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7 Forward-looking infrared
8 detection and tracking

? Surveillance

10 Multi-scale transform

I Sparse representation

12 Subspace

13 Saliency
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! Pixel-based image fusion

2 Classification

3 Segmentation

4 Feature extraction

3 Object recognition

6 Land Surface Temperature
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13 Saliency 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
19 Fusion rules

1" Choose-max

2 Weighted average
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¢ Qver-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

J Prefixed basis functions
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7 Training database

8 Method of optimal directions

¢ K-means generalized SVD

10 Representation coefficients

I Sparse coding techniques

12 Orthogonal matching pursuit

13 Simultaneous orthogonal matching pursuit
14 Joint sparse representation model

I3 Approximate sparse representation with multi-
selection strategy

16 Convolutional sparse representation
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I'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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J Source image patches
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' MST decomposition
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2 Activity level measurement

3 Consistency verification
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3 MST reconstruction

¢ Intensity-hue-saturation

7 Intensity

8 Image information measurement indicator


http://dx.doi.org/10.52547/jgit.8.3.39
https://dor.isc.ac/dor/20.1001.1.20089635.1399.8.3.2.6
https://jgit.kntu.ac.ir/article-1-582-en.html

[ Downloaded from jgit.kntu.ac.ir on 2026-06-10 ]

[ DOR: 20.1001.1.20089635.1399.8.3.2.6 ]

[ DOI: 10.52547/jgit.8.3.39]

-egslbwl o G512 o8 ygslo g S0 jzgluai ples

‘:@;IJ'TMQZUQM

255 gy pléat
a2 max-L1 ;318
j: . .V @y
1, poxto oyl PR P AT
|, i
L, py o
"#
(s I
wplilodio appod oS

max-absolute 518

wpeallonior cojlujly

A€ VL plial
- Hk
Lids &y pulad Ly Ly aly) i€ ol gl HoHy 1y asit egles
Ip ouls plel pgua? Ly ool plesl j08 by g JF, oud pléal JAS VL pigual
Py Py al gt kel ¥V, sl st glaghey o oyl eaiflys olaly
Ph o ouBplisl i skl Fh o3 plésl prgat oy @ ol plisl ouiflys ylap

&l 3058 090k 9 (S e plai pledl Cuar (MST-SR) ouisy lalad g (owlidionsr MG (oS 55 (b9 Jolpe oY S0

Sl EN) sl Jols oS ool s
Q@5 2 5LalS sl 2 pléal jLne 5 (MD) T Jilize
sloads )l sl Jga 8 50 pepdoe 513 (2l 890
38 ogole pglai ol plas slp s s 4 F 9 B A
SlpX g oS oo oolital 0ads plesl g (Syo (51>
Aiboo MXN Lo b adgl poar glo e ioled
L] b ) Oyge 4 b aw ol e
295 -1-0

Iy ool 528l ol SO 50 09290 Sledlbl g4l
@ EN 0S5 o (5,u505lasl P oledbl (5555 ulul 5
Tl 0ads (g ey () alal, b LoL, &g

L-1

EN :_Zp|logzp| (c\)‘d“.‘)
1=0

Drg s oo Hlis |y 6 S Sl o slaw L s

5o bl oS Sl o sl eads Jbg pl e
SleMbl Sly 55,5 EN il oo 0als pleol s

3 Entropy

4 Mutual information

3 Gradient based fusion metric
¢ Information theory

1€V

plésl slts) bl byl cbybee -0

robai
Cone a4 glab>dle LB Az anldS ams wix o
olpiin (goanin pleol glo ybg, g ool Sledbl alés]
@hls lesl Gilises clo g, ol ol b el 00
plesl slagty, 2L 5 wis Solite sla Sy
L ooeizmed 9 Grar 9 (A5 Ojpe 4 Wb gl
JA Sl o5 T oS Sl slaslrs I eslana
oty |y ilike clojbme o3l Slallas 5,5
s JE! 6,8 030l b lmo ol 25T (slies ailool
a adsl sl ) Sl e 5 e wiile S
o o Ll 51UV ] sl e o oas plesl o
o ylse Koo 5l gy adad job a4y oyl 5l plas
el byl sln ]y Jlae oz B ol oY nl e
SRk ol 5o op I8 4 dlise pleol o,
aw 5l el b1 alisl il slo s, oI,

! Performance evaluation
2 Quantitative evaluation


http://dx.doi.org/10.52547/jgit.8.3.39
https://dor.isc.ac/dor/20.1001.1.20089635.1399.8.3.2.6
https://jgit.kntu.ac.ir/article-1-582-en.html

[ Downloaded from jgit.kntu.ac.ir on 2026-06-10 ]

[ DOR: 20.1001.1.20089635.1399.8.3.2.6 ]

[ DOI: 10.52547/jgit.8.3.39]

S o pl Sgann g (F) ot pleol pgar (glacil>
R MEjlre 2555 polie willbige F g X jglas
" 4*]9| ﬁjLA‘{ )'| Y J;b SleMb! as” el uEy
RS- QL...Q aS el oo J.a...,.a [ r:l.éé‘ Rgas

oL Glwwo p plés! jLlao-Y-0
)" as ‘) ad Sledbl )b.&.o Ol;.oljf slus 2 ﬁl-éb‘
—o)'bj‘ oj...au_a J_ca.m ol r:l.éé‘ rea & ‘\-:.-]5‘ ):’.9[*‘5
ad bl &S cel o8 cnl gy WS e 605
u.:‘ e ’59'“’6" Lo ool r:LCé‘ ReaS O 4\».]5‘ )JgLA’
i (VF) abasly b jle (ol 050 g0 ozt (Sye
S e
S QI (110) Q@ (1,1)-Q) (1.5) (1)
2 gz polie g ad Sa saims Lis QT (1))
Sl U)9 [ ULMA-:WX ML";" (LJ) w—‘éﬁ*“
pleol pgai 4 o |y adgl pgai ;o Coenl a5
Jite oo pleol poad & sz LB ad Sledlbl
P e (x.F)

Py (X)Pe (F)

MIx,F =sz,|: (va )IOg
x,f

S0 Slelbl (5,9lid (Ladigo — ale oy i

199 jwb @ pguw 6 jloiis @ pids Js

plesl () ye @Dl g oad plesl pga o jicy
3 A o el San EN U ol bl
EN casl yiog oads pléol pgai 1o 598 a> yo calll
e Olgie 4 Ygeso EN plply ol 25,5
D oo ooliiwl (SaS
Jlio OleMbl -Y-0
S el CiS el S blize Sledbl lss
plesl poad & adsl pglas 5l a5 |, Sledlbl jlais
porie SO MILS oo (5 S 0jlail 0g g0 Jaiie 00
siie 93 (Sly 5 Sl DMl (595 50 slaky
Shge & M Lo a8 oo (6 503ll 1) Bolas
D09 g0y yai (1 0) alal
MI =Ml . +Mlg . () +)ak,
SO e Sl s 4 Ml 5 MIL
R9a5 4 (S0 9 Sl e Hedle polai jlaS el
Jie 90 G MI e 000 o0 JRie 0als pléal
dwl>e Kullback-Leibler g, b oles oo 1) Solas
ST 5 o Syhe i (V) Akl L a5 58
5 4 P (GF) s Pe(f) Py (X)
Pl gmna < X) adgl poai sladl ol Sotas

(O))elad,

2R WAL ) +QT (L jw (i ])

Q(A%) __itia

DWW, )

=1 J:l

TNO j5las pleol caslins Gle cos )l las

SONPEY §F N E
5 S oAl Joli y90 5l ioviw pglal sy dlws
oylgle il oo A Cemaid o fgale ()l 508 ole
Tome) Slopga Slles sdimin sl A canad
il (TIRS) T 51, 5058 (y90ls oaizeiw  (OLD)

THttp://figshare.com/articles/TNO_Image_Fusion_
Dataset/1008029

2 Operational Land Imager

J Thermal Infrared Sensor

€A

(¥)ak,

axfllo 0,90 goOIS - F
obad aiws 93 5l polas plesl sla by, (b3l sl
Jol as 3,8 eolitul (5l je 8 Ggole g (S
78 093l 5 (S0 00D fx) poal Ty) S Jold
FLIR suibaz sloyn,e0 lawg ol jo ool 35

M-Q-" )JBLAJ U"‘ ML'GA GAUQJ 0@50)‘ sS.i O Ja},)_,g


http://dx.doi.org/10.52547/jgit.8.3.39
https://dor.isc.ac/dor/20.1001.1.20089635.1399.8.3.2.6
https://jgit.kntu.ac.ir/article-1-582-en.html

[ Downloaded from jgit.kntu.ac.ir on 2026-06-10 ]

[ DOR: 20.1001.1.20089635.1399.8.3.2.6 ]

[ DOI: 10.52547/jgit.8.3.39]

-egslbwl o G512 o8 ygslo g S0 jzgluai ples

ﬁ..'z_:;lﬂu»;.zogaUéM

yo Ve S S8 a8 L (VY 5 Ve slaaily)
pleol iz cpl o L Boe a5 Slal 5l ol
S el Sil 8 esle 5 (Sye slanil
W og ) 5L slaail g (FLYY W) 5 ,e slowsl
Syse g Sy bz Jsb g oy b Sl
Ap iy @ (1) SS9 Gebod opl o solanul
WGS84 pqiy0 « 52°02'06.32"E 4 36°02'36.10"N
39y 50 &5 b e UTM Zone 39 gad pivwew g

ool 00l 35 YA o YO

Ak e 4 abl o s Wb A lls OLI s
10 e S 08 b 5 Sslog Sy g 45 A
yo Ve Sl S8y oj08 bwsl 4l el i
(21 1,8) V3l 5l o) le saiziw opl slasl iyl
O Wb (30,8 F ail (Gew) ¥ il (D Y Sl
Toe Jsb 308 sole) P ail (S5 o8 9ole)
Sl oY obsS zge Jsb ye,8 oysole) V il () olisS
TIRS suiiws (o) & il o(Sileg,SiL) A

ol 8 ogole 6 edgumme jo Wil g0 lyls

S5 53 (2) A Cowaid (S5l 30,5 (yg0le Wb (0) (F g ¥ oY Gloib) A Cowad sloail Ky o 5 (Gll) :F S
Ao oleid 5l 30,8 cr9ole Wil 1 sownd 53 LS55 (5) F oylans 5 yo WL 31 siomad

o,lgale gl ol . &jls polas 5.8s e fla
6)5]&0-7‘)-\.6 Voo 6:&@ S u‘ﬁ’ L: A cesad
L blis od ¢lp USGS cole jo (Jy cnl ons
Sl S a8 4T S g, b Se sbaail
(_g‘).g G PR 4o ,e 3‘“(_;)‘0){ Agod )l; g \E
ENVIE 1581 o 5 51 oolaswl b o Jilaie ol s il 3
dged 3L g Glaezaiz og, L) laail bbaxe 5.3
o JauSn VA G b liaon o 5 S0 gylo
Sy sbal S a0 polie pogel il
Al S a0 polie 5“@&» Sanbl a

2 Bicubic
3 Resampling
4 Surface Reflectance

Eq

osls (50310 9 gy —V-F
AS&DUJ‘)QOM w)f)lSmAw.\.J).iij
5 009 o haw o Wl sglils USGS culs
GHin e dlodd a2 pe (e g (owdin ad
e gloybgy Dgd oo 00l pledl yyaai ;o Zlosel
Solee Camlur e slaps ol o pleol
Yo ase e oS jehiles il alee 4 cos
30 SR gl p plesl slo jig, b ools musgs
S Ay o (6 yidion plSxil o g, oo b ans o

' Co-registeration


http://dx.doi.org/10.52547/jgit.8.3.39
https://dor.isc.ac/dor/20.1001.1.20089635.1399.8.3.2.6
https://jgit.kntu.ac.ir/article-1-582-en.html

[ Downloaded from jgit.kntu.ac.ir on 2026-06-10 ]

[ DOR: 20.1001.1.20089635.1399.8.3.2.6 ]

[ DOI: 10.52547/jgit.8.3.39]

Soey ol e Iry] s solaul (SW) I0 0,2y
LgLo.) ‘Q«JL{Q‘J ‘5&)3.41}.4 Lgl.:.?.a PO C‘la'“" Lgl.n.)
VW Ve Sl Wil g puiednS g Sanis o
Toions ol 38 &5 Seb00 Syl OF) akal, llas
sianis g5l bbbl gles (( Sawis o sl
bhug a5 Wb o)l mhw I ead cdl e
SO ol weSae 5l 5 Cawl oud Cud ol

LST =Ty10 +C, (Toso = Tonr ) +Cy (Tblo T )2 +Cy+(C,+CW )(1-¢)+(C, +CW )Ag

= VAP Sl s le cld g a0 a8 s alaly Cob
NEF 5o AYAY - YYYA COFY ¢« VAT ) FYA
@ 25,09 gilwesly -V

kS e el plesl glahy, ol
Jolds by, a5 conSTy aled (6,95 5 (omlioniz
SR NSCT .CVT. DTCWT MWavelet RP LP
SR L NSCT <S5 5 (LP-SR) SR L LP <S5
DTCWT g, o o eoliiul clgsy s, ,o'db2"
0575 gobw plo g Jol g Gl pgas sloild
ol ol Qshift-06 5 LeGall 5-3 sy
Olsie @ 'pyrexc’ 51 NSCT-SR g NSCT g, (sl
A ool gz kS ol 4 TVK g (oop il
s S e 0 by, (cag 05 g il ool
ol a9 ouslon b Ol S5 59, 29 VIV
D bl QLS F gy alidl> g 35,0805 )
ol 708 0gole g (S polai plesl V-V

A Cawod

el ged Sl ,n () 5 (0) JS e
Sl s S osleal plsl Gl sleds,
/'.ﬁ_llfl V) IS 50 .l oo ooly ioules Acwwad

Do

S0 Slelbl (5,9lid (Ladigo — ale oy i

199 jwb @ pguw 6 jloiis @ pids Js

slail o jehaie fpay asul Jas LST & 5)l>
P95 3 e 9 0B dlone (b3 jlade lal Sy
sl Sanbil olis FLAASH sz Clomus
Sy o3 glayioll 8T delme ye (glawil
gl slal slusle LB 5l 63> Slusas
Shaae lanl gl 8 eole Wb gl s S
oy b 63 Slumal e ol dilxe bl
Jlael VA8A Lo yo K3 5 gl Lansgs ot il

oi,o8l 5l LST awlbre lp o LYY] wio 8
O¥)akyl,

Loowilol) polie avubre 5l Gy (Sonis o sled
g Ki ol 5o a5 0gd (oo dle (VFakal, 5l oolazal
5 rolas sbustie Ll 0 b jo 4 bgrye cul 25 Ko
Sb e eddaslre g2 Vb b, lade Ly
0l 39 (LSE) " grhans (goitalpun’ 0ysSiloo € il oo

wibce V) g Ve

K, (1 F)aa,

T = K1
Ln£H+1j
by dola jazls 5l ool b adaw ool
(V0) Loy, 5l eolazwl b (NDVD) ¥ LS idigy oo
ol s (V9)
LSE =¢, (1-FVC)+¢ xFVC (VO)ak,
_ NDVI —NDVI,
NDVI, —NDVI,

GaiekS polie i g a g 56 (V0) k) o

V)l

Adbse abgye slaail o aLS g 5 S
Areeis a5 Ve sbal Glp s polie
R 9 e ‘_;l.a..bla 6‘ﬁ8v ).sol.mo 9 ‘/Q(VV 9 ’/‘\V\

' Land Surface Emissivity
2 Normalized Difference Vegetation Index


http://dx.doi.org/10.52547/jgit.8.3.39
https://dor.isc.ac/dor/20.1001.1.20089635.1399.8.3.2.6
https://jgit.kntu.ac.ir/article-1-582-en.html

[ Downloaded from jgit.kntu.ac.ir on 2026-06-10 ]

[ DOR: 20.1001.1.20089635.1399.8.3.2.6 ]

[ DOI: 10.52547/jgit.8.3.39]

-egslbwl o G512 o8 ygslo g S0 jzgluai ples

ﬁ..'?._:;l_j‘l_um.zogaUéM

SL] Wl e "o St Gl s 5 oz
o s cbshs daal yezxen yiglai 5,8 4 pass
“oos 03l Gioled Sgg oo lawgi &5 ol ye g
50992 B9y (R LP by e (ansds ) 09h
DTCWT RP LP-SR clo g, wosi 5 s o1 51 oy
iyl 18 Wavelet o

pleosl E.:Lu 24 ol olaws y3b -V-)-Y
y iz Gl molaw ol 3L Cwedd pl o
|y 4o (e &S LP-SR (g, 5 Jol> pléal s
Syge )0 S0 emyn SBl pslar plesl sl
28 4 Cowlus g Slegias obnl b G Oli
s owliie 4350 Fahaw olasi 4z 12 5 )ls 092>y
S SS& Glg b wil py 0 oo SOl
plesl pgai jo laJuSey 5 655,52 095 4 ¢ ol
QS’LE} aS el u)ya U"‘ B \)944\1‘59 .Ia..)),c W)
Sor ol S ol b alge s Sz
S b Slarlrgel 5 analis plosl axis s,
2 eS| s el slasd o 51055 g0 s |,
4 @y @ G Dbl 5 olie m S Sk
Sl wb alpli 03,5 oo Wl oud pleol poas
Ay b g G Cldbl g9 e Las o
Vol it sla s ahaw (285 Sl 0 b e 2K
Sl gakaw ;Sle (V) U8 Jlages 3 0 B la
oaie loged jo A4S (5 shiles il O LY
Hlae Sledbl [las wliie 320 maw L ol
oS ol i) Sl a5 (VE0) o)ls 5,5 e
Yo Gl S g5 b pslal b ol plol yy g
5 033 Joli )3 (F)) mb SESE Gly 5 (S0
(e bz g 8l ol aSlal p ogdle S ()
ouds b 95 o Uy Sl b Sledl

I Shift Invariant

ol

@il e lul  plesl mbs Sl 5 b
s el 0ad 03,91 B i 0 sad Lo oS
polie (pl a5 wes e las |y b las Jlade (sges
Slexe Sl saal 3 Jlaged p5 p0 (Jga 5o
solie LPRPLP-SR sla by, iy & (29,5
S Dledbl iy vsge Slo a5 Wyl (g i
9y SBbss g, ple 4 S ol pledl jgai
Olas a5 o)ls 1y (g9l Jlme jlade 1 eST Sgg
b baie 5 GG Oledlbl Bl g poc onims
& blise Sl Jns 5 51 ailge > b
olia LP-SR 4 Wavelet RP SR (sla g, oy
ool (G ML JLre 25,5 Jlade )l (6 i
@ adsl polas 3l gl b azg LB Cledlbl a5
LP SR (sla jbs, ansl o Jiite o pleol g
2 ke S 5l polie (i o5 5 4 LP-SR
ol 3 a5 el ol Sl a5 wils Lol sl
odls plesl poai a4 2y BB ad Sldbl b iy,
y Q%F Jade (p iaS Cdgrg by, ol oads Jitie
5o g bad Sledbl sl o> sue Sly a5 o)ls
s abl oo S Sl 3 g pas ases
4 ol sguzme Ol asid o a4 Sdgg
"o R 3 39790 (2)lse slajpe Jl panis
oo ot s 55 lrbrsel sloml o 2l 5 21

20,5
5 o sl gle Ak ide olads 32y L
) sl s A et s 5 508 asle
LP 4 RP . LP-SR (sla sy, 45 aind so obis oS
g wlo ) (o8 sbajline polie oVl sy &
oS A5 (5 ke o sl b (5
S 1y o S 5 e Sl & J> 0 x
> > 5 3y Gl b Sledbl wlesls
odslie (A) JSo jloges ;o a5 jehailen .&iles,S laa>
SR g, 3l s NSCT slyxl floy o 99 oo
L NSCT Ry, wbbios laghy, nle I 5 oYk
Wz ewlde Wz 4l ol Sy RSl


http://dx.doi.org/10.52547/jgit.8.3.39
https://dor.isc.ac/dor/20.1001.1.20089635.1399.8.3.2.6
https://jgit.kntu.ac.ir/article-1-582-en.html

[ Downloaded from jgit.kntu.ac.ir on 2026-06-10 ]

[ DOR: 20.1001.1.20089635.1399.8.3.2.6 ]

[ DOI: 10.52547/jgit.8.3.39 ]

S0 Slelbl (559l | wdigo — yale oy s

199 jub @ g o jlash @ midus Juw

Wavelet NSCT NSCT-SR
A Cawadd Gl g Fo sail plésl iz o9, ol jI (Somd o losS )5 :0 JSCh

e
o =1

Y @ %,

‘. » .

LP
)" 1
RP

Wavelet NSCT NSCT-SR
A MA.J @)b’ 9 ‘;).o ‘Slb..\Sl.g ﬁl.éé' L.Q.L.M ‘slbdb,) @LJ )| ‘5».».«.3 @Lw.f)ff J.i.'.b

or


http://dx.doi.org/10.52547/jgit.8.3.39
https://dor.isc.ac/dor/20.1001.1.20089635.1399.8.3.2.6
https://jgit.kntu.ac.ir/article-1-582-en.html

[ Downloaded from jgit.kntu.ac.ir on 2026-06-10 ]

[ DOR: 20.1001.1.20089635.1399.8.3.2.6 ]

[ DOI: 10.52547/jgit.8.3.39 ]

bl o Gl e J08 ygslo 9 S0 gLl plesl

\L.'z.uéljl-wu.zogaus’mo

8
7
5]
5
a4
3
2
1
0
LP RP Wavelet| DTCWT | CVT N5CT 5R LP-5R |NSCT-5R
HEN 7079 7.28 6.8 6.966 7.003 7005 6.677 7.362 6.916
i 2.36 2739 2.664 2.296 2.253 2.343 2.766 2.605 1944
W OAB/F| 0.535 | 0451 | 0.426 0.489 | 0468 | 0528 | 0549 | 0.531 0.455
7.6
7.4
7.2
7
6.8
6.6
6.4
6.2
Lp RP  [Wavelet| DTCWT | CVT NSCT SR LP-SR |NSCT-SR
W EN| 7.079 7.28 6.8 6.966 7.003 7.005 6.677 7.362 6.916
3
2.5
2
1.5
1
0.5
0
LP RP  |Wavelet| DTCWT | CVT NSCT SR LP-SR |NSCT-SR
mMI| 236 2.739 2.664 2.296 2.253 2.343 2.766 2.605 1.944
0.6
0.5
0.4
0.3
0.2
0.1
o
LP RP Wavelet| DTCWT | CVT NSCT SR LP-SR |NSCT-SR
|IQABIF 0.535 | 0.451 | 0.426 | 0.489 | 0.468 | 0.528 | 0.549 | 0.531 | 0.455

A Cawadd )l g S0 polal pléol ilisee s yogy 510 Q™ g MILEN ;Lo dus (08 donlio Y JSCi

ov



http://dx.doi.org/10.52547/jgit.8.3.39
https://dor.isc.ac/dor/20.1001.1.20089635.1399.8.3.2.6
https://jgit.kntu.ac.ir/article-1-582-en.html

[ Downloaded from jgit.kntu.ac.ir on 2026-06-10 ]

[ DOR: 20.1001.1.20089635.1399.8.3.2.6 ]

[ DOI: 10.52547/jgit.8.3.39]

12

S0 Slelbl (5,9lid (Ladigo — ale oy i

199 jwb @ pguw 6 jloiis @ pids Js

10

8

m

!
3

- 4

2

B

o | —

LP RP Wavelet| DTCWT

VT NSCT SR LP-5R | NSCT-5R

| EmTime| 001 01 039 | 0.286

173 358 10.65 0.04 6.24

Al s 9 A Cownsd 1y 5 5o il plésl Gilise gl (Bg) gl bo dunns o A JSCi

25

2

15

1

05

o

LP-SR-1 LP-5R-2

LP-5R-3 LP-5R-4 LP-5R-5

[mmi| 1366 1.996

2574 2.605 2322

LP-SR (g, 50 pléol gl 2 a1 3o golam Slani 35U (5,14 S5

e 88 b 82) il sbapls Jsb g ayjes
oS oo dumlie 1) line Sledb

A el Jsb &5 (0 (V) S5 loged Gk
3))s 5555 5 ke blite ledbl jlae ail ik
g il ud Lol odle a5 cul ol SKilo a5
> o> b gyl Gl oMbl ( Sl ol
Ll 00l Laa>

oFr

W g S oy 5 Job U -Y-)-V

pleol
@l 2 'S e 0oy ol Job il (ide cnl o
Sl |y a5 o e a5 LP-SR 3g, 5l Jols alésl
o7y p Jsb S oo (smon SBIS pglas plesl
Sgdse melad Sy A g 7 P LY G 4 S e
Hjplo b )35 ol b b psal G a8 0 (558
P RPN Jnxn S e oy plo X W
5 dgdos lyFcisl pgas 5l aS Y e clakad slows
o8 Jsb s abal, ol o [0l & se cavss (1Y) alal,
b Llz o5 5B 0 bl Somie oy

! Sliding window’s step length
2 Local patches


http://dx.doi.org/10.52547/jgit.8.3.39
https://dor.isc.ac/dor/20.1001.1.20089635.1399.8.3.2.6
https://jgit.kntu.ac.ir/article-1-582-en.html

[ Downloaded from jgit.kntu.ac.ir on 2026-06-10 ]

[ DOR: 20.1001.1.20089635.1399.8.3.2.6 ]

[ DOI: 10.52547/jgit.8.3.39]

-egwbal o G912 048 ygsloe g 40 sugluat plés

c;i.pljl-um.zogauﬁm

T Z{H —\/E+1Mw ‘*/5”1% (H —Jn +DW —n +2)
s s 2

S

2.65

(\V)elad,

26

255

25

2.45
2.4

235
23

2.25

2.2
2.15

LP-5R-4-52

LP-5R-4-54

LP-5R-4-56 LP-5R-4-58

LR 2321 23251

2.605 2.36

LP-SR b9y 58 pledl qulis 2 5 yoio 02y o Job il (b)) Ve Y

Bas oLl § Solegil aseis (gl anil ouls
Loasbioe yowlo solla slasy)lS )0 logass
aS il gl e plesl I Jols bl cusliv
(Sl 1R ol 5 S polai plesl S5
-0 Sgte ol oBgo )l G o ) plulis g ol
Sygo d olgi oo odd pleal yglas cnalice b aisy

D)5 dwlie |y pglal 1o S92 90 Sl (5 e

Wavelet  NSCT

ol 08 090k 9 (S polad pled] Y-V

FLIR
S 1008 G il ald (S pgal G0
SG o 0,8 ol Lal el jlads gl die) (s 5l L]

&S glae) G ax ST 090 o0 plaie yigo IR gl
abe) bl oo s LB Sy 4 (S pgal jo
Adboe oaline LB e IR pear o (b uid

Obles (9% 4 (2)lee (] ,0 &5 (slonds plesl pgas

|
Thermal Infrared

NSCT-SR

oUa o593, &1 bg2 po FLIR (5152 30,8 93l 9 (S0 bl plésl ciliso sl shgy guls 1) Ui

[ATA)


http://dx.doi.org/10.52547/jgit.8.3.39
https://dor.isc.ac/dor/20.1001.1.20089635.1399.8.3.2.6
https://jgit.kntu.ac.ir/article-1-582-en.html

[ Downloaded from jgit.kntu.ac.ir on 2026-06-10 ]

[ DOR: 20.1001.1.20089635.1399.8.3.2.6 ]

[ DOI: 10.52547/jgit.8.3.39]

=T L - - )

S0 Slelbl (5,9lid (Ladigo — ale oy i

199 jwb @ pguw 6 jloiis @ pids Js

RP

Wavelet

T

NSCT

SR

LP-5R |NSCT-SR

HEN

6.654

6.55

6.225

6.484

6.53

6.546

6.878

6.908 | 6.891

Ll

1528

142

1619

1502

1421

1.498

2.07

1652 211

= QAB/F

0.493

0.415

0.284

0424

0.373

0.47

0.392

0488 | 0411

6.8

6.6

6.4

6.2

5.8

LP-SR |NSCT-SR

HEN

6654 | 655 | 6.225 | 6484 | 653 | 6.546 | 6.878 | 6.008 | 6.g01 |

25

15

0.5

Ml

1.528 | 142 [ 1619 [ 1502 [ 1421 [ 1408 [ 207 [ 1652 [ 211 |

0.6

0.5

0.4

0.3

0.2

0.1

0

RP

Wavelet

INSCT

SR

LP-SR

INSCT-SR|

[= ans/F] 0.403

0.415

0.284

0.424

0.373

0.47

0.392

0.488

0.411

FLIR J,ly> 30,8 (490l 9 (S po pglad pléosl clizo s g, sl5 Q*FF g MIEN jliro ds (o085 dun Lo VY S

of


http://dx.doi.org/10.52547/jgit.8.3.39
https://dor.isc.ac/dor/20.1001.1.20089635.1399.8.3.2.6
https://jgit.kntu.ac.ir/article-1-582-en.html

[ Downloaded from jgit.kntu.ac.ir on 2026-06-10 ]

[ DOR: 20.1001.1.20089635.1399.8.3.2.6 ]

[ DOI: 10.52547/jgit.8.3.39 ]

bl o Gl e J08 ygslo 9 S0 gLl plesl

\L.'z.:)ljl-waogaus’mo

b ol oMbl (gl (Bl by g ouid
5 Obled Dl (Ll pslas g 03 50,8 (ygole g
pleol alizes yig, 4 sl2! loj s lio ail oo (09,
OF) IS8 50 4l e 508 G9olo 5 (S0 pslas
LP g, 45 swsie ol gl canl snd asls olad

slagby, cud i @ ol 5l e g 009 By (e
slo by, aisl s Wavelet 5 DTCWT RP LP-SR

-0 by op iS5 4 NSCT 9 NSCT-SR SR
aS obo, g oyl glao )5 (ol canl S 9wl

Oldir S oo oamlin (V) S5 j0 4 johiles
Sglaie ouls pleol pglar jo ool> ¢ ylis o (s cél
@97 & plal aen )3 Ll pgas Byb el o
LS')‘)’ U’““"L g_)LC)Lb‘ cﬁ‘j )J 9 R ) ulJLoJ 9 c\...m.‘>),v
).a.e‘J L)’“"?) ra‘..\s 45...;‘ ‘5:14))‘ ol oo Lass ‘5>5.‘> L
Slofirs dunlin 51 a3bion S5 y5e oS )
OV) S8 slajloges jo (8t pglar (o5 (2Uj)l
e iy LP-SR (oS 5 poal 28l ys lgiee
ilige o9y e 4 0 5 0l |, QFF 5 EN

O é,o ).:5.,4.: usl) QL:.‘»)} Lhos 5 05319 ‘)‘.’.)

4l e 32 oloj
w

1

o
DTCWT

0.26

LP
ETime| 0.01

RP
0.09

Wavelet
03

ovT
1.33

SR LP-SR
5.94 0.04

NSCT
3.69

NSCT-5R
5.32

4l come R FLIR (5152 50,8 (95l 9 (S0 pglai pleol cilides by gy 1yl (loj dum Lo IY S

oV


http://dx.doi.org/10.52547/jgit.8.3.39
https://dor.isc.ac/dor/20.1001.1.20089635.1399.8.3.2.6
https://jgit.kntu.ac.ir/article-1-582-en.html

[ Downloaded from jgit.kntu.ac.ir on 2026-06-10 ]

[ DOR: 20.1001.1.20089635.1399.8.3.2.6 ]

[ DOI: 10.52547/jgit.8.3.39]

- b9y w5 4 ol 5l e 9 099 U9y 2 LP
Mb@ Wavelet 9 DTCWT RP LP-SR sl
S o 5 4 NSCT 5 NSCT-SR SR (sla s,

o olass 130 oles jo il calie waen

2 S oy o8 sk 3l aizen 5wz
as gy 45 LP-SR g, 5 Jol> pleol gl
A3 b masged (o p Sl pslas plesl sl )
oy P Job g owlie dyxi mhaw T 88
GFS oy e blie Cledbl jlxe &l S e
2l i alal , odle a8 sl ol il 45 oo
a> Uy Gyl ol oMbl (S ol
5 S0 nolas plesl Gla sy Canl oad Lai> 9>
&y Ygomo (ubdoriz hod » e Sl
Sl g %S oo Sla3 jo Culi ]y 4555 slaw g 4l
S b 4555 pohaw 5 pdy Sllasil 4l &g

lesl sla g, Guimed el 1Sl il alts
oS aiied Lo ashd glosg, Ll SR,y i

g 43,8 oauol |, alite glodshd o M
aS 0gd o Sy oledbl i, Caws a4 s
AP bl e ST sleyls jo 088 e st

=

S8

[1] F. Farhanj, and M. Akhoondzadeh, ‘“‘Spatial
Resolution Enhancement of Thermal Bands
in Multi-Spectral Images Using Contourlet
Method ”, Journal of Geomatics Science and
Technology, Volume 7, Issue 1, 2017
(Persian).

[2] M. Karimi Firozjaei, M. Kiavarz
Mogaddam , S. K. Alavipanah, S. Hamzeh,
“Normalizing  Satellite  Images-Derived
Land Surface Temperature Relative to
Environmental Parameters Based on the
Soil and Vegetation Energy Balance
Equations”, Journal of Geomatics Science

S0 Olelbl (5,98 uwdago — ole oy puis

199 jwb @ pguw 6 jloiis @ pids Js

Ololyidiay 9 5 p5 4 -A

23 ot A 598 5l i gl (5l slanit
O s glod dilre oz 5l aliee gloo IS
S SS& le lewil cpl sy ol bosyls
dowe g oldpr a4 olows )y asls ol
ol w3 cplpls 0,005 ey il o o lee 580
T 5 K5 ol Spete & il o, b &5
sbail jo Sl SIS @508 vee sl pmled
S8 L P sl b bail cpl ol (o))~
ool 1) Sy e jo gL G SS
loe 2 polas plesl oy, 4 allie (nl o u3ged
Syge 1y 0asSTn (ialed (6,95 5 (owldieniz SMos
sleds, @D b)) sl mols S5 o)
Ml EN oS b3l jloe a5l slésl Galizes
b b laad 0szg b eeo,S colaiul QREIF 4
2gas Gl 38 e g Gy lawl Gl
e LPSR (oS 5 gy 4 oad plesl o
ol oS Jb o s e o Sl A
w)l) SleMbl (el ools O g ‘) L)T @&4 9 Sy
“Ohgy el 00,87 Lad> 093 0> 3 3y ()l
Ayl 18 som sloas, ;o NSCT 4 LP (RP sla
el 0ds Juol> polie ol 58 FLIR jyglas (o
ooy Ll gley wae Hhas sl as aes oo lis s
&zl

and Technology, Volume 7, Issue 3, 2017
(Persian).

[3] Y. Chen, and S. Nong, ‘“Attention-based
hierarchical fusion of visible and infrared
images”, Optik-International Journal for
Light and Electron Optics, 126.23: 4243-
4248, 2015.

[4] M. Jiayi, M. Yong, and L. Chang, “Infrared
and visible image fusion methods and
applications: A survey”, Information
Fusion, 2018.

[5]1 Y. Liu, S. Liu, and Z. Wang, “A general
framework for image fusion based on multi-


http://jgst.issge.ir/article-1-485-en.pdf
http://jgst.issge.ir/article-1-485-en.pdf
http://jgst.issge.ir/article-1-485-en.pdf
http://jgst.issge.ir/article-1-485-en.pdf
http://jgst.issge.ir/search.php?sid=1&slc_lang=en&auth=Karimi+Firozjaei
http://jgst.issge.ir/search.php?sid=1&slc_lang=en&auth=Karimi+Firozjaei
http://jgst.issge.ir/search.php?sid=1&slc_lang=en&auth=Kiavarz+Mogaddam
http://jgst.issge.ir/search.php?sid=1&slc_lang=en&auth=Kiavarz+Mogaddam
http://jgst.issge.ir/search.php?sid=1&slc_lang=en&auth=Alavipanah
http://jgst.issge.ir/search.php?sid=1&slc_lang=en&auth=Hamzeh
http://jgst.issge.ir/article-1-661-en.pdf
http://jgst.issge.ir/article-1-661-en.pdf
http://jgst.issge.ir/article-1-661-en.pdf
http://jgst.issge.ir/article-1-661-en.pdf
http://jgst.issge.ir/article-1-661-en.pdf
http://dx.doi.org/10.52547/jgit.8.3.39
https://dor.isc.ac/dor/20.1001.1.20089635.1399.8.3.2.6
https://jgit.kntu.ac.ir/article-1-582-en.html

[ Downloaded from jgit.kntu.ac.ir on 2026-06-10 ]

[ DOR: 20.1001.1.20089635.1399.8.3.2.6 ]

[ DOI: 10.52547/jgit.8.3.39]

bl 2 GSulpo 08 U9slo 9 50 srglal plésl

C;.'z_u)lﬂcy».zogZUém

scale transform and sparse representation”,
Information Fusion 24,147-164, 2015.

[6] X. Zhang, Y. Ma, F. Fan, Y. Zhang, and J.
Huang, “Infrared and visible image fusion
via saliency analysis and local edge-
preserving multi-scale  decomposition”,
JOSA A 34 (8), 1400-1410, 2017.

[7] P. Chai, X. Luo, and Z. Zhang, “Image
fusion using quaternion wavelet transform
and multiple features”, IEEE Access 5,
6724-6734, 2017.

[8] S. Li, Y. Bin, and H. Jianwen, “Performance
comparison of different multi-resolution
transforms for image fusion”, Information
Fusion 12.2: 74-84, 2011.

[9] D. Bulanon, T. Burks, and V. Alchanatis,

“Image fusion of visible and thermal images

for fruit detection”, Biosystems Engineering
103 (1), 12-22, 2009.

[10] H. Jin, L. Jiao, F. Liu, and Y. Qi, “Fusion
of infrared and visual images based on
contrast pyramid directional filter banks

using clonal selection optimizing”, Optical
Engineering 47 (2) , 027002, 2008.

[11] B. Aiazzi, S. Baronti, A. Garzelli, L.
Santurri, and M. Selva, “Spatial
enhancement of TIR ASTER data via VNIR
images and generalized laplacian
decomposition”, In Proceedings of 4"
EARSeL Workshop on Imaging Spectroscopy
(pp. 489-500), 2005.

[12] Q. Zhang, Y. Liu, R. S. Blum, J. Han, and D.
Tao, “Sparse representation based multi
sensor image fusion for multi-focus and
multi-modality ~ images: A
Information Fusion 40, 57-75, 2018.

[13] K. Engan, S. O. Aase, and J. H. Husoy,
“Multi-frame compression: theory and
design”, Signal Process. 80 (10), 2121-
2140, 2000.

[14] M. Aharon, M. Elad, and A. Bruckstein,
“K-svd: an algorithm for designing
overcomplete  dictionaries for  sparse

representation”, IEEE  Trans.  Signal
Process. 54 (11), 4311-4322, 2006.

review”,

619

[15] K. Wang, G. Qi, Z. Zhu, and Y. Chai, “A
novel geometric dictionary construction
approach for sparse representation based
image fusion”, Entropy 19 (7), 306, 2017.

[16] C. Liu, Y. Qi, and W. Ding, “Infrared and
visible image fusion method based on
saliency detection in sparse domain",
Infrared Physics & Technology 83, 94-102,
2017.

[17] J. Yang, Y. Li, C. Chan, and Q. Shen,
“Image Fusion for Spatial Enhancement of
Hyperspectral Image via Pixel Group Based
Non-Local Sparse Representation, Remote
Sensing”, 9, 53, 2017.

[18] S. Li, H. Yin, and L. Fang, “Remote Sensing
Image Fusion via Sparse Representations
Over  Learned  Dictionaries”, IEEE
Transactions on Geoscience and Remote
Sensing, vol. 51, no. 9, 2013.

[19] H. Li, B. Manjunath, and S. Mitra,
“Multisensor image fusion using the wavelet
transform”, Graph. Models Image Process.
57 (3), 235-245, 1995.

[20] J. Cheng, H. Liu, T. Liu, “Remote sensing
image fusion via wavelet transform and
sparse representation”, ISPRS Journal of
Photogrammetry and Remote Sensing,
Volume 104, p. 158-173, 2015.

[21] H. Deng, and Y. Ma, “Image fusion based
on steerable pyramid and pcnn”, in:
Proceedings of the International Conference
on the Applications of Digital Information
and Web Technologies, pp. 569-573, 2009.

[22] B. R. Johnson, and S. J. Young, “In-
Scene Atmospheric Compensation:
Application to SEBASS Data Collected at
the ARM Site”, Technical Report, Space and
Environment Technology Center, The
Aerospace Corporation, 1998.

[23] A. Rajeshwari, N. D. Mani, “Estimation of
land surface temperature of Dindigul district
using Landsat 8 data”. International Journal
of Research in Engineering and Technology, 3
(5), 122-126, 2014.


http://adsabs.harvard.edu/cgi-bin/author_form?author=Cheng,+J&fullauthor=Cheng,%20Jian&charset=UTF-8&db_key=PHY
http://adsabs.harvard.edu/cgi-bin/author_form?author=Liu,+H&fullauthor=Liu,%20Haijun&charset=UTF-8&db_key=PHY
http://adsabs.harvard.edu/cgi-bin/author_form?author=Liu,+T&fullauthor=Liu,%20Ting&charset=UTF-8&db_key=PHY
http://dx.doi.org/10.52547/jgit.8.3.39
https://dor.isc.ac/dor/20.1001.1.20089635.1399.8.3.2.6
https://jgit.kntu.ac.ir/article-1-582-en.html

[ Downloaded from jgit.kntu.ac.ir on 2026-06-10 ]

[ DOR: 20.1001.1.20089635.1399.8.3.2.6 ]

[ DOI: 10.52547/jgit.8.3.39]

Journal of Geospatial Information Technology

Vol.8 No.3, Autumn 2020

K. N. TOOSI UNIVERSITY OF TECHNOLOGY
FACULTY OF GEODESY AND GEOMATICS ENGINEERING Research Paper

Fusion of Thermal Infrared and Visible Images based on
Multi-scale Transform and Sparse Representation

Mohammad Fallah 1*, Mohsen Azadbakht 2

1- Phd student of Remote Sensing & GIS in the Remote Sensing & GIS Research Center, Shahid Beheshti University
2- Assisstant professor in the Remote Sensing & GIS Research Center, Shahid Beheshti University

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, M1=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.
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