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=] MSS(Multi-Spectral Scanner) data* & <] &
o] A XREHHIRS LEEEE AYsd
< ¥ obd} AERMIT Aold BRE hES
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3 198359 #iR BLE v walg ot &
Wl A e 197292 29 THRER —#st
2 & E ok ARHE FHLET FuA
g9 # =3 ¢ FAFEE 4 HgE
SR e 2 ok

EHEE E Fiel o] &3 Hardware: HAE
RESTEC(Remote Sensing Technical Center) 9]
FACOM M-340R(F7]9 8M Bite, Diskcapacity
2,000M Bite) general purpose computer system
o]v] Softwarer= RESTECo] w3 RESTEC-
MDPS(RESTEC Multispectral Data Processing

Software) 9} %+ FACOM Information Pro-

cessing Co.7} B#%3l PIA(Program for Image
Analysis) o] tl,

2. EBRIHT

197245} 1983691 SiTHSIbS] BERE
(LA E F—181E 4580 dA HEset
7] 918t Fig. 1.9 3859 e ZHHHS
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fHIES 3 5 1983 Eklol firfE 23] (super-
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|

t
]
CENERATION OF LAND COVER |
i CLASSIFICATION MAP OF
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Fig. 1. Flow chart of data analysis

4) Amer. Soc. Photogrammetry, 1983, Manual of Remote Sensing, 2nd Ed. pp.911-912.

5) LANDSAT 15 data,
quality &%,

Path-Row 125-34,

LANDSAT 45 Path-Row 116-34,

dz =% ZEHF 09 high

6) Z#E{E, 1984, “LANDSAT Datacll o1&t A-&ifiel lel Ao #mmMsibs] #l,” SRANBEE 28 15

pp. 5-16.
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2

S BAFHMBERSMKEA € #, 1983, LANDSAT MSS Data CCT Format ®Ei®, p.121.



W e Hol e TREAHHOE shel FH
¥R & 27hA = EiE (deduction) fi sk S et
the o2 BRSOV A EE Bad oA,
Unsupervised Classification (EZLFT4547) % #5:9]
htel Cluster T8 3tz zo] o4& zlEHd e
197(",':‘31]’ 19835 F&Ho2 HEE F U=

S 14 E S B (Maximum Likelifood) 1
ol 9z /~|6§srﬁdr.

(U ERSOH

Table 1. & LALDSAT MSS data 4~749 =9
JiE Spectral data<>ﬂ &+ Training Areas®] #fEt
B3 RGO BEE JEd Aojh Tralnmg
Areasd] #EtBol o 5lwd 1972453 19834Fo0] =
Wl 2 et 48t (standard deviation)o]
< vedz ek F 197292 W

A 69 ZEEgEAL A7 24,0, 24,42 A
g e pe de S We ol ®

g Ly
7

A g

. Result of principal component analysis
in 1972 and 1983. BND 4-BND 7 means
the original spectral band of Landsat
MSS data and COMP. 1—COMP. 4
maeas obtained first component fourth
component respectively.

(in 1972)

STATISTICS OF TRAINING AREAS
BND4 BND5 BND6 BND7
1) MEAN 24.0 21.1 24. 4 12.1
2) S.D. 4.6 6.1 6.8 4.0
3) CORRELATION MATRIX
BND4 1. 0000 0.9132 0.6777 0. 4198
BND5 0.9132 1. 0000 0. 7648 0. 5436
BND6 0. 6777 0. 7648 1. 0000 0. 9060
BND7? 0. 4198 0. 5436 0. 9060 1. 0000

4) RESULT OF PRINCIPAL COMPONENT
ANAL YSIS

COMP.1 COMP.2 COMP.3 COMP.4
5) EIGEN VALUES
3.1239 0. 7585

6) CUMULATIVE PROPORTION
OF TOTAL VARIANCE

0. 0763 0.0413

0. 7810 0. 9706 0. 9897 1. 0000

7) EIGEN VECTORS
BND4 0.4844 —0.555]1 0.6418 —0.2130
BNDS 0.5184 —0.3921 —0.7560 —0.0771

BND6 0.5363 0. 3161 0. 1250 0.7726
BND7 0. 4572 0.6620 0.0307 —0.5931

8) CORRELATION BETWEEN VARIABLES
AND COMPONENTS

BND4 0.8561 —0.4835 0.1773 —0.0433
BND5 0.9162 —0.3415 —0.2089 —0.0157
BND6 0. 9478 0.2753 0.0345 0. 1569
BND7 0. 8081 0.5765 0.0085 —0.1205
9) COEFFICIENTS FOR ORIGINAL
VARIABLES(STRETCHED)
BND4 1.5197 —3.5344 12.8816 —5.8134
BND5 1.2308 —1.8892 —11.4836 —1.5934
BND6 1. 1418 1. 3656 1.7024  14.3123
BND7 1. 6368 4. 8093 0.7030 —18.4761
CONST. 17.9 161.2 10.6 174.4
STATISTICS OF TRAINING AREAS (in 1983)
BND 4 BND5 BND 6 BND 7
1) MEAN 18.2 19.6 28.2 29.1
2) S.D. 3.8 6.1 6.3 7.6
3) CORRELATION MATRIX
BND4 1. 0000 0.9216 0. 4425 0. 0868
BND5 0. 9216 1. 0000 0. 4967 0. 1343
BND6 0. 4425 0. 4967 1. 0000 0. 8836
BND7 0. 0868 0.1343 0. 8836 1. 0000
4) RESULT OF PRINCIPAL COMPONENT
ANALYSIS

COMP.1 COMP.2 COMP.3 COMP.4
5) EIGEN VALUES
2.5120 1. 3706
6) CUMULATIVE PROPORTION
OF TOTAL VARIANCE
0. 9706 0. 9902 1. 0000

0.0780 0. 0394

0. 6280
7) EIGEN VECTORS

BND4 0.5059 —0. 4810 0.7156 —0.0236
BND5 0.5260 —0.4408 —0.6769 —0.2659
BNDé6 0. 5545 0.3874 —0.1076 0.7286
BND7 0. 3998 0.6513 0.1344 —0.6308

8) CORRELATION BETWEEN VARIABLES
AND COMPONNNTS

BND4 0.8018 ~0.5632 0.1999 —0.0047
BND5 0.8337 —0.5161 —0.1891 —0.0528
BND6 0.8789 0.4536 —0.0300 0. 1446
BND7 0.6337 0.7625 0.0375 —0.1252
9) COEFFICIENTS FOR ORIGINAL

VARIABLES(STRETCHED)
BND4 2.13%0 —2.7536 17.1694 —0.7966
BND5 1.3882 —1.5749 —10.1367 —5.6054
BND6 1. 4310 1.3535 —1.5748 15.0185
BND7 0. 8497 1. 8737 1. 6202 —10.7092
CONST. -—3.1 116.1 12.0

139.5

8 T.M. Zillesand & R.W. Kiefer, 1979, Remote Sensing and Image Interpretation, John Willy & Sons Co.

p. 610.

9y F.F. Sabins, 1978, Remote Sensing, Principles and Interpretation, Freeman Co. p. 426.

10) #EiEs: s, RIHRE. pp. 208-216.



¢ dehes WE T FHE G Aok
v} 198349 W 4ol B 72 shuiA
PGl Fobste BEERAE e vhehy
k. W=d BRI dedAE FA5 BF

W 49 59 Azte] 7k 2 #E EhElerd
We 56,72 7HHA dREE R AL vH

et

ERG ST Ao 19725 198340 BF 1
B 82 R459 eigenvaluese] o] 258
97%E HAA stz 9lol 2ME SES Fl, H
2 XRG4 A&l 97%7) RYE T ATk G714
HIRGS A= dHoleEo]l e ¥
(brightness feature)V9] 43 8&< e
B2 EARAMRI TR ] & F £
E7] (greeness feature)9] ZLHEL elych,
F4,5,6,7 =t 2 wo1e &R H 1R
Grolx F-27)9 §EFst g2 g5rolch. Table 1.
9)gre] FEEo] dig Moy, RO7 HRE X
B9 zkol F5ME 128, BEHE(EZE 25.57F H=
512 dlo] ¥ & #HaA] 7] (stretched) 2 & 1jet
q Aotk F olF FEES FHIH 4 HE
H gl o] E ot RBEERC A FaAAE A
o=

ol g 9 FH4S (comp. 1)-&

COMP. 1=A;xBND 4 + A, x BND 5 4+ A;x
BND 6+ A,xBND 7+ As2 vebfi 2}, wabi
HFAo2 dojzl #EM 7 pixelo] TS5
k& Table 1. [F#tEo] g AFSol 98
#e] Weo] vlolHE HIAA FaAE Ao
t}, Table 1. 9)3+9 const.= Ag FFo|vh

(2) Clustering Classification

Cluster 4347 Ground Truth Data'® & ol &
% ¢,+ Unsupervisor Classification (JEf 4 58
o & Ko E AgHdAE AL PiER £
clusterffo] 2= 2 dlojg ARELE REFDL £
£ Mavimum  Likelihood Method)ol]l 9] 4

Table 2. (a) Result of clustering of the data in
1972. CLASS 1—CLASS 12 means obta-
ined cluster number and CHOl and
CHO2 means the first and second com-

ponent (COMP.1 and COMP.2) in
Table 1.
CLASS 1
COUNT 21913
CHO1 CHO2
MEAN 70. 4 91.5
VARIANCE-COVARIANCE MATRIX
CHO1 CHO2
CHo1 89. 4 —49.9
CHo2 —49.9 257.1
CLASS 2
COUNT 69727
CHO1 CHO2
MEAN 88.2 122.1
VARIANCE-COVARIANCE MATRIX
CHO1 CHO2
CHO01 76.6 8.9
CHO02 8.9 50. 0
CLASS 3
COUNT 32443
CHO1 CHO2
MEAN 117.0 78.1
VARIANCE-COVARIANCE MATRIX
CHO1 CHO2
CHO1 115.2 13.5
CHO02 13.5 124.8
CLASS 4
COUNT 52792
CHO1 CHO2
MEAN 143.2 90.7
VARIANCE-COVARIANCE MATRIX
CHO1 CHO2
CHoOl 71.6 —4.8
CH02 —4.8 97.7
CLASS 5
COUNT 99131
CHO1 CHO2
MEAN 106. 1 138.3
VARIANCE-COVARIANCE MATRIX
CHO1 CHO2
CHO1 37. 4 0.7
CHO2 0.7 57.9

1D 2 WEgo] 2te B8 Fxe 47 d2e 2 $r)e ZEe Bl 0, Mfio] 2559 digitalfi(s bit) 2

EALd.

12) £&F(pixe)7} 8 bit(0~255)9] w82 ol FojA Slemm HE) 4 YEJET AA 87 93l
(FifE-509 B volEsl 0~2557k N =%) FHEE 128, BAHE)E 25.52 st

13) F.F. Sabins, op. cit., pp.146-147.



CLASS &
COUNT 77230
CHO1 CHO2
MEAN 125.7 112.7
VARIANCE-COVARIANCE MATRIX
CHO1 CHO2
CHO1 72.3 —4.9
CHO2 —4.9 47.8
CLASS 7
COUNT 21910
‘ CHO1 CHO2
MEAN 187. 4 82.1
VARIANCE-COVARIANCE MATRIX
CHO1 CHO2
CHO1 562. 8 —161.0
CHO2 ~161.0 273.6
CLASS 8
COUNT 98068
CHO1 CHO2
MEAN 126.7 136.7
VARIANCE-COVARIANCE MATRIX
CHO1 CHO2
CHO1 32.1 6.1
CHO2 6.1 34.7
CLASS 9
COUNT 106359
CHOL1 CHO2
MEAN 148. 4 123.5
VARIANCE-COVARIANCE MATRIX
CHOL1 CHO2
CHol 108. 3 ~14.0
CHO2 —14.0 66.4
CLASS 10
COUNT 85627
CHOL1 CHO2
MEAN 126. 4 156.3
VARIANCE-COVARIANCE MATRIX
CHO1 CHO2
CHol 56. 4 ~2.9
CHo02 —2.9 41. 4
CLASS 11
COUNT 67608
CHO1 CHO2
MEAN 148.9 147.3
VARIANCE-COVARIANCE MATRIX
CHO1 CHO2
CHo1 63.7 1.1
CHO2 1.1 46.2
CLASS 12
COUNT 33692
CHO1 CHO2
MEAN 146. 0 175.7
VARIANCE-COVARIANCE MATRIX
CHO1 CHO2
CHol 119.5 40.1
CHo2 40.1 156. 1

Table 2. (b) Result of clustering of the data in

1983 same as Table 2(a).

CLASS 1
COUNT 22565
CHO1 CHO2
MEAN 70.0 78.1
VARIANCE-COVARIANCE MATRIX
CHO1 CHO2
CHot 162.1 —89.8
CHo2 —80.8 210.7
CLASS 2
COUNT 79674
CHO1 CHO2
MEAN 87.3 122.5
VARIANCE-COVARIANCE MATRIX
CHO1 CHO2
CHo1 69.3 23.3
CHoz 23.3 71.5
CLASS 3
COUNT 52972
CHO1 CHO2
MEAN 125.6 87.3
VARIANCE-COVARIANCE MATRIX
CHO1 CHO2
CHol 97.0 32.5
CHoz 32.5 109.7
CLASS 4
COUNT 71978
CHO1 CHO2
MEAN 151.8 94.4
VARIANCE-COVARIANCE MATRIX
CHO1 CHO2
CHol 77.2 —-9.0
CHo2 —9.0 61.6
CLASS 5
COUNT 121237
CHO1 CHO2
MEAN 138.0 117.3
VARIANCE-COVARIANCE MATRIX
CHO1 CHO2
CHol 147.3 21.4
CHo2 21.4 - 60.3
CLASS 6
COUNT 99495
CHO1 CHO2
MEAN 141. 4 140.5
VARIANCE-COVARIANCE MATRIX
CHO1 CHO2
CHol 87.0 13.5
CHo02 13.5 43.9
CLASS 7
COUNT 167089
CHO1 CHO2
MEAN 111.5 140. 4



VARIANCE-COVARIANCE MATRIX

CHO1 CHO2
CHo1 72.7 27.0
CHo2 27.0 82.7
CLASS 8
COUNT 32806
CHO1 CHO2
MEAN 183.7 111.9
VARIANCE-COVARIANCE MATRIX
CHO1 CHO2
CHo1 376.5 —116.9
CHo02 —116.9 246.9
CLASS 9
COUNT 86619
CHO1 CHO2
MEAN 130.0 163.3
VARIANCE-COVARIANCE MATRIX
CHO1 CHO2
CHol 33.5 1.1
CHo02 1.1 50.0
CLASS 10
COUNT 32065
CHO1 CHO2
MEAN 150.0 172.9
VARIANCE-COVARIANCE MATRIX
CHO1 CHO2
CHol 105.9 —27.4
CHo2 —27.4 150.6

7t A clusterE %33t o A 2% cluster®
s S datdt. KSEAAE 1972
W 1983 25 FIHE=R 12& FAo ¢]d
g Aelolee AHF FRAF 197292 97
1983112 1070 cluster2 z}7t o+ & A s} vt
ok whebA 1983 & JlEoE & W 19729
clusterg=& A 7] of Tofl 197239 WHESE }A
1328 F/HA Bokovt 2 BRE 12 Y
cluster7} =] A2 T A7 9 clusters+7}
dA A Gkt Y EE HEHo2E 1983
del 10/ 1972:d9] 1270 clusterE H#, B
g 98 HF ZEE P =™ 22 B
SoEzoll o1& 1972 1983 A E 4EE & A
olth o] Z@-E clusterings] <3 T 2
cluster£-2] spectral 24 ¢ elyl Ro=w Xz}
¥+ COMP. 1, Y& 3+ COMP. 28 Z=e
BiET 128, BERZET 25.5¢ ¢k

Table 2.9] a, b= 19724 19833 9] clustering?}
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15 COMP. 29| 7i5fH, #FEHITHE vHebd
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Fig. 2. Spectral characteristics of the clusters
obtained by the clustering. The mean and
the range of plus-minus 1 sigma (sigma
means standard deviation) are shown in
the brightness (COMP. 1) vs. the green-
ness (COMP. 2) feature plane for every
clusternumber 1~12 in 1972 and 1~10 in
1983. A~I in the figure means the new
classes in order to generate the land
cover maps of test site both in 1972 and
1983. M and S means the mean value and
the standard deviation of COMP. 1 and
COMP. 2 of whole test area respectively,
and M and S correspond the value 128
and 25.5 in Table 1 and Table 2 res-
pectively.
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A(blue) : KE, A% B(dark blue) : A%,
C(red) : BT EMHEM, )&%, D(pink) :
£iE#, E(white) : #iHh, &84kt F(yellow-
brown) : =, G(yellow) : %, Zi#y, H(green) :
FrtH, I(yellow-green) : {EARZMH =& BEHR
R

3. haFIAB{Le] HRE

AAelA Rt uksd o] 1972133 1983w
9 AEE S, A2 BEFEA~DE 39
o] F HF Szt A BHREY £HE T
F7} Table 3. 0] vk ¥ @RMIE < 60x 40km
o] @EE (pixe) ®E= 766,5000) 7] Ipixelo] 1
o]¥ 5B7X57m=0, 003240km?o] c}, ZHE4 7}
HBET ATHITRER U FHEB 187,429
of wl3bed oF 46 9] yolo] Pk Fol vt
ehd whe} ol 1972y s 1983w 7he] KA
RS wFTEBA wet AR 2ot gL
T & F dued 2 FAAE 5 #AT A
< EEEmsO e EFME O Ehinst
B (F,G), grikt(H) o kol o}, Table 3.
s} Fig. 3.9 #H@EE “ehd A SAEm iR
9 tsFiAEMEe] EREE Sive) 29 ohgsd
Zet,

Table 3. Area values of land

(1) o] WA

197203 7 19839 Aol o] A &5 =2 FH A el
SelA A FAL HEE dEe kol th
Table 3.014 BEEHEMC)E 1972 105.4
km?) 4] 1983w 172. 1km22 63.2%, EEHR
(D) 19723 171. 5km2o]| A 233.9km22 36. 4%
7t F7AsA k. Y 3o vrebd whebzre] 1972
1o EEEmEe RN F2 itk
o2, #ElUe o JtE—mEEEe] LIFEsRe
FAol om IEdlAE KBHEY dF-AH
ZFH A4t 22 1983 ol & LRFHIR S T
#krt At BEETEhe SRR
FTEY TRRCESYH #4, KK, &8 25
AEE dZ3e HHeZ AL £ o
oh {TrSEMR et HORadE& w2k £580, Elil
A Bkt @AA o] Fo] Az glow
1972 24 E#el AFEASD WEme &
= Fz=ezch, TR Tt ¥
o e Fiifke] ks dAASA goat
At FHlUE T 23 hE—FEEERS LR,
= R/l 44y A, 95, F5, FEdd o
© BEETHELe EEEr FeeRoh o
7 2 ke Bed ddA qHE &
T AL 1972l BTder ¥ 2o F)lad

2 ox u
4

cover class A-1 for 1972 and 1983.

1972 1983 '
CLASS |BiXEL T AREA | PIXEL | AREA | - GOVER MAP CATEGORIES
COUNT | (km® COUNT (km%)
A | 21913i 71.2 22565 73.3 BLUE Water or Shade of mountain
B 69727 226.5 79674 258.9 DARK BLUE Shade of mountain
C 32443 105. 4 52972 172.1 RED Highdense built-up area or
Shallows of river
D 52792 171.5 71978 233.9 PINK Residensial area
E 21910’ 71.2 32806 106.6 WHITE Bare soil or Pavement
F 183589, 596. 5 121237 393.9| YELLOW-BROWN | Agricultural field (peddy)
G 67608, 219.7 99495 323. 3 YELLOW Grass or Agricultural field
H 282826 918.9 253708 824. 3! GREEN Frorest area
I ‘ 33692 109.5 32065 104. 2} YELLOW-GREEN Forest area
TOTAL| 766500 24904 766500  2490.4

(%) 1 PIXEL COUNT=57m x57m=0. 003249km?

14) wEEHE, BRI .12
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o HAdh
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+ 197213 918.9km2o] A 198314 824. 3km2z o}
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Analysis of the Land Cover Change of Seoul Great
City Using two Temporal Landsat Data

Byong-Sul, Lee*, A. Maruyama,** S, Takeuchi,**

Summary

This analysis intends to extract the change
of the land cover between 1972 and 1983 in the
region of about 60km X 40km area where Seoul
City is located in the central region. Two
temporal Landsat data taken on Oct. 31 in 1972
and on Oct. 24 in 1983 are used. An unsupervised
clustering technique is applied to make the land
cover map in each year at the test site.

The analysis procedure is shown in Fig. 1.
First, the old Landsat data in 1972 is geomet-
rically corrected and is superposed to the latest
data in 1983. Next, the principal component
analysis is performed to the data. It is well
known that the result of the principal component
analysis applied to the original four bands data
of Landsat usually gives the reduced two channel
features, one is the brightness feature and the
other the greenness feature. After the reduction
of data by the principal component analysis,
the clustering technique, which is a kind of
unsupervised classification techniques, is applied
to the data because the satisfactory information
about the land cover condition of Seoul City is
not available. The spectral characteristics of the
clusters obtained from the clustering procedure
are compared between the two images, and the
new sets of the classes are generated from the
previous clusters, which give the final land

cover classification maps of Seoul City area in

1972 and 1983.

Table. 1 shows the result of the principal
component analysis of the Landsat data at the
site both in 1972 and in 1983. The result shows
that about 97 percent of the total variance of
the original data is reduced to the first and the
second principal component both in 1972 and
in 1983. The first component is represented by
the summation of the every band data, which
represents the brightness feature. The second
component is represented by the difference
between near-infrared and visible band data,
which represents the grenness feature.

Table. 2 shows the statistical characteristics
of the clusters obtained from the clustering
procedure. The characteristics of the clusters
are generally affected by the initial value of
the number of cluster and other several para-
meters. In this case the initial number of
cluster was set to 12 both in 1972 and 1983.
In the case of the data in 1983, the final
number of cluster was 10, but it was 9 in
1972. Thus the initial value of the number was
increased to 13 in 1972, which resulted in 12
clustrers.

Fig. 2 shows the characteristics of every
clustrer represented by the brightness vs. gree-
nness feature plane. The figures 1 to 12 in Fig.
2 represent the number of the original clusters
shown in Table. 2 respectively. The characters
A to I in Fig. 2 represent new classes decided

based on the similarity among the original
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clusters in the feature plane and on the
distribution pattern of the clusters in the test
site.
The new classes shown in Fig. 2 are expected

to represent the following land cover categories;

A—Water or Shade of mountain

B —Shade of mountain

C—High dense built-up area or Shallows

of river

D —Residential area

E —Bare soil or Pavement

F—Agricultural field

G—Grass or Agricultural field

H—Forest area

I —Forest area

The classs I represent rather higher brightness

feature than H, so class I is considered to
respresent small tree of grass-like forest or
sunny forest area. The above land cover catego-
ries are only expectation and so they must be
verified by ground survey or other ground truth
data.

Table. 3 shows the area values of the new
classes A to I in 1972 and 1983 within the test
area. Table. 3 shows clearly the increse of class
C and D and the decrese of class F and H from
1972 to1983. This fact means that Seoul City
area has been developed and expanded rapidly
during last ten years. The multi-temporal La-
ndsat data is expected to be used effectively to
monitor the environmental change of metropol-

itan area like Seoul City.



