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An Analysis of Land Use in Urban Area Using
High-resolution Satellite Image

Se - Jun, Kim

Department of Civil Engineering, Graduate School,

Pukyong National University

ABSTRACT

We need the acquisition of accurate geographic information as well as
immediate updates of information on the city in order to plan and manage the
changes of the cities more systematically. The geographic information for
judging the changes of the cities can be used not only in various policies and
studies, but also as important data themselves that record the growth of
cities. The variety of methods for obtaining of this geographic information and
wide-spread changes of urban areas are being presented, the use of the aerial
photograph or the satellite image of them enables us to obtain and update
The geographic information immediately. Since especially the High-Resolution
satellite image includes existing character of aerial photograph as well, the
study on this subject is progressing vigorously.

The IKONOS satellite image which was launched recently in 1999 provides
the spatial resolution that can solve the problem caused by the impropriety of
the existing resolution, especially We can say that the multi spectral image
is the appropriate image for the analysis of land cover.

In this paper, therefore, the land cover classification that took advantage of
spectral character with the IKONOS image suggested that the accuracy of
the supervised classification that made use of the Maximum likelihood method

was the highest accuracy, and the classification method that made use of the

_iv_



neural network had the highest accuracy in the classification method with
subjectivity was not to be considered. By using the land cover map classified
by each classification method, we could build the GIS database with attribute
data about the classification accuracy and the class ,and by providing the land
cover map by each classification method according to the accuracy that the

user requires, we could provide more reliable and various information.
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Establish Study Scheme
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Making a Land Cover Classification Map Using GIS

<Figure 1.1> Flow Chart of Research Planning
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2.2.3 A 7AW B 5F(Neural Network classification)
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Row
Total
X
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Xe.
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<Table 2.2> Error Matrix
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The real world

J
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<Figure 2.5> GIS Data Model Notion

2.3.1 &3t o] § u o] =

ofo
i,
s
ol
odlt
i)
Jpx

X,
N
b
i

o
E
[l
¥

2,

FZrdol g o] 2= GISolA A}

7t 5 (Attribute Data)2 2% 4 Jdth. A5 5 =325 (Graphic
Data)= =WAAA Y AAE Yede FHAAd #He 2A5E o)
dwtA o=z X gqAe EAlste EAES 34 A (Spatial Objects)2t 3FH
o] 5 F7AA = H(point), A (line, arc), & 2] (polygon) HE+i= W (area)

2 FERIAYG. FAEE Vector 7% Raster +%% s F o}

Vector A5+ =8L FAStE A, A, "o X9} Zo] & HHS A
gatA mdstr] g WAl o] Aue Hold HAABAE 5T T
A7 ol e H, =2, AH, SuA, AAM T xdd folsta, HA

o] F% ettt ey A

al
St 49 Anst sbsael, g

I
&
-
=3
(e

- 24 -
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<Table 3. 1> Specific of IKONOS OSA

Name of Satellite IKONOS
Orbit Satellite Altitude: 680km, Sun Cycle: Am 10:30hr,
rbi
Pass Cycle: 14Day
Sensor OSA(Optical Sensor Assembly)
Swath width 11km(12gm CCD elements)
Off-track-viewing £50° All Direction
Revisit time 1~3Day

0.45~0.52(1), 0.52~0.60(2), 0.63~0.69(3),

0.76~0.90(4), 0.45~0.90(PAN)
Ground pixel size 1Im(PAN), 4m(bands 1~4)
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el 5 F A WA (nearest neighbor)S o] &3to] JA4S Auj

k. <Figure 3. 2>+ 7|etRAS AAd= Eg5S dEdL dow, A

v XFO0 =2 (0.3425, Y522 0.5453, RMSE+ 0.6692= e}

<Figure 3. 2> Geometric Correction

<Table 3. 2> Control Point of RMSE

. Control Input[Pixels] Residuals
Point ID X Y X Y X Y SSE
1 205449.841 188536.380 2052.6 488.26 0.2375 0.0570 0.2443
2 205596.238 188428.289 2199.9 596.66 0.0449 0.6396 0.6411
3 204933.050 188516.907 1536.5 508.69 -0.1726 | -0.0940 | 0.1966
4 204926.001 188321.799 1531.3 704.80 -0.7079 | 0.8297 1.0906
5 204972.414 188326.981 1576.2 697.66 0.7839 -1.0297 1.2941
6 205540.284 188092.746 2146.0 932.44 0.3033 0.6544 0.7213
7 205693.506 188233.320 2299.0 789.78 -0.4892 | -1.0576 1.1652
8 205695.512 188235.716 2300.5 788.44 0.0003 0.0001 0.0003
RMSE 0.4883
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]
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<Figure 3. 4> Land Cover Test Area Using

Supervised Classification

<Table 3. 3> Covariance Matrix(Supervised Classification)

Band 1(Red)

Band 2(gre)

Band 3(Blu)

Layer
Bandl Band2 | Band3 | Bandl Band2 Band3 | Bandl Band2 Band3
Road | 805561 | 728.600 | 586.202 | 728.600 | 687.590 | 555.310 | 586.202 | 555.310 | 480.129
Building| 1309.136 | 1006.031 | 843.525 | 1006.031 | 1006.881 | 1000.763 | 843.525 | 1000.763 | 1162.626
Tree | 438813 | 273.039 | 219.702 | 273.039 | 237.042 | 161.703 | 219.702 | 161.703 | 130.651
Grass | 531.724 | 479.828 | 349.537 | 479.828 | 489.814 | 364.799 | 349.537 | 364.799 | 309.167
Bare | 221.402 | 180.434 | 212.315 | 180.434 | 168.264 | 206.318 | 212.315 | 206.318 | 276.650
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<Table 3. 4> Univariate Matrix(Supervised Classification)

band 1 band 2 band 3

Layer
Min | Max | Mean [Std. Dev| Min | Max | Mean |Std. Dev| Min | Max | Mean |Std. Dev

Road 3 239 | 81.64|2838| 5 232 186.08|26.22| 8 226 184412191

Building| 37 222 1150.24| 36.18 | 59 220 |147.16| 31.73 | 43 216 |135.91] 34.10

Tree 7 120 | 51.83 | 1540 | 12 96 | 51.83|15.40| 10 82 143.80|11.43

Grass | 65 169 |124.41| 23.06 | 58 149 |109.70| 22.13 | 48 125 | 87.14 | 17.58

Bare | 114 | 180 [154.14| 14.88 | 95 161 |135.67| 1297 | 55 139 |107.17| 16.63

<Table 3. 5> Error Matrix(Supervised Classification)

Producer's| User'’s
Class Tree Bare Grass Road Building | Accuracy | Accyracy
(%) (%)
Tree 55 1 0 2 0 91.04 96.82
Bare 0 4 0 0 1 70.00 875
Grass 0 2 6 0 1 78.78 70.00
Road 4 0 0 10 5 92.86 48.15
Building 2 0 1 1 86 90.76 97.30

B AfoMes Fa5 E5F WY 5 K-means Training®t ISODATA
2 o] &3}t o] W e K-means, ISODATA Classifiers o] §3lo]
4 EFE Fds=d 3714 Classifiers 94 #2b=9] 7] gkel do] =
FE AYE ol&ste] 24 a4 Ed dal #Ee JES FAsk e W
< o] &3t BRE FATT. 27|de dgR2 7 He] FAlo] AEE
of AW, WA & st A o] FAHZAY AgE AAtste A #2719

g 2te BAES Zob AU TASA Bk 99 RE Lol daA
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<Figure 3. 5> Land Cover of Test
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<Figure 3. 6> Land Cover of Test Area
Using ISODATA
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<Table 3. 6> Covariance Matrix(K-means)

Band 1(Red) Band 2(gre) Band 3(Blu)
Layer
Bandl | Band2 | Band3 | Bandl | Band2 | Band3 | Bandl | Band2 | Band3
Road | 226.38 | 96.07 1650 | 96.07 | 146.18 | 111.19 | 16.50 | 111.19 | 178.73
Building| 312.29 | 278.96 | 289.85 | 278.96 | 289.51 | 320.82 | 289.85 | 320.82 | 392.70
Tree 69.28 | 5590 | 41.81 5590 | 57.82 | 44.73 | 41.81 4473 | 47.12
Grass | 11245 | 54.31 29.71 54.31 72.71 52.09 | 29.71 52.09 | 73.39
Bare | 249.24 | 134.71 | 64.31 | 134.71 | 147.06 | 14053 | 64.31 | 140.53 | 225.71
<Table 3. 7> Univariate analysis Matrix(K-means)
band 1 band 2 band 3
Layer
Min | Max |Mean |std. Dev| Min | Max | Mean |Std. Dev| Min | Max | Mean |Std. Dev
Road | 65 169 [124.41| 23.06 | 58 149 |109.70| 22.13 | 48 125 | 87.14 | 1758
Building| 124 | 255 |177.61| 17.67 | 141 | 255 |174.31|17.02| 99 255 | 160 | 19.82
Tree 0 79 3262 832 0 58 133.02| 7.60 0 75 | 32.12 |.56.86
Grass | 14 116 57 11060 | 24 93 |55.28 | 853 0 130 | 50.09 | 8.57
Bare 53 205 |134.721 15779 | 90 167 |130.60| 12.13 | 23 173 |114.95] 15.02

<Table 3. 8 Error Matrix(K-means)

Producers | User's
Class Tree Bare Grass Road Building | Accuracy | Accyracy
(%) (%)
Tree 57 2 1 3 5 93.44 84.00
Bare 0 5 0 0 0 71.42 100
Grass 1 0 5 0 8 71.42 35.71
Road 3 0 1 10 9 76.92 43.48
Building 0 7 0 0 86 89.26 100
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<Table 3. 9> Covariance Matrix(ISODATA)

Band 1(Red) Band 2(gre) Band 3(Blu)

Layer
Bandl | Band2 | Band3 | Bandl | Band2 | Band3 | Bandl | Band2 | Band3
Road | 134.88 | 74.76 45.05 7476 | 101.31 | 84.76 45.05 84.76 | 115.74
Building| 312.31 | 273.12 | 264.77 | 273.12 | 299.50 | 329.58 | 264.77 | 329.58 | 422.95
Tree | 118.01 | 86.65 68.37 86.65 89.21 74.96 68.37 74.96 85.01
Grass | 223.35 | 92.15 8.54 92.15 | 13493 | 189.97 8.54 109.97 | 178.79
Bare | 22256 | 10457 | 32.43 | 10457 | 124.92 | 11860 | 32.43 | 118.60 | 192.07

<Table 3. 10> Univariate analysis Matrix(ISODATA)

band 1 band 2 band 3
Layer
Min | Max | Mean [Std. Dev| Min | Max | Mean |Std. Dev| Min | Max | Mean |Std. Dev
Road 23 132 | 7155|1161 | 37 106 | 66.96 | 11.61 | 69 102 |125.87| 13.86
Building| 129 | 255 |184.22|17.67 | 149 | 255 |181.93|17.31| 114 | 255 [170.14| 20.57
Tree 0 69 | 40.42 | 10.86 0 69 | 37.98 | 9.44 0 82 134.30 | 9.22
Grass | 39 171 [10791|14.94 | 65 139 [103.27|11.62 | 28 168 |92.88 | 11.62
Bare 76 207 [144.01| 14.92| 96 175 [139.50| 11.18 | 69 182 [125.87| 13.86
<Table 3. 11> Error Matrix(ISODATA)
Producers| User's
Class Tree Bare Grass Road Building | Accuracy | Accyracy
(%) (%)
Tree 54 0 1 2 6 88.52 85.71
Bare 0 5 0 0 0 71.42 100
Grass 0 2 5 0 3 71.42 50.0
Road 4 0 0 10 4 76.92 55.56
Building 3 0 1 1 95 87.968 95.0
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<Figure 3. 7> Land Cover of Test Area

Using Neutral Network classification

<Table 3. 12> Covariance Matrix(Neural Network)

Band 1(Red)

Band 2(gre)

Band 3(Blu)

e Bandl | Band?2 | Band3 | Bandl | Band2 | Band3 | Bandl | Band2 | Band3
Road | 230.57 | 108.88 | 37.18 | 100.00 | 157.38 | 122.80 | 37.10 | 122.80 | 183.87
Building| 203.96 | 180.87 | 187.09 | 180.07 | 177.25 | 193.85 | 187.09 | 193.85 | 235.68
Tree | 209.01 | 160.76 | 121.62 | 160.76 | 154.02 | 119.42 | 121.62 | 11942 | 113.54
Grass | 181.35 | 72.25 -8.99 7225 | 181.76 | 90.43 -8.99 98.43 | 187.36
Bare | 128.01 | 61.26 23.67 61.26 87.15 91.50 23.67 91.50 | 150.61
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<Table 3. 13> Univariate analysis Matrix(Neural Network)

_39_

band 1 band 2 band 3
Layer
Min | Max | Mean [Std. Dev| Min | Max | Mean |Std. Dev| Min | Max | Mean |Std. Dev
Road 22 159 | 88.23|15.18 | 49 137 | 83.97|1255| 10 168 | 74.73 | 13.56
Building| 143 | 255 [189.71| 14.28 | 163 | 255 |186.75|13.31| 121 255 [176.87| 15.35
Tree 0 116 | 43.08 | 14.46 0 83 142101241 0 112 | 39.39 | 18.66
Grass | 53 191 [126.66| 13.47 | 90 154 [123.04] 10.09 | 23 172 (107.44| 13.69
Bare | 105 | 212 |156.77|11.31 | 126 | 183 |152.00| 9.34 69 179 (137.38| 12.27
<Table 3. 14> Error Matrix(Neural Network)
Producers| User's
Class Tree Bare Grass Road Building | Accuracy | Accyracy
(%) (%)
Tree 57 0 1 3 3 93.44 89.06
Bare 0 4 1 0 5 57.14 40.0
Grass 1 2 5 0 0 71.42 62.5
Road 3 1 0 10 5 76.92 52.63
Building 0 0 0 0 95 87.96 100
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<Table 3. 15> Classification of Overall Accuracy, kappa

Classification Method Overall Accuracy(%) Kappa
Maximum Likelihood 89.80 0.83
ISODATA 86.22 0.77
K-means 83.16 0.73
Neutral Network 87.24 0.79

<Table 3. 16> Kappa Quality

Kappa Quality

< 0.00 Worst
0.00~0.20 Poor
0.20~0.40 Proper
0.40~0.60 Good
0.60~0.80 Best
0.80~1.00 Excellent

<Table 3. 17> Number of Class Pixel

Method| Maximum
L K-means ISODATA |Neural Network

Class Likelihood
Road 1205423 1368984 1483975 1287091
Tree 3456114 3059057 3055574 3459479
Building 1823861 1905529 1767898 1686613
Grass 732203 784166 918984 753484
Bare 879753 384678 870923 910687
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<Figure 4. 1> Flow Chart of Land-Cover Map by GIS
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<Figure 4. 3> DEM on Land Use Map

Land Cover Classification Map

o
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<Figure 4. 4> Land Cover Classification Map of Research

of Site(Supervised Classification)

_45_




Land Cover Classification Map
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<Figure 4. 5> Land Cover Classification Map of Research
of Site(Neural Network)
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