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7 Forward-looking infrared
8 detection and tracking

Y Surveillance

19 Multi-scale transform

I Sparse representation

2 Subspace

13 Saliency
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1 Pixel-based image fusion

2 Classification

3 Segmentation

4 Feature extraction

J Object recognition

6 Land Surface Temperature
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13 Galiency analysis
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I Multiscale decomposition and reconstruction
2 Wavelet

3 Discrete wavelet transform

4 Dual-tree complex wavelet transform
3 Laplacian pyramid

% Ratio of low-pass pyramid

7 Curvelet transform

8 Contourlet transform

¢ Nonsubsampled contourlet transform
10 Fusion rules

' Choose-max

2 Weighted average
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¢ Over-complete dictionary
7 Sparsely

8 Learned dictionary

9 Co-registeration
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" Image analysis

2 Computer vision

3 Pattern recognition

4 Machine learning

3 Prefixed basis functions



gl o G5l e 08 ygslo g g0 jpglual ples

C;i_a.\lﬁwngaUé.\n.zo

V‘_s_.is)'s.oi 03l oL oyl by gl o i yo R"
e . . n M
G50l Joo g o izl y; €R" 2 L {yi}i:1
L0] 5,5 &)l (V) alaly &0 4 lsin |, 6,085
(Vb

M
mil’}/I Z"ai”o s.t. ||yi —Dozi”2 <e, ie{],...,M}

D {aifiy o1

(o} el Uas ilie s €0 (V) akal, o

5 Wil Lol polasls aasSTy lals
ools ijgel b a5 Cewl polacl (5 ,2S5oD e R™T
MMOD il Lo g, alis ol Jo (sl 35
6 iSo0 el oas slgriws [VF] K-SVD 5 [1¥]
5 eyt itlod Ul Yoans oas 4 gol ola
Lo ool plos caslo onls aiz b oo 5l slag oo
Sl ;o 5ol (e b, Sl adlie cal o
Sy s 5l oy S o o0l (6,2 S50
L ol o 7 Ghalad Gl pd (ol Jlonm (6500
il MoaiSTy (08 oS olacSuSs ;) oolicl
LBl cuda (OMP) MWaslaie (b BLS oiias
Joe TS 5 sasSTyy Groled Jow T le e delaie
Sz Sl b (o 8 00 ST aled Jus
sy 8l 00 STy aled Jote 518 ol
Olsd oy @y elesiz oo Gy, alie ol
ol Lo 1 508 (9ol g (S0 pglal plel
—obsl adex ol s w8 5 slagty; wasSTy
Sy e Jls Ol 4o 13059 GeSle 9 STa>
I, "max-L1" sléal gl 8 Y-V Jlw o o)L 4

7 Training database

8 Method of optimal directions

 K-means generalized SVD

10 Representation coefficients

I Sparse coding techniques

2 Orthogonal matching pursuit

I3 Simultaneous orthogonal matching pursuit
4 Joint sparse representation model

5 Approximate sparse representation with multi-
selection strategy

16 Convolutional sparse representation
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! Sliding window strategy

2 Qverlapping patches

3 Misregistration

4 Sparse coding

3 Discrete Cosine Transform
¢ Training image patches
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% Training set
7 Sparse coefficients
8 Orthogonal matching pursuit
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!'Pixel Group Based Non-Local Sparse Representation
2 Spectral sparsity

3 Spectral non-local self-similarity

4 Sparse codes

3 Jointly encoding
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4 Fused sparse vector
J Source image patches
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' MST decomposition
2 Low-pass fusion
3 Step length
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9 Fused Intensity
10 Global spatial details
1I'_ocal structures

|4

wolSo wilelbl (g glid | uwsigo — (yale ou s

1799 jub @ pguw o lois @ piidus Jlw

o oty ptlie 5 Sl b Ly s oS
sl

Jade 5l elawl L "max-absolute” B L H G
el s g Soal Glyie 4 oy o 3llae
b9y ol wediee Jlesl T, 5k wnal by, ik
S5bem 3oty S sS olad b T 251 b i b
[yal

ovsSxe Jas P ombiioniz 53lwil F al>
G oond plxl He g Le sy » bl (owbidonir
Ogid aslw IF u;’l'e) 04 [nLco‘ Yy

oS5 Ghey SE V0 L o oS 5 Sz
nobas plesl (gl ouiSly Gioled g Sdgg o
S g sl Silag S g bz 590 5l Sromi
Yo e 5 cheb S b b oads ples] g
@3> 5 THS o 1ozl sgy ol 4o o, &l
sl e 0gboe Jlosl aibaiz pea
rgas (eolbdeniy polai cSle ln Say
Shebaz ngal (D Voud adlse 5 Sleg Sk
GraSes boasSTy Gioled baws 51 .0gd oo colasul
laLéé‘ 6‘)? )J‘»—UL?L».:‘ ﬁLéé‘ uyb 9 03l d.».>9.4]
09..»64 oolawl L)""l" wls)ﬁ L: G..«JL&AM )le.@
S asbiee 2lg i g ad Jols olsie oledlbl
Dgud oo solazul Aﬁya}' Sl (6,5 ojlal ezl
2oba 9y r oS Sy b Jleel L

I'High-pass fusion

2 Activity level measurement

3 Consistency verification

4 Majority filter

3 MST reconstruction

¢ Intensity-hue-saturation

7 Intensity

8 Image information measurement indicator
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Abstract
Due to the differences between the visible and thermal infrared images, the combination of these two types of

images leads to better understanding of the characteristics of targets and the environment. Thermal infrared
images are really in distinguishing targets from the background based on the radiation differences and land
surface temperature (LST) calculation. However, their spatial resolution is relatively low, making it
challenging to detect targets. Image fusion is an efficient method to be employed to enhance spatial resolution
of the thermal bands through fusing these images with high spatial resolution visible images. Multi-scale
transforms (MST) and sparse representation (SR) are widely used in image fusion. To improve the performance
of image fusion, these two types of methods can be combined. In this paper, nine image fusion methods based
on the multi-scale transform and sparse representation, namely Laplacian pyramid (LP), ratio of low-pass
pyramid (RP), wavelet transform (Wavelet), dual-tree complex wavelet transform (DTCWT), curvelet transform
(CVT), nonsubsampled contourlet transform (NSCT), sparse representation (SR), hybrid sparse representation
and Laplacian pyramid methods (LP-SR) and hybrid sparse representation and NSCT methods (NSCT-SR) are
tested on FLIR and landsat-8 thermal infrared and visible images. To evaluate the performance of different

image fusion methods we used following three the quantitative evaluation metrics: entropy (EN), mutual
information (MI), and gradient based fusion metric (Q"®F). Despite the lack of spectral coverage between the
visible and thermal infrared bands of Landsat 8, quantitative evaluation metrics showed that the hybrid LP-SR
method provides the best result (EN=7.362, MI=2.605, Q*®F =0.531) and fused images have a better visual

quality. This method improves spatial details along with preserving the thermal radiation information. This

method is followed by RP, LP, and NSCT methods. Similar results were achieved in FLIR images.

Key words: Visible image, Thermal infrared image, Image fusion, Multi-scale transform, Sparse representation.

Correspondence Address: Remote Sensing & GIS Research Center, Shahid Beheshti University, Tehran, Iran.
Tel : +98 21 29903069.
Email: mfallah84@gmail.com


mailto:homayounis%7d@ut.ac.ir

	3.pdf (p.1-21)
	3-En.pdf (p.22)

