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SYNOPSIS : The merging of different scales or multi-sensor image data is becoming a widely used
procedure of the complementary nature of various data sets. Ideally, the merging method should not
distort the characteristics of the high-spatial and high-spectral resolution data used. To present an
effective merging method for survey of reclaimed land, this paper compares the results of Intensity
Hue Saturation (IHS), Principal Component Analysis (PCA), Color Normalized(CN) and High Pass
Filter(HPF) methods used to merge the information contents of the high-resolution (6.6 m)
Electro-Optical Camera (EOC) panchromatic image of the first Korea Multi~Purpose Satellite 1
(KOMPSAT-1) and the multi-spectral Moderate Resolution Imaging Spectroradiometer (MODIS)
image data. The comparison is made by visual evaluation of three-color combination images of IHS
, PCA, CN and HPF results based on spatial and spectral characteristics. The use of a contrasted
EOC panchromatic image as a substitute for intensity in merged images with MODIS bands 1, 2
and 3 was found to be particularly effective in this study.
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A AL AL EE AFHAY AL ATl EXIEAHS £/t 7}%?} oo @
Apolojol Ft}h, dutHom AT FHELS BFo]HA 3 scened IEWHO] Fi, FUN A8 H
© 7ZIZkel Bol Ayl WEd HAX Y 2L AR qu—‘?wl g8ol= HABAHNY = 9\1‘3}

KOMPSAT-1(Korea Multipurpose Satellite 1) EOC(Electro-Optical Camera) ¥4 3138 (} 6.6
m)°] BlxF F3 I} FFo) o3 widd & @54 panchromatic %§/geolgtE @] vt 33
L 32 FLFATAdAME HAFE0 m 500 m 2 1 km)S oA BojA A thubAdi(367] bands)
¢l MODIS(Moderate Resolution Imaging Spectroradiometer) G4-< vlyd AAzte 2 £330 7] o
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g ZHARE 2A 24387 Y3l s z A 59 panchromatic B43 A=
o AbRE Fast Juh 2y o] FAEe T AAAM e 271A EA F,
nFHYEY EAHE e -’1‘-54 2 o] FgF ookt UdE e FHERAL
A3 X s A FET FAUlEs 2 £ U wEA nIAdE
17 oA gadg F49 Eﬂo of 3 ¥ BFUAERS FAE
He] AT 2 &o] o]jFojAof girt
A& ol gsta] AR HIAH EAHLE AR FUlY Jlend S AHEY, FUY 9
2 %(2001)°) Landsat TM, SPOT PAN 2 JERS OPS9 % @ (merging) B4< o] 83t
oz E¢ Mgt I8 A9 3 A" B2RA 22 @FS At en 23y
5(2001)°) Landsat TM™ SPOT PANY % %4& EFst 53 At dF g9 migdd ¥
2 A vt gloh, F99 AP, Takashi Hoshi $(1996)°] Landsat TM, SPOT PAN % MOS
WG E2RE EXNEEFIIHLR "H“*T‘:‘ AGe] Y AYAFEES ZAEIA T Janet W. Cambell
5(2002)2 &td EUHZHE AT MODIS d4e &8 7ZtsAdS a7 Fod Ao 28y
KOMPSAT-1 EOC ¥7°lvt MODIS %74€ AH43te 7637 & A - 24T THY 71emd A}
A= Zolr ] oy,

ot B dFME NS gdes & 9489 KOMPSAT-1 EOC panchromatic 9243 o
%3 BEAFYUE ZI UE MODIS 94& udez EFN FE7)1HS IHS(ntensity Hue
Saturation), PCA(Principal Component Analysis), CN(Color Normalized), HPF(high-pass filtering) &
ol JI1Po 2 Joj F§ AE Bl - Brtet AR FAM KES FF 7I1HE AA A g
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2. AL2HI0IE, JjstEY R UFCiMAY

2 dFo) AA8E AFHAY 94 Table 1914 B upe) Zrh
Table 1. Image data used .

Satellite KOMPSAT-1 Terra

Sensor EOC MODIS
Spatial Resolution 6.6 m 250 m ~ 1 km
Date of Acquisition Jan. 31, 2002 Feb. 12, 2003
Number of bands 1(Panchromatic) 36

Cloud 0% 0%

B Ao AR " 21t A Y QoA KOMPSAT-1 EOC 948 AA7IEHe ANEFHEE
L3t WHE AHEsATh FAFEe Az HEgWiFdHozE 1AGFAE, iz AHME
(resampling) ¥H o2 F1x 4 (bilinear interpolation) & A48 on 3t 1700 dFstes AN
A7]E 66 m x 66 m7t HEF Yt MODIS 942 4% 250 m? band 1 % band 2 47 3
4= 500m¢! band 3 % band 49] 4709 FAWE WAL E JstRASALH, T HYPLE 259 JE
A& A8 ZF band Aol Zzt KOMPSAT-1 EOC 94 2% ZEE 3tE ERDAS
IMAGINE A& ZE o] 9] “image to image” ¥ & AF&SHHT.

718t A A o] BFAFZLAHRMSE)E KOMPSAT-1 EOC HiolE &+ £ 04 pixel, MODIS #Ho]¥
t o + 09 pixel ol%ith V18R FE FFFAA ALY Fejo AL TA HESH ATFHEA
o7 Agtew 1 AV]E KOMPSAT-1 EOC panchromatic 949l A -$¢+&= 2914 x 2296 (row X
column) 34, MODIS 942 77 x 60 (row x column) &4 ZV|AY. AFddz|gez HAEH A
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92 Fd A RHED 1% @ YT Qe BHAGAGe R T Arle SHUFoE 192
bm x 151 km2A] HALE 289.92 ki'olt}.

< 429 panchromatic 943 daddie] A4S Fgeted JdodME 2 EFHd welr] Zo)
Hol A& F Yoy thRE Ao 2712 54 & 5L d4Yy 09 EFAEH 2REE §X
diof ke Fo) FoET B dFME dEAHA AAFTHF/IHA IHSS PCA, CN, HPF 7IHo g
T3 o0 A7 JAEE By ).
3.1 IHS

IHS7IH L Z47] t& AAMelA 2o GFEY T 71 dal AHEEs BHFY stvolth. 3
%9 panchromatic #lo1E ¢} AHY =g r,}.ﬂr POl 94 A48T doe BA A=Y 374 33

4/< I(intensity, % %), H(hue, 2 %), S(saturation, ZHE) qEe] ez 0

=] panchromatic G4 o2 AT vl A R G B AEI¥ye=z H 5

E AFNAM L3 RGB-IHS Hax#3 & 1¢ 17 ZEE]' HA MODISE band 1~4 44 Z,

}& o] g3t I H, SAEY ddos wsgt 181 (48 9 L

= 9] panchromatic 94 contrast stretch ¥ ©g °]|E I84E I

2 A9ugsty &2 g

100;o>_amjgo¢
ol

] | Inverse Merged
MODIS I MODIS and
Data | 7] S > g ™ [ KOMPSAT
S lmage Data

ﬁ T
Substitute the contrast stretched
KOMPSAT PAN data for intensity

2% 1. Generalized procedure for IHS method

3.2 PCA

PCAH"I ] 2]3 KOMPSAT-1 EOC panchromatic 4= MODIS g4l Fehiiat A x= [HSW
M3t FAbsteh @2 IHSEYAME &4 37 bandg & o838 [ H S 4 E— Te
e wEe), PCAMH S 370 o4 985S Abgstd PCALRF 4848 &+ Aot

Aol 9l
ot B AFgAME WX MODISS BAND 1~4 GAL o] &3t All~A4FAAE ’é}% ARy, ag:
AFEGE 947 B4 2 HFo] H5dEE panchromatic P42 contrast stretch 3 o2, o]& Al

ok

98z WAL R G B A3z IRt daFdado
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1Y 2. First and second principal component

FEAGL Yoz Az e G4 a4 FtE AL G4z diolgn @ 9w o

el WEZ Auolt A T2 A7ld #3E GY AN ol Aok B ATH AL¥ ON &
DHAEE AeAAFY SR AREAt 2FY 4T Aayolnh of BPe nREe 9

=
# Az G F¢E At AL F e
AAN A LE hF R o] EFNAEALAS A
2 d7odME ()& 283 MODIS band 1, band 2 & band 39 2L CNINE
Ze g stk 10 B 300 AARE RE BRI 0o Hol 2o £330 2dHE AL 9
st A2 dAFAY ME Roltt
(MO;+ 1.0)x(PAN+1.0)x3

CN; = 2 MO+ 3.0 - 1.0 (1)
CNy MO i band® CN¥Z 843 v ol g
MO~ 4 Sfste] ANLE MO i band 3380l &
o 714,

PAN:-- KOMPSAT—1EOCPAN $}7¢ 9| o] &
3.4 HPF

Chaves and Bowell(1988), Chaves %(1991), Vrabel(1996) 5& HPFuI'go= SPOT PAN do)E g}
Landsat TM ®lolE€lE &3 v vt 2 AFdXAE Vrabel(1996)0] AH&HH ¥ 7 A3 HPFY
HE AR AA T A3 dAdlE Y FFHF 27 ] "ee A A5 dzA ey
th. Vrabel® SPOT PAN Ho|8 9 #jA4& o] Landsat TMulolEl Bt} 3] E=tiE ol %9 A4 Agdsh
Aol oz} FEQ AYE TXTR gAY B AFIME KOMPSAT-1 EOC PANHolE 9 a4t E o]
MODIS dolElRtt A %7 gFo "E A7E 9x982 A§ste] $Pstch HPFEHo) o8k o34
¢ Fd AP ged #ho
1) KOMPSAT-1 EOC Hl¢|H 9 F3sld8 e F&3t7] A5t of 94 dlolEld) high-pass filter
(BE A7) 1 9x9, BEIASF 1 932 E 161/8], UmA 25 -1/81)S HEaT)
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2) MODIS®e] 7z} od/ddlolE o= low-pass filter(BE 7] : 9x9, el 44 : 1/81)8 &L}

3) MODIS dlolg 9} &4t 2 Fto] H|E3EE high-pass filter 2832 KOMPSAT-1 EOC PAN
HolH& v% ¥

4) 2(2)& AH&3le HPF H3d N2 RS Z4sta Ze §4 %)

HP; = (W, xMO,,) + (W,x KOM;,) (2)
71 A,
HP; ... MODIS i band¥] HPF¥# A4 dolEl(i=1, 2 2 3)
MOy, - av) sty el 5, low-pass filter7t 22 F MODIS i band %34+ o] €
KOM;s, -~ MODIS{ band 37dlo]els} B3 2 Rato) "] %3 %2 high-pass filter 34359
KOMPSAT-1 EOC PAN HolEHE %% M3s gAvlole

Wo, Wy o B8 (Wo, Wy=1.0 olojo} 89 & AToxe 22 052 H&3¢i0h)

2 ATe|M F4¢ IHS, PCA, CN 2 HPFel 4714 3% 71ME¢ @ Frsted ojd aA 5
7] 2PEY nE4R FoA4Y nEyoz TEeel BT BHEY REY #7}
PHOoRE F¥E 943 UGN AR, BRUR 2 Hage $A4 nus) nadE 2
He G4e] A4 BEL At TR nE4 Wk 44 AZA BERsE FYeA

TH71Hez AAE AT AFE v 66m HAHe] MODIS F4re] ¢17) wWEd) olzst e
oz MEE 250m g ez T AZRY AHreference image)S AAAA MODIS @ 943 B
3T

@ KOMPSAT-1 EOC Pan, ¥4 250m 43 o2 24

FAE G F& Ade Qo] F=YA £33 blockiness 7F HAET} o3 HE gl
A B AFoae dA4ANE BEA T 1A AEE e

@ MODIS 742 d#le 250m 3438 A

Q@ OO 44" F4d disted E AFAA 3
ZR4E AAAMNA vudHd. Audz Qs %iq{
A AZ27 242459 g4y H g, BEHA 5o A
B4 A3 mAe FTE AR ot

E_ﬂ’
48 F gou A
Fe AgstgE

1o

411 H3 ¥ BEEHXC vl

47 A 8 FERU R A 79 Fx9Y43 YA MODIS 949 #HF3 EFHAE Table 2
$} 2t} Table2d] BRE HTH BEAXNE At F2 943 9A MODIS 949 2o ge Hl
w3 AT a9 3, 49 2o I¥ 3, 49A Hieuket o] IHSEH S AYE Umx whdEe] A
TFE G 9 94 Fad ZFUAV v A JEld e 3& £ ZE PCA, HPF, CN, IHS
R

el
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Table 2. Statistic value of the four different merged image data

Methods |y ropis b IHS PCA CN N HPF
Statistic value

1 26.754 45.274 26.226 36.643 39.114

Mean 2 36.198 168.235 35.624 49,025 43.481

3 39.346 0.23 38.817 53.153 45.019

1 3.463 8.805 3.964 6.778 14.067

S.D. 2 10.124 32.409 9.955 14519 15.197

3 2.327 0.08 2.539 7.266 13.475

S.D.

10000 ¢

f MEAN

-100.000
150000 i e —
BAND? BAND? BAND3
? -9.889 —12.827 ~13.807 —+—CN ~4.939
| ~18520 | -132.037 39.116 —a— HS l 5,342 2247
0.528 0.574 0.529 ——PCA| ~0.301

-0.212
-11.148

{a) Mean difference (b) S.D. difference
2% 3. Difference of mean and standard deviation between
the reference merged images and original image

-10.604

-12.360 -7.283 —-5.673

4.1.2 RMSE H|@ .
Zyslgoz A4Y #z 943 YA MODIS HlolHel Wgsattd RMS 2448 4@l 2a
o &3

() = (3

N
\/' 2 (MG~ MOy,
N

o 714,

MG,y ‘merging® dxkel stazk

MO,y 94 A] MODIS 4tel 3hagh

N ZF3as

&(z) \RMS
AA RMS 2xt=

°3
A (@9 o) JErd & Ak

Total RMS error = (1) + &(2) + &(3) (4)

[~

Table 39149 Zo] RMSE: PCA, CN, HPF7]#o]
PCA We) Bd3 TFHA 2 RMSEZ 714 2ol ERRVMAERZHEGRENA $& 23S YeR
Wl durgow Wol ARSI P THS HHY A M=o Fsjagt L=
crng ZHPFHILE FE o)&3lE EXolguE ZF FAx Az, @ALAS

Ze "olw IHS 7IWel A vebgeh =%

v o
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Table 3. The RMSEs from the reference merged images and original images

Band PCA IHS CN HPF

1 194 19.49 10.81 17.65

2 6.01 133.95 14.26 13.93

3 116 39.19 1511 13.90

Total RMSE 9.11 192.63 4017 ] 4549
RMSE 45

i ——— Ee
I it ‘
|

MReclaimed land '

150000 road

100000 - /

w

. S

!

Ocrop boundary (
!

|

4
o 5 !
st ' 3 |
% i |
g \\ ‘ | 25 !} Oseawall |
50000 M Bty T, I! moric I
= ERREET BT rnege
0000 —-———-—-E e * ! ] ‘s % i |
i [ G BANDL_._)_‘EAN,D_&_, ,_ﬂDi_—f ] ’ Dagricultural water |,
jl—e—PCA| 1937 600 1188 1) C i . _
i l-a—HIS | 19.488 133.952 39.188 05 1 Bvisual resolution
| |——CN 10.808 14.259 15.107 0 Qaverage U
——CN_| . ]
loxhpE| _178%2 | 13gs1 | 13902 | HS ~ PCA  CN  HPF i

j

273 4. The RMSEs from the reference 2% 5. The grading results from the visual
merged images and original images inspection

47VA FEgel oste Y Ao e AT F, AR EYEHA EFAA JAHY E
CREA BREY 2 FNAAY REAS DA A 5~128 b4 FEuel 2399
AGH BES A8 AEAGE dehin gt GHECt ARG FHAIHA dE A=A B
7HE Al DRRAE FAHOR T2, AR T2, = FHA, AYAaA, u¥g, AR s, P&
FA 5 A FEY A48 45822 oA FrA9 48 ~49 13)E Fos] & A, Table 4 %
¥ 59 Zo] ekt
Table 4. The grading results from the visual inspection
Methods | road Reclaimed crop scawall | bridge agricultural Visua.ll Average
land road | boundary water resolution
THS 4 4 4 4 ] 3 3 4 3.7
PCA 2 1 1 1 1 1 1 1
CN 3 2 2 2 2 2 3 2.29
HPF 4 3 {3 ¢ 3 | 4 4 2 3

>
et

O )

I 119 & 29048 & 330l AA Bodsst Ad gof 2
o R AYEAY Fo R HPF WHe A7k w90t 7223 Z2M = HPF ¥yl
stol 7Hd w2 FFE Rl mAAG ] AR wol TEE & = TN

o

o
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Hdg o & AYTh BY WA 54 REAREON 2& e uYR PCAREL ol AX F
T GYF G we ST Folwel A%H ASYNE & T 24E eugich

DHAAZANY BAY YBO2A 3 2HA £2, 59459 FBME HS 7¥ 143 HPF )
%, CN, PCA %02 Jehulx glvh [HS 7ol ¥& 53¢ Holdol 18 2aol A28 943
g vehll T 9l2ich IHS W4 intensity G4l PAN dlole & g diAlsts Qusel wye &
W g A4AGe) Ay BEel HAaN grhe 712 APAR] W} intensity F4ol PAN o
GHE SEAE T AAGE PYE AT 2, FANAAIAL SRR A2 A3 258
38 2 # A AZ4HY BES AP BFA} HS, HPF, CN, PCA ¥ &0 e

548 &

B A7 E L dAE e KOMPSAT-1 EOC Panchromaticdl o] €18} 1 st 34U g #=
32 = MODIS HolE(36bands, THaIAE 250 ~ 1000m)E Argste 7HRXE yAdoz IHS,
PCA, CN 3 HPF $371¥<2 A &sto ofaig 2& 2ES 48 4 /U

B ATl 488 G2 FEPucl vk 2AEHS A% F nEGL U 2

°2 vehgov, HS W 4 W= FHMT A8HE UPL nEY 5 Yomz BAYY
Aol $%, 4F FAT A, BAUASA EIAH0R A58 + Ak

Ag ggoz & g4s A7 B QelAE IHS WHol thE el ustel

2) dFdAAd A
TANEE S 2 HESGL e A2 H4HZen, BF 28 HPF, CN, PCA €22 YEkT
3 HAAzAL] #EE FFo2AN =3 BHHA ER, $dL&F FHAME HS 7Y & 57
& Foidol AR zatd A FRYRUE eI A

4) ANpoz zq 7 %f& MODIS og*oh KOMPSAT-1 EOC 94 ol&#o2A m7tolwA
: T 71l wel Ze EAE MZE F oM 73

o A o]?\i\;].

B oATE @IYISFATL ANAE FIVE AT 00BUE  SSAT LA (A
KOMPSAT-1 EOC %443 MODIS ¥74& ol&% 53 g9 7HAX AL 7IYH AF)E 3 o
T RN ATHE AP FA FFTFFTSFATUe) BA=YU
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AFZl 1. Merged image using IHS method ARz 2. Merged sample area using IHS method

A 3. Merged image using PCA method AR 4, Merged sample area using PCA method
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A+A 5. Merged image using CN method

Merged image using HPF method

AR 6. Merged sample area using CN method

A2l 8. Merged sample area using HPF method
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