dninviemyanan nazsoundmanerils

myaaasluindlasnsislassisdszaminaainszuulii

(Harmonics Measurement by Using Neural Networks in Power Systems)

(Y

w35 29ddI95Hl

R - '. YOET 38-1
DUNEIUUU. ..., %‘Q . R+ T ST POTTRTR

Juiou Y. Horeeeeeeeeesssorsrsassans

‘jn S (:ﬁ [] P ] - - as =,
symimisiuindnniesasns@nmanamangasuiaoiainssadaanimdin
FAIBVIAINIIN AN
aonminaluladnszooamn SNIIQONMITAIANTZIT

Varsd@nwn 2550



mMaa1aslunndlasnis gtaseviadszaminasinszuund

(Harmonics Measuremeéent by Using Neural Networks in Power Systems)

Tay

windis 2odaoTan

o je2
a1 IndInelasen

SDIFAIEATINIGY AS.ANTIA 333NN

wdIuniInas nmsdnmaamanganlSaaridinssumansindia
aimidainssulnna
anniwmaluladnszeaunandrqunmisaransaio
Un1sAne 2550



Wseyayriiwusilmisidnun 2550

madsiansyainin

andmnyumaa aoduinaluladwizsaundidhgummisanansziid
39 mytasasluiindlasmsldlasststszemmisuluszuy Wi
A9

wWptis 1Fa93Ri) SRR 47012042

............................................................. 21913en1nu

(o9 a8 @3.auT@ 33303 )



myasaslindlesnmsliflartistizemyouluszuu Wi

wplAs NdaITal WA 47012042

a asa ¢
IALANTI IINMT 2IENUINE
Un3dns 2550

LG

£ o o

unm”uuﬁtﬂun’lsﬁnauaf‘aﬁn’nmﬂéﬂ@Tumﬂuﬁna‘nmﬂmm 9 lag3tny

[

tzgnalfrzuulandnmlzamfisnfiopiAinmgdduailuiindvesdynm
L4 -y ‘J [ r-Y.- "‘ o .‘-: 8 L
ma'lwﬁ"lmmﬁmwaowjt’%'nmmﬁwafwmﬂmﬁmﬁuuunﬂﬁ'[ﬂmm“t%n{uuﬂaa'l'n
Sygnm 1 gnadsdmiumidvmeailudlinduazldiaadn 1 gneduiieliluns
‘e Y . = [ - A 1
tizanana usd s lninldzuulessiholszamifivuelFdygronRssnisauiem
» (.3 g " O'AJ [ L ] ~ & n =t
fmjaogmﬂnmﬂuuaamm‘lmmsmmmﬂuunau.un'l-ﬁ'[mammh:mm‘nnu
fienudalunsdszuanauinnindtnsuuuaada laslunimeaadiilarnmilea
sygmanluiindnnundsiiiiasi tiekhldlunsfinseuusznasaugalassio
ﬂs:aﬂmﬁmuLﬁaﬁqzmiﬂim%waﬂﬂsaﬂ']Uﬂi:mmﬁnuﬁﬁﬁqﬂua:ﬁﬂmoai’w
fInauImaFaumITIFy e iluindvassnamlWise 9 uasinahldun
umeﬁuuﬁ'uuamsmﬁé’xé’umﬂuﬁnaﬂﬂnﬁ%mmmﬂL‘%unﬂuéﬂafu NHAN oL
) 3 o & 3 ol u:d (3 ° ol
mm‘ma:‘iﬂ'lmﬂn'ﬁmmmﬂuunﬂ mmﬁmﬂﬂuuummgnﬂmgqua:mmmm'lﬂl'n
miuiamanilufindesdygnmmalrinle



Harmonics Measurement by Using Neural Networks in Power Systems

Mr. Pavit Wongsavangrussamee 1D 47012042

Assoc.Prof.Dr.Somchat Jiriwibhakorn Advisor

Educational Year 2007

ABSTRACT

This paper presents a new method for harmonics detection by using neural
networks and comparing with harmonics detection by conventional fourier transformation
method. The fourier transformation method need 1 cycle signal for harmonics detection
at each orders and need 1 cycle for processing but new method that using neural
networks need only half cycle for calculating the component of harmonics ,that means
the new method is faster than conventional method. This paper use real harmonics
signal at any order for training and testing artificial neural networks to find the best
structure of neural networks. The obtained resuits from neural networks are compared
with the result of fourier transformation method. we conclude that this new method is

high precision and available to be used for harmonic detection.
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/ 2 . 2
]s,rms = 1:,1 + Z ]s,n 2.33
n=2

]
o

AnlaeIIniaIgaadsraTIvYaIFunnm Yisnauldais 2 inendainayni

[

- A s ; o [ ' = .:'f - .
?i”m’nunga_ﬁjuua:maunumﬂ’nuﬁmﬂuunauJu AMNIZURHALN DU (Distortion current

P )

Idﬂzdlims_—]f,l 2.34

2.7.2 avmas IdvhiaiAaw (Distortion Power : D)

b4

dasdai WAL Aas I nnszuransludiing lapfinszugansludindiue:zly
Aalatiadias S slanuszuy waaslviidinsnssuaandlutingduwlinalviie

Uszlominuszuu Wil ae

D=1,V 2.35

dis" rms
2.7.3 A1 Root Mean Square

. [ w o~ % A o
1 rms vasFanmivihnzussdufa myvenUSunmn s mlwia Ac Seiins

wanuulamalugvausauan

Vm“ = ‘Jl/lflrm: + Vzljm + VZ

3,mms

+..n 2.36
27.4 sulasisudanuimfiznarslaiindsau (Total Harmonic Distortion : THD)

. A 4 A v, 4 o r oA o A& P
1 THD fasihfivenlwihyaaudyyimlag wuiennuAasullnngladu

€ o e LR A
Imifierwtysgm 611:1Li]uﬂ”ml"nuanqmn"uwmaogﬂﬂau

THD, =171 <100 2.37
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‘\ﬁ/szs + 1/32””5 + V42rms +....
THD, =Y % : :

V.

j,rms

2.38

- Y - A & 4 -
t %THD g3 wanofagladudygradanuiakoulianasdibznouionuiysyn

un (Sanmailuiinggs)

th %THD s wansilsgdndudygrudienudsiiowhinnesdiznaufinnudysgw

o (Sumailufingmisy)

> [] - ; ] =
1 %THD = 0 wanedyLiflanudaisu (Liiariluding)

2.8 asgmuazdanmuanginannasaslaing

9530 EEE std.519-1992 uaz dartmuanginmsisislafindifoanylnih
ﬂs:qusﬁmua:qﬂEnvmims:uu‘lﬂﬁ'lﬁ'lé’o'luﬂaqﬂ’uﬁNamznuﬁtﬁﬂmna‘lﬂuﬁnﬁtﬂu

° o el ar ~ 6’! n:' ::l' A ar ) o ar
Fmmun  Mininneanadaasludisguiiana I lunnuSoufisunuaisinalu

NP § wia e IFlumiRonigmuazsmafiiaangilafinddniuiyy

L]

Tiastuiuazdaaiimiia gilufindeanldtlaflazsnmizaualuind v

]
ar

~ o Vo [ =Y = b o ar nfl' ] o =Y = €
Ansn v iAaaudmisseszuulWiiia:  Wasnnunastuiinansluindsiu

ngiuranlsuagaamnssuraisundsfiguniohislineudniasidizian

ar €

ar A !‘:’ o L o ! ﬂl bk Y
gudmslawiituiu - daudidasdnmiimuamnaigudwia Wi lnalald v

azhaﬁqmmw
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#1953 IEEE std.519-1992 Recommended practices and Requirements for
Harmonic control in Electrical system.

Twmsmruatnusinistmuasmalludoriimus Snan e uansluiingves

o v J -
W93 IEEESHd.519-1992 lemualiaai fa

=Y ) et -~ ] s o et * J bt
Winanszusadluiindudazduduanunnmnuassnneled Iuiuswiavas
sty luineuwed I/ I uaz szauusauilsluszuu Wi lasazinasvanszus
=Y I3 I - s = 4. - ar “ 4 n' !
aslufindusdazduavazivuraananliadudurasailuindtAuinuTotal  demand
. . ) [ o ' J [
distortion (TDD) w8Inszugardlufinsizimuamdunuruavasszuy Wi wnanyas

Iso/ I, wazszauusaunigamluszuu i daenmen 2 fa 4

Maximum Harmonic Current Distortion in % of Fundamental
Harmonic Order { Odd Harmonics )
ISC/L h<mn 11<h<17 } 17<h<23 | 23<h<35 35<h DD
<20 4 2 1.5 0.6 03 5
20-50 7 35 2.5 1 0.5 8
50-100 10 4.5 4 1.5 0.7 12
100-1000 12 55 5 2 1 15
>1000 15 7 6 25 1.4 20
Even harmonics are limited to 25% of the harmonic limits above.

lagRaTouseau asua 120 1aea 09 69 Alalias

@151n 2-2 waanSSmalufingfdnadenuunang uey IEEE sid 519-1992




Maximum Harmonic Current Distortion in % of Fundamental

Harmonic Order { Odd Harmonics )

ISC/IL h<11 11<h<17 | 17<h<23 | 23<h<35 35<h TDD
<20 4 2 1.5 0.6 0.3 5
20-50 7 35 25 1 0.5 8
50-100 10 4.5 4 1.5 0.7 12
100-1000 12 5.5 5 2 1 15
>1000 15 7 6 2.5 14 20

Even harmonics are limited to 25% of the harmoenic lirnits above.

A1519M 23 uaeaBinmanluinaNsnanauuna I IUuYad IEEE std 519-1992

TagRvronfiusauiignii 69 Alaliad #9161 Alalias

Maximum Harmonic Current Distortion in % of Fundamenta

Harmonic Order (Odd Harmenics)

Isc/l h<11 11<h<17 | 17<h<23 | 23<h<35 35<h TDD
<50 2.00 1.00 0.75 0.30 0.15 250
>50 3.00 1.50 1.15 0.45 0.22 3.75

Even harmonics are limited to 25 % of the harmonic limits above

a1519h 24 wassFunaeniluindfisnasiaiuanangiuves IEEE std 519-1992

Tﬂuﬁmsmﬁusaﬁuﬁgmh 161 flaliae

lagrimuald Isc fa daaanszuadanviggaiideiala g pec) lasmusnduim

1aansunms

Isc

Jixkv

_ MVAscx1000

48
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land
MVAsc #a f1Rnemain1Idn1as (shotcircuitcapaci ) Hiansiaiiu (pec)
v P8 UNORIETWINEY

1, @a snszualweafilasnmiaadsivamizuslnangigeusazidenln

sau 12 0w

ATUUIZEINITOWIFN VBN IEIUMNINANTT (short circuit ratio) NE1NIN
smnmldann I 1 vadazmoilan isltlumaBouiisvnizuasilufindusa:
Susbuazsn Total Demand distortion (TDD) nudsmasnuanaszmlapsn TDD &I

o . & J
mmm‘lﬂmngm a9l

n=max 2.40
DD = Y52 4100

h

Taofi 1, fenszuaanslufindudacduaudmnmsinsRnsonusnauadlaioda

w1933 IEEE std 519-1992 azRvann & §

Q Te W bt Py ] o o ! e o Q
ﬂ']‘lﬂ“ﬂﬂ’l’ﬂ'lﬂﬂ’ﬂﬂdI.I.‘Nﬂ‘llﬂ']{[&luﬂEaI.GIﬂ:E]HGIUIﬂU‘ﬂuﬂU?:ﬂULﬁJﬂH?!FN'J:UU

a A:I' rJ e A e ~ -4
u.a':umﬂm'lwuunuauﬂwaam‘ﬂuuna

L4 2 - . - o X o a [
MWHAf1 Total Harmonics Distortiion 'umu.*smu'[ﬂumunmmnusmwanzun

AIANTIATUA
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Bus Voltage Individual voltage Total voliage

at PCC Distortion (%) Distortion (%)
Below 69 kV 3.0 5.0
69kV 69 kV 1.5 2.5
138 KV and above 1.0 1.5

t; o ’ . . " ar ! ar o ar
AN 2-5 NMINTMUEAN Total Harmonics Distortion ?Jﬂﬂll?dﬂ“lﬂﬂ?]uﬂﬂﬂ'ﬁﬁ]'mﬂ

WTIRUTBITEUY

gotmwanginmnasluiadinarnv i nlsaangsiauazgaamnssu

-~

aﬁwuﬂngmmﬁmﬂuﬁnEﬁﬁmﬁ’v‘lﬂﬂﬂﬂ's‘:mnqsﬁﬁmazqﬂmmssn
fﬁ’ﬂﬁ'ﬂﬂuam:msumsﬂ%’uﬂ;amwL"Tiaﬁa'l@'\’maﬁ:un'lﬂﬁﬂ M3 wdsndae
widthszinalng M3l uamass was msiAEsupime Fad13599n
Engineering Recommendation G.5/3-1976 Limits for harmonics in the United

ar = ar J
Kingdom Electricity Supply system, 1ssinaaingy Yvauivaasi

1. wadudarmuanginasndamiudaine wazitmsasesauanilufied

ﬁﬁn%’ugnﬁ’nﬁﬂﬂﬁﬂﬂszmmpﬁaua:qﬂmwmsu

1
= o

2. u‘*’iaﬁmuﬂmmmﬂﬁg‘ﬂﬂﬂﬂmrﬂmua:ﬂ%’uﬂ‘;nwsnmiﬁtﬁﬂaﬁ

lusieanlaiiluluaudariinue

3. wialdnugunsatlwilszinniliiwdaduildlulssnugasmnysy

ﬁa'ﬁﬁﬂwJatamuazmmﬂaﬁi’ﬂqﬂs:aﬁ e muslisdnanoauivlsvas
a S “ A a a a P4

FTAUAMVIABRBDILTISUNL AN LuRNARRZ I AUAULNDUY B

d' =y ~ [ -3 fd’
nszuaifaemanslasingy aaqﬂmmnl'ﬂﬂwmuqﬂmwnﬁu
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2.9 ann1sBINIsES A Tolszamings

Tuunaauitsesiiszvulasiiiodssammifonuuunisunsdrdaunay (Back
d =) H . -4 ]
propagation) dailulasiinsuuy Multilayer Perceptron lasfiuuusnasslasithoiss

Urzgmitimadasloanuiulasinsuuuilnmu 9

Input Layer 1st Hidden Layer 2nd Hidden Layer Output Layer

gﬂﬁ 2-39 ugavmarenissraslassinsdsamiipunuuunisdaundunNafiainad

i v ~a A o v a 1 o & A -

1nUfi 239 lassinodszamifipuihanlfuinmassloeiu 3 $u Galsznavds
:" o J ~ v o y o - 3 A
thrasdunnToligadtszamag N Inua Fwmvasnaguaggnodoys N d1luasign

d' L a = & & ] =] I‘; - A L

aausygm) daundusuvssrisauniasumaln (Hidden Layer) Fosznausiaolnue
@199 lagiuaulnuafimanzavazldnammmeasminnulnuailishdanmaar

. “ Wy v & & 2| P = . A &o o
tusimenividuazgarsferuseusrdwadaluumemaiiantiudailufingdau
o A o 8wy P A ° a o 4
fiz,3,5,7ua: 9 niaddudn 9 inaulalufiaiiog 5 lauadmiv 5 davanila
Anduazudazlnwaluswdsiwes iimadeandanunmagauloanussiianizssninatu

[ !‘: 4‘ ; [} =2 ar
Lmuuu.a:mn'ﬂaﬂmm:ﬂamnunnimuﬂ
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midnaaulaisdine Multlayer  Perceptron  @38Nn13UWIeNgauNaL (Back
| [ 4 Qs » -9 nd' -y ! q’; ‘H' - L
Propagation) Lﬂum'su.wsUaunaumaamnawmﬂmnmulu’nmmﬁvg@mﬂmmi Ny
Lmﬂ'v!ﬂﬁﬁﬁmm'lﬁ I@]m‘hmmﬁauné’umn‘ﬁ’mm@(ﬂﬂmuiwﬁmmaas\mauﬁo’ﬁ'uﬁuw.ﬂ
A o “ 4, H o 14 & w~ P i
WarINsUsuat kI RN 1umuﬂaumsﬁnaam:ﬂammmawagam:aaum

Usznavean BLTAVBIBUNAURZLTAD aotmﬁwnﬁﬁmmi

duald P ludiwrwgananeafildlunsfinseunisgadmiviinaeu

(Training Set)
y e ¥ e g4 L . s Y ., a4 y
w = fwaednddaniminiiealasszniviuvesdunanuiuessugeuso w1
w18 M x N nasun
=| - 1 r r A lﬂ. x [ “: » Qs z ‘J =
v = dhusdnvasditnhminfiaulossswihmugeuludmuananadofivuie L us:

s P=} ] = d. o u‘i oy = !‘: .
M ﬂaﬁuufnsm'uaa'[ﬂ'sammJ's:mﬂmnunmmh‘nwaqu 64 Buwn Tuseu 5 Twua

uaz 1arinn 5 o winnazlaiuein W uazein v dagui 240

_ - ~ -
Wy W, W3 W, W Yu Yz Yz Vg Vus

Wo  eee e e Wy | Vg e eee eee Vs |

[ 7]
ar

_ﬂh‘i 2-40 UAAILUAIN W LAz V ﬁﬁﬁuﬁiauﬁuﬂn LLa:Lmﬁvgnaﬂ'Na: 5 lnua

amsuwandutrslauildlunissauszunlasshodssmmifisunia finet) 619 9 auans

Tuzui 241
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a a
a = purdining a = logsigtn} a = ransiginy
Linear Transter Function Leg-Sigmaid Transier Function Tan-Sigmcid Transier Function
-n
_ 1 1-¢
an)=n a(n) =——— a(n) =
-n i}
1+e i+e"

S ar y o ' . v
311 2-41 dataWariFudiolaw (Transfer Function) JUluuien <

pad M uaa Nt Tuoploulnzuy uﬁdﬁagaﬁlﬁaamﬁ@[ﬂwﬂmmmm

surmlnuasasruganldanauns

neth :Z::] wmnxpn +9: IﬂUﬁ m=1,..,M 2.41

h,, = f(ret,) 2.42

Inualuzugoudsuuszld net input vastwaminmin

nety =2, Vi +6 243
0, = f(net,) 2.44
lagfi 1 = 1, 2., L uazg fusrluuemeatiaiwmbasmwinituas

lﬂﬂﬁ?gﬂﬂ‘iﬂﬂﬂiﬂuﬂ ¥t} TUe ﬂ1ﬂlﬂuﬂ'ﬁﬁ'lfh HATIUBIAIN NN PR AU AIRDN

-

(mean square error: MSE) szninsasnaanifiiasinlassianusnensdnafidains

= 5 H. A’ o Y% ] J
YBIUWNLATUT p Tamansoswimlaait
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E,= a5 f:](opl - dp1)2 (2.45)

€

Adl = A o =~ 3 l=l' > oo = o
Imm 0y e IMwnNaaINIIUa: dp, LlJﬂli]']‘l’l"v‘!ﬂﬂLlTli]'Nll.ﬂz p f237UIUTaY

g

Py

YSTIMITAURILG 1,2,3,....p iuﬂaum‘sﬂ%’umd’mﬁ’mﬁfnua:'luﬁaﬁuﬁ%%mmg;wmm'ﬁ'
#70N% 13U Lavenberg-Marquardt Algorithm , Resilient Back Propagation , Conjugate
. ) [ ar ;”1 yz o . ) : LY . -~
Gradient 1uen laslupnanuaivitldldrussunssiusmirnihminuazdr luwease
333383 Lavenberg-Marquardt Algorithm \iasaimiinauwasunisliusidianimunuas

o da Aa o a et ad a4 ¥ a . o
1u andidszimBnminge TassinuasunmynSusmoiiminuasan luLagai

1
-l-Ax:x(old)'—’[JT'J—I“[lI]» 3 e (2.46)

X(new) — *(old)

g=2] -¢ (2.47)

lapfi x @8 sdranimin (w) uazdluda (b)
- 1 o € . . o ¢ s
J  de anladisuuaind (Jacobian matrix) VIIDYWUTTBIAHANEIN
(Usiazen) saf x (LAaFN)
T a
J 52 Transpose matrix 109 J

g fia  Gradient Factor

e @8 waindvassAewana (Emor) sTnivdasy (Target , ) Ay

mnlasodszmmisusiumls (Answer | a)
| §8 Identity matrix

n f®  Mu factor W38 Learning factor
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[ e, O, Be,
Owy,  Owp, Ow) 0
dey ey D,
ladivwaueinduas (w) J(w) = awz,] awz,z awzaM (2.48)
aeL aeL . aeL
~a“’L,1 a""L,z a""L,M ]
[ e, ]
abl
B,
nlefgwasinduasi (b) 1(b)=| Ob, (2.49)
Oc,
-abL 4
o] [u—w ]
p - €2 273
LUAINTFYBIFNIHANRIR .= . (2.50)
LeL_ _tL '—aL_
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uni 3

NIS2NULUNIINAADY
3.1 iuﬁanmsm?uuﬁ'agaqﬂ?lnaauua:?gﬁnﬁaau
luguvasiasernuil 'lﬁﬁ’nmﬂﬁuﬁaa“Jamawgm?lnaamm:qm’?ay}awwaau 7N

] J [ - = =] 11‘ 1 - L - ] o =9 = €
Lsnuwdninludamiaaszyi e pilnaan LidwdadunIsundaniniasstuiing

fsuanalu Single line diagram

FROM TR."UO4"
MY Gx3-1/C 400 SO.mm
b= NYY 8x1-1/C 400 S0.mm
IN CARLE TRAY W/COMIR TOD0NZ00mm.
SIGNAL FROM @@ OF TRANSFORMER "U04™ ®—®
Y — Cantl
! ' ® - SOHW.
I
|
|
. 3P 250041
L = ——— -~3 WK GROUND
FUALY PROTECTION
e : R
s e g ﬁ%@ﬂﬂ
33MDBT{FREE STANDING ON FLOOR)) T 0- 250058
Al 8 I
IC SOk Lo .
AT 415/240 VAC 50Hz o
Cu, BUSBAS 3000039 4K A15/240%C SOH: WTTH 100 NEUTRAL|AND 5% GROUND BUS IC>=S0KA

0 D U S D (W G O

g e el e O el o S S NS B
? ? o =)
! | |
) | |
: 'I : 10x3x100A,
t ! : HRC FUSE
| | i
B s O e e
R — _ | — | =
330011 330B12 COOLNG TOWLR PAR[ 3¢ SPART SPARE ]* ——————
CAPACIIOR
10350 K¥AR,

31l 31 Single Line Diagram §lwaefi 33MDB1 fbanldlummanas



FROM 33MDB1-201

W %a3-1/C 400 SOmm.

<t—— NY $21-1/C 400 SOmm,
N CARLE TRAY W/COVER 1000:x200mm.

—&-E—@

b —— {5 —{v}

0- 500
33DB11 (FREC STANDING ON FLGOR)) et 8;’ — (7 =
ALL CB 1600/ Tt .

r 0-1600/54

£ 50k
AV 215/240 VAL 9GHz

Cu. BUSBARS 1600a3s AW 415/740WC 50Hz. WTH 100X MIUIRAL AND 75% CROUND BUS C>=50KR

B £ 7 In - Iru Irs ’\Ir?”)_' 7 18 rs no Im r1'7__' 110

Vel e OeEE O@EE )R OeE OB OeE )& s»%% b »%&%‘ )

RECTFIER  RECTILR  RECUFER  RECTIFIER  RECTFIER  RECWFIER  RECTINER R[CTIFI{R RECWFIER  RECIFIER  ROCTFEER  ACID FHLING
ACID ADJUST MC/

311 3-2 Single Line Diagram §lnanfi 33DB11 fihanldluniimaass

FROM 33MDB1-202

Y

sm/z\um i T E‘J" ﬂ

33DB17 (FREE SIANDING ON FLOOR))

NL CB
[T
AT £15/240 YA 50Hz

Co. BUSRARS GO0ASE AW 415/240vAC S0, WITH 1007 N(\ﬂm WD 79% CRDUN) B

PO N U VD A (o G A (A A o
100AT g
0 locuﬂ \ mw mm 1008} 1D0AT ) JPlo(m ! l O0AT ) i 1004 10041

10041 30087 100AT
0 )5"10051 )Pwmr; )3"1mw )Pﬁoﬁr‘ ¥ 1008

———— - — — —a

}
|
|
)
!
|
!
1

[ ] IR N I O T T R

—— L L. L
POSITIVE POSITVL WEGATIVE NEGAIWE  NIGAIME  NEGATNE NEGATVL NEGAIVE  NEGATVE  LC HOIST
OVEN NO 1 OVEN MO 7 OVEN NG 1 OVEN NO 2 OVEN NO 3 OVEN NO 4 OVEN NO 5 OVEN NO 6 OVIN NO 7 TOR NLGATVE

31 3-3 Single Line Diagram ¢lnanfi 330B12 FnlSlunsnesss
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s ldmsisasdedudyyimnszuali Sub Station 33MDB1 uarleth

o o A v o { L 7R = s

M3 Sampling M T IUNIIUIY ] gﬂﬂa‘uﬁﬂ 128 711 feA1319n 3-1  aulasansluiing
asonanduaaslues i 3-1 Smou 70 gadeya lao 65 gawsnaniluradoysfinaen

usz 5 qwﬁm:tﬂugﬂiaylamaau AINI1IN 3-2

0 4.531878 32 641.4629 64 -9.16376 9% -641.463
1 412369 33 639.1719 65 -22.9094 97 -639.172
2 135.1654 k2 634.5901 66 -109.965 [£:] £34.59
3 178.6932 » 618.5535 67 -155.784 99 -616.263
4 200.4754 36 600.226 68 -180.984 100 600226
5 221 7 588.7713 68 -226.803 101 -584.189
6 261.167 38 588.7712 70 -231.385 102 -581.898
7 288.6583 39 586 4803 4 -254.294 103 -579.608
B 304.6949 40 577.3166 T2 -281.785 104 572735
9 3253133 41 56128 73 -306.986 105 -565.862
10 332.1661 42 526.916 74 -332.166 106 -531.498
1 345.9318 43 510.8764 75 -359.677 107 -515.461
12 355.0955 44 460.4787 76 -378.005 108 -471.933
13 366.5502 a5 451.3149 7 -400.914 109 442154
14 394.0415 46 436.8603 78 -428.406 110 435.278
15 416.9509 47 4192418 79 -451.315 111 -419.242
16 416.9509 28 400.9143 80 -474.224 112 ~398.623
17 442 1512 49 382 5868 81 ~471.933 113 -382.587
18 483:3881 50 364.2593 82 -458.188 114 -366.55
19 481.0972 51 3459318 &3 -482.77 115 -350.514
20 487 .97 52 329.8952 84 -494.843 116 -329.8695
21 513.1708 53 311.5677 85 -515.461 "7 -311.568
prd 533.7688 54 2932402 86 -515.461 118 -267.622
23 563.571 55 2749127 87 -549.825 118 -274.913
24 590.3531 56 235.9667 88 -600.226 120 -233.676
25 630.0082 57 169.5285 89 -586.48 121 -192.439
28 639.1719 58 137.4563 90 -591.062 122 -162.657
27 625.4263 58 126.0016 1 -625.426 123 -153.493
28 6345901 60 105.3832 92 -630.008 124 -137.456
29 639.1719 51 100.8013 93 -641.463 125 “123.711
30 646.0447 62 87.055638 94 -643.754 126 91.6376
31 643.7538 &3 36.65502 95 £643.754 127 -48.1097

@13791 3-1 AA1EINMT Sampling aRuFNO 1 anAEY 128 ¢
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400 F

200

N e

E o i e SRS ATS _.

200 h 9 17 25 33 A7 49 |57 SX 73 B‘_.., ?9 27 105 113 ‘Z

Y I AN e

- _ N

-8200

ome
4 4. v LW
1l 3-8 namaUndudyanoasiiiale
aft order 2 order 3 order 5 order 7 order9 |
1.925 23126 28.17960 0.639063 1.039063

2 2139063 2.684375 25.21875 8.740625 1.784375
3 2.464063 2.390625 30.0375 14.78281 0.78125
4 0856186 | 1795847 | 1526958 | 5193447 | 1.631858
5 2613503 153105 9085614 | 4.441813 | 0994881
6 3.159375 2.107813 18.53438 0.81875 2.195313
T 2.432813 3.33125 19.46406 495625 2.875
8 1871438 | 0859375 | 19.00688 | 3.95625 113125
9 2125 1.89375 23.47656 4.99375 1.434375
10 200063 | 2457813 | 2071406 158125 1578125
1 1.779688 6.78125 2811094 | 6523438 22625
12 2207813 | 7.002188 28.3375 8042188 | 3.140625
13 1654588 | 7.878125 | 27.48906 | 1008531 | 1.259375
14 4.3875 8228125 | 3170625 | 7.896875 | 1.708375
15 185 6621875 | 2708594 | 6.639063 | 1.496875
1 1701563 | 7.715625 | 2601875 | 8415625 | 1.507813
17 1.904688 6.384375 33.275 9.432813 0.95
18 1.875 4973438 33.34531 10.1125 2657813
19 2589063 | 4439063 | 2846094 | 1230781 1.4875
20 0.653125 5.515625 34.33281 12.43906 0.65625
21 3221875 | 4659375 | 3406313 | 12.33906 1.64375
n 3901563 | 4378125 33.25 1562060 | 1278125
23 2465625 | 0664063 | 3548438 | 18.05460 | 2.498438
24 3158375 | 8232813 | 3604375 | 19.99063 15

25 1.864062 7090625 36.28126 16.517189 2.267813
2 1985038 | 6.834375 | 4119668 | 1506406 | 1.773438
27 179375 | 4303125 | 3838125 | 1771406 | 2.773438
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28 3.982813 6.654688 38.42813 18.21406 2.079688
29 2.714063 7.375 37.78504 19.41094 1.629688
30 0.526563 6.28125 38.56563 21.71875 1.139063
3 2.2375 5.525 43.71094 2173438 2509375
32 3.24375 5.467188 40.86875 21.99844 2109375
33 2720313 6.73125 4292344 21.90156 1.151563
34 3.626563 5.379688 42.32031 22.20063 3.379688
35 2615625 5.50625 42.74844 24.24063 1.148438
36 290625 5.632813 42.30781 2512031 1.839063
ar 3595313 5029658 42.62344 25.29688 23125
38 2801563 4532813 43.47344 23.91875 1.534375
39 3.50625 6.480063 39.80625 25.00625 1.223438
40 0.362813 42 37.26563 24.42813 2.004563
4 0.565625 4.940625 37.73125 25.24844 12125
42 0.382813 4.176563 37.875 25.34063 1.804688
43 0.951563 3.448438 39.58438 23.31094 1.354063
44 1.895313 2725 40.79219 26.82188 2.457813
45 1623438 4.482813 415375 24 17031 1.698438
46 0.5125 5045313 39.85625 26.88906 1.270313
a7 1.025 49 37.00938 2467344 164375
48 2720313 365 39.56094 2513281 1.260938
49 23 7.532813 37.18906 23.41719 2248438
50 0.5125 5.045313 39.85625 26.88906 1.270313
51 1.953125 7.128125 36.10625 24.95938 2.334375
52 0.389063 4.385938 38.90781 24.07031 0.526563
53 4482813 2.192188 38.31719 26.38438 3.203125
54 0.878125 4.95625 38.675 22.4875 1.314063
55 0398438 5.690625 39.39844 23.50313 0.482813
56 304375 3.265625 41.60938 22.04375 2.776563
57 0.210938 1.995313 41.325 2531719 2689063
58 2982813 8.465625 37.99219 24,9875 3.326563
59 1.4375 4532813 39.87344 18.14531 1.64375
60 2459375 275 38.01406 18.46094 4.35625
61 2.714063 3.4289 39,0397 18.00688 1.723438
62 1.321875 4767188 40.26406 1429531 0.714063
63 435 4.94375 55.41719 3453125 4.221875
64 3.535038 3.103125 60.21406 3264219 416875
65 3.901563 5728125 58.56406 41.00469 3.140625
66 1945313 2.798438 40.79688 26861719 Z2.410938
87 1.796875 4920313 33.37969 10.14375 2717188
68 1.920313 0.892188 19.1375 3.935938 1.067188
69 1.767188 7.6875 26.07656 8.489063 1.585938
70 363125 4.98125 42.64219 25.30313 2.354688

@519 3-2 ﬂ‘waayﬂiay'a’ﬂnaauua:yaiaganaaan
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3.2 Mmswilasdaeradlassdimlszamiiian
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mymsslufinglaslilasntnlszammiisuelifygronissniian wie
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84 slun13diuan aavuluniimasasit Swudn input vaslaseainefie 64 0 uaz
o & o O e ) s'ni O » » = 6 or [ A'
Fmm  Output  Adasmmmauduarflufindiinaula ouldunaniluiing suduf

23579 %@ 5 Output Wwias

| 3 »
3.2.1 suaann s IHonwaalan (Transfer Function)

A o o & ar g -
nindoyagarnaouuazganaaouninaasulaoufladdusruTeuion

Tnssadanmuzauoz A nuRawmatioohgaiinanisnanesdwaasluasei 3-2

Transfer Function ﬁlﬂuIﬂN‘ﬁ'm :“:'m‘[“‘;ﬂ fin percentage error VadgANaday
nangatur
Hidden Layer | Output Layer dau min(%) | mean(%) | max(%)
0.2450 1.2838 2.2006
purelin purelin 5
0.4471 1.5913 2.2793
logsig purelin 5 :
0.0144 2.2301 2.8966
tansig purelin 5
0.0127 17.9218 74.4450
purelin fogsig 5
. 14776 20.5328 74.4451
logsig logsig 5
. 0.5085 20.0082 74.4450
tansig logsig 5
) 0.0144 1.3390 2.9818
purelin tansig 5
. 0.6503 1.6977 3.0887
logsig tansig 5
) 0.5046 1.4994 27351
tansig tansig 5
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nnsamInaasanlaoufanguarslaulinugalasavio wzmuldndenduco
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Touuyy purelin - IuFurounas puretin  TuFuwomunldminnuianaisvosgalns i

veungn
3.2.2 snaanwrismaninnainlasvasslasstrotdszamnes
A L o P P s ar -
inWanTutoloun e ﬂ"lﬂﬁﬁ“’l’ﬂﬂﬂ')%lﬂﬂﬂﬂlﬂ11'1:31!7]';39]EﬂVﬁUIﬂNNTIB lap

RsnImaaassRuIuInlnuanazinue ilu'lﬁfhﬂ'awﬁﬂwmﬂﬁaﬂﬁqﬂ aanaaalu

e 3-3

% Emor
Fumlnue % min % mean % max
1 0.0589 28.2831 92.8561
2 48774 27.5495 58.5270
3 2.8058 7.1694 13.6238
4 0.8320 29836 4.2869
5 0.1126 1.2312 3.1952
6 0.0938 1.2280 3.1954
7 0.1135 1.2145 3.2042
8 02209 1.2199 32192
9 0.2109 1.2634 3.2429
10 0.0351 1.2017 3.1963
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Nnjilh 36 '{hmuTv.uaﬁmm:auﬁqmaﬂmm%q fa 5 lvua  azmnlan
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Huwnlnuanuinnii 5 nuadullen % Eror unlaiganuirinng tinnzazuudwdan
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Suwmlnuaiunnh 5 Inuaauly v lvlasstodszemiosldiia lumsdinan
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3.3 Mn1snasanlSannaun1snIne aaqafﬁ‘sai'\ﬂﬂs:mmﬁ'auﬁ'mﬂ?mﬁa%'a

3.3.1 'z‘miaada?'lnaauuazqaﬁ'aganaaanmmn Sub station LlAYINK

order 2
79 widasia FFT Neural
1.945313 1.945313 1.883
2 1.796875 1.796875 1.863
3 1.920313 1.920313 1.8617
4 1.767188 1.767188 1.69
5 3.63125 3.63125 3.5832
order 3 N
79 insein FFT Neural
2.798438 2.798438 2.7696
2 4920313 4.920313 5.018
3 0.892188 0.892188 0.8992
4 7.6875 7.6875 7.7608
5 498125 488125 5.0739
order 5
7@ wdnsla FFT Neural
1 40.79688 40.79688 40.7446
2 33.37969 33.37969 33.3184
3 19.1375 19.1375 19.1841
4 26.07656 26.07656 26.0354
5 4264219 4264219 42.5825
order 7
p ) winin FFT Neural
26.81719 26.81719 26.9989
2 10.14375 10.14375 10.2926
3 3.935938 3.935938 4.0838
4 8.489063 8.489063 8.5574
5 25.30313 25.30313 25.4831




order 9

7R i3asin FFT Neural
2.410938 2.410938 2.4373
2.717188 2.717188 2.6366
1067188 | 1.067188 1407
1.585938 1.585938 1.4854
2.354688 2.354688 2.2918

| W N

A =4 + =4 el Aﬂ. P-1 B
A5 3-5 uaaINMISsunguNaY ENIﬂTJ"LI'I phzamMnounuaIeIladn

% L R
33.2 qaragaﬁna annaTATaIaNAdaLNININ Sub station AWK Sub

INFUTHRNFDUNVTANARDYITNIIN Sub  station 1ABINK UAlUNITNAABI
ﬁ“lﬁﬁqmnﬂﬁuuqﬂmaan Tahenfi ldannms Sampling 28980 Sub wilsfia 31MDB1
ulinasaui '[ﬂsni'mUs:mmﬁuuﬁnmmmﬁLﬂi’l:ﬁé’cgmﬂt&ﬁﬁgﬂuvwam?ﬁuuaz
ailufindneaiuldniala lanSeiTufinddudude g sausasluannsfl 3-6

wai order 2 order 3 order 5 order 7 order 9
1 3628125 | 9720688 | 3802188 | 2761719 |  13.47344
2 10.56281 41875 | 37.35406 | 2350156 21.8375
3 0.508438 486875 | 4234688 | 2545038 | 3256094
4 7.484375 228125 | 3835313 | 2016875 |  28.86719
5 3.85625 3325 | 4417188 | 23.14688 | 2331563

AN 3-6 qﬂnﬂaaulmj 5 ¢1#ile91n 31MDB1



N ad SN - i

a % o ;éﬁnm
E 0 T m-rrn'rrrrrm
© — 33MDB
oo 9 17 25 33 41 49 &7 73 81 89 97 105 113 12 — >
600 |
!
-800 =

31]5"; 3-10 nyusaIN IR uinZaSuATY g IMsEWIe 3IMDB1L 33MDB1

]
-1

maﬁ'm’mﬂ'é'uuqﬂnﬂaan%ﬂﬁwaﬂaﬂm:n]'lmﬂ‘%nmﬁuuﬁ'mﬂ'%aﬁm aanan

§9a17191 3-6

order 2
w0 wisyiw FFT Neural
1 3.6281 3.6281 1.7769
2 105828 10.5828 20979
3 0.5984 0.5984 1.8832
4 7.4844 7.4844 1.9208
5 3.8563 3.8563 1.9234
order 3
U wineie FFT Neural
1 9.7297 9.7297 7.0402
2 4.1875 41875 4.9390
3 0 4.8688 04,3688 6.3445
4 2.2813 2.2813 6.0983
5 3.3250 3.3250 6.0818
osder 5
70 wiieata FFT Neural
38.0219 38.0219 23.8498
2 37.3641 37.3641 34.1327
3 42.3469 42.3469 27 2546
4 38.3531 38.3531 28,4592
5 44.1719 441719 28.5399




order 7
" wIeen FFT Neural
27.6172 276172 25.5075
i 2 23.5016 23.5016 17.1787
3 25.4594 25.4594 22.7497
4 29.1687 29.1687 21.7740
5 23.1469 23.1469 21.7087
order 9
79 wseale FFT Neural
1 0.5766 0.5766 0.5565
2 3.8625 3.8625 1.8275
3 2.0766 2.0766 09773
4 2.2656 2.2656 1.1262
5 1.9531 1.9531 1.1362

‘= ol 13 ool o A r-| R
A159N 3-7 UFIN IS D UNDUHGY ao’[momuﬂ‘s:mnmnunmmaou 279
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2. maFsufisusarasnmenzvaansluindaslassnanueisiiiadn
[V ] » -
41 msmfmaaﬂonmm:auﬂaoz‘snfmamnﬂs:mmnﬂu

iasnlaseaiaslasstngvansiu 51w Input 64 f Wiasiemuad
3ﬂﬂ§u§mmﬂmﬁlﬁaqnnﬂs sampling 31128 1 1Lz 99U Output 5 F1 MI0OUALDI
ailufindnanlaviudie 2.357.9

SIHIINHANNINARDIIIRZRULA6N Transfer  function f'imm:auﬁqﬂﬁa
Hadunielou purclin Tusuaounng purelin Tudu Output iAIAIIUAARAIATEEA
Tﬂsﬂiwﬂ’ﬂuﬁ'qﬂ Tausniadnwas percentage error agliﬁ 1.2838 %

SruuTnuafiminzaudu Taswioe 5 Tnuamszsmulwuaiinanni 5 Taue
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F-9 o~y a ar A' r- | L7
4.2 nmsulSsuifisuaanaIntsimsiaasluindraslaseiionuiasasiioda

'zsa'ﬁ’aa‘\l‘a'ilnﬂauuaz-qﬁsﬁ'aganﬁaaummn Sub station 1#830%
9

order 2
1% 3097n FFT Neural % Error
1 1.945313 1.845313 1.883 2.2054
2 1.796875 1.796875 1.863 2.682
3 1.920313 1.920313 1.8617 2.0503
4 1.767188 1.767188 1.69 2.366
5 3.63125 3.63125 3.5832 1.3227
order 3
0 iSeein FFT Neural % Error
2.798438 2.798438 2.7696 1.0309
2 4.920313 4920313 5.018 1.9845
3 0.892188 0.892188 0.8992 0.7832
4 7.6875 7.6875 7.7608 0.9536
5 498125 4.98125 5.0739 1.8595
order 5
0 iwlasin FFT Neural | % Error
40.79688 | 40.79688 | 40.7446 0.1282
2 33.37969 | 33.37969 | 33.3184 0.1837
3 19.1375 19.1375 19.1841 0.2434
4 26.07656 26.07656 26.0354 0.158
5 42.64219 42.64219 42 5825 D.1411
order 7
19 widnata FFT Neural % Ervos
2681719 26.81719 26.9989 06774
2 10.14375 10.14375 10.2926 1.4669
3 3.935938 3.935938 4.0838 2.7564
4 8.489063 8.489063 8.5574 0.8049
5 25.30313 25.30313 25.4831 07112
order 9
79 \wiseada FFT Neural % Error
1 2410938 2.410938 2.4373 1.0918
2 2.717188 2.717188 2.6366 1.9641
3 1.067183 1.067188 1.107 2.7283
4 1.585938 1.585938 14854 0.0346
5 2.354688 2.354688 2.29018 1.6717
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qaﬁ'aga‘ﬂnaauuazqai’aganaaanmmn Sub station Alaz Sub

order 2
79 wdsain FFT Neural % Error
1 3.6281 3.6281 1.7769 51.0229
2 10.5828 10.5828 2.0979 80.1760
3 0.5984 0.5984 1.8832 214.6919
4 7.4844 7.4844 1.9208 74.3354
5 3.8563 3.8563 1.9234 50.1237
order 3
7 1W3evin FFT Neural | % Ermor
1 9.7297 9.7297 7.0402 27.6416
2 4.1875 4.1875 4.9390 17.9453
3 0 4.8688 0 4.8688 6.3445 30.3101
4 2.2813 22813 6.0983 167.3234
5 3.3250 3.3250 6.0818 82.9124
order 5
Ll Lﬂ%m“fa FFT Neural % Error
1 38.0219 38.0219 23.8498 37.2735
2 37.3641 37.3641 34.1327 8.6484
3 42.3469 42.3469 27.2546 35.6396
4 38.3531 38.3531 28.4592 25.7968
5 44.1719 44.1719 28.5399 35.3891
order 7
7R iiesin FFT Neural % Error
1 27.6172 276172 25.5075 7.6391
2 23.5016 23.5016 17.1787 26,9039
3 254594 25.4594 22.7497 10.6432
4 29.1687 29.1687 21.7740 253516
5 23.1469 23.1469 21.7087 6.2133
order 9
1% lﬂes’m’rﬂ FFT Neural % Error
1 0.5766 0.5766 0.5565 3.4856
2 3.8625 3.8625 1.8275 52.6854
3 2.0766 2.0766 09773 52.9349
4 2.2656 2.2656 1.1262 50.2902
5 1.9531 1.9531 1.1362 418264
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Code Neural Network For MATLAB

clear all;

DATA =[};

tr = 65,

ts = 5;

siir = 1;

sttr1 = sitr;

str2 = sttr+1;

stir3 = stir+2;

entr = stir+tr-1;

sits = 66;

ents = stis+is-1;

sits1 = tr+1;

ents1 = sitst+ts-1;

stnode = 1;

noderange = 1;

structure = 5;

roundperstructure = 5;

INPUT1 = DATA(sttrentr , 2:65);
OUTPUT1 = DATA(sttrentr , 66:70);
INPUTZ2 = DATA(stts:ents , 2:65);
OUTPUTZ2 = DATA(slts:ents , 66:70);
INPUT = [ INPUT1 ; INPUT2J;
OUTPUT = | OUTPUT1 ; OUTPUTZ];
OUT = OUTPUT;

ipn,meanp,stdp, tn,meant,stdt] = prestd(INPUT",OUTPUT");
iitr = [sttr1:3:enir str2:3:entr sitr3:3:entr};
%iiv = [ sttr3:3:entr};

ptr = pn(:,iitr);

ttr = tn(.,iitr);

Br = OUT(.,iitr);

%pv = pn(:,iv);

%tv = tn(.,iiv);

%Bv = OUT{:,iiv);

pts = pn(;,sitst:ents1);

s = tn(;,stts1:ents1);

Bs = OUT(; sits1:ents1);

v.P = pts;



v.T =tis;
for n = 1 : structure
start = clock;
w = stnode+noderange*(n - 1);
%u = w-1;
net=newff{minmax(ptr),Iw,5],{purelin’,’purelin’}, trainim’);
nettrainParam, show=50;
net.trainParam.epochs=1000;
%net trainParam.goal =0.01;
net.trainParam.max_fail=inf;
for g = 1: roundperstruciure
fi) = size(ptr);
%net.iw{1,1} = 0.5"ones(w,i);
%net.w{2,1} = 0.5*ones(u,w);
%net.lw{3,2} = 0.5ones(2,u);
%net.b{1} = 0.5"cnes(w,1);
%net.b{2} = 0.5"cnes(u,1);
%net.b{3} = 0.5"cnes(2,1);
%net.layers{1}.initFcn = ‘initwb’;
%net.inputWeights{1,1}.initFcn = ‘rands’;
-%net.biases{1}.initFcn = 'rands’;
%netlayers{2}.initFcn = ‘initwb’;
Y%net.layerWeights{2,1}.initFen = ‘rands’;
Y%net.biases{2}.initFcn = "rands";
%net.layers{3}.initFcn = "initwb’;
%net.layerWeights{3,2}.initFcn = ‘rands’
%net.biases{3).initFcn = 'rands’;
net = init(net);
[net,tr] = train{net,ptr.ttr,[ 1.0 1v);
Sn = sim(net,ptr); '
S = poststd(Sn,meant,stdt);
SSn = sim{net,pts);
SS = posistd(SSn,meant,stdt);
CC1=[Br -8}
EE1 = abs(CC1);
for aat=1:length (S)
GG1(aat) = abs(100*[EE1(1,aa1)/Br{1,aa1)});
GG12(aat) = abs(100*[EE1{2,aa1)/Br(2,aal)});
GG13{aal) = abs(100*[EE1(3,aa1)/Br(3,aa1)});



GG14(aa1) = abs(100*[EE1(4,aa1)/Br(4,aa1)));
GG15(aal) = abs(100*|[EE1(5,aa1)/Br(5,aa1)]),

end

Rr{g,n) = mean(GG1);
Rrg(q,n) = mean(GG12),
Rrg3(g,n) = mean(GG13);
Rrgd(gq,n) = mean(GG14);
Rrg5(q,n} = mean(GG15);

CC2 = [Bs - SS5];

EE2 = abs(CC2);

for aa?=1:length (SS)
GG2(aa2) = abs(100*[EE2(1,aa2y/Bs(1,aa2)));
GGM22(aa2) = abs(100*[EE2(2,aa2)/Bs(2,aa2))]);
GGM23(aa2) = abs(100*[EE2(3,aa2)/Bs(3,aa2)));
GGM24(aa2) = abs(100*|EE2(4,aa2)/Bs(4,aa2)]);
GGM25(aa2) = abs({100*[EE2(5,aa2)/Bs(5,aa2)]);

end

%GGME22 = 100" [Nqq22is];

R(q,n) = mean(GG2);

Rg(q.n) = mean(GGM22);

Rg3{g,n) = mean(GGM23);

Rg4{q,n) = mean(GGM24);

Rg5(q,n) = mean(GGM25);
Rg6(q,n) =[R(q.n}+Rg(q,n)+Rg3(q.n)+Rg4{q,n)+Ra5(q.n)/5

%SME=sum mean error
%SME(q,nf=mean(GG2 GGM22 GGM23 GGM 24 GGM25)

ifq==
qti=1;
nr=S;
nl = 8S;



x1 = netiw{1,1},2 = net.w{2,1};%x3 = net.w{3,2};
y1 = net.b{1};y2 = net.b{2};%y3 = net.b{3};

zr = Rr(q,n)

z1 = R(q,n)

zr1 = Rrg{g,n)

z11 = Rg(q,n)

zr3 = Rrg3(q,n)

z13 = Rg3(q,n)
zr4 = Rrg4(q.n)

z14 = Rg4(q,n)
zr5 = Rrg5(q,n)

215 = Rgb(q,n)

else
if Rg6(q.n) < min(Rg6(1:9-1,n))
qll=q;
nir=S8:;
nl = SS;
x1 = netiw{1,1}52 = net.w{2,1};%x3 = net.w{3,2};
y1 = net.b{1};y2 = net.b{2};%y3 = net.b{3};
zr = Rr(q,n)
z1 =R(qg,n)
zr1 = Rrg(q,n)
z211 = Rg(q,n)
zr3 = Rrg3(qg,n)

Zz13 = Rg3(q,n)
zr4 = Rrg4(q,n)

z14 = Rg4(q.n)
zrS = Rrg5(q,n)

z15 = Rg5(q,n)



end

end

end

%nilr(:,n) = nir;

%n1l(;,n) = nl’;

CCC1 =[Br-nlr];

%Nqqq22 = 0;

EEE1 = abs(CCC1);

for aaat=1length (nir)

GGG1(aaal) = abs{(100*[EEE1(1,aaa1)/Br(1,aaa1)});
GGG12(aaal) = abs(100*|[EEE1(2,aaa1)/Br(2,aaat)));
GGG13(aaal) = abs(100*[EEE1(3,aaa1)/Br(3,aaa1)});
GGG14{aaal) = abs{100*|[EEE1(4,aaa1)/Br(4,aaa1)]);
GGG15(aaal) = abs(100*|EEE1(5,2aa1)/Br(5,aaa)));

end
Rir(n) = mean(GGG1);
Rirg(n) = mean(GGG12);
RiIrg3(n) = mean(GGG13),
Rirgd(n) = mean(GGG14);
Rirg5(n) = mean(GGG15);

CCC2 =[Bs - nlJ;

EEEZ2 = abs(CCC2);
for aaa2=1:length (nl)
GGG2(aaa2) = abs(100*[EEE2(1,aaa2)/Bs(1,aaa2)]),
GGGM22(aaa2) = abs(100*[EEE2(2,aaa2)/Bs(2,aaa2)]);
GGGMZ23(aaa?) = abs(100*[EEE2(3,aaa2)/Bs(3,aaa2})]);
GGGM24(aaa?2) = abs(100*[EEE2(4,aaa2)/Bs(4,aaa2)]);

GGGM25(aaa2) = abs(100"[EEEZ(5,aaa2)/Bs(5,aaa2))),

end
%GGGMEZ22 = 100*[Ngqq22/ts];
Ri(n) = mean(GGG2);
Ri2(n) = mean(GGGM22),



RI3(n) = mean(GGGM23);

RU4(n}=mean(GGGM24)

RI5(n)=mean{GGGM25)

RIS{n)=RI4(n)}+RIS(n}+RKn}+RI2(n}+ RI3(n)

RI7(n}=RI6(n)/5

%RIg6(n) =((RI(n)1+(Rig(n))*+(Rig3(n)}+(Rig4(n))y+(RIg5(n))y5

%SMEl(n)=mean(GGG2 GGGM22 GGGM23 GGGM24 GGGM25)

ifn==
n_best = stnode;
x1_best = x1 ;x2 best = x2 ;%x3_best = x3 ;
y1_best = y1 ;y2_best = y2 ;%y3 best = y3 ;
zr_best = zr;
z1_best = z1;
zri_best = zrt;
z11_best = z11;
zr3_best = 2r3;
213 _best = z13;
zi4_best = zr4;
z14_best = z14;
zr5_best = zr5;
z15_best = z15;

else
if RI7(n) < min(RI7(1:n-1))
n_best =w;
x1_best = x1 ;x2_best = x2 ;%x3_best = x3 ;
y1_best = y1 ;y2_best=y2 ;%y3 best =y3;
zr_best = zr;
z1_best = 21;
zr1_best = zr1;
z11_best = z11;
zr3_best = zr3;
z13_best = z13;
zrd_best = zr4;
z14_best = z14;

zr5_best = zr5;



Z15_best = z15;

end
zr_best=zr
zr1_best = zr1
zr3_best =2zr3
zr4_best = zr4

zr5_best = zr5

z1_best=2z1

z11_best = z11
213 _best = z13
z14 best =214
z15 _best=2z15

end
mape_r(n) = zr
mape_rg(n) = zri
mape_rg3(n) = zr3
mape_rg4(n) = zrd
mape_rg5(n) = zr5

mape_s(n) = 21
mape_sg(n) = z11
mape_sg3(n) = z13
mape_sgd(n) = z14
mape_sg5(n) = z15

Timetaken({n) = etime(clock,start)/60
end
net=newff(minmax(ptr}),[n_best,5],{purelin’, purelin},'trainim’);
netiw{1,1} = x1_best; net.w{2,1} = x2_best; %nel.w{3,2} = x3_best;
net.b{1} = y1_best; netb{2} = y2_best; %net.b{3} = y3_best;
Sn = sim(net,ptr);



S = poststd(Sn,meant,stdt);

S$Sn = sim{net,pts);

S8 = posistd{SSn,meant,stdt);

M= [Br; S

G1 = [Br - S};

E1 = abs(C1);

F1 =Br;

for al=1:length (E1)
G1{a1) = abs(100*[E3(1,21)F1(1,a1)));
G12(a1) = abs(100*[E1(2,a1)F1(2,a1)]);
G13(at) = abs(100*[E1(3,a1¥F1(3,a1)));
G14(a1) = abs(100*[E1(4,a1)/F1(4,a1)));

G15(a1) = abs(100*[E1(5,a1)/F1(5,a21)));

end

H = sum(C1.22);

N = [Bs ; SS];

C2 =[Bs - SSJ;

E2 = abs(C2);

F2 = Bs;

G2 = abs(100°*|E2./F2]),

%GME22 = 100*[Ng224s];
Timetaken

min1 = min{G1)

ming1 = min(G12)

ming3 = min(G13)

ming4 = min(G14)

ming5 = min(G15)

meani = mean(G1)

meang1 = mean(G12)
meang3 = mean{G13)
meang4 = mearn{G14)



meang5 = mean{G15)

max1 = max(G1)

maxg1 = max{G12)
maxg3 = max(G13)
maxgd = max(G14)
maxg5 = max(G15)

compare2 = N
percenterror2 = G2
min2 = min{G2)
%ming2 = min(G22)

mean2 = mean({G2)

%meang2 = mean{G22)
max2 = max(G2)
%maxg2 = max(G22)
%Gerror = GME22
node1 = n_best
%nodeZ = n_best-1
x1_best

x2_best

%x3_best

y1_best

y2_best

%y3_best
MeanAbsoluteEnmorTest = [mape_s;mape_sg;mape_sg3;mape_sg4;mape_sg5)

MeanAbsoluteErrortrain = mape_r
mape_rg

mape_rg3

mape_rg

mape_rg



Code FFT For MATLAB

clear all;

y=[ Data ];

b=abs(fft(y));
c=[b(3);b(4);b(6);b(8);b(10)]



ELITEpro™
&
DATApro™

User’s Manual

ELOG 2004™ Software
Including AutoHost™ 5.3
And AutoPoll™ 5.1

Software Release Date: February 11, 2004
Manual Revision Date: February 11, 2004
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Page 1, LOGGER SETUP: This page allows you to define generic Logger attributes:

Setup Table File Name: (Stable1 in this example) The Table name is not editable from this menu
but may be changed when the Table is saved to the hard disk using either the Save (first time) or
Save As buttons.

Setup Table Device Type: This shows what type of Logger for which the table was configured
(ELITEpro, DATApro 1TI3P, etc.). It is also not editable and is determined when the setup table
type is selected.

Setup Table Description: (Optional) User-defined description of the Setup Table (20 character
limit). This is helpful for the user to identify different Setup Tables.

Line Frequency: 60 Hz or 50/400 Hz. Default is 60 Hz. (Note: this field does not appear with all
logger types)

Integration Period: This tells the logger at what time intervals data is to be stored in the memory.
For example, if the integration period is set for 30 minutes and average watts is being monitored,
then every 30 minutes the logger will record in its memory the average power use (watts) for that
channel over the preceding 30 minute interval, based on about 600 measurements of the monitored
power draw. If Maximum (and/or Minimum) values are being recorded the highest (and/or fowest) of
those 600 readings will also be saved.

The default integration penod is fifteen minutes. The choices are 3, 15, 30 seconds, 1, 2, 5, 10, 15,
20 and 30 minutes, 1, 12 and 24 hours. ’

LOGGING

This feature controls when the logger will begin collecting data and when it will stop. The default
values are start logging immediately (as soon as the setup table is sent to the logger) and to stop
logging never.

Logging Stop: Never (Ring Memory) means the memory is set in a “Ring” or continuous loop.
When the memory fills, the oldest records will be replaced with the newest records. This is also
calted circular memory. It is most useful for fong term metering projects.

Logging Stop: When Memory Is Full may also be set to stop logging when the logger memory fills,
this is *Linear” memory and is also known as "stop when full.”

Delayed Logging Start/Stop: Another option is to set the recorder to start and/or stop logging at a
future date and time. Simply click the button next to the delayed start or stop and enter the date and
time desired. Times should be set in a 24 hour format, e.g., 2:30 pm should be entered as 14:30.

CALCULATED DAYS UNTIL MEMORY EXHAUSTED

ELOG provides a convenient feature that calculates the length of time required to fill the memory for
any setup table. The feature is dynamic so that any time any parameter in setup table affecting the
memory duration is changed, then the Calculated Days Until Memory Exhausted is updated. This
allows the operator to know in advance how long the memory will last.

Select Me4% with your mouse or use the Page Down key to go to the next screen.

1-4
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supplied current transformers, connect them as follows:
Split-core CTs (removable leg)—The white CT wire is (+) and the black wire is ().

Ciamp-on CTs (clothes-pin type)}—The banded wire with a number one (1) is the (+) wire
and the unbanded wire is (-).

NOTE: Correct polarily is required to insure proper phasing of the CT.

Next connect the CTs to the phases being monitored. Be careful to observe proper CT onentation.
If an arrow is shown on the CT iabel, it should be pointed towards the load. Otherwise, use the
instructions printed on the CT.

if equipped with an extemal wall transformer, connect it next.

Lastly, connect the voltage leads to the different phases. Connect the White, Neutral wire, first then
the remaining voltage sense {phase) wires.

ELITEpro™ and DATApro™

Turning Logging (data collection) On and Off: When a Setup Table is stored in a logger,
data logging automatically begins unless canceled by the user or the delayed logging start feature is

used. At any other time, logging may be tumed on :
or off by use of the Logger, Logging ON/OFF... | TECH TIP: When not in use, Logging should

menu command. When logging is on, the green | pe tumed off to extend the battery life.

LED on the logger end-panei should flash every 5
seconds. )

Clearing L.ogger Memory: Use the menu command Logger; Clear Logger Memory... to reset
the logger memory before a monitoring session.

Setting the Logger's Real Time Clock: The ELITEpro logger has an intemal, crystal-
controlled real-time clock. To set the clock’s date and time, use the menu command Logger; Logger

Clock. You may set the ciock

manually ory have it | NOTE: The logger clock can only be set using a MM/DD/YY
automatically synchronized o HH:MM:SS format and uses a 24 hour (mifitary) format. For
the PC's intemal clock. example, 6 pm should be represented as 18:00. Entering 6 for

the hour is inferpreted as 06:00 or 6 am.

Editing The Logger Description Line: The logger has the provision for an optional 20
character description that stays in the logger. The description line is often used to identify a logger,
the logger location or the load the logger is monitoring. Use Logger; Edit Logger Description Line to
change the description.

Step 4: Verifying Installation and Viewing Data In Real Time

Viewing Data In Real Time includes viewing the parameters that may be recorded such as
Temperature, volts, amps, kW, kVAR, kVA, and power factor. With the ELITEproitis also possible
to view the actual voltage, current and power waveforms as well as the harmonic vajues out to the
63" order and Total harmonic Distortion (THD), Crest Factor, and Peak Value.
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Use Display Present Readings To Verify Correct Installation

The Display Present Readings feature may also be use to verify the proper installation of the logger.
This is particularly important for the ELITE pros where the number of CT and voltage connections
increases the chance of an incorrect connection. Using the Display Present Readings | Show As
Text command. All measured parameters, whether being recorded or not, are displayed. Look for
_watlages (including sign) and power factor that makes sense.

For example, In a single phase 2 or 3-wire or three phase 4-wire installation, the kW reading for
each channel and any Power Sum channels should be positive. A negative kW reading usually
implies that a CT is placed backward on the wire. It may also mean that the load being measured is
actually supplying electricity, as from a generator. This is often seen in solar and wind generator
systems or where there are backup generators when they are tested.

TECH TIP: For three phase 3-wire systems when using the two watt-element monitoring
approach, a negative kW on any phase may not be a problem. If the three phase system's
average power factor is less than 0.66, then the kW on one of the phases will be negative. This is
normal In this case, the combined channel (5 or 6) total kW should still be positive.

Also look at the power factor readings. These numbers phase and total for 2 and 3-wire single phase
systems and all 4-wire systems) should be a reasonable number. Reasonable depends on the load
being monitored but typically .8 — 1.0 is seen. For 3 phase 3-wire systems the channel 5 or 6 total
power factor should also be a reasonable number.

Discerning a problem through power factor measurement alone is difficult as a load that is
dominated by unloaded motors can have power factors below 0.6. Usually, power factor readings
below 0.4 indicate the voltage lead is not connected to the same phase that the CT is connected to.

Show As Graphs: This feature is similar to the text version described above but shows the data in
a graphical format. After selecting this option, a screen such as the one on the next page appears.
Among the hardware channeis to display will be all of the channels that are currently turned on in the
logger. Selecting one or more Hardware Channels makes the Parameters To Dis play panel active
and you may choose one variable to graph. You can only choose one variabie at a time unlike the
text option where you will see all parameters displayed simultaneously. This is because of

differences in scaling and to reduce clutter on the graph. For example, you could display kW from 4
channels simultaneously but not kW and KVAR even if from the same channel.
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Data File Summaryis a new feature that provides a quick summary of the data and the data file.
The Data File Summary opens Notepad and creates a new file that provides a quick snapshot of the
data file, the measured parameters, the setup table and the logger itself. This is where the Peak kW
Demand and kWh, kVARh, and kVAh tofalizer values are found. This document may be edited or
saved with Notepad or copy and pasted into a word processor such as MS Word.

Data Summary

Data File Name: 00000-01.dat

First Data Record End Time: 02/02/04 12:55:15

Last Data Record End Time: 02/02/04 12:58:30
Monitoring Period Duration: 0.00 days

Peak Demand: 277.002kW on Monday 02/02/04 at 12:55:00

Total Usage (Channel 5): 11kWh, 15kVAh, OkVARh
Total Usage (Channel 6): OkkWh

Average Maximum (Date Time) Minimum (Date Time) Total
Chan 1 Avg. KW 112.373 151.521 (02/02/04 12:55:30) 98.i60 {02/02/04 12:58:15) 1573.228
Chan 1 Avg. PF 0.75 0.76 (02/02/04 12:58:15) 0.73 (02/02/04 12:55:30) 10.52
Chan 2 Avg. KW 113.959 153.113 (02/02/04 12:55:15) 99.800 (02/02/04 12:56:30} 1595.427
Chan 2 RAvg. PF ©0.75 0.77 (02/02/04 12:57:45) 0.73 (02/02/04 12:55:30) 10.53
Chan 5 KW Hours 0.943 1.269 (02/02/04 12:55:30} 0.825 (02/02/04 12:58:15) 13.204
Chan 5 Avg. KVA 301.104 416.661 (02/02/04 12:55:30) 259.440 (02/02/04 12:58:15) 4215.459
Chan 5 KVAR Hours 0.068 0.075 (02/02/04 12:56:45) 0.053 (02/02/04 12:55:30) 0.958

Setup Summary

Setup Table Description:

Channel! 1 - Power: VHi: L1, VLo: N; PT 100.000; CT = 150.000
Channel 2 - Power: VHi: L1, VLo: N; PT = 100.000; CT = 100.000
Channel 5 - Power Sum: 1,2

Memory Type: Ring
Line Frequency: 60 Hz
Integration Period: 15 Seconds

Channel 5 Peak kW Demand Window: Moving, Width = 1 minutes

Logger Summary

Logger Description Line: DENT ELITEpro logger
Legger Serial Number: 00000

Logger type: ELITEpro

Firmware Version: IL400.057

Extract a Range of Data is used to trim undesired data off of the ends of the data file. Sometimes
data collection occurs before the logger is connected to the load and produces “0" for the first few
data records. This can also occur at the end of the data file. By using the Extract command, the
ends of the data can be removed.

This feature can also be used to select a set of data out of the middle of a larger data set. For
example, perhaps there is a data file that spans the months of April through June but it is desired to
have only May data. The Exiract command can be used to obtain only the May data.
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. EXPORTING A DATA FILE FOR USE IN ANOTHER PROGRAM

Data files may aiso be exported in an ASCIl format for further analysis in other programs. The menu
command Data; Exporl Data File... converts the raw, binary .DAT file to a .CSV format (comma
separated variable) which can be brought into a spreadsheet or database program.

.To view the data from a spreadsheet program such as Excel follow these steps:

1. Use Data; Export Data File... Then select the desired data file to export
2. Click on Open; a new file with the same name but .csv instead of .dat will be created

1. Retrieve the data from the Logger or open an existing file
2. Use File; Save As and under Save as type select Comima Separated Files and then Save

3. Start the spreadsheet program

4. From the spreadsheet, use File; Open and find the .CSV data file from the folder you
specified, for example, C:\Program Files\DENT\ELOG\Dataviarne of file.csv

5. Follow the instructions for importing the file.
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