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Harmonics Measurement by Using Neural Networks in Power Systems
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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 eycle 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 results from neural networks are compared
with the result of fourier transformation method. we conclude that this new method is

ﬁigh precision and available to be used for harmonic detection.
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1IAUIANK (Voltage meaurements)
o . A s [
FIDHNVBILAIDIRANDUUTIAY LT

- WiBLYRIUTIAULDUUNLAEN (magnetic Voltage Transformer)

- @I

271 eranlsznavainui ; &mortion factor : DF) ‘*,’Q(\ a
“?agnant
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/ 2 . 2
]s,rms = I:,l + Z Is,n 2.33
n=2

]
ar

ARG IMIIINIaIRsNalnNaIRI RN Yisnauldans 2 tnaufainauniil

(4

- s, - ~ & ' a . .
Fhﬂ’nungaﬁmua:maummmmnmﬂuuﬂmﬂu ANITURHALNBY (Distortion current

D)

Idiszdlsz,ms_—lsz,l 2.34

2.7.2 avmas Idvhiainaw (Distortion Power ; D)

&
]

fdaats WAL AT IAnIsues s luiing 1eafnszugansluiindiuesly
Aaldiiadmas IS sslvnursoy ueaslddiuinssuaa Aaindinlinaldife

dszlominuszuuiWiiias

D

1.V . 2.35
2.7.3 A1 Root Mean Square

. ar g} hod A <4
i1 rms YoIRY QI WA TzRARADA MvanRanumasulWiAC Faiinas

Wasuwlaanalugesusaauan

Vrms =3 ‘Jl/l,zrms + V22,.'ms + V2

3,rms

3 o 2.36
2.7.4 anlasisuaanuiimiiznarsluinds3sr (Total Harmonic Distortion : THD)

’ = . ‘d. L S ] - o !‘: & o J A!l
#i1 THD fasifivenliiiguaaudygmlag uuiiieanufasullnnglaiu

€ed e e L a
Imifienatiyagm Faiudilduenammwiagadu

2V
THD, =122 x100

1,rms

2.37
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‘\ﬁ/:ms + ]/32m5 + V42rms +....
THD, =Y % : : 2.38

V.

1. rms

~ = P a ) Py Ry [ — =
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ann (Wnmailuiinggs)
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8 1 =] ‘3’ vt -3
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#1953 IEEE std.519-1992 Recommended practices and Requirements for

Harmonic control in Electrical system.

lumstmuatnosnmsuaduialudarmmua Smeamesmuailuinduos

o L g J
WN9IFMW IEEESH.519-1992 Temualiool fs

o ' [ o s o s v 4 e
Winanszusss Wwiindfudazdusuannnintmuadisnals  aniusuiesad
seuy i luinenped I/ I waz szauussaunlsluszuulni lasesdnasivainizus
a & [ - A e w o & o X
adlufindudazduauazlivuiaananliodnauredssds luindiAuduTotal  demand
. . = 5 o ' J ar
distortion (TDD) 18Inszuaen’wiinfrmnuasawiusumanasszuridihbunavsas

Iso/ I, uazszeuusdaunlfruluszuir Wi aaensen 2 694

Maximum Harmonic Cument Distortion in % of Fundamental
Harmonic Order { Odd Harmonics )
ISCAL h<1 Ti<h<17-} 17<h<23'} 23<h<35 35<h TDD
<20 4 2 1.5 0.6 03 5
20-50 7 35 25 1 05 8
50-100 10 45 4 1.5 0.7 12
100-1000 12 55 5 2 1 15
>1000 15 7 6 2.5 1.4 20
Even harmenics are limited to 25% of the harmonic Jimits above.

€3 o

ANVTWN 2-2 uaanSumansluingns

WMAFITNUINIIFINYDY IEEE std 519-1992

lagRoTILIIaY foud 120 Thae 1969 Alalaae



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 10D
<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 1.4 20

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

A159M 23 uaaatSaunman s luinafsnan mua I IUuYa T IEEE std 519-1992

lagResanfiussauiigania 69 Alalaae 161 Alaliaed

Maximum Harmonic Current Distortion in % of Fundamental

Harmonic Qrder (Odd Harmonics)

Iscil 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
>50 300 1.50 1.15 0.45 0.22 375

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

a159h 24 ussnRanasslulisafidanareauiaTigiuyas IEEE sid 519-1992

Tﬂaﬁmsmﬁuﬁﬁ’uﬁgon'h 161 Hlaliae

lagrimuald Isc fp draInszusdasarggaiideiulag (pee) lavausndmuam

18 nsunts

Isc

_ MVAscx1000
\/:;xkv

48
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land
MVAsc #a e1fnemain1ianaias (shotcircuitcapaci ) Hiansiasin (pec)
v 98 URORITWINEY

1, @a snszualwaafildinmaaiodieinizualnangigaudazidonls

say 12 oau

ATUUITFINSIOMIATBIDNTIFIRNNIANWAT (short circuit ratio) His13130
Smnldann I |, vosudazmoilan et iumsitiomiovnszuas Sufinduds:
fusuuazen Total Demand distortion (TDD) Musndfiashaunasglapsy TDD @ansn

L) . " J
mmm‘lﬂmﬂgm a9l

s 2.40
IO 5~ 00

A

lagh 7, fenszuganiluiiafudassunndmnasinisfasonusyanarsloiindey

WINIFIN IEEE std 519-1992 3xRIWI o9 1

< Te W by £a » s ! i ar @
ﬂ']‘lﬂuﬂﬂ"l'ﬂ']ﬂ@l’ﬂi}dllidﬂuﬂ”i‘ﬂlluﬂEﬁlﬂa:E]uﬂ]JIﬂ[l"ﬂ%ﬂUi:ﬂULliw)ﬂ'lﬂii]w‘iﬁ':ll'u

A .d' r: ar  as  as o &
wazlenaan Wiwuaweu IS luiing

2 2 - I S o A e [ [
AMUAAN Total Harmonics Distortiion 'UEHILl.ﬂﬂ'tﬂﬂU‘I!uﬂUS:ﬂlJuimu‘zlaﬁzun

AINTTIOUA
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Bus Voltage Individual voltage Total voltage

at PCC Distortion (%) Distortion (%)
Below 69 kV 3.0 50
69kV 69 kV 1.5 2.5
138 kV and above 1.0 1.5

t; o ’ . . " ar ! ar o o
AN 2-5 NMINMUeRN Total Harmonics Distortion ?Jﬂ\?lli\?ﬂuiﬂﬂ’ﬂuﬂ'l}ﬂ’lﬁ]"!ﬂﬂ

WIIAUTBITZUY

WV o

Famwwanginmanslufiadinernu Wialsaangsivuazanamnssu

2

ariawuangunasiaslufind fgiy Wi ssmsstiauszaaamas
ﬁ'ﬂﬁ'ﬂﬂﬂﬂmznﬁumsﬁuﬂymmL"‘Tiaﬁa‘lﬁmaﬁ:un'lwﬂﬂ s R anRe
wisthsznalng myiima™as ez msihdmnime $28195997n
Engineering . Recommendaticn  G.5/3-1976 Limits for _harmonics in the United

a8 r-} ol J
Kingdom Electricity Supply system, HIzinaaIngy ¥uauivaesi

1. e ludarimianginuR@mivanine watismIasissetinilafiag

ﬁm%’ugnﬁflrﬁﬂﬂﬁ’]ﬂszmnqﬁﬁauﬂ:qﬂa'mmw

.
= o

2. Lﬁaﬁmuﬂmmmﬂﬁ'ﬁﬂﬂwﬂmmmua:ﬂ%’uﬁgmwsnmiﬁﬁﬂmﬁf

Tutindnlaiil et arimue

3. L'ﬁalﬁ'ﬁuqﬂmm"lwﬁwﬂizLmtﬁhiLﬂmiuﬁuﬁ'l’ﬁ‘lﬂnmuqﬂmvmsw
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2.9 Bann1sBINIsES AT olszamings

Tuunanuiisezitszvulaseisdszamfisuuuunisunidrdaundy (Back
J = H . o ]
propagation) daillulasiinsuvy Multilayer Perceptron lanfiuuvsiasslaseinoioss

Yrzgmidmudaulpsnumiulessinsuumilumu 9

Input Layer 1st Hidden Layer 2nd Hidden Layer Qutput Layer

511 2-39 LEeINTSITax ara AT sUs s R MR HNLU UL AN g aRnaULLLI aRLaLID S

i v o Ao [ 1 o T A4 'Y

n3ud 2-39 lnssholsamdisaibanl Fadnnssulsans 3 7u Jadsznapeos
:‘; o J ] r o ) Lol 4 3 A
turasdunndsiiimasiszamag N Iwua (Swawsesnsqudygnudeya N drlueiagn

i g o = & & ] L=l ] ~ | L
paudym) deundusurastusauniaswmaln (Hidden Layer) Gv)sznnussinua
#199 lasiulnuaimanzauszldnannmaassmiwnlnueildmdansaag

1 d. ar +“v W -t .‘; A “” = 12 — I3 *
winfinserivlduasgarsfssursuarawadluunasauiiandudiasluiinddau
o A - Ada ° @ o A
fiz,3,5,7uaz 9 wiadwiue 9 fiaulalufiiiiog 5 Invadmiv 5 Sduanila
dnfuazusazlnuelutudginue lifmadeudenunmsiBeslosiuszihiamzssn et
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asHngaulasidie Mullayer  Perceptron  @38n1vuwidndaunay (Back
[ » W Qs » -9 Ad' r-9 ! Q’; ‘ﬂ' & ar
Propagation) Lﬂummwmaunam}aqmn@1wammnmu‘lwnmm@Tﬂ@mmaqmi AU
Lmsﬁg@aﬁﬁ’mamylﬁ I@ﬂéhmmﬂ’auné’umn'ﬁ’w,msfqﬂrhwﬁ'wﬁaumaﬂmauﬁa'ﬁ'uﬁuﬂﬂ
A o [ ' b ar & <& [ P £
tHaninsdsuaidiidinun 1mmﬂaumsﬂnaam:ﬂamsﬁwaamagam:aaum
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Amuald P iludwawgeanamuaiildlunfinseunisgadmiviinaan

(Training Set)

& a s H o oA 5 L o “ & Lo, A -
w = Jlusinmdanhnanigsulesssninruresfunanvrusessuteuo w9
Y119 M x N aaaut
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T 7]
o

_jﬂﬁ 2-40 UFAAILUAIN W L&V ﬁﬁ"nu‘ﬁauﬁuwn uanmn‘vgnasjwaz 5 lnua
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amiuangudialaunldlunisaanszunlasmhodssamiisunia finet) 619 9 HIuaad
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e a
a = pureclining a = logsiginy a = ransigin)
Linear Transter Function Log-Sigmoid Transter Function Tan-Sigmeid Transfer Function
-n
_ ] 1-¢
a(n)=n an) =——— a(n)=
-n -
1+e t+e "

.:{ as M s ' . »
Jin 2-41 fratraanainelan (Transfer Function) THubuEN

“ﬁnwnﬁmuﬂmﬁaﬁﬁumﬂIau'lﬁ%:uuuﬁvﬁagaﬁlﬁaautiﬂfﬂm\ﬂhUmm‘m

furmlvuavaitugenldanauns

net:;m :Z::] Wmnxpn +9:1 Iﬂﬂfi m=1,.., M 2.41

hpm=J1 (netﬁm) 242

Inualuzugandsunazld net inputsasmweyinniu

net ) =3l Vi B+ 65 243
0, = f(net,) 2.44
lagfi 1= 1, 2., L uaz@ i lukesmastuiarimmbasminisue

o s

Lmﬁvgﬂﬂ‘mnn'[nuﬂuﬁq sudahiunimanauuassanunaanRoufaIaad

+*»

(mean square error: MSE) szninssmasnaawinlsnnlassionusiednafidasns

a P P o ve
YBIUWMATUN p TIWITOAMUITA AR5}
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E, = 5 lL=](op1 - dp1)2 (2.45)

Tanfi o, 1lmaninfisasmiuss 4, iluariynfiuiasous: p - Radmusay
PPIMIRAUNILG 1,2,3,...p 1?%aumsﬂ%’ummqﬁwﬁfnuadu5&&uﬁ’i‘%msa§wmu’3§
#78N% L% Lavenberg-Marquardt Algorithm , Resilient Back Propagation , Conjugate
Gradient Husi Taslusnanuarivitlalsiuaenmsinmmahwinuszslonaade
333183 Lavenberg-Marquardt Algorithm WasrmiiusuasnmmiSsmdaiminuas

7 o oo el ad (¥ » . :‘ s 1 o
kY afditizimEmwanga TapivuaannalSusmoisiininuas i luLagaat

1
+Ax=x(old)~[JT'J+pIT e (2.46)

X(new) — *(old)

g =27 ‘e (2.47)

lonh x Hfe ernimin (w) wazsiluas (b)
- 4 = € X 9 ar & y e
J ~fa nlaliaunaing (Jacobisn matrix) VAID BRUD VI HANRTIN
(UARZFN) daf x (LARZAT)
T -
J fig - Transpose matrix Vo4 J

g fa  Gradient Factor

e fo wandvassRanaa (Emror) sewitsdanay (Target , 1) M

mnlassinplszmmiguswamle (Answer , @)
| =h) Identity matrix

n fa Mu factor %38 Learning factor
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[ ael ael ael
Ow | Owp, Owy
N S
niadouueindzas (w) J(w) = 6w2,l awz,z GWZ’M (2.48)
aeL aCL . aeL
_awL,l a“"L,z a""L,M ]
| Oe, |
abl
nimSowaednduase (o) 1b)= Ob, (2.49)
Oe A
-abLJ
o) ] -‘1“"1 L
A\ ZA. i b))%’
LUAINTFYBINTINANRIA M= > (2.50)

tL '—aL
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unn 3

ANS2aNNUVANTNARDY
3.1 iuﬁaumﬂa?uuﬁ'aagaqﬁ?lnaauua:qﬁnﬁaau
Inguvaslasenuil 'lﬁﬁ’lm'nﬁnﬁaa“Ja’uaaqﬂﬂnaautta:qﬂﬁaganﬂaau 10
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aauassln Single line diagram
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s NYY $x1-1/C 4000 50/mm
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SGNAL FROM (397) OF TRANSFORMER "U4” e
N R TN V=

} i ® - S(HW.

t

|

|

\ 3P.250041
Lo L = -~3 WK CROWND
FUALT PRETFCTION
3T y
T e HLEJFEH}@
33MDBT (FREE STANDING ON FEOOR)) T 0-2500/58
A8 I
IS0k V. N N S
AT 415/240 VAC 50Hz !
Cu_ BUSBAS J000A39-¢K 115/ 740V SO0 WTH 100% NETAALEAND 7% GROUND-BUS 10> =8

R A\CAR=NSR T 7= R S/

i o\ D o ) R ?)w%:@—;' : g S DRIISY/ A,
! | |
) j |
: 'I : 10x3x 1004,
t | : HRC FUSE
| | i
B O o A o
R — _ | — | =
3B 330812 COOLING TOWLR PAF’[ 336 SPART SPARE ]* ——————
CAPACIOR
10250 KVAR.

31 31 Single Line Diagram ¢Inaafl 33MDB1 FhanlHlummesas



FROM 33MDB1-201

W 9:3-1/C 400 SOmm.

<f—— N 31~ 1/C 400 SOmm,
™ CABLE TRAY W/COVER 1000:200mm.

—®-®—@
= ]
0- 50KV
J33DB1 1 (FREE STANDING ON FLOOR)) 3ect 8- o . r -
AL 8 16/ T -
| 0-1600/54

K 506
A 415/24 VAL S0M;

IC5>=50KA

Cu. HUSBARS 1600AJe #W 415/240VAC S0K7. WITH 100 H{UIHM AND 75% CROUND BUS

IR e I;%%} D )R I)P%Sﬁi? YRR ey )R sf‘%%e I)JP 2 JP%%%%‘

RECTFIER  RECTIER  RECTFER  RECTIFIER  RECTFIER - RECTFIER - RECTHIER R[CTIFI{R RECTFIER ~RECIFIER  RECTFIER —ACID FRLUING
ACID ADJUST MC/

311 3-2 Single_Line - Diagram 9nanfi 330811 Mikunldlunasnaass

FROM 33MDB1-202

Y

A — e gw@

33DB17 (FREE SIANDING ON FLOOR))

NL CB
€ 50mh

AT 215/240 VAC 50H;
ICo=HEMA

Cu. BUSBARS GO0A e AW 415/240vAC S04, WITH 100% n{mm HD 7% KROUN) S

30047 10041 1O0AT )
VP ) iow Pow P Pl )i )Wm‘

O O R T Sk i = 2 e e
)3?%%% 10041 luw \ mw vm»\ >y o TOORY 100AT >SPMA] A1
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{
|
i
|
i
|
4

e — - —

f
|
1
|
!
|
|
e T e s Y e e R B
—— L L. i L_J
POSIWE  POSWVE  NECAWMD - NEGAIME  NIGAIME  NEGATM  NEGATML  NEGMIME  NEGAIVE LG HOIST
OVEN NO 1 OVEN NO 7 OVEN NO 1 OVEN NO 2 OVEN NO 3 OVEN NO 4 OVEN NO 5 OVEN NO 6 OVEN NO 7 TOR NCGAIME

311 3-3 Single Line Diagram ¢lnanfi 330B12 fanldlumsnasas
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3197 34 Sub station i

31U 3-5 ie3asiianldlunisiadn
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s ldmafivdasgdaiudygimnssualy Sub Station 33MDB1 uarlerh

v o (3 A v o i L 2 = [ 4

N3 Sampling ATYYIUIIUIU ] gﬂﬂauﬁﬂ 128 /11 feas1an 3-1  aulasraniluiing
20NUNIUFEAILUAITIA 3-1 WU 70 y QR OHE las 65 qwmna}nﬂuﬂgﬂiagaﬂnaau

uss 5 'qwé'm:tﬂuq@iagamaau MAINTN 3-2

0 4.581878 32 641.4629 64 -9.16376 9% -641.483
1 412369 33 639.1719 65 -22.9094 o7 -839.172
2 135.1654 34 634.5901 66 -108.965 88 634,59
3 178.6932 35 618.5535 67 -155.784 99 616.263
4 208.4754 36 600.226 68 -180.984 100 £00.226
5 222.2211 37 588.7713 69 -226.803 101 -584.189
6 261.167 38 588.7712 TG -231.385 102 -581.898
7 288.6583 39 586.4803 I -264.294 103 -579.608
8 304.6949 40 5773166 12 -281.785 104 572735
9 3253133 41 561.28 3 -306.986 105 -565.862
10 332.1661 42 526.916 74 -332.166 106 -831.498
11 345.9318 43 510.8794 75 -359.677 107 -515.461
12 355.0855 44 460.4787 76 -378.00% 108 -471.933
13 366.5502 45 451.3149 7 -400.914 109 442154
14 394.0415 46 439 8803 78 -428.406 10 -435.278
15 416.9509 47 4192418 79 451315 111 -419.242
16 416.9509 28 400.9143 80 -474.224 112 -388.623
17 442 1512 49 3625868 81 -471.833 113 -382.587
18 483:3881 50 364.2503 82 -458.188 114 -366.55
19 481.0972 51 3459318 a3 -482.77 115 -350.514
20 487.97 52 329.8952 84 -484 843 116 -329.895
21 513.1703 53 311.5677 85 -515.461 17 -311.568
Al 533.7888 54 2032402 86 <515.461 18 -297.622
23 563.571 55 274 9127 87 -548.6825 118 -274.913
24 593.3531 56 235.9667 88 ~600.226 120 -233.676
25 630.0082 57 169.5265 89 -586.48 124 -192.439
28 639.1718 58 137.4563 90 -591.062 122 -162.657
27 625.4263 58 126.0016 81 -625.426 123 -153.493
28 6345901 60 105.3832 92 -630.008 124 -137.456
29 639.1719 61 1008013 93 -£41.463 125 123711
30 646.0447 62 B87.05568 94 643.754 126 -91.6376
3 643.7538 &3 36.65502 9% -643.754 127 -48.1067
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€00 4

400 F

200

D

200 h -] 17 25 33 A7 4g 57 SX 73 81_“‘ ?9 27 105 113 SZZ
I N\ /
-600 - T ‘\‘\_,4-’
-800
ome
gﬂﬁ 3-8 uenagUadudynioasmiald
-r_mﬁ order 2 order 3 order 5 order 7 order 9 =~
1.925 23126 28.17969 9.639063 1.039063
2 2139063 2.684375 25.21875 8.740625 1.784375
3 2.464063 2.390625 30.0375 14.78281 0.78125
4 0.856186 1.795847 15.26958 5,193447 1.631858
5 2.613503 1.53105 9.085614 4.441813 0.994881
6 3.159375 2.107813 18.53438 0.81875 2.195313
7 2432813 3.33125 19.46406 4.95625 2:875
8 1.873438 0.859375 19.09688 3.95625 143125
9 2.125 1.89375 23.47656 4.99375 1.434375
10 2339063 2.457813 20.71406 1.58125 1.578125
11 1.779688 6.78125 28.11094 6.523438 2.2625
12 2207813 7.092188 28.3375 8.042188 3.140625
13 1.654688 7.878125 27.48906 10.09531 1.259375
14 4.3875 B8.228125 31.70625 7.896875 1.709375
15 1.85 6.821875 27.08594 6.639063 1496875
16 4.701563 7.745625 26.01875 8.415625 1.507813
17 1.904688 6.384375 33.275 9.432813 0.95
18 1.875 4. 973438 33.34531 10.1125 2.657813
19 2 589063 4.439063 28.46094 12.30781 1.4875
20 0.653125 5.515625 34.33281 12.43906 0.65625
21 3.221875 4.659375 34.05313 12.33906 1.64375
22 3.901563 4.378125 33.25 15.62969 1278125
23 2.465625 9.664063 35.48438 18.95469 2.498438
24 3.159375 8.232813 36.04375 19.99063 1.5
25 4.964063 7090625 36.28125 1651719 2.257813
26 1.985938 6.834375 41,19688 15.06406 1.773438
27 1.79375 4303125 38.38125 17.71406 2.773438
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28 3.982813 6.654688 38.42813 18.21406 2.079688
29 2.714063 7.375 37.78594 19.41094 1.629688
30 0.526563 6.28125 38.56563 21.71875 1.139063
31 22375 5.525 43.71094 21.73438 2.509375
32 324375 5.467188 40.86875 21.99844 2.109375
33 2720313 6.73125 4292344 21.90156 1151563
34 3.626563 5.379688 42.32031 22.29063 3.379688
35 2615625 5.50625 42.74844 24.24063 1.148438
36 2.90625 5.632813 42.30781 2512031 1.839063
37 3595313 5029688 42.62344 25.29688 2.3125
38 2801563 4532813 4347344 23.91875 1.534375
39 350625 6.489063 39.80625 25.00625 1.223438
40 0.362813 42 37.26563 24.42813 2.001563
41 0.565625 4.940625 37.73125 2524844 12125
42 0.362813 4176563 37.875 25.34063 1.804688
43 0.951563 3.448438 3958438 2331094 1.364063
4 1895313 2725 40.79219 26.82188 2457613
45 1.623438 4.482813 415375 24 17034 1.698438
46 0.5125 5.045313 3985625 26.83906 1.270313
47 1.025 49 37.00938 24.67344 164375 |
48 2720313 365 3956084 | 2513281 1260938
49 23 7.532813 37.18906 23.41719 2248438
50 0.5125 5045313 3085625 26.88906 1.270313
51 1.953125 7128125 36.10625 24.95938 2.334375
52 0.369063 4.385038 38.90781 24.07031 0.526563
53 4.482813 2.152188 3831719 26.38438 3.208125
54 0.878126 4:95625 38,675 22,4875 1.314063
55 0,398438 5.690625 39,3844 2350313 0.452813
56 3.04375 3.265625 41.60938 2204375 2.776563
57 0.210938 1.995313 41.325 2531719 2.689063
58 2.982813 8465625 37.99219 24,9875 3.326563
59 14375 4532813 39.87344 1814531 1.64375
60 2.459875 275 38.01406 18.46094 435626
61 2.714063 3.4289 39.0397 18.09688 1.723438
62 1.321875 4767188 40.26406 1429531 0714063
63 435 494375 5541719 3453125 4.221875
64 3.535938 3.108125 60.21406 3264219 4.16875
65 3.901563 5.728125 5856406 41.00469 3.140625
66 1945313 2.798438 40.79688 26861719 2.410938
7 1.796875 4.920313 33.37969 10.14375 2717188
68 1920313 0.892188 18,1375 3.935938 1.067188
69 1.767188 7.6875 26.07656 8.489063 1.585938
70 363125 4.98125 4264219 2530313 2.354688
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3.2 Mswilassaereslasstnmiszamines

» ) » = A Qs = d =
mimmsslufinglaslsleninlszamisveldfyaronfissniin wie
' o ar ": : o ’ b = .
84 drlumssmwan asuuluminasesit Swud lnput vaslasiaide 64 61 uas
duau Output  AasswInanauasludnaninauls sulaunasluiing ausun

23579 wia 5 Output Wil

k3 » N
3.2.1 neannswIanIwoalan (Transfer Function)

+ 3 A o P & ar U -
nindoyaganaounaz ganadsuminnaasuilaoufaddusioTeurion

Tnssadrimmnzauos nauRsnaialeoligaiinansnaassnuiaad luaisai 3-2

Transfer Furiction HlEwln3sthe :“:m‘[m;ﬂ #7 percentage error pERE RG]
nanRaluTH
Hidden Layer| Output Layer gan | min(%) | mean(%) max(%)
0.2450 1.2838 2.2006
purelin purelin 5
0.4471 1.5913 22793
logsig purelin 5 :
0.0144 2.2301 2.8966
tansig purelin 5
0.0127 17.9218 74.4450
purelin logsig 5
1.1776 20.5328 74.4451
logsig legsig 5
. 0.5085 20.0082 74.4450
tansig logsig 5
00144 1.3390 2.9818
purelin tansig 5
. 0.6503 1.6977 3.0887
logsig tansig 5
) 0.5046 1.4994 2.7351
tansig tansig 5

z!' 1 P ] ]
3N 3-3 uaasnanisnaassmuiouRensuoisTouves Insevedssamifon
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a Sar 1 9 o v < P PRV
ninamsnaasanlasuiainguasTouldnugainssvio swzmuldndnduso

o o o LA ) »
Tounuw purelin  InFugounaz purelin  IuFuommnldaanuianainvesgainssiw

vouhgn
3.2.2 snaanmrismanlnnainlasvadslasstrotdszamnes
P AW v o ° P P o ar @
nnWanTutiolaun la mmswmmu'[nuﬂnmm:au*nqﬂmmufﬂnm‘n Tap

EsymImasastiuiwInIinuatazlvue im'lé'fhmmﬂﬂwmﬂﬂ'aﬂﬁqﬂ AINRAIln

N 3-3

% Emor
Fuulvua % 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 2.9836 4.2869
5 0.1126 1.2312 3.1952
6 0.0938 1.2280 3.1954
7 0.1135 1.2145 3.2042
8 0.2209 1.2199 3.2192
9 0.2109 1.2634 3.2429
10 0.0351 12017 3.1963
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N 36 a‘hmuiv.uﬂﬁmm:auﬁqmaﬂﬂsm{w fa 5 lnua  amnlan
9
° i 3 ! ¥ z r et ] ’ t‘: =
Funlrnuanuinns 5 nuadulien % Emor unlaidanuiynIng twmzazuuiudsn

P N x ° . o °
Smaulnuaivnnit 5 lnuaduly azvldlassisdssamiioslsiialunsdman

X ' .
VINVURAHAVDS % Error unuaz liaaadias

3.3 v'hm‘maamtﬂ%‘umﬁsmn'rsﬁ’w'mﬂaazgafﬂﬂi'lﬂﬂi:mmﬁauﬁmﬂ?aoﬁa%’a

[ [ % R = [
3.31 zgaﬁagaﬂnaauuazqavay_anﬁaanmmn Sub station LAHINRK

order 2
7R tFaain 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 4
79 \e5D13R FFT Neural
2.798438 2.798438 2.7696
2 4.920313 4.920313 5.018
3 0.892188 || 0.892188 |  0.8992
4 7.6875 7.6875 7.7608
5 498125 498125 5.0739
order 5
.0} winsia FFT Neyral
1 40.79688 40.79688 40.7446
2 33.37969 33.37569 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
1 26.81719 26.81719 26.9989
2 10.14375 10.14375 10.2926
3 3.935938 3.935938 4.0838
4 8.489063 8489063 B.5574
5 26.30313 25.30313 25.4831




order 9
7R i3asin FFT Neural
1 2410938 2.410938 2.4373
2 2.717188 2717188 2.6366
3 1.067188 | 1.067188 1.407
4 1.585938 1.585938 1.4854
5 2.354688 2.354688 2.2918

] P v -t o EIr
A5 1WN 3-5 uﬂ'ﬂ\'in’]?llﬁﬁﬁlﬂi‘fﬂ”aﬂaﬂ‘[ﬂﬁﬂﬂqUﬂi:mﬂlﬂﬂuﬂl}lﬂﬁaﬂuaqa

3.3.2 gadayalnaaNUATIATaRANANELN110 Sub station Anaz Sub

mﬂLﬁuqﬂﬂnaauﬁuqﬂﬂﬂﬁam:mmn Sub’station LABIRK LWAIAINIMARDI
AN v, o o v i a | a A A
u“lﬂmmﬂﬂaamqmmaan lavhanlaanns Sampling 28980 Sub wiladia 31MDB1
nifnaseuit lastdwilzanmdisuingansainaidygratdlusunesatues:
A € o v A . s A Eas as o -
ailufindnananulenda bl landidadluindauaud 19 aaugasluanseh 35

Tai order 2 order 3 order 5 order7 order 9
1 3628125 |1, 9720688 | | 3802188 | | 27.61719.| | 134734
2 10.58281 41875 || 3736406 |~ 2350156 21.8375
3 0.508438 486875 | 4234688 | - 2545038 | 3256004
4 7.484375 228125 ||| 3835313 | /2916875 | 28.86719
5 3.85625 3325 | 4417188\| 2314688 23.31563

A5 IIN 3-6 qﬂmaaulmj 5 e laan 31MDB1




wl
oo\ 7T

o % o ;éﬁnm
E 0 T m-rrn'rrrrrm 33MDB
° oo | O 17 25 33 41 49 57 6\73 81 89 97 105 13 12/ | 3BMDB
600
'
-800 =

31]?; 3-10 nyluseaspuieUzlaRus Mg 31MDB1RL 33MDB1

Lﬁa‘ﬁm’mﬂﬁuu'qﬂmaamﬂﬁwamﬂﬂmammﬂ‘%umﬁﬂuﬁnm‘%aﬁm 2anN
@I61519N 3-6

order 2
$ 1 I8 FFT Neural
3.6281 3.6281 1.7769
2 105828 10.5828 2.0979
3 0.5984 0.5984 1.8832
4 74844 7.4844 1.9208
5 3.8563 3.8563 1.9234
order 3
L \Saeia FFT Neural
1 9.7297 9.7297 7.0402
2 41875 41875 4.9390
3 0 4.8688 04,8688 6.3445
4 22813 2.2813 6.0983
5 3.3250 3.3250 6.0818
order 5
70 wiieata FFT Neural
38.0219 38.0219 23.8498
2 37.3641 37.3641 34,1327
3 42.3469 42.3469 272546
4 38.3531 38.3531 28.4592
5 44.1719 44.1719 28.53%9




order 7
" wIeen FFT Neural
27.6172 27.6172 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
70 wseale FFT Neural
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

P o v o a AL A
A1919n 3-7 uﬁﬂﬂfﬂilﬁﬂﬂlﬂ HUHKY a\ﬂﬂiﬁ'ﬂjﬂﬂizmﬂlﬂ HanuUlaIoIdala
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NRTaININaRaInLiIeantiy 2 &34 A

1. mamlanadiimnzausssgalasmipyzamifion
2. maBsuiiisussrasndensvaailuindalassnaiuiaissiiada

v ' -t
4.1 ﬂ"l?“’lrﬁ‘iﬂ A0 NINITdND El\?i!ﬂfﬂﬁ'ﬂﬂ'lﬂﬂ?&’ﬂ'l" N8y

d' [ 4 » 3 = o 3 = :5

iasnlassanvaslasaisusaniu 6w Input 6461 wIaaTieuwas
gﬂﬂ‘ﬁ'ué'tgnunmﬁ'lﬁmnms sampling 37128 §1 WAY 37U Output 5 ¢ MI08UALDEY
avludindnunanlonide 235,79

FIBUINHANTINAR ANTTISAULAI6T Transfer  function ﬁmm:auﬁqﬂﬁa

o o ’ r : v 2 ; W =

Hendumolowiypurclin_ Tugusrannaz purelin: 131 Oupur. MManmAaRmIAT YA
Tnssnotioonan laodnaduued percentage error atifi 1.2838 %

S Ivuanmnzauny Ies @wfe 5 Inuamsigsnmulnuanainnin s aua
J 3 E4 N o » » 5 : o P ]
AulUAT % Error wklldanuvia ng ivizaznuniitieniwninuaniuinnir-5 nues
! o Iy = L o ! )
auly sz lilnsetodssamifinulfaslumss i nanniuud nava % Eror UNLE

liaaasay

30
2 [
‘9'_ 20 —k \ G o’
w 15 s =" —— % Emor
s 10 \ L~——T
5 +— ——: e -]
0 T T i T : v | A— T T
1 2 3 4 5 6 7 8 9 10
nuius

3UN 4-1 niuEsaEIRUTIzR I nInuause % Error
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_ F-9 a ar A' r- | - ¥4
4.2 msulTauifisuranaInsImITIzialas luiindoaclasedignuiasasiioda

ﬁwﬁ'aa‘a'a’?lﬂaauuazqﬁﬁ'm&anaaaumam Sub station L@8I0W
9

order 2
1% 3097n FFT Neural % Error
1 1.945313 1.845313 3.883 22054
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
79 iideein FFT Neuvral % Error
2.798438 2.798438 2.7696 1.0309
2 4920313 4.920313 5.018 1.9845
3 0.892188 0.892188 0.8992 0.7832
4 7.6875 7.6875 7.7608 0.9536
5 4.98125 498325 5.0739 1.8595
order 5
9 lﬂ%’m'?ﬂ FFT Neural % Ermor
40.79688 | 40.79688 | 40,7446 0.1282
2 33.37969 | 33.37969 | 33.3184 01837
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 01411
order 7
19 widagla FFT Neural % Ervor
26.81719 26.81719 26.9289 0.6774
2 10.14375 10.14375 10.2926 14669
3 3.935938 3.935938 4.0838 2.7564
4 8.489063 8.485063 8.5574 0.8049
5 25.30313 25.30313 25.4831 07112
order 9
79 \i3eadn FFT Neural % Ervor
1 2.410938 2.410938 2.4373 1.0918
2 2.717188 2.717188 2.6366 1.9641
3 1.067188 1.067188 1.107 2.7283
4 1.585938 1.585938 1.4854 0.0346
5 2.354688 2.354688 2.2018 1.6717
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Aansalain 3 % lunsasaatadnmifdanumei lumnlszaansy GRMGHERL
G’fwtﬁaqmnmsmmﬂﬁﬂﬁumﬂuﬁnéﬁan%%i‘fa:lfﬁryzy'lmﬁma‘%omu'lumi
tznanaiemangiauoilufindluudazgnadudgan sussfinruminzaudons
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tgafagaﬂnaauua:qm’faganaaaummn Sub station Anaz Sub

order 2
79 wdsain FFT Neura % 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
0 3avin FET Neural | % Error
1 9.7297 9.7297 7.0402 27.6416
2 4.1875 41875 49390 17.9453
3 04,8688 0.4 8688 6.3445 30.3101
4 2.2813 2.2813 6.0983 167.3234
5 3.3250 3.3250 6.0818 829124
order 5
¢ \5897e 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 iG8ia FFT Neural % Error
1 27.6172 27.6172 25.5075 7.6391
2 23.5016 23.5016 17.1787 26.9039
3 25.4594 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 1930030 FFT Neural _|.«% Error
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 41.8264

a3 4-2 ugaamsiSowmisussvaslantodszamfinuniueiasate
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Code Neural Network For MATLAB

clear all;

DATA=[};

tr = 65,

ts = 5;

stir = 14;

sitr1 = sitr;

str2 = sttr+1;

stir3 = stir+2;

entr = sitr+r-1;

sits = 66;

ents = stis+is-1;

sttst = tr+t;

ents1 = sttst+is-1;

stnode = 1;

noderange = 1;

structure = 5;

roundperstructure = 5;

INPUT1 = DATA(sttrentr , 2:65);
OUTPUT1 = DATA(sltir:enir, 66:70);
INPUT2 = DATA(sttsients ., 2:65);
OUTPUT2 = DATA(slts:ents , 66:70);
INPUT = [ INPUT1 ; INPUTZ];
OUTPUT = | OUTPUT1 ; QUTPUTZ];
OUT = QUTPUT;
{pn,meanp,stdp,tn,meant,stdif = prestd(iNPUT , OUTPUT');
iitr = [stir1:3:entr str2:3:entr sttr3:3:entr);
%iiv = [ sttr3:3:entr];

ptr = pn{.,iitr);

ttr = tn(.,iitr);

Br = OUT(.,iitr);

%pv = pn(.,iiv);

%tv = tn(,iiv);

%Bv = OUT(.,iiv);

pts = pn{;,sits1:ents1);

s = tn(;,stts1:ents1);

Bs = QUT(; slts1: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’}, trainlm’);
net.trainParam.show=50;
net.trainParam.epochs=1000;
%net trainParam.goal =0.01;
nettrainParam.max_fail=inf;
for q = 1: roundperstruciure
[i.j} = size(ptr);
%netiw{t,1} = 0.5"ones(w,i);
%net.lw{2,1} = 0.5"ones(u,w);
%net.w{3,2} = 0.5%ones(2,u);
%net.b{1} = 0.5*cnes(w,1);
%net.b{2} = 0.5"cnes(u,1);
%net.b{3} = 0.5"ones(2,1);
%net.layers{1}.initFcn = ‘initwb’;
Y%net.inputWeights{1,1}.initFen = 'rands’;
-%net.biases{1}.initFcn = "rands’;
%net.layers{2}.initFcn = ‘initwb’;
Y%net.layerWeights{2,1}.initFen = "rands’;
%net.biases{2}.initFcn = "rands”;
%net.layers{3}.initFca = 'initwb";
%net layerWeights{3,2}.initFcn = ‘rands”;
%net.biases{3}.initFcn = 'rands”;
net = init(net);
[net.tr] = train{net,pte,tir,[ 1 1v);
Sn = sim(net,ptr); '
S = poststd(Sn,meant,stdt);
SSn = sim{net,pts);
S8 = poststd(SSn,meant,stdt);
CC1=[Br- 8}
EE1 = abs(CC1});
for aa1=1:length {S)
GG1(aal) = abs(100*[EE1(1,aa1)/Br{1,aa1)});
GG12(aa1) = abs(100*[EE1{2,aa1)/Br(2,aal)]);
GG13{aal) = abs(100*[EE1(3,aa1)/Br(3,2a1)});



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

end

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

CC2 = [Bs - SS};

EE2 = abs(CC2);

for aa2=1:length (SS)
GG2(aa2) = abs(100"[EE2{1,aa2)/Bs(1,aa2)));
GGM22(aa2) = abs(100°[EE2(2,2a2)/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*[Ngq22/ts};

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

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

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

Rgd{q,n) = mean{GGM24);

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

%SME=sum mean efror

%SME(q,n)=mean(GG2 GGM22 GGM23 GGM 24 GGM25)

ifq==
ql=1;
nir=§;
nl = SS;



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{q.n)

z1t = Rg(q,n)

zr3 = Rrg3(q,n)

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

z14 = Rg4(q,n)
zr5 = Rrgb{q,n)

z15 = Rg5{q,n)

else
if Rgb{(g,n} < min(Rg6(1:g-1,n})
qll = q;
nr=8;
nl = 8§;
x1 = netiw{1,1},x2.= net.w{2,1}:%x3 = net.iw{3,2};
y1 = net.b{1};y2 = net.b{2};%y3 = net.b{3};
zr = Rr(q,n)
z1 = R(g,n)
zri = Rrg(q,n)
211 = Rg(q,n)
zr3 = Rrg3(q,n)

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

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

z15 = Rg5(q,n)



end

end

end

%nilr(:,n) = nir;

%n1l{:,n) = nl;

CCC1 = [Br - nl);

%Nqgqq22 = 0;

EEE1 = abs(CCC1);

for aaatl=1length (nlk)

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

end
R¥ir(n) = mean(GGG1);
Rirg(n) = mean(GGG12);
Rirg3(n) = mean(GGG13);
Rirg4(n) = mean(GGG14);
Rirg5(n} = mean(GGG15);

CCC2 = [Bs - nlJ;

EEE2 = 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)]);
GGGM23(aaa?) = abs(100*[EEE2(3,aaa2)/Bs(3,aaa2)]);
GGGM24(aaa?) = abs(100*[EEE2(4,aaa2)/Bs(4,aaa2)));

GGGM25(aaa?) = abs(100"[EEEZ(5,aaa2)/Bs(5,aaa2)});

end
%GGGMEZ22 = 100*[Nggq22/ts];
RI{n) = mean(GGG2);
RiZ2{n) = mean(GGGM22);



RI3(n) = mean(GGGM23);

RU4(n}=mean{GGGM24)

RI5{n)=mean{GGGM25)

RI&(n)=Ri4(n)}+RIS(n}+ RN+ RI2(n)}+RI3({n)

RI7(n)=RI6(n)/5

%RIg6(n) =((RI(n)+(Rig(n))+(Rig3(n))+(Rig4(n))+ (Rig5(n))ys

%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 = zr1;
z11_best = z11;
zr3 best = 213,
213 _best = z13;
zr4_best = zr4,;
z14_best = z14;
zr5 _best = zr5;
z15_best = z15;

eise
if RI7(n) < min(RI7(1:n-1))
n_best=w;
x1_best = x1 ;x2_best =x2 ;%x3_best = x3 ;
yi_best = yi ;y2_best = y2 ;%y3 best=y3;
zr_best = zr;
z1_best = z1;
zrl_best = zr1;
z11_best = z11;
zr3_best = zr3;
z13_best = z13;
zr4_best = zr4;
z14_best = z14;

zr5_best = zr5;



Z15_best = z15;

end
zr_best=2zr
zr1_best = zr1
zr3_best = 2r3
zrd_best = zr4

zr5_best = z2rb

z1_best=z1

z11_best = z11
z13_best = z13
z14 _best =z14
z15_best = z15

end
mape_x(n) = zr
mape_rg(n) = zrt
mape_rg3(n) = zr3
mape_rg4(n) = zr4
mape_rg5(n) = zrd

mape_s(n) = 21
mape_sg(n) = z11
mape_sg3{n) = z13
mape_sg4(n) = z14
mape_sg5({n) = z15

Timetaken(n) = etime(clock,start)/60
end
net=newff{minmax{pfr),[n_best,5},{purelin’,'purefin},'trainim’);
netiw{1,1} = x1_best; net.w{2,1} = x2_best; %net.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);

SSn = sim{net,pts);

SS = poststd{SSn,meant,stdt);

M = [Br; S];

Cti=[Br-Sj

E1 = abs(C1);

F1 =8Br;

for a1=1:tength (E1)
G1i{a1) = abs(100'[E1(1,a1)/F1(1,a1)}});
G12(a1) = abs(100*[E1(2,21)/F1{2,a1)]);
G13(at) = abs{100*[E1(3,a1)F1(3,an)]);
G14(at) = abs(100*[E1(4,a1)}F1{4.a1)]);

G15{(a1) = abs(100*[E1(5,21)/F1(5,a1)]);

end

H = sum(C1.#2);

N = [Bs ; S8];

C2 = [Bs - SS};

E2 = abs(C2);

F2 = Bs;

G2 = abs(100*[E2./F2]);

%GME22 = 100*[Ng22its);
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 = mean(G14)



meang5 = mean(G15)

max1 = max(G1)

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

compare2 = N
percenterror2 = G2
minZ = min(G2)
%ming2 = min(G22)

mean2 = mean(G2)

%meang? = 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
MeanAbsoluteErrorTest = [mape_s;mape sg;mape_sg3;mape_sgd.mape._sg5}

MeanAbsoluteErrorTrain = mape_r
mape_rg

mape_rg3

mape_tg

mape_rg



Code FFT For MATLAB

clear all;

y=[ Data J;

b=abs(fft(y));
¢=[b(3);b(4);b(6);b(8);b(10)]
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SETTING UP AND USING
THE ELITEpro™ and DATApro™ LOGGERS

Introduction

The ELITEpro and DATApro instruments are interval data recorders that can be used to
measure and record a wide variety of physical parameters (volts, watts, temperature, 4-20 mA and
more). Despite their small size and relatively low-cost, these instruments are very sophisticated,
accurate and versatile.

The measurements are stored in on-board memory in a time series format, or time bins, at an
interval selected by the user. The time bins can be as short as every 3 seconds or as long as every
24 hours. Regardless of the storage interval selected,.the logger is sampling its sensors every three
seconds when on extemnal power from.th€ included-walltransformer or every minute when using its
intemnal battery. These readings are” thefi used to determine the average (or maximum or minimum)
value that is stored in each time bin

The Loggers require a comptiter (PC)-and-special 'software (ELOG) for initial setup and later data
retrieval and analysis. To uSe the ELOG-software it mustfirstbe installed on your computer. Do this
by putting the CD intg'the appropriate drive (or Disk{1 if using floppies). The CD.is auto-loading so
simply follow the directions on.the screen.

When the ELOG software is run; the MAIN. MENU will appearwhich.¢onsists.of one line of standard
Windows menus sfructaresiand -a-lower line of "hof. buttons" that ‘'can] access many of the most
commonly used software functions with just ©ne click of the mouse.

t2 ELOG 2004
£l Yiel?  Logg

MAIN MENU

Step 1: Communicating with the-k.ogger — Direct Serial Connegtion

Since the ELITEpwo, ahd DATApro:Loggers=have \no . direct user interfade’ on them, all
communication must happen. through-a PC using-eitherthe sefial port on dhie logger or through the
internal modem, if equipped.” If desired\a USB" poitién your PC mayoalso be used. See the
Application Notes for a desesiption:

If equipped with a modem, seethessectiomRemete, Communidation Via Telephone at the end of this
chapter for more details on using Mmedéms.

If communication is over an Ethemet LAN, Seesthe.sectionCommunication Via Local Area Network
(Ethemnet) also at the end of this chapter.

To make a direct connection from the PC to the logger, use the supplied null modem cable to
connect from the logger's serial port (a
DB-9 connector) to the serial port on the | TECH TIP: Most communication problems are a result
PC. If necessary, use a 9 to 25 pin | of ELOG trying to communicate with the logger at the
adapter on the PC. wrong speed or from the wrong computer port Use
Jools, PC Setup to change these values.
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Start the ELOG software and select Tools; PC Setup... from the menu. A screen similar to the one
below will appear:

ElogPCSetup = 1 i i = ]

DataFiles Saved Tor [C\PROGREM FILES\DENT ELDGDATA

Brovese l
Setup Files Saved To: gc SPROGRAM FILESCDENTAELOGASETYU  Browse.

Logget Files Saved To: |CAPROGRAM FILES\DENTYELOGLLOGR smwse.,_l
¥

{

t

- Diect Connect — - - plodem Conneet —=—-——omam sl
¢ Modem Selection :

1 Porit Bau j
e <] 5 =l JHicnz

5 5 “§ - {
-"I—r————A E 5, s i ANV IS S S . > i

e e gl T

a

=J
(o2
2
Q

“Sopk Chandes -} ey 0

In the lower left-hand box, Direct-Connect; configure the computer serial connection. Verify that the
com port correspondingio where the serial cable is connected on the PCis selected¢COM 1, 2, 3 or
4) and that the baud rate is set 1o that of the-dogger (1200, 2400,.4800, 9600, 14400,.19200, 28800
or 57600).
The default baud rate-for the loggers is 57,600 “ELOG does LECALAL 3 ichly s?t Ty

have an automatic baud search feature,-which/it will useif the {-PC by elicking ‘on. thef’fﬁj PC
first connection attemptdoes not sticceed. Setup button onthe screen.

After configuring the RC lise Logger; Communication; Direct Connect (Null Modem Cable) to
connect the PC to the logger,

A connect message similar to the one-below will @appear on the Botiom of-the screen:

Logges Type: FLITER
1D TESTIALA00.085

Resdy

Use Logger; Connection; Terminate Connection TECH TIP: To quickly connect, use the ++
to end the communication with the logger. Direct Connect hot button on the screen

and use the ¥* Disconnect hot button to
disconnect from the logger.
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Step 2: Setting Up The Logger For A Metering Session

“Setup Table” is the name given to the file that is used to configure the Logger for a monitoring
session. The ELITEpro and DATApro Loggers are very flexible meters that can monitor a wide
variety of parameters using a large number of different sensors {DATApros} and over a wide range
of currents, voltages and service types ELITEpro}. A meter that is this flexible must be "told” how
the operator wants it to be used, what it is to record, and at what intervals. The file that contains this
information is called a Setup Table.

Setup Tables are created on the PC and then stored on the hard disk (or floppy disk) with a .sut file
name extension. From there they may be stored in the Logger immediately or at a later time (but
prior to beginning the monitoring
session). Once created, a Setup Table | TECH TIP: 1t js usually best to communicate at the
may be stored on the PC hard disk and | pighest baud rate possible. For a direct or network
sent into any number of loggers. Setup | coppectionthat-is.57 600 baud. If the logger is not
Tables may also be retrieved from.a~L ayeady sef fo 57600 use the menu item Logger;
Logger, modified if desired, saved.of | [ ogger Baud Rate... to-change the logger to 57 600,
resent to the logger. Youwill then'be prompted to'update the PC baud rate
Tables are accessed throdgh the File;-} -Communication Speedfs 14400 baud.

New or File; Qpen commands
respectively. To access a Setup Tablejin a logger, first conneci'the PC tothe logger as described
above and then use the menu command Logger; Retrieve L.ogger Setup Table to'view, edit, save
to disk or resend to the logger after modifying: ‘

When using File; New or File; Open the first window asks what kind of file yourwant to open or

— —

create. Choose Setup Tabie File -then OK.

Creating a New  Sétup Table: The ELOG  sofiware works With-a vanely  of DENT  Instruments
products (including ELITEproe and DATApro Loggers). \\When creating 2 hew Setup Table, the
software first asks for What-device)' f the logger type you. wish.to configure-is not shown in the
window, use the armow key to.open the drap-down box and selectthe cofrect loggeftype. If you are
currently connected to-a logger; the seftware will assume that you wantto create a-Setup Table for
that device and will net.prompt.you.-for a logger type. Seleeting New will: bring a-Setup Table with
default parameters as described below.

B 5Tablel 3

B
Sendin | 4, °

3

S &9 (=i Qpening an” EXiSting Setup
- v\ [ Table: Afer/clicking on File;

2Hnck 'P‘lﬂxxﬂ’

i ; {
} ] D U5 >~ 51 Open afid selécting Setup Table
Seiw il g & :;SL’T""-'*-"'E‘" =N/ 7 File, @foldérvindow will appear
ey Typs ¥ ) . S, - : i
e SUSS NN “""“ ; . ¥ from:whiCh#you may navigate to
; ET Wy, W L e ey YRR -
Ry e R Sy, <l 102 i find the,Setup Table you desire.
L e R :;,;Eﬁm;,{aj{.mmuw;}!5mr,,;dec; e ~—r~'¢;;‘—-.:-;‘-- The-default folder is set from the
e e F s e, 9] 00lS; PC Setup menu.
§ ST O ipmeday LN ; Stondard Mero:; CEBRSIZE B 0pe 15 32 Heosarr i — —
s e J, wipsiomey enn T bmeibisnes. | The Setup Table consists of two
= e ! "pages" that are accessed by
: Shi & Wil f clicking on the oBnck| or Nexts.
L€ e ! buttons located in the "hot button”
i Pttt -y - line at the top of the screen or by
-+ PR . using Ctrl + Page Up or Ctd +
i - Page Down.




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
Saye As buttons.

Setup Table Device Type: This shows what type of Logger for which the table was configured
(ELITEpro, DATApro 1T/3P, efc)). 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/os Minimum) values are being recorded-the-highest (and/or fowest) of
those 600 readings will also be saved.

The default integration period 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 legger 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 cantinuous 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 long term metering projecis.

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 bution 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 shouid be entered as 14:30.

CALCULATED DAYS UNTIL MEMORY EXHAUSTED

ELOG provides a convenient feature that caiculates 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 theCalculated Days Until Memory Exhausted is updated. This
allows the operator to know in advance how long the memory will last.

Select ¥eX* with your mouse or use the Page Down key to go to the next screen.
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Page 2, CHANNEL SETUP: The ELITEpro and DATApro Loggers have four configurable
hardware channels corresponding to the current transformers {ELITEpro} or other sensors
{DATApro}. The second page is different for the two kinds of loggers and described separately
below.

ELITEpro CHANNEL SETUP: Any combination of volts (V), amps (A), power (kW), volt-
amps (kVA), volt-amps-reactive (kVAR), and power factor can be recorded for each power channel.
See the specific sections of CONNECTING SENSORS AND CONFIGURING CHANNELS: Power
Measurements for how to properly configure the Setup Table for single-phase, 3-phase 3-wire, 3
phase 4-wire services.

Click on the =i by each channel and then click Power to tum on each channel as desired. These
channels refer to the current transformer inputs {ELITEpro} or sensor inputs {DATApro}. It is usually
helpful to click on the maximize button in the upper right hand comer of the Setup Table window.

¢Back | Nexts

F T AW 2
14 P

Ty . PR e g
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Configuring a Power Channet
When configuring the.powet channel, the following.oplions’can be set:

Name: (Optionai) Name the channel'so it best describes the location or itertbeing monitored,
such as “Water Heater'-or ‘Pump'L 1 Phase" (20«characters maximun).

VHi:  High-side voliage.-This'is the. bigh”.valiage \thatwill- be measured with respect to the
reference “low” voltage! (ViLo)~ Choicesare: L 1 k2, L3/ Neutral,

VLo: Lowsside. voltage; reference, for AG voltage. Choices are/ L1, L2, L3 Neutral.

PT: Patential Transformen tums ratio. -This-is-tsed when a step-down. transformer is
needed to measure AC voltages greater than B00V.. Thevdefault is 1.000. See
Monitoring Voltages Greater Than/600V.for use of'this parameter.

CT:  The primary currentrating. of the currént transformer “The défault is 100 amps. The
value\to be"used is printed on.the CT

Volts, Amps, KW, KVA, PF,-and KVAR® | To record any orall of these values, fise the mouse
to select\, the” Average;, '\ Minimum, Maximum, integrated. hourly value andlor
Instantaneolis recording flags.—To\access KW, PF, KVAR “and the Notes, if not
shown on the'screen, use the mowuse to’click on the right arréw of the scroll bar

at the bottom of the screen.
Notes: (Optional) 80 characters for notes.

é’ (Optional) Sets high and low.alafmeonditions=See-alSo, the section on Alarms

Power Summation Channels: Channels 5 and 6 are called Power Summation Channels. They
combine the data from 2 or more power channels (also called "hardware” or “physical channels")
and are used primarily for calculating fotal system volts, amps, kW, kVA, power factor, and kVAr in
polyphase or multiple single phase systems. Channel 5 automatically appears when 2 power
channels are tumed “on.” When 3 or 4 power channels are tumed “on,” Channel 6 will also
automatically appear in the setup table.
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The Power Summation Channels are most often used

to record total system power parameters on three

turned on, then Channels 5 and 6 will phase loads. They may also be used to optimize the

not appear on the computer screen. If | memory of the Logger. Instead of collecting data from

2 power channels are turmed on, then two (or more) separate channels, the Power

only Channel 5 will appear. Summation Channel(s) can be configured to collect
and combine the data from 2 or more channels.

TECH TIP: If only 1 power channel is

To combine channels and maximize memory use, tumn off all of the recording flags for the individual
hardware channels (Volts, Amps, kW, kVA, PF, and kVAR). Default recording flags are Average
Watts. At the Power Summation Channel, select the channels to be added in the Combine
Channels box and then set the recording flags as desired.

Example Setup Table for a 3phase 4wire (Wye) connected load using Power Summation
Channels to optimize Logger Memory.

Use the speed button _m,__...,_i on thesecond page’ of the Setup,Table to quickly create the 3-
phase 4-wire setup. At the,prompt, enter the size (primary current ratinghofithe three CTs that will be

used. The following setup table-will.be Created:

Channel 1 y 7 4 T A | (R AT g vons L Banps WY kw  A]iova
o P B _vjlu ﬂ;jynuon fioo o ] | [ |
R I [ 0 g e 0 ol Qs low  adova
Power Tl [o | (TeqThv 100 froonar| 3 I !
Chomnel3 | | it ~ ) # [107500) WP Vo Gt \ BT/ ok ¢ 1 bt @ikl Dlia
Foe THD [T I S et ] ]
TR .l: ‘, C -: . -,.;: o | 4 N yax _. .. i ’ : f

chernets - \ WS AT | N t Combonethahnek )7 N i Sl A4l
iPowe,-l Sum :” . v:{'|12.3 B ' l ] Rk 'A l

NOTE: 'To, view, PF, kVAR, andChanneliNotes to the right-of the sCreen, use the scroll bar
at the botfom.

“ Send to
When finished with\the channel definition’pageref the Setup Table, use the L“*’Q-"l button to
send the Setup Tablestosthedogger and make itthe-activefable. Yéu may also use File; Save (to
disk), or Save As (to disk With a'different name or folder) if youralsa,desirefo keep the Setup Table
on the PC. Once sent tonthe, Joggeryit;may also beretrieved, edited or saved using Logger;
Retrieve Logger Setup Tables:

TECH TIP: If a standard setup table is created using one of the speed buttons, then a new speed

View
Typical

button appears _S¢™P | This button, when clicked will produce a schematic image of how to
connect the ELITEpro to a load. It can be printed and carried into the field for easy reference
during installation.
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KWh, kVAh, and kVARh Totalizer Registers {ELITEpro only}: Whenever any recording flag
(Average, Minimum, Maximum, or Total) for any parameter kW, kVA, or kVAR) is tumed on for
channels 5 or 6 then the totalizer (cumulative kWh, kVAh, and kVARh) for that channel and that
parameter is also active. The Peak kW Demand and Totalizer registers apply only to summation
channels 5 and 6. The values are shown in the Data File Summary which is generated from a
downloaded data file. See also the description of Data File Summary in the Data section.

Peak kW Demand Register: The Peak kW Demand Register is set by clicking on the ‘peak”

symbol, fﬁ’ , shown in the Channel 5 & 6 kW recording flag area. A new window then opens to set
the desired Peak kW options.

Only one channel of Peak kW Demand Set Channel 5 KW Peak Window I
can be set at a time. Either Channel 5 or

Channel 6 but not both Peak K/ demand is nol being measwed 0K
‘ v_a_',nPe'ak‘K\;'J'Démmj Buslivahon il 4
. ¥ ("' hea » ').‘.' ) *
TECH TIP: For single phase joagds=|"" | * Dot meau=Pkiy Smgrd
set channel 5 to be the jSSum” of | . \ T\MzasusPrah KW demand ing Chagnel 5
channel Tonly (or other” single~{ -\ X\ Mttt Pt Fiv Gomand vsing Chimel

channel) to get Peak kW Pemand. NN P NN

K Stiow]yoe =23

The Peak kW offefs two _tyPes—of §:"’“ 3

“Windows,” Fixed /apd Maving. Al fixed/ b/« /)
demand window means that the windew .~ = - -~ »
occurs at the same place within the hour. For example, a-15 minute - demand window would always
have a time stamp of xx:00, or x%:15,; or x%:30 101 xx'45.

Widihy

A Moving demand window, in contrast, eduld be any, rolling "45 minute , (for. example) period in the

hour. So, the Moving, window can have a time stampof ; )
xx:00, xx:01, 602, xx:03, (.. %x:59. Note: ' The' time sstaimp lassociated

; ! { . A will a_Peak kW 'Demarid in the Data
What is the difference? ~The”Moving window is_ more File Summacy is the beginning time of

accurate than the fixed. Forexample, a péak 15 minute :
demand may actually oceur over & period that spans 6 09 R pprioe
minutes before the hout to 9-minutes afterthe hour. A fixed Winddw-would “split*that demand over
the xx:45 and the xx<D0:periods-and repeft “whichever) /is highest™The movihg /window would
accurately capture the true 15 minute)peak, The mayving window Peak kW Demandis/almost always
larger than the Fixed\windowPeak kW,

Why use one type overthe dther? The Moving-window is more_accurate-than tHe/Fixed window and
also better replicates thezkKW P€ak as indicated by ofdér style thermal“deptand meters. However,
many modem electronic metérs do fot.have the capability to measure/Peak kW Demand with a
moving window. If it is desired'thatthe ELITEpro data, be)compared.t6'a utility meter, the ELITEpro
can be set to match whichever methed'the utility meter uses,

The width of the Peak kW Demand window i&"lso seleetable. There are 12 choices available from 1
minute to 60 minutes. The most common demand interval is 15 minutes and that is the ELOG
default setting.

Note: The width of the Peak kW Demand window is independent of the
Integration interval. For example, the ELITEpro could be set to a 1 hour
integration interval but still record the highest 15 minute demand.
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DATApro CHANNEL SETUP: Al DATApros have 4 input channels and come in a
variety of dedicated “flavors.” Currently available models include the:

1T/3P (1 temperature measurement channel and 3 pulse counters)
2T/2P (2 temperature and 2 pulse counters)

4T (4, Temperature Channels)
4C (4, AC current measurements)
4M (4, 0-25 ma or 4-20 ma inputs)
4V (4, 0-10Vdc inputs)

4P (4, pulse counters)

Consult with DENT Instruments for availability of other types of DATApros.

A variety of parameters can be monitored with the DATApros including pulse counting from pulse
initiating meters (gas, electric, water, steam), temperature, AC current, and process signals such as
4-20 mA and 0-5 or 0-10 Vdc. See also-the_section.DATApre; CONNECTING SENSORS AND
CONFIGURING CHANNELS.

. TECHTIP: \It Is\usually helpful to clickonthe maximize button
Click on the = by each chapnel | jnthe uppersight hand comerof the Settp Table window.

in the Setup Table and then the
sensor type (Temperatupe, 4-20mA and-so on) to-turh/on-each channe! asdesired.

Examples of the “Page 2" ofthe DAT Apro Setup Tables.are shown-betow:

For Temperature and Pulse-koggers (Medels 1T/3P, 2T/3P, 4T»and 4P)

Chavell" Nameh Siope” 4] o
!Temperatwe _'JlSample Temperalure 10000, | - AF shrenheit
;Cm{acl!Pulse ﬂ-iSa?plePuke Caunter X 1’I.EJEII!]

P B ok 14 ]
oo Uflset’ 4 Unis L JRecord sl
0 10e000) Uk la

For AC Current Loggers (Model4C)

: { Current E’ ]AC Current

For DC Voltage Loggers (Model 4V)

Channcl 1 Hame Sensor - Slope Dffset Units Record QMI‘I Notes
j0-10vdc ~] [010Vdc Sensor {Any j1.0000 00000 [vorsDC [A |
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Configuring a DATApro™ Channel
When configuring the power channel, the following options can be set:

Name: (Optional) Name the channel so it best describes the location or item being monitored,
such as "Water Temperature” or "Pump L1 Phase” (20 characters maximum).

Slope: When scaling is required to convert raw sensor output (such as millivolts) into
engineering units (such as pressure) slope and offset may be used. [Not on Pulse or
CT channels]

Offset: Used with Slope to scale the raw sensor output into engineering units. [Not on Pulse or
CT channels]

Scale: Scale factor for pulse channels to convert raw pulses into engineering units. [Pulse

channels only]
Units: (Optional) Use this field to specify the engineering units that will appear as a column

heading with the data.
CT: The primary current rating of the"Cument-transformer “The default is 100 amps. The value

to be used is printed.on the'CT. {DATApro 4C only}
Record: To record any or alof these wvalues, use the mouse to ‘seléct the Average, Minimum,

Maximum, Integrated hourly-value {4C} or Instantaneous recording flags.
Notes: (Optional) 80 eharacters fornetes. 2

£ Sets high and lowalarmconditions - See alse, the section on Alarms

See also Section 4, DATAPT0 CONNECTING 'SENSORS AND-CONFIGURING, GHANNELS for
more information @n/using the PATApros.

Step 3: Connecting The ELITEprd™ To Al oad

This section js| intended.fo. ‘provide\.a brief “overview. . Seé -also-Settion . 3, ELITEpro:
CONNECTING SENSORS AND CONFIGURING GCHANNELS for 2 imiore detailed treatment.

CAUTION: THISTOGGER MAY CONTAIN: LIFE THREATENING. VOLTAGES. QUALIFIED
PERSONNEL MUST- DISCONNECT ALL  HIGH VOLTAGE. WIRING~BEFORE USING OR
SERVICING THE LOGGER."OBSERVE\ALL CAUTION AND WARNINGS DESCRIBED IN THE
SAFETY SECTION AT.THE BEGINNING OF THIS MANUAL:

After storing a Setup Table' into the logger. if may.be-connected to a load for measurement. First
connect the Cumrent Transformers (CTs) o the approprate channéis/on the kogger ELITEpros use
CTs with stripped and tinned; bare terminated-wires. The-Ci‘/leads need to'bé connected to the
green Phoenix terminatiombleck agishown in the diagram below, using'a small screwdriver:

) )
White Black
1 No Label
Each channel consists of two terminals or pins. For each channel, the left connector pin is the
positive or high-side wire and the right pin is the negative or low-side. When using DENT Instrument
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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 o the phases being monitored. Be careful to observe proper CT orentation.
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 external 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 TiIP: When not in use, Logging should

menu command. When logging is on, the green | be tumed off fo extend the batlery life.

LED on the logger end-panei should fiash 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 Hive it | NOTE: The logger clock can only be set using a MM/DD/YY
automatically synchronized to HH:MM:SS format and uses a 24 hour (military) format. For
the PC's internal clock. example, 6 pm should be represented as 18:00.. Entering 6 for

the hour is interpreted 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-fine is ofien 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 ELITEproit is also possible
to view the actual voltage, current and power waveforms as well as the harmonic values out to the
63" order and Total harmonic Distortion (THD), Crest Factor, and Peak Value.



Viewing Recorded Parameters

The recorded parameters may be viewed in either a graphical or text format. Graphical is most
useful for watching long-term trends of a single parameter. The graphical format can be thought of
as a electronic, paperless chart recorder. The text format is most useful for viewing all parameters
measured by the logger (even those not being recorded) and is often used for verifying proper
installation of the logger.

After connecting the logger to a load, it is often useful to look at the parameters the logger is
measuring. Connect a PC to the logger serial port and establish a direct connection. Then, using
Logger; Display Present Readings, the current values on the logger inputs can be seen through one
of four choices.

‘Logger Tooks Data, el

~ ShowASText :
: 7.: 5h0WA§ Graphs

Show As Text: /When this” option is_selected; @ scréen/similaio. thel, one_below is shown
{ELITEpro}. All of the channels that are iumed on are displayed simuiltaneously. If the parameter is
being recorded by the logger; it will be shaded (green in color screens); as are the kW values shown
below. For a Power Channel, that means you will be able to see all six power parameters (V, A, kW,
kVA, PF, and KVAR) even iif only one of the parameters is being recorded. For & DATApro channel
there is only one column of data displayed and up fo four.rows (one-for each thannel).

This feature is very useful forverifying correct installation of thé Logger



iy =40 x§

@ Instantanecus Channel Values o
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o Ty né%ory: i )} j
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» Ifamea r@? an ala i

&
TECH TIP: {ELITEpro i;@g éz % nnected to a channel that
is tumed "on," nonzero rea ] ‘k k
transformer connection. If the C for a value, then the CT is
probably connected but the monitored loa . On the other hand if a constant (usually
unreasonably high) value for current is displayed, a CT wire may have come off of the logger.
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Use Display Present Readings To Verify Correct Installation

The Display Present Readings feature may also be use 1o 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
ﬁat’tages (including sign) and power factor that makes sense.

For example, In a single phase 2 or 3-wire or three phase 4wire 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) fotal kW should still be positive.

Also look at the power factor readings. These numbers phase andtotal for 2 and 3-wire single phase
systems and all 4-wire systems) should be a reasonable number. Reasonabie 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 powes 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 connecied to the same phase that the CTis connected to.

Show As Graphs: This feature is similar o 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 channels 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 Display panel active
and you may choose one variable to graph. You can only choose one variable 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 fromthe same channel.
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After selecting OK, a graphsSimifar to the following appears:
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This graphical presentation is very similar to paper strip chart recorders. The graph begins on the
left edge and moves to the right. Upon reaching the right edge, the whole graph scrolls to the left
with each new reading so that the most current data values are always shown and the older points
slide off the left edge. By using the Set X feature, the amount of data shown can be varied from 1
second to more than 18 hours (65 000 seconds). Keep in mind that the Xaxis scaling is only
approximate.



The Set X and Set Y features can be used to set the scaling, colors, and line type (e.g., linear or
logarithmic) and the number of grid lines that overlay the graph.

Viewing Voltage and Current Waveforms {ELITE pro only}

Use the software command Logger; Display Present Readings; Waveform Capture to see the
actual current, voltage and power waveform. A typical (highly distorted) display is shown below:

¥ waveform Capture
A ',2‘*_ ps 3

The buttons along the lower-left side of the ‘window select the Charinel.{o be displayed. Only one
channel may be viewed at a'time-" The image presented.is a single ‘snapshot in/time. Use the
Update bution for additional views. Copy will capture the image onto the clippboard for pasting into
other programs.

Note: The waveform image'displayed shows a highly distorted
(current) waveform from ‘a, computer power supply. “Fhése
waveforms are lypical forswitchingpower supplies and are a
major cause of line harmonies.“See also'the graph.onibeviext

page.




Viewing Harmonics {ELITEpro only}

Use the softiware command Logger; Display Present Readings; Harmonics to see the actual
current, voltage and power waveform. A typical (highly distorted) display is shown below:
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The buttons along thedower left side,of the window select the Chiannel fo be displayed. /Only one
channel may be viewed at @ time .~ This\screen includes a good dealof information. ¢Fhe voltage and
current harmonics are presented-graphically:in-the upper part ofthe WindoW.- The crdinate (y-axis) is
scaled in percent of thedfundamental. The abscissa (eaxisjis thie harmonic. Boih éven and odd
harmonics are shown.

The actual value of the\veltage-and carent for. €ach.hapmenic:maybefoundin the’Harmonic Values
box. By clicking on the & % [ &} buttons, higherlofiowérorder harmonigs may be selected. The
Waveform Values box provides Sufmary statistics for the overall curferit and voltage waveforms.

This includes the RMS valuehToetal Harmenic Distortion (THDR)/-Peak values, Crest Factor and K
Factor.

the=“image presented is a single
waveform snapshot. Use the Update
button for additional views. Copy will
capture the image on the clipboard for
pasting into other programs.

Note: The individual harmonic values and THD ¢ari
be shown as a percentage of the fundamental (IEEE
Standard 1035-1989) or as a percentage of the total
RMS value (CSA and IEC standard).

TECH TIP: The default number of harmonics shown is 31 plus the DC component. To
view additional harmonics (up to the 63°) place the cursor on the horizontal axis of either
(or both) the voltage or current bar graph then double click. In the Honzontal Axis dialog
box, change the “To” field to the number of the highest harmonic desired then click OK.
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Step 5: Retrieving Data From The Loqgger

After connecting the logger and a PC, the data in the logger can be retrieved by using the Logger;
Retrieve Data command.

This command retrieves data from the logger and saves it as a binary file with a .dat extension on
the file name on the computer hard disk. Before retrieving the data, you will be prompted for a data
file name as shown below. The default will be the Logger serial number plus 2 digits that correspond
to the number of times data has been retrieved from the Logger and stored in the target folder on the
PC. The data will be saved to the folder as specified in Tools; PC Setup; Data Files Saved To: or
as specified when the data is retieved. The default data folder is C:\Program
Files\DENT\ELOG\Data

Select A Directory And A Name For Th New Data'Fi z ‘*’%&M ey 2 x|
Save i !__J AH Tect Temp . j = [T c‘f -
Mame r & Spe P lype |\ _Z A Datetiodiied N N |
B B032F-01 . dat 55 KB IFlba Dt s e 12712105 2:24 P
‘e2e55-01.dat 15 re\ Elog DaaFile 2I2TITOATS ™ M

File rame: |52437m dat

Save as type ]Dara Filesi® 3t} 3 =7

™ append New Data T Ericting Baiafiel ©)
I~ Creste 45CH oY) FleRirer Dats Daclodd

P

Note the two additiopaFcheck boxes at:thedlower left of the screen-The Append/New Data To
Existing Data File box, When checked; then‘anytime a lagger is read and the data retrieved, it will
be appended to a previouslyexistingdata file fronrthat logger.“You Will need'toSelect which data file
to append to. Data will enly, be<appendedito a datafile if the setup tablevof thedogger has not been
changed from when the earfier datd file was downloaded. The ‘Appendfeature is very useful for
long term metering projects Where, automatic. periodic data.dawnloads.afesmade.

Create ASCII (.csv) File After Data,Download_ if checked, will-gUtematically create a second file in

addition to the .dat file that is in a comma separated vanable('csv) format. A .csv file can then be
opened in a variety of third party programs such as Microsoft Excel.

To view a data file, use Data; Open Data File and then choose the file desired.

TECH TIP: When retrieving data from a Logger that is connected to external DC
power, the sampling rate is reduced from one read every three seconds to one
read every 15 seconds during the data retrieval. For Loggers that are operating
on the internal battery the sampling rate remains at once per minute.
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Step 6: Viewing the Data; Analyzing, Graphing And Exporting

Once the data stored in the Logger has been retrieved to a PC, there are three options available:

1. The data may be opened and viewed (but not edited) using Data; Open Data File and then
choose the file desired (or also, File; Open,; select Data File; Ok).

2. You may create graphs using Data; Create New Graph... and perform various analysis
functions Using Data; Analyze a Selected Data Range or create a quick summary of the
data using Data; Data File Summary. The data file can also be clipped using the Extract a

Range of Data

3. The data can be Exported as a comma separated variable file ((CSV) for viewing or further
analysis in other applications such as spreadsheets.

Additional analysis and graphing features_are.continuously being added to ELOG. Consult with

DENT Instruments for availability.

VIEWING A DATA FILE

Stored data files can be/viewed (but nof “edited, editing-must be done“in“another application) by

selecting Data; Open Data File-

To. view-a data fileit mustfirst. be-downloaded from the Logger by

using the Logger; [Retrieve.Data...command. After selecting-a-data-file, a\sereen similar to the

one below will appear:

28 C:\ELOG TES TDala\5 ubstation D ata

o v | _Avg.

i 15141 56760 . _[2660 1323 97 )

v 2500 {15507 4515 2000 (7558083 125,13 989754 [7%2
R : 156,93 5N 07 5k o413 lism 9B %3 752
n [ 800 |158.68 32752 20594 1392 616 147 16 1007621 752
5 |odAin 3000 15421 44639 203,12 1328808 145,57 985622 753
f o dnpm e aas hgh L2 758 1% 78 157 5 3dn A SRy 75

The data is always shown in the same way; - The lefi-
most column is\the record number. \it begins withyd
and continues sequentially through ‘allof the"data
records in the file, The<segond columit-is the date-of
the record and the, thirddcalumii\isathe {time_of the

record.

NOTE: To view all the data
when it does not fit on one
screen, use the up/down,
left/nght scroll bars to move

through the data.

TECH TIP:. To ehangéthe farmat for
the dafe and'time stamps/use Start,
Settings, Control Parel, Regional
Sertings (Win 95,98, 2000) or Regional
andianguage Options{Win XP).

The fourth and remaining 'columnsaré the data recorded for each
parameter that had beepJeggeds1f minimum or maximum values
were recorded, then the-time (to the second) that the minimum or
maximum occurred will also be recorded.



GRAPHING AND ANALYZING THE DATA
Use Dafa; Create New Graph... to make a graph from a saved (on the PC) data file.

If a data file is not already open, clicking on this menu item will first bring up a folder from which to
select a data file to be used as a source to create a graph. If a data file is already open, selecting
this menu item will again open the file folder but will default to the file that is already open.

After selecting a data file, a screen similar to the example below will appear:

Use the mouse to select which
parameters you wish to graph. Use
standard Microsoft Windows funetions
to select parameters such _as.»"Tag
muitiple parameters simultaneously by
clicking on the first onesapd then_hold
down the Control (Ctdl)/key and, click ¢ -}
on any other desired’ parameters; tol » vg
select a continuous ==group: _of» ) |Chan54yg Vol
parameters, click/oh the first-cfigand | {Eheraivgeny
then hold down ghe Shift'’key apdselick/{ =" 200-%
on the last parameter in-the ‘group. -

This will select all parametérs within the group including the first'and last ones.

After selecting the parametérs to graph,-click Next to:define the type-of graph-to make. Click on the
down arrow to reveal'the graph type options, /Click:the data 'cursor check box-ta.have the data cursor
appear when the graph is created (you can also toggle the data'curser on and-off with the right
mouse button). Use.the radiosbuttons 1o choose between using the default graph parameters (colors,
fonts, etc.) and those used.in_the last graph created. You can. also/echoose o' show summary
statistics (minimum, maximum, averagé) on the graph by checking the Show analysis values box.

Sel Graph Parameters /1 = it |
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If you have selected more than one parameter to plot the Use multiple Y axes box will appear. If
checked, you will get a third window that allows you to assign which parameters are assigned to
which Y axes.
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Click Finish and the/gsaph you,have S e e le shown below.

Though difficult to e para Al ve a number (1, 2, or 3) in
parentheses that indi€atesWhich Y, —-a /é ~No e vertical dashed red line
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DENT Instruments ELOG

TECH TIP: Quickly create a graph from an open data file by
clicking on the ¥ Create Graph hot button.
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Once created, the graph may be edited in a number of ways. In general, any editable feature may
be changed by double-clicking on the feature and making changes in the dialog box that appears. A
few examples follow:

By double-clicking on a data point of one of the variables that are in the graph, the following screen
appears from which the graph type, color and other parameters may be changed:

Line Paiameters

NOTE: The Line Parameters”| Double-clicking | on /iHe” vertical axi$sproduces the dialog box
box is found by clickingenthe | betow.ihat can be iised 16 ehange scalehadd grid lines and tick
box Line Attributes.. . marks.

{near, the-axis) willvallow'you, to change the font and size of the

Double clicking an\the-axes text
labels.

TECH TIP: Zoom\ To zabm in‘op any portion of the graph, pesition the @iousé pointer near the
area to be enlarged Hold'the-Control (Ctr) key afid.Jelt- mouse button. down together then drag
the pointer to make a‘eetarnglesthat covers thezareafo b& zoomed ol et go'of the mouse and
Control key and the graphwill rédraw an enlarged portion of the Graph.

The graph may be zoomed aSymany times-asdesifedzUse the View;:UnZoom, Ctrl U, orthe
Q hot button fo unzoom in reverse order ofthe.zoom:

Graphs as well as other file types (Data,
Setup Tables, Logger Lists) may be printed TECH TIP: Data Value To determine the actual value
using the File; Print... command (or Ctd + | (X and Y coordinates) of any data point in a graph,

P). - - place the mouse pointer over the point in question and
push the right mouse button. The X (time) and Y
ELOG now incorporates a number of data (value) of the point will be shown in the lower left

analysis features. Use the menu command: | comer of the screen.

1-21



Analyze A Selected Data Range to access all the features. To use this command, first select a
range of data in the file. Do this by placing the mouse over the first record to be included in the
analysis and, with the left mouse button held down, drag the pointer to the end of the range of data

desired. To select an entire column, place the mouse pointer over the column header (title) and left
click.

There are two things to be aware of: a selection must include at least two records in the same
column and only one column may be selected at a time.

Once he data records of interest have been selected (highlighted) use the Data; Analyze a
Selected Data Range command to choose the desired analysis function.

A faster way is to simply use the mouse to select a column or range of data to analyze and then right
click the mouse while the pointer is over the highlighted section.

| Record | ¢ Chan 2

- | End Time | oy Avg. Am
9 11.196 72158
Lo h '”iff-,!228_1 3 M50 324 97

i Functions %, %

.

: 145002« {2304
o o

Selecting Average; Load Faetor, Maximum, Minimum orTotal bringsaip a dispfay such as:

s: Avcrage Yaluc

Selecting OK closes the pop-up avindoWw/and returns you to
the‘data file, Seleeting File opens'the/Microsoft Notepad and
Creates.afilesdch 35 the ope‘below’
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Substati :
Ele = Edt v Help T

Analysis Information - -~

Chan 2 Avyg. Anmp:
(04/17/01 08:15:00 - 05730701 10:00:00)
Average: 153,75

4

From this point the Notepad file may be edited, saved or printed. In addition, if further analysis is
done on this data and the “File” selection is made, the new analysis is also added the current
Notepad document.

Load Factor is the ratio of the peak«(Maximum) value 1o the-average value. A horizontal line would
have a load factor of 1.0.

Graph creates a line graph/fthe selected data range/

Daily Profile Graph apd Daily Profile-Data/Points are two powerful new fuhctiens that create a 24
hour or 7 day profile graph (sometimes catled Load Prafile) of the data"A daily‘prefile graph always
has as the X-axis theftime of.day from 0-24 Hours or0-7/days . The Y-axis.is the average value at
each hour of the day. Think of it'as-taking all the’ days\of data laid one on top of the ‘other to create
an average day/ The X-axis resolution<af the/DP graph-and datal points-is the 'same as the
integration interyal of the original data:

¢ Startma,, | Epdipg” |Ghan 5 Avg: kKW

Daily Profile Graph oy =} {AiDays 17 TZ00D0AM | 121459 AM 1309.143

C:\FOG TEST Data $abstation Data,dat 127500 AM 22559 AM! | | 1294156

—- 23000 AM [1284:59.A0 | | | 1286723

1245 00AM|125959AM! | | 1272086

B Al0dg0 Aw | 114588 | | | 162168

= 1:15.008M | 1:25.59 AM 1266.999

4 i 3000°AM-44:50 AMIT |7~ 1264248

<< 1:45.008M | 15959 AM| 1261210

o (20000 AM | 21459 AM 1253972

12 |\ 21500 AM| 22958 AM] 1261502

= 230:00 AM 2. a:smi* TY%63.407

, 24500 AW 0580 AM| 1262420

0 ‘-‘ TEnnonaMt agiadam! 1977 tas
01234586 7 894011421314 151617181920212223%4

TIME.OF DAY

An example Daily Profile Graph and’Rata Points are shown hefe,

Within the Daily Profile graph theresare a'namberjof other furictions-dvailable including changing to
an average Weekly Profile and seVesal*cheices in the day types“used in the graph: All Days, Week
Days Only, Weekend Days Only.

Both the DP graph and data points may be saved using the File; Save As command. The graph
becomes a Windows meta file (wmf) and the data points are saved as a comma separated variable
(.csv) ASCII file.
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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 info 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: 277.002%kW on Monday 02/02/04 at 12:55:00

Total Usage (Channel 5): 11kWh, 15kVAh, OkKVARh
Total Usage (Channel 6): OkiWh

Average Maximum  (Date Time)} Minimum (Date Time) Total
Chan 1 Avg. KW 112.373 1510521 (02/02/04.12:55:30).798.160 (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 1t2:55:15) 99.800 (02/02/04 12:56:30) 1595.427
Chan 2 Avg. PF 0.75 0.77 (02/02/704 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 0.015 (G2/02/04 12:56745) 0.053 (02/02/04 12:55:30) 06.958

Setup Summary

Setup Table Description:

Channe}l 1 - Power: VHi: Ll, VLe: N; PT
Channel 2 - Power: VHi: Ll, VLo: N; PT = 100_000; CT
Channel 5 - Power Sum: 1,2

100.000; CT = 150.000
100.000

f

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 ELLfEpro 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 tothe 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 Extract 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 ASCI 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
or

1. Refrieve the data from the Logger or open an existing file

2. Use File; Save As and under Save as type select Comma Separated Files and then Save
then
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\DataWwarme of file.csv
5. Follow the instructions forimporting the file.
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