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Abstract

Study was made on the spectral characteristics of rock samples including bentonites
collected from the northern Ulsan area.

The geology of the area consists mainly of sediments of the Kyongsang Series and
Bulguksa granite, the Tertiary volcanics, andesites and tuffs.

Relative . reflectances of meshed samples(2.5~10mm) to BaSO, are measured at 6
Landsat TM spectral windows(excluding the thermal band) with HHRR, and their reflec-
tion charactristics were analysed.

In addition, three different data selection schemes including the Eulidean distance, mul-
tiple regression, and PCA weight methods were applied to the 30 TM ratio channels, de-
rived from the above 6 bands.

The selected data sets were subject to two unsupervised classification techniques(FA
and ISODATA) in order to compare the effectiveness for classification of particularly
bentonite from others.

As a result, in ISODATA analysis the multiple regression model shows the best, fol-
lowed by the Euliean distances one. The PCA weight model seems to show some confu-
sion. In FA, though difficult for quantitative analysis, the best still seems to be the regres-
sion model.

Among ratio bands, ratios of band 7 or 5 against other bands represent the best contri-

bution in classification of bentonites from others.
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Fig.1. Geological Setting of the Ulsan Area.
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Fig. 3. Spectral reflectance curves of rock samples.
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Table 2. Reflectances of rock samples of the Ulsan area

Sal\’;;""e TMChl Chz  Ch3  Ch4 ChS Ch7 Remarks
1 22.09 26.36 27.25 29.50 29.15 30.12 Biotite granite
2 18.49 27.24 31.79 34.77 40.43 36.76 Hornblende granite
3 15.85 18.37 19.25 19.55 20.18 18.49 Granodio.or Diorite
4 21.13 24.66 22.18 23.99 21.68 20.00 Bumgokni andesite
5 22.64 23.90 24.91 24.64 28.29 27.47 Rhyolitic andesite
6 25.09 29.95 32.97 33.14 29.07 28.87 Hasuri andesite
7 17.14 21.88 22.50 22.33 22.43 20.47 Andesitic basalt
8 10.67 12.67 13.75 13.58 13.53 12.65 Basalt
9 8.87 11.01 11.34 11.98 14.56 13.44 Yeonil basalt
10 14.86 16.76 16.25 17.17 25.91 23.95 Basic dyke
11 27.43 31.75 32.75 33.00 44.93 38.10 Quartzite
12 14.67 17.10 17.33 15.83 17.11 15.31 Hornfels(sh.)
13 17.14 22.04 20.83 20.67 20.42 23.46 Hornfels(ss.)
14 20.19 25.99 26.18 32.55 44.35 41.09 Bpidote hornfels
15 29.24 32.31 34.73 34.90 35.47 28.62 Tuffaceous ss or Congl.
16 20.00 23.75 25.89 26.58 32.61 30.54 Hyodongni volcanics
17 19.43 24.95 28.48 30.80 40.10 35.19 Chunbuk conglo. or ss.
18 54.53 57.73 56.99 57.80 63.04 49.46 Yongdongni tuff
19 42.67 45.70 42.08 40.58 35.05 19.47 Bentonite(conglo.)
20 53.58 64.11 65.19 70.30 58.80 39.25 Bentonite
21 51.51 58.35 64.91 67.00 60.73 47.30 Kaolinite
22 38.87 45.07 45.94 47.65 43.50 29.54 Bentonite
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Table 3. Priority order of rock reflectance ratios

order 1 2 3 4 5 6 7
mothods
ED R71 R51 R27 R47 R37 R72 R17
Regression R71 R72 R21 R51 R52 R12 R45
PCA wt R54 R53 R35 R47 R37 R42 R45
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Table 4. Rotated factor matrix for the ED model

Factor
. .1 2 3 4
Variable

R17 0.8558 —.4986 —.0110 —.1311
R27 8772 —.4595 —.0874 —.0910
R37 8748 —.4479 - —.1646 0375
R46 .8953 —-.3791 —.1934 1237
R51 —.3667 9291 .0162 —.0016
R71 —.5550 7995 .2090 .0166
R72 —.6296 .6810 3710 .0011

og

or r
wo to

c

7b%), 18l 2 R51, R71, R72& &9 7}5A & 7FRlth Factor 2& tiAl2 21 itd]
Ve, 3] R519 74227 AA JEdth SEAA oS lei e Hae
Factor 1ol A& 2.9 oo & g uehlle wd, Factor 204 e W& gtog ofF F2
Heo(2.3~2.6)9 ;g HAth
(b) ISODATA ¥4

ISODATA #24o] o]t At Table 59 31t} Spherical factor7} 0.5 % 0.691 3% 7H3
Fo 43 E Rolu, & 289 vlF& B4 Clusteringg HalA & 4709 Clustery ¢ o 7}
4 £ d38 Jehdoh. 18y Table 504 HE whel Ze] S197t & vHlEH A8 £

o] BHHD E S4CUFe ) 2 15($3A AhE olF MIH FETH 2L 9
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(a) FA ¥4
B 2a e A% MR 2o v 34 $E9 BFE Factor 1 2 Factor 3, Z28]1 Factor 3
o] Zfolth olE <x F A 7lodwrt & AL Factor 1019, b o
i Factor 3 ¥ 4= 77} ol HX ¥Fofl 78S & 4 Atk Factor 1ol M & o] & Hl&
% 2ol AL A £ Frog velu, Factor 39X e 7 HEo A9s] AE ¥
(—0.24~-0.26)2] g<& 7} W, o] o S157} EEH I U, Factor 4= WAZ 71 e
#e vehdth £ S19& ols IFH ok AX EIHHI Ut o5 P FAGS
Table 6] <)t}
Table 60l 41 ¥ = ube} o] Factor 1& R457F & %2 75 & 7FA ¥, R21, Rb51, R71,
R52 9 R72% wAlz 2 o9 7245 sAu 2 & 58 R72 R527F 744 2 g9 712
A& 74zl

i

- 127 -



14

Table 5. ISODATA results of the euclidean model model

Journal of the Korean Society of Remote Sensing, Vol.6, No.2, 1990

Varible R17 R27 R37 R47 R51 R71 R72
Cluster 1 Mean .79 94 .98 .98 1.4 1.3 11
STD.DEV| .93-01 11 A2 .98-01 .18 15 12
Cluster 2 Mean .51 .66 .72 .80 2.0 1.9 1.5
STD.DEV| .23-01 .63-01 12 14 .19 .86-01 .15
Cluster 3 Mean 2.2 2.3 2.2 2.1 82 46 43
STD.DEV| .00 .00 .00 .00 .00 .00 .00
Cluster 4 Mean 1.2 1.3 1.3 14 1.1 .88 77
STD.DEV| .13 .19 21 .23 .59-01 .95-01 .10
Cluster 1:135678911121316
Cluster 2:2 10 14 17
Cluster 3:19
Cluster 4:4 15 18 20 21 22
Percent Error 13.28
Euclidean Distances Between Cluster Centres
Cluster . 1 2 3 4
1 .0 1.2 2.8 1.0
2 1.2 .0 3.8 2.0
3 2.8 3.8 .0 1.9
4 1.0 2.0 1.9 .0
Table 6. Rotated factor matrix for the regression model
Factor
Variable 1 2 3 4
R12 0.1433 9789 1411 .0285
R45 7521 .0600 .3832 5325
R21 + —.5788 —.5074 —.6136 —.1713
R51 —.7939 —.4496 —.3894 —.1079
R71 —.6858 —.2407 —.6515 —.2115
R52 -.8943 —.2261 —.3603 —.1187
R72 —.9447 —.1556 —.2329 —.1471

(b) ISODATA ¥4

B g i3t ISODATA 4 Zil= Table 76 91

o] 79 Spherical factor7} 0.69] 4Cluster®] 7%,
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Table 7. ISODATA results of the regression model

Variable R12 R45 R21 R51 R71 RS2 R72
Cluster 1 Mean .85 .93 1.2 1.4 1.3 1.1 1.1
STD.DEV. | .46-01 .11 .64-01 17 17 14 13
Cluster 2 Mean .75 .79 1.3 2.2 1.9 1.6 14
STD.DEV. | .47-01  .54-01 .87-01 .64-01 .99-01 .94-01 97-01
Cluster 3 Mean .89 .66 1.1 1.7 2.0 15 1.7
STD.DEV. | .00 .00 .00 .00 .00 .00 .00
Cluster 4 Mean .88 1.1 1.1 1.1 .79 .94 .70
XSTD.DEV. | .37-01  .88-01 .51-01 12 .17 Sl 15

Cluster 1 : 135678911121316

Cluster 2 : 214 17

Cluster 3 © 10

Cluster 4 : 4 18 19 20 21 22
Percent Error  18.51

Euclidean Distances Between Cluster Centres

Cluster 1 2 3 4
1 .0 1.2 1.1 7
2 1.2 .6 0 1.9
3 1.1 .6 .0 1.9
4 7 1.9 1.9 0

23 9k 2 9 S1, 3,5, 6,7, 8,9, 12, 13, 15, 169] & ClusterZ, $2,14 ¥ 170] ©}
2 3l Cluster2 2853 X S10(basic dyke)7} A& t}& Cluster2 #F ¥}
B o2A A F4 2404 Fig. 4-(b) 2 ()9 AAENe] HE=WR fAd ARE

e
(o,
F o

5-2-3. PCA AR 71Zx]d] 93 AR
(a) FA 24
2 ARF @ FA 24 23, Factor 1 € 3014 wF& #8 257 /M4 2 53 9
o1 (Fig. 4-(d) #Z), Factor 3 ¥ 2 & Factor 3 @ 404 % oJ= Fx ZFHch AAH
02 HEZ4& BEL Factor 3|4 713 Z E5HH, o] of o]5 FEARE /MY Z goz
UEldth Factor 1 2 4o]ME 2 ke 7lAu o] ff ta B Age £&891 Utk o
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S0 3t ¥4+ Table 89 9j+&=u], Factor 39 79 R35, R37, R45 2 R470] <%k9} 7}&3
£ 7FAH, R42, R53 ¥ R547} &9 715X & 7149, 53] R37 9 R479 7dwr §&
2 45 9
Table 8. Rotated factor matrix for the PCA model
Facto
- 1 2 3 4
Variable

R35 0.8460 —.2522 4532 - —.0804

R37 : 4801 —.2179 8469 —.0647

R45 .8623 —.0703 4794 .1380

R47 4764 —.1055 8713 0421

R42 —.1487 9798 —.1332 .0069

R53 —.8809 2736 —.3467 .1603

R54 J —.9011 .0673 —.4150 —.0729

(b) ISODATA A
R 2570 W3 ISODATA 4 A= Table 99 ¢lth. o] 7 % Spherical factor”} 0.5~0.6,
4Clustere] A% 714 £& ANE BATh S20, 21, 227} & Cluster2 272 ® S19&
shtel W7ol Cluster2 BFH0, £ S18% the Cluster2 2F8o24 dilz &g
T 34e BATh o]52 F4 BM9 Fig 4(e)9) Factor 2 2 39 MEEAD FAF A#E
welgh - '

5-3. Z3 E9

NEel B3 wabg Adwz @ 3749 AE2e) HE FA L ISODATA £4 Axh, 4%
8 ARFo g B4 Ad 4P Aol Roln USL ¢ F Youl, B AR BaA
= FA #4013 el ¢4 TR od$yY dA2 HARM o @ Aol A%
$o A%E Uehyu, ISODATA BHoME 53 JARY0 o8 H8Fo] 7% F& 4
B2 7}A 21, Euclidean distance modelo] 1 t}h&o]v], PCA 2d oj: Ax EFEHT
o} 329 % s}% FA e A#E ek add 4] 2HdA Slse vIs 3E
TEHE A57) B, olE o GMARY SHARA A FEAR} §48 54 o)
o] obds}t gtk 11 e ALY F /AN E4 %, FA 2 ISODATA 24 A}e
A2 fAHe 23S e, ISODATA BEAoME $A% Cluster? o2 E£FEol §8
WA, FA 24E A9 AEE 2 4 98] f83ih

X

e £ M
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Table 9. ISODATA results of the PCA model

Variable R35 R37 R45 R47 R42 R53 R54
Cluster 1 Mean .75 .80 .79 .85 1.1 14 1.3
STD.DEV.| .90-01 11 .68-01 .99-01 a1 17 11
Cluster 2 Mean 1.2 2.2 1.2 2.1 .89 .83 .86
STD.DEV.| .00 .00 .00 .00 .00 .00 .00
Cluster 3 Mean 1.1 1.5 1.1 1.6 1.1 .93 .89
STD.DEV.| .22-01 12 47-01 15 . .37-01 .22-01 .33-01
Cluster 4 Mean .99 1.1 1.0 1.1 1.0 1.0 1.0
STD.DEV.| .63-01 .82-01 .70-01 .77-01 .58-01 .62-01 .67-01

Cluster 1': 2591011 1314 16 17

Cluster 2 1 19

Cluster 3 : 20 21 22

Cluster 4 : 134678121518
Percent Error  14.97

Euclidean Distances Between Cluster Centres

Cluster 1 2 3 4
1 .0 2.0 1.3 7
2 2.0 .0 8 1.5
3 1.3 .8 .0 7
4 7 1.5 i

Tolo] osW =3 oo 7l wst & RE sdwE)7} R17, R27, R37, R47, R35, R45 SojH,
29 7ldx7t & AL R51,R71, R72, R52, R53, R54 02 TMB5 ¥ 7¢ ttg W=7t
B ZkEo] V27t Fo24 olE WEe Faxst JIAED

6.4 B

2 aH & % &
Hobg 2 st 2eElx A37IEe g ¥ SUHHARF 22X l°4°d A B8 AY
< WEeR 94 % @E\Jrolz A8 E A% sle, Landsat TMS) 67] W= iz o|xe] B3
VAR S EF, 248t £3 o) wEgle) 2@ 93 Weu el thate Euclidean
distance® 2], T+EH A 2 PCAQ o8 W4y MW HNE, HFE A2 AR
s FA 2 ISODATA EAd| 2% Clusteringg Al=gozd 47 385 AFY7|HE vl

2 AT HEFS HEY FAE AT B HALE 54
} o
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e YAz 9 AN ERG 84 24 Yehts, Band 794
o HHog, o]t 22um HAviolx OH o 2# &4 Hod,
o g FFUAE Fellol @ Aoz AzZET. 2D BEARBE

£ FH3e F3E0] @04‘6 Ao g Azte

3/ Amate] i Clustering #4470, A2 o5 H, wde 3¢ /14 & 438
B FA 9 ISODATA £A4& F8% Cluster#o.2 B FHo| vl F&3d ¥z B
ol 3tA. '

ol E4dl 93t¥ Band 7 % 5% ©& ““‘:9H Mgl vFE FERA o 743 714
=7t 8o gRlsx At

JYR!

B ATE BHAT 24 A2aTaAe YBos saHgon, Ane B3 WAE
ol 8¢ 4 FAAAATL AAYAATA FBE vad 2 AASA Be
Uth E@ okg] AE Aol We =TE AFA Folu s @i} FMARS BFol
£8¢ 34 Solth A5y AFAE 2 PAE =

22

rar

8%, AFEF, 1989, Landsat TMA}: o] 2J3 G gdx=o) i) zAF @ S8 Wy A
(I) ;o3 A eAbats) =) 5—2, pp. 91~108.

ASE 9, 1971, X3 27 HE Ao AAH 1 38y EAd B AFFAA
A, A43, pp. 106~215. '

AEE 9, 1980, FEE ¥ BEAY B4, EUE L WHWME FYRAAT AN L
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