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ABSTRACT

This thesis proposes the determination of technical losses in the distribution feeder
system of Provincial Electricity Authority (PEA) of Thailand by using artificial neural networks
(ANNSs). Input features of ANNs compose of voltage, real power and power factor. Feeder 6 of
Rayong 3 substation, feeders 4 and 8 of Chonburi 1 substation are studied. Two kinds of artificial
neural networks applied for this study are back-propagation neural network (BP) and generalized
regression neural network (GRNN). Results of two ANNs are compared to find out which one can
determine the feeder losses more effectively with less training time. Artificial neural networks can

solve the problems which are other complex procedures and time consuming calculations.
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fanarudulszdmatlfauanslunsieh 2.1

M 2.1 naeiasnanslszdundsau ihgadoues nvn.

U na, iInuansERULnAve TRIS waf AYn. 710970 FuH.
2544 5.79 5.78

2545 5.78 5.77

2546 5.77 5.50

2547 5.50 4.96

2548 4.96 -
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1) ﬂ“‘lﬁd"lﬂ‘mqmulﬁ’U‘/l"Nmﬂﬁﬂ (Technical losses) Lﬂuﬁﬁd‘lﬂﬁﬁﬂglﬁuﬁlﬂuwa
Rouilesfunmdouiifalurama  wiomednh  wedmiifannmsivemie
wlae WA wazgasal Iidhd q ‘ﬁ&ffswﬁeﬁﬁ'ﬂ"lﬂ%wﬁuﬁﬁQMﬂﬂmim%ﬂuqﬂnsn‘f
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2) fdegapoi i lenamniin (Non - technical losses) Hufdsgaydoiifnatosiy
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2.4 fdaiiihgademedumaiinlusyuydiviine [1-3]

frda Idhga@emamaiadiuids ihifannndszan vue wazmstaing
yoaauszasuvessyun il (Network Topology, T) wmeuazyuvewswiuliih (v)

= ) o P 3 & ) o w o 1
uazilSanannudssmandenu liiiyadieg (D) Fassauselouanuduiusssudng

L 4
=5

fda Inihgads fumniinesarem 1ad

P = f(V,D,T) (2.1)

losses

e P, #efdeldihgmyonndnamaila (W)

losses

]
= 4

£ 1o w ¥ 3 d- o
deamsamadides ihgaiennmunish 2.1 Tdudrfezansaims

g

- ¥

fnnammwdseu Mihgadeludrmaiisdesnisdaneaums 2.2

T
- 2.2
E Josses - J‘Plosses (1) dt (2.2)
TO
e B, AowdenuIddgaydo (wh
PO Aofidd IWdhgapdeinldouulasauna (w)

- a4 o
T AomarfEuiINIsAnYA
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a9 lnoia liludrfds Iihgadolussuy ihezueneen1ditiu 2 Uszinn fe

1) Fix Losses Wumae lvhgapdofi linfouudammwvnavesInan fmdslvih
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261 matsziunnramaveamieiihideuarme 2]
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Bastdluitfazanuazsoady  wezldloyabinnlumsdnnn  udlifeds
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Ysinm  Mddldthgaudonedumeids  wesdddidthaadodlhildmaiald  wagi

] o & Iq J T .
ausouonues IANMdqufeifedumnndnnlszaoula @wusigs nlemlas aw
o s a Y - o« & Y o e FYy 2
ws9@) uaziduiludlSmennadendiosla dnfumindesmsfimsuiiinnugadssniiug
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262 msdsziiumddiihgadeennnudiniussniedadssneuidsividh
gaudn (Losses Factor) tavésznavlvan (Load Factor)

Taoia ldmsfunuddds Ifhqapdonpsiawraimuaudesnislalsih

b

v »
nlaswalaswunaniuiilden deelddoyasmanmin vazdedlda lunmsdmangs 8n
¥ dr & ] LY ﬁ da ] ] o u’l’ ]
amsnnsain Inaaswd lusarmduiusseznannug Alianw hiuiueugs dniuds
= 1 ar F-1 [ d’ 9 [] 1
fimsdsznusmdsou Mihggdonaearinaiisidesmsriuidialsznoy Than
(Load Factor)
@ o o ¥ w o o @ W o o
Tasnnuduiussenheialszaoumds IMdhdudnlszneudda ddhqadues

Fulamaunsi 2.4 [1]

]
] =4

AN UAE B = 1-A

LSF = A(LF)+B(LF)’ 2.4)
die LSF AesdalsyneuidsIihgaudo
LF  feswnisznayivan
A fomnshuazfiniegszuie o da
=
A
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P

Tav  f — _loadav (2.5)
load, max
Pl e

uog LSF = —=f (2.6)
PLosses,max

] [ - = d'.

e P, Aemdslthqademan (w)

& o o P
Proseemx 10N I an 0950 (W)
Progee  AOMIGS ARG (W)
Pradmae  AOMAS IR (W)

9INNISANYIVOS Buller 1ag Woodrow [13] 12wy Iaovia ludr luszuudwmie
v r » ]
oeiin1naf A uaz B Tuaunish 2.4 oi1du 0.3 uaz 0.7 ;uddu daiuse ldaumshldau

i lddwmsuszuuiiviieie

LSF = 0.3(LF)+0.7(CLF) X))

»
o o

nnaumsi 24 - 2.7 Mldmaansammmddiwihgydonield dulusifee

oy : o g
mansomamdsu fhgadslugiwamiildnnaunsh 2.8

E =P xT (2.8)

losses losses,av

dio B, fewndsenIiihgande gcwn)

T Aoaddedinu

readt o ' 1 w = 1 ' v & o4& o d
uadsmsganandumslssnasmdany idhgadvesieniing wiu deh

LTI

5 A 1 4 -] o o o o
IResfinnuaaianiounoudiegs uazaned A waz B nuzlisuanizdidmivudasssuy
4
b 4

o V da 8 o & ¥ g A -]
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2.63 MsUsziiuanmInNeEmT Inavead1dalnh (Load Flow) [14-17)

msSinsevns lvaveshd s imismsdinszd Inaa TWdadumsfinunaid1an
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uazvowszonldhide  unzdadhurlse Tomilumsiinmmethaoueesssuufiafigatu
AnIzame voeruy  Tasmstiasemsyemwesszuunaz Iszuudiiumsniauaz iy

o a’ ¥ 4 1 d.. 1 l& 4 =
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2.6.3.1 sHAvRII
sitaventaluszun i uitedinged Tnan Indunisean ldidiu 3 dszian Tauia
r a =y L ‘:"
uiazdszinniiswaziBeadil
»
1) ueande (Slack Bus) VeAsuSonIaiela (Swing Bus) nieuw
» ¥ ]
91ud (Infinite Bus) 3017091989 (Reference Bus) Hagiadiiuniaussauaii yuniuay
) L L d o
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] » 1
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<
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Foamsmim1nnmsinser maaTWdafo Q uazyuvewsswiu uddwiadly PQ Bus
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'W'I‘i’]ﬂJlﬁf)'ﬁﬂﬂﬂﬂﬂ’li'ﬂ'lﬂ'iﬂﬂ‘lﬁ?!ﬂﬁ"lxﬂiﬂﬁﬂiﬂﬁ?ﬂﬂ YUIRVBIUUTIAY HBTHNUDAUTIAU
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Slack Bus Generator Bus Load Bus
N5 | VI A N1 P ung | V| P31 Puaz Q
ABINITHI P Uag Q ARSI LV uag Q foemsm | V| waz £V

Tt Ty 1

P ' o
FZUUNNIUN YBUS A3 Z‘BUS

¥ 1 »
i 2.1 szuuIvihideniidenia 3 dssmnseey

2.6.3.2 gumsivanlylds
aumsh I lunsudilan Tvaa Indwesszuy Idhiddgflel 2 aums fe

aunsmnsau TR uazaunrsndide Invh
auns Ifhmaa T Adhe k laq ussuyidhilawdusiusfunssdunas

AsELY anuauMsh (2.9)

(2.9

o s, Aemds i nadnia k
vV, foussauiita k
1, Aenszuah lvada

aunsusIAuR I HTa & Tae aansentld TasRnsensnaunish 2.9

S, =Pk +jQ =VI, (2.10)

S, =P —iQ = VI, (2.11)

_ B T (2.12)
k .
vk
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HAZIINAUMTINAT A

[IBUS] = [YBUS][VBUS] (2.13)
arnsadeuaumsnsese WA k laq arweunmsn 2.14
I, =YV, +Y,V, +.tY V.

I, - ZYani (2.14)
i=l

o

unue I luaums 2.12 Mldaunisussduiida k lamifu

1 [P —jQ =
= k k __ 215
Vk - M Z Ykivi ( )

Yo Vi i=1

i*k
aumsh 2.0 awsoim lfeglumenvswssiuliauazusaliinuaudusissuy

T Taeunum 1, lwaums 214 asluaumsh 2.9 w218

S, =R —iQ =V, XY,V (2.16)

[ » [ ¥
Hesmnaums lumsinssd Inea Ianivszdvaumsi WidhaSadu  Faiu

9 4'1 1 1 g 4 Youy 9 c: 1 - Y é o = Py
Tumsudeumsiomaimeg duasdedl#smsudaumsi lidhuFadu Fedvawiueds
e { o o« ¥ L4 o,
fduiidon1Flumsudam Inas a2 Tuszuu I 1dunifveuid (Gauss Method), 33
wpaMd- 1iRa (Gauss-Seidel Method) 11ag351191-51dU (Newton-Raphson) Tau3Tiiadu-

1 [ » »
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s $ 1 a ar é 4 Q ‘o o ot o
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1 k2
fu-smdu szausaouaums laomeudududsisaulo 1daei

Ar® | [1,1,7] AB?
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AQl | [N, | A
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Jacobian Matrix
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Real Power Mismatch
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H

Reactive Power Mismatch
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V(l+l) =v(k) +Av(t) (2.19)
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M3 2.2 wasnugadeludiuaie vesszuuiriwes nia,

SEUY wase Idhgade 06)
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nieuasideluaariiddh 0.26
FEVUTIMUIOUTIYS 1.62
syuuSIeus I 0.22

c?mffaﬁ1msﬁmsm1mww°luﬁ"mumizunﬁmmmmqufu sznuImdsa i
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nfansriihgdeiifanndeutasszuuimin Suslimegilsznu 1418 % vos
wsenfifleudhgeotlon uazlSunawdsan ihguddnanozuondundaan i
guidvidaluniontaszuusimivegluginlszna 0.9-14 % wondudmiinalume
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3.1 Ui

o o A ar
Payailsz@ng (Artificial Intelligence — AI) w50 ilynnueunisasns (Machine
. & A{ o a vy o d.l a b
Intelligence) AoMsANEURLIAUATIURTIAvEIFTFIA Taumwizuywd Wevzadeniu
~ ¥ A o [Ty ] ] o A’l [ = I'Ag [ & 9f
saafionIdfudan 10liF3a wu fueud miesedns uazaeudunes Yunld Taowa luds
M a0 a o A o« 3 o o o A=Y o
sierwilasmszAud duammilvesnansaninnmsasuianed  umindnuehand
] 4'( ¥ a a’uy.l ﬁl Y é’ 3 Yy T
wae 9 mudehmsfnuilganlssavivudiovesldangwds aseounauninlnan
4 £ oy 4 1 o a oo Y
maniainsmsnouiuaed TaoldToelfsemndue wu s Saine uag 23
A ¢ 14w & a ¥ A
iesnnmaasivaril TalimsfAnwSesnszraumsmsan msldmquanSemsoyunmas
-3 4 _ o 1 A 4 s =y
MsTuvesayRaIUUKAY 9954 q udl Wulmndeiigades dieswrnuuafianaie
I H o a o 4
aehe luseaasil "lf’]’mﬁnﬂmiﬂsuﬁ;amnmumﬂmﬁﬁ;ﬁm [18]
3
Tuuniiszna iduma Tulad Insevwlseamiou(Arificial Neural Networks, ANNs)
Fulunilsnavediyamlsztvg  Taomalulailszamilve@ouunimnnszilszam
Y
& 7] -] r- | 1 -1 1
mqﬂﬂquu"lﬁﬁmsﬂssQﬂﬁmmﬂiuiauiﬂ'sqmuﬂszﬁmmcm inlFauluden q
wane @u na Insmonay i lslunsiudoyauazmn  (Image and Data
Compression) 5zUVINTIUGATUNA (Auto Pilot Aircraft) Msut/an1u WA (Real Time
Translation of spoken language) A159AS TS (Voice recognition) A1SIANINMN (Image
.. o . £ A -] o1 o o
recognition) MsIASIZUUVY (Pattern recognition) FunTesilenasqinsaldaig q fiuen
v P [ VR - c’u’: = 5 = a da
Tasatwlsza o iddodinsiziiusiinnuaaianiniuy uagiissuuanuaaniims
memludnuagadiofuuyyd

Y o

Tasethoszamifion ldgaiann Aust Fouaziir T laludniee 13 017
Inonenanidssunszam , msfumssnms | swadamand |, msuwnd | szuufeas
slfsrumedndemnssu Wi Sedeldi Inswelszamdondumansuuns
iR IRz ummaudadivedanniugnmi  fwanddumsued 31 Taossuanems
UsegndldinsadnodlseamdonIuiligiu  awsenanldilaswhnlseamfondang

Yo ar n’: gt l =] r
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M 3.1 uaaemsdssynd 14 lasedwlszamifiontudlogiiu [19]

Fault Fraud Forecasting Signal/Image Pattern
Diagnosis Detection Processing detection
in databases
Manufacturing X X
Retailing X X X
Finance and X
Insurance
engineering X X
Production X X
Control
Sale & Marketing X X

o

TunudnIihddailiin3edw i gmaeindldiue Tasete
Uszamifiomndszynd 19 luudtlymdeady dhiss s mauddymTnaaTiad Load
flow) , MININTHIANNABINTIF INHY (Load forecasting) nazilgmmsvioInaastied
sANTNM (Economics load dispatch) 1udu TuuniitumsesuondnmsvesTasee
Uszamiioy Tavezndndalassadrsveslaseiolszamifion , siavendnmsSoud
voalnsstholszamidion sal S lnseholssamifionsiians q iethauszgnd1dly

15338

3.2 439931991052 VVFING1 (Biological Motivation) [20]

= 7 i
TnsetwdszamifiouiiuTumamsadamaniniEnalsznanadoyaign
ar o o ° ' s o o & g/ o
wau lasewWondnmainuves InseninlssamIdnomweanyud  FalszaenTuduirad
a o v { o
Useamn3eiiaseu (neurons) uazgaUszam y3e lauuild (synapses) Tavlaseneiidians
é’ q’-r’ ar = 5 1 or 3 ] A r t -3 ol 1
umiusslanusudeunarimadeudefanuluusasnue  Fudaznuiveziinmssuam
a o E 1 ar 1 § 1 'Y
Foyadmnimstssarandnmiviezdedeyasenlilfaniwdudel) Sudlunmsenn
o A "W ] o YUYV w - A a oy
szuplszamiilimseuderusenaraatszamin ideiu  waslinnwannsofosiog
1 o a o ' u’: t 1 .
18 TaolnsetwsinaesazimsBoui Taofunudmaniuiluinswden weight uaz
] . ] ] : a - 3’4‘{ = = !l'n' 1
A1 bias TaeAunarizeunsodiunldou lddietimsFouidalna
¢ & oS i a o a ¢
99U T NOUNUTMVITNDINYHEAD  UITHIOU  (Neurons) ADAGUUBNUBIA

[
@

o i a A ] o
UszamAivimiiilumaed fa e wezlszaunsaiituin i luaveanidlums
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]

daduloludiadsehin udaziseusiuseuneduiiaseudy 9 wnda 200,000 259U
wasamaByEiifianaiseus Mo sETuMsFeussuuuduFeuvasilsey
funn lundaziiseuzdsznoudinlawlumsiunszuaszam Sonh naulasie
£ = ] ] 4
(Dendrite) Faududunanaztarwlunsdinszuadszamidondt "wonaou" (Axon) Fuilu
“ y ¢ FE A S Y aas a A ¥y
milouenina veuwad Tnowadmarflezinudiolfisolwdusdl Welimsnszquéne
a a a Vo &
Auhnwuennsenszduiiomadaloiu assualssamezlwnuaulasiidhgiaundoads
wiudidaduidesnsedquradou q devdell dinszumlseamusme dundvafes
L] a’d'{ ] I o ; 1 = d'( ¥
AszAUIERaY 9 ae i umueasewvesiu s Tumallvwaulssamifiavinmsionns
ssuhawadtszam  sudlumSedwivieudiu  Taonszuaszamezgndeimen
= & L - A 1 i [ ] o
fisounitalilgdniiseunilalaoimlannld  denssumlszermrinudungslannld asidl
= 1 “Q 3
Tu'lmnldeiinadonszualssamlumsnaszdunssuadszamiioumiiiin - wiseinee
v 1
fudaldnszuadszaminnadnas aSoudulnswhodszamifionfonsiidyaaduna
1 : ar e é’ r-) d'l T L4 n’;’
gnasnhmindlisnnntuvieannas Wermesnan lsuudd nszuadszamimuaszgn
shAiL minwasvvenssuaszamilsminadmsomiiun1 Threshold voalitsou
»
Swudaly nszuwedszamdinaafegeinsa lnarudh i luisewniuld udminwasy
3 »
voanszueszaminiidntoondiAl Threshold Aszumlszamaszgniudalildrnudql

Tuitaseudalald

Axon hillock Synapses
Soma Axon
Dendsite Nucleus
Terminal buttons

Schematic of biological neuron.
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3.3 Tassarfisveslasatiad sz [21-22]

a ¢ o Y A o a 4
vniinanluideiirunduszuumsvhauesisenluszinlseamueangyd
4 o 1 <1 o o o = o
gairsouluInsednlseamiisudezdnssimshnuvesinseulussuydszamuyudn
1 =) or é oy 1 i u’: =i 9 & .::.ll s
@udeady  Feilasoululasdedsgamdisninesii lnssahramsiauiidheniiisey
»
d 1 oa 1 A ] T o o [
Tuaweanysdoguin Tavudazidiseuszidduynilowdfie mdoya drdraimiin uaze
é 4 o = o = 1
Toweer Fa3U7 32 szuamslnssgdremsievesiizseuswou 1 fdaseululasee

szansiou

P oW1

sUf 3.2 Tnssafruvesiseululasadholszamiion [22]

1 v ¥
131l 3.2 Esadousieiyaheenuininibrouunu ldawaunisesil

a=f(w*p+b) (3.1)

10 puppPyapy  UABUWRvembuszAMIoY

‘ﬂ v : o q9) g/ [] -
Wy Wy Wusisaniminvesdeyadmibolszamifioy
b Sluatluusaveaniielssamiion

f duiadFumsaeTou (transfer function)

a Sunadnsvosmiisilssamiion

4 o o v 1 = u’.: - LS
WenlSsufsusussuvlszamImmeziiuidhludwidlududuwnawesy
o 4 - P o o 11 : o
nSuuldfueulas  doyaduyndenssuadszamindhlldedasen  Adinhnidnes
& Y S o 4 : ar Y toa oA ¥ ta q’: [ oA
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331 Iassnedszanienuuut e (Single Layer Neural Network)
¢'|, o - 1] -y 8 g LY 9 o ar []
dioiueiiisewmnderainy  ihsewdidoiuldifadiudnyuzvealnsawdlu
u,: P 3 o o tg Y
Fuq n3oNFunTuawes (Layer) Nuzamnsaadelassdwilseaodonduinld Jaoiiaseu
da S o 124 A P a ' at S
oy lumwes @iy lulimaFendeiaiu  Tavlnseinodszamiounuudu@oszlszney
LY o o ¢ A o (u’.: Y n’: &
T Bunnmawss wazieniymawes Feduwmawentwmsvzhiviudiy 1 $u ieenn
‘ﬂ u’-:hrl e 1 =t a’: = uy Pt
nlwawesh llimsdszmanale q Taswwdszamifiouivududoiinzinuannselu
o 1 ] H a n’: d 1
msAnnafiseutinies wanaWilFlunsdunaiuemds glveslnsevolseamifioy

¥ ¥ ]
nuuFwReaiozuansldnmzilf 3.3

r | 4
3U7 3.3 Tassadeveslnsetlszamifonnuuduine [22]

332 Insevnelsramienuuuiainty (Multi Layer Neural Network)
' < S argA S ' o >
Tassodszamifisu ez isuiimiuiumnein lasehelssamdounnsu
o HAe 1n 7 s S o A A . 4 & 2 v &
dumlununniawes wmynawes NuAvlifuYeU (Hidden Layer) tAAum Tavdusonil
3 J ﬂ,)l 3 3 1q o { -] . L]
oezfiladaua 1 $uiiull Fusgfumrmdudouvedlgmmiunld Tasehadssamifion
] o 4 » ] ]
wimsdiaszd ud Taom luddugeuilineed iy 2 $u dissnnvei e lums
o & ¥ o F q o s a4 o
Annuuiiu mszdrimdudeunn nai ¥ lumsduaunszunaylUde
] ] ¥
51 3.4 szuaaslnssedeveslassinelszamifiouill 2 Fudou Taulasee
= gt d A o o o q’: 1 o
Uszamfonazilsznenlidae 4 mwes Ae dunniawes lemiyniawed uazFurouduau
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Input Layer 1" Hidden Layer 2™ Hidden Layer Output Layer
—M o A ~ - ~ - - ~
1 1 2 3
n a, W, n’ a, W, n’ 2,
TH LAY AZ e I e I A e
: . .
b, I 1 L 2 2 b, 3 a
n 4 3, n a, n 2
) 2 DN B 3 Lh—
I T §
blz bZ bz
1 } 2 2 3 2
n a n a n 3
= A Dl R s R e N e
‘wusl.sa l iw:lﬂ-' l
lb! v b’

51 53

14
a5

31 3.4 TnseadravasInssviodssamiionindl 2 Fugou [22]

9nsUszudasdunis Inde

a' = flip*IW™ +b") ‘ (3.2)
al=f2@"*LW* +b?%) (3.3)
a’ = f3(a? *LW> +b%) (3.4)
a® = P E*IWY + b )+ LW +b?)* LW +b%) (3.5)

v b )
Tasaedseamifsuuunatuiivzinnuaiunsa lumssahuinnd
] -1 u’: = 10 o 3 & 94 ] t
Tasetwlszammiflouuunsuion uama lumsdnnaniunzlsnannunilnsewe

a 2 a
UsgamnuuUUEUIRY?

3.4 siavedlnsavadszamien [22-23]

Tnsstodszamifouannsaesnlfidu 2 Ussimwdng amdnvuzasiiou]
yoslasalszaniion laun
1) TasetholszamifouiiimsSouduuy Supervised Learning @a9019v041A39%00

=3 = C!y 1
Yszannousia 1
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- Feed Forward Neural Networks
- Radial Basis Neural Networs
2) TasstodssamifionfiinsSoudiuy  Unsupervised Leaming fdoheves
Tasstherlszamdiouaiiag
- Kohonen Neural Networks

- Hopfield Neural Networs

34.1 mss‘%‘aufmmu Supervised Learning
dumsBouiuuuitimsasedweudiod Insethnlszamdouliud Tavgadoya
#1¥fnaeulnsstnlszamifiouaeiidmen insonssgi Insvhwlszamidionldfney
- 2 1 9t 1 o o 1 = A{ a9 ] I's ]
fgrvdeli  fmeulugn  Awnhdanafldnnanuuandisveasiynonlnseie
) 14
Uszamdivuuaziomiynvesgsrinaoutiounduluith ldie Midnumadanimining

1 -3 o L") A -] H J
TassvwdszammfoufiszamisoUsususaio W lddmaeunavu'ld

3.4.2 M3i3aU3UVY Unsupervised Learning
4
A5I3UUUUY Unsupervised Neural Network H39119919A3930n71 Self-supervised
N = kY 1 [ ] & o 1] ~ LT |
Leaming i5umsFouduuy lifimsasisdmendgouiodn Insshwlszamifivusziades
ar o o Ja a °y a 3 o

Tasardadodesmudnvarvssdayauaznadninld msdsumasniminiuzhnms
Anszidudrveaiues lashidsseifoilodononen  Tassiwdssamifionszquul Iy

ar = ] ar oo 1
Mndyymvedunm uaziimsdivlmuinduvesasae

3.5 Wadtumsmalon (Transfer Function)

P2 @ o & Foa J o ; 1
NgUN 3.3 szt ldhnuduiuisenhdunnuaziewiynuesidseuszivey
w & ' . A 3 a ' oo 3/ ..
Audlandun15a16Teu (Transfer Function) ¥39U14NTAToNIHANFUMSIATEAU (Activation
- “@ ot :’ o o ) v

Function) Tﬂuwau:|nwwuwwﬂvmmeumuﬂﬁwﬂawﬁluauwmlmﬁqnfnumimu‘lau
& w 1y = o 1 as o o ' o -

m%zmuWﬂnmﬁvmwaanmnu'nawmazm HafsumsaoToussimiiludisdavern
o Y 12 ¢ o ' ¥ d 1 ¢

yoqenimn  dmn hiflladsumsdeTsundafesdiunsnalumsuannueriynesn

- o~ & ar 1 P { o
vniiasou Tasnsedl 32 esuamsdeilaidumsaie TouRidufidonlflunulaseie
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maan 3.2 HendumsawToulu lnssiwilszaminey

= X7 J
yHaManTumsaeley

aunsfanvumsaalon

[/

> 1 7[

> n

a 4 '
-0.833 | +0.833
a = radbas(n)

Radial Basis Function

/|° ........... ) = n
-1
a = purelin{n)
Linear Transfer Function
1
a aln)= —
( ) 1+e ™
a = logsig(n)
Log-Sigmoid Transfer Function
a a(n) B 1- e('—'n)
146D
£
a = tansig(n)
Tan-Sigmoid Transfer Function
a
_n2
a(n) =€ n

Input n

Output a

2 1 4 3 0o 6 1
a = softmax(n)

c

Compet Transfer Function
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sHaWantunsanloy

¢ o T
aumsﬂammmmwiau

07"

a = hardlim{n)
Hard-Limit Transfer Function

0, n<0

a(n)z{l; n=0

A+l

a = hardlimsfn)

Symmetric Hard-Limit Trans. Funct.

a(n)z{l; n>0

-1; n<0

a = satlins(n)

Satlins Transfer Function

a
............ Mali .
~y 11
0 L Z a(n)= n, nz0
------------------------- 0; n<0
-1
a = poslin{n)
Positive Linear Transfer Funct.
a
............ Al
N s 1t s ; n=<0
- _________ 0__“' _____ a(n) =<n; 0<n<xl
-1 ; 1<n
a = satlin(n)
Satlin Transfer Function
a
T}_
s 1 l -1;  n<£-l
'li/ ’0 +l 7£ a(n)z n; -I<n<l
-1 I; I<n
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3.6 madensiinvaslnsatnadszmniian [24)

A:I o o [} = o o 11 -l
iWesnntogiiull Inssiheuszamiiouvarouuuiin uazilegiunda liingquilu
& a ¢ = [ c’: & s | = 3/
msdenriavoslnssvlssamiiony  dsdumndenldaulnsewdseammoyldimunzay
ar =1 i o 1 1
fudlgwiiduliliddeudrann msedi 33 ssdhwuimanuziihinslfoulasshe

sgammsudmsuanlsznn vy

3N 3.3 wamenmsifenInsstiouaazdszinn [24]

szianvesay Taseva
Prediction - Feedforward Back-propagation
- Delta Bar Delta
- Extended Delta Bar Delta

- Directed Random Search
- Higher-order Neural Networks

- Self Organizing Map into Back-propagation

Classification - Learning Vector Quantization
- Counter-propagation Network

- Probabilistic Neural Network

Data association - Hopfield Network

- Boltzmann Machine

- Hamming Network

- Bidirectional Associative Memory

- Spatio-Temporal Pattern Recognition

Data conceptualization - Adaptive Resonance Network
- Self Organizing Map
Data filtering - Recirculation

A15197 3.3 szdlufssuauanuzimlumsifenyiinved Inseiivdsza ey
° o [ . & & o wa o "ﬂ I.l a 1 dvly
dmSvnulszinnang mniu Falussdgianueiesee ity ldsmaisedananla
st Insselszamifiuniuy Feed forward Back-propagation 92iiu Insatnelszam

- = A - Uy Y A a ]
W'lUn‘m,ﬂu'ﬂutlll“ﬁgﬁ’lll']5ﬂr1"])'ulﬂﬂ‘1u\3']'Ll'ﬂa‘lﬂﬂsxlﬂ"ﬂuﬂﬂlﬂuﬂﬂ’lﬂﬂ‘]ﬁ'ﬂ’]u']ﬂﬂ'l
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3.7 Inssnedszanifeuuyy Back-propagation Neural Network [25]

»

Tasethedssamifionnuy Back-propagation Neural Network wuilInsaadiadiu

' > 4 3
svuTasedlssamifouvarodi (Multi Layer Neural Networks) #eUszneuluaaodu
[ o’: t q‘: d o o 1
OUNN (Input Layer) , ¥U¥BU (Hidden Layer) 4ns3UDINNN (Output Layer) AINFUNSHY

i o y o o

Teu g lulasstwiszamfounuuunsafsunduiieslsfendunsarsTouuuy  Linear
Transfer Function , Log — Sigmoid Transfer Function 48% Tan — Sigmoid Transfer Function Tu
o = d  a qy 3a gt ] =l 1 Y P n’: 1 3 ]
Tnoniwusaiudl 16 14 Insehnlseamiouuuunws sdounduitdudeu 1 Fuwazlasww

o) 1w o dad 3
'ﬂ53'!3’17]”’10”“1]1]llWiﬂqﬂﬂUﬂﬁuﬂu‘Bu‘:ﬁﬂu 29U

Input Layer 1st Hidden Layer 2nd Hidden Layer Outp;ut Layer

g 3.5 TnseadrevesInseiellssamiiouuuy Back-Propagation Neural Networks
] » »

o L] g
NUYUBOU 2 ¥U

r »
sl o

vingdit 3.5 sznanslnseniolszamiftoniifsuaou 2 $u Tavlugudl 3.5 T
SuymazdifuauSunnianin R g0 $wouiseuludusoudt 1 uaz 2 vhiu s' waz &
gaaudiiy uozfieniyn 8 g auinvesBunninmed P udazdrnsgaidendhiy
frsoulusugou daemdinimin w (Input Weight : iw'") smufasiimss i
Tudar (Bias : b)) udBahlmuitesiFumsdoTowdoulasdoyaliifunadng Foeld
nrned o' somn Tasnned o' Mhunadnivessudend 1 vz lududuymIifududond
2 Tasnnnes ' ﬁnzgﬂvﬁauﬁm%ﬁ'udﬁqu{mﬁﬂ W (Layer Weight : Iw2,1) uaziildsau
fumrluead Biss : b)) dnildnaddumsawlowdeutasdoyaldidumadns Feee
Zanimed o somn Taonnmed o* feghidusuymItsusueninun Swsgnidouderinfy

3 »
Yoot o o @ d o o 0 [ .
frea9imiin W' (Layer Weight : 1w'?) nimiufveinisswduslude Bias : b)) uda
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Wldiuilsdsunsoe Teurommadniveslaseiolszamition Taowadwigaiuife
L
NAD3 a

Taoiewivymues Inssvior)szamiionieny  Back-propagation  Neural Network

usan ldnnaunts
2’ = PG WM +b) * LW +b)* LW +b%)  (3.6)

E L4
Tavduneunmisdsuaiginiminuag lusaveslnsevivdssamifiouuuy  Back-
. & caa ' oy w 1ad o o Yo @ o w
propagation Neural Network uumﬁmsﬂgnmm'smunuumﬁwuuu“lafmwmmmsﬂium
¥ » [ »
arniwninuazan luueiy'lAun Lavenberg-Marquardt Algorithm 1i{Ba9InHYUABUNITUSY
TR 2 w @ e a & aa ad a b ky o )
mmniminuaz ludanldszniomanga Taslidunoumsdiumainiminuazan

v A
Tuneadad
X, =X+X=X+1J+pi’teg | 3.7
g = JT. e (3-8)

TaeW  x fAefA1 Weight 1182 Bias
o o 1o 1
] #in Jacobian matrix Y840y RUTYRIAAANTIALARLAY ABA1 X
T A Transpose matrix Y83 J
<l
f

@ o

g Gradient Factor

e Ao LASNTUBIAANAIR (Brror) e RBUAUAT
TnsahelszamBonduaald

I A9 Identity matrix

H §o Mu factor 30 Learning factor

a d P :, or 4
v Tadloumms ndvesmainimin (w) naas lanmuaumsh 3.9

[ ael ael L. ael
a""l,l awl,z awl,sz
632 632 . 882
(w) = a“’z,l awz,z 6w2 2 (3.9)
6383 aes3 N 5683
Ow Ow
_aws3,1 s3,2 s3,52 |




33

P a o 1 v o
i]'lTﬂl‘U uummnwmﬂﬂmmﬁ (b) Llﬁﬂ\‘}vlﬂ("l'lll 7UMTN 3.10

B,

1
—2
2 (3.10)

PP

o

)

Ob
3

wasndvosmfanatauaas ldawaun1sn 3.11

F ] 3 3
1 h
2 t?z “33
D= . (3.11)
3 _ 3
—es3—‘ _tS3 383-

¥ ¥

Tassvodszamifisunuy Back-propagation Huveiiiuauihseulusuauynuas
3 '3 " W o = ciq a [ o = u’:
dupinviiduswuduynuaziemymussilymiiddsdory  dasunuiiseuludy
T u’.: ar - 1l o i o o ar e’)’
dowiugwiselSunfaon ldamarmmuzauuaz hiiwnddugasdude datulums

] » 1

Anaeuved InseedizammisyiosdimsUsunaouiwauiseulusuysumonilassadn
é 2 o =Y 6‘: [] n’: - ] 9 o A Y o=
Amuzay  Fadwauiseulududewiulinaneszoznarlumsinaeudls  Wudedrdl
] = 3 ] o =1 1 ] 4
Smuibseulusudountn el lunmsinasudszanni Insetholszamifiouni
o Y n’a, ] at ] A ¥ A £ o 1 o o <y
Swaiiseuludugeiioont detndoudrudeoulufnmdy wiedielsfamdinnuiseuly
g ] H =1 1 Qs [ 1 1 - T ]
sugeufiunt lldiduditsveni Inswhwseilszdntnwannnai lnsetedsz amdion
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3.8 Insave)szeanifieneiuy Generalized Regression Neural Network [25]

»
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4.3 manaeednaeunelnsavelsyennfieuul Generalized Regression Neural

Network (GRNN)
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5.1.1 msdnaenlasavidssannifennuy Back Propagation §1suawiloudn 6
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5.1.1.1 msenaeulagl¥Snuyarnaeu 45 4a S1uauganamey 20 A

HANSNAGBY  UaYA1 MAPE  weuganameudmiunsinaeulnsatiy

Uszamiondmiuawtioun 6 aoillwihszons 3 Teoldyalnaoudnan 45 ga uazld

gAnAEEY S1uaU 20 %A gauana 13 lumisied 5.1

MM319A 5.1 HamInaasannnsinaeu Insetelssanifioaniuy Back Propagation

dmsuaoilouni 6 aoriiTWihszons 3 Taoldyarnaousiam 45 ga Sunga

NAADUTIUIU 20 YR
i No of ~"No of Transfer | Transfer | Transfer | MAPE | waifild
Neurons in Neurons in Function | Function | Function (%) (W)

Hidden Hidden Hidden Hidden Output

Layerl Layer 2 Layer 1 Layer2 Layer
1 2 1 logsig logsig linear 0.9193 1.31
2 3 2 logsig logsig linear 0.1443 1.45
3 3 logsig logsig linear 0.1035 1.51
4 5 4 logsig logsig linear 0.0739 2.05
5 6 5 logsig logsig linear 0.0850 2.26
6 7 6 logsig logsig linear 0.5772 3.01
7 8 7 logsig logsig linear 0.2773 3.26
8 9 8 logsig logsig linear 1.8989 3.21
9 10 9 logsig logsig linear 1.6135 3.36
10 3 1 logsig logsig linear 0.1399 1.47
11 4 2 logsig logsig linear 0.1357 1.46
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] No of No of Transfer | Transfer Transfer MAPE nmﬁ“l%’
Neurons in Neurons in Function | Function | Function (%) (mﬁ)
Hidden Hidden Hidden Hidden Qutput
Layerl Layer 2 Layer 1 Layer 2 Layer |
12 5 3 logsig logsig linear 0.2943 1.56
13 6 4 logsig logsig linear 0.4459 2.15
14 7 5 logsig logsig linear 0.4937 2.45
15 8 6 logsig logsig linear 1.3889 2.57
16 9 7 logsig logsig linear 0.3722 3.46
17 10 8 logsig logsig linear 1.2239 351
18 2 1 tansig tansig linear 0.3463 1.44
19 3 2 tansig tansig linear 0.0974 1.48
20 4 3 tansig tansig linear 0.1130 1.57
21 5 4 tansig tansig linear 0.0793 2.18
22 6 5 tansig tansig linear 0.1102 225
23 6 tansig tansig linear 0.1010 2.45
24 7 tansig tansig linear 49116 2.39
25 9 8 tansig tansig linear 10.2723 1.52
26 10 9 tansig tansig linear 11.4856 0.19
27 3 1 tansig tansig linear 0.1243 1.35
28 4 2 tansig tansig linear 0.0262 1.49
29 5 3 tansig tansig linear 0.0893 2.00
30 6 4 tansig tansig linear 0.244¢6 2.18
3 7 5 tansig tansig linear 4.1760 2.27
32 g 6 tansig tansig linear 10.0284 217
33 9 7 tansig tansig linear 12.7639 1.38
34 10 8 tansig tansig linear 6.6272 033
35 2 1 logsig tansig linear 0.3482 1.40
36 3 2 logsig tansig linear 0.1089 1.46
37 4 3 logsig tansig linear 0.0979 1.53
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‘f"; No of No of Transfer | Transfer | Transfer | MAPE nmﬁ‘lﬁi’f
Neurons in Neurons in Function | Function | Function (%) ()
Hidden Hidden Hidden Hidden Output
Layerl Layer2 Layer 1 Layer2 Layer
38 5 4 logsig tansig linear 0.2543 2.05
39 6 5 logsig tansig linear 0.1428 226
40 7 6 logsig tansig linear 0.7996 2.50
41 8 7 logsig tansig linear 1.2374 217
42 9 8 logsig tansig linear 10.5776 1.58
43 10 9 logsig tansig linear 5.9008 1.00
44 3 1 logsig tansig linear 0.1052 1.25
45 4 2 logsig tansig linear 0.1228 1.48
46 5 3 logsig tansig linear 0.0914 1.59
47 6 4 logsig tansig linear 0.1619 2.18
48 7 5 logsig tansig linear 0.2435 2.50
49 g 6 logsig tansig linear 10.8622 2.34
50 9 7 logsig tansig linear 12.2400 1.49
51 10 8 logsig tansig linear 10.7578 2.15
52 2 1 tansig logsig linear 0.3456 1.31
53 3 2 tansig logsig linear 0.1142 1.45
55 5 4 tansig logsig linear 0.1141 2.07
56 6 5 tansig logsig lingar 0.0926 2.24
57 7 6 tansig logsig linear 1.4267 2.45
58 8 7 tansig logsig linear 3.8269 2,33
59 9 8 tansig logsig linear 6.4129 3.31
60 10 9 tansig logsig linear 5.4501 0.53
61 3 1 tansig logsig linear 0.1222 1.34
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ﬁ No of No of Transfer | Transfer | Transfer | MAPE L’Ja‘lﬁ'l%
Neurons in Neurons in Function | Function | Function (%) (mﬁ)
Hidden Hidden Hidden Hidden QOutput
Layerl Layer2 Layer 1 Layer 2 Layer
62 4 2 tansig logsig linear 0.0934 1.50
63 5 3 tansig logsig linear 0.0986 1.60
64 6 4 tansig logsig lingar 0.0938 221
65 7 5 tansig logsig linear 0.8397 2.26
66 8 6 tansig logsig linear 0.6774 1.31
67 9 7 tansig logsig linear 3.9704 1.36
68 10 8 tansig fogsig linear 8.9029 1.54

3 P r- " [ E -3 ) 3 ]
weuhgaiis Tnsaiodszamifisuniisnuiiseuludugen

1mInh 5.1 swwulddhduuuvesInsedufiond

S 1

1 winy 4 uazuly

3
=}

U1 MAPE U094ANATDILN

oy 3 ] { 1w o v u’al ] o u’: 1 o 3
msau“lwwauﬁ 2 Wl 3 uaziifanvumsaslouludugounl Fuzoun 2 uazdu
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Transfer Function AN&19Y TaeliA1 MAPE wsganamou iy 0.0679 % uasiiiorm
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w o 1 a as 4
HaTHIvosgANAToUYes Insselssamifisuiuy BP dwivmutloud 6

annil lWfhszoes 3 Taoldyerinaou 45 gn gananey 20 ganlSoudiouiy

A ldnaTisunsy PSS/ADEPT

ganagoudi | maalithguyds | ddcihquds | anusmmnteu
ANNSs Ly BP PSS/ADEPT (%)
(kW) (kW)

1 126.704 126.715 0.008591
2 20.458 20.459 0.005928
3 17.617 17.621 0.020937
4 16.822 16.860 . 0.230236
5 4.766 4.770 0.086301
6 122.034 122.137 0.084187
7 13.292 13.330 0.286514
8 36.209 36.247 0.104316
9 37.882 37.949 0.176587
10 86.622 86.658 0.0415
11 73.989 73.948 0.054967
12 72.042 71.994 0.065841
13 71.625 71.618 0.009326
14 80.453 80.457 0.005321
15 77.713 77.713 0

16 65.551 65.512 - 0.060092
17 88.506 88.505 0.002048
18 136307 136.353 0.033882
19 50.472 50.477 0.005867
20 61.753 61.798 0.072105
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M3191 5.3 wamsnAaeenINA1Anaon lnsetelszamifiounny Back Propagation

dmFumetleud 6 aoiilvhszues 3 Taoldgernaeudiuou 35 4

NUINYANATDUIIUIU 20 Y#

60

‘1'71'l No of No of Transfer | Transfer | Transfer | MAPE l'Jﬂ‘If’I;tl‘i,f’
Neurons in Neurons in Function | Function | Function %) (W)
Hidden Hidden Hidden Hidden Quiput
Layerl Layer 2 Layer1 Layer 2 Layer

1 2 1 logsig logsig linear 0.2733 1.40
2 3 2 logsig logsig linear 0.1512 1.43
3 4 3 logsig logsig linear 0.9580 1.52
4 5 4 logsig logsig linear 1.1526 2,07
5 6 5 logsig logsig linear 3.2664 1.50
6 7 6 logsig logsig linear 1.9740 2.06
7 8 7 logsig logsig linear 6.3054 1.17
8 9 8 logsig logsig linear 13.0545 0.29
9 10 9 logsig linear 21,7220 0.08
o] & 5| e IS D v
11 4 2 logsig linear 0.1690 1.46
12 5 3 logsig linear 0.3109 1.55
13 6 4 logsig linear 0.4023 2.14
14 7 5 logsig linear 2.8988 1.46
15 8 6 logsig logsig linear 6.6367 1.27
16 9 7 logsig logsig linear 15.9057 1.00
17 10 g logsig logsig linear 15.3976 0.08
18 2 1 tansig tansig linear 0.2875 1.40
19 3 2 tansig tansig linear 0.2458 1.27
20 4 3 tansig tansig linear 0.2947 1.51
21 5 4 tansig tansig linear 0.2861 2.06
22 6 5 tansig tansig linear 42120 2.15
23 7 6 tansig tansig linear 3.6126 2.23
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6l

ﬁ No of No of Transfer | Transfer | Transfer | MAPE L’Jﬂ'lﬁcl‘isf’
Neurons in Neurons in Function | Function | Function %) (m‘ﬁ)
Hidden Hidden Hidden Hidden Output
Layerl Layer 2 Layer 1 Layer 2 Layer
24 8 7 tansig tansig linear 12.2097 111
25 9 8 tansig tansig linear 13.4295 0.12
26 10 9 tansig tansig linear 13.8756 0.21
27 3 1 tansig tansig linear 0.2238 1.34
28 4 2 tansig tansig linear 0.1567 145
29 5 3 tansig tansig linear 0.2406 1.55
30 6 4 tansig tansig linear 0.9841 2.03
31 7 5 tansig tansig linear 3.4919 1.49
32 8 6 tansig tansig linear 9.3201 1.07
33 9 7 tansig tansig linear 13.0503 0.49
34 10 8 tansig tansig linear 11.9858 0.21
35 2 1 logsig tansig linear 0.2830 1.31
36 3 2 logsig tansig linear 0.2476 1.45
37 4 3 logsig tansig linear 0.1478 1.51
38 5 4 logsig tansig linear 0.2182 2.05
39 6 5 logsig tansig linear 2.5253 2.13
40 7 6 logsig tansig linear 4.5148 1.34
41 8 7 logsig tansig linear 6.9598 2.17
42 9 8 logsig tansig linear 16.2258 0.15
43 10 ) logsig tansig linear 47185 0.20
44 3 1 logsig tansig linear 0.3061 1.34
45 4 logsig tansig linear 0.3692 1.48
46 5 3 logsig tansig linear 1.4175 1.57
47 6 4 logsig tansig linear 1.7305 1.40
48 7 5 logsig tansig linear 5.5595 2.09
49 8 6 logsig tansig linear 3.8030 1.39
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62

fl No of No of Transfer | Transfer | Transfer MAPE L’Jﬁ‘l'i‘?h‘i,fJ
Neurons in Neurons in Function | Function | Function (%) (W1#)
Hidden Hidden Hidden Hidden Qutput
Layerl Layer 2 Layer 1 Layer 2 Layer
50 9 7 logsig tansig linear 10.5732 0.50
51 10 8 logsig tansig linear 15.7235 0.42
52 2 1 tansig logsig lingar 0.2886 1.42
53 3 2 tansig logsig linear 0.1765 145
54 4 3 tansig logsig linear 0.3460 1.52
55 5 4 tansig logsig linear 0.6395 1.60
56 6 5 tansig logsig linear 2.4661 2.06
57 7 6 tansig logsig {inear 20.9809 145
58 8 7 tansig logsig linear 4.8353 1.44
59 9 38 tansig logsig linear 10.0156 0.21
60 10 9 tansig logsig linear 19.9166 0.14
6l 3 1 tansig logsig linear 0.2822 1.32
62 4 2 tansig logsig linear 0.3558 1.47
63 5 3 tansig logsig linear 0.5455 1.56
64 6 4 tansig fogsig linear 0.6727 2.06
65 7 5 tansig logsig linear 2.4895 1.44
66 8 6 tansig logsig linear 5.8380 2.08
67 9 7 tansig logsig linear 15.7321 0.35
68 10 8 tansig logsig linear 3.7324 1.09
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i IdvinTsunsu Tnaa Indzuaasl@ammsiei 54 wasshun@oudhuwugluansns

wl3vuiion ldngai 5.2

M3uN 54  wadwSvosganaaeuved Insetlszamifiviuy BP dwmsumutloudi 6
aanillWihszoes 3 Taoldyarnaeu 35 ga ganadey 20 galSeufoudu
1% 1av1nT1sunsy PSS/ADEPT

%A mfefhquyde | mddidhquds | srwmaiandieu
yaTay ANNs LU BP PSS/ADEPT (%)

i (kW) (kW)

1 126.998 126.715 0.223552
2 20.470 20.459 0.053674
3 17.636 17.621 0.082362
4 16.781 16.860 0.472187
5 4.770 4,770 0.006094
6 121.886 122.137 0.205342
7 13.269 13.330 0.460681
8 36.260 36.247 0.036507
9 37.916 37.949 0.088082
10 86.591 86.658 0.07698
11 73.925 73.948 0.031735
12 71.939 71.994 0.077133
13 71.485 71618 0.185753
14 80.429 80.457 0.035081
15 77.711 77.713 0.002456
16 65.440 65.512 0.110185
17 88.562 88.505 0.064943
18 136.698 136.353 0.253332
19 50.422 50.477 0.109127
20 61.630 61.798 0.271542
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512 mifnaeulnsevwilszamifiouuuy Back Propagation dmiumetloud 4
anilldihways 1
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5.1.2.1 msdnaeulaglidnnuyainaei 42 ya Snnuyanamew 18 4a
HOMINAABY  Lagil MAPE  vsaganareudmiumsindeulnsaiie
Ussamiendmiuanodloud 4 anrilldihrays 1 Tavldyednaousio 42 ga uazls

ganadon $1u7u 18 ga gauaa 13 lumsiedi 5.5

MINN 5.5 wamsnaassnnmsAnagou Inseisdszamnifionnuy Back Propagation
dmsuawileud 4 aorilwihways 1 Tasldgaflnaoudiuau 42 90

PIUIULANATIUTIUIN 18 YA

ﬁ No of No of Transfer | Transfer | Transfer | MAPE l'lfl‘ﬁél‘l‘lsi’
Neurons in. Neurons in | Function | Function | Function (%) (uf)
Hidden Hidden Hidden Hidden Output
Layerl Layer 2 Layer 1 Layer 2 Layer
1 2 1 logsig logsig’ linear 0.9193 1.31
2 3 2 logsig logsig linear 0.1443 1.45
3 4 3 logsig logsig linear 0.1035

i s —_— e e TS e e s
R . |! = H R i

UEHIET M

I L s 0 | L

5 6 5 logsig logsig linear 0.0850

6 7 6 logsig logsig linear 0.5772 3.01
7 8 7 logsig logsig linear 0.2773 3.26
g 9 g logsig logsig linear 1.8989 421
9 10 9 logsig logsig linear | 1.6135 3.36
10 3 1 logsig logsig linear 0.1399 1.47
11 4 2 logsig logsig linear 0.1357 1.46
12 5 3 logsig logsig Iinear 0.2943 1.56
13 6 4 logsig logsig linear 0.4459 2,15
14 7 5 logsig logsig linear 0.4937 245
15 3 6 logsig logsig linear 1.3889 2.57
16 9 7 logsig logsig linear 0.3722 3.46

17 10 8 logsig logsig linear 1.2239 4.51
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‘ﬁ No of No of Transfer | Transfer | Transfer | MAPE L'Jm‘ﬁ'l%’

Neurons in Neurons in Function | Function | Function (%) ('ll'l‘ﬁ)

Hidden Hidden Hidden Hidden Output
Layerl Layer 2 Layer 1 Layer 2 Layer

18 2 1 tansig tansig linear 0.9042 1.31
19 3 2 tansig tansig linear 0.1622 1.45
20 4 3 tansig tansig linear 0.1984 1.54
21 5 4 tansig tansig linear 0.2778 2.08
22 6 5 tansig tansig linear 0.0909 2.27
23 7 6 tansig tansig linear 0.4282 243
24 8 7 tansig tansig linear 0.4810 3.22
25 9 8 tansig tansig linear 0.5667 3.22
26 10 9 tansig tansig linear 1.2410 3.04
27 3 1 tansig tansig linear 0.0760 1.32
28 4 2 tansig tansig linear 0.1498 1.46
29 5 3 tansig tansig linear 0.2870 1.56
30 6 4 tansig tansig linear 0.1776 2.13
31 7 5 tansig tansig linear | 0.6410 2.27
32 8 6 tansig tansig linear 0.4801 2.46
33 9 7 tansig tansig linear 0.6042 2.15
34 10 8 tansig tansig linear 1.0781 1.26
35 2 1 logsig tansig linear 0.8914 1.33
36 3 2 logsig tansig linear 0.1533 1.34
37 4 3 logsig tansig linear 0.1015 1.52
38 5 4 logsig tansig linear 0.0905 2.07
39 6 5 logsig tansig linear 0.2725 222
40 7 6 logsig tansig linear 0.6725 2.59
41 8 7 logsig tansig linear 0.5510 3.07
42 g 8 logsig tansig linear 1.9138 3.38
43 10 9 logsig tansig linear 2.33%96 2.36
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'?; No of No of Transfer | Transfer | Transfer | MAPE | ol

Neurons in Neurons in Function | Function | Function (%) (W)

Hidden Hidden Hidden Hidden Output
Layerl Layer2 Layer1 Layer 2 Layer

44 3 1 logsig tansig linear 0.1530 1.24
45 4 2 logsig tansig linear 0.1400 1.47
46 5 3 logsig tansig linear 0.1062 2.00
47 6 4 logsig tansig linear 0.1114 2.19
48 7 5 logsig tansig linear 0.1967 2.38
49 8 6 logsig tansig linear 0.8056 3.23
50 9 7 logsig tansig linear 0.3631 3.32
51 10 8 logsig tansig linear 1.0098 2.45
52 2 1 tansig logsig linear 0.7993 1.40
53 3 2 tansig logsig linear 0.1160 1.44
54 4 3 tansig logsig linear 0.0755 1.52
55 5 4 tansig logsig linear 0.2434 2.02
56 6 5 tansig logsig linear 0.5099 2.26
57 T 6 tansig logsig linear 0.6404 2.53
58 8 7 tansig logsig linear 0.4764 2.40
59 9 8 tansig logsig linear 1.0312 3.07
60 10 9 tansig logsig linear 0.7199 3.24
61 3 1 tansig logsig linear 0.1408 1.47
62 4 2 tansig logsig linear 0.0809 1.48
63 5 3 tansig logsig linear 0.4238 1.59
64 6 4 tansig logsig linear 0.9428 2.16
65 7 5 tansig logsig linear 0.4453 2,21
66 8 6 tansig logsig linear 1.0199 2.38
67 9 7 tansig logsig lingar 1.3507 3.10
68 10 8 tansig logsig linear 0.8943 3.09
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1Aa15d 5.5 93 1 hgluuuvesInssiofivudisinr MAPE vouanaaouiites
4:{ & 3 =~ -:;dn — u’: 1 gi L") o -9
ngafe lnsenedssamdmoniiidwauiaseulusugoud 1 vty 5 tazdwauiisouly
3 1 - 1w = P 1 n‘;’ 1 - e’: T ~ 5 s
Fugouii 2 My 4 nazlifedFumsoeToulududondil Susoud 2 uazduemina 1
U111 Log-sigmoid Transfer Function, Log-sigmoid Transfer Function W@% Linear Transfer
Function #ud1dy laulld1 MAPE vesganadey 51l 0.0739 % uazilotimiiigs 1w
a v o ¥ o - o o =
Q’ﬂglﬁumﬂlﬂuNaﬂ‘lﬂﬁ‘IJFJQ‘I;WYIWCTE‘U‘U’NIﬂ‘iﬂ‘ll'lﬂﬂizﬁ‘l'ﬂmUl.liﬂ’)!.ﬂST&HTﬂUH1H’ILﬂ?U‘Um0U
fufildninTusunsuTnan Tdanzuaasidaumsd 56 washuSouiuumgiuans

msafFouiioy 1dawgdf 5.3

mINdl 5.6 Aadwtvosganadouved Inseelssamiouuuy BP dwiumotleudn 4
amiihways 1 Taeldgefnaeu 42 ga yanaden 18 yaulSoudioudy
A 1annTasunsy PSS/ADEPT

% MadIihgqode | MdIihgods ANuAMARADU
naaeuf | ANNs uuw BP (kW) | PSS/ADEPT (kW) (%)
1 266.380 266.480 0.037438
2 234,825 234.899 0.031351
3 174,249 174.217 0.018507
4 31.394 31,366 0.089032
5 9.572 9.588 0.171166
6 51.071 50.876 0.382221
7 173.206 173.215 0.005328
8 22.264 22.252 0.053604
9 130.004 129.954 0.038471
10 381.954 381.925 0.00755
11 318.990 318.905 0.026542
12 69.476 69.354 0.176336
13 28.254 28.236 0.06185
14 250.028 249,850 0.071417
15 227.240 227.105 0.059215
16 272.179 272.375 0.071953
17 118.349 118,375 0.02214
18 24.147 24.145 0.006
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ﬁ No of No of Transfer | Transfer | Transfer | MAPE l'Jmm‘i’f

Neurons in Neurons in | Function | Function | Function (%) (W)

Hidden Hidden Hidden | Hidden Output '
Layerl Layer 2 Layer 1 Layer 2 Layer

| 2 1 logsig logsig linear 0.6409 1.37
2 3 2 logsig logsig linear 0.5563 1.36
3 4 3 logsig logsig linear 0.4056 1.48
4 5 4 logsig logsig linear 0.6897 1.54
5 6 5 logsig logsig linear 0.4970 2.10
6 7 6 logsig logsig linear 2.7167 1.21
7 8 7 logsig logsig linear 3.1305 0.50
8 9 8 logsig logsig linear 27624 0.34
9 10 9 logsig logsig linear 6.2691 0.08
10 3 1 logsig logsig linear 0.4674 1.32
11 4 2 logsig logsig linear 0.3951 1.45
12 5 3 logsig logsig linear 0.9248 1.56
13 6 4 logsig logsig linear 1.4298 1.49
14 7 5 logsig logsig linear 3.3865 2.13
15 8 ¥ logsig | logsig linear | 3.3883 | 101
16 9 7 logsig logsig linear 5.4250 1.07
17 10 8 logsig logsig line.-ar 4.4772 0.13
I8 2 1 tansig tansig linear 0.6046 141
19 3 2 tansig tansig linear 0.5046 1.33
20 4 3 tansig tansig linear 0.8876 1.51
21 5 4 tansig tansig linear 1.0630 2.05
22 6 5 tansig tansig linear 1.0312 1.34
23 7 6 tansig tansig linear 1.6403 1.44
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ﬁ No of No of Transfer | Transfer | Transfer | MAPE nmﬁ 1

Neurons in Neurons in Function | Function | Function (%) (mﬁ)

Hidden Hidden Hidden Hidden Qutput
Layerl Layer 2 Layer 1 Layer 2 Layer

24 8 7 tansig tansig linear 3.3457 0.25
25 9 8 tansig tansig linear 6.2759 0.10
26 10 9 tansig tansig linear 6.7724 0.14
27 3 1 tansig tansig linear 0.6068 1.25
28 4 2 tansig tansig linear 0.5266 1.45
29 5 3 tansig tansig linear 0.5601 1.53
30 6 4 tansig tansig linear 3.3666 1,27
31 7 5 tansig tansig linear 2.2364 0.49
32 8 6 tansig tansig linear 3.9437 0.28
33 g 7 tansig tansig linear 6.2028 0.25
34 10 g tansig tansig linear 7.3750 0.16
35 2 1 logsig tansig linear 0.6437 1.17
36 3 2 logsig tansig linear 0.4215 1.34
37 4 3 logsig tansig linear 0.4615 1.51
38 5 4 logsig tansig linear 0.8806 2.05
39 6 5 logsig tansig linear 1.1578 1.44
40 7 6 logsig tansig linear 5.9469 0.57
41 g 7 logsig tansig linear 8.0112 0.16
42 9 8 logsig tansig linear 10.3938 0.20
43 10 9 logsig tansig linear 5.1127 0.11
44 3 1 logsig tansig linear 0.5687 1.30
46 5 3 logsig tansig linear 0.6398 1.53
47 6 4 logsig tansig linear 0.8523 1.36
48 7 5 logsig tansig linear 1.1896 1.24
49 8 6 logsig tansig linear 5.3429 0.38
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17; No of No of Transfer | Transfer | Transfer | MAPE L’Jﬂ'lﬁﬂl‘l’)’)
Neurons in Neurons in Function | Function | Function (%) (W)
Hidden Hidden Hidden Hidden Output
Layerl Layer 2 Layer 1 Layer 2 Layer
50 9 7 logsig tansig linear 3.9894 0.14
51 10 g logsig tansig linear 6.5673 0.39
52 2 1 tansig logsig linear 0.6024 1.38
53 3 2 tansig logsig linear 0.5791 1.41
54 4 3 tansig logsig linear 0.9612 1.48
55 5 4 tansig logsig linear 1.2153 1.45
56 6 5 tansig logsig linear 1.8456 2.03
57 7 6 tansig logsig linear 1.7758 1.13
58 8 7 tansig logsig linear 4.6875 0.32
59 9 8 tansig logsig linear 5.6895 0.13
60 10 9 tansig logsig linear 6.3513 0.10
61 3 ] tansig | logsig | |linear | 0.6125 | 1.22
62 4 2 tansig logsig linear 0.7036 1.47
63 5 3 tansig logsig linear 0.4169 1.58
64 6 4 tansig logsig linear 0.7182 2.08
65 7 5 tansig logsig linear 0.9366 1.13
66 8 6 tansig logsig linear 4.5271 1.17
67 9 7 tansig logsig linear 5.1637 0.10
68 10 3 tansig logsig linear 6.9147 0.11
vinmsed 5.7 szldhgunveslassifiouiiian MAPE ypagaAnanoufivion
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it thaays 1 Taoldygarinaew 32 ga yanaaey 18 ganfTouisutua

14910 14511n50 PSS/ADEPT

%0 fdalihgaud | ddslidhgande arwnaAAdoy
nAgel | ANNs UUY BP PSS/ADEPT (%)
f (kW) (kW)
1 267.610 266.480 0.423943
2 235.469 234.899 0.242557
3 174.631 174.217 0.23731
4 31.409 31.366 0.137352
5 9.596 9.588 0.078721
6 50.570 50.876 0.601782
7 173.507 173.215 0.168608
8 22.272 22.252 0.086755
9 129.045 129.954 0.699077
10 382.235 381.925 0.081155
11 323.482 318.905 1.435263
12 69.207 69.354 0.211241
13 28.283 28.236 0.164296
14 252,411 249.850 1.025116
15 228.954 227.105 0.81416
16 272.805 272375 0.157765
17 118.466 118.375 0.076776
18 24.171 24.145 0.107782
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M3 5.9 wamsnaastainnisAnaeu Inseitulseamifounsy Back Propagation
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17‘; No of No of Transfer | Transfer | Transfer | MAPE | 10D 'lfh‘]’f
Neurons in Neurons in Function | Function | Function (%) (mﬁ)
Hidden Hidden Hidden Hidden Cutput
Layerl Layer 2 Layer 1 Layer 2 Layer
1 2 1 logsig logsig linear 0.5084 1.40
2 3 2 logsig logsig linear 0.3344 142
3 4 3 logsig logsig linear 0.4153 1.51
4 5 4 logsig logsig linear 0.2920 2.04
5 6 5 logsig logsig linear 0.3454 2.26
6 7 6 logsig logsig linear 0.7945 2.17
7 g 7 logsig logsig linear 2.9482 242
8 9 8 logsig logsig linear 7.1009 1.33
g 10 9 logsig logsig linear 4.9314 1.08
10 3 1 logsig logsig linear 0.3312 1.43
11 4 2 logsig logsig linear 0.4288 1.48
12 5 3 logsig logsig linear 0.6306 1.58
13 6 4 logsig logsig linear 1.1713 2.13
14 7 5 logsig logsig linear 0.4575 2.38
15 8 6 logsig logsig linear 0.5398 1.58
16 9 7 logsig logsig linear 1.1503 1.08
17 10 3 logsig logsig linear 6.0202 0.51
18 2 1 tansig tansig linear 0.4956 1.14
19 3 2 tansig tansig linear 0.3997 1.32
20 4 3 tansig tansig linear 0.5205 1.50
21 5 4 tansig tansig linear 0.5133 2.07
22 6 5 tansig tansig linear 1.9269 2.32
23 7 6 tansig tansig linear 1.1194 2.45
24 8 7 tansig tansig linear 3.2386 1.44
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mafi 5.9 (Av)
‘ﬁ No of No of Transfer | Transfer | Transfer | MAPE L’Jmﬁi%
Neurons in Neurons in Function | Function | Function (%) (W)
Hidden Hidden Hidden Hidden Qutput
Layerl Layer 2 Layer 1 Layer 2 Layer
25 9 8 tansig tansig linear 4.3809 0.39

32 8 6 tansig tansig linear 2.5340 1.28
33 9 7 tansig tansig lingar 2.3659 1.07
34 10 8 tansig tansig linear 8.6058 0.48
35 2 1 logsig tansig linear 0.5106 1.21
36 3 2 logsig tansig linear 0.2384 1.44
37 4 3 logsig tansig linear 0.6300 1.53
38 5 4 logsig tansig linear 0.7244 2.06
39 6 5 logsig tansig linear 0.7891 2.33
40 7 6 logsig tansig linear 0.9717 2.30
41 8 7 logsig tansig linear 5.1451 1.17
42 9 8 logsig tansig linear 1,9542 1.40
43 10 9 logsig tansig linear 6.0827 0.42
44 3 1 logsig tansig linear 0.3979 1.43
45 4 2 logsig tansig linear 0.2621 1.48
46 5 3 logsig tansig linear 0.4347 1.58
47 6 4 logsig fansig linear 1.0014 2.15
48 7 5 logsig tansig linear 1.3441 2.36
49 8 6 logsig tansig linear 3.0018 2.01
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m3efi 5.9 (A9)
‘ﬁ No of No of Transfer | Transfer | Transfer | MAPE | (30 ‘l'ﬁ‘l‘%’
Neurons in Neurons in Function | Function | Function (%) (1)

Hidden Hidden Hidden Hidden Qutput

Layerl Layer 2 Layer 1 Layer 2 Layer
50 9 7 logsig tansig linear 6.8088 1.40
51 10 8 logsig tansig linear 7.1003 1.49
52 2 1 tansig logsig linear 0.4970 1.29
53 3 2 tansig logsig linear 0.3929 1.42
54 4 3 tansig logsig linear 0.7281 1.50
55 5 4 tansig logsig linear 1.2905 2.03
56 6 5 tansig logsig linear 0.9802 2.26
57 7 6 tansig logsig linear 1.1052 226
58 8 7 tansig logsig linear 2.0219 2.04
59 9 8 tansig logsig linear 1.8416 1.56
60 10 9 tansig logsig linear 5.9661 1.05
61 3 1 tansig logsig linear 0.3812 1.36
62 4 2 tansig logsig linear 0.3713 1.49
63 5 3 tansig logsig linear 0.6184 1.58
64 6 4 tansig logsig linear 0.5939 2.14
65 7 5 tansig logsig linear 1.2657 229
66 8 6 tansig logsig linear 4.0112 1.59
67 9 7 tansig logsig linear 6.0972 0.22
68 10 g tansig logsig linear 7.6015 0.44
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o d‘ o { a -
aBouitonsun1gon T sunsy Inas IWdzuansidauasiedl 510 wasihwndowiy

ununiiuaasmsSouioy ldam g 5.5

1 o o r ) ar 3
maadi 5.10 wadnivesyAnagouveslnseedsramiflonuuy BP dwivmollount 8
aonil lWihways 1 Tnoldgernaou 42 ga ganawey 18 Janlsouiivuny

A ldnnlisunsy PSS/ADEPT

%9 mddliihgqde | mddlihgude | anuaaandon
vagou | ANNsuUl BP PSS/ADEPT (%)
i &W) KW)
1 81.308 81.298 0.012805
2 89.644 89.639 0.006091
3 87.915 87.932 0.01862
4 120.749 120,720 0.023995
5 4,475 4.483 0.163128
6 13.577 13.607 0.214409
7 142.008 142.179 0.119961
8 279.343 278.280 0.381746
9 115.977 116.177 0.172258
10 354.776 355.115 0.095532
11 333.830 333.703 0.038267
12 134.293 134.254 0.029077
13 139.160 139,089 0.051474
14 316.145 317.650 0.285246
15 128.807 128.816 0.007636
16 126.345 126.363 0.013995
17 351.301 359.206 2,200559
18 91.204 91.196 0.009551
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MR 511 wamsneassnnmisingsuinseiwy sy eyl Back  Propagation

Gmiumetiend 8 goniilviays 1 Taoldgarinaoudmou 32 ga S

gAnAa eI 18 4@

‘ﬁ No of No of Transfer | Transfer | Transfer | MAPE l’m'l‘l?‘lal‘i’f’

Neurons in Neurons in Function | Function | Function (%) (‘Ll'l‘ﬁ)

Hidden Hidden Hidden Hidden Qutput
Layerl Layer 2 Layer 1 Layer 2 Layer

| 2 1 togsig logsig linear 0.6386 1.38
2 3 2 logsig logsig linear 0.5326 1.42
3 4 3 logsig logsig linear 0.7065 1.48
4 5 4 logsig logsig linear 7.4753 1.52
5 6 5 logsig logsig linear 10.8932 1.45
6 7 6 logsig logsig linear 13.5805 1.07
7 8 7 logsig logsig linear 8.8338 0.44
8 g 8 logsig logsig linear 15.8472 0.08
9 10 9 logsig logsig linear 19.1192 0.09
10 3 1 logsig logsig linear 0.3270 141
11 4 2 logsig logsig linear 39131 1.44
12 5 3 logsig logsig linear 0.9638 1.46
13 6 4 logsig logsig linear 7.6069 145
14 7 5 logsig logsig linear 7.8063 1.22
15 8 6 logsig logsig Hnear 16.3065 0.43
16 9 7 logsig logsig linear 16.1851 0.06
17 10 8 logsig fogsig linear 18.1575 0.06
18 2 | tansig tansig linear 1.1493 1.27
19 3 2 tansig tansig linear 0.4522 1.42
20 4 3 tansig tansig linear 5.4708 1.48
21 5 4 tansig tansig linear 29343 1.56
22 6 5 tansig tansig linear 2.4892 1.34
23 7 6 tansig tansig linear 11.7033 0.46
24 8 7 tansig tansig linear 19.5437 0.10
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&1

17;1 No of No of Transfer | Transfer | Transfer | MAPE nm'ﬁw
Neurons in Neurons in Function | Function |{ Function (%) (mﬁ)
Hidden Hidden Hidden Hidden Output
Layerl Layer 2 ‘ Layer 1 Layer 2 Layer
25 9 8 tansig tansig linear 8.2893 0.23
26 10 9 tansig tansig linear 19.8052 0.13
27 3 1 tansig tansig linear 0.3727 1.32
28 4 2 tansig tansig lingar 1.3353 1.46
29 5 3 tansig tansig linear 1.9200 1.57
30 6 4 tansig tansig linear 6.5278 1.42
il 7 5 tansig tansig linear 5.8341 0.51
32 8 6 tansig tansig linear 15.3611 0.09
33 9 7 tansig tansig linear 12.0677 0.19
34 10 8 tansig tansig linear 13.3147 0.06
35 2 1 logsig tansig linear | 1.1104 1.39
36 3 2 logsig tansig linear 0.6095 1.42
37 4 3 logsig tansig linear 0.6154 1.50
38 5 4 logsig tansig linear 4.9171 1.54
39 6 5 logsig tansig linear 5.9084 1.26
40 7 6 logsig tansig linear 10.1104 1.54
41 8 7 logsig tansig linear 9.6253 0.30
42 9 8 logsig tansig linear 20.1365 0.13
43 10 9 logsig tansig linear 20.2498 0.10
| N IOOST fniandye m;:.;:r : mL;iq}r- 4 G
45 4 2 logsig tansig linear 0.6034 1.45
46 5 3 logsig tansig linear 1.1704 1.56
47 6 4 logsig tansig linear 2.9899 1.42
48 7 5 logsig tansig linear 8.9388 0.40
49 8 6 logsig tansig linear 15.3343 0.14
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‘ﬁ No of No of Transfer | Transfer | Transfer | MAPE L’Jmﬁi‘i’f’
Neurons in Neurons in Function | Function ; Function (%) (H11)
Hidden Hidden Hidden Hidden Qutput
Layerl Layer 2 Layer 1 Layer 2 Layer
50 9 7 logsig tansig linear 13.1813 0.07
51 10 8 logsig tansig linear 15.1534 0.06
52 2 1 tansig logsig linear 1.1638 1.28
53 3 2 tansig logsig linear 1.2055 143
54 4 3 tansig logsig linear 0.3321 1.50
55 5 4 tansig logsig linear 6.4807 2.04
56 6 5 tansig logsig linear 5.4815 1.35
57 7 6 tansig logsig linear 9.9282 0.42
58 3 7 tansig logsig linear 16.4504 0.37
59 ) 8 tansig logsig linear 5.9211 0.18
60 10 9 tansig logsig linear 18.4372 0.06
61 3 1 tansig logsig linear 0.8239 1.11
62 4 2 tansig logsig linear 0.8261 1.45
63 5 3 tansig logsig linear 5.7643 1.54
64 6 4 tansig logsig linear 5.0157 2.07
65 7 5 tansig logsig linear 9.0497 1.18
66 8 6 tansig logsig linear 9.1166 1.16
67 9 7 tansig logsig linear 15.2378 0.09
68 10 8 tansig logsig linear 15.5339 0.06
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maau“luwmauw 2 M 1 smznﬁqnwmsmﬂiﬂu“lu%umﬂuﬂ1 wmau“n 2 ll.'ﬁw‘lﬂ-l

LE]WW!GI TN, Log-sigmoid Transfer Function, Tan-sigmoid Transfer Function U81% Linear

Transfor Function a1y TauliA MAPE wesyamagey miafu 0.3067 % uaziiesn
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W ouiousui ldanlusunsy Tnan Tdanzuaae ldammaed 5.2 uazinndouiluengil

uarasmsnlSoudiou ldawgn 5.6

maed 5.12 wadwivosganaaeuves Inssvidssamiflonuvy BP dwivmeiioun 8
a0l fhays 1 Tauldyarnaou 32 qa ganameu 18 yanlSoudisudy
A 1dnnTisunsy PSS/ADEPT

%0 ddlihguds | Addithquds | anunmanden
nagoy ANNs (1111 BP PSS/ADEPT (%)
fi kW) (kW)
1 81313 81.208 0.019103
2 89.635 89.639 0.003989
3 87.876 87.932 0.06271
4 120.762 120.720 0.034997
5 4.532 4.483 1.108991
6 13.634 13.607 0.202151
7 142.940 142.179 0.535323
8 282.446 278,280 1.497077
9 116.424 116.177 0.211977
10 355334 355.115 0.061668
i 333.963 333.703 0.078126
12 134.190 134.254 0.048052
13 139.270 139,089 0.130708
14 314.655 317.050 0.755409
15 128.623 128.816 0.150516
16 126.213 126.363 0.118854
17 357.730 359,206 0.410818
18 91.114 91.196 0.090115
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52 wamsnaassvaamsinaenlnsetietlszeanyuneanuy Generalized Regression

(GRNN)

¥ o
asfinaeulasethudseamifiouiuy GRNN Tuandduasail ldimsmedoulny
] ¥
Famsasl uvuian N auazaNuIALYeINIIW Radial Basis Function fild1uduaiou
wagtimstsummsnsznudie W damsnszneiatigadivh ¥ MAPE vesganamovil
t ; o ) 1 o o R T 5 d'l = -} - 5‘: o o 9
adgadminusaziladdy  uasduiindr idenSoumoy  Bmisdahmsasiiuiiga
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Anrouluvasiisindldinuganaaeuiuduiioguu Tiuyosi MAPE IliAuiuln
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1L mstnaeulasetedszamidivanus GRNN dmsumedioud 6 amilldh
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3. mistnaenlnseiedssamifiounuy GRNN dmfuaistioudn 8 aarillvh
a3 1 uiedly
3a o
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- msAnaeulaldiuyefinaou 32 ga S1uugANATOY 18 3R

521 miflngeulasehelzmmifisuy GRNN dmivaedlendi ¢ aorfl
Ilvhszees 3 |
5.2.1.1 mifnaeulaalisnnuyaiinaeu 45 ya Sruauganaaeu 20 ya
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M13139 5.13 Nﬁﬂ'li'i’lﬂﬁﬂ\‘lil'lﬂﬂ'l‘iﬂﬂ’d‘il'hlTﬂ‘iﬁ‘lj'lﬂﬂixﬁ'l‘l’llﬁﬂmmﬂ GRNN fvsuany

Houd 6 aorii thszoes 3 Tavlfyarlnasudiuau 45 ga Swuganadou

114U 20 4R

AUAS Transfer | A1 spread A9 | A1 spread figfiqa | MAPE (%) narlums
Function msnaaoy Anaeu Gui)
amy=e " 100 84 10000 100 90.0588 7.3800
10 fis 1000 10 88.7990 6.8500
1714100 1 29.2541 7.0800
029320 0.6000 24.8365 6.8800
0.19a10 0.7000 24.4485 6.9400
0.04 83 4 0.6800 24.0079 6.7800
0.02 942 0.6600 23.6909 6.9900
0.01841 0.6600 23.6909 7.0000
0.006 §4 0.667 0.6600 23,6909 7.2200
a(n) = .—0-512 | 15071 10000 100 90.0652 6.6100
10 §9 1000 10 89.4351 6.7000
164100 1 37.0253 6.6490
0.2 8420 0.4000 25.6361 6.6390
0.1 8910 0.5000 24.6008 6.5590
0.04 T4 4 0.4300 23.9815 6.6500
0.02 842 0.4600 23.8562 6.7400
0.01841 0.4700 23.7216 6.7900
0.006 §4 0.667 0.4667 23.6911 6.8000
0.005 §40.5 0.4700 23.7216 6.8900
a(n) = o-1.502 | 10084 10000 100 90.0525 6.6500
10 114 1000 10 88.1633 6.6600
184100 1 26.5316 6.6900
0.2 6420 0.8000 23.8077 6.6900
0.19910 0.8000 23.8077 6.7900
0.04 D14 0.8000 23.8077 6.6890
0.02892 0.8200 23.7713 6.7900
001891 0.8100 23.6952 6.8600
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TUMS Transfer | A spread “7%1%’111 a1 spread ﬁﬁﬁqﬂ MAPE (%) na1lums
Function MInAeeL Anaou uih)
0.008 §4 0.833 0.8083 0 6.7100
a(n) = o202 | 1008 10000 100 90.0461 6.7500
10 ©19 1000 10 87.5280 6.5390
184100 1 24.6008 6.6300
0.2 420 1 24.6008 6.5600
0.193 10 0.9000 24.1199 6.7100
0.04 894 0.9200 23.8562 6.7790
0.02%12 0.9400 23.7216 6.8290
0.13 94133 0.9333 23.6911 6.9300
0.01 841 0.9400 23.7216 6.7290
0.006 4 0.667 0.6667 28.3559 6.9800

anseh 513 wldhpluuyvesiaseiwdionfifidn MAPE vesganaweuh

- 1 o4 A ¢ ' o 1A
Hovfigafolnseiolszamfoniifaunsvestlandumsan leuluduyeude

_1.5]12 o1 e P w Al
a(n)=e uﬂzuﬂ1ﬂ1iﬂisﬂ1ﬂﬂﬂﬂqﬂtﬂ1ﬂ” 0.8083 Tﬂﬂl’ﬂ'] MAPE ‘llﬂﬂ‘lg’ﬂﬂm’fﬂu

9 4 o 9_ o 4 o & ]
Wiy 23.6008 % uwazilovimiida ihgaderallukadnivesyananeuveslnsain

dssamdoninszd lasihnnSsufenfuilden Isunsy InaaTidesuans ldan

as197 5.14 wazshun@ounduumugiuaaenisnfSoudioy ldmugili 5.7
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1 w & 1 o1 as P
M15197 5.14 wadniussganadeuvel lnssitsyamifouuy GRNN g mFuamotioun

6 a1t Infhszoes 3 Taoldyafinaou 45 ga ganadeu 20 yanlJoudouiu

a'ldonTasunsy PSS/ADEPT

G fdellfhande | Mdeiwihqoyde ATmAmIARADY
NATOU | ANNsuULUGRNN |  PSS/ADEPT )
fi (kW) (kW)
1 105.898 126.715 16.42795
2 20.066 20459 1922014
3 13.268 17.621 24.70637
4 5.238 16.860 68.93299
5 5.928 4.770 24.27175
6 108.482 122.137 11.17969
7 5.914 13.330 55.63039
8 5.978 36.247 83.50877
9 5.967 37.949 84.27654
10 91.435 86.658 5.512213
11 69.386 73.948 6.169773
12 71.955 71.994 0.053869
13 72.554 71.618 1306789
14 84.128 80.457 4.5629
15 77.226 77.713 0.625675
16 65.555 65.512 0.065145
17 83.464 88.505 5.695468
18 107.545 136353 21.12781
19 37.232 50.477 26.24081
20 42.270 61.798 31.60003
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M3197 5.15 wamsnaassvnnsAnaen IassiwlseamiMouiuy GRNN dmsumuilou

7 6 anitIifszens 3 Tauldyarnaousiuau 35 ga Iuruganaaey

74U 20 YA

fUNF Transfer f spread 'ﬁﬂl‘ﬁu a1 spread ﬁﬁﬁt’[ﬂ MAPE (%) (At lums
Function MInAeeD AneouGuii)
an) = o2 100 83 10000 100 77.1058 6.7790
10 D9 1000 10 76.1174 6.6600
103 100 1 44.0455 6.6100
0.2 920 0.6000 31.3557 6.7300
0.19410 0.6000 31.3557 6.6800
0.04 944 0.6400 30.6355 6.7800
0.02 512 0.6600 30.6134 6.4900
001991 0.6700 30.6115 6.5500
0.006 ©14 0.667 0.6667 30.6115 6.9300
a(n) = +-0512 | 10034 10000 100 77.1108 6.5990
10 §i4 1000 10 76.6139 6.8200
194100 1 52.1416 6.7390
029420 0.4000 32.0655 6.6290
0.1 614 10 0.5000 31,7846 6.6290
0.04 fi1 4 0.4800 30.6476 6.2490
0.02 %92 0.4600 30.6209 6.7100
0.01 4 1 0.4700 30.6118 6.7700
0.006 84 0.667 04733 30.6115 6.8200
0.005 94 0.5 0.4700 30.6118 6.9500
a(n) = 1502 | 10084 10000 100 77.1007 6.6500
10 §14 1000 10 75.6262 6.6000
1949 100 1 37.0033 6.4400
0.2 9420 0.8000 30.6183 6.6100
0.1 8410 0.8000 30.6183 6.4990
0.04 594 0.8000 30.6183 6.6590
0.02 942 0.8200 30611 6.4990
0.01 831 0.8200 30.6115 6.5600
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AU Transfer | A1 spread 71914 | 17 spread fiafqe MAPE (%) nartums
Function MSNATBL Angou Guri)
am)=e”) 502 | 0008 890833 0.8167 30.6115 6.6200
a(n) = o202 100 24 10000 100 77.0957 6.6400
10 ©ia 1000 10 75.1402 6.6790
194100 1 3].7846 6.4690
0.2 9920 1 31.7846 6.6200
0.194 10 0.9000 30.6694 6.7100
0.04 D9 4 0.9200 30.6209 6.7890
0.02 842 0.9400 30.6118 6.7400
0.13 84133 0.9467 30.6115 6.9900
001841 0.9400 30.6118 6.8100
0.006 14 0.667 0.6667 33.8386 6.8700

P 91 v e Aa o
AN 5.13 ﬂg‘lﬂ'}'lzﬂ“ﬂ'ﬂ'llﬂ\fiﬂ'iQﬂ']Ulﬂﬂn“llﬂ'l MAPE ﬂﬂ'ﬂﬁzﬂ'ﬂﬂﬂﬂﬂﬂ

ﬁauﬁqﬂufaﬂ%’naﬂum's?lnfram’fauﬁqﬂé’l’wﬁaiﬂsaﬂ‘mﬂﬁzﬁmﬁanﬁﬁﬁumwmﬁar’ﬁ%’u

1 3 1 — 2 a0 § H 1 al ]
mstwlenlufudouds am)=e 1" wazfidimsnszawiiafigamiiy 0.8200 lasiia

1 o 4 -] I o o = d ot
MAPE v84¥ANAToU 1nnU 30.6115 % woziffeimida Iihguddadunadnivea

ﬂﬂﬁﬂmmTﬂiaﬂhranzmmﬁuml1"3Lﬂ51::1ﬁﬂuﬁmuﬂ‘s’auLﬁuuﬁ'uﬁ'lﬁmﬂﬂmnm’[ﬂaﬂ
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4 w o 1 a ° o 4
mad 5,16 wadnivewanaceuveslasstiolszamifiviuuy GRNN dmsumedleud

6 aaiifhszues 3 Tavldyetlnaeu 35 4a yanadey 20 gauSouiouny

af'1d91n i sunsy PSS/ADEPT

%A sdeldfhgaude | Mddlwihqads AnuRaAIAABY
nAADL | ANNs U1Y GRNN PSS/ADEPT (%)
i (kW) (kW)
1 108.878 126.715 14.07652
2 20.159 20.459 1.466361
3 15.161 17.621 13.96281
4 5.644 16.860 66.52721
5 5.957 4,770 24.87716
6 79.955 122,137 34.53633
7 5.891 13.330 55.80715
8 6.050 36.247 83.30878
9 5.997 37.949 84.19828
10 46.228 86.658 46.65439
11 70.397 73.948 4.802
12 74.044 71.994 2.846428
13 73.199 71.618 2.206802
14 61.997 80.457 22.94338
15 51.559 77.713 33.65493
16 66.299 65.512 1.200907
17 49.745 88.505 43.79429
18 112.754 136.353 17.30752
19 36.391 50.477 27.90643
20 43.164 61.798 30.15204
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M9 5.17 wamsnaassninmstinaeu Iaswhnlszaminouuuy GRNN fmsume

Houdh 4 aoritIvithrays 1 lasldmougarngeu 42 ga Swuganaaey

$1UU 18 4R

4uMS Transfer | A1 spread AN | A1 spread fiafiea MAPE (%) nanlums
Function MINAEO Anareu Gunil)
a(n) = o1? 100 &4 10000 100 82.4812 6.6690
10 ©3 1000 10 81.8364 6.9600
1914 100 1 23.9225 6.6400
0.2 £1420 0.8000 20.5980 6.5390
0.1 8310 0.8000 20.5980 6.7100
0.04 D9 4 0.8000 20,5980 6.7100
0.02 B 2 0.8200 20.5726 6.7790
001841 0.8100 20.5612 6.9100
0.008 11 0.833 0.8167 20,5595 6.9700
a(n) = +=0-502 | 16084 10000 100 82,4843 6.6700
10 §19 1000 10 82.1712 6.6300
1 94 100 1 41.6068 6.8200
028420 0.6000 20,7099 Lo 67300
0.185910 0.6000 20,7099 6.8390
0.04 i1 4 0.5600 20.6291 6.7500
002042 0.5800 20.5736 6.7090
0.01 41 0.5800 20.5736 6.6300
0.006 {13 0.667 0.5733 20,5583 6.6200
a(n) = o-150% | 100 84 10000 100 824782 6.7400
10 12 1000 10 81.4855 6.6590
1949100 1 20.5588 6.7990
0.2 8420 1 20.5588 6.5090
0.16410 1 20.5588 6.5300
0.04 fla 4 1 20.5588 6.5500
0.02892 1 20.5588 6.8700
001891 1 20.5588 6.9200
0.009 19 0.909 0.9091 21.6205 6.8400
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AUMS Transfer | A1 spread AU | #1 spread faqn MAPE (%) naluns
Function MINANOU Anrou Guri)
a(n) = o-202 100 84 10000 100 82.4751 6.7000
1094 1000 10 81.1206 6.7800
119 100 1 224677 6.6390
0.2 9420 1.2000 20.7099 6.7600
0.1 10 1.2000 20.7099 6.8100
0.04 f1 4 1.1600 20.5736 6.7290
0.02 42 1.1600 20.5736 6.6290
0.13 64 1.33 1.1467 20.5583 6.5190
0.011 94 1.176 1.1529 6.8600
0.011 fia 1.124 1.1236 20.6191 6.8190

o 3 ) 1 oA de o
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4 v o T ) o P
m31afi 5.18 Wadwivosganareuves Insedviszamifisuiuy GRNN dwmiuawiloud

4 wonitithaays 1 Tauldysrnaeu 42 yn ganaaey 18 ganlSouifivudy

A1fi'1d91n T1sunsu PSS/ADEPT

% s e | Adalddhgande ATRAIARADY
Aoy | ANNs UL GRNN PSS/ADEPT (%)
fi (kW) (kW)
1 202.406 266.480 24.04453
2 196.591 234.899 16.30841
3 174.043 174.217 0.100289
4 22,075 31.366 29.62066
5 9.951 9.588 3.784201
6 29.649 50.876 41.72326
7 169.212 173.215 2.311135
8 16.779 22.252 24.5971
9 126.021 129.954 3.025885
10 200.042 381.925 47.62268
11 204.942 318.905 35.73578
12 56.979 69.354 17.84285
13 20.611 28.236 27.00539
14 191.406 249,850 2339171
15 185.895 227.105 18.14588
16 204.557 272375 24.89888
17 124.722 118.375 5.361676
18 18.241 24.145 24.45317
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a131af 5.19 Nﬂﬂ'li“ﬂﬂﬁm‘l]'lﬂﬂ'liﬂﬂ’dﬂuIﬂﬁﬁ‘ii’lﬂ‘].l‘izﬁ'mlﬁﬂmm‘u GRNN ’L‘?'IH‘?‘Uﬂ"IU‘ﬂﬂH

71 4 gonii fhaays 1 Tavldmamgednageu 32 gn Snuuganageusiuau

18 4
AUMS Transfer | A1 spread ﬁ“l‘ﬁu 11 spread ﬁﬁﬁf{ﬂ MAPE (%) nalums
Function MINAAoU Anaou (u1i)

a(n) = o2 100 &1 10000 100 78.0651 7.0400

10 fi9 1000 10 77.1723 6.5790

184100 1 25.2995 6.7400

028420 0.8000 23.2150 6.7900

0.18410 0.9000 23.2063 6.7790

0.04 fi9 4 0.8800 23.0216 6.6590

0.02842 0.8800 23.0216 6.7300

0.01841 0.8700 23.0202 6.8400

0.008 4 0.833 0.8333 23.0636 6.7900

a(n) = o~0-502 | 100 84 10000 100 78.0696 6.6300

10 i3 1000 10 77.6224 6.7300

194100 1 40,9813 6.6000

0.28920 0.6000 23.0366 6.5690

0.19910 0.6000 23.0366 6.7900

0.04 S 4 0.6000 23.0366 6.6500

0.02 992 0.6200 23.0205 6.6490

0.01931 0.6200 23.0205 6.7200

0.006 119 0.667 0.6200 23.0205 6.8100

a(n) = 1502 | 10084 10000 100 78.0606 6.3800

10 §1 1000 10 76.7239 6.7500

194100 1 23.1073 6.5800

021920 1 23.1073 6.7700

0.18410 1 23.1073 6.6390

0.04 94 1.0800 23.0225 6.7290

0.02 642 1.0600 23.0215 6.6590

0.011 89 1.111 1.0667 2 6.6200

0.01f1 1 23.1073 6.8890
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AuM3 Transfer | A7 spread #19u | i spread ﬁaﬁ’r{ﬂ MAPE (%) a1 lunis
Function MINATOL Anaou Gui)
a(n) = o—2n2 100 &4 10000 100 78.0561 6.7200
10 14 1000 10 76.2172 6.3790
184 100 1 24.1862 6.6700
0294920 1.2000 23.0366 6.6500
0.1 84 10 1.2000 23.0366 6.7290
0.04 a4 1.2400 23.0205 6.6500
0.02812 1.2400 23.0205 6.6190
0.13 84 1.33 1.2400 23.0205 6.5790
0.011 94 1.124 1.1236 23.2599 6.8200

mnmed 5.19 seldngduuuveslassifioniifian MAPE wesganacoud

[ 1 3 ¥
Yoviigafie Tnsanlssamfsnifaumsvesfteidumstoloulususoude

— 2 < 4 3 1 ar 1
a(n)=e 1" yazlimmsnsyaefiafiganidy 1.0667 lasliin MAPE veiganadew

oW A e t o w o & w d 1
Wiy 23.0201 % sazdiehmmde Ifhgufedaiiunadnivesganaceuveslnssig

UseamiftsnnSinsiey lnsthwSoufonsuii 18 T sunsu Tvaa Idd1ezuans lda

a5t 5.20 wasrihdsunihusugduaasmsnSoudiouldnugali 5.10
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3 @ o 1 o o i
mimef 520 wadwivesyanaaoues Inssoszamifioniy GRNN dmiumotloud

4 aanil Iway3 1 TaoldyeRnaou 32 ga ganadey 18 yanlTouivuny

a1 1de1n 1a3unsy PSS/ADEPT

ga | Mrddiifhgads | ddalvdhqade AAAIAIATEY
NATOU | ANNs tiUl GRNN PSS/ADEPT (%)
i (kW) (kW)
1 237.349 266.480 10.93198
2 228.130 234.899 2.881843
3 193.722 174.217 11.19554
4 21.908 31.366 30.15266
5 9.895 9.588 3.203791
6 12.727 50.876 65.15669
7 146.944 173.215 15.16657
8 16.703 22.252 24.93748
9 98.293 129.954 2436274
10 184.049 381.925 51.81009
11 213.180 318.905 33.15242
12 33.744 69.354 51.3454
13 21.257 28.236 2471725
14 192.670 249.850 22.88575
15 187.371 227,105 17.49582
16 237.954 272375 12.63732
17 120.944 118.375 2.169675
18 21.693 24.145 10.15826
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ﬂ'lﬁNﬁ 321 Nﬁﬂ‘liﬂﬂﬂﬂdmﬂﬂ'ﬁﬂﬂﬁ’ﬂuIﬂﬁ\‘lﬁj']ﬂ‘lj‘izﬁ'mlﬁllmmll GRNN fniua

Houdi 8 gorilivihvaus 1 Taoldsmouaarnaou 42 ga Suruganaaoy
k] %

971U 18 %A

AuMS Transfer | 7 spread AF1u | @1 spread fiafiqe MAPE (%) nanlums
Function MINAADL Anarou ()
a(n) = o2 100 53 10000 100 114.6348 7.2000
10 89 1000 10 114.0550 6.7600
184100 1 66.2400 6.7600
028420 0.2000 26.9519 6.7700
0.18410 0.2000 26.9519 6.5090
0.04 fia 4 0.2000 26.9519 6.7790
0029492 0.1800 26.9086 6.6700
0.01841 0.1700 26.8920 6.6400
0.006 H4 0.667 0.1733 26.8972 6.4990
a(t) = ,—0.5n2 100 B3 10000 100 114.6378 7.0710
10 §ia 1000 10 114.3483 6.7590
194 100 1 86.3528 6.7890
0.2 6320 0.2000 27.4112 6.7000
0.19110 0.1000 27.0854 6.7000
0.04 T3 4 0.1200 ) 6.5100
0.02f42 0.1200 26.8915 6.6900
0.01 941 0.1200 26.8915 6.8300
0.006 14 0.667 0.1200 26.8915 6.8100
a(n) = 1512 1 100 84 10000 100 114.6319 6.7800
10 19 1000 10 113.7609 6.7700
1949100 1 52.9603 6.6600
020320 0.2000 26.9408 6.7600
0.19410 0.2000 26.9408 6.8200
0.04 D 4 0.2000 26.9408 6.4390
0.02 B9 2 0.2200 26.9079 6.7690
0.01 841 0.2100 26.8942 6.9100
0.009 ©140.909 0.2080 26.8917 6.8490
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UM Transfer | A1 spread A191u | 71 spread ﬁﬁﬁqﬂ MAPE (%) naluns
Function MSNADL Anaou (Gu)
a(n) = ,—2n2 100 29 10000 100 114.6290 6.7500
10 919 1000 10 113.4660 6.4800
192100 1 43.8918 6.6600
0.2 8420 0.2000 27.0854 6.6600
0.1 84 10 0.3000 26.9870 6.6890
0.04 H4 4 0.2400 26.8915 6.7090
0.02 812 0.2400 26.8915 6.7490
0.01941 0.2100 26.8942 6.9100
0.009 £9 0.909 0.2455 26.8976 6.4590

naasedl 521 egldhigluuuesTnsedneiiouiiian MAPE 48sganacol
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T " iy ; ¢l
ffesfiqaunzdilfnainaeuiitosfigadisfie Tnssodssamimsuhlicunisvesilandu
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— 2 ] 1 o )
0.50% | aediaimanszowiangamii 0.1200 Taefim

mscwToulusudoudo a(n)=e
MAPE 989%ANAae1 1My 26.8915 % wazilorhmsds nfhguduadumadniveya
naareuvesTnsetimlszamifanninszdlaninnuSoudiousud o Tl sunsu Tnan
Tdanzuaasldnmumsed 522 sashudouthumgluaasmsnSoudouldnmgyi
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aaedi 522 wadnivesganageuves laseolszemifioiuy GRNN dwiumotloud

g il Ifhaays 1 Taoldyerinaou 42 ga gamadey 18 gaalSoudoudy

afildanlalsunsy PSS/ADEPT

ga | masldfhgydy | SdsIddhgado ALAIAATD
naaoy | ANNs UL GRNN PSS/ADEPT (%)
fi &W) W)
1 81.362 81.298 0.078569
2 123.103 89.639 37.33207
3 73.642 87.932 16.25093
4 120.702 120.720 0.01456
5 13.869 4.483 209.3896
6 10.275 13.607 24.48829
7 123.103 142.179 13.41684
8 251.399 278.280 9.659893
9 123.103 116.177 5961171
10 251.399 355.115 29.20647
11 251.399 333.703 24.66386
12 123.103 134.254 8.305953
13 124.463 139.089 1051514
14 251.399 317.050 20,70687
15 123.338 128.816 4.253244
16 118.447 126.363 6.264568
17 250.882 359.206 30.15635
18 121.640 91.196 33.38298
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M15191 5.23  HanTInaassInMsHnaeu Insselszamifiouiuy GRNN dmsvay

Houd 8 woril Infhway3 1 TaeldSruougadnmen 32 ga Ssuganadou

1Y 18 Y9

aums Transfer | 61 spread M1¥1u | A1 spread "ﬁﬁﬁ’(’[ﬂ MAPE (%) natlums
Function MInaaoY Anerou (Fur)
a(n) = o2 100 83 10000 100 109.8987 6.5390
10 3 1000 10 109.6419 6.5190
164 100 1 81.6701 6.6090
021420 0.4000 45.6825 6.5200
0.18410 0.4000 45.6825 6.6000
0.04 H9 4 0.4000 45.6825 6.5190
0.02 542 0.4000 45.6825 6.5300
0.01 841 0.4000 6.5600
0.005 99 0.5 0.4050 6.4590
a(n) = e0-50% | 100 34 10000 100 6.4890
10 914 1000 10 109.7718 6.5100
14 100 1 95.5110 6.4600
0.2 9920 0.2000 46.5326 6.5390
0.18410 0.3000 45.8030 6.4890
0.04 134 0.2800 45.7053 6.4800
0.02892 0.2800 45.7053 6.6000
0.004 113 0.4 0.2880 45,6651 6.4390
0.003 §4 0.3 0.2853 45.6646 6.5490
an) = o152 | 100 84 10000 100 109.8974 6.1190
10 4 1000 10 109.5117 6.4700
194 100 1 70.2089 6.4690
0.2 8920 0.4000 46.2652 6.4700
0.194 10 0.5000 45.6711 6.6000
0.04 a4 0.4800 45.7303 6.4900
0.02 892 0.5000 456711 6.6200
0.01841 0.5000 45.6711 6.5890
0.005 §4 0.5 0.4950 45.6611 6.6390
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auMs Mspread RS | 1 spread 7R MAPE (%) narlums
Transfer Function Tumsnamey figa HAnaou (i)
amy=e2% | 1007 10000 100 109.8961 6.5700
10 914 1000 10 109.3810 6.5390
184100 1 60.9070 6.3600
028120 0.6000 45.8030 6.4790
0.18910 0.6000 45.8030 6.6200
0.04 Sl 4 0.5600 45.7053 6.5400
0.02 842 0.5800 45.6834 6.5090
0.01 821 0.5700 45.6666 6.6390
0.006 ©14 0.602 0.5723 45.6586 6.6800

vinsd 522 sgldngiuvesTasanufioniiiinn MAPE  weeganamoy

fitteuiiqauazdaldnaidnaeuil

3/

Hay

P o M ' A A oo
'ﬂqﬂﬂ'JUﬂﬂTﬂiQﬂTUﬂ FEAINNIUNUDY ﬂ’l‘i‘llf)siﬁx‘l YU

1 ﬂ’: 1 — 2 1 H H 1 a 1]
msgelonlududouns amy=e™™ uaslimmsnsznwiangaoiidy 04050 Taslfn

"o S o 1 o a a & v o
MAPE w03ganagen iy 45.6571 % uaziilorhamdsiihqudeiadunadnivesyn

naasuyed IasethedseamiouniSinszd laoinnnSvudoudui ldvin Tl sunsuivaa

T&vzuanaldmumsind 524 wazinn@ouiuegiivaamsa/foudieyidamgn

5.12




108

mseh 524 radwivsaganagouves Insewlszanifiuuy GRNN dmivawdloud

g aoitInithaays 1 Tasldyafinaou 32 ga ganagoy 18 yanlsoudivudy

a1 lavnluUsunsy PSS/ADEPT

% frddlthaade | SdeIddhgods AMuARIAAABY
NATOY | ANNs UL GRNN PSS/ADEPT (%)

fi (kW) (kW)

1 50.106 81.298 10.83484
2 118.279 89.639 31.95016
3 69.650 87.932 20.79049
4 73.758 120.720 38.90158
5 14.656 4.483 226.9602
6 10.351 13.607 23.92583
7 121.820 142.179 14.31901
8 123,102 278.280 55.76343
9 116.234 116.177 0.048783
10 108.106 355.115 69.55754
11 118.408 333.703 64.51686
12 122.976 134.254 8.400279
13 75.238 139.089 45.90606
14 99,044 317.050 68.76062
5 79.202 128.816 38.51573
16 117.800 126.363 6.776809
17 79.751 359.206 77.79792
18 74.688 91.196 18.10091
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M319M 5.25 ajUnan1snAaes

awtlou fudeya | Swondeya | afieves | MAPE vod
Hneou nAdeL ANNs | qanadouii
figa (%)
awiowdi 6 aanil 45 20 BP 0.0679
Tvhszeea3 35 20 BP 0.1423
45 20 GRNN 23.6908
35 .20 GRNN | 306115
arwtloudt 4 eranil 42 18 BP 0.0739
vy’ 1 32 8 BP 0.3750
42 18 GRNN 20.5541
32 18 GRNN 23,0201
aedloud 8 wanil 42 18 BP 0.2136
Tolfheray? 1 32 18 BP 0.3067
42 18 GRNN 26.8915
32 18 GRNN 45.6571

nnmsnenssezdinldnTaswesiia GRNN veldumlumsiinaeuiidosnd
Tasediossamifenuun BP 10 udieguinatsieh 5.25 seudhlaseholszamidion
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3o 2INIHUA dalnun ANUEN? (km) | BHAvEIA I
Linel RACO6N55870 | RACO6N55852 0.0434 185 A
Line2 RACO6NS0409 | RACO6N55891 0.0396 185 SAC
Line3 RACO06N55891 | RACOGNS5870 0.0377 185 SAC
Line4 RACO6N55037 | RACO6NS55035 0.0075 185 SAC
Line5 RACO6N55035 | RACO6N55470 0.5872 185 SAC
Line6 RACO6N55470 | RACO6N76049 0.3848 185 SAC
Line7 RACO06N76049 | RACO6NS5713 0.0193 185 SAC
Line8 RACO6N55713 | RACO6NS55709 0.0142 185 SAC
Line9 RACO6N76049 | RACO6NS0409 0.2856 185 SAC
Line10 RACO6N55094 | RACO6N55037 0.1158 240 UGC
Linell RACO6N55035 | RACO6N77991 0.1833 185 SAC
Linel2 RACO06N77991 | RACO6N77999 0.1556 185 SAC
Linel3 RACO6N80427 | RACO6NE0409 0.0830 185 A
Linel4 RACO6N58479 | RACO6NT73875 0.1060 185 PIC
Linel5 RACO6N77985 | RACO6N58479 0.4143 185 SAC
Linel6 RACO6N56435 | RACO6N56426 0.0230 185 PIC
Linel? RACO6N56811 | RACO6N56714 0.2178 185 PIC
Linel8 RACO6N56643 | RACO6NS56435 0.2733 185 PIC
Linel9 RACO6NS6663 | RACO6NS6643 0.0220 185 PIC
Line20 RACO6N56714 | RACO6NS6506 0.4499 185 PIC
Line2l RACO6NS6506 | RACO6NS6569 0.1737 185 PIC
Line22 RACO6N56562 | RACO6N56581 0.0171 185 SAC
Line23 RACO6N56581 | RACO6NS6738 0.1748 185 SAC
Line24 RACO6N56738 | RACO6N56726 0.1080 50 ACR
Line25 RACO6N56726 | RACO6NS56722 0.0109 50 ACR
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Fo 2I01HHA falnua ANNEI (km) | vHAVEIAY
Line26 RACO6N55870 | RACO6N56562 1.0239 185 SAC
Line27 RACO6N56967 | RACO6N73878 0.0492 185 PIC
Line28 RACO6N56967 | RACO6NS56983 0.0260 185 PIC
Line29 RACO6NS6988 | RACO6N57252 0.4238 185 PIC
Line30 RACO06N57252 | RACO6N57026 0.6947 185 PIC
Line31 RACO6N73880 | RACO6N57429 0.4299 135 SAC
Line32 RACO6N56894 | RACO6NS56967 0.1068 185 PIC
Line33 RACO6NS56867 | RACO6NS56835 0.0912 185 PIC
Line34 RACO6NS56867 | RACO6N56811 0.1263 185 PIC
Line35 RACO6N56835 | RACO6N56663 0.3044 185 PIC
Line36 RACO6N57252 | RACOONS57422 0.5130 185 PIC
Line37 RACO08N56888 | RACO6N56867 0.0603 185 PIC
Line38 RACO6N56888 | RACO6N73878 0.1508 185 SAC
Line39 RACO6N56896 | RACO6NS56388 0.0382 185 PIC
Line40 RACO6N-56905 | RACO6N356896 0.0333 185 PIC
Line4] RACO6N-57179 | RACO6N57457 0.4649 185 SAC
Line42 RACO6N57457 | RACO6N73881 0.0277 185 PIC
Line43 RACO6N56946 | RACOENS6957 0.0506 185 PIC
Lined4 RACO6N56946 | RACO6N56905 0.1132 185 PIC
Lined5 RACO6N56946 | RACO6N57179 0.3392 185 SAC
Line46 RACO6N57457 | RACO6N73882 0.3745 185 SAC
Lined7 RACO6N73878 | RACO6NT3880 0.8004 185 SAC
Line48 RACO6N73882 | RACO6N77985 0.7228 185 SAC
Line49 RACO6N57003 | RACO6N57019 0.0681 185 PIC
Line50 RACO6N57150 | RACO6NS57225 0.1019 185 PIC
Line51 RACO6NS57225 | RACO6N57281 0.0797 185 PIC
Line52 RACO6N57281 | RACO6N57370 0.1087 185 PIC
Lines3 RACO6NS57370 | RACOSN57402 0.0519 185 PIC
Line54 RACO6N57454 | RACO6N57461 0.0119 185 PIC
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fo 2NINUA falnua ANNEI (km) | ¥HAveIAE

Line55 RACO06N57540 | RACO6NS57445 0.6557 185 PIC
Line56 RACO6N57461 | RACO6NS57490 0.0349 185 PIC
Line57 RACO06N57490 | RACO6NS7540 0.0881 185 PIC
Line58 RACO6NS57019 | RACO6NS7086 0.1447 185 PIC
Line59 RACO6N57086 | RACO6NS7150 0.0816 185 PIC
Line60 RACO06N-56957 | RACO6N57003 0.1444 185 PIC
Line61 RACO6N57628 | RACO6NS57631 0.0076 50 PIC

Line62 RACO6N57631 | RACO6N57638 0.0196 50 PIC

Line63 RACO6N57540 | RACO6NS57628 0.1579 50 PIC

Line6t4 RACO06N56738 | RACO6N56946 0.3220 185 SAC
Line65 RACO6NS7402 | RACOGNS57450 0.0905 185 PIC
Line66 RAC06N57450 | RACO6NS57454 0.0095 185 PIC
Line67 RACO06N57773 | RACO6NST785 0.0129 185 PIC
Line68 RACO6N57378 | RACO6N57349 0.1173 185 PIC
Line69 RACO06N57378 | RACO6NS57773 0.6413 185 PIC
Line70 RACO06N57429 | RACO6N57378 0.2334 185 SAC
Line71 RACO06N57026 | RACO6N56806 0.5818 185 PIC
Line72 RACO6N57422 | RACO6NS57311 0.5615 185 PIC
Line73 RACO6N57311 | RACO6N57176 0.4805 185 PIC
Line74 RAC06N57349 | RACO6NS57206 0.4843 185 PIC
Line75 RACO06N77990 | RACO6NT9859 0.0252 185 SAC
Line76 RACO6N-77999 | RACO6NT7990 0.0965 185 SAC
Line77 RACO6NT79859 | RACO6N79908 0.0298 185 SAC
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5o 10 THUA falnun ANNYII (km) | vHAVBIME
Linel CBAO04N19507 | CBAQ4NG5588 0.0139 50 A
Line2 CBAO04N65588 | CBAO4N19932 0.0339 30 A
Line3 CBA04N18302 | CBA04N18176 0.1779 I35 A
Lined CBAQ04N18494 | CBA04N18302 0.2492 185 A
Line5 CBAQ04N18695 | CBA04N18494 0.3106 185 A
Lineé CBA04N16504 | CBA04N16508 0.0687 185 SAC
Line7 CBAQ4N17441 | CBA04N17355 0.1823 185 A
Line8 CBAOD4N17355 | CBAO4N17209 0.3161 185 A
Line9 CBA04N17209 | CBAD4N17129 0.2474 185 A
Linel0 CBAO4N17555 | CBA04N17441 0.1861 185 A
Linell CBA04N17898 { CBAO4N17880 0.0533 185 A
Linel2 CBAOQ4N17701 | CBAO4N17633 0.0948 50 _PIC
Linel3 CBAO04N17701 | CBAQO4N17652 0.0684 185 A
Lineld CBAO04N17600 | CBAO4N17581 0.0357 185 A
Linel5 CBAO04N17581 | CBAO4N17555 0.0409 185 A
Linel6 CBAQ4N17633 | CBAQ4N17556 0.1358 50 PIC
Linel?7 CBAO04N17848 | CBA04N17701 0.3202 185 A
Linel8 CBAO04N17880 | CBAQ4N17848 0.0836 185 A
Linel9 CBA04N17652 | CBA04N17600 0.0915 185 A
Line20 CBA04N17927 | CBA04N17898 0.0475 185 A
Line21 CBA04N18176 | CBA04N17927 0.4205 185 A
Line22 CBAO04N18751 | CBAO4N18695 0.0792 185 A
Line23 CBA04N18831 | CBAO4N18751 0.1045 185 A
Line24 CBAO0O4N18886 | CBAO4N18831 0.1091 185 A
Line25 CBAQ4N19116 | CBAO4NISI19 0.0019 185 A
Line26 CBA04N18907 | CBA04N18886 0.0325 185 A
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5o NINUA falvun ANEN (km) | YilAvems
Line27 CBAQ4N18907 | CBAO4NI9NL9 0.3021 185 A
Line28 CBA04N19000 | CBA04N18962 0.1005 240 UGC
Line29 CBA04N-18962 | CBA(4N19116 0.3408 185 SAC
Line30 CBA04N19576 | CBAO4N19565 0.1721 185 A
Line31 CBA04N19516 | CBAO4N19576 0.4388 185 A
Line32 - CBAD4N19316 | CBAO4N19380 0.1298 185 A
Line33 CBAO04N19316 | CBA04N19208 0.2167 50 SAC
Line34 CBAO04N19208 | CBAO4N19196 0.0198 50 SAC
Line35 CBA04N19119 | CBA04N19316 0.3429 185 A
Line36 CBAO4N19380 | CBA(4N19516 0.3139 185 A
Line37 CBA04N19635 | CBA04N19640 0.0098 185 SAC
Line38 CBA04N19576 | CBA04N19635 0.1245 185 SAC
Line39 CBA04N19565 | CBA04N19907 0.8501 50 A
Line40 CBA04N16185 | CBAO4NG6274 0.1156 185 A
Linedl CBA04N66274 | CBA04NG6283 0.0660 185 A
Line42 CBAD4N16746 | CBA04N16750 0.0053 S0A
Line43 CBA04N16336 | CBA04N16260 0.1175 185 A
Line44 CBA04N16423 | CBA04N16336 0.1493 185 A
Lined5 CBA04N16245 | CBA04N16241 0.0999 50 PIC
Lined6 CBA04N16241 | CBA04N16236 0.1046 50 PIC
Line47 CBAO04N16236 | CBA04N16235 0.0038 50 PIC
Line48 CBA04N16260 | CBAQ4N16245 0.1793 50 PIC
Line49 CBA04N16260 | CBA04N16185 0.1187 185 A
Line50 CBAO04N16741 | CBAQ4N16746 0.0129 50 A
Line51 CBA04N16831 | CBA04N16769 0.1071 185 A
Line52 CBA04N16769 | CBA04N16670 0.1932 185 A
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3190 N2 (MB)

¥ 2101H1UA falvua AN (km) | vHaveIIE
Line53 CBA(04N16670 | CBA04N16636 0.0957 185 A
Line54 CBAO4N16537 | CBAOG4N16542 0.0757 185 S8AC
Line55 CBA04N16542 | CBA04N16512 0.0924 185 SAC
Line56 CBA04N16517 | CBAO4N16540 0.0368 50A
Line57 CBAO4N16522 | CBAO4N16523 0.0128 185 SAC
Line58 CBA04N16537 | CBAO4N16548 0.0219 50A
Line59 CBAO4N16523 | CBA04N16525 0.0053 185 SAC
Line60 CBAO4N16522 | CBA04N16544 0.0361 50 A
Line61 CBAO4N16525 | CBAO4N16492 0.0508 S0 A
Line62 CBAO04N17024 | CBA04N16945 0.1572 185 A
Line63 CBA04N17129 | CBA04N17101 0.0990 185 A
Line64 CBA04N17101 | CBA04N17024 0.1674 185 A
Line65 CBA04N16945 | CBA04N16831 0.1831 185 A
Line66 CBAO4N16525 | CBA04N16537 0.0669 185 SAC
Line67 CBA04N16517 | CBA04N16522 0.0741 185 SAC
Line68 CBA04N16541 | CBA04N16517 0.1114 185 SAC
Line69 CBA04N16512 | CBA04N16504 0.3783 185 SAC
Line70 CBA04N16636 | CBA04N16541 0.1508 185 A
Line71 CBAO4N16769 | CBAO4N16741 0.2045 50 A
Line72 CBAQ4N16541 | CBA04N16423 0.1932 185 A
Line73 CBAO4N66395 | CBAO4N65822 0.0896 185 A
Line74 CBAQ4NG66395 | CBA04NG6402 0.0195 185 A
Line75 CBAO04N19639 | CBA04N19696 0.1054 185 SAC
Line76 CBA04N19696 | CBA04N19728 0.0842 185 SAC
Line77 CBA04N19639 | CBA04N19666 0.0670 185 SAC
Line78 CBAO4NG65810 | CBAO4N19639 0.1745 185 SAC
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MINN N2 (M0)

) 2INIHUA dalnua AN (km) | yilavesmy
Line79 CBAO04N19586 | CBAO4N19588 0.0102 185 SAC
Line80 CBAOQ4NG65810 | CBA04N19586 0.1144 50 AA
Line81 CBA(4N65322 | CBAO4NG5810 0.3839 185 SAC
Line82 CBA04N19472 | CBAO4N66389 0.1971 185 A
Line83 CBA04N19472 | CBA04N19451 0.0419 50 A
Line84 CBA04N19451 | CBA04N19446 0.0078 S50 A
Line85 CBA04N19495 | CBA04N19460 0.0549 50 A
Line86 CBAQ4N19460 | CBAD4N19454 0.0081 S0A
Line87 CBA04N19495 | CBAO4N19489 0.0555 185 A
Line88 CBAO4N19489 | CBA04N19472 0.1148 185 A
Line89 CBAO4N19507 | CBA04N65822 0.1806 185 SAC
Line%0 CBAO4NG6389 | CBADANG6395 0.1456 185 A
Line91 CBAG4N19494 | CBAO4N19488 0.0064 50 A
Line92 CBAO4N19531 | CBA04N19494 0.0566 50 A
Line93 CBAO4N19531 | CBA04N19495 0.2625 185 A
Line94 CBAQ4N19565 | CBAO4N19531 0.4077 185 A
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¥a 210 1HUA falvun ANNE (km) | vHavesas
Linel CBAO8SN18542 | CBAOSN1B578 0.0424 50 A
Line2 CBAOSN18357 | CBAOSN18388 0.0248 S50A
Line3 CBAOSN1R8388 | CBA(Q8N18614 0.2795 S0A
Line4 CBAOSN18440 | CBAOBN18477 0.0629 S0A
Line5 CBAO8N18477 | CBAO8N18520 0.0754 50 A
Line6 CBAO8N18292 | CBAO8N18298 0.0184 50A
Line7 CBAO8SN18298 | CBAOSN18335 0.1180 50A
Line8 CBAO8SN18639 | CBAOSN18542 0.1806 185 A
Line9 CBAOSN18357 | CBAOBN18292 0.1346 185 A
Linel0 CBAOSN18542 | CBAOSN18357 0.3039 185 A
Linell CBAO8N18335 | CBAOSN18440 0.1148 S0A
Linel2 CBAO8N18440 | CBADSN18448 0.0108 50A
Linel3 CBAOSNI18216 | CBAO8N18189 0.0608 185 A
Linel4 CBAQZN18292 | CBAOSN18216 0.1279 185 A
Linel5 CBAOSN18514 | CBA(O8N18694 0.1156 S50A
Linel6 CBAOSN18674 | CBAOSN18686 0.0392 50A
Linel? CBAO8SN18655 | CBAO8N18610 0.0625 50 PIC
Linel8 CBAO8N18714 | CBAO8N18727 0.0148 50 A
Linel9 CBAO8N18578 | CBAO8N18714 0.1787 50A
Line20 CBAOSN18694 | CBAOSN18655 0.1647 50 PIC
Line21 CBAOSNI8858 | CBAO8N18833 0.0551 185 A
Line22 CBAOSN18820 | CBAOSN18845 0.0323 50A
Line23 CBAOSN18820 | CBAOSN18639 0.3398 185 A
Line24 CBAQOSN18833 | CBA(OSNI18820 0.0196 50A
Line25 CBAO3SN19041 | CBAO8SN19030 0.0274 S0A
Line26 CBAOZN19006 | CBAO8N19041 0.5541 50A
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o 21nINYUA falnua ANNEN? (km) | YiAvIIMY
Line27 CBAO8N19161 | CBA08N19183 0.0318 50A
Line28 CBAOSN18990 | CBAO8N19006 0.1401 S50A
Line29 CBAOSN18990 | CBAOSN19161 0.2871 50 A
Line30 CBAOSN18845 | CBA08N18990 0.3462 50 A
Line31 CBAO8N18694 | CBAO8N18926 0.3217 S0A
Line32 CBA(O8N18926 ; CBAOSN18945 0.0139 S0A
Line33 CBAOSN18919 | CBAO8N18858 0.1438 240 UGC
Line34 CBAO8N18565 | CBAO8NI18529 0.0628 50A
Line35 CBAO8N18617 | CBAOSN18626 0.0247 S0A
Line36 CBAOSN18565 | CBAOSN18617 0.1061 50 A
Line37 CBAO08N18744 | CBAOSN18565 0.2864 50 A
Line38 CBAOSN18750 | CBAOSN76656 0.1594 185 A
Line39 CBAO8N76656 | CBAOSN18744 0.2088 S0A
Line40 CBAO8N18607 | CBAOEN18600 0.0129 50 A
Line41 CBAOSN18358 | CBAOSN18407 0.0472 185 A
Line42 CBAO8SN18699 | CBAO8N18761 0.0826 50 A
Line43 CBAO08N18407 | CBAOSN18750 0.4887 185 A
Lined4 CBAOSN18319 | CBAOSN18305 0.0198 50 PIC
Line45 CBAOSN18543 | CBAO8N18561 0.0429 50 A
Line46 CBAOSN18543 | CBAOSN18550 0.0078 50 A
Line47 CBAOSN18550 | CBAO8N18573 0.0386 50 A
Line48 CBAOSN18368 | CBAOSN18389 0.0247 50 PIC
Line49 CBAOSN18389 | CBAOSN18400 0.0141 50 PIC
Line50 CBAOSN18319 | CBAO8N18368 0.1001 50 PIC
Line51 CBAOSN18171 | CBAO8N18358 0.2515 185 SAC
Line52 CBAOSN18649 | CBAOSN18672 0.0328 50 A
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3o a1nlnun falniua ANNENd (km) | vHaveame
Lines53 CBAOSN18573 | CBAOSN18649 0.1117 50 A
LineS4 CBAOSN18649 | CBAOSN18689 0.0817 50 A
Lines5 CBAOSN18672 | CBAOSN18607 0.1102 50 A
Line56 CBAOSN18689 | CBAOSN18703 0.0206 50 A
Lines57 CBAOSN18672 | CBAOSN18699 0.0474 50 A
Lines8 CBAOSN18699 | CBAOSN18716 0.0368 50 A
Line59 CBAOSN76656 | CBAOSNT6676 0.1601 185 A
Line60 CBAOSN18396 | CBAOSN18481 | - 0.1688 50 A
Line61 CBAOSN18448 | CBAOSN18543 0.1435 50 A
Line62 CBAOSN18216 | CBAOSN18396 0.2433- 50 A
Line63 CBAOSN18396 | CBAOSN18674 0.4211 50 A
Line64 CBAOSN18400 | CBAOSN18448 0.0803 50 PIC
Line65 CBAOSN18189 | CBAOSNIS171 0.3302 185 SAC
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¥
TiSnoinusilduaugarnaeuiazsnuganageuludasidu 70 : 30

sazihimsansugainaouas Tasfmainiuganadey i ligasdamsenin

snougrnaouinesnuganageudoumiad ity 64:36 TnolimvesgaRnaeuLaaT

s
Taaail

anaileud 6 aonit Ivhszees 3

maen w1 gedndeudmivmedoud 6 aaiiivifhszuess

aft | usedilaih frialiaf | dlsznou faslivhgauds (w)

(kV) aoit aw) | srdslih | medlew | nilfeulas | 3o
1 | 22210890 | 1597925 0.868243 1.631 4.431 6.062
2 | 21991740 | 1597925 0.868243 1.663 4,518 6.181
3 | 22430030 | 1.597925 0.868243 1.600 4.345 5.945
4 | 21772600 | 6.633402 0.836193 30.921 85248 | 116.169
5 | 21772600 | 2967575 0.851658 6.012 16.477 | 22.489
6 | 21772600 | 3.424124 0.857493 7.880 21.629 | 29.508
7 | 21772600 | 2.282750 0.857493 3.523 9.627 | 13.150
8 | 21772600 | 2.739300 0.863779 4.984 13.651 | 18.635
9 | 21772600 | 2.511025 0.877896 4.057 11107 | 15.164
10 | 21772600 | 2.967575 0.880471 5.620 15.412 | 21.032
11 | 21772600 | 2.967575 0.907959 5.279 14.489 | 19.768
12 | 21772600 | 4350652 0.922063 10.955 | ~30.165 | 41.120
13 | 21772600 | 3.424124 0.928477 6.704 18.435 | 25.139
14 | 21772600 | 2967575 0.933346 4.989 13.706 | 18.695
15 | 21991740 | 2.054475 0.948683 2277 6.238 8.514
16 | 21991740 | 6.633402 0.945576 23.660 65312 | 88972
17 | 21.991740 | 3.195850 0.941742 5.565 15300 | 20.865
18 | 21.991740 | 3.665828 0.936752 7.393 20342 | 27.735
19 | 21991740 | 2.967575 0.933346 4.891 13.435 | 18.327
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gafi | usedulivh frdelidhdt | dalszney mda ivhgayde kw)

(V) ol uw) | mdadh | mefleu | wilemlas | s
20 21.991740 3.424124 0.906183 6.907 18.976 25.883
21 21.991740 3424124 0.882353 7.291 20.020 27311
22 | 21991740 | 3.424124 0.857493 7.725 21201 | 28927
23 21.991740 3.424124 0.948683 6.288 17.303 23.591
24 21.991740 1.826200 0.936329 1.852 5.064 6.916
25 21.991740 1.826200 0.894427 2.037 5.554 7.592
26 21991740 1.369650 0.832050 1.339 3.621 4.959
27 21.991740 1.369650 0.894427 1.154 3.130 4284
28 | 21991740 | 2054475 0.874157 2.696 7357 | 10.053
29 21.991740 2.054475 0.913812 2.461 6.728 9.190
30 21.991740 2.282750 0.819232 3.789 10,342 14,131
31 | 21991740 | 2:282750 0.894427 3170 | 8670 | 11.840
32 21.991740 6.633402 0.836193 30.315 83.566 113.881
33 21.991740 6.633402 0.849348 29.379 80.994 110.374
34 21.991740 6.633402 0.862383 28.494 78.561 107.054
35 | 21991740 | 6.405127 0.827217 28.890 79.620 | 108.511
36 | 21991740 | 5492027 0.879779 18.786 51754 | 70540
37 21.991740 5.263752 0.871100 17.611 48.498 66.110
38 | 22210890 | 1141375 0.780869 1.044 2.806 3.850
39 | 21991740 | 5492027 0.864315 19.470 53.626 | 73.096
40 | 21772600 | 4.122377 0.914302 10.010 27.550 | 37.560
a1 | 21991740 | 2.054475 0.832050 2.980 8125 | 11.105
42 21.991740 2.282750 0.857493 3454 9.437 12.891
43 | 21991740 | 3.424124 0.928477 6573 | 18.071 | 24.643
44 | 21772600 | 4807202 0.868840 15.073 41.488 | 56.560
45 | 21991740 | 5263752 0.887069 16.978 46764 | 63.741
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mufi vz ganaseudmivauilouit 6 anfiTiihszoeq s

yah | usadldh mdihd | dadseney fdaldhgeapds (kw)
(kV) amii (Mw) | Madldeh | medleu | wilewdas | s

i 22.210890 7.103380 0.840507 33.724 92.991 126.715
2 22.210890 3.195850 0.941742 5.457 ©15.002 20.459
3 22.430030 2.967575 0.933346 4.704 12.917 17.621

4 22.430030 2511025 0.808736 4.519 12.341 | 16.860
5 22.430030 1.369650 0.832050 1.289 3.481 4.770

6 22.430030 6.861677 0.819006 32.515 89.622 122.137
7 22.649170 2.282750 0.819232 3.576 9.754 13.330
8 22.649170 4.122377 0.895009 9.668 26579 | 36.247
9 22.649170 4.122377 0.874828 10.125 27.824 37.949
10 22.210890 5.948577 0.851328 23.079 63.579 86.658
11 22210890 5.948577 0.921283 19.680 54,268 73.948
12 | 22210890 5.948577 0.933617 19.156 52.838 | 71.994
13 21.991740 5.948577 0.945214 19.051 52,567 71.618
14 21.991740 5.720302 0.858026 21.428 -+ 59.029 80.457
15 | 21.991740 5.720302 0.872995 20,695 57018 | 77.713
16 | 22210890 5.720302 0.941141 17.431 48.081 | 65512
17 | 22210890 6.176852 0.874605 23.563 64.942 | 88.505
18 | 22210890 7.331655 0.836267 36.286 100.067 | 136.353
19 21.991740 5.035477 0.953159 13.432 37.045 50.477
20 | 21.772600 5.492027 0.948915 16.441 45357 | 61.798
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1161‘?‘1 useddish | fideishd | darlseney fde ilhganda w)

(kV) aoii w) | mddllih | aaflen | nilewlas | 5w
1 22.64917 0.9130999 0.894427 0.931 1.231 2.162
2 22.86832 0.9130999 0.894427 0.914 1.208 2.122
3 22.43003 8.244755 0.913750 73.784 95.383 | 169.167
4 21.99174 2.28275 0.928477 5.688 7418 13.106
5 22.21089 2.511025 0.877896 7.555 9.854 17.409
6 22.21089 1.141375 0.928477 1.399 1.837 3.236
7 23.08746 2.054475 0.874157 4726 6.181 10.907
8 22.649170 1.8262 0.800000 4.639 6.078 10.717
9 22.21089 1.36965 0.948683 1.925 2.520 4.445
10 22.64917 1.36965 0.894427 2.088 2.741 4.829
11 22.86832 2.7393 0.832050 9.449 12325 | 21.774
12 21.99174 2.28275 0.857493 6.679 8.719 15.398
13 22.21089 2.054475 0.976187 4.080 5314 9.394
14 22.21089 1.36965 0.894427 2.170 2.849 5.019
15 22.64917 1.141375 0.928477 1346 | 1768 3.114
16 22.21089 7.55993 0.888994 66.861 86.442 | 153.303
17 22.43003 3.19585 0.919145 10.934 14231 | 25.165
18 22.43003 2.28275 0.957826 5.134 6.690 11.824
19 22.43003 1.141375 0.928477 1.372 1.802 3.174
20 21.99174 3.19585 0.894427 12.018 15.638 | 27.656
21 21.55345 2.054475 0.913812 4,955 6.467 11.422
22 22.43003 8.016479 0.814010 88.108 113.694 | 201.802
23 22.43003 9.614405 0.832229 121378 | 156355 | 277.733
24 22.43003 1.597925 0.961524 2.498 3.264 5.762
25 22.43003 2.054475 0.832050 5.529 7.230 12.759
26 23.08746 2.511025 0.843661 7.578 9.894 17.472
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qﬂﬁ usadalsh | ddeldhd | dalsenen fdalivhgada xw)

(kV) aoi Mw) | daaldvly | ewdlew | nilewlas | 30w
27 22.21089 3.424124 0.906183 13.173 17.134 30.307
28 22.86832 1.597925 0.919145 2.635 3.452 6.087
29 22.21089 1.8262 0.970143 3.266 4258 7.524
30 22.43003 2.28275 0.819232 7.039 9.196 16.235
31 22.43003 2.511025 0.939793 6.455 8.413 14.868
32 22.43003 2.967575 0.933346 9.141 ' 11.900 21.041
33 22.86832 1.597925 0.868243 2.958 3.879 6.837
34 22.64917 1.8262 0.847998 4.126 5.404 9.530
35 22.64917 2.7393 0.863779 8.933 11.648 | 20.581
36 22.64917 7.331655 0.859984 64.648 83.592 148.240
37 22.64917 8.92958 0.861468 95.676 123.473 | 219.149
38 22.43003 1.36965 0.894427 2.129 2.794 4.923
39 22.21089 1.597925 0.919145 2.793 3.655 6.448
40 22.64917 1.597925 0.868243 3.015 3.953 6.968
41 22.64917 1.597925 0.919145 2.686 3.518 6.204
42 22.43003 6.861677 0.894777 53.279 68.956 | 122.235
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qﬂﬁ wsadlilih | ddaishil | dandsznen fasinvhgapds w)
(kV) aoiimw) | Mdlidh | medlou | udemlas | som

1 2264917 9.614405 0.841331 116.428 150.052 266.480
2 22.64917 8.92058 0.832243 102.593 132.306 234.899
3 22.43003 7.788205 0.850952 76.017 98.200 174.217
4 22.43003 3.424124 0.882353 13.631 17.735 | 31.366
5 22.64917 2.054475 0.948683 4.160 5.428 9.588

6 2264917 4.807202 0.961726 22.140 28.736 50.876
7 2264917 8.244755 0.894427 75.559 97.656 173.215
8 22,43003 2.967575 0.907959 9.665 12.587 22.252
9 22.43003 7.331655 0.926947 56.644 73.310 126.954
10 22.21089 1191058 0.887724 167.021 | 214.904 | 381925
11 22.64917 10.997438 0.879573 139.371 179.534 318.905
12 22.64917 5.263752 0.902562 30.191 39,163 69.354
13 22.43003 3.19585 0.868243 12.266 15.970 28.236
14 22.43003 9.614405 0.877145 109.117 | 140.733 | 249.850
15 22.43003 9.157855 0.876270 99.156 127.949 227.105
16 22.64917 9.614405 0.832229 119.020 | 153.355 | 272375
17 22.64917 6.405127 0.840892 51.596 66,779 | 118375
18 22.21089 2.967575 0.880471 10.487 13.658 | 24.145
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asafi 4.5 garnreudmivmotioud 8 amii lifhways 1

yah | usaiulvih sisdihdt | dalszneu mdelidhgeda aow)
(V) gt mw) | madlddh | medleu | wilemlas | sam
1 22.43003 2.28275 0.957826 2.810 11.676 14.486
2 22.21089 3.19585 0.919145 6.099 25.332 31.431
3 22.43003 2054475 0.913812 2.504 10420 | 12.924
4 22.43003 2.967575 0.907959 5.287 21.967 27.254
5 22.43003 3.19585 0.919145 5.982 24.843 30.825
6 22.64917 2.7393 0.923077 4.275 17.764 | 22.039
7 22.64917 2.7393 0.894427 4.555 18.935 23.490
8 22.21089 3.19585 0.894427 6.443 1 26.765 33.208
9 22.21089 4.807202 0.850923 16.104 66.817 | 82.921
10 22.64917 2.28275 0.957826 2.756 11.453 14.209
11 22.43003 6.176852 0.888163 23.921 99.182 | 123.103
i2 22.21089 2.054475 0.913312 2.554 10.624 13.178
13 22.43003 2.28275 0.928477 2.993 12.443 15.436
14 22.64917 9130999 0.800000 0.638 2.678 3.316
15 22.21089 1.141375 0.928477 0.765 3.195 3.960
16 22.64917 9130999 0.894427 0.509 2.134 2.643
17 22.43003 27393 0.894427 4.644 19.304 | 23.948
18 22.43003 1.8262 0.936329 1.884 7.842 9.726
19 22.64917 27393 0.948683 4,045 16.803 | 20.848
20 22.64917 3.19585 0.919145 5.866 - 24,369 30.235
21 22.21089 5.263752 0.887069 17.760 73.668 | 91.428
22 22.64917 4.807202 0.850923 15.486 64265 | 79.751
23 22.64917 2.054475 0.948683 2277 9.468 11.745
24 2243003 1.141375 0.928477 0.751 3.133 3.884
25 22.64917 1.141375 0.928477 0.736 3.074 3.810
26 22.86832 1.8262 0.894427 1.989 8.286 10.275
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'qﬂ‘fr% usasilvlsh | srddliihit | saadsznew fdalvivhganda cw)
(kV) apiiw) | mdaldih | medlen | wdtemlas | saw
27 22.64917 2.28275 0.928477 2,935 12.206 15.141
28 22.64917 2.054475 0.832050 2.966 12353 | 15319
29 22.64917 4807202 0.886364 14.270 59.210 73.480
30 22.86832 6.176852 0.888163 23.014 95.433 118.447
31 22.64917 3.19585 0.894427 6.197 25748 | 31.945
32 22.64917 2.967575 0.907959 5.185 21.548 26,733
33 22.64917 6176852 0.874605 24.196 100329 | 124.525
34 22.43003 0.9130999 0.894427 0.519 2.175 2.694
35 22.21089 2.967575 0.907959 5.391 22.399 27.790
36 22.86832 2.967575 0.907959 5.087 21.140 | 26.227
37 22.64917 2.054475 0.874157 2.686 - 11.182 13.868
38 22.43003 2.28275 0.894427 3.226 13.424 16.650
39 22.43003 8.701304 0.875302 48.888 202511 | 251.399
40 22.64917 2.967575 0.880471 5.516 22,927 28.443
41 22.64917 1.8262 0.894427 2.027 8.445 10.472
42 22.21089 2.28275 0.957826 2.866 11906 | 14772
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yaft | useilaivh frdslriihf | dadszneu maatlihgande acw)
(V) agil (Mw) | Mdsldeh | eadleu | wilewmlas | 5w

1 22.43003 4.807202 0.850923 15.788 ' 65.510 81.298
2 22.,43003 5.263752 0.887069 17412 72.227 89.639
3 22.64917 5.263752 0.887069 17.079 70.853 87.932
4 22.64917 6.176852 0.888163 23.456 97.264 120.720
5 22.64917 1.141375 0.857493 0.865 3.618 4,483

6 22.86832 2.054475 0.874157 2.635 10.972 13.607
7 22.43003 6.861677 0.917839 27.633 114.546 142.179
8 22.43003 9.614405 0.919079 54.118 224,162 278.280
9 22.43003 6.176852 0.914139 22.575 93.602 116.177
10 22.21089 10.76921 0.920269 69.077 286.038 355.115
11 22.64917 10.29923 0.890445 64.911 268.792 333.703
12 22.43003 6.405127 0.881892 26.089 108.165 134,254
13 22.64917 6.633402 0.888597 27.030 "112.059 135.089
14 22.21089 9.842679 0.890260 61.671 255.379 317.050
15 22.64917 6.176852 0.859957 25.030 103.786 128.816
16 22.86832 6.176852 0.859957 24.552 101.811 126.363
17 22.64917 9.842679 0.820335 69.889 289.317 359.206
18 22.64917 5.263752 0.871100 17.713 73.483 91.196
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11511053 PSS/ADEPT

The Power System Simulator/Advanced Distribution Engineering Productivity Tool
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Transformer Rating 3 Phase Watt Losses Load Losses | Impedance at
kVA No Load Losses for system Voltage at75°c 75°%
22kV 33kV
30 130 - 500 2.0
50 160 170 950 4.0
100 250 260 1,550 4.0
160 360 370 2,100 4.0
250 500 520 2,950 4.0
315 600 630 3,500 4.0
400 720 750 4,150 4.0
500 860 900 4,950 4.0
630 1,010 1,050 5,850 4.0
800 1,200 1,270 9,900 6.0
1,000 1,270 1,300 12,150 6.0
1,250 1,500 1,530 14,750 6.0
1,500 1,820 1,850 17,850 6.0
2,000 2,110 2,140 21,600 6.0
2,500 3,500 3,800 28,500 6.0
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Transformer Rating 3 Phase Watt Losses Load Losses | Impedance at
kVA No Load Losses for system Voltage at75°c 75%
22kV 33kV
3,000 4,100 4,600 33,000 6.0
4,000 5,000 5,500 38,000 6.0
5,000 6,000 6,500 45,000 6.0

Qs

a1af 1.2 Aunaspuddagadohmdenas 1wl veams Ieihduging

Transformer Rating 3 Phase Watt Losses Load Losses | Impedance at
kVA No Load Losses for system Voltage at 75°c 75°%
22kV 33kv
10 - 60 60 145 2.0
20 90 90 300 2.0
30 120 120 430 2.0
50 150 150 670 4.0
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A5 8.3 a1 R uaz X lundeudas 3 e vea nvin.

Transformer R(Ohm) X(Ohm)
Rating kVA 22 kV 33kv 22kV 33kV
30 268.89 605.00 178.36 401.31
50 183.92 413.82 340.73 766.64
100 75.02 168.80 178.47 401.57
160 39.70 89.33 114.30 257.18
250 22.84 51.40 73.99 166.49
315 17.07 38.41 59.04 132.84
400 12.55 28.25 46.74 105.17
500 9.58 21.56 37.52 84.41
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Transformer R{(Ohm) X(Ohm)
Rating kVA 22 kV 33kV 22kV I3kV
630 7.13 16.05 29.89 67.25
800 7.49 16.85 35.52 79.92
1,000 5.88 13.23 28.44 63.99
1,250 4.57 10.28 22.78 51.25
1,500 3.84 8.64 18.98 42.69
2,000 2.61 5.88 14.28 32.14
2,500 2.21 4.97 11.40 25.66
3,000 1.77 3.99 9.52 2141
4,000 1.15 2.59 7.17 16.13
5,000 0.87 1.96 5.74 12.92
myahad R uas X Tumdeutlas 1l ves nvln.
Transformer R{Ohm) X(Ohm)
Rating kVA 22kV 19kV 22KV 19kV
10 355.90 523.45 333.35 497.28
20 181.50 270.75 160.07 238.78
30 115.62 172.48 112.52 167.84
50 64.86 96.75 182.41 272.11
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ABSTRACT

This paper praposes the determination of technical losses
in the distribution feeder system of Provincial Electricity
Authority (PEA) of Thailand by using artificial neural
networks (ANNs). Input features of ANNs compose of
voltage, real power, reactive power and power factor.
Feeder 6, Rayong 3 substation is studied. Voltage, real
power, reactive power and power factor for training and
testing ANNs are obtained from the Computer-Based
Substation Control System {CSCS). The Power System
Simulator/Advanced Distribution Engineering
Productivity Tool (PSS/ADEPT) is used for simulating
the load flow in the distribution system including
calculating technical losses for the training and testing
outputs of ANNs.

Program PSS/ADEPT has been used as the benchmark for
comparing the results of ANNs, MAPE of test data of
ANNs is very good (about 0.0204 %). Therefore, the
engineers of PEA could use ANNs to predict the feeder
losses of the distribution feeders accurately and
comfortably.

Key Words: Energy and Power Systems. Power Flow Analysis

1. Introduction

The Provincial Electricity Authority (PEA) of Thailand
has the duty of providing and distributing electricity to
customers in many provinces except Bangkok,
Nonthaburi and Samutphakarn. The service area of PEA
is approximately 510,000 km?, about 99 percent of areas
in the country.

Because of the large service areas of PEA, a large number
of feeder losses are occurred. In 2002, losses have been
indicated as 5.5% of PEA power consumption unit [1]. it
can estimate as 8,716 million baht. If PEA has an
effective planning process, they can save the losses cost
very much.

Power utility usually assesses the operating and planning
process efficiency with the amount of power losses which
are introduced from components in power systems.
However. losses analysis applying the detail of system
modelipg is difficult to perform since voluminous data are
involved. The conducior and transformer normally
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contribute the most of power losses in the distribution
system besides the variation of feeder characteristics.

Planning of the distribution system is mostly based on the
technical requirements. One of the major factors in the
planning process is the amount of losses.

There are many methods to calculate losses. The total
losses can be determined quickly by subtracting the total
kWh sales (including unmetered sales such as street
lighting) from the total kWh purchase and generation.
However, these losses are the sum of technical losses and
non technical losses.

An understanding of magnitude of technical losses is
important for losses reduction. PEA Engineers usually
determine technical fosses by using the load flow program.
However, it is very difficult to determine average losses
because they must simulate the load flow many times to
determine losses. This reason motivates the use of ANNs
for feeder losses calculation.

in this paper, the ANNs are used for learning training
patterns to recognize the relationship between input data
and losses. The topology of ANNSs, the inputs selection,
training set and training method are discussed in this
paper. Feed Forward Neural Networks is selected for
determining feeder losses because it is effective in this
area.

2. Technical Losses in Distribution Systems

Distribution systems are not 100% in efficiency. Losses
are always occurred in distribution systems which can
divide in 2 types as follows:

I. Technical losses are due to energy dissipated in the
conductor and equipment.

2. Non technical losses or commercial losses are caused
by pilferage, defective meters and errors in meter reading.

PEA determines énergy losses in the distribution system
by equation (1).



Losses = (purchased unit + generated unit) - (selling unit) (1)

A result of equation (1) is the sum of technical losses and
non-technical losses. An understanding of the magnitude
of technical losses is the first step in the direction of
reducing distribution losses. After that we should break
them down into parts of the system as follows [2]:

Losses in medium voltage feeders
Losses in transformers

Losses in the accessory connection
Losses in low voltage feeders

TSR

This paper determined the losses of the medium voltage
feeder. Although, technical losses in the medium voltage
feeder can calculate by using the simple equation as 'R
but in the practical work it is very difficult to calculate it.
The evaluation of losses on distribution fines is very
complex because of the great variety of possible line
configurations and load conditions [3]. However, the
simple losses can be determined by using the load flow
program,

3. Artificial Neural Networks

Artificial Neural Networks: Artificial neural networks
are the mathematic representation of the biological
process of the human brain. In artificial neural networks
. model, neurons are represented as the processing elements
(PEs) connecting in parallel and series. The ‘process of
combining signals and generating the output of neurons is
modeled through a transfer function. Synaptic strength of
each connection is represented as weights and the change
in synaptic strength is defined as the learning process [4].

Feed forward Neural Networks: Although a single
neuron processing unit can handle the simple problem.
Multi-layer feed-forward neural networks are essential for
the complex situation. With a supervised training
algorithm, an ANN which has the input layer, hidden
layers and output layer can be utilized to map input
patterns onto desirable output patterns {5].

Artificial Neural Network Efficiency: The efficiency of
artificial neuron networks is measured by a value called
the Mean Absolute Percentage Error (MAPE). It is shown
as in equation (2).

l.osses Actu ali —Losses ANN.

MAPE = ¥ L« ilx100% (2)
=0 !.usses/\cmali
where n = Number of training or test data
LosseSaumi =  Losses calculated by the load
flow program
Losses i Losses calculated by

ANNs,
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4. Losses Calculation by Using Artificial
Neural Networks

This paper determines the technical losses in PEA
distribution feeder system by using Feed-Forward Neural
Networks with Backpropagation algorithm. The process
of this paper is shown in figure 1.

Obtain data from
CSCS and GIS

v

Calculate losses by
using the load flow
program [2]

v
Prepare training
patterns and test
patterns
¥

Create ANNs
Structures

v
Train ANNs with
different structures
v
Evaluate trained
ANNs
¥

Compare losses
obtained from both
methods

¥

Select the best
ANNSs structure

Figure I Process diagram of this paper

Scope of this paper: This paper studies only technical
losses in the distribution feeders. The total losses of the
system will be calculated in the future. The ANNs are
performed base on the losses of the feeder 6 of Rayong 3
substation.

Training and Test Data Selection: Feeder 6 of Rayong 3
substation is selected to be a testing system. This feeder
diagram is obtained by the GIS (Geographic information
System). The single line diagram and details of this feeder
can show as in figure 2 and table I.
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Figure 2 Single line diagram of the feeder 6 of Rayong 3 substation

Feeder Feeder 6, Rayong 3 Substation
Load type Residential/industrial
Conductors 185 A 0.1264 km
185 SAC 7.3338 km
185 PIC 8.4756 km
50 ACSR 0.1189 km
30 PIC 0.1851 km
Voltage level 22kvV
(line-line voltage)
Configuration Overhead Line

Table 1 Feeder details

The values of the voltage, power factor, real power and
reactive power are used to train and test ANNs. These
data are obtained from the CSCS (Computer-based
System Control Substation). They are recorded every 30
minutes. These data are used to be input features of ANNSs.
The target of ANNs is the feeder losses. They are
calculated by the load flow program [6]. The feeder
characteristics such as the resistance, load location, line
length are derived by GIS. The relationship of input data
and losses can show as follows: {71, {8]

1. Effect of Real Power
Technical losses can calculate by the simple equation as
follows:

Real Power Losses = 3I°R

(3)
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3Vlicost )

Real Power =

Phase Current
Phase Resistance
Phase Voltage

= Power factor

where

I
R
v

cosd

Equations (3) and (4) show that increasing of the real
power will introduce the larger current flow in the feeder
resulting in the increasing of feeder losses. It is proposed
that feeder losses are varied with the real power.

2. Power Factor

The improvement of the feeder power factor results in the
decreasing of the reactive component of the current flow
so that the conductor loss is reduced,

3. System Voltage

The current is increased when the voltage is increased. it
is proposed that feeder losses are varied with the voltage
level.

The 110 training patterns and 48 new test patterns are
used to train and test ANNs. Examples of training data are
shown as in table 2. Both inputs and targets used in the
training process are normallzed (zero mean and unity
standard deviation).



Training | Voltage Real Reactive Power losses
Pattern (k¥) Power Power factor (kW)
No. (MW) {Mvar) .
1 21,7726 | 2.282750 | 1.369650 | 0.857493 | 9.621661
2 21.7726 | 2.282730 | 1141375 | 0.894427 1 8.839714
3 21.7726 | 2.511025 | 1.369650 | 0.877896 | 11.100828
4 21.7726 | 2.739300 | 1.597925 | 0.863779 | 13.643738
5 21,7726 | 2.739300 | 1.369650 | 0.894427 | 12.720867
6 217726 | 2.967575 | 1.826200 | 0.851658 | 16468466
7 217726 | 2967575 | 1.597925 | 0.880471 | 15404814
8 21.7726 | 2967575 | 1.369650 | 0.907959 | 14481896
9 217726 | 2.967575 | 1.141375 | 0.933346 | 13.699921
10 21.7726 | 3.195850 | 1.369650 | 0.919145 | 16.383775
L1 219917 | 1.369650 | 0.913099 | 0.832050 | 3.618421
i2 219917 | 1.369650 | 0.684825 | 0.894427 | 3.127984
13 21.9917 | 1,597925 | 0.913099 | 0.868243 | 4.515810
4 21,9917 | 1.826200 { 0.913099 | 0.894427 | 5.551333
13 21.7726 | 4.122377 | 2.054475 | 0.895009 | 28.741621
16 21.7726 | 4.122377 | 1.826200 | 0.914302 | 27.536787
17 21.7726 | 4.350652 | 2.282750 | 0.8855i0 | 32.702i14
3 217726 | 4.350652 | 1.826200 | 0.922063 | 30.15168}
19 21.7726 | 4807202 | 2.739300 | 0.868839 | 41.468948
20 21.7726 | 5.035477 | 2.511025 | 0.894904 | 42.879393
2 21.7726 | 6.633402 | 4350652 | 0.836193 | 85218340
22 21.9917 | 1.369650 | 0.913099 | 0.832050 | 3.6184210
3 21.9917 | 1.369650 | 0.684825 | 0.894427 | 3.1279840
h2 21.9917 | 1.597925 | 0.913099 | 0.868243 | 4.5158100
25 21.9917 | 1.826200 | 0913099 | 0.894427 | 5.5513330

Table 2 25 Samples of training patterns

The Selection of Artificizl Neural Networks Structure:
After training patterns are prepared, the proper ANNs
structure is found by increasing neurons in each hidden
layer step by step using the Neural Network toolbox of
Matlab program (trainlm) [9]. The proposed ANNs
selection consists of the number of neurons selection in
each hidden layer and choice of transfer functions. The
selection of structure includes the following processes:

(i} Create the Structure of ANNs
(ii) ‘Training of ANNs
{iii} Evaluation of trained ANNs
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(i) Create ANNs Structure
Structure creation is the process to select characteristics of
ANNS structure as follows:

- Number of layers selection
- Number of neurons in hidden layer selection
- Transfer functions in hidden layer selection

The first step, ANNs structures are created for training
process. This paper uses the structure which it has 4 layers.
The first Layer is input layer. Second and third layer are
hidden layers 1 and 2. The last layer is the output layer.
ANNSs structures are created in many formats which in
each structure has different numbers of neurons in hidden
layers | and 2. The numbers of neurons in hidden layer 1
is varied from 2 to 10, 3 to 10 as in tables 3, 4 respectively
and in hidden layer 2 is varied from 110 9, | to 8 as in
tables 3, 4 respectively. Log-sigmoid and tan-sigmoid are
used as transfer functions. They are shown as equations
(5) and (6) respectively.

1

an)=——— (5)
l1+e™ R
1 e n

a(n)=——?-— ‘ (6)

l+e”

The transfer function of output layer is a linear transfer
function. This transfer function is shown as equation (7).

a(n)=n M

(i) Training of ANNs

The ANNs training starts with the random of weights and
biases initial value. After that, weight and bias values are
adjusted to minimize error of target values. The initial
weight and bias values are repeated 50 times for each
structure. In each round, weights and biases are adjusted
1000 iterations.

(iii) Evaluation of trained ANNs

The best MAPE of each structure is reported for selecting
the best structure. The MAPE of every structure is shown
as in tables 3 and 4. The best MAPE is 0.0204. The proper
ANN structure of this paper has details as in table 5 and as
in figure 6. Examples of feeder losses which are
determined by using the proper ANN and the load flow
program are shown in table 6.

Figure 7 shows the plot of some test results obtained from
PSS/ADEPT and ANNs. The results of ANNs are very
close to PSS/ADEPT results.
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Transfer Function

MAPE of test data (%)

{(Number of neurcns in hidden layer 1- Number of neurons in hidden layer 2)

Hidden 1 Hidden2 | (2-1) | 3-2) | (43) | (-4 | (65 | (7-6) | &1 | (98) | (10-9
tan-sigmoid | tan-sigmoid | 0.1465 | 0.08 | 0.0898 | 0.0542 | 0.0597 [ 0.0436 | 0.0405 | 0.[454 | 0335
log-sigmoid | log-sigmoid | 0.1578 | 0.088 | 0.0662 | 0.0269 | 0.0384 |0/0204%| 0.0869 | 0.0866 | 0.I3
tan-sigmoid | log-sigmoid | 0.1524 | 0.0811 | 0.0555 | 0.0233 | 0.055] | 0.1219 | 0.2037 | 0.0647 | 0.3253
log-sigmoid | tan-sigmoid | 0.1497 | 0.0909 | 0.108 | 0.0438 | 0.0535 | 0.0975 | 0.097 | 0.0635 | 0.0635

Table 3 MAPE of test data for the format | structure

i

Figure 6 ANN Selected Structure

165

Transfer Function MAPE of test data (%)
{Number of neurons in hidden layer 1- Number of neurons in hidden layer 2)
Hidden 1 Hidden 2 G- (4-2) {5-3) (6-4) (7-5) (8-6) 9-7 (10-8)
tan-sigmoid | tan-sigmoid | 0.1473 | 0.0949 | 0.0548 | 0.0535 | 0.0748 | 0.1715 0.085 0.2518
log-sigmoid | log-sigmoid | 0.1355 } 0.094 | 0.0531 | 0.0423 | 0.0443 | 0.0371 0.0673 | 0.2046
tan-sigmoid | log-sigmoid | 0.1178 | 0.0946 | 0.0402 | 0.0378 | 0.0816 | 0.1189 | 0.0854 | 0.3305
log-sigmoid | tan-sigmoid | 0.1111 | 0.0697 | 0.0541 | 0.0385 | 0.0983 | 0.0661 | 0.2443 | 0.6245
Table 4 MAPE of test data for the format 2 structure
Number of neurons in hidden layer | 7
Number of neurons in hidden layer 2 6
Transfer Function in hidden layer 1 log-sigmoid
Transfer Function in hidden layer 2 log-sigmoid
Transfer Function in output layer Linear
MAPE of test data 1.0204
Table 5 Details of selected ANN
-../’— :IJ
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Test Feeder Losses (kW)
Data PSS/ADEPT ANNs
No
1 19.618 19.618
2 18.595 18.596
3 17.708 17.709
4 25.723 25.739
5 24.295 24.294
6 23.002 23.002
7 21.844 21.845
8 20.821 20.822
9 19.934 19.935
10 29.530 29563
! 27.965 27.964
12 26.537 26.537
13 25.243 25.245
14 24.085 24.086
15 23.063 23.064
16 31,907 31.908
17 30.343 30.345
18 28.914 28.916
19 27.621 27.622
20 7.070 7.069
21 5.338 5.338
22 4.342 4.343
23 3.480 3478

Table 6 23 samples of feeder losses which are determined
by using ANNSs and load flow program

Losses O PSS/ADEPT B ANNs
31
26 —
T_ n

1 ]
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s (HULELUHHEELEEEHV RN

1 T T 1 T T T T ll’.IJ-Ill-Il

L T T T T - T B TR 7 R = s B o
- Lo B o SR o |

- = oy

Test Number

Figure 7 Plot of feeder losses calculated by using
PSS/ADEPT and ANNs
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5. Conclusions

An artificial neural network based feeder Jlosses
calculation is presented in this paper. Back propagation
neural networks are used to adjust weight and bias values.
Input data of ANNs are real power, reactive power,
voltage and power factor which are derived from the
CSCS. Output data, feeder losses, are calculated by using
the load flow program. As the best MAPE (about
0.0204 %) of test results, PEA engineers could determine
feeder losses by using ANNs because it is more
convenient to analyse feeder losses than using the load
flow program. ANNs are performed for losses calculation
of the feeder 6 of Rayong 3 substation as an example in
this paper. This method will be applied for other feeders
in the future. .
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