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KWANCHAI NORSANGSRI : EATH RESISTIVITY ANALYSIS FOR 22 KV
ELECTRIC POWER DISTRIBUTION SYSTEM FROM SATELLITE IMAGE
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EARTH RERISTIVITY MAP/CLASSIFICATION/GROUND FAULT RETURN

EARTH/GROUND GRID

This thesis presents the classification method for earth resistivity estimation by
using satellite image processing. This method uses exploration data of a targeted area
to create an earth resistivity map by using ENVI software. It is based on a supervised
classification of satellite images obtained from LANSAT 5. The combination of band
7, 5 and 3 gives the best estimated result of 93.33% accuracy. The application of the
estimation is used to synthesize a model to analyze earth-returned currents resulting
from ground faults. 22-kV electric power distribution feeders of Nakhon Ratchasima
substation 1 and Nakhon Ratchasima substation 2 are used for test. By instructing
MATLAB programs for power network solutions based on earth-returned current
consideration, the performance of ground fault relay operation is evaluated. Therefore
the feeder portion with the highest risk of causing a mal-function of ground fault
relays can be specified. In addition, the earth resistivity map can be used for
estimating components of the fault current through the earth and the overhead ground

wire to the substation’s ground grid.
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P RIS anmmAumuaY | guugil AuFY U5
R Anamagiimans (Qm) (°C) HIAY (%)
1| 0179439E | 1646865N 6.66 33.1 10
2 | 0179623E | 1647390N 68.9 37.2 10
3 | 0178534E | 1648961N 12.69 33.1 10

9 0180230E 1645498N 343 31.8 10
11 0178568E 1647572N 50.9 354 10
12 0180769E 1646275N 17.95 35.1 10
13 0181344E 1645302N 505 34.0 10
e fomme | ooy [ s | oss | 0|
15 0184935E 1646006N 291 33.6 10
16 0183873E 1650118N 80.3 333 10
17 0182883E 1649397N 417 33.7 10
18 0182657E 1649214N 412 35.6 10
19 0180474E 1647819N 144.3 34.9 10
20 0179403E 1647484N 25.6 31.6 10
21 0178851E 1647829N 24.1 31.7 10
22 0178406E 1649120N 22.99 32.8 10
23 0177281E 1647068N 68.8 38.1 10
24 0178314E 1648063N 43.9 34.6 10
25 0178778E 1648388N 8.46 31.9 10
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M350 1.1 VoYAMIIAMTAINANNAUMUTUNIZYRIAU TABRAY 21 WUIAY 2552 (D)
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y AN ammA Ay | guvigi AL V3N
i nfanugiimans (Qm) (°C) HIAY (%)
27 0181507E 1645293N 500 31.9 10
28 | OI81824E | 1648579N 200 33.9 10
29 0184727E 1645344N 311 33.6 10
wnema  m3asaudimieyaiiing Saduiten3onifienTughudousa 4

M3197 n.2 Joyamsiamanmanudumusunizyesau Tngmas 23 wguniaw 2552

p AN anmdumuay | gungi ATUFL V30
b fifanugiimneans (Qm) (°C) AIAY (%)
1 | 0178338E | 1649352N 31.3 30.5 25
2 | 0178874E | 1649006N 55.8 29.6 20
3| 0177923E | 1648594N 22.0 32.8 20
4 | 0177770E | 1647655N 31.8 31.2 20
5 0177741E 1647627N 36.2 31.6 10
6 0181194E 1645615N 48.0 30.8 25
7 0182339E 1645256N 1072 31.6 20
8 | 0179137E | 1648218N 99.3 30.8 10
9 | 0181507E | 1645293N 386 31.4 25

M3197 n.3 Foyamsiamanmanuaumusunizyesau Tagma 18 nTngIAY 2552

p CRIATR anmmdumuay | gungil AL V30
v Ainangiimneans (Qm) (°C) AR (%)
1 0178338E 1649352N 25.6 309 30
2 0178874E 1649006N 48.2 31.1 40
3 0177923E 1648594N 17.8 30.5 35
4 0177770E 1647655N 27.9 29.5 30
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A15199 1.3 effauvaﬂ15‘3@séh’cmTwmmﬁ’wumwﬁnwwmmﬁuiﬂﬂmﬁEJ 18 N3NYIAY 2552 (AD)

y RIAIN anmmAumuay | gavgil ATUFLLS N
b Anamagiimans (Qm) (°C) HIAY (%)
5 | 0177741E | 1647627N 28.1 31.2 30
6 | O181194E | 1645615N 30.8 29.5 30
7 0182339E 1645256N 972.6 31.2 30
8 0179137E 1648218N 87.3 30.2 20
9 0181507E 1645293N 301.3 29.8 30

AN .4 PoyamsIamanmanudiumus unizvesau Iaemas 27 fueeu 2552

p RIATN ANMMAUMUAY | gungil ALFE
i niangiimens (Qm) (°C) HIAY (%)
1 0178338E 1649352N 20.1 29.5 30
2 0178874E 1649006N 32,5 29.7 30
3 0177923E 1648594N 14.3 30.2 30
4 | 0177770E | 1647655N 20.5 30.5 30
5 0177741E | 1647627N 25.1 29.5 30
6 | OI81194E | 1645615N 252 29.8 30
7 0182339E 1645256N 643.5 30.7 30
8 0179137E 1648218N 103.7 29.0 30
9 0181507E 1645293N 273.5 30.9 30

M3 0.5 YoyamsIamanmanudiumusunizuesau Ingmas 8 wgaINIeu 2552

p RIATN ANMNAIUMUAY | Qungil ATLFHE
i nnanagimans (Qm) (°C) AaAY (%)
1 0178338E 1649352N 35.1 26.1 10
2 0178874E 1649006N 44.3 27.9 15
3 0177923E 1648594N 19.2 26.5 20
4 | 0177770E | 1647655N 29.1 26.9 15
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M99 0.5 YoyamsIamanmanudiumusunizuesau laemas 8 wgeINIoU 2552 (A0)

y RITTRIN ammAIuMuAY | gangi ATUFLLS N
i fifanugiimneans (Qm) (°C) HIAY (%)
5 | O177741E | 1647627N 33.1 27.3 20
6 | OI81194E | 1645615N 30.9 27.2 15
7 0182339E 1645256N 998.3 26.9 15
8 0179137E 1648218N 145.6 26.8 20
9 0181507E 1645293N 310.5 27.1 20

A13199 1.6 MamnaNuA UMMz Taamas lugiaufeudd o

P CRILTR AanmaNuAIUNIAY (Qm)
909 . -, -

WnANQUMaas u.n WA, 0.9, n.g. W.g.
1 0178338 | 1649352N | 68.2 31.3 25.6 20.1 35.1
2 0178874E | 1649006N 70.7 55.8 48.2 325 44.3
3 0177923E | 1648594N 28.1 22.0 17.8 14.3 19.2
4 0177770E | 1647655N 38.8 31.8 27.9 20.5 29.1
5 0177741E | 1647627N | 372 36.2 28.1 25.1 33.1
6 0181194E | 1645615N | 88.3 48.0 30.8 25.2 30.9
7 0182339E | 1645256N | 1318 | 1072 | 972.6 | 643.5 | 9983
8 0179137E | 1648218N | 1072 | 99.3 87.3 1037 | 1456
9 0181507E | 1645293N 500 386 301.3 273.5 310.5

M3 0.7 Avesgamrgivesaulugiaufiend o
4 CRIATR QUNQN
N ~ o - s =

wnaNQumans u.a .. n.9. n.g. .o,
1 0178338E | 1649352N | 323 30.5 30.9 29.5 26.1
2 0178874E | 1649006N | 31.9 29.6 31.1 29.7 27.9
3 0177923E | 1648594N | 31.9 32.8 30.5 30.2 26.5
4 0177770E | 1647655N 32.1 31.2 29.5 30.5 26.9




AT 0.7 A0 UHYNVEIAU TUFIUADUAN ) (910)
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p AWMU unl (°C)
ﬂqﬂ‘n A o a o ~

wnanlmans 1.9 n.A. f.9. f.9. n.g.
5 0177741E 1647627N 31.1 31.6 31.2 29.5 27.3
6 0181194E 1645615N 31.5 30.8 29.5 29.8 27.2
7 0182339E 1645256N 333 31.6 31.2 30.7 26.9
8 0179137E 1648218N 36.4 30.8 30.2 29.0 26.8
9 0181507E 1645293N 31.9 31.4 29.8 30.9 27.1

A15199 1.8 MANVFUVIANVTNUAIVAU TUFIBABUA 9
. . Fy
y AU ANVBU (%)
%qﬂﬂ Ao a o =

wnanalmans 3.9 WA, f.9. f.9. n.g.
1 0178338E 1649352N 10 25 30.9 30 10
2 0178874E 1649006N 10 20 31.1 30 15
3 0177923E 1648594N 10 20 30.5 30 20
4 0177770E 1647655N 10 20 29.5 30 15
5 0177741E 1647627N 10 10 31.2 30 20
6 0181194E 1645615N 10 25 29.5 30 15
7 0182339E 1645256N 10 20 31.2 30 15
8 0179137E 1648218N 10 10 30.2 30 20
9 0181507E 1645293N 10 25 298 30 20
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A13199 1.9 HamMIIaman AU IUNIUIzYeIa Y Taamasluszezal 1 51 (24 %)

RIRIN AAMUANNATUNIUAY (M) 2 -
. ANUYU | QUK
NAANN M P 24 24 4 .
- . ANNL | ATIN2 | ATIN3 Ry (%) (C)
AUAAAT
00.00 13.01 12.08 13.19 12.76 20 27.6
03.00 12.56 12.73 12.93 12.74 20 27.3
06.00 12.78 12.86 12.82 12.82 20 28.1
0178260E 09.00 13.01 13.01 12.68 12.90 15 313
1648963N 12.00 13.02 13.00 13.04 13.02 10 32.0
15.00 13.17 13.07 13.20 13.15 10 32.9
18.00 13.18 12.96 12.62 12.92 15 30.3
21.00 12.67 12.91 12.90 12.83 15 28.8
M350 0.10 ¥aMTIAMANMNANNAUMUAY 11 TUR 26 WoAINEU 2552
Ao 1 Y a dy a
2 nNA MANMNANUATUNMUAY (2.M) | ANNFY UNNU
0N - L | TeEE S — — .
AUANTAT ania’la AURQY (%) (C)
2m 52
0179925E | 3m 65
1 57.85 20 30.8
1653275N | 2m 55.1
3m 59.1
2m 27.1
0181825E 3m 26.5
2 26.05 15 31.5
1652675N | 2m 28.2
3m 22.4
2m 39.1
0183975E 3m 32.6
3 34.45 15 32.7
1653225N | 2m 34.2
3m 31.9




M15199 .10 wam3Iamaamanudumuay e Tui 26 ngaIaeu 2552 (so)
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p We MANMANUAUMUAN (QM) | anwFy | qungl
9% ., | e o — .
AUANTAT ania’la AURQY (%) (C)
2m 3.24
0181400E 3m 3.92
4 3.56 30 34.2
1655200N 2m 3.09
3m 4.01
2m 16.14
0184000E | 3m 16.44
5 16.19 30 32.1
1656650N | 2m 15.96
3m 16.22
2m 120.1
0181550E | 3m 121.2
6 122.3 10 34.7
1656125N | 2m 1224
3m 124.5
2m 9.67
0182425E | 3m 7.54
7 8.19 30 33.6
1657375N | 2m 7.56
3m 8
2m 2.04
0185025E 3m 2.02
8 2.17 30 33.7
1656925N 2m 2.48
3m 2.17
2m 5.34
0184575E | 3m 5.62
9 5.09 35 32.2
1659175N | 2m 4.78
3m 4.65
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P We MTMANUAUMUAN (QM) | anwFy | qungl
9% o, | e e — .
AUANTAT ania’la AURQY (%) (C)
2m 26.8
0185275E | 3m 28.1
10 27.67 20 325
1660400N 2m 253
3m 30.5
2m 23.2
0186350E | 3m 19.5
11 21.1 20 315
1660900N | 2m 21.2
3m 20.5
2m 15.5
0187400E | 3m 12.1
12 13.72 20 323
1660350N 2m 14.3
3m 13.0
2m 78
0190925E | 3m 75.5
13 75.67 10 31.6
1660450N | 2m 77.2
3m 72
2m 821.5
0184375E 3m 708
14 789.15 10 31.1
1651625N | 2m 817.6
3m 809.5
2m 198
0190975E | 3m 133.5
15 164.73 10 25.7
1658475N | 2m 170.3
3m 157.1
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p We MANMANUAUMUAN (QM) | anwFy | qungl
9% ., | e o — .
AUANTAT ania’la AURQY (%) (C)
2m 29.6
0193025E 3m 28.8
16 29.37 15 273
1658475N 2m 30
3m 29.1
2m 9.2
0187900E | 3m 7.55
17 8.29 20 30.3
1654275N | 2m 8.5
3m 7.92
2m 2.55
0186475E 3m 2
18 2.23 30 28.1
1653975N 2m 23
3m 2.1
2m 850
0191400E | 3m 951
19 924.75 10 27.1
1657175N | 2m 978
3m 920
2m 514
0192125E 3m 513
20 513.62 10 29.6
1656575N | 2m 514
3m 513.5
2m 117.2
0187125E | 3m 52.4
21 54.55 15 25.7
1657175N | 2m 85.5
3m 69.1
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p We MANMANUAUMUAN (QM) | anwFy | qungl
9% ., | e o — .
AUANTAT ania’la AURQY (%) (C)
2m 21.6
0188525E 3m 11.9
22 16.67 20 329
1658275N 2m 19.5
3m 13.7
2m 831
0187150E | 3m 825
23 834.5 10 31.4
1658325N | 2m 853
3m 829
2m 123.3
0190200E 3m 115
24 119.75 15 31.1
1658550N | 2m 121.5
3m 119.3
2m 78.3
0191600E | 3m 65.5
25 72.37 10 27.2
1659450N | 2m 75.5
3m 70.2
2m 233
0192300E 3m 21.2
26 2227 20 28.1
1660175N 2m 24.5
3m 20.1
2m 33.5
0184325E | 3m 29.1
27 30.97 20 27.5
1652375N | 2m 31.2
3m 30.1
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4 Ao A 7 v 1 Y a
ﬁ’]i’l\‘lﬁ .11 ﬂ1§LLﬂﬁ\1§$U‘UWﬂﬂﬂ’l\?ffl“llﬁ’]ﬁ@ﬁel]@\iWaﬂ’liﬂﬂﬂ’lﬁﬂ’lWﬂﬁ’lN@11!1/]’]1!@14!

a o

a J o
NNAJUAITATUDIYAETTID

[

a a J )
NNAJUAITATUDIYAETID

i}ﬂ‘ﬁ (Zone48) (Zone47)
E N E N

1 179925 1653275 824501.963 1654547.221
2 181825 1652675 826417.5835 1653998.716
3 183975 1653225 828552.1396 1654606.629
4 181400 1655200 825924.4795 1656511.485
5 184000 1656650 828484.5242 1658031.42
6 181550 1656125 826049.4143 1657440.266
7 182425 1657375 826890.3258 1658713.585
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Earth Resistivity Estimation Based on Satellite Imaging Techniques
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Abstract: - This paper proposes a useful technique for generating an earth resistivity map. Earth resistance is one of
essential factors in a broad range of power system analysis and design. Information of earth resistivity is helpful for
practical power system engineers in order to establish power system grounding. In this paper, a LANSAT7 image of a
tested area of 50 km” was used by ENVI program in associative with a set of resistivity data obtained from field
measurement. By using the maximum likelihood for supervised classification of a mixed band 7, 5 and 3, highest value

of 85.71% confidence was obtained.

Key-Words: - Earth resistivity, Wenner method, Satellite image technology, Power system grounding, Classification

technique, Multispectral

1 Introduction

Satellite images have found their several applications [1-
5] in fields of agriculture, geology, forestry, biodiversity
conservation, regional planning, education, intelligence,
warfare, weather forecast, electric power system, etc.
Images can be in visible colors and in other spectra. To
interpret and analyze satellite images, some efficient
software packages like ERDAS or ENVI are necessary.
All satellite images produced by NASA are published by
Earth Observatory and are freely available to the public.
Several other countries, nowadays, have satellite
imaging programs, and a collaborative European effort
launched the ERS and Envisat satellites carrying various
sensors. There are also private companies that provide
commercial satellite imagery. In the early 21st century
satellite imagery became widely available when
affordable, easy to use software with access to satellite
imagery databases became offered by several companies
and organizations.

Satellite Image Technology or Remote Sensing has
guided the way to the development of hyperspectral and
multispectral sensors around the world as a useful tool
that can be used to map specific materials by detecting
specific chemical and material bonds from satellite and
airborne sensors. Multispectral data obtained in space by
those sensors have been exploited extensively for the
past several years in a wide range of research projects
such as land cover and topographic mapping, physical
and biological oceanography, archaeology, etc. Research
has expanded to include analysis of hyperspectral data
acquired simultaneously in tens to hundreds of narrow
channels. New algorithms have been developed both to
exploit the spectral information of these sensors and to

ISSN: 1109-2777

better deal with the computational demands of these
enormous data sets. It is an excellent tool for
environmental assessments, mineral mapping and land
cover mapping, wildlife habitat monitoring and general
land management studies. Multispectral imaging often
can include large data sets and require specialized
processing methods. In this paper, satellite images have
been brought to estimate earth resistivity that can be
used extensively in applications of power system
grounding. Hyperspectral data sets of satellite images
are generally composed of about 100 to 200 spectral
bands of relatively narrow bandwidths (5-10 nm),
whereas, multispectral data sets are usually composed of
about 5 to 10 bands of relatively large bandwidths (70-
400 nm). Actual detection of materials is dependent on
the spectral coverage, spectral resolution, and signal-to-
noise of the spectrometer, the abundance of the material
and the strength of absorption features for that material
in the wavelength region. In remote sensing situations,
the surface materials mapped must be exposed in the
optical surface and the diagnostic absorption features
must be in regions of the spectrum that are reasonably
transparent to the atmosphere. With these assumptions,
it is possible to employ satellite images in order to
visualize earth resistivity of the earth surface.

This paper consists of five main sections. Section 2
gives explanation of earth resistivity and its
measurement. Section 3 covers a brief of satellite image
processing. Results and discussion are put in Section 4.
Section 5 presents a conclusion remark and further
work.

Issue 9, Volume 8, September 2009
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2 Earth Resistivity and Its Measurement
Electrical equipment at all voltage levels must be
earthed i.e. connected directly to an electrode driven or
buried in the ground [6,7]. The resistance between the
earth electrodes is critical to the safety of equipment and
personnel, Usually it must be less than 100 Q e.g. 10 Q
for an overhead line pylon. This is not always possible
because of the high resistivity of some earthy materials.
Earth resistivity depends on the nature of the ground,
moisture content and can vary substantially. Table 1
gave information of resistivity of various soil types.
Table 2 gave information of resistivity of effect of
moisture content on soil resistivity. Table 3 gave
information of resistivity of effect of temperature on soil
resistivity. Earth resistivity, p,, is a measured resistance
of one unit volume of soil as shown in Fig.1. Its unit is
typically assigned as ohm-meter. Also, earth resistivity
can be defined by (1) in term of soil conductivity.

Fig. 1 Definition of earth resistivity

P=— ()
o

Table | Resistivity of some soil materials

Materials Resistivity (Q-m)
Ashes 35
Clay soil — 40% moisture 1.7
Clay soil — 20% moisture 33
Clay — London 4-20
Clay — very dry 50-150
Chalk 50-150
Coke 0.2-8
Consolidated Sedimentary rocks 10-500
Garden earth 50% moisture 14
Garden earth 20% moisture 48
Gravel - well graded 900-1000
Gravel - poorly graded 1000-2500
Gravel clay mixture 50-400
Peat 45-200
Materials Resistivity (2-m)
Sand - 90% moisture 130
Sand - normal moisture 300-800
Sand clay mixture 200-400
Surface Limestone 100-10,000
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Table 2 Effect of Moisture Content on Soil Resistivity

Moisture Resistivity (£2-m)

content Top soil Sandy loam _ Red clay
2 - 1850 -
4 - 600 ;]
6 1350 380 -
8 900 280 =
10 600 220 -
12 350 170 1800
14 250 140 550
16 200 120 200
18 150 100 140
20 120 90 100
22 100 80 90
24 100 70 80

Table 3 Effect of Temperature on Soil Resistivity

Temperature (‘) Resistivity (£2-m)

-5 700

0 (ice) 300

0 (water) 100

10 80

20 70

30 60

40 50

50 40

Resiztvity{Ohen-m)

Resigimty fer fap seil

4m

350

e 2 + O & 10 12
February Agril dune August Oetobar  Dacamber

1062

Fig. 2 Effect of Season on Resistivity
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Fig. 3 Measurement of the four point method

Several methods exist to measure the earth resistance
and impedance, earth resistivity and potential gradients
from ground current. It is recommended that were
possible the four point method (Wenner method) be
used. When carrying out measurements it should be
remembered that earth resistivity wvaries with salt
contents, moisture content and temperature. Care should
be taken when carrying out earth measurements as large
potentials can exist between the station earth tests and
remote earth's if a power system fault occurs. Four
electrodes are spaced apart as shown in Fig. 3 (equally
spaced or Wenner arrangement). A disadvantage of the
Wenner method is the rapid decrease in potential when
the spacing is increased to large wvalues. Often
commercial instruments are inadequate at measuring
such low values.

According to the Wenner method, earth resistivity at
the depth of b and the electrode spacing of a is given in
(2) as follows.

dmaR
Pr = (2)

1+ 2a 3 a
Ja* +4b®  \a® +b?

Frequently, b < 0.054, (2) can be reduced to (3), where R
denotes a measured apparent resistance.

Py =2mR 3)

3 Satellite Imaging Techniques

Remote Sensing is the science and art of acquiring
information (spectral, spatial, temporal) about material
objects, area, or phenomenon, without making any
physical contact with the objects, or area, or
phenomenon under investigation. Without direct contact,
some means of transferring information through space
must be utilized. In remote sensing, information transfer
is accomplished by use of electromagnetic radiation
(EMR). EMR is a form of energy that reveals its
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presence by the observable effects it produces when it
strikes the matter. EMR is considered to span the
spectrum of wavelengths from 10-10 mm to cosmic rays
up to 1010 mm, the broadcast wavelengths, which
extend from 0.30-15 mm.

There are two types of remote sensing, passive and
active sensing techniques. Passive sensing, as described
in Fig. 4, collects information about a medium based on
naturally occurring signals that can be received (like the
radiation emitted by an object or reflected by an
object). Active remote sensing provides its own
radiation and, as such, can be controlled to enable
significantly more information to be gathered about the
object under study as shown in Fig. 5.

Satellite
%% ( Sun
Sensor )
vow e Sun ‘s rays
»
Emitted »
by object *
Earth Ellipsoid

Fig. 4 Passive Remote Sensing

RADAR Imaging
Sensor
[
Emitted
by sensor

Fig. 5 Active Remote Sensing

As mentioned previously, this paper was based on aerial
picture analysis. The source of these pictures came from
two main sources: i) satellite images from LANDSAT
and topographic map based on topographical surveys.

3.1 LANDSAT Imaging

A latest LANDSAT, LANDSAT 7. was launched in
April 1999 [8]. It has a unique and essential role in the
realm of earth observing satellites in orbit. The earth
observing sensors on LANDSAT 7, the enhanced
thematic mapper plus (ETM+), replicates the capabilities

Issue 9, Volume 8, September 2009
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of the thematic mapper instrument on LANDSAT 4 and
5. The ETM+ also includes new features that make it a
more versatile and efficient instrument for global change
studies, land cover monitoring and assessment and large
area mapping. The primary new features on Landsat 7
are: i) a panchromatic band with 15m spatial resolution,
ii) on board, full aperture, 5% absolute radiometric
calibration and iii) a thermal IR channel with 60m
spatial resolution. Fig. 6 showed a satellite image
covering Thailand [9]. As mentioned earlier the dot
circle is the area of study in this paper. Fig. 7 gave a
close view inside the circle of Fig. 2. It revealed city of
Nakhon Ratchasima from the space.

LANDSAT 7 moves around the earth with near-polar
sun-synchronized orbit. It utilizes the 3.8 Giga-bits S-
band communication for up- and down-link. X-band is
also used for down-link purpose. Its orbital period is 16
days and time to cross the equator is 10 a.m.

Phnun
Pé

wd I *
Fig. 6 Satellite image covering Thailand [9

]
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Fig. 7 Satellite image of City of Nakhon Ratchasima [8]
Satellite images acquired from LANDSAT 7 have been
exploited. It depends on applications in which specific
wavelengths absorbed and/or reflected from targeted
materials are involved. Classification of spectral ranges
of LANDSAT 7 images is given in Table 4. Fig. 8
shows coverage area of LANDSAT. However,
according to applications, size of LANDSAT images is
various as shown in Fig. 9. For instance, standard full
scene is 183x170 km® per patch covering a total of
31110 km?. It is also divided into path (P) and row (R)
as imaging indices. For Nakhon Ratchasima area, P128
and R49 are codes for a LANDSAT 7 image covering
that area.

Table 4 Generalized application details of spectral range

Band Spectral Range Generalized Application
Number (microns) Details

1 0.45-0.52 Coastal water mapping,

Visible Blue differentiation of vegetation
from soils

2 0.52 - 0.60 Assessment of vegetation
Visible Green vigour

3 0.63 - 0.69 Chlorophyll absorption for
Visible Red vegetation differentiation

4 0.76 - 0.90
Near Infrared
5 1.55-1.75

Biomass surveys and
delineation of water bodies
Vegetation and soil moisture

Middle Infrared | measurements;
differentiation between snow
and cloud

6 10.4-125 Thermal mapping, soil

Thermal moisture studies and plant

Infrared heat stress measurement

7 2.08-235
Middle Infrared

Hydrothermal mapping, soil
type, mineral

PAN | 0.52-0.90 Large area mapping, urban
Green, Visible change studies
Red, Near
Infrared
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3.2 Classification Techniques

In order to obtained information of earth resistivity from
the satellite image, two methods of classification are
commonly used: unsupervised and supervised
classifications [10-11]. In unsupervised classification
any individual pixel is compared to each discrete cluster
to see which one it is closest to. A map of all pixels in
the image, classified as to which cluster each pixel is
most likely to belong, is produced (in black and white or
more commonly in colors assigned to each cluster). In a
supervised  classification  the interpreter knows
beforehand what classes, ete. are present and where each
is in one to perhaps many locations within the scene.
These are located on the image, areas containing
examples of the class are circumscribed (making them
training sites), and the statistical analysis is performed
on the multiband data for each such class. All pixels in

— NS e —— e
Fig. 8 LANDSAT coverage map

Standard : ; 2 .
Full Scene Standard the image lying outside training sites are then compared
’ Cliartar Floating Floating with the class discriminants derived from the training
Scene Ul Scene Quarter Scene sites, with cach being assigned to the class it is closest to

aleng path Inside track

- this makes a map of established classes (with a few
pixels usually remaining unknown) which can be
reasonably accurate (but some classes present may not
have been set up: or some pixels are misclassified.

Image classification based on maximum likelihood
method is to establish groups of pixels containing
similar properties as shown in Fig. 11. With the help
from probability principles, any pixel can be classified
into a pre-defined group that gives the distribution curve
; of the group closest to normal distribution. Each pixel
Path 128 Path'127 containing information acquired from a satellite image
must be assigned to be a member of the most likelihood
group as described in Fig. 12,  From the figure,
relationship between spectral information acquired from
the satellite image and earth resistivity measured from
field test is featured. The weighted distance representing
the likelihood can be expressed by the following
relation.

Fig. 9 Scene of satellite

B132 P11 P130

D =1In(a,)-[0.5 ]n[|Cm" I)] -
[0.5(X = M) (Cov. ') X = M)

4

Where
D is the weighted distance (likelihood)
¢ is a cluster or group
X is a set of measurement vectors
M _is a mean vector of a data group
- .. a, is probability of a pixel with respect to the group
Cov, is covariance matrix of a group
|Cov,| is the determinant of Cov,

-1_ . ;
Fig. 10 Path and Row for Thailand Cov, "= inverse matrix of Cov,
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255

Serface Limedine
Sand clay mrctare
Zand 3
Cay soil Pest Ciravel
255
Band 2
Fiz 11 Clazsificanion Technigues
hoplatd  p. g Casld
| Sehanms] perpivel | S Lg::;s Frage
DAy siseed
1
CE1]
1

Fig. 12 Soul resismvity Classificanion

4 Earth Resistivity Map

4.1 Satellite Image Applications

Satallite image data iz sent from the satellite to the
groumd station n a raw digital format, which is
assenfially a stream of numerical data. The smallest unit
of digital data 15 a but. A bif 15 represented by a banary
number, which has only two possible values, Jor 1. A
bit can be used fo represent any piece of data that has
two states, such as on'off, truefalse, or open/closed.
With enly two potential values, a bit does not effer much
flexibility in represanting data that 13 more comeplex than
a binary number. Thevefore, data is offen stored as a
collection of saght bits, resulting in a unit of data called a
byte. It 15 important to remember that a satellite image 15
not just a pictmre of the target similar to what a simpls
camera would take. Instead it 15 2 collection of mumenc
data that is capable of being displaved as an mmzge. The
underlving dataset can be manipulated usmg algerithms
(mathematical squations) that corvect for errors (ke
atmeospherie  mberfarence), re-map the data to a
gecgraphical reference point, or extract information that
is not readily apparent m the data. The data for twe or
mere mages of the same location can even be combined
mathematically, creating imagery that 15 a compesite of
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nmltiple datasets. These data products, known as derived
products, can be gensrated by performng caleulations
on the raw munencal (digital numbers) data.
Classification 15 a process by which a set of items 15
zrouped mto classes based on common charactenisties.
Classification of satellite imags data is based on placing
pixals with sinlar values inte groups and identifying the
commeon characteristics of the items representad by thess
pixals, Classification 15 another tool that 13 very useful
when multispectral magery of the same gecgraphical
region is compared. Algonthms can be usad that derive a
value for each pixel in the mage fom its brighiness
values in each image. Plotting the resulting data em 2 2
or 3 dimenszional graph can ident:ify clusters of pixels
that share commeon spectral characteristics across
mmltiple bands. This can be summarized m Fig. 13,

Satellite Imaging Prepared
Y

Surveyard resistivity mressuremsent i area of study

Y

Maximumlikedilveod for supervissd classification
by using ENVI software as an image processing

Fiz. 13 Step of Classificaton Techniques

4.2 Satellite Imaging Prepared

A position on the Earth is referenced i the Universal
Transverse Mercator (UTM) coordinate system [12] by
the UTM zone, and the easting and northing coordinate
pawr. Each satellite mmage mmst be specified with this
coordinate system. Faw satellite data coften comtam a
vast amount of information that is not readily apparent
to  the analyst Therefore, image evhancement
technioues are used to highlight feahmres of mierest and
expose subile differences in the spechzl signature of the
compenents of the target. Some of thess technigues
involve modifiying an image m order to lmprove contrast
between features n 2 well defined spectral range or to
improve resolution and detail, while other technigues
use complex mathematical caleulations to derlve an
entwaly new image from a set of raw Image datz. False
color [13-16] is a technigue bv which colors are
assigned to spectral bands that do not equate to the
spectral range of the salacted color. This allows an
analyst to highhight particular features of mterest using a
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color scheme that makes the features stand out. This is
illustrated by Figs 14 and 15.

satellite data salellite image

Band 1+

Band2 —

Band 3.

Fivel
Fig. 14 Band combination for satellite images

Green Blue
Fig. 15 Primary color: Red Green Blue

4.3 Survey and resistivity measurement in area of

study
Sulrl?'le 3

I
Satellite 2 .f!

}f Satellite 4

=

\ /
e y /
bele“lhlel \\ Rni&t[\:(‘) yéurcmcn! [lms'rlinn
7 I
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Fig. 16 GPS identification

Field measurement
classification.

is necessary for supervised
Measured resistivity at a specific
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location must be determined with multispectral data of
a relevant pixel. This can be performed by identifying
GPS  coordinate [17,18] of the test site. GPS
coordinator can be used to obtain the position with
respect to satellite positions as shown in Fig. 16.

4.4 Maximum likelihood for supervised classification
by using ENVI software

In this paper, supervised classification based on the
maximum likelihood method was employed. ENVI
software was exploited as a potential tool for satellite
image processing. Before performing the test, a set of
data must be assigned. 50 field measurement sites
were defined [19]. Then, measured values of their
resistivity were obtained. 36 of all were used for
classification process as shown in Table 5. Whereas,
14 left were used for accuracy assessment of the
proposed method as shown in Table 6.

Table 5 Information of Survey and resistivity

measurement in area of study
s P T RH
No Coordinate Qm) o or
1 0179439E | 1646865N 6.66 331 11
2 0179623E 1647390N 68.9 372 12
3 0178534E 1648961N 12.69 33.1 9
4 0178338E 1649352N 68.2 32.3 11
5 0178874E 1649006N 70.7 319 12
6 0177923E 1648594N 28.1 319 10
7 0177770E 1647665N 38.8 32.1 8
8 0177741E | 1647627N 372 311 10
9 0180230E 1645498N 343 318 12
10 D181194E | 1645615N 88.3 31.5 7
11 0178568E 1647572N 50.9 354 10
12 0180769E 1646275N 17.95 35.1 13
13 0181344E 1645302N 505 34.0 10
14 0182339E 1645256N 1318 333 10
15 0184935E | 1646006N 291 336 | 10
16 0183873E 16501 18N 80.3 333 11
17 D182883E | 1649397N 417 337 9
18 0182657E 1649214N 412 35.6 10
19 0180474E | 1647819N 144.3 349 | 11
20 0179403E 1647484N 25.6 3l.6 11
21 0178851E 1647829N 24.1 31.7 10
22 0178406E | 1649120N | 2299 328 | 10
23 0180775E 1644079N 335 32.5 7
24 0183105E | 1649209N 543 331 10
25 0182628E 1650235N 407 32.5 13
26 0184680E | 1650178N 83.5 33.1 10
27 0183967E 1647927N 303.8 32.8 10
28 0182001E 1648069N 103.5 33.1 10
29 0180034E 1648041N 82.7 32.5 10
30 0178039E 1647984N 256.9 338 12
31 0177982E 1646017N 157.5 32.1 7
32 0180006E 1646017N 48.9 33.1 10
33 0181944E 1646046N 786.5 34.5 13
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3. Bands 4-5-7
4. Bands 7-4-3
5. Bands 7-5-3

Table 7 Result of confidence level

34 0183967E | 1645989N 3243 324 | 10
35 0184395E | 1646359N 123.7 314 | 11
36 0177583E | 1646929N 1754 | 3230] 10
Table 6 Information of Survey and resistivity ment in
area of study for Verifying
: 2 T |RH
No Coordinate (Qm) “o %
1 0177281E | 1647068N 68.8 38.1 10
2 0178314E | 1648063N 439 34.6 10
3 O178778E | 1648388N 8.46 319 10
4 0179137E | 1648218N 107.2 364 10
5 0181507E | 1645293N 500 319 10
6 D1B1824E | 1648579N 200 339 10
7 0184727E | 1645344N 311 33.6 10
8 0177868E | 1647043N 114.9 325 10
9 0181060E | 1647442N 256.8 32.1 12
10 | 0178666E | 1645390N 75.5 33.1 7
11 0178353E | 1650264N 3454 32.6 10
12 | O184452E | 1649067TN 32.5 32.7 13
13 | 0179122E | 1648212N 178.1 3.9 10
14 | OI81288E | 1650634N 453 31.2 11

5 Results and Discussion

This research was conducted by using ENVI software as
an image processing tool for extracting earth resistivity
from the satellite data. A LANSAT 7 image of a tested
area of 50 km” as shown in Fig. 17 was used for test.

Fig. 17 Satellite image of the test arca

A satellite image acquired from LANSAT 7 consists of
eight spectral bands with spatial resolutions ranging
from 15 — 60 meters. To create earth resistivity map, five
mixed bands were prepared for supervised classification
as follows.

1. Bands 4-3-2

2. Bands 4-5-3

ISSN: 1109-2777

Mixed bands Confidence level (%)
4-3-2 64.29
4-5-3 57.14
4-5-7 71.43
7-4-3 71.43
7-5-3 85.71

50 test locations were selected and then measured for
earth resistivity. 36 of all were used as input of
supervised training process, while 14 left were used for
verifying the effectiveness of the earth resistivity
classification. Figs 18 — 22 showed visualization of five
respective mixed bands as described earlier. Fig. 23-27
presented the earth resistivity map of the test area. This
picture was selected from the mixed bands that gave the
best estimation of the earth resistivity result. Table 7
gave results of evaluation of confidence level from the
supervised classification. The results showed that the
mixed bands of 7-5-3 gave the best of 85.71%
confidence. The mix of bands 4-5-3 was the worst result
of 57.14% confidence.

Makhonratchasima
Suranerss Unlversity of technology
1750% 150M !Bzm IMW
L §
£ y &
L é

1445000

Fig. 18 Color rendering of the mixed bands 4-3-2
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Fig. 19 Color rendering of the mixed bands 4-5-3

Makhonratchasima
Buranaeree University of technology

Fig. 22 Color rendering of the mixed bands 7-5-3

Fig. 20 Color rendering of the mixed bands 4-5-7
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Fig. 21 Color rendering of the mixed bands 7-4-3
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Fig. 23 Earth resistivity map of the mixed bands 4-3-2
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Fig. 24 Earth resistivity map of the mixed bands 4-5-3
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Fig. 25 Earth resistivity map of the mixed bands 4-5-7
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Fig. 26 Earth resistivity map of the mixed bands 7-4-3
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Fig. 27 Earth resistivity map of the mixed bands 7-5-3

6 Conclusion

This paper presented a satellite imaging technique of
estimating earth resistivity. A 50-km’ satellite image
acquired by LANSAT 7 of the test area was used by
ENVI program in associative with a set of resistivity
data obtained from field measurement in order to
evaluate the proposed scheme. By using the maximum
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likelihood for supervised classification of a mixed band
7, 5 and 3, highest value of 85.71% confidence was
obtained. The earth resistivity can be exploited in
various fields, for example, power system grounding,
lightning, ground fault protection, etc, in both
transmission and distribution levels.
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p

Abstract. - This paper proposes a useful technique for generating an carth resistivity map. Earth resistance is one of
essential factors in a broad range of power system analyvsis and design. Information of earth resistivity is helpful for
practical power svstem engineers in order to establish power syvstem grounding. In this paper. a LANSAT7 image of a
tested area of 50 km® was used by ENVI program in associative with a set of resistivity data obtained from field
measurement. By using the maximum likelihood for supervised classification of a mixed band 7. 5 and 3. highest value
of 85.71% confidence was obtained.

Key-Words: - Earth resistivity. Wenner method. Satellite image technology. Power svstem grounding. Classification
technique. Multispectral

1 Introduction better deal with the computational demands of these
Satellite images have found their several applications [1- ~ €normous  data sets. It is an excellent tool for
5] in ficlds of agriculture. geology. forestry. biodiversity environmental assessments. mineral mapping and land
- e Sl Ca - . . . . . .

conservation, regional planning. education. intelligence. cover mapping. wildlife habitat monitoring and general
warfare, weather forecast. electric power system. etc, land management studies. Multispectral imaging often

Images can be in visible colors and in other spectra. To can include large data scts and require specialized
interpret and analvze satellite images. some efficient processing methods. In this paper. satellite images have

software packages like ERDAS or ENVI are necessary. been brought to estimate earth resistivity that can be
Al satellite images produced by NASA are published by~ used extensively in applications of power system
Earth Observatory and are freely available to the public, grounding. Hyperspectral data sets of satellite images

Several other countries. nowadavs. have satellite are generally composed of about 100 to 200 spectral
imaging programs. and a collaborative European effort ~ bands of relatively narrow bandwidths (5-10° nm).
launched the ERS and Envisat satellites carrving various whereas. multispectral data sets are usually composed of
sensors. There are also private companies that provide about 5 to 10 bands of relatively large bandwidths (70-
commercial satellite imagery. In the early 21st century 400 nm). Actual detection of materials is dependent on
satellite imagery became widely available when thc_ spectral coverage. spectral resolution. and S|g|m1-l_o-
affordable. easv to use software with access to satellite noise of the spectrometer. the abundance of the material
imagery databases became offered by several companies gnd the strength of ah§0|13t10|1 features fcu" thatl matlcrial
and organizations. in the \\'m'clcngth_ region. In remote sensing situations.

Satellite Image Technology or Remote Sensing has TJ'nclsurfncc materials maplpcd must be uxgosud in the
ouided the way to the development of hyperspectral and optical surface and the diagnostic absorption features

multispectral sensors around the world as a useful tool must be in regions of the spectrum that are reasonably
that can be used to map specific materials by detecting Itrall'lspnrunll to the atmosphere. \‘I’Vllhl these m_:sumptwns,
specific chemical and material bonds from satellite and it is F_’°351b|‘-‘ o _‘-‘"_“I?lo_" satellite images in order to
airborne sensors. Multispectral data obtained in space by "15“511_'29 carth resistivity of the L‘ﬂr_lh Surfflcu- _
those sensors have been exploited extensively for the ~ This paper consists of five main sections. Section 2
past several vears in a wide range of research projects gives  explanation 'Iil carth resistivity and  its
such as land cover and topographic mapping. physical measurement. Section 3 covers a brief of satellite image
and biological oceanography. archacology. ete. Research processing. Results and dlscuss_lon are put In SCCt}O“ 4.
has expanded to include analysis of hyperspectral data. Section 5 presents a conclusion remark and further
acquired simultancously in tens to hundreds of narrow work.

channels. New algorithms have been developed both to
exploit the spectral information of these sensors and to
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2 Earth Resistivity and Its Measurement
Electrical equipment at all voltage levels must be
carthed i.e. connected directly to an electrode driven or
buried in the ground [6.7]. The resistance between the
carth electrode is critical to the safety of equipment and
personnel. Usually it must be less than 100 Q eg. 10 Q
for an overhead line pylon. This is not always possible
because of the high resistivity of some earthy materials,
Earth resistivity depends on the nature of the ground.
moisture content and can vary substantially, Table |
gave information of resistivity of various soil tvpes.

Table | Resistivity of some soil materials

Materials Resistivity (Q m)

Ashes 35
Clay soil — 40% moisture 7.7
Clay soil = 20% moisture 33
Clay — London 4-20
Clay — very dry 50-150
Chalk 50-150
Coke 0.2-8
Consolidated Sedimentary rocks 10-500
Garden earth 50% moisture 14
Garden earth 20% moisture 48

900-1000
1000-2500

Gravel - well graded
Gravel - poorly graded

Gravel clay mixture 50-400
Peat 45-200
Sand - 90% moisture 130

300-800
200-400
100-10,000

Sand - normal moisture
Sand clay mixture
Surface Limestone

Fig. 1 Measurement of the four point method

Several methods exist to measure the carth resistance
and impedance, earth resistivity and potential gradients
from ground current. It is recommended that were
possible the four point method (Wenner method) be
used. When carrving out measurements it should be
remembered that earth resistivity varies with salt
contents, moisture content and temperature. Care should
be taken when carrying out earth measurements as large

ISSN: 1790-5117
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potentials can exist between the station earth tests and
remote carth's if a power system fault occurs. Four
electrodes are spaced apart as shown in Fig. | (equally
spaced or Wenner arrangement). A disadvantage of the
Wenner method is the rapid decrease in potential when
the spacing is increased to large values. Often
commercial mstruments are inadequate at measuri
such low values.

3 Satellite Imaging Techniques

As mentioned previously, this paper was based on aenal
picture analvsis. The source of these pictures came from
two main sources: 1) satellite images from LANDSAT
and topographic map based on topographical surveys.

- »
Fig. 2 Satellite image covering Thailand [8]

3.1 LANDSAT Imaging

A latest LANDSAT. LANDSAT 7. was launched in
April 1999 [10]. It has a unique and essential role in the
realm of earth observing satellites in orbit. The earth
observing sensors on LANDSAT 7. the enhanced
thematic mapper plus (ETM+). replicates the capabilities
of the thematic mapper instrument on LANDSAT 4 and
5. The ETM+ also includes new features that make it a
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more versatile and efficient instrument for global change
studies. land cover monitoring and assessment and large
areca mapping. The primary new features on Landsat 7
are: i) a panchromatic band with 15m spatial resolution.
i) on board. full aperture. 5% absolute radiometric
calibration and i) a thermal IR channel with 60m
spatial resolution. Fig. 2 showed a satellite image
covering Thailand [8]. As mentioned earlier the dot
circle is the arca of study in this paper. Fig. 3 gave a
close view inside the circle of Fig. 2. It revealed city of
Nakhon Ratchasima from the space.

Fig. 3 S:ncllilc image of City of Nakhon Ratchasima [8]

3.2 Classification Techniques

In order to obtained information of carth resistivity from
the satellite image. two methods of classification are
commonly  used: unsupervised and  supervised
classifications [9]. In unsupervised classification any
individual pixel is compared to each discrete cluster to
see which one it is closest to. A map of all pixels in the
image. classified as to which cluster each pixel is most
likely to belong. is produced (in black and white or more
commonly in colors assigned to cach cluster). In a
supervised  classification  the interpreter  knows
beforchand what classes. ete. are present and where each
is i one to perhaps many locations within the scene.
These are located on the image. arcas containing
examples of the class are circumscribed (making them
training sites). and the statistical analysis is performed
on the multiband data for cach such class. All pixels in
the image Iving outside training sites are then compared
with the class discriminants derived from the training
sites. with cach being assigned to the class it is closest to
- this makes a map of established classes (with a few
pixels usuwally remaining unknown) which can be
reasonably accurate (but some classes present may not
have been set up: or some pixels are misclassified.

ISSN: 1790-5117
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4 Results and Discussion

This research was conducted by using ENVI software as
an image processing tool for extracting earth resistivity
from the satellite data. A LANSAT 7 image of a tested
area of 50 km~ as shown in Fig. 4 was used for test.

<

Fig. 4 Satellite image of the test area

A satellite image acquired from LANSAT 7 consists of
eight spectral bands with spatial resolutions ranging
from 135 - 60 meters. To create earth resistivity map. five
mixed bands were prepared for supervised classification
as follows.

Bands 4-3-2

Bands 4-5-3

Bands 4-5-7

Bands 7-4-3

Bands 7-5-3

1 —

Table 2 Result of confidence level

Mixed bands Confidence level (%)
4-3-2 64.29
4-5-3 57.14
4-5-7 7143
T4-3 7143
7-5-3 83.71

50 test locations were selected and then measured for
carth resistivitv. 36 of all were used as input of
supervised training process. while 14 left were used for
verifving  the effectiveness of the ecarth resistivity
classification. Figs 5 — 9 showed visualization of five
respective mixed bands as described earlier. Fig. 10
presented the earth resistivity map of the test area. This
picture was selected from the mixed bands that gave the
best estimation of the earth resistivity result. Table 2
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gave results of evaluation of confidence level from the
supervised classification, The results showed that the
mixed bands of 7-5-3 gave the best of 83.71%
confidence. The mix of bands 4-5-3 was the worst result
of 537, 14% confidence.

Nakhonratchasima
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150000

a8

on¥¥e;

1750 15000 157000 1g4000

Fig. 5 Color rendering of the mixed bands 4-3-2

Makhonratchasima
Suraneree University of technology

Fig. 6 Color rendering of the mixed bands 4-5-3
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Fig. 7 Color rendering of the mixed bands 4-3-7
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Fig. 8 Color rendering of the mixed bands 7-4-3
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Fig. 9 Color rendering of the mixed bands 7-3-3
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Nakhonratchasima
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Fig. 10 Earth resistivity map of the mixed bands 7-5-3

5 Conclusion

This paper presented a satellite imaging technique of
estimating earth resistivity, A 50-km~ satellite image
acquired by LANSAT 7 of the test area was used by
ENVI program in associative with a set of resistivity
data obtained from field measurement in order to
evaluate the proposed scheme. By using the maximum
likelihood for supervised classification of a mixed band
7. 5 and 3. highest value of 85.71% confidence was
obtained. The ecarth resistivity can be exploited in
various fields. for example. power svstem grounding.
lightning. ground fault protection. ete. in  both
transmission and distribution levels.
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Abstract

This paper proposes a useful technique for generating an
carth resistivity map. Earth resistance is one of essential factors in a
broad range of power system analysis and design. Information of earth
resistivity is helpful for practical power system engineers in order to

establish power system grounding. In this paper, a LANSATT image of

atested arca of S0 km” was used by ENVI program in associative with

a set of ity data ot 1 from field By using the
maximum likelihood for supervised classification of a mixed band 7, 5

and 3, highest value of 85.71% confidence was obtained.

Keywords: Earth resistivity, Wenner method, Satellite image

technology, Grounding, Classification technique, Band, Pixel
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