q VY v = d' o (Y (Y]
fni‘]Jﬁgqﬂﬁﬂﬂfﬂﬁ/‘lﬂnlﬂ13&‘7]8]34!1/‘!@?]11439!?]31]53ﬂﬁ)‘Ufﬂﬁ"ﬂﬂﬁiii‘l’mﬂ

dmsuszuunemadlnih 22 flallaa

UNAINALN S@N\‘lﬂﬁ

a a dé’ I i d! = (Y] a U a
Inentinusiduaiuniisvesmsanmmunangasifsgalsanssumansumaia
a1 I¥ 1A suInTh

a (Y] = =
unInendanalulaggsus

Umsanu 2554



APPLICATION OF SATELLITE IMAGE PROCESSING
TO CALCULATE LOAD ALLOCATION FACTOR

FOR 22 KV POWER DISTRIBUTION

Tatiya Luemongkol

A Thesis Submitted in Partial Fulfillment of the Requirementsfor the
Degree of Master of Engineering in Electrical Engineering
Suranaree University of Technology

Academic Year 2011



dq v U = d' o Y [y
ﬂ'li‘]Jizqﬂﬁﬂ“liflﬁ/‘lﬂﬁlﬂﬂ!ﬂﬁmlwE)ﬂ1u3mﬂ3ﬂ5$ﬂﬂﬂﬂﬁﬂﬂﬁi§iﬁﬂﬂ

smSuszuunemadliih 22 Alallan

) a a

a @ @ P { < ' X
wianetaoma TuTadgsuts eyda ldivInentinusatuidludiunilsvesmsny

amuvangassyauriuda

a a 4
AUTNITITUNITADUINYVIUNUD

o d 1 Aan 4
(WAt A3.01UN JUAT lad)

U5eHUNTIUMS

v o a J
(571, A5.5UAYY f;lﬁ]ﬁ]'lu"]fW\‘l‘H)

I a a J
NITUNII (’E]'ﬁ]']iﬂ“l/llﬁﬂy'nﬂfnuwu‘ﬁ)

] ]
(WA. A3.LNAY IW1DLDD)

NITUNIT

a Aa Ao J Jd o Aa
(7. A3.YNY aﬂJ‘lJ%’]‘lNﬂ) (371 U.9. AT.2TNIU VINF)

v Aa a

a | a o J
50905MsvAreITINS AMUAT 1IN IVIIAINT TN AR



afen Aewsnn : matszgndldnmdeanifiouiteduaadnlszneumsiaass Tnan
dmfuszuusemasludh 22 AlaToad (APPLICATION OF SATELLITE IMAGE
PROCESSING TO CALCULATE LOAD ALLOCATION FACTOR FOR 22 KV
POWER DISTRIBUTION) 019156711/ 11 : 509761310156 A13.50iA%0 naas nilamay,

358 Y11,

a a o’: Y o ad o 1 Y [
TInerinusu lainauolITnisaiuliuviaidllsznounissaassivan
$ [ o a v a 4
(Load Allocation Factor : LAF) 1 la5un151§u1l59vesaiuidovesarsilon 22 Alalad
areflou 10 ao1i ¥ 2 Yandauassaun e ldamsoniums 14 lWivesuaas
1 3 a 4 o 1 a a
nifoudasnlndidesanuiues aitiesnindogiuns Idihdiugiiniaiinisioisan
[ [ a o @ 1 3
malsznounmstaass lvaamwnzvuiannavosrsouilauioaTateden 390199z laidlu 11
) Yy a o A = A a a a d’dyﬁ Y
a1un s 19 IS anminuseoasziianuaaiamasuuindu 1l mendnustualannisg

= a

Y Y a o 1 A 1 9 9 A A
Auadaziiagafadenie o naawadenisly WA uiuay Tasaziin1snaisaian

o o

v Y v
anmuadoune q naaalaonssaens 14 Wi mu Swuiuinegende siuamiszanns

o [ A a 1 Y| a v Y 1 Y Aa A I Y
UIUNAIMET o1 Dan i Lazanannandetilasve s aznsisulasnnosan o ld 18
mailsznounstaass lvaandawaliniunsls lnihveumazvdoutasnlndifeenis s
9 a A 3 o ds} A (] [ ) o [ A Y =
T#he5 annoedu uazmafuanmiunnegeido s1uamilszsns S1IunaInEou Aoall
dq Yas 1 ~ 9 a o Y 1
mydszgna l9Ismsszuiananinmsarsien Iaslsmatiansswundszinndeyauny

MADQLARI8IT ISODATA

dd‘ Y

1311280330 Tl MolproinAnyI

iy
AUmsdnun 2554 Moipr0010150NYIAY




TATIYA LUEMONGKOL : APPLICATION OF SATELLITE IMAGE
PROCESSING TO CALCULATE LOAD ALLOCATION FACTOR
FOR 22 KV POWER DISTRIBUTION. THESIS ADVISOR : ASESOPROF.

THANATCHAI KULWORAWANICHPONG, Ph.D., 358 PP.

LOAD ALLOCATION FACTOR/SATELLITE IMAGE/CLASSIFICATION

ISODATA/POWER DISTRIBUTION

This thesis presents about Load Allocation Fadtat tmprove 22 kV power
distribution feeder 10 of Nakhon Ratchasima 2 irkien Ratchasima province to
know PEA of each transformer in the vicinity fac®ecause of in the present time
PEA are consider of Load Allocation Factor speatirctransformer rating one factor.
Maybe, it not be true of using electric and maybese of more inconsistent. This
thesis researching and considering of factor irsggausing electric. Although,
consider from the environment that are effect diyeon using electric such as
‘residential area, population, household, bill éectricity and transformer rating of
each transformer that considered. To know the trdsadd Allocation Factor value
that achieve electricity of each transformer toclmse to real of using electricity and
calculated of residential area, population, houkkhave to applying used calculated

with of satellite image by using unsupervised dfacsgion by Isodata.

School of Electrical Engineering Student’s Signature

Academic Year 2011 Advisor’'s Signature




naanssuisema

a a e"dyo A o a3 U Y Y A YA o 1
TV]EJTL!WH'ﬁuﬂ’]LUUﬂ'lﬁﬁ']ﬁEﬂqa'Nllﬂﬂ'Jﬂﬂ NIGUDVDUNISAUYAADLUASHQUYAAD

Y v

1 A 9 Y o o g‘J Jq Y ] A ] A a
a3 q nlanganldmline nugi saumsla ldanusomaesdshganssuInnisuay
;) o A Aw & 9 1
MuMIAUTUIIUITY e ldun
o v A o S (R a A S A Yq ¥

509AAATI0150 A5.5UAYY NATNHINIE 819150NUT w1 Inertiwus 11414
o =3 o 1 A Ao = Y1
MS w1 uuzii vazuuzuuanedwtulse Terig 1o I8 39509 IABIIATIVNIUUAL

a a Jd 1 zéj o Y JA 3 y I o w I '
uf lysreauanentnusiauiiaurh Iddia nuauysoioau sounailumaslaesiunnvedis
Aa o A Aa 9 Yo Yo
nalumsawiivadanate ) Aulanugisemusmn
o ) a a A @ 1 {

p1136dszdrminIans sy llih uninedunaluTadgsuisnoniu nldngan

TS aw uuzii waz Idanudmedinmsedisdvan lnsnaon

[

4 -4 4 o a =S = a U
919158 A3.0UN33A 2570 INNA 019158U5E @I una TuTagssdl W1 INe1de
= o Ay g Yo |2 ° y 9 9 ~ VAl
malulaggsuts #langanlimlsom suziiraz lianuinaiuaieuodisngn
Tagnane
4 4 o o a v 9 a 19
919130 A3.1390R NENUUN 81915805210 IHMITUFNINIZe Ina Wi Ineay
a A Ay y Y o o v v Y a v Y
maTuTadgsuis Dlanganlddnom nugii vazanuimeduamaniionnaznsiuj
1NIzoz Inavdienva lnvaaon
4 [ 4 o a 9| a o =
219158 NgAe aude 01915815z 1av13aanssu Wi umanerduna Tulad
= a Ay v Y o =3 o Yo w
F¥Inad AL Isuvaanauns nlanjanlimuinu uuzih aaeavulimaalalunis
o 19 o
MauungIteu lagaaen
a J o o o 1 a ua
AULIAA AININIUUN §S1IMINeIIuRNIazszUgeine ol fiiansuas
A ' @ o 2 Ay Y Yo o Y o
w30UIgwa 3 1A 2 Bardauasssdn 1ldnganlddnfFine uuzih wazldmsaivayu
9 Y ' Hq 9o Y aw
Audeyan1s 9 Nlgdmsunuide
aaunby vegana1s Wanihuwunaiugunsoe lluazauzihauuwunaiugy
nmsaeldl dred fianisuaziaSevioa 3a1a 2 9andauassan Aldngan i
Afinm uugzih nag ldmsmivayududoyans  nlddmivanide

1 a

o = o £ ~ o Jd a o 9
AUUYLT NINIE LASAUNUIANA LAIYUTAY Insdsen ﬂ']ﬁlIT/\lT/\l'lfT’JuﬂiJﬂ'lﬂ

U

v
= (%

daniaunsrdu Alaliafine nugih waglimsmivayumudeyanis  dlddmsy

A5



ananssndszma (A9)

an o

¢
FANUTDAVINIAUATI VTN INAVIAUATUATI VTN IMALIAA 1D InTnaa
4 a 1 o [} 4 a 1 o 4 a 1 o
E)Qﬂﬂ'li‘]Jiﬁ'lﬁﬁ’JuGI'l‘]Jﬁ‘]J?Glﬁiy ’O\‘iﬂﬂ'lﬁﬂﬁﬁﬁﬁ?uﬁ1ﬁafjﬁuﬁ DIANITUITNIT FIUAIUD

' J a J o { o 3
Mulnd eeanisusmisdiudivanuesrzun N1dnmsaduayudeyadiusiuiu

T
[ A Y A A

Uszans SwaunanGou tagdoyaiiuiaie 9 ungive

o o J

a Jd a a 12
wwAmel 03na laus tagu1edETaY ATl @1vImnssuinnszes Ina
0o w A o a @ a A A Y o o Y =
duinInenmdaai unamenaoma lulaggsuis nlaaSaw uuzihludwariieunazns
9 { g Jd 1 Y o w o 1 Y
dr5193zez Inaniduilse Temniund 9o aaoasuldmaslylumsauundiseu Tnsanos
d‘ dﬁ Y Y a o R J R a g’/ = v
YoUAMN ) 1Y 9 Uod 9 Yanaanuinniu saudalasanenlusfauazagiiv
~ 1 Yo o o Aw
navgnw lonaglmaslaTunmsiinntvinlavaaea
S Y oA a £ Y Y ' 7 =
YDUDUNTZAND1TIRAdUNNIIUN 5z anTiszamanuinieaiuais q nilueda
waziagiiy

gy X A = ady Yo o ' A Yq ¥
q@lﬂTﬂu ‘lJ’f)ﬂSTlJ"’lJE)‘UWiZﬂﬂL VAT U13A1 5’3119\‘1‘3“@1/“1!@\161]@3@3 EWJﬂV]"luﬂllﬂclﬂ

]

)

Y
AITNITN ANUBUYU ANNKHN 1Y msammﬁm@ LLﬁ311’97}ﬂ13ﬁuﬂﬁigu“l’]NﬁHuﬂﬁﬁﬂET@ﬁlNa

N Yo v A @

A g}/ < o w AL 1 A v Y L o 9y
vanlagaaoa sauvuilumaslenvalug luswnditenenazynule Mlagiselng

u

A

) < Y a o ' o 9 Y 0 2a
HJ?JLL‘NWi@?JLW]SiLJﬂ‘UﬂﬂJﬂng’fgﬂﬁﬁiﬂﬁmﬁ 9 %um“lvi ﬂEJ‘]Jﬁ$ﬁ‘]Jﬂ'313Jﬁ']L3%51u515’3m3@83ﬂ

a

AReN ADNIAA



GARHILE

UNAAGD (AT ING) ot
UNAAYD (NVHIDINYH) oot

AN T T TED M e,

=
UNn

1 unn

11 ANUERRUDITRI oo oo
@ o aw

1.2 0QUTEARAMITIVY oo
) A g

1.3 UDANAIUDIAU 1o ettt loeb s et

1.4 UBDUUAUDINTT IVY e e s e eeeeen
P

1.5 VUADUMITA UM oo

P v [
1.6 U5 TomNAIAIIOE  RTU oo

o 1A a J
1.7 mﬁ%ﬂgﬂmmwmuwuﬁ ..........................................................

o d a d‘d‘ Y
2 ﬂ‘%ﬂﬂmﬁmnﬁmmmmn YNINEIVDI

2.1 UTIHY oot e e e e s e e res e s e ereesensaeseen

v J a A A
2.2 SNAUITTUNTTY LAZUINNYIVD I

2.3 MIMUIUANUTENUMTIAATS 1vian

(Load Allocation Factor, LAF) .....ooeoeeeeeeeeeeeceeeeeeeeeeeee e
23.1 @rdumsmuIualszneunsingss Inaa

aoil Ildhdumadly Paew) uaz QMVvar)
232 @rdumsmuInalszneunsIngss Inaa

A0 WA UNIUTIU SCVAY o

€

=).

€

=).



1318y (A10)

¥
2.4 MIAUIUNT THAVBINTA I e 14
24.1 M3muIumM3 mamad a8 50 Y - IIWFU oo, 15
242 MIMUIUMT IHauBIRE I I e, 24
2.5 AVITIUAUALEN S oo 25
2.6 MIF15IVTLOL IAAAIIATITNUL oo 30
2.6.1 NITVIMMITANTINTLIL INAAIANMRG ..o 30
262 UszAnueansdITI9eYATZOE 1D oo 31
2.7 MTHEHELUANINAIATITIM e 33
2.8 MIATUIUAT Optimum index FACLOr COIF) ....oooroioooeoeeoeee oo seseeeeen 35
2.9 AT U TEIANTOY i oo 38
2.9.1 USLNNVDINITTWURVOUR .....ooces ot 39
2.9.2 MITWUNVOYARIIID ISODATA.........oovoeoooveeesssersssenssssssssensssssnsseees 39
2.10 ﬂﬁﬁwuam@ﬂﬁuﬁmﬁammzmaﬂmﬁummgﬂé’m
DI T OO e 42
2.10.1 MsmsaunguilFlunsUssiudes 1 HMINE et e 43
2.10.2 MIAIUIUADIUGNRD coveerrevoveeesssnssserssssssssseesssssssssses s 45
28 U £ 45
mInaaaums Inavesmad inihlaellsunsu MATLAB
uazldsunsu PSS/ ADEPT
B T oo n e 46
3.2 ANHUZUDITUTUNTU MATLAB oo seeeeeeeesese s ses s ses s sseseeseseaesesend 46
3.3 ANHUZUDILUTUNTU PSS/ ADEPT ..oeeeeeeeeeeeeseeeeeeeeseseeseeseesessesesseesseseeseseeeseeens 47

3.4 m3tszynd 19 11/sunsy MATLAB uazT1/sunsy PSS / ADEPT

TIITUTVHIVY oo s s s s s s s s e s s esees e s e s ses s sesses s ssaees 48



1318y (A10)

%
3.5 110819M551 115unsu MATLAB wag 15unsu PSS / ADEPT
VDITEUUNATOU 15 LW oot 49
3.5.1 @20019M1551 115Un50 MATLAB 49952 UUNATOU 15 U oo, 50
3.52 71081971554 1U511A50 PSS / ADEPT U095 UUNATOU 15 Vel e 52
3.6 myfSeuieunamsnaaaus avearae llih
TaaTUs5un53 MATLAB 60 TUSUNTY PSS / ADEPT .o, 55
3.6.1  TEUUNATOU LS LT Loovereoeoeieesteeeeeeeee e 57
3.6.2  TEUUNATOU 34 Ul ieoiiiirererreeiee e eseene 64
3.6.3  TEUUNATOU 69 U .o itteeeeeeseeee oo 71
3.6.4  TEUUNATOU 166 LT ......itreerrsseiereeiossesiseeeeeeeeeessssessssesssssessssssssssesesesesssees 78
BT TGU oot e e e 85
4 mﬁmﬂz‘fmmdmﬂmﬁﬂmﬁeﬁnmﬁuﬁﬁaglimml
A1 UMY oo oottt s e rees e 86
4.2 IATUUNTNONIATITYN oo e see s seee s e sese e 86
4.3 mﬁii’muﬂﬁyuﬁﬁag:mﬁ’ﬂ ........................................................................................... 92
4.4 ATIVADUADVMNRDY weovovoeereeeeseeesecsessseeesesesseees oo sssseees s 96
A5 BFTU e 101
5 msuanzrimmlszneumsdaassivan
5.1 UMUT oot 102
5.2 szuuneiad i 22 Alalaad aondl Infhuassdun 2 @eilou 10).............. 102
5.3 mamuamdlszneumstaass Inaavosms MA@ INA.cece 105
5.4 MIMUIUAIUTENOUNMTIATTT IHAAVDITUITY wereeeeeeeee e 107
541 wnaiuRReges (G 07N 0 T 107
B IR N TRITIEEL ST O VD R —— 107
543 UIUNaIMSou €7 T 107

544 vannavvoulag QN A 107



1318y (A10)

¥
5.4.5 ﬁaﬁw"tw%w(LAFbi) .................................................................................... 107
5.5 foyaifosduvosmsannadiizneunisiaass Inanveauiie.......... 108
551 m3nauaetoutagvdeuasnis naaail i 2 @etleu 10).......... 108
55.2 maumJ@mgﬂ’mfiLamﬁuﬁﬁﬁﬂmmmam%ﬂ .......................................... 111
553 mstuunszinnnsoudasilfuos
MIAUIUAAIYTENOUNITVATTT IHAR oo 112
554 msldvenwamssiolWihvosao 1Wis a6 3 et 113
5.6 TS URAIHARDAIIITENOURITTATTS THAR oo 114
5.6.1 miﬁmamﬂ'wﬁaﬂﬁzﬂ'emﬂﬁ{i’maﬂwamawumﬁ‘uﬁﬁagjmﬁ’ﬂ ................. 114
562 MIMUINAINIYTLNOUNITIAATT LHAAUDIIUINYTLHINT ceverenee, 123
563 MIMUIUAAITENOUNMITIAATT IHAAUDITIUIUNAIANIT O eeeeeee.n. 133
564 mImuiamalilszneumItaass lasvedvinannandomlaq............ 141
56.5 MImuImAaszneuMIIaass manveatam i o 142
5.7 HaUBSU ST UNe 1FA L IUAIAIUT LN UMTTAATT INAR e 144
5.8 HARAUAIAILTENOUMTIATTT INAAUDIITUITY oooreeeeeeeee e 146
5.9 BT oo 148
msamams imavesmadlvhlnal¥wamasmaidseneumsdnasslvan
6.1 TN oot 149
6.2 AIUTENDUMITIATTT LA oo sese s sese s 149
6.3 maudilaymienyd lumduTasldlassutngusasAanatedan . ... 150
6.4 mafummanfugaiinlfeulamuna
TassmssummaeudeyailseasguunSUUANSANDT MY e 157

6.5 wamsnadeuns maveamas lWihvesms lWihaiuging

LR UDGITH IV 1o s e e s sees s esessees s s ssseeseessessess s eseessees s seeees 167



1318y (A10)

Y
an!
6.5.1 nlmasznoumsiadss lvaan lasumsil5uilge (ILAF)
9 v ]
YpINd 5 193815 ugunumalsugan/asuu)asniuman
(K Ky Ky Ky Kg) fatthecsessoesesosseesesesossesesessesesessesesesesse 170
6.5.2 maslvihesaazias il Buenividszsudoummon
NOHNIAN UAZUYUIU 2553 oovovoiveeevrrrneeeeeeissseesesssssssssseesssssssssseseenees 172
6.5.3 nslawssauveIns lihaaugiinie Jaaluldh
HazUIT0152TUAD WY WU WO HNAY LAZTYUIOU 2553 ..cvvvrrrrrr 197
6.54 nywliaalvlies waemas Wil uenfinnSeuien
Younazpoumiae s wee e lWil Sueniiv
YOIM T INTMUGTN I et eessneeeeeees 200
9 a A Y v
6.6 VowruplzMINIIIH RN IFAIATzNoY
% = 1A
MITATTT THAANEIAURGD. ... oo oo 206
6.7 TTU oot s 207
7 ajdwamsideuazderauens
71 ATURANITIY oo 208
7.2 FOUTUBUUE oo 210
FUIMITONIB oo sssss s 211
AANLIN
MARUIN N, TEUUNMATOU coooeeeeeoiiseieeeeesesseeeseeeeee s sssssssssssssssssssssseeeese s 215
2 dy Y Aq Y ° @
MANLIN U, Twazoadiosdunlglumsmumilaie
NAWAADAIAIUTLNOUNITIATTT LMD oo 242
Y Y o d’l AA @
MANLIN A, VOYAANAADUANNYNABIVINITWUNTENNUNNOYORY ............ 263
MANUIN Q. M1 TUTUNTU ERDAS IMAGINC.r.vvvvrerevvveeeesssnosseeessssssseesssssnssseessne 272
9
MANUIN B, NITTH TUTUNTU ALCMAEP oo 288
MANUIN B, M IFTUTUATU PSS / ADEPT oo 308
a Ay Yo A A 4 1 v =i
MANUIN ¥, UNANUNIIFINSN IATUMIANUHRNINT TUTER AN e 321
UTZTARITOU <oovveeeseoesseeeesessseees s sssssss s 358



AN

2.1

2.2

2.3

2.4

2.5

2.6

2.7

2.8

4.1
4.2

4.3

4.4
45

5.1

52
53

MIVYMNIN

4
n ¥
9 a o 9 o 1

VOYAVDINAANTDUY AITUTEUUTIAUIY ooossssssssssssssssssssssssssnnne 12
Tranuearoulaan Tuaa1a ) YDINTOUUA 12 A oo 13
Tranuearouaan TuAa1a ) YBINTBUUAT 4 A oo 14
[ 9 4 1 A .
fnen1nms 1 5se losiveay19nause Ul Multispectral Scanner

FAIAZLDUANTN 8O LUAT ..ot sesresseeeeesse eeeeeeseeeeeeeeeeeeeseeeesessseseseseeesees e eeesseeesesseeseeees 25
[ 9 4 1 d’ .
fnen1nms 91se losiuedv19naU 52 UD Thematic Mapper (TM)

FAIALDUAN TN 30 LUAT oo e eee et eeeeeeeeeeeeeeeseeeseeeesseesseeeeeseseeeesseeeees 26

LR e UIATFIUY 038N 1N 891NN ANYY Landsat - T™M

U VP 2583ttt nssssseessesssessib e e 36
e dusAnTandniussenauuuddeyanwdionna uiion
Landsat - TM U HFL 2543 .ccortrooiieeeretee oot eesssssesssssssssssssssssssssssssssssssse e 36

UEAAIHANTIAILIN Optimum Index Factor 4930101891011 oW

LandSAt = TM U TP 2543 oo e 37
] H v I'4
ﬂ%‘ﬁﬁl\‘ll‘ﬂuu"lﬁ3ﬁ?‘L!GISJJ@33!'ﬁﬂTW‘E\"IEJﬁnﬂﬂTJL“ﬁEﬁJLLﬁumL“IM S s 88

1w a £ v o 1 J 1
ﬂ?ﬁuﬂﬁzﬁ‘ﬂ‘ﬁﬁﬂﬁiJWlJ'ﬁﬁ%ﬂ')"l\‘]llﬂuﬂ‘ﬁ}ﬂigﬁﬂ"IWﬂWEm'lﬂ

AVURIUUAURLIYR 5. 89
FasWALDeNUUIAI IR AT Blvesmduls T AN

ANTURUTVDIMITANYTOYANINAIUTAON 3 U ..o 89
LARINAR Optimum Index Factor (OIF) .......ccccvrveiriererieieinieisieesseesseesseessesessesessesessesens 91

dy A 1 J 3 J 9 ! sy ¥ o
ynaiunuazawleddudvesdoyailszinnaia q flaanmsswun
Usznndoyauuy limnugualag3t ISODATA T1UIU 7 AQN oo 95

a o 9) 9
vannavvoulasazninaaynioilas

U5UAT TN 2 (@10T0U 10) wooooieeee 110
Y ' 'Y

wWunnyihuae q Aaseguinaumsoe Tivesanii i 2 @etlow 10) .............. 111
Y1190 W5 I N00NIINTOUURL oo 114



M3UUMIN (A0)

~ v
M319N Hin
dy A [l Y 9 Y
54 WunNogofavoanueulae 5 NIBMIAL oo 121
F v
55  WUNNIN INTNUDINTDUUAT S MIIOUURD oo 122
LY [ dy d‘d‘ 1 [ Y
56  adlsznounisdnass lvanvosiunnedodely 5 ouad 123
dy A A ] o Y Y
5.7 WuNNoYFavo I HoUad 5 NIDUUB. oo 128
9 I
58  WUNNIN NI U0INTDUUAL 5 MITOUUR oo 129
o d’ o dy d'zs' T q/ Y Y
59  wamlsgnnsnaaanniunnegeirsvesiiouas 5 vldonlag.............. 132
] 9 v
510 sudszmnnsndinaaniunmase i wesisonlas s nioutag.. 133
LY [ o Y
511 Ma21szneunsIaass maavueadiuIvdlszans 1y 5 UuouUad v e 133
° @ A A o dy A A ' @ 9 9
5.12 TWIURAAITOUNMILUIUINNUNN0IeIFBv0 10103 5 NIDUUBI e 139
] Y ]
513 SundImBG ounaaIniunmsoe ihvowmsieulas s udouad oo 140
514 Me1sznounIteass IManuee uInvadnlEouly 5 viloulaq o 140
5.15 WARAsAIAIUTZADUMTIATTI LHAA 5 VDD oo oo 148
1w = a v a R c{ Y
6.1 aausvesduuansanaInun 1y 1ulsunsy MATLAB
UDUADUUE VI oo e 161
1w = a @ AR A Y
6.2  mausvesduuanoanainunlylullsunsy MATLAB
UDUADUNEHITAL oo eeeeeeeeeseeseeeeeeeeeessees e seeeeeessesessseeseessseeesseseeasseseseesseeeees 161
1w = a @ AR A Y
6.3  aausvesduuanoanainunlylullsunsy MATLAB
UDUADUTGUIIU c..ovvvoveeeeeeeeeeeesesssssssssssssssssssssseeees s ssssssssssssssssssssssssesee s 163
a d1 oW [ d‘ d‘
6.4  HAMIAATIZHAAI UGN AEUUUAINMINT (oo 163
6.5  a3namadInihesaazaided il s uennuli sz s udoumsiou
WOHNIAY LAZUGUIIU 2553 ooooooeeeeeeerrssseeeseeeeeeeeseesssssssssss s sssssssssssssssss s 164
6.6 aINAANUAMANAUYBIMNAL INTTaazaImaa WS ueniiv
Y3z TUADUNBIOU WOHNAN HAZUYUIIU 2553 oo 164
6.7 manlsznoumstadss Inaaniimsdsuljalsezdudoummou
WOHNIAN HAZUQUIIU 2553 1oovvvvvvvvevesssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssns 166
6.8  M3le Infmasvosaoil lWihdumauaznsle luihese @aa lniin)

U5z TUADULHIOU WOHNIAY HAZTYUIIU 2553 .evvvvvereeeereessreersss s 168



MUY (719)

4' v
AN Hu

6.9

6.10

6.11

6.12

6.13

6.14

n.1
.2
n.3
.4
.5
.6
.7
n.8
9.1
9.2
9.3
.4
9.5
9.6

9.7

1 o w o w 9 a o A

NATINVDINAAIIMaIa03uInad W9 a5z s udoummieu

WOHNIAN UAZUYUIIU 2553 oo eeesssssssss e sssssss s seesssssssens 172

WA INYBINAAIIN AT 9U0IM A TN T ueniuiszsudpummIgy

WOHNAN LALUYUIIU 2553 oiooiooovooisecoooseessees oo sssssssssssss s 172
1 o w o o Y o A

HAIWUBINAAIMAsTeIueatad Wihisnglsgdudeoummion

WOHNIAN LOLUYUIIU 2553 it ooevvsviee e ssssssssssssssssssss s 173
T Y v

Mmanuamamaeuna 3 weunlim K, K, K, K, K,

UDUADUINE VI 2553 oot oo eeeee e e 206
T Y ]

Manuamamaound 3 weunlim K, K, K, K, K,

VDUADUNGHNTAL 2553 oo oeeurrniereoseoeeosiosseenioriseeesosrttbteeeeeeesseessseeeessssseeesseeeessssesesseeseee 206

] 9 v
ManuAAIAnAsUNAG 3 weunlym K K, K, K, K,

YOUADUTUIIU 2553 1o oere oo e s oooscosseseeeeeeeeesoeeessssssssssssssssssssssssseeeeeeeessseses 206
FOYDTAVDITEUUNATOT 15 U6 oot stionesssoessssssssessssssns s 216
FOYAANITIVOITZUUNATOT 15 T oo 217
VOYAUAVOITZVUNATOT 38 oo 218
FOYAAWAIUBITZUUNATOU 34 AT oo 220
FOYATAVOITEUUNATOU 69 T .rrroveoeeereooeeeresseoseeessssessseeesessesseeee s 222
FOYAAWAIUDITZUUNATOU 69 T oo ssses e 224
FOYAUAVOITZVUNATOT 166 T -...eerreeeeeeereeersonenssseessseens e 229
FOYAAWAIUDITZUUNATOU 166 T oo 235
Yoyandouasvesaolou 10 aord i 2 S TAUATIIIEN oo 243
Foyandoutlaslihvesastlon 10 ao1iiTnldh 2 S dauas v N e 246
%’@y’aﬁwﬁaﬂizﬂaumﬁﬁ‘i’ﬂﬁiﬂwaﬂﬁumﬁuﬁﬁaémﬁﬂ ................................................. 247
FoyamA5zNeUMITAATT IHAAUDITIUIUUTZTING oo 250
FoyamAI5zNeUMIIATT IHAAUDITILIUNAIAUTOU w.oveeeeeeeeereersn 253
FoyamA)szNeUMIIATS IHAAUDINAANTOUUAT oo 256

Foyama)sznounsIndss Iaaueatam I ... 259



2]

MUY (719)
ﬂ151\1‘ﬁ

v.8  Poyammas lWfe5e sas il Bueniivl used waza1 Power Factor

9 v
Al ANAFOUANUYNABIVDINTTIUNUTZANNUNNOYOITY oo 264



€an
=
=D.

1.1
1.2

2.1
2.2
23
24
2.5
2.6
2.7
2.8
2.9
2.10

2.11
2.12
2.13
2.14
2.15

2.16

3.1

ieusal
a3
U
4

Hin
AU I AUDIA Y I e oo 1
mImuIums Imavesmas Wi Iagsuaaanms 14 1w
VDI T N NI oo 2
TS I AVDIINE TN oo 11
TVIIOU 22 KV oo oo oo e oo 12
T AAUDINIT DU 22 KV oo 13
Heluszun i Iaefims ossuiia Wi Tnaa dloduFouAeogAUTTON oo 15
UAUNIWATAUIAUNT Tanad N8BT = TV oo, 23
RS T L R Le A s KN S LKL G 1 e 24

LV Y d' dy 1 1 4'
AUTVURA IUMITALTTOUAAUDINNY TANUDIUAAZTIIAAU ..vvvovveeeeeeeeeeeresersersssesssssrsnnnnnns 28
4 o ) =
VLIANTNUDIATANYBLAUAUYA 5 (VIYTY UDLTINT, 2553) oo 29
4 1 4
Part 118 Row N1A50UAqU152inal 1noyeenIne1oa 1 uNouiauaiya 5 ... 30
nszUIUMIdITdeyaizes Ina
(AN IUAUENTTUATTIDIUHIE NN, 2534) oveeeoeeeoeeeeeeee oo s 31
v R 9
ATEUIUMITTUTNITOU oo 32
BIIAAUATY ©) ereeeeereeeeeeeeeeeeseeeeseeseee e eeeeeseseeseseeeeseeeeesseeeeessesesesesesesseseeeeeseeeessseeeeseeeseeees 33
[ 9 drg 1 o a 31: =
anyazmMIad 19 FvuL 1l TaemMInauA LUBUaNT 3 AUTZUVURGB e 34
4 1
TNV UAUDIATNDVIATITIEL e s s 34
@ 1 o a o 4 aAav A é 1 4
aregumsmruaiinaveusaanwluifSglssd ¥9g91na1 DN voswad
H ] L~ [ [ o 1 a [ o [
nldnnueaznuuailuvdan dunainmssmuanguidnaanagdmsy
' R a2 3 A A
uaazwaa G luntzueneemiii 3 3uuuy Av Ao (Urban)
v ¥ . 1 J

13191 (River) 1az11'13] (Forest) (N3INA NAVUUR, 2550) . mvveeeeeeeeeeeeeeeeeeeeeeeeoeeeeeon 38
HIM 39191190975 Isodata TuszuUMITMUNTOYAUUVBATE
(Japan Association on Remote Sensing, 1993)......cccvveieirininiereeenesesesiereeeeeeessessesseseens 41
FEUUNATOU 15 U ererreeeeeeeeeeeeeeee e eee e seesessesee s sesseses s s sessesessessessesessessessesassessessesessessenes 49



€an
=
=D.

3.2

33

34

3.5

3.6

3.7

3.8

3.9

3.10
3.11
3.12
3.13
3.14
3.15
3.16
3.17
3.18
3.19
3.20
3.21
3.22
3.23
3.24
3.25
3.26
3.27
3.28

U Y
CRENLTINGE)
U
£

#in
ANTA IR VIVDITETL oot osseeeeeeeeesssssssseee e 52
ANTATIEVTIVOTTZUY oo esseeeee e ssesssseeeee e 53
ATAT I THAAUDTTEUIU 1ot eeseseeeee e smsseseee e 54
FEUUNAAOD 15 WANTUUTOL oot 55
FEUUNMATOU 15 VT oottt sss st sss s 57
390U TN AT A VDT UUNATOU 15 i 58
yulaue s aau T MTAVOITSUUNATDU 15 T8 oo 59
o w = 1 o w 9 a o
masugade lumedwesiaa W95 ez UNATOU 15 U wovveereeceeeoeen 60
MasnugyasluaudweeMasTen NV ITZUUNATOU 15 T oo 61
anuamamdouuesyiaussau I ihuazaumlavonsaqu i 62
AUADAAADUYDINIATNTUTRIF AT tiieeeee e 63
TEUUNATOU 34 ATE ... ieees e seess et csest st ban st sessins oo 64
09U T T AUOGEDUNATOU 34 1T ool 65
Yl aueans 0y T T aUo TS UUNATOU 34 AT ooooeeeeeeeeee 66
o w = ' o w 9| a2 o
masugadelumedave g W95 weszUNATOU 34 U .ovveeeoee 67
o w = ' o w Y A = o
masnugadelumedsveshas Wil uon Anvos s UUNATOU 34 oo 68
anuamamndouyssvnausau lnihuazamlavoasaqu il 69
ANUAAIANADUYDIMNAINUGUTITUT VAL oo 70
TEUUNATOU 69 UTE ovvrveeerrneeeesseeeeessesesesssseessssss st sss st ssssss s 71
0590 TN AT A VDT UUNATOU 69 U oo 72
Y avo s I NTaUo Tz UUNATOU 69 T oo 73
o w = U o w Y a [}
masnugadelumedawesmad W95 weszUUNATOU 69 8 ..vvvereev 74
o w = 1 o w Y A = @
masnugadlumedwesiias Wil 5 uen INYos L UUNATOU 69 ....ovvveeeen 75
anuamamndouussvinausau lnihuazayumlavoasaqu il 76
ANUAAIANADUYDIMAINUGUTITUT VAL oo 77
FEUUNATOU 166 1T eevevrrrrrrerererrrereeeessssssssssss s sesssssssssssssss s sessssssssssssss s 78
059U TN AVOITZUUNATOU 166 8 oo 79



€an
=
=D.

3.29
3.30
3.31
3.32
3.33
4.1
42
43
44
45
4.6
4.7

4.8
5.1
52
53
54
5.5
5.6
5.7
5.8
5.9

5.10
5.11

W 1
a3l (a9)
U
4

¥
Yo s u I NTaUoTZ BUNATOU 166 A ... 80
o w =~ 1 o w 9| a [
masnugadeludedavesmdd 195 WeszUNATOU 166 U ..orveecve 81
o w = U o o Yy = = o
masnugadelumodseshias Ml uen Vo2 UUNATOU 166 178 ....ovvvoceven 82
anuamanasuvosuanssan ez A avo s u Wi o 83
ANUAAIAAADUYDIMAINUGUTYTUTVITL oo 84

v o a [ [
ANEBAARGULAUALEA 5 ATOLAGUDINIUIIATAUATI VTN oo 87
1 = o a dy d'd'& 4
AN INEULAUALFALT DU NUNNANBIUDINTHANUUUA 1 =4 = 5o 92
msswunilszmnndoyanuylimnvgua 1ao35 ISODATA T1UI 50 NGN coovvevvvveeeee 93
msswundszndoyanuuluminugualagds ISODATA 1M 7 AQU..covrreeeeens 94
dy d‘d‘ [} 1Y a dy d’a‘ﬁ
WUNNOGOITOUT IUNUNTIDBY..o- et 95
FOYAYANATOV 200 JAUL GOOZIE FATh ..ot 98
9 dy A ] o Ay Y o 9
YoyaganadeuuiuNNedeIdsn laanmssuniszinndoya
v an
ADYTD ISODATA 200 D0 ..ottt eeeeee e 99
ANATOUADINYNADIVDIVOYAMTTUUNTTIUAUIGAY 26 oo 100
1 o w a 4
szuvReiaa i 22 AlaTrad vosaoid M UATINFEN 2o 103
1 o w a 4
szuuen1a i 22 ATaliad wesamil lihuassydin 2 (@edlou 10).. ... 104
AT I AUDIINE TN e 106
msNnumetlounazvoulasvesansl i 2 @1elon 10) . 109
Y
youwanyihuategusnumsne Ilvesaadlnih 2 @eflow 10 111
X a4 . .
WURTOYONTY .o 115
9 [
AIIINUNNOYDNTIUT IUBOYA IO, ... 119
DI I TEHNNT oo s s s s e s s s ee s 124
o Y o A
Aredrsiiunnegedonazlszansusnm
Y a (% = S

WIWHINAUNATUTATYTUTT VTZY Toorrrooeeeeeeeeeeesesseese e 127
o v A Y
TR TRy Fa B L3 RIC R0 LT G 157 NSO 135

(2 1 dy d‘d‘ ' [ v A a
AIDYNWUNNOYDIAYLUAZTAIAUIDUUITLIU

9 a (Y = a
HHINMINGIAENA TUTATGITUTT UTZG Lo 138



€an
=
=D.

5.12

6.1

6.2

6.3

6.4

6.5

6.6

6.7

6.8

6.9

6.10

6.11

6.12

6.13

a3tz (s10)

a0
Foyad M5 UMIMUIUMAITZNBUNITIATTT THAR ..o 147
Pareto Optimum SOTULIONS .......c.iriruirteieirinertetetet ettt ettt re e ee e 152
RIS AU U ARSI AN oo 162
mdsznounssaass Inaait ld5unsdsl e s dos
Ysuguiumdlfugaiin/feunlamiuna1lse SURoumbIeu 2553 . 169
mdlszneumssaass Inaanldsumalivyzevenia 5 Jade
Ysuguiumdlsugaifasunlasmiunailsesudounguniay 2553 ............ 170
mdlszneumssaass Inaai ldumsdivlgevenia 5 Tade
Ysuguiumdlfugaiinleuulasmmmanlse S uRouiguisy 2553 .. 171
mas IvdhesaSeuhounis laihdaugiinig
AU ITYUTETUADUIE U 25531110 173
maa lifhesaSeuieuns Whdaamguna
1Az AR INUTETURDUINEIGU 2553 .t 174
mas lWfheswSeuionauitenay
TaA TN TZTUROUUBIGU 2553 ..oooroeeeeseee e 175
mas lfheswSeuioums Wdhdiugininauide
1Az A IS ZTUROUINBIGU 2553 ...oooooroeee s 176
mas lflFuenfinnFouieums Ithaugiing
HAZAUITIUTZTUADULIHIIU 2553 .cccvvvveeroeeeeeeenees s 177
mas lflFuenfinnFoufeums Ithaugiing
1Az A IS ZTURDUINBIGU 2553 ...oooooroeeeessese s 178
mas lflsuenfivnFoueuanuive
ez Tan IUTETURDUMBIOU 2553 ...oovvoeeeeeeeeeeees s 179

mas lflEuenfinnSondeums IWihdugiinnanuise

UAZTAA TN TETUABUIUHNIU 2553 oo 180



€an
=
=D.

6.14

6.15

6.16

6.17

6.18

6.19

6.20

6.21

6.22

6.23

6.24
6.25

6.26

6.27

a3tz (s10)

a0
maa lufhesaSeuiionms IWdhdauging
NUITOUTZTURDUNGHN AL 2553 ot 181
maa lufheswSeuioums Wdhamging daald
UTETUADUNWGHATAL 2553 .ot eseeeeseeseeeeseeeeessseeesseeeeen 182
maa s aSeuionanise daald
UTETUADUNWGHATAL 2553 .ot sttt eeeeeeeeeeeeeeeeeeeeseeeesesseeeeseseeessssesesseeeeen 183
maa lifheswSeuiioums Iidhdiuging auide
Uz DR IHUTETURDUNWGHATAU 2553 ..o 184
mas lflFuenfinnFouneums lthaugiinig
UAZIUIVOUTETUADUNGHNNAU 2553 oeeeiee e sossietioeeeeseeeeeeeeeeeeesseeeeeseeeeesesseeeesseeenes 185
mas lilFueninnewdeums Inthaiugina
1Az Dan IHUTETURDUNWGHANAU 2553 ..ceeeoeeeieeeeeeeeeeeee e eeeeeeeeeeeesseseseseee 186
mas lflFuenfinnfonifieuniuisonny
DR I T U DU N HA AL 2553 .o 187
mas il GuenfinnSeuifeuns lwihaiugiinig
U390 1z Tan THUTETURDUNGHAIAL 2553 oooooooeeeeee e 188
malwdhesaSeuienms dhaiuginig
UIVIYTZTUAOUTQUIIU 2553 .oovoooveeeeeeeeeeeeeeeeeeeeeesssosessssssseseeeeeee s 189
malWdhesaSeuienms Wdhaiugiinig
oA INUTETUADUTQUIIU 2553 ....crvoeeeeeeeeeeeeeeeeeeeeeeeeeeseeeeeessoossssssssseeeeeeee s 190
mas IvldheswSeuiennuise dam IWdseSuAouiguIon 2553. ... 191
mad lifhesaSeuionms Wdhaiuging amide
Uz TaM I UTETURADUNGHATAL 2553 ..eioeeeeeeeeeeeeeeeeereeeeeeeeeeeeesseseeeeseeesesseeeeseeeeees 192
maa lflsuenfinnSeuieuns Iihaugiing
BOZUITOUTZTUADUTGUIIU 2553 ...oovooeveeeeeeeeeeeeeeeeeeeeeeeessesossosssennseeneeee s 193

mas lilFuenfinnFoufeums Iihaugiing

ez IWUTESUROUTQUIGU 2553 ..ovveeeeeeeeeereeeeeeeeeseeeee e 194



€an
=
=D.

6.28

6.29

6.30

6.31

6.32

6.33
6.34
6.35
6.36
6.37
6.38
.1
.2
n.3
n.4
41
3.2
.3
.4
.5

3.6

a3tz (s10)

i
mae il ueniviSeuifeuanuise
ez Tam INUTETUAOUTGUIIU 2553 ...ovooooeeeeeeeeeeeeeeeeeeessssseseeeeeeeenee s 195
mad lflFuenfinnSouieums ihaugiing
U390 1Az Tan IWUTETUADUNGHAIAU 2553 oo 196
ussen Tdhveams Trldhdaugiinia daar lih
RZTHITUU TETURADUIENIU 2553 oeceeitioterreeeeeeeeeeeeeeeeseeeessssssssssssessessssssssseeesssessssssee 197
useau lihwesnis Trldhaaugiinig Jaaluih
UAZ AU IVOUTETUADUIIBAIU 2553 cteeeoieetee oo seesseeennn 198
usaau lwihwesnis Tuldhaaugiinin dam i
UAZIIUIVOUTETUADUIUHIIU 2553 ..eeeeeies oo soss et eeeeeeeeeeeeesseeees s ssseeseseeeenen 199
189 1195 90095 T A TTAIN .o 200
e Wil B uenfinlve s T EIURINIA e 201
AR TN T AUDTITHTTY 1ooooeeeeeeeeeeeeeeeeseetstbaceeeeeseeeessessssssseseessesseseessesesessesee 202
AR U T DA T U I T o eeeeeeesseeseeessssssssssssaassssssssssssssssssees 203
RGN e R NS TEo T N K K1 SO 204
A U AT L ARIUBITARTIHTNY o eeeeeeeeeeessessssssesesseseessssssssssses 205
FEULNATOU 15 T oo ese oo s s eee s sseene 216
FEULNATOU 34 T oo es s eee e sseene 218
FEULNATOU 69 T oo seese s es s s seee e 221
FEUUNATOU 166 L +.oeooveeeeeeeeeeeeeeeeeseeeeeee oo ess s ese s 228
U3 048700 TUSUN T ERDAS IMAGINE 9.1 oo 274
LOUHTNANMILAAINAUDS11/510T1 ERDAS IMAGINE 9.1 .....ooooeeeeeeeeeeeeeeeeeoeeeeeenne 274
MSLAAIT DY AMWUUMIIAAAIHAYDI 1151n50 ERDAS IMAGINE O.1.......ccoce.. 275
upninieaileR1Flumsnanuuusues 115151 ERDAS IMAGINE O.1 oo 276
nihaauaasraiidadoyaus anosiasdoyanae FOUTURU o 277
msidennieailonazniaie AOI ¥ea11/51n51 ERDAS IMAGINE O.1............. 278



€an
=
=D.

3.7
1.8
.9
3.10
311
312
3.13
.14
315
3.16
3.17
9.1
2.2
2.3
24
2.5
2.6
0.7
2.8
2.9
2.10
2.11
2.12

.13

.14

a3tz (s10)

nin
M99 Select Layer TO Add.. ..ottt s 279
M111¢14 Data Preparation LRAZHUIAT SUDSEL oo eeeeeeeseseeeeeseseeessssesssssseessseee 280
Wﬁﬁ@h\‘] Choose AOI LUV Viewer BaZ AOI File AMUAIAL w.ovvreereeeeeereeeeeereeeeers serrevenenne 281
111914 Classification az¥1111619 Unsupervised Classification ISODATA)................ 282
NﬁﬁWﬁ%?ﬂﬂ?iﬁTLlUﬂﬁjﬁﬂa% ISODATA ..ottt rre e eaees senreeeenns 282
M1 Image Interprete LAZHUNA GIS ANALYSIS ceeeiieiieiieeee et e 283
WA Recode LAZNUIATE Thematic RECOE. .................oooveeeeeeereeeeesessssssssssss seesessss 284
maieufeunanisieusialumiiin1g Thematic Recode e o 284
ﬁ%mﬂﬂlﬂé@ﬂﬁ@ Utility 108 LayerInfo ..ottt ceeiveeeea 285
11819 Imagelnfo WAZA ML AR IZUUTTAQREN AATVOITOY oo e 286
M99 Utilities 11a2%111019 Layer Selection and StACKINE ........evvveveeerrreeereeeee ceereeveens 287
AAHUSHTIIA1IUD TUTUNTH ATCMEAD 1r-evve s eemsreseeeeeiteseeeeeeseseeesssesesssssseesseees seeseesenes 290
LIRS DSOS ) YDITUTUNTU ATCMAP oot b e 291
NIA19 Add data YD TUTUATH ATCMAD woovoeoereeeeeeeeeeeeeeeeeeeeseeesessseseeseeesessesssseees eeeesesseens 292
RVRTSRR Layer Properties voaldsunsu ATCMAD ..ttt ceeeeeens 293
MR ArcCatalog Y TUTUNTH ALCMAP w.oovrrrereeeeeeeeeeeeeeeeeeeessssssseeeesesesssseees seeeseeseees 294
W99 Create New Shapefile HagnINaa Spatial Reference Properties ........... cooeuneene. 294
M11619 Browse for Coordinate SYSERIM.cuvteuteieeteeteie sttt ettt e tesbeeaeeneas 295
Browse fOr Datasel.......cceeeruerierienirinienieriereeieeee sttt ettt see ettt ebeneeneeneene 296
Lﬂ%”e‘lﬂﬁ@ Conversion Tools 11 ArcToolbox LazH1i1A14 Raster to Polygon.... .cccceuuee.e. 296
?ﬁf’% 4 Buffer 1u Proximity U8 ArcToolbox LALHENATINT BUFfer oo oo 297
ﬁﬁ'f 3 Intersect 11 Overlay U949 ArcToolbox HAZHEIAIINT INLErSECct voveernmmmn s 298
ﬁﬁ'f 3 Union 11 Overlay U84 ArcToolbox LASHEIAINT URION oo e 299
msnBouioudeyadsduuaznadnivesiida Buffer Intersect
AL UNION AVUEIAU covvvvoeeveeoeseesesesssesessssesssssessssssessssssesssssssssssssesesssessssssnns sesssssnsesens 299

M35 euioudoyanouuaznaInNIs TaTNOTO oo s 300



€an
=
=D.

.15
2.16
0.17
0.18
2.19
2.20
921
n.1
n.2
n.3
n.4
n.5
.6
n.7
0.8
n.9

.10

n.12
n.13
n.14
n.15

.16

a3tz (s10)

1
115 TETNOFOUALITINI LaYEr PROPEICS oo oo 301
ﬁmﬁﬂyﬂf%yjmmzcﬁm Option Tunithana Symbol Selector......cevierierrierciins e 302
in3aile Editor tazmaitlaniiia 1901919801 ad UL (ALTDULE)..orororrore oo 302
A20019NUINIANAITVOYATAH DY (AUDULE) ...vveeeeeoeeeeeeeeee e e 303
SUADUMS LA (Add Field) LAZHTIAG Add Field.orrooooo oo 304
ﬂﬁlﬁ’ﬂ]ﬂlﬂé@ﬁ‘ﬁ@ Calculate Geometry HAEHIIA1 Calculate Geometry ......ce. ceevvernennne 304
MauaaInateyalug UL BINAOSUALUTHADT oo e 307
AAHAUEHINA1IVDI TUTUATU PSS £ ADEPT 5.0u1 . eeeeoeeeeeeeooeeeeeessesseseeeeesseseees seeeeeesesseees 310
A 1UU5ENOUAIL ) VDI TUTUNTH PSS /L ADEPT 5.0 ..ooveooeeeeeeeeeeeeeeeeeeeeeees eeeeeeeseeeee 310
U3 D98I0V TUSIN 5 PSS JADERT 5.0 oo 311
o3 0eilons A s Tl a0 1151ATI PSS S ADEPT 5.0 oo e 311
1oDQUnFaIA19 G YBTUSHUATU PSS JADEPT 5.0 ..o oo 312
uatnieafionsz UMM IATEHIY VY0 T1I5UAFY PSS / ADEPT 5.0 s oo 312
DDA DITTOATI 7 YDITUTUNTY PSS 7 ADEPT 5.0 oo e 313
meﬂ%mﬁa%ga@in q waza31ansveallsunsy PSS/ ADEPT 5.0 ..., covveeeee. 313
MsRamaneg 1 UDITUTUNTY PSS / ADEPT 5.0 oo eveeeeeesee 314
mMsaaa Tuad1g 1 YD TUTUNTY PSS / ADEPT 5.0 oo eeeeeeee eeeeeeeeeee 315
MIAIANTZIVVDTUSUNTY PSS / ADEPT 5.0 e 316
MIUAAIToYATZVUNATOVVOI TUTUNTY PSS / ADEPT 5.0.ocrsseeeens v 317
MstSummaalnihesevesszuuTae1ysunsy PSS/ ADEPT 5.0 s oo, 318
mMstSummaa Il ueninvesszunTaeTUsunsy PSS / ADEPT 5.0 . e, 318
M3USuANTIAUV095 VD TR TUSUNTH PSS / ADEPT 5.0 ..o e 319

M3U5UAM 11aau0352 UL TAS TUTUATY PSS / ADEPT 5.0 wereeeeeeeeoeoeeeeeeeee oo, 320



Abs(r; )

Accuracy
b

C

DN

E

ETM
ILAF
ILAF,,

ILAF, aBc.) =

LAF
LAF,,

Mmesnedudnyaltazmde

1 v C4 1w a J v o d ' J
MY savoIMdussansandunusIzring 2 uuua
o 1 4

MINMIIANY 3 LDUA
' Yy da & 73 o
maNugnasInAaulesidud
° J
TUUUAYDYA

J 9y
AUINA19V0UDYA
Digital Number
AMANuANINAABUNIONTL 1A (allowable error)
Enhanced Thematic Mapper
mMslFvilgenanlszneumssaedss Ivian

o " v v A A4 0 o
msilsuilyamanlszasunisdaass Ivanvesiunnegelds
"o o K A4 4 o
MA3znoUNITIAAIT InanvesvIal N Noge1rY
' 9

Yo azrueLllag
msisulemaalsgneunistaass Tnaavesan luih
mslsutlgeadalsgnoumsdadss Inanvesdiuaunasnion
Malsulgsmanlseneumstadass Inaavoasiuauilszans
msdsulyammisznoumsdadss Inasvesvuannangdontlas
o (v A (A A A4 o
anlfuganulasuulasmunavesvinanuniedeidy
% % d’ d’ o
anlfuganulasuuilasmunaivesiiuivilszanng

U

(% [ A A [J @ A
alsuaunasundasmunaivesiiuiunainsou

U

[} [} d' d' a o 9
a1suaanulasuulasmunaivesvuannanieuilag

U

ffugaiinlfeunlasmunaweda i
w1iea Taveausaan Tuih

1A Taveemas lWihwadou

v Tavesmas lwihilsing

n1ea Taveamas Ifhuenivlvs omas Inihesa
AMAIUsENoUNSINESS Inan

melsznoumstaass lvanvosmad IniesenTua 2



LAF, ,
MSE
MSS
MVar

MW

OIF

PC

total

p-u.

Qua
Qo x
Qs
Qoaa

o a YRRV d o
MeBLadanyaazA LD (619)

mdtlszneunssanass TnanvedSuenfinfilua 2
Mean Squared Error

Multi-Spectral Scanner

nuomnzveamas vihilsing

niraunzveamad ihuenfivlvsemaa lnihes
ﬁi’wmumaﬁﬁy”wamcluﬂicjmnﬂvgmmuﬁ
Smuyafinasasaadmiulddhedatimuauunm
Optimum Index Factor

Mas lfenfinnsefaalnihes
snaugatoyaildifluganadeuasetudoyadieds

11 NINAY NI INIANTONITBOANIATUIN
maa lihueafivfsiuaa ) die &
faalnihes e Tvanditra
AMAUsEnouMa e Ivan

faelnihasanwaaanaseeiniia luihnda &

@aoniv

mmaa ihueniiiunassomae
sidelilfhesaiigacmundinsa &
sangadeyai 1 fifuiufinadon

amaa ihuenfilfunassovesmsnaaeou
per unit system

1-p

Maa 5 uenin

1wl s ueninnd v ldniia

Do

1wl S ueninn Traane &

Do

o w

Maa IS uennnnnannasosrdia T nie &

mmad il suennnnIvaa



Qos
Qref
Qunk
Quota

o a YRRV d o
MeBLadanyaazA LD (619)

[

1 o a A ~
Ammasnugudgsuenin

mma S ueninnuvasnemae
mas Il Fuenfinngadmuanaie &

1 @

mmae Inihsuennvlnuvasieveinsnaaow

mas Inlihilsng

o w

maslwihisagh Tnaanaid &

o w { a 4 o A Y| o
mas Inihilsingindasnnsossudia lWihinde £
oA o
ANTIUUUIINTFIMVBUUUAT k

amas ihlsingnnaes

Maugade
mas vihigriuaie

srda llfhasngiigasmun i k
Thematic Mapper

s lulih

wsas Tl

wsesa IldhiaTa &
VUIAUTIT LRI &
Wernoaiaua L3 ney

a A A 1 1 @ Y
Ll@ﬂilmmuclfﬁl%ﬂilﬁﬂigﬁ'J'N‘]Jﬁ kuagud i

[

a { { a L4 a 4
AVNTAUDIN &k YANN 7 YDAULDANALALTIIAS G

[ o .

YUUBATIAUN T

D.

o

YNVDULTIAUNTD &

mmmmmﬁauiumﬁﬁqﬂ

v
=

ANuAaIARAoUYIMad I uenin N &
aNuAaIARaoUYIMad IS uennvnTa &
AINsdagaITadoU (complex conjugate)

ANIATFIU (Z-score) NNADAVDININATOL



L1 anudmAyvesfyn

o @ I o 4 o
Tagtiuilszmalnedanudoaniandaau Il udiuuuin Wlosanmswemn

q

NEAUATHFAY F9AY LAYNTVIEA VIR a AT TuYeIlszna IneTidhsin e

~ ,3 =3 R A Y [ 9 A di@l 1 < a3 v o w A o Y a
Ngevunnean iinnudesnisnasnu lihngauedesaiaiuilwedingninlding

o v 1 Yy 9 a

msnanszuy ihiasedisaeiios wasaulwih Idindunumd g lumsduaiou

¢ v

9
mswaIveslszmanansdimasugnonagdean Idianugandimnsluninisadis
Y 33 @ [ o A A [ g‘l
anuazanaduielailundsnundanlunistumaowasesnslulssugaannssumng
< 1 A a ' o 3 A o I
Yua@an na uagyua vg) vl s lanndsau lih Idduasduiuvesdseme

a3

' U v o A o w a o w 4 1
Fadawalinaigduiludoanudidimsnansin Wil wweauesmennudosnsued 14 lnilh

ee

Y a o | 9 Y v Y Aa [ o ] A 1 Y
Ll'ﬁz%&’ﬁ@\‘lﬂﬂ"li%”IWNTEJLIWW”IE],Wﬂ‘U‘Villf]LL‘]JﬁQ‘VIGIﬂﬂﬁ@gﬂui%‘ﬂ‘ﬂ%"I‘Viu"lﬁlcluﬂil,")m@]"lﬂ 9 Gl‘l’i

ieanoApAUABINITVO IR 14 bl

Tagtiums llfhdanginiatafinsmuamms lnavessds lnih e ldnsums 19
TfhAutas sweadazndouas ilesnndagiums lfhdrugine liausansums 19
TW#e5 svesnaazndondaslddelinisnsiinisauininaidilszneunisindss Inaa

4 o <3| J @ Y a o @ {
(Load Allocation Factor, LAF) tieti lihiiluan/5ugaunvuinaninandeuias uaasaagali 1.1

A B
340 KVA ‘
)
LAF x 160 kVA LAF x 50 kVA LAF x 100 kVA
D
LAF x 30 kVA

U9 1.1 madurmms lnavesmas Tudh



T

T
&
0.529x 50 kVA = 26.45 kVAH
0.529 x 160 kVA = 84.64 kKVA e 0.529 x 100 kVA = 52.90 kVA
D e
g - Lous I

0.529 x 30 kKVA = 15.87 kVA

517 1.2 mamuaans Tvavesdd sl Taedmnaainnis 14 TWihaesaail I dunia

a

dionslilfhdangfiaianswmsd llflhvosant i lfhdunsassldngy
Ardszaeunssaass Tvaah lddludlfugasuvuaisanioutaseziinlingy
m3 19 i hwesndazndomlas nansdazlii 1.2 dagtiums lldhdauginnlfdszgndld
Tisunsu PSS / ADEPT tieselumsimnis lnavesiids lfhuazidlonsums 19
yoaaoil lihdumahams 14 ihesaoil ihdumandiunszuaumsidsoTvaa
(Scale load) wosTsunsuiarldnsiums 1 liihweusasnioutlas uaaadagilfi 1.2
1BUAY

MIMIHNTaAIaIlszneunsIaass Inaaveans i daugiininazwun
fimsiansanadlsznoumstaass Ivaammzuaiinavesvifouilastsorney Taidu 1y
aums 19 ihs anminvieemeiinnuamandeunmdly

dod1aur Jeyatian Infnlszsudeumbien 2510

1. vifoulasuina 30 kVA nunoiaw 34 - 006877 a1l 9214 AlasadaaTu

2. wifoutlasuing 100 kVA o 50 - 8210440 Al 2658 AladadsaTug

i 18 fineadefideyadan I liiflu lamvnaisavesnifentasernas
Y515 ms 19 Ay Wawamdiues s Suihlddedimsdunhisoiudy Tasluanisel

wiimsnnsanatemuan Taee199 i InsNNaMNLIAd oA 9 Naana lasnase



v 3 [

1 ) 9| a ] d’l d‘d‘ o % A a o
mamﬂ%‘lﬂﬂw 2INLFU NUIUNUNNDYDIAY NUINYTLVING IUIUKAIAUTOU VUIANNA

Y a U Y 1 Y d' a [ d‘ a A a
ﬂu@llﬂﬁ\‘lllﬁg‘ﬂﬁﬂ"l'11’\]‘1/\]']ﬂJ’E'NLLG]ﬁ%‘HﬂJ’f)LL‘iJﬁQV]Wﬁ]']ﬁﬂH aznilaveais ] NNITTUUNULAY

¥ A ! ! a A A X
Tue 1ns1ums 19 ihweasazudsuasnlndimesns 14 W93 anunnaauu

U

Jd
1.2 Jagdszasamside
d’ a 4 o A ] 1w [
1. wonazrtatendinadondllsznoumssnass lvian
2. iedszuiananIneea I eNYs A aIeilou 10 (NRB10) aanil i 2 danda
i 9 v
uAsTIBA e 1F i
§y - 4 o w a 1 o w a
3. W AnIims Inavessiae IS namesemde uih 22 kv usnaemeilou 10

aonil Il 2 Sandauasswdan

4. ednsizrimsdSusi Inanlaoldardilsenounissaasslnandfugu

vinannavsandauasmazaarlumentemas il 22 kv

v A g
1.3 VOANANUVIINY

[
IS

a d 1w o v 1 [l 1
1. Amsievmadsgasunmstaass vaauaziavoas o NdIwanon LAF

[ [

2. szyananmdiearufenusnaaeilou 10 ao1i i 2 Swmdauassisdan
' 2 '
iworn g 19 Wi
3. Aasizvins mavessas i Tasldnamasaidadsznoumssaass Ivaa

yoams3 Wlihaugiinauazvesnive

1.4 YaUIVAYDINISIVY
a d @ Iy 1] ] d' ] [} 1w
1. Wnnzvadllszneunistaass Ivaauazifateas o Naawaneaidilszneu
F v
m3taass Inamsu Wunns e Wi s1urundenGou suaudszying dam Iniluay
vinannanioutlas usnametlou 10 aonil Il 2 Sautauasswdin
v o @ a 4
2. UszunananINeIea NeN TN NEINITTITUFIALAUALEN 5 (LANDSAT 5)
] 9 v
vinmaetlon 10 an1ilTildh 2 S dauaswdun iefnunund 14 Wi
a 4 o w [ [
3. Ansgnm g Iaveenad Wil lasldwamasaididsznsunissaass vaa

vo3ms Wliharugiinauazvesnuive



1.5 VUNDUMIAUHUNIY

A o 4 o [ o o w
1. AududSirmiassanssunneItoanunIsaIu NN Imaveaniad luilnag
AIAUINAT LAF
1 o [ a 4 a
2. U5237aKHANIND 1A NNFITIINTNEINTTITUFIAUAUALLN 5 VDIUTII

] Y 1
moilou 10 twodnuHuNA 1S 1v#h

U

3. ApMsmuaMs laveamas i
4. d@nwmanlsznounistadss lnaavoans lihdauginiauazainis 14 Tuih
voaaotl lihduna
v Y v
5. Anwfadeeng o Naawadeadllszneunsvaass Inaau Wunns ey Wi
o [ A o a 1 9 a v Y d’ o
UIUNGINGT U 91wl Tzs1ns daar ldiuazvuiadinandoudas oAU

AA5znoUMIINATI 1HanUod LI

1 1 1 [

6. 1AAa1dszneumItadss IvanlSuauannauesrdonilasuazdiuin

)

M3 Inavesthas Iihwesniiveuaguosms lWihdiugiinia

L6  Uslasrinmanaglasy

1. fimslszgnd 1¥nmdeaaiisunnlszgad s luseuy il

v
S 1

2. 1&3smsdvamaidllszneumsiaass lnananiladenie o Naanane

Amalsznoumsvnass lviaa

3. lamidatlszneumssadass Inaani lUUsvamvuannandoutlasniasien

U

]
=

1 { o 1 I a A 3
namnIagevae 9 M lvnuamms 1y liihnladResnnuilues vy

Y 1 Y av ~ a A A
4, VlﬂlNﬂlLWﬁﬂ?']ﬁJg‘d']ﬂﬁ'}u’Jﬁ]Eﬂu‘ﬂ1.]53“1‘11]1/]']\33‘11'Iﬂ'131/ﬁ611J’J'liﬁ'l§il‘lﬂﬂ']ﬁ

Y a a J
1.7 msdaglmainentinus

a a 4 Y] dy 9 A v 1 dy
MNUNUTRUVHYTTAOUAE 7 UN 1AL 7 MARUIN umm"lﬂu

A < o 1 2 A o W [ J
Unn 1 lﬂuu%u']ﬂa']jﬂ\‘]ﬂu'] Llazﬂ’smmﬂiyﬂlmﬂiyﬁi quﬂ’izﬁﬁﬂﬂlmﬁu
9

¥ a o A g‘; P 1
%’amﬂauﬁmﬁu VBDULUANUDINTTIVY YUABUNITAUUUITU ﬁ?NﬂQﬂi%Tﬂ%HﬁﬂWﬂ’N%%q

208
Yo
A5
1NNUIY

~ v = a o Awv A A Y a 3
UNN 2 Na10edSNAISIUATIY HazIuIVeNNeIv09 05 U1en W un ey
o A Y o v aw A g‘z a o o w 9|
ﬂ?iWﬁNHTVI"lQU'ILﬁUE]ED"Iﬂuﬂ'JEDEWIWWHNT ﬁ’)ﬁJ‘I/N’[’]‘ﬁU']EJﬂ']ﬁﬂTN'Jﬂ!ﬂWiulﬂﬁﬂl’l’NﬂTﬁx‘l"l“l"lV‘h

f1lszneunsdaassIvan  szuudieiad i azeTuianeInuAIUYBIAIUNYY 131



o a o a 4 4 1
msd1savszez Inadreandioy szuuRnanegiimans manauuuuan N e ieuIaz

o 9
m3swuniszndoya

N 3 pandemsmuruns lvavesias W laeldsunsy ADEPT wag Tilsunsuy
MATLAB tilevhmsifSeuidiounanismuiums lnavesmias Wi wazaunsoagdlan
9 Y

Tdsunsune 2 Tdsunsuiianuisaldununulduduaanuazainlumsldanuvesuaay
NUIY

A o= a ¢ ' ~ A o = A A yq oy
NN 4 na1InInIsIasIzimnaea1 e A Inung 14 1 a1n

=

' J [ 1
amareaaionauanamn 5 laimssuunlszinndeyanung 1y lWfoenuiainilszinn
4 4 ] { { { o o av 2 1
doyadu o ldmuiung 14 Idhndanumazii 14 luauiteluduaeuse
~ 1 = o 1w Y 9 ' a
NN 5 nandamsmuanalszneunstadss lvaavesms Wdhdiuginiauas
a v g Y a = [} ai 1 1 LE-Y] [} =R Aax °
Y0430 1N IdeB et ilivendawanen1AalsznoumIIadss Inanswd s MU
1 [} 1 9 = LY [} a v %I, v
Milaveae 9 Ay Tagimsaginamasn1aiilsznounsiaass IMaavedulIeni 5 Jady
uni 6 nannszuunenias i 22 kv aoilvdhuasssdun 2 @ellou 10)
o T W o ~ ~ (Y] [ k4
Yypam a1l uganlasuuilasainmnavesmialssneunistaass Inaaaie

a c(d'

I Y [ 1w @
Fnsaummetyalszasgie lditumdalsuguuesaialszneunstadss Inanves

49

g’/ o o I Y1 oo @ A A ~ 1A A I @
04 5 Taouazih i lamaailszneunistaass Inaaimanz aungaiosnnfeunonniluay
H 9
Usuguuinadinanifeuilasnainfanseguumetlon 10 @a1ii i 2 dmdauassadun
9

viniu Idnandawanisnaaeumsliavesiias Tihvesms Iihaiugiinianazves
NUIY

unn 7 nandeundsl uazderausuugdmiunsmiaims 19 Wihhaunsowmun
' 4 a J
ao 1 1dTuemaaie1dinalss Tomigega

MAKUIN N, TZUUNATOY

= d’l 9y d‘ X o [ d'l v LY
ManuIn v, swazioalorun 1 lumsduutliwehdwanenidllsznon
MIvAATT 1van
9 Y o dy AA o

MANLIN A, YoyaganadoUANNADIeIM It IUnlszInnuNNogert

MANUIN 4. M3 1% 11/511053 ERDAS Imagine

MANUIN . M3 19 151NTU ArcMAP

9
MANLIN 8. M3l 11Isunsy PSS / ADEPT

a { @ a o 1 '
NMANUIN ¥. ‘]J‘Iﬂﬂ311]‘1/1']\1'J‘Iﬂﬂ'lii‘ﬁ]’lﬁ}ﬁﬂﬂ'ﬁaWﬂJWLNﬂLLWfﬂuigﬁ’J'Nﬁﬂ‘]el'l



UNN 2

U

o d a y A
P3N TIanITNIaz N ILNNY IV

21 unid
1w [ < A o o a J 1
Mdtlszneunistaass lvaatludsdiaglunisiingizins 1 IWdhvesuaas
niloutlasdugaz unaznaila o viaulauaazvioutlasiinig 14 lWihwsulataz s
1 3| a !
Yszina Inaams 1y Wi a na1la 4 ldsdelndifesnnuiluasanniga
dy téj 1 = ~ o d A A 9 Y4
ilovinluuniinane Ysviminssanisuuaznguinnedes TaolSvminssanssy
1 a % Aaw v aw 1 A o a Av o o 79 9
vweagllaedeNeInUaIuITeueindsoa1e g NauiuauItenenun1slszgna 1y
waTuTagnmaearuion lugumsswunilszinndoya ns lvavesmiaa Iudh msdum

adaa a o

o s @ a R v =< A A 9 a o dy 9 1
AnoulaedFaIuIuANO AN s Ny HAgNANINNEONINYIVDINUITUIVIYY ]’lﬂllﬂ

a

d1lsznoumstaass Inan nsaauan1s Ivavusaniad lnidae9

(2

- a %
FUAN - 5IEU NS
° Y = 4 1 = o 9 Y
d1529320z Inadtea1uien MInauunuan INAea1ey MIsmunilszinndeyaaie

7% ISODATA M3/119MA1 Optimum Index Factor (OTF) 11agM131/52101A10gnA09909013

2
deg

° ) ¥ 2 A v a D) & A ) A A Y o
uundoya natiive liinaaMud laiug RN uNguR NINeITeINDNUITBUNIHA
o d av d'd' Y
22 SHATssNIIN Az HIBNNY IV
A A v = o 9 ¥ !
INNITNUNIUITIUNTIY ATAUNANNEIT09 1ReInVMTUszygnaldninaiy
~ o 1 1] o ) [ 1 o w 9|
aruieulumsmiuiuaidldszneunisdaass Ivaad ususzuuaieenia bl
1 = A A Iq 9 4 '
22 kv nagmisilszurananinaigarnnounimsszgndaldauludiunig g aunsaayil
= [ ast ) a a v 1 d' Y 1 Y v d’l
NOBY Manms uazIEMIauiuuItea1e q Nl4 lavde laaail
o R o 4 o
mMitszgnaldaiaidsgnoumsiaass InamieirldnsuInaans 14 ndh
a1 duniaala o @7981991 914398999 Gamm, A.Z., and Golub,I. L (2005) ladnwn
o o o w 9| = o
HANTENUV0IA5ZNOUMIIAATT InanvoImnduguszuumad Wi Taelimsdiuim
a1lsznoumstaass Inanveams Inaveshas llihnnTnasuazhdsnugu@ovesaiods
Faumsnosamssaass lvaaluunas Tuann TManvowmaInsuazias eI LA UNAYD

1 a

nssaulaelilduseauudaaz Tuaaaas uazludagiuns Idfdaugiinialdd



7 Yas o [ [ @ 1 dy A [} °
mstlszgnaldIsmsmuiaaidilszneunisdadss Inaaasna1nil iesdelumsiiuim
M3 la Wi o dumidandeudashiaais q dems lfhdugiinmhainandoutasly
Muamailiznoumssadss Imaaiosed1aaen o1 linsu Trnaams 14 Infhaeauday

9 d’ 9) 9 a a v dyﬁ =\ o o 1w
nyouilasaaramaouainmsly 1959 I TNTHALINITAILINAIA 1T N1

o E4 1 9y A ' v Aa ' T o o
mIvaass Ivanvumn v Tagldmuluauyeafaseniinadeaidlsznoumssaass lvaa

! o

Y o
wu Suuiuifegerds S1uaurasnsou S1waulszying vuaina nifoudlas uay

[l Y
a1 aifadedns o) martiduuaiina lasassaens 19 lWihweaunazniloutlas 390y

o "o y 2o a 4 X
dmsmuamalsznoumstadss Inaalndifesnums 19 W3 wingsiu minmawa

=,

1 = Y ] ) 9 = I 1 ] o
aﬂanmllﬂumiwmmﬂizmumsmi’mizﬂz”lﬂaﬂaﬂﬂnmemmgﬂumumﬂiumimmm

De

i3

' [ v A o

A A =2 YR Awv A a o ] o
uﬂﬂ@g@Tﬁﬁl U UIDU Llﬁgﬂ']u?utﬂﬁgsﬁ']ﬂﬁ ﬁN"1@?’fﬂrﬂ'NTuﬁéﬂﬂmlﬂﬂjﬂ‘ﬂﬂ'ﬁiﬂfﬂigjﬂﬂfu

=%

d‘a =1 v 9 d o ] o
NAUIIMNATUNYUAN ) lLﬁ3ﬂﬁi‘]ﬂﬂﬁziﬂ‘vumﬂﬂﬁ’dﬁ’mi5Elgulﬂﬁslf’c’lﬂcluﬂﬁﬁnuuﬂﬂﬁZlﬂi’]

rg A A I o A 1 9 @ I ] Ao . Y =
ayjammwuwvagmﬁﬂ AINDEA TN AIDYIUFU UIVYUDN Likura, Y. (2007) llﬂiJﬂ']ﬁﬁﬂ“H']

e

D.

(Y A

. & 2 = Y ' ~ 4
NYINUVLUDY Nanjing ﬁ?ﬁﬁﬂ!ij@ﬂﬁg%"lﬁﬂhl@ﬂﬂigG]ﬂslﬂ.!ﬁ]‘l! Iﬂﬂi%ﬂWWﬂmﬂnmEJﬂJLLﬁ‘LlﬂLL“W]

113l 1987 uazd 1998 1WSouRsunvuruinIagiamaasluil 1920 uagil 1966 uaz 185in1s

o A A dy A A ] o A @ A i 3 A A I dy A
UNNDIVTOWUNNDYDIAYLNDANITVIIYAIVD LD wmwwummﬂmﬂuwumﬂymﬂiiw

QU

4 { { I a { 1 @
wetlszum 75 Ynuda Tanlaeumlasliluuagaavns sy Meassndud nazhogerde
9
o Ao o I(
Tunuaudy msdnuimsdhsoszes Inavesandeil 1 114915 Teni ludunsilnnses
NOIDU 1AL MITNNUATVIEAIVDIIY 911398 Chang - Qing, K., XIA, L., Bai, M., and
o ' s ° A
Duoji, Q. (2008) 1d1szgna lsninareaniisuiauausamswundsznnmsldlse Teaninau
o 1 = 4 Ay A dﬁ [ a 901 v A % 1
Tagiimwoea1 ANeNINANLDUAINIS YUSIT tioasTUVaNEYe T uNaosd g Ty
a 1 ¥ g aw . °
pmAUs N MIUnAguUeai g U384 Yin, 1., and He, F. (2010) ladnyinissuiun
9 PPN ) [ o v o = o . gqe .
M3 1915 Tevunaudvsuihunaamnms/asuuilas tuad1ua Panzhihua - Huilli - Huidong
{2 ] a [} go‘ . g’/ a ¥ a ¥ g av .
Naaag luuT M Jinsha NIUTIUNRUALLAZ N 911378909 Nefeslioglu, H. A., Tun, M.,
Ayday, C., and Goktan, R. M. (2009) lasnzninendumsn/asu/asnseas aveaununasiiaum?
anuouaswvesmsnaunuaulnaluiles Eskischir voslszimegsn  Taon1sldninaie
=3 4 =1 /9 ¥ o 9 = I'4 ~
aeutauausaLazinslszgna lsmsswunilszinndeyananeutauausaluil 1997 uag
= a o = A @ I ¥ U = 4
1 1999 NMATBUDI Kavak. K. S. (2005) TagdAnsuneinumstlseyna lsnmmaisaunouauausa
. 2 a @ A w a ' < ? . . av
ioBoNUs UMITUaNvoT gl uLT e 19N U Tertiary Sivas 52109350 911390
{ o o PPN a
¥99 Long, W., and Srihann, S. (2004) l@Anxnenunsswunns 19 TeminauluuSom

§3Mississippi Uszinaanigowin Imsswunilszinndoyaunuaruguuas liauqy Tae

Y
1974/51n53 ERDAS lumsswuntszinndoyavendlu 4 dszian dail ()anah @) 1ifTudn



v F v '
3) dalgnadisuaz @) Audaruin linswdoyaoensniu 1az1uITevoa Ting - Sheng, W.,
and Mori, M. (1998)1ana170e5gu1avesldniun ldswmunidszinndoyavesdenia q na
A Y o 1 = Ya o Y v
aourioves ldniunnnmaeaiiion Tagldasnmssuunlsznndeyanuuniuquaie
as dy v A 1 [l Aa o ) Y = Y
3% ISODATA uonAHFINNUIIUA19 9 NTATMTdT9520 Tnadeanadien T T4
k) PPN 1 o = o Aa o = a
msl9alse Towinau wu nsumIwennsssal nswiannnay  duinauma TuladoaniAuaggil
3 4 o T W o o
amseume Hudu Wodunsamuiumiaalszneunsiaass Inaa laudrvnmstszgna 14
1 = a o gtﬁ Al o o A 3 & v g Y
AIND1BATANEY NUITEUIINAIAUsTARUNTIAATT IMaaiuVLInvHa]a el uin
98 Vedeslimsmuamadumuainiiliznounsiadss Inaaiie 19 ldaununz aunge
=) a [ a KR 9 1 a 7R A = A Y 9 oA
HUVIWUANS N3 N8 11N1531ATIEH I LM ANEIUAEINUNTAUMIM NN AT
Nga A20619%U MU0 Loop, B. P., Sudhoff, S. D., Zak, S. H., and Zivi, E. L. (2005) 1@fnH1
4 [ o VoA { anta a [ a o [ a 4
MeINuMsAUMImIAoUUIm NN auRgan 0I5 1uLAndanes nudmsuszu launiing
4 (] a = o o ) ao
Aliihugadu Taslinmsanuszuunaaey 6 e 8 a7a way17 17d 914398v89Yang, H., Dai,
Y., and Zhuang, Z. (2008) latimina1ansmsmuammmas lWilzueninimunzaniga
1035 IAUMIAINULULININANane I NuLaz lana1189mIfIMuAAIvBUIVAYD
a 4 ) o Ao
WIFADIVITTUUNATDY 6 e ag 30.17a 911398U04 Tai, K., Wang, N. F., and Yang, Y.
Y 1 =< A A 9 ~ a o a K ) 1)
Ww. (2010) ldnanfeniseenuuunismisInmmzaunganieduiuanoanesny dmiu
Jd o [ o d 4 [ o 1 Aa o
Wandudiaglszaennaredansuioauninianlsaie 9 9u3Tsves Reddy, V.
Y
1 ° [ a v o 4
K., and Sydulu, M. (2007) lananfemsuiviiatazdumiinsaansganulizguesszuy
1 o w Y Jas Y A A Y ag Y o = a
ef1ae il Tag 1435 nsaumaimuz aungaale35n1saunIAIA ULUBIUIUAD
o A A 1o W Y a A Y o gy o o a oA
ganos i ilosnmmas i Buenilvesszuuinsh Idimmasnugade luaedaiian

=y

J v g ! a ¥ 1 o w a ¥
g9 3edeslimsiszgnaldaunulszghuaadsuuszuuatesias Wi Tasnisdaasuny

£

=

YUUNUI99T esaemasnuigyde liuag Idnantimsnageunuszuunade 15 e

31 17@ 34 1@ 69 17 wag 85 1Ja 91UIVBUDY Chao - min, C., Mu - tao, T.,Ling - hong, Z.,

Zhuo - yu, W., Qing - wen, L., and Hua - bin, S. (2008) ldna1ndamsmuiamiatSinasadn
Y Y o ) [ 1 YA Y ag Y o = a
doaldaetudimsunaazynnaldianunuizaudieitnisaumidiaeuuuuIuman
1% a AR d‘ Yo A o g =\ o R <R [ dd‘ 9 Y 3’, d‘
danesnu e l¥sad lumstinialsaiiosen Taelimsmieanalsnasiandeslinensuio
19¥1un1515219un155AY1 91U IF8U09  Kampisios, K., Zanchetta, P., Gerada, C.,
1 o 1 a 4 4 { o
and Trentin, A., (2008) 1@nA1309MIMIUINAINITINIADI 1T AVYAVDIWBIAD5 M YN
o a 4 1 ] o a, a
TWfhnszuaadulagldwisimosviadivananmsianaz lEnMsaummno U185 3UIUAN
[ a 1 1 a d { 1 a 4
8ano3 NuFe lumsmimmNlmes d i aenazas 1A UANINYNABIVOIAINITTIADS

" A Y ° 15 y
NNMsAUMIM AUz aURULUDTIneeINamesnad 19 Tas Tsunsu MATLABTaugan
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1 = o A A ) Aas 9 o = a [ Aa K
NAMNIMIMUINMIMNmMI AU gaa835MIANMIMIAo DLV WUANTanos Ny Tag
a A [ o a dy A A I Y o
worsanluiFosveandsau anvuzgldszme uazNuiinyasnssune 19 1815z T
NUMUATHNIGINGA 11AZIIUIV0UDY Xiangzhong, M., and Song, B. (2007).1dna1nens
1 { 1 a 4 a, o a
WA AN NGAY0INITINADS 1USLUVAIVAY PID A2675MIAUHIMIADVUUDIUILAN
o a R = = o w Y dy ya
8an03 Ny ¥352VUAIVAN PID Danwdiaguinlumuszuunivquuazunanuil latns
a =< ° \ o ¢ A 4 A Yy ¥
BT U18DINITAINUAAIVOVIVA 31UAUUTEs1nT ATea loesuaziunsu el 14
1 a o A
AMTIADI NI AL
Y '
NUIATBTUBNINNMIMUIVAETZNoUNIIaaTs Inaaiey ldins s 14 1W#h
{ @ I a o = o o o 4
nladiRsanuanuiuasadrdadeddinisi linaaeunis lvavesmad Il uvenSeuie
(% o @ = EY 1 a a o d' 9
HAVBIUIALS A Yl uazMasnugadeuosms lihdugimauazvesnuiden 1a
o g 1R A = o w 9, @ ] ] Aa o .
warvu vy 39imsaneIns Ivavesdiae 14lih Aee1991 913988 9Keyhani, A., Abur,
] o o U Aa o o 4 Y
A., and Hao, S. (1989) lana1nfemsdSualzsonsimsgdivesisiani - snldwiveudifaym
o @ o o o
#A12187 (Il - condition) IAaMITINNINBUAVEB T IL AU TAMUInNT Tnamdeluih
U789 Roytelman, L (2006) danaiidanmsmiuamnis lnavesmas ldhluszuuoe
o w X I 4 LN Y ] 1 o w @ 0
maglifhdae DMS scaDA Fuilumsldnieliadanaadseguuszuuniemag lniliam

[

e lWihesamdd Wi Fueninyl nsvnalumey nazussauaeaia wisaliniadanaininig

9
(4 1

a Y d’a g}/ 1 o w 9 % ] 9
aansegluinanifeu/ashAan suuszunaeias IWihuazminsonnumasnanvesmgdonlag
a3 9 13Tasldvdnns1seana .1UI98U04 Bin, Y., Taoka, H., and Fujimoto, Y., (1998) 1@

nanealdsunsums Iavessiias lihdwmsumsiasieiauuivan i vesusen

2D

AyiiF DiaAN3A Lmzﬁﬂ15ﬁ1%’agauuu§1amﬁ7ugmummiﬂmﬂm EMTP Taon1s 1935013
urums lvavesiiagu - ldudmivszunado 14 177 57 Ua wag 118 17 91UI90U09
Sangawongse, S., Pinkantayonk, P., and Nawapramote, W. (2003) I&ieuemsnaaoumslva
yoarae IWihd035 ey - suldudmiuszouIvihaszuaadu tazanitevessyal
3RI MUY LAz MesAgns Adgnal (2550) 1dnandeTisunsums lnavessidslnldhersuetin

Tusznuihddeainso ¥ & Tasdmisuuszoul§ianmsiulad Taeldsunsuns lnaves

'
o w o @ A

Y Aa B~ A A 14 a K a v
ﬂ"lﬁ\‘]ll‘V\l“V‘h‘V]ﬂJﬂ')']ilﬂ%ljﬂjz']ullagi’]ﬂjﬂmﬂ3151'91!ﬂf]\‘]ﬁ']ﬂ‘ﬂ7] 50 Tﬂﬂiwaﬂ%uﬂﬁuﬂmmﬂu

A a A o Yy Y ¥ A °
ﬁuﬂalwaaﬂﬂjquWﬂlWﬂum@Qllﬁ\‘]ﬂu‘lwwqﬁlWllﬂ@’]ﬁJV]iJ’]ﬂﬁj;'n‘!ﬂ']ﬂu@
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23 msmmamailszneumsdnasslvian (Load Allocation Factor, LAF)

A o A

[ a 4 ) 1 4 1
ﬂiy“ﬁ’l“ﬁﬂﬂiu’ﬂ’lﬁ]mﬁ’l%ﬁﬁ%ﬂﬂﬂ’lﬁu’lﬂ ﬁﬁ] ﬂ']5"U']ﬂﬁ31]‘]Jm%'i]ﬂll@]ﬂlm%ﬂ’lﬁl%@uﬁ@
¥ 1 Yy ¥ o a . A 1 Ay
VDUAS N ) LVIAYNULUULINTDTY ] (Real  time) ﬁﬁﬁ]iull@]ﬁ%ﬂﬂ’l‘ﬂﬁ

U

witeuasvesd1d lWfhmuganis 9 ilesnnszuusimied Inaadluniourlasye sl v

pIN1INIIUToYA

L A A 1 a ¥ o A 9y 9
gaumanasunilasm Inananaeanaazmsaauaaniszuuianas doasvoyalinsunn
a o < a o A 1
e Inaadisimuwanazinuanusuiulnd Tnaavesdieilouszgnasiaiafaniilihdos
Y [ g o o 1 A VN~ 1 o W ~ 1 L A 9
Auna asiy msdoa lvaavesszuuiimiiede lanidududagigadiuniisnas oy

o w Aan o

anuuduassvesmsmiunluszoy liihmas agidsmsmuiaInanegisvilaniion 19

ee

2 d ag o A Y 1 a o Y o Y Y 1 ax @
Faduasmsdwaaims ihaiugininih llddunudie 1laun 35msasiaiannw
] o a 4 . a3 {
avams Ilihgegavesmoilon Giade narsntvney, 2542) Fuiunszuiunisnly
o 1 { o ] < 1
a31970 Inaanduniavesmeilounsenaail e egralspamuanudesnms lnihn
% e g { o 1 \
JaldtidsznouiuninInaavatogannszaie llamudiumisaig q vesaeilou Taons
o L% [ ) [ PN Jd
MU TZNBUMTIATTT IHaaa N5 081U N 1A 1NA1UIA05 (Metered Demand) 115 ©
1 $ @ 4 g’/ i<
A lvaanasivtanan1i Inihaun1enafily P (kW) Q (kVar) H39 S (kVA) tag 1vaaveq
v A A v 2 Y . o Y o
niouasnennenacetlon Kersting, W. H. (2007) Msmviua Ivansz 19ndnnisvesns

Y
MUIUAI152NPUMTIAATT 1A (Load Allocation Factor, LAF) fatl

Transformer Rating

= 2.1
Total Connected Load

Taon  Transformer Rating A vatinaverseutas o dumala 9
! v
Total Connected Load #Ao Iviaaveaniloudlasndeuaenaaeilou
{ g
iy S (kVA)

Y o 1 A A 1w 9 g’z o Y
I‘ViﬁﬂsU’EN‘ViilE]LLﬂﬁﬁ 3] mzmuﬂﬂ 9 mm%auagﬂumﬂﬂauuu 9 ﬂTL!’JiL!llﬂiﬂﬂ

Transformer Demand = LAF x Metered Demand (2.2)
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TR Transformer Demand Ao Twaaveansloutas s dumiisla o
LAF
Metered Demand

9 9215LNeUNTINATT lvian

o))

A

1 a 4 'q.z 1
9 AmuwosvIoa Inaaniamananil IWihdunia

o))

v
1%

Wainidlu P (kW) Q (kVar) 30 S (KVA)

Pagriums lihdiugiiniadedlinisdiuaanis lnavesdas Wil e ldnsu
317 I nutaSesvesudazvdoulas Tasnaisanainadidszneumsinass Ivaa

y o 3 @ @ Y a o o {
(Load allocation factor, LAF) tite1i1 lihiludailsuganuamaiinandontlas uaasisgii 2.3

A B C
340 kVA |
)
LAF x 160 KVA LAF x 50kVA LAF x 100 KVA
D
LAF x 30 kVA

519 2.1 mssmurmms lvaveaias i

MIMsAnTaAIlsznounsIaass Inaavesns lihdiugiininazwun

=1 a 1w @ Ao 9 = [
IAsnasanaallsznoumsdaass Inaammizviannaveavioulasversas Tuidlu 'l

Y
Av AR A g

9 Y a v A = A A
ﬂ'lllﬂ']ﬁﬁlslf‘lww'mﬁﬂll']ﬂuﬂﬂﬁ@fﬂEﬂﬁ]%uﬂ?’]uﬂﬁWﬂLﬂﬂ@uN’]ﬂlﬂu'l‘]J NTUIRYUIIUNTITNAUN

'
T

[ g 1 = A 9 a Y a 3 1
malsznoumasaass naavuu vy Tastimsmniladslunisnarsanldmuunuu
o dy Ada 9 9, o o [ A a o Y
SuaununNnIns 19 W S1uaudszsins SurunsaaEou vuannanoulauas
=Y 1 4 ] [} % H g 1 1
daa luih weld ldadilsenoumsdaass Inaanaau dawaliar Ivaansld Wi vos

9 o ' Y 3 a A2
ﬁﬂ@!lﬂﬂﬂ o ﬁ'lllﬁuﬂclﬂ o Glﬂﬁ!ﬂﬂﬁﬂ')?ﬂlﬂu%ﬁﬂiﬂﬂﬂﬂ"ﬂu
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231 hehamsimnainilszneumsiaassinanniaminanaeitlviihduma
il P (kW) waz Q (kVar)
szvudinde i 2kvuansdezlf 24 Sad1 Tnanfiaaii'l]
7.8 MW 5.4 MVar uaz%’ay’aﬁﬁwﬁ’@uﬂmmumhq A HARIRINN19H 2.4 99M1A1 THARUDS

9/ o ]
WN@LLﬂﬁ\‘]IUﬁ%‘UU%TWUTS

1 11 20

o
N

‘ 13 16

17

15

g1 2.2 aedlon 22 kv

d‘ 9 a o 9 o (]
AT NN 2.1 "U’E]ﬂg'a"U’E’NWﬂ@T‘iN@LLﬂﬂQiHi&’ﬂUﬂ']WUWU

Node | 2 6 9 10 11 12 14 15 17 18 19 20

kVA | 800 | 1250 | 625 | 2000 | 1250 | 1250 | 300 | 625 | 400 | 400 | 800 | 1000

s Y
Nﬁi’JiJélJEN11’1ﬁﬂG]ﬂ@Qgﬂgﬂﬂ]ﬂﬁﬁTﬂ‘ﬂ@UﬁﬁﬂﬂﬂTﬂUNﬁﬁ’)iﬂ]@\ﬁ/‘lﬂﬂ

nitouilas 221§ Total Connected Load = 10700 KVA

Y
v A

A10019MIMUINAILTZNOUMITATTT Inanved Iua 2 1NFUNTH 2.1“15@\‘]1!

_ 800kVA
P2 10700 kVA

LAF,, = 800 kVA
“ 10700 kvA

=0.075 x 7800 = 585 kW (rea power)

=0.075 x 5400 = 405 kV ar (reactive power)

wldTvanveanom)asn luaaia o fams1en 2.2
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M3139% 2.2 Thaaveanseut)asn Tuaaie o veendeuas 12 /2

Node 2 6 9 10 11 12 14 15 17 18 19 20

LAF 0.075 | 0.117 | 0.058 | 0.187 | 0.117 | 0.117 | 0.028 | 0.058 | 0.037 | 0.037 | 0.075 | 0.093

kW 585 913 452 | 1459 | 913 913 218 452 289 289 585 725

kVar 405 632 313 | 1010 | 632 632 151 313 200 200 405 502

232 Meenamsmnalszneumsdaassivaaniamlvaaaad Wihduma
s kva)
9| o ~ v A AN Y '
aeilou 22 kv uanasdsgiin 2.5 Jaa Inaanaonilla 180 kvA vva Inaa

9 ° ]
%ﬂﬁﬁuﬂllﬂﬁﬂiuigﬂﬂﬂ'lﬁu'lﬂ

5107 2.3 Tnanuesameilou 22 kv

a

9
(4 1 1

Y
Nﬁi’Jll"’ll’E]\‘lI‘Viaﬂﬁ@ﬁ\‘lﬁ\‘iﬁﬂﬂlﬁlx‘lﬁ'lﬂ‘iﬂ@uﬁflﬂ'll%'lﬂﬂNai’Jll‘U’EN‘Wﬂﬂ

u K}

nitouag 2214 Total Connected Load = 260 KVA
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o v v d‘ 9 o da/
MUIUMIYTTNOUMITINGST lrian 1NFUNITN 2.1 Vlﬂ JU

LA _ 100kvA

= = 0.385
260 KVA

wldTvanvewmoulasn Tuaaia o uanIRIn1s19n 2.3

m13197 2.3 Traeveandouasn luaaie g veansenad 4 47

Node A B C D
LAF 0.385 0.115 0.192 0.308
kVA 69.3 20.7 34.56 55.44

I3 o Y|
24 mamams lvavesmadlih
Yayrnmsaiuaans lvavesiiag lWfiheg1eminzay (Optimal Power Flow, OPF)
v @ a J < ' o w A { <3|
(5l nadsniynay, 2552) Wugduuumsnemat lihimmzauhgansodunsdum
o o d 1 o 1 A A 1 o w Y & v A &
ANUAUNUS Tz IR q Imzauigaluminemas lWihenganiialdidnganiia
a Jd o v 1 o w
Tagdinsrgrims lvavesdiae lthuagaszua o a1 9 luszouldihddsluaniog
mahaled vwetazyumallihndane 9 luszou aszuanvaawaedamnidu
aszuanmsoanuiia Wi uazhaeld Tnaamas llihes wazmas lWihilsinguimases
Y H
Audia Wi lumedaiaz Tvaa Tagordoiuanaiiosdu o n1sr1asmadestemas lWihng
i T 1] 1 v Y
nge el ldaldiendinga Nsiliioeninainlsedns lniluaaz Tsediszeznsdalvan
1 Y] ?11.1 9 a o w Y [l S o [ ?11.1 A Aa
AnnusmnIaunumswaamas lnihvewaaz Isenaenu  auivminsmsuideu lvha
~ A oA o Yy a o 3 a A
ngalumadouasozihlddunulumsndadinga 1aznIzd1150WNUNITALIAT B
159903 Ifh1dqeandosnunudenis Tvaa

@ o w

o w <3| ° 1 o '
Yaymmae Idudunmsdnamvuneauazyulavesussauluuaagaia saslih

=

a o 9| A =% v U o 1 o w U
i]iﬁllﬁ%fﬂﬁ\‘lVlV‘IW'Iill’f)ﬂ‘VW\ﬂulmaﬁiﬁ']ﬂﬁ\‘] Glﬁ’ﬂ]ﬂ%‘Hfﬂﬁﬂ']u?mﬂ1ﬂ1ﬁﬁﬂ1uqmlﬁ61UﬁWﬂﬁﬁ

o

'
A 1A

[ 1 Y
Faluupaztialianinerdes Al
) a a3 v A A ] dy
1681999 (Slack bus) Huferfian V| waz & 3N (V| and 5 are specified ) taz 197eril
I v Y a U I o A ] [
Fufadneds d P uaz 0 Wudan linsium
@ 2 v A ~ U
Tvianlid (PQ Bus) Wutiafiai P uaz O AN (P and O are specified) @71 V| tag s
g linsum
) [y I v A A 1
VAAIVAUUITIAY (PV Bus) Wuiiana P uaz ¥ aan (P and V are specified) 943U 5

< o Ay o '
waz 0 Wudin linswm
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2.41  msmams aveamad lnihaedsuInu - S1vldu

3 o w I a
MIMUIUNIT 1ravearad 1W¥n (Saadat, H., 2004) Wlunisiioisanszuy
Y d‘d o % ?2‘/ Qg} % d‘ o Y o é v A (%
"lNWmummuuamau nya TﬂEJ“VIﬂTVi"L!ﬂﬁlﬂ‘]Jﬁ‘l’iuﬂUﬁiJsUU']ﬂLLﬂziﬂJGU’ﬂ\‘lllﬁﬁﬂu
' =

= PR 1 Y A o o o = = 9 dyl v Y a A
UAAIN Llﬁ&’q"lﬂ‘l]uﬂ"lﬂ"lﬁfNﬁ']‘ﬁ'i‘UﬂTiﬂTHUm“ﬁQﬂgliﬂﬂUﬁU'J"l‘]Jﬁ@%‘]ﬂfl (reference bus) 1139

v W A o 'y o [ o A o dy o Yo o
ﬁ]ﬂﬂucluslf@ g eian (slack bus) !,mz"lmmmmﬁmmmmuiﬁﬂu‘wuau miwmmuua

=D
eane

9 H
wﬁ'mﬁmamaﬂm 190 @iy d T useUU n U %mnmmaaﬂuﬁﬁmmﬁmamﬁm n-1Ud

DY

3
MUY

Vi

Vi1
Vk Vg
|
Vk,2 :
| |
. |
I("k 11)'1‘ u |
v,
Vin n

Sék @ Ve k

Vshk

Spk=Ppr +jObi
<x—
vy 7

57 2.4 ValuszouIih Taelims oatudia lih Tnas deaasenaeogiuiaou

a ] ] A 9 a I'd .
Wnsanvd & awaaslugiln 2.1 Taeldn1snsizviuun Tua (nodal analysis)

Y A @ dy
zldaumsauganszuailua k la o agil

Yia (Vk _V1) + Y2 (Vk _Vz) +oot Yin (Vk _Vn) =lox— Ik (23)

=h.
I
)
ee
—_
hoO!

Tay

= Z Y (Vk ~Vi)=lgy—lox (2.4)
=

i=k
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[

itiosnn Inaauazias dhandaannsestuiia lihzeglugdvesiiaa luih oz 147

Zn:yk,i (Vk _Vi)z(SG'k\; Sokj (2.5)

i=k
dagaumsivi sz ldaumsms Inamaalwihgadouniia £ 1o o deaumsi 2.6

*

(Ser—Sou) (2.6)

() 2 W (e -V)

i=k

Madihnnaannesessuiia lihnda

=h.
o))
)]

Tay

SG,k
SD,k
\2
V.

Yii

*

faslwihnTvaaniia

o))
o

usaau I nafe &

o))
o

usaau I niier i

o))
o]

a Ja A 1 1 o @
Ll@ﬂNﬁlL@]u“ﬁﬁl‘%@uﬂﬂﬁgﬁj'Nﬂﬁ kURSUHN i

o))
o

ﬁaﬂizﬁﬁaqm‘%ﬁ%’au (complex conjugate)

o))
)]

nnaumins lvavesmas Wihinda « la o dfwuald S, =P, + jQ.., P, =P, —P,

uar Qg =Q, -Q, wld

(Vk ) ; Yii (Vk _\/i ) = (Sek - SD,k ) = (Ssch )

i=k

Z Yii (Vk -V
i-1

i=k

) _ ( Ssch,k ) _ Psch,k - stch,k
) Vk ) (Vk )

V. e [
z yk,in - Z yk,iVi = u 2.7)
i=1 i=1

(V)

i=k i=k
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v J o

o @ a 4 a 4 [ -
AINNITATHUIUNTUTLUDANALUA UBLNA TNY ﬁ]%"lﬁ}mmmmuﬁ \Tﬁl

n

[Ybus] : Yok = z Yo W08 Y ==Y

i=1

@ { o a Jo a 4 1
dagtaumsn 2.7 Taeldawlswas naiaueaiiauaud oz lan

n P 1
VeV +2Yk,i\/i :SChk—JQSChk (2.8)
1k (Vk)
n P 1
zYk’i\/i — sch,k J*Qg;h,k (29)
i-1 (Vk)
dagiaumslny Tavimuald Sy, , =Py + jQuuy 92167
S..) o
( sch,k*) :zYk’i\/l
(Vi) =1
(Sune) = (V) Ve (2.10)

{ <3| o w A o 2 o
aumsh 2.10 Wuaumsveside IWdhnga £ 1a o waziluaumaGuduvesmsmiuiuns
9
Tramas Inldhae35 126 - s1ldu fnuatiowasae 1l
V, =M |£3, =|V,|e"* Ao ussau Irlihingda «
V, =|V| 6 =|v|e" Ao useau Ilihnga
16 = a P~ v A a J a
Yo =[Yei| 26 =%, |€™ Ao mnFauadi cvidnh i vosueaiiauauduaind

d' d‘ a Av A g Y
NTAUNITN 2.10 mawmamﬂugﬂwnmwm %z‘l@m

(Sen) = (Ml £=8) 2 (Y] 264 ) (VI 28)

i1
Pank = 1Qunk = Zn:‘Yk,in\/i ‘ Z(‘9|<,i — 6 +9, ) (2.11)
i1

A Y
Taoh Py =Py, — Py, 1102 Qe = Qo i — Qo i 918N
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(PG,k Dk) (QGk QDk ‘Yklvv‘é ki 5"'5) (2.12)

0w ¢ v o Ad A o q ¥
ﬁ’]ﬂﬁ‘]_llwﬁlc]fﬂﬁlleﬂuUﬁV]lﬂuWﬂlﬂaﬂGU@\‘lizu‘UﬁNﬂ']ﬁu %3%11“ﬁuﬂ13
] <3 o A o 1A 4 v W
ﬁilﬂa ﬂﬁl’]\?vlﬁﬂﬂ1u GlUﬂﬁz‘U'Juﬂ']ﬁ')uﬁ@‘Ugl}@Qﬂ']luUﬂ']ﬁﬂ1141!@?]’]13“5{1‘!6“@%1"1/&““]593Uj\‘]ﬂutﬂﬁ
) P ! A v ~ ° 9 v o A g9
“]f\‘]ﬂ']‘lﬂﬂﬁ'lﬂgﬂllﬂﬂ LU DIFLTUA UMD UITULISUY Tﬂﬂﬂ13ﬂ1ﬂuﬂ1ﬂLLiﬂﬂuUﬁlﬁu¢lu
v A A 9 [ o o w Y
[’U@Qnﬂcﬂﬁuﬂ"l 1.0£0° p.u. ﬁjﬂqlslfWﬁlﬂﬁEllljQ@um93ﬂ1391u3mﬂ151ﬂﬂﬂ1a\311"]1"]’]51]@\‘]331111
\ ' \ v
ﬁﬁ']\‘nu !} ’gﬂ ﬁ']\‘]']uﬂ@uWﬂJ']Wﬂgwsﬂ']ﬁm1 fa]}']ﬂ']Lillgl}ulWﬁ']uUluisﬁwalﬂaﬂllﬁﬂﬂum@ﬂﬁgﬂﬂ

o 9 [ ' g Jd a A o w Y A o
wihldaumsasnainluilugud imaanuaniamaeuveinasiutiasau T ava

De

Y
IS

vuw Fonn anu'liaeandosreaniad ki (Power mismatches) Fainasida luie5suay

[

gl Bueniin §af
AR =Py — Py = T
AQ Qgchk Qcaj k T f

Pax = Zn:‘Yk,inVi ‘ Cos(gk,i — 0 +6 ) (2.13)
i1
Quix = _Zn:‘Yk,inVi ‘Sin(ek,i =0 +0, ) (2.14)
i1

#5205 IToVU0IEAY - 1dU UszunamamasyeIszUUaANMT

Tuseumsmund k1 la o a1l
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§
fore = AR =AR +[Vf,, ] -AX =0

AR =~ [V ] -aX

Tai Xz[& |V|:| wld

of o,
AR =—| 2L A5 +—=2T AV
M

00
A P , of oP. O
iloenn P, Siimadi dufuay g 2ok = - Tak gh s
' oX oX
oP oP.
AR, = —ZE A5+ —ZLA (2.15)
R oV M

Turhueudeinu dwsumas liisuoniyl az'la

anaJ,k A5+ anaJ,k
06 oV

AQ, = AN (2.16)
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WATATEY J3 - INAUNTN (2.16)
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2.8 MMUIUM Optimum index factor (OIF)
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m3@ouTilsunsy MATLAB 1u M - File vosdoyaszuunadon 15 1 Tagh

=\ k) A v 9 a A o
2 Bus Code ¥NMSUNUAIY 1 ADUTDIID (Slack bus) L 0 AD ‘Uﬁiﬂﬁﬂ (Load buses) ttag

U981 14819997151 Weudoya M - File ¥4 Ifybus Ifnewton busout Az lineflow 917115

9

Weutoya lay Saddat, H. (2004)

m3ou Tilsunsy MATLAB lu M - File v0stoyaszuunadon 15 iid

o

&
ANU

% 15 — Bus Test System

% Bus Bus Voltage Angle = - ---Load

% No Code Mag. Degree kW kVar

Busdata =[1 1 1.00 0 0 0
2 0 1.00 0 44.100 44991
3 0 1.00 0. 70.000 71.414
4 0 1.00 0 140.000 142.829
5 0 1.00 0 44.100 44.991
6 0 1.00 0 140.000 142.829
7 0 1.00 140.000 142.829
8 0 1.00 0 70.000 71.414
9 0 1.00 0 70.000 71.414
10 0 1.00 0 44.100 44.991
11 0 1.00 0 140.000 142.829
12 0 1.00 0 70.000 71.414
13 0 1.00 0 44.100 44.991
14 0 1.00 0 70.000 71.414
15 0 1.00 0 140.000 142.829

kW

0
0
0
0
0
0
0
0

0
0

Generator
kVar Q..
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0

Injected
Q... kVar
0 0
0 0
0 0

0

0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
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% Bus Bus R X B 1 for Line code or
% nl nr ohm ohm micro tap setting value
Busdata =[1 2 1.35309 1.32349 0 1

2 3 1.17024 1.14464 0 1

3 4 0.84111 0.82271 0 1

4 5 1.52348 1.02760 0 1

2 9 2.01317 1.35790 0 1

9 10 1.68671 1.13770 0 1

2 6 2.55727 1.72490 0 1

6 7 1.08820 0.73400 0 1

6 8 1.25143 0.84410 0 1

3 11 1.79553 1.21110 0 1

11 12 2.44845 1.65150 0 1

12 13 2.01317 1.35790 0 1

4 14 2.23081 1.50470 0 1

4 15 1.19702 0.80740 0 1
MV Abase = 100; %Base power 100 kVA 3 phase
kWbase = 11; %Base Voltage 11 kV

Zbase=kW"2 / (MV Abase);

Linedata (:,3) = linedata (:,3) / Zbase; %R(pu)

linedata (:,4) = linedata (:,4) / Zbase; %X (pu)

Ifybus %Forms the bus admittance matrix

Ifnewton %Power flow solution by Newton - Raphson method
busout %Prints the power flow solution on the screen
lineflow %Computers and displays the line flow and losses

a 9 Sy v o
Taglimsuaasdoyan ldsinmsnadonszuunaaey 15 e lag Tisunsy

MATLAB luidah 3.6
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° K A ' g Ay 1y v o
msuraminuinnsse Iiha lddouiuny (@ oy dctric(ot overlap)) 1A
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ﬁuﬁﬁagimﬁa (Algue)
Transformer Transformer, Ry, qormer

NO. | @'gm overlap in Area Raum Trangormer 1 5 5 A 5
(1520) | (720) | (720) | (720) | (1120)

1 828573 1 1520 828573 | - - - -

2 284425 12 2240 193003 | 91422 | - - -

3 33307 123 2960 17103 | 8102 | 8102 | - -

4 5295 13 2240 3593 - o2 |- -

5 32647 134 2960 16765 | - | 7941 | 7941 -

6 10421 1 4 2240 7072 - -] 3350 -

7 2602 4 720 - - - | 2602 -
8 18629 145 3360 8428 - - | 3992 | 6210
9 3195 345 2560 - - 898 | 898 | 1398
10 36571 45 1840 - - - | 14310 | 22260
11 1289 135 3360 583 - 276 - 430
12 20381 1235 4080 7593 | 3597 | 3597 | - 5595
13 103441 12345 4800 32756 | 15516 | 15516 | 15516 | 24136
14 313624 1345 4080 116840 | - | 55345 | 55345 | 86093
15 54660 125 3360 24727 | 1713 | - - | 18220
16 54448 15 2640 31349 | - - - | 23099
17 403080 5 1120 - - - - | 403080
fuiifegedodouiy A, oyee(ovelap)) 459812 | 130350 | 93378 | 101353 | 187441
fuiiiegerds lidauiu ( A oot ovelap) ) 828573 | - 2602 | 403080
uiifogerds (ar,, ) 1288385 | 130350 | 93378 | 103955 | 590521
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v 9 v
A1319% 5.5 Nunmane Iiihvesntoutlas 5 nieuilas

fuins sl ar . aeic)
Agm overlap | TFaNSformer Transformer, R, . corme
NO : Ram Transformer
In Area 1 P 3 4 5
(1520) (720) (720) (720) (1120)
1 | 3532844 1 1520 3532844 . . . :
2 | 986143 12 2240 669169 | 316975 . . :
3 43581 123 2960 22379 | 10601 | 10601 . :
4 35881 13 2240 24348 - 11533 - -
5 122910 134 2960 63116 - 29897 | 29897 -
6 18136 14 2240 12307 - - 5830 -
7 3015 4 720 ! - - 3015 -
8 60591 145 3360 27410 - - 12984 20197
9 4950 345 2560 . . 1392 | 1392 | 2166
10 92892 45 1840 X - - 36349 56543
11 11218 135 3360 5075 . 2404 - 3739
12 | 83956 1235 4080 31278 | 14816 | 14816 . 23047
13 285453 12345 4800 90393 42818 42818 42818 66606
14 1028047 1345 4080 382998 - 181420 | 181420 | 282209
15 | 216862 125 3360 98104 | 46470 - - 72287
16 819770 15 2640 471989 - - - 347781
17 1336606 5 1120 - - - - 1336606
siimasn i Feuriu Ay dectric(overlap) ) | 1898566 | 431680 | 294881 | 310690 | 874575
Hudms el
. . 3532844 - - 3015 | 1336606
FOUNY (@ oy aectric(Not overlap) )
ﬁ’Uﬁﬂﬁﬂ'W"lW%(arpay dectric) 5431410 | 431680 | 294881 | 313705 | 2211181

~ (R o dy A A ' o 9
MTNN 5.6 ﬂ'l@]’J‘lJis‘Jﬂ’O‘]Jﬂ'lﬁ]ﬂf’fiiIﬁﬁﬂﬂ]ﬁ]ﬂwuﬂﬂﬁ)gﬁﬂﬁﬂiu 5 nyoutlag

ILAF ILAF ILAF, ILAF, ., ILAF, &,

ar (1) ar(2)

0.2372 0.3020 0.3167 0.3314 0.2671
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319 5.7 iufinegerduvosnsdontlas s nifeulag
ﬁuﬁﬁagimﬁa (Algue)
Transformer Transformer, R, . ormer
NO. | @'gm overlap in Area Rsum Transtormer : 5 5 A 5
(1120) | (1520) | (600) | (720) | (600)
1 110126 2 1520 - uoize |- - -
2 15338 2 1520 - s3s |- - -
3 119437 12 2640 50670 | 68767 | - - -
4 3788 I 1120 3788 | - . - -
5 35650 124 3360 11883 | 16128 | - | 7639 | -
6 78694 1234 3960 22257 | 30206 | 11923 | 14308 | -
7 | 200781 12345 4560 49315 | 66927 | 26419 | 31702 | 26419
8 10279 125 3240 3553 | 4822 | - - | 1904
9 177 1245 3960 333 | 42 | - | 214 | 178
10 1868 2345 3440 L 825 | 326 | 391 | 326
1 3685 245 2840 S B C7 N R S YR
12 192 245 2840 y 103 | - | 4 | 4
13 465 1245 3960 31178 | - | 85 | 70
14 . 12345 4560 ¢ . . - -
15 . 24 2240 : . . - -
16 1734 124 3360 s78 | 784 | - | 32| -
17 1437 12 2640 610 | 87 | - - -
18 | 49452 25 2120 - | 35456 | - - | 13996
19 | 63202 25 2120 - | asais |- - | 17887
20 | 166698 2 1520 - | 166698 | - - -
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Hudmse i ar

pay electric)

x| Ay o Tr_ansfor mer R Transformer, R, . corme
In Area 1 2 3 4 5
(1120) | (1520) | (600) | (720) | (600)
1 110126 2 1520 - 1913892 | - - -
2 15338 2 1520 - 139302 | - - -
3 119437 12 2640 850984 | 1154907 | - - -
4 3788 1 1120 228279 - - - -
5 35650 124 3360 138479 | 187936 | - | 89022 | -
6 78694 1234 3960 138166 | 187511 | 74017 | 88821 | -
7 200781 12345 4560 154791 | 210074 | 82924 | 99509 | 82924
8 10279 125 3240 16271 | 22082 - - | 8717
9 1177 1245 3960 1667 | 2262 - 1071 | 893
10 1868 2345 3440 - 1753 | 692 | 831 | 692
11 3685 245 2840 - 5405 - | 2560 | 2133
12 192 245 2840 - 6521 - | 3089 | 2574
13 465 1245 3960 4563 | 6192 - | 2933 | 2444
14 - 12345 4560 1918 | 2604 | 1028 | 1233 | 1028
15 - 24 2240 - 363 - 172 -
16 1734 124 3360 12432 | 16872 - 71992 | -
17 1437 12 2640 24434 | 33160 - - -
18 49452 25 2120 - 113218 | - - | 44691
19 63202 25 2120 - 171671 | - - | 67765
20 166698 2 1520 - 1068304 | - - -
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9

dofevoIrisonilas 5 nilouag

NUIYTZHINTMUINN
ﬁ‘uﬁﬁagmﬁﬂ (POue)
NO. | Village Al age Population ;...
Transformer

1 2 3 4 5

1 4 16322420 3584 - | 2418 | - - -

2 7 3694850 1928 - 8.00 | - - -

3 4 16322420 3584 11.13 | 1510 | - - -

4 4 16322420 3584 0.83 - - - -

5 4 16322420 3584 261 | 354 | - | 168 -

6 4 16322420 3584 489 | 6.63 | 262|314 -
7 4 16322420 3584 10.83 | 14.70 | 5.80 | 6.96 | 5.80
8 4 16322420 3584 0.78 | 1.06 | - - | 042
9 4 16322420 3584 0.07 | 0.10 | - | 0.05]| 0.04
10 4 16322420 3584 - ] 0.18 | 0.07 | 0.09 | 0.07
11 4 16322420 3584 -~ 1043 | - |o021]017
12 9 22544226 6373 - 1003 | - |o001] 001
13 9 22544226 6373 0.04 | 005 | - |002] 0.02

14 9 22544226 6373 - - - - -

15 9 22544226 6373 - - - - -

16 9 22544226 6373 016 | 022 | - |011] -

17 9 22544226 6373 0.17 | 023 | - - -
18 9 22544226 6373 - 10.02 - - 3.96
19 4 16322420 3584 - 9.95 - - 3.93

20 9 22544226 6373 - 4712 - - -
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NUNYTLHINIMUINN
g4 y
NO. | Village Al age Population,;, .. ftufins o i POty e
Transformer

1 2 3 4 5
1 4 16322420 1174 3584 - | 42024 | - -
2 7 3694850 612 1928 - 7269 | - -
3 4 16322420 1174 3584 | 186.86 | 253.59 | - -
4 4 16322420 1174 3584 | 50.12 - - -
5 4 16322420 1174 3584 | 3041 | 4127 | - | 19.55
6 4 16322420 1174 3584 | 30.34 | 41.17 | 16.25 | 19.50
7 4 16322420 1174 3584 | 33.99 | 46.13 | 18.21 | 21.85
8 4 16322420 1174 3584 | 3.57 | 4.85 - -
9 4 16322420 1174 3584 | 0.37 | 0.50 - ] 024
10 4 16322420 1174 3584 - 039 | 0.15 | 0.18
11 4 16322420 1174 3584 - 1.19 - 1056
12 9 22544226 2930 6373 - 1.84 - 1087
13 9 22544226 2930 6373 | 129 | 175 - 1083
14 9 22544226 2930 6373 | 0.54 0.74 0.29 | 0.35
15 9 22544226 2930 6373 - 0.10 - 1 0.05
16 9 22544226 2930 6373 | 3.51 | 4.77 - | 226
17 9 22544226 2930 6373 | 691 | 937 - -
18 9 22544226 2930 6373 - 32.01 - -
19 4 16322420 1174 3584 - 37.69 | - -
20 9 22544226 2930 6373 - 302.00 - -
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PIUIUNAINTOUAUINIIN
oo (ho,,e)
NO. | Village Al age Population,;, .
Transformer

1 2 3 4 5
1 4 16322420 1174 - 792 | - - -
2 7 3694850 612 - 2.54 | - - -
3 4 16322420 1174 3.64 | 495 | - - -
4 4 16322420 1174 0.27 - - - -
5 4 16322420 1174 085 | 1.16 | - | 055 | -
6 4 16322420 1174 1.60 | 2.17 | 0.86 | 1.03 | -
7 4 16322420 1174 3.55 | 4.81 | 1.90 | 2.28 | 1.90
8 4 16322420 1174 0.26 | 035 | - - | 0.14
9 4 16322420 1174 0.02 | 0.03 | - |0.02| 0.0l
10 4 16322420 1174 - 0.06 | 0.02 | 0.03 | 0.02
11 4 16322420 1174 Y 0.14 | - | 007 | 0.06
12 9 22544226 2930 - 0.01 | - | 001 | 0.01
13 9 22544226 2930 0.02 | 0.02 | - | 001 | 0.01
14 9 22544226 2930 - - - - -
15 9 22544226 2930 - - - - -
16 9 22544226 2930 0.08 | 0.10 | - | 005 -
17 9 22544226 2930 0.08 | 0.11 - - -
18 9 22544226 2930 - | 461 | - - | 182
19 4 16322420 1174 - 326 | - - | 129
20 9 22544226 2930 - | 2167 | - - -
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v 1 k4 H
A15199 5.13 fﬁwu:m‘ﬁaaﬂ113au171ﬁmammﬂwduﬁmima"lvl%mamﬁ'@uﬂm 5 ﬁﬁlﬂllﬂaﬁ

IUIUNAIAUT OUMUIUN
g4 y
NO. | Village Al age Population,;, . ftufins o i Oy s
Transformer

1 2 3 4 5

1 4 16322420 1174 - 13766 | - - -

2 7 3694850 612 - | 2307 | - - -

3 4 16322420 1174 6121 | 83.07 | - - -

4 4 16322420 1174 1642 | - - - -

5 4 16322420 1174 996 | 1352 | - |6.40 | -

6 4 16322420 1174 9.94 | 13.49 | 532 | 639 | -
7 4 16322420 1174 11.13 | 15.11 | 5.96 | 7.16 | 5.96
8 4 16322420 1174 1.17 | 1.59 - - 1063
9 4 16322420 1174 0.12 | 0.16 - 1 0.08 | 0.06
10 4 16322420 1174 - 0.13 | 0.05 | 0.06 | 0.05
11 4 16322420 1174 - 0.39 - 1018 | 0.15
12 9 22544226 2930 - 0.85 - 1040 | 033
13 9 22544226 2930 0.59 | 0.80 - 1038032
14 9 22544226 2930 0.25 0.34 | 0.13 | 0.16 | 0.13

15 9 22544226 2930 - 0.05 - 1002 -

16 9 22544226 2930 1.62 | 2.19 - [ 1.04| -

17 9 22544226 2930 3.18 | 431 - - -
18 9 22544226 2930 - 1471 | - - | 5.81
19 4 16322420 1174 - 1235 | - - | 487

20 9 22544226 2930 - | 138.84 | - - -
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5 ILAR,
ia | kVA | ILAF, | ILAF, | ILAF,, | ILAF, -
WEIH | NHEMAY | uUI8U
6 30 0.2608 0.1896 0.1881 | 0.0035 0.4875 0.5156 0.4535
7 500 0.3081 0.2927 0.2836 | 0.0575 0.0646 0.0834 0.0673
9 100 0.0000 0.0000 0.0000.| 0.0115 0.0422 0.0482 0.0467
12 30 0.0000 0.0000 0.0000 | 0.0035 0.0971 0.1036 0.0988
13 100 0.3159 0.2832 0.2825 | 0.0115 0.0871 0.1110 0.1027
15 100 0.3349 0.3007 0.3002 | 0.0115 0.1180 0.1489 0.1302
23 50 0.2512 0.2941 0.2940 | 0.0058 0.3028 0.3145 0.2918
28 100 0.1336 0.1501 0.1898 | 0.0115 0.2377 0.2608 0.2277
29 250 0.0782 0.0373 0.0193 | 0.0288 0.1217 0.1213 0.1105
31 160 0.1518 0.0964 0.0960 | 0.0184 0.1387 0.1633 0.1391
34 100 0.1398 0.1344 0.1299 |--0.0115 0.1193 0.1267 0.1108
36 250 0.1894 0.1690 0.1377 | 0.0288 0.1037 0.1076 0.0908
38 100 0.1200 0.0983 0.0986 | 0.0115 0.2514 0.2891 0.2567
41 100 0.0000 0.0000 | 0.0000 | 0.0115 0.0019 0.0020 0.0015
43 160 0.0519 0.0540 | 0.0531 | 0.0184 | 0.1393 0.1417 0.1211
47 315 0.0000 0.0000 0.0000 | 0.0362 0.4378 0.5414 0.5647
51 30 0.0778 0.1643 0.1609 | 0.0035 0.2388 0.2451 0.2108
55 100 0.0382 0.0353 0.0358 | 0.0115 0.2624 0.2725 0.2547
57 50 0.0000 0.0000 | 0.0000 | 0.0058 | 0.0154 0.0157 0.0150
61 30 0.0519 0.0468 0.0449 | 0.0035 0.2413 0.1430 0.1160
64 50 0.0000 0.0000 | 0.0000 | 0.0058 | 0.0136 0.0122 0.0129
67 50 0.0000 0.0000 | 0.0000 | 0.0058 | 0.1585 0.1715 0.1436
68 160 0.0000 0.0000 0.0000 | 0.0184 0.0166 0.0180 0.0143
69 100 0.1026 0.0920 0.0920 | 0.0115 0.0301 0.0372 0.0307
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) ILAF,
iia | kvA | ILAF, | ILAF, | ILAF, | ILAF, -
WU | WOENIAY | UYUIEU
73 250 0.0423 0.0597 0.0602 | 0.0288 0.2878 0.3118 0.2865
74 30 0.0573 0.0651 0.0680 | 0.0035 0.1014 0.1200 0.1012
76 20 0.0649 0.0612 0.0621 | 0.0023 0.2253 0.2699 0.2810
85 250 0.1024 0.1022 0.1022 | 0.0288 0.0003 0.0001 0.0000
87 50 0.0436 0.0396 0.0375 | 0.0058 0.3064 0.3007 0.2837
89 50 0.0441 0.0392 0.0394 | 0.0058 0.0720 0.0863 0.0863
90 30 0.0356 0.0341 0.0336| 0.0035 0.0000 0.0000 0.0000
91 30 0.0328 0.0314 0.0309 | 0.0035 0.0648 0.0669 0.0571
93 30 0.0575 0.0574 0.0571 | 0.0035 0.1210 0.0932 0.0978
96 100 0.0506 0.0496 0.0496 | 0.0115 0.0698 0.0698 0.0574
97 100 0.0694 0.0734 0.0734 | 0.0115 0.1805 0.1851 0.2039
100 100 0.1453 0.1485 0.1485 | 0.0115 0.0092 0.0159 0.0194
103 100 0.1258 0.1281 0.1281 | 0.0115 0.2377 0.2476 0.2323
104 50 0.1347 0.1338 0.1307 |.-0.0058 0.0343 0.0415 0.0349
106 100 0.0158 0.0192 0.0192 | 0.0115 0.2910 0.3047 0.2746
109 50 0.0000 0.0000 0.0000 | 0.0058 0.0247 0.0303 0.0272
110 50 0.0000 0.0000 0.0000 | 0.0058 0.0359 0.0365 0.0421
111 30 0.1283 0.1299 0.1342 | 0.0035 0.6432 0.6621 0.6921
113 100 0.2142 0.2039 0.1967 | 0.0115 0.0690 0.0858 0.0763
114 160 0.2633 0.2643 0.2643 | 0.0184 0.1673 0.1774 0.1593
116 30 0.0000 0.0000 0.0000 | 0.0035 0.2671 0.2056 0.2056
118 160 0.2877 0.2865 0.2855 | 0.0184 0.4981 0.5368 0.5049
120 50 0.0000 0.0000 0.0000 | 0.0058 0.2851 0.3159 0.3037
122 250 0.1113 0.1068 0.1066 | 0.0288 0.0570 0.0615 0.0574
123 50 0.0583 0.0541 0.0528 | 0.0058 0.3302 0.3518 0.3365
126 50 0.1143 0.0964 0.0982 | 0.0058 0.1376 0.1465 0.1515
129 160 0.1666 0.1601 0.1601 | 0.0184 0.0705 0.0728 0.0968
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ILAF,

o

iia | kvA | ILAF, | ILAF, | ILAF, | ILAF,

WHIU | NOENIAY i

Pl

U

130 315 0.1787 | 0.1752 | 0.1752| 0.0362 | 0.0351 0.0372 0.0107

135 30 0.0000 | 0.0000 | 0.0000 | 0.0035 | 0.0000 0.0000 0.0000

137 160 0.2818 0.3108 | 0.3108 | 0.0184 | 0.0362 0.0350 0.0381

138 160 0.2590 | 0.2828 | 0.2800 | 0.0184 | 0.0433 0.0364 0.0404

141 160 0.2371 0.2502 0.2475 | 0.0184 0.1581 0.1642 0.1791

144 250 0.2584 0.2805 0.2805 | 0.0288 0.1408 0.1602 0.1662

146 160 0.1810 0.1999 | 0.1999 | 0.0184 | 0.1895 0.1923 0.2003

148 500 0.0000 | 0.0000 | 0.0000 | 0.0575 | 0.0470 0.0543 0.0470

151 160 0.1591 0.1599 | ~0.1599 | 0.0184 | 0.0528 0.0515 0.0633

155 30 0.0000 | 0.0000 | - 0.0000 | 0.0035 | 0.1256 0.1269 0.1267

157 250 0.2381 0.2891 0.2891+{0.0288 | 0.0057 0.0070 0.0101

159 250 0.1676 0.1922 | 0.1922 | 0.0288 | 0.1486 0.1528 0.1793

160 250 0.1182 | 0.1437 | 0.1437 | 0.0288 | 0.0839 0.0867 0.1046

161 315 0.0775 0.0834 0.0834 | 0.0362 0.0894 0.1017 0.0918

163 100 0.0728 0.0759 0.0791 | 0.0115 0.2268 0.2416 0.2589

165 160 0.0000 | 0.0000 | 0.0000 | 0.0184 | 0.0264 0.0302 0.0341
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Minimize f (x), f,(x),...f (X) (6.2)
Subjectto @ (X) =0 (6.3)
h, (x)<0 (6.4)
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unugan limanudiagveslindudagilssasnioanga)

9
v v o

JUUNMITINTIUA Utility function

i
U= é:le[ fi*(x)] 6.7)
U=>U, (6.8)

Taohi & Ao Scaling factor Un@mnuas il 1
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msuddymoeld luwdu laldlanduiagilszasdnarefadFuauitinainun

9 Y dy o Y o dy
"U'l\‘]ﬁlﬂ!ﬁ']u"lﬁﬂ‘ﬂ'l‘lﬂﬂ\‘]u

Minimize -U (6.9)
Subjectto g (X) =0 (6.10)
h (x)<0 (6.11)
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msuntfamesilaluaiuvesnuive
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Y
msmuauaInlsznounstadss lnanvesnis lil¥hdiuginialudegiuiiensi vl

=

amnsoniums s lihnladiaesnis 19 1171195 9 1dawn 1dnanudatredu ilesainiile

o

Inmsnasanamudan Wi 1%uauladns 1 W5 luldnd sfuauvuianna

9 =2 9 = a =3 k4 Y '
wuauﬂmmu@"lﬂ 9A09UMTNITUIDINANTZNUN WA UANINLIAA DN IAITOUVDILARE

a2 o

a a o < Jdau o J I
wloutawaziimswnsanvnannanioudawiuiiduinglssassuasidnglsedean

q

9 9
[ %

] A a a AN Ya o w o d o a o dy A
aduayumuay OuIveil lannsanilensuiagilszasanaviua 5 Wendu 019wy (1) Wui
Negorr (2) Swamisznng (3) Swaunasmisou (@) vinannandeuilas uaz (5) Tam T

Y a o o o 4 & :
msuntynieeld luwdulagldilnsuiaglszasanatelsnsudossiuldmoiomil

) a o " @ ! Jd o ege . :

Wandu 39 1dtienuIsmsmuiamartidseneuunaslansu (Utility function) ¥ei518az08n
% d’l
a
A A4 o
1. ywenunnegedy
o o K A4 v '
HASINYDIAIAIYIENBUNIITAATT Inaaveanunnegerdelusz vy

v Y 9
Tl 22 kv medlou 10 ot W uasswdun 2 Faindoudasnanua 67 niloulassail

ar )
ILAF,, | = — "=l (6.12)

a‘rpay electric,i

H
=S |l (%

H Y H
Taen  ILAF,, fs m3lSuilyemaanlszneumstadss Inaavesiunnegeds

u

o [ Y o d' .
dmsuvsenasain i
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2. Nuwlszang
NATINUDIAINIUTENBUNITIAATT IMaaveas v IvlszyInsluszuuane

o

= = X = gIJ d’l
T9#ih 22 kv enedlou 10 aoil TWihuassvdu 2 Faliniloulasnariue 67 vidouilasdail

pohouse,i
ILAF,, =—>= (6.13)

popay electric,i

Taoi  ILAF,, Ao madfulpsmdnlsgneumsianss inaavesiiiulsznng

S @ 9 o A .
ﬁTI’iﬁ‘iJ'ViﬂJ’E]LL‘]JﬁW]'J“I/'I |

3. PUIUNAIAEOU
NATIUUDIAIEYTZNOUNITIAAIIT IHaavoIs 1 UIUNaIATTouluszuVIe

T Y dﬁ/
Tn#ih 22 kv enedlow 10 aoitlslihuass1¥du 2 Faliviloulasnariue 67 vdouilasdil

ILAF MOhous (6.14)
hoi — - .
" ho

pay electric,i

Tash  ILAF,;, fe m3lsulsamaansenoumsiadss lnaaueeduiunasnlisen

9 o 9 v oA .
Amsuvvenasnin i

4. vinannanioutlas
WasIuVRIAdIlTEnoUMITAaTT Inanvosvuiannantoudasluszsuuiie

v Y 9
Tl 22 kv medlou 10 ol I uasswdun 2 Faindoudasnanua 67 nilouilassall

ILAE. . = Transformer Rating;
' Total Connected Tranformer

(6.15)

Tagh  ILAF,,  fie nmsdfuilysmdalszneumstadss Inaavesvianidanidouias

o [ 9 @ d' .
dmsuvventlasain i
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5. dam i
NaTIuV0IAIRIdIznouUNTIaass Inanuestan I luszuuare vl
) Y Y
22 kv aedlou 10 aail I uassvau 2 dalivdoulasniviue 67 nisuilas ail
Bi.

ILAF, , = ' (6.16)
7 Load P(KW) 100%,

Taoh  ILAF,,  fie madfulysmdnlszneumastadss Tnaaveadian Il

S v 9 o A .
mmuwmuﬂmmm |

J o Y] [ ?z}/ J @ o =\ I
IMANINTUAUT2NoUNISTIAATIIHAANT 5 WINTU d1u15a W 1N 81y

[

Y [ 1 @ d o 4
Milsznoumstaass lvanvosntouilausazauieaiansuden laaeil

ILAF, = ILAF, | + ILAF; -+ ILAF

ho,i

FILAF, + ILAF, (6.17)

9
a o do o @
wonnil MmiunTyniestd luwdulaelddeniudalsenoumsiaass Inaavaiw

o o o a L o g 7o
ﬁﬁﬂ%u&l\‘lﬁﬁJ'ﬁﬂVﬂqﬁ}mﬂﬂﬁWﬁ]"l’iﬂﬂﬁ\‘lﬂ‘]fuﬂ’lﬂﬁgﬂ@ﬂﬂﬁ%ﬂﬁﬁﬁi‘l’iﬂﬂ“ﬂx’i 5 “N\‘lﬂﬂfl!@all’flﬁl
Y

daunny lumdula dail
ILAF = EILAF, | +&,ILAF,  +&ILAF,  +&,ILAF, | +&ILAF, (6.18)

Tag £ fe A1 Scaling factor HA@g 1LY {0 1}

[

o [ a d’ld d' Y o d’l d‘
dmsunuIteiivouaumi 6.18 laasil e & =K,

ILAF, = K, ILAF, ; + K,ILAF . + K;ILAF

ho,i

+K,ILAF, , + K ILAF,

tri

(6.19)

s = 33(ILAF, X R, )+ Re (6:20)

i=1
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67

Qtotal = Z( I I—AE X Qload,i )+ Qloss (621)

i=1

v o

4 y : do o ¢ a ~{
o ILAF laasaumsh 6.19 o2 Ianlsnsuingilsedenvesnuisonil

L 2 2
Minimize: f(x) :(Pref - Pmtaj) +(Qref —Qtotw) (6.22)

o P, lddseunmsi 6.20 wag Q. laasaunish 6.21

load

67

2
Minimize: f<X>{Pref 140 xeoad,i)—ao% +

=1

J (6.23)
|:Qref _Z(”‘AE X Qload,i)_QO$:|

i=1

\J
Y =

o V' o d’ Aas 1'% [
6.4 ﬂ15ﬂ11~!3mﬂ1ﬂ]1.]5“ﬂmﬂ!ﬂﬁﬂu!!ﬂﬂ\‘iﬂ13~l!’3ﬂ"|iﬂﬂ?ﬁﬂ1'§ﬂuﬁ1ﬂ1ﬂﬂﬂ

U

a

% d

maifyanilszavg

o 9 d’l 9 a 9 o 1 @ o A =

Watoi laiauemaiianisauriniaoua1adlsuguinasunasaiuan
(K, K, K; K, Kg) @2675m3aumdIaouiuuivmanoanes i (Genetic Algorithm, GA)

=y a o a R I a ) Aa v v A

vuuandanoany (GA) Wulyanilszaug 11009052 UIUNMTIIMUINT TUTZALTU

Y

(Goldberg and Edward, 1989) Tagn1sa31engquilszains las IuTsuununaimas 9101y

]
4 A 1

Yszwinslunquazudadunuiionaniuvegson lasTuloungnidenluuaazjunis
[ . 1 g Aaa £ 9 A (Y 1 [ Y
219N09 (Generation) MUuUNLANTas1sgnuansedunulugudall myaiisgnuaas
oA o & & 4 1 1
T¥msduiumsmediiug ailsznouldae asealeres uazmswunaignuaiunse
~ 9 3 ~ 9 4 ~ [ [ A
mMemngnainvuszunuinlas lulsuauuuulasauysa lagnnannisaniasnaiy
o . . Y Aay v g a
§35U%H19 (Darwin’s natural selection) ﬁ’nﬂiﬂf’{ﬁNNmQﬁEJ“V]@llﬂiﬂﬂﬂigll’Juﬂﬁu HIVULUAN
@ a KR a J a 9 = 14 o [ dy
9anv3 N (91MAd ASUNI, 2552) Teaailsznounan < Aail
9 @ . = g A
1. msdrsalas Ty (chromosome  encoding) AD YuadUNITHAININTDN
o @ ¥ {3 1 a v {
dmsvuddyminiull1dldeglugiuvvvesTas TuTay TunisuladdSnisuddymin
< v 2 { o 1
Auld 1819 eglugduvvaesins TuTeuiuaunsanezii ldlunaregUuunuduani

A TREA RN BRI A YR
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oA A 9 . A VoA A )
2. ﬂ’]ﬁqulaaﬂﬂﬁgsﬁ1ﬂﬁlﬁuﬁu (initial populatlon) 1) ﬂ’]ﬁqulaaﬂlﬂ@ﬁﬁ’mﬂigmqﬂﬁ

A 9 g
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Uszannsiiilu i) Idnanuaiiieg Taslumsidenszshmsguauiulszmnsildmvua

u

Ja a 14 o Aa KR
Tiilumniiwesvoisanesny
Jd o = Jdo o [ a 1

3. Wandunuila (fitness  function) Ao Wansudmsulsziumanumnzay
d 9 v o {3 (g !
e Iazuuudmsumaouiiiull1dve syt TasluTounadeziimanumingauves
Y A Y o v A ' ( gl.: A o YA o 9 o
aveuialadmiviionsannlas lulsudumnenizinlsaunoanugnssudimiy
9 ] T A ] ad o v a 1 g 9 d'
af1alas TuTouguluunielu Taedinisdmsvaamanuruizasiusg 1daunish

doandenuuaazilym

Y
o a Q/

o Aa o d !
4. MIAUUUNITNIITIYWUT (genetic operator) A0 NMTAUTUNITAIVIUADUVD

=<

f
=) a [ Aa K A Y a Aaw 1 o A A Y 1 [ A
Jutuandanes iy e 1inismadTauinisldgiinounaau daldun nisaaden
I'4 1 [
(selection) A50d 101105 (crossover) LAZNITHIUTI AT (mutation)
a 4 A o afy 1 o = a @ a KR
5. WIT1ULRNDT (parameter)ﬂ’e) ‘ﬂﬁ]ﬁ]ﬂmﬁﬁwa@'ﬁ]ﬂ151/]']\‘]']1!"!]@\‘1"1]1!!1‘!@?7@?1?7@5%%
] ] I d A ] 3 1 1
LB %u?ﬂﬂ]@ﬁﬂﬁzsﬁTﬂﬁﬂ?TNu'}ﬂgl‘]Ju"’U'E]Qﬂ']ﬁﬂﬁﬂﬁiﬂlﬂ@ﬁ‘ﬁﬁ@ﬂ’ZI']?JU'W%HJH"U@\‘]ﬂ'ﬁN"l!fl’i'ﬁ']
Aaw d’l ° a G Y= a [ AR A o ' o !
QTH?‘DUH@HHHﬂTiﬂﬁzEJﬂ@iﬂf%ULu@ﬂ@ﬁﬂﬂaﬂﬂJ!WQHTN']GK'JEIGlUﬂ'Iﬁﬂ'IU'Jﬂ!W']ﬂT

alsugauin)deuntasmuna Tagld MATLAB’s TOOLBOX saunums 1§ lisunsudon

a

AMurums lnaveenas lvilid163

(%

2 A @ = I
sian - sldu vazamnsawswuaumsdyn

awvnmnzaunga 14 asaunsi 6.24

Minimize: f (x) = (Py ~Pya ) +(Qu ~Qua ). (6.24)
Subject to: 0<ILAF, <1

0<K; <1

0<K,<1

0<K;<1

0<K,<1

O0<K;<1

Y
@WeuansunssuTny 1daail
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[min(ILAF, -0,0)]" +[ min(1- ILAF,0)] +
[min(K,~0,0)] +[min(1-K,,0)] +

P — tho [ min(K, 00:| +[ min(1- K2,0)]2+ 625)

[min(K,-0,0)] +[min(1-K,,0)] +

2

[min(K, —0,0)] +[ min(1- K4,0)]2+
[ min(K, —O,O)]2 +[ min(1-K,,0)]
Tagit P fie mmdellflueniinfiundaomasveoudazifon
(UPNEU 2553 T 1.4773 WAg3ad nguaau 2553 UAN 1.5463 inzIagd
uagiiguiou 2553 Tis 1.5552 ng ind)
Q. i s il Fuenfiviumasemfeve wraziden
(UBEU 2553081 0.7848 (UAZI3 NBAAN 2553 1A 0.8121 Az NS

uagiinuien 2553 Tif 0.8438 WAZNS)

e

9
mumumﬁﬁmmﬂizﬂauﬁ'w 4 TUADUAIN

Funeuiinile Frvuavenwalasdivuali K, K, K, K, Keyputuaiiai

=h.

A 1 qy o 1 a 4 1w @
FUAU [0 0 0 0 0] uagAauga 111 1 1] 4agnuIaumniIsIumnes Ao Ml ugn

Emo)

D.

k4
A

wasuudasanania s a1 s (1) K, (mdansugaiinlfsunlasmumaesinadiug

ogordit) ) K, (Manlfugaiinffeuasmunaesiiuamlizans () K, @idaliu

aaiiasunasmunaeshiaundimisow) @) K, mddugaiinasuuamna

vosvafisansdoutlas) uag 5) K, (mansugaiifeuasnunaesdad lnlih)
Tuneuiides  Aunamulsens o 14un ILAF Sieat Ploas Qlon

FIAUMIN 6.3 6.4 6.5 11AL6.6 MUAINY
ILAF, = K, ILAF,, +K ILAF +K ILAF, . + K, ILAF, . +K ILAFbII (6.26)

ho,i tr,i

Sioaay = ILAF;, x Transformer Rating,, (6.27)

lagh  Transformer Rating,, fio vinannandendauazd?
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Pload(iy = SLoadqiy X COS € (6.28)
QLoad(i) = S.oad(i) X S'n(Cos‘l 9) (6-29)
Tagii  Cos 6 = pf

=) " @ o w 1 =)
pf Ao madszneumasvesInanluupazinou
(BB 2553071 0.875 WEHNIAN 2553 WA 0.878
HaziinuIey 2553 1A 0.871)
glJ d‘ o 1 3 1 9 1 o
Jupouneny  muduadiilsans q Taglyllsunsudesvsanisaiuiams lva
woei1ae 1ui Toun awseau (V) ardias ldihuenfiviuvasiie (P, ) ardias 1

~ =

) M9 UGYLFETHONN

0ss

SuoninNuwase (Q,,) Mmmasnugyiaesuoniyl (P
(Qess)
2 A o ' o o ¢ ~ o o %
Tupeuna  AwaaalanrudIagilssaenlaelaunisfendudngissaen
o &L 2 2
Asil Minimize: f(X)=(Py =Py ) +(Qu ~Qua ) +[P(¥)]
9 H H 9
TUADUNMINIAAINTUg N asunilagauin taaumuRIMAUTUADY LETAIA
JUN 6.2
msfanmalsuguinnlasumlasaiuna deslinsmiaianlsuguveudou
a = £ A
weu weenay naziguiou 1 2553 Taeld11sunsy MATLAB’s  TOOLBOOX 1350
A A . ) 2 9 a A Ry ' A A
1A3033]0 Genetic Algorithm Tool 3d0aMTIAON IFAMI 5619 9 TagMAoUILYIBY AR
AAl5AI913191 6.1 RDUNBAIAVLTAIAIAIMTAINITIN 6.2 uaziPouilguIsy Laag

"o Y =
AMAuLls AIN15199 6.3

Ak A

d‘ 1w = a [ Y =)
$1319N 6.1 mansvesauuaneanesnun14¥1u 115y MATLAB vo9@0 B8
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Fulsvessuuansanesinlu MATLAB | swessaulsSuudndanesfiuiidenlsd
Population Type double Vector
Population Size 100
Crossover Fraction 0.2
Generations 1000
StallGenLimit 500
StallTimeLimit inf
CrossoverFen crossoverscattered
MutationFcen mutationgaussian

d' LY =\ a [ a R d' X A
A15199 6.2 Maulsvesvuuandanosnun 1y lullsiunsy MATLAB VDUADUNHNIAN

Fulsvessumansanosiulu MATLAB | svesiunlsSuudndaneifiufidenlsd
Population Type double Vector
Population Size 100
Crossover Fraction 0.2
Generations 1000
StallGenLimit 500
StallTimeLimit inf
CrossoverFcen crossoverscattered
MutationFcn mutationgaussian
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A\ 4

Tisupsugoems luaueamaa i
9 ada o o
AT UIAU - 51N FU

Y
RIUIUNATINATNANAIANTAITO IV

maelihuennwuaziae i ueniv

Min:(Pref _Rotal) "lli‘h}

+ (Qref - QtotaJ )2
+[P(x)]

HAAINANITATUINY

A 4

UMTNY

d‘ 7 (-] 1 [*%) -7 d' d'
31U 6.2 unudamsaamanliuganulasuulasauna
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d' T @ = a [ a R d' Y A a
M1319N 6.3 ﬂWI’JLL‘iJ3%@Qﬂﬂlﬂﬂﬂ@ﬁﬂ@iﬂﬂﬂi%iﬂiﬂiLLﬂ'iiJ MATLAB 993409 UNQUIgY

Fulsvessumansanosinlu MATLAB | swessaulsSuudndaneifuiidenlsd
Population Type double Vector

Population Size 100
Crossover Fraction 0.2
Generations 500
StallGenLimit 250
StallTimeLimit inf

CrossoverFen crossoverscattered

MutationFcen mutationgaussian

° ] A - T W v A = ?z‘; U
MIAUMIAIA UMW A5 VoI IA T U e Asunasaiunains s A lae
a o a @ a o v v 1
TdTyariszavgovuansanoanulullsunsy MATLAB  dwSumisiiualgenn
@ [ Aav 4 4 [ o d v
d1sznoumataass luaaveanuIdoio 1uns1uns 1y Wi ndanudunusounisle
Y a =2 9 Ia ) o o 2 o ° Ay v a
Tu#1959 39 1AM INaaUAUKIA B TIUAU 30 A5 LagiiwasnouN launlSouiew
Taoi3898190A1 Best Fitness 1130 Objective Function 1182189nA1 Best Fitness ﬁiﬁﬁﬂﬂ@’ﬂﬁf}ﬂ
) o A 1 . Y = A "o Aa 1 1 o w Y| a
iWumamaew 1119391071 Best Fitness losigafaaninnuuana1aszninemas Iuihega

uazias i G ueniivisonga

d‘ a d1 w 1] d‘ d‘
M131399 6.4 HaM3ANTTHAINIUTUg ] dsulasnuna

U d‘ 9 9 9 ama a [ a R
. A lAnnmsaunaIeI5ILANganeI NN
GRCEIIE -
WY NOHAIAY TGATRTIY
K, 0.00044 0.00019 0.00161
K, 0.00358 0.02855 0.02292
K, 0.60692 0.56712 0.61550
K, 0.02004 0.00658 0.02375
K, 0.90021 0.90023 0.90935
Best Fitness 211909.499 427142.623 265777.333
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M313% 6.5 M3emmaa Inlihas wazamaa il uenivllse suAeumeien nguaay

azlguIeu 2553

P kW) Quen (kVar)
. maalifhese | maslidhese | madldflGuen | masldilEuen
oo 1AM | amsnagey | aMnmsiam | Avainms
(Pppp) (Pyap) (Qpea) NATY (Q )
WY 1477.314 1477.529 784.768 784.361
WHNIAY 1546.317 1546.648 812.086 811.523
ATRIT: 1555.163 1555.421 843.823 843.380

ANANITNATDUAIN IADINITAUNIAIEITIUUANDANDINY F1UITOAIUIUKIA
4 ) ] a o w J o [ L4
anuaatamasuveniad lihassnazdias lnilGueoniinvesdenduiaglseaen

] Y
Uszdufouwbion gy an tazgiiguioy 2553 Tannaumsnnuaaianaouail

|PEA=ILAF|

%Error = X 100 (6.7)

Tash  PEA Ao A1939

ILAF A9 A1naaed

A13197 6.6 MITNMANUANIAAADUYDINM AL I3 wazamae Wi ueniiu

UszduoummIon wauIAY Haziiguioy 2553

. AMANUANAI MANUARIAAGDY
oL
P (W) Q (Var) %Error P %Error Q
S IRTINY 214.407 407.497 0.015 0.052
WOYNAY 330.464 564.023 0.021 0.069
TRITY 257.900 446.396 0.017 0.053
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azlguIeu 2553
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nifouag ILAF,., ILAF,,, ILAF,, .
1 0.55388 0.57632 0.53301
2 0.23261 0.24471 0.24433
3 0.03822 0.04347 0.04274
4 0.08748 0.09329 0.08993
5 0.25125 0.26836 0.27454
6 0.28988 0.31302 0.31087
7 0.45230 0.45834 0.45359
8 0.33000 0.34681 0.32781
9 0.12201 0.12141 0.11403
10 0.18390 0.20435 0.18847
11 0.18701 0.19167 0.18429
12 0.17819 0.18001 0.17219
13 0.28679 0.31908 0.29684
14 0.00194 0.00188 0.00164
15 0.15821 0.15935 0.14456
16 0.39484 0.48762 0.51437
17 0.31332 0.31662 0.29470
18 0.25832 0.26671 0.25479
19 0.01398 0.01417 0.01378
20 0.24473 0.15557 0.13436
21 0.01236 0.01102 0.01187
22 0.1428 0.15443 0.13072
23 0.01531 0.01633 0.01344
24 0.08354 0.08839 0.08709
25 0.29643 0.31673 0.2997
26 0.13288 0.14848 0.13555
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AITNN 6.7 ﬂ"lﬁ')‘ﬂﬁ%ﬂf]‘ﬂﬂ?ﬁFﬂﬂﬁﬁiiﬂﬂﬂ‘l/lilfﬂiﬂillﬂ?ﬂﬂigEﬂ%ﬂ@ulﬂJETﬂu NHENIAY

HazliguIey 2553 (A9)

166

nifouag ILAF,., ILAF,,, ILAF,, .
27 0.2408 0.27996 0.29531
28 0.06329 0.06118 0.06610
29 0.29886 0.29314 0.28218
30 0.08900 0.10120 0.10383
31 0.02060 0.02006 0.02160
32 0.07728 0.07868 0.07180
33 0.14388 0.11796 0.12557
34 0.09337 0.09247 0.08422
35 0.20756 0.21044 0.23266
36 0.09924 0.10287 0.11295
37 0.29247 0.29930 0.29350
38 0.11086 0.11537 0.11560
39 0.27392 0.28582 0.26226
40 0.02235 0.02732 0.02487
41 0.03243 0.03290 0.03842
42 0.66106 0.67591 0.71523
43 0.18255 0.19473 0.19574
44 0.31244 0.31731 0.31445
45 0.24052 0.18511 0.18705
46 0.62319 0.65351 0.64232
47 0.25677 0.28442 0.27631
48 0.11702 0.11908 0.12112
49 0.32963 0.34824 0.33997
50 0.18398 0.19039 0.20074
51 0.16165 0.16106 0.19094
52 0.13936 0.13812 0.12273
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A ' o 3 A % o A
AITNN 6.7 ﬂ"lﬂ')ﬂﬁ%ﬂ@‘ﬂfﬂiFﬂﬂﬁﬁiiﬂﬂﬂﬂuﬂﬁﬂﬁ‘ﬂﬂg\‘]ﬂﬁ%%"llﬂ’ﬂ]ulJJHTﬂ‘H NOHNIAY

HazliguIeY 2553 (A9)

nifouag ILAF,., ILAF,,, ILAF,, .
53 0.00007 0.00002 0.00008
54 0.22282 0.21682 0.23396
55 0.21041 0.19981 0.21641
56 0.29390 0.29549 0.32175
57 0.29869 0.31154 0.33131
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Bus Magnitude Angle Generation Load
Bus type
code | voltage (p.u.) | (degree) kW kVar kW kVar
1 1.00 0.0 0.0 0.0 0.0 0.0 Slack bus
2 1.00 0.0 0.0 0.0 44.1 44991 PQ bus
3 1.00 0.0 0.0 0.0 70 71.414 PQ bus
4 1.00 0.0 0.0 0.0 140 142.829 PQ bus
5 1.00 0.0 0.0 0.0 44.1 44.991 PQ bus
6 1.00 0.0 0.0 0.0 140 142.829 PQ bus
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Bus Magnitude Angle Generation Load
Bus type
code | voltage (p.u.) | (degree) kW kVar kW kVar
7 1.00 0.0 0.0 0.0 140 142.829 PQ bus
8 1.00 0.0 0.0 0.0 70 71.414 PQ bus
9 1.00 0.0 0.0 0.0 70 71.414 PQ bus
10 1.00 0.0 0.0 0.0 441 44.991 PQ bus
11 1.00 0.0 0.0 0.0 140 142.829 PQ bus
12 1.00 0.0 0.0 0.0 70 71.414 PQ bus
13 1.00 0.0 0.0 0.0 44.1 44.991 PQ bus
14 1.00 0.0 0.0 0.0 70 71.414 PQ bus
15 1.00 0.0 0.0 0.0 140 142.829 PQ bus
mM31971 0.2 Toyamedeveszuunanoy 15 174
Line Half-line | Tab setting
Frombus | To bus R (ohms) JX (ohms)
number charging value
1 1 2 1.35309 1.32349 0.0 1
2 2 3 1.17024 1.14464 0.0 1
3 3 4 0.84111 0.82271 0.0 1
4 4 5 1.52348 1.02760 0.0 1
5 2 9 2.01317 1.35790 0.0 1
6 9 10 1.68671 1.13770 0.0 1
7 2 6 2.55727 1.72490 0.0 1
8 6 7 1.08820 0.73400 0.0 1
9 6 8 1.25143 0.84410 0.0 1
10 3 11 1.79553 1.21110 0.0 1
11 11 12 2.44845 1.65150 0.0 1
12 12 13 2.01317 1.35790 0.0 1
13 4 14 2.23081 1.50470 0.0 1
14 4 15 1.19702 0.80740 0.0 1
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M13197 0.3 Joyariaupssuunaael 34 1a

Bus Magnitude Angle Generation Load
Bus type

code | voltage (p.u.) | (degree) kW kVar kW kVar
1 1.00 0.0 0.0 0.0 0.0 0.0 Slack bus
2 1.00 0.0 0.0 0.0 230 142.5 PQ bus
3 1.00 0.0 0.0 0.0 0.0 0.0 PQ bus
4 1.00 0.0 0.0 0.0 230 142.5 PQ bus
5 1.00 0.0 0.0 0.0 230 142.5 PQ bus
6 1.00 0.0 0.0 0.0 0.0 0.0 PQ bus
7 1.00 0.0 0.0 0.0 0.0 0.0 PQ bus
8 1.00 0.0 0.0 0.0 230 142.5 PQ bus
9 1.00 0.0 0.0 0.0 230 142.5 PQ bus
10 1.00 0.0 0.0 0.0 0.0 0.0 PQ bus
11 1.00 0.0 0.0 0.0 230 142.5 PQ bus
12 1.00 0.0 0.0 0.0 137 84 PQ bus
13 1.00 0.0 0.0 0.0 72 45 PQ bus
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Bus Magnitude Angle Generation Load
Bus type
code | voltage (p.u.) | (degree) kW kVar kW kVar

14 1.00 0.0 0.0 0.0 72 45 PQ bus
15 1.00 0.0 0.0 0.0 72 45 PQ bus
16 1.00 0.0 0.0 0.0 13.5 7.5 PQ bus
17 1.00 0.0 0.0 0.0 230 142.5 PQ bus
18 1.00 0.0 0.0 0.0 230 142.5 PQ bus
19 1.00 0.0 0.0 0.0 230 142.5 PQ bus
20 1.00 0.0 0.0 0.0 230 142.5 PQ bus
21 1.00 0.0 0.0 0.0 230 142.5 PQ bus
22 1.00 0.0 0.0 0.0 230 142.5 PQ bus
23 1.00 0.0 0.0 0.0 230 142.5 PQ bus
24 1.00 0.0 0.0 0.0 230 142.5 PQ bus
25 1.00 0.0 0.0 0.0 230 142.5 PQ bus
26 1.00 0.0 0.0 0.0 230 142.5 PQ bus
27 1.00 0.0 0.0 0.0 137 85 PQ bus
28 1.00 0.0 0.0 0.0 75 48 PQ bus
29 1.00 0.0 0.0 0.0 75 48 PQ bus
30 1.00 0.0 0.0 0.0 75 48 PQ bus
31 1.00 0.0 0.0 0.0 57 34.5 PQ bus
32 1.00 0.0 0.0 0.0 57 34.5 PQ bus
33 1.00 0.0 0.0 0.0 57 34.5 PQ bus
34 1.00 0.0 0.0 0.0 57 34.5 PQ bus
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Line Half-line | Tab setting
Frombus | To bus R (ohms) jX (ohms)
number charging value

1 1 2 0.11700 0.04800 0.0 1
2 2 3 0.10725 0.04400 0.0 1
3 3 4 0.16445 0.04565 0.0 1
4 4 5 0.14950 0.04150 0.0 1
5 5 6 0.14950 0.04150 0.0 1
6 6 7 0.31440 0.05400 0.0 1
7 7 8 0.20960 0.03600 0.0 1
8 8 9 0.31440 0.05400 0.0 1
9 9 10 0.20960 0.03600 0.0 1
10 10 11 0.13100 0.02250 0.0 1
11 11 12 0.10480 0.01800 0.0 1
12 3 13 0.15720 0.02700 0.0 1
13 13 14 0.20960 0.03600 0.0 1
14 14 15 0.10480 0.01800 0.0 1
15 15 16 0.05240 0.00900 0.0 1
16 6 17 0.17940 0.04980 0.0 1
17 17 18 0.16445 0.04565 0.0 1
18 18 19 0.20790 0.04730 0.0 1
19 19 20 0.18900 0.04300 0.0 1
20 20 21 0.18900 0.04300 0.0 1
21 21 22 0.26200 0.04500 0.0 1
22 22 23 0.26200 0.04500 0.0 1
23 23 24 0.31440 0.05400 0.0 1
24 24 25 0.20960 0.03600 0.0 1
25 25 26 0.13100 0.02250 0.0 1
26 26 27 0.10480 0.01800 0.0 1
27 7 28 0.15720 0.02700 0.0 1
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Line Half-line | Tab setting
Frombus | To bus R (ohms) jX (ohms)
number charging value
28 28 29 0.15720 0.02700 0.0 1
29 29 30 0.15720 0.02700 0.0 1
30 10 31 0.15720 0.02700 0.0 1
31 31 32 0.20960 0.03600 0.0 1
32 32 33 0.15720 0.02700 0.0 1
33 33 34 0.10480 0.01800 0.0 1
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Bus Magnitude Angle Generation Load
Bus type
code | voltage (p.u.) | (degree) kW kVar kW kVar
1 1.00 0.0 0.0 0.0 0.0 0.0 Slack bus
2 1.00 0.0 0.0 0.0 0.0 0.0 PQ bus
3 1.00 0.0 0.0 0.0 0.0 0.0 PQ bus
4 1.00 0.0 0.0 0.0 0.0 0.0 PQ bus
5 1.00 0.0 0.0 0.0 0.0 0.0 PQ bus
6 1.00 0.0 0.0 0.0 2.6 2.2 PQ bus
7 1.00 0.0 0.0 0.0 40.4 30 PQ bus
8 1.00 0.0 0.0 0.0 75 54 PQ bus
9 1.00 0.0 0.0 0.0 30 22 PQ bus
10 1.00 0.0 0.0 0.0 28 19 PQ bus
11 1.00 0.0 0.0 0.0 145 104 PQ bus
12 1.00 0.0 0.0 0.0 145 104 PQ bus
13 1.00 0.0 0.0 0.0 8 5.5 PQ bus
14 1.00 0.0 0.0 0.0 8 5.5 PQ bus
15 1.00 0.0 0.0 0.0 0.0 0.0 PQ bus
16 1.00 0.0 0.0 0.0 45.5 30 PQ bus
17 1.00 0.0 0.0 0.0 60 35 PQ bus
18 1.00 0.0 0.0 0.0 60 35 PQ bus
19 1.00 0.0 0.0 0.0 0.0 0.0 PQ bus
20 1.00 0.0 0.0 0.0 1 0.6 PQ bus
21 1.00 0.0 0.0 0.0 114 81 PQ bus
22 1.00 0.0 0.0 0.0 5.3 3.5 PQ bus
23 1.00 0.0 0.0 0.0 0.0 0.0 PQ bus
24 1.00 0.0 0.0 0.0 28 20 PQ bus
25 1.00 0.0 0.0 0.0 0.0 0.0 PQ bus
26 1.00 0.0 0.0 0.0 14 10 PQ bus
27 1.00 0.0 0.0 0.0 14 10 PQ bus
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Bus Magnitude Angle Generation Load

Bus type

code | voltage (p.u.) | (degree) kW kVar kW kVar

28 1.00 0.0 0.0 0.0 26 18.6 PQ bus
29 1.00 0.0 0.0 0.0 26 18.6 PQ bus
30 1.00 0.0 0.0 0.0 0.0 0.0 PQ bus
31 1.00 0.0 0.0 0.0 0.0 0.0 PQ bus
32 1.00 0.0 0.0 0.0 0.0 0.0 PQ bus
33 1.00 0.0 0.0 0.0 14 10 PQ bus
34 1.00 0.0 0.0 0.0 19.5 14 PQ bus
35 1.00 0.0 0.0 0.0 6 4 PQ bus
36 1.00 0.0 0.0 0.0 26 18.55 PQ bus
37 1.00 0.0 0.0 0.0 26 18.55 PQ bus
38 1.00 0.0 0.0 0.0 0.0 0.0 PQ bus
39 1.00 0.0 0.0 0.0 24 17 PQ bus
40 1.00 0.0 0.0 0.0 24 17 PQ bus
41 1.00 0.0 0.0 0.0 1.2 1 PQ bus
42 1.00 0.0 0.0 0.0 0.0 0.0 PQ bus
43 1.00 0.0 0.0 0.0 6 4.3 PQ bus
44 1.00 0.0 0.0 0.0 0.0 0.0 PQ bus
45 1.00 0.0 0.0 0.0 39.22 26.3 PQ bus
46 1.00 0.0 0.0 0.0 39.22 26.3 PQ bus
47 1.00 0.0 0.0 0.0 0.0 0.0 PQ bus
48 1.00 0.0 0.0 0.0 79 56.4 PQ bus
49 1.00 0.0 0.0 0.0 384.7 274.5 PQ bus
50 1.00 0.0 0.0 0.0 384.7 274.5 PQ bus
51 1.00 0.0 0.0 0.0 40.5 28.3 PQ bus
52 1.00 0.0 0.0 0.0 3.6 2.7 PQ bus
53 1.00 0.0 0.0 0.0 4.35 3.5 PQ bus
54 1.00 0.0 0.0 0.0 26.4 19 PQ bus
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Bus Magnitude Angle Generation Load
Bus type
code | voltage (p.u.) | (degree) kW kVar kW kVar
55 1.00 0.0 0.0 0.0 24 17.2 PQ bus
56 1.00 0.0 0.0 0.0 0.0 0.0 PQ bus
57 1.00 0.0 0.0 0.0 0.0 0.0 PQ bus
58 1.00 0.0 0.0 0.0 0.0 0.0 PQ bus
59 1.00 0.0 0.0 0.0 100 72 PQ bus
60 1.00 0.0 0.0 0.0 0.0 0.0 PQ bus
61 1.00 0.0 0.0 0.0 244 188 PQ bus
62 1.00 0.0 0.0 0.0 32 23 PQ bus
63 1.00 0.0 0.0 0.0 0.0 0.0 PQ bus
64 1.00 0.0 0.0 0.0 227 162 PQ bus
65 1.00 0.0 0.0 0.0 59 42 PQ bus
66 1.00 0.0 0.0 0.0 18 13 PQ bus
67 1.00 0.0 0.0 0.0 18 13 PQ bus
68 1.00 0.0 0.0 0.0 28 20 PQ bus
69 1.00 0.0 0.0 0.0 28 20 PQ bus
31971 1.6 JoyamudIedszUUNATe 69 17
Line Half-line | Tab setting
Frombus | To bus R (ohms) jX (ohms)
number charging value
1 1 2 0.0005 0.0012 0.0 1
2 2 3 0.0005 0.0012 0.0 1
3 3 4 0.0015 0.0036 0.0 1
4 4 5 0.0251 0.0294 0.0 1
5 5 6 0.3660 0.1864 0.0 1
6 6 7 0.3811 0.1941 0.0 1
7 7 8 0.0922 0.0470 0.0 1
8 8 9 0.0493 0.0251 0.0 1
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Line Half-line | Tab setting
Frombus | To bus R (ohms) JX (ohms)
number charging value
9 9 10 0.8190 0.2707 0.0 1
10 10 11 0.1872 0.0619 0.0 1
11 11 12 0.7114 0.2351 0.0 1
12 12 13 1.0300 0.3400 0.0 1
13 13 14 1.0440 0.3450 0.0 1
14 14 15 1.0580 0.3496 0.0 1
15 15 16 0.1966 0.0650 0.0 1
16 16 17 0.3744 0.1238 0.0 1
17 17 18 0.0047 0.0016 0.0 1
18 18 19 0.3276 0.1083 0.0 1
19 19 20 0.2106 0.0696 0.0 1
20 20 21 0.3416 0.1129 0.0 1
21 21 22 0.0140 0.0046 0.0 1
22 22 23 0.1591 0.0526 0.0 1
23 23 24 0.3463 0.1145 0.0 1
24 24 25 0.7488 0.2475 0.0 1
25 25 26 0.3089 0.1021 0.0 1
26 26 27 0.1732 0.0572 0.0 1
27 3 28 0.0044 0.0108 0.0 1
28 28 29 0.0640 0.1565 0.0 1
29 29 30 0.3978 0.1315 0.0 1
30 30 31 0.0702 0.0232 0.0 1
31 31 32 0.3510 0.1160 0.0 1
32 32 33 0.8390 0.2816 0.0 1
33 33 34 1.7080 0.5646 0.0 1
34 34 35 1.4740 0.4873 0.0 1
35 3 36 0.0044 0.0108 0.0 1
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Line Half-line | Tab setting
Frombus | To bus R (ohms) JX (ohms)
number charging value
36 36 37 0.0640 0.1565 0.0 1
37 37 38 0.1053 0.1230 0.0 1
38 38 39 0.0304 0.0355 0.0 1
39 39 40 0.0018 0.0021 0.0 1
40 40 41 0.7283 0.8509 0.0 1
41 41 42 0.3100 0.3623 0.0 1
42 42 43 0.0410 0.0478 0.0 1
43 43 44 0.0092 0.0116 0.0 1
44 44 45 0.1089 0.1373 0.0 1
45 45 46 0.0009 0.0012 0.0 1
46 4 47 0.0034 0.0084 0.0 1
47 47 48 0.0851 0.2083 0.0 1
48 48 49 0.2898 0.7091 0.0 1
49 49 50 0.0822 0.2011 0.0 1
50 8 51 0.0928 0.0473 0.0 1
51 51 52 0.3319 0.1114 0.0 1
52 9 53 0.1740 0.0886 0.0 1
53 53 54 0.2030 0.1034 0.0 1
54 54 55 0.2842 0.1447 0.0 1
55 55 56 0.2813 0.1433 0.0 1
56 56 57 1.5900 0.5337 0.0 1
57 57 58 0.7837 0.2630 0.0 1
58 58 59 0.3042 0.1006 0.0 1
59 59 60 0.3861 0.1172 0.0 1
60 60 61 0.5075 0.2585 0.0 1
61 61 62 0.9740 0.4960 0.0 1
62 62 63 0.1450 0.0738 0.0 1
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Line Half-line | Tab setting
Frombus | To bus R (ohms) JX (ohms)
number charging value
63 63 64 0.7105 0.3619 0.0 1
64 64 65 1.0410 0.5302 0.0 1
65 11 66 0.2012 0.0611 0.0 1
66 66 67 0.0047 0.0014 0.0 1
67 12 68 0.7394 0.2444 0.0 1
68 68 69 0.0047 0.0016 0.0 1
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Bus | Magnitude Angle Generation Load
Bus type
code | voltage (p.u.) | (degree) kW kVar kW kVar
1 1.00 0.0 0.0 0.0 0.0 0.0 Slack bus
2 1.00 0.0 0.0 0.0 0.0 0.0 PQ bus
3 1.00 0.0 0.0 0.0 0.0 0.0 PQ bus
4 1.00 0.0 0.0 0.0 0.0 0.0 PQ bus
5 1.00 0.0 0.0 0.0 0.0 0.0 PQ bus
6 1.00 0.0 0.0 0.0 26.250 14.520 PQ bus
7 1.00 0.0 0.0 0.0 437.500 242.061 PQ bus
8 1.00 0.0 0.0 0.0 0.0 0.0 PQ bus
9 1.00 0.0 0.0 0.0 87.500 48.412 PQ bus
10 1.00 0.0 0.0 0.0 0.0 0.0 PQ bus
11 1.00 0.0 0.0 0.0 0.0 0.0 PQ bus
12 1.00 0.0 0.0 0.0 26.250 14.524 PQ bus
13 1.00 0.0 0.0 0.0 87.500 48.412 PQ bus
14 1.00 0.0 0.0 0.0 0.0 0.0 PQ bus
15 1.00 0.0 0.0 0.0 87.500 48.412 PQ bus
16 1.00 0.0 0.0 0.0 0.0 0.0 PQ bus
17 1.00 0.0 0.0 0.0 0.0 0.0 PQ bus
18 1.00 0.0 0.0 0.0 0.0 0.0 PQ bus
19 1.00 0.0 0.0 0.0 0.0 0.0 PQ bus
20 1.00 0.0 0.0 0.0 0.0 0.0 PQ bus
21 1.00 0.0 0.0 0.0 0.0 0.0 PQ bus
22 1.00 0.0 0.0 0.0 0.0 0.0 PQ bus
23 1.00 0.0 0.0 0.0 43.750 24.206 PQ bus
24 1.00 0.0 0.0 0.0 0.0 0.0 PQ bus
25 1.00 0.0 0.0 0.0 0.0 0.0 PQ bus
26 1.00 0.0 0.0 0.0 0.0 0.0 PQ bus
27 1.00 0.0 0.0 0.0 0.0 0.0 PQ bus
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Bus | Magnitude Angle Generation Load

Bus type

code | voltage (p.u.) | (degree) kW kVar kW kVar

28 1.00 0.0 0.0 0.0 87.500 48.412 PQ bus
29 1.00 0.0 0.0 0.0 218.750 121.031 PQ bus
30 1.00 0.0 0.0 0.0 0.0 0.0 PQ bus
31 1.00 0.0 0.0 0.0 140.000 77.460 PQ bus
32 1.00 0.0 0.0 0.0 0.0 0.0 PQ bus
33 1.00 0.0 0.0 0.0 0.0 0.0 PQ bus
34 1.00 0.0 0.0 0.0 87.500 48.412 PQ bus
35 1.00 0.0 0.0 0.0 0.0 0.0 PQ bus
36 1.00 0.0 0.0 0.0 218.750 121.031 PQ bus
37 1.00 0.0 0.0 0.0 0.0 0.0 PQ bus
38 1.00 0.0 0.0 0.0 87.500 48.412 PQ bus
39 1.00 0.0 0.0 0.0 0.0 0.0 PQ bus
40 1.00 0.0 0.0 0.0 0.0 0.0 PQ bus
41 1.00 0.0 0.0 0.0 87.500 48.412 PQ bus
42 1.00 0.0 0.0 0.0 0.0 0.0 PQ bus
43 1.00 0.0 0.0 0.0 140.000 77.460 PQ bus
44 1.00 0.0 0.0 0.0 0.0 0.0 PQ bus
45 1.00 0.0 0.0 0.0 0.0 0.0 PQ bus
46 1.00 0.0 0.0 0.0 0.0 0.0 PQ bus
47 1.00 0.0 0.0 0.0 275.625 152.499 PQ bus
48 1.00 0.0 0.0 0.0 0.0 0.0 PQ bus
49 1.00 0.0 0.0 0.0 0.0 0.0 PQ bus
50 1.00 0.0 0.0 0.0 0.0 0.0 PQ bus
51 1.00 0.0 0.0 0.0 26.250 14.524 PQ bus
52 1.00 0.0 0.0 0.0 0.0 0.0 PQ bus
53 1.00 0.0 0.0 0.0 0.0 0.0 PQ bus
54 1.00 0.0 0.0 0.0 0.0 0.0 PQ bus
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Bus | Magnitude Angle Generation Load
Bus type
code | voltage (p.u.) | (degree) kW kVar kW kVar

55 1.00 0.0 0.0 0.0 87.500 48.412 PQ bus
56 1.00 0.0 0.0 0.0 0.0 0.0 PQ bus
57 1.00 0.0 0.0 0.0 43.750 24.206 PQ bus
58 1.00 0.0 0.0 0.0 0.0 0.0 PQ bus
59 1.00 0.0 0.0 0.0 0.0 0.0 PQ bus
60 1.00 0.0 0.0 0.0 0.0 0.0 PQ bus
61 1.00 0.0 0.0 0.0 26.250 14.524 PQ bus
62 1.00 0.0 0.0 0.0 0.0 0.0 PQ bus
63 1.00 0.0 0.0 0.0 0.0 0.0 PQ bus
64 1.00 0.0 0.0 0.0 43.750 24.206 PQ bus
65 1.00 0.0 0.0 0.0 0.0 0.0 PQ bus
66 1.00 0.0 0.0 0.0 0.0 0.0 PQ bus
67 1.00 0.0 0.0 0.0 43.750 24.206 PQ bus
68 1.00 0.0 0.0 0.0 140.000 77.460 PQ bus
69 1.00 0.0 0.0 0.0 87.500 48.412 PQ bus
70 1.00 0.0 0.0 0.0 0.0 0.0 PQ bus
71 1.00 0.0 0.0 0.0 0.0 0.0 PQ bus
72 1.00 0.0 0.0 0.0 0.0 0.0 PQ bus
73 1.00 0.0 0.0 0.0 218.750 121.031 PQ bus
74 1.00 0.0 0.0 0.0 26.250 14.524 PQ bus
75 1.00 0.0 0.0 0.0 0.0 0.0 PQ bus
76 1.00 0.0 0.0 0.0 17.500 9.682 PQ bus
77 1.00 0.0 0.0 0.0 0.0 0.0 PQ bus
78 1.00 0.0 0.0 0.0 0.0 0.0 PQ bus
79 1.00 0.0 0.0 0.0 0.0 0.0 PQ bus
80 1.00 0.0 0.0 0.0 0.0 0.0 PQ bus
81 1.00 0.0 0.0 0.0 0.0 0.0 PQ bus
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Bus | Magnitude Angle Generation Load
Bus type
code | voltage (p.u.) | (degree) kW kVar kW kVar
82 1.00 0.0 0.0 0.0 0.0 0.0 PQ bus
83 1.00 0.0 0.0 0.0 0.0 0.0 PQ bus
84 1.00 0.0 0.0 0.0 0.0 0.0 PQ bus
85 1.00 0.0 0.0 0.0 218.750 121.031 PQ bus
86 1.00 0.0 0.0 0.0 0.0 0.0 PQ bus
87 1.00 0.0 0.0 0.0 43.750 24.206 PQ bus
88 1.00 0.0 0.0 0.0 0.0 0.0 PQ bus
89 1.00 0.0 0.0 0.0 43.750 24.206 PQ bus
90 1.00 0.0 0.0 0.0 26.250 14.524 PQ bus
91 1.00 0.0 0.0 0.0 26.250 14.524 PQ bus
92 1.00 0.0 0.0 0.0 0.0 0.0 PQ bus
93 1.00 0.0 0.0 0.0 26.250 14.524 PQ bus
94 1.00 0.0 0.0 0.0 0.0 0.0 PQ bus
95 1.00 0.0 0.0 0.0 0.0 0.0 PQ bus
96 1.00 0.0 0.0 0.0 87.500 48.412 PQ bus
97 1.00 0.0 0.0 0.0 87.500 48.412 PQ bus
98 1.00 0.0 0.0 0.0 0.0 0.0 PQ bus
99 1.00 0.0 0.0 0.0 0.0 0.0 PQ bus
100 1.00 0.0 0.0 0.0 87.500 48.412 PQ bus
101 1.00 0.0 0.0 0.0 0.0 0.0 PQ bus
102 1.00 0.0 0.0 0.0 0.0 0.0 PQ bus
103 1.00 0.0 0.0 0.0 87.500 48.412 PQ bus
104 1.00 0.0 0.0 0.0 43.750 24.206 PQ bus
105 1.00 0.0 0.0 0.0 0.0 0.0 PQ bus
106 1.00 0.0 0.0 0.0 87.500 48.412 PQ bus
107 1.00 0.0 0.0 0.0 0.0 0.0 PQ bus
108 1.00 0.0 0.0 0.0 0.0 0.0 PQ bus
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Bus | Magnitude Angle Generation Load

Bus type
code | voltage (p.u.) | (degree) kW kVar kW kVar
109 1.00 0.0 0.0 0.0 43.750 24.206 PQ bus
110 1.00 0.0 0.0 0.0 43.750 24.206 PQ bus
111 1.00 0.0 0.0 0.0 26.250 14.524 PQ bus
112 1.00 0.0 0.0 0.0 0.0 0.0 PQ bus
113 1.00 0.0 0.0 0.0 87.500 48.412 PQ bus
114 1.00 0.0 0.0 0.0 140.000 77.460 PQ bus
115 1.00 0.0 0.0 0.0 0.0 0.0 PQ bus
116 1.00 0.0 0.0 0.0 26.250 14.524 PQ bus
117 1.00 0.0 0.0 0.0 0.0 0.0 PQ bus
118 1.00 0.0 0.0 0.0 140.000 77.460 PQ bus
119 1.00 0.0 0.0 0.0 0.0 0.0 PQ bus
120 1.00 0.0 0.0 0.0 43.750 24.206 PQ bus
121 1.00 0.0 0.0 0.0 0.0 0.0 PQ bus
122 1.00 0.0 0.0 0.0 218.750 121.031 PQ bus
123 1.00 0.0 0.0 0.0 43.750 24.206 PQ bus
124 1.00 0.0 0.0 0.0 0.0 0.0 PQ bus
125 1.00 0.0 0.0 0.0 0.0 0.0 PQ bus
126 1.00 0.0 0.0 0.0 43.750 24.206 PQ bus
127 1.00 0.0 0.0 0.0 0.0 0.0 PQ bus
128 1.00 0.0 0.0 0.0 0.0 0.0 PQ bus
129 1.00 0.0 0.0 0.0 140.000 77.460 PQ bus
130 1.00 0.0 0.0 0.0 275.625 152.499 PQ bus
131 1.00 0.0 0.0 0.0 0.0 0.0 PQ bus
132 1.00 0.0 0.0 0.0 0.0 0.0 PQ bus
133 1.00 0.0 0.0 0.0 0.0 0.0 PQ bus
134 1.00 0.0 0.0 0.0 0.0 0.0 PQ bus
135 1.00 0.0 0.0 0.0 26.250 14.524 PQ bus
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Bus | Magnitude Angle Generation Load

Bus type
code | voltage (p.u.) | (degree) kW kVar kW kVar
136 1.00 0.0 0.0 0.0 0.0 0.0 PQ bus
137 1.00 0.0 0.0 0.0 140.000 77.460 PQ bus
138 1.00 0.0 0.0 0.0 140.000 77.460 PQ bus
139 1.00 0.0 0.0 0.0 0.0 0.0 PQ bus
140 1.00 0.0 0.0 0.0 0.0 0.0 PQ bus
141 1.00 0.0 0.0 0.0 140.000 77.460 PQ bus
142 1.00 0.0 0.0 0.0 0.0 0.0 PQ bus
143 1.00 0.0 0.0 0.0 0.0 0.0 PQ bus
144 1.00 0.0 0.0 0.0 218.750 121.031 PQ bus
145 1.00 0.0 0.0 0.0 0.0 0.0 PQ bus
146 1.00 0.0 0.0 0.0 140.000 77.460 PQ bus
147 1.00 0.0 0.0 0.0 0.0 0.0 PQ bus
148 1.00 0.0 0.0 0.0 437.500 242.061 PQ bus
149 1.00 0.0 0.0 0.0 0.0 0.0 PQ bus
150 1.00 0.0 0.0 0.0 0.0 0.0 PQ bus
151 1.00 0.0 0.0 0.0 140.000 77.460 PQ bus
152 1.00 0.0 0.0 0.0 0.0 0.0 PQ bus
153 1.00 0.0 0.0 0.0 0.0 0.0 PQ bus
154 1.00 0.0 0.0 0.0 0.0 0.0 PQ bus
155 1.00 0.0 0.0 0.0 26.250 14.524 PQ bus
156 1.00 0.0 0.0 0.0 0.0 0.0 PQ bus
157 1.00 0.0 0.0 0.0 218.750 121.031 PQ bus
158 1.00 0.0 0.0 0.0 0.0 0.0 PQ bus
159 1.00 0.0 0.0 0.0 218.750 121.031 PQ bus
160 1.00 0.0 0.0 0.0 218.750 121.031 PQ bus
161 1.00 0.0 0.0 0.0 275.625 152.499 PQ bus
162 1.00 0.0 0.0 0.0 0.0 0.0 PQ bus
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Magnitude Generation Load
Bus Angle
voltage Bus type
code (degree) kW kVar kW kVar
(p.u.)
163 1.00 0.0 0.0 0.0 87.500 48.412 PQ bus
164 1.00 0.0 0.0 0.0 0.0 0.0 PQ bus
165 1.00 0.0 0.0 0.0 140.000 77.460 PQ bus
166 1.00 0.0 0.0 0.0 0.0 0.0 PQ bus
M13199 1.8 YoyamodueszUINATOU 166 1id
Impedances Half-line Tab
Num | From | To Length
Phasing charging setting
ber bus bus | R (ohms) | jX (ohms) (km)
(Bc/2) value
1 1 2 0.05984 0.11390 ABC 0.0009300 1 0.3406
2 2 3 0.00162 0.00308 ABC 0.0000251 1 0.0092
3 3 4 0.00883 0.01681 ABC 0.0001373 1 0.0503
4 4 5 0.02475 0.04710 ABC 0.0003845 1 0.1408
5 5 6 0.18220 0.12048 ABC 0.0006699 1 0.2733
6 5 8 0.00515 0.00980 ABC 0.0000800 1 0.0293
7 6 7 0.04757 0.03145 ABC 0.0001750 1 0.0714
8 8 9 0.00815 0.01106 ABC 0.0000836 1 0.0306
9 8 11 0.11356 0.21615 ABC 0.0017648 1 0.6463
10 9 10 0.00122 0.00232 ABC 0.0000188 1 0.0069
11 11 12 0.00425 0.00810 ABC 0.0000661 1 0.0242
12 11 13 0.06635 0.04388 ABC 0.0002439 1 0.0995
13 11 14 0.02016 0.03836 ABC 0.0003132 1 0.1147
14 14 15 0.01383 0.02632 ABC 0.0002149 1 0.0787
15 14 19 0.02156 0.04104 ABC 0.0003350 1 0.1227
16 15 16 0.00604 0.01149 ABC 0.0000939 1 0.0344
17 16 17 0.00002 0.00004 ABC 0.0000003 1 0.0001
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Impedances Half-line Tab
Num | From | To Length
Phasing | charging setting
ber bus bus | R (ohms) | jX (ohms) (km)
Bc/2) value

18 17 18 0.01442 0.02745 ABC 0.0002242 1 0.0821
19 19 20 0.02730 | 0.05196 ABC 0.0004243 1 0.1554
20 20 21 0.02115 0.04027 ABC 0.0003288 1 0.1204
21 21 22 0.03243 0.06173 ABC 0.0005041 1 0.1846
22 22 23 0.21654 0.15036 ABC 0.0008458 1 0.3383
23 22 26 0.09917 0.18875 ABC 0.0015411 1 0.5644
24 23 24 0.00344 | 0.00239 ABC 0.0000135 1 0.0054
25 23 25 0.00202 0.00385 ABC 0.0000314 1 0.0115
26 26 27 0.14738 | 0.28053 ABC 0.0022904 1 0.8388
27 27 28 0.05770 | 0.07828 ABC 0.0005914 1 0.2166
28 27 30 0.00922 0.01756 ABC 0.0001434 1 0.0525
29 28 29 0.20655 0.28023 ABC 0.0021170 1 0.7753
30 30 31 0.06888 0.04555 ABC 0.0002532 1 0.1033
31 30 32 0.02864 0.05451 ABC 0.0004451 1 0.1630
32 32 33 0.09205 0.12489 ABC 0.0009434 1 0.3455
33 32 38 0.01879 0.03576 ABC 0.0002919 1 0.1069
34 33 34 0.03983 0.05404 ABC 0.0004082 1 0.1495
35 34 35 0.00043 0.00059 ABC 0.0000044 1 0.0016
36 33 36 0.04944 | 0.06708 ABC 0.0005068 1 0.1856
37 36 37 0.00070 | 0.00095 ABC 0.0000071 1 0.0026
38 38 39 0.01934 | 0.03681 ABC 0.0003006 1 0.1101
39 39 40 0.29860 | 0.19746 ABC 0.0010978 1 0.4479
40 39 44 0.00813 0.01547 ABC 0.0001264 1 0.0463
41 40 41 0.05417 0.03582 ABC 0.0001993 1 0.0813
42 40 43 0.18735 0.12389 ABC 0.0006887 1 0.2810
43 41 42 0.00183 0.00121 ABC 0.0000066 1 0.0027
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Impedances Half-line Tab
Num | From | To Length
Phasing | charging setting
ber bus bus | R (ohms) | jX (ohms) (km)
Bc/2) value

44 44 45 0.04718 0.03120 ABC 0.0001735 1 0.0708
45 44 48 0.00075 0.00142 ABC 0.0000117 1 0.0043
46 45 46 0.00185 0.00352 ABC 0.0000287 1 0.0105
47 45 47 0.00803 0.00531 ABC 0.0000294 1 0.0120
48 48 49 0.04870 0.09270 ABC 0.0007569 1 0.2772
49 49 50 0.01005 0.00664 ABC 0.0000370 1 0.0151
50 49 53 0.00509 0.00969 ABC 0.0000792 1 0.0290
51 50 51 0.04945 0.03270 ABC 0.0001819 1 0.0742
52 51 52 0.04279 | 0.02830 ABC 0.0001574 1 0.0642
53 53 54 0.01674 | 0.03187 ABC 0.0002602 1 0.0953
54 54 55 0.02934 | 0.03980 ABC 0.0003006 1 0.1101
55 54 57 0.01645 0.03132 ABC 0.0002556 1 0.0936
56 55 56 0.00190 0.00361 ABC 0.0000295 1 0.0108
57 57 58 0.00180 0.00342 ABC 0.0000279 1 0.0102
58 57 59 0.07168 0.13643 ABC 0.0011138 1 0.4079
59 59 60 0.01089 0.00720 ABC 0.0000400 1 0.0163
60 59 61 0.08189 0.15587 ABC 0.0012727 1 0.4661
61 61 62 0.03847 0.07322 ABC 0.0005977 1 0.2189
62 62 63 0.01322 0.00918 ABC 0.0000518 1 0.0207
63 62 64 0.07433 0.14149 ABC 0.0011553 1 0.4231
64 64 65 0.02939 0.01943 ABC 0.0001081 1 0.0441
65 64 66 0.15371 0.29257 ABC 0.0023887 1 0.8748
66 66 67 0.03412 0.02256 ABC 0.0001255 1 0.0512
67 66 68 0.01318 0.02508 ABC 0.0002048 1 0.0750
68 68 69 0.01318 0.02508 ABC 0.0002048 1 0.0750
69 69 70 0.08581 0.16333 ABC 0.0013336 1 0.4884
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Impedances Half-line Tab
Num | From | To Length
Phasing | charging setting
ber bus bus | R (ohms) | jX (ohms) (km)
Bc/2) value

70 70 71 0.00002 0.00005 ABC 0.0000003 1 0.0001
71 71 72 0.10434 | 0.19860 ABC 0.0016214 1 0.5938
72 72 73 0.08029 0.10894 ABC 0.0008230 1 0.3014
73 72 74 0.08862 0.16868 ABC 0.0013773 1 0.5044
74 74 75 0.00295 0.00561 ABC 0.0000459 1 0.0168
75 74 76 0.04747 0.09035 ABC 0.0007378 1 0.2702
76 76 77 0.01336 0.00884 ABC 0.0000490 1 0.0200
77 76 78 0.01223 0.02327 ABC 0.0001900 1 0.0696
78 78 79 0.00696 | 0.01324 ABC 0.0001081 1 0.0396
79 79 80 0.00092 | 0.00174 ABC 0.0000142 1 0.0052
80 79 81 0.00399 0.00759 ABC 0.0000620 1 0.0227
81 81 82 0.00366 0.00697 ABC 0.0000568 1 0.0208
82 81 83 0.00230 0.00438 ABC 0.0000358 1 0.0131
83 83 84 0.07264 | 0.13826 ABC 0.0011288 1 0.4134
84 84 85 0.01615 0.02191 ABC 0.0001655 1 0.0606
85 84 87 0.06004 | 0.11428 ABC 0.0009330 1 0.3417
86 85 86 0.00404 | 0.00768 ABC 0.0000628 1 0.0230
87 87 88 0.05936 0.11299 ABC 0.0009224 1 0.3378
88 88 89 0.01535 0.02083 ABC 0.0001573 1 0.0576
89 88 90 0.09582 0.18237 ABC 0.0014890 1 0.5453
90 90 91 0.02223 0.04232 ABC 0.0003454 1 0.1265
91 91 92 0.03245 0.06176 ABC 0.0005043 1 0.1847
92 92 93 0.20783 0.13743 ABC 0.0007640 1 0.3117
93 92 95 0.03178 0.06048 ABC 0.0004940 1 0.1809
94 93 94 0.00613 0.00405 ABC 0.0000225 1 0.0092
95 95 96 0.20055 0.13262 ABC 0.0007373 1 0.3008
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Phasing | charging setting
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96 95 97 0.05260 | 0.10012 ABC 0.0008175 1 0.2994
97 97 98 0.09608 0.18287 ABC 0.0014931 1 0.5468
98 98 99 0.05209 0.07068 ABC 0.0005338 1 0.1955
99 98 107 0.04594 | 0.08744 ABC 0.0007140 1 0.2615
100 99 100 0.00660 0.00896 ABC 0.0000677 1 0.0248
101 99 106 0.69178 0.45745 ABC 0.0025434 1 1.0377
102 100 101 0.00394 | 0.00750 ABC 0.0000612 1 0.0224
103 100 102 0.05555 0.07537 ABC 0.0005693 1 0.2085
104 102 103 0.03060 | 0.04151 ABC 0.0003135 1 0.1148
105 102 104 0.00496 | 0.00672 ABC 0.0000508 1 0.0186
106 104 105 0.00074 0.00101 ABC 0.0000076 1 0.0028
107 107 108 0.03678 0.02432 ABC 0.0001353 1 0.0552
108 107 111 0.00320 0.00609 ABC 0.0000497 1 0.0182
109 108 109 0.04107 0.02716 ABC 0.0001510 1 0.0616
110 108 110 | 0.04224 | 0.02793 ABC 0.0001554 1 0.0634
111 111 112 0.00568 | 0.01081 ABC 0.0000882 1 0.0323
112 112 113 0.05907 | 0.11243 ABC 0.0009180 1 0.3362
113 112 116 0.00528 | 0.01005 ABC 0.0000819 1 0.0300
114 113 114 | 0.00098 | 0.00187 ABC 0.0000153 1 0.0056
115 113 115 0.00208 | 0.00396 ABC 0.0000322 1 0.0118
116 116 117 0.07512 | 0.14298 ABC 0.0011673 1 0.4275
117 117 118 0.04172 | 0.02759 ABC 0.0001534 1 0.0626
118 117 119 0.05498 | 0.10465 ABC 0.0008544 1 0.3129
119 82 120 0.05641 0.10736 ABC 0.0008765 1 0.3210
120 120 121 0.02748 | 0.05231 ABC 0.0004271 1 0.1564
121 121 122 0.00889 | 0.01206 ABC 0.0000912 1 0.0334
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Bc/2) value

122 121 125 0.07429 0.14140 ABC 0.0011545 1 0.4228
123 122 123 0.02291 0.03108 ABC 0.0002348 1 0.0860
124 123 124 0.00120 0.00229 ABC 0.0000186 1 0.0068
125 125 126 0.11536 0.07628 ABC 0.0004240 1 0.1730
126 125 128 0.09087 0.17295 ABC 0.0014120 1 0.5171
127 126 127 0.06787 0.04488 ABC 0.0002495 1 0.1018
128 128 129 0.02646 0.03590 ABC 0.0002711 1 0.0993
129 128 131 0.01034 0.01968 ABC 0.0001608 1 0.0589
130 129 130 0.05421 0.07355 ABC 0.0005557 1 0.2035
131 131 132 0.01081 0.02058 ABC 0.0001679 1 0.0615
132 132 133 0.01079 0.02053 ABC 0.0001677 1 0.0614
133 132 134 0.02546 0.01683 ABC 0.0000936 1 0.0382
134 134 135 0.04414 0.02919 ABC 0.0001623 1 0.0662
135 135 136 0.00395 0.00751 ABC 0.0000614 1 0.0225
136 135 137 0.49333 0.32623 ABC 0.0018137 1 0.7400
137 137 138 0.00718 | 0.01366 ABC 0.0001114 1 0.0408
138 138 139 0.00503 0.00682 ABC 0.0000516 1 0.0189
139 138 140 | 0.02899 | 0.01917 ABC 0.0001066 1 0.0435
140 140 141 0.01535 0.01015 ABC 0.0000564 1 0.0230
141 140 144 | 0.10354 | 0.06847 ABC 0.0003806 1 0.1553
142 141 142 0.01177 | 0.00778 ABC 0.0000434 1 0.0177
143 141 143 0.00083 0.00158 ABC 0.0000128 1 0.0047
144 144 145 0.01326 | 0.00877 ABC 0.0000488 1 0.0199
145 145 146 0.00283 0.00538 ABC 0.0000440 1 0.0161
146 146 147 0.00541 0.01029 ABC 0.0000841 1 0.0308
147 147 148 0.02561 0.02594 ABC 0.0002037 1 0.0746
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148 147 150 0.01713 0.03260 ABC 0.0002662 1 0.0975
149 148 149 0.00136 | 0.00138 ABC 0.0000109 1 0.0040
150 150 151 0.00741 0.01006 ABC 0.0000759 1 0.0278
151 150 153 0.00260 | 0.00494 ABC 0.0000404 1 0.0148
152 151 152 0.00218 0.00415 ABC 0.0000339 1 0.0124
153 153 154 0.00919 0.01748 ABC 0.0001428 1 0.0523
154 154 155 0.01119 0.01518 ABC 0.0001147 1 0.0420
155 154 157 0.01948 0.03707 ABC 0.0003025 1 0.1108
156 155 156 0.00213 0.00406 ABC 0.0000330 1 0.0121
157 157 158 0.01558 0.02966 ABC 0.0002422 1 0.0887
158 158 159 0.00451 0.00859 ABC 0.0000702 1 0.0257
159 158 161 0.03335 0.04525 ABC 0.0003419 1 0.1252
160 159 160 0.01500 0.02854 ABC 0.0002332 1 0.0854
161 161 162 0.00196 0.00372 ABC 0.0000303 1 0.0111
162 161 163 0.01635 0.02218 ABC 0.0001677 1 0.0614
163 163 164 0.00172 | 0.00328 ABC 0.0000268 1 0.0098
164 163 165 0.01184 | 0.01607 ABC 0.0001212 1 0.0444
165 165 166 0.00268 0.00510 ABC 0.0000418 1 0.0153
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1| 6 | 34-006877 | 30 1520 mslilih | aaiiegerse
2 | 7 | 23047666 | 500 720 mwzse | doiudiedoidy
3 | 9 | 50-823440 | 100 720 MWL | FINVAIUAD
4 | 12| 43-003486 | 30 1520 msllih | densisae
5 | 13| 40-020555 | 100 720 m3lilih | aaifiegere
6 | 15 | 39-001371 | 100 720 mslilih | aadfiegerse
7 | 23 | 49012083 | 50 1120 mslilih | aafiegerse
8 | 28 | 36-013576 | 100 720 m3lilih | aadfiegerse
9 |29 | 37-019322 | 250 360 mslilih | aadfiegersie
10 | 31 | 36-014029 | 160 600 malilih | anwiiegerde
11 | 34 | 38-009509 | 100 720 mallih | anwiiegerde
12 | 36 | 40-003047 | 250 360 malilfh | anwiiegerde
13 | 38 | 36-003458 | 100 720 m3lilih | aadfiegerse
14 | 41 | 38-011138 | 100 720 MWL | FINVAIUAD
15 | 43 | 37-010771 | 160 600 m3lilih | aafiegerse
16 | 47 | 20963740 | 315 560 MWL | §INVAIUAD
17 | 51| 51-012963 | 30 1520 malilih | anwuiiegere
18 | 55 | 46-006629 | 100 720 mallih | anwiiegere
19 | 57 | 42008725 | 50 1160 mwzsw | dassae
20 | 61 | 35-014910 | 30 1520 malilih | anwiieogere
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21 | 64 | 32002654 | 50 1120 MWL | §INVAIUAD
22 | 67 | 45-024562 | 50 1120 MWL | §INVAIUAD
23 | 68 | 99-010632 | 160 600 MWIZIY | FINVAIUA?
24 | 69 | 30-002425 | 100 720 m3lilih | aaiiegere
25 | 73 | 32012393 | 250 360 mallih | anuiiogerd
26 | 74 | 45-002620 | 30 1520 malilih | anwuiiogerd
27 | 76 | 23-009221 | 20 760 e | darufiegords
28 | 85 | 27-008698 | 250 360 m3lilih | aaiiegere
29 | 87 | 38015314 | 50 1120 malilih | amuiiogerd
30 | 89 | 29-013421 | 50 1120 malilih | amuiiogerd
31 | 90 | 34-010836 | 30 1520 mallih | amuiiogerd
32 | 91 | 22-000982 | 30 1520 malilih | anwuiiogerde
33 | 93 | 51-013434 | 30 1520 m3lulih | aaifiegere
34 | 96 | 36-011900 | 100 720 malilih | anwuiiogerde
35 | 97 | 22-001122 | 100 720 malilih | amuiiogerd
36 | 100 | 44-033332 | 100 720 malilih | anuiiogerd
37 | 104 | 44-004939 | 100 720 mallih | anwuiiogerd
38 | 103 | 26-006153 | 50 1120 malilih | anuiiogerde
39 | 106 | 37-013643 | 100 720 malilih | anwufiogerde
40 | 109 | 99-009999 | 50 1120 RWZI0 | FINvEIuA)
41 | 110 | 36-013147 | 50 1120 MWL | §INVAIUAD
42 | 111 | 35-008339 | 30 1520 malilih | anuiiogerd
43 | 113 | 51-006224 | 100 720 malilih | anuiiogerde
44 | 114 | 48-001158 | 160 600 malilih | anwuiiogerde
45 | 116 | 34-003511 | 30 1520 mwzse | Ilassmey




245

[ o

a15199 2.1 Feyandouras IWihwesmetlou 10 aondiluih 2 dwmdauassadun (ao)

Safinnuede Wi
o || nwway | va ) Uszinm VWUNNIT
M fomlaa | e vmdoutlasiag Al i 14wl
Uszmnans) ?
46 | 118 | 37-018001 | 160 600 mallih | amuiiogerd
47 | 120 | 32002475 | 50 1120 wwizse | Ilasisue
48 | 122 27-008613 | 250 360 m3lilih | aaifiegere
49 | 123 | 29-015490 | 50 1120 m3lilih | aaiiegerde
50 | 126 | 27-007245 | 50 1120 malilih | anuiiogerd
51 | 129 | 38-008602 | 160 600 malilih | anuiiogerd
52| 130 | 23058089 | 315 560 e | anuiiederds
53 | 135 | 45-111885 | /30 1520 MW | §INIEIUA7
54 | 137 | 38-008609 |- 160 600 mallih | anwuiiogerd
55 | 138 | 37-017861 | 160 600 e | dorufiegoid
56 | 141 | 35-009580 | 160 600 mallih | anuiiogerd
57 | 144 | 36-005945 | 250 360 m3lilih | aaifiegerde
58 | 146 | 36-005659 | 160 600 malilih | anwiiogerde
59 | 148 | 23058091 | 500 720 MWIIW | §INVAIUAT
60 | 151 | 40-002513 | 160 600 e | dorufiegods
61 | 155 | 45-113063 | 30 1520 MWL | §INVAIUAD
62 | 157 | 51-009808 | 250 360 e | dorufiegords
63 | 159 | 24-016341 | 250 360 malilih | anuiiogerde
64 | 160 | 35-007658 | 250 360 malilih | anwuiiogerde
65 | 161 | 23058090 | 315 560 e | dorufiegerds
66 | 163 | 45-021884 | 100 720 malilih | amuiiogerd
67 | 165 | 43-005299 | 160 600 MWL | §INVAIUAD
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§wu | nyf dua TuraIITeu (1ad) | Suamilszang (aw)
1 1 uln 137 649
2 2 uln 615 1624
3 4 uln 635 1867
4 5 Tl 940 3049
5 6 T 504 1315
6 11 Mulna 266 932
7 12 YRMINAERY 252 1016
8 1 GEITRE 988 2404
9 2 GEMNE 785 1995
10 3 LEMIRE 587 2081
11 5 GEANE 544 1454
12 6 GEATRE 1171 2622
13 9 GEATRE 662 1705
14 10 GEATRE 626 1881
15 7 U3 lngy 612 1928
16 4 NUBIILUN 1174 3584
17 9 Twsnana 2930 6373
18 | 1518 MAUIAUAS 59053 145463
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VA | o fufims Mmalsznoums
EVRTTGET T GERRG
dweu [ | \ThT? ’ neldih | daassInaaves
nijeuilag (AN519109) PR
(kVA) (MTUVAT) NUNNDYDIFY
1| 6 | 34006877 | 30 | 11322004517 | 4341119.4791 0.2608
2 | 7| 23047666 | 500 | (131559.0573 | 426990.9196 0.3081
3 9 50-823440 100 0.0000 0.0000 0.0000
4 12 | 43-003486 30 0.0000 0.0000 0.0000
5 | 13 | 40-020555 | 100 | ~93957.7627 | 297411.0932 0.3159
6 | 15| 39-001371 | 100 | 105585.8548 | 315305.6641 0.3349
7 23 | 49-012083 50 603396.2770 2402273.4615 0.2512
8 28 | 36-013576 100 28285.9563 211671.3035 0.1336
9 29 | 37-019322 250 2672.5567 34157.2813 0.0782
10 | 31 | 36-014029 | 160 | 17809.9457 117313.3814 0.1518
11 | 34 | 38009509 | 100 | 293293316 | 2097953903 0.1398
12 36 | 40-003047 250 4355.2329 22992.4236 0.1894
13 38 | 36-003458 100 26840.3154 223745.0452 0.1200
14 41 | 38-011138 100 0.0000 0.0000 0.0000
15 43 | 37-010771 160 9320.6957 179523.1561 0.0519
16 47 20963740 315 0.0000 0.0000 0.0000
17 51 | 51-012963 30 277040.5231 3560074.2497 0.0778
18 55 | 46-006629 100 9916.8412 259519.6423 0.0382
19 57 | 42-008725 50 0.0000 0.0000 0.0000
20 61 | 35-014910 30 238185.2682 4585079.3158 0.0519
21 64 | 32-002654 50 0.0000 0.0000 0.0000
22 67 | 45-024562 50 0.0000 0.0000 0.0000
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23 | 68 | 99-010632 | 160 0.0000 0.0000 0.0000
24 | 69 | 30-002425 | 100 | 73685.5622 | 718372.5506 0.1026
25 | 73 | 32-012393 | 250 1213.2240 28694.3607 0.0423
26 | 74 | 45-002620 | 30 | 165229.8307 | 2885090.4405 0.0573
27 | 76 | 23-009221 | 20 15146.8796 | 233420.0279 0.0649
28 | 85 | 27-008698 | 250 1772.6410 17307.7562 0.1024
29 | 87 | 38-015314 | 350 26139.1914 | 598870.6023 0.0436
30 | 89 | 29-013421 | 50 23932.7461 542436.2128 0.0441
31 | 90 | 34-010836 | 30 55197.5769. | 1552117.8503 0.0356
32 | 91 | 22-000982 | 30 52078.4489 | 1586252.2226 0.0328
33 | 93 | 51-013434 | 30 | 104375.0402 | 1815419.4918 0.0575
34 | 96 | 36-011900 | 100 6125.7300 121123.8104 0.0506
35 | 97 | 22-001122 | ‘100 7956.4408 114619.6328 0.0694
36 | 100 | 44-033332 | 100 | 20624.5664 141932.6573 0.1453
37 | 104 | 44-004939 | 100 | 16203.2614 128765.6774 0.1258
38 103 | 26-006153 50 97139.1211 720998.3549 0.1347
39 106 | 37-013643 100 2423.0082 153646.6274 0.0158
40 | 109 | 99-009999 | 50 0.0000 0.0000 0.0000
41 110 | 36-013147 50 0.0000 0.0000 0.0000
42 111 | 35-008339 30 500115.6670 3899036.1007 0.1283
43 | 113 | 51-006224 | 100 | 41865.2852 195469.2256 0.2142
44 | 114 | 48-001158 160 28644.4910 108804.5182 0.2633
45 | 116 | 34-003511 | 30 0.0000 0.0000 0.0000
46 | 118 | 37-018001 | 160 | 579163649 | 201326.6664 0.2877
47 | 120| 32-002475 | 50 0.0000 0.0000 0.0000
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48 | 122/ 27-008613 | 250 3479.9612 31264.7067 0.1113
49 | 123 | 29-015490 | 50 52247.1624 | 896144.8382 0.0583
50 | 126 | 27-007245 | 50 | 136258.7029 | 1192001.7842 0.1143
51 | 129 | 38-008602 | 160 | 34299.5895 | 205876.0660 0.1666
52 | 130 | 23058089 | 315 [ 29286.7444 163866.7832 0.1787
53 | 135 | 45-111885 | 30 0.0000 0.0000 0.0000
54 | 137 | 38-008609 | 160 | 50317.0678 178530.1081 0.2818
55 | 138 | 37-017861 | /160 | 40638.2681 156880.8743 0.2590
56 | 141 | 35-009580 ‘|- 160 | 32568.3243 137367.3955 0.2371
57 | 144 | 36-005945 | 250 6603.1948 25558.6439 0.2584
58 | 146 | 36-005659 | 160 | 28564.3166 157813.5195 0.1810
59 | 148 | 23058091 | 500 0.0000 0.0000 0.0000
60 | 151 | 40-002513 | ‘160- | . 22331.5709 140323.3604 0.1591
61 | 155 | 45-113063 | 30 0.0000 0.0000 0.0000
62 | 157 | 51-009808 | 250 5023.5137 21100.7910 0.2381
63 159 | 24-016341 250 3927.0005 23434.4105 0.1676
64 | 160 | 35-007658 250 3183.4938 26933.8936 0.1182
65 | 161 | 23058090 | 315 9640.6275 124323.6194 0.0775
66 163 | 45-021884 100 38382.9654 527059.7726 0.0728
67 165 | 43-005299 160 0.0000 0.0000 0.0000
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1 6 | 34-006877 | 30 5759.3015 30375.6123 0.1896
2 | 7 | 23047666 | 500 152.9893 522.6066 0.2927
3 | 9 | 50-823440 | 100 0.0000 0.0000 0.0000
4 | 12 | 43-003486 | 30 0.0000 0.0000 0.0000
5 | 13 | 40-020555 | 100 1596.0624 5636.1649 0.2832
6 | 15 | 39-001371 | 100 2593.2969 8624.5706 0.3007
7 | 23 | 49-012083 | 50 29491.0590 100287.4052 0.2941
8 | 28 | 36-013576 | 100 91.3700 608.7027 0.1501
9 | 29 | 37-019322 | 250 2.2647 60.6766 0.0373
10 | 31 | 36-014029 | 160 20.6810 214.5526 0.0964
11 34 | 38-009509 100 24.1997 180.0408 0.1344
12 | 36 | 40-003047 | 250 2.3102 13.6668 0.1690
13 | 38 | 36-003458 | 100 19.0522 193.7350 0.0983
14 | 41 | 38-011138 | 100 0.0000 0.0000 0.0000
15 43 | 37-010771 160 6.1953 114.6883 0.0540
16 | 47 | 20963740 | 315 0.0000 0.0000 0.0000
17 | 51 | 51-012963 | 30 1027.4939 6252.2918 0.1643
18 55 | 46-006629 100 4.8552 137.7028 0.0353
19 | 57 | 42-008725 | 50 0.0000 0.0000 0.0000
20 | 61 | 35-014910 | 30 68.1598 1455.9857 0.0468
21 64 | 32-002654 50 0.0000 0.0000 0.0000
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22 | 67 | 45-024562 | 50 0.0000 0.0000 0.0000
23 | 68 | 99-010632 | 160 0.0000 0.0000 0.0000
24 | 69 | 30-002425 | 100 12.3678 134.3706 0.0920
25 | 73 | 32012393 | 250 2.2915 38.3890 0.0597
26 | 74 | 45-002620 | 30 23.7547 364.9222 0.0651
27 | 76 | 23-009221 | 20 2.3706 38.7327 0.0612
28 | 85 | 27-008698 | 250 0.3496 3.4210 0.1022
29 | 87 | 38-015314 | 50 5.0774 128.3564 0.0396
30 | 89 | 29-013421 | 50 4.7447 121.0311 0.0392
31 | 90 | 34-010836 | 30 11.1294 326.0514 0.0341
32 | 91 | 22-000982 | 30 10.2591 326.6443 0.0314
33 | 93 | 51-013434 | 30 22.4226 390.8816 0.0574
34 | 96 | 36-011900 | 100 1.3754 27.7436 0.0496
35 97 22-001122 100 1.7193 23.4258 0.0734
36 | 100 | 44-033332 | 100 4.7068 31.6948 0.1485
37 104 | 44-004939 100 3.6121 28.1898 0.1281
38 | 103 | 26-006153 | 50 21.7155 162.3300 0.1338
39 | 106 | 37-013643 | 100 0.6493 33.8463 0.0192
40 | 109 | 99-009999 | 50 0.0000 0.0000 0.0000
41 110 | 36-013147 50 0.0000 0.0000 0.0000
42 | 111 | 35-008339 | 30 127.9481 985.0841 0.1299
43 113 | 51-006224 100 8.1976 40.2004 0.2039
44 114 | 48-001158 160 6.4743 24.4943 0.2643
45 | 116 | 34-003511 | 30 0.0000 0.0000 0.0000
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46 | 118 | 37-018001 | 160 13.7343 47.9457 0.2865
47 | 120 | 32-002475 | 50 0.0000 0.0000 0.0000
48 | 122 27-008613 | 250 0.4802 4.4979 0.1068
49 | 123 | 29-015490 | 50 8.3800 154.9539 0.0541
50 | 126 | 27-007245 | 50 17.3316 179.8663 0.0964
51 | 129 | 38-008602 | 160 3.7146 23.2070 0.1601
52 | 130 | 23058089 | 315 3.0907 17.6425 0.1752
53 | 135 | 45-111885 | 30 0.0000 0.0000 0.0000
54 | 137 | 38-008609 | 160 7.0237 22.5987 0.3108
55 | 138 | 37-017861 | 160 5.6864 20.1082 0.2828
56 | 141 | 35-009580 | 160 4.5912 18.3539 0.2502
57 | 144 | 36-005945 | 250 0.9413 3.3559 0.2805
58 | 146 | 36-005659 | 160 4.2846 21.4358 0.1999
59 148 | 23058091 500 0.0000 0.0000 0.0000
60 | 151 | 40-002513 | 160 3.0471 19.0622 0.1599
61 155 | 45-113063 30 0.0000 0.0000 0.0000
62 | 157 | 51-009808 | 250 0.7620 2.6363 0.2891
63 | 159 | 24-016341 | 250 0.5924 3.0817 0.1922
64 | 160 | 35-007658 | 250 0.5109 3.5547 0.1437
65 161 | 23058090 315 1.4072 16.8637 0.0834
66 | 163 | 45-021884 | 100 5.2879 69.7042 0.0759
67 | 165| 43-005299 | 160 0.0000 0.0000 0.0000
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nijeulag LIVRRGE msnellih | Soumde

v N (1189) Soums 14 i
1 6 | 34-006877 | 30 2281.0746 12125.1984 0.1881
2 | 7 | 23047666 | 500 59.0087 208.0797 0.2836
3 | 9 | 50-823440 | 100 0.0000 0.0000 0.0000
4 | 12 | 43-003486 | 30 0:0000 0.0000 0.0000
5 | 13 | 40-020555 | 100 641.9563 2272.1806 0.2825
6 | 15 | 39-001371 | 100 1046.1051 3484.8506 0.3002
7 | 23 | 49-012083 | 50 11965.2322 40696.7947 0.2940
8 | 28 | 36-013576 | 100 49.8628 262.7090 0.1898
9 | 29 | 37-019322 | 250 0.9018 46.6416 0.0193
10 | 31 | 36-014029 | 160 8.3240 86.7359 0.0960
11 34 | 38-009509 100 9.7018 74.6757 0.1299
12 | 36 | 40-003047 | 250 0.9090 6.6016 0.1377
13 | 38 | 36-003458 | 100 7.6359 77.4597 0.0986
14 | 41 | 38-011138 | 100 0.0000 0.0000 0.0000
15 43 | 37-010771 160 2.1130 39.7921 0.0531
16 | 47 | 20963740 | 315 0.0000 0.0000 0.0000
17 | 51 | 51-012963 | 30 408.3280 2537.1100 0.1609
18 55 | 46-006629 100 1.8652 52.1203 0.0358
19 | 57 | 42-008725 | 50 0.0000 0.0000 0.0000
20 | 61 | 35-014910 | 30 25.1264 559.5772 0.0449
21 64 | 32-002654 50 0.0000 0.0000 0.0000




254

M13199 2.5 Foyamdatlsznoumstaass InaauesuIunaIn s ou (Av)

UIUKAIA U MAlsenouns
v | 2 4 L 3

L | ey | | Souvpeiy naAsou | IAdIT Inanved
Meu | Ua ) NN L. e . 3

nifoutag Nogory 31 1n¥h UIUNAIN

(kVA) . “ o (o

(A1) (1189) Soums 1y i
22 | 67 | 45-024562 | 50 0.0000 0.0000 0.0000
23 | 68 | 99-010632 | 160 0.0000 0.0000 0.0000
24 | 69 | 30-002425 | 100 5.5235 60.0107 0.0920
25 | 73 | 32012393 | 250 1.0232 17.0014 0.0602
26 | 74 | 45-002620 | 30 10.0223 147.4812 0.0680
27 | 76 | 23-009221 | 20 0.9426 15.1810 0.0621
28 | 85 | 27-008698 | 250 0.1145 1.1206 0.1022
29 | 87 | 38-015314 | 50 17712 47.1931 0.0375
30 | 89 | 29-013421 | 50 15835 40.1556 0.0394
31 | 90 | 34-010836 | 30 3.7293 110.9398 0.0336
32 | 91 | 22-000982 | 30 3.4327 111.0587 0.0309
33 | 93 | 51-013434 | 30 7.3449 128.7358 0.0571
34 | 96 | 36-011900 | 100 0.4505 9.0879 0.0496
35 97 22-001122 100 0.5632 7.6735 0.0734
36 | 100 | 44-033332 | 100 1.5418 10.3822 0.1485
37 104 | 44-004939 100 1.1832 9.2340 0.1281
38 | 103 | 26-006153 | 50 7.1626 54.8062 0.1307
39 | 106 | 37-013643 | 100 0.2127 11.0869 0.0192
40 | 109 | 99-009999 | 50 0.0000 0.0000 0.0000
41 110 | 36-013147 50 0.0000 0.0000 0.0000
42 | 111 | 35-008339 | 30 49.4551 368.5421 0.1342
43 [ 113 | 51-006224 | 100 2.7041 13.7462 0.1967
44 114 | 48-001158 160 2.1208 8.0247 0.2643
45 | 116 | 34-003511 | 30 0.0000 0.0000 0.0000
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46 | 118 | 37-018001 | 160 5.0260 17.6030 0.2855
47 | 120 | 32-002475 | 50 0.0000 0.0000 0.0000
48 | 122 | 27-008613 | 250 0.2145 2.0112 0.1066
49 | 123 | 29-015490 | 50 3.5770 67.7432 0.0528
50 | 126 | 27-007245 | 50 77115 78.5558 0.0982
51 | 129 | 38-008602 | 160 1.6590 10.3644 0.1601
52 | 130 | 23058089 | 315 1.3803 7.8792 0.1752
53 | 135 | 45-111885 | 30 0.0000 0.0000 0.0000
54 | 137| 38-008609 | 160 31368 10.0927 0.3108
55 | 138 | 37-017861 | 160 2.5396 9.0694 0.2800
56 | 141 | 35-009580 | 160 2.0505 8.2860 0.2475
57 | 144 | 36-005945 | 250 0.4204 1.4988 0.2805
58 | 146 | 36-005659 | 160 1.9135 9.5734 0.1999
59 148 | 23058091 500 0.0000 0.0000 0.0000
60 | 151 | 40-002513 | 160 1.3609 8.5133 0.1599
61 155 | 45-113063 30 0.0000 0.0000 0.0000
62 | 157 | 51-009808 | 250 0.3403 1.1774 0.2891
63 | 159 | 24-016341 | 250 0.2646 1.3763 0.1922
64 | 160 | 35-007658 | 250 0.2282 1.5875 0.1437
65 161 23058090 315 0.6285 7.5314 0.0834
66 | 163 | 45-021884 | 100 2.3497 29.7085 0.0791
67 | 165 | 43-005299 | 160 0.0000 0.0000 0.0000
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vainandonla AMAIlsEnoUNs
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My | Ud ) Wna ) e
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(kVA) s

(kVA) ARERGALY IR
1 6 34-006877 30 8695 0.0035
2 7 23047666 500 8695 0.0575
3 9 50-823440 100 8695 0.0115
4 12 43-003486 30 8695 0.0035
5 13 40-020555 100 8695 0.0115
6 15 39-001371 100 8695 0.0115
7 23 49-012083 50 8695 0.0058
8 28 36-013576 100 8695 0.0115
9 29 37-019322 250 8695 0.0288
10 31 36-014029 160 8695 0.0184
11 34 38-009509 100 8695 0.0115
12 36 40-003047 250 8695 0.0288
13 38 36-003458 100 8695 0.0115
14 41 38-011138 100 8695 0.0115
15 43 37-010771 160 8695 0.0184
16 47 20963740 315 8695 0.0362
17 51 51-012963 30 8695 0.0035
18 55 46-006629 100 8695 0.0115
19 57 42-008725 50 8695 0.0058
20 61 35-014910 30 8695 0.0035
21 64 32-002654 50 8695 0.0058
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(v (kVA) REAEAR LR
22 67 45-024562 50 8695 0.0058
23 68 99-010632 160 8695 0.0184
24 69 30-002425 100 8695 0.0115
25 73 32-012393 250 8695 0.0288
26 74 45-002620 30 8695 0.0035
27 76 23-009221 20 8695 0.0023
28 85 27-008698 250 8695 0.0288
29 87 38-015314 50 8695 0.0058
30 89 29-013421 50 8695 0.0058
31 90 34-010836 30 8695 0.0035
32 91 22000982 30 8695 0.0035
33 93 51-013434 30 8695 0.0035
34 96 36-011900 100 8695 0.0115
35 97 22-001122 100 8695 0.0115
36 | 100 | 44-033332 100 8695 0.0115
37 104 44-004939 100 8695 0.0115
38 | 103 | 26-006153 50 8695 0.0058
39 | 106 | 37-013643 100 8695 0.0115
40 109 99-009999 50 8695 0.0058
41 110 36-013147 50 8695 0.0058
42 | 111 | 35-008339 30 8695 0.0035
43 113 | 51-006224 100 8695 0.0115
44 | 114 | 48-001158 160 8695 0.0184
45 116 34-003511 30 8695 0.0035
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46 | 118 | 37-018001 160 8695 0.0184
47 | 120 | 32-002475 50 8695 0.0058
48 | 122 | 27-008613 250 8695 0.0288
49 | 123 | 29-015490 50 8695 0.0058
50 | 126 | 27-007245 50 8695 0.0058
51 129 | 38-008602 160 8695 0.0184
52 | 130 | 23058089 315 8695 0.0362
53 135 | 45-111885 30 8695 0.0035
54 | 137 | 38-008609 160 8695 0.0184
55 138 | 37-017861 160 8695 0.0184
56 | 141 | 35-009580 160 8695 0.0184
57 | 144 | 36-005945 250 8695 0.0288
58 | 146 | 36-005659 160 8695 0.0184
59 148 23058091 500 8695 0.0575
60 | 151 | 40-002513 160 8695 0.0184
61 155 45-113063 30 8695 0.0035
62 | 157 | 51-009808 250 8695 0.0288
63 159 | 24-016341 250 8695 0.0288
64 160 35-007658 250 8695 0.0288
65 161 23058090 315 8695 0.0362
66 | 163 | 45-021884 100 8695 0.0115
67 | 165 | 43-005299 160 8695 0.0184
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MAlsznouMsInass
Faa laldh
H. .. Traannanifoulasves
TP, TR GIGREER RIS NP
QRG] ) Tl
nioudag = =
kVA 2 - S 2 = S
1 34-006877 | 30 | 9214 | 9744 | 8571 | 0.4875 | 0.5156 | 0.4535
2 23047666 500 20360 26280 21192 | 0.0646 | 0.0834 | 0.0673
3 50-823440 | 100 | 2658 | 3039 | 2940 | 0.0422 | 0.0482 | 0.0467
4 43-003486 | 30 | 1836 | 19584 | 1866.6 | 0.0971 | 0.1036 | 0.0988
5 40-020555 | 100 | 5485 | 6992 | 6467 | 0.0871 | 0.1110 | 0.1027
6 39-001371 100 7434 9380 8202 0.1180 | 0.1489 | 0.1302
7 49-012083 50 9537 9907 9193 0.3028 | 0.3145 | 0.2918
8 36-013576 | 100 | 14975 | 16428 | 14342 | 0.2377 | 0.2608 | 0.2277
9 37-019322 | 250 | 19162 | 19109 | 17397 | 0.1217 | 0.1213 | 0.1105
10 | 36-014029 | 160 | 13979 | 16458 | 14025 | 0.1387 | 0.1633 | 0.1391
11 38-009509 100 7517 7985 6980 0.1193 | 0.1267 | 0.1108
12 40-003047 250 16327 16953 14305 0.1037 | 0.1076 | 0.0908
13 36-003458 100 15837 18212 16175 0.2514 | 0.2891 0.2567
14 | 38-011138 | 100 | 120 129 93 | 0.0019 | 0.0020 | 0.0015
15 37-010771 | 160 | 14041 | 14281 | 12207 | 0.1393 | 0.1417 | 0.1211
16 20963740 315 86872 | 107432 | 112072 | 0.4378 | 0.5414 | 0.5647
17 | 51-012963 | 30 | 4514 | 4632 | 3985 | 0.2388 | 0.2451 | 0.2108
18 46-006629 100 16534 17165 16044 | 0.2624 | 0.2725 | 0.2547
19 42-008725 50 485 495 472 0.0154 | 0.0157 | 0.0150
20 | 35-014910 | 30 | 4561 | 2703 | 2193 | 0.2413 | 0.1430 | 0.1160
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21 32-002654 | 50 | 427.8 | 382.8 | 407.4 | 0.0136 | 0.0122 | 0.0129
22 | 45-024562 | 50 | 4994 | 5402 | 4524 | 0.1585 | 0.1715 | 0.1436
23 99-010632 | 160 | 1677.5 | 1811.5 | 1439 | 0.0166 | 0.0180 | 0.0143
24 | 30-002425 | 100 | 1896.3 | 2340.9 | 19353 | 0.0301 | 0.0372 | 0.0307
25 32-012393 | 250 | 45335 | 49102 | 45117 | 0.2878 | 0.3118 | 0.2865
26 | 45-002620 | 30 | 1916 | 2268 | 1913 | 0.1014 | 0.1200 | 0.1012
27 | 23-009221 | 20 | 2839 | 3401 | 3540 | 0.2253 | 0.2699 | 0.2810
28 27-008698 250 48 14.4 0 0.0003 | 0.0001 0.0000
29 38-015314 50 9652 9471 8938 0.3064 | 0.3007 | 0.2837
30 | 29-013421 | 50 | 2268 | 2720 |- 2719 | 0.0720 | 0.0863 | 0.0863
31 34-010836 | 30 0 0 0 0.0000 | 0.0000 | 0.0000
32 | 22-000982 | 30 | 1224 | 1265 | 1079 | 0.0648 | 0.0669 | 0.0571
33 51-013434 | 30 | 2286 | 1761 1849 | 0.1210 | 0.0932 | 0.0978
34 36-011900 100 4397 4398 3615 0.0698 | 0.0698 | 0.0574
35 22-001122 | 100 | 11372 | 11659 | 12847 | 0.1805 | 0.1851 | 0.2039
36 | 44-033332 | 100 | 580 1002 | 1225 | 0.0092 | 0.0159 | 0.0194
37 44-004939 100 14977 15599 14637 | 0.2377 | 0.2476 | 0.2323
38 | 26-006153 | 50 | 1080 | 1308 | 1099 | 0.0343 | 0.0415 | 0.0349
39 37-013643 | 100 | 18336 | 19195 | 17299 | 0.2910 | 0.3047 | 0.2746
40 99-009999 50 778 956 858 0.0247 | 0.0303 | 0.0272
41 36-013147 50 1129.6 | 1149.5 | 1325.6 | 0.0359 | 0.0365 | 0.0421
42 35-008339 | 30 | 12156 | 12513 | 13081 | 0.6432 | 0.6621 | 0.6921
43 51-006224 100 4350 5405 4807 0.0690 | 0.0858 | 0.0763
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44 | 48-001158 | 160 | 16860 | 17880 | 16059 | 0.1673 | 0.1774 | 0.1593
45 34-003511 | 30 | 5049 | 3886.2 | 3886.2 | 0.2671 | 0.2056 | 0.2056
46 37-018001 | 160 | 50207 | 54111 | 50896 | 0.4981 | 0.5368 | 0.5049
47 32-002475 | 50 |-8980.1 | 9951.1 | 9567.6 | 0.2851 | 0.3159 | 0.3037
48 | 27-008613 | 250 | 8985 | 9685 | 9046 | 0.0570 | 0.0615 | 0.0574
49 | 29-015490 | 50 | 10400 | 11083 | 10600 | 0.3302 | 0.3518 | 0.3365
50 | 27-007245 | 50 | 4333 | 4616 | 4773 | 0.1376 | 0.1465 | 0.1515
51 38-008602 160 7102 7338 9753 0.0705 | 0.0728 | 0.0968
52 23058089 315 6956 7376 2116 0.0351 | 0.0372 | 0.0107
53 45-111885 30 0 0 0 0.0000 | 0.0000 | 0.0000
54 | 38-008609 | 160 | 3645.5 | 3529.5 | 3838 | 0.0362 | 0.0350 | 0.0381
55 37-017861 | 160 | 4365 | 3670 | 4075 | 0.0433 | 0.0364 | 0.0404
56 35-009580 | 160 | 15938 | 16554 | 18058 | 0.1581 | 0.1642 | 0.1791
57 36-005945 250 22182 25238 26182 | 0.1408 | 0.1602 | 0.1662
58 36-005659 | 160 | 19098 | 19382 | 20195 | 0.1895 | 0.1923 | 0.2003
59 23058091 | 500 | 14792 | 17120 | 14808 | 0.0470 | 0.0543 | 0.0470
60 40-002513 160 5325 5193 6380 0.0528 | 0.0515 | 0.0633
61 45-113063 | 30 | 2374 | 2398 | 2395 | 0.1256 | 0.1269 | 0.1267
62 51-009808 | 250 | 903 1101 1590 | 0.0057 | 0.0070 | 0.0101
63 24-016341 250 23399 24066 28246 | 0.1486 | 0.1528 | 0.1793
64 35-007658 250 13214 13659 16469 | 0.0839 | 0.0867 | 0.1046
65 23058090 | 315 | 17732 | 20180 | 18224 | 0.0894 | 0.1017 | 0.0918
66 45-021884 100 14287 15222 16313 0.2268 | 0.2416 | 0.2589
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67 43-005299 | 160 | 2660 3041 | 3438.5 | 0.0264 | 0.0302 | 0.0341

V.8

uaunfeveaunazinou

Poyammadlilihoss mmadluihsuennvl Awssav uazm Power Factor

a15197 v.8 Fogyammas lulihes g diaa il Buendinl useduuazm Power Factor

) RYGELRL Tvian (399U
)a) ] -~ o o+ | PowerFactor
P(MW) | QMVar) | P(MW) | QMVar) | (Alaina)
UBIEU 1.477314 | 0.784769 | 1.471153 | 0.813995 | 22.280598 | 0.874992
WOUMAL | 1.546318 | 0.812087 | 1.539608 | 0.840335 | 22.290717 | 0.877764
UQUIBY | 1.555163 | 0.843826 | 1548286 | 0.871811 | 22304642 | 0.871359
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[

CRIVATR dunsiinamagimans ANUYNADY
0 168181E 1664810N v
1 168408E 1663760N v
2 169455E 1664180N X
3 170868E 1663240N v
4 174023E 1664660N v
5 180619E 1663840N v
6 181874E 1664340N v
7 1815528 1663730N v
8 182155E 1663930N v
9 183084E 1664400N X
10 184465E 1664220N v
11 185088E 1662910N v
12 187263E 1663720N v
13 188216E 1664290N v
14 187605E 1661430N v
15 188716E 1660380N v
16 184537E 1662300N v
17 183874E 1661180N v
18 185124E 1661410N v
19 183433E 1660570N 4
20 181608E 1661680N v
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ATNN A.1 ﬂﬂﬂﬂﬁ@ﬂﬂ??ugﬂ@]@ﬂﬂl@ﬁﬂ'ﬁi]'llLlJﬂﬂﬁ$Lﬂ1/]W1W]1/]ﬂfJﬁ]'lﬂfJ (9o)

[

RN dunainanagimans ANMUYNADA
21 180945E 1661300N v
22 182604E 1661330N X
23 181524E 1662010N v
24 175670E 1661300N v
25 176321E 1661280N v
26 178143E 1662110N v
27 177167E 1662460N v
28 175059 1660940N v
29 175524E 1661070N v
30 175428E 1660450N v
31 168114 1661070N v
32 168304 1660440N v
33 170194 1662280N v
34 169868E 1662320N X
35 168773E 1661580N v
36 169900E 1658680N v
37 170237E 1659350N v
38 171047E 1658740N v
39 171341E 1658020N v
40 172928E 1658160N v
41 173754E 1659290N v
42 175603E 1658020N v
43 179131E 1658950N v
44 180135E 1658950N v
45 179897E 1658380N v
46 180985E 1657760N X
47 182870E 1658020N v
48 183382E 1658010N v
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ATNN A.1 ﬂﬂﬂﬂﬁ@ﬂﬂ??ugﬂ@]@ﬂﬂl@ﬁﬂ'ﬁi]'ILLUﬂ‘]J§$LﬂWW1W]1/1EIEJE]'IﬂfJ ()]

U

RN dunainanagimans ANMUYNADA
49 182894E 1658910N v
50 183910E 1659160N v
51 185791E 1659710N v
52 186473E 1659810N v
53 185104E 1658260N v
54 187327E 1657790N v
55 187319E 1658170N v
56 185676E 1657800N v
57 186442E 1658130N v
58 171333E 1657370N v
59 171733E 1656820N v
60 171706E 1655880N v
61 173253E 1656020N v
62 177071E 1655950N v
63 178377E 1656160N v
64 179838E 1656660N v
65 179349E 1656240N v
66 179861E 1656190N v
67 179492E 1655750N X
68 180937E 1655660N v
69 180604E 1656690N v
70 182116E 1657010N v
71 182001E 1655570N v
72 183120E 1656060N v
73 182913E 1657270N v
74 184017E 1656240N v
75 185858E 1655300N v
76 187005E 1657210N v
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[

RN dunainanagimans ANMUYNADA
77 185227E 1657360N v
78 187291E 1656680N v
79 188617E 1653910N v
80 187815E 1655080N v
81 187097E 1653860N v
82 187358E 1652940N v
83 185965E 1654410N v
84 187243E 1654600N v
85 184088E 1653640N v
86 184144E 1654450N v
87 183608E 1655080N v
88 1820208 1654870N v
89 181699 1654380N v
90 180707E 1654030N v
91 178282E 1653640N v
92 178921E 1654870N v
93 177496E 1655040N v
94 179298E 1653410N v
95 176671E 1653860N v
96 180207E 1655150N v
97 175599E 1654270N v
98 176305E 1654870N v
99 176432E 1653410N v
100 174635E 1653090N v
101 172690E 1653290N v
102 172595E 1654690N X
103 171475E 1655140N v
104 171507E 1653040N v
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ATNN A.1 ﬂﬂﬂﬂﬁ@ﬂﬂ??ugﬂ@]@ﬂﬂl@ﬁﬂ'ﬁi]'llLlJﬂﬂﬁ$Lﬂ1/]W1W]1/]ﬂfJﬁ]'lﬂfJ (9o)

[

RN dunainanagimans ANMUYNADA
105 169225E 1654390N v
106 187926E 1653620N v
107 183330E 1653880N v
108 180989E 1653530N v
109 172110E 1652960N v
110 174027E 1652490N v
111 171281E 1650980N v
112 171817E 1652460N v
113 172690E 1650820N v
114 172408E 1651850N v
115 174194 1652350N v
116 174885E 1651600N v
117 172900F 1652100N v
118 176552E 1651290N v
119 176496E 1652170N v
120 176000E 1651860N X
121 178536E 1650440N v
122 178917E 1650400N v
123 179143E 1651580N v
124 178508E 1651880N v
125 180925E 1650370N 4
126 183152E 1651800N v
127 184144E 1650800N v
128 184160E 1650000N v
129 185037E 1651140N v
130 186676E 1650870N v
131 186025E 1650420N v
132 186680E 1650010N v
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1 [

< Y 3 dy A A 1
ATNN A.1 ﬂﬂﬂﬂﬁ@ﬂﬂ??ugﬂ@]@ﬂﬂl@ﬁﬂ'ﬁi]'llLlJﬂﬂﬁ$Lﬂ1/]W1W]1/]ﬂfJﬁ]'lﬂfJ (9o)

[

RN dunainanagimans ANMUYNADA
133 175385E 1650120N v
134 185037E 1651140N v
135 188958E 1650440N v
136 188105E 1650240N v
137 187347E 1651680N v
138 187124E 1651270N v
139 188184E 1651960N v
140 188196E 1649660N v
141 188077E 1647900N v
142 186327E 1649340N v
143 185957 1648930N v
144 188089F 1649520N v
145 184648E 1649060N v
146 183048E 1647710N v
147 181588E 1648640N v
148 178425E 1649190N v
149 179869E 1647630N v
150 177730E 1648630N v
151 175555E 1649330N v
152 177532E 1647610N X
153 177214E 1649250N v
154 175746E 1648550N v
155 174357E 1648150N v
156 174567E 1649580N v
157 168213E 1648710N v
158 168681E 1648540N v
159 169872E 1649560N X
160 168150E 1646710N v
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1 [

< Y 3 dy A A 1
ATNN A.1 ﬂﬂﬂﬂﬁ@ﬂﬂ??ugﬂ@]@ﬂﬂl@ﬁﬂ'ﬁi]'llLlJﬂﬂﬁ$Lﬂ1/]W1W]1/]ﬂfJﬁ]'lﬂfJ (9o)

[

RN dunainanagimans ANMUYNADA
161 177595E 1645990N v
162 178226E 1646540N v
163 178766E 1646860N v
164 179290E 1646610N v
165 180020E 1646700N v
166 180838E 1646870N v
167 184652E 1647390N v
168 184354E 1647240N v
169 184691E 1645930N v
170 184176E 1645530N v
171 185136E 1645050N v
172 185207E 1646130N v
173 186338E 1645990N v
174 187196E 1646240N v
175 185834E 1645160N v
176 185009E 1646850N v
177 186283E 1643860N v
178 184751E 1644030N v
179 185410E 1643600N v
180 184997E 1644790N v
181 183850E 1642910N v
182 184199E 1644680N v
183 184072E 1643780N v
184 181326E 1644520N X
185 183025E 1643080N v
186 179429E 1644240N v
187 179913E 1644680N v
188 180056E 1640930N v
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1 [

< Y 3 dy A A 1
ATNN A.1 ﬂﬂﬂﬂﬁ@ﬂﬂ??ugﬂ@]@ﬂﬂl@ﬁﬂ'ﬁi]'llLlJﬂ‘]Jﬁ&ﬂ‘lﬂ‘Wﬂ‘WﬂﬂfJﬁ]'lﬂﬂ (9o)

[

RN dunainanagimans ANMUYNADA
189 180500E 1640330N v
190 182513E 1641510N v
191 183271E 1641460N v
192 182929E 1640870N v
193 182517E 1640330N v
194 185624E 1641510N v
195 187358E 1640950N v
196 186926E 1641430N v
197 187227E 1642040N X
198 185013E 1642070N v
199 184512 1656690N v
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Tatiya Luemongkol, Thanatchai Kulworawanichpong

Community Identification Based on Multispectral Image Classification for
Local Electric Power Distribution Systems

TATIYA LUEMONGKOL and THANATCHAI KULWORAWANICHPONG
Power System Research Unit
School of Electrical Engineering
Suranaree University of Technology
111 University Avenue, Nakhon Ratchasima
THAILAND
thanatchai@gmail.com

Abstract: - This paper illustrated an approach of identifying community size in feeding area of local MV power
distribution systems by using satellite image processing. Information of community size is essential and can be useful
to estimate electric energy used by local customers. Infrared band of satellite images can be used for this purpose.
ENVI and GIS ArcView software are both working tools in this paper. Satellite images of LANDSAT 7 covered a test
area in Nakhon Ratchasima 2 distribution feeders were employed for test. The results obtained from the satellite image
processing based on ISODATA unsupervised classification can be used in associative with GIS information of the
power distribution feeder to visualize feeder load allocation in the community point of view.

Key-Words: - Multispectral, Satellite imagery, ISODATA, Unsupervised classification, Minimum square error

1 Introduction

Satellite images have found their several applications in
fields of agriculture, geology, forestry, biodiversity
conservation, regional planning, education, intelligence,
warfare, weather forecast, water resources, electric
power system, etc [1-9]. 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.

For decades, electric power distribution systems,
particularly in Thailand, were constructed extensively
across the country. In recent years, population growth
forces community expanding its size. Several villages in
local areas have shifted their border and increased their
electric demands. One of important work for electric
power distribution planning is to manage power feeding
systems to gain highest performances in several aspects.
Size and site information of all local customers are key.
In fact, a local electric distribution company usually
bills its consumers. An amount of electric energy
consumed by each customer in one month can be
easily obtained. What the local utility has not known is
how electrical demands are distributed along the feeder
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line through its distribution transformers. Some may
say that this information can be obtained by
conducting a direct field survey. However, a large
amount of time and efforts is required. Satellite remote
sensing, which can easily monitor a large area, could
provide effectiveinformation to develop community
identification, if it is able to capture the community
features in urban areas from satellite images. Multi-
spectral - characteristics show the difference of
reflectance from the materials on the earth surface.
Many researchers have already proposed algorithms to
classify the features on the earth surface in the fields of
natural environment mapping, such as for forests and
agricultural lands. In this study, the classification for
identifying community in parts of City of Nakhon
Ratchasima was attempted using LANSAT 7 satellite
images. Satellite images from LANSAT 7 was used in
this study. Multi-spectral sensor of LANSAT 7,
Thematic Mapper (TM), has eight bands between
visible and thermal infrared. Spatial resolution of its
image except for the thermal infrared band is 15 — 30
m on ground.

In this paper, Section 2 gave a brief of satellite
imaging technique and its processing. Section 3 described
the interpretation of satellite images. Section 4 explained
the satellite image processing software used in this paper.
Section 5 illustrated multi- spectral image classification
technique in  which ISODATA  unsupervised
classification is focused on. The next section, Section 6,
provided results of the identifying scheme proposed in
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this paper. Section 7, the last section, concluded the
results and discussed further for future work.

2 Satellite Imaging Techniques

As mentioned previously, this paper was based on image
analysis. The source of these pictures came from two
main sources: i) satellite images from LANDSAT 7 and
topographic map based on topographical surveys.

2.1 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
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: 1) 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. 1 showed a satellite image covering
Thailand [11]. As mentioned earlier the dot circle is the
area of study in this paper. Fig. 2 gave a close view inside
the circle of Fig. 1. It revealed city of Nakhon
Ratchasima from the space.

L v -
Fig. 1 Satellite image covering Thailand [11]
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Fig. 2 Satellite image of City of Nakhon Ratchasima [11]

2.2 Topographic Map

A topographic map as shown in Figs 3 — 4 is a typical
map characterized by large-scale detail and quantitative
representation, usually using contour lines in modern
mapping [12]. Traditional definitions require a
topographic map to show both natural and man-made
features. Topographic maps have found their several
applications, for example, any type of geographic
planning.or large-scale architecture; earth sciences and
many other geographic disciplines; mining and other
earth-based endeavors; and recreational uses such as
hiking:

X ) chuo:‘h
Nl e

\
c map [13]
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p A ;
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Fig. 4 Topographic map of Nakhon Ratchasima area

In power transmission and distribution system planning,
power transmission or distribution lines are located on
this kind of maps. Unfortunately, information on this map
is out-of-date because the topographical surveys of the
country were done for decades. The only one important
thing that has never been changed is GPS coordinates
[14] of the power lines on the topographic maps. With
these coordinates, existing power transmission line routes
can be located and then mapped onto a recent version of
its satellite image, as shown in Fig. 5. This procedure was
described in the next sub-section.

Topographic map
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Satellite image

Fig. 5 GPS coordinate mapping
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3 Unsupervised Classification

Two methods of classification are commonly used:
Unsupervised and Supervised. The logic or steps
involved can be briefed from this flow diagram as shown
in Fig. 6.

Load Input Data

Separate Data into Groups with
Clustering

Classify Data into Groups

Assign Name to Each Group

/

T s
< Satisfy? >
R b el
~ o
g5 ™
r/ A\
( STOP ‘

P

Fig. 6 Unsupervised classification

In contrast to the supervised classification, unsupervised
classification requires very few inputs into the
classification processes [15]. The computer selects
natural groupings of pixels based on their spectral
properties. However, an unsupervised classification
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algorithm still requires user interaction, however these
occur after the classification has been performed. In
unsupervised classification, the user attempts to assign
information classes to the spectral classes the computer
has created. Several potential problems exist. The first is
that some of the classes may be meaningless as they
represent a mix of different surface covers. In other
instances, a single informational class may be split
among two spectral classes. As with selection of training
sites, it takes careful consideration and considerable
knowledge to correctly label these spectral classes.

To date, several different unsupervised classification
algorithms are commonly used in remote sensing [16].
The two most frequently used algorithms are the K-mean
and the ISODATA clustering algorithm. Both of these
algorithms are iterative procedures. In general, both of
them assign first an arbitrary initial cluster vector. The
second step classifies each pixel to the closest cluster. In
the third step the new cluster mean vectors are calculated
based on all the pixels in one cluster. The second and
third steps are repeated until the change between the
iteration is small. The change can be defined in several
different ways, either by measuring the distances the
mean cluster vector have changed from one iteration to
another or by the percentage of pixels that have changed
between iterations. The isodata algorithm has some
further refinements by splitting and merging of clusters.
Clusters are merged if either the number of members
(pixel) in a cluster is less than a certain threshold or if the
centers of two clusters are closer than a certain threshold.

Tatiya Luemongkol, Thanatchai Kulworawanichpong

Clusters are split into two different clusters if the cluster
standard deviation exceeds a predefined value and the
number of members (pixels) is twice the threshold for the
minimum number of members. The isodata algorithm is
similar to the k-means algorithm with the distinct
difference that the ISODATA algorithm allows for
different number of clusters while the k-means assumes
that the number of clusters is known a priori. The
objective of the k-means algorithm is to minimize the
within cluster variability. The objective function (which
is to be minimized) is the sums of squares distances
(errors) between each pixel and its assigned cluster
center. Isodata, probably the most common unsupervised
classification scheme, is the Iterative Self-Organizing
Data Analysis Technique (ISODATA). ISODATA is an
iterative unsupervised classification scheme. It has been
developed with empirical knowledge gained through
experimentation and requires relatively little in the way
of human interaction. While implementations of
ISODATA vary there is often some nominal inputs that
need to be specified by the users.

4 Results and Discussion

In this paper, electric power distribution feeders of
Nakhon Ratchasima area were used for evaluation of the
unsupervised classification. Fig. 7 shows a topographic
map of the test area.
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- Vegetation/Tree 29.7234 %
J Bare Soil 339758 %
[ | Agriculture 14.9357 %
- Urban 2.8617 %

- ‘Wet land/Water/Paddy field 18.5032%
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Fig. 9 Multispectral image after classification
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By using ISODATA unsupervised classification, it can be
partitioned areas into 5 zones: i) vegetation and tree, ii)
bare soil, iii) agriculture, iv) wet/water/paddy fields, and
v) urban as shown in Fig. 8. The result of ISODATA
classification according to the five provided zones can be
shown in Fig. 9. It consists of

Zone 1: Vegetation/tree 29.7%
Zone 2: Bare soil 34.0%
Zone 3: Agriculture 14.9%
Zone 4: Wet/water/paddy fields 18.5%
Zone 5: Urban (community) 2.9%

Tatiya Luemongkol, Thanatchai Kulworawanichpong

To achieve the goal of identifying the community, Zone 1
— 4 in the image must be separated. By keeping Zone 5 as
the community zone, the two-color image rendering can
be used to visualize zones of residences representing
customer locations as shown in Fig. 10. The black color
is the non-community while the lighter color showed the
community areas. In this area, there are a number of
medium voltage feeders to energize electric power to
loads that are represented by community zones as shown
in Figs 11-13.

Fig. 10 Classification for community and non-community
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o

Fig. 12 MV feeders overlaying on the land use of the LANSAT 7 image of te target area

o
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The ideal of using multispectral image classification is to
distinguish ~ community - zones. The community
identification can represent a densely populated area of
customers that consumes a considerable amount of
electric energy from the power supply grid.

® Verification of the classification results

Verification of the classification results = requires
information of already known GIS areas. Matching
between areas classified by the proposed method and
land use information obtained by the topographic map
was described according to the comparisons between
two target areas, i) Nakhon Ratchasima 2 Power
substation and ii) Bueng Tale area.

8.1 Nakhon Ratchasima 2 Power Substation

Table 1 GIS information for Nakhon Ratchasima 2
Power substation area

Point GIS coordinate
Longitudes Latitudes
1 190299.72E 1654555.64N
2 189245.72E 1655725.64N
3 189939.72E 1656175.64N
4 190839.72E 1654765.64N
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Fig. 16 Topographic map of Nakhon Ratchasima area

As shown in Figs 15-16, the target arca was the square 1-
2-3-4. The GIS coordinate of the square can be found in
Table 1. This represented a community according to the
result from the classification. It was confirmed by the
square in the topographic map as shown in Fig. 16.

ISSN: 1790-5079

605

Tatiya Luemongkol, Thanatchai Kulworawanichpong

8.2 Bueng Thale Area

Table 2 GIS information for Bueng Tale area

Point GIS coordinate
Longitudes Latitudes
1 179259.72E 1654885.64N
2 178899.72E 1655005.64N
3 179079.72E 1655185.64N
- 179499.72E 1655095.64N

As shown in Figs 17-18, the target area was the square 1-
2-3-4. The GIS coordinate of the square can be found in
Table 2. This represented a community according to the
result from the classification. It was also confirmed by
the square in the topographic map as shown in Fig. 18.

8 Conclusion

In this paper, topographic maps and satellite images were
exploited in order to extract some key information
describing power distribution systems, located on the
maps. The application demonstrated here was the
identifying community that can be used to estimate
groups of customers along the power distribution feeders.
A 22-kV power distribution system in province of
Nakhon Ratchasima was used as a case study. As a result,
exploitation of satellite image processing was very
helpful. Power distribution engineers can visualize
locations of their local customers without doing field
surveys that are time-consuming and very expensive.

As satellite imaging is a powerful tool, our research
could be extended to employ satellite image processing
techniques in various fields. Power distribution planning
is one of applications that can gain this work results.
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Identifying Community in Feeding Areas of Local MV Power Distribution
Systems Based on Multispectral Image Classification
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Abstract: - This paper presents an approach of identifying community size in feeding area of local MV power
distribution systems by using satellite image processing. Information of community size is essential and can be useful
to estimate electric energy used by local customers. Infrared band of satellite images can be used for this purpose.
ENVI and GIS ArcView software are both working tools in this paper. Satellite images of LANDSAT 7 covered a test
area in Nakhon Ratchasima 2 distribution feeders were employed for test. The results obtained from the satellite image
processing based on ISODATA unsupervised classification can be used in associative with GIS information of the
power distribution feeder to visualize feeder load allocation in the community point of view.

Key-Words: - Multispectral, Satellite imagery, ISODATA, Unsupervised classification, Minimum square error

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, clectric 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 arc freely available
to the public. Several other countries, nowadays, have
satellite 1imaging 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.

For decades. electric power distribution systems.
particularly in Thailand, were constructed extensively
across the country. In recent years, population growth
forces community expanding its size. Several villages in
local areas have shifted their border and increased their
electric demands. One of important work for electric
power distribution planning is to manage power feeding
systems to gain highest performances in several aspects.
Size and site information of all local customers are key.
In fact, a local electric distribution company usually
bills its consumers. An amount of electric energy
consumed by each customer in one month can be
easily obtained. What the local utility has not known
is how electrical demands are distributed along the
feeder line through its distribution transformers. Some
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may say that this information can be obtained by
conducting a direct field survey. However, a large
amount of time and efforts is required. Satellite
remote sensing, which can easily monitor a large area,
could prowvide effectiveinformation to develop
community identification, if it is able to capture the
community features in urban areas from satellite
images. Multi-spectral characteristics show the
difference of reflectance from the materials on the
earth surface. Many researchers have already
proposed algorithms to classify the features on the
earth surface in the fields of natural environment
mapping, such as for forests and agricultural lands. In
this  study, the classification for identifying
community in parts of City of Nakhon Ratchasima
was attempted using LANSAT 7 satellite images.
Satellite images from LANSAT 7 was used in this
study. Multi-spectral sensor of LANSAT 7, Thematic
Mapper (TM), has eight bands between visible and
thermal infrared. Spatial resolution of its image except
for the thermal infrared band is 15 — 30 m on ground.

In this paper. Section 2 gave a brief of satellite
imaging technique and its processing. Section 3
illustrated multispectral image classification technique
in which ISODATA unsupervised classification is
focused on. The next section. Section 4, provided results
of the identifying scheme proposed in this paper. Section
3, the last section, concluded the results and discussed
further for future work.

ISBN: 978-960-474-112-0




334

Proceedings of the 9th WSEAS International Conference on POWER SYSTEMS

2 Satellite Imaging Techniques

As mentioned previously, this paper was based on image
analysis. The source of these pictures came from two
main sources: 1) satellite images from LANDSAT 7 and
topographic map based on topographical surveys.

3.1 LANDSAT Imaging

A latest LANDSAT, LANDSAT 7. was launched in
April 1999 [6]. 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
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: 1) a panchromatic band with 15m spatial resolution,
it) on board, full aperture. 5% absolute radiometric
calibration and 1ii) a thermal IR channel with 60m
spatial resolution. Fig. 1 showed a satellite image
covering Thailand [7]. As mentioned earlier the dot
circle is the area of study in this paper. Fig. 2 gave a
close view inside the circle of Fig. 1. It revealed city of
Nakhon Ratchasima from the space.

Fig. 1 Satellite ilge covering Thailand [7]
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A Fié. 2 Satellite image of City of Nakhon Ra101asi11 [7]

3.2 Topographic Map

A topographic map as shown in Figs 3 — 4 is a typical
map characterized by large-scale detail and quantitative
representation. usually using contour lines in modem
mapping [8]. Traditional definitions require a
topographic map to show both natural and man-made
features. Topographic maps have found their several
applications, for example. any tvpe of geographic
planning or large-scale architecture: earth sciences and
many other geographic disciplines; mining and other
earth-based endeavors; and recreational uses such as
hiking.

1 & | “\ | { ™ en
Fig. 3 Example of topographic map [9]
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Fig,v4 pro graphié niap of Nakhon Ratchasima arca

In power transmission and distribution system planning,
power transmission or distribution lines are located on
this kind of maps. Unfortunately. information on this
map is out-of-date because the topographical surveys of
the country were done for decades. The only one
important thing that has never been changed is GPS
coordinates [10] of the power lines on the topographic
maps. With these coordinates, existing power
transmission line routes can be located and then mapped
onto a recent version of its satellite image, as shown in
Fig. 5. This procedure was described in the next sub-
section.

Topographic map
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Fig. 5 GPS coordinate mapping
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3 Unsupervised Classification

In contrast to the supervised classification, unsupervised
classification requires very few inputs into the
classification processes [11]. The computer selects
natural groupings of pixels based on their spectral
properties. However, an unsupervised classification
algorithm still requires user interaction, however these
occur after the classification has been performed. In
unsupervised classification, the user attempts to assign
information classes to the spectral classes the computer
has created. Several potential problems exist. The first is
that some of the classes may be meaningless as they
represent a mix of different surface covers. In other
instances. a single informational class may be split
among two spectral classes. As with selection of training
sites. it takes careful consideration and considerable
knowledge to correctly label these spectral classes.

To date, several different unsupervised classification
algorithms are commonly used in remote sensing [12].
The two most frequently used algorithms are the K-
mean and the ISODATA clustering algorithm. Both of
these algorithms are iterative procedures. In general,
both of them assign first an arbitrary initial cluster
vector. The second step classifies each pixel to the
closest cluster. In the third step the new cluster mean
vectors are calculated based on all the pixels in one
cluster. The second and third steps are repeated until the
change between the iteration is small. The change can be
defined in several different ways, either by measuring
the distances the mean cluster vector have changed from
one iteration to another or by the percentage of pixels
that have changed between iterations. The isodata
algorithm has some further refinements by splitting and
merging of clusters. Clusters are merged if either the
number of members (pixel) in a cluster is less than a
certain threshold or if the centers of two clusters are
closer than a certain threshold. Clusters are split into two
different clusters if the cluster standard deviation
exceeds a predefined value and the number of members
(pixels) is twice the threshold for the minimum number
of members. The isodata algorithm is similar to the k-
means algorithm with the distinct difference that the
ISODATA algorithm allows for different number of
clusters while the k-means assumes that the number of
clusters is known a priori. The objective of the k-means
algorithm is to minimize the within cluster variability.
The objective function (which is to be minimized) is the
sums of squares distances (errors) between each pixel
and its assigned cluster center. Isodata, probably the
most common unsupervised classification scheme. is the
Iterative Self-Organizing Data Analysis Technique
(ISODATA). ISODATA is an iterative unsupervised
classification scheme. It has been developed with
empirical knowledge gained through experimentation
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and requires relatively little in the way of human
interaction. W hile implementations of ISODATA var
there i1s often some nominal inputs that need to be

specified by the users.

4 Results and Discussion

In this paper, clectric power distribution feecders of
Nakhon Ratchasima area were used for evaluation of the
unsupervised classification. Fig. 6 shows a topographic

map of the test area.

B voctionTree 297234 %
Bare Soil 33.9758 %

| Agriculmre 14.935

o 28617 %

B et onarwaterPaddy field 15.5032%
Fig. 8 Multispectral image after classification
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By using ISODATA unsupervised classification. it can

be partitioned areas into 5 zones: 1) vegetation and tree,

i1) bare soil, ii1) agriculture, iv) wet/water/paddy fields.

and v) urban. The result of ISODATA classification

according to the five provided zones can be shown in

Fig. 8. Itconsists of
Zone 1: Vegetation/tree 29.7%
Zone 2: Bare soil 34.0%
Zone 3: Agriculture 14.9%
Zone 4: Wet/water/paddy fields 18.5%
Zone 5: Urban (community) 2.9%

To achieve

1 — 4 in the

the goal of identifying

the community, Zone

image must be separated. By keeping Zone 5

as the community zone, the two-color image rendering

can be used to visualize zones of restdences representing

customer locations as shown in Fig. 9. The black color is
the non-community while the lighter color showed the
community areas. In this area, there are a number of

medium voltage feeders to energize electric power to

loads that are represented by community zones as shown

in the picture

Fig

9 Classification for com munity and non-com munity

Fig. 10 Classification with distribution feeder lines

The ideal of using multispectral image classification is

to distinguish community zones. The community

identification can represent a densely

customers that consumes a considerable

electric energy from the power supply grid
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5 Conclusion

In this paper, topographic maps and satellite images
were exploited in order to extract some key information
describing power distribution systems, located on the
maps. The application demonstrated here was the
identifying community that can be used to estimate
groups of customers along the power distribution
feeders. A 22-kV power distribution system in province
of Nakhon Ratchasima was used as a case study. As a
result, exploitation of satellite image processing was
very helpful. Power distribution engineers can visualize
locations of their local customers without doing ficld
surveys that are time-consuming and very expensive.

As satellite imaging is a powerful tool. our research
could be extended to employ satellite image processing
techniques in various fields. Power distribution planning
is one of applications that can gain this work results.
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Abstract: - This paper presents an application of satellite image technology for rerouting electric power transmission
lines. Satellite images produced by using ENVI software were used as our major tool. Information from remote
sensing and geographic information system (GIS) can be extracted by using photographs from LANDSAT ETM and
topographic map. In this paper, areas of Nakhon Ratchasima province. north-east of Thailand. were examined for a
case study. The main objective for rerouting electric power transmission lines is to remove all transmission portions

located nearby or passed through a community.

Key-Words: - Power transmission line, extra high voltage system. satellite image technology, power system planning

1 Introduction

Satellite images have found their several applications
[1-5] in fields of agriculturc, 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.

For decades, electric power transmission lines,
particularly in Thailand, were constructed for linked
between power plants and electric power substations
across the country. In recent years, population growth
forces community expanding its size. Several villages in
local areas have shifted their border close to or cross
with electric transmission lines. One of important work
for electric power transmission planning is to reroute
existing power transmission lines to a direction with less
community undermeath or nearby. This work can be
performed by using aerial pictures of the targeted area
captured by some flying vehicles like UAVs or
helicopters. With availability and accessibility of
satellite imaging resources, it is simpler and cheaper to
reroute electric power transmission lines with examining
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associated satellite images. Due to the recent progress of
satellite imaging technology. the image resolution of
some commercial satellites can reach to less than 1
meter. This resolution is sufficient for the rerouting
work mentioned earlier. It is the fact that the total area of
the Earth surface is too large and satellite image
resolution is relatively high. Satellite databases are huge
and image processing. which creates useful images from
the raw data. is time-consuming. Depending on the
sensor used, ‘weather conditions can affect image
quality.

In this paper, Section 2 gave a brief of electric power
transmission lines. Section 3 illustrated satellite imagery
and its applications to some research fields. Topographic
maps that were used in this work were also described in
this section. Procedure for rerouting the electric
transmission line that is the main objective of this paper
was also given in this section. The next section, Section
4. provided results of the rerouting scheme proposed in
this paper. Section 6. the last section, concluded the
results and discussed further for future work.

2 Electric Power Transmission Systems

Electric power transmission systems are the systems to
deliver electric power to groups of consumers in form of
clectric power substations. The power transmission
systems are connected to power plants through step-up
transformers in order to transfer clectric energy, from
power plants to multiple substations, across the country.
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The electric power transmission systems can be carried
out by means of overhead lines or underground cables
[6-8]. The underground systems are rarely used in
normal situations due to the two reasons: i) power is
transmitted over long distances to loads and ii) the
installation cost of the underground system is very
expensive. To transmit powers over long distances, a
high voltage system of above 110 kV is typically used.
Nowadays. with increasing in electrical demands. the
power transmission systems are operated at extra high
voltage level, 230 kV and above.

Fig. 1 Structure of steel towers for electric power transmission

Fig. 3 Electric power transmission line passing through
community area
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Fig. 1 gave some steel structure of electric power
transmission lines rated about 115 — 230 kV. Figs 2
showed a portion of electric transmission lines in
province of Nakhon Ratchasima , Thailand. In this area,
only small trees. grass or rice fields were underneath. It
is different from Fig. 3 where some buildings are located
nearby the power transmission line. Fig. 4 also showed
Thailand’s power transmission map, Electric Generating
Authority of Thailand (EGAT) [9]. The dot circle in this
picture indicated province of Nakhon Ratchasima. the
study area that is about 250 km north-east of Bangkok.
the capital of Thailand.

Although power transmission engineers typically
designed their transmission systems with high level of
safety, more activities of community can cause
unpredictable events that may force the system failure of
wide-arca blackouts. Removing people in community is
a social issue and it is impossible to carry out. Removing
the existing transmission lines is a better choice. In
addition, rerouting the transmission portion needs
investment. Harm to people and power failure may cost
more compensation due to the social issues.

ET

- Nakhon Ratéhésima N

Fig. 4 Thailand’s electric power transmission map
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3 Imaging Techniques

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 [10]. It has a unique and essential role in the
realm of carth 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
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: 1) a panchromatic band with 15m spatial resolution.
it) on board, full aperture, 5% absolute radiometric
calibration and iii) a thermal IR channel with 60m
spatial resolution. Fig. 5 showed a satellite image
covering Thailand [11]. As mentioned carlier the dot
circle is the area of study in this paper. Fig. 6 gave a
close view inside the circle of Fig. 4. It revealed city of
Nakhon Ratchasima from the space.

Cambodia

* gk [P

Y
O

2 " »
Fig. 5 Satellite image covering Thailand [11]
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Fig. 6 Satellite image of City of Nakhon Ratchasima [11]

3.2 Topographic Map

A topographic map as shown in Fig. 7 is a typical map
characterized by large-scale detail and quantitative
representation, usually using contour lines in modern
mapping [12].

s

i : o
oV Eal Fi T
Fig. 7 Topographic map of Nakhon Ratchas

g
ima area

In power transmission system planning, power
transmission line routes are located on this kind of maps.
Unfortunately, information on this map is out-of-date
because the topographical surveys of the country were
done for decades. The only one important thing that has
never been changed is GPS coordinates [13] of the
transmission lines on the topographic maps. With these
coordinates, existing power transmission line routes can
be located and then mapped onto a recent version of its
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satellite image. as shown in Fig. 8. This procedure was
described in the next sub-section.

Topographic map
/
/ /
/ Transmission line route / | i

/ T

\\
\
\
/
\
N

GPS coordinates

/ Transmission line route //
/ A

Satellite image

Fig. 8 GPS coordinate mapping

3.3 Methodology of Power Line Rerouting
Before rerouting power line portions. recent satellite
images and its topographic maps must be prepared. The
following is the step-by-step procedure to perform the
proposed power transmission line rerouting.

Step 0

Prepare satellite images and topographic maps
Step 1

Select an appropriate topographic map

Extract GPS coordinates from the topographic map
Step 2

Select an appropriate satellite map

Resize the image to cover a targeted line route

Map the coordinates onto the prepared satellite image

Generate line connection to form transmission path
Step 3

Find a line portion that was close or passed through

community

Find some space nearby that can construct the line
Step 4

Evaluate the rerouting transmission line

4 Results and Discussion

This research was conducted by considering 230-kV. 50-
Hz power transmission line in province of Nakhon
Ratchasima as a case study. Once obtaining a set of GPS
coordinates of the transmission line on the topographic
map, the transmission line can be located in satellite

ISSN: 1790-5095

306

image using ENVI software, not mentioned about this
software herein. Figs 9 and 10 also gave other portion
that was rerouted in this work. Actually, there were
seven portions of the transmission lines that were
rerouted throughout the line. In this paper, only two
examples were given and discussed. In Fig. 10, the
existing line passed through a small village and
surrounded by other villages. The rerouted line can be
placed as the dot line in the figure.

Although some efficient image processing techniques
can be employed, in this paper only an aerial view of
pictures were inspected in order to locate community on
the image. Figs 11 and 12 showed a portion of
transmission line in that was rerouted in the topographic
map and the satellite image versions, respectively. As
can be seen, the existing route was located close to the
community. It was needed to be rerouted.

Ban Nong Pling

Fruletasen D
/ Ban Chaj Mangkborf*

Woat o/ -
Fig. 10 Satellite image of a power transmission line portion
for rerouting (first example)

Fig. 13 showed the topographic map with inclusion of
the existing power transmission line route. From this
GPS coordinate information, the transmission line route
can be duplicated into the satellite image as shown in
Fig. 14.
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Fig. 11 Topographic map ofa power transmission line portion Fig. 12 Satellite image of a power transmission line portion
for rerouting (second example)

for rerouting (second example)

R
Fig. 14 Satellite image
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The proposed technique is very useful. However, eye

inspection 1s not a good way to do the rerouting work. It

is limited to a small area of study. Some efficient image

processing techniques may be helpful to improve this

work in order to do the rerouting across the country

5 Conclusion

In this paper, topographic maps and satellite fimages§

were exploited in order to extract some key information
ated the

describing lines, loe

The

power transmission on

maps application demonstrated he the

re was

rerouting of power transmission line portions that were

located ncarby or passcd through community. They must

be removed to some unused land nearby AN 2 30k V
power transmission line in province of N akhon
Ratchasima was used as a case study. There existed

eight line portions that were rerouted because they were

close to community. As a result, exploitation of aerial

pictures and satellite images were very helpful. Power

transmission engineers can reroute sSome portions

without field surveys that are time-consuming and so

expensive
As satellite imaging 1s a powerful tool, our research

could be extended to employ satellite image processing

techniques for enhancement. The image processing can

classify areas based on the image spectra. When the

image pixels were categorized ‘into two..groups: 1)

community area and ii) mon-community area, ‘the

rerouting work can be started and therefore performed
cfficiontly
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Abstract: - This paper presents an application of satellite image technology for rerouting electric power transmission

lines. Satellite images produced by using ENVI software were used as our major tool.

Information from remote

sensing and geographic information system (GIS) can be extracted by using photographs from LANDSAT ETM and
topographic map. In this paper, areas of Nakhon Ratchasima province, north-east of Thailand, were examined for a
case study. The main objective for rerouting electric power transmission lines is to remove all transmission portions

located nearby or passed through a community.

Key-Words: - Power transmission line. extra high voltage system. satellite image technology. power system planning

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.

For decades. electric power transmission lines,
particularly in Thailand, were constructed for linked
between power plants and electric power substations
across the country. In recent years, population growth
forces community expanding its size. Residential areas
spread themselves in all direction without any
restriction. Several villages in local areas have shifted
their border close to or cross with electric transmission
lines. One of important work for electric power
transmission planning is to reroute existing power
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transmission lines to a direction with less community
underneath or nearby. This work can be performed by
using acrial pictures of the targeted arca captured by
some flying vehicles like UAVs or helicopters. With
availability and accessibility of satellite imaging
resources, it is simpler and cheaper to reroute electric
power transmission lines with examining associated
satellite 1images. Due to the recent progress of satellite
imaging technology. the image resolution of some
commeicial satellites can reach to less than 1 meter. This
resolution 1s sufficient for the rerouting work mentioned
earlier. It is the fact that the total area of the Earth
surface is too large and satellite image resolution is
relatively high. Satellite databases are huge and image
processing., which creates useful images from the raw
data, is time-consuming. Depending on the sensor used,
weather conditions can affect image quality. For
example, it is difficult to obtain images clearly for areas
of frequent cloud cover such as mountain-tops.

In this paper, Section 2 gave a brief of electric power
transmission lines. The tower structure and conductor
alignment for electric power transmission systems are
summarized in this section. Section 3 illustrated satellite
imagery and its applications to some research fields.
Topographic maps that were used in this work were also
described in this section. Procedure for rerouting the
electric transmission line that is the main objective of
this paper was also given in this section. The next
section, Section 4. provided results of the rerouting
scheme proposed in this paper. Section 6, the last
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section, concluded the results and discussed further for
future work.

2 Electric Power Transmission Systems
Electric power transmission systems are the systems to
deliver electric power to groups of consumers in form of
electric power substations. The power transmission
systems are connected to power plants through step-up
transformers in order to transfer clectric energy, from
power plants to multiple substations. across the country.
The electric power transmission systems can be carried
out by means of overhead lines or underground cables
[6-8]. The underground systems are rarely used in
normal situations due to the two reasons: i) power is
transmitted over long distances to loads and ii) the
installation cost of the underground system is very
expensive. To transmit powers over long distances, a
high voltage system of above 110 kV is typically used.
Nowadays. with increasing in electrical demands, the
power transmission systems are operated at extra high
voltage level, 230 kV and above. Although there are
many tvpes of transmission towers or poles used for
power transmission, steels towers are invariably
employed for long distance transmission at higher
voltage level.

Fig. 1 Structure of steel towers for electric power transmission

Fig. 2 Electric power transmission line in Nakhon Ratchasima
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Fig. 3 Electric power transmission line in Nakhon Swan

Fig. 4 Electric power transmission line passing through
community area

Fig. | gave some steel structure of electric power
transmission lines rated about 115 — 230 kV. Figs 2 and
3 showed a portion of electric transmission lines in
province of Nakhon Ratchasima and Nakhon Swan,
Thailand, respectively. In this area, only small trees,
grass or rice fields were underneath. It is different for
Fig. 4 where some buildings are located nearby the
power transmission line. Fig. 5 also showed Thailand’s
power transmission map, Electric Generating Authority
of Thailand (EGAT) [9]. The dot circle in this picture
indicated province of Nakhon Ratchasima, the study
area in this paper. This province is about 250 km north-
east of Bangkok, the capital of Thailand.

Although power transmission engineers typically
designed their transmission systems with high level of
safety, more activities of community can cause
unpredictable events that may force the system failure of
wide-area blackouts. Removing people in community is
a social issue and it is impossible to carry out. Removing
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the existing transmission lines is a better choice. In
addition, rerouting the transmission portion needs
investment. Harm to people and power failure may cost
more compensation due to the social issues.

Fig. 5 Thailand’s electric power transmission map

3 Imaging Techniques

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 [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
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: 1) a panchromatic band with 15m spatial resolution.
it) on board, full aperture, 5% absolute radiometric
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calibration and 1ii) a thermal IR channel with 60m
spatial resolution. Fig. 6 showed a satellite image
covering Thailand [11]. 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. 5. It revealed city of
Nakhon Ratchasima from the space.

Fig. 7 Satellite image of City of Nakhon Ratchasima [11]
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3.2 Topographic Map

A topographic map as shown in Fig. 8 is a typical map
characterized by large-scale detail and quantitative
representation, usually using contour lines in modern
mapping [12]. Traditional definitions require a
topographic map to show both natural and man-made
features. Topographic maps have found their several
applications, for example, any type of geographic
planning or large-scale architecture: earth sciences and
many other geographic disciplines: mining and other
earth-based endeavors: and recreational uses such as
hiking.

o)

e N A 3 AR S Y
Fig. 9 Topographic map of Nakhon Ratchasima area

ISSN: 1790-5079

T. Luemongkol, A. Wannakomol,
T. Kulworawanichpong

In power transmission system planning, power
transmission line routes are located on this kind of maps.
Unfortunately, information on this map is out-of-date
because the topographical surveys of the country were
done for decades. The only one important thing that has
never been changed is GPS coordinates [14] of the
transmission lines on the topographic maps. With these
coordinates. existing power transmission line routes can
be located and then mapped onto a recent version of its
satellite image. as shown in Fig. 10. This procedure was
described in the next sub-section.

Topographic map
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Fig. 10 GPS coordinate mapping

3.3 Methodology of Power Line Rerouting
Before rerouting power line portions. recent satellite
images and its topographic maps must be prepared. The
following is the step-by-step procedure to perform the
proposed power transmission line rerouting.

Step 0

Prepare satellite images and topographic maps
Step 1

Select an appropriate topographic map

Extract GPS coordinates from the topographic map
Step 2

Select an appropriate satellite map

Resize the image to cover a targeted line route

Map the coordinates onto the prepared satellite image

Generate line connection to form transmission path
Step 3

Find a line portion that was close or passed through

Community

Find some space nearby that can construct the line
Step 4

Evaluate the rerouting transmission line
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4 Results and Discussion

This research was conducted by considering a 230-kV.
50-Hz power transmission line in province of Nakhon
Ratchasima as a case study [15]. This province is the

T. Luemongkol, A. Wannakomol,
T. Kulworawanichpong

largest province in size and the second largest province
in population in Thailand. The topographic map of the
study was given in Fig. 11, while Fig. 12 showed
colored detail of the satellite image of the same area.

Once obtaining a set of GPS coordinates of the
transmission line on the topographic map the
transmission line can be located in satellite image using
ENVI software, not mentioned about this software
herein. Fig. 13 showed the topographic map with
inclusion of the existing power transmission line route.
From this GPS coordinate information, the transmission
line route can be duplicated into the satellite image as
shown in Fig. 14.

ISSN: 1790-5079

Fig. 12 Stellite image of Nakhon Ratchasima area
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After quick inspection, there were seven possible sites
that might be rerouted. The GPS coordinates of all seven
selected sites before rerouted were put in Table 1. Table
2 also gave information of their GPS coordinates after
rerouting. The first site as given in Figs 15 and 16 was
located in Ban Nong Ya Ngam, Muang district, Nakhon
Ratchasima. The second site as given in Figs 17 and 18
was located in Chaimongkol sub-district area, Muang
district, Nakhon Ratchasima. The third site as given in

Issue 2, Volume 5, February 2009




349

WSEAS TRANSACTIONS on ENVIRONMENT and DEVELOPMENT

Figs 19 and 20 was located in Ban Nong Yaplong,
Chokechai district, Nakhon Ratchasima. The forth site
as given in Figs 21 and 22 was located in Ban Surasawat
Land, Muang district, Nakhon Ratchasima. The fifth site
as given in Figs 23 and 24 was located in Ban Yangyai.
Muang district. Nakhon Ratchasima. The sixth site as
given in Figs 25 and 26 was located in Ban Nong
Khruea Chut. Nonsung district. Nakhon Ratchasima.
The seventh site, the last. as given in Figs 27 and 28 was
located at Ban Mai, Muang district. Nakhon Ratchasima.
Although some efficient image processing techniques

T. Luemongkol, A. Wannakomol,
T. Kulworawanichpong

pictures were inspected in order to locate community on
the image. Figs 15 and 16 showed the portion of
transmission line in that was rerouted in the topographic
map and the satellite image. respectively. As can be
seen, the existing route was located close to the
community. It was needed to be rerouted.

Figs 17 and 18 also gave other portion that was
rerouted in this work. In Fig. 18, the existing line passed
through a small village and surrounded by other villages.
The rerouted line can be placed as the dot line in the
figure.

can be emploved. in this paper only the aerial view of
el < s

R T
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Table 1 GPS coordinates of the power transmission line portion of seven selected sites before rerouted
GPS coordinates

Rerouted locations

Longitudes

Latitudes

Ban Nong Ya Ngam (Figs 15 and 16)

186399.72E (tower 1)
187719.72E (tower 2)

1639655.64N ( tower 1)
1659685.64N (tower 2)

Chaimongkol sub-district (Figs 17 and 18)

184419.72E (tower 1)
184989.72E (tower 2)
185319.72E (tower 3)

1644055.64N (tower 1)
1643305.64N (tower 2)
1642615.64N (tower 3)

Ban Nong Yaplong (Figs 19 and 20)

203589.72E (tower 1)

1644145 64N (tower 1)

Ban Surasawat Land (Figs 21 and 22)

180789.72E (tower 1)

1647715.64N (tower 1)

Ban Yangyai (Figs 23 and 24)

178389.72E (tower 1)

1652725.64N (tower 1)

Ban Nong Khruea Chut (Figs 25 and 26)

219309.72E (tower 1)
220419.72E (tower 2)

1652065.64N (tower 1)
1652425.64N (tower 2)

Ban Mai (Figs 27 and 28)

178929.72E (tower 1)

1656985.64N (tower 1)

Table 2

GPS coordinates of the power transmission line portio

n of seven selected sites after

rerouted

GPS coordinates

Rerouted locations

Longitudes

Latitudes

Ban Nong Ya Ngam (Figs 15 and 16)

186699.72E (tower 1)
187749.72E (tower 2)

1660045.64N (tower 1)
1659835.64N (tower 2)

Chaimongkol sub-district (Figs 17 and 18)

184629.72E (tower 1)
185199.72E (tower 2)
185889.72E (tower 3)

1644305.64N (tower 1)
1643785.64N (tower 2)
1643035.64N (tower 3)

Ban Nong Yaplong (Figs 19 and 20)

203469.72E (tower 1)

1644265 64N (tower 1)

Ban Surasawat Land (Figs 21 and 22)

180699.72E (tower 1)

1647625.64N (tower 1)

Ban Yangyai (Figs 23 and 24)

178389.72E (tower 1)

1652515.64N (tower 1)

Ban Nong Khruea Chut (Figs 25 and 26)

219549.72E (tower 1)
220329.72E (tower 2)

1652005.64N (tower 1)
1652665.64N (tower 2)

Ban Mai (Figs 27 and 28)

178959.72E (tower 1)

1656805.64N (tower 1)
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G, il ’:*] :
ixth site

B Bl

Fig. 28 Image of a power transmission line
portion for rerouting (seven example)

Fig. 25 Topographic map of the s

The proposed technique is very useful. However, eye
inspection is not a good way to do the rerouting scheme.
It is limited to a small area of study. Some efficient
image processing techniques may be helpful to improve
this work in order to do the rerouting across the country.
Satellite imagery is new for power system applications.
It is very helpful if one can integrate its outstanding
feature with some other techniques to evaluate
cnvironmental impacts resulting from electric power
transmission lines such as electric filed distribution [16-
17] or audible noise [18].

5 Conclusion

In this paper, topographic maps and satellite images
were exploited in order to extract some key information
describing power transmission lines, located on the
maps. The application demonstrated here was the
rerouting of power transmission line portions that were
located nearby or passed through community. They must
be removed to some unused land nearby. A 230-kV
power transmission line in province of Nakhon
Ratchasima was used as a case study. There existed
seven line portions that were rerouted because they were
close to community. As a result. exploitation of aerial
pictures and satellite images were very helpful. Power
transmission engineers can reroute some portions
without field surveys that are time-consuming and so
expensive.

As satellite imaging is a powerful tool, our research
could be extended to employ satellite image processing
techniques for enhancement. The image processing can
classify arcas based on the image spectra. When the
image pixels were categorized into two groups: 1)
community area and ii) non-community area. the
rerouting work can be started and therefore performed
efficiently.
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Abstract

This paper presents an approach of identifying community
size in feeding area of local MV power distribution systems by using
satellite image processing. Information of community size is essential
and can be useful to estimate electric energy used by local customers.
Infrared band of satellite images can be used for this purpose. ENVI
and GIS ArcView software are both working tools in this paper.
Satellite images of LANDSAT 7 covered a test area in Nakhon
Ratchasima 2 distribution feeders were employed for test. The results
obtained from the satellite image processing based on ISODATA
unsupervised classification can be used in associative with GIS
information of the power distribution feeder to visualize feeder load

allocation in the community point of view.

Keywords: Multispectral, ~ Satellite ~ imagery, = Unsupervised

ication, Topographic Map
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2. Identifying Community in Feeding Areas of Local MV Power Distribution Systems
Based on Multispectral Image Classification
3. Community Identification Based on Multispectral Image Classification for Local
Electric Power Distribution Systems
4. Application of Satellite Image Techniques for Rerouting Electric Power

Transmission Lines

5. Rerouting Electric Power Transmission Lines by using Satellite Imagery



