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(78-3) a(xy=| Mo Mia G, Oy
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o, oW, owh, b

[451(PNN) oz e oS5

148 sl A g0 ais 5l SO (PNN) Jlis! oae 4

D) (oo S solanige | (595,9 LB o)

P58 JodS 95 s Sln (segee (U 4 Wl oY
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il ooty asilejls Y F L (feed forward) o sl 4 sz oSt & g0 4 b Sllee
(Input layer) ssg,5 4¥-)

(pattern layer) &I a,y-v

(summation layer) sosn goz 4Y-Y

(output layer) >;,> 4¥-f
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X = unknown (input)
xk = “kth” sample
W = weighting function
0 = smoothing parameter
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YA

-



www.wikipower.ir o ASkiy alssg Ja s 5103kl s OlsS aphsS YN 5.3 s ( Y Bi059 6kods

~

05V sla miigh olred dsg sl o)T 51 S 42150 59l (K9 Colw 41 039 HWOTD BB Sl 40 ol

for the “n” samples in
the population)

S b3l ool Wi JEa ol yaess —F

(x xk)

g(x) = Ze 83-3)

P R) Sy N (pdf) Jlix! JEs b uess 0l jlo p SO O jg0 a0 a0l (6399,
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| exg

p/2 __p b _
27)" o (84-3)

20

X = unknown (input)
Xk = “kth” sample
o0 = smoothing parameter
p = length of vector

ks Comaxr G Gl Jiol S 2 e =Y

n; HX = k\l2

(X)=
e (27 )p“2 I»Z: (85-3)

(average of the pdf's
for the “ni” samples in
the “ith"population)
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gi(X) > gj(X), all j # i (86-3)
' | o ||X—)§a-k||2
g (X) = Z e 7
ni =1

(eliminate common factors
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Correct Classifications
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SICNAL GEMERATION

Class p
symbol

Alzebraic equations

Sme

C no

vitl=sinjeil

Swell

c 0 1=m=0) 8 T=t.-
: 1=9T

viti=A(l+afuit,)-
uit, Msinfeat)

Sag

0 1=m=0 8 T=t.-

& 19T

vitl=A{l-aiuit.)-
u(t, )} sineat)

Harmonic

Cs 0.05=m@s azy=013

vitl=Afa,sinfef) +
asinf3eat)

+ ausin{Swtl+ asinTwt))

Intermpt

Cs E]F_-ﬂ_f_,rﬂz-f:_gr

vitl=Arl-amit.)-
u(t, )} sineat)

Ce

Sinfet)+a dit—iy)

Oscillation

Cs Q=g oty 2T

sinfati+a-e "
[uits)-uft,)]

sinfbet)

YA S

Disturbance types

Equation

An example of signal window

Normal {C1)

Sag(C2)

Swell (C3)

Outage (Ca)

Oscillatary transient {Cs)

Harmonic (C5)

Sag with harmenic (G;)

Swell with harmonic (Ce)

(t) = A(sin{Wr))

a(t) =A(l — ariult — ). —ult — &)))sin(We)

*(t) = AL +aerfult — #1). . —u(t — tz)Jsin(Wt)

() —A( —er(ult —£)...

— uft— ) Jsin(We)

() — A{SIn{WE) ... + e EXB{—( — by} Tc) .. Sin(Wasel — )]

() — Afee, Sin{WE) + ey Sin(3WE). .. + s Sin(SWE) + ey sin[7 W)

at) = A(] —eeplult — &) —ult — 1)) . .. (ary SIN{WiE) + o3 sin(3WE) + ceg sin(SWE))

) = Al +eer(u(t —n) —ult —2))) ... (a1 SIN(WE) + a3 Sin(3WT) + as Sin(5We))

Lt=0
- b=12: -
P [1« u(t) {o‘re_o
Py =(T<t; -1 <9T)

Py =(D.1 <@y =0.9)

P11 PPy = (0.1 = ar = 0.8)

PiiPyPs— (09 zar=1)

=01 = e = 0.8
—0.008 s <7 <0.04s
— 100 Hz = fux = 400Hz
—{0.05 = w35 =0.15)
o —(0.05 < oy = 0.15)

1-Y -1

Py P PaiPyi Py

FFFFFF

Pa:Pa:Pa: Pa Py

f\f\/\‘\,‘ﬂ'\f\/\;
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C . Typical Typical Typical voltage
“ategories spectral N N E A =
duration magnitude
content
1.0 Transients
1.1 Impulsive S ns rise < 50 ns
1.2 Nanosecond 1 ms rise S0 ns-1 ms
1.3 Millsecond 0.1 ms rise =1 ms
1.2 Oscillatory
1.2.1 Low frequency < 5 kH=z 0.3-50 ms 0-4 pu
1.2.2 Medinm frequency 5-500 kH= 20 ms 0-8 pu
1.2.3 High frequency 0.5-5 MH= 5 ms O-4 pu
2.0 Short duration variations
2.1 Instantancous
2.1.1 Sag 0.5-30 cyeles 0.1-0.9 pu
2.1.2 Swell 0.5-30 cyeles 1.1-1.8 pu
2.2 Momentary
2.2.1 Interruption 0.5 cycles -3 =< 0.1 pu
2.2.2 Sag s 0.1-0.9 pu
2.2.3 Swell 30 ceycles-3 s 1.1-1.4 pu
30 cycles-3 s
2.3 Temporary
2.3.1 Interruption = 0.1 pu
2.3.2 Sag 3 s-1 min 0.1-0.9 pu
2.3.3 Swell 3 s-1 min 1.1-1.2 pu
3 s-1 min
3.0 Long duration variations
3.1 Interruption. sustained = 1 min 0.0 pu
3.2 Undervoltages =1 min 0.8-0.9 pu
3.3 Overvoltages > 1 min 1.1-1.2 pu
4.0 Voltage imbalance steady state 0.5-22%%
5.0 Wawveform distortion
5.1 DC offset steady state 0-0.1%
5.2 Harmonics 0-100th HF steady state O-20%0a
5.3 Interharmonics 0-6 kH= steady state 0-22%4%
5.4 Notching steady state
5.5 Noise broad-band steady state 0-12%%
6.0 Voltage fluctuations =< 25 H=z Intermittent 0.1-7%
7.0 Power frequency variations =10 s

0575 o o 1, (DWT) Gy ot calyd s il Jlone Bl Jlagai 5

LT sl gl gl Jlogad ol @ 425 b 00 oy (Al i Eanidy SN nl (6l

Ao gmac 5 a1y sl Jloges Sledbl ST a5 col caws ol cpl @ Glgs o0 SaSS L

Syl a8l Cevs g coaS PLS! asis Cqo ohgy 4 WS o aws ) b oI B

A 4 (99,9 Ol g ools LS |y cnl py g0 4 ol polie ST, Xlo ol ol 3w

X=[X1 X2 X3 .... X12]

AF

N N N
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X1=(std(d4))
X2=(std(d5))
X3=(std(d6))
X4=(std(d7))
X5=(std(d8))
X6=(std(d9))
X7=(std(d10))
X8=(std(d11))
X9=(std(d12))
X10=(std(d13))
X11=(std(d14))
X12=(std(d15))

1 3gs dlgm (Y JSK) 15 O ygo w0 o jloges

20

18

16

14

12

stekfunction
3

QO N k& @
T T T

[m]
[}

)
Q

sto-function
RNk @ D
T T T T

@
T

o N kD
T T
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sti-function
W

=] 10 15
number of decompositio levels
Impulse

25

20

sto-function

L
(=1 10 15
number of decompositio levels
Harmonic

stefunction
11}

T 1
= 10 1=
nurmber of decompositio levels
O scillation
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18

16 |

14 |

12 F

10 F

sti-function

[m] Nk m 1}
T T T T

2 egat &by jlogai 5l (S Sl len Sglds 4 az g b oS w00 )5 ol el L Ll
g2 wole> (mly g (nl 5o parsis C88 4 ek (S

S oylleyi omae a5 4 09)0 5 L |y Sledlbl (pl a5 ojls e T 515 Lo ggdge ]
[24,25]. veas il Sl GBS moha 3o Iy Lo fsgas OS] 5 ool & lie 4

o ol i Sige a5 awsalite polaw (cw) il eoliiul LI, 4S8 (6995 b
P

X=[X1 X2 X3 ... X12 ] (2-4)

X1=(std(d4))"(-1)
X2=(std(d5))"(-1)
X3=(std(d6))"(-1)
X4=(std(d7))"(-1)
X5=(std(d8))
X6=(std(d9))"(2)
X7=(std(d10))
X8=(std(d11))"(2)
X9=(std(d12))
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X10=(std(d13))*(2)
X11=(std(d14))
X12=(std(d15))

ol ;5 5s5UsT ST sl ogas Dslds e sialydl amge ol (0l aiiS a5 slailan
Syl 6 o jloges. b oo ol aseid by, G o Al 40 a5 008 o LSS 4
S o}.:JLojji )| S 4y C?"a"" o> |) (DWT ) "‘Jﬁ"ﬁ J""’*’ W‘)“ ~>)‘“""l"“"‘ )L:'*'"’

09d g0 B2USE) 55 &30
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2000 t
S
= 1500
c
fr=
- 1000 ¢
w
500 t
i . i
0 5 10 15
number of decomposition
sag
2000 . .
1500
c
2
©
S 1000
2
7 so0f
s . /\
0 5 10 15
number of decomposition
interrupt
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1000
800 ¢ 1
S
= 600t ]
c
=
= 400 .
®
200 ¢ 1
U N o
0 5 10 15
number of decomposition
impulse
600 T .
S 400 .
b=
c
=
£ 200t /\ ]
D 1 1
0 5 10 15
number of decompaosition
harmaonic
400
300 1
=
=
k=)
S 200¢ 1
=
? 100} .
U e — 1
0 5 10 15
number of decompaosition
oscillation
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2500

2000 t
S
= 1500t
c
=
= 1000t
w

500 ¢
§ . il !
0 5 10 15
number of decomposition
swell

2000 - -

1500
c
2
=
S 1000
2
7 so0f

§ . /\
0 5 10 15
number of decomposition
sine
YY s

b Jgu
Oinlosl digai) v g bigel digesV s L PNN Jlibegian coas a5l 5l ool Cavs 4 gl

bl oy O ygeo A db4 S ge bawgi mlicel zge 432y

Harmonic 100%
Interrupt 10 10 4 40%
Sag 10 10 9 90%
Swell 10 10 9 90%
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Oscillation 10 10 6 60%
Impulse 5 5 5 100%
Totalacuracy 78.2%

ol Cass @y 05 D50 a4 (03] Wigad Ty (ojg0] aigeil P b b

Harmonic 100%

Interrupt 16 4 4 100%

Sag 16 4 4 100%

Swell 16 4 4 100%

Oscillation 16 4 3 75%

Impulse 8 2 2 100%
Total 95.5%

acuracy
P gy S0 b dun i

qy
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Accuracy 89.52% 95.5% 86.03% 95.5%

A Comd 80 (g0l g0 U odls ools zrudgi 00,08 plowl b a5 s, (o0 ae ol @
[12,13,15,17,26].col il il bs g, ulo
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O (g e e S8 Mol (Bras Gl so)le Sigeyls slml IS o) " [1]
B Sy &5 S aSed GRS Grediliosly lie e Siem e e (SN e
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o Al el a5 et (loghng demmec ol dexlis liste Al Colaad gy a5

By Sy 9
CS 2 o Sl pls ) puslosly  Sisls p,2a"1SO 9000 yululy ol Slelilly ol coas™[3]

Ol bl 3 (558 solie (omiitee
JrSy Olilase sl aSan,s ls Sigela sbul,o(ls cansS G pao)la b glgl ui'"[4]

S S &Y

[6]Surya Santoso, Edward J. Powers, and W. Mack Grady,
“POWERQUALITY ASSESSMENT VIA WAVELET TRANSFORM
ANALYSIS,” IEEE Transactions on Power Delivery, Vol. 11, No.
2,April 1996.
[7] P. K. Dash, B. K. Panigrahi, D. K. Sahoo, and G. Panda, “ Power
Quality Disturbance Data Compression,Detection, and Classification
Using Integrated Spline Wavelet and S-Transform,”|EEE
TRANSACTIONS ON POWER DELIVERY, VOL. 18, NO. 2, APRIL 2003.
[8]Chao Wang, Huimin Gao and Taoxi Zhu,” A New Method
forDetection and Identification Of Power Quality Disturbance”.
[9]0Omer Ozgun and Ali Abur,“Flicker Study Using a Novel Arc
Furnace Model,”IEEE TRANSACTIONS ON POWER DELIVERY, VOL.
17, NO. 4, OCTOBER 2002.
[10]M. Sushama,G. Tulasi Ram Das,A. Jaya Lakshmi, and K.
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