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Abstract This work presents a method based on contrast and structure extraction to overcome the the difficulties of low

contrast and unclear edge contour in the fusion of infrared and visible images caused by existing multi-scale transformation

methods. First, the visible image is adaptively improved and the infrared image is linearly normalized. Then, the local

contrast and salient structure of the image are extracted using dense SIFT descriptors and local gradient energy operators,

respectively, and the weight map is obtained by combining the weights of the local contrast and salient structure. The

weight map eliminates discontinuities and noise with a rapid guidance filter. Finally, the weight map after thinning and the

source image after enhancement and linear normalization are fused by the pyramid decomposition technique. Moreover,

this research conducted a large number of experiments on publicly available datasets using six evaluation indicators to

quantitatively examine the experimental outcomes, and qualitatively compared the proposed method with 10 mainstream

image fusion algorithms. The experimental findings show that the suggested method can effectively preserve the contrast,

edge contour, and detail information of the source image while achieving the best fusion effect in visual perception and

quantitative indicators.
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Fig. 1 Examples of visible image and its enhanced image. (a) Marne; (b) enhanced Marne; (¢) Road; (d) enhanced Road
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Fig. 2 Flowchart of the proposed fusion method
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(a) infrared image () visible image (@ INS (d) proposed method
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Fig. 3 Fusion results of man, manwithbag, and tricycle scenarios
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Table 1  Objective evaluation of fusion results (mean value)

Method AG A ENA Q.1 SF A EIA QMFA Time/s v
INS 4.988 6.551 0.486 18.160 50.414 0.694 3. 269
Proposed method 7.107 7.295 0.573 22.358 72.388 0.774 1.581
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Fig. 4 Fusion results in the “Movie_01" scene
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Fig. 5 Fusion results in the “helib_011" scene

A E AR Hoh ADF  GTF #1 FPDE J5 % 3K
15 1 BRI AR B L SO BN B, TRl A S 2 1
LIAME B R S5 00 % B RE AR, 30 R 0 B AS TR WA
VSMWLS ., CNN Fl IFEVIP J7 ¥ /9 @il & & 1% v A g
PO E RO B R M 0 O AE ER 4 TR
HMSD_GF . TIF Hybrid_MSD J7 % fill £ % 5 % 47, 4
WO OR R RS WS AE B HAE ANRAE T R A
S T B 5 i A B TR A0 YT B Y O, BE A Y A
TN b i B 0 B A, O LI THI 2% 8011 0 FRAR T Bl L AR
UMb Rl AT AT WG ER A A0 R A5 B R
1o R G B

FEE 5 IFEVIP 7 k45 2/ il A KR 5 a0 40
QAT , I AR AT BT UL R 0 20 BLRN 40775 5 )8,
ADF 1 FPDE J5 15 45 21| i) Pl 508 1A W 56 55 S AR, 210
HEMR I S A5 B R T, DT R BRMGORT L
I ;s CNN 7 36 19 G G0 S 56 BR R, i /0 m] IO &
(9 40 45 SC S B GTF VTIF F1 VSMWLS J5 8 % AR [
FEEEFR T Al OGRS 505 8, L GTE Ab PR i
A% 0 S0 B0 5 45 2%, TIF Fl VSMWLS &b 3 i 8] 1%
B X HE B B4 s HMSD _GF \Hybrid_MSD filt & % S5 41
X AT 5 A B At O R r 2 ik Ak B AR 1 3
S0 BT BT, X LU RE R SCHR AR Y AE BCE R W HE R
I3 IR

EE 6T LS E Z A 258, b 25 W3
B 43 T A Sk R0 7 HE BEAT AR T, DR 6 HR] LW £ F
5P A FIED 5 2R B8 R
4.3.2 EEBHSM

72 2 2% 21 41K R & AT 0 B0 . B d
D7 A SAFE AR T HoAth O Fh il 5 B BORS B A 1
BRORE . AG EL.Q"" FI SF $8 bR Al , 3¢ W T 48 7 1%
iSEEE S R ET S L A O N A =W Uk 319180
BT, S5 UE T UT 4 X b R R 5 A 4R ECAY T R  A AL
PE s QuE AL, R UTRLA BEAT & NIRIGE , 5 8 Mo
Br &8 R — 30 Hoh ENE AR T CNN f HMSD _GF Jr
P e 10Fh P HESS 3, L AR (B AN A 0. 094, 1 F 52
PE 43 7 1T %0 CNN A HMSD _GF J5 ¥ 78 78 B 75 F G
LR EE B M ENE R PR k. &G b
WA AT IR S A 7 R RS T P B 5 TR AR R
BERLR B SR, T A T A AR W (B ]
DL AR 00 45 SOAF S, B B0 (0 il G RIOR | B ik
TR T B A SO . A IR R B BT R D s
A7 I 1] %5 CNIN J7 25 B 58. 991 s, H I [a] %50 2 % 5 110
TIF J5 12 1. 393 s; 5 [A] 28 AL (% 22 )R AR 4 )5 1 A
e, A1 H: o ADF Il HMSD _GF J5 8 1Y i 18] 850K 88
$E3E , (H5 Hybrid _MSD J7 i A1 Fb , B[] 250 3R A 34 e 4
iR

1410005-6



F605F 148/2023 F£ 7 B/BAEXBEFZHE

visible image |

proposed method 3

ro - steamboat kapin;1654
K6 642 M7 5G4 2R
Fig. 6 Fusion results in six classic scenes
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Table 2 Objective evaluation of fusion results (mean value)

Method AG A EN4 Q.4 SF 4 EI4 QM A Time/s v
ADF 3. 644 6.290 0.502 9.093 36.398 0.417 0.718
CNN 4.313 7.074 0. 555 11.122 44.069 0. 488 60. 484
FPDE 3.530 6.271 0. 489 8. 557 35.294 0. 390 1.434
GTF 3.263 6.657 0.412 8.716 33.021 0. 346 3.968

HMSD _GF 4.824 7.027 0.551 12. 359 49.082 0.467 1. 148
Hybrid_MSD 4.529 6.887 0.545 11.746 46.041 0.456 4.133
IFEVIP 3. 830 6.681 0. 469 9.730 39. 390 0. 407 0.173
TIF 4.024 6.555 0.527 10. 369 41.515 0.433 0. 100
VSMWLS 4.602 6.649 0. 505 11. 816 46. 130 0. 436 1.814
Proposed method 5.198 6. 980 0. 581 13.215 52.399 0.516 1.493
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Fig. 7 21 objective evaluation of fusion results of test images
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Table 3 Influence of weight and image enhancement on the

fusion effect (mean value)

Method AG EN SF EIl

Unweighted 4.084 4.801 15.448 40.388
No adaptive enhancement 4.351 7.103 15.707 44.553
Proposed method 6.104 7.140 19.864 61.843

5 4% 1

X 21 A1 55 0T UL S G 5 S 0 X6 Bl BEAR DA &
Tk 56 BTN T OB IR0 AL, 45 T — R 2L T L S A5 R
PRELALLA 5 0] WO KGR G 5 o K% SIFT 4%
IRFF NG5 A R e & 0 25 #0 5K 1 N FH T 2040 5] Do
FEZ GG, A9 ) 4 BOUE A5 Jmy 3 X b 3 R Bk 25 485 4 X
PRI~ H A5, HE 1T A 2804 v EIAGORT L R L 5 3 i
B8R B R SR B, TS A ml A TR BHR S B AR
T a2 H bRk il U0 S AE 55 . 7EAS ) 3 5 iy iR
K B AR b, F 4R 7 %5 ADF .CNN.FPDE GTF .
HMSD _GF ,Hybrid_MSD .IFEVIP,TIF ,VSMWLS
INS 10 F B A R Jr e b 47 % b, r 48 7 vk A2 A 3
JEHURN ZE St 48 A L BT SO0 B B O SR I 4 SRR
W T TR O IR A RPE . FE AR SRS L K B T
% S E B R UG AR a5k Ty k. Ak B TR 2R 2
B2z B T R G Rl A 400, 5 200K 5 9T T
TR 2] Rl & 7

& % X #

[1] MaJY, MaY, LiC. Infrared and visible image fusion
methods and applications:
Fusion, 2019, 45: 153-178.

[2] LiH, Qi X B, Xie W Y. Fast infrared and visible image
fusion with structural decomposition[J]. Knowledge-
Based Systems, 2020, 204: 106182.

[3] Zhou Z Q, Wang B, Li S, et al. Perceptual fusion of

infrared and visible images through a hybrid multi-scale

a survey[J]. Information

decomposition with Gaussian and bilateral filters[J].
Information Fusion, 2016, 30: 15-26.

[4] Lahmyed R, Ansari M E, Ellahyani A. A new thermal
infrared and visible spectrum images-based pedestrian
detection system[J]. Multimedia Tools and Applications,
2019, 78(12): 15861-15885.

[5] Ariffin S M Z, Jamil N, Rahman P N M A. Can thermal
and visible image fusion improve ear recognition? [C]/
2017 8th International Conference on
Technology (ICIT), May 17-18, 2017,
Jordan. New York: IEEE Press, 2017: 780-784.

[6] Kansal K, Subramanyam A V, Wang Z, et al. SDL:

spectrum-disentangled representation learning for visible-

Information

Amman,

infrared person re-identification[J]. IEEE Transactions on
Circuits and Systems for Video Technology, 2020, 30
(10): 3422-3432.

[7] #p#a g, LM, 3o, 55 . 56T 58 B M B ik O 4 F

[10]

[11]

[13]

[14]

[15]

[16]

[17]

(18]

(19]

(20]

1410005-9

F605FE 148/2023 F£7 B/BAEXBEFZHE

Yk PONN (9 2180 5 0] IO PR Al [T, Db K% T
. 2022, 30(9): 1123-1138.

Yang Y C, Pet P P, Dang J W, et al. Infrared and
visible image fusion based on an alternating gradient filter
and improved PCNNI[J]. Optics and
Engineering, 2022, 30(9): 1123-1138.
JnHY, Jiao L C, Liu F, et al. The fusion of infrared

and visual images based on contrast pyramid directional

Precision

filter banks using clonal selection optimising[J]. Optical
Engineering, 2008, 47(2): 027002.

Chen J, Li X J, Luo L B, et al. Infrared and visible
image fusion based on target-enhanced multiscale
transform decomposition[J]. Information Sciences, 2020,
508: 64-78.

Toet A, van Ruyven L J, Valeton J] M. Merging thermal
and visual images by a contrast pyramid[J]. Optical
Engineering, 1989, 28(7): 789-792.

Madheswari K, Venkateswaran N. Swarm intelligence
based optimisation in thermal image fusion using dual tree
discrete wavelet transform[J]. Quantitative InfraRed
Thermography Journal, 2017, 14(1): 24-43.

G, £, BB, 4 BT W E A NSCT
B9 £0 50 5 a1 WOt [ R Rl A (7] W B R e i
2017, 46(2): 357-362.

FuZ 7, Wang X, Li X F, et al. Infrared and visible
image fusion based on visual saliency and NSCT[J].
Journal of University of Electronic Science and
Technology of China, 2017, 46(2): 357-362.

REGIFE, BE— M8 . 455 43 BBt 38 P A T K ik 1 A AR 5
T NSST 3 R & [T]. ot % T/, 2021, 29
(6): 1406-1419.

Lin J P, Liao Y P. A novel image fusion method with
fractional saliency detection and QFWA in NSST[J].
Optics and Precision Engineering, 2021, 29(6): 1406-1419.
Ma J L, Zhou Z Q, Wang B, et al. Infrared and visible
image fusion based on visual saliency map and weighted
least square optimisation[J]. Infrared Physics &. Technology,
2017, 82: 8-17.

Ma J Y, Chen C, Li C, et al. Infrared and visible
image fusion via gradient transfer and total variation
minimisation[J]. Information Fusion, 2016, 31: 100-109.
Liu Y, Liu S P, Wang Z F. A general framework for
image fusion based on multi-scale transform and sparse
representation[J]. Information Fusion, 2015, 24: 147-164.
Huang Y, Bi D Y, Wu D P. Infrared and visible image
fusion is based on different constraints in the non-
subsampled shearlet transform domain[J]. Sensors,
2018, 18(4): 1169.

Zhou Z Q, Dong M J, Xie X Z, et al. The fusion of
infrared and visible images for night-vision context
enhancement[J]. Applied Optics, 2016, 55(23): 6480-
6490.

LiXS, Zhou F Q, Tan H S, et al. Multimodal medical
image fusion based on a joint bilateral filter and local
gradient energyl[J]. Information Sciences, 2021, 569:
302-325.

Li XS, Zhou F Q, Tan H S, et al. Multi-focus image



£ 605F 148/2023 F£7 B/BAEXBEFZHE

(23]

[24]

fusion based on nonsubsampled contourlet transform and

residual removal[J]. Signal Processing, 2021, 184:
108062.

Liu Y, Liu S P, Wang Z F. Multi-focus image fusion
with dense SIFT[J]. 2015, 23:
139-155.

Liu C, Yuen J, Torralba A. SIFT

correspondence across scenes and its applications[J].

Information Fusion,
flow: dense

IEEE Transactions on Pattern Analysis and Machine
Intelligence, 2011, 33(5): 978-994.

Hayat N, Imran M. Ghost-free multiexposure image
fusion technique using dense SIFT descriptor and guided
filter[J]. Journal of Visual Communication and Image
Representation, 2019, 62: 295-308.

Bavirisetti D P, Dhuli R. The fusion of infrared and
visible sensor images based on anisotropic diffusion and
Karhunen-Loeve transform[J]. IEEE Sensors Journal,
2016, 16(1): 203-209.

Liu Y, Chen X, Cheng J. Infrared and visible image
fusion with convolutional neural networks[J]. International
Journal of Wavelets, Multiresolution and Information
Processing, 2018, 16(3): 1850018.

(26]

[27]

(28]

[29]

[30]

1410005-10

Bavirisetti D P, Xiao G, Liu G. Multi-sensor image

fusion based on the fourth order partial differential
equations[C]//2017 20th International Conference on
Information Fusion, July 10-13, 2017, Xi’an, China.
New York: IEEE Press, 2017.

Zhang Y, Zhang L. J, Bai X Z, et al. Infrared and visual
image fusion through infrared feature extraction and
visual information preservation[J]. Infrared Physics &.
Technology, 2017, 83: 227-237.

Bavirisetti D P, Dhuli R. Two-scale image fusion of
visible and infrared images using saliency detection[J].
Infrared Physics &. Technology, 2016, 76: 52-64.

Nejatt M, Karimi M, Soroushmehr S M R, et al. Fast
exposure fusion using exposedness function[C]/2017
IEEE International Conference on Image Processing,
September 17-20, 2017, Beying, China. New York:
IEEE Press, 2017: 2234-2238.

Zhang X C, Ye P, Xiao G. VIFB: a visible and infrared
image fusion benchmark[C]//2020 IEEE/CVF Conference
on Computer Vision and Pattern Recognition Workshops
(CVPRW), June 14-19, 2020, Seattle, WA, USA.
New York: IEEE Press, 2020: 468-478.



	2　相关理论
	2.1　图像自适应增强
	2.2　结构张量

	3　所提方法内容
	3.1　权重提取

	3.1.1　对比度提取
	3.1.2　结构提取
	3.1.3　权重计算
	3.2　权重图细化
	3.3　金字塔分解

	4　融合实验
	4.1　实验相关介绍

	4.1.1　测试数据集
	4.1.2　实验参数设置
	4.1.3　融合评价指标
	4.2　VIFB测试集图像融合
	4.3　TNO数据集图像融合

	4.3.1　定性分析
	4.3.2　定量分析
	4.4　方法分析


