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ABSTRACT

Image fusion in remote sensing is usually called pan-sharpening, which is a
useful method to synthesis a high resolution multispectral image (MS) from the
combining of a high resolution panchromatic image (PAN) with a low resolution MS
image. The popular fusion methods are intensity-hue-saturation (IHS)-based methods.
However, the IHS-based methods have two major problems: (i) out-of-gamut due to
transformation between red-green-blue (RGB) and IHS color systems and (ii) color
distortion due to variation of saturation and intensity in image fusion. The proposed
method studied on the relationship between intensity and saturation to preserve spectral
information of the fusing THEOS images. Thus, we found a suitable color space, iHSL
(improved hue-saturation-lightness) for pan-sharpening that can isolate the intensity or
lightness component. The fusion method employs smooth filter-based intensity
modulation technique to merge the spatial information from PAN with the intensity
component from MS images. From the studied results, our method could preserve the

spectral information better than the well-known IHS-based methods.
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ﬂ’]Wﬁ’aaaLﬂﬂ@]%’Nﬁ]’]ﬂﬂqqLﬁﬂ&]vlfﬂUIT@%GL%&nzﬁ"lﬁ{ﬂﬂq'ﬁ"ﬁ’]LL%ﬂIsﬁuﬁTW§3MLW§7$ﬁﬂ’]3

v o A 1 dl a v
/LU agﬂummauauﬂm L3ALNA

1 =
2.2 Ngatngsl
2.2.1 nMnunwlasui@n (Panchromatic)
o Aa LY A A ' v A A o 2 A
Wunwanidndenuautags Gadnslaszaufanddildauidun
a ' o A ° ') o o
138N ITAURINT (Grey Scale) ANNZEIRILIIWINIALAZLUININ
2.2.2 Mnaaaalnasa (Multispectral)
mMwaiadsidnasy (Gonzalez and Woods, 2008) lasialdazlidayauan
1M INBIAEUTINYEY a19TINTTInduEuNTIIe daatlalataa BnaLsd GET
¢ 2 [} A A [ 1 & A 1 % a
13013 Fudugdrsadunainisaugasniwldlasn1sduguunanuandranulyds
24A1U32NaU2895: VLR RGB  %anNAWNaARIUNATUVBIANIABULED S9N NNaa
anasulunududn 9 dnuinang 1w aAwannszuulawsldasin mwnemsuwng
1 ei ia;gamwﬁ'aﬁmﬂnm%’ngﬂLﬁﬂu‘*ﬁwﬂﬁu@iaLﬁaa@ﬁﬂmmmmﬁﬂwﬁaumu 9
@ AN o ' A A ea a ' ) & A
lasdayafldazutaduunudniouuudniionds snauuuud (Spectral  Bands) G4
v U 1 ﬁ o o o U 7
mwFzdnaudisslnasvraisanuuddanitaganin iz ldldnudu

maneas MUl iuen



2.3521UU& RGB wazszuud IHS

mydszvnanamwlagnaly iwnstszurananwnuaa Uy Las
o ' =2 a = < & o a a
AN lisNAINITUTzNI8 N INE MstnuMnlaena iR ataasaz i uaILanAWRLAI NINE

:, a & 1 1 tZ 1 a o
W haZANWRTNLTY mma:mwamamlugﬂLLuummmmuLmuLﬁmnumwma@n
W13 UUR RGB (Red, Green, Blue Color System) azllunaasznaninyialiuaz
FDLRAIHNA LL@il%ﬂﬁi%’UjﬂﬂanwuaaL'ﬁumawgwﬁmmma%mmﬁm:uuﬁﬁuﬁé’ww"’uﬁ‘
Qs ~ & { 1 Y [ U
ﬂumiuaamuﬁmawgmﬂmmo T UUARRINBua TN kat19nI791979 Aa STUUF

IHS (Intensity-Hue-Saturation Color System)

2.3.1 52UV RGB (RGB Color System)
521UH RGB (Gonzalez and Woods, 2008) tuszuuanlelunsuaains

A A a a A a 3’ a aA a A A A A [
AN I@U&Ial]jwﬂll 3 § A8 O LVHILLRSUILI LLﬂz&Jﬁ‘VJ(ﬂUg@J 3 § 8 FLLAINII
o ~

(Magenta) &W1aatde7 (Cyan) uasinies (Yellow) iatszuud RGB  anunuluszuy
Aa o v ¢ A 1 o A a a LAl
ARaaN uaeddBgnnarnikiniig danwdsznaud 2.4 (n) lasFdguniiazagNyaun
LN d’mﬁnﬁﬂgﬁazayjﬁgm:mw,mu 'g@ﬁﬂl,ﬁ@madgﬂmﬂﬁ (0, 0, 0) WNHAIY FA WA
afiagarsinuAuIaiia (1, 1, 1) unueiy §3717 uasdunisnimanauiues Wen
S a a A o & a ] o a A Y A A o

wazthdu TudSanafiriiuiu ausendt szaufn sadwdunussgunainaniely
(98217 dvgnunar RGB wudnez ldnwnfiansuzainindsznaui 2.4 (v)

@

Blue 0.0,1) Cyan

Magenta

~White

(-’(Gray scale (0,1,0)

& Green

1,000 L7
Red Yellow

(M) ()
Mwdiznaun 2.4 uU$188932 LR RGB (Gonzalez and Woods, 2008)
(n) RGB Model (1) RGB 24-bit color cube
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2.3.2 32UUR IHS (Intensity-Hue-Saturation Color System)
A Ada & A
J2UUF IHS (Gonzalez and Woods, 2008) | duszuu&NUasalsznauveds
~ = o = a o a ' o o ~
Avaain Usznavlddrs 1aad auaua11a98 Laza1auTy adnIwlsznaun 2.5
uazanNANInasuNsauaaza lwIzuud IHS laaddh

o s

® 12aF (Hue: H) Aa y328929Na Tasfidtanfezdiansening 0-359 oven lade
umwduwnin madasuwulsasaasuanuas (@en H = 0°) lugsdidon
(H = 120°) uaz anddor lesdingu (H = 240°)

® auBNRIVAIR (Saturation: S) A8 FTHEVNINEUNUITEIFLALSAIINUAUNE
2830728 dreanuBuaavasidananniu axvnlwaEn elnaldsanuiaadfuriass

& ! A o A LA
NNV LLazﬂ’]ﬂ')']llﬂ'l’]llﬁ]ll@n"llﬁ]\‘]allﬂ’]vlllLﬂu 1

] v
A oA

® AUTVIBIT (Intensity: 1) e AIfiTzy I ERulanudunIennuzauAY
' ' o ) AA L = o o AV oA a
g9unwinle drdanuTnresR Ianduiasin lWaEN e laulsenauvesd

3 o et ¥ A v o A v A o
ANININTY luﬂﬁdﬂaﬂﬂuﬂ’]&lﬂ’]%aUﬂdﬂﬁ]:ﬂﬁl%ﬁﬂq@&lﬁ?%ﬂ‘izﬂaﬂﬂlﬂ\‘]ﬁ(ﬂ’]w’m

&, o
VWLDUNY

White

Red

mwﬂi:ﬂauﬁ 2.5 LUUS18893ZUUR IHS (Gonzalez and Woods, 2008)
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2.3.3 nsuidagannszuud RGB a il IHS Taaldanniaidoidn
NIuUa99nNIzUUR RGB duilw IHS lagldaunsidadu saninvinle

drnaumsellit
| ¥3 Y3 Y3 IR

H || 2f6 —2f6 24206 G @-1)
sl lyvz vz o I8

o ' 7 e a ? a o o !
B R, G, ¥ B LNUATAMNULVNVDILLUBAREAT LU LRSWILTH I(ﬂﬂa’](ﬂll ]I [, H, e

S UNUANAMNLTN 12T LazANNANE lagdiau

2.3.4 nsudagannszuud IHS adw RGB laaldannisidotdmn

N3uUa99n32uud RGB auilw IHS lagldaun1sidadu sauisnvinle

MoruNITe U

1 -2 YNz
=1 -1/V2 -2 ||H (2-2)
1 2 0 S

m O

& a @ a a% { ' o {
AARINNNINTRUYTEENTVIENNTN (2-2) LURIUNALVBIRNNTN (2-1)

2.3.5 n1suidagannszuud RGB aniln IHS Taaldannislamodn

N13ua931NISULR RGB 1wz uuR IHS lagldaunisluiTardu

(Gonzalez and Woods, 2010) Jaunauash

A WIHANAATNNFNAT

0 if B<G
H= . (2-3)
360-6 if B>G

;[(R—G)+(R—B)]

[(R-G)*+(R-B)(G-B)]

laofl 6= cos™ -
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' A o A o Y A
ANV BNAIVBDIR NIRAVAAIRNUNIIN (2-4)

S=1-———|min(R,G,B 2-4

R+G+B[ ( )] 24)
danutuvasadmmldanaunsdelli
1

I =§(R+G+B) (2-5)

[=f 1A
2.3.6 nandlagannszuvd IHS ailu RGB laaldannislamardn
Tunsutasanszuud IHS  1useuud RGB  lagldaunis haiiBaidi
(Gonzalez and Woods, 2008) 2:@a4#1d1 RGB NaanaaadnlutidNinilauni lag

& P ! | \ \ { @
auﬂﬁiﬂ’ﬁuﬂmﬁ]wuagﬂumL@L@lﬁ’na%ﬂumul@ﬁl’m 3 a’luﬁLLUﬂaaﬂLﬂu 120° N

RG sector (0°<H <120°)
anaagdaININNINKIawiIny 0° wazikasnin 120° @1 RGB azgﬂﬁmu@ﬁmaumi
@ b

B=1(1-95)
ScosH
R=Il1+ — -
{ +cos(60°—H)} (20)
G=3l-(R+B)

GB sector (120° < H < 240°)
fNAaaFNAININAIIMRIaINL 120° wazitasnin 240° azdadauaaniaay 120°
NauazIA1 RGB enagun1yaa bl

H=H-120°

R=1(21-95)

G=I 1+SCO—SH (2-7)
cos(60°—H)

B=3I-(R+G)
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BRsector (240° < H <360°)
DNANRARUAININNINRIYINAL 240° waziiasnin 360° azdadaualaaialy 240°

fiouazwnd1 RGB eaaun13fl (2-8)

H = H —240°

G=1(-9)

B=1 1+ﬂ (2-8)
cos(60°—H)

R=31-(G+B)

NIMIlaansThaewnTulasanszuud RGB lUidussuuR IHS anw
FUNIN (2-3) - (2-5) uazMIuUaInIzuud IHS linauanegluszuuf RGB muaun1I
7 (2-6) - (2-8) Tadunsudaadasaadiawuuldidadu lagmsdaunuarnnutiuaes
s2uy RGB lriagluunuas asmwisznaun 2.6 Jusumdsann Black-White-Cyan il
' A oA ) A & A A o ' A " a A
Aaafduaaedns hasannadndsznauvasdrinazidn liinadariaad vuefien

ANUANAILATANANNLT U DIFLARLGLAUITALANAIIN

White

Yellow

Blue Blue Red

Black Black
MWUTENAUN 2.6 LWIAAANUFUNWEIZHINITUUR RGB LayIzUUF IHS

(Gonzalez and Woods, 2008)
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2.4NMIRADNIINAINA1YAITN (Image Fusion or Pan-sharpening)

MIUTLANNANTAGIVATNLWG (Pan-sharpening) tDWNIZUIBNIIHADN
JINITRIIAIWUNRIATHNANA LA NN RARLUNATH GfioLﬁuﬂﬁiﬁaLﬂiwzﬁﬂTaHaiﬁﬁ
AIFMNATIANNZADNTATIVROUAI LN IAWS NI aNaAI 8 BNRILABS (Thomas
et al, 2008) T,@w‘ﬁu@au?‘ﬁ'ﬁﬂuﬁjﬁ'ﬂaﬂ’mn%omw Ao n1Tuday Intensity-Hue-

Saturation (IHS) (Tu et al., 2004) f9uaauitainwlsznaudl 2.7

Panchromatic Multispectral (R,G,B)
| |
Replace I by PAN IHS Transform
v v
’HS < THS

Inverse I’HS Transform

v
R’,G’, B’

Awisznaun 2.7 mwaammgﬂmwéﬁs‘i% IHS

ai L% a U = ﬂqf/ s gl'
NIRADNUTINLUY THS NITNIUL 89 BILEY HUVUADUAIT
1. agrgnwiadsidnasuldimiavinnun wenwlasuanuaiunladannizuud
RGB %Sz UUR IHS

11 1
| 3 3 3 R
al-| 2 2 22, 29)
6 6 6
v2 B
B
V2 2 |
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A i Ao o so @ A o A vl @
I@WJYI R,G,B LLVI%@‘I'W]ﬁNWWEﬂW’Dadﬂﬁwuﬂ@]mﬂﬂ@]?wﬂ"ﬂEl"IUI‘VWJ“]J%"I@L‘YI']ﬂ‘U

Mwuwslasuidn |

UNwlasuIan

UWNWAIAMNNLTNVBINWNAAFIUNATN &% V1 Uaz V2

WNUAANNEY | drsaanuNaaInMNuNlasiNGn (PAN )

3. wiasnNITULF IHS Iﬁﬂﬁ'umagﬂmwuﬁ RGB

MNIUADUNFDILALENNENUNIDDUUUNUAILFNNITN (2-10) A9%

i 1

1 ——
G'|=[1 ——
Bl \/E

1 2

1

2
_1
2

0

%

PAN
vl
v2

(2-10)

lagf R’,G’, B’ unumwNadadnasununaauiuual wazdnaad (H) wazdiainy

BRI (S ) Mwrmklaannaunisde i

W O o

1
oy
1
:1_$
1 2

H=tan™ (Ej
vl

ANVWA DU TTH AN LT URUNITNI LU LB IL T LA A Th

o %l"_‘%l‘l—‘

I+(PAN—I)
vl =
v2

laufi S=PAN—1 uaz | =(R+G+B)/3

LR

1
SN

1
SN
1 2

v

o %‘H%l‘l—\

S =12 +v2?

l+6
vl
V2

(2-11)

R+¢6
=G+ ((2-12)
B+o

PMNFNNIN (2-10) - (2-12) ewnannIIudad IHS WalmIunuaiainu

WY |1 euaIa NN NTaININLNKIATINAN eRINalRA1 H war S dnmsilfouudas

1 £ té a 1 { U
FTWINWNIRRBNUTINGY (Tu et al., 2004) smmmmwgaﬁm 6 NNFUNIN (2-3) §28

A1 & NlanaumIn (2-12) aadh
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;[((R+5)—(G +8))+((R+8)-(B+5))]

6'=cos™ =0 (2-13)

[(R+8)~(G+5))* +((R+5)~(B+5)(G+35)~(B+8)]

NNFNNIN (2-13) Wu 0'=0 ugasin dr H ladfimsifsuudas aau
dyminsfalngunadsd Jaiannmadfowudasasen S NnaanaNuLand1d

52319 PAN uaz | annsumsi (2-4) ez (2-12) e

3 :
S =1—m[m|n(R,G,B)]:

| —min(R,G, B) (2-14)

IMNINMIN (2-14) LWaunuandls & lden ' 2aIMNARBNTINAIFNANT

1 3 )
S'=1 (R+§)+(G+5)+(B+6)[m|n((R+5),(G+5),(B+5))]
_1-min((R+6),(G+6),(B+9))

PAN

(2-15)

PNFNNIN (2-14) LA (2-15) AW A1 S'#S nudfa Insifeuutaswas

' a o A o &
AMAAIMVUBNAIVDIR AN
AS=S -S

_1-min((R+6),(G+5),(B+5)) 1-min(R,G,B)
- PAN - |

oy —min(RiG’B)(PAsxlj

(2-16)

AMNFNNIN (2-16) 61 AS (JuHalAAan AN UUDIF LaTANNRFNNUS

92 S uaz S uadaunIn (2-17)

| —min((R+6),(G+6),(B+9))

S PAN _ (217)
S I—mln(R,G,B) PAN 146
|

U).
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ni 1 ai 1 QI oz a v s
NFWNIN (2-17) 3zwudn Madfsnudasrasrinnuduaivasdgaansadny
nll 1 v a all o ni o v Aa A dy = Ai 1
maasuudasdranuavuesd lasn § iuaandsnildifiansfaiswuesdiad
PAN uaz | ¢nenuann
= a & a o a % (%
uwanandgminsfaisuuedduss a1 PAN uaz | Aighenuuin 69
1 v a ~ v A a 1 a v Qs
fINalWiAnUwn Out of Gamut 8neae Geazadinudaluwitona b

2.5Gamut Problem in Linear and Nonlinear IHS Color Spaces

NNTUTZNIANANIWR LI VLRI UHANLAIHENIZUUF RGB 22609118
v I = A o o v o A £
ﬂaumlﬁaglmzuua RGB LNaLFAING BRINNNTLURINAUNILE? mamadﬁ;wmﬁ;@l@
1 = A ~ n:i a c§/ 1 ~ A @ o a Qq:

anaguananuiana tnazisendymiiiaduii Ugwn Out of Gamut TadadLiunTMs
M3USUIWIG (Scaling) Lazn1ILRanE LA (Shifting) azrialiifindyw Out of Gamut
Amaundamainandisnaasiuiinaan (Clipping) zildnmwiRaauaNTaLsS
ANTHALNE WU AR

nIunwa Out of Gamut lagnInaniassmMsaasIuinaanaIunsnyi
16 laoilaouannszuu® IHS unlgs=uud Improved Nonlinear Intensity-Hue-Saturation
(iNIHS) (Chien and Tsai, 2014) iNIHS LiluszuuRNUALQYKY Out of Gamut G28N1313L
1 t:i a v [ % 1 e @ ai = a 1
mu‘nmusl%ﬂammmagsluﬁﬂmﬂﬂa gannlsznaun 2.8 lasduuwiAalunisuu
Qﬂmﬂﬁﬁ RGB aanidugaddIt Lav¥inmItNgunuIsuus IHS Aazaiuan latiussuud
iNIHS aangaslunwisznaun 2.9

mMwisznauf 2.8 mstasuulasnnududivasdsnadansiaowidlasanuduesd
(M) mMawasuudasanuduaivesdluszuud IHS
(@) MItasuulasnnudusivesilussuud iINIHS
(Chien and Tsai, 2014)
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(1)
ANWUTENEUN 2.9 LUVIIRAITZUUF RGB IHS waz iNIHS

(n) anUNANE RGB (7) Wuud1aad IHS wuuiBaduuuiug1ui RGB
f) uuUFI809 IHS wuulUELFuUWANgIUE RGB

3) wUU809 IHS wuU LU BILFUUWAUGIUE CMY

2) anuNAnE RGB widaanidu 2 du

(
(
(3) WULIA9 INIHS IAMITHRIN (A) Uag (§) Meann
(
(1) gﬂmﬂﬁﬁ RGB (&) luluudnaad iNIHS

(

Chien and Tsai, 2014)
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2.6 Improved Nonlinear Intensity-Hue-Saturation (iNIHS)
2.6.1 n1sudagannszuud RGB twszuud iNIHS

NMILUaIIN T UL RGB LiuszuuR iNIHS s1ansnvinlalay

0=

(2R-G-B)/2 | _R+G+B 7

J(R-G)' +(R-B)(G-B) 3
if BLG, then H :cos’l(e); else H :27z—COS’l(¢9)
if i£2_|Hmod120°_600|’
3 180° B
then S:1_3><m|n(R,G,B) (
R+G+B
3(l—max(R,G,B))(
3—-(R+G+B)

(2-18)

conventional);

else S=1- improved).

2.6.2 nsuidagannszuud iNIHS Huszuus RGB ﬁm%'uqﬂﬁ‘lumﬂ%

AIA19VDITTUUH INIHS

NILURIINTEUUE INIHS 1iuszuuR RGB s1ansnvin lalasasnsudas
ol

RG sector (0°< H <120° and i <2/3—|H —60°|/180°)

v . a g . & o v ‘ &
mmm@aaglumuu %:Qﬂm%u@mﬂaummavlﬂu

B=1(1-5)

Rol|14oC0SH (2-19)
cos(60°—H)

G=31-(R+B)

GBsector (120° < H < 240° and i <2/3—|H —180°/180°)

ihdaafegludiuit szdasaudaniang 120° dewazwidn RGB muaunsi (2-20)
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H =H -120°

R=1(1-5)

Gol|142C0SH (2-20)
cos(60°—H)

B=3l-(R+G)

BRsector (240°<H <360° and i <2/3—|H —300°|/180°)

ﬁﬁﬁ%ﬂ@ﬁagﬂumuﬁ LAAIRUANRARGY 240° AAUITHIAN RGB AIRNNNT

H =H —-240°

G=1(1-9)

Bl|14—>00SH (2-21)
cos(60°—H)

R=31-(G+B)

2.6.3 nsudagannszuud iNIHS Hnszuus RGB a"'m%’nqmﬁ‘lumm%

AIIUWVDITLUUR INIHS

NUYaINNTZUUR iNIHS 1TuIzUUR RGB s1a13nvin ke lagasnswilas

%

J

She

YC sector (60°< H <180° and i >1/3+|H —120°/180°)

ﬁm’%mﬁagﬂudmﬁ AADIAUANRARGIY 240° NauAzIA1 RGB druaun1Iaa 1t

H = H - 240°

G=1(-S)+S

Bo1-(1—1)|1+—>0H (2-22)
cos(60°—H)

R=3I—(G+B)

CM sector (180° < H <300° and i >1/3+|H —240°/180°)

ﬁwmmﬂﬁagﬂud’mﬁ 22161 RGB auRNN1T6ia b



B=1(1-S)+S

R=1—(1—|){1+SC°—SH}
cos(60°—H)

G=31-(B+R)

MY sector (-60°<H <0°and i>1/3+(360°—H)/180° or
0°<H <60° and i >1/3+(H /180°))

ﬁ'whm@ﬁaglumuﬁ WAIAUARARALY 120° AawazRIe1 RGB AIRNNNT

H =H -120°

R=1(1-S)+S

G=1-(1-1) 1, SCosH
cos(60°—H)

B=3I-(R+G)

2.7 Improved Hue-Lightness-Saturation (iHSL)

21

(2-23)

(2-24)

Improved Hue-Lightness-Saturation (iHSL) (Hanbury and Serra, 2003)

LWz LU RNULENRIBIZHINITEWILVBIRUAZAIAN VLT NV BILFIDONINNN WA LIITALAY

oA & v A A A A ) A o A
aaﬂLLUUﬂ’]UI@]NQ%VLTW%E’]u 378 aa 1. ?@aaﬁ?@'ﬂa%uui:ﬁu’]ual,@anu%zu@’luﬂiﬂ’]ﬁ

A [ % Y [ o 6 o 6 A U =
WANAUNH 2. AUTANMULVULFIRNNUTNULIALAIR 3. izuuanmzummamﬂaavl,ﬂm

UV RGB uaquasnaudnle anndanlata 1 uay 2 32UUR iHSL 9uanaiwiidws

LAZANNLTNLRIDBNNNNUAIFNNTN (2-25) — (2-33)

2.71  nmsudasannszuud RGB 1iwssuud iHSL

NMIURINNTLUUR RGB LIUTZUUR iHLS UWeaukInAIUI tma1nNw

974 (Lightness: L) UasgouaLdunibieng

L 0.2125 0.7154 0.0721|| R
Cl=| 1 -1/2 -1/2 ||G
C2

0 —3/2 3/2]B

(2-25)
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INFUMIN (25) e C, uaz C, indwrmmian C azleen C ﬁ@hagﬂw’ﬁm

[0,1]

c=,ci+cC?

uazAaalaiaglugig [0°,360° lasduwinldanaunisdalud

undefined ifC=0
H= arccos(%} ifC=0 andC,<0
C, .
360° —arccos E ifCx0 andC>0

@hﬂ’nuﬁmﬁ"maaﬁﬁmagluﬁw [0,1]
_ 2Csin(120°—-H*)

Ne

S

Tasf
H*= H —kx60°

1o ke{0,1,2,3,4,5) dsin 0°< H*<60°

2.7.2  nsudasannszuud iHSL 1wszuud RGB

MIURINNTLUUR IHSL 1iuIzUUR RGB

J3s

C =
2sin (120°— H *)

C,=Ccos(H)
C,=-Csin(H)

R 1.0000 0.7875 0.3714 || L
G |=[1.0000 -0.2125 -0.2059 || C,
B 1.0000 -0.2125 0.9488 || C,

(2-26)

(2-27)

(2-28)

(2-29)

(2-30)

(2-31)
(2-32)

(2-33)
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2.8 ﬂﬂsﬂsztﬁuqmnﬂw (Quality assessment)

mydszfiuguninsaininsensingdmwaunsauenldidu 2 dazian
(Li et al, 2010) Aa MIdszilugmminniiass wdwiduvanmwnaaunuiguny
MwNaAFUNATuARALY %olﬂumﬁmmmwmaa’i%mwaam’mmwmmm’;Lﬁw
LLazmﬁmqmmwmqﬁauLﬂumsﬂszLﬁuqmmwﬁaﬁ"tﬁmnmnmni’mqaaﬂmnmw
NRBUTIY %olﬂumﬁ@qmmwfu@au‘iﬁmﬁ‘hLmﬂi'mqlumw

miﬂi:Lﬁu@mmwmomamm‘mﬁﬂﬁ 2 yuuuy Ao nyUsziliu
AMNNGILEILAT (Qualitative Quality) %ﬁ%ﬁa:ﬁ%ﬁwﬁ'@maomiuauﬁmaawm}‘ LRz
mMdsziliugunwenasineaia (Quantitative)

sl,umsi'@@;mmwmaomwmam’;11 @”%ﬁém%’u%f@qmmwmmmLLU’JVL@T

1w 5 Uszinn Aa

® Differentbased  §WIUMTIAgUWAIWITIEILABE lasdsziiuannananedtg
TRINMNRIBNTINURZAIN MS  dualy @”ﬁﬁﬁﬁ'@agluﬂ@uﬁ \T%  Spectral
angle mapper (SAM) (Alparone et al., 2007) Root mean square error (RMSE)
(Karathanassi et al., 2007) Erreur Relative Globale Adimensionnelle De
Synthése (ERGAS) (Alparone et al., 2004) W61

® Noise-based FWTUUILLAUTYUIHILNIUTEININARBUTINABLABLALNN
MS  @ualu @ﬁﬁﬁﬁ'@agﬂuﬂ’s}:uﬁ \T% Signal-to-noise ratio (SNR) (Damera-
Venkata et al., 2000) Peak signal-to-noise ratio (PSNR) (Damera-Venkata et al.,
2000) tiuen

® Similarity-based SWILMTIAgUNWITIRLUNGTN landsziliuanundaunuues
Imda%”ww%aiagaﬁlﬁmﬁ'u @“’%ﬁﬁ'ﬂ"’@agﬂumjuﬁ \% Structure similarity index
metric (SSIM) (Wang et al., 2004) Correlation coefficient (CC) (Yang et al.,
2007) Quaternion theory-based quality index (Q4) (Alparone et al. 2004) WD udw

® Information and clarity-based dwiLUszLiiuTayanIoANUANTATBINHAREN
T4 é’mﬁﬁﬁ'ﬂagiuﬂejuﬁ L% Standard derivation (SD) (Chen and Blum, 2005)
Entropy (Vijayaraj et al., 2004, Chen and Blum, 2005, Karathanassi et al., 2007)
SIpTY

® Overall-based fwivdszduguanlunndusasnnwseusiulasSouiiioy
ALNIW PAN LaznIW MS auaiiy @”ﬁﬁﬁagiuﬂéwﬁ fa Objective image fusion

performance measure (Q,IB) (Xydeas and Petrovic, 2000)
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oq; a o gl’ a a = ot J

INNI 5 Uyzian 1%0’1%’271]U%ﬂi:L&J%ﬂMﬂ’]WL‘Nﬁﬂ’]LYIURLLazﬁLUﬂ@]SN Gk
asauAguand 2 Uszinn fa Different-based uaz Similarity-based lanifanaziinfiould
sl,umsﬂizl,ﬁuqmmw 4 au%h 18N Aa RMSE, ERGAS luﬂﬁjw Different-based L&

cc, Q lungw Similarity-based

281 @1TINVBIANMNHANAINVDIANRALNINI&DY (Root Mean Square Error:
RMSE)
ANIINVBIANVAANIIAVAIANRARYTIRIRDI TERINANNAARLUNATNA WAL U
(B) nunwladsidnasuiildainniinssusin (F) sansaliiaanugndaives
v ' A A 4 ' A a 2
mUnasy T,@ﬂmimmmaUmﬂaﬂwmaavl,ﬂ@]aﬁ;@mwmﬂmmﬂ’ﬁmamm FIFNID

fUITh LA LAe)

S VB D) -FG D)
RMSE, =22 " (2-34)

Tasn k memu@fmaﬁaga Tas k=1234

v
2.8.2  AIANMNAANAIANINNAIINNITAILATIEN (Erreur Relative Globale
Adimensionnelle De Synthése: ERGAS)
o Ao a o & A ' o A =2
ariiannudawaaNMIRRNINTaYaNNLLALITINI aTlh ERGAS RIS
Falun1BNTILAFNAAMNRANLTT a1aURaNaIaLLL T TR ST IFUNNTNIRNAIN
NTRILATIZN A1 ERGAS LaaNMIAN W AT INUaIaNUAANAIAYIAL AR U aIR DI

1 { { é L o v ¥
3861 RMSE Nuaadliluannisn (34) T9lainualinsd

2

K

ERGAS — 1000 12(%} (2-35)
| Kid Hy

A h g ! A a d‘p P 3 a v a o
Lda I— Lﬂuﬂ@i’]ﬁ’]uﬂ’]’]&lGZLE’]El@]L‘UGW%Y]?&%’J’NJT’IWLLW%Iﬂi&I’]@mLLﬂ::ﬂ']W&lﬂ(ﬂﬁLﬂﬂ@l‘i&l

D.

6

s o @ a a : h 2 ' a o
PFIRTRIUNATANANILNEUDDAR ®IU I—:E Lﬂuﬂ’naaU‘Dﬂd“ﬂaﬂaﬂ’]‘wuuu@‘ﬂ k mae K

UNUITWIBLUUAVBININNAAFLUNATY A1 ERGAS N31AN71 3 weadI1 35 svaadidi
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]
A o

b 9 ﬁ@mmwéh FIWITMInRENTINAINATIN AR ERGAS ¢ 3 ugasin A5ms

VRN 9 damnw

% a £ o % 6 . ..
2.8.3 aaNilszansanaunns (Correlation Coefficient: CC)
™ Qs =Y Qf > Qs v > Qs ™ =)
MIAFNUIZANTIRFTUNWSUDY Pearson AZURAS MALABDITZAUAIMUTUNUTLT
\Wuvasraseaulindaaglugag [-1,1] Ae ddoyauandrinulasfmdadnnle da -1 ud
ﬁwmsz@”ummé’ww"‘ufmﬁamﬁﬂg 1 LEAITN TTAUANMNFNN BT IZANINIGLU TSN
J o ot ni o 1 et o 6 1 £% %
FITUANEIAL gmwlﬁumimmmmwauwumzmwwagamw A nunmw B lay

PIRDINNWATUUIALYINAY D NxN MW RINITDAUI T LA A9

. gg(A’i‘A)(BU‘B) (2-36)
J%:%(AJ —A)Z%:JZE(BI i —E)z

| e a &% v o ¢ . & : o o & a o \
ﬂqﬁwﬂizﬁﬂﬁa'ﬁﬁmwuﬁizﬂ'ﬂqﬂLLU%@TQ\TLL@ﬂzﬂ FIRTULU UG R,G, B V]U\TVLN
U v A

RROUTINNLLUUAN bAIINNITRABNTINLED Ad R,G', B 3= INITAAIUIDLATHINN

%

= = 1 1 tﬂw
WwIsun HUI%LL@IQZQ J%

Pr,c1 Pr.c
Pc 1 Pe g (2-37)
Prr1 LB R

AN AFLUNATUAI AT RN FUN WD IR INILUBAUDINTNNRADNTIN
LRINULURAN I IRRDNTINIZA DI MILANGIINUNIN LTY FRFUNWTIZRINILUKG R AL
G navlinenTInda p,.q =0.94 MERFNNRITRNINTAGEINULARRBNTINLTIAE

Pro doilalnaifios 0.94 droguny Ssfiohflanufanswmdisnasud
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284 ABWINAMAMN (Quality Index: Q)
Q (Wang and Bovik, 2002) \ugniifisanwids X numweasant y fAdns

° v &
ARua 13a9%

(2-38)

= ' . . ' a @ v &
L@ Oy Wudranuudsdaiuiiu (Covariance) ERINNMNLAY X NUNNNIEINWD Y

fau X uaz ¥ iduduads anuudsUnuzes x AUy gnunudis of wex o) la

v

o @ = o ' ' o O-XUy = o &
MG FUNIIN (39) FININIALNBNUAN 9 Iﬁuiﬂﬂﬂm@]'ﬂﬂ —_— Gﬁ\‘ia’]&l’]iﬂﬂ’]vl) %

0,0,

0= Oy 2xy 20,0,

—2 =2 2 2
O'XO'y (X +Yy )O'X +O'y

(2-39)

3 ' = ny ' e a af e o 6 ' a
WLAWITNNBULIN AD Lﬁ%ﬂ’]ﬁﬂﬂizﬁﬂﬁﬁ‘ﬂﬁ&lwu‘ﬁit'ﬂ’ﬂ\‘l X nu Y nay

0,0,
4 a 2Xy o e - A A e
ngene ———- Wusrwnldialuasvesdn y tlaflsuny X 9anagun1izad
(x*+y?)
X e a e 4 o 4 20,0, ..o
Cauchy-Schwartz  @W$ITUBLNITMNIBLNINUAWI FIRIULNDUNTIN > TIANTT
o, +o,

WaguwuamasfAauNTIEd (Contrast) 321319 X 11U Y lasmaniiezddntasnimie
NALRILS

aRarsongrsvasaaailundazinanaznui ﬁwé’uﬂs:ﬁw%%%é’uw”uﬁﬁﬁwag
Tuaig [-1, 1] ﬁhuﬁmﬁaﬁﬂaaamawﬁ@hag’luﬂm [0, 1] daviuead Q azulaehagluzg
[-1.1] depiiaamnin Q=1 ugasi 3%'msﬂs:mawaﬁ?uq lavlwguniwvesdaya
o'l sudo Q=1 fidewlle x=Y @a AMNIANIWITNING X AL Y inAurenee 1u
nydin x iy Y 1 Q fezana

mafwimesit Q luaumafi (40) Aadannarazgndwimluudan NxN A
Puafitwanzan Iag Wang uaz Bovik leimuals N =8 (Wang and Bovik, 2002) us
lunsmaauiutdayanwdadainasy Alparone uazAniz (Alparone et al, 2004) e
wuzthldimua N >16 sannsvimsdSoufisurmesesuianfidnaded Q azidin

]
oA

1 N =32 1 Q azdnga
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UNN 3

NMINATIZH o A NULLLAZ NN

IuUNHazNEDINIToANLUUT WA WA T IWNITRIAIA N VLT UNLA N F A
FRITUNIIRADNTINNINTNLAINLN Lasaznan1 D93 snITU Tz N AN AU UNLRIZ RN

LNARAANNHALNIUTAIATNNIEHRANTIY
3.1 NIRIATAMNLTNTRNIZEN

nund 2 Aldnanfsnasysiuninaigaiiisy Godunisdsu
ANUANTANNNAAFLUNATNAI8NTN PAN LﬂumsﬁﬁaQaﬁﬁmmanﬁmgamﬂmw
PAN a1 lgldtiuniw Ms §55n137iinsuazidufifion @e Intensity-Hue-Saturation (IHS)
(Tu et al., 2004) Brovey Transform (BT) (Pohl and Van Genderen, 1998) L8 Smooth
Filter-based Intensity Modulation (SFIM) (Liu, 2000) 498 e2¢1finnnsnsnisUsuaina
(Scaling: 7 ) wazMTAaud U (Shifting: &) ﬁaﬂmimfﬁﬂﬂﬁayﬂugﬂLmuﬁ'lavlﬂ"l,éf@”\‘i

gUMIN (3-1)

R' R+0
G'|=yx|G+0o (3-1)
B' B+o

Towd =171 waz 5=1"-1 FadunisnseuralognsunuaianududisnIw PAN

(1'=PAN)
AMIRABNTINATNELANUABUANNFNNNTA (3-1) NANTITGIGABANT
nInIiuanauazmMIRanduAhiaasFluTzniinmmas v liiiadgni out-of-

gamut 1iia ¥ uaz & ddann asuaaslsniwisznaun 3.1
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(0,0,0)
A [ A o ] ad 1 dflJ
Awdsznaun 3.1 NamaamsﬂmamaLLa:miLaaumLmuﬂmﬁﬂQuwugm IHS

aa @ . a a . & @ a

NnITMInaenTIndayanndsafisafinarluludasdusansan
zihanmruadn 6 35nIasdh

1. IHS WWwitnanldardufiunmafenduniilasiinuad y =1 uaz & =PAN —|

Alduuudnaad IHS asaunsh (3-2)

Rl [R+(PAN-1)
G'|=|G+(PAN-1) (3-2)
B'| |B+(PAN-I)

LWaYINAITRABUTINATWEIUNITUNBAINNULTUGBAIN PAN AOLNTWUBININ
L { QJA/ T v § ] L 1 U

HAAWST ldduagny Tayannn PAN fiiannauandsnudianuiduanin Ms

wndaginedla dilenuuandrsanazainaliiialyni out-of-gamut 32% 319013

o @ v eda o 4 @ A
ﬂﬂauiqu'ﬂqlﬁ‘vl@ﬂqwNﬂﬂWﬁ'ﬂNﬂqquﬂﬂJ'ﬁ@@n(ﬂdLLa@@Iu.ﬂ']WthﬂaﬁJY] 3.2

MWUIZNOUN 3.2 MWARALTULAZAINN LGNNA1IRRBNTINGILTT IHS

(M) AN PAN (1) 7MW MS (A) NMWHAANTIINNIRABNTIN IHS
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2. BT ummmasununldardiiunsdsuaina lasmsinuadiaina y = PAN /|

wae & =0asuaadluaunisn (3-3)

R'
G Z—PTN «| G (3-3)
B B

N1 THATFILATIERAINAILAIG TR WNTUTU FLNA AR AaNITHAL N W a9F

Lﬁaaa’m@hm’mSu@?‘smaaﬁl,ﬂﬁﬂuu,ﬂaalum"’u@aumwaamm @:I'GLLK@IGGL%

ANsznaun 3.3

(M) AW PAN (1) 7MW MS (A) NMWHAAWFIINNIRABNTIN BT

3. SFIM 1iuasn1snldaadinni1sdsusing lagiinuwaai1uadni1sUIusLINaa2g
AAINFIBILHINIATIN PAN haznNIW PAN NHIUAINTOIAINNDRH Y
y=PAN/PAN, uaz 5=0 augun1sn (3-4)

c'|=PAN g (3-4)
PAN,

& o Ao AN o v ad ' A . °

FagnsasanudmeulunitlanaaasdiodFasrndnads (Mean Filter) laafiinua
PUIAVAINUNAIIA19 9 Nh aanwLsznau 3.4 Warnuewiantiiaiadn 9x9 az
WA AW anwmeldwniwdanitasanuwiantindraaniiunldawrinlvaanyas
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ﬂﬁﬁuﬁﬁﬁﬂiﬂdﬁ’]ﬂﬁﬁwﬁgdﬂ%aﬂﬂ&l’]@T’JEl ANNITNN TG RIYANIITINAUAT U

WIN69 25x25 L@NIWHARNTNAAININLIZNaUN 3.5

MNUTNBUN 3.4 MWAFBNITINALADT SFIM LUafNAUAUWIARINAIA1IN
(N) SFIM 2%1@ 9x9 (2) SFIM 2@ 17x17 (A) SFIM U191 25x25

ANT19N 3.1 wmjam”mﬁf@qmmwmaﬁ%ms SFIM tHafiNARATWIARTNAIA1IN

SFIM ws =9 ws =17 ws = 25
CC, MS 0.8787 0.8365 0.8256
CC, PAN 0.7856 0.8377 0.8512

RMSE, MS 0.0873 0.0402 0.0229
RMSE, PAN 0.0477 0.0513 0.0674
ERGAS 7.0172 3.2364 1.8477
Ql 0.8224 0.8469 0.8540

31NA13197 3.1 Lﬁaﬂmimm’wam"’%ﬁi’wqmmwwudﬂ o nuanuwI AR
LANGN% ﬁwmwﬁwmﬁqﬁmmmﬁna:ﬁ'ﬂmqmmwL%aﬂﬁuvlﬁﬁl,wia@qmmwL‘%a
Wufiag wazdmmuanindwalngduiezlinasnslumansuiu saiuilodas
fmuawaninasiusunudmsunsvaousn 3916 onvuantineng 25x25
Lﬁaamﬂlﬁ@h@ﬁﬁi’@qmmwmaqﬁg\amwﬁwm ERGAS lazen Q 1w 1.8477 uaz

0.8540 ANRIAU LaumWNaansNa azlwd1 ERGAS é1nin 3 uazen Q 1anlng 1
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Q)
MWUIZNAUN 3.5 MWAURTULIZAINA LHAINNNITRRNTINGILIT SFIM

(N) MW PAN () 7MW MS (A) MWAEANSIINNITREBNTIN SFIM

4. IHS-BT {u3sm i ldendiumsnenssu ainanasnsiaoudunis lags1nua
y=PAN /(I +k-(PAN 1)) uaz s=k-(PAN—1) uaziian k tduaqudainsae
aaw (Trade-off) ANFNNIT (3-5)

R’ R+k-(PAN—1)
-3 kPFA)ANN |Gk (PAN-1) (3-5)
FRAPAN=D g AN - 1)

AINNINARAILAEMIUTUAY K 1aNNTIMEIBRILATNLIN IDNIHAANIRALNY

PaIRNNTLURIULUBIVDIAIANUDNAIVAIRILHRININTRIANTINLTWLALINLAT

BT NMNHaaNINN IaLIaIadsn wlsznaun 3.6

82 24

() (M)
ANUTZNALN 3.6 MNWAIANITINAEAT IHS-BT tNafNAUATWIARTNA1IA19N%
(N) IHS-BT, k = 0.2 (1) IHS-BT, k = 0.5 (A) IHS-BT, k = 0.8
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Lﬁaﬂmsmﬁ@hﬁ"ﬁﬁ’i’@qmmwmaamwvmamwﬁm’maﬁ 3.2 92U @1 ERGAS &
@i 3.0 ﬁaagﬁvlﬁ’h MWHRANTINN LA 1NITNT IHS-BT "l&iﬁqmmwﬁummmi
wWSsunsuluwniwdsznaun 3.7

AN 3.2 Nama\‘i@T"ﬁﬁﬁ“@Qmmwmaﬁﬁms IHS-BT tlafiviuaal k wand1in

IHS-BT k =0.2 k =05 k =0.8
CC, MS 0.5591 0.5652 0.5689
CC, PAN 0.9691 0.9812 0.9877
RMSE, MS 0.0837 0.0837 0.0837
RMSE, PAN 0.0337 0.0292 0.0259
ERGAS 6.7848 6.8918 6.9892
Ql 0.7158 0.7144 0.7067

MWUIZNAUN 3.7 MWARATULAZAWN LAAINNITRRENTINGLD IHS-BT

(M) AW PAN () 7MW MS (A) NMWHAAWFINNNIARBNTIN IHS-BT

5. BT-SFIM tilwATn13nlaaaantinn1snIn1sUsu ananaznIsta awed1unihg laaninue
y=PAN/PAN, usz §=PAN_ —I augun1sn (6)

R’ R+(PAN, —1)
| PAN
G'|= |G+ (PAN,_—1) (3-6)
PAN,
B' B+(PAN, —1)

1un1IMaaasd sk la iR UaTUIAVAIAINTDILANAIINW LN ANTAINIWL Tz NALN

o a a ;ll A = v ad 2 a = @ v L v
3.8 TINANTHALN YWV AIRLTWLALINUAT BT LUBLUTHUNSUNUATWAURUULIAIAI
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MmMwisznaun 3.9 LLazﬁﬁmMWﬁwaaé"‘ﬁﬁi’mmmwhmﬁaﬁ 3.3 WUi1 @1 ERGAS
1NNI1 3 ﬁ'aﬁumwmammvl,sjﬁﬂmmwL“ﬁul,ﬁmﬁ'umsﬂs:l,ﬁu@hmmmm

(n) §1)) (M)
MWUIZNOUN 3.8 NMNHRAANITINGILAT BT-SFIM LUamAUATWIARTING19A19N
(N) BT-SFIM 111a 9x9 (3) BT-SFIM 241@ 17x17 (A) BT-SFIM 2110 25x25

AN319N 3.3 Namam”ﬁﬁi'@qmmwmaﬁﬁmi BT-SFIM tUafMRUATMIARINA1IA19NH

BT-SFIM ws =9 w =17 ws = 25
CC, MS 0.5645 0.5690 0.5705
CC, PAN 0.9706 0.9794 0.9831
RMSE, MS 0.0841 0.0838 0.0837
RMSE, PAN 0.0372 0.0300 0.0269
ERGAS 6.7699 6.8880 6.9633
Ql 0.7149 0.7146 0.7080

ANUTZNAUN 3.9 NMNAURTULIZAINA LAINNNITRRBNIINALAT BT-SFIM

(M) AN PAN (1) 7MW MS (A) MWHAANTIINNIRABNTIN BT-SFIM
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6. IHS-BT-SFIM tI%35m3filEaad L iun13nan1sUsu ainauasn1Tia awd L Lag
Anua y=PAN/(I +k -(PAN, —1)) waz 5=Kk,-(PAN, —1) uaziien k, wac
k, \dudautlsinsaaan AUENNIIN (7)

R' R+k,-(PAN, 1)
, PAN
= PAN.T) G+k,-(PAN, 1) (3-7)
+ . —
B “ - B+k,-(PAN, —1)

a a o o Y a
IMFUMIN (3-7) AnsimuaaiuilansaseWaiuguaansdasnulssvainny
Y % a o o e A o v o a [
DUAILATANNLTNIDIF 2 aradunt Aa Kk uadudsinsaaanwasaidiinnislsy
aina uae K, inandansasanvssdrdiiinmafondiuni lasinuwald k, =
$ Qs a a o J A v o
1.0 1HaIINMNHAAWTVIIDNT SFIM LA M smwuadl K, = 1.0 Golhuaans
N6 usvinmasavdalasni1sdsu Kk, 1w 0.1 0.2 uaz 0.3 arudau azlanw

RRONTINLRAIAINIWLznauN 3.10 Lﬁaﬁﬁnimﬂmuﬂﬁumﬁmﬁf@qmmwslumm

'
=

fi 3.4 wudn lunsimuadn k, = 0.1 Wi weaswinsnenossdoaifnduld
fninendu 9 qldanen cc fSoufisuiuniw MS duaiidu 0.8106 waznnyia
Qmmwmaamwmamawﬁamwg]vl,ﬁa’mm ERGAS uaz Q da1idn 2.2813 uas
0.8490 mudau Soldaannisaasn K, = 1.0 usz K, = 0.1 U553 IHS-BT-

SFIM saugaslunwdsznaud 3.11

nwsznaufl 3.10 MwraaNTINeIn3T IHS-BT-SFIM Lilarnua k, uand9ni
(n) IHS-BT-SFIM K, = 0.1 (1) IHS-BT-SFIM, Kk, = 0.2 (A) IHS-BT-SFIM, K, = 0.3
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AN 3.4 Namaﬂ@”ﬁﬁf@qmmwmaﬁﬁms IHS-BT-SFIM tlafinnuadl kK wand1dni

k =10

IHS-BT-SFIM
k, =0.1 k, =0.2 k, =0.3
CC, Ms 0.8106 0.7931 0.7729
CC, PAN 0.8743 0.8959 0.9156
RMSE, MS 0.0282 0.0338 0.0397
RMSE, PAN 0.0609 0.0546 0.0484
ERGAS 2.2813 2.7536 3.2484
al 0.8490 0.8418 0.8324

AMWUIZNAUN 3.11 NMINGURTULAZ AW LaANNNITRAANIINAILAT IHS-BT-SFIM
(N) AW PAN (Z) 7N MS (A1) NMWRAFNEINNNITHABNTIN IHS-BT-SFIM

NNIRRBUTIUAWENLANUA LU A8TTN196019 9 T196% FInalwnIw
v ea_ I A X a & | ada v | %
NARWTLNAU T out-of-gamut LazAWAALNUD AR TIudazITinsundynidngeg nu
[l a VY o s A Qo %

eI M ImAauTIN IHS-BT ldimuadauds k Fududiudsinsaeanaruquaasnnig
a ' ] A o \ @ a A A & a Aa
LRI 8ITERINAIAMUANAILAZAIN NI UTEIT LNDRANTIINALNSUYAIR Bk NaN
AEnsiuidymildinaulada BT-SFIM 1daansasanuddriu ithedaidantayadil
= A & A & Vo uaa aa
TUAZBIATINUNNAINW PAN INHRBNTIN MNINARBINIRNA Larrua liIdnsnd
naiidanTasanudddiwintislundaiiandayaliitnimidaisuazinua

PYUAVDIRINA VNN T UG 25x25
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3.2 N1IRADNIINATNA AN BNA 28I N30 ag iINIHS

PINMIANBIUAZWIATluNMImIaIa T Uz ad LWaaalwinig
P kg A o ) ' a a aa & ' ~
HALWEUTBIF FINTUNIITNABNIINNINGILANNTaaR ITAUIIN IHS Wud Yaynn
ANMNAALN WU BIFLANINN NI TU R UL AIU8IA1ANNENGI9F TTeninanITnaanIId
13899700130 U 8 lWIZUUE THS A1a8aNAIUAIRILAZAIAINULT NI AN R NN BI N LA
WRAIMRNNNTN (2-13) - (2-17) MNBRHINUITTUURNTANwanlafie JsuUF iNIHS
A AAaA o R . A4 ' v @ o
Wasniduszuudndnsuidami out-of-gamut lasn1sdsadnaanwansaslinauign
magflmj'w NIRAANIINAIENTHUAI INIHS FUnaanaits
1. dsurwiavain wtadatdnasuldiawiavinnua nunklasuidna1835n1y
Bicubic Interpolation
2. wlasnIzUUR RGB JwIzUUR iNIHS anuaun1an (2-19) — (2-21)
3. WNWANANNTNAILAINNUTNINNATN PAN
4. wdasanszuud iINHS Tinauanegluszuuf RGB anuaunIN (2-24) - (2-25)
% (tdl £ 3 d' % 1 v dd‘d
NRANTN LALEAIAININUTENaUN 3.12 FanaiiusaztduszuuanIn1s
(% &~ B a ™~ a 2( A K 3 ] d'l 3 ~
untlgwi out-of-gamut udgsastiatyninisiatneusadl 39lanasasdatNannyni
NNIRIAIANLTUTLRNIZRN NTUITZHI AN N UNR U FNAATNINUIR U A D
SFIM v %NITRIBAINFIUVBINITUTUIWIAAILATANNLTNAIN PAN LaZAIUBINTNW

\ o 4

PAN NNI%AINTAIANNAGEINIL 3NNIINAaaINLI1 NTbTa1UTuRINaa2895 SFIM 16

caa o

NAANTNAAILEaIlwAIWLIZNaUN 3.13 LAz 3.14 LHHAINNEINIININBITIUALLD L AL

A A

A @ ! a A & Ao o v gaN va a &
ﬂauvl,’ﬂ@l,ll Nﬂ’]ilaﬁ']ﬁa:l,ﬂEl@lL‘HQW%‘YW]"II%NﬂﬂW'ﬁ‘ﬂvL(ﬂaJﬂ'J']NﬂzLﬂU@]N’]ﬂ“ﬂ%

MWUIZNAUN 3.12 NMINGURTULAZNIWA LGANNNITRAANITINAILAT INIHS

(M) MW PAN (1) MW MS (A1) MAWRAENTINNN1TRaaNTIN INIHS
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MWUIENaUf 3.13 MWRANTINGREAT INIHS-SFIM 1o Asaawaniinenadnans
(N) iINIHS-SFIM Y#1% 9x9 (V) iNIHS-SFIM 2u1a 17x17 (@) iNIHS-SFIM 2ua 25x25

A P e oA a ' A o
INANYIsEnaun 3.13 LLﬂzﬂﬁﬂ“ﬁuaﬂqmlumﬁiﬂdﬂ 3.5 WU LUANIRUA

PYPIARUIGIVDININTDIANNDAINUYWIA 9x9 @i’]m”%ﬁ’i'@qmmwmaamwmammﬁh

mwﬁﬂ'ﬁﬁvlﬁqmmw miLﬁammaaugﬁmmU@W:Lﬁumwﬁé’ﬂmmuﬂumwsﬁau

Lﬁaamnéﬁﬂiaomﬂuﬁ@'hmuvléfmaammmﬁgoaaﬂméhU AINWIUNITIZAATWIN AW

ﬂaamamﬂﬁqmmww%a%ﬁuﬁm mé’zlmiﬂiuﬁuqmmwﬁa Umﬂmmuﬂﬁ'um@”‘*ﬁﬁ

TAQANIN 11935017 iNIHS-SFIM mewaé’wfﬁ'ﬁqmmwLﬁaﬁmummwﬁwm

11 25x25 1061 ERGAS uaz Q beiilt 1.4478 uaz 0.8365 ANA1aU

AN 3.5 wamam”mﬁa”@qmmwmaﬁ‘ﬁ‘ms iNIHS a2 iNIHS-SFIM

iNIHS Substitution WS =9 WS =17 WS = 25
CC, MS 0.5510 0.8784 0.8342 0.8246
CC, PAN 0.9494 0.7855 0.8299 0.8447

RMSE, MS 0.0224 0.0140 0.0156 0.0166
RMSE, PAN 0.0806 0.0829 0.0933 0.0958
ERGAS 1.8463 1.1585 1.3655 1.4478
Ql 0.7740 0.9015 0.8465 0.8365
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Q)
MWUTENaUN 3.14 MWFURTULIZAINA LINNNIIRANTINALT INIHS-SFIM

(M) MW PAN  (T) MW MS (f) MWHAANTINNNITRABNTIN INIHS-SFIM

3.3 N1SHADNIINANAYAINaNID NS | iHSL

lensanfiszuud iHsL iiuszuuFfssnuuunmeldauadziuii fuas
danugundsrzdany asnugasnuladanszuud RGB 1l iHSL sun1si (2-25)
— (2-29) mngaﬁnﬁanﬁaﬂ‘f iHSL (uszuuFlummasuanwinganufiouiass Wia
aadnin1sAaiauesd eldinimasumunwdisarifoudiedsnmsunuen
ANITURIBavaInIw PAN lagassazldnasnsasnindsznaud 3.15 daasifiaaina
AALNEUUBIF LazaNMTILATERNNTHANTINA T AL AuNISUSL aLnauazNTAa %
FLAUINDIN @T’)(ﬁ"lLﬁuﬂﬁ‘i“fﬁ??(E]Gﬁ’]lﬁlﬁ@ﬂ’ﬁﬂwmu%ﬁﬂﬁiﬁ@L‘ﬁﬂu"}]adﬁ Sautdynilan
miﬁ'@]Lﬁaﬂiagaﬁmmzau"lﬂmamméf'sﬂmsmé’mwdmﬁagasminmw PAN L&z
NN PAN ﬁmuﬁ'ﬁmaommﬁ@:hmu@nmgumau?ﬁmmaammgﬂmw iHSL-SFIM 11
mwdsznaud 3.16

MMWUIZNBUN 3.15 NMINAURTULRZATNN LAINNNITRRBNITINALAT IHSL

(M) MW PAN  (2) MW MS (A1) MWHAaNTIINN1IHaaNTIn iHSL
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Panchromatic image Multispectral band (MS)

[ PAN RGB
PAN ( | ) I
l PAN iHSL tran:formatlon
Lowpass of PAN
(PAN,) L HSL
[
| s
PL v ¥

L» L’=(PAN/PAN,)XL |—L’» HSL’

[
Inverse iHSL transformation
v

RGP’

AWsznaun 3.16 m”umau’i%mmaammgﬂmw iHSL-SFIM

58n13%aan3I IHSL-SFIM J9uaausil
1. 2mprmerasmniadzunasulddumawinnuanunulasin@naluis Bicubic
Interpolation IagARAATEINWATINHULE
2. uiasanszuud RGB LHussuu& iHSL
3. ﬁﬁagaﬁw{uﬁmnmw PAN uazewisnIa1wadsnIn PAN, fiknudansas
anuddrn laglddansasaaiovwma 25x25 0NN

4. WNUAIANNIZAUANVRIN L @867 L AI&NNNT

L'= (PAN/PAN,)xL (3-8)
5. wRINIZUUR iHSL 1ﬁﬂ§'umagj'1uizuu§' RGB
R' L' 0.7875 0.3714

G'|=|L"|+|-0.2125 —0.2059 |-
B' L'| |-0.2125 0.9488

s
O

Cl} (3-9)

2

NAANTN L ANAT NI RULRAINAAININLIzNaUN 3.17 LAz 3.18 1AN1T
WRONITINN LI AALR B NAIANINITUALRUIZRNINNATIIRIDATIFIWIZHIINAIN PAN LLaza

A o Ao v aa ' = A o
PININ PAN NIHIBAINTBIANNDGIHIBA18Tn 139 aane thavanidwainyesd

%

o { Y o a 1 v ¥ 1 d 9/&’ 1
Lﬁﬂ’)ﬂ‘]_lﬁv[,@’m']ﬂﬂﬁﬂﬂaadi%'l%ﬂ']i@ﬂ{i‘5] TNABNLIN QMﬂ’]W‘IJﬂG%ﬂ@N?’JNﬁVL(ﬂ“D%a% 1

6
A o @ Aa = Y AaA &
NIBJIAIUDAN ﬂ']ﬂsa\ﬁ.laﬁﬂqﬂ(ﬂaaﬂlﬂﬂ"ﬂz‘l@ﬂqv\l%ﬂaws@uﬂ&lqmﬂf]w IINNIINO[ILND

o o A o o fda L e oA e A
MABAVBIAVDININTAIN 2525 ﬁ]va@NaaWﬁ‘ﬂ(ﬂ@]']Nﬂ']@%%’l@]@lmﬂ']wslu@ni'wﬂ 3.6
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ANWLTENAUN 3.17 MWRAANIINAIBAT INIHS-SFIM LU AUAUUIARTNGN1I619N 1

(N) iIHSL-SFIM 2%1a 9x9

(@) iIHSL-SFIM ww1@ 17x17

AN 3.6 Na"uaa@”mﬁa”@qmmwmaﬁ"ﬁ'mi iHSL W& iHSL-SFIM

(A) iIHSL-SFIM 1#1@ 25x25

iHSL Substitution WS =9 WS =17 WS = 25
CC, MS 0.5665 0.8906 0.8488 0.8368
CC, PAN 0.9890 0.7909 0.8413 0.8532

RMSE, MS 0.0222 0.0137 0.0156 0.0171
RMSE, PAN 0.0819 0.0830 0.0922 0.0960
ERGAS 1.9648 1.2361 1.3958 1.5066
Ql 0.7403 0.8942 0.8391 0.8230

MMNUTZNAUN 3.18 NMIWAURTULAZ AW LGANNNITRADNIINGILAT IHSL-SFIM

(M) MW PAN  (T) MW MS (A1) MWRAANTINNN1TRaaNTIN iHSL-SFIM
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MInaaNTINGIBN1IUUaY INIHS uaz iHSL Tungauiugiu IHS lduaawiasil

1. msdsuanuauganlamnunwlasananalan1sulas iNIHS
AWHAaNER laaInn1Inaa NI N8 TuU sy iINIHS TanaswEes
nwisznaud 4.2 Tagniw (n) iaannisudas iNIHS ufaunuidinnusudionin
PAN Ta8aT9waeniuisnns IHS asfwinmmnaswiAnanuAaiReuna9d luumed
AN (D) vl,@TﬁmwT@Lﬁaﬂﬁaﬁaﬁaﬂﬂmamwﬁazl SFIM Aauualtin lunaausiu wuin

ﬁlzvl,@meNﬂé’WEﬁ%’ﬂwﬂﬂaﬂugﬂﬁadm NGt GIaltark!

ﬂ']Wl]iZﬂﬂ']Jﬁl 4.2 ﬂ’]Wﬂﬂﬂ&lS’JNﬁvLﬁﬁ]’mﬂTiLLﬂﬂd iNIHS
(n) iNIHS () iINIHS-SFIM

2. nmsdsuanaansangnInunklasuifnalan1sulas iHSL
FWIUNWHAANET ldannIswasNsINeaonsulas iHSL fildnaansly
Tuemn9dednussng iNIHS asugaslunwisznaud 4.3 adsnanmw (n) 2891935
INIHS 1az iHSL Wudn 33015 INIHS 1AAnIAaIR 8w asFuINNIN T3NS IHSL §Iunits
1898719 n 320U HSL uonswiliunduazdianuduasnannuriliifansdaion
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(2

(n) )
MWUIznaun 4.3 MWN leaINNITRaaNTINGI83T IHSL
(N) iHSL (¥) iHSL-SFIM

4.3 msﬂsuﬁ%qmmw

ni a a ad A a
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@ A aa o ni a 6 A o % 1 o a A
ATHNIIRD AN INIINATINUIZNALN 4.4 LAaTeAiTeaaanaraaaulszansd
RRFUWUT (CC) A131NVIANVAANAIAVBIANARLHNRIFES (RMSE) A1ANNAANAS
NIRNAINNNTFILATZA (ERGAS) LLﬂ:@”’*ﬁﬁf@qmmw Q WIyUNBUAUAIW PAN LAy
U % a 6 @ ai
MW MS Guall hEAINANITILATIZRAIANTIIN 4.1
A A o o & AV o
NN TENaUN 4.4 LUYININITATIVRDUAILFNUANALLAKIT AW b
mn?ﬁmﬂumjuﬁl‘*ﬁ SFIM 22l WHAaNTNINEITNeazLAuaLEInanlaa iwllaiudn
Qs { { 1 o a Af o Ll £ Qs 1 { 1
ATRNULEAI L UANTIIN 4.1 ﬁmauﬂizamwawwuﬂnaLﬁmnuagﬁﬂi:mm 0.82 lusu
2847882 8ATINBNNNNMIFINAGIVFILAINLIT AWN eanTTATdNe 9 Haw
Q v > ] = a Q€ > > { = 1 H
ANTAINALALING LAZAIRNUTEANTERTUNWTNNLUNUAIN PAN ﬁﬂ’]ﬁfﬂdl%"flﬂ‘] AW
NRANT LIANANTIININIWNLIN NMIWHIANTIINITAT SFIM IHS-BT-SFIM iNIHS-SFIM
WY iIHSL-SFIM ﬁqmmwin&ﬁmﬁ’u LANNANATINIRDANLIN @1 ERGAS Laz Q 189
5351015 SFIM iNIHS-SFIM waz iHSL-SFIM Janlnatfssnunyszyios 1.5 uaz 0.83
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mwiszneudt 4.4 Wisuifsunmweaansildanisnsiugiu HS
(N) MS (1) IHS (7) BT (4) IHS-BT () SFIM (&) BT-SFIM
() IHS-BT-SFIM (1) iNIHS-SFIM (&) iHSL-SFIM
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37 4.1 APIATHIAN N NVBINMHARBNTININIDAIEN 9

Fusion Methods IHS BT IHS-BT SFIM BT-SFIM IHS-BT-SFIM iNIHS iNIHS-SFIM IHSL IHSL-SFIM
R 0.6693 0.8046 0.7209 0.9018 0.7080 0.8927 0.8014 0.9012 0.6670 0.8762
0.5697 0.5651 0.5680 0.8321 0.5699 0.8171 0.5656 0.8309 0.5628 0.8373
cc.MS B 0.4727 0.2888 0.4066 0.7431 0.4336 0.7220 0.2934 0.7418 0.4697 0.7969
Avg | 0.5706 0.5528 0.5652 0.8256 0.5705 0.8106 0.5534 0.8246 0.5665 0.8368
R 0.9873 0.9357 0.9745 0.8133 0.9753 0.8368 0.9314 0.8074 0.9857 0.8379
G 0.9968 0.9930 0.9956 0.8639 0.9960 0.8877 0.9872 0.8573 0.9990 0.8612
cC. PAN B 0.9870 0.9359 0.9734 0.8763 0.9780 0.8985 0.9309 0.8695 0.9824 0.8606
Avg | 0.9904 0.9549 0.9812 0.8512 0.9831 0.8743 0.9498 0.8447 0.9890 0.8532
R 0.0837 0.0641 0.0764 0.0182 0.0799 0.0235 0.0288 0.0182 0.0260 0.0196
G 0.0837 0.0837 0.0837 0.0229 0.0836 0.0281 0.0333 0.0172 0.0213 0.0172
RMSE, MS B 0.0837 0.1033 0.0911 0.0277 0.0877 0.0329 0.0416 0.0144 0.0193 0.0145
Avg | 0.0837 0.0837 0.0837 0.0229 0.0837 0.0282 0.0345 0.0166 0.0222 0.0171
R 0.0346 0.0541 0.0419 0.1036 0.0385 0.0971 0.1013 0.1302 0.1147 0.1276
G 0.0030 0.0044 0.0035 0.0670 0.0033 0.0604 0.0574 0.0979 0.0832 0.0980
RMSE, PAN B 0.0349 0.0544 0.0422 0.0315 0.0388 0.0253 0.0249 0.0593 0.0478 0.0622
Avg | 0.0241 0.0377 0.0292 0.0674 0.0269 0.0609 0.0612 0.0958 0.0819 0.0960
ERGAS 7.0475 6.7137 6.8918 1.8477 6.9633 2.2813 2.7924 1.4478 1.9648 1.5066
Ql 0.6999 0.7093 0.7144 0.8540 0.7080 0.8490 0.7626 0.8365 0.7403 0.8230




mwiszneudt 4.5 Wisnifsunmweaansildanisnsiugiu HS
() PAN (1) MS () IHS (4) SFIM (3) BT-SFIM () IHS-BT-SFIM
() iNIHS-SFIM (%) iHSL-SFIM

INNNUIZNAUN 4.5 LTWNIWHRANTN LGIINAITRAANIINAI8T NS
@19 9 a9% (@) IHS (4) SFIM (2) BT-SFIM (@) IHS-BT-SFIM (T) iNIHS-SFIM () iHSL-
SFIM LLa:"l@TLLam@h@”*’nﬁ’j”@qmmwmaomwvxaamwlumﬂo'ﬁ' 4.2
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Fusion Methods | IHS SFIM | BT-SFIM | IHS-BT-SFIM | iNIHS-SFIM | iHSL-SFIM
CC, MS 0.2927 | 0.7437 | 0.2982 0.7089 0.7436 0.7694
CC, PAN 0.9899 | 0.6678 | 0.9855 0.7371 0.6681 0.6449

RMSE, MS 0.0861 | 0.0118 | 0.0861 0.0148 0.0154 0.0129
RMSE, PAN 0.0266 | 0.0893 | 0.0265 0.0806 0.1017 0.0987
ERGAS 7.9080 | 1.0242 | 7.9080 1.3004 1.6178 1.2477
Ql 0.6206 | 0.8936 | 0.6185 0.8813 0.8944 0.8959
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Abstract

Multispectral (MS) and panchromatic (PAN) data provided
by THEOS (THailand Earth Observation System) have different spatial
resolutions. Information combination between MS and PAN called pan-
sharpening of THEOS images paves the way for the visual
interpretation of large-area-scale applications. Recently, a lot of image
fusion methods have been developed; especially, the intensity-hue-

saturation (IHS)-based methods are well known in quick image pan-

sharpening. However, the IHS-based techniques produce color
distortion due to the unnatural spectral response of THEOS sensors,
particularly in vegetated areas. The proposed scheme uses a context
driven method to improve vegetation indexes (VIs) by normalization
and automatic threshold to declare the vegetation zones. The procedure
consists of two steps: pan-sharpening by using the spectral distortion
minimizing technique and vegetation enhancement by increasing the
natural greenness of the vegetation zones. The proposed method
provides very good results in terms of visual analysis. In addition, this
method also improves the fusion quality by enhancing the vegetated

zones quite well.

Keywords: image fusion, spectral distortion, pan-sharpening, wavelet

transform, THEOS (Thailand Earth Observation System)

1. unin

MIMasNTINAINAIa1 NN UATEUIUAITIINAIN
uwuTasandunmaiadmdna sy WiedSuanuaudadlenimumwy
1A5UIAN (PAN-Sharpening)  @uflunisdunsizvivoyaliil
MIAUNANNIIEADNITATIVTBUAWA WA THI 0n13 /T8 1IaNARIY

a 14

AoNN RS [1]

daiuiinsdszgndlFauamarsarufionluaudiu
a19 9 Taeia ldaz 19 lunisastsmaudnagididynndoya

. . 4 2
(Feature detection) n13As9sumatldeundasvosiiudilan
. a 2 9 = ¥ =
(Change monitoring) N13AATIEHISAVANNANVDIUN [2] aeluns
/9 ¥ =~ Y Aa 2 a ~
UszgndlFnudinnudosnsnmilasaumagansludialwiiva
wazanasy ualuaniussadlsdesidaveunnluladuas
] vy
gunumsnemwuesaiioy liannsonenwiiiguavidnsdes
NG
Ao yy 2 an '

unanuid ldauetunendt lunsvasusunINoe

A1fieNToa (THEOS’s PAN-Sharpening: TPAN-Sharpening) ¥4

9
WALIWINTUABUTT Context-driven [3] Tﬂﬂaammnngmmaan

64



swihlimanuiaiieniimlnaSudiga [4] nazdinesnuaih-

ivasalesgiu1dldnniiga

2 Y o g o 1 Aa ooy
1_I‘1/Iﬂ’J13Ju1J§$ﬂE]1Jﬂ’JEJWJ‘11EmN 9 ﬂ\?ﬂa"l‘ﬂu 0 NIVDN 2

I
Aav aaA o 9

oy ;
nguuazaiveiinerdes ¥iven 3 Tuaeudiminaue waden 4
Y Y

D.

o Ao v gy A

AFUIANUNIN HITDON S HANITNAAD uazﬁwaqwmm‘ﬂumi

agua

[

a Ay Aa Y
2. ﬂq‘iﬂ{]l!ﬂz@1u'«l HNINEIVDI
= =
2.1 aNnaNsooa
$ooa [5] Wumuiendriaminensarwsnvedinei
1¥ndesmanin 2 69 Ao ndeeszuusIRaNREIMIondonu 1as-

v a

a v ' A A v v A
YIAN AT NA0ITTUVHAIEFNAAUNToNAoINaAdIdnATY 0

' A ' 2 & A a 9
ﬂiﬂﬂﬂ@u“}f?Qﬂﬁuiuﬂ']uﬂ'lﬁNailﬁuqﬂﬂuﬂﬂ%?ﬁﬂauauﬂiﬁlﬁﬂiﬂﬁ

(Near-infrared: NIR) tazlions 115 Irgduueanin PAN uazn
MS 11AY 7.5 FasalagFuareiuuin denaldguainveanin
vaans I idmnaIs
as [ v Y 2
2.2 'Jﬁﬂﬁﬁji‘”ﬂ'J]Nﬂ?»l”ﬁﬂﬂ?ﬂﬂ’lwuwuiﬂilnﬂﬂ
MTHABNIINTOYANINTZHINAIN PAN  LAZAIN MS
Tagmsaemsaumanudgannnnm PAN s ldaldnim Ms iile
veneia Targau IR unIw PAN
Femsuasusamzmumuisadwunldifu 3 dszian
[1] ﬁﬂ Projection-substitution, Relative spectral contribution Qg
Amélioration de la RésolutionSpatiale par Injection de Structures
(ARSIS)
2.2.1 Projection-substitution
3 ax A P
WuatmsnaousmTasmsunuiaianuduyednIn MS
oA NUTHUININ PAN Femsunuaiiioguaisiialoni i

Intensity-Hue-Saturation (THS) [6]

R'| |R+0,; )
G' |=| G+ Oy |0 = PAN -1,
B’ B+06,

e 7 =(R+G+B)/3 4az R,G,B unudeyauuud RGB 103
a1 MS fdfusaTsgduldiminunw PAN uér 918 R, G, B
A o Jay Y
Aonmradnsn ldnnmsviaeusan
2.2.2 Relative spectral contribution
. v .

FddaeglunquilgniaumannisulauFadu ms &
a 4 ' A o 1o Yo o
fimMsvaousWAWNe 4 $enaunazeuInliumdaunls 14 a5 on

v
aﬁﬂ1swaamm1uﬂqum1 “Tunable IHS-Brovey” [1, 7, 8]

R R+518,

G' PAN G+ 8, @
B :(Z—I)Pan_'_]i B4+5L5,,

NIR' ) LI NIR+5EL5,,

iilo I,=(R+G+B+NIR)/4 WAz &, =PAN—[, Aoty
uuud MR fumunmludmdususalndveann Ms fdusa
TagFuldmiiunm PAN udr 9218 NIR' fie mwludmduilsuse
Induosnmnadniiil@annisvaousiu naz 1 Fudindsdiy
dadiuszraInNTwazdsasidluiivanazalnasuvesnimiasy
s dm / dunmeh i mvasusiniineazdeaatuiiea
quiaswazideadmlnaduszdias nazidlear 1 fafeuszlina

lunasanutu
2.2.3 Amélioration de la RésolutionSpatiale par Injection

de Structures (ARSIS)
N&NN15Ue338 ARSIS fie A1vesganin luadsgnuldon

A P a X a o = 1
eundyrinsiatiewdeddnasuy WOIAYNUIIUVDING

a o a o

Wnsrzriiadsd Tygdu (Multiresolution analysis: MRA) Tums
o P = £ amdda Y A
FUATIZHAINNUDFININA N PAN §935NHen1d fie nisulawual-

e (Wavelet transform) [9, 10]

~ 2

iRauea ARSIS Taoir vz ituaeuiido s
1. AE@SAUNANINAIN PAN
2. Aumasaumaivaluanam Ms
3. MANUANRUTIENINMN PAN  4agaIw MS  1dd
dunsizinin Ms Wilisalagiugs
TuaouTstiezs Inssadranisaeansaumauniadaina e 1¥us
agmnalinnuaeandeii @Tﬂﬁuﬂmmwmmmwwaamawﬁuaéﬁu
M51A8NENT AUIMARIMINE AUIMABNT I B9 Context-driven [3] 1T

HUIAANINMIPONLLUMUNANNITUBY ARSIS Haznaiae 11/

2.3 Context-driven
v o 2 Y o aa 4 A A
msviaeNswAIenanmsi v lduanadanniuaiolio
T e e a4
Fmsumsmulum oMMz auiuLaaz U
Yunaeuaseumaniudgaannm PAN Tideandesiunin Ms
Ao A o 2 o A v s aa
fdumiaReny vennniilumsmasusiudalims Inasineada
A o A ] oA 9 1 .:5 )
edaduled azlanse lilaasaumannudgeoinnm PAN 1
G e v aa Fuy o
Tl lundazdmwnisvosnin Ms  ngnisaadulail Iderdonis
~ s aad o o Y o v ' A o
nFeufeumnaaineadaniaszauanuinsuldvesaianuda
1 o ° 3 1 s
MUYBINTIN PAN AU MS Taefviuaiuaunsalaadanie
F o2
VU FINTUADUNITHADNTINAIL
1 YA =) @
D guagien i MS TalvnaReInunm PAN
r's 3
2)  weNeeRYITNBUVDININ MS LazmH PAN alensutlaal-
3 o a £
160 Taeld DL uaz DE,y unudulsz@nsnoazidoavesni
o o A 2 3 o a £
MS LAz W PAN ua1au tie k=H, ¥, D suiluduiscans
9V
AWUUIUDU UUINT HazuUNRI TABEIAY 89U Cys LAY
4 T
Cpay UWUFNYsEANTU0IMUTLIIUIINAIN MS 1Az N

PAN aa1ay

65



o Y a £ v o o a £
3)  muwmmdulszansandunusandulszansalssun
FEUTN Cpys BT Cpay Hogsoudmmiadi (G, j) meluiulad
. d, TP S
e n x n Fmndualaiiumdulss@nTandunusuog
IRWIZAMHUS (i,7) (Local Correlation Coefficient: LCC(i, j))
ST AT . .

9 mwamaiaimin y(, j) Mddusasaslamnsaumeann
A PAN 1 1 Tunm Ms lundazdwmis G, ) $ay (i, ))
dlumsanduseninmanuioauunasgmues Cyg fua

' ~ Ao ' .o a 7

AulleuuunIas gV Cpy Ndwwnua (i, ) meluiulad
v

WA n X n Aafuaumsdwmiulaasaumeanam PAN 1in

T lunm Ms eansammua lddai
. r(i, )DEs(i,j) #ILCC(, )| =6
Dls(i)) ={ DDias (] (@f)
) Dys(i,j) )
ile vk = H,V,D uaz 6 flud1iina (Threshold) HilAneg

(3

lunsdiduq

. 2 e 0 e o
Tug39 [0, 11 Tastusgiumanduniutueanin PAN fummn
MS Tuudaziuud uagiinnuduiut lagasaduvuiaves
a 7 A o P & a s
Julainxn Anmualuds 3) Fsvuiavesiulal n oy
mvuannauisasd legiunudasidinvesdinaniniioy
1NABNITIN NANITANEIVE Alazzi et al. [3] NnAasg

v
fMyvuaviaiulal 7<n< 11 daiuaiiing 6 a1u1sa
fnua ldnnaranduiusuoanin PAN sunm Ms uudas
s oA A A v &

HUUA WU 0 = 1 — p; Wo p; AoMandUNUTV0INIW PAN
NN MS tuuan 1
o & o 4 =

5 mmsudasnidasuunnd die 1w 1dnmivasusiu

MSP = D¢+ Cys; Yk =H,V,D @

3. JupeUMsHasNT UMW WNeNTood

\ = =

3.1 MIHADNIIUNNDEYANUNYNTO A

ITHABNTINAINAWA1INNENT OO (TPAN-Sharpening)
o Yo o a= . v
iaue IdWanuIIndane3iiu Context-driven Tagldeanuuung

& A o g Ya 1 a & a v o
mswasusmawidou lvii1dlimanuiaiiowFannadudga
1 v

Taosnuaifioasalagiu 131 1dnniiga Taverdonsaenindu

o

veunAes dayanal

]

o

4 o v a g ' e ~
Welldyyravesannasumiveglunnees v uas 9
Y 1 o 4 o
TAgNIADIINMABT LT INIUAINTN L 1 ledyanal v =
(v, V3, ..., v} unugaMMBInnRes mlnas Ay vl = GL(i, )
~ A A ~ < s Y
wag ¥ = {0y, 0y, ..., 9} Aunnmesi ldnnnisvaeusinvesnu
MS uuudf [ funn PAN Wude ol = GL(i, /) midaninny
v
AatfiuvesmlnafuaztadroanuduiusiFayuvesanlnafy
v
(Spectral Angle Mapper: SAM [11]) vosaeannnasla ] AN
SAM (v, D) = arccos ((v—vi) (5)
21121l

nupaesiinnudaiisusialnasudiga (Spectral Distortion

Il v

] v '
Minimizing: SDM) a¢iimsilasuntasisatifieanazalnaiy A

v v
msasuudasilozunudroninmaed @3, j) = {al@Q, ).l =
12,..,L}

s A 9y "
12,.., l} UNUNINABDIVDIPANTNDIN MS T]Qﬂ“llmﬂ(lﬁll"llu'lﬂm'lﬂﬂ

wazdimualdnmes (i) = (GO ), L=

770 PAN
. . a 4
YagUszaaAndnveanasusINA1uIT SDM tiienq
asaumsnianidnafulilndidossunm Ms 1dulduniigadie
v
WanINMaiYes SAM dniudaimualf
TOMS(: ™\ — =2 (1 ¢ (Pan) .. .
W™ (1,)) = as(L )Wy (0 )) (©)
& o o I )
FuilumssmuannaeianlszumvesnIn MS 99100 PAN 4T
v . H T
AnuAALiiaue SAM miigavesmsldasaumaiilurvazidon
Famduiioa (W) dr i luudazdumia (i) Ty
24y v N PP ¥
nnneinldanmsvers luvazd al(i,j) gnesnuunliiianu
g U b L 4
ARLNEUUBAISA ToIAsn (Radiometric) fngauny vndeuly

@199 NAEIVTAU INsoMMUATNATYBINITHa NI N 1AETT

2., 2., R Pan) ;. -

GG ) = GG ) + ds(i, ) - W™ @, ) )
Tavfinnaes @G, ) Mnuuudi | gadvualag
GO
ATy’
e AP Jluanlszanamnmslaiansesanudeinim

ds(i,)) = at(i,j) = 1=12,..,L @®
FunounsnasuswAmMEIeliEanuidnns ARSIS
ity a2 190w Ms Fuuud Tagld Ms, unudoyanim ms lu
uuu@i’ﬁj (G=1,2,3,4) Fufumsnaouswnmitunouiidall
D uenearliznouveanim PAN demsulaanlianwanms
Wy Gorm,m) = = SHE ENZ8 £ (6 3)0jomn (5, 3) )
Wy G, m,m) = 2 SN BN £ (6 W] ma (o) (10)
e i = H,V, D uazlf DX,y unudulszaniswaziduaves
MW PAN 1il0 k = H, V, D Fudhudulszansaunuueu
R uazRes Tagddy dau Cpan unuduiszanives
MUszumnnnw PAN
2) e Msjc'f'mﬂumw MS Tuunudi | Wivnamsunm
PAN udai lifu 13 ludauals 1
3)  ueneaRszneuveIMmw MS, Fremsudavalidanuaumsii
©) uaz (10) Tael¥ DX unuduiszanssieazidoavosnin
MS il k = i, ¥, D Fuiludunlszangammnuen tnm uas
uuaRealad iy dau Cys unududszinivesdszinu
NN MS
& funamdulszantanduiusnndulsyantanlsznw
5531 Cys 182 Cpay Fearnimaaldifumduszans
andniuFueaan N (Correlation Cocfficient: CC) FMIUAL
dg(x,y) Muaums

oo e GOGH
as(i,j) = ak(i,)) = —AG,AN)(L].),Z =12,..,1L an

66



A g o '
o vx,y mﬂumuwuwmi}ﬂmw

o ) ' &
5)  WmswasusmdeyanmawngaeluUi

Diis(x,y) = ,
Diis (o Y)DEan () $1CC » s ) > (Dhis ) (1)
D¥s(x,y) Tunsdioun

6 msulas D5 uaz Cys dronlidaununniumuauns
__! yM-1yN-1 ;
fGoy) = 7=XaZo Zy=o We Uo, m, 1) @jo,mn (x,y)
1 M—1\N=1 170+ i
+ ﬁEi:H.V,D Zj’ijo Y=o Zy:O Wz;:(]' m, n)lpbll',m,n (x. )
(13)
w18 flxy) dadfomw Ms nuudh j alisalygduminy
MW PAN
o ¥ 2 A = <
7 Euaeui 2 9 6 WwRTUNNLULA
4 9 . a a4 g
awildlunisnaasuilunmarearnentoeaiaraiie
Fuit 14 wwou 2552 Tasnmidauuiiunim PAN e 256256
AN HAZATW MS Huua 34x34 a0 msiinm Ms 18tivie
256256 yan a8 sszumarunluiain udr1dvida
sz lagFudelan $u Daubechies SUFIN 2 30 db2
dmualdiimna 3 szan lugain 1 18saeanmsldardeyaninamn
9 o 4 A o 2
PAN 11 11 Tunm MS Tasszaud o vwamiinunm PAN aziiud
MW MS Aiszduamnaii 2, 1. uag 0 wnannuauFaiiiluadoya
A . ~ =2y A
AWD G (High Frequency: HF) iawnsnas1dn1nain PAN el

v a o A o v o
naousmlinm MS s Ixgiunansaladifesiunin PAN

PAN MS

7101 1 Tnseadedsdaunuasaumaluudazanaveasninais

4

= =
ANNgNso

-t

(V) TPAN-Sharpening

(n) Context-driven

al ' = )
517 2 mswasusuamawa 1 NoNTood

9

4 ol aad a a2
1ngUii 2 szifiud YuaenTiiuaueiinnuiaifionid
M1nasuAINI13B Context-driven HazAIUAUNITUNTVOIAINATY
Tdadwmiaufssldani dunaldnnundinvesinionea 4
3% Context-driven faunumslaasaumala ludesd i lidun
! Y Y a &
s llmedudhe uazusnmou 9
A
3.2 msdSuddgalaunywssn
NDVI (Normalized Difference Vegetation Index) Wlugadin
HeulFuiniigavosdwiiianssa (Vegetation Indexes: VI) NDVI
o S o a v dqud o A A
viandunnamwiaaaslnasui ldieasnaeumsswunilaiialn
AguaInawateaiion [12] ualuTsuiswssauueanin MS wziia
: v o v
A Teudu sz Tsuiisziinsazfouvesuuud RGB igh daiu
iersaulaiiswssafilnagu SedealSulljanmluTesudiamws s
msvFuigenmluTsuiswssanz 19 videswun Ty
v
fieaninndeyanmuudisaneetl$1l5e Malpica [13] Taold35150
alnasuvesddionisutlas HS A1 NDVI galFlunmsud luad
nuIANAAN 92U U790 MV El-Mezouar tagamy [14] 15y
mlunuudmiion ieaan1nULANAI99INAN PAN m3tliuaiay
. A dda a 2 4 42 .
nsgriunmz luiuinduiisnssa siuatignimuana NDVI
' o a = o A 4'
drudaneinumsiliulsuisnssuiiaue lay Tunay
A [15] 184 maiia Fast intensity-hue-saturation (FIHS) AMruam
o A get X ddaa
I, = (R+G+ B)/3 lumalfuiiusmuuadiennwe iuniiiiy
Taelda vi minasaumenFea wiloais a TvgFugeuasnin PAN
° vo &
fviua Tidedl

_ PAN-I3
T PAN+I,

NAMINARBITUAUNI T TIaANaTY 9 ATNUI1 A1 VI AsUatedne

VI (14)

o A&

il A g
Jagdu q Tasmmzdmmilumn

nnise Tenii IdsunnaufvasalegFuvesnn PAN
El-Mezouar ttazaz[16] Taiuauen1 NDVI luiTaglddeyanini

o v sq ya =i F)
HABUTINAUAIN PAN 1182 LUUAN 1FAD NIR 1Az R NMasusIuual
TagdyHnnin ldineuo fe

F d NIR—F d R

HRNDV] = U TRusec X (15)

) Fused NIR+Fused R
MNAUN3N (15) E-Mezouar nazame [16] 1alddeyanin PAN 141

v
Taldanl
NIR-R
HRNDV] = 2——mF———— (16)
NIR+R—-B+4PAN-G
2 and o Ay v o A

TagvunoudsmivaueTuunanuil ldskimsdSulga Touiynssa
AuEunsN (15)

mMIswun Tsuisnssaeennnmnlagiivuaanse
Toadd1um1919 9 veaunazITAe 0.22, 0.46, 0.45, wag 0.55 dmsy

. o o X g
VI, NDVI, HRNDVI i8¢ TPAN-Sharpening A10d 91 148211740
1w oA U ﬂ’l @ YA 1 aa A

vnsatimail luuSulyanwldtinnuaing uaslidvesiivnssa

Lo & o o ;
a1 9 fignladu oz ldmadnidwandlugili 3

67



(A1) HRNDVI

() TPAN-Sharpening

P

317 3 manaeuswdoyalasmsiulgaiunniie

~ Ay a ' 1
1311 3 (n) i Idannsnasusau hisessang wail
syl Vi luaumish (14) SwunTauiiduiy 18 higadeann

o { ! { o2 3 o
W Tuzdi 3 () davidluveuvessranuigasuunidu sy

dulid luzdi 3 @) awidluauudigadwundulzuiswisu

$
a o £ a

o o aad = Y a o
mmuawwmu1mumwuﬁm°lugﬂw 3 ) ldnannsiaeiny

HRNDVI s 1gasna ldves NDVI fimarasiiisns san1nainiu

L]

' 9 e o oy =
Lmﬂmwawaga‘lusmuﬂ NIR NULUUATUAININANNITN (15) Tﬂﬂ

T T * E
¥ amiAivasusaunndanesfiuitiuaus FaRsauungIMvesns

I
o A

Y v O s 4 4 P
ﬁﬁﬂlli?lllﬂ'l”h']'l ﬁ]zﬁE]\ﬂWﬂ'lﬂ'J'lilWﬂLWFJuﬁNﬂlﬂﬂﬂillllﬂ']ﬂ nga

o v

4. AvHIngMMN

v
= o a

Tusuetigdanunmsaluivavazanasy Tag

a

1Y a o A

yilfinenlFilszdiugann 4 dxiide duiltaquamFeai i
1&uR True Edge (TE), awiliagamwdeaninasy 1dun cC nazdvil
Sanunmmadmifsauazmungsu 1un ERGAS 1az Q

®  True Edge (TE)

& o

dduiiumsTewa 171 RlFmveuiagivsinglunmw

Y o o A o 7 2 a g

szneudeiadutiumansifoudnunnauazuuuenluiulad

' = ANy o A A A vy

e 3x3 Aunsieuan Inazihumnasulufigligndimeu iio 14
= s N o = v ’

vnaveunsiReudueanaazganmazii lnSeuiouduaunsa-

' < o 4 o g < {

Taaa dwinninziluvenvesiag iietafunlefidudueveni
Y a koA o a o

wiiie TE fidnnunnveunmmulasian (Pan,, ) funiw

o

' ' v
Tunwudd £ 7 18nnmsvaousaw (F) aunsasnm 18l

X (F ) =1& Pan, (i.j)=1) a7

ZZIZL(P‘MM 0= 1)

9
' a 3 o ¢
o ANNUAANDIAMIVNANNNITTUATIEN (Erreur Relative

TE

Globale Adimensionnelle De Synthése: ERGAS)

v
ERGAS [18] ansaduia'ld aail

’ 18
ERGAS =100" lzjV_Mz(Bf) (18)
A Mi

Tavit b unuanwaziBuavesnmawazdoaiFealuiiva
g9 @2 [ unuanwagiBoavosn s waziBoaaiuiivad ag
M unusundsvostoyanmuundi i oA ERGAS Tiaduiaaa
7 puamFalnaiivean mnasusaufigunings

Lo A £ o o
o mdulszansanduus (Correlation Coefficient: CC)
o a £ o o @ o y o 2
MyvYsransanduius (197 amnsasnld dal
MNP -F T X)X ] (19)

CC=
R L s e

=

Tagn F uaz X unuaw MS dunifuiaznmvasusunivua

o o oy s £ o o o o o
MxN  aiuaay mamJsxﬁmﬁwauwuﬂmmszﬂummﬁuwuﬁ

v J

. o 4 1o o £
sy F ouay X 61 F oy X iemduilssanTandusus
9 Y &
whlndwile

o dyildaqunm Q (Quality Index: Q)

{ L=t L3

4. . = 4
Q Anauelay Wang 1182 Bovik [17] Wuastinianm
a o o ¢ A o vo A
AN X NUMNHAANS ) anmsimua 138
4axyxy (20)
2 2 -2 -2
(Gx +o‘)(x +y j

4 3 ' . ' a
e o, iumnunls151usan (Covariance) 521IIAMAY X

0=

o v 7 ' - T o A

AUMNWAAANS Yy d3U x uag y Wuaunae ﬂ’J'liJLL‘ﬂﬁJi’JuﬂJE]\i
<. Y, 2 2 o o v oA ' '

X DU Yy QDUNUAe o lag O'y Iﬂﬂ'sﬂﬂ‘u AYU Q ﬁ]SL!‘]JiﬂTi‘]Q

v A

Tugae [-1, 1] dlearariidaguaim Q=1 uaaidl 35015

Y 1o < <

dszmanaiy q lisldganmvesdoyaidelil wuie Q=14
3 K

aoiile X =y fiv AMNIANINTZNIN x 1Dy minunanue Ty

aa o ' <
nsain x iy y a1 Q Nezanag

5. HaMINAavd
an il A o
WANINAABIAINITNMIHADNITINIVLAN ) Minauely
v ¥
audseil Tdhdeyanimunediuinuaas Tasawii ladSudnaw
v a v & o Q1 Ay s
gnaosmusndiauds uaznmitdaudludani lilwen)nagy
msiananmisnaassldnisiadeiuay Tasniw PAN 92
gnauliliauia 128x128 gan1m dunm MS vzguriieanyuialuy

1
o '

dasdnuAedtu Ao Huua 18x18 ganm udr1¥nam Ms fildan

68



= < 0w = a
ﬂ’]’)iﬂﬂulﬂuﬂ’]w@’]’ul!uﬂ AIHIVNNNHADNIINIIAUNAUAA
o 2 o o oade v 9 4 o ¥
u1hlﬂl1.r%fJ']JW|ﬂu!!ﬁ3ﬂ1u'3mﬂ’]ﬂ%u%?ﬂﬂmﬂ1w@nu‘ﬂgsﬂﬂw 4 NUU
v v
= B3 = 3
ﬂ1ﬂ“]fu“lf'3ﬂﬂmﬂ‘]wﬂ‘]iﬂaﬂui’)niuﬂ‘]iﬂﬂﬁaﬁug\uﬂuﬂ_li

o o

A A o
wseuieusedunng

4 g o gy ¥ A
i‘ﬂ‘ﬂ 4 nJuwaaww‘lﬂﬂmmiwaamaumwwquamum

A q o v 1w oA a Y an '

L‘V‘lﬁlol%sluﬂ‘li’]ﬂﬂ'lﬂ‘]fullﬁfJ“lJW]ﬂﬂﬂmﬂ'IWG]’J?J’J‘ﬁﬂ'IiﬁaﬂiJS’JNﬁN 9
P ' A A Y aa

VOIVOYANINDIYANUNINTDO T Usznoun1e7F (n) TPAN-

Sharpening, (V) Context-driven, (f) HRNDVI, (3) NDVI iag (3) VI

v
L= =1

nadnsnnmsuasuswvemaazisgmirlyiinszdalenidyil
Sammiaioudeaufivanazannafu fuanal3luarsiei 1
Uszneudsasiiinguam Q, mdulse ANt anduiuEsEann
@Audunn Ms ildnnmsuaeusanie cC . myfaquamida-

1ifiea TE 1lag ERGAS

6. agulwa
mMInaousIMTeyanMaIea wAguAI935 THS-based 2
Tinadning Miflamanduiuigeszrinesdliznenvesdinim
i I AUnIm PAN Mnrams s zimmaieniiiouToaaising
1 ManduiiFsznaemIAaL 1 AU PAN Tianlszanm 0.65
A a A a A 4 g A4 '
111999107 PAN v ufienFeaalivanauiniie Suang
A A =t < 1A Y o qY o
anuemnauiveuiulisudedduilsusalng sildesmlsznen
Manudy 1 Aldnnnisnasusdu RGB HANuuaAna 199NN
E a & a
PAN Fuiluauvguosilymanufaiisuvosd
'
Tuumanuil 151 1dWaniswasus iy ARSIS Tao
v v .
ponuuungmInasysmIitianuAaifisudeannafusiigauas

o v qYy YA o a a ¢
mﬂmﬂimqﬂruiﬂﬂammnnmw PAN 1100 g INNANITUAITIEH

0.

a = 1A
mswasusmmninaas 13luasiei 1 wodh Bnsvasusounwi
D 4 :
Wanndulisanduiuted lupusiigeaiamanduiuiszning
wpuduazmanduiutszniadeyamuiutoyaiivasusuudd

o £ =

v v
UoNMNHUITNUUAUDIINAT Root Mean Square Errors (RMSE) 1611

an

% 2 o ado A ' a & A @ A
WIN BPIMIT AT U IAUDIVDNN ﬂ'J’]llNﬂl»WfJul»slf\?ﬁLﬂﬂﬂill‘Uﬂﬂ in
o = P o N a a Ao oy
W@Nu']‘lluﬂgiulﬂm“ﬂﬂﬂ dmsuanuranaaysaluioaniaaien

TE Tdnlefidudnugndesiigs fie Uszuna 87 wedifud

7. dnanssudsema

o

AuzITeveve LR AuLINmmani Rafuayunuivy

a

s _a a a o A
vougugudgimama lulageimauazgiasawmnd (n1ald) 1

miveudoyanmasauiionTood

M) VI

a ad q o a Fs
31]‘1/] 4 NMNHADNTINVDIITAN 9 wi%iumnmqummw

19NE1391999

[1] C. Thomas, T. Ranchin, L. Wald, and J. Chamussot, “Synthesis of
Multispectral Images to High Spatial Resolution: A Critical Review of Fusion
Methods Based on Remote Sensing Physics”, IEEE Trans. Geosci. Remote
Sens., Vol. 46, No. 5, pp. 1301-1312, 2008.

[2] A. Kanno, Y. Koibuchi, and M. Isobe, “Statistical Combination of Spatial
Interpolation and Multispectral Remote Sensing for Shallow Water
Bathymetry,” IEEE Trans. Geosci. Remote Sens. Lett., vol. 8, no. 1, pp. 6467,
Jan. 2011.

[3]  B. Aiazzi, L. Alparone, S. Baronti, and A. Garzelli, “Context-Driven Fusion of
High Spatial and Spectral Resolution Data Based on Oversampled
Multiresolution Analysis,” IEEE Trans. Geosci. Remote Sensing, vol. 40, no. 4,
Pp. 2300-2312, 2002.

[4]  A. K. Jain, Fundamentals of Digital Image Processing. Englewood Cliffs, NJ:
Prentice Hall, 1989.

[s1  Tanimininarnfiouiesd, dnfnauwanumaluladeinisuazgil
ANTAUNA (BIRMIIMNINY) ATENTIINaadiazmaTyTad Auiadd
1, FUNAY 2553

[6] T.M. Tu, S. C. Su, H. C. Shyu, and P. S. Huang, “A new look at IHS-like
image fusion methods,” Inf. Fusion, vol. 2, no. 3, pp. 177-186, Sep. 2001.

71 M. Choi, “A New Intensity-Hue-Saturation Fusion Approach to Image Fusion
‘With a Tradeoff Parameter,” IEEE Trans. Geosci. Remote Sens., Vol. 44, No.

6, pp. 1672-1682, 2006.

69



[8]

[9]

[10]

[11]

[12]

[13]

T. M. Tu, W. C. Cheng, C. P. Chang, P. S. Huang, and J. C. Chang, “Best
Tradeoft for High-Resolution Tmage Fusion to Preserve Spatial Details and
Minimize Color Distortion,” IEEE Geosci. Remote Sens. Lett., vol. 4, no. 2, pp.
302-306, April 2007.

P. Pradhan, R. King, N.H. Younan, and D.W. Holcomb, “Estimation of the
Number of Decomposition Levels for a Wavelet-Based Fusion Multiresolution
Multisensory Image Fusion,” IEEE Trans. Geosci. Remote Sens., vol. 44, no.
12, pp. 3674-3686, 2006.

B. Aiazzi, S. Baronti and M. Selva, “Image Fusion through Multiresolution
Oversampled Decompositions,” Image Fusion Algorithms and Applications,
Edited by Tania Stathaki, Academic Press, 2008.

T. Ranchin, B. Aiazzi, L. Alparone, S. Baronti, and L. Wald, “Image fusion—
The ARSIS concept and some successful implementation schemes,” ISPRS J.
Photogramm. Remote Sens., vol. 58, no. 1/2, pp. 4-18, Jun. 2003.

Y. Xie, Z. Sha, and M. Yu, “Remote sensing imagery in vegetation mapping: A
review,” J. Plant Ecol., vol. 1, no. 1, pp. 9-23, Mar. 2008.

J. A. Malpica, “Hue Adjustment to IHS Pan-Sharpened IKONOS Imagery for
Vegetation Enhancement,” IEEE Geosci. Remote Sens. Lett., vol. 4, no. 1, pp.

27-31, Jan. 2007.

[14]

[15]

[16]

[17]

[18]

[19]

M. Chikr El-Mezouar, N. Taleb, K. Kpalma, and J. Ronsin, “A New Intensity-
Hue-Saturation Fusion Technique Imagery with Color Distortion Reduction for
IKONOS,” ICGST Int. GVIP J., vol. 9, no. 4, pp. 53-60, Dec. 2009.

T. M. Tu, H. T. Lu, Y. C. Chang, J. C. Chang, and C. P. Chang, “A New
Vegetation Enhancement/Extraction Technique for IKONOS and QuickBird
Imagery,” IEEE Geosci. Remote Sens. Lett., vol. 6, no. 2, pp. 349-353, Apr.
2009.

M. Chikr El-Mezouar, N. Taleb, K. Kpalma, and J. Ronsin, “An IHS-Based
Fusion for Color Distortion Reduction and Vegetation Enhancement in
IKONOS Imagery,” IEEE Geosci. Remote Sens., vol. 49, no. 5, pp. 1590-1602,
Apr. 2011.

Z. Wang and A. C. Bovik, “A Universal Image Quality Index,” IEEE Signal
Processing Letters, vol. 9, pp. 81-84, Mar. 2002.

L. Wald, T. Ranchin, and M. Mangolini, “Fusion of Satellite Images of
Different Spatial Resolutions: Assessing the Quality of Resulting Images,”
Photogramm. Eng. Remote Sens., vol. 63, no. 6, pp. 691-699, Jun. 1997.

S. Li, and B. Yang, “A New Pan-Sharpening Method Using a Compressed
Sensing Technique,” IEEE Trans. Geosci. Remote Sens., vol. 49, no. 2, pp.

738-746, Feb. 2011.

4 o Y o a v ' o o an
390 1 Msdananmnasead isauazannaiunnavosdiing 1 VOITNMTUADNIIN

a

il dananm Band TPAN-sharpening Context-Driven HRNDVI NDVI \%i

R 0.9492 0.9373 0.9377 0.9023 0.9348

G 0.9722 0.9637 0.9492 0.8721 0.9551

Q B 0.9818 0.9779 0.9673 0.9425 0.9590
NIR 0.8401 0.7264 0.8606 0.8719 0.8703

. . .. - R 0.7423 0.3698 0.7740 0.4769 0.7421
AMANTUNUTITHINMWAN G 0.7749 04719 0.7141 0.0461 0.7043
P B 0.7577 0.4529 0.7078 0.2105 0.5909
NIR 0.7975 0.4275 0.8620 0.8752 0.8734

R 0.8550 0.6737 0.8550 0.9580 0.8969

TE G 0.8893 0.6756 0.8492 0.7805 0.9198
B 0.8340 0.6393 0.8454 0.9714 0.9256

NIR 0.6145 0.7004 0.6145 0.7080 0.7233

ERGAS 1.7946 2.3962 2.1031 36113 2.0777

70




A
L3843

muﬂiz"gu’imms

a
ROTUN

Qldl
AUN

61

AMANWIN 2.

aAa 6
HRITNANNN

Vegetation Zone Enhancement of THEOS Imagery

SICE 2013 Annual Conference : International Conference on
Instrumentation, Control, Information Technology and System
Integration.

Nagoya University, Nagoya, JAPAN

September 14 — 17, 2013



SICE Annual Conference 2013

September 14-17, 2013, Nagoya University, Nagoya, Japan

Vegetation Zone Enhancement of THEOS Imagery

Sathit Intajag, Supaporn Kansomkeat, and Suwannee Phayapchaiyakun

Department of Computer Science, Faculty of Science, Prince of Songkla University, Thailand
(Tel : +66-74-28-8573; E-mail: sathit.i@psu.ac.th, supaporn.k @psu.ac.th, 5410220069 @email.psu.ac.th)

Abstract: In this paper, THEOS (THailand Earth Observation System) images are synthesized to enhance the
vegetation zones. The multispectral images were transformed by a spectral ratio to improve the color contrast of the

vegetation areas. Combination of the ratios was select

ed for representing the multispectral bands to model the red,

green, and blue channels for generating the true-color-composite image. A set of the selected band ratios was enhanced
the spatial information by the pansharpening technique. By rendering color contrasts in spectrum with the good band
ratio selection for the greenness areas, the proposed scheme offers a more informative picture for visual inspection and

interpretation.

Keywords: Vegetation indexes, Spectral and Spatial
Pansharpening.

1. INTRODUCTION

THEOS satellite [1] can be employed for frequent
revisiting of areas for natural resource and monitoring
environment consisting of numerous applications such
as in agricultural monitoring, coastal monitoring,
forestry management, and land using analyses. These
applications need a high resolution image and high
spectral information for visual interpretation and
machine vision.

This paper contributes a vegetation zones
enhancement algorithm of the THEOS imageries. The
algorithm provides good quality of images for
vegetation visualization. Miloud Chikr El-Mezouar et al
[2] proposed a method that was one of very good
enhancement methods by employing the vegetation
indexes. However, those methods need to declare the
threshold value to identify the vegetation areas. If user
cannot provide an optimal threshold wvalue, these
methods will affect the greenness not only the
vegetation zones but also the other areas.

Our new inspired technique proposes the fusion
process for enhancing a vegetation zone by using a
spectral ratio [3]. The procedure is achieved in two
steps: spectral enhancement by using the spectral ratio
[3,4] and pansharpening by using intensity-hue-
saturation and Brovey transforms (IHS-BT) fusion
technique [5,6]. In the spectral improvement, the ratio
images were selected for enhancing the vegetation areas
by using a combination of the optimal index factor and
index of three-dimensionality [7] to reduce the number
of bands and using a correlation between the band ratios
and the multispectral data to choose three bands: red-
green-blue (RGB) for generating a true-color-composite
image.

2. SPECTRAL RATIOS

Spectral ratio is an image operation, also known as
image division. The division in remote sensing is
probably an arithmetic operator that is most widely
applied to geological, ecological and agricultural
applications. This operator is employed to detect the

Enhancement, Spectral ratios, Band selection, Data Fusion,

(a) Multispectral bands of THEOS: Red, Green, Blue,
and NIR (top left to bottom right, respectively).

(b) Panchromatic image
Fig.1 PSU image was taken in April 14, 2009.
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magnitude of the differences between spectral bands.
These differences may be symptomatic of particular
land cover types. Thus, a band ratio between
near-infrared (NIR) and red might be expected to be
close to one for an object which reflects equally in both
of these spectral bands. On the other hand, ratio values
will be more than one if the NIR reflectance is higher
than the reflectance in the visible red band, such as in
the case of vigorous vegetation.
The ratio is given by

B.
=5 ()

where B; and B; denote the i" and j* bands of the

multispectral images.

A commonly applied the operator is to avoid overflow.
in case a number is divided by zero. For an 8-bit image,
the value range is shifted upward by 1; thus, the image
at interval [0, 255] is changed to [1, 256]. Ratio image
R,-/ j is real number, which the value range is [1/256, 1]

5

in the case of absorption.

In remote sensing, brightness approximation of a
spectral band ratio is a major advantage to enhance the
spectral or color characteristics of the image features by
decreasing variations in scene illumination [4]. In the
ideal case of band ratio, the pixel values in each area of
multispectral images that represents the objects with the
same spectral signature will result in the same band
ratio values no matter whether they are under direct
illumination or in shadow.

Ry €6,70.928903 R =0 963914 Ry 06,=0.808454

13- €C4

A

Ry 06,=0.868485

£
e Iy

Ry, cc,=-0.899603

Ry, 60,70 868403

i

&% R E
of the multispectral images.
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Fig. 2 illustrates the spectral ratios of the
multispectral images which cover Prince of Songkla
University (PSU) as seen in Fig. 1. The number of ratio
combinations from a multispectral data set n bands is
n(n-1); thus, for the THEOS data n = 4, 4(4-1) or 12

different ratio images, Rl-/ s i,j=1,2,3,4, and i#j.
In mathematical concept, the ratio images K;/; and
Rj/i are reciprocal and have the same information;

however, they are different for image display to visual
inspection. In this case, notice on the ratio images R/

and Ry, are different as seen from a correlation
coefficient cc;:

E(Ry;B,)-E(Ry,;)E(B)

V(R )V(B)
Where E denotes the expected function. [ = 1, 2, 3, 4 for
four bands of multispectral data. Thus, cc; = 0.928903

denotes the correlation between spectral ratio Ry, and

-0.909698 endows the

correlation with spectral ratio R, coincides with the red

(@)

CC[ =

red band B;; whereas cc,

band B, . However, the spectral ratio R, is a

negative picture.

cc; in Fig. 2 represents the highest matching between
the spectral ratios and the multispectral images from Fig.
1(a), such as R;p, has the highest correlation with the red
band as shown in Fig. 3 at the band ratio 1/2. However,
the ratio images correlated by only bands / = 1, 2, and 4,
which did not include the blue band (/ = 3) having to
declare for generating a true color image. Fig. 3
illustrates the correlation coefficient cc; between each
band ratio of Fig. 2 and the multispectral bands: Red,
Green, Blue, and NIR.

w
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Fig.3 Correlation coefficient between the band ratios
and the multispectral images.
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For enhancement a vegetation area, the negative
images were transformed to the same properties of the
multispectral data. In this case, cc; values of the visible

bands least than zero were formulated by
Ry, =max(Ry;)-Ry; 3)

where max(Ri / j) denotes the maximum value of band
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ratio R, ;. Consequently, the correlation coefficients of

the negative images have to change from the minus to
plus sign.

Band selection to enhance the vegetation zones is not
easy to formulate. With the increasing number of bands
from the combinations of band ratios, the proposed
method has to choose three bands that enhance the
vegetation areas for appropriate computer display. In
our algorithm, a correlation coefficient was used to
reduce and to select the band ratios. To reduce the
number of ratio combinations, the correlation within
band ratios that consists of two indexes for band
selection [7] was employed. The first index employs the

optimal index factor (OIF) proposed by Chavez et al. [8],

which provided to select the ratio images to represent
the RGB of the multispectral bands. The OIF for
selecting three bands: i, j, and k is defined as
c;+0;+0;

OIF = ——————— “
|pij|+|pik|+|pjk|

where o; is the standard deviation of the band ratio i

and p; is the correlation coefficient of the band

ratios ¢ and j. The second index applies

three-dimensionality index (3Dinx) for selection three
band ratio: i, j, and k, which is defined as

3Dinx = \/1 +20;Pu P~ Py — P — P~ ()

To obtain the three-band enhanced vegetation from
twelve band ratios, our algorithm generates
3-combinations of 12 band ratios and measures the
contained information of the three bands by OIF, 3Dinx
and cc;.

In the first step to select the three bands, the
maximum value of 3Dinx is chosen, which contains the
bands: i, j, and k (i, j, k = 1, 2, 3, ..., 12; for four
multispectral bands). Therefore, the set of {i, j, k} is
discovered from the maximum value of OIF. This step
is repeated 20 rounds to generate the 20 sets of {i, j, k}
which is ordered by descending of 3Dinx values.

Table 1 Measurement indexes: 3Dinx, IOF, and cc, for
selecting the set of three bands {i, j, k}.

{i, ], k} 3Dinx IOF ccy
1 {4, 8,9} 0.687 0.264 1.515
2 {4, 5,9} 0.672 0.246 2.132
3 {1, 8,9} 0.665 0.224 2.059
4 {1, 5, 6} 0.647 0.207 2.676
5 {4, 6, 8} 0.635 0.214 1.619
6 {4, 5, 6} 0.622 0.199 2.236
7 {1, 6, 8} 0.615 0.180 2.162
8 {1, 5,3} 0.598 0.165 2.607
9 {4, 8, 12} 0.588 0.347 1.540
10 {4, 5, 12} 0.576 0.330 2.158

For the second step, the enhanced vegetation bands
are selected with the highest matching from the 20 sets
of {i, j, k} by using cc; = cc; + cc; + cc;. Table 1

2112

demonstrates the three measurement indexes: 3Dinx,
IOF, and cc; for selecting the set of three bands {i, j, k}
= {1, 5, 6} to represent the RGB bands.

Fig.4 RGB composition of original bands (left) and
band ratios of Ry, Ry, and Ry, (right).

Fig.5 Pansharpening of original spectrum(top) and
pansharpening of spectral ratios(bottom).

The proposed algorithm selects the band ratios for
enhancement the vegetation areas, which the bands
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ReadInputimage(&Ms,&Pan)
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R = Correlation(Ry;);

S = StandardDeviation(R);
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Fig.6 Vegetation zone enhancement algorithm.
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represent the RGB channels. RGB composition of the
selected ratios {1, 5, 6} equals to the band
ratios Ry», Ryj3, and Ry, ; respectively, as illustrated

in Fig. 4. The enhanced spectra from Fig. 4 are
improved spatial information by using pansharpening
[6] as shown in Fig. 5.

3. VEGETATION ENHANCEMENT
ALGORITHIM

The algorithm to enhance the vegetation zones of
THEOS imageries by using a spectral ratio is described
by a flowchart as shown in Fig. 6. The designed
algorithm comprises of four blocks: [1] spectral ratios
and correlation coefficients, [2] OIF and 3Dinx, [3]
band selection, and [4] RGB Display.

The first block is used to calculate the spectral ratios
and the correlation coefficient between the ratios and
multispectral data as described in eq. (1) and (2),
respectively.

The second block is employed to calculate the
measurement indexes which consist of OIF and 3Dinx
as defined in eq. (4) and (5), respectively. These indexes
are used to declare a set of ratio images for representing
the RGB bands. This block initially prepares the
correlation coefficients and standard deviations of the
ratio images in the matrix R;;. R;; has the size

M x P, where M denotes the size of each ratio image
in the form of column vector. P is the number of ratio
images that equal to n(n-1). The member of the set to
represent RGB bands is three. The number of
3-combinations of n(n-1) ratio images is calculated. For
four multispectral bands of THEOS, (n=4), the 3-band
combinations of 12 equal to 1320, which are the number
of combination (NOC) for sets of 3-band {i, j, k}. In the
loop, OIF and 3Dinx of bands { i, j, k } are calculated in
the block [2.1] and [2.2], respectively.

The third block is a band selection. 3Dinx values are
searched the maximum values which coincide with the
maximum values of OIF. If the set {i, j, k} coincides
between the maximum value of 3Dinx and OIF; then
calculate a summation of the 3-bands {i, j, k}

correlations. The summation value is compared to find
the maximum value which implies to the 3-bands {i, j,
k} having the highest matching the multispectral band
RGB.

(a) Original RGB multispectral imae (left) and te ratio
image (right).

2114

. ~——
(b) Spatial enhancements: Original, Band ratios, BCET
(top to bottom).
Fig.7 Hat Yai International Airport.
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The last block is employed to display RGB bands and
enhance the spatial resolution by a pansharpening
method. The selected spectral ratio bands RGB is
increased the spatial resolution as the same size by the
panchromatic image, which employs IHS-BT fusion
technique [6].

4. DATA AND EXPERIMENTAL RESULTS

The image data sets of THEOS used in this paper
were taken over Songkhla province, Thailand.
Sub-images of PSU as shown in Fig. 1, taken in April
14, 2009. The panchromatic image has the size of
960x960 pixels and the corresponding R, G, B, and NIR
of the multispectral bands has the size of 128x128
pixels. The picture consists of rubber plantations, forest,
residential area, road and water.

Other sub-image data set used for testing the
algorithm was taken as the same scene by Fig. 1. The
panchromatic image has the size of 1440x1440 pixels
and the corresponding RGB of the multispectral bands
has the size of 192x192 pixels as showed in Fig. 7(a).
This picture is Hat Yai International Airport consisting
of agricultural areas especially rubber plantations,
residential area, road, runway and water.

Vegetation areas of Fig. 7(a) were enhanced by the
spectral ratios with the selected band, {i, j, k}={2,5,3}.
This figure is improved the spatial information by the
pansharpening method as seen in Fig. 7(b) [6]. The top
of Fig. 7(b) was spatial enhancement of the original
multispectral bands. The middle of Fig. 7(b) was shown
the proposed method. The bottom of Fig. 7(b) was color
enhancement by using balance contrast enhancement
technique (BCET) [7, 9] and following by the
pansharpening.

5. CONCLUSION

The paper proposed spectral enhancement algorithm
by using a spectral ratio to contrast the vegetation zones
in the multispectral images of THEOS satellite. The
image ratio combinations generated the true-color
composition. To generate true-color composition, our
method uses three measurement indexes for selecting
the ratio images. The three indexes consist of optimal
index factor, index of three-dimensionality and
correlation between the ratio images and the
multispectral data. The optimal index factor and the
index of three-dimensionality were employed to reduce
the solution space. The correlation was provided to
select the set of three ratio images by the maximum
value to match by multispectral images and to define
red, green, and blue bands for a true-color display
system. Consequently, the spectral enhanced images
were combined with the panchromatic image to increase
the spatial resolution by using the pansharpening
method. From the experimentation, the proposed
algorithm has a drawback for some sets of image data;
especially, the data have less vegetation area and more
water area. However, the synthesized bands by spectral
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ratios of the proposed method could improve the image
contrast and provide a more informative picture for
visual inspection and interpretation.
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Abstract: Image fusion in remote sensing is usually called pan-sharpening, which is a useful method to synthesis a
high resolution multispectral image (MS) from the combining of a high resolution panchromatic image (PAN) with a low
resolution MS image. The popular fusion methods are intensity-hue-saturation (IHS)-based methods. However, the THS-
based methods have two major problems: (i) out-of-gamut due to transformation between red-green-blue (RGB) and THS
color systems and (ii) color distortion due to variation of saturation and intensity in image fusion. The proposed method
studied on the relationship between intensity and saturation to preserve spectral information of the fusing THEOS images.
Thus, we found a suitable color space, iHSL (improved hue-saturation-lightness) for pan-sharpening that can isolate the
intensity or lightness component. The fusion method employs smooth filter-based intensity modulation technique to
merge the spatial information from PAN with the intensity component from MS images. From the studied results, our
method could preserve the spectral information better than the well-known IHS-based methods.

Keywords: Pan-sharpening, Image fusion, Intensity-hue-saturation (IHS) transform, improved Hue-Lightness-Saturation
(iHLS) transform, THEOS imagery.

1. INTRODUCTION the intensity might be effected to out of space of RGB

L — color model.
Pan-sharpening is a process of the combination be-

tween a high-resolution panchromatic image and low- Out-of-gamut problem can be solved by clipping tech-
resolution multispectral images. It is an information syn- niques [4], which consist of RGB clipping, intensity clip-
thesis for visual inspection and image interpretation [1]. ping, and saturation clipping. In addition, there are other
In general, pan-sharpening algorithm consists of follow- ways to prevent the gamut problem without using clip-
ing steps: ping techniques, such as, improved nonlinear-IHS (iN-
« Up-sample MS to the same spatial resolution of PAN. IHS) transformation [4]. The saturation component of
« Retrieve high spatial information of PAN and find the iNIHS transform is adjusted within the maximum attain-
missing information of MS. able saturation range.

« Combine the high spatial information with the low- Considering pan-sharpening techniques based on THS
resolution MS by modeling the relationship between MS transformation can describe by scaling and shifting oper-
and PAN bands. ation [3]-[4] in the RGB space as follows:

From the past decades, many pan-sharpening meth- )

ods have been proposed and can be divided into 3 types R R+§

[1]-[2]. The first type consists of methods based on G|l=vx |G+ (1)
multi-resolution analysis (MRA) which employs spatial B’ B+

filters to exact the high resolution from PAN and inject
into MS, e.g., wavelet transformation, Laplacian pyra-
mids, contourlet transformation, etc. The second type
composes methods based on component substitution (CS)
which uses color space transformation, such as, THS-
based method and principle component analysis (PCA).
The last type is established in the conjunction with CS

when v = 1, the transformation uses only shifting opera-
tion, and when § = 0, the transformation establishes only
scaling operation. Pan-sharpening techniques based on
IHS transformation are identified in terms of -y and § usu-
ally having gamut problem and color distortion; because,
both saturation and intensity components were modified.

and MRA. Popular fusion methods are IHS-based tech- To avoid out-of-gamut, enhance spatial data, and pre-
niques [3]. These techniques are well known as the quick serve spectral data, we introduce another color model to
pan-sharpening. However, these methods have two major process a pan-sharpening technique that is an improved
problems: out-of-gamut and color distortion due to re- hue-saturation-lightness or iHSL transformation [5]. In
placing the intensity component by PAN. Generally, the this color model, chromatic data (hue and saturation com-
IHS-based methods do not preserve the spectral infor- ponents) of images are isolated from achromatic or light-
mation; because, the saturation depending on the inten- ness component. However, the fusion process has to
sity component. When the intensity values were modi- modify the intensity component for improving the spa-
fied from the fusion process, the saturation values were tial information of MS images. In the intensity modify-
changed too. The changing values of the saturation and ing process, smooth filter-based intensity modulation or

978-89-93215-06-9 95560/14/$15 (©ICROS 686



SFIM technique [3] is adapted carefully to improve the
spatial information of THEOS imagery [6].

This paper is organized as following: Section 2 re-
views a pan-sharpening based on IHS transformation,
which consists of a simple fusion and no gamut problem
fusion in the iNIHS color model. The proposed algorithm
is described in Section 3. Experimental results and com-
parisons are discussed in Section 4. Finally, the last sec-
tion includes the conclusions and discussions.

2. IHS-BASED FUSION METHODS

Image fusion in remote sensing is usually called pan-
sharpening which is a useful method to fuse a high-
resolution PAN with a low-resolution MS to enhance spa-
tial resolution of MS images. IHS-based fusion is a pop-
ular method; because, it operates easily and fast. The
fusing results depend on merging data between the in-
tensity component of MS and PAN image, which intro-
duces in two kinds of the fusion methods. First kind is
a simple method arranging from adding PAN directly to
MS like Brovey transform (BT) to smooth filter-based in-
tensity modulation (SFIM). This kind of fusion has not
much considering the gamut problem. Second type uses
the merging data as the same with first kind; however, this
type of fusion tries to prevent out-of-gamut by improving
IHS color model to nonlinear.

2.1 Simple image fusion methods

Pan-sharpening methods in simple fusion of IHS-
based color model consists of BT and SFIM methods.
These methods can be modeled in general form of shift-
ing and scaling as defined in Eq. (1). However, the
merging data establishes the parameter v = [ ' /I, and
§ = I' — I, where I denotes the intensity component
from MS images as given by:

I=(R+G+B)/3.

When R, G, and B stand for red, green, and blue chan-
nels of MS images. "isa panchromatic image, PAN.

The simple fusion methods could be categorized in six
methods as follows:
1) IHS fusion method uses only shifting operation that is
v =1land 6 = PAN — I; thus, the fusion is formulated
as:

’

R R+ (PAN — 1)
G'| = |G+ (PAN - 1) 2)
B B+ (PAN — 1)

The fused image synthesizes spatial information by sub-
stitution I' = I + (PAN — I) = PAN. The quality of
fusion results depend on PAN data. When PAN data
do not coincidence with the intensity component, I. The
fused image might be a low contrast, if the fusion process
introduces a gamut problem.

2) BT fusion method uses only a scaling operation, since
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d=0andy= PAN/I.

R R

.|  PAN
G| =—F-1C 3)
B’ B

The fused image synthesizes spatial information from the
scaling values -, which produces color distortion; be-
cause, the saturation values is changed by the scale value.
3) SFIM fusion method employs only a scaling factor,
v=PAN/PANy, and 6 = 0.

/

Bl pan |B
“| = pan, @
B LB

The fused image synthesizes spatial information from
substitution I' = (PAN/PANL)(I + (PANy — I))
PAN, which produces color distortion as the same with
BT method. However, the quality results depend on
PAN], providing from smoothing filter.

4) THS-BT fusion method uses both scaling and shift-
ing operations: v = PAN/(I + k(PAN — I)) and
0 = k(PAN —I). Where k denotes a tradeoff parameter
[3].

/

R R+ k(PAN — 1)

, PAN
G| = G+k(PAN —I)| (5
5| THHPAN =D | g ipan - 1)

The fused image is synthesized by substitution of | "=
(PAN/(I+k(PAN—-1)))(I+k(PAN—-1I)) = PAN,
which produce color distortion from changing values of
the saturation component.

5) BT-SFIM fusion method provides both scaling and
shifting operations: v = PAN/PANp and 6 =

PAN, — 1.
R R+ (PAN, — 1)
G| = % G+ (PANy, — ) (6)
B L B+ (PANy — 1)

The fused image is synthesized from substitution of [ ‘=
(PAN/PAN.)(I+4 (PANy —1I)) = PAN, which pro-
duces color distortion from changing values of the satu-
ration component.

6) THS-BT-SFIM fusion method uses both scaling and
shifting operations: v = PAN/(I + ki(PANy — I))
and 0 = ko(PANy —I). The k; is defined as the module
selection parameter [3].

PAN R+ ko(PANL —I)
[ )

R/
a | = G + ka(PANL — )
L,] I+ ki (PANL — 1) B-ch(PANi—I)

The fused image is synthesized from substitution of
I' = (PAN/(I + ki(PANy — I)))(I + ko(PANL —
I)) = PAN, which produces color distortion from
changing values of the saturation component.



The above methods are easy ways to fuse satellite im-
ages; however, the fused images have out-of-gamut and
color distortion as seen in Fig. 1. To improve the color
distortion, THS-BT method uses tradeoff parameter, (k),
to control the change rate of saturation and intensity. An-
other interesting method is BT-SFIM methods use of a
low-pass filter to produce the sufficient spatial resolution
from PAN for pan-sharpening. However, they still have
out-of-gamut problem.

1,1.1
R y*(c+9)

<

C

(0,0,0)

Fig. 1 The effects of shifting and scaling operations of
IHS-based methods.

2.2 iNIHS fusion method

To solve out-of-gamut problem, Chien et al. proposed
iNIHS color space [4]. The concept of iNIHS color space
is divided RGB cube into two parts; then, the saturation
component is adjusted within the maximum attainable
saturation range of the RGB cube.

2.2.1 RGB to iNIHS transformation

In iNIHS color model, intensity component, 7, is given
by Eq. (8) and hue component, H, is formulated by Eq.
(10). A condition to separate RGB cube into the lower
part and upper part for adjusting the saturation values is

I< % — W; thus, the saturation component,
S, is provided by Eq. (11).
B
I = % (8)
_ (2R—G—-DB)/2 ©)
V(R —-G)?+ (R—-B)(G - B)
cos~ 16 ifB< G
H = { 21 —cos~ 1@ otherwise (10)
1— 3xmin(R,G,B)
R¥G+B " 60°|
]fI S 2 _ 7nod1202_
5= 1 3’»(17max(R,G,B))3 180 an
3—(R+G+B)
otherwise

2.2.2 iNIHS to RGB transformation

iNIHS transforms to RGB color model, which consists
of two part to archive the maximum attainable saturation
range. The lower part of iNIHS space is calculated by:
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RG sector (00 < H<120°and < 2 — %)
B=1I(1-5)

12)

R:I[lJr Scos H }

cos (60° — H)
G=31-(R+B)

GB sector (120° < H < 240° and [ < 2 — Hmoda0e —00°1 )
H=H—120°

R=1(1-S5)

13)

G:][1+ Scos H }

cos (60° — H)

B=3I-(R+G)

GB sector (240° < H < 360° and [ < 2 — Motz =00°1 )

H = H — 240°

G=1I(1-5)

B:I[1+ Scos H :|
cos (60° — H)

R=3I—(G+B)

(14)

The upper part of iNIHS space is calculated as the fol-
lowing.

YC sector (60° < H < 180° and I > & + mosz00 ~60°1)
H=H—240°
G=I(1-5)+5

15)

B—1-(-D [1+ S cos H ]

cos (60° — H)
R=3I—(G+B)

CM sector (180° < H < 300° and T > 4 4 Muadizo —00°1)
B=1(1-S5)+5

Scos H
R=1-1-1)|14 ——— 16
( )|: +cos(60°7H):| (16
G =3I (B+R)
MY sector (—60° < H < 0° or0° < H < 60°) and
L o 1Hyp 041900 —60°)
(1> § + Hmetizse—0C1)
H=H-120°
R=I1I(1-5)+S
Scos H
G=1-1-1)|1+ ——— 17
( )[ +cos(60°—H)} un

B=3I—-(R+G)

2.2.3 iNIHS fusion

From Eq. (13) of GB sector, iNIHS fusion by intensity
substitution I = ~ x I is a scaling in RGB color space,
which is given by:

R I'(1-25) R
G| =|1I'[+58ty] | =v|¢ (18)
B 3 — (R + @) B

Pan-sharpening directly substitutes the adapted intensity
component, [ , by I. In our study, I are defined by:

I’:PAN:PANxI:%xI (19)
. PAN

— = I 2

PANLX Yo X (20)



where PANT, is the smoothed version of PAN image by
using 25 x 25 mean filter. Eq. (19) is the intensity substi-
tution by PAN and Eq. (20) substitutes by the sufficient
high spatial information of PAN.

From the fusion process in Eq. (18), the intensity com-
ponent, I, is replaced by PAN image. The fused image
will keep hue data as the same with MS data as shown in
Eq. (22); however, saturation is changed as seen in Eq.
(24).

I/:M%ZWXIZPAN @1
, +(2R - G — B)/2 _ o)
W(R~-G)?*+ (R~ B)(G - B)
3min(R, G, B) min(R, G, B)
S R+G+B I @3)
S’:['_wzvs (24)

From Eq. (24) as seen s # S, variation of saturation
causes color distortion; thus, the relationship between S
and S is shown as follows:

S 1

T =TT (25)

From Eq. (19)-(20), the spatial data are put into the
fusion process by
~ PAN
=7

_ PAN
~ PAN,

ol Yo (26)

These methods have color distortion like BT and BT-
SFIM method, respectively. In iNIHS color model, we
could summarize the fusion algorithm as the following
steps.

Step 1: Calculate I and [ of MS images by Eq. (8)-(10).
Step 2: Identify the color points in the lower or upper part
of the iNIHS space by

Ifr < % — w, color points are in the lower
part of the iNIHS space. Thus, the fusion process of this
part is

/

R R
Gl=yx|G (27)
B B

Otherwise, the color points are in the upper part of the
iNIHS space and the fusion in this part is

/

R 1 1-R
G|l=11]-+vx|1-G (28)
B 1 1-B

where v = (1 — PAN)/(1—1).
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3. iHSL METHOD

Improved hue-saturation-lightness or iHSL color
space isolates achromatic, L, from chromatic informa-
tion, (H and S) [S]. From assumption of the isolation,
RGB color is projected onto the achromatic axis and
chromatic plane, which Hanbury and Serra [5] proposed
three prerequisites for determining a suitable color space
for image analysis.

1) Two distinct points which have the same projection
onto the chromatic plane, have the same chromatic pa-
rameters.

2) The brightness parameters associated with a color vec-
tor and with its projection onto chromatic plane must be
norms.

3) Every system for the representation of color images
must be reversible with respect to the RGB standard.

Thus, iHSL color system belongs to the above condi-
tions which might be adapted for improving the pan-
sharpening results.

3.1 RGB to iHSL transformation

RGB to iHSL transformation can be calculated by:

L 0.2125 0.7154 0.0721] [R
C| = |1.0000 -1 -3 | la (29)
Cy 0.0000 —¥3 ¥ | |B

C=./C}+C3 (30)

undefined ifC=0

H={ cos™' (©) if C#0andCy, <0 (31)

360° — cos™! (4)if C # 0and C; > 0
2C'sin (120° — H*)
S = 32
73 (32
H* = H — k x 60° (33)

where k = 0,1,2,3,4,5 so that 0° < H* < 60°.

3.2 iHSL to RGB transformation

iHSL to RGB transformation can be given as follows:

V35S
¢= 2sin (120° — H*) 34)
Cy = Ccos(H) (35)
Cy = —C'sin(H) (36)
R 1.0000 0.7875 0.3714 L
G| = |1.0000 —0.2125 —0.2059| |C} 37
B 1.0000 —0.2125 0.9488 Cs

From Eq. (37), we can be rewritten for fusion process to
separate the brightness from chromatic data by Eq. (38).

R L 0.7875  0.3714 7
G| =|L| + [-02125 —0.2059 [01] (38)
B L —0.2125  0.9488 2



3.3 iHSL Fusion Algorithm

Panchromatic image Multispectral band (MS)

] PAN RGB
PAN Lol ,
PAN iHSL transformation
Lowpass of PAN .
(PANY) L HSL
I
’ HS
PL v v
Lsl L’=(PAN/PAN)XL |—L’»| HSL

T
Inverse iHSL transformation

Fig. 2 Spectral preservation method of pan-sharpening.

In our algorithm, iHSL color model is employed to
preserve the spectral information and the SFIM technique
provides to merge the spatial resolution and to avoid out-
of-gamut problem. The proposed algorithm, iHSL-SFIM,
for preserving the spectral information of pan-sharpening
is derived as following steps.

Step 1: Up-sampling spatial resolution of MS data to the
size of PAN.

Step 2: Transform R, G, B bands of MS data to iHSL
color space by Eq. (29)-(33).

Step 3: Retrieving high spatial information from PAN im-
age, PAN, and calculating the low-pass filter of PAN im-
age, (PANL).

Step 4: Merge the spatial information of PAN and the
brightness, L.

L' = (PAN/PAN;) x L. (39)

Step 5: Replace L by L', and transform iHSL to RGB
color space.

R L 0.7875  0.3714
G| =|L|+|-02125 —0.2059 [
L/

B —0.2125  0.9488

Cy
CJ (40)

In this fusion algorithm, the chromatic information are
isolated from achromatic component. When the spatial
data from PAN image merge with the brightness compo-
nent of MS data, only the achromatic data are modified.
The chromatic data or spectral of the high spatial resolu-
tion of MS images still keep as the same with the original
MS data.

4. EXPERIMENTAL RESULTS

THEOS data set for testing our algorithm was taken
in April, 14 2009 covers Hat Yai District, Songkhla
province, Thailand. The spatial resolution of MS and
PAN images are 15 m and 2 m, respectively. The sub-
images for testing have the size of panchromatic 720 X
720 pixels (Fig. 3(a)) and the corresponding RGB of the
MS bands have the size of 96 x 96 pixels (Fig. 3(b)).

The fusion parameters of each method, that use for
comparison, are set the same values. The tradeoff pa-
rameters consist of & = 0.5,k; = 1.0, and k; = 0.1.
SFIM techniques use mean filter with the size 25 x 25.

4.1 Visual inspection

For visual inspection, Fig. 3 illustrates the original and
fused images using pan-sharpening methods. The com-
parison results by using IHS, BT, IHS-BT, SFIM, BT-
SFIM, IHS-BT-SFIM, iNIHS-SFIM and iHSL-SFIM fu-
sion methods are shown in Fig. (c)-(j), respectively.

4.2 Quantitative Analysis

For the quantitative analysis, spatial resolution and
spectral information are evaluated. Measurement meth-
ods use to compare pan-sharpening algorithms as intro-
duced in [7], which we select root-mean-square-error
(RMSE) and relative dimensionless global error in syn-
thesis (ERGAS) from different-based measurement. For
similarity-based, correlation coefficient (CC) and qual-
ity index (Q) values are provided for assessment. Table
1 illustrates numerical results from comparison of spa-
tial preservation, which compares the fused results with
PAN data. Table 2 shows numerical comparisons of the
spectral information, which compares the down-sampling
fused results and original MS data.

Table 1 CC and RMSE between PAN and fused images.

Methods CC RMSE
IHS 0.9904 | 0.0241
BT 0.9549 | 0.0377

IHS-BT 0.9812 | 0.0292

SFIM 0.8512 | 0.0674

BT-SFIM 0.9831 | 0.0269
IHS-BT-SFIM | 0.8743 | 0.0609
iINIHS-SFIM | 0.8447 | 0.0958
iHSL-SFIM | 0.8532 | 0.0960

Table 2 CC, RMSE, ERGAS and Q between the spectral
bands of the MS and fused images.

Methods CC RMSE | ERGAS Q
IHS 0.5706 | 0.0837 | 7.0475 | 0.6999
BT 0.5528 | 0.0837 | 6.7137 | 0.7093

IHS-BT 0.5652 | 0.0837 | 6.8918 | 0.7144

SFIM 0.8256 | 0.0229 | 1.8477 | 0.8540

BT-SFIM 0.5705 | 0.0837 | 6.9633 | 0.7080

IHS-BT-SFIM | 0.8106 | 0.0282 | 2.2813 | 0.8490

iNIHS-SFIM | 0.8246 | 0.0166 | 1.4478 | 0.8365

iHSL-SFIM | 0.8368 | 0.0171 | 1.5066 | 0.8230

5. CONCLUSION AND DISCUSSION

This paper proposed the pan-sharpening method,
iHSL-SFIM, by using iHSL color model to preserve the



spectral data and providing SFIM to synthesis the spa-
tial resolution of the fused images. The fused results of
the proposed methods were compared with IHS-based
methods consisting of IHS, BT, IHS-BT, SFIM, BT-
SFIM, IHS-BT-SFIM, iNIHS-SFIM. The numerical com-
parisons were illustrated on Table 1 and 2. The proposed
method could preserve the spectral data better than the
[HS-based methods as seen from the Tables and Fig. 3.
However, spatial data of the proposed method do not bet-
ter than IHS-based methods as seen from Table 1. For
out-of-gamut problem of the THEOS data sets, only THS-
based fusion methods have a few pixels out of the RGB
space. Our method and iNIHS-SFIM do not have out-of-
gamut problem.
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(i) iNIHS-SFIM (j) iHSL-SFIM
Fig. 3 Visual comparisons of pan-sharpening methods.
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