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Abstract

The main object of this study was to prove the effectiveness of different merging methods by using the
high resolution IRS(Indian Remote Sensing Satellite)-1C panchromatic data and the multispectral Landsat
TM data. The five methods used to merging the information contents of each of the satellite data were the
intensity-hue-saturation(IHS), principal component analysis(PCA), high pass filter(HPF), ratio enhancement
method and look-up-table(LUT) procedures. Two measures are used to evaluate the merging method. These
measures include visual inspection and comparisons of the mean, standard deviation and root mean square
error between merged image and original image data values of each band.

The ratio enhancement method was well preserved the spectral characteristics of the data. From visual
inspection, PCA method provide the best result, HPF next, ratio enhancement, IHS and LUT method the
worst for the preservation of spatial resolution.
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B ATAE ATALRAE ATAY ARHIHFANN TN He] $4@ RS-IC PAN
go]Els} Landsat T™ HoJE1E % HH(merging) 3=l SloiAl, ol F¥4uo] #AVAE Woln
A B9 27 R SAElEE F¥s] Astd [HS, PCA, HPF, matio enhancement 3
LUTHEE AE3tom, of wasel oste] dojzl sHEEe] Brtol glolre, EJMASA

HEQRED 378048 FELRE WrolA 37Hstglth 11 234 ratio enhancement™ o] 3%t
P59 BEAC QoA 7P 2 IS YU AAHA 34 A4 #5971 )

oJME PCAYH ol T2 Hye] H|3le F7H|dgo] 453 Zo® HoHg oy o
HPF, ratio enhancement, IHS, LUTH 9] £ 2 Jelyt)

LA Z

AFALEALE AF A0 FAR MM 79 siEo]l sl wat Z7] o Al
A B35 39 3 olHE FTH(EA, merging) st ELE FoAo] Hat AX L Jot. 53
I3 =9 panchromatic 3P olE19} A Ee] sHdu|olElE T3 Zepsto] Z4E FALE
o] Az, EX o] 28T, A, ALRAL EY AXNAEYS 59 B2 Fopl 88 MY
ojtt. T2yt o] FES FA NoME A FA & uE U e SFMIEANF 1=
o] BEAS A &E FALEHTAS dol ookt tdES] HEEAL e, SAFES
B2 AU JATAE A3 T8¢ PduelErt 2 ¢ Uk gt IR sPEEAE 7
2A7IA FowA g sk tigEe] Fe e BEATRAEAS A HES
A3AETPE e AR Lol o]FojAor )k FUYHOZE g olE Y] Fi el #AdtA
B2 HAL 2y LI A7t o)RojA L AUtk FY9 ATLEE Welch®t Ehlers(1987),
Price(1987), HIA#ARRS A4AHRAR(1988), Chavez et al(1991), Shettigara(1992) ¥ Munechika et
al(1993)°] SPOT PAN ©lo|E]$} Landsat TM Hlo|EHE st dFE 8 nf gt} 53,
Chavez et al(1991)-2 IHS(intensity-hue-saturation), PCA (principal component analysis) 2 HPF(high-
pass fiter)ubHel 8 Z=AAE v\waEh 1 A3 EFUAIEA Y 3 ol PCAY
ol AY Ao, F7reAH doiME HPF9 THSWH o S-39-S AA A
Munechika et al(1993)2 24 EX oS BRAFEE wol7] dste, BAEe] MeEd
ratio enhancement methodell 213 S§3Hde] TM LA B Price(1987) 2] LUT (look-up-
table) oA Aol ZHSIFRT $5595S AABHAT Cliche et al(1985), Carper et
al(1990) 2 Shih$} Hseh(1997) 5& SPOT PAN t©lolEl ¢} XSHolHE ¢t d15 sttt
Cliche et al(1985) 337+ vldatdbel] &3] F3tsld-g A4 viaste XS Zatgdsie
gd=o] St FFUAIEA Y dFo] gk 8¢t A= T Carper et al(1990)2 HSW
o] A A H9] BHEE HAeR] 510, /e WTA(weighted average) ¥ 0.2 oz 3}
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& HSY intensity3M3 0.2 diA| 8k WHE AA & 8

2U AFEE £9x1(1991) 7t HSHEHEH 22 SPOT PAN Ho|E ¢} XS HolEE Z31%
3 P+XSEHAEE AA A FE F, o] F IR FHARIC] I AAEATRs S AAE A =
A 3H1995) = HSHIPH S o] 83td ~AAYE A %9 Landsat T™M HloE| o] F3HsHS 24
gon o] o2 RE x| RAFAYoY AH FIREY AEe] 7S AT
23-2(1997)& HSH M) o5te] dojz SPOT ¥ Landsat TMY £§3M43 DEMS o) &
3 329 AE2HA RN TE FAste BHYFE7E 5 EEIsAS AAG ik

a8y FUdFHe R AFALEAE AT A sdulolEFAA FTe Gl ¢
RS(Indian Remote Sensing Satellite)-1C PAN(3)/d3 oF 58m)H|o|El& A3k F&ll SlojAl of
H dhfo] FEFAE W dA7rt A9 gloh webd, £ ATelME L 4 Ee] IRS-1C PAN
YloE1 ¢} thekst AERATE 247 Y& Landsat TM HIO[E & AHE-3ted, A2 s34
9] THS, PCA, HPF, ratio enhancement, LUTH'H 0.2 Z334e 24387, A3PHTME o gty
Zeb A s 3 vl w B4 s A stsih

IL AH&lolE], 715t g dAFdA <
B Az AME T YA sHidiolelE Table lolA HE upel 7o) 19953 1294 I=

ISA(Indian Space Agency)ollA] WALE RS-1C YA 2HE 19973 49 199 #F #3¥H PAN
glol 8 (F& A : 05~075 um) ¢t 19979 3¢9 30¥ #Z ¥ Landsat TM #lo]Ef o]t}

Table 1. Image data used.

Parameter IRS-1C PAN Landsat TM
Spatial resolution 58m 30m

Scene size 70 km X 70 km 185 km X 170 km
Date of acquisition April 19, 1997 March 30, 1997
Path-Row 143-045 114-036

Number of bands 1 7

Cloud 0% 0%

Sun azimuth 145.2° 132°

Sun elevation 62° 48°

Data correction Level 2 Bulk

48 dolEE 4F ZIstEAe] Ho 7le AR HolH fAAE Ee FE 71800
EFHo2 AUy e ATerdA S FuA AR TP+ Ut FEZEY A+
2] i) MRS AAste] AAdolEE 8] vekel AESAEAAR o) A &
Ao AHEE NEFNHE AANEL ] ARHRE olddke WS AHESIT MR
o} ATz ATAAN 2L 134Tk, stazhe] Al < (resampling) WYL 2= 1AM
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Ab (bilinear interpolation) & AHE-SHELTE Aui ol oI i VAol dBste AYA7)E RS-IC
PAN H°]8%E 5 mX5 m, Landsat TM HoJEHE 30 mx30 m7} HEE &gtk 7182 R8A) 9] 4
FAZFZLQAHRMSE) = ZH2} + 05 d4ol7) I 3ok

71BRAR 33 T ALY FEo] S tA] Est] AFHEAF LR HAsL
B 7 37]E RS-1IC PAN 3ol 74+ 1800X1860 (row Xcolumn) 34, Landsat-TM 3Hg-2
300%310 (rowXcolumnn) &4 FA7)F(ch AxdARge s &9 AYGL 9% K14 ~35°19, 7
T 128°18 ~128°24 Aol 9] A E e Al Jhoks, FEW ¥ MFHES ke Ao
EA ZAY, ARG, AAAYG F FoHo] HAE] TFHES sfoH, AT/ e FILFS
2 9 kmXx93 kmo|th(HA : 837 km?)

& 3144289 IRS-IC PAN wloJE|s} thgst %—éy}%ﬂu Landsat T™M Hl°|HE Fg3l=
JoAME I S wetA zelHe] & & UL
SHHAEA BRE Aok stthe Mol Fesith ﬁ?ﬂwi o|9} 2+ A} MEA gl

71E A3AHE EYE o7 7kR sE 3 gl ¥4 ¢l HS, PCA, HPF, ratio enhancement

2 LUTHHO R sPSEAeEE dsty I A3 sHdEs dsH(TMelolette] Z2tgAlshy)
3 vE 2438t} HS, PCA 2 HPFS 98 AZE9oj= ERDAS 8312 AM&3tgion v
A WPES A T2IOPL A A4k MRS Th

d|

1. IHS

THS¥ 2 Hydan et al(1982)°] Landsat MSS H ©]E12} RBV (retun beam vidicon)®| o] €19} 3
3 Landsat MSS ©f| ©]{ ¢k HCMM(Heat Capacity Mapping Mission) Hlo]E12] Tl X AHEd
°ol%, 7] g2 MAeA Lol 3FES Sl 7P e AR HE T shiolth

' RGBH 2 *JVéH 59 3249 R(?ﬂx G(x) 2 B(H) 84F, HSHFE M) 3849

T
panchromatlc tﬂ °IE19} X%H 054 E}%JVOEH 5}”& *} g ol HA
9] 3PS | H SAES o R wEd & I(intensty) FE sHHE E_’ﬂ" E«l panchromatlc s}
Fo 2 AP o, A R, G, B AR AWdety Ze 93k otk 8y TM
dolEe 77 =9 HolEHE ol U7] wFel HSHH 2849 39 RANE s 2H
3ledof §Ht} Table 201A B ule} 7o) IRS-1C PAN H©]E ¢} Landsat TM Hlo|Ej 7o) #Ex
A7t FEEHE 99 ) o] AA 0l6umol™, ©]F TML TM2 ¥ TM3oIM 9 sy
T 27 125%, 500% 2 375%°]th Table 3904 HE die} Zo] IRS-1C PAN dlo]El s}
Landsat TM o8]} AAAAS B TML, TM2 2 TM3olAM w7 ASdAA 7 %a3 2o
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Table 2. The bandwidth overlap between Landsat TM and IRS-1C PAN.

Band Lower bound(tm) Upper bound(iim) Overlap of PAN(%)
™I 045 0.52 125

™2 0.52 0.60 50.0

T™3 0.63 0.69 375

T™4 0.76 0.90 -

TM™M5 1.55 1.75

™7 2.08 235

PAN 0.50 0.75

Table 3. Correlation coefficients between Landsat TM and IRS-1C PAN data.

™I ™2 ™3 ™4 ™S ™7
PAN 0.7420 0.7452 0.7386 0.5526 0.6551 0.6841

2 Yekstet

HSHES 23| E 2] panchromaticBl 9| E1E intensity3H4 0.2 thA|3hs WO 2A 379 WE
Al-gitt, waka] IRS-1C PAN HolE1 9} intensity3}d7He] AABAE v o 2R fag
£ MAE & 9tk Table 4014 B uie}l Zro] TM WMEF 37 MET 2FEE HEHY

A Zo|A TML, TM2 2 TM3¢ intensity3H33 IRS-1C PAN dlo|El7+e] A3aA| 57} 7}

Zo o] 37§ =9 TM dlolElE HSHMH) AME-3HKTh

B o)A A48 RGB-IHS H3aAS WA Landsat TML, TM2 ¥ TM33H}S o] &3t |
H SAES 3oz wasigoh 133 W shda 4 2 2ol HR=s Fades
IRS-1C PAN 3[448 H=® 3k contrast stretch) & THS, o] B3O 2 A3l TA R G, B
AEYo R quslsle Za g s

I T mlm
44
oX & |

o
)
é

Table 4. The correlation coefficients between the intensity image of each TM three
bands combination and IRS-1C PAN data.

™1 ™2 T™M3 T™4 T™S ™7
PAN 0.7554 0.7032 0.7479 0.6397 0.6903 0.7492

2. PCA

PCAY S th] HHF W RA, B3 AHE
7o AAEA om ) = ERAYAZRE E017] Asty
go] AMgET A st E 7 MEz FABACE 2 A97H B7] 29 PCAE ©]

-153-



Journal of the Korean Society of Remote Sensing, Vol.14, No.2, 1998

£33t A9 sEd EEEH de HEEY HEE 7HIEHQ &9 MEER Jepd 5 dth
PCAMIE] 9)% IRS-1C PAN ©lo]E{¢} Landsat TM H|oE 9] J A7 Hale HSHHE
frAbsioh. 12y HSEHAME @A) ) bandshd e ol&3te] [ H S 4EsHdo s Had &
U= W, PCASRS Il o3 PIES AM3ld PCAY I EE A48 & Jdus FA
o] et
Table 594 Hi: nje} 7ho] TMIL, TM2 2 TM39 A|1FAE5413 IRS-1C PAN Ho[E]7H9)
AAAT7E 7 =471 |2l o] 7 ES T™M HIo|§E PCAH Ol AME-3Hth

Table 5. The correlation coefficients between the first principal component image of each TM three bands
combination and IRS-1C PAN data.

™I ™2 ™3 T™4 T™5 ™7
PAN 0.7561 0.6864 0.7479 0.7191 0.6904 0.7408

£ d7dME B4 Landsat TMI, TM2 2 TM3E o] &3t A1, A2 L AFAHE e o
Atk 2L ANFAAE 33 B4 2 FFo] HREAES 3R] RS-1IC PAN HOHE &
ERET o, olE ANFAR PR dAEL U R G, B AESMICE Auistsie Za
Rl rieg

3. HPF

Chavez$t Bowell(1988), Chavez et al.(1991), Vrabel(1996) < HPFHPH O 2 SPOT PAN H o
¢} Landsat TM HoJE| & &g v} lrh £ AFoM= Viabel(19%6) 0] AHESIRE v fAL
g HPFWE S ARSSIAAT AMR-S shiddlolele] $/7F 27 wid "9 719 e
24 HL39th Viabel SPOT PAN Ho|E¢] s}AF& o] Landsat TM ©o|El Bt} 34] =r}i=
olfot AH APd Azl wel YE9 7|8 7x7Z Gtk £ AFME RS-1C PAN ©lo]
B 9] 843 o] Landsat TM HoJEIETh oF 64 ¥7] W&o HelA71E 13X132.2 3ok HPF
Wl gk st el FE AL okt Zodth
1) IRS-1C PAN tjo]E]8] F7HiAAE S F&317] A3t o] s/dulolE]el high-pass fiter(ZH
A7) 1 13x13, WA ¢ $UAE 3377169, YA SAES -1/169) 8 FH L3
2) Landsat TM H|o]E1¢] £35S F5357] 918t TML, TM2 2 TM3 siduoelel low-
pass fiter(BE]A7] @ 13x13, YEIF : 1/169) & 742} 2 &3t}
3) Landsat TM dlo]E1¢} #4t & o] ¥]%3 =S high-pass fiter §-8F9] [RS-1C PAN |
olEl & W)
4) A(1)& AHEsle] HPFHSHE A28 HAHES sty e gA st

HP; = (W X TMigp) + (W X PANjfp) wsveesersscessssssssssessssnsssssssssssssssesssinss s 0
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o714,
HP; -+ Landsat TM { band®] HPFZA# 3AHdolEl(i= 1,2 © 3)
TMy, - 64) Sh3le] QL . low-pass fiter7}t EH TM i band SH3H) o) E

PANy, - Landsat TM i band 3HH|o]E1¢} B4 9 357o] H|&3l 5 & high-pass fiter 2
%9} IRS- 1C PAN Ho|€ & FTH&e g4ullH

Wo Wy o AZEWetW,y=100]0l¢F 3l8 2 AolME Landsat TM i band M o€
(TMyp) 9t B2 2 o] B3 EE IRS-IC PAN HolHE FEuas 34
(PANyp) & AHE-317) Wi2o] W, 2 W2 2tz 052 H&3t%ith)

4. Ratio Enhancement Method

oz

o] W& Munechika et al(1993)°] SPOT PAN Ho]E]S o4, Landsat TM H]o]E¢] Z7}3)
g EXO)LERAZIAE FAAI7] fstd FA wyelth 4(2)9 o] 7 vd
(ratio) & &3t EXo) & RAGEE o 6% I & don SAA=ad4s Y +

AT B ok & oM E (20 I3 FEAUE Atk

32

™'
RE; = PAN - B b bbb
TM” \osum @
& 7] A,
RE; -+ Landsat TM i band®] ratio enhancement 23 3M4teE|o]El(i= 1,2 € 3)
PAN - IRS-IC PAN 3}4}t)o]E
™, -+ [RS-1C PAN 34=1712 64 Bo3te] Auld 8l Landsat TM i band 3141 o] E]

TM” - IRS-IC PAN 8HgelolEo] 2413 dae] DEE 2)(3) 0 2RE Qolzl A4S
SRS 34 golE

TM i = 25 TM; wooveevevvvvvesisssssssssssessssssssssss s cessssennnnnins (3)
olH, w(7FE)E AW)H 2& thE3ARA (multiple Inear regression)oll 3to] &t 7t
PAN =\ TM' { + O TM 2+ 03TM 3+ W4 TM 4+ OsTM s + 07TM 7+ € wevvvrecinevnnecensnne 4)
Landsat TM Hlo]8 ¢} RS-1IC PAN HoJHE 4] (4)< o}&3td thZ3ARA S F3siqich
o] AEA e AFAE 71EOE ], Landsat TM H©]E] ¢} IRS-1C PAN Ho]E] ¢} wAt) 8-
Lo AaaAE vEsted TM4, TM5 2 TM7 SiEE AN AL HFHoE Melg TMI,
TM2 3 TM3& AHEEen] tgs AR S F3s A7 Table 6914 He vkel 2t} Table
69 w(i = 1,2 % 3) A e AHEE H3) Y3t TM yun3dE AAUTH 2 (DE AHE

3t HF Al AasdS AAEH] Ao, WA IRS-1C PAN Hlo]E 9] EAF & o] H|&3 %
E TM vsum 3H3E FEWHE 30 ratio enhancement™ i S 24313 ch
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Table 6. Weighting factors used to produce the synthetic panchromatic data TM ysym.

TMband .- . 1) 1) ®
1 ' 0.5224 0.5269 0.4886
2 0.4538 0.4305 0.3073
3 0.0159 -0.0096 0.1505
4 -0.0093
5 -0.0528
7 02111 0.1003

E(Intercept) 524198 50.4614 52.6055
Adjusted R square 04718 04711 04711

5. LUT(look-up-table) method

Price(1987)l 2JsiA] /g WO 2AM AHEHE st OB ABdAV 3

of AW 2] B2 2k FYHDPES 485 Polth Z T 2o) T a4
ool A S A PG RS A FAHAR Yrold Fesle ol

1) ABBA 7} 2

i
rlo

[o)
3 ¥

IRS"IC PAN H[o[E]%} Landsat TM H|oJE|2] FABA7} £& AlE H(6)ol Jate] F o
I8E FHuTh

T™; - TM',
H Y Drid; = —— ettt
ybrid TWimg S)
o 71A,
Hybrid; - Landsat TM i band®] A3 3}3}d] o€
™, -+ Landsat TM i band 3449 919 a4k
™' e 2(6)ol 93t} HolA W ;9 b A(7)S AMEE HAAFHOERE A=
Aolth. o] 849 348 PAN 4ol 299 Zoprt)
TM'wg i -+ TM i band 3139 19 shdlo] s = W3 T™; 3t4AE 2 Hazkelth
TM'i =@ PAN + B -eveeereeeeerceee ittt b s s 6)
TM; = (i PANgyg + b «evereeesssessmmssscssstinis s 0
A71A,
PAN --- IRS-1C PAN &}49] 9] shazh

PANuy, -+ Landsat TM i band 3}g2] 949] 3k vjell E3H5 = U338k PAN shaEe] Ha3h
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_?_

AAA7E EE Aol A6) B AN HET = g7 R g2 s
ot TM'; 32 W50l 2] (5)d ARE-stdof Sttt Figure 13 742 A boll 2)5}ked look-up-table
< 23, PAN ©lolE 9] 9] shae] tl-g-slhs TM'H o1E1Q) 3}23HE look-up-tabled] 4 o}
A

0100 81818
002 71916
1[1]2 20i24|14

Average high resolution

PAN image reolution multispectral

Weakly correlated low

Corresponding DCs from

A high resoluti
verage gn resolution weakly correlated low

PANDC resolution multispectral band
0 8,8.8,79.....
1 20,24,.....
2 16,14,.....
255

Compute the mean of the
corresponding low resolution
multispectral DCs

Average high resolution Mean low resolution
PANDC mutispectral DC
0 N 8 B
1 22
2 15
255

Fig. 1. Formation of the LUT used to determine a high resolution multispectral

estimate for weakly correlated bands.
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B AZgAME Table 394 B uie} 7+o] PAN dlolEl9 TMILTM2 ¥ TM37+9) AtatA 47}
Z}z} 07420, 07452 L 07386C.2 ArdaAl7 BlpA Fouz 99 2)9] Wy ol5te] look-up-
table2 A A7) F IRS-1C PAN H o8¢} Landsat TM H| o8& Z&stsith

IV. ol 9 7%

B Ao A 433t PCA, IHS, ratio enhancement, HPF % LUTE] 57}21-4 “Z A
J§7}°}—‘C—Eﬂ AojA A F A RE F EREA BHEAY FRAE BE
7tk £3EA BEA Hrh o R = $oE sl st HA, B
£ vy vEAE Zet BUH 2898 st A48 d5g st
H7l WbHo g = dA $HH S BEUH A SHAIA A4HoR ”37}0}99\‘:}.

HN 0_L4
OH A

_>;L'

X'“

o

by

§?}‘_

1o

RS-IC PAN Ho[E§ 30 m sl48 22 Sastolch 84S B4 o, 34 Alole kol

FEHA 28T blockiness7h WA, ol AL Qo7 AahA] B ATNAE B Al
Qe TR S Fesdd

2) Landsat TM HI°|E1 & 180 m 3|4 0.2 S48ty Auldstitt

3) 57149 ZFgol stol M S 30 mehdAe) A2 A VLS,

1) A 9 2FHAE vl

#2343} Landsat T 3pe] st £FA24E vl 23 Table 73 2340

Table 7. Difference of mean and standard deviation between the reference merged images and
original images.

IHS PCA Ratio HPF LUT
Mean S.D. Mean S.D. Mean S.D. Mean SD. Mean S.D.

™1 0.077 0.604 1.828 1.996 0.004 0.149  0.602 2782 0.193 17.658
™2 0.144 0.441 1.019 1.265 0.100 0529 0387 1721 0.120 1.120
™3 0.441 1.264 3.121 2.871 0.359 1.375  0.890 4.132 0.304 3.894

Band

-158-



35

Comparison of Different Methods to Merge IRS-1C PAN and Landsat TM Dara

—— HS |
—o— PCA |

MEAN

—— [HS

Std. Dev.

—a&— Ratio
~»— HPF

23 |—o— LT |

0.5 ==

q

0
T™I

™2

™3 T™1 ™2 ™3

Fig. 2. Difference of mean and standard deviation between the reference merged images and
original images.

2) RMSE(root mean square error)

#H23Hd3) Landsat TM 8Hg9] g5 stagh Zo] F RMSEEZ 4] (8)9] <Jsto] A&33d

N
2 (Refin - TM

EI)Z ] o T T et ssseee e 8
N 8
A7VM, Refiy -+ i band®] FFE Fxsde] agt(i=12 4
TMiny -+ Landsat TM i band 3Hg9] 347k
NS
(i) --- RMSE
HA RMSEE 4 (9)& AHg-3te] at&stgich
Total RMSE =E(1)4E(2HE(3) werererersrersrsesrmsssssmmissssismmssi s csscssenese e socssscens 9)
Table 8. The RMSEs from the reference merged images and original images.
Band IHS PCA Ratio HPF LUT
T™I 10.848 10.278 9.790 7316 16.643
T™2 4.683 6.685 4.244 4772 10.748
™3 8.277 16.028 7.526 11.566 25.578
Total RMSE 23.808 32.991 21.560 23.654 52.969

-159-



Journal of the Korean Society of Remote Sensing, Vol.14, No.2, 1998

N hs T

-—0— PCA

™I ™2 ™3

Fig. 3. The RMSEs from the reference merged images and original images.

Table 79]4 B vie} 7ro] LUTHHS A 93 Ymx] HEEe] 49 F3¥ s Azt
o BAF BZEHA7} 0L JEe ™, Table 8ol 49+ 7+0] RMSEE ratio enhancement, HPF,
HSHhH o] 2o HolW PCA ¥ LUTHMH o] A Uehdth T3 ratio enhancement™™ ©] RMSE
7} 74 ol BAEAN HEHREA £ AFAE Yeh ok 223 o] WS ditFoR

Bol AR T Sl HSHHel Al MES) BeMT ASHE BUE BUY F Jone Y
QBge F2 olake BACEWRE, 4F FAL A, BAUA Sol ERHoz AL £ 3l

2 oz AzEL,

rH

3. A|ZHH

o B |

=gt

57kA F3hgel st AAdE 3

J o
FUEA AR AAAHL Ee ST
I

Figure 49] (a)~(e) = 5714 Z@4uel AN AT, 5, S
44 2 ARAele] ZHEl gl YRAN (Figwe 59 AAYE ANTY A e BT
(0= o WA tha Landsat TMS] Asadolth, o) Aol thatel A4 #5971g

Ae vhed Ronh
) Figure 4(a)= HSWHo] HEH SO R 5o, Ei BAGS Ashy, 49A =} 24
o) QojA] BEAC| WolA| 1 BRUAEA ] Bol AadtE A0 e B 47

Mool TRAe) L MLA Bol Ve ASE HelArh T N EHHE
2 47 Were 5 A

g9 sptoz AARY HdeksLA g AARES £
o FHYEE Wge BUEE AL oz 78 0E Adel U BAAS
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Aol & HEHT FE FHoE HAgdd,
3) Figure 4(c)= HPFYe] &4 9o
o] A7 B8R Forh £ F ﬂ”fﬂ" 2 —r]l—:T ]7]7]' 3éa
o] Al7]elE AHA oA APFHE
AE 27 A 7RG FEE vy FEEsth
4) Figure 4(d)+ ratio enhancement®g o] A 8-H 3Ato=z Azl )
AHss A 545 7 ot ARG Thote)] lojAl HSWH
702 Bordn)
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Fig. 4. Merging of high resolution IRS-1C PAN data with Landsat TM multispectral images(band 3, 2, 1=R
G, B) for sample area. (a) merged resulis using IHS method. (b) merged results using PCA method
(c) merged results using HPF method. (d) merged results using ratio enhancement method
(e) merged results using LUT method. (f) original Landsat TM images.
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