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Abstract

The ISODATA method, which is one of the most famous of the square-error clustering
methods, has been applied to two Chungju multivariate data sets in order to evaluate
the effectiveness of the regional lithological mapping. One is an airborne radiometric
data set and the other is a mixed data set of the airborne radiometric and Landsat
TM data.

In both cases, the classification of the Bulguksa granite and the Kyemyongsan
biotite—quartz gneiss are the most successful.

Hyangsanni dolomitic limestone and neighboring Daehyangsan quartzite are also
classified by their typical lowness of the radioactive intensities, though it is still confused
with some others such as water—-covered areas and nearby alluvials, and unaltered
limestone areas. Topographically rugged valleys are also classified as the same cluster
as above. This could be due to unavoidable variations of flight height and the attitude
of the airborne system in such rugged terrains.

The regional geological mapping of sedimentary rock units of the Ockchun System
is in general confused. This might be due to similarities between different sediments.

Considarable discrepancies occurred in mapping some lithological boundaries might
also be due to secondary effects such as contamination or smoothing in digitizing
process.

Further study should be continued in the variable selection scheme as no absolutely
superior method claims to exist yet since it seems somewhat to be rather data depen-
dent.

Study could also be made on the data preprocessing in order to reduce the erratic
effects as mentioned above, and thus hopefully draw much better result in regional

geological mapping.
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Fig. 1. Regional Geological Setting of the Chungju Area.
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3-1-2 Landsat TM A8

B Ao o]lfE 2FX99 Landsat TM A8 dE9 RESTEC(Remote Sensing
Technology Center)oll A Tala Ao = 19843 109 1149 Landsat-52 #Z3l Path 115 Row
342 TM 94 AEclth o] TM AFE dAHoZ A4 FalidA Bulk A& 3 3oz
3 gae siAgE 2 285mojth

Ao A G AGHEA ARt ABE Q7] Hetd 18749 A¢71EH (GCP ; Ground
Control Point)& Al&3le] FARAG o AL stded, I Py H2A45HS o &
3 kg Ao os] FaHh o] FA 3t 7 F 1/50,000 =& A9 AR & 649lines,
781 pixels©. & ¥ 3}r 9 Z7lE 285m*285molth o|% X EE FAFH AARAL 3ty
thA] 3%3 box HEY 93§ Smoothingo & 216%260 A7}2] AEE FAAZTH

3-2 Cluster AnalysisZ 95t Xt2& MA

Cluster Analysis® &29AlS A3d % o5 37 WAls 2 TM AEE £33% AR

ot

5 27}A] AE TS AA St v 7S 2 F 7)Y (Unsupervised Classification) ] 9 %91 ISODATA
o] 9%t clustering$ & &3t H 43t

ART AH71EE Schultz F(1961)e] g Fol SAFAEY o FAH 7IEE s
34 9] Regressiono] 2 olA 37 443 (Regression Sum of Squares ; RSS)e] & A oA
3 Ao, ole FAFHCE RSSol 42 EHylsAel 2t Aoy, 44 #d 183
WEEd o8 FAE oEEgsTe g 2 FFTrt FE WA ALAE A AoA
7127t & AJAE 45387 olel AAo|th

S 71Ae F&WS Yidl @ S5 Xie] RSSE Altste Ao7l 9
A Z23AQ FE&A5E g 2R ste ol wol Utk

B AFaAe F3ibs AR dAZ Total Aol 7Hd ARAAN FH4o] & Ao=
o3z 9ol Total AEE E&HWM4 2 g ov, Landsat TME& Vincent 2 Pillars(1980)2]
A7 AR 93t ¥ oA R4/3E, 1 4 MEF Foe W= 78 FHIFE AT
33%Als 2 Landsat TMS &% 8T 432 3t t Landsat TM A& 2ol o3 &
X e A7k gol APste], 4 FHd wE HAbE AR F 44, TM A8 F 30E AF A
o 71 ol fE FFWAS % Landsat TMS &3 284 dis) 22 A3 F5d57 R4/3

'E‘ [ = =
o 49 JdEst & £9E PP TM A8olx £ $585F Totalz ¥ 3% PAEAR
S =9 ANIFN FUoEM, AR olAH ABENE AP Ao Y7E)
wEolth 47 EAAR st MY 2o RFEFE Table 17 2ok
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Table 1. Data Sets Selected for the multivariate data analysis
Airborne Radioactives T, K, Th, K/U, U/Th, Th/U, Th/( )
Radioactives+TM T, K, Th/U, Th/( ), R4/3, R1/2, R3/4
( )=K+U+Th

N
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rlo
=
=
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x
f
=
2

Aol oA Wzl 23 grrvhe Hld 9% W

4. ISODATAO] 9|8t Cluster Analysis
4-1 ISODATA =Z=z@of cHst ety D&

ISODATA ==23#8& 714 #9493 A% 2 2}(square-error) clustering 49¥ & 3pEM
(Dubes Jain, 1976), o] W& A oA Distance thresholdd] TA s, FHH oz 7
4 K cluster 2§83 2 SFZXE vlwdte 71 7H7bE clusterdl] @935ba, T A
A 2-g cluster Hito] A= =d o|#H 3 FPo] Fo|A Error—of -fitg EF miztz wtE
gt} A2 Flowcharty} Fig. 2¢] th

Initialize cluster

centers

[
[

Assign cluster Labels

to all patterns

Compute new cluster
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[
[

Adjust number of

cluster

[

Stop

Fig. 2. Flowchart for Isodata.
(After Dubes and Jain, 1976)
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Ao AHE A8 YS2AL WPV BLALE A Hed, of W JAz el G
cluster’t 42 BAAY F& RAHYE @oh WBe HBFEHES 1F cluster FHNARE
BEAAS AGY A5Fe] Ax7 A A9 A 2aQe] 9 FAAG B YR
#9 clustero] 8 ZzaBe F A+A Ee AastaA A

H

K
R N
E: = KE:IGE ............ (1)
of = E} (X5 — Ca) T (Xij — Ci) rrerermeeemmneaneaneiseesss e (2
g7l 1=1,2, -, n
Cix K¥l#] Cluster center(%, Ci={(Cy, Ckz, -+ , Cend)MolT m @ n& Z4z W9y &

4 g WA SHgolth T HXPEE 9w 3tch

o] duYFEL YH=A wg 2A ASHed, 29 clusteringe ‘Spherical factor’
ojs] A A, 22 cluster center= AA| FFoBHE =AHU7tA ¢ Euclidean distance
7} Spherical factord] HA HFHRE F3 FHv; Z2W FAED o) FYPo) wHEHB
A JHEA ma} AL clustere FAEHAY tE £ clusterd] FAA HAY Ev EId
ot 28z w) wrEAANAE FH 3] lumping cluster S(NCLST)$} Distance threshold
(Theta C), 28] E9o] gk (Outlier)& A9 A}l7]= Discard §=(Theta N), u}x]9to & Cluster
£ &3 Aok #E Aol st g4 Folth

ole} Zo] ISODATA ¥4-2 ojg] 71x AP o8 FH$=Hedy, 1 F /M3 Uzts
< spherical factor @ Euclidean distance thresholde]th(Park, 1983). Park(1983)¢) 2] &}
Spherical factore 04-089 WA 714 £ AAE AL F UL FAFd wa, B
ATFgAE 062 E 39 o, Euclidean distancex A Zo| wel Hale=d, 22
ClassZ 9tE 74 ¢ Euclidean distance threshold¥® 2% ZAilo] Aol L33 Aoz shelx] o
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103] o)At WFE Il x ZHFH Q 73+ Pattern Class 717 485 % g¢=1}. w24 Euclidean
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71 9o ¥ wkEA koA H Y Lumping® 4+ & Pattern Class £ 92 319 2m Outlier
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ZtA L =% drh

o] BA &t BEAE Al ofstd, hAE 7-97/ BE e Pattern Classe] 7 Fax AL
7hd A& s Fa e, 3 A e HH Fof Cluster2 I Ach

ISODATA =2 1% & Similarity measure® 2z} cluster center Z5-8] =3 gk 7+¢] Euclidean
distanceZ ©]&3}7] @ &4, covariance matrix?} Z-2 Similarity measured A& 0 2 A
A7E =g deld AAY FARY BEAS AEA Eile 93 E FE5E ¢ UL B opg,
cluster®] BH-g T3ted A4 BE o3 Ao g FAY
< ol &5kl Wi o2 F4A EAo]l g ETHAELE ALY o dl§ {83 Wgeld s
ZtH(Crist, 1974). © AA% A& Ball and Hall(1966), Crisp(1974)9] °l&] 7]<slo] 2t}

H (maximum likehood estimation)

4-2 ERYALS A2 Isodata £ U A} 5A
B 2859 EAo 23H 979 Pattern Class®] A9 713 & ZAE 7lHoE Aoz
gl gt Plate 12 o] F3WAbs AR Tl 93 Clustering 275 2 G43te 7o)

™, Z} Clusterd] 38 A A8 Table 29 gt}
FgelA B biel Zo] giAzE g S WIS D qgFo] FAC A-HI} A= g
Hedql A HA(Cluster G)o g EHHN, #2292 FH(Cluster D)o 2 B L}, o] &

:&

& Table 22] FA ZEo A B ule} o] % Cluster?te] Euclidean Distance”} th& Cluster
% daael 4u40R 4o W A& ol Clustor $HAHE U Cluster EFol
=

2ol AR AP 5
97 A AL H4 gue] 440 on AE U waadnm FA

2 Aoel $374 HAFFE A4 (Cluster A) B EFA(Cluster E)9] 27)9] Aoz ¥
FHU, 270e) PROY 1 BB 5L o= AE Jehhy, ¥l 2rEDT § + ged,

ol E7ve] Euclidean distance® 71 F& 4278 A5 W9 §AS E4& =3

A o g Isodata FHAH 3G AGe] A HHE B o, ohE AEZe] FE]
gasta, o5 7 Cluster9t W43t FAX F 8488 AgFoan 4o Aol
22 o {84 dg 2 stk
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Plate 1.

Plate 2.
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Table 2. ISODATA results of the Chungju radioactive data set

X T K Th K/U U/Th Th/U Tw/(K+U+Th)
Variable
% 1 2 3 4 5 6 7
Cluster 1 Mean 97. 110. 69. 49. 14. - 59. 130.
'STD. DEV. 10. 13. 9.6 9.6 2.0 7.9 12.
Cluster 2 Méan 130. 150. 100. 53. 12. 70. 150.
STD. DEV. 12. 17. 12. 9.4 1.4 v9.1 12.
Cluster 3 Mean 120. 170. 69. 65. 16. 53. 110.
STD. DEV. 8.4 18. 13. 11. 3.6 9.9 18.
Cluster 4 Mean 35. 32. 18. 18. 55. 19. 72.
STD. DEV. 9.7 13. 7.2 8.0 36. 7.7 24.
Cluster 5 Mean 100. 110. 84. 56. 9.9 83. 170:
STD. DEV. 12. 16. 12. 14. 1.4 13. 12.
Cluster 6 Mean / 94. 120. 80. 120. 5.3 160. 180.
STD. DEV. 13. 1 17. 37. 1.0 35. 17.
Cluster 7 Mean 69. 68. 51. 34. 17 49. 130.
STD. DEV. 12. 15. 11. 9.7 39 1L 1.
Cluster 8 Mean “ 150. 150. 130. 61. 8.0 100. 190.
STD. DEV. 11. 22. 14. 19. 1.6 22. 16.
Cluster 9 Mean 190. 180. 180. 53. 8.4 97. 190.
STD. DEV. 18. 13. 24. 9.4 1.4 15. 15.

Percent Error 22. 73

Euclidean Distances Between Cluster  Centres

Cluster 1 2 3 4 5 6 7 8 9

1 0.0 62.0 64.1 145.2 42.7 132.9 589 1127 170.0
2 62.0 0.0 612  203.6 55.6 1279 1182 61.8 1102
3 64.1 61.2 00 1821 88.1 1505  117.1 1189 1593
4 1452 203.6 182.1 00 1759 2436 1000 2520 3065
5 427 . 556 88.1 175.9 0.0 102.4 80.6 828 1484
6 132.9 127.9 1505 2436 1024 00  16L0 1146 1755
7 58.9 182 1171 100.0 80.6 161.0 00 1605 2206
8 112.7 618 1189 2520 82.8 1146 1605 0.0 70.0
9

170.0 110.2 159.3 306.5 148.4 175.5 220.5 -70.0 0.0

4-3 Landsat TM U g2 gAls Xt2e| EEAIERI0 CHE
ISODATA A U Hls|A

B Ao TM ¥ &3 HAl% i}i% £33 E}@-ﬁ‘—i}—’;‘— g 7o 3t ISODATA ¥ A3
E3 97/ A X 9] pattern class7t 7} E3AQ clustering 23U S QA& 4 u). Plate 2

= ols Az o 9% clustering AFo|n, Z+ clusterd| A8 M55 B, HxY cluster

- 118 —-



An Application of ISODATA Method —Park and Suh 11

Table 3. ISODATA results of the Chungju radioactive TM Data Set Az

. T K Th/U Th/( ) R1/2 R3/4 R4/3 ( )=(K+U+Th)
Variable
1 2 3 4 5 6 7
Cluster 1 Mean 100. 110. 67. 150. 210. 66. 120.
STD. DEV. 12. 14. 13. 16. 13. 8.1 14.
Cluster 2 Mean 150. 160. 87. 170. 210. 59. 140.
STD. DEV. 21. 21. 18. 18. 12. 10. 22.
Cluster 3 Mean 120. 140. 62. 140. 190. 110. 73.
STD. DEV. 12. 18. 11. 17. 9.8 19. 11.
Cluster 4 Mean 120. 170. 55. 110. 200. 69. 110.
STD. DEV. 11. 19. 11. 21. 12. 11. 18.
Cluster 5 Mean 71. 73. 50. 130. 210. 59. 130.
STD. DEV. 13. 18. 13. 21. 11. 9.0 21.
Cluster 6 Mean 84. 87. 60. 140. 190. 110. 76.
STD. DEV. 14. 18. 11. 14. 13. 24. 14.
Cluster 7 Mean 110. 120. 130. 190. 210. 52. 150.
STD. DEV. 23. 20. 33. 20. 11. 11. 30.
Cluster 8 Mean 100. 110. 68. 150. 200. 45. 170.
STD. DEV. 13. 16. 14. 19. 7.8 5.0 20.
Cluster 9 Mean 38. 37. 22. 79. 190. 120. 70.
STD. DEV. 12. 17. 11. 28. 12. 31. 20.

Percent Error 31.14

Euclidean Distances Between Cluster Centres

Cluster 1 2 3 4 5 6 7 8 9
1 0.0 76.1 73.4 65.7 57.5 69.2 90.2 56.4 148.7
2 76.1 0.0 101.7 77.4 128.8 130.5 76.8 83.4 220.5
3 73.4 101.7 0.0 69.3 113.4 62.2 137.1 122.3 146.8
4 65.7 77.4 69.3 0.0 108.7 107.0 127.3 91.1 174.2
5 57.5 128.8 113.4 108.7 0.0 78.4 123.0 69.2 117.3
6 69.2 130.5 62.2 107.0 78.4 0.0 137.3 117.5 103.3
7 90.2 76.8 137.1 127.3 123.0 137.3 0.0 81.7 223.0
8 56.4 834 122.3 91.1 69.2 117.5 81.7 0.0 180.3
9 148.7 220.5 146.8 174.2 117.3 103.3 223.0 180.3 0.0

7te] Euclidean distance % %743 Table 34 )t}

Plate 264 X ule} Zo] Hojx Plate 19 FF WAL FAE
£ Holx Ut 53] AL FE FU(Cluster D)E uwlH ¥ }
=9 #F EFHY B ABAMNE FEde] A FAEE o
e HAnpd ot 22 HH(Cluster B: 2F)e2 EFHI JYornI oY MR

=]
d& 7Hdol #FAEth 8 o] AU 12Cluster®Z £HE 23 2AFAA YAbF
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)

A3 o] FFA FRe AR ABAFH e Huez REIHo EFHI Ao £, F
FEF 9SS 2 AEEd EF7HCluster E; B54) IHEd ANME 4 §99 3
g e Aoz MR lhfﬂ Ath

ABAES Ao ARazs 2L dgHoe BRI el AN 22 APASE U
2 4% dolga e, oA FIFWAITART BHAMNE FA B8 A FeR
A, 2 99102 tf R JHAE {§F3A4 Ik

A, FAAAEE] AA A2FH G2A 283 S

A, $3BAE gARERY AAHQ o) FHA 93t AS

olB g o] FHAF L FAMA WAE Y A E oM wAE £
Aol 500molm2 EAARE AAT R digitizing¥d o 4B 5

AA, o159 E3HH @‘& o]t}

B AdeAs oy g #Ade & dHAAGAE vdgusd, F39WAs 549 Aolm
Rol AR olf % o= AX wMiAT & Aoy B A9 FAdxAsEs AH AF3} {48}
93 Boh, 2 F8 o)fE A AR ARFHEU, ol 53 AYA ol X AAE ¥
g Z Aol 913 smoothing Z AW AR digitizingAlolxE 2L gite] 9o& AAWHe 23
HAAY 2 ol FFEAA A EA o Al s QA §4 BiE ol§ Tolth
e At A9 234 g3, F AXA A ol FAAAE 21 Ado] At AT

AAH o2 AR AT AR T o AT FAS FAbs kel e g F e WAL
T AR e B OME} S FE JdHT FHF AFAH 54 g8 dAR o H€@A
e Ao AFHAA G A A Fe < FA, FAY AEdFgS T

A=, 2elx JAEA G AAF Folu, A 2 AF T 4% JgFe TM AR

HA Bxe] HEZ = Ao o FEI EHIF sbesAod, 2 Aoz BRY
MEtRe @FFEA b A3 FAEFIE Uit s
ol 43 o] FAAAY HAL AsfME WAEAEI} WS FETe) YFHM, old T™
ARE BPgozM Bt d4d Clustering 293 48 5 glovg S TFEAGA o
o} o] BA4E dEidte ARES FF, EM3e ol W$ aRAe AT A A
Fasot F4HA EFAE &4 Fole 4FFAARRT FEFoRA ol ARE WSS
B4 WA cleF #AE FANAEA Y A5 BAARJ] AFZ WS {80l FUEh

H

v

Nl
el
rlo

ol

fo e

x

fr

5. &

h

o

ISODATA =z 1# & Euclidean Distance f8dl &A% #4943 4593 Clustering 7]
Hol dFoR, B AFNAe olE &9 d3Ay @Al E T oS53 Landsat TM
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ABE EFY AET F 27) ART P B AF Meapping?] £&4E& A7 432
3 olg A& o8 % EAAH & HESFAT AL FFEF 9oz ENEH

2 F¥sa ted g
L # Aofs] ISODATA $42% B34 84 2 AN FLx I xojo] 73
4 ERAL Atk 29 RAAGe] AR R APE ARy $FLE Total ¥ EF
qre a9 B4 ¥gesA WAy 2 Ade) FE7 ¥ Bdw v 484 B3

3 £
2. @4 e 3 PUAS WY R AT FUYFS FAHoR Re W% R
Jg8 £FHHL Aok FE $FE L 20 AFW 323, wedFe AHYHPE, 17
T AY Gl A AF FANE RAR e YA 8 Wedn TEHY A
55t A3 2E Landsat TM =2 94 FxA 28 44 #5500 £/ 1%

Fe ARG B od &<l Pasjoh
3. —.24711 5134 dfzte ERE M2 FAD 54 o8 £2H3 Sl
4. 53] FEBAeEAL AR 9F B Ad Mappinge A AAe) vimste] FAW
Holdgel wol vetved, ole T ojAd Hagnzy HAAA P Hgse
3 ol d& AQeA A% AANA Yehdd. =3, g4t 1A
A8 9] digigizingA] 2] smoothing &3t FE &7 Tl o3 9F= UAth
o, oy Aol oM Arde] dA el e @ oo W EF A
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