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Pan-Sharpening Algorithm of High-Spatial Resolution Satellite Image
by Using Spectral and Spatial Characteristics
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Abstract

Generally, image fusion is defined as generating re-organized image by merging two or more data using special
algorithms. In remote sensing, image fusion technique is called as Pan-sharpening algorithm because it aims to
improve the spatial resolution of original multispectral image by using panchromatic image of high-spatial resolution.
The pan-sharpened image has been an important task due to various applications such as change detection, digital
map creation and urban analysis. However, most approaches have tended to distort the spectral information of the
original multispectral data or decrease the spatial quality compared with the panchromatic image. In order to solve
these problems, a novel pan-sharpening algorithm is proposed by considering the spectral and spatial characteristics
of multispectral image. The algorithm is applied to the KOMPSAT-2 and QuickBird satellite image and the results
showed that our method can improve the spectral/spatial quality compared with the existing fusion algorithms.
Keywords : Pan-sharpening, spatial quality decrease, spectral distortion, spectral and spatial characteristics,
image fusion

1. A & = B G 5 T Bolshy, HE|AHEY JAS

EXEe] 25 9 /A9 BEEA B4 gHES 7)

IKONOS-2, QuickBird, KOMPSAT-29} 2 914 A3 ok YARALE o]83t thafst 41 SaiMe
PAES B2 AT Sty vket SEubd wEdEe] HEAHEY S AMESRE Aol o)
e s HE2HEY QS Sl AlEstaL ol
oh iAo o IRl A A 0 HAEEY S o] 0R Algshe 3] Erks

e

o2

2010 54 6 A<, 20104 6 29 AH
* g3 - Aedidta Fahst A IR AT B (choijwl 1 @snu.ac.kr)
s AR} A9 - ALt Frbjeh AMIATE wo(yik@snu.ackr)

79



80 HA -

SICKY. Zhang, 2004). WEhA, AEAL Fofolx
QHEEE o83t T2 TRVIES S
o] gste] HE|~HAEY 4] F3badert 314
2 370 98s A HH ol2fgh olfE E
312 Pan-sharpening©]2h= WHECZE AolH a1 )
tl(J. Lee, and C. Lee, 2010). 1980'dt] o]F-2, v}k
g 3P 7 gaElse] AR o, st
T 989 5 7S 9] Al g T
8ol FulEaL = Aotk tlEAl JNEH
7182 MRA(Multi-Resolution Analysis) 7]¥F] 7|
3} CS(Component-Substitution)7|¥Fe] Lag]Fo 2
TR Atk MRA 7] SRS flolEl
(wavelet)o|u} 2FEEFA|0t I]2h0| =(laplacian pyramid)
o olgste] Sl EAletes AT ARE
5, o]F "I EY Jiol| FYFoEM §
1S AAdsHAl Fck g4l MRAZHES] ¢arE]
“trous HO1ES WS HE|AHEY o] §9
k513l AWL(Additive Wavlet LHS), AWL <3l
5 A=l tiske] A4 2]st AWLP(Propotional
AWL), PCA gk} go]&el Wehs 95 AWPC
(Additive Wavelet Principle Componet)©] HE|~#HE
g 3] FRell A A= A Tkl
Nunez et al, 1999; X. Otazu et al, 2005; M. Gonzalez-
Audicana et al, 2005). T3k g=EEbA|QE IR =S
7o 2 51, I RE context Rl 7|Rkslo] |
o= F9J81= SDM(Spectral Distortion Minimization),
CBD(Context Based Decision) ®HES 7|2 o]
£ 7R 93] 2R E aHoR nEs)
= oz dHAJTHL. Alparone et al, 2003; B.
Aiazzi et al, 2006). 11}, thF-E2] MRAZ]WEe] wF
HES HEZHEY Jibo] F3AHHE apro=r
HEANATE AHS 7L QAR S a1+
TgEE lste] G el AAEe] AAE RaalAl
A ey A To= Qlato] §3adde] sl
L7b Suedide] g3l o] Hlgte] vt Ao
o] WSk EAIS 7HAaL Tk

CS7IWre] 7S HE A EY JiE o] 85
o] AT 7] A de S 3Tt sl
Sulcdate] akE o HE|AHEY Pl 79
Holt}. IHS(Intensity-Hue- Saturation) ¥3HS- H]ESH
tjeret cs7uke] darglEo] AkEJ (T, M. Tu
et al, 2004; M. Gonzalez-Audicana et al, 2006; W.
Dou et al, 2007), YATA} G4 E oA CS
7IHke]  &31E)EQl  GS(Gram-Schmidt) — Spectral
Sharpening 55 5o 7dE o] ARSA}El A Eits]

2 N o e
o of
o ox o

w
rn‘.

i)

184 29k 20104 6J]

= =
A O1AAL QlLt. CS7INEe] SFAlE]H-E MRAZINEE]
el iste] Held Rl EE THE §39

re ¢
fl

(% 1
:
0 2 g
© > iy

i oN L T
ol N
o X (T
o e L
P N o
N o
oo = Y
TR n2
N Kl
il A
= Jo gy
o

30,
o,
=
5
oty riz <y

3
o
£

Y R
B

2 2
T o
) E
E
¥ ol
e
>
o=
ox &
of, =
e e
>N OE
E o |
, o
12
o o 2
5, of
A 2
2 of
ke =
Sl
of md

o
N
ey

O r_q
<
=
>
=)
®)
w2
N,
rlI
B

o
%
OE
jia)

o 2
M
-

fo 2 oox ot

H
%) o~ o
@ % 9 3 M 9

oz

N
i
o
:?1:4"
X
~
o
£
=
w2
>
&
[\
g
e}
=
[e]
=X
o
=
o,
o

o 20 of TN
N

(o)

A ]IE
K
ol
ol
2
>
i~
JZi
oft
N

"
offt
of
ol
2
2
2
o
N
oZ r
o do
3

ARl Rolele] B JMe slRHoR

oo e sk AN 5 o)X JuE 35

F o) HEl2AEY ool TS 2A2 0%

Ak A AshdE BesAEY S M0,
e 3

M(i) = High(Py) « w(i)+ M, (i) (1)

oA7IA, High(P,): ST S0l ol 523
259 HE olx] AnE eulajul, w(i)E HE s
Eel ool FRIE|= AU 2det Aol 2u
oz gRAe] FAL High(P,) e wli)e] F4el
e A4 sl

2.1 MRA 7|ure] 94 g3

MRA 7|9t §317] d <
B3l st Aske SMede sk, ol 4
E|l~fEY o] Y= otk MRA 7|HS
I8k A1 ()2 ool 2ol xddE 4 Utk

e
lo
ok

M(i) =(Py—P,) » w(i)+M,(i) 2)



of SIS AAH R AAA 58 ek

2.2 CS 71wl 94§

Cs 7Ie] §37IEe WEAREY GBS ol gat
of Q9H o YT 1P AT A 5
Mg gel Afold HelxAEY Jaol Hgah= W
oftk. €S ZIe] §FAL A (3)3} ek

My(i) = (Py—1;) + w(i)+M,(i) (€)

(3

A7, 1,2 7] A A AdS ovlgth
12 A=A EY o] witx|, HEAAEY G
I} TIPS Euleda) 7o) B HEA] B AFAS o
Bato] Al A= 7
darg]Fo] WA Fk

3. At T dadl=

)

MRA 71 1 CS7IuIe] §3 34 el el
I Saed/dollA] FEE| oA = Het

5] Atk ol 91 2
& o83l w(i) 8 E=ESAY, HE|~HEY

o>
iy
o, ok

oo
1>
il

Y o2 o &

ot o
=
=2
&
2
N
RS
)
2
ol
0%
k1
o o
0%
o
rlo ¢
N
2
o

woggate] TG o] ol FS 1

4

Lo
N
i
fo
e
By
9,
>
rlr
o,
v
o
ot
=
o2,
ﬁ
e,
fuj
[

%

REF F Vol S5 AoR FeAAYE G
5% 7 RIS olgsio] ASE 23

Brower, 2000).

i’ cov (L, My (i)
w\t) — ———F7~
var(]L)
A7VA, vare= T G el EAskE skase] &
2 cove G el FRARS ov)git) SkAIRE ¢
9] A5 o] g3l A9, AR Wi=Zko] FIhEY A

AR 89S &7 gaEE 81

Hl&o] S| A o] Ui o] STt A=
EAZE s, gl vS HAsA ¢ 9L
= 7Fs3e Egeta 7] witel], # =ielxE
o] TR} HloF oA EL] ATHEE o]-&3te] Af
22 AE AYssith A WA=, dEadEY 7}
M= F M, () 2 HEIAHEY 9y s
e dzre] SAEAS Fate] A 7S] A3
A QA [ 7o) AAES] AHEE T3] 9l
Zh Qell 259k 2 FETARE HEE A-83)e]
Zh gl dldshe 1 s AR High(M (i),
High(I,) & FZ3IH(J. Zhou et al, 1998).
l11 1]
Filter=1—1 8 —1 5)
-1-1-1

2] (55 B3te] FEHAR a9 Jrzke] Aae
£ Aktete] 43 dloll EAlshE SRS fAEE
SAHA (6)).

E(i) = corr(High(M,(i)),High(1,)) (6)

4 (09 #4ue] AR §0e AT AR
A9, e EAshe shaglel BAH 2
19l eke 5 itk ol 98 A (4 Al
FAbEsh 2 el shasl EEAA

IE ol8sto] HFTA o= A (1) L& A A=

2
ox

1> 1o 0 o
o o ot 3L
-+ f
oX, L

ol o
o

¥Q g T
fni o

) std(ML(z))
w(z)\/ std(1,) (i) 7

HE|=HE

ARESE 2 R T HAAE Hole] FoEM Y
5HA Al7F 2AEES 26 F
TollA Aoksl A== MRA, CS7]4Hke]

e AHE AAa

TR ZE G TR Rk



82 HALE -

WE sl el EAlaIok IR, F1o] H A
£ A B8 gtk BAE 73 ek o)
3 BAE A7) SAslel, ¥ =RolAle PelzAE
o gt Sulelyale] FRRE Aol VlEon
A% Ajole] ETE T
S8 BAROS 4 438 HET, A £
KOMPSAT-2 47J(H¥E] i%‘ Im)o] glvhaL 7}%3
A, e 999 B
4me) BN IES A @Eléﬁ%‘Eé 2wy
R }\g/ﬂfﬂ—q— 71;1]79 o7 'SH/\]—EJ]_ ;q o].;} O:]}\]-.Q_ o]%
3lo] Aamyre] HE|AHEY JAS s & o)lE ¢
HE]|AAEY JAly) vlaldle] =4 FHrs =88k
Aeh A AL A, 2008). AFE B2 Qe
B AN TFS ke A =Q] ERGAS(Erreur
Globale Adimensionnelle de Synthese), SAM (Spectral
Angle Mapper), Q4 A|5E AFE-SIITHL. Alparone et

al, 2007). ERGAST §3972] A9AQ] g3
< sl H=wA 4 (8)3 2tk
ho|1 & RMSE *(B;)
ERGAS =100 \/ ]—V; 27 (8)

Bt HARREC|Lh ERGASE #ol &5 §%
o] BYsIHFe] Mg oJulPL). SAME 7} g\z]
A~ ey ko] 7} shae] Aol Rigzlxlo]=
Absle okarg)Zolr). §3tdAte] afa WEE ¢, & og
Aol AMEE peka & o, WEzke] B3zt o=
2 (9)F Fotd ARt = Ak

©

<v13>
SAM= arccos| ————
lolly,s lToll,

SAM A<= ERGAS9} PEIIA R gho] 2855
S Baelarae] HeS onditt Q4 A5
e} /2)]— §J47]—X]T§_ O]—Eq]] QX] g g]:/]—/:

g9l

184 29k 20104 6J]

A=g el diste] RS 44 Aol
RS R s e ‘:]'Z}T_ﬁhypercom-
plex number) 2 7143t 3943 ¢ |~ EY
Qarre] BYGAES S el 4 (103
ZTHL. Alparone et al, 2004).

Q‘l _ |UZ Zz| 2021022 2‘;1“;2‘ (10)

o,0
LA 021+U~z ‘Zl‘ +‘22‘

AN, & §TGY shhe] IS WE, 2E
9 HEAAEY G shao] BRAS W, o,
9 2,8 BEAL 0, & §HE P vEle] 1

THzL 2= TR WEe] HEgs ofnjeith Q4
Ag= 54 A% W] shiol disiA 78 &, ol5
o] F ks ARESI, 1o 2 5 S
Fellsro] ASS ongitt. £ AFollAE 64%64 A
719] =95 ARSI QXG5 AHEsISIh AlZHA
B7re] Agoll= el d=rt Aske A4S AR A5

of] 7AA] oA AR Fell digh AFAR1 v} o7 7]
el o HE|AHEY @Aty Sedds g3 4
= ARESte] 3 WHRe] A vl Fasgich
ARYer duElFe] FFHEIEYN A7 B -
T3E AF3P] A 718 ATelA] e A
S Hol&= Aoz d% MRAV|HES] GLP, AWLP &
21253 CS7]49+2] GIHS(Generalized THS), GSA(GS
Adaptive) 3125 HwE7LE SRS SISt
(B. Aiazzi et al, 2009; X. Otazu et al, 2005). #|<FsF
Aug]Ee] AFE MRA, CS7IRE] 7o) B AR
7Fsat7] wiitel 27F419] &3 Hel B A-83|E
Stk

4.2 AHg-vleolE

B Aol A= 2007 102 5Y0 S oA
o] KOMPSAT-2 3 K34 - k<> 7
N 20061 102 28Ul F5T tiiA e
QuickBird 3 H(FZEIAE ¢ 0.6m)S AM&sIITh <
4 Z EAR ) FEA| o] EAT 512%512 BpaA]
(@E]/\JHEL‘__;] oAk 7]_,_)% = io],oq St ez A
Qe on, wol= AAY ~EUHS S saglol
WSlE]R] 282 11 bit U3 % A3o)| ARsklTh o
A9e 1l 13 Ak

o] A

4.3 Aozt dagl=
] 485 fI8te] 1282 HE A~

s
A]Eet tare) e



ga 49e zTJ} An 4 @), (), O
e A= o) Fslo] AFHOR %
T,

(b) QuickBird $]4] <34
a9 1. A9

TAAE YA §F L 83
5. 4 3}

Aok darg|Fe] AE Hrhs dollA AFs

Hle} o] Ao g FINES AT S

Aol Sk o3l BrkE Slste]
A9 el A=Y Qo) A1k BElE A
o el F2, Sl 2 AR ST 43
)\]—Q. /lg/\-]él_‘: HH:HQ. }ﬂFJJO]_Oﬂ otq _j_ﬂ 1‘/]

oledt 7t 83 dels W gaAe) Avke

ol
z

oo
Lo
o of o of

rE

)

08.
o>

Slod

l:t:

2 AR 7S

A} 7)) ehaelFol vlfol

s A9E YRl AS ER1E 4 Qi) 53] ¢S

7|\ke] G353k 7S 7te 2 st Aokt A4E-8) Al
£ 483 53 At AAHeE 7P Hold s
RS 891 & 4= 9tk QuickBird 97d2] SAM A5~

o] Ao AWLPZ} 7V 2 ATE Ho|r|E 317
9k CS, MRA 7|dt 7ol tigte] At W ES 4
L3158 790l YAt Aglo] ANkE o=z T}

ARl ATE Hole ZS g1 F AT &
3, 31, 2 & 7|9 AFdAE CS7IN] 7o
Hlglo] MRA 7[uke] 7]jo] gz o gf=o] #r}
3 A, AlRbeE W] Al S S
ZlHko 2 SI91S wf EgefaEte] v 42 A gkl
sk 4= glglon, o= Aokt daiE]Fe] €S 7IRke
¥ 1. KOMPSAT-2 G4te] g3 w7}
ERGAS SAM Q4
GIHS 2.509 3.003 0.882
GSA 2512 2.954 0.892
GLP 2.567 3.043 0.906
AWLP 2.509 2.837 0.909
CS7]4k
Aok 2.237 2.805 0.916
MRA7| g+
Aok 2.326 2.905 0.918
3t 2. QuickBird 73] &3 W7}
ERGAS SAM Q4
GIHS 3.68 3.263 0.866
GSA 2.296 2.536 0.932
GLP 2.355 2.504 0.938
AWLP 2.175 2277 0.943
CS7]4k
Aok 2.114 2.359 0.945
MRA 7|4+
Aoripy 2.139 2.397 0.945
R H I 2 M R 2



84 ALk -

(H AWLP &% A7}
1% 2. KOMPSAT-2 374l tjgh 7|&9] <ae]Es)
s

SIS TFow 489 u HHo AnE AL
Stk 242 orlshs Zlow steldd). K 1, 2]
ERGAS, SAM, Q4 A5 §4 343} ¢
ERHAEE B@SH A5o]] g, $8 g
Sol S0 A9l 9 SAgel Fhohds

184 29k 20104 6J]

bk Aal2]FH(CS 7] 2 MRA 7|Whe] &

SAIHCS 7

(e) Asret

(h) 11]70]-?‘51- S AIHMRA7|H

g% Aol Al

Avte] IS Ao R Brlstaal sisich
9 =S 7HAE KOMPSAT-2 A4e] §5 dapb=
19 29} Atk 1%‘: 20014 gel8t 4= Q= ZIAH €S
713k
71

1‘5}3‘1]‘—:(:7-%] 2(0), (g), ()e] 2Tl
sl Aeprt ARk Eiek = gk 539,
A JAEe] dE e A= ]“9] [t CS

Hlo] g3} Aol H|a| e B&ES Holn, g A



Ggel B 2 T

i

73

tlo

A AN XL blurring®]H aliasingZ} 22 A1 0]
vebdtl =3 ARk dharefEe] AINTLE 2.(e),
()= 718 ALY £& A4 d5Es
7= 2E BR1E 4= qloh gl gloME &
13 VR = AIZEARD SHell A e Aloke darefs
o] A3t o HE|~AEY Q3T FARE Ve e
Wiz l5s BR1E 4= Utk QJMLE XHOP?& &

aEF

2 7|9 darg
oA BF $-5=31

l>

_ﬁ
alo
i)
iin)

+|
i
f
32,
nu

k1

2 AFelM s e gl SIAel A
Aot gl dEe] o= B IR AShiAl
= %lii}é}ﬂ 3 A2 dargES ARSI Al
‘_t:sl— g] =20 @E]/\JHEEQOﬂN—J/} 7]./\1—,] ;quN—_II:_

o] F7F AR A=Y J:]z}o] H|E 0]83

Fol AREE AsshE AlTE FE5101
2 duEFolA AHE ﬂ]?t

7121 CS, MRA 7]8Fe] g3 7|Rol] BF %8
A= S A vk & daEEe] 954
155171 $18ked KOMPSAT-2 2 QuickBird 37
sto] of2] AtellA] 7)ol Ak darE]Ete]
o H7FE 430510tk ERGAS, SAM, Q4 A4E
B3 wgearre] AR vk 9 Age] FxE
TR GRS o83 §FIY A1 WrkE
o & % 14 Akt Asste Al 2 g3 4
7 H|glo] ¢k Ad5-S BRItk

1R
OH

o
ﬂl

>
N
g

ol o
T o2 ¢
0?

(

of

é“.:mo—hm“

o me oo 1 2 of

=

arejgell
2 919

;o
b4
£

B oodqi= 20100 % AN (aS )4y e] e
S ol e

2 A A ATINo
20090085392).
A3

1. FAe 7ge], 2008, “FAE I F= 71HE 53
shed de] —Er%véi i Q| XEFEE,

wsks]x], A 169, 3%, pp. 15—20.
2. B. Aiazzi, L. Alparone, S. Baronti, A. Garzeli, and M.
Selva, 2006, “MTF —tailored multiscale fusion of
high—resolution MS and Pan imagery”, Photogramm.
Eng. Remote Sens., Vol.72, No.5, pp.591—596.

o1& ;AT ANGY §F Ll

3.

4.

6.

7.

8.

9.

10.

11.

12.

85

il

(o] H =

B. Aiazzi, S. Baronti, F. Lotti, and M. Selva, 2009,
“A comparison between global and context—adaptive
IEEE
Transactions on Geoscience and Remote Sensing
Letters, Vol.6, No.2, pp.302—306.

C. A. Laben, and B. V. Brower, 2000, “Process for
enhancing the spatial resolution of multispectral
imagery using pan—sharpening”, U.S. Patent
6011875, Tech. Rep., Eastman Kodak Company.

pansharpening of multispectral images’,

. J. Lee, and C. Lee, 2010, “Fast and Efficient

Panchromatic Sharpening”, IEEE Transactions on
Geoscience and Remote Sensing, Vol.48, No.l,
pp.155—163.

J. Nunez, X. Otazu, O. Fors, A. Prade, V. Pala, and
R. Arbiol, 1999, “Multiresolution—based image fusion
IEEE
Transactions on Geoscience and Remote Sensing,
Vol.37, No.3, pp.1204—1211.

J. Zhou, D. L. Civco, and J. A. Silander, 1998, “A
wavelet transform method to merge Landsat TM

with additivie wavelet decomposition”,

and SPOT panchromatic data”, International
Journal of Remote Semsing, Vol.19, No.4, pp.
743-757.

L. Alparone, B. Aiazzi, S. Baronti, and A. Garzelli,
2003, “Sharpening of very high resolution images
with spectral distortion minimization”, Proc.
IGARSS, pp.21—-25.

L. Alparone, S. Baronti, A. Garzelli, and F. Nencini,
2004, “A global quality measurement of pan—
IEEE
Transactions on Geoscience and Remote Sensing
Letters, Vol.1, No.4, pp.313—317.

L. Alparone, L. Wald, J. Chanusot, C. Thoma, O.

Gamaba, and L. Mann Bruce, 2007, “Comparison of

sharpened  multispectral  imagery’,

pan—sharpening algorithms: outcome of the 2006
GRS—S Data—Fusion Contest”, IEEE Transactions
on Geoscience and Remote Sensing, Vol.45,
No.10, pp.3012—3021.

M. Gonzalez—Audicana, X. Otazu, O. Fors and A.
Seco, 2005, “Comparison between Mallat’s and the
a'trous discrete wavelet transformation based
algorithms for the fusion of multispectral and
panchromatic images’, International Journal of
Remote Sensing, Vol.26, No.3, pp.595—614.

M. Gonzalez—Audicana, X. Otazu, O. Fors, and J. A.
Alvarex—Mozos, 2006, “A low computational—cost

P 7 [ R

AL



86

13.

14.

b

method to fuse IKONOS images using the spectral
of IEEE
Transactions on Geoscience and Remote Sensing,
Vol.44, No.6, pp.1683—1691.

T. M. Tu, P. S. Huang, C. L. Hung, and C. P.
Chang, 2004, “A fast intensity— hue—saturation fusion
technique with spectral adjustment for IKONOS

response function its sensors’,

imagery”, IEEE Transactions on Geoscience and
Remote Sensing Letters, Vol.1, No.4, pp.309—312.
W. Dou, Y. Chen, X. Li and D. Z. Sui, 2007, “A
general framework for component substitution image
fusion: An implementation using the fast image

184 29k 20104 6J]

A

a8

15.

16.

o)
=

fusion method”, Computers & Geosciences, Vol.33,
pp.219—228.

X. Otazu, M. Gonzalez—Audicana, O. Fors, and J.
Nunez, 2005, “Introdction of sensor spectral
response into image fusion methods. Application to
wavelet—based methods”, IEEE Transactions on
Geoscience and Remote Sensing, Vol.43, No.10,
pp.2376—2385.

Y. Zhang, 2004, “Understanding image fusion”,
Photogrammetric Engineering & Remote Sensing,
Vol.70, No.6, pp.653—660.



