e, R
3 RIE AL 4 TR FE bR T L, 4 T b S
55 3 B FSLEe 1 S 2, FIR LAY 2 A it
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b) AN EIE o) SLEy 1 ZER e) SLEG3HER
K10 TH RS 7 4]

#3 HARE 4 TEWERER L PG R B v | B A A TR0 7 B
215 PSNR SSIM SF oMW T2 %22 W2 43 BIAR R LT AR AT I PG 2 L
9_\_"% 1 57891 0594 0043 0660 ?JtE ,ﬁﬁ}aﬁﬂ"]*lii_l‘%:%ﬂ [g{%i@ ,1%‘@]%?%}5 E/‘J
Sa 57.599 0.609 0.043 0.651 Eﬁiﬁﬁﬁ%6ﬁﬂéﬁ%ﬁﬁIEMNwﬂs
o . i ) ) S RN B BRI BT 4T 4 P o i A
a3 84re 06 005 066 =B AR TSGR IS AN | fE T
TR S TAE T kS AL W 25 45
3 4 i o SR 5 T, — 4R T & S i, IR 4T

X HE A SO R 880 B S B | b K 36 TS B
ASCFES R FIRIZ M40 T EURRHER IO R A ERSE, LT (T RIS 258 TAE
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Infrared and visible image fusion algorithm based on
split-attention residual networks

1,2 . 1 2 . 1
QIAN Kun ", LI Tianyu , LI Zhe”, CHEN Meishan
1.Coastal Defense Academy, Naval Aeronautical University, Yantai 264000, China;
2.No. 32127 Unit of PLA, Dalian 116100, China

Abstract; In the infrared and visible image fusion algorithm, the loss of image information is always the key prob-
lem to restrict the improvement of fusion image quality. Therefore, an infrared and visible image fusion algorithm
based on split-attention residual network is proposed. The residual network with split-attention block is used to
expand the receptive field and improve the ability of cross-channel information fusion, and the smooth maximum
unit function is used as the activation function to further improve the network performance. Then, the extracted fea-
ture map is whitened by using the zero-phase component analysis method to project it in the same subspace, and the
initial weight map is obtained by L,-norm. Then the bicubic interpolation algorithm is used for upsampling and the
softmax function is used for weight normalization to obtain the weight matrix consistent with the size of the original
image. Finally, the weighted average strategy is used to weighted average the original infrared and visible images to
obtain the final fused image. In order to verify the performance of the algorithm, the subjective and objective evalu-
ation is compared with the six classical fusion algorithms in experiment. In the subjective evaluation, the fusion
image of the present algorithm is in detail, which not only reflects the thermal information in the infrared image, but
also retains the texture details of the visible image, with sharp edges, high color restoration and natural appearance.
Among the three evaluation indexes of peak signal-to-noise ratio, structural similarity index measure and gradient-
based fusion performance, the present algorithm improves at least 1.78% , 2.00% and 3.10% by comparing with the

other six algorithms.

Keywords: image fusion; split-attention; residual network ; zero-phase component analysis; smooth maximum unit

SIEC 4, FER, Fw, F BRTHALEYHZEM 20707 LA FE B FA[T]. BT A FFR, 2022,
40(6) : 1404-1413
QIAN Kun, LI Tianyu, LI Zhe, et al. Infrared and visible image fusion algorithm based on split-attention residual networks
[J]. Journal of Northwestern Polytechnical University, 2022, 40(6) : 1404-1413 (in Chinese)

© 2022 Journal of Northwestern Polytechnical University.

This is an Open Access article distributed under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0) , which

permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.





