N19M329daUAURAUNAVRITEUU NN Tuls99 U

v ' =
ﬂﬁﬂiﬂiﬁ%’]ﬂﬂizﬁ’mw&m
THE MONITORING OF FACTORY ELECTRICAL SYSTEM ABNORMAL
CONDITION USING NEURAL NETWORKS PREDICTION

WIUWT daudns

NANNAM NILNIMITR

= 4

%manﬁwuﬁ‘ﬁlﬂudfawﬁ'wmn'ﬁﬁnmmwé’ngmﬂ%iyzynmnﬁmmamumﬁmeﬁm
a3y 3Aanssalnia
AMAAMNTTUAENS
aordumalulagnszanuindiinaunmsananszds
N.A. 2565

KMITL-2022-EN-M-020-076



THE MONITORING OF FACTORY ELECTRICAL SYSTEM ABNORMAL
CONDITION USING NEURAL NETWORKS PREDICTION

NANNAM NILNIMITR

A THESIS SUBMITTED IN PARTIAL FULFILLMENT
OF THE REQUIREMENT FOR THE DEGREE OF
MASTER OF ENGINEERING IN ELECTRICAL ENGINEERING
SCHOOL OF ENGINEERING
KING MONGKUT’S INSTITUTE OF TECHNOLOGY LADKRABANG
2022
KMITL-2022-EN-M-020-076



COPYRIGHT 2022
SCHOOL OF ENGINEERING
KING MONGKUT’S INSTITUTE OF TECHNOLOGY LADKRABANG



it ngdnus A15ASIERUANURAUNAvRITEUU NN Ul SIU e

TnseneUszamidiony
UnAnw wiethuth daiiing
svwaunAne 62601064
Useyayn ANITIUAIERTUMI TG
#1913 Aenssulnil
N.A. 2565

[

9191380 IMeNTnus  Se3ans19138935NY Yy

UNANEa
Wesanluszuulwilugnaivnssusing q desnissnenaiesninvessuuiielilv
denaidesiogUunsallniin wetliesaingpamnssuuauwabidiensidanudgiggialni
¢ | a & A & a = v A ° ¢
F9ldanunsadasizrnseainnisainsauiaunfvesszuuliiale iiieviinisdesnisa
¢ ala P B% & = ] o = v i v

wANsaIiaUnA faianamnssui 9 sssinsiauazduiindeyadna 4 neluiilinny

Y :.Jl a a [ U tz‘l’d 2 1 = -:l' o a 'S a 2
fadUINgItnusatutaslana1adUsNsuREi s IAsEEnesnnssuuliin faenns
asnlusunsunlassdeUssamiieniansavinnenaansluguuuusesavanuiaiiosnmn
YaaszuUlninandanysiiugiunsbniavie 5 dauus A wssulin, nssualily, Power
Factor, THDv, wa® THDi Tuksaziwd il on1a4mnuidaunftunmaginaniabni1 lng
wuuaesilelunisAnwvesdinerdnusatuiidunisAnunsening Regression Model fiu
Logistics Regression Model §3lUsunsuazgnilnaeuiiieliaenadeuwsiazyntoyaniog s
LA evinsteudeyafuidlgalusunsuiiovinsiaseiveyarioanilasu wavil
U fan v a s | = a a ¢
NaaNsNlaunaAUTIBNan LU LT B o lUskAsUluLAaLlUNE BINLSIE9EILNTOATIEI

= ¥ I ) d”l 1 @ 1 v 6 =2
ANULEDESNINYe9sEUU T ekl ugunturitla Aazdlelilsiaiunsa mansalneaIny

AnUnATuluszuuliihlaegauiugivelianunsainn1sulsioudauaTsuUrIasEUURNLAY

1 ' I
vw{j A = 1 GLyu vl

Inlpeenludd anveguduniasdiatiglrnuanluinnugntalussuulndinsiudasadesnin

Y

Ya95zuululaanu



Thesis Title THE MONITORING OF FACTORY  ELECTRICAL  SYSTEM
ABNORMAL CONDITION USING NEURAL NETWORKS PREDICTION

Student Mr.NANNAM NILNIMITR

Student ID. 62601064

Degree Master of Engineering

Program Electrical Engineering

Year 2022

Thesis Advisor Assoc. Prof. Chongrag Bunseng
ABSTRACT

Wherewith, many industrial prefer the stability of electrical system and
maintain the electrical system for protect their equipment. Whereas some industries
do not have engineers with electrical expertise. Therefore, they cannot analyze or
predict the abnormality of the electrical system in order to prevent abnormal events.
Although that industry has various electrical measurements and records. Therefore,
this thesis presents the monitoring program of electrical system for analyze the
electrical systems by a prediction program created by Neuron Networks which the
program can predict the result in the percentage of electrical stability from 5
fundamental parameters of electricity that are Voltage, Current, Power Factor, THDv,
and, THDI in each phase to detect abnormal condition of electricity. The model used
in this thesis that was study between Regression model and Losgistics regression model.
In which, the program will be trained to correspond and support each sample data
set. After got the appropriate algorithm for each sample data set, the input data was
entered into the program for analyze the received output data. Then, the reliability of
the program for each model was discussed bring from the results. Which if we can
analyze the stability of the power system more precisely. This allows us to accurately
anticipate anomalies in the power system so that system administrators or emergency
alerts can be automatically alerted while It is also a tool to help person who do not
have clearly understanding of the electrical system know the preliminary stability of

their electrical system.
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2.1 msdsremasiitaluszuulnii (Power System)

nsdademasiii nuneds nsnevauasnudInIsiasliihvesusinalaeugs

apyihnsdsiadliihindsladhgssuulnihuasdadnglwihlugadldam nmsdediemasind

JUADINIITUIDIUTUIUAILABINTITVRIAAI LN SEAULTINULALUSUIUNSE WA I TI1UD

Ausian duusdAgaldlunisauiauasiansannsdigmdsdniilussuulniadagds

TouA

- Voltage (V) fauseulniinfisumiamsodasing g Tuszuulni

- Current () fonszuglnihilvasenineda

- Impedance () fio AMUATUNIUTIUTERINUAA 9|

- Apparent Power (S) fi® ﬁwé’ﬂﬂﬁwﬂiwﬂg%‘%@ﬂdﬂlﬁdwLﬁuﬁﬂé’QIWﬁWﬁé’aqmém%uuw

Wi lmiNeanamnanuAIN1stunslaey dauduiusasaunis

S=VI . (VA) (2.1)

A o

~ Real Power (P) An faslnirasmsenanloindumdalwinfldeuaswesnisenis

T TAnudunusaadunis

P-Scos@=VIicos®  (Watt (2.2)

v

- Reactive Power (Q) fia madlwinafiounsonanlaindumdsiniragdeniiatu

PNNANDUAUDININANUAVDI99AYIZNBY Reactant (L) Way Capacitance (C) 918

e

melugunsalwazssuuliil Tanuduiusasaunis

Q-VS*P*  (van (2.3)

- Power Factor (PF) %39 cos ¢ A9 f1Usenaunadlidngainaindmnsidiusening

o w

Mastuihasemamdalnihusingdsaunis

PF-cos® -

@ | o
N
&



2.2 A iaslnin (Power Quality)

usnnilonnmsiasanlunamaalnihfausoddldud annmyesidaliig
Dudsiiddguiuisiiu deidwansznudenanimvesindslniininannsldeu
dodldlniluadosdnslnd uienisemslnihdy q duusilddmsuidaunimidslnih
gNAIRENLTY
- Power Factor (usiilsusndalssansninvesgunaaling 9 nmeluszuuliih gadl
gsanidu 1 vngunsalledlen PF sazdewafaszuunsnanindsliiiuazszuuds
Pelivhauntninntudosndimdsliigaydeiias (PF<<1) Gammudatmuans
dfaulniiiluysanalneagivualie PF fldauansiidigania 0.85 wagmne
ninazgnUsusUSINaildau (1]
- Total Harmonics Distortion (THD) Lin91NHaNTENUYBINITMOUALBIHBAINLAT
upneherumelugunsel Ssdiualiszuuliinfiadosnmiiesas wagerathlugiam
u q MiAndunelussuulaiild Ssanumansgiu IEEE 519-1992 (2] 1éiwualy

THDv fanlaiiiu 5 % anusasunbtarulussuulnisesii

2.3 nsauganevasszulinviuaslamivesaaniwiiaelnii

nsaudarevesszuuliin vaneds msfiinmuiaunatuaeluszudluilidnae
Huussiulvlimn usaduliiiu msiedisrasgaunsalmslaiii <a« authluganioi
szuulnihlianusadsinewdsonlddndely dsammiiuldsnludsnsifstamuesnunm
maalnildndae

Inadgmeuasnaunaniiaslnilinlnanraigame waellseAuaAIINTULSIILANAS

AUAUAITIN 2.1

M19199 2.1 Uszanuazdnuaizvesysingnisaimnsuimantiiluszuulni (3]

é’nwmzﬁuaa YUV
dsznn . TYTLIAN o
‘U'iﬂﬂ{]ﬂﬂﬁm LLINAUY
1. Transients
1.1. Impulsive
1.1.1. Nanosecond 5-ns rise <50 ns
NOTE: s = second, ns = nanosecond, ys = microsecond, ms = millisecond, kHz =
kilohertz, MHz = megahertz, min = minute, pu = per unit.




M19197 2.1 Yszanuazanwazvesusngnisaivnwimantuihlussuulnih (se)

U5z é’ﬂﬁmgﬂa\‘i‘ 0YILIAN ?J‘mﬂ?il\?
Usingnisad LIIAU

1.1.2. Microsecond 1-ps rise 50 ns-1 ms
1.1.3. Millisecond 0.1-ms rise >1 ms
1.2. Oscillatory
1.2.1. Low frequency <5 kHz 0.3-50ms 0-4pu
1.2.2. Medium frequency 5-500 kHz 20 s 0-8pu
1.2.3. High frequency 0.5 -5 MHz 5 ps 0-4pu
2. Short-duration variations
2.1. Instantaneous
2.1.1. Interruption 0.5 -30 cycles | <0.1 pu
2.1.2. Sag (dip) 0.5 - 30 cycles | 0.1 - 0.9 pu
2.1.3. Swell 0.5-30cycles | 1.1 - 1.8 pu
2.2. Momentary
2.1.1. Interruption 30 cycles -3's | <0.1 pu
2.2.2. Sag (dip) 30 cycles -3s [ 0.1-0.9 pu
2.2.3. Swell 30 cycles-3s | 1.1-14pu
2.3. Temporary
2.3.1. Interruption 3s=1min <0.1 pu
2.3.2. Sag (dip) 35— 1min 0.1-0.9 pu
2.3.3. Swell 3s-1min 1.1-12pu
3. Long-duration variations
3.1. Interruption, sustained >1 min 0.0 pu
3.2. Undervoltage >1 min 0.8-0.9 pu
3.3. Overvoltage >1 min 1.1-12pu
4. Voltage Unbalance Steady State | 0.5 - 2%
5. Waveform Distortion
5.1. DC offset Steady State | 0 -0.1%
5.2. Harmonics 0 - 100%" Steady State | 0 — 20%

kilohertz, MHz = megahertz, min = minute, pu = per unit.

NOTE: s = second, ns = nanosecond, ys = microsecond, ms = millisecond, kHz =
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5.3. Interharmonics harmonics Steady State 0-2%

5.4. Notching 0-6kHz Steady State

5.5. Noise Steady State 0-1%

Broadband
6. Voltage fluctuations <25 Hz Intermittent 0.1-7%
0.2 - 2 Pst
7. Power frequency variations <10 s

NOTE: s = second, ns = nanosecond, us = microsecond, ms = millisecond, kHz =

kilohertz, MHz = megahertz, min = minute, pu = per unit.
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TnadAteuang q A9l
- Input Data (i) Ao Toyafitidigszuulassiisyssamiiion aldunannisifv
ToyaNUNAITDYARN 9

- Hidden Layer fla S1unudufitousgnielussuilassiodsyamiion

- Output Data fie Teyafiuanseenvdsiunsizouianszuulasaieyssamisie

Feardoyafiuanmaninlusunsuasuansanszning 0 8 1 Tnglufiddseuuling
amnuUnAazuansadu 1 (Normal) minszuulwihdenRaunfnadwsildazuansandu o
(Fail) wdsfimsuvasfuofifusenisausneg 100 Wisliieronisuansa

TneluAneninusilald 2 Hidden Layers Ingusiay Layer 8742w 5 nodes uagdns
druteyarinaousiodeyanaaaulu 70:30

nsiFoudvesszuvlasaiisszamdonluinednusiaggnifondn Machine
Learning 3¢ Machine Learning Hezutsdnuarlnssadswesaunisoondu 2 sULUUAB

1. Linear Model (150 Regression Model) 48435 n15v19ad A g manuduius
sywineiudsiBslsinas wusgoeiatuluiieldlunsnennsalivosianysandulsau 9
Fatinsldluvanganan Wy Fugsiagnanvnssy (9] suntseana [10] anansniBevlierly

sUaumslened
b= b0+b1X

2. Logistics Regression Model (138 Logistic Model) 1lunsldniuuiagidunaziin

wan1salvselifamenisainaula lddnsunisiieseilugduuuianenieung iy wu
a 14 & = =2 a Aa wva

NFIATIEALIANIIAIUNISWNE [11] M3AnwdInsideTininguRmnvedsnansisue [12]

anusadeulvegluslaunislanad

1
p - lJre’ (b0+b1X)

108 by wae by WWuAasiila 4 TussuunisiSeudves Machine Learning



v y= bo 5 bll' 4= Linear Model
1 “
p Logistic Model
\ 1
/ P T Tr et
-

Ul 2.2 fe8nansINadNEYRs Linear Model uag Logistics Model (M. Ala’raj, 2016)

2.5 Back Propagations Algorithm
a v a 6 ¥ 1 ) gj a ¥
nIzUIUMIT U kagTiaTeidayaniesyuulasiiigUssamiieutuileuly Back
Propagations Algorithm [13] lunisinduuagn1siiasevideyaveslsunsunnvindy &
nannstun1sumen1siaTIgy Eror Miiadulunsuszaianausazaswazditeys

=

navluieinisasuudasddmindayaf deudiuwazyuszaianalnidnass lned

Wnunefesnsusulmdnimunzauielvlass gy ssamiiiodaunsaisgus 15n133ue

&

dunaiuednelaegalaelial Error Weeilgn Akansluguin 2.3

Backpropagation

Decrease
Weight

Increase
Weight

eigh

num

gﬂﬁ 2.3 %aNN1599IUUDY Back Propagations Algorithm (P. Intellipaat. 2022)
Tngannsautstuneuntsiauvanidu 3 Juneulsssi
1. Feed-forward Computing or the forward pass

2. Back propagation

3. Weight updates
Fanszurunsuszudanavzgning1luises 9 aunda Eror AAndussdvasuin 9

FENINNTUTELIANALAAEATIRRENEANITUTEUIANALAL LARINAT NS DB NI



Target O1

Target 02

Input Layer Hidden Layer Output Layer

31117; 2.4 N32VIUNIINNUVDY Back Propagations Algorithm

o o

mndsdrgnlglunisAnaiasiarsannisasaeidshninluszuulnihmdslaun
- foyathidn (nput Data : i) Ae deyaiitidgszuulaswieussamiiion dsldun
nnsiutayaanuadeyasig ¢
- futoyminda (nput Layer) Ao fugpstoyating
- dmdmtn (wy,) fe ﬁiﬂumﬂﬁfwmﬁﬂﬁuéf’;LLUiﬁﬁﬂLsﬁ'ﬂgjszUU
- Alututiou (Value in Hidden Layer : hy) Ao Ariildainmaisouaindoyauasan
it
- $useu (Hidden Layer) Ao JuvesszuulasstioUsvamiiion deeansaiilduinnia
1 $u
- AauULBed (Bias Value : by) fio AvduusiinlunsevimdaainsanynAudaneuiay
Wnsguaumsinll
- foyauansua (Output Data : 0,) fie FeyafiuanseenndsandunsiFouiainszuy
lasaingUssanniiey
- fudfeyauandua (Output Layer) fio fuvasdoyafinaniua
1nys1uazldunn159N91UUDY Back Propagations Algorithm [10] Tuusastunoudugel
Fumeudl 1 Feed-forward Computing L‘f]umil,%'mszmumﬂ@aﬁﬁayjaﬁﬁLS?J’mzamm (ip),
Aowdes (by) dvsunsazdu wavArdmgn (wy witemeludugeu (h,) faluudasen

A8 AIUIAINENNNST (2.5) ATl

neth, = wj; * iy + Wiy * iy + =+ 4+ Wi * iy + bj * X (2.5)
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ntuthawasiludugeu (net hy) Wldluaunsd (2.6)
outh, = 1/1 4+ e-nethy, (2.6)

Taganfiunsmtutugou (h,) 1NEUNISA (2.5) wazaunisi (2.6) muaiau aulaalutu

gou (h,) AsUNNSIUIL udwinsnserhmsmaTlutusansuadsldainaunis 2.7)
neto, = wpy * hy +wyy xhy + -4+ wp, xh, + by *y (2.7)
Mntuthatlutuuana (net o,) Wldluannsi (2.8)
outo, = 1/1 4 e-netop (2.8)

diaduliunsmAlutudeauansg laAsuNNTINIULGT L5181 TAAILINIAINANAIN
AMSUAIYBITRLALARING 2INFUNTN (2.9)

Eo (2.9)

—y1
n=2% /Z(target 0, — out 0,)?
oA NIUNITIIANHANG N NNAIIINYNAIVEITBLARANINAKA ALIAAIAIUEANAIATIN

(Erotar) FINAINNATINUDIATIAIURANAINIIAAT Output YN ASENNITA (2.10)

Etotaa =E01 +Eo0; + -+ Eop (2.10)

& o

] PN |y 1Y) - aa Ql'
TUABUT 2 NTEUIUNTHELNSEDUNGU (Back propagation) W5tilunsyuaunisnazneney

andonanaInlneNITUABULUAsAUTIN (wy) LazA bias (b)) AsEUNISN (2.11)

8Etotal — SEtotal " Souton " Sneton (2.11)
SWhn Souty, Onety, SWhp

TUNISIBUNISYINTZUIUNITHELNT TDUNAU B19UKINIUNISYINABNISANUIUNNSIUA B ULUAY
Tudetinnanviunsietoyauaninaidy tnea1naunisn (2.9) uas (2.10) agledn

SEtotal —
Soutyp

—(target o, — out op) (2.12)
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AU 151981N5LUREULUAIAN net o, 1ETINATEUIUAISIHELNS SaUNAULaz AWMLY

nswasuwlasdayananinalagainaunisn (2.8) aglad

Soutgp

St (out0,)(1 — outoy) (2.13)
LAZNALNIST (2.7) AZNU

Snetopn . 3

sr::/ﬁ = 1 *outi, (W)™ +0+0 (2.14)

Junaudl 3 Weight updates Hunsihaniledanaunisi (2.12), (2.13) way (2.18) unuly

A4UN5N (2.11) MATUINITAIUIUAWNDONANANUIATIN AFNN1TN (2.15)

8Etota
(Whn)+ = Wnpn — 1’18‘;]—1;1 (2.15)

Walaanhudnludugaulniduddld nssuiun e nsgaundu ieniauininluuvaadu

Joyarudn

SEtotal A SEtotal N Southp ., Snethn (216)
SWip Souty, Onety, Wi,

Tnganalutudeu (hy,) aglain

SEtotal _ 8E1 8E2 i SEn
Soutp,  Soutpp + Soutp, Soutyp (2.17)
TaeLilatnauns (2.6) Uwnual azlaa
Sdoutpn _
e (outh,)(1 — outhy) (2.18)
TaeLiaunaunsh (2.5) Uknual azkaan
Snethn _ (2.19)

SWi, D
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F9LE1U50YIN1T Weight updates vesAdayalndlagn1sunupIaun1si (2.17), (2.18)

waz (2.19) Tuaunish (2.16) ANUUINISAIUIUANNBINANAIUINTN f3aun1sT (2.20)

SEtota
(Win) " = Wip —n =g (2.20)

Ingisituneumaigiedmavaumtnvdauasunna nasnuuazdounduluying
nszuiunstdiulagldentdminlmivavanauninaglamianaintesiian
FevonuazUalaUisureslasetieussamiisunuy Back Propagations Algorithm #ie
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v [
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2.6 Machine Learning

lunszurun1358ugvee Machine Learning [141,[15] #il¥luinendnustidunis

v

SeusuuuinRnasu (Supervised Learning) 1l un sl naeulilainalaedinisszunadnsa

v

gnaaslrnumliing Inensaeulinavziinisladeyatni nfeudeyauaninaignaan
YanNHnaay Welunarinisiasisisulateyananisaisduiisudnauiuyadeya

~ v . | ~ ° 9 P ~ v
LanafignAesInEEndsu lngsruulasanguszamiiisuaggnauiaua iU e uli
aeandesiuidivang anduaiana1nmiinduazgneunduludissuulasereuszam
Wiguwardni1ssUasua It L idenAaadiunISIASIET W8 IRATAURANANATN LAATUYDS
Auansnatuidaninedirianas @aisnsiasvilvdllnadadudsednsaimaslunis
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3.1 mseanuuulaseasrelusunsy
TUsunsugndnvindusae Google Colab with Python laedin1seanuuulvinisinsigy

wusledu 2 dnwele A
'3 ] v

1. NMSIATIZANAUVDL

9 Y

laen1sld Linear Model

1 k%4

2. MyBesgingutoualnenisly Logistics Model

( & T13_tutorial_deep_learning_basics.ipynb 2% Shae o (‘g‘?
File Edit ~View “InsertRuntime Tools' Help ~Changes will not be saved -
Connect ~ # Editing A~

+ Code + Text 2 Capy to Drive

= Table of contents X
T e R

Q. Deep Learning Basics: L % |"—_

~ Build the model

Part 0 Prerequisites:

< Part 1; Boston Housing Price Building the neural network requires configuring the layers of the model, then compiling the
Prediction with Feed Forward model. First we stack a few layers together using keras.Sequential . Next we configure the loss
(=] Neural Networks

function, optimizer, and metrics to monitor. These are added during the model's compile step:

Build the model
+_Loss function - measures how accurate the model is during training, we want to
Train the model - 'Y, .
minimize this with the optimizer.

* Optimizer - how the modelis updated based on the data it sees and its loss function
* Metrics - used to monitor the training and testing steps.

Part 2: Classification of MNIST
Dreams with Canvolutiona
Neural Networks

Build the model Let's build a network with 1 hidden layer of 20 neurons, and use mean squared error (MSE) as

the loss function (most common one for regression problems):

Train'the model

Evaluate accuracy
[1' def build_model():
madel = keras.Sequential ([
Dense(20, activation=tf.nn.relu, input_shape="[len(train_features[0])1),
Dense(1)
Section b))

Make predictions

Acknowledgements

model.compile{optimizer=tf.train.AdamOptimizer(),
loss="mse’,
metrics=['mae’, 'mse’])

| S ——

5U# 3.1 fMegunsldanlisunsy

MlusunsuazgnAIvaNTauanTIn eI sdeuteyadrliuuudn 9 seninenis
= Y oA a = v o = 1% = a ¢
S welilusunsuiinnisiseuuazimuaveulnnsdnwilaies delunisiiasey
AunmvesszuLlniuazgnAnwinazaluAuA e LUs 5 ddlawn seauwseaulnia,
nszualniin, Power Factor, THDv wag THDI lnglumaildannmsdiasigivegniiunyseidiy
UsednS i laiigunu AUC score (Wil b ns19was ROC Curve, Area under the ROC

'
a

Curve) Aaguil 3.2 Inevnengadiunu Y Bsdiehanuiiasduilalinagnsedndifisaninu

934
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False positive rate

SUT 3.2 The ROC curve (H. Bui. 2020)

3.2 AnWEN1SININYIlUsHnsY

nsvhauvedlysunsuaziidnuaensinaumuwuislugun 3.3 lnedoyangndeuitn

TaggninlulglumstindunasGenivelusunsuieldlunsiwnsinadely

start

Choose
Type for
Calculation

Choose Data and
Train Program

Train
Program ?

Linear Logistic
—* Input Data
Data Output Data Output
no 1 2
\—/rr ____—_/|r/‘—
Is Input Yes
Complete
end

5UM 3.3 unudansinauvedusunsy
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nsewabnin, Power Factor, THDv wag THDI
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Poyanumianldlupstanulusinsunagldlunsiessiiulainannissiusiudoya
Aawusmsliihanuaasitegisdeya Tayaduusninissausinazysenauluiiesyeu

wseruliiih, nszualndln, Power Factor, THDv taw THDI lnefinsindeyalunsazivla

b Staiidagd Distertion Unblance.
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3.3 nszUIUAIaNlUSHASY

nsWsulusunsulaeseyvouwnvewauysine - 9 Tuldsunsy  wieuansds

LEDYININYBITEUY A95UN 3.7

[ ] df = pd.read_csv('electric_df.csv")
scaler = load("scaler.pkl”)

‘, def assignPowe (row)
power = 1
if row['V'] >= 215 and row['V'] <= 240:
if row['PEiJe>10:9:
if row['A*]>="1500 and row['A’'] <=2000:
if row['THDV'] < 3:

if wow['THDi'] > S:
power'= 1

o
°;
)
3
"
%

power =.0
return power

{ 1 dff'Power_on'] = 'df.apply(assignPowerOn,axis=1)

UN 3.7 F981990ULUALNBRARIDLED g SN 1NVBIsEUU WA

Caf

Tneddesavidregmeluroumsiiohssuuiuiadosnm smndogaeudniaeg
uenveumaziienszuulsifiadosnm  uenndssdrdennanumaaldrusiinnseuy
nifhusisdu 09 diiAnliduniernsiigilidaszuy wastasiifinsldnurosssuunuads
wdvihmsssuissuuiwihiufiefesneield Tasmnnszuulifiensfinunfozunudie 1
wazvnnszuuiimuiaUndazunuing 0 msditmuatesusiarsruuliiihiideanisnm
fhogadeguil 3.7 mmiuiaideyaildaoulusunsusegnadoyadnse 3

fetieyaiiliidutoyaiinamnnisldenaie u visassndud Taslugaiedisiasdu
foyafiszuvlniiddam (Qutaaivhalaugs), Jeyansldmulnanduiivsioinduns

y a

Tdnununfvesszuull,  deyanisldnulnanasmisuiitiasfodndunisldauwuulaiung,

waydayanasineUagaliiinsldnu Juateuitssuulnihiaun
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V [ PF THDv THDi Power on
222.434 161.151 0.85 1.098 16.759 0
230.016 46.107 0.201 0.598 34.078 0
229.428 54.6 0.195 0.639 28.495 0
224.538 1981.305 0.899 0.844 1.843 1
224.785 1977.452 0.899 0.933 1.835 1
224.962 1977.859 0.898 0.848 1.824 1
229.336 1036.294 0.895 0.729 2.09 0
229.227 1039.058 0.894 0.809 2.04 0
229.455 1036.125 0.893 0.763 2.03 0
232.354 0 0 0.459 0 0
232.266 0 0 0.564 0 0

wilusunsuinnisseusiveasndunauasdminesgun

syuulviiaiy 9 Wehlulglunisyinuneeissnineesssuu

3.8 welidannasenu

[ ] X_train,X_test,y train,y test = train_test split(df.drop('Power on',axis=1),df.Power_on,test_size=0.3,nandom_state=42)

[ 1 X_train = scaler.transform(X_train)
X_test = scaler.transform(X_test)

[ ] Json_.file"= open('model.json', r")
loaded_model json = json_file.read()
json_file.close()
model = model from_json(loaded model_json)
model.load weights{!'model_weight.hS5")

tropy '’ ,optimizer='adam®,metrics=['accu

[ ] model.fit(X_train,y train,batch_size=64,epochs=280,shuffle=True)

[ ] y_pred = model.predict(X_train)
roc_auc_score(y_train,y_pred)

[ ] y_pred =

model.predict(X_test)

roc_auc_score(y_test,y_pred)

[ ] model.save_weights('model_weight_2.h5")
model_json = model.to_json()

with open('model_2.json’,

json_file.write(model_json)
json_file.close()

"w") as json_file:

racy’])

5UN 3.8 dreglusunsuiiverinnisiseusiieasneunauaziinen
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Predicted Probability - Voltage
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Predicted Probability - Current
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Predicted Probability — Power Factor
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Predicted Probability - Voltage
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Predicted Probability - Current

| M IM|M Ml ﬁH |

)

g
8

g
Pcrccmagc("b

Current (A)

(a) tlmc(hr)
C W &
= &
g - §
3 3
AR LR \ :
| A

t me(hr)
e 150 E

o
. * nme(hr)

JUN 4.14 nymlanuduiusseninsmanuinazdulunisiasieisae Logistics Model wuu

3 fhwlshasnsewabiiniuaivad a) Phase A, b) Phase B kag ¢) Phase C

Predicted Probability — Power Factor

Mo N S8 e mn

0.9 i
<9
=

PF

Percemugu(%)

g
Pcrccnmge(%)

Percentage(%)

JUN 4.15 nymiauduiusserdnsrnuinzdulunsiiesigiisne Linear Model wuu 3

fakUsuaz Power Factor AULIaNU8d a) Phase A, b) Phase B ez c) Phase C



28

Predicted Probability — Power Factor
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PARAMETER VALUES UNIT
Voltage 215-230 V
Current 150-250 A
Power Factor (PF.) >0.9 -
THDv <3 %
THDi <5 %
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Predicted Probability - Voltage
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Predicted Probability - Current
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Predicted Probability - THDv
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Predicted Probability - THDv
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Predicted Probability — Power Factor
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Predicted Probability - Voltage
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Predicted Probability - Current
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Predicted Probability — Power Factor
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Predicted Probability - THDv
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Predicted Probability - THDi
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Predicted Probability - Current
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Predicted Probability — Power Factor
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A15199 4.6 FLUSNIEIUNITIATIZNVRLUTHATULUUIATIZN 5 AwUs

PARAMETER VALUES UNIT
Voltage 215-240 V
Current 1,500-2,500 | A
Power Factor (PF.) >0.9 -
THDv <3 %
THDiI <5 %
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Predicted Probability - Current
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Predicted Probability — Power Factor
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Predicted Probability - THDi
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4.7.1 MDB-1

A15199 4.7.1 AU snlglun193As187 U NSULUUILATIEN 3 ALUT

PARAMETER VALUES UNIT
Voltage 215-240 V
Current 150-250 A
Power Factor (PF.) >0.9 -
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%)
2

......... SPEN oo WY oo U S . e ot
R e T I B e e

2

P
Per

1100 1200 1300 1200 1500 1600 1700 1800 1900 2000 2100 2200 2300 2400 DLO0 0200 030D 0400 0500 OSG0 0700 0800 0900
(a) time(hr)

L T

ge(%)

v - | e
e " ST ST S ey S s PR
. L S R b

I
Pe
=
5

1100 1200 1300 1400 1500 1600 1700 1800 1900 2000 21.00 2200 2300 2400 0100 ozp0 0300 a4.00 0500 0600 0700 08.00 02.00
(h) time(hr)

O s

a
2

Percentage(%)

1100 1200 1300 1400 1500 1600 1700 1800 1500 2000 2100 2200 2300 2400 0L00 0200 0300 0400 0500 0600 0700 0300 0800

(c) time(hr)

JUT 4.82 namlpuduiusszninsnanuinziulunisiaseife Logistics Model wuu

2 A3kUsLIa719849 a) Phase A, b) Phase B waz c) Phase C

Predicted Probability - Voltage
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Predicted Probability - Current
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Predicted Probability — Power Factor
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Predicted Probability — Power Factor
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3 AwUsway Power Factor AULa 189 a) Phase A, b) Phase B wag ¢) Phase C
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PARAMETER VALUES UNIT
Voltage 215-240 V
Current 1,000-2,000 | A
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Predicted Probability — Power Factor
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PARAMETER VALUES UNIT
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Current 1,200-1,600 | A
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Predicted Probability - Voltage
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Predicted Probability — Power Factor
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Predicted Probability - THDv
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Predicted Probability - THDi
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PARAMETER VALUES UNIT
Voltage 215-240 \
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Power Factor (PF.) >0.9 -
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PARAMETER VALUES UNIT
Voltage 215-240 V
Current 1,200-1,600 | A
Power Factor (PF.) >0.9 -
THDv <3 %
THDi <5 %
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Predicted Probability - Voltage
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Predicted Probability - THDv
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Predicted Probability - THDi
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Predicted Probability — Power Factor
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Predicted Probability - THDv
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Time Phase A Phase B Phase C

\ A PF THDv | THDa \% A PF THDv | THDa \ A PF THDv | THDa
D01 00:00:01 | 230.26 | 167.53 0.96 1.50 11.74 229.89 | 207.90 0.95 1.40 9.21 229.83 | 198.93 0.94 1.34 11.69
D01 00:00:02 | 230.13 | 162.60 0.95 1.42 14.31 229.63 | 200.63 0.94 1.38 11.84 229.44 | 195.80 0.93 1.38 13.66
D01 00:00:03 | 230.02 | 162.18 0.95 1.43 14.15 229.48 | 21681 0.95 1.39 11.55 229.40 | 200.99 0.95 1.36 13.56
D01 00:00:04 | 230.37 | 161.76 0.96 151 13.04 229.89 | 203.31 0.94 1.39 11.41 229.75 | 198.24 0.93 1.37 12.59
D01 00:00:05 | 230.24 | 154.91 0.94 1.46 13.56 229.55 | 206.93 0.94 1.36 10.98 229.74 | 190.82 0.94 1.39 12.94
D01 00:00:06 | 230.29 | 15837 0.94 1.48 12.75 229.72 | 21898 0.95 1.38 10.19 229.99 | 19261 0.95 137 11.99
D01 00:00:07 | 230.26 | 167.93 0.96 151 12.03 229.70 | 218.67 0.95 1.36 8.09 229.53 | 207.71 0.94 1.32 10.85
D01 00:00:08 | 230.09 | 157.95 0.95 1.47 13.01 229.37 | 214.62 0.94 1.37 8.82 229.45 | 201.67 0.95 132 12.01
D01 00:00:09 | 230.16 | 152.26 0.93 1.44 13.49 229.80 | 196.89 0.94 1.41 11.21 229.73 | 181.60 0.93 1.35 14.30
D01 00:00:10 | 229.96 | 169.94 0.97 1.44 14.09 229.49 | 21017 0.96 1.39 12.09 229.33 | 208.70 0.95 1.40 13.14
D01 00:00:11 | 230.20 | 160.92 0.95 1.48 12.56 229.74 | 204.96 0.95 1.39 9.17 229.73 | 196.15 0.94 1.36 12.38
D01 00:00:12 | 230.06 | 167.12 0.95 1.47 13.69 229.66 | 213.67 0.95 1.35 10.97 229.50 | 201.67 0.94 1.35 12.77
D01 00:00:13 | 230.49 | 179.63 0.98 1.52 11.06 229.51 | 219.90 0.96 1.38 10.22 229.32 | 221.60 0.95 131 10.23
D01 00:00:14 | 230.34 | 167.12 0.97 1.50 12.25 229.52 | 208.88 0.95 1.38 10.42 229.47 | 207.05 0.94 1.35 10.66
D01 00:00:15 | 230.07 | 161.34 0.95 1.47 12.17 229.89 | 196.89 0.95 1.43 9.68 229.55 | 186.45 0.92 1.32 12.66
D01 00:00:16 | 230.14 | 161.76 0.95 151 12.07 229.58 | 208.55 0.94 2l 8.87 229.52 | 201.33 0.94 1.32 11.32
D01 00:00:17 | 230.14 | 166.72 0.96 1.44 13.81 228.95 | 233.02 0.94 1.40 10.74 229.29 | 22517 0.97 1.35 12.03
D01 00:00:18 | 231.09 | 168.33 0.99 1.52 14.58 230.06 | 198.94 0.99 1.44 14.39 229.93 | 203.37 0.98 1.40 13.13
D01 00:00:19 | 230.56 | 175.82 0.98 1.54 11.77 229.82 | 216.81 0.97 1.41 10.98 229.78 | 215.19 0.97 1.30 11.68
D01 00:00:20 | 230.04 | 163.43 0.95 1.48 13.57 229.33 | 207.90 0.94 1.40 10.84 229.27 | 198.24 0.93 1.38 12.85
D01 00:00:21 | 230.13 | 160.50 0.96 1.51 k358 229.06 | 218.67 0.94 1.35 8.13 229.20 | 212.62 0.95 1.35 10.80
D01 00:00:22 | 229.70 | 174.27 0.96 1.45 11.48 229.28 | 217.74 0.95 1.38 8.32 229.00 | 208.04 0.94 1.29 10.92
D01 00:00:23 | 230.37 | 167.12 0.98 1.52 12.15 229.54 | 20297 0.95 1.37 10.90 229.26 | 21229 0.95 1.31 10.60
D01 00:00:24 | 230.07 | 163.01 0.95 1.48 13.19 229.32 | 210.81 0.94 1.35 10.67 229.04 | 205.72 0.94 1.35 12.17
D01 00:00:25 | 229.90 | 162.60 0.95 1.43 13.96 229.28 | 205.62 0.94 1.38 12.76 229.05 | 197.54 0.93 1.32 14.38
D01 00:00:26 | 229.64 | 163.43 0.95 1.50 13.26 229.14 | 213.67 0.95 1.42 11.06 229.00 | 200.65 0.94 1.37 12.61
D01 00:00:27 | 229.89 | 160.92 0.95 1.49 13.55 229.06 | 222.04 0.94 1.34 10.14 229.39 | 203.37 0.95 1.38 12.87
D01 00:00:28 | 229.70 | 161.34 0.95 1.46 11.71 229.19 | 208.55 0.95 1.40 9.14 229.22 | 195.44 0.94 1.36 12.23
D01 00:00:29 | 229.95 | 166.72 0.95 1.49 11.36 22939 | 22174 0.95 1.40 8.52 229.13 | 204.72 0.95 1.33 11.27
D01 00:00:30 | 230.08 | 157.09 0.94 1.47 12.30 229.79 | 200.29 0.95 1.45 9.50 229.46 | 186.08 0.93 1.37 12.53
D01 00:00:31 | 230.36 | 158.80 0.95 1.50 12.80 229.74 | 201.97 0.94 1.42 9.48 229.64 | 194.39 0.93 1.37 12.55
D01 00:00:32 | 230.22 | 155.79 0.95 1.46 14.60 229.60 | 202.31 0.94 1.38 12.23 229.67 | 187.19 0.93 1.38 14.67
D01 00:00:33 | 230.72 | 157.09 0.97 1.46 14.82 229.78 | 206.60 0.96 1.36 11.66 229.73 | 198.24 0.96 1.42 13.67
D01 00:00:3¢ | 230.28 | 165.90 0.96 1.47 11.71 229.79 | 214.30 0.95 1.40 10.53 229.82 | 201.67 0.94 1.38 12.15
D01 00:00:35 | 230.75 | 169.14 0.98 1.49 12.70 229.99 | 21587 0.98 1.39 8.68 229.86 | 204.72 0.97 1.34 12.27
D01 00:00:36 | 230.23 | 173.10 0.97 1.49 11.86 229.36 | 213.36 0.95 1.41 8.40 229.10 | 220.86 0.95 1.28 10.60
D01 00:00:37 | 230.10 | 159.23 0.95 1.51 12.70 229.52 | 196.55 0.95 1.42 9.29 229.36 | 189.74 0.92 1.34 12.47




129

Time Phase A Phase B Phase C

\ A PF THDv | THDa \% A PF THDv | THDa \ A PF THDv | THDa
D01 00:00:38 | 229.88 | 168.33 0.95 1.48 12.03 229.07 | 236.48 0.95 1.40 9.14 229.36 | 216.78 0.96 1.35 11.04
D01 00:00:39 | 229.98 | 164.67 0.96 1.49 13.12 229.16 | 214.93 0.95 1.36 10.37 229.14 | 209.36 0.95 1.36 11.30
D01 00:00:40 | 229.78 | 163.01 0.96 1.45 13.66 228.79 | 222.65 0.94 1.37 10.95 229.05 | 21391 0.95 1.34 13.37
D01 00:00:41 | 229.78 | 164.67 0.96 1.49 12.35 229.06 | 210.17 0.94 1.44 11.16 22895 | 206.39 0.94 1.35 11.90
D01 00:00:42 | 229.97 | 160.92 0.96 1.48 13.15 229.23 | 208.55 0.94 1.40 11.41 229.00 | 205.05 0.93 1.36 12.89
D01 00:00:43 | 229.63 | 157.52 0.95 1.52 12.43 229.38 | 190.62 0.94 1.41 10.30 229.00 | 189.74 0.92 1.34 11.78
D01 00:00:44 | 230.05 | 154.91 0.95 1.45 12.67 22897 | 2271.75 0.94 1.37 7.93 229.36 | 206.72 0.96 1.37 11.52
D01 00:00:45 | 229.57 | 177.35 0.95 1.50 10.96 229.36 | 226.56 0.96 1.42 8.56 229.22 | 208.04 0.95 1.36 11.41
D01 00:00:46 | 230.27 | 153.59 0.97 1.51 14.29 229.22 | 218.67 0.96 1.40 11.34 229.39 | 203.71 0.97 1.37 11.40
D01 00:00:47 | 229.50 | 162.18 0.96 1.47 14.53 22898 | 20297 0.94 1.49 12.34 228.47 | 206.39 0.93 131 12.71
D01 00:00:48 | 229.70 | 158.80 0.95 1.48 14.75 229.13 | 199.62 0.94 1.42 12.55 228.86 | 196.50 0.93 137 14.07
D01 00:00:49 | 229.85 | 166.31 0.97 1.49 12.07 229.23 | 201.64 0.94 1.42 9.54 22897 | 207.71 0.93 1.41 11.29
D01 00:00:50 | 230.13 | 160.50 0.95 1.46 14.21 229.24 | 212.40 0.94 1.34 10.69 229.27 | 209.69 0.95 1.32 12.40
D01 00:00:51 | 230.00 | 165.49 0.96 1.47 12.33 22919 | 21177 0.94 1.41 8.92 229.15 | 207.05 0.94 1.33 11.37
D01 00:00:52 | 229.89 | 168.33 0.97 151 11.41 229.02 | 220.52 0.94 1.40 10.01 22897 | 218.67 0.95 1.36 10.91
D01 00:00:53 | 229.70 | 179.26 0.96 157 10.68 229.53 | 214.93 0.97 1.42 12.10 229.28 | 197.54 0.94 1.36 11.61
D01 00:00:54 | 230.17 | 151.82 0.96 1.45 13.94 229.43 | 200.97 0.95 1.40 11.77 229.32 | 187.55 0.94 1.35 13.48
D01 00:00:55 | 229.69 | 16833 0.96 1.50 13.66 229.42 | 201.30 0.95 1.37 12.96 229.10 | 199.62 0.93 137 13.61
D01 00:00:56 | 229.84 | 155.35 0.96 1.49 13.03 229.42 | 205.29 0.95 1.42 11.47 229.29 | 191.18 0.95 1.40 13.49
D01 00:00:57 | 230.02 | 157.95 0.96 1.56 13.48 229.24 | 210.49 0.95 1.40 12.63 229.20 | 195.44 0.95 1.39 12.22
D01 00:00:58 | 230.21 | 163.84 0.96 1.50 12.14 229.67 | 218.67 0.96 1.41 9.41 229.57 | 19544 0.95 1.37 11.62
D01 00:00:59 | 231.18 | 177.74 0.99 1.57 10.64 230.34 | 194.13 0.99 1.46 9.83 229.78 | 209.36 0.97 1.32 11.34
D01 00:01:00 | 231.67 | 149.11 0.98 1.50 13.65 230.73 | 185.59 0.99 1.42 10.20 230.61 | 181.60 0.99 1.39 14.21
D01 00:01:01 | 230.14 | 156.65 0.96 1.50 9.10 229.51 | 202.64 0.95 1.43 9.28 229.35 | 190.46 0.94 1.37 12.82
D01 00:01:02 | 229.86 | 186.30 0.98 1.51 11.26 22921 | 224.76 0.96 1.40 10.50 22889 | 22456 0.95 1.32 11.32
D01 00:01:03 | 230.96 | 157.52 0.99 1.53 15.51 230.02 | 207.58 0.99 1.41 12.35 230.04 | 196.15 0.99 1.42 13.82
D01 00:01:04 | 230.11 | 161.76 0.96 1.49 12.14 229.42 | 204.96 0.94 1.45 8.95 229.20 | 201.33 0.93 1.35 11.84
D01 00:01:05 | 229.96 | 165.90 0.95 1.48 12.28 229.34 | 210.81 0.95 1.41 11.16 229.22 | 202.35 0.93 1.37 12.35
D01 00:01:06 | 229.77 | 162.18 0.95 151 12.26 229.18 | 214.62 0.95 1.40 9.74 229.04 | 200.65 0.94 1.32 11.29
D01 00:01:07 | 230.13 | 165.08 0.96 1.52 12.17 229.23 | 224.16 0.94 1.40 7.94 229.37 | 218.36 0.95 1.43 10.56
D01 00:01:08 | 230.15 | 160.50 0.95 1.49 12.73 229.34 | 222.04 0.94 1.42 7.98 229.50 | 209.03 0.95 133 10.81
D01 00:01:09 | 230.33 | 165.49 0.96 1.50 12.69 22939 | 224.46 0.94 1.42 10.13 229.55 | 219.30 0.95 1.34 11.19
D01 00:01:10 | 230.14 | 165.49 0.96 1.44 13.79 229.44 | 210.49 0.94 1.41 12.12 229.28 | 210.67 0.94 1.34 13.15
D01 00:01:11 | 230.17 | 169.54 0.96 1.52 12.11 229.53 | 218.36 0.94 1.38 10.47 229.44 | 21455 0.94 1.36 11.76
D01 00:01:12 | 230.36 | 170.73 0.98 1.49 12.38 229.79 | 199.96 0.96 1.39 11.61 229.27 | 208.04 0.94 1.36 11.64
D01 00:01:13 | 230.13 | 155.35 0.96 1.58 12.45 229.37 | 214.30 0.94 1.37 7.89 229.50 | 199.96 0.95 1.41 11.13
D01 00:01:14 | 229.78 | 154.47 0.94 1.50 13.18 229.16 | 214.62 0.93 1.38 8.26 229.34 | 200.99 0.94 1.42 12.09
D01 00:01:15 | 230.06 | 175.43 0.96 151 11.02 229.42 | 23533 0.95 1.38 9.33 229.53 | 223.64 0.96 1.35 10.53




130

Time Phase A Phase B Phase C

\ A PF THDv | THDa \% A PF THDv | THDa \ A PF THDv | THDa
D01 00:01:16 | 230.28 | 175.05 0.96 1.59 11.50 22942 | 238.18 0.95 1.38 10.49 229.42 | 224.87 0.95 1.40 10.22
D01 00:01:17 | 230.07 | 159.65 0.95 1.41 14.42 229.51 | 21525 0.94 1.41 11.68 229.49 | 202.01 0.94 1.34 13.69
D01 00:01:18 | 230.11 | 163.01 0.95 1.43 13.49 229.78 | 201.30 0.95 1.41 12.29 229.44 | 191.18 0.92 1.36 14.30
D01 00:01:19 | 230.02 | 170.73 0.95 151 11.82 229.75 | 206.60 0.95 1.41 9.69 229.18 | 197.89 0.92 1.30 12.97
D01 00:01:20 | 230.08 | 160.50 0.95 1.55 13.03 229.47 | 21081 0.94 1.38 10.58 229.39 | 203.37 0.94 1.39 11.80
D01 00:01:21 | 230.56 | 161.34 0.96 1.55 12.63 229.78 | 207.58 0.95 1.41 10.44 229.59 | 200.99 0.94 1.36 11.53
D01 00:01:22 | 230.35 | 169.14 0.96 151 11.73 229.73 | 220.21 0.95 1.42 8.30 229.68 | 210.34 0.95 1.40 11.10
D01 00:01:23 | 230.74 | 167.53 0.98 1.58 12.01 230.15 | 195.52 0.97 1.47 9.44 229.69 | 204.72 0.95 1.32 11.41
D01 00:01:24 | 231.04 | 163.43 0.99 1.52 13.56 230.19 | 196.89 0.98 1.45 13.75 229.80 | 196.50 0.96 1.39 12.28
D01 00:01:25 | 232.29 | 169.94 0.94 151 14.08 231.11 196.89 0.97 1.39 14.17 230.92 | 198.24 0.98 137 13.48
D01 00:01:26 | 232.97 | 174.66 0.94 1.57 12.08 23139 | 212.09 0.97 1.45 12.65 231.23 | 215.19 0.97 1.38 11.86
D01 00:01:27 | 233.49 | 17850 0.88 1.50 12.56 23214 | 220.21 0.91 1.42 12.43 232,05 | 208.04 0.91 137 12.09
D01 00:01:28 | 232.72 | 155.35 0.95 1.55 13.07 231.65 | 193.78 0.98 1.45 10.20 231.39 | 186.82 0.97 1.41 12.89
D01 00:01:29 | 232.19 | 167.53 0.97 1.54 12.15 231.28 | 199.62 0.98 1.42 11.23 230.93 | 199.96 0.99 1.35 11.82
D01 00:01:30 | 232.24 | 153.59 0.97 1.58 13.82 231.12 | 185.59 0.98 1.43 12.22 230.73 | 175.44 0.99 1.41 13.45
D01 00:01:31 | 231.66 | 15535 0.99 157 13.75 230.40 | 186.32 0.99 1.44 9.75 230.30 | 19297 0.99 137 12.42
D01 00:01:32 | 230.06 | 156.22 0.94 1.45 14.91 229.47 | 209.84 0.93 1.44 11.69 229.43 | 196.50 0.93 137 14.95
D01 00:01:33 | 230.02 | 171.92 0.95 <= 12.70 22931 | 216.19 0.95 1.41 10.63 229.35 | 201.67 0.93 1.38 12.88
D01 00:01:3¢ | 229.76 | 164.67 0.95 151 13.03 229.10 | 217.12 0.94 o/ 10.87 229.18 | 201.67 0.93 1.35 12.68
D01 00:01:35 | 230.07 | 163.01 0.95 1.49 12.19 229:52% 521929, 0.94 1.38 8.99 229.48 | 208.70 0.94 1.37 11.28
D01 00:01:36 | 230.10 | 162.60 0.95 1.53 12.00 229.57.411.205.95, 0.94 1.42 9.13 229.39 | 196.50 0.93 1.35 11.52
D01 00:01:37 | 230.02 | 154.47 0.94 1.56 12.68 229.66 | 198.60 0.93 1.35 12.42 229.43 | 185.34 0.92 1.39 10.23
D01 00:01:38 | 230.35 | 157.95 0.94 1.50 12.08 229.83 | 195.17 0.94 1.40 9.33 229.55 | 188.28 0.91 1.42 12.82
D01 00:01:39 | 229.96 | 158.37 0.94 1.46 14.42 229.64 | 195.86 0.93 1.45 12.20 229.50 | 190.82 0.92 1.32 14.16
D01 00:01:40 | 230.18 | 163.84 0.95 1.49 13.85 229.71 | 197.24 0.93 1.40 12.46 229.40 | 200.31 0.93 1.33 13.33
D01 00:01:41 | 230.73 | 172.31 0.99 1.55 11.35 230.15 | 191.68 0.96 1.44 10.40 229.48 | 215.82 0.95 1.32 11.03
D01 00:01:42 | 229.96 | 165.90 0.95 1.47 12.33 229.19 | 219.90 0.94 1.36 8.62 229.32 | 211.00 0.95 1.33 11.78
D01 00:01:43 | 229.90 | 170.34 0.97 157 8.70 229.47 | 200.29 0.96 1.37 9.13 229.15 | 200.65 0.95 1.33 9.05
D01 00:01:44 | 229.70 | 166.72 0.95 1.57 8.67 228.88 | 222.65 0.94 1.38 7.68 22891 | 215.19 0.95 1.36 10.32
D01 00:01:45 | 229.99 | 170.73 0.96 151 12.01 229.54 | 210.49 0.96 1.39 8.52 229.45 | 197.89 0.94 1.34 11.78
D01 00:01:46 | 229.69 | 176.20 0.95 1.48 11.77 228.90 | 230.40 0.94 1.39 8.04 229.02 | 22333 0.95 131 11.01
D01 00:01:47 | 230.08 | 167.12 0.98 1.49 13.43 22959 | 203.97 0.97 1.43 12.37 229.18 | 200.31 0.96 1.32 13.51
D01 00:01:48 | 230.66 | 171.92 0.99 1.50 12.19 230.32 | 200.29 0.99 1.41 11.98 229.85 | 181.22 0.98 1.35 14.22
D01 00:01:49 | 229.54 | 170.73 0.95 1.46 12.30 229.29 | 212.09 0.95 1.38 11.23 229.18 | 199.62 0.93 1.33 12.60
D01 00:01:50 | 229.46 | 179.26 0.95 1.56 8.27 229.25 | 213.36 0.95 1.44 10.38 229.00 | 207.71 0.93 1.35 10.22
D01 00:01:51 | 230.97 | 157.95 0.99 1.53 12.64 229.94 | 192.38 0.99 1.44 9.62 229.82 | 191.90 0.99 1.33 12.15
D01 00:01:52 | 229.72 | 162.60 0.96 1.52 12.00 229.29 | 204.30 0.97 1.40 8.95 229.22 | 189.37 0.96 132 12.33
D01 00:01:53 | 229.52 | 178.12 0.96 1.57 11.08 229.05 | 216.81 0.96 1.42 7.94 22883 | 21358 0.95 133 10.61
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Time Phase A Phase B Phase C

\" A PF THDv | THDa \% A PF THDv | THDa \ A PF THDv THDa
D01 15:00:00 | 271.14 | 154.34 0.96 8.64 2335 | 23459 | 190.04 0.92 8.97 19.95 | 200.00 | 181.70 0.91 9.94 36.25
D01 15:00:01 | 271.52 | 157.66 0.96 8.62 2289 | 23461 | 183.25 0.92 8.94 19.93 | 200.11 166.92 0.89 10.03 39.68
D01 15:00:02 | 271.22 | 159.44 0.96 8.65 2285 | 234.61 196.83 0.93 8.98 18.70 | 200.10 | 176.10 0.90 10.00 36.85
D01 15:00:03 | 271.31 | 146.52 0.95 8.70 24.29 | 23485 | 215.70 0.94 8.98 17.73 | 199.99 | 205.60 0.92 9.90 31.80
DO1 15:00:04 | 271.40 | 163.81 0.96 8.67 21.79 | 234.71 | 208.40 0.93 8.98 17.31 | 200.33 | 188.40 0.91 9.96 34.64
D01 15:00:05 | 271.70 | 145.55 0.95 8.60 25.80 | 234.88 | 174.33 0.91 9.04 2271 | 20046 | 173.92 0.90 9.96 38.47
DO1 15:00:06 | 271.83 | 155.56 0.96 8.63 2253 | 234.87 | 202.00 0.93 8.91 18.03 | 200.34 | 166.35 0.89 9.98 40.08
D01 15:00:07 | 271.73 | 151.88 0.96 8.68 2397 | 234.60 | 209.97 0.93 8.95 17.08 | 200.03 | 176.10 0.90 10.00 37.41
DO1 15:00:08 | 271.75 | 181.01 0.97 8.60 20.37 | 235.16 | 200.60 0.93 8.94 18.15 | 200.69 | 179.85 0.90 9.98 35.49
D01 15:00:09 | 272.01 | 180.75 0.97 8.60 20.81 | 23521 189.05 0.91 8.95 19.20 | 200.71 169.47 0.90 10.01 38.16
DO1 15:00:10 | 271.57 | 184.11 0.97 8.58 19.85 | 234.92 | 205.23 0.92 8.94 18.16 | 200.45 | 179.06 0.91 9.97 35.24
D01 15:00:11 | 271.68 | 194.31 0.97 8.60 19.14 | 235.03 | 206.59 0.92 8.96 17.36 | 200.62 | 184.05 0.91 10.04 34.06
DO1 15:00:12 | 270.98 | 171.67 0.96 8.65 20.68 | 234.39 | 226.93 0.93 8.91 15.39 | 199.89 | 184.83 0.91 9.98 34.60
D01 15:00:13 | 270.74 | 170.01 0.96 8.65 20.68 | 234.21 | 212.85 0.92 8.92 16.61 | 199.86 | 187.90 0.92 9.94 3374
D01 15:00:14 | 271.38 | 169.18 0.96 8.61 21.09 | 234.49 | 203.16 0.92 9.00 17.52 | 200.13 | 180.38 0.91 10.04 35.47
DO1 15:00:15 | 271.64 | 188.15 0.97 8.57 19.01 | 234.92 | 177.27 0.91 9.01 21.76 | 200.42 | 171.16 0.90 10.10 37.29
D01 15:00:16 | 271.71 | 169.18 0.96 8.68 21.11 | 23493 | 21894 0.93 8.92 16.40 | 200.36 | 191.42 0.92 9.94 3333
DO1 15:00:17 | 271.49 | 173.85 0.96 8.61 20.36 | 235.05 | 211.31 0.92 8.90 17.35 | 200.45 | 179.06 0.91 10.00 35.32
D01 15:00:18 | 271.24 | 168.35 0.96 8.63 20.70 | 234.66 | 202.00 0.92 8.95 17.45 | 200.34 | 180.91 0.92 9.97 34.68
DO1 15:00:19 | 270.98 | 201.68 0.97 8.58 17.15 | 234.68 | 194.43 0.91 8.94 19.16 | 200.36 | 170.60 0.91 10.06 36.30
D01 15:00:20 | 271.38 | 166.38 0.96 8.63 2234 | 234.50 [ 230.01 0.92 8.88 15.36 | 200.30 | 179.06 0.91 9.94 35.68
D01 15:00:21 | 271.22 | 170.84 0.96 8.64 20.42 | 234.60 | 220.22 0.92 8.98 15.48 | 200.10 | 200.67 0.93 9.92 31.08
D01 15:00:22 | 271.68 | 173.85 0.96 8.64 20.63 | 234.73 | 238.81 0.93 8.88 15.16 | 200.42 | 194.88 0.92 9.95 32.15
D01 15:00:23 | 271.05 | 165.81 0.96 8.60 21.58 | 234.65 | 202.00 0.92 9.05 18.48 | 200.17 | 194.39 0.93 9.89 32.74
D01 15:00:24 | 271.35 | 179.18 0.97 8.59 20.49 | 23452 | 198.96 0.92 8.96 19.06 | 200.14 | 183.01 0.92 10.00 34.51
D01 15:00:25 | 270.56 | 163.52 0.96 8.64 2200 | 234.05 | 201.54 0.92 9.02 19.05 | 199.62 | 195.61 0.93 9.92 33.09
D01 15:00:26 | 270.67 | 178.39 0.97 8.62 20.79 | 234.25 | 211.08 0.92 8.92 16.99 | 199.86 | 177.72 0.91 10.01 35.48
D01 15:00:27 | 270.64 | 178.13 0.97 8.61 19.49 | 233.92 | 221.07 0.92 8.96 15.82 | 199.89 | 176.64 0.91 9.93 35.85
DO1 15:00:28 | 271.30 | 178.92 0.97 8.59 19.86 | 234.51 | 203.85 0.92 8.96 18.50 | 200.20 | 186.11 0.92 9.94 33,98
D01 15:00:29 | 270.85 | 176.80 0.96 8.58 20.25 | 234.10 | 216.35 0.92 8.95 16.41 | 199.92 | 177.18 0.91 10.00 35.19
D01 15:00:30 | 271.06 | 177.07 0.97 8.62 19.54 | 234.29 | 220.00 0.92 8.94 15.71 | 200.01 | 185.86 0.92 10.00 33.66
D01 15:00:31 | 270.76 | 200.74 0.97 8.63 16.87 | 233.67 | 239.60 0.93 8.93 14.63 | 199.68 | 186.11 0.92 10.03 3244
DO1 15:00:32 | 271.29 | 171.12 0.96 8.62 20.30 | 234.51 | 200.37 0.92 8.99 18.48 | 200.19 | 185.08 0.92 9.99 33,82
D01 15:00:33 | 270.47 | 196.72 0.97 8.61 17.61 | 234.17 | 191.27 0.91 9.07 20.03 | 199.75 | 188.91 0.92 10.07 32.88
D01 15:00:3¢ | 271.00 | 188.40 0.97 8.61 18.36 | 234.62 | 203.16 0.92 8.87 17.33 | 200.20 | 175.29 0.91 10.09 36.07
D01 15:00:35 | 271.35 | 171.67 0.96 8.60 20.44 | 234.45 | 22817 0.92 8.92 15.78 | 200.15 | 196.34 0.92 9.92 32.80
D01 15:00:36 | 271.03 | 174.93 0.96 8.60 20.16 | 234.53 | 203.39 0.92 8.97 18.59 | 200.17 | 19291 0.92 9.99 3273
D01 15:00:37 | 271.44 | 174.12 0.96 8.56 20.77 | 234.75 | 192.25 0.91 8.98 19.89 | 200.45 | 180.65 0.92 9.99 35.01
DO1 15:00:38 | 270.90 | 184.11 0.97 8.60 19.38 | 234.28 | 223.60 0.93 8.97 15.94 | 200.16 | 198.03 0.92 9.98 31.42
D01 15:00:39 | 271.41 | 155.56 0.96 8.67 2360 | 23441 | 21872 0.93 8.93 16.57 | 200.06 | 183.79 0.91 9.96 34.60
D01 15:00:40 | 270.77 | 155.86 0.96 8.63 2294 | 234.57 | 168.59 0.91 9.06 2360 | 199.99 | 173.92 0.91 10.00 38.24
D01 15:00:41 | 271.03 | 163.23 0.96 8.58 2228 | 234.61 | 17541 0.91 9.00 22,62 | 200.23 | 172.82 0.90 9.99 37.78
D0115:00:42 | 271.01 | 162.66 0.96 8.58 21.92 | 234.43 | 192.73 0.92 8.92 18.92 | 200.15 | 172.27 0.90 10.00 37.52
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Time Phase A Phase B Phase C

\ A PF THDv | THDa \% A PF THDv | THDa \ A PF THDv THDa
DO1 15:00:43 | 270.83 | 167.50 0.96 8.60 21.62 | 23431 | 21548 0.93 8.94 17.14 | 199.94 | 197.55 0.92 9.95 31.87
D01 15:00:44 | 270.96 | 158.26 0.96 8.64 2272 | 23390 | 215.05 0.93 8.92 16.59 | 199.94 | 169.47 0.90 9.98 38.00
D01 15:00:45 | 270.36 | 156.76 0.96 8.62 2323 | 23385 | 180.41 0.92 9.05 21.27 | 199.60 | 180.38 0.91 9.99 35.78
D01 15:00:46 | 270.89 | 169.18 0.96 8.54 21.38 | 234.17 | 181.97 0.91 8.99 21.86 | 200.15 | 16891 0.90 9.99 38.31
DO1 15:00:47 | 270.78 | 170.57 0.96 8.57 20.87 | 234.20 | 194.19 0.92 8.96 18.67 | 200.00 | 173.37 0.91 10.03 36.83
D01 15:00:48 | 270.72 | 160.03 0.96 8.61 2210 | 23395 | 22255 0.93 891 16.23 | 199.67 | 188.15 0.92 9.90 33,94
D01 15:00:49 | 271.22 | 161.79 0.96 8.56 2217 | 234.44 | 193.95 0.92 8.97 19.26 | 200.18 | 173.37 0.91 10.00 36.93
D01 15:00:50 | 271.04 | 189.90 0.97 8.56 18.01 | 234.42 | 185.54 0.91 9.02 20.34 | 200.23 | 172.82 0.91 10.07 36.61
D01 15:00:51 | 271.37 | 174.39 0.96 8.62 2094 | 234.34 | 199.90 0.91 8.98 17.87 | 200.01 182.23 0.92 10.02 34.33
DO1 15:00:52 | 271.09 | 185.38 0.97 8.61 18.79 | 234.01 | 224.23 0.92 8.95 15.90 | 200.00 | 176.64 0.91 10.07 35.02
D01 15:00:53 | 271.27 | 161.20 0.96 8.60 2296 | 23432 | 222.13 0.94 8.97 16.82 | 199.98 | 197.55 0.92 9.95 32.65
DO1 15:00:54 | 271.08 | 154.03 0.96 8.61 2297 | 234.43 | 186.55 0.92 9.04 20.62 | 19991 | 183.27 0.91 9.99 35.65
D01 15:00:55 | 271.18 | 159.15 0.96 8.62 23,03 [ 234.51 190.04 0.92 9.03 20.21 | 200.06 | 178.52 0.91 10.03 36.46
DO1 15:00:56 | 270.84 | 182.82 0.97 8.60 20.27 | 234.24 | 194.91 0.92 8.98 18.54 | 199.98 | 165.20 0.89 10.05 38.94
D01 15:00:57 | 271.75 | 166.66 0.96 8.64 21.50 | 234.56 | 208.62 0.93 891 17.61 | 200.32 | 170.32 0.89 10.03 38.50
DO1 15:00:58 | 271.34 | 168.35 0.96 8.60 21.87 | 23491 195.15 0.93 9.03 19.74 | 200.40 | 190.92 0.91 9.99 34.06
D01 15:00:59 | 271.29 | 164.10 0.96 8.56 2297 | 23477 | 168.87 0.92 9.06 2370 | 200.32 | 175.56 0.90 10.01 37.87
D01 15:01:00 | 27130 | 159.44 0.96 8.64 2387 | 234.36 | 190.53 0.92 8.95 19.85 | 199.95 | 161.40 0.88 10.06 40.66
D01 15:01:01 | 270.94 | 157.66 0.96 8.59 24.27 | 234,07 | 200.37 0.93 8.97 18.81 | 200.02 | 164.91 0.89 10.01 39.87
D01 15:01:02 | 271.10 | 167.50 0.96 8.57 22.14 | 23461 173.25 0.92 9.06 2334 | 200.22 | 164.62 0.89 10.00 40.98
DO1 15:01:03 | 271.81 | 177.33 0.97 8.57 20.31 | 235.05 | 208.62 0.93 8.98 18.39 | 200.53 | 191.67 0.91 9.97 34.16
D01 15:01:04 | 271.91 | 152.50 0.95 8.61 2381 | 234.82 | 199.19 0.92 8.90 18.85 | 200.27 | 165.49 0.89 9.99 41.04
D01 15:01:05 | 271.59 | 163.23 0.96 8.60 2246 | 23459 | 208.85 0.93 8.96 17.66 | 200.12 | 166.64 0.89 10.03 39.54
D01 15:01:06 | 271.26 | 151.57 0.96 8.59 2437 | 23473 | 19872 0.93 9.01 19.21 | 199.99 | 183.79 0.91 9.95 36.16
D01 15:01:07 | 271.19 | 151.88 0.95 8.60 2409 | 234.76 | 186.55 0.92 8.98 21.04 | 200.15 | 184.83 0.91 9.97 36.09
D01 15:01:08 | 271.37 | 152.81 0.95 8.60 2386 | 234.85 | 184.27 0.92 9.05 21.57 | 200.32 | 183.79 0.91 9.94 36.61
D01 15:01:09 | 271.52 | 173.31 0.97 8.61 20.43 | 23459 | 22043 0.93 8.99 16.32 | 200.17 | 186.37 0.91 9.92 34.86
D01 15:01:10 | 271.56 | 164.38 0.96 8.61 21.73 | 234.77 | 207.72 0.93 8.99 17.42 | 200.17 | 184.05 0.91 9.97 35.81
D01 15:01:11 | 271.82 | 151.88 0.96 8.58 24.77 | 23505 | 168.03 0.91 9.05 2334 | 200.37 | 161.99 0.89 10.00 42.10
D01 15:01:12 | 271.31 | 169.46 0.96 8.58 20.86 | 234.51 186.30 0.93 9.03 20.46 | 200.04 | 174.47 0.90 9.97 37.35
D01 15:01:13 | 271.37 | 156.46 0.96 8.63 2318 | 23493 | 211.75 0.93 9.01 17.97 | 200.05 | 194.88 0.91 9.95 3379
D01 15:01:14 | 271.49 | 155.56 0.96 8.63 2341 | 234.87 | 225.69 0.94 8.93 16.01 | 200.29 | 184.57 0.90 9.94 36.03
D01 15:01:15 | 271.24 | 195.27 0.97 8.50 18.25 | 234.76 | 168.31 0.92 9.03 2322 | 200.35 | 164.33 0.89 9.97 40.44
D01 15:01:16 | 270.93 | 183.59 0.97 8.55 20.90 | 234.55 | 177.53 0.92 9.03 22,63 | 200.09 | 170.32 0.89 10.04 39.29
D01 15:01:17 | 271.78 | 160.62 0.96 8.56 2256 | 234.83 | 184.27 0.92 9.05 21.24 | 200.22 | 172.27 0.90 10.02 39.44
D01 15:01:18 | 271.38 | 175.73 0.97 8.58 20.27 | 234.74 | 208.17 0.93 9.01 18.14 | 200.20 | 19291 0.91 9.95 3379
D01 15:01:19 | 271.73 | 155.86 0.96 8.60 2329 | 234.98 | 198.25 0.92 8.92 18.33 | 200.40 | 164.04 0.89 9.96 41.37
D01 15:01:20 | 271.55 | 160.32 0.96 8.57 2355 | 234.69 | 180.15 0.92 9.02 21.74 | 200.14 | 173.10 0.90 10.02 38.37
D01 15:01:21 | 271.23 | 169.74 0.96 8.56 21.01 | 234.75 | 165.22 0.91 9.08 24.13 | 200.00 | 163.46 0.89 10.01 40.35
D01 15:01:22 | 271.70 | 163.52 0.96 8.61 22.19 | 23495 | 213.29 0.92 8.98 16.66 | 200.34 | 182.23 0.91 9.96 35.28
D01 15:01:23 | 271.66 | 164.96 0.96 8.59 21.32 | 234.74 | 226.31 0.93 8.96 15.70 | 200.08 | 196.58 0.92 9.93 3277
D01 15:01:24 | 271.63 | 175.20 0.96 8.53 21.33 | 234.58 | 217.00 0.92 8.95 16.63 | 200.18 | 183.01 0.92 9.99 34.16
D01 15:01:25 | 271.78 | 165.81 0.96 8.57 22.65 | 23503 | 206.82 0.92 9.03 17.10 | 200.30 | 175.83 0.91 10.01 36.77
D01 15:01:26 | 271.74 | 162.08 0.96 8.60 21.85 | 234.85 | 202.00 0.92 8.99 17.76 | 200.36 | 171.99 0.91 10.01 37.18
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Time Phase A Phase B Phase C

\ A PF THDv | THDa \% A PF THDv | THDa \ A PF THDv THDa
D01 15:01:27 | 271.86 | 166.38 0.96 8.68 2220 | 234.70 | 240.38 0.93 8.85 15.01 | 200.07 | 174.19 0.90 10.05 37.22
D01 15:01:28 | 272.05 | 161.20 0.96 8.60 2234 | 23511 | 204.54 0.93 8.99 1834 | 200.46 | 182.75 0.91 9.98 35.41
D01 15:01:29 | 271.97 | 154.03 0.96 8.53 2280 | 23549 | 161.77 0.91 9.01 2401 | 20051 | 17171 0.91 10.04 37.58
D01 15:01:30 | 272.04 | 158.55 0.96 8.57 2223 | 23539 | 180.41 0.92 9.03 2091 | 200.62 | 170.88 0.90 9.96 37.74
D01 15:01:31 | 271.93 | 165.24 0.96 8.60 20.92 | 23520 | 223.81 0.93 8.92 15.41 | 200.38 | 187.13 0.92 9.95 3322
D01 15:01:32 | 271.50 | 158.85 0.96 8.58 21.90 | 234.86 | 229.81 0.93 8.85 15.06 | 200.31 | 196.34 0.93 9.87 32.09
D01 15:01:33 | 271.35 | 162.66 0.96 8.55 21.51 | 234.70 | 192.00 0.91 8.95 19.06 | 199.93 | 181.44 0.92 9.96 35.14
D01 15:01:3¢ | 271.15 | 170.84 0.96 8.58 19.95 | 234.60 | 198.01 0.91 9.02 18.37 | 200.06 | 198.28 0.94 9.85 30.63
D01 15:01:35 | 271.24 | 179.44 0.97 8.52 19.16 | 234.54 | 210.64 0.92 8.89 16.56 | 200.18 | 180.91 0.92 9.94 34.07
D01 15:01:36 | 271.10 | 181.79 0.97 8.56 19.52 | 234.42 | 208.40 0.91 8.96 16.75 | 199.87 | 18891 0.93 9.97 32.36
D01 15:01:37 | 271.73 | 177.07 0.96 8.57 20.51 | 23491 199.90 0.91 8.96 16.51 | 200.12 | 179.59 0.92 10.04 34.35
D01 15:01:38 | 271.64 | 181.53 0.97 8.51 19.04 | 234.81 185.54 0.91 9.03 20.22 | 200.14 | 180.38 0.92 10.03 34.67
D01 15:01:39 | 270.94 | 188.90 0.97 8.56 1812 | 234.60 | 193.70 0.91 8.98 18.09 | 200.03 | 183.53 0.92 9.93 34.35
D01 15:01:40 | 271.85 | 188.15 0.97 8.57 18.31 | 234.75 | 240.96 0.93 8.88 14.29 | 200.19 | 192.41 0.92 9.99 32,01
D01 15:01:41 | 271.82 | 171.39 0.96 8.55 2135 | 234.60 | 217.65 0.92 8.91 16.09 | 200.08 | 174.19 0.91 10.02 36.27
D01 15:01:42 | 271.90 | 162.66 0.96 8.53 21.84 | 23520 | 180.41 0.91 8.95 20.92 | 200.48 | 167.49 0.91 9.97 38.59
D01 15:01:43 | 271.38 | 171.39 0.97 8.49 18.83 | 234.75 | 186.55 0.91 9.01 18.28 | 200.18 | 186.62 0.93 9.87 32.23
D01 15:01:44 [ 271.15 | 172.22 0.97 8.57 19.09 | 234.46 | 233.45 0.93 8.89 13.20 | 199.62 | 185.60 0.93 9.96 31.68
D01 15:01:45 | 271.88 | 173.31 0.96 8.55 19.45 | 23473 | 205.23 0.92 8.95 15.35 | 200.01 | 173.92 0.92 9.98 34.06
D01 15:01:46 | 271.61 | 163.81 0.96 8.57 20.28 | 23482 | 183.25 0.91 8.98 18.42 | 200.01 169.47 0.92 9.95 34.57
D01 15:01:47 | 271.49 | 168.62 0.96 8.54 19.83 | 234.65 | 193.22 0.92 8.97 17.07 | 200.08 | 175.29 0.92 9.98 33.47
D01 15:01:48 | 271.89 | 173.03 0.97 8.55 19.31 | 234.48 | 228.99 0.93 8.88 13.98 | 199.95 | 185.86 0.93 9.95 31.75
D01 15:01:49 | 271.98 | 179.18 0.97 8.57 1857 | 234.74 | 231.43 0.92 8.90 13.17 | 199.87 | 195.37 0.93 10.00 29.28
D01 15:01:50 | 271.86 | 164.10 0.97 8.52 19.28 | 235.02 | 205.45 0.92 8.93 15.60 | 200.41 | 176.91 0.93 10.00 31.35
D01 15:01:51 | 271.32 | 154.64 0.96 8.52 21.03 [ 23491 | 169.14 0.91 8.95 20.86 | 200.05 | 164.91 0.91 9.95 36.37
D01 15:01:52 | 271.35 | 154.95 0.97 8.55 20.55 | 234.78 | 186.80 0.92 8.91 17.50 | 199.95 | 171.99 0.92 9.96 34.01
D01 15:01:53 | 271.86 | 158.26 0.96 8.50 20.72 | 23491 | 194.43 0.93 9.01 17.60 | 200.11 | 193.16 0.93 9.93 29.92
D01 15:01:54 | 271.54 | 167.50 0.97 8.56 19.27 | 234.77 | 212.85 0.93 8.94 13.97 | 200.06 | 183.79 0.92 9.97 31.53
D01 15:01:55 | 271.63 | 162.95 0.97 8.50 20.04 | 234.83 | 178.59 0.92 8.97 18.49 | 200.11 | 176.91 0.92 9.95 32.89
D01 15:01:56 | 271.52 | 177.33 0.97 8.54 18.60 | 234.66 | 199.43 0.93 8.85 16.44 | 199.98 | 165.77 0.91 10.05 35.17
D01 15:01:57 | 271.79 | 173.31 0.97 8.50 18.88 | 234.62 | 215.70 0.93 8.86 15.25 | 200.09 | 16891 0.91 10.00 33.80
D01 15:01:58 | 271.52 | 166.09 0.97 8.54 19.93 | 234.78 | 200.37 0.93 8.90 16.13 | 200.22 | 174.19 0.92 9.95 33,61
D01 15:01:59 | 272.07 | 177.07 0.97 8.47 19.47 | 23534 | 174.60 0.92 8.97 19.65 | 200.65 | 172.27 0.92 9.95 34.46
D01 15:02:00 | 271.95 | 176.27 0.97 8.47 18.70 | 235.26 | 176.21 0.91 8.87 19.06 | 200.62 | 161.10 0.91 9.97 37.30
D01 15:02:01 | 272.17 | 158.26 0.96 8.50 2208 | 234.82 | 216.35 0.93 8.82 15.08 | 200.29 | 166.06 0.91 9.94 35.24
D01 15:02:02 | 271.99 | 167.50 0.97 8.50 20.39 | 235.00 | 202.93 0.91 8.85 16.19 | 200.33 | 16891 0.92 9.98 34.27
D01 15:02:03 | 271.62 | 188.15 0.97 8.47 16.75 | 234.49 | 205.00 0.92 8.96 16.69 | 199.93 | 195.85 0.93 9.92 28.94
D01 15:02:04 | 271.90 | 170.84 0.97 8.49 19.13 | 234.84 | 185.29 0.91 8.96 17.99 | 200.02 | 181.18 0.93 10.00 31.69
D01 15:02:05 | 271.94 | 164.10 0.96 8.51 19.68 | 234.77 | 207.95 0.92 891 14.83 | 199.95 | 180.65 0.93 9.95 32.35
D01 15:02:06 | 272.11 | 152.81 0.96 8.54 21.71 | 23506 | 216.35 0.93 8.82 15.11 | 200.28 | 169.19 0.91 9.89 34.12
D01 15:02:07 | 271.75 | 162.37 0.97 8.51 20.11 | 234.80 | 214.39 0.93 8.94 15.24 | 200.06 | 195.37 0.93 9.95 29.83
D01 15:02:08 | 271.14 | 166.09 0.97 8.49 20.36 | 234.62 | 190.53 0.93 8.95 18.40 | 199.81 | 187.64 0.93 9.96 31.36
D01 15:02:09 | 271.64 | 164.96 0.97 8.49 19.87 | 234.83 | 182.23 0.92 8.94 18.67 | 200.28 | 170.04 0.91 10.01 35.18
D01 15:02:10 | 272.48 | 163.52 0.97 8.48 21.13 | 23542 | 189.05 0.92 8.84 17.96 | 200.76 | 16891 0.91 9.94 35.11
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Time Phase A Phase B Phase C

\Y% A PF THDv | THDa \% A PF THDv | THDa \ A PF THDv | THDa
10:22 u. 233.35 1606.58 0.92 1.93 8.23 232.85 1587.34 0.89 1.93 7.24 232.48 1694.37 0.91 1.94 7.05
10:23 u. 233.12 1586.74 0.90 1.82 8.34 232.38 1616.50 0.88 1.82 7.20 232.09 164251 0.89 2.00 7.35
10:24 . 232.39 1640.25 0.90 2.01 8.29 231.67 1688.68 0.87 2.01 7.05 231.43 1726.11 0.89 212 7.14
10:25 . 232.70 1651.77 0.91 2.03 8.25 231.92 1616.36 0.86 2.03 7.36 231.31 1727.31 0.89 2.07 7.16
10:26 . 232.84 1676.90 0.91 2.02 8.44 232.34 1646.61 0.88 2.02 7.73 231.78 1730.73 0.89 2.08 7.45
10:27 . 232.94 1693.03 0.91 2.06 8.65 232.36 1679.19 0.87 2.06 7.61 231.54 1832.52 0.89 2.16 7.32
10:28 . 233.11 1614.48 0.93 2.11 9.05 232.46 1667.47 0.91 2.11 7.98 232.39 1728.10 0.92 213 7.72
10:29 . 233.05 1646.05 0.91 2.18 8.99 232.38 1624.45 0.87 2.18 8.24 231.87 1718.21 0.89 2.19 7.99
10:30 . 232.60 1675.39 0.92 2.24 9.23 231.88 1668.58 0.88 2.24 8.27 231.44 1739.48 0.90 237 8.21
10:31 W. 232.70 1710.84 0.91 2.14 8.73 231.88 1731.86 0.88 2.14 7.96 231.62 1777.35 0.89 217 7.88
10:32 u. 233.06 1662.91 0.92 231 9.15 232.55 1669.52 0.90 231 8.57 232.14 1731.80 0.91 232 8.13
10:33 w. 267 1 1767.95 0.89 203 8.55 231.19 1814.71 0.85 2.03 747 231.06 1851.69 0.88 2.20 7.72
10:34 . 232.18 1756.78 0.91 2.25 8.72 231.55 1802.76 0.89 2:25, 7.94 231.37 1852.28 0.91 2.30 7.56
10:35 . 232.56 1747.83 0.90 2.29 9.07 231.64 1753.31 0.86 2.29 8.35 231.49 1837.32 0.89 2.38 8.03
10:36 . 232.85 1636.06 0.92 243 10.05 23213 1628.02 0.88 243 9.49 231.65 1762.55 0.91 248 8.75
10:37 U. 232.92 1659.32 0.91 264, 10.03 232.22 1615.79 0.87 2L 9.66 231.72 1786.98 0.90 2.61 8.60
10:38 u. 233.02 1591.57 0.91 242 10.46 231.99 1600.60 0.88 2.42 9.65 231.90 1727.37 0.91 2.54 8.83
10:39 . 232.40 1672.02 0.90 2.36 10.15 231.46 1638.60 0.86 2.36 9.52 231.03 1763.67 0.89 247 8.83
10:40 u. 232.46 1677.13 0.91 2.37 10.11 231.95 1611.73 0.87 237 9.62 231.34 1756.87 0.90 2.50 9.00
10:41 . 23277 1631.77 0.92 2.54 10.30 232.49 1579.06 0.89 2.54 10.28 232.09 1697.69 0.91 253 9.22
10:42 . 232.55 1739.54 0.91 2.38 9.26 231.70 1741.59 0.88 2.38 8.95 23153 1806.72 0.90 2.46 8.21
10:43 . 232.12 1718.48 0.90 2.44 991 231.56 1741.50 0.88 244 9.10 231.22 1800.32 0.89 2.58 8.72
10:44 1. 232.18 1773.67 0.91 2.36 9.66 231.57 1765.93 0.87 2.36 9.04 231.07 1862.64 0.90 247 8.37
10:45 1. 231.75 1774.38 0.90 241 9.69 231.20 1809.09 0.87 241 8.82 230.93 1873.09 0.89 2.49 8.34
10:46 . 232.16 1678.07 0.90 2.56 10.69 231.52 1715.01 0.88 2.56 9.57 231.35 1736.65 0.89 2.56 9.32
10:47 w. 232.42 1671.76 0.91 254 10.64 231.65 1732.39 0.89 254 9.56 231.39 1773.90 0.90 252 9.11
10:48 . 232.17 1759.96 0.90 2.59 10.16 231.47 1775.02 0.87 2.59 9.32 231.23 1845.13 0.89 2.56 8.81
10:49 . 231.94 1788.69 0.90 2.61 9.99 231.39 1786.58 0.87 2.61 9.16 231.16 1848.65 0.89 2.57 8.63
10:50 w. 23241 1651.07 0.90 252 10.77 231.69 1729.45 0.88 2.52 9.69 231.67 1748.57 0.89 2.54 9.29
10:51 w. 232.14 1686.12 0.89 2.61 10.78 231.29 1734.29 0.86 2.61 9.71 231.30 1784.01 0.88 2.66 9.36
10:52 u. 232.42 1793.01 0.89 2.57 9.86 231.62 1781.78 0.86 2.57 9.38 231.36 1842.22 0.88 2.54 8.89
10:53 u. 232.90 1730.18 0.91 2,63 10.44 232.06 1718.45 0.88 2.63 9.94 231.53 1824.87 0.90 2.54 9.01
10:54 . 232.58 1673.04 0.91 2.66 10.91 231.63 1717.09 0.88 2.66 10.16 231.49 1809.38 0.91 2.58 9.28
10:55 . 232.57 1676.96 0.90 2.56 10.81 231.47 1775.08 0.88 2.56 9.34 231.76 1794.70 0.90 248 9.12
10:56 . 232.74 1683.42 0.91 2.61 10.93 231.85 1744.14 0.88 2.61 9.92 231.85 1825.35 0.91 2.54 9.18
10:57 u. 232.34 1785.10 0.90 2.60 10.48 231.41 1797.82 0.87 2.60 9.61 231.24 1891.67 0.90 2.54 8.88
10:58 u. 232.28 1793.92 0.90 2.67 10.29 231.42 1801.74 0.87 2.67 9.45 231.15 1865.48 0.89 2.59 8.82
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Time Phase A Phase B Phase C

\Y A PF THDv | THDa \% A PF THDv | THDa \ A PF THDv | THDa
10:59 . 232.67 1824.40 0.90 2.51 9.94 231.76 1866.05 0.87 2.51 9.04 231.69 1912.62 0.89 248 8.78
11:00 . 232.88 1702.33 0.91 2.64 10.88 232.14 1739.00 0.89 2.64 10.18 232.13 1745.54 0.90 2.57 9.69
11:01 W. 232.62 1739.85 0.91 2.58 10.67 232.05 1787.70 0.89 2.58 9.74 232.12 1756.65 0.89 2.55 9.79
11:02 w. 232.32 1764.94 0.91 2,62 10.69 231.71 1812.86 0.89 2.62 9.78 231.81 1799.72 0.89 2,63 9.64
11:03 u. 232.27 1764.41 0.89 2.65 11.10 231.44 1853.26 0.87 2.65 9.60 231.78 1825.89 0.88 2.70 9.99
11:04 u. 23222 1785.41 0.90 2.66 10.81 231.26 1878.95 0.88 2.66 9.47 231.36 1882.05 0.89 272 9.53
11:05 u. 232.34 1764.32 0.90 2.66 10.85 231.49 1870.05 0.88 2.66 9.42 231.82 1850.13 0.89 273 9.55
11:06 . 232.61 1786.82 0.91 2.65 10.64 231.81 1851.12 0.88 2.65 9.60 231.88 1875.27 0.90 2.67 9.46
11:07 u. 232.66 1757.53 0.90 2.69 10.95 231.83 1810.05 0.88 2.69 9.93 231.87 1879.96 0.90 2.66 9.35
11:08 w. 232.65 174451 0.90 2.74 11.26 231.56 1856.91 0.88 2.74 9.67 231.77 1859.29 0.89 2.67 9.70
11:09 w. 23211 1744.35 0.90 273 10.82 230.98 1867.18 0.88 273 9.48 231.07 1860.79 0.89 2.75 9.48
11:10 w. 232.70 1713.69 0.90 2.77 11.41 231.56 1853.93 0.88 277 9.90 231.75 1843.94 0.89 2.82 9.89
11:11 . 232.50 1771.69 0.90 274 10.93 231.49 1842.62 0.88 2,74 9.82 2B 1R 1876.56 0.90 2.68 9.55
11:12 u. 233.39 1730.15 0.92 2.78 11.29 232.48 1812.44 0.90 2.78 10.19 232.65 1830.22 091 2.69 9.85
11:13 u. 232.69 1750.97 0.90 2.74 11.33 231.63 1857.02 0.88 2.74 9.79 231.92 1864.58 0.90 2.68 9.76
11:14 . 231.70 1822.57 0.89 272 10.81 230.66 1895.91 0.86 2el;2 9 55 230.71 1932.89 0.88 2.64 9.40
11:15 w. 232.40 1776.48 0.89 2.75 10.97 2 1857.32 0.87 i 9.89 231.48 1876.62 0.89 2.75 9.79
11:16 W. 232.60 1795.24 0.91 2.73 10.77 2L A 1868.57 0.89 273 ©) g 231.76 1896.35 0.91 2.67 9.43
11:17 W. 232.35 1778.89 0.90 2.77 11.02 231.46 1831.00 0.88 Dafels 10.12 231.51 1856.17 0.90 271 9.74
11:18 U. 232.75 1748.15 0.91 2.80 11.04 231.83 1830.20 0.90 2.80 10.11 231.95 1824.18 0.91 2.69 9.91
11:19 . 232.32 1783.44 0.88 2.80 11.16 231,15, 1917.28 0.87 2.80 9.50 231.66 1876.67 0.88 2.83 9.73
11:20 w. 232.58 1746.71 0.90 2.78 11.20 23161 1900.22 0.88 2.78 9.67 231.76 1876.24 0.89 273 9.55
11:21 w. 232.04 1820.10 0.90 2.80 10.91 230.96 1954.47 0.88 2.80 9.49 231.29 1920.32 0.89 2.78 9.56
11:22 u. 232.35 1793.25 0.89 2.88 11.14 231.44 1874.82 0.87 2.88 10.01 231.78 1862.02 0.89 2.82 9.97
11:23 U. 232.12 1825.97 0.90 2.76 10.75 231.00 1897.88 0.88 2.76 9.62 231.25 1890.92 0.89 2.69 9.50
11:24 u. 232.88 1703.62 0.90 2.89 11.89 231.69 1790.52 0.88 2.89 10.50 231.90 1798.14 0.90 2.81 10.31
11:25 u. 23261 1785.72 0.90 2.76 11.50 23181 1885.14 0.89 2.76 9.82 231.90 1843.47 0.89 2.74 9.91
11:26 u. 232.44 1852.82 0.90 293 10.95 231.47 1899.94 0.87 293 9.97 231.56 1928.84 0.89 2.84 9.53
11:27 u. 232.39 1813.22 0.91 2.80 T8 231.35 1885.97 0.89 2.80 10.04 231.56 193557 0.90 272 9.49
11:28 u. 232.20 1808.80 0.90 2.80 11.14 231.21 1900.59 0.88 2.80 9.67 231.54 1888.32 0.89 2.80 9.91
11:29 u. 232.16 1780.27 0.90 2.85 11.16 231.43 1841.00 0.88 2.85 10.04 231.64 1827.21 0.89 2.84 10.01
11:30 w. 232.25 1837.49 0.91 2.86 11.01 231.47 1853.49 0.88 2.86 10.11 23153 1899.05 0.90 2.78 9.54
11:31 w. 232.38 1845.49 0.91 2.81 10.66 231.54 1826.46 0.87 2.81 10.37 231.46 1912.96 0.90 2.66 9.53
11:32 u. 231.94 1895.11 0.91 2.79 10.59 231.10 1886.26 0.87 2.79 9.85 231.13 1961.02 0.90 2.71 9.30
11:33 w. 23261 1779.38 0.90 2.82 11.38 231.44 1840.62 0.87 2.82 10.30 231.58 1900.38 0.89 2.81 9.68
11:34 u. 233.05 1780.89 0.90 277 11.37 23211 1826.64 0.88 2,77 10.18 232.25 1854.43 0.90 2.72 9.88
11:35 u. 231.96 1923.76 0.90 277 10.58 231.16 1884.88 0.87 2,77 9.87 231.11 1984.63 0.90 2.73 9.34
11:36 u. 232.54 1851.87 0.91 2.85 10.99 232.00 1807.77 0.88 2.85 10.56 231.67 1905.84 0.90 2.72 9.71
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11:37 W. 232.32 1846.12 0.90 2.76 11.11 231.36 1882.03 0.88 2.76 10.00 231.35 1936.39 0.90 2.80 9.85
11:38 U. 232.77 1775.25 0.90 2.80 11.48 232.27 1799.90 0.88 2.80 10.51 232.22 1808.41 0.89 273 10.22
11:39 U. 232.08 1836.80 0.90 2.81 11.13 231.38 1868.02 0.87 281 9.84 231.67 1866.86 0.89 274 9.84
11:40 . 232.45 1809.32 0.90 2.98 11.29 231.78 1803.36 0.87 2.98 10.81 231.73 1850.48 0.89 2.82 10.22
11:41 w. 232.82 1873.64 0.90 2.80 10.98 231.81 1850.39 0.87 2.80 10.02 23161 1931.65 0.90 27 9.57
11:42 . 232.87 1829.59 0.91 2.87 11.37 231.92 1801.44 0.87 2.87 10.55 231.80 1891.32 0.90 2.75 9.93
11:43 . 232.80 1862.17 0.91 2.82 10.94 231.85 1906.66 0.89 2.82 9.90 232.21 1909.25 0.91 274 9.66
11:44 1. 232.65 1823.74 0.91 2.79 11.17 231.72 1867.24 0.89 2.79 9.93 232.00 1870.66 0.90 2.82 9.99
11:45 u. 232.62 1837.16 0.91 2.82 11.08 231.74 1845.96 0.88 2.82 10.28 231.89 1882.11 0.90 274 9.80
11:46 . 233.02 1855.45 0.92 2.90 11.01 232.06 1868.34 0.89 2.90 10.23 232.04 1935.15 0.91 2.84 9.61
11:47 w. 232.02 1897.57 0.90 2.86 10.94 231.29 1896.51 0.87 2.86 10.06 23151 1927.68 0.89 2.80 9.71
11:48 . 232.24 1848.49 0.90 2.85 10.98 231.47 1860.06 0.88 2.85 10.01 231.47 1897.36 0.89 2.79 9.75
11:49 u. 232.93 1843.27 0.90 291 11.17 231.90 1918.41 0.89 291 9.88 232.28 1896.81 0.90 2.82 9.87
11:50 . 232.58 1796.70 0.91 2.86 11.38 231.72 1882.64 0.89 2.86 10.24 231.88 1872.33 0.90 278 9.87
11:51 W. 232.26 1914.39 0.90 2.85 10.76 231.05 1997.49 0.88 2.85 9.34 231.43 1994.52 0.89 277 9.37
11:52 u. 233.25 1761.02 0.92 2.84 11.40 232.36 1846.14 0.90 2.84 10.31 232.45 1842.81 0.91 2.75 9.87
11:53 w. 23237 1946.70 0.90 2.80 10.62 231.30 2044.27 0.88 2.80 9.25 231.80 2014.18 0.89 2.78 9.32
11:54 . 233.02 1772.47 0.91 292 11.68 2340} 1815.63 0.89 292 10.47 232.39 1844.68 0.91 2.89 10.13
11:55 U. 232.51 1788.97 0.90 292 11.61 231.92 1818.94 0.88 2.92 10.48 231.98 1818.72 0.89 2.83 10.12
11:56 U. 232.85 1793.44 0.90 2.88 11.69 232.07 1862.38 0.88 2.88 10.28 232.48 1832.76 0.89 2.84 10.33
11:57 u. 232.82 1895.08 0.91 2.87 10.83 231.90 1948.06 0.90 2.87 9.84 232.10 1939.30 091 2.78 9.50
11:58 w. 232.48 1873.56 0.90 2.87 11.22 231.45 1940.81 0.88 2.87 9.71 231.87 1931.02 0.89 277 9.57
11:59 w. 233.39 1749.97 0.90 2.87 11.95 232.55 1832.65 0.88 2.87 10.43 232.76 1777.47 0.89 2.81 10.39
12:00 . 233.19 1757.47 0.90 2.89 12.03 23239 1822.75 0.89 2.89 10.54 232.45 1831.63 0.90 2.81 10.17
12:01 u. 233.16 1804.59 0.91 2.92 11.67 232.09 1891.05 0.89 292 10.26 232.44 1888.87 0.90 2.78 9.78
12:02 u. 233.04 1760.18 0.90 2.89 12.02 232.03 1871.29 0.88 2.89 10.24 232.39 1824.36 0.89 2.84 10.41
12:03 u. 233.88 1743.09 0.91 291 11.86 233.18 1842.85 0.89 291 10.48 233.38 1811.40 0.90 2.80 10.27
12:04 . 233.16 1856.07 0.90 2.85 11.41 232.46 1885.02 0.87 2.85 10.21 232.42 1932.49 0.89 2.78 9.66
12:05 . 233.24 1901.32 0.90 2.95 10.96 232.39 1890.79 0.86 295 10.21 232.27 1955.80 0.89 2.87 9.55
12:06 . 232.92 1920.40 0.90 2.85 10.69 232.24 1926.22 0.87 2.85 9.74 232.26 1964.31 0.89 2.79 9.25
12:07 u. 234.00 1802.46 0.90 292 11.83 233.29 1877.94 0.88 292 10.36 233.33 1859.35 0.88 2.89 10.23
12:08 u. 233.52 1836.77 0.90 2.87 11.44 23272 1919.00 0.88 2.87 10.08 232.78 1874.46 0.88 2.79 10.12
12:09 . 233.89 1844.31 0.90 295 11.42 232.90 1892.88 0.88 295 10.20 232.96 1930.99 0.89 294 9.78
12:10 w. 233.28 1898.75 0.90 2.85 11.25 232.47 1864.91 0.87 2.85 10.35 232.32 1954.29 0.89 2.78 9.63
12:11 w. 234.20 1800.06 0.89 292 11.48 233.24 1840.67 0.87 292 10.40 233.45 1841.75 0.88 2.88 10.06
12:12 u. 234.46 1787.74 0.90 2.86 11.55 233.41 1909.10 0.89 2.86 10.15 233.66 1869.82 0.89 2.79 9.96
12:13 u. 233.88 1881.38 0.91 2.86 11.15 232.80 1943.27 0.89 2.86 9.82 233.10 1938.11 0.90 2.78 9.62
12:14 u. 234.14 1806.77 0.90 3.02 11.79 233.19 1866.48 0.87 3.02 10.52 233.18 1914.36 0.89 294 10.02
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Time Phase A Phase B Phase C

\Y% A PF THDv | THDa \" A PF THDv | THDa \% A PF THDv | THDa
12:27 22517 1603.63 0.84 242 43.43 226.08 1666.77 0.76 242 57.41 226.65 1781.1 0.62 2.18 73.15
12:27 22571 1590.85 0.84 2.86 44.72 226.38 1654.84 0.76 2.86 57.69 226.3 1782.15 0.62 2.88 73.28
12:28 225.99 1562.36 0.84 1.96 44.05 226.79 1644.58 0.76 1.96 57.22 226.13 1737.52 0.62 2.03 73.29
12:28 225.15 1622.28 0.84 2.15 43.85 226.85 1696.54 0.74 2.15 59.54 225.86 1786.71 0.62 23 73.41
12:29 225.25 1651.45 0.84 2.37 44.09 226.49 1717.61 0.75 2.37 59.74 227.02 1781.63 0.6 2.49 74.51
12:29 225.23 1648.28 0.84 2 43.89 226.43 1740.08 0.75 2 59.39 226.37 1790.26 0.59 213 75.27
12:30 225.93 1606.67 0.84 2.28 453 226.18 1682.96 0.73 2.28 60.94 22574 1786.33 0.61 2.35 74.94
12:30 224.86 1639.89 0.84 2.69 44.15 226.7 1711.96 0.75 2.69 59.46 226.26 1783.93 0.6 2,77 74.27
12:31 225.68 1637.8 0.84 2.25 43.67 226.61 1720.68 0.75 2.25 59.58 226.03 1833.52 0.62 2.24 73.35
12:31 225.52 1661.39 0.85 2.32 43.08 227.14 1709.18 0.74 2.32 60.21 225.92 1837.77 0.61 233 74.17
12:32 225.51 1652.08 0.84 2.66 43.49 226.13 1732.69 0.76 2.66 59.04 227.46 1805.27 0.62 2.49 73.99
12:32 226.28 1618.79 0.84 2.39 44.59 226.39 1708.13 0.74 2.39 60.21 226.12 1820.77 0.62 2.34 73.94
12:33 225.6 1645 0.84 2.54 43,51 225.31 1739.6 0.76 2.54 58.34 226.78 1783.21 0.62 2.55 73.84
12:33 22522 1633.66 0.84 2.58 43,94 226.29 1709.27 0.75 2.58 59.98 226.5 1800.04 0.61 311 743
12:34 226.06 1629.82 0.84 2.46 44.77 227.13 1675.97 0.74 2.46 60.14 225.31 1830.99 0.64 2.59 72.56
12:34 225.08 1609.02 0.84 273 44.23 226.83 1682 0.74 o) 60.7 225.68 1822.08 0.61 2.63 74.18
12:35 225.28 1613.96 0.84 2.28 44.34 226.87 1687.2 0.74 2.28 60.36 225.55 1820.34 0.63 213 72.88
12:35 224.92 1565.16 0.83 2.27 44.56 226.43 1675.52 0.74 2.27 61.14 226.32 1825.84 0.61 2.36 74.42
12:36 225.23 1621.96 0.85 212 43.41 226.75 1723.94 0.75 24,7 59.6 226.6 1829.03 0.61 217 738
12:36 224.83 1577.65 0.84 2.01 44.53 227.02 1694.49 0.74 2.01 60.62 226.44 1804.13 0.6 2.05 74.53
12:37 224.34 1589.56 0.84 2.35 44,55 226.67 1674.75 0.73 2.35 60.97 226.33 1811.1 0.61 229 73.73
12:37 225.55 1623.13 0.84 214 44.3 226.6 1693.48 0.73 214 61.72 226.41 1836.23 0.61 21 74
12:38 225.58 1602.61 0.83 2.18 44.96 227.33 1703.25 0.73 2.18 61.42 2259 1828.93 0.61 2.01 74.11
12:38 225.46 1566.09 0.83 2.63 45.1 22577 1721.86 0.75 2.63 60.27 221.75 1777.97 0.58 2.34 76.7
12:39 22513 1612.48 0.84 2.36 44.37 226.62 1714.74 0.74 2.36 60.8 226.29 1823.49 0.61 24 74.22
12:39 225.34 1607.95 0.84 2.8 4411 225.64 1725.22 0.75 2.8 58.95 225.6 1829.82 0.63 2.64 73.45
12:40 225.83 1611.94 0.84 231 44.06 226.35 1720.63 0.75 231 59.62 22597 1821 0.62 247 73.66
12:40 225.05 1684.7 0.85 2.39 43.74 226.64 1732.54 0.75 2.39 60.34 226.21 1823.16 0.61 2.54 74.36
12:41 225.42 1635.81 0.85 2.14 43.29 226.09 1754.73 0.75 214 58.88 225.99 1859.78 0.63 2.38 72,74
12:41 225.01 1606.4 0.84 2.74 45.24 227.32 1713.8 0.74 2.74 60.85 226.13 1835.53 0.61 2.65 74.31
12:42 225.71 1647.56 0.84 2.22 43,95 226.29 1733.72 0.74 2.22 60.27 226.47 1811.76 0.61 2.15 74.56
12:42 225.38 1656.01 0.85 1.94 42.86 226.31 1743.26 0.75 1.94 59.52 226.15 1813.51 0.61 1.84 74.51
12:43 224.9 1642.76 0.85 1.81 43.14 226.11 1719.05 0.75 1.81 59.47 226.66 1811.85 0.61 1.84 7391
12:43 226.41 1632.92 0.84 2.33 44.28 225.81 1730.92 0.74 2.33 60.77 22572 1864.51 0.62 2.35 73.68
12:44 224.26 1602.56 0.84 2.07 44.03 225.83 1706.19 0.74 2.07 59.96 22557 1798.09 0.61 213 73.67
12:44 224.82 1613.86 0.85 2.15 43,09 227.06 1736.37 0.76 2.15 58.78 226.5 1839.3 0.63 2.51 72.32
12:45 225.03 1637.59 0.84 2.34 43,95 226.61 1722.06 0.75 2.34 60.53 227.18 1821.52 0.6 2.21 74.43
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12:45 226.18 1634.34 0.84 2.1 43.93 226.2 1768.34 0.75 2.1 59.79 226.46 1863.09 0.62 225 74.11
12:46 225.48 1650.83 0.85 2.18 42.52 226.87 1742.57 0.75 2.18 59.07 225.86 1872.72 0.64 2.01 T71.72
12:46 225.28 1659.32 0.85 2.54 44.12 226.98 1734.85 0.74 2.54 61.12 22597 1856.73 0.61 277 74.8
12:47 226.35 1638.42 0.84 2.34 44.45 225.87 1735.14 0.74 2.34 60.35 226.44 1834.31 0.61 222 74.63
12:47 230.09 1604.59 0.83 20.23 37.05 227.06 1742.23 0.75 20.23 55.37 219.76 1823.4 0.59 25.76 59.88
12:48 224.99 1591.01 0.84 2.51 4381 227.1 1707.38 0.74 2.51 60.37 226.36 1827.34 0.61 2.55 74.26
12:48 226.22 1580.85 0.84 2.57 44.65 226.23 1704.94 0.74 2.57 60.12 226.1 1796.28 0.62 2.62 74.52
12:49 225.18 1583.45 0.84 273 45.02 226.65 1695.84 0.74 2.73 61.04 225.63 1828.61 0.61 2.62 74.12
12:49 225.57 1576.51 0.83 2.47 44.93 226.25 1682.35 0.74 2.47 60.57 226.76 1788.3 0.6 22 74.93
12:50 225.07 1570.79 0.84 2.06 43,95 226.79 1700.2 0.74 2.06 60.19 226.2 1813.55 0.6 1.88 74.64
12:50 2251 1596.5 0.84 2.31 44.18 225.8 1707.33 0.75 2.31 60.03 226.67 1760.59 0.6 2.22 75.36
12:51 225.63 1596.61 0.84 2.63 44.44 226.54 1711.02 0.73 2.63 60.86 226.41 1825.18 0.6 2.36 75.32
12:51 224.37 1600.84 0.85 2.1 43,15 226.53 1723.44 0.75 2.1 59.03 225.67 1818.27 0.62 224 73.42
12:52 224.9 1633.97 0.84 278 43.48 226.42 1731.91 0.74 2.78 60.65 226.24 1816.72 0.6 274 74.74
12:52 224.59 1639.16 0.85 217 42.67 225.46 1735.83 0.75 217 59.33 226.73 1833.85 0.62 222 73.36
12:53 224.99 1655.34 0.85 1.88 41.89 227.08 1724.58 0.75 1.88 59.88 226.64 1822.88 0.6 1.96 74.36
12:53 22561 1671.27 0.85 2.19 43.19 226.6 1758.84 0.76 2.19 59.02 226.82 1834.41 0.61 2.15 73.83
12:54 225.26 1653.37 0.85 250, 44.25 226.2 1714.29 0.75 2.35 59.83 226.31 1808.97 0.63 2.63 73.11
12:54 224.49 1639.68 0.84 elib 44.02 227.51 1717.02 0.74 2elpby 60.28 226.07 1796.9 0.6 24 74.48
12:55 225.59 1612.37 0.85 2.73 43.42 22591 1696.99 0.74 2.73 59.84 226.52 1802.61 0.61 299 74.81
12:55 225.17 1598.16 0.84 281 44.83 226.21 1715.33 0.74 2.81 60.64 226.3 1816.76 0.59 295 75.83
12:56 225.29 1648.13 0.84 2.78 44.49 226.4 1700.6 0.74 2.78 60.85 225.46 1832.35 0.61 2,67 74.11
12:56 230.07 1630.19 0.84 20.15 36.35 226.57 1761.16 0.77 20.15 54.51 221.35 1791.22 0.58 25.44 61.09
12:57 225.13 1637.59 0.85 2.41 43.25 225.71 1741.94 0.75 241 59.47 225.66 1806.64 0.62 2.28 74.43
12:57 225.08 1657.26 0.84 2.68 43.87 226.75 1728.42 0.74 2.68 60.44 2255 1852.9 0.62 2.53 73.88
12:58 225.19 1596.77 0.85 2.49 43.25 226 1742.33 0.75 2.49 59.34 226.64 1852.02 0.62 2.39 3.7
12:58 22558 1591.88 0.84 2.59 44.37 2257 1733.03 0.76 2.59 58.48 226.14 1790.74 0.63 232 73.41
12:59 224.94 1675.47 0.85 2.29 42.51 225.33 1754.88 0.77 2.29 58.01 225.98 1846.28 0.65 2.16 7174
12:59 224.44 1625.34 0.84 2.07 44.33 225.76 1733.72 0.75 2.07 59.37 22578 1813.27 0.61 2.1 74.05
13:00 224.59 1641.77 0.84 2.7 44.66 225.73 1713.8 0.75 2.7 60.67 225.58 1826.73 0.61 2.58 74.15
13:00 2237 1604.11 0.84 2.61 44.62 225.59 1708.58 0.75 2.61 59.9 22554 1818.08 0.63 2.66 7292
13:01 22372 1629.66 0.85 244 43.67 225.72 1726.79 0.76 244 58.95 224.38 1821.57 0.62 2.33 73.18
13:01 224.07 1657.05 0.85 2.57 43.59 2249 1715.48 0.74 2.57 60.62 224.57 1844.51 0.62 252 74.11
13:02 226.92 1641.56 0.84 2.12 44.85 227.63 1724.58 0.74 212 60.38 227.21 1823.92 0.62 2.34 74.07
13:02 226.82 1615.24 0.84 217 43,53 227.34 1719.24 0.76 217 58.57 228.13 1787.39 0.63 2.15 72.61
13:03 226.58 1654.46 0.84 2.75 44.94 227.68 1738.23 0.75 2.75 59.85 227.21 1815.58 0.61 2.65 74.52
13:03 226.33 1620.11 0.84 2.29 43.26 226.88 1702.55 0.75 2.29 59.61 227.59 1803.66 0.63 1.99 73.13
13:04 226.62 1664.28 0.84 2.56 4377 227.37 1723.39 0.75 2.56 60.08 227.23 1796.85 0.62 2.49 73.71
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Time Phase A Phase B Phase C

\Y% A PF THDv | THDa \% A PF THDv | THDa \ A PF THDv | THDa
10:17 237.84 190.69 1.00 0.93 484 238.09 191.79 1.00 0.90 5.41 237.49 191.27 1.00 0.91 5.99
10:18 237.69 192.47 1.00 0.98 437 237.92 193.42 1.00 0.91 5.64 237.16 192.89 1.00 0.90 6.02
10:19 237.82 191.04 1.00 1.02 6.43 238.12 192.59 1.00 0.85 5.89 237.49 192.16 1.00 0.86 6.23
10:20 237.86 191.19 1.00 0.95 4.92 238.02 192.45 1.00 0.82 5.03 237.43 192.10 1.00 0.80 522
10:21 23791 190.97 1.00 0.93 5.02 238.16 192.60 1.00 0.83 5.45 237.59 192.26 1.00 0.82 5.47
10:22 237.59 195.88 1.00 0.95 4.35 23791 196.84 1.00 0.86 5.21 237.31 200.23 1.00 0.89 5.19
10:23 237.48 194.49 1.00 0.96 4.98 237.82 195.65 1.00 0.90 5.47 237.08 198.69 1.00 0.87 5.78
10:24 238.83 190.13 1.00 0.95 4.86 239.04 194.32 1.00 0.88 6.11 238.28 194.21 1.00 0.89 6.17
10:25 238.92 188.37 1.00 0.95 4.46 239.17 190.04 1.00 0.89 5.59 238.54 189.15 1.00 0.83 5.39
10:26 238.98 190.81 1.00 0.91 4.60 239.37 192.65 1.00 0.89 6.01 238.75 191.83 1.00 0.88 592
10:27 239.19 190.86 1.00 0.95 4.24 239.53 192.48 1.00 0.88 5.00 238.92 191.86 1.00 0.85 5.15
10:28 238.72 190.24 1.00 0.97 5.19 239.09 192.62 1.00 0.86 6.00 23851 191.27 1.00 0.91 5.97
10:29 238.64 190.28 1.00 0.92 417 238.95 191.89 1.00 0.86 5.45 238.22 191.19 1.00 0.84 5.19
10:30 238.93 190.48 1.00 0.97 444 239.13 191.85 1.00 0.86 5.36 238.47 191.56 1.00 0.86 5.07
10:31 238.43 190.46 1.00 0.98 5.16 238.71 192.08 1.00 0.81 5.22 238.14 191.73 1.00 0.82 5.54
10:32 238.98 191.14 1.00 1.01 5.01 239.12 192.67 1.00 0.89 6.25 238.64 192.64 1.00 0.92 5.78
10:33 238.86 189.71 1.00 0.98 444 239.06 190.84 1.00 0.82 5.03 238.50 190.30 1.00 0.89 5.19
10:34 239.34 194.13 1.00 0.91 5.19 239.61 195.35 1.00 0.78 5.00 238.87 198.01 1.00 0.80 487
10:35 239.07 188.87 1.00 0.95 4.30 239.37 193.30 1.00 0.82 4.98 238.58 192.72 1.00 0.86 5.25
10:36 239.36 191.62 1.00 0.93 4.40 239.74 196.10 1.00 0.84 5.12 238.94 195.53 1.00 0.81 4.46
10:37 238.96 192.77 1.00 0.94 427 239.25 194.08 1.00 0.83 5.09 23853 193.40 1.00 0.88 5.09
10:38 238.92 191.24 1.00 0.91 371 239.22 192.91 1.00 0.82 4.15 238.63 192.15 1.00 0.82 4.49
10:39 239.24 190.46 1.00 0.92 a.74 239.40 192.25 1.00 0.85 5.46 238.89 191.96 1.00 0.85 5.70
10:40 239.15 190.42 1.00 0.93 4.28 239.43 192.22 1.00 0.87 5.31 238.81 191.57 1.00 0.83 4.49
10:41 239.30 189.44 1.00 0.97 454 239.56 191.53 1.00 0.91 5.62 238.86 190.64 1.00 0.86 5.23
10:42 239.22 192.05 1.00 0.95 4.51 239.61 193.41 1.00 0.89 5.44 238.79 192.55 1.00 0.84 4.85
10:43 238.93 189.17 1.00 0.96 4.20 239.14 190.79 1.00 0.84 5.35 238.49 190.22 1.00 0.86 5.08
10:44 239.25 188.60 1.00 0.92 4.07 239.43 190.41 1.00 0.86 476 238.82 189.52 1.00 0.82 4.58
10:45 239.16 190.68 1.00 0.97 4.66 239.38 192.06 1.00 0.88 5.59 238.73 191.41 1.00 0.88 5.43
10:46 238.87 195.31 1.00 0.94 5.03 239.08 197.08 1.00 0.89 6.58 238.52 199.53 1.00 0.83 5.33
10:47 239.23 189.58 1.00 0.92 4.16 239.53 194.25 1.00 0.87 5.31 238.80 193.66 1.00 0.86 5.11
10:48 239.24 190.38 1.00 0.93 4.92 239.52 192.34 1.00 0.87 5.80 238.94 191.61 1.00 0.90 5.40
10:49 239.33 191.54 1.00 0.95 437 239.65 193.23 1.00 0.86 5.33 239.03 192.76 1.00 0.86 4.96
10:50 238.96 190.63 1.00 1.06 6.46 239.13 191.96 1.00 0.84 4.51 238.46 191.74 1.00 0.91 6.48
10:51 239.07 188.48 1.00 0.96 4.97 239.21 190.24 1.00 0.89 5.54 238.60 189.99 1.00 0.86 5.41
10:52 239.22 189.52 1.00 0.95 4.62 239.48 191.12 1.00 0.87 5.33 238.85 190.77 1.00 0.88 5.32
10:53 239.15 193.66 1.00 0.96 5.04 239.33 195.13 1.00 0.88 5.70 238.78 195.00 1.00 0.89 493
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Time Phase A Phase B Phase C

\Y A PF THDv | THDa \% A PF THDv | THDa \ A PF THDv | THDa
10:54 239.18 191.85 1.00 0.95 4.66 239.32 193.42 1.00 0.89 5.46 238.67 193.10 1.00 0.88 5.46
10:55 238.79 190.30 1.00 0.98 5.22 239.06 192.04 1.00 0.90 5.79 238.38 191.61 1.00 091 5.10
10:56 238.77 188.28 1.00 0.97 5.17 239.14 190.13 1.00 0.92 5.74 238.438 188.96 1.00 0.83 531
10:57 239.07 189.83 1.00 0.98 5.37 239.29 191.62 1.00 0.87 5.87 238.70 191.18 1.00 0.85 5.09
10:58 238.79 194.22 1.00 1.05 5.29 239.10 196.07 1.00 0.89 5.56 238.44 198.71 1.00 0.89 484
10:59 239.09 192.71 1.00 0.98 5.19 239.30 197.41 1.00 0.91 5.62 238.77 197.45 1.00 0.90 5.08
11:00 238.93 191.56 1.00 0.99 4.96 239.05 196.04 1.00 0.87 5.54 238.49 196.17 1.00 0.82 4.48
11:01 239.26 191.48 1.00 0.96 4.94 239.50 193.09 1.00 0.88 5.77 238.89 192.73 1.00 0.84 5.15
11:02 239.07 192.57 1.00 1.00 5.25 239.29 194.32 1.00 0.91 5.95 238.68 193.88 1.00 0.90 5.20
11:03 238.56 193.02 1.00 0.99 5.20 238.84 194.93 1.00 0.87 5.74 238.26 194.09 1.00 0.82 444
11:04 238.88 189.99 1.00 0.97 474 239.04 191.94 1.00 0.89 5.47 23851 191.28 1.00 0.85 a.64
11:05 239.00 191.39 1.00 1.02 4.34 239.37 193.36 1.00 091 5.33 238.73 192.82 1.00 0.86 5.00
11:06 238.81 190.64 1.00 1.01 5.70 239.11 192.54 1.00 0.93 6.47 238.46 192.06 1.00 0.87 5.21
11:07 238.70 190.82 1.00 0.97 4.81 238.95 192.81 1.00 0.93 5.28 23831 192.31 1.00 0.89 5.02
11:08 238.81 189.14 1.00 0.96 4.92 238.93 190.90 1.00 0.92 5.58 238.54 190.73 1.00 0.84 489
11:09 238.93 189.74 1.00 0.97 5.04 239.14 191.58 1.00 0.92 5 Tl 238.49 191.14 1.00 0.88 5.04
11:10 239.07 192.80 1.00 1.00 5.48 239.35 194.54 1.00 0.92 6.10 238.73 197.04 1.00 0.88 5.34
11:11 238.98 190.61 1.00 1.08 6.52 230125, 195.51 1.00 0.90 5.54 238.63 195.10 1.00 0.87 5.54
11:12 239.01 192.07 1.00 1.00 5.18 239.27 196.70 1.00 0.94 5.54 238.67 196.46 1.00 0.85 463
11:13 238.64 190.05 1.00 0.95 4.66 238.73 191.42 1.00 0.88 5.46 238.18 191.33 1.00 0.80 4.65
11:14 238.94 192.54 1.00 1.08 7.03 239.08 194.01 1.00 0.98 7.56 23851 193.28 1.00 0.94 6.36
11:15 23872 189.05 1.00 0.99 5.09 239.06 191.34 1.00 0.92 5.57 238.45 190.29 1.00 0.86 a7
11:16 238.48 190.95 1.00 0.97 5,51 238.77 192.43 1.00 0.94 6.08 238.12 191.97 1.00 0.82 4.80
11:17 23874 191.41 1.00 0.98 4.56 238.90 193.16 1.00 0.89 474 238.28 192.82 1.00 0.81 413
11:18 238.99 190.30 1.00 1.01 5.28 239.17 191.95 1.00 0.93 6.06 238.45 191.80 1.00 0.82 472
11:19 238.88 189.02 1.00 1.00 6.06 239.12 190.77 1.00 0.99 7.00 238.57 190.34 1.00 0.90 6.05
11:20 239.10 192.07 1.00 0.99 5.56 239.26 193.40 1.00 0.88 6.44 238.68 193.58 1.00 0.81 485
11:21 238.94 192.33 1.00 1.00 5.28 239.12 194.22 1.00 0.94 5.74 238.56 193.66 1.00 0.90 5.38
11:22 238.84 193.42 1.00 1.01 5.43 239.03 195.28 1.00 0.94 6.27 238.46 198.10 1.00 0.85 484
11:23 238.84 191.08 1.00 0.96 5.17 239.02 195.75 1.00 0.96 5.27 238.40 195.72 1.00 1.04 7.38
11:24 238.81 193.75 1.00 1.02 5.89 238.84 198.14 1.00 0.95 6.50 238.22 198.37 1.00 0.88 492
11:25 238.68 191.01 1.00 1.00 5.42 238.90 192.49 1.00 0.93 6.38 23831 192.54 1.00 0.79 491
11:26 238.83 191.01 1.00 0.95 4.16 239.12 192.95 1.00 0.93 6.17 23851 192.45 1.00 0.88 5.86
11:27 239.22 190.80 1.00 0.99 4.83 239.32 192.14 1.00 0.91 5.35 238.74 192.19 1.00 0.87 4.98
11:28 239.00 191.47 1.00 1.07 5.19 239.10 193.05 1.00 0.93 5.80 23853 192.78 1.00 0.89 5.14
11:29 239.19 191.02 1.00 1.01 5.44 239.39 192.53 1.00 0.93 5.98 238.78 192.54 1.00 0.86 5.37
11:30 238.96 189.45 1.00 1.03 5.23 239.17 191.25 1.00 0.93 5.70 238.66 190.81 1.00 0.88 523
11:31 238.97 190.06 1.00 0.99 5.21 239.28 191.79 1.00 0.89 5.85 238.76 191.52 1.00 0.90 5.40
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Time Phase A Phase B Phase C

\Y% A PF THDv | THDa \" A PF THDv | THDa \% A PF THDv | THDa
9:44 236.02 978.64 0.94 1.17 4.45 236.56 1051.11 0.94 0.77 0.00 236.18 985.71 091 0.86 0.00
9:45 236.06 1021.15 0.94 1.22 4.16 236.72 1073.82 0.94 0.82 0.00 236.42 1011.79 0.91 0.93 0.00
9:46 235.46 1049.78 0.94 1.23 3.79 235.96 1111.22 0.94 0.86 0.00 235.73 1045.86 0.91 0.90 0.00
9:47 235.47 1102.59 0.94 1.26 3.86 235.96 1166.13 0.95 0.83 0.00 235.76 1100.47 0.92 0.94 0.00
9:48 235.18 1177.16 0.95 1.36 3.94 235.80 1251.27 0.95 0.88 0.00 235.43 1176.15 0.92 1.02 0.00
9:49 234.78 1267.33 0.94 1.37 3.56 235.24 1341.65 0.94 0.90 0.00 23491 1275.43 0.92 1.02 0.00
9:50 234.97 1282.83 0.94 1.28 351 235.52 1334.66 0.94 0.90 0.00 235.19 1275.04 0.92 1.04 0.00
9:51 234.68 1271.22 0.94 1.44 3.63 235.33 1320.20 0.94 0.98 0.00 234.93 1261.61 0.92 1.03 0.00
9:52 234.60 1258.72 0.94 1.36 3.86 235.29 1330.97 0.94 0.92 0.00 234.80 1264.39 0.92 1.01 0.00
9:53 234.51 1261.07 0.94 1.42 3.76 234.98 1335.40 0.94 0.88 0.00 234.70 1254.05 0.92 1.03 0.00
9:54 234.79 1270.05 0.94 1.33 3.63 235.24 1329.49 0.94 0.88 0.00 234.92 1263.60 0.92 1.07 0.00
9:55 234.45 1272.77 0.94 1.38 3.58 235.05 1332.08 0.94 0.89 0.00 234.66 1266.37 0.92 1.05 0.00
9:56 234.35 1269.66 0.94 1.33 357 234.80 1329.86 0.95 0.91 0.00 234.44 1271.50 0.92 1.05 0.00
9:57 234.61 1254.00 0.94 1.35 3.75 235.13 133§,92 0.95 0.91 0.00 234.73 1267.56 0.92 1.06 0.00
9:58 234.38 1264.99 0.94 1.42 3.90 234.86 1345.32 0.94 0.93 0.00 234.56 1271.11 0.92 1.02 0.00
9:59 233.36 1474.26 0.94 1.45 3.84 23317 1636.27 0.93 0.97 0.00 233.35 1501.26 091 1.06 0.00
10:00 232.81 1484.62 0.94 1.43 372 232.75 1644.38 0.93 0.95 0.00 232.96 1504.26 091 1.12 0.00
10:01 233.07 1504.78 0.94 1.57 4.08 232.92 1662.54 0.93 1.01 0.00 233.18 1530.01 0.91 1.16 0.00
10:02 233.05 1528.57 0.94 1.58 4.09 232.89 1705.52 0.93 1.03 0.00 233.11 1562.40 0.91 1.18 0.00
10:03 232.65 1535.34 0.94 165 4.08 232.30 1712.44 0.93 1.06 0.00 232.54 1578.35 0.91 1.21 2.09
10:04 232.55 1553.26 0.94 1.55 4.22 232.55 1723.32 0.93 1.08 0.00 232.69 1579.62 0.91 1.21 222
10:05 232.74 1570.35 0.94 1.54 4.02 232.79 1729.88 0.93 1.09 1.94 232.81 1587.84 091 1.29 2.30
10:06 232.52 1566.25 0.94 1.58 4.10 232.41 1725.89 0.93 1. sl 2.15 232.51 1594.76 0.91 1.34 2.45
10:07 232.19 1554.54 0.94 1.60 4.06 231, 9N, 1731.31 0.93 1.15 2.06 23213 1603.22 0.91 1.32 2.59
10:08 232.40 1565.63 0.94 1.62 4.30 232.08 174151 0.93 1.14 2.22 23231 1611.01 0.91 1.39 2.75
10:09 23217 1571.30 0.94 1.65 4.36 231.98 1744.05 0.93 1.20 2.09 232.04 1615.05 0.91 1.37 3.46
10:10 231.84 1581.95 0.94 1.68 4.10 231.62 1756.43 0.94 1.18 217 231.83 1617.52 0.91 1.36 2.74
10:11 232.22 1575.69 0.94 1.62 4.33 232.17 1740.10 0.93 1.15 2.08 23221 1602.28 0.91 1.36 2.55
10:12 232.35 1587.57 0.94 1.63 4.30 232.17 1748.00 0.93 1.17 214 232.28 1617.52 0.92 1.38 2.85
10:13 231.92 1584.45 0.94 1.69 4.33 231.74 1751.38 0.93 1.20 3.05 231.83 1620.62 0.92 1.37 2.66
10:14 232.00 1602.75 0.94 1.68 4.27 231.97 1765.10 0.93 1.30 3.12 231.99 1612.88 0.91 1.42 2.86
10:15 231.77 1599.35 0.94 1.69 4.38 231.76 1779.82 0.94 1.30 3.30 231.95 1615.98 0.91 1.39 2.76
10:16 231.41 1602.13 0.94 1.72 4.44 231.38 1788.38 0.93 1.32 3.42 231.47 1623.09 091 1.46 2.89
10:17 232.00 1588.81 0.94 1.74 4.40 231.86 1788.65 0.94 1.28 3.39 232.02 1616.60 0.91 1.43 291
10:18 231.76 1597.81 0.94 1.74 4.47 231.55 1789.75 0.94 1.33 353 231.70 1635.08 0.92 1.45 375
10:19 231.87 1594.09 0.94 1.69 4.91 231.76 1782.31 0.94 1.37 3.41 231.79 1638.44 0.91 1.42 3.69
10:20 232.00 1605.52 0.94 1.76 4.36 231.96 1793.33 0.94 1.37 351 231.99 1642.11 0.92 1.48 3.68
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Time Phase A Phase B Phase C

\ A PF THDv | THDa \ A PF THDv | THDa \% A PF THDv | THDa
10:21 231.53 1598.42 0.94 1.75 4.41 231.29 1811.90 0.94 1.42 3.51 231.55 1640.28 0.92 1.49 3.83
10:22 231.46 1607.67 0.94 1.76 5.07 231.30 1793.88 0.94 1.41 3.64 231.37 1661.21 091 1.51 3.94
10:23 231.15 1618.70 0.94 1.81 4.45 231.04 1811.08 0.94 1.51 3.61 231.22 1669.93 0.92 1.58 4.15
10:24 231.54 1629.35 0.94 1.75 4.94 231.37 1823.82 0.94 1.52 3.65 231.58 1672.63 0.92 1.60 4.01
10:25 231.27 1626.62 0.94 1.75 4.44 231.26 1799.36 0.94 1.49 3.80 231.36 1663.92 0.91 1.63 4.16
10:26 231.15 1631.47 0.94 1.75 4.55 231.17 1797.99 0.94 1.46 3.67 231.10 1668.73 0.92 1.61 a.17
10:27 231.53 1617.48 0.94 1.79 4.40 231.35 1803.46 0.94 1.54 3.70 231.48 1671.13 0.92 1.65 4.24
10:28 231.40 1627.83 0.94 1.79 4.88 231.26 1796.07 0.94 1.54 3.95 231.17 1672.33 0.92 1.63 4.26
10:29 230.98 1638.73 0.94 1.89 5.29 231.01 1800.73 0.94 1.57 3.85 230.96 1671.13 0.91 1.66 4.19
10:30 231.03 1646.55 0.94 1.90 5.20 231.00 1806.46 0.94 1.58 3.88 231.05 1675.02 0.92 1.74 4.29
10:31 233.24 1640.84 0.94 191 5.18 233.19 1813.53 0.93 1.57 3.92 233.17 1687.54 0.91 1.71 a.47
10:32 233.50 1641.14 0.94 1.87 5.50 233.35 1822.20 0.93 1.55 391 233.43 1685.16 0.91 1.72 4.52
10:33 232.09 1649.55 0.94 1.90 5.45 231.98 1814.07 0.94 1.56 3.98 231.95 1689.02 0.92 1.78 4.48
10:34 232.44 1657.32 0.94 1.91 4.98 232.19 1821.39 0.94 1.58 3.85 232.32 1702.60 0.92 1.78 4.34
10:35 232.11 1667.13 0.94 1.93 5.11 232.05 1811.90 0.94 1.59 3.87 232.10 1711.99 0.92 1.78 4.67
10:36 232.01 1672.46 0.94 2.01 5.19 231.87 1815.43 0.94 1.71 4.04 231.89 1722.78 0.92 1.78 4.48
10:37 231.90 1659.11 0.94 07 5.13 231.75 1817.87 0.94 1.61 3.85 231.74 1722.49 0.92 1.78 4.55
10:38 232.19 1672.46 0.94 =0l 5.63 232,03 1832.44 0.94 1.63 Bl 232.12 1724.81 0.92 1.78 4.40
10:39 232.08 1680.42 0.94 2.01 5.74 232.02 1818.68 0.94 1.62 3.97 232.02 1733.79 0.92 1.80 4.40
10:40 231.90 1683.35 0.94 2.03 5.71 231.80 1817.05 0.94 1.63 3.89 231.78 1723.36 0.92 1.78 4.49
10:41 231.80 1681.30 0.94 2.04 5.70 231173, 1829.48 0.94 1.65 397 231.72 1720.45 0.92 1.80 4.52
10:42 232.11 1665.35 0.94 2.04 5.74 231.91 1828.94 0.94 1.73 4.01 231.97 1727.72 0.92 1.81 4.45
10:43 232.15 1671.86 0.94 2.09 5.75 232.02 1831.63 0.94 1.70 4.39 232.03 1727.72 0.92 1.79 4.54
10:44 232.05 1695.64 0.94 2.07 5.73 231.94 1852.48 0.94 1.71 4.26 231.99 1736.39 0.92 1.78 a.47
10:45 232.20 1698.26 0.94 2.08 5.78 232.08 1844.22 0.94 1.79 4.23 232.19 1731.48 0.92 1.81 4.61
10:46 231.83 1687.46 0.94 2.08 6.00 23173 1853.54 0.94 1.74 4.29 231.75 1738.70 0.92 1.86 4.80
10:47 231.86 1683.35 0.94 217 5.95 231.56 1844.49 0.94 1.83 4.47 231.58 1734.95 0.92 1.86 4.63
10:48 231.67 1680.71 0.94 2.12 5.90 231.49 1849.28 0.94 1.84 437 231.42 1736.68 0.92 1.89 472
10:49 231.55 1690.38 0.94 2.14 6.06 231.47 1847.15 0.94 1.82 437 231.49 1734.37 0.92 1.88 4.81
10:50 231.38 1716.78 0.94 2.13 5.82 231.42 1845.29 0.94 1.80 4.33 231.27 1740.71 0.92 1.84 4.69
10:51 231.84 1709.28 0.94 2.14 5.98 231.70 1859.37 0.94 1.84 4.60 231.76 1751.33 0.92 1.88 a.67
10:52 231.58 1693.31 0.94 2.16 6.11 231.50 1872.30 0.94 191 4.46 23157 1749.04 0.92 1.89 4.87
10:53 231.94 1710.44 0.94 2.16 6.07 231.69 1883.32 0.94 2.00 4.95 231.82 1759.88 0.92 1.89 4.87
10:54 231.74 1728.55 0.94 2.18 5.99 231.74 1888.54 0.94 2.00 4.84 231.79 1756.47 0.92 1.92 4.84
10:55 231.70 1741.08 0.94 2.12 5.95 231.80 1891.66 0.94 1.98 472 231.79 1759.03 0.92 1.87 4.73
10:56 231.44 1727.40 0.94 217 6.07 231.33 1883.58 0.94 2.00 4.97 231.42 1755.04 0.92 1.92 4.83
10:57 231.49 1729.69 0.94 2.20 6.04 231.46 1875.19 0.94 1.98 4.93 231.50 1752.47 0.92 1.90 4.86
10:58 231.85 1743.06 0.94 2.18 5.96 231.89 1893.75 0.94 1.99 4.91 231.96 1753.90 0.92 1.94 4.78
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Time Phase A Phase B Phase C

\" A PF THDv | THDa \% A PF THDv | THDa \% A PF THDv | THDa
9:21 235.13 1086.16 0.97 0.92 0.00 23577 1094.43 0.97 0.99 0.00 236.26 989.41 0.95 0.91 0.00
9:22 235.39 1068.31 0.97 0.96 0.00 236.18 1064.13 0.97 1.02 0.00 236.64 966.57 0.95 0.99 0.00
9:23 235.13 987.10 0.96 0.92 0.00 23597 986.21 0.97 0.98 0.00 236.40 871.42 0.94 0.93 0.00
9:24 236.36 1020.73 0.96 0.99 0.00 237.09 1041.05 0.97 1.05 0.00 237.70 900.39 0.95 1.02 0.00
9:25 237.45 1016.59 0.96 0.92 0.00 238.26 1002.65 0.97 1.12 0.00 238.68 896.69 0.94 1.04 0.00
9:26 237.82 1000.31 0.96 0.87 0.00 23871 993.29 0.97 0.98 0.00 239.07 883.88 0.94 0.95 0.00
9:27 237.71 992.79 0.96 0.87 331 238.44 972.86 0.97 1.00 0.00 238.85 873.60 0.94 0.96 0.00
9:28 237.74 1018.89 0.96 0.89 0.00 238.66 987.63 0.97 0.94 0.00 239.02 895.10 0.94 0.94 0.00
9:29 237.33 944.87 0.95 0.84 0.00 238.33 937.64 0.96 1.01 0.00 238.55 824.92 0.92 0.98 0.00
9:30 237.07 946.36 0.95 0.90 0.00 238.03 929.64 0.96 0.86 0.00 238.22 806.28 0.92 0.91 0.00
9:31 237.14 927.34 0.95 0.89 0.00 238.01 909.83 0.96 0.95 0.00 238.15 805.10 0.92 0.92 0.00
9:32 237.12 939.39 0.95 0.84 0.00 238.06 909.83 0.96 0.91 0.00 238.13 804.51 0.92 0.92 0.00
9:33 236.72 1002.19 0.96 0.85 0.00 237.83 962.72 0.97 0.95 0.00 237.89 868.15 0.93 0.94 0.00
9:34 236.67 992.79 0.95 0.85 0.00 237.73 978.12 0.97 0.95 0.00 237.95 868.69 0.93 0.90 0.00
9:35 236.65 977.07 0.95 0.87 3.25 237.69 964.17 0.97 0.89 0.00 237.78 851.57 0.93 0.94 0.00
9:36 236.69 996.55 0.95 0.90 0.00 237.58 964.66 0.97 0.99 0.00 237.80 868.69 0.93 0.95 0.00
9:37 236.90 987.10 0.96 0.87 331 237.86 984.79 0.97 0.92 0.00 238.08 865.95 0.93 0.89 0.00
9:38 236.34 1000.31 0.95 0.89 0.00 237.37 977.17 0.97 0.99 0.00 237.59 870.88 0.93 0.98 0.00
9:39 236.69 989.95 0.95 0.90 0.00 237.47 1012.85 0.97 0.95 0.00 237.95 873.60 0.93 0.96 0.00
9:40 236.29 964.52 0.95 0.88 0.00 237.22 954.43 0.97 0.94 0.00 237.39 853.80 0.93 0.94 0.00
9:41 236.38 965.49 0.96 0.89 3.28 237.36 943.11 0.97 1.01 0.00 237.54 858.79 0.93 0.94 0.00
9:42 236.36 965.97 0.95 0.89 337 237.25 956.39 0.97 1.01 0.00 237.44 855.46 0.93 1.01 0.00
9:43 235.97 948.34 0.95 0.90 0.00 236.98 919.53 0.96 13 0.00 237.15 819.72 0.93 1.10 0.00
9:44 235.40 1022.11 0.95 0.96 3.21 236.63 944.59 0.96 0.95 0.00 236.61 849.33 0.92 0.97 0.00
9:45 235.95 1011.96 0.95 0.91 3.30 237.28 938.64 0.96 1.01 0.00 237.15 837.50 0.91 0.99 0.00
9:46 235.39 1010.57 0.95 0.95 3.55 236.66 950.51 0.96 1.05 0.00 236.72 857.13 0.92 1.01 0.00
9:47 235.20 1046.14 0.95 0.97 3.58 236.57 984.31 0.96 0.97 0.00 236.48 880.11 0.92 0.96 0.00
9:48 235.05 1085.30 0.95 0.96 3.38 236.32 1025.68 0.96 1.06 0.00 236.35 934.58 0.92 1.04 0.00
9:49 234.96 1163.29 0.95 1.04 2.87 236.16 1102.51 0.96 0.95 0.00 236.29 1010.32 0.93 1.07 0.00
9:50 234.82 1168.11 0.95 1.04 3.23 236.03 1107.58 0.96 1.29 0.00 236.08 1001.82 0.93 1.22 0.00
9:51 234.49 1189.59 0.95 1.02 3.00 235.70 1132.60 0.96 1.04 0.00 235.83 1028.04 0.93 1.08 0.00
9:52 234.42 1159.65 0.95 0.96 3.10 235.62 1105.05 0.96 1.07 0.00 235.75 991.80 0.93 1.09 0.00
9:53 234.50 1130.17 0.95 1.03 312 23576 1061.05 0.96 1.00 0.00 23573 968.04 0.92 113 0.00
9:54 234.38 1170.92 0.95 1.03 3.28 23561 1093.58 0.96 0.99 0.00 23581 1005.13 0.93 1.03 0.00
9:55 234.63 1139.67 0.95 1.00 3.16 23576 1061.49 0.96 1.07 0.00 235.89 976.84 0.92 1.09 0.00
9:56 234.50 1147.46 0.95 1.04 3.38 23578 1073.74 0.96 1.13 0.00 235.98 970.98 0.92 1.18 0.00
9:57 234.48 1170.12 0.95 1.07 3.45 23578 1090.58 0.96 1.16 0.00 235.96 984.11 0.92 1.19 0.00
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Time Phase A Phase B Phase C

\ A PF THDv | THDa \% A PF THDv | THDa \% A PF THDv | THDa
9:58 234.67 1171.32 0.95 1.11 3.51 235.81 1096.99 0.96 1.12 0.00 236.01 1007.49 0.93 1.18 0.00
9:59 233.15 1336.60 0.95 1.29 4.16 234.26 1260.65 0.95 1.25 3.09 234.51 1157.62 0.92 1.14 3.20
10:00 232.98 1337.65 0.95 1.22 4.03 234.01 1261.39 0.95 1.15 2.86 234.28 1164.98 0.92 1.08 2.89
10:01 232.98 1356.10 0.95 1.26 4.09 234.20 1282.33 0.95 1.23 3.10 234.39 1177.16 0.92 112 3.05
10:02 23252 1452.60 0.95 1.22 3.67 233.79 1414.33 0.95 1.20 3.14 234.20 1259.46 0.92 1.14 3.02
10:03 232.62 1461.29 0.95 1.29 415 233.78 1429.12 0.95 1.30 3.44 234.24 1277.44 0.92 1.19 313
10:04 232.52 1452.27 0.95 1.21 3.83 233,57 1428.47 0.95 1.25 2.99 234.02 1284.86 0.92 1.16 3.00
10:05 232.21 1473.11 0.95 1.26 3.99 233.23 1444.40 0.95 1.25 3.13 233.55 1309.41 0.93 1.15 3.03
10:06 232.43 1509.89 0.95 1.25 3.35 233.61 1443.11 0.95 1.26 3.03 233.96 1313.03 0.93 1.20 2.68
10:07 232.27 147851 0.95 1.21 341 233.37 1428.14 0.95 1.21 2.75 233.68 1302.49 0.93 1.10 2.71
10:08 232.18 1474.70 0.95 1.30 3.75 233.22 143857 0.95 1.26 3.02 233.65 1293.71 0.93 117 2.86
10:09 232.27 1465.77 0.95 1.19 3.50 233.34 1437.92 0.95 1=22 274 233.79 1289.66 0.93 1.18 2.60
10:10 232.13 1482.00 0.95 1.24 3.59 233.22 1436.94 0.95 1.28 3.13 233.80 1319.17 0.93 1.17 2.68
10:11 232.02 1474.38 0.95 1.20 3.66 233.14 1446.66 0.95 1.22 2.73 233.60 1314.48 0.93 1.15 2.55
10:12 232.73 1443.85 0.95 1.16 3.38 233.66 1414.99 0.96 1.19 2.60 234.01 1304.68 0.93 1.17 248
10:13 232.88 1421.93 0.95 1.18 3.64 233.67 1396.05 0.96 21, 2.64 234.08 1284.86 0.93 1.18 2.69
10:14 232.65 1427.52 0.95 1.31 4.00 233.40 1399.39 0.96 1.29 293 233.79 1294.81 0.93 1.28 311
10:15 232.14 1431.79 0.95 1.21 3.68 233.02 1393.70 0.96 1.24 2.99 233.39 1294.81 0.93 1.23 3.06
10:16 23313 1439.30 0.95 1.26 392 234.21 1378.20 0.95 1.26 3.29 234.35 1301.40 0.93 1.19 3.36
10:17 233.19 1435.06 0.95 1.21 3.96 234.02 1389.00 0.95 1.28 327 234.42 1296.28 0.93 1.23 332
10:18 232.58 1430.15 0.95 1.18 379 233.46 1386.31 0.95 1.23 297 233,77 1294.81 0.93 121 290
10:19 232.30 1453.24 0.95 1.30 3.84 233.34 1402.39 0.95 1.35 3.25 233.79 1310.86 0.93 1.19 3.39
10:20 232.50 1450.01 0.95 1.19 3.66 233.47 1414.99 0.95 1.26 292 233.93 1322.05 0.93 1.25 3.17
10:21 23257 1495.85 0.95 1.23 3.65 233.66 1416.97 0.95 1.28 3.05 234.00 1342.03 0.93 1.21 3.10
10:22 232.29 1456.79 0.95 1.16 351 233.08 1414.00 0.95 1.21 2.87 233.63 1321.69 0.93 1.24 2.87
10:23 23251 1468.33 0.95 1.28 4.07 23334 1421.25 0.95 1.28 3.11 233.87 1322.05 0.93 1.26 347
10:24 232.63 1455.82 0.95 1.15 379 233.49 1428.14 0.95 1.19 293 23401 1321.69 0.93 1.17 299
10:25 232.56 1463.21 0.95 1.23 3.78 233.39 1429.77 0.95 1.27 2.96 233.83 1332.79 0.93 1.22 3.18
10:26 232.30 1473.11 0.95 1.29 3.86 233.25 1420.92 0.95 1.24 3.12 233.66 1322.77 0.93 1.18 3.21
10:27 232.52 1468.01 0.95 1.30 4,01 233.38 1443.75 0.95 1.26 3.12 233.96 1332.07 0.93 1.22 334
10:28 232.68 1436.36 0.95 1.21 392 233.39 1407.38 0.95 1.26 3.10 233.99 1301.76 0.93 1.24 321
10:29 232.70 1450.98 0.95 1.32 4.22 233.47 1417.63 0.95 1.32 333 234.07 1307.95 0.93 1.26 3.62
10:30 232.60 1447.42 0.95 1.25 377 233.37 1436.29 0.95 1.25 2.98 233.98 1303.22 0.93 1.24 3.25
10:31 231.97 1465.77 0.95 1.27 3.86 232.90 1436.29 0.96 1.28 3.08 233.42 1313.03 0.94 1.25 3.36
10:32 232.14 1467.37 0.95 1.33 4.25 232.93 1444.72 0.95 1.37 331 233.48 1324.56 0.93 131 354
10:33 232.44 1440.93 0.95 1.33 4.04 23321 1418.95 0.95 1.30 3.36 233.79 1305.05 0.93 1.27 3.35
10:34 232.32 1450.66 0.95 1.34 4.09 233.24 1417.96 0.95 1.36 3.44 233.60 1323.13 0.93 1.29 3.43
10:35 232.28 1444.83 0.95 1.27 397 233.05 1436.62 0.96 1.30 3.17 233.80 1303.95 0.93 1.28 3.18
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Time Phase A Phase B Phase C

\Y% A PF THDv | THDa \% A PF THDv | THDa \ A PF THDv | THDa
9:49 226.15 724.73 0.91 1.00 0.00 22577 750.96 0.81 0.91 0.00 226.38 721.54 0.90 0.75 0.00
9:50 226.68 729.21 0.91 0.96 0.00 226.27 755.44 0.81 0.91 0.00 226.84 722.40 0.90 0.78 0.00
9:51 226.55 728.93 0.91 1.09 0.00 226.40 755.44 0.81 1.09 0.00 226.86 723.54 0.90 1.00 0.00
9:52 226.38 730.69 0.91 1.29 0.00 226.13 756.34 0.81 1.19 0.00 226.64 724.87 0.90 1.14 0.00
9:53 226.77 730.79 0.91 0.99 0.00 226.19 758.21 0.81 1.01 0.00 226.84 72591 0.90 0.85 0.00
9:54 226.64 734.03 0.91 1.14 0.00 226.25 761.67 0.81 0.98 0.00 226.74 731.00 0.90 0.89 0.00
9:55 226.49 740.01 0.91 1.08 0.00 226.07 765.57 0.81 0.98 1.61 226.78 73391 0.90 0.96 0.00
9:56 226.26 737.62 0.92 0.86 0.00 225.84 765.65 0.81 0.88 0.00 226.49 732.79 0.90 0.76 0.00
9:57 226.88 738.08 0.92 0.84 0.00 226.27 764.51 0.81 0.86 0.00 226.90 732.69 0.90 0.79 0.00
9:58 226.47 733.47 0.91 1.30 0.00 226.15 758.30 0.81 1.15 0.00 226.79 728.08 0.90 1.13 0.00
9:59 226.57 734.58 0.91 1.06 1.65 226.20 762.29 0.81 1.09 0.00 226.84 730.82 0.90 0.95 0.00
10:00 226.47 734.30 0.91 1.14 1.76 225.98 761.41 0.81 1.01 0.00 226.36 730.72 0.90 0.88 0.00
10:01 226.39 745.12 0.91 0.82 0.00 226.07 762.38 0.81 0.86 0.00 226.50 732.88 0.90 0.76 0.00
10:02 226.39 751.37 0.91 1.12 0.00 225.94 769.70 0.81 117 0.00 226.61 740.99 0.90 1.11 0.00
10:03 226.18 748.02 0.91 0.93 0.00 22578 766.89 0.81 0.96 0.00 226.39 738.02 0.90 0.97 0.00
10:04 226.19 745.85 0.91 1.02 0.00 225.88 764.42 0.81 1.05 1.62 226.46 737.09 0.90 0.96 0.00
10:05 226.56 746.48 0.91 1.09 0.00 226.10 766.01 0.81 1.06 1.61 226.37 735.88 0.90 0.92 0.00
10:06 226.41 748.11 0.91 1.01 0.00 226.04 767.15 0.81 1.00 0.00 226.39 738.39 0.90 0.93 0.00
10:07 226.15 748.66 0.91 1.15 0.00 225.63 767.33 0.81 1.12 0.00 226.28 737.93 0.90 1.02 0.00
10:08 226.06 745.30 0.91 1.05 0.00 225.69 766.01 0.81 1.01 0.00 226.20 736.16 0.90 0.99 0.00
10:09 225.90 746.75 0.91 1.20 0.00 225.64 765.48 0.81 1.23 1.57 226.19 736.81 0.90 112 0.00
10:10 225.94 749.11 0.91 1.08 0.00 22558 766.98 0.81 1.08 1.60 226.15 734.85 0.90 1.08 0.00
10:11 226.57 747.48 091 1.15 1.63 22573 769.09 0.81 1.08 0.00 226.35 734.85 0.90 0.89 0.00
10:12 225.89 749.74 0.91 1.05 1.70 225.40 768.30 0.81 1.02 0.00 225.84 736.62 0.90 0.97 0.00
10:13 225.86 746.39 0.91 0.99 0.00 225.78 765.92 0.81 0.93 0.00 226.22 733.82 0.90 0.85 0.00
10:14 226.06 747.57 0.91 1.13 0.00 225.45 768.65 0.81 1.06 0.00 225.88 737.65 0.90 0.95 0.00
10:15 225.81 749.29 091 TS, 0.00 22533 767.68 0.81 1.03 1.58 225.86 736.16 0.90 0.85 0.00
10:16 225.85 750.56 091 1.14 0.00 225.45 767.86 0.81 1.07 0.00 225.95 738.21 0.90 1.03 0.00
10:17 225.84 748.11 0.91 0.95 0.00 225.36 765.57 0.81 0.96 1.60 225.80 733.82 0.90 0.92 0.00
10:18 225.38 748.20 0.91 1.09 0.00 225.27 764.06 0.81 1.08 1.62 225.70 734.38 0.90 1.05 0.00
10:19 225.73 750.83 0.91 0.95 1.60 225.27 767.50 0.81 0.91 0.00 225.80 736.81 0.90 0.77 0.00
10:20 22552 752.36 0.91 0.86 1.62 224.83 770.05 0.81 0.92 1.56 225.54 737.83 0.90 0.74 1.67
10:21 22557 748.39 0.91 1.25 0.00 225.23 765.21 0.81 1.14 1.60 225.72 734.29 0.90 1.05 0.00
10:22 22552 748.93 0.91 1.06 0.00 225.22 765.92 0.81 1.06 1.61 225.81 734.10 0.90 0.97 0.00
10:23 226.24 750.11 091 1.12 1.61 22553 768.82 0.81 1.10 1.62 225.99 737.18 0.90 0.92 0.00
10:24 22517 750.29 0.91 0.89 0.00 225.06 766.45 0.81 0.91 0.00 225.42 73597 0.90 0.78 0.00
10:25 225.55 751.37 0.91 1.26 0.00 225.34 767.24 0.81 1.22 1.61 225.79 736.16 0.90 1.13 0.00
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Time Phase A Phase B Phase C

\ A PF THDv | THDa \% A PF THDv | THDa \ A PF THDv | THDa
10:26 225.61 747.66 0.91 0.97 1.61 225.28 764.95 0.81 0.89 0.00 225.74 734.75 0.90 0.77 0.00
10:27 225.34 749.83 0.91 1.20 0.00 225.20 767.15 0.81 1.23 1.72 225.70 736.06 0.90 1.20 0.00
10:28 22543 747.66 0.91 0.92 0.00 225.20 763.89 0.81 0.84 1.64 225.72 733.54 0.90 0.74 0.00
10:29 226.26 746.48 0.91 1.01 0.00 225.70 763.36 0.81 0.99 1.60 226.15 733.63 0.90 0.91 1.69
10:30 226.12 747.30 0.91 1.11 0.00 225.60 765.30 0.81 1.06 1.57 226.13 733.54 0.90 0.99 0.00
10:31 226.39 748.39 0.91 0.97 0.00 225.85 766.10 0.81 0.93 0.00 226.41 736.06 0.90 0.82 0.00
10:32 226.05 748.57 0.91 1.18 0.00 225.60 766.71 0.81 1.20 1.67 226.23 737.18 0.90 1.06 1.73
10:33 226.10 747.21 0.91 1.04 0.00 225.65 764.68 0.81 0.93 1.57 226.24 734.94 0.90 0.80 0.00
10:34 226.14 750.20 0.91 1.08 0.00 225.61 766.98 0.81 1.07 1.60 226.12 736.99 0.90 0.92 1.65
10:35 225.15 749.29 0.91 0.93 1.65 224.84 765.83 0.81 0.91 1.64 225.28 735.69 0.90 0.72 0.00
10:36 225.58 748.11 0.91 1.01 0.00 225.20 764.68 0.81 0.86 0.00 225.69 734.85 0.90 0.79 0.00
10:37 225.50 747.84 0.91 0.83 0.00 225.04 764.51 0.81 0.81 1.70 225.59 734.66 0.90 0.73 0.00
10:38 225.62 748.93 0.91 1.19 0.00 225.00 765.39 0.81 1.10 0.00 225.42 735.03 0.90 0.97 0.00
10:39 225.38 745.94 0.91 1.15 0.00 225.07 763.53 0.81 1.04 1.62 225.49 733.44 0.90 0.85 0.00
10:40 225.75 750.92 0.91 1.10 0.00 225.23 767.50 0.81 1.07 1.60 225.83 735.22 0.90 1.05 0.00
10:41 225.35 747.66 0.91 1.03 0.00 225.08 765.04 0.81 1.07 0.00 225.65 735.78 0.90 0.96 0.00
10:42 225.98 748.57 0.91 1.14 0.00 225.39 766.18 0.81 1.07 1=54] 225.86 736.16 0.90 0.88 0.00
10:43 226.32 748.11 0.91 =5 0.00 225.92 765.92 0.81 1.00 0.00 226.34 735.88 0.90 0.88 0.00
10:44 226.48 750.29 0.91 0.89 1.61 225.80 766.36 0.81 0.83 0.00 226.43 736.90 0.90 0.76 0.00
10:45 226.21 748.84 0.91 0.84 0.00 225.76 766.89 0.81 0.87 1.63 226.28 736.16 0.90 0.78 0.00
10:46 226.17 747.03 0.91 0.97 0.00 226.09 763.53 0.81 0.96 0.00 226.64 735.03 0.90 0.85 0.00
10:47 226.25 748.20 0.91 1.18 0.00 226.23 763.62 0.81 1.09 1.62 226.617 734.10 0.90 1.06 0.00
10:48 226.38 747.39 0.91 0.85 0.00 226.28 764.51 0.81 0.87 0.00 226.67 735.22 0.90 0.76 0.00
10:49 226.28 749.47 0.91 0.90 0.00 225.88 766.80 0.81 0.87 1.65 226.40 737.37 0.90 0.72 0.00
10:50 225.98 750.11 0.91 1.10 0.00 22571 768.65 0.81 1.03 1.58 225.94 738.02 0.90 0.92 1.65
10:51 226.44 747.93 0.91 1.10 0.00 225.96 765.57 0.81 1.02 1.64 226.40 736.34 0.90 0.91 0.00
10:52 226.65 750.01 0.91 0.91 0.00 226.04 767.94 0.81 0.89 0.00 226.41 737.37 0.90 0.82 0.00
10:53 226.11 748.39 0.91 0.90 0.00 225.87 765.92 0.81 0.88 0.00 226.19 737.18 0.90 0.80 0.00
10:54 226.03 749.20 0.91 0.89 0.00 226.20 766.18 0.81 0.80 1.59 226.45 738.67 0.90 0.70 0.00
10:55 226.42 748.57 0.91 0.89 0.00 225.60 765.57 0.81 0.85 0.00 226.30 736.99 0.90 0.75 0.00
10:56 226.45 746.03 0.91 1.09 0.00 226.14 76291 0.81 1.01 0.00 226.56 73531 0.90 0.87 0.00
10:57 226.43 746.30 0.91 1.21 0.00 226.15 765.04 0.81 1.06 0.00 226.56 73531 0.90 0.90 0.00
10:58 226.25 748.39 0.91 0.89 0.00 22573 766.89 0.81 0.87 1.59 226.25 737.74 0.90 0.74 0.00
10:59 226.23 748.84 0.91 0.90 1.65 225.95 765.83 0.81 0.88 0.00 226.32 737.65 0.90 0.82 1.66
11:00 226.68 747.84 0.91 1.16 1.67 226.03 765.92 0.81 1.11 1.58 226.47 736.62 0.90 0.99 0.00
11:01 226.08 745.12 0.91 0.94 0.00 225.88 762.29 0.81 0.93 1.58 226.24 732.60 0.90 0.74 0.00
11:02 226.41 750.11 091 0.97 1.72 225.98 767.77 0.81 1.00 1.61 226.46 738.11 0.90 0.93 0.00
11:03 226.17 750.20 0.91 1.27 0.00 225.88 765.57 0.81 1.27 0.00 226.49 737.65 0.90 121 0.00
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Time Phase A Phase B Phase C

\" A PF THDv | THDa \% A PF THDv | THDa \Y% A PF THDv | THDa
9:17 221.50 1701.84 0.36 1.25 1.37 222.70 172857 0.34 1.25 1.33 222.43 161.15 0.85 1.10 16.76
9:18 229.75 336.98 0.65 0.68 3.10 230.18 355.17 0.64 0.68 2.74 230.02 46.11 0.20 0.60 34.08
9:19 229.43 413.17 0.77 0.83 2.95 229.57 432.95 0.76 0.83 2.74 229.43 54.60 0.20 0.64 28.50
9:20 228.86 509.55 0.83 0.78 2.74 229.40 531.93 0.82 0.78 2.54 229.18 65.48 0.18 0.68 23.02
9:21 228.82 588.44 0.86 0.84 2.74 228.95 611.85 0.85 0.84 2.54 228.83 71.57 0.15 0.63 21.43
9:22 228.63 660.18 0.88 0.80 2.59 228.90 686.49 0.87 0.80 2.46 228.70 84.34 0.15 0.70 17.93
9:23 22831 723.42 0.89 0.87 2.61 228.70 752.77 0.88 0.87 2.47 228.56 94.71 0.12 0.72 16.21
9:24 227.96 768.22 0.90 0.84 244 228.75 799.09 0.89 0.84 2.32 228.66 96.55 0.11 0.85 15.76
9:25 228.26 810.90 0.90 0.87 2.50 228.75 840.25 0.89 0.87 242 228.49 100.94 0.11 0.77 15.41
9:26 227.55 957.40 0.90 0.83 2.00 228.17 994.37 0.89 0.83 1.95 227.99 111.10 0.13 0.77 13.71
9:27 228.65 766.10 0.88 0.91 2.14 229.20 796.55 0.87 0.91 1.92 228.92 91.60 0.16 0.71 17.50
9:28 218.84 2368.86 0.57 1.18 0.75 219.21 2436.09 0.56 1.18 0.69 219.40 221.75 0.77 1.07 14.89
9:29 226.63 1204.47 0.85 0.84 1.92 226.99 1255.93 0.84 0.84 1.81 226.89 131.58 0.30 0.79 13.10
9:30 225.93 1303.86 0.86 0.88 K08, 226.41 1356.02 0.85 0.88 1.84 226.30 137.79 0.30 0.86 12.31
9:31 225.79 1453.98 0.89 0.90 1.85 226.10 1513.50 0.87 0.90 173 226.15 155.01 0.29 0.85 10.46
9:32 225.55 1540.74 0.89 1.12 1.97 226.14 1603.51 0.88 1.12 1.85 226.12 160.78 0.29 0.98 10.00
9:33 225.29 1596.01 0.90 112 1.95 226.25 1658.11 0.89. 112 1.82 226.14 166.50 0.28 1.05 9.72
9:34 225.65 1601.85 0.90 0.91 1.83 225.93 1668.01 0.89 0.91 1.77 225.79 163.98 0.29 0.78 9.93
9:35 225.32 1628.76 0.90 0.89 193 226.04 1692.94 0.89 0.89 1.80 225.88 168.77 0.30 0.80 9.78
9:36 225.29 1686.10 0.90 0.87 1.80 225.75 1752.12 0.89 0.87 1.73 225.66 172.27 0.28 0.83 9.26
9:37 224.61 1802.74 0.91 1.07 1.82 225.39 1873.04 0.90 1.07 1.72 225.10 185.58 0.29 1.01 8.52
9:38 224.43 1906.42 0.91 0.86 1.70 224.75 1977.09 0.90 0.86 1.63 224.63 193.15 0.33 0.93 7.98
9:39 224.09 1953.55 0.91 1.07 1.78 224.62 2027.33 0.90 1.07 1.69 224.48 199.27 0.33 1.06 7.81
9:40 224.11 1945.16 0.91 0.82 1.72 224.82 2019.64 0.90 0.82 1.63 224.62 199.93 0.32 0.80 7.65
9:41 224.24 1942.51 0.91 0.82 1.65 224.81 2016.80 0.90 0.82 1.59 224.79 199.72 0.31 0.88 7.65
9:42 223.83 1941.86 0.91 0.88 1.66 224.65 2017.01 0.90 0.88 1.59 224.35 199.75 0.30 0.85 7.70
9:43 223.99 1949.31 0.91 0.87 1.76 224.42 2022.36 0.90 0.87 1.67 224.32 199.83 0.29 0.88 7.76
9:44 224.66 1949.13 091 1.00 1.72 224.75 2021.01 0.90 1.00 1.67 224.66 202.30 0.30 1.03 8.18
9:45 224.26 1959.45 0.91 1.02 1.63 224.29 2031.80 0.90 1.02 1.61 224.21 204.88 0.30 1.05 8.07
9:46 223.69 1957.08 0.91 1.11 1.81 224.21 2033.46 0.90 1.11 1.72 224.24 202.88 0.32 1.08 8.21
9:47 223.85 1954.64 0.91 0.92 1.76 224.43 2031.50 0.90 0.92 1.68 224.25 202.94 0.31 0.85 8.34
9:48 223.82 1957.94 0.91 0.97 1.69 224.07 2031.87 0.90 0.97 1.64 224.15 205.92 0.32 1.05 8.51
9:49 223.77 1956.89 0.91 0.91 1.72 224.31 2032.86 0.90 0.91 1.63 224.07 205.61 0.31 0.84 8.68
9:50 223.79 1957.07 0.91 0.99 1.69 223.67 2031.75 0.90 0.99 1.62 223.69 206.49 0.32 1.09 9.09
9:51 223.48 1969.04 0.91 0.94 1.68 223.74 2045.61 0.90 0.94 1.62 223.83 207.68 0.31 0.95 9.31
9:52 222.76 1968.54 0.91 0.84 1.67 22317 2044.72 0.90 0.84 1.60 223.20 205.48 0.30 0.80 9.66
9:53 222.98 1979.61 0.91 1.19 1.70 223.44 2055.72 0.90 1.19 1.64 223.23 205.92 0.29 1.10 9.52
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Time Phase A Phase B Phase C

\ A PF THDv | THDa \% A PF THDv | THDa \ A PF THDv | THDa
9:54 222.88 1972.01 0.91 1.21 1.85 22343 2048.00 0.90 1.21 1.73 223.53 206.99 0.31 117 10.06
9:55 222.64 1966.20 0.91 1.21 1.79 223.82 2043.80 0.90 1.21 1.69 223.58 208.89 0.31 1.08 9.95
9:56 222.86 1955.78 0.91 1.13 1.73 223.44 2029.43 0.90 1.13 1.65 223.28 206.65 0.30 117 10.40
9:57 222.75 1960.40 0.91 1.08 1.80 223.20 2033.68 0.90 1.08 171 223.04 211.79 0.30 1.06 10.81
9:58 223.18 1958.09 0.91 0.99 1.71 223.19 2034.72 0.90 0.99 1.64 22321 215.65 0.28 1.09 10.91
9:59 222.98 1966.24 0.91 1.17 1.78 223.40 2040.95 0.90 117 1.69 223.43 214.83 0.29 1.11 10.99
10:00 222.70 1962.13 0.91 0.93 1.70 223.29 2039.16 0.90 0.93 1.63 223.28 216.52 0.29 0.99 11.17
10:01 222.56 1961.40 0.91 1.04 1.80 223.24 2037.34 0.90 1.04 1.69 223.15 211.51 0.29 1.01 11.33
10:02 222.78 1962.31 0.91 1.08 1.81 223.17 2036.10 0.90 1.08 1.72 223.26 212.12 0.29 1.07 11.63
10:03 222.19 1956.04 0.91 1.05 1.78 222.96 2031.31 0.90 1.05 1.69 222.86 208.43 0.30 0.97 11.91
10:04 222.60 1964.13 0.91 1.19 1.78 223.07 2038.45 0.90 1.19 1.70 222.88 211.79 0.29 1.13 12.12
10:05 222.48 1965.37 0.91 1.09 1.79 22273 2035.49 0.90 1.09 1.71 222.55 211.46 0.31 1.06 12.37
10:06 222.31 1968.70 0.91 0.92 i 73 222.96 2039.88 0.90 0.92 1.72 222.63 21091 0.32 0.94 12.37
10:07 221.83 1983.74 0.91 1.09 1.77 222.43 2058.08 0.90 1.09 1.68 222.33 216.12 0.30 1.13 12.54
10:08 222.00 1980.44 0.91 0.93 1.74 222.37 2052.28 0.90 0.93 1.66 222.34 216.84 0.32 0.90 12.85
10:09 221.71 1970.73 0.91 1.03 1.78 222.24 2043.75 0.90 1.03 1.70 22217 216.44 0.30 0.92 13.05
10:10 224.25 1958.64 0.91 0.87 1.74 224.64 2030.66 0.90 0.87 1.69 224,61 214.53 0.29 0.91 13.83
10:11 224.85 1955.22 0.91 0.90 1.77 22521 2029.40 0.90 0.90 1.68 225.07 213.63 0.27 0.81 14.08
10:12 224.98 1964.46 0.91 1.06 1.81 225.03 2035.03 0.90 1.06 1.74 224.98 212.73 0.30 1.02 14.20
10:13 22471 1964.53 0.91 0.98 1.71 224.84 2037.34 0.90 0.98 1.66 224.82 213.45 0.29 1.08 14.77
10:14 22451 1961.02 0.91 0.93 1.76 224.68 2036.10 0.90 0.93 1.69 224.83 213.75 0.27 0.80 14.75
10:15 224.73 1966.58 0.91 0.87 1.76 224.92 2041.17 0.90 0.87 1.67 224.84 214.53 0.29 0.83 14.66
10:16 224.52 1974.06 0.91 1.12 1.85 224.85 2041.47 0.90 1.12 1.78 224.77 128.24 0.58 1.07 66.43
10:17 224.49 1968.11 0.91 0.85 1.77 224.63 2041.92 0.90 0.85 1.72 224.69 1975.88 0.90 0.90 177
10:18 224.50 1970.11 091 0.92 1.82 224.54 2041.51 0.90 0.92 W3 224.60 1973.75 0.90 0.86 1.83
10:19 224.46 1965.06 0.91 0.97 1.79 224.37 2041.07 0.90 0.97 1.70 224.42 1970.38 0.90 1.02 1.82
10:20 224.80 1966.58 0.91 0.96 1.83 224.76 2038.98 0.90 0.96 1.76 224.83 1971.91 0.90 0.90 1.83
10:21 224.40 1965.47 0.91 0.84 1.81 224.93 2038.53 0.90 0.84 1.73 224.92 1971.91 0.90 0.81 177
10:22 224.05 1967.61 0.91 1.27 2.00 224.72 2040.95 0.90 1.27 1.87 224.59 1975.06 0.90 1.08 1.88
10:23 224.46 1970.29 0.91 1.13 1.89 224.60 2045.31 0.90 1.13 1.78 224.65 1978.73 0.90 0.95 1.83
10:24 224.07 1970.50 091 1.22 1.97 224.40 2044.16 0.90 1.22 1.85 22461 1976.32 0.90 1.16 1.88
10:25 224.36 1969.93 0.91 0.94 1.83 224.31 2042.29 0.90 0.94 1.75 224.40 1975.98 0.90 0.85 1.82
10:26 224.53 1967.65 0.91 0.95 1.84 224.48 2036.95 0.90 0.95 1.77 224.59 1970.24 0.90 1.00 1.85
10:27 224.11 1967.58 0.91 1.20 1.93 224.60 2040.20 0.90 1.20 1.83 224.56 1978.16 0.90 1.17 1.85
10:28 224.49 1969.72 0.91 1.01 1.85 224.40 2040.40 0.90 1.01 1.79 224.53 1973.63 0.90 1.07 1.86
10:29 224.13 1962.81 0.91 0.91 1.81 224.59 2034.98 0.90 0.91 1.72 224.49 1969.16 0.90 0.86 1.75
10:30 224.12 1960.40 0.91 1.31 2.02 224.72 2036.25 0.90 131 1.90 224.67 1967.77 0.90 1.22 1.90
10:31 224.38 1966.74 0.91 1.09 1.83 224.45 2039.47 0.90 1.09 1.76 224.45 1971.96 0.90 1.02 1.85
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import pandas as pd
from sklearn.linear_model import LogisticRegression
from sklearn.model_selection import train_test split
from sklearn.metrics import roc_auc_score
from sklearn.metrics import accuracy score
from keras.models import Sequential
from keras.layers import Dense, Activation,Dropout
import keras
import random
from sklearn.preprocessing import StandardScaler
from keras.callbacks import ModelCheckpoint
import numpy as np
from joblib import dump, load
from keras.models import model from json
import tensorflow as tf; print(tf.  version )
df = pd.read_csv(electric_df.csv)
scaler = load("scaler.pkl")
def assignPowerOn(row):
power = 1
if row['V'] >= 215 and row['V'] <= 240:
if row['PF7 > 0.9:
if row['A7 >= 1500 and row['A] <=2000:
if row[THDV'] < 3:
if row[THDI'] > 5:

power = 1
else:
power = 0
else:
power = 0
else:

power = 0
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return power
dffPower_on'] = df.apply(assignPowerOn,axis=1)
X _train,X testy train,y test =
train_test split(df.drop(Power on',axis=1),df.Power on,test size=0.3,random state=42)
X_train = scaler.transform(X_train)
X_test = scaler.transform(X_test)
json _file = open('model.json’, 'r')
loaded model json = json_file.read()
json file.close()
model = model from_json(loaded model json)
model.load weights("model weight.h5")
model.compile(loss='binary. crossentropy',optimizer="adam’,metrics=["accuracy'])
model.fit(X_train,y_train,batch_size=64,epochs=200,shuffle=True)
Epoch 1/200

Keyboardinterrupt Traceback (most recent call last)
<ipython-input-11-08d8edfdfacc> in <module>()
---> 1 model.fit(X_train,y train,batch_size=64,epochs=200,shuffle=True)

53 frames
/usr/lib/python3.7/tokenize.py in _compile(expr)
146
147 def _compile(expr):
-> 148  return re.compile(expr, re.UNICODE)
149
150 # Note that since _all_string prefixes includes the empty string,

Keyboardinterrupt:

y_pred = model.predict(X_train)
roc_auc_score(y_train,y pred)
y_pred = model.predict(X_test)
roc_auc_scorely_testy pred)v

model.save weights(model_weight 2.h5)



model json = model.to_json()

with open('model 2.json', "w") as json _file:
json_file.write(model json)

json_file.close()

lg = LogisticRegression(solver='lbfgs',class weight="balanced’)

le.fit(X_train,y_train)

LogisticRegression(C=1.0, class weight='balanced’, dual=False,

fit_intercept=True, intercept scaling=1, (1 ratio=None,
max_iter=100, multi_class='warn’, n_jobs=None, penalty="12,

random_state=None, solver='lbfgs', tol=0.0001, verbose=0,

warm_start=False)
y _pred = lg.predict_proba(X_ test)[:,1]
roc_auc_scorely_testy pred)
y_pred = lg.predict_proba(X_train)[:,1]
roc_auc_scorely. train,y_pred)
dump(lg, 'logit model 2.joblib")
[logit model 2.joblib]
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The Monitoring of Factory Electrical System 1n
Collapse Using Neural Network Prediction Method

Chongrag Boonseng
Faculty of Engineering
King Mongkut’s Institute of Technology
Ladkrabang
Bangkok, Thailand
chongrag.bo@kmitl.ac.th

Abstract— This project presents monitoring of the feasibility
of electrical systems by a prediction program created by Neuron
Networks which the program can predict the result in the
percentage of how strong the power is. In this paper, we will talk
about the models used for analysis and the predictive results
obtained from the program. When we can predict the strength
percentage of the system, it will help the users maintain or
prevent the strength of the electrical system lower than the users
require. It also helps to reduce the impact of seams on the use of
uninterruptible power systems.

Keywords— neural network, prediction method, power system
collapse.

I. INTRODUCTION

In this paper, the electrical system is considered as an
important system in every sector. Whether in the households,
Transportations, Industries, etc. Certainly, every sector wants
to have stable electrical systems all the time resulting in a
system preventing electrical system failures occurrence. Most
will work when the electrical system has a problem.
Therefore, it may result in power outages or surges during the
work joints. Therefore, in this paper, we present a program to
help monitor and predict the electrical system whether the
electrical system at that time was reliable.By conducting an
analytical process using artificial neural networks in the
processing system which it will be able to analyze when the
system becomes unstable. Firstly, it can be prepared to reduce
the impact of the seam on the use of electricity backup system
which the program has been created 2 models for analysis: 1.
Neural network 2. Logistic Regression and 3 variables used
in the analysis in this article 1. Voltage 2. Current 3. Power
factor. When all the information has been entered, the
program will analyze whether the system fails, and expressed
as a percentage. We can see the changing trends. By reference
to the distortion in the system from the IEEE 519-1992
standard [1].

Il. ARCHITECTURE NEURAL NETWORK

An artificial neural network was created to help human
analyze. But before it can analyze, training is necessary. The
artificial neural network training can be done by inputting the
data set .Then The data will be averaged into weight values,
and through the learning processes between the input and
weight values within the hidden layers the artificial neural
network system will display as the output as shown in Fig.1a.
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Fig. 1.  (a) Architecture Neural Network. (b) Machine Learning.

The learning of the artificial neural network in this paper
is called Machine learning. In the learning machine. There
will be two predictions for the results: 1. Regression or linear
equation 2. Classification but in Logistic regression which is
special. It can predict in both forms because the values that
predicted and in the form of numbers are exactly from the
equation (1).

1

P = e~othin) @

Where by, b are the coefficients of the model, such as the
Linear model equation in Fig.1b. The slope is b; times the x
and adding a constant to get the numerical output. Logistic
model is in accordance with the equation. It will make
straight lines twist into curves. The output is numerical as
well as linear, but it can be used to classify as well.

1. PROGRAM DESIGN
This program was written by Google Colab with Python.
It is designed to be analyzed between 2 processes which are
Neural Network and Logistic Regression. In this paper, only
3 variables were used to test the models: voltage, current and
power factor.

The scope of the program is taught by using the
information to teach the program repeatedly letting the
program know the desired scope. Therefore, it can compare
with the required data with the scope of the program analysis
to identify the needs of users who want to specify the
electrical systems in the desired period .After that, bring the
data to the AUC score (Area under the ROC Curve) to
measure the efficiency of the model, as shown in Fig. 2.
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Fig. 2. The ROC Curve.

We can write to show the process of the program in the
form of flow chart, which is in accordance with the program's
work plan, as shown in Fig. 3.

Choose
Type for
Calculation

Choose Data and
Train Program

Train
Program ?

Neural
Network

i

Data Output
- -

Logistic

|

Data Output
2

Input Data

Is Input
Complete

yes

Fig. 3. Program flow chart.

IV. EXPERIMENT
In this section, we will focus on the operation of the
program. There are currently 2 versions which are Neural
Network and Logistic Regression. When we insert the input
into the program to predict the desired results, the program
will make predictions using the principles that we choose.
(Neural Network or Logistic Regression).

The program will be set from Table 1. which is set as the
factory needs.

TABLE I. FACTORY DATA REQUEST
215-230 _ v
250-550 A
P >0.9 2

Once we know the scope that the factory needs to analyze
and then use the data to train the program. By using the
measured data from the factory which has both boundary and
non-boundary bounded together so that the program can learn
by comparing with the scope specified.

Then we can put the data that needs to be analyzed for the
program to make predictions.

V. EXAMPLE AND RESULTS
A. FAcTORrY A
In Example A, take the parameters measured from the
plastic factory in both versions of the program.

By comparing each type of input with the percentage
strength of the electrical system. The higher the percentage
is, the stronger the system will be. (max = 100). The result
will be shown in Fig. 4-11.

Predicted Probability

Percentage (%)

Percentage (%) a) Time (Hr.)

b) Time (Hr.)
Percentage (%)

) Time (Hr)

Fig. 4. Graph between predicted probability from Neural Network and time
(a) phase A (b) phase B (c) phase C

Predicted Probability

Percentage (%)

’

Percentage (%) a) Time (Hr.)

i b) Time (Hr.)
Percentage (%)

) Time (Hr.)

Fig. 5. Graph between predicted probability from Logistic Regression and
time (a) phase A (b) phase B (c) phase C

From Fig. 4 and Fig. 5 show predicted probability with
Neural Network model and Logistic Regression model in 3
electrical system phases, respectively. From the Fig. 4, The
prediction results in the Neural Network model in 3 phases,
only Phase A has predicted an unstable period of electrical
systems in the factory. As for the other 2 phases, the electrical
system in the factory is stable. In the Logistic Regression
model as shown in figure 5, the prediction results are likely
to be similar in all 3 phases. Regarding as the instability range
of the system, it was found that the Logistic Regression
model can detect many periods, and there is also a time period
that matches the Neural Network model in Phase A as well.
In addition, you can see the differences in percentages that
both models have predicted. The predictions which result
from the Logistic Regression model are lower than the
predictions result from the Neural Network model.
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Fig. 6. Graph between voltage and predicted probability from Neural
Network (a) phase A (b) phase B (c) phase C
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Fig. 7. Graph between voltage and predicted probability from Logistic
Regression (a) phase A (b) phase B (c) phase C

From the graph, the data between the voltage and
predicted probability of both models (figure 6-7).1t is found
that the voltage relationship in this data set almost does not
affect the instability of the electrical system. Because during
the program that predicts system instable, it can be observed
that the voltage fluctuates only a little so that there is almost
no difference from the normal range
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Fig. 8. Graph between current and predicted probability from Neural
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Fig. 9. Graph between current and predicted probability from Logistic
Regression (a) phase A (b) phase B (c) phase C

From the graph, between the current and predicted
probability of both models (Fig. 8-9). It can be seen that the
prediction period in the system is unstable corresponding to
the unstable current range. The Logistic Regression model
tends to predict the unstable phase in all 3 phases but in
Neural Network model. Only Phase A has a prediction trend
that corresponds to the current graph.
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Fig. 10. Graph between power factor and predicted probability from Neural
Network (a) phase A (b) phase B (c) phase C
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Fig. 11. Graph between power factor and predicted probability from Logistic
Regression (a) phase A (b) phase B (c) phase C

From the graph, between the predictive results of the
program and the power factor (Fig. 10-11). The graph shows
that during the 3-phase power factor instability, the Logistic
Regression model can predict the unstable phases of the
electrical system in all 3 phases. The Neural Network model
only has phase A. which can predict trends consistent with
the electrical system.

From factory data A, it was found that the predicted
results from the predicted program showed that only the
Neural Network model had Phase A which tended to match
the measured data from the factory. Logistic Regression
model tended to match all three phases, but the percentage is
still not very high.

B. Factory B
In Example B, take the parameters measured from another
MDB in plastic factory in both versions of the program.

By comparing each type of input with the percentage
strength of the electrical system. The higher the percentage
is, the stronger the system will be (max = 100). The result will
be shown in Fig. 12-16.

Predicted Probability

Percentage (%)

Time (Hr.)

W

)
Percentage (%) b)  Time (Hr)

LTI AN

c)  Time (Hr)

Percentage (%) a

Fig. 12. Graph between predicted probability from Neural Network and time
(a) phase A (b) phase B (c) phase C
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Fig. 13. Graph between predicted probability from Logistic Regression and
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From Fig. 12, The graphs obtained from all 3 phases are
different in every phase, making it possible to assume that
there is something that affect the electrical system of the
factory. To make the prediction of the different results of all
3-phase electrical systems. As for Fig. 13, The trends derived
from the prediction of electrical systems tend to be in the
same direction. Therefore, the author would like to compare
the predictions of the Logistic Regression program only with
electrical parameters.
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Fig. 14. Graph between voltage and predicted probability from Logistic
Regression (a) phase A (b) phase B (c) phase C

From the graph, between the voltage and predicted
probability of Logistic Regression models (Fig. 14), In the
period, before the prediction results will decrease or increase.
The voltage will fluctuate especially in the period before the
predictions have dramatically changed. The voltage value is
more unusual than usual

Current (A) Percentage (%)

Current — Predicted Probability

|' e
Percentage (%)

Percentage (%)

Current (A) 3

Time (Hr.)

|| (| ™ - -

Current (A) b)  Time (Hr)

- 1@![:} o TN

¢ Time (Hr)

Fig. 15. Graph between current and predicted probability from Logistic
Regression (a) phase A (b) phase B (c) phase C

From the graph, between the current and predicted
probability of Logistic Regression models (figure 15), The
trend of the prediction results is the same as the current of all
3-phase electrical systems.

PF. Power Factor — Predicted Probability

Bl

PF. a)  Time (Hr)

Percentage (%)

=\ = ¥

Percentage (%)

=== IR
= 0

©)  Time (Hr)

PF.

Fig. 16. Graph between power factor and predicted probability from Logistic
Regression (a) phase A (b) phase B (c) phase C

From the graph, between the predictive results of the
program and the power factor (Fig.16) in the period before
the power factor increases or decreases .The prediction
results from the prediction program that it will change before
the power factor changes. It can be observed that the severe
change of the prediction results corresponding to the
oscillation period of the power factor.

VI. CONCLUSION

According to the experimental results of the Neural
Network and Logistic Regression model, the trend of the
predicted results using the Logistic Regression model is
similar to the trend of the actual electrical systems in the
factory. Two examples especially in Factory B example, in
terms of the accuracy of the program, the accuracy of the
Logistic Regression model are not very high which are
assumed that they are caused by 2 reasons 1) Due to not
enough program training 2) From the input variables that lack
some variables affecting the electrical system.

REFERENCE

[1] [IEEE 519 -1992 standard. ieee standards board , “ieee recommended
practices and requirements for harmonic control in electrical power
system”. ieee std. 519-1992, new york , 1993

[2] R.C.Dugan, M.McGranaghan, S.Santoso, H.Beaty, Electrical Power
Systems Quality, 3rd Ed., New York, McGraw-Hill, 2012.

[3] Wagner, V.E.Balda, J.C. Griffith, D.C. McEachern, A. Barnes T.M.
Hartmann D.P. Phileggi D.J. Emannuel A.E. Horton, W.F. Reid, W.E.
Ferraro, R.J. Jewell, W.T., "Effects of harmonics on equipment," Power
Delivery, IEEE Transactions, VVol.8 No.2, 1993, pp. 672-680.

[4] Heidarali Shayanfar and Ahad Mokhtarpour, Management, Control and
Automation of Power Quality Improvement, Intechopen, 2011.

[5] Satish Kumar, Neural Networks, Singapore, McGraw-Hill, 2005.
[6] J. Wesley Hines, Fuzzy and Neural Approaches in Engineering, United
States of America, A Wiley-Interscience Publication, 1997.

[7] Micheal Negnevitsky, Atrtificial Intelligence A Guide to Intelligent
Systems, Second Edition, England, Addison Wesley, 200



155

dy @ dl Y o L v d‘ = ! gj 1 Y o ¥ €Y 1Y
wnanstiluenansianulidmsunisidauienistnwintu leugslmiluldusslomismunisi

I ¥ O & A U Yv agvo & Y Y a = v & A ° v
13J'3']ﬂ5m1®“] NG @ﬂﬂﬂﬂqﬂmiﬂﬂﬂuﬂa%u@ﬁq LLagm@fl@'N@fmﬂL';\]']GUENL@ﬂaqinﬂﬂﬁﬂwmﬂqiuqiﬂiﬁ



The Monitoring of Electrical System in Stability
Using Neural Network by Logistic Regression
Model

Chongrag Boonseng
Faculty of Engineering
King Mongkut’s Institute of Technology Ladkrabang
Bangkok, Thailand
chongrag.bo@kmitl.ac.th

Abstract— This project presents a power system stability
check using Neuron Networks, where the program analyzes
the received data and displays the system stability as a
percentage. In this article, we will discuss the Logistic Model
used to analyze and predict the results obtained from the
program. The parameters used to analyze the power system
are voltage, current, power factor, THDv, and THDI, so that
users can assess the period of time that the power system has
changed and can find a way to do it. maintain the stability of
the electrical system.

Keywords— neural network, logistic model, power system
stability.

. INTRODUCTION

In this article, the power system is important in every
sector. whether in the industry Shopping malls, etc. that
need the stability of the electrical system. Therefore, in this
article, we present a program that helps track and analyze
the electrical system whether it is reliable or not. The
analysis was performed using artificial neural networks in
the processing system. which can be analyzed when Is the
system stable? It uses Neural Network by Logistic
Regression. The 5 variables used in the analysis in this
article are 1. Voltage 2. Current 3. Power Factor 4. THDv
and 5. THDi. The program analyzes how stable the system
is, expressed as a percentage. We can see the changing trend
of electrical stability. with reference to system distortions
from the IEEE 519-1992 standard [1].

Il. ARCHITECTURE NEURAL NETWORK

A. Neural Network by Logistic Regression Model

In designing a neural network by using the Logistic
Regression Model to analyze the electrical system, The
model has to be trained before it can be put into practice. As
shown in Figure 1la. and model of Machine learning in this
project used Logistic Regression which will get results in
the form of numbers are exactly from the equation (1).

1
P = Tre-(othin (1)

Where b0, bl are the coefficients of the model, such as
the Linear model equation in Figure 1b. The slope is bl
times the x and adds a constant to get the numerical output.
Logistic model is in accordance with the equation. It will
make straight lines twist into curves. The output is
numerical as well as linear, but it can be used to classify as
well.
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Fig. 1. (a) Architecture Neural Network. (b) Logistic Regression Model.

B. Training Algorithm

Neural network training can be performed by inserting a
dataset. The data is then averaged as weighted values. and
through the learning process between the input value and the
weight value within the hidden layer. In this paper, Back
Propagations Algorithm[2] is used for training and analysis
of program data, as shown in Figure 2a. There is a working
principle of analyzing the error occurring at each processing
and sending the data back to change the weight of the input
data and process it again. The goal is to optimize the weights
so that the neural network can learn how to match inputs to
outputs with minimal error, as shown in Figure 2b.

Backpropagation

@ (b)
Fig. 2. (a) Back Propagation Algorithm Processing. (b) Principle of Back
Propagation Algorithm.

I1l. PROGRAM DESIGN AND DATA COLLECTION

A. Program Design

This program was written by Google Colab with Python.
Itis designed to be analyzed by Logistic Regression Model.
In this paper, use 5 variables were used to run the model that
are voltage, current, power factor, THDv and THDi. We can
write to show the process of the program in the form of a
flow chart, which is in accordance with the program's work
plan, as shown in Figure 3
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Fig. 3. Program flow chart.

B. Data Collection

This is a collection of data from a department store in
Thailand. By collecting data from 2 MDB cabinets, which
are MDB A cabinet, which is used for loading in buildings
and shopping centers zones, and MDB B, which is used for
Auxiliary Load.

@ (b)

Fig. 4. (a) Example Single Line Diagram for Installed Meter. (b) Data
Collection

IV. EXPERIMENT

The data obtained from the MDB cabinet will be
analyzed with the program through the Logistic Regression
Model. The percentage value will indicate the stability of
the electrical system. If the value is high, it means the
electrical system has high stability. The program will be set
which is set as the department store needs. MDB A sets from
Table 1 and MDB B sets from Table 2.

TABLE I. MDB A DATA REQUEST

Parameter Values Unit
Voltage 215-230 \%
Current 1,500-2,000 A
Power Factor (PF.) >0.9 -
THDv <3 %
THDi <5 %

TABLE II. MDB B DATA REQUEST
Parameter Values Unit
Voltage 215-230 \%
Current 150-200 A
Power Factor (PF.) >0.9
THDv <3 %
THDi <5 %

Once we know the scope that the department store
needs to analyze and then use the data to train the program.
By using the measured data from the department store
which has both boundary and non-boundary bonded
together the program can learn by comparing with the
scope specified.

Then we can put the data that needs to be analyzed for
the program to make predictions.

V. EXAMPLE AND RESULTS

A. MDB A

In Example A, take the parameters measured from the
MDB A. By comparing each type of input with the
percentage strength of the electrical system. The higher the
percentage is, the stronger the system will be. (max = 100).
The result will be shown in Figure. 5.

Predicted Probability

1015

Fig. 5. Percentage of predicted probability from Logistic Regression
and time (a) phase A (b) phase B (c) phase C

From Fig. 5 shows predicted probability with Neural
Network Logistic Regression model in 3 phases of the
electrical system, respectively. From the Fig. 5, the
prediction results are likely to be similar in all 3 phases.
Regarding the stability range of the system, it was found
that the Logistic Regression model can detect many
periods. Firstly, after approximately 10 am. every phase of
the electrical system at full-load (full-load range) has
stability then when time around 6 pm. the department store
has reduced load of the electrical system by around 50
percent (half-load range) to prepare to close the plaza
therefor percentage of prediction from the program have
shown the instability in the time range between 6 pm. to
around 9.30 pm. and Lastly It's the time when the
department store is closed (no-load range).
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From MDB A, the percentage of predicted probability
have an effect by electrical parameters at full-load range,
half-load range, and no-load, first parameter is voltage,
range voltage is in data request condition all of load range
as shown in figure 6. The second parameter is current, in
this parameter has many effects on to tend and percentage
of predicted probability as shown in figure 7. The third
parameter is power factor, the power factor in this electrical
system hasn’t more affects to tend and percentage of
predicted probability as shown in figure 8. And THD
parameters (THDv and THD1) in this case haven’t affected
to trend and percentage of predicted probability as shown

in figure 9 and figure 10.
B. MDBB

In Example B, take the parameters measured from the
MDB B. By comparing each type of input with the
percentage strength of the electrical system. The higher the
percentage is, the stronger the system will be. (max = 100).

The result will be shown in Figure. 11.
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From Figure 11 shows probabilistic predictions with

Neural Network Logistic Regression model in a 3-phase
power system, respectively. This MDB (MDB B) runs at
full-load all time. The prediction results tend to be similar
in all three phases regarding the stability of the system that
has the trend of predicted probability should be stable all
time. the percentage of predicted probability is around 80
percent and sometimes has a lag of the percentage of
predicted probability.
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Fig. 16. Percentage of predicted probability from Logistic Regression
and THDi and time (a) phase A (b) phase B (c) phase C and time

From MDB B, the percentage of predicted probability
have clearly affected by electrical parameters. From around
10 pm. to 12 am. and around 5.30 am. to 9.45 am., the
predicted probability has an unstable percentage and the
percentage in this time range is lower than in another time
range therefore effect from voltage is unstable and higher
than the data request as shown in figure 12. In addition,
THD parameters (THDv and THDi) in this case have an
effect on the percentage of predicted probability. The
percentage of predicted probability has reduced when THD
parameters are higher data request that clearly in the time

Perc



range when THD parameters are higher than other time
range as shown in figure 15 and figure 16.

VI. CONCLUSION

According to the experimental results of the Neural
Network by Logistic Regression model, the program can
monitor trends and the percentage of predicted probability.
The trend of predicted probability is according to the actual
electrical systems in the department store. In MDB A have
estimated 3 functions of load that are full-load, half-load,
and no-load, the program can show trends and percentages
for each load range. In MDB B has estimated the same load
but parameters haven't some values in data request
therefore the program can show differentiation of
percentage from electrical parameters.
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