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ABSTRACT

Currently, power quality and reliability have role and variable important to determine
continuous of manufacturing in-industry. This thesis presents the power quality for forecasting
reliability in 22 k'V distribution system at Rojana substation of Provincial Electricity Authority
Area 1 (Central) in Ayutthaya Province using Artificial Neural Networks (ANNs) typed Multi
Layer Feedforward Networks (MLEN) with Back + Propagation Learning Algorothm (BP).
Data of power quality for analysis such as voltage, current , harmonic distortion, voltage
sag/swell ete:The study used Principle Component Analysis (PCA) to reduce the dimensionality
of an input space without losing a significant amount of information and decrease time for
training ANNs.The result forecast include correctly and high aceurately. These research utility

are improves and develops for good power quality and reliability in power system.
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3.2.1.5 nangayila (Mean Downtime)
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6. ASAI (Average Service Availability Index)
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3 CAIDI (Customer Average Interruption Duration Index)
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5. ASUI (Average Service Unavailability Index)
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4.2 Tﬂ‘ix‘lﬁ%}k‘l‘lﬁ)ﬂﬂiﬁﬂjmﬂSzﬁTﬂ!ﬁﬂn(Architectures of Neural Network)[14]
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4.22. Tassnedszanifeuuyuvaieyy (Multilayer Feedforward Neural

Network )
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4.3.3. M33EUUVUIASY (Reinforcement Paradigm )
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4.6. NYNMIIBUIUVVUWINBDUNAVAIY Levenberg- Marquardt Algorithm
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91775 Gauss — Newton ff"lmﬂﬁlﬁﬂﬂﬁl% Levenberg-Marquardt Algorithm iHosnnildunou
ar 1 3 s v Aa A A A a 1 Al as
ﬂ'li'lJ'i‘]Jﬂ'lﬂ')ﬁu'lﬂuﬂlm%thl‘}_lﬂffﬂNﬂi:ﬁﬁ‘ﬂﬁﬂ’lWﬂf!ﬂ‘S'Jﬂ!i’Jﬂ?TJﬁ'ﬂu"]Llﬁ%lﬂuW%ﬂ‘UIﬂ‘N
T =1 c:d.o ar ad ar Ll 1 :‘ r U
"U'IEJ‘]J'S$§T'I‘V]W]E!JJWN%']H')H?I’JLUJ?‘UH'}@]ﬂﬂ'I\‘iIﬂEl’Jﬁﬂ"li‘]J‘i‘Uﬂ'lﬂ']\‘lu"lﬁuﬂllﬁ%ﬂTul'ULLﬂﬁ

4
=1

ausanlddal
T -1

xk+1:xk+Ax:xk+[J -J+,u]] g (4.6)

g7 e 4.7)

" ¥
Taof  x Ao mMoamhniney) tagarluiae (b)
A P=1 = o / R @ o
1 /e 9 TaloiuaTngs ( Jacobian malrix ) YO40UWHE
YadmAANAIAMAAZAY) DA x (UAATAT)
g fip Gradient factor I'fl0 Transpose matrix U049 J
=y o Y | o) 1 o
¢ N0 WATHFUaIAIRAWAIA (Error) 58 M119R19 01 (Target, ©)
fuanlnTanelseanaiosanas 1A (Answer | a)
L fio Mu factor

1 o Identity matrix

Oe, oe, Oe,
OWii . OWi, aWL_ 2
oe, O, o _ Q%
nlndoumasngueedn (W) JW) = | ow,, ow, 3 ow, (4.8)
oe, ae._; oe .,
ow,, Ow,, ow, ,
e,
ab,
o5
nladoumaSndueem (b) J(W)=| ob, (4.9)
2e,,
ab




52

€ I, —a

a L4 1A 62 t2 _a2
LHATNHUDIATHAND A .| = . (4.10)
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L = aw (4.16)

X\ Ay
L, -0y + ity

Q- = ' (4.17)

. o R

4.8 Uszansnmveslasanaydscarmnes (Generalization of Neural Networks)
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4. m‘ifm:mﬂé‘fwmﬁ’faqnﬂnnau(me Distribution of Training Data)
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M3 5.12 feendoyaussiuma il 3 waneumsuaslaeld RMs

@ou | 1 | UIAVG | U2AVG | UBAVG | UAVG

damau 2003 | 12916.09 | 12929.25 | 12927.11 | N/A

AU 2003 | 12429.26 | 12824.47 | 13523.24 | N/A

GGREEY 2003 | 12195.91|12832.14 | 13961.78 | N/A

Wﬁ]ﬁ%ﬂwu 2003 | 12173.53|12812.88 | 13876.31 | N/A

FUNAY 2003 | 12176.21 | 12829.82 | 13899.56 | N/A

gasnldlumsnia RMS

ADUTIVINI 2003

= \/ (12916.09”)+ (12929 25%) 4 (12927. 11°)
rms - | . 3

Uavg(Roudening) - =112914.25 V

PDUALEIL 2003

_ ((12429.267) + (12824.47%)+(13523.24%)
3

X."NIS

Uavg(iiounuenoy) = 12933.57 V

RPUARIAN 2003

¥ = \/(12195.912)+(12832.142)+(13961.782)
rms 3

Uavg(ifougaian) = 13017.11V
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nou 3 UAVG |UminAVG|UmaxAVG|UngAVG| Ungmax | Ungmin
Famau | 2003 | 12924.15 | 12839.379 | 13001.67 | 4.979365 | 5.1286229 | 4.8251211
fusneu | 2003 | 12933.57 | 12846.032 | 13021.02 | 32.7291 | 38.705451 | 27.306527
AaIAN | 2003 [ 13017.11|12944.804 | 13093.2 | 154.9246 | 183.01877 | 130.37706
noeIMoY 2003 | 12973.26 | 12900.862 | 13051.96 | 151.8182 | 177.27425 | 128.32676
funau | 2003 | 12987.97 [ 12920.326 | 13060.9 | 151.7834 | 176.41529 | 128.33267
UNTIAN | 2004 | 2682.499 | 2640.3681 | 2722.238 | 158.9005 | 187.57439 | 133.46426
AUATWUE| 2004 | 1136.325 | 1094:6911 | 1170581 | 438.0431 | 471.40961 | 404.33201
ey | 2004 | 828.619 |791.81005 | 862.8715 | 675.2816 |708.55912 | 639.81265
WOQHAIAY| 2004 | 12992.76112911.354 | 130705 | 89.83728 | 117.79171 | 66.036315
fiquion | 2004 | 13000.07 | 12912.023'| 1308225 ]93.92602 | 122.3504. | 70.500276
nsnqan| 2004 | 12886.96( 12790.26 | 129759 |91.73367.| 12012894, 68.819124
Faviaw | 2004 | 12981:63 | 12912.944 | 13059.36/| 91:69154 {.119.50651 | 68.13589
fuenou | 2004 113520147 { 13431.517 ] 13606.44 | 8743177 | 113.88847.| 64.870704
qanaw - 2004 | 13130.18 | 13047,520 1 13215.21-| 90.35209 | 118.34152 1 66.998986
narmot] © 2004 [13013.41|12938,572 | 13098.89 | 89,78137) 118.25463 ] 66.18147
FunAN |- 2004 1-13013.4 | 12938.736 | 13096.98 | 892544 | 117.75287 | 65.731922
WATIAN | 2005 1'12994.32 | 12916.557-{-13073.88 | 89.15161 117.64518 | 65.925654
AUANWIS|. 2005 | 12997.01°) 12879728 | 13088.01 9071261 | 11922931 [167.610524
Ty [\ 20057 | 1297823 | 12880:566 | 13065.57 | 89.60697 |-117.92312 | 66.156288
WEIEY | 2005 | 13000.17 | 12905.366 | 13087.7 .| 89.52472 | 11774897 | 65.979814
WOUMAN| 2005 [12985.34 | 12886.629 { 1307745 | 91.17036/ 119.94755 | 66.822133
fguiou | 2005 | 12994.394-12903:992-13085.94{126.0734 | 158.89602 | 95.542327
ASAYIAY| 2005 | 12995.16 | 12907.692 | 13086.69 | 132.9557 | 166.46553 | 101.73444
Favay | 2005 | 12989.71 | 12897.268 | 13082.33 | 136.8265 | 171.06098 | 104.75009
AuBew | 2005 | 12947.42 | 12859.74 | 13037.42 | 125.6242 | 158.46285 | 95.003196
AMAN | 2005 | 12825.69 | 12729.051 | 12925.3 |127.0288 | 160.44759 | 96.188677
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5 .
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o i | SAIFI(ﬂ%’Q) SAIDI(mﬁ) CAIDI | "ASAI AIFI(ﬁ%’a)
A9MAN 4., 2003 ] 16 16 | 0.978495 0
AUBWU-| 2003 5 170 34 /10.763889 0
aanAu | . 2003 0 0 0 1 2
WA MeW- 2003 1 5 5 0993056] 1
UNAY {2003 0 0 &4 el - 2
UNIIAY| 2004 2 144 72 7] 0.806452 1
AUAMIUE] | 2004 0 0 0 1 0
umy | 2004 0 0 0 1 0
WOHMIAN| 2004 0 0 0 1 0
Uiy | 2004 2 05 32510809722 0
ASNQIAN | 2004 1 49 49 0.93414 3
davAn | 2004 0 0 0 1 0
Augneu | 2004 0 0 0 1| 1
aanN | 2004 1 77 77 | 0.896505 0
WAL 2004 2 51 255 |0.929167 0
TUNAY | 2004 0 0 0 1 0
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WYIBY | 2005 1 7 7 |0.990278 1
WHHAIAY | 2005 1 25 25 0966398 0
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5.5 myeenuuulnssadtitseanindsa

¥y
A

v 1
Tassedszamidisnindon1Fluanideaseil denldiiluuuumaroduul
Layer Feedforward Neural Networks : MLFN) yUANTA NS gﬂﬂﬂﬁu(Back—Propagation
: ; & ' i ;
Leaming  Algorithm: BP)  @3Taseviedszamitouiluuuuidoafifasu (Supervised
4 1 o o 1 [
Leamning)  tWo¥20s muaeminaihvuieldunInseviodszanidion uazidonld
] F
Levenberg-Marquardt Algorithm 11151511 weight 1ae bias 1iinennivuaeunslsy
| :} ] v e a o ~ 3 | Al & a e 3 dyd 9
marniminuaz ludanilsza@nsamngasiaisin1isougdaluauidoaietiinen s
' i v
Tassvelseamiennd 2 swdoulumsudilamrmsziioug Wuhezud luilyw 18
=) 4 9 Ao 5 ] ] el g vy 1 o
anM IasaasnuNuIU T Fugou. vuwuos lnssielseamieuinldo lvaunn@uou
o g . 3 g ®
hidden neurons ¥1) ﬂzﬂ11ﬁlﬂﬂﬂmﬂ1 over fitting WIDAUANUIN (1M hidden neurons
v "

o = = o o . [~
tov) vziiliinaileymaunder fitting a1l Ins 983197 msen-(optimal ) Ao Luianun
A [ 1 o o . u’: ¥ =y
violnginu 11— AnNuwsiudvouemuad laoenuniusimuiTaminIuRaNa 1A

w ' 1A - o
aUYTW ( Absolute Percentage Error) H%‘?J ape UAZAHANDIARAUTNLT f(Mean Absolute

4 a
Percentage Error) W38 mape (110015 341 180 0 unsh (5.5),(5.6)

lou‘tputacrualj AL outf)utANNl |

ape = »x100% (5.5)
| outlvutacnm[,-
L 1|output, .., = output
mape \ Z ].l p actual; p ANN; { % 100% (5.6)
N1 f’l‘ outputacm,i

' s A o o ] =1
10w output ,,,, A0 AUDTNWANIIURIWOD V09 ATz NNEY

A s A d a
output o ﬂ'llﬂT‘flT}{@l‘ﬂlﬂu‘iliQ

actual;

= o 9 =2 A
n o ﬂ1ujuﬁlﬂﬂuﬁdﬂﬁﬂuﬁﬁﬂﬂﬂﬁﬂﬂ
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o d J s
5.6 msimsinnzriesndszneunan iy ( Principle Component Analysis;

PCA )[16]

a '3 o W = a
MIAUATIEHBIATENOUNEN ( Principle Component Analysis; PCA ) 1135013531
) aa = Y q9d =& ] A ' v Ao
sdnvutazuaasdoyaludsmsnezniulimudianurlounssunnaevesvoya niang
o P { ¥ o] .. .
Fnu Paaamynaounlaansondnuualsilsau ( Variance ) ¥9unUAN ( Original axis )
- [] Y ag ~ 9 a o o 9 a [
luvaziunuIndzgnadevuinTaslinsad19nNuduiiu iU Itoyan MIINUNUIANA1EY
a 's J [ W o a g . "
M3UATITHoINYTEneUnANUEIR I X aziilunisuaa¥audy ( Linear transformation )
1 a v w ! { 1 ' v w '
ypamnnuulssaunndoyamn Tdeedands vl v ldfisaanduius dadindeyaly
o =S o w =] ~ LL aag 9 '
dals X vsimanduiusganau - Nilss Teand lumsada lslumamvenws iy ms
o s ar @ o a o g
Suunni mstiudann duoadeya assiuaulmiaveia Huay
aw :!y o e o o @ a ' ~
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' = Yy o =Y do o 1 3
THD-0(0dd) = AnNuAaieureIes ludnaaauaAnaua
1 = ¥ a o o =Y du’:
THD-I(Inter) = AANUAANSUVDIDUADT AT JUTindNIHyA
1 = x:i‘J 9/ o = a‘n’j
TDD = MANUAARELYInNNAIN1IN1 IWihuesans lutindiavua
Y a A gl T T | o
THD-2650 = 6MUU0IANUAANET 13 INHNANIHUaRuaans luindaiauy 26 99 50
K-factor = nziauasnson)as il K-factor
o w s A oo =2 ds Al ld v A
PFFT = Mau89817 lubinamiuisness lindainui 1
¥
Flicker = s innsews uduiazlnnszwsuena(Pit, Pst)
ar L] 1o o d
Voltage Unbalance = 53UuuTIaU hianga laun deumauin, au, que ( Sequence

positive, Sequence ' negative, Sequence zero)

wasg Al vl dsunsu Standacd)

Aun v asaay Tl EN 50160 , $84211811

madaesining JEC 61000-4-7

m3ia IWnsensy IEC 61000-4-15(IEC 868)

ATELUIUNTIA PQ IEC 61000-4-30(0AEDUUAZ NS IANIUNATIA)
anutlaeany EN 61010~ 1 (IEC 1010-1)

EMC EN 50081-1,2 ; EN 50082-1,2
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1. usanumalvivh (Voltage Quantities)
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usaruma Ifuilu lauanasgiu IEC 61000-4-30 92952821981 10 ms NAWE 50 Hz

UlAvg Voltage interval rms value IEC 61000-4-30* 1
UlMin Voltage min rms value 10 ms resolution(50 Hz) 1
UlMax Voltage max rms value 10 ms resolution(50 Hz) 1
U2Avg Voltage “interval rms value IEC 61000-4-30% 2
U2Min Voltage min rms value 10 ms_resolution(50 1z) 2
U2Max Voltage max rms value 10 ms resolution(50 Hz) 2
U3Avg Voltage interval rms wvalue TEC 61000-4-30* 3
U3Min Voltage min rms value 10 ms resolution(50 Hz) 3
U3Max Voltage max rms value 10 ms resolution(50-[1z) 3
UNGAvg Voltage -interval rms value LEC 61000-4-30* 4
UNGMin Vroltage min tms value 10 ms resolution(50 Hz) 4
UNGMax Voltage max rms value 10 ms resolution(50 Hz) 4
Ul2Avg Main Voltage 7U12 interval rms value 1IEC 61000-4-30* 1-2
Ul2Min Main Voltage Ul2 min rms. value 1-2
Ul2Max Main Voltage Ul2 max rms value 1-2
U23Avg Main Voltage U23 interval rms value IEC 61000-4-30* 2:3
U23Min Main Voltage U23 min rms value 2-3
U23Max “Main Voltage U23 mﬁx rms value 23
U31Avg Main Voltage U31 interval rms value IEC 61000-4-30%* 3-1
U31Min Main Voltage U3l min rms value 3-1
U31Max Main Voltage U31 max rms value 3-1
UB Unbalance according to IEC 61000-4-30%*

UBPos Unbalance positive sequence voltage

UBNeg Unbalance negative sequence voltage

UBZero Unbalance zero sequence voltage
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2. anuamalnvh (Frequency Quantities )

ANUAN 195 TN IuMINTFIU IEC 61000-4-30

Favg Frequency mean value during interval

Fmin Frequency min 10s value (during interval)

Fmax Frequency max 10s value (during interval)

N total | Total number of 10s values in interval IEC 61000-4-30*

N good | Total number of accepted 10s interval according to preset limit IEC 61000-4-30*

11Avg Current interval rms value 1
11Min Current min tms value 10 ms resolution (50 Hz) 1
11Max Current max rms value 10 ms resolution (50 Hz) 1
[2Avg Current interval rms value 2
I12Min Current min rms value 10 ms resolution (50 Hz) 2
[2Max Current max rms value 10 ms resolution (50 Hz) 2
13Avg Current interval mms value 3
I3Min Current.min rms value 10/ms resolution (50 Hz) 3
13Max Current -max. rms. value 10 ms resolution (50 Hz) 3
INAvg | Current interval rmns value 4
INMin Current min rms value 10'ms resolution (50 Hz) 4
INMax Current max rms value 10 ms resolution (50 Hz) 4
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4. Saama v (Power Qualitities)

PAvgl Average Active power phasel 1
PAvg2 Average Active power phase2 2
PAvg3 Average Active power phase3 3
QAvgl Average Reactive power phase 1 1
QAvg2 Average Reactive power phase 2 2
QAvg3 Average Reactive power phase 3 3
SAvgl Average Apparent power phasel 1
SAvg2 Average Apparent power phase2 2
SAvg3 Average Apparent. power phase3 2
PFAvgl Average Power Factor phasel 1
PFAvg2 Average Power Factor phase2 2
PFAvg3 Average Power Factor phase3 4
DPFAvgl cos@  phase 1 1
DPFAvg2 coS@ phase 2 2
DPFAvg3 cosg phase3 _ 2
Ptot Total active power for all three phase
Qtot Total reactive power for all three phase
Stot Total .apparent. power for all three phase
PFTot Total power factor for all three phase
DPFTot Total” cosp

5. Wlpsznsu (Flicker Quantities)

msia TnszwsudlulUamnasgiu IBC 610004-30

v 7 77 45 7 7

PST1 PST channel 1 IEC 61000-4-15 1
PST2 PST channel 2 IEC 61000-4-15 2
PST3 PST channel 3 IEC 61000-4-15 3
PLT1 PST channel 1 IEC 61000-4-15 1
PLT2 PST channel 2 IEC 61000-4-15 2
PLT3 PST channel 3 IEC 61000-4-15 3




6. Individual Harmonic

msfaos luiindidhuldmusnasgi 1EC 61000-4-7
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HU1 0-HU1_50 | Individual RMS harmonic amplitude voltage phasel Ul
HIl 0-HI1l 50 Individual RMS harmonic amplitude current phasel I1
HU2 0-HU2 50 | Individual RMS harmonic amplitude voltage phase2 U2
HI2 0-HI2 50 Individual RMS harmonic amplitude current phase2 12
HU3 0-HU3 50 | Individual RMS harmonic amplitude voltage phase3 U3
HI3 0-HI3 50 Individual RMS harmonic amplitude current phase3 13
HU4 0-HU4 50 | Individual RMS. harmonic amplitude voltage phase4 U4
HI4 0-HI4 50 Individual RMSharmonic amplitude eurrent phase4 14

7. MM3 ﬂi (Event)

Sag/Swell Trig time , Trig phase, Duration Level , Direction of disturbance

Transient Trig time , Trig phase , Transient’ Duration , Transient Maximum
deviation

Pst Trig time , Trig phase , Level

Plt Trig time , Trig phase , Level

THD Trig time, Trig phase , Level

Unbalance Trig time, Level

Frequency Trig time , Frequency

Digital Input Trig time , Input, Level

Voltage Trig time Trig phase, Level

PF Trig time , Level

Signalling Trig time , Level




8. Harmonic THD

[ o =Y o
msdaes Tuiindidu lamunasgiu IEC 61000-4-7
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THDF Ul Harmonic up to 50 th relative to fundamental RMS Values Ul
THDF U2 Harmonic up to 50 th relative to fundamental RMS Values U2
THDF_U3 Harmonic up to 50 th relative to fundamental RMS Values U3
THDF U4 Harmonic up to 50 th relative to fundamental RMS Values U4
THDF I1 Harmonic up to 50 th relative to fundamental RMS Values 11

THDF 12 Harmonic up'to 50.th-relative to.fundamental RMS Values 12
THDEF I3 Harmonic up to 50 th relative to fundamental- RMS Values 13
THDF 14 Harmonic up-to 50 th relative to fundamental RMS Values 14
THDR U1 Harmeonic up to 50 th- relative to total signal RMS Values Ul
THDR U2 Harmenic up to 50 th relative to total signal RMS Values U2
THDR. U3 Harmonicup to 50 th relative to total signal RMS Values U3
THDR U4 Harmenic up to 50 th relative to total signal RMS Values U4
THDR_ I1 Harmonic up to 50 th relative to total signal RMS Values I1

THDR_I2 Harmonic up to 50 th relative to total signal RMS Values 2
THDR 13 Harmonic up to 50 th relative to total signal RMS Values I3

THDR_ 14 Harmonic up to 50 th relative to fotal signal RMS Values 14
THDOdd U1 Odd Harmonic up to 50th relative to fundamental RMS Ul
THDOdd U2 Odd Harmonic up to 50th relative io fundamental RMS U2
THDOdd U3 Odd Harmonic up to 50th relative to fundamental RIMS u3
THDOdd U4 Odd Harmonic up to 50th relative to fundamental RMS U4
THDOdd 11 Odd Hanﬁénic up to S0th relative to fundamental RMS 11

THDOdd 12 Odd Harmonic up to 50th relative to fundamental RMS 12

THDOdd 13 Odd Harmonic up to 50th relative to fundamental RMS 13

THDOdd 14 Odd Harmonic up to 50th relative to fundamental RMS 14

THDEven Ul Even Harmonic up to50th relative to fundamental RMS Ul
THDEven U2 Even Harmonic up to50th relative to fundamental RMS U2
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8. Harmonic THD(GI'E])

THDEven U3 Even Harmonic up to50th relative to fundamental RMS u3
THDEven U4 Even Harmonic up to50th relative to fundamental RMS U4
THDEven_I1 Even Harmonic up to50th relative to fundamental RMS I1
THDEven_I2 Even Harmonic up to50th relative to fundamental RMS 12
THDEven_I3 Even Harmonic up to50th relative to fundamental RMS I3
THDEven 14 Even Harmonic up to50th relative to fundamental RMS 14
THDInter Ul Inter Harmonic up to50th relative to fundamental RMS Ul
THDInter U2 Inter Harmonic up to50th relative to fundamental RMS u2
THDInter U3 Inter Harmonie up, to50th relative to fundamental RMS U3
THDInter U4 Inter Harmonie up to50th relatiye to fundamental RMS U4
THDInter I1 Inter Harmonic up to50th relative to fundamental RMS I
THDInter 12 Inter Harmonic up to50th relative to fundamental RMS 12
THDInter I3 Intef i{’armonirc up to50th relative to fundamental RMS I3
THDInter 14 Inter Harmonic up to50th relative to fundamental RMS 14
TDD_Ul1 Harmonics up to 50 relative nominal. Rms values. Ul
TDD U2 Harmonies up to 50 relative nominal. R@s values. U2
TDD U3 Harmonics up to 50 relative nominal. Rms values. U3
TDD U4 Harmonics up to 50 relative nominal. Rms values. U4
TDD I1 Harmonies up to 50 relétive nominal. Rms values. I
TDD I2 Harmonics up to 50 relative nominal. Rms values. 12
TDD I3 Harmonics up to 50 relative nc;minal. Rims values. I3
TDD 14 Harmonics upto.50 relative nominal. Rms values. 4
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8. Harmonic TI-II)(ﬂTB)

THDF2650 Ul | Harmonics from 26 to 50 relative fundamental. Rms values. Ul
THDF2650 U2 Harmonics from 26 to 50 relative fundamental. Rms values. U2
THDF2650 U3 | Harmonics from 26 to 50 relative fundamental. Rms values. U3
THDF2650 U4 | Harmonics from 26 to 50 relative fundamental. Rms values. U4
THDF2650 11 Harmonics from 26 to 50 relative fundamental. Rms values. Il
THDF2650 12 Harmonics from 26 to 50 relative fundamental. Rms values. 12
THDF2650 13 Harmonies from 26 to 50 relative fundamental. Rms values. 13
THDF2650 14 Harmonics from 26 te 50 relative fundamental. Rms values. 14
K-factor Calculated from the current harmonies contents

gasAaMily

o a

1. MadIn 959 (Active Power)

asanauanze laan

- :-;: u(t)i(t)dt (1)

o

8 5153'17\].“;11!.6 fiou(Reactive Power)
annsamuausazmalaain

Q=0 F=Sin(p) 0))

ﬁ?ﬁ'dulwﬁ‘lﬂi’lﬂg](Apparent power)
museannuumozlaiann
S = Urrm'ImlS (3)
o 4
4. e nwes (Power factor)

ansafnausazaldon
P P

PF = - 2 2 2 2 2 2
Um'sl"m"" \/Ul rms + Ulrms e "‘Unrms ‘\/Ilrms + IZrms + "'Inrms

4)

Ll

5. cosp musadauaazialann
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P
DPF =4 (5)
Sﬁmd

Vv
6. 1189 lWH 195979 3 wlamsodiunldann

=FE+P+h (6)
=F,+F, (7)

Ro:al A-wire

P;oml J3-wire

Vv
7. ias Iiiaiousis 3 mamnsadiuaaldain

Qtata1,4wwirc 7 Q] 7 QZ + Q3 (8)
onta1,3—w£re = Q12 =+ Q32 (9)
£
g.maa I nlsagie 3 wagwasedwawldann
Slarﬂl,4—wire - S l+SZ y S3 (10)

3 353 3

2

Swmf 3—-wire F #Ulzz + U223 e U32| L JIf = 122 3 132 (1 1)

P Fi > ¥
9. s iilnmes e 3 maausoa o lann

‘P:'atai ( 1 2)

¥
10. MIF10 Displacenient Power Factor 193 iargnartand 1w 1dn

D

I
I( fund
DPF,,, =—fd) (13)
total ( fund)
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The Use of Power Quality to Forecast Reliability in the PEA’s

Distribution System using Artificial Neural Networks
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Abstract
This paper presents the power quality for

forecasting reliability in 22 kV distribution system

at . Rojana substation. of Provincial Electricity
Authority Arca 1 (Central ) in Ayutthaya Province
using Artificial Neural Networks (ANNs) typed
Multi Layer Feedforward Networks (MLFN) with
Back — Propagation- Learning Algorithm (BP).The
results have the - best mean -absolute percentage
error in each reliability index (SAIFL,SAIDI,CAIDI
ASAI MAIFI) less  than 5 %. The study used
Principle Component - Analysis “(PCA) to reduce

the dimensionality  of an_ input- space without
losing a  significant amount of  information and
decrease the mean time for ‘training ANNs of

54.4 9% compared with the non PCA case.

Keywords : Power Quality , Reliability , Artificial

Neural Networks , Principle Component Analysis
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2. BANNITURENT B
2.1 ansdaialanalwi (Reliability)
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1.SAIFT (System Average Interruptlon Frequency
Index) V.munammaﬂmmuma‘lwmmaﬁ’l'ﬁ‘lﬂ1

378 Aniaeiilu ﬂ'samﬂﬁ:ﬂ:nm (19 auﬁ])

SAIFT= 2N, (1)
NT

2.SAIDI (Sythm Avcragc Interruption Duration
Index ) MdAefis fadoszosiaan IWaunmalu
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3.CAIDI (Custornf,r Average Interruption Duration
Index) w78 By eainszazanalunisin Wiangy
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SNy, - SAIDI
SN, SAIFI

CAIDI'= (3)

4.ASAI (Average Index)
wanefy arianuniavltnuwaisvasszuyInih

System  Availability

ASAI =er(Hour/momh)u-ZN‘.r;. 4)
N, x(Hour | month)

5. MAIFI ( Momentary Interruption

| " &
Frequency Index) RNBTY AATHLRAITIUIUATI

Average



“l,wﬁ'umﬁuﬁmmmia;ﬁﬂw 1 918 §MIUTTUZIRN

TWauntasnin 1 wia 5 U

MAIFI= 2N, )
NT

Taofl N, Ao SmwaudlEluinfiialuindy

fo dmudlliitmmualuiuid
inua

r o tszzafiie Wi

Hour/Month fa 24 *@wininluudazidan)
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Wax = AWTIAH rms NiRanson Aiftewld 140, 120
110, 90, 80, 70, 50, 10
o Y AW Ve A a
N;= Swugndnfildsunanssnufifiaainms
o o | ) a A
wUTIaSUTILTIAW LD TEA VU TIA WA
WNNIN X % ATk x >100 K39 X %
N3t x <100 maamﬁ@mqn’mﬁ i
o Y e g dda
Ny =mmwaagnmmuwmnwuwwwmsrun
0 s @ o ~ o =
ALTIAU rms FIATUNITRATIN BT ABUAaI6
140, 120, 110 ; oy svasinzesGavaaaunantlusn
usadiulwinas
90, 80, 70 ; Hoyaraunaiasiianieguniotludan
LI G
& & 6
50 : yanuINWaBYineULNALAaTIDINBIAD S
10 : IEEE Standard 1159 finwuainiin
mMane bR e

2.3 nguflaivilszaniion
(Artificial Neural Networks: ANNs)
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Feedforward Networks: SLFN) LtU‘lJ‘Ha’lﬂ"fi':u(Multi
Layer Feedforward Networks: MLFN) uaIAeisu
\Win3$a (Recurrent Network)  lwumenwiiasiiu
Tm"wmﬂs:mmﬁﬂmmuﬁﬁaaﬁpﬂ’ﬁau(Supervised
Learning)Lﬁa’ﬁqﬂﬁwummﬁvwl,ﬂwmu (Output

Taget) Wnulasssnsdszanifisuuaziianlduuy

Wan U’f?u (Multi Layer Feedforward Networks:
MLEN) wfiafifiaunifaunay (Back — Propagation
Learning Algorithm : BP ) ins1zifiasanniiutlym
fidauthedudaunaslaiiluiddu (Non-linear) [10]
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UsznavlUehe daudsdruidh (Input Layer) Tusan
(Hidden Layer) uaz@auisaiusan (Output Layer)
lundaztuaziinisdauuuidendeiunne (Fully
Connected) laglundazfiasanazisznavlueasn
dsthmein. (weight) uasenluuas (bias) wananil
fgafidanszdu-(Activation  function) BIwlun1s
S BTN TR B Log-Sigmoid, Tan-

Sigmoid wa Linear tiuas

Qutput Layer

input Layer-1st Hidden Layer 2nd Hidden Layer

s 2 Tassasevaslassdnedszamifion [10]
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( Principle Component Analysis: PCA)

A133tAI1zReAlsznaunan (Principle
Component  Analysis : PCA) iflunszuumsfils
'Lumiam}wmﬁamaaﬁuwmiﬂuﬁ"l,;iﬁqlﬁ'ﬂ"agmﬁ@
msggiedaivdayuesteys  Usslomfluns
ROA T UMIRIVBUIN 1T% MTIUNAET nastiy
sanw  fudedays  sedwanuwInTeIld 1w
unenuativih pCA (11 1l#umasomaduwa
ﬁautﬁﬂgiﬂimwﬂi:mmﬁw LAZRNTEHZLIA0 L1k

i [ al
mitlnsauvaslnssitpdszanifioy ayzUi 3

Input PCA ANNs Quiput fe
na i Reliability
PQ
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loading matrix
Toad
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n = WIRIBITIWINLOI LLILARE space
k= NMTAAUIUIANAVE Principle Component

u space
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\adeldmalwih (SAIF) Iﬂm:‘lﬁiuwmﬁmm 1
DUNA AN AD UTIAULAZNTTURTIWIU 3 Buna
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Wasiaridutiuasinualitudond 1 Lazdw
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HAnsauiwnizeslusuteuusnuss tusouiiaes
audauiln 2-1 89 11-10 udazlasaainsazyinng
Hnaau 40 soudalasiaii wazazyinmsuSudndag
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P " . el ol il
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s Qs A b2
arinesnuanuisaiialanelwih (SAIFLSAIDI,
CAIDI, ASALMAIFT) a1n3ufi 5 ilunanisnaaas
A . o al \ v
anIITwIniTasrunzanluudazariiniy
A Q 3 1 EI.
WwataleniaWil  azifuinszeziannldlunis
“ % o a AN wa & o
Hnsauuazdwandrudsduwaldfidudwauun
Qe s R I @ - I3 [3 s
AITpdeviantsiienlinisiiansiasdsznaunan
[ a P ' 9
(PCA) 40152411 4 1 Tunanmisifioussninamsle
PCA wazlaily PCAlunisvidinauveslasetne
L ° ﬁl&
Vszrimfiey 92 ARIINITHT PCA w1l EuugIu130
TBRAUWIAYBIBUNA IUATEIWITNTIIAATZBELIN
Alglumstnganaaelasstaelszaniioy  aIuaad
i - ' o &
I 6 uax 3N 7 famluglfl 8 duusaInanT
= -l i 1 (73
WSeuifistan mape(%) vaaranasausninansld
PCA Lazlule Pca
wWisufipudnawiwaitaanlawdnszannifioy

o & o
NRIITINWBUNITUFAINANTT

v LA P - o
ua:maﬂ"uaaLmﬁv;mmm'ﬁw 5 AN NN 5
SAEUIIAN AN LasIT 8T RN AB N LAT A3
¢ A = al a w. o AN '
wuilaSoudsunsudisinaun ldanlaseng
Uszamifisugunsalaanondaduazuaing

A5 N 3 fnnuianaialuudazavivasniny

atialavelwin
B L HANAREUVEITATBYR
1,B‘Es'|n ﬁ'}'ﬁﬂﬂ neagay
ik P 'LW?“. Min Mean | Max
T % % *
s || |
SAIFI | 3.7992 | 4-3 8.9-e4 | 0.004 | 0.014
SAIDI | 4.0729 | 5-4 0.013 0.025 | 0.055
CAIDI | 4.0641 | 3-2 0.096 | 1.163 | 3.398
ASAI | 45531 | 3-2 7.1-e4 | 0.019 | 0.078
MAIFI | 3.5505 | 3-2 5.9-e4 | 0.028 | 0.063

* ape = absolute percent error
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gﬂf'i 5 uaay MAPE 183udscazinnaitade lamalwie ( SAIFLSAIDL,CAIDLASAL MAIF)

2 a E oy i /
Uz wInirTaaTRaann 1 Uax 2 9w 2-1 ﬁw‘.l 11-10

i & o ' 2 - LA 2 \
ngUfl 5 dwusasbiiduinlasassves ANNs nflumainluviefimnalug fuluuwlilddime
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o o Y =
slunuAenFunTEgu \ % nalu
RuEen |0 : mape (%)
‘__; o das ree IUIU N3
{7 Bl Index nangady | e NI
Hidden 1| Hidden 2 | Output i (& pune of Homau
POUN 1-2 A nagay
(%)
1 normal 4-3 1% 3.7992 0.0044
SAIFI tansig logsig tansig
PCA 11-10 9 1.8219 0.0039
2 normal 5-4 17 4.0729 0.0255
SAIDI tansig logsig tansig
PCA 6-5 12 1.4164 0.0532
3 normal 3-2 24 4.0641 1.1627
CAIDI tansig logsig tansig
PCA 4-3 15 2.3107 3.0927
4 normal 3-2 18 4.5531 0.0784
ASAI tansig logsig tansig
PCA 5-4 12 1.3971 0.0427
5 normal 3-2 12 3.5505 0.0282
MAIFI tansig logsig tansig
PCA 4-3 9 2.0487 0.0474
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AV \ a
LLE\:ﬂ’WﬂﬂiﬂﬂIﬂiﬂ‘ﬂ’\ puszamningw

wniye | dayanesay 1 2 3 4
Actual -1 -1 -1 2
SAIFI
ANNs -1 -1 -1 2,003
Actual -1 -1 -1 50
SAIDI
ANNs -1.002 -0.9%4 -1.01 4999
Actual -1 -1 -1 25
CAIDI
ANNs -0.996 -1.034 -0.99 24.81
Actual 1 1 1 0.9328
ASAI
ANNs 1 1 1 09321
Actual -1 -1 1 1
MAIFL
ANNs -1 -1 1.005 0.994.
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SAIFI SAIDI CAIDI ASAI MAIFI
darfimandadalevviih

31U 6 mulSpufisuszaznatingaunsdtly
PCA uazlil#PeA

SAIFI SAIDI CAIDI ASAl MAIFI

Safinudadalémavih

gﬂﬁ 7 mmﬁ'ﬂuLﬁﬂuﬁ'lu'auﬁmgﬂmﬁtﬁ'l“&’ PCA
wazlild pca

SFl SAll " CAIDI AS| MAll
Saiianundadalanialvia

51 8 m3fFeuifivy MAPE (%) Aldluwms
Anmeunsiiild PCA uazlild PCA
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