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Name : Mr.Wattana Trongpanich
Thesis Title . Wavelet-based Magnitude Calculation for Voltage Sag Analysis
Major Field . Electrical Engineering
King Mongkut’s Institute of Technology North Bangkok
Thesis Advisor : Dr.Teratam Bunyagul

Academic Year : 2006

Abstract

Voltage sag is a power quality problem. The voltage magnitude can be determined in a
number of ways. Most popular methods are Root mean square, Orthogonal and Peak voltage
method.

The thesis presents a wavelet-based technique to determine the beginning, the end and the
magnitude of voltage sag. The results show the comparison between the wavelet based technique
and the most popular methods such as Root mean square, Orthogonal component and Peak value
magnitude evaluation. The test signals obtain from three sources. Firstly, the signals was
simulated from a 115/22 kV substation of Provincial Electricity Authority (PEA) in Thailand by
using PSCAD/EMTDC program. Secondly, the real signals were captured at a PEA’s 115/22 kV
substation. Finally, the signals were obtained from IEEE Power Quality Event Characterization
Working Group (P1159.2). All techniques mentioned were then tested in Matlab program. The
results have shown that the proposed wavelet-based technique is superior to other conventional
techniques.

(Total 129 pages)

Keywords : Voltage Sag Detection, Voltage Magnitude Evaluation, Wavelet Transform
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Categories Typical Spectral Typical Duration Typical

Content Magnitude

Transient (Impulsive)

- Nanosecond 5 nsrise < 50 ns -
- Microsecond 1 usrise 50ns—1ms -
- Millisecond 0.1 ms rise > 1 ms -
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Categories Typical Spectral Typical Duration | Typical Magnitude

Content

Transient (Impulsive)

- Low Frequency < 5 kHz 0.3 -50ms 0-4P.U.
- Medium Frequency 5-500 kHz 20 us 0-8P.U.
- High Frequency 0.5-5 MHz 5us 0-4P.U.
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Categories Typical Spectral Typical Duration Typical Voltage
Content Magnitude
Voltage Sag
- Instantaneous 0.5-30 Cycles 0.1-0.9 pu
- Momentary 30 Cycles—3's 0.1-0.9 pu
- Temporary 3s—1min 0.1-0.9 pu
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Categories Typical Spectral | Typical Duration | Typical Voltage

Content Magnitude

Short-Duration Variations

- Instantaneous Interruption 0.5-30 Cycles | <0.1pu
- Momentary Interruption 30 Cycles—3 s <0.1 pu
- Temporary Interruption 3s—1min <0.1 pu

Long-Duration Variations

- Interruption, Sustained >1 min 0 pu
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Categories Typical Spectral | Typical Duration | Typical Voltage

Content Magnitude

Voltage Swell

- Instantaneous 0.5-30 Cycles 1.1-1.8pu
- Momentary 30 Cycles—3's 1.1-14pu
- Temporary 3s—1min 1.1-12pu

1.2.5 USIAUAN (Undervoltage)
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Categories Typical Spectral Typical Duration | Typical Voltage
Content Magnitude
Undervoltages >1 min 0.8-10.9 pu
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Categories Typical Spectral Typical Duration Typical Voltage
Content Magnitude
Overvoltages >1 min 1.1-12pu
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(Steady State) (Sine Waveform) IAgu1a3§11 IEEE
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Categories Typical Spectral Typical Duration Typical Voltage
Content Magnitude
Waveform distortion
- Dc Offset Steady State 0-0.1%

- Harmonics 0-100"harmonic Steady State 20%

- Interharmonics 0—6kHz Steady State -2%

- Notching Steady State

- Noise Broadband Steady State 0-1%
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Content Magnitude
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Content Magnitude
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ms1eh 1-11 uaasagdiemvesilymgunmliiisids awuiasgiu IEEE Std. 1159

Categories Typical Spectral Typical Duration Typical Voltage
Content Magnitude
1. Transients
1.1 Impulsive
1.1.1 ~ Nanosecond 5-ns rise <50 ns
1.1.2 Microsecond 1- UL srise 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 -50 ms 0—-4pu
1.2.2  Medium Frequency 5-500 kHz 20 U's 0—-8pu
1.2.3  High Frequency 0.5—-5MHz S Us 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 0.5-30 Cycles 1.1-1.8 pu
2.2 Momentary
2.2.1  Interruption 30 Cycles—3 s <0.1 pu
2.2.2  Sag(Dip) 30 Cycles—3's 0.1-0.9 pu
223  Swell 30 Cycles—3 s 1.1-1.4pu
2.3 Temporary
2.3.1  Interruption 3s—1min <0.1 pu
232  Sag(Dip) 3 s—1min 0.1-0.9 pu
233  Swell 3 s—1min 1.1-12pu
3. Long-Duration Variations
3.1 Interruption, Sustained >1 min 0 pu
3.2 Undervoltages >1 min 0.8—0.9 pu
3.3 Overvoltages >1 min 1.1-12pu
4. Voltage Unbalance Steady State 05-2%
5. Waveform Distortion
5.1 Dc Offset Steady State 0-0.1%
5.2 Harmonics 0— 100" harmonic Steady State 0-20%
5.3 Interharmonics 0—-6kHz Steady State 0-2%
5.4 Notching Steady State
5.5 Noise Broadband Steady State 0-1%
6. Voltage Fluctuations <25Hz




1.3 avnnvasllyrmnamnlih (Cause of Power Quality)
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1.4 msunlutfyrgamwlnih (Power Quality Solution)
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(Oscillator Transient)

[ a o 14 Y [ Y]
3. UIIAUANANUF IV Wodnlumetlou niouaisnyTIauY
4
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Swell Overvoltage

Transient
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Event
Magnitude
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Transient
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Cycle sec. min.
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F(w) = j f(t)e 1 dt (4-1)
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f(t) Pedyanuiihuulasyises
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a  femsalna (Scale Factor)

A d‘ o 1 .
b AMIADUA UL U (Translation)



I~} [ a Q‘{ a3 $ 4
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o a J J 3 J o
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4.2 Wan¥unvli@ausl (Mother Wavelet Function)
LY J v < [ A dz:ﬂ{ qﬂj q’j 1= Aav [ 4
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J v 4 I~ 1 [YY Y a
(Alfred Haa) TagilanduarsiiaaiizUsiadrenuilandugiagai (Unit Step Function)
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Haar Wavelet Function
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-0.5f
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J o 3 I a @ dy
T@ﬂ%’lqn%unwgamaﬁuuﬂmmu

1, if 0<t< l;
2
|
()= -1, if 5 <t<l; (4-3)
0, otherwise.
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ey, (1) Aeilandunniaauivesasnian (Har Wavelet)
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a d o Y A ~ 1 g A J o . . Yo
AnTEHdIUAIUMITeET 30071 IMTFoUnTY (Gaussian Function) ueasldaq

NN 4-7



phd

— real part
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downsample Approximation

coefficients
Low-pass filter @ —» CA;
Signal Detail
coefficients
High-pass filter @— —» cD;
downsample
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MNN 4-8 taaams 1¥ilawmesiuy FIR twemsuenesnlsenoy YRYIU

1 1 ] J
aoulus9Y a.f. 1987 — 1993 aanili  woaan (Stephane Mallat) tazdvl wiges
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a d o @ [ {
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g 9

gln] f=n2-n

Hj _@ Detail (D) . Level 1
gln] ” DWT coefficients
X[n] H fc= r/d-nf2 Level 2
f=0-n LL & gln] > DWT coefficients
L Approximation (A) H f=n/8-m/4 Level 3
[L LL O DWT coefficients
h[n] L
hin] f=0-n/4 L Level 3
[L C Approximation (A3)

h[n] f=0-n/8

L
[L h[n] : Low Pass Filter

H
C g[n] : High Pass Filter

" a Jd o Y
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Lu@ﬁﬂWﬂLﬂua’ﬁuﬂﬁ%ﬂfJ‘U‘ﬂlmﬂﬁ'l\‘i%?ﬂﬁ')l!ﬂﬁ%ﬂﬂﬂwujj'lu NITAATICUAYYIULUUUYAY
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Morlet Wavelet Function
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1 a a an J Y d o < %
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4 1oy do < 7 o A
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Daubechies D8 Wavelet (db4) Daubechies D8 Scaling Function (db4)
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MNN 4-11 paaadansuniaaa1udyd

o o < J ) @ [l 1 a o
Wenduniaeanidd  gnibunldiuediumsvarelumsimszddyginveszu
1% 4
Il ludnyaznsudeu (Transient) dayigunnlui (Power Quality) uagWoad (Fault)
A o < A I Y ' &£ Ao
iesnnilsdunidaaubidlguanyazyesms Waunas  (Unsymmetry)  Salanyue

Y v W 2 . 1 J v I a A
ANYNUAYYIUAITUNIU (Disturbance) nnnNlanFuniaasiadu

d v d
4.3 HanFumudyaniian (Daubechies Wavelets Function) [17]
1 . J v A 3 Ao < v J . :al d’ld'
NQUUBINITLNA (Family) HeanFuaudsaniaa J91uuueua (Infinite)  NIHF®
E =4 < 1 Y Qs: =\ ~ o T A o A
FenUoI1UTFFNNRALAEAINUITHNTISoNAIUIIUIUAFNYTEaNTAINT 09V IS
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(Daubechies Filter Coefficients) c'fiﬂmmuﬁuﬂizﬁm%zﬁgﬂummummaeug] INAIDYNUTU
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Daubechies D2 Wavelet Hu18a9udFannaanisnuivauilseansainses 2 a1 uau
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Daubechies Wavelet Matlab Wavelet Toolbox
D2 dbl
D4 db2
D6 db3
D8 db4
D10 db5
D12 db6
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WanduaudFdnwiaa  iduilengun iawsaunulugdaessaunisuuy
Jd o <] 4 4 Jd o J <] 09/' 0

Weandunriaadua 14 msadrgdeauilsnsuarnidsdniaatiu desiinmsadielaely

a o . A A d o

ABNMIMUIAUVUNAI8IDY (Iterative Method) Tagisuanmsas wamnaasiladduves

A d < 3 o A o S v 3 9 [y Jd v 3 a qﬂlj £ 9
audFdnaa amivhanaaalansuiiu lladalansuniiaadnnss samsadeamna

v
A v 9

a Jd o 1w a So J
aeilanFuveInuIFaiuIzAoanT M dulseansainsosvesnuiyd (Daubechies Filter

Coefficients) ANAIDENIAIAITIN 4-2

1 o 1 1T o A So J
ﬂTi'l\“l‘ﬁ 4-2 LEAIAI08NMANYTEANTAINT 09U UDTE

K | h(dbl) | h(db2) | h(db3) | h(db4) | h(db3) | h(db6) | h(db7) | h(db8) | h (db9)
0 | 070710 | 0.48296 | 0.33267 | 0.23038 | 0.16010 | 0.11154 | 0.07785 | 0.05442 | 0.03808
1] 070710 | 0.83652 | 0.80689 | 0.71485 | 0.60383 | 0.49462 | 0.39654 | 0.31287 | 0.02438
2 0.22414 | 0.45988 | 0.63088 | 0.72431 | 0.75113 | 0.72913 | 0.67563 | 0.60482
3 -0.1294 | -0.1350 | -0.0280 | 0.13843 | 0.31525 | 0.46978 | 0.58535 | 0.65729
4 -0.0854 | -0.1870 | 0.24229 | -0.2263 | -0.1439 | -0.0158 | 0.13320
5 0.03523 | 0.03084 | -0.0322 | -0.1298 | -0.2240 | -0.2840 | -0.2933
6 0.03288 | 0.07757 | 0.09750 | 0.07131 | 0.00047 | -0.0968
7 -0.0106 | -0.0062 | 0.02752 | 0.08061 | 0.12875 | 0.14854
8 -0.0126 | -0.0316 | -0.0380 | -0.0174 | -0.0307
9 0.00033 | 0.00055 | -0.0166 | -0.0441 | -0.0676
10 0.00478 | 0.01255 | 0.01398 | 0.00025
11 -0.0011 | 0.00043 | 0.00875 | 0.02236
12 -0.0018 | -0.0049 | -0.0047
13 0.00035 | -0.0004 | -0.0043
14 0.00068 | 0.00185
15 -0.0001 | 0.00023
16 -0.0003
17 0.00004




4.4 mamdaanidanuulineiios (Discrete Wavelet Transform)
I 1 I < 1 4 .
asuasnvidaudaldilu 2 Usziande nsudlaawidauuuaeiiied (Continuous
< (BN 4
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Y
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J L. @ I 1 9y 4 s a
94A152N0U (Decomposition)  dyyaaeeniudesaiulaglslamosuueauuy FIR wila
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. Y 1 v w a Yy Y an dyd 1 <3
(Reconstruction) Iinudaya audulaondis  Taedsmstiisendn msulawvi@auny
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h{n]

U, [n] Y. [n]
|~ )

X[n]

Un[n] Yu[n]
N —&—

gn]

v 1
= =

NNINAN 4-13 FNTOUAAIANNTUIUT 1AGIaUNITN (4-6) LazaNNIN (4-7)

il X[k]
U, [n]
Uy [n]

Wwo Y, [n]

Yy[n]

U,[n]=+2 EX[k]h[n- k]
o (4-6)
Uy [n]=+2 Y X[K]g[n-k]

k=0

[ { o a 4
odyuNINIATIZH

o))

odyaa TuaIUNHINUNINTOI hin]

2D 2D

adyaa TudIUNAIUUNINT 0 gln]

Y, [n]=U,[2n]=2 NZIX[k]h[zn-k]
. (47)
Y, [n]=U,[2n]=+2 > X[klg[2n-k]

o

A A = 4 ¥
fAodIuszneunNDAI1UDY YU X[n] %Qﬂllﬂﬂmﬂﬂizﬂ’t’)ﬂﬂ’m

Aax < v A
Amsutlaanilias szaun 1
A ] d‘ [ d' 4 9
Apduilszneunudgvesdya Il X[n] Ngnuenedfilszneuale
Aax 3 v A

msutlaaniliae szaun 1

A LY a a”w =P=U-4
fAomaulszansaInIvueIAL¥aIUY FIR

g[n] = (-1)" h[N-1-n]

A o 1 o a o =4 .

Ao IUM AN aNTAINTDIVDIAIIFA (Coefficients Number)

N=2,4,6,8,...
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o .. v =
334U (Recomposition) Tdaunni 4-14
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Y [n] C Vi[n] —

X[n]

Yu[n] C Vu[n] j

gn]

4 J @ [~} @ ! %
MNA 4-14 udaamssavesnlsznevvesdaana X[n] Tasmsutasiaaszauinile

NN 4-14 FNTOUAAIANNTUIUT IAGIaUNITN (4-8) LAZANNIIN (4-9)

V, [n]=+2 EX[k]h[n— k]

Nl (4-8)
Vy[n]=+2 > X[k]g[n-k]
Y, [n]=V,[2n]=+2 ZX[k h[2n-k]
(4-9)

Y, [n]=V,[2n]=2 ZX[k]g[zn-k]
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g[n]
H .
Fundamental @ Disturbance
Voltage LL + Noise
Waveform
+
Disturbance
L Fundamental
No?se L —@—> Voltage
Waveform
h[n]

L
‘L Low Pass Filter : h[n] = Daubechies Filter Coefficients

H: High Pass Filter : g[n] = (—1)nh[N—1—n]
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