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Toém tat - Bai viét tap trung vao van dé phat hién va phan loai cac
loai nhiéu loan chét Iwgng dién nang. Cac nhiéu loan nay bao gébm
sut ap, qua dién ap ngan han, gian doan tam thoi, qua dd, song hai,
nhap nhay va nhiéu. D& phan loai cac loai nhidu loan ching téi St
dung két hop ky thuat bién déi Wavelet ri rac véi phan tich RMS.
Mat hé théng quy tac d& phan loai nhidu chét lwong dién nang ciing
dwoc phat trién, trong dé mét co sé tri thirc duoc tao ra bang cach
sr dung mot bé quy tac dwdi dang kién thire chuyen mén tir phan
tich chi tiét vé& cac tinh ndng dwoc trich xuét. K&t qua moé phéng cho
thay, chung ta co thé phat hién va xac dinh cac loai nhidu loan mét
cach nhanh chéng va chinh xac bing phwong phap nay.

Tir khéa - Phan loai; chat lwgng dién néng; phan tich RMS; bién
ddi Wavelet

1. Pat vin dé

Thuat ngit chat luong dién niang (CLDN) chi méi xuét
hién tir cudi nhitng nam 1980 nhung ngay cang trd nén quan
trong voi ca khach hang tiéu thu dién va bén san xuét dién.
Céc van dé vé chét luong dién nang lién quan dén cac hién
twong vé tin sd, dién ap va dong dién co thé gay ra su cd hay
hoat dong bét thuong cia cac thiét bi st dung dién. Cac hién
tugng nhiéu loan chat lwong dién nang dién hinh nhu sut ap,
qué &p ngin han (Voltage sag, swell), gian doan dién ap
(Interruption), nhap nhay (flicker), nhiéu (noise), séng hai
(harmonic)... c6 thé gay ra hu hong thiét bi hay sy tac dong
sai cua thiét bi bao vé dan dén gian doan cung ca‘ip dién lam
thiét hai 16n vé kinh té. Dé nang cao CLPN, ngudn gy nén
nhiéu loan dién ning can duoc nhan dang va phén loai nhim
¢6 1ap hoa hodc giam thiéu anh huéng ciia no.

D3 ¢6 nhiéu cong trinh nghién ctru vé cac phuong phap
nhan dang céc hién tuong nhiéu loan CLDN trén co s¢ phan
tich tin hiéu dau vao [1-10]. Cac phuong phap thong thuong
bao gdm phan tich RMS, bién d6i Fourier, bién d6i Wavelet.
Céc k¥ thuat phirc tap khac ciing dugc ing dung dé phan tich
tin hi¢u, bao gdm sir dung phép bién doi S, bién doi Hilbert
(Hilbert Transform), mang no ron nhan tao (ANN- Artificial
Neural Network), Fuzzy logic (FLS- Fuzzy logic system),
SVMs (Support vector machines ), FES (Fuzzy Expert
System) ... Mdi phuong phap c¢6 wu, nhugc diém va pham
vi ing dung riéng, khong c6 phuong phap nao 1a van nang
¢6 thé nhan dang tit ca cac loai nhiéu loan. Tuy nhién, nhin
chung cc phuong phap d6 rét phirc tap va do d6 khé tmg
dung trong diéu kién thuc té.

Bai viét nay gioi thiéu phuong phap don gian hon dé
nhan dang va phéan loai cac hién tugng nhiu loan béng
cach két hop ky thuat bién ddi Wavelet roi rac (DWT-
Discrete Wavelet Transfrom) va phan tich RMS. Tin hiéu

Abstract - This paper focuses on power quality event, detection and
classification of power quality disturbances (PQD). The disturbance
of interest includes sag, swell, interruption, transient, harmonics,
flicker and noise. In order to classify the power disturbances, we use
the combination of discrete Wavelet transformation and RMS (Root
Mean Square) analysis. A rule-based system for power quality
disturbance classification is also developed in which the knowledge
base is composed using a set of rules in the form of expertise
knowledge from a detailed analysis of the extracted features. The
simulation results show that, we can detect and identify disturbance
quickly and accurately with this method.
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nhidu loan dugc dua vao phan tich Wavelet bang
MATLAB. Nghién ciru s& thuyét phuc hon néu sir dung
dang song tir hé théng dién thyc, tuy nhién do chua co diéu
kién thu thap dit liéu nén bai viét sir dung tin hiéu nhiéu tir
két qua mo phong. Dé két qua co tinh thuyét phuc, tin hiéu
nhiu khong 14y tir cac ham s6 1i tuong nhu mot sé nghién
ctru [1-7] hodc tir md phong bang phan mém MATLAB/
SIMULINK. Bé khach quan, viéc mo phong sé dugc thuc
hién bang phan mém khac. Phan mém EMTP/ ATP dugc
lua chon dé mé phong cac hién tuong nhiéu loan trong ludi
trung 4p vi wu diém vé mé phong cac qua trinh dién tir gin
v6i hé théng van hanh thuec.

2. Tém tit cac Ky thuat xir 1y tin hiéu dé phat hién nhiu
loan dién nang
2.1. Phan tich RMS

Phan tich RMS, hay tiéng Viét thuong goi 13 gia tri hidu
dung. Gia tri RMS dugc xéac dinh theo cong thurc:

Vims = 1’ Z Vl 1)
=1

Trong d6, N 1a s6 trich mau trong mdi chu ky va vi 1a
dién ap tirc thoi trén mién thoi gian twong tmg.

Gia tri hiéu dung thuong duogc sir dung rong rai trong
ky thuat dién vi n6 dé dang mo ta mot sd hién tuong don
gian cua dién ap trong khoang thoi gian dai. Loi thé 1on cua
ky thuat nay la sy don gian, toc do phan tich nhanh va yéu
cau it bo nhg. Tuy nhién, nhuoc diém 16n cua no 1a thoi
gian 1dy mau ciing nhu sy khong phan biét tan sb, song hai
hoic cac thanh phan nhiéu.

2.2. Bién déi Fourier (FT- Fourier Transforms)

Phép bién d6i Fourier ciia tin hiéu g(t) va bién doi

ngugc duoc xac dinh bdi cong thirc sau:
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Bién ddi Fourier thudng duoc sir dung trong phan tich
song hai. FT bién d6i tir mién thoi gian sang mién tan s6
(Hinh 1). Vi phép bién d6i nay co thé danh gia dwoc bién
d6 cac song hai co ban vai d6 chinh xac cao. N6 rét phu
hop dé danh gia cac tin hiéu tuan hoan & trang thai tinh. Du
vy né van ¢ han ché, khi bién d6i sang mién tan sb, thong
tin thoi gian ¢ mat. Néu tin hiéu tinh thi nhugc diém trén
khong anh hudng quan trong. Tuy nhién, chi st dung FT
khong du dé danh gia cac trang thai dong hodc tin hiéu
khong tuan hoan.

‘th i
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Hinh 1. Phép bién doi Fourier

2.3. Bién doi Fourier trong théi gian ngin (STFT-Short
Time Fourier Transform)

Trong truong hop tin hi€u dong, phan tich Fourier
khong phén tich duoc bién thién tan sb trong ting vung
theo thoi gian cua tin hiéu. Pé khac phuc nhuge diém nay,
k¥ thuat duoc cai tién thanh bién dbi Fourier trong thoi gian
ngin con duge goi 1a bién ddi nhanh Fourier (FFT- Fast
Fourier Transform) hodc bién d6i Fourier cira s6 (WFT-
Window Fourier Transform). Trong do, cac nhiéu dién ap
dugc phan tich trong mién tan sé va dich thoi _gian
(Hinh 2). Tuy nhién, nhugc dlem cta no6 la str dung tan SO
trong mot khoang thoi gian ngin nhung lai dung cho tat ca
mién thoi gian hodc phai do trén nhidu mién thoi gian.
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Time Time
Hinh 2. Phép bién déi Fourier thoi gian ngdn
Nhin chung phép bién dbi Fourier chi cho khao sat mot
trong hai mién 1a thoi gian va tan s6 ma khong thé cung luc
khéo sat trong hai mién.

2.4. Phép bién doi Wavelet (WT-Wavelet Transform)
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Hinh 3. Phép bién déi wavelet

Time

Pé khic phuc nhugc diém cua bién ddi F ourier, nam
1975 nha toan hoc Morlet phat trién phuong phép da phan
giai, trong d6 st dung mot xung dao dong dugc goi la
"wavelet" (nghia la song nhd) cho thay dbi kich thuée va

so sanh vai tin hi¢u ¢ tung giai doan riéng bi¢t (minh hoa
Hinh 3, 4). Vi mot ham wavelet me () , phép bién doi
tao thanh bing cach thém vao cac hé sb ti 16 a (scale) va hé
sO dich chuyén b (shift) theo cong thirc sau:

p(ab) == @)

D)

Néu a<1 thi w(a,b) 1a phién ban nén ctia ham wavelet
me tuong tng v6i thanh phan tan s6 cao. Con néu a>1, tirc
la w(a,b)co do rong thoi gian 16n hon va twong g véi
mién tan s thip. Do d6, bién doi wavelet c6 do rong thoi
gian tuong Ung voi thanh phan tan cua chiing.

A,
1
Hinh 4. Cdc phién ban co gian tir wavelet me
Phép bién ddi wavelet lién tuc (CWT- Continues
Wavelet Transform) dugc tinh nhu sau:
l o0
[v (—) f(t)dt ()

a o

W(a,b) =

Vi w* 1a s6 phirc lién hop ciia y . Trong ky thuat thi
phép bién d6i wavelet roi rac (DWT- Discrete Wavelet
Transform) dugc st dung nhiéu hon:

S e VAN 6)

1
\/a.F k——o0 aO

Trong d6, m, n la sé nguyénva a=a]', b =a].nb,

W(m,n) =

2.5. Cdc ky thudt dwa trén tri tu¢ nhén tgo

Mot s6 phuong phap nhan dang va phéan loai CLDN dya
trén tri tué nhan tao (artificial intelligence- Al). Céc
phuong phap dugc st dung bao gdm phuong phéap chuyén
gia (expert systems), hé théng phan loai mo (fuzzy
systems), mang no ron nhan tao (artificial neural networks)
va SVM (support vector machines). Tai liéu [8] d& phan
tich wru, nhuoc diém cua cach tiép can nay.

3. Ung dung bién déi wavelet va phén tich RMS vao
nhin dang cac hi¢n twong nhi¢u loan dién niang
3.1. Ung dung Wavelet roi rac dé phén tich tin higu

Ky thuat bién dbi Wavelet trong thoi gian thyc duoc
thuc hién bang cong cu Wavelet toolbox trong phan mém
MATLAB. Giao dién cua no trén Hinh 5. Tin hiéu vao
dugc bién d{)i v€ dinh dang file *.mat roi dugc dua vao
MATLAB dé xi li.

Viéc lya chon ho Wavelet dong ~Vai trd quan trong trong
Viéc~ phat hi€n va phan loai cac nhieu loan CLDN. Déi véi
nhiéu thoang qua, ho Daubechies 4 va 6 (Db4 va Db6) 1a
tot hon, con nhiéu loan cham nhung dién ra trong thoi gian
dai, ho Daubechies 8 va 10 phu hgp hon [1, 7, 8]. Trong
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bai b4o nay nhom tac gia sir dung bién doi wavelet Db6 va
quan sat muc 5 d€ phan tich.

Wavelet Toolbox Main M ==

B Wavelet Toolbox Main Menu a o8 = - el

File Window Help ~
O i iali: Tools 1-D
Wavelet 1-D SWT Denoising 1-D
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[ I J

[ )
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\
l
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Multiple 1.0
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Extension

l
l Wultivariate Denoising ]
l
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[ Image Extension ]

Display

[ Wavelet Display ] l

[ Wavelet Packet Display ] Close ]

Hinh 5. Giao dién cia Wavelet Toolbox

Tén sb co ban cua ludi dién 1a 50 Hz. Phan tich wavelet
phan tich 6 muc vdi cac dai tan chi tiét dugc trinh bay trong
Bang 1.

Bing 1. Gidi tan cdc mirc phan tich Wavelet ho Db6

STT Hé sb Pham vi tin s6 (Hz)

1 D1 5000-2500

2 D2 1250-2500

3 D3 625-1250

4 D4 312.5-625

5 D5 156-312.5

6 D6 78-156

7 A6 0-78

Quaé trinh nhan dang cac loai nhiéu duoc tién hanh nhu
sau: Tin hiu dién ap duoc ghi lai (chang han bang may ghi
161 k¥ thuat so, digital fault recorders - DFR) va phan tich.
Két qua dugc so sanh v4i mau dé phan loai CLDN.

3.2. M6 phéng cdc hi¢n twong nhiéu loan trong hé thong dién

bé léy tin hiéu phan tich, cac loai nhiéu loan duoc md
phéng dua trén hé th6ng dién thuc cta Viét Nam véi so do
trén Hinh 6 va thong s6 & Bang 2.

e

lD] YV Load 1
23km L
22/0.4kV
= =
|
Om—phe—{] ]
110/22kV L 12km L 3km
R_fault %

Hinh 6. So d6 mét soi hé théng dién mé phong trong EMTP
Bing 2. Théng s6 ciia hé thong dién

STT Phin tir Théng sb
Ngubdn 250 MVA, 110 kV, 50 Hz
MBA 110/22 kV 25 MVA, D/Y0
MBA 22/0,4 kV 2000 kVA, D/Y0

4 |Duodng day trén khong |AC70

5 |Phu tai phia 22 kV 1,58 MW va 1,02 MVAr
6 |Phu tai phia 0,4 kV 1,24 MW va 0,86 MVAr
Céc loai nhidu loan CLDN thudng gap duoc mé phong
duoc phan chia thanh 7 loai, bao gom:

- Sut 4p ngén han (Sag).

- Tang &p ngan han (Swell).

- Gian doan dién ap (Interruption).

- Qua do (Transient).

- Song hai (Harmonic).

- Dién 4p nhép nhay (flicker).

- Pién 4p bi nhiéu (noise).

Chi tié"t cua cac mo phong nay da dugc trinh bay trong
céac bai viét khac [11-13].
3.3. Két qud bién déi Wavelet roi rac ciia cdc logi nhiéu
loan CLDN

Decompusiion allevel 55 = a5 + 5 + dd + 43 + 42+ 61
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Hinh 7. Phén tich Wavelet ho Db6 ciia ham sin chudn

Dacomposion atleve! 53 = 38 + 5 + 04+ 03 + 42 +B1
T
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Hinh 8. Phan tich Wave!et ho Db6 cua
hién twong sut ap ngan han (sag)
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Hinh 9. Phdn tich Wavelet ho Db6 ciia
hién twong qua dién ap ngan han (swell)
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Decomposition st level 55 =35 + d5 + 04 + 3 + 2«11
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Hinh 10. Phan tich Wavelet ho Db6 ciia
hién twong gian doan tam thoi (interruption)

Decomgosiion allevel 55 = a5 + 05 + a4 + a3+ 22481
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Hinh 11. Phan tich Wavelet ho Db6 ciia
hién twong quda do (transient)
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Hinh 12. Phan tich Wavelet ho Db6 ciia
hién twong song hai (harmonic)

Decomposition at level 55 = a5 + 05+ 04 + 43 + 2 + 81
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Hinh 13. Phdn tich Wavelet ho Db6 ciia
hién twong nhap nhay (flicker)
Tin hiéu nhiéu loan dién 4p dugc dua vao phan tich
Wavelet véi ho Daubechies 6. Két qua thé hién trén tir
Hinh 8 dén Hinh 14, so sanh v6i phén tich tir ham sin chuan

o Hinh 7.

- A “fu%“ﬁ’“”“% Il 'V | W“M’V WAL
. ‘ U* |

a, lhﬁwwwuwwwwwwwwwwwwmwwmwwmwwwﬂ

-

‘ %mewmwwwwwwwwmwww

m
d. o
t]

B0 00 0 0L i Ll

50 R T T L e I I

Hinh 14. Phdn tich Wavelet ho Db6 ciia hién tirong nhiéu (noise)

4. Pé xuit nhan dang cic loai nhiéu loan CLDN bing
bién d6i wavelet két hgp véi phin tich RMS

Quan sat Hinh 8 d&én Hinh 14, vé mat truc quan, sir dung
bién d6i wavelet c6 thé nhan dang hau hét cic loai nhiéu
CLBN, ngoai trir sut 4p, qua 4p va gian doan dién ap rat
kho phan biét.

Tuy nhién, dé nhan dang rd rang céc loai tin hiéu, ta can
phai lwong hoa cac gia tri do luong, tinh toan dugc. Dé
nhan dang, phan loai cic loai nhiéu loan CLDN, léy y
tuong tir phuong phap chuyén gia trong [9, 14], tir két qua
phan tich Wavelet, két hop véi phan tich RMS, xdy dung
céc chi sb sau:
RMS(s)
Normal

U]

) =

Trong do, s la tin hiéu dau vao, Normal 1a gia tri lam
viéc dinh mec.

Day chinh 1a ti s6 giita gia tri hiéu dung cua tin higu
dién ap dau vao voi gia tri dién ap lam viéc dinh mue.
max(ds) — RMS(dg)

RMS(ds)

Trong d6, max(ds) 1a gia tri cuc dai ctia cdp do 5 trong
phéan tich Wavelet cua di¢n ap dau vao.

®)

2:

Tuong tu ta ¢6 chi so:
_ max(d;) - RMS(d;)

8 RMS(d,) @)
_ RMS(dy)
4~ RMS(s) (10)

Dé thiét 1ap mot hé théng duya trén quy téc phuc vu cho
viéc phan loai nhiéu CLDN, mét co so tri thire duoc tao ra
bang cach st dung mot bd quy tic dudi dang kién thirc
chuyén mon riit ra tir cac phan tich chi tiét vé duong dic
tinh cua cac loai nhidu. By quy tic da dugc hinh thanh cho
muc dich phan loai nhiéu CLDN nhu sau:

+ Gian doan dién ap (Interruption): Néu F <0,1;
Sut 4p ngén han (Sag): Néu 0,1< F, <0,9;

Tang 4p ngén han (Swell): Néu F >11;

Qué d6 (Transient): Néu F, >20;

Song hai (Harmonic): Néu F, <20 va F; >10;
Dién ap nhip nhay (Flicker): Néu F, <20, F3 <10

+ o+ o+ o+ o+
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va F4 <0,01;

+ Dién ap bi nhidu (Noise): Néu F, <20, F; <10 va
F, >0,01;

+ BDién ap binh thuong (Normal): Néu 0,9 < F <1,1
va F, <1.

Viéc phan loai dugc thé hién 16 trén Hinh 15.

Nhu viy, viéc cdc tin higu duge xu 1y va dinh lugng
chinh xac nén c6 thé nhan dang va phan loai qua phan tich
dir ligu.

Phin tich
RMS

!

Tinh F

Interruption, Sag,
Swell

Normal, Transient 0.<Fi<0.9

Harmonic, Flicker,
Noise

Bién doi
Wavelet Db6

l

Tinh Fa, Fi, Fy

Yes No

Transient

uondniajug

Harmonic, Flicker,
Noise

Flicker, Noise

Flicker

Yes
Harmonic

Hinh 15. So dé cdy phdn logi cdc hién tuong nhiéu loan CLDN

5. Két qua va thio luin

Bing cach thay d6i cac thong sb ciia hé théng dién trong
so d Hinh 6, 150 tin hiéu dién ap tir két qua mo phong
trong phﬁn mém EMTP duoc dua ra phan tich va xt li. Tin
hiéu dwoc dua vaio MATLAB phan tich RMS va bién déi
Wavelet ho Daubechies 6 véi 5 muc.

Két qua thir nghiém dugc thé hién ¢ Bang 3. Két qua
cho thdy, su chinh x4c cua phuong phap dé xuit. Tuy
nhién, trong thyuc té, cac hién tugng nhiéu loan c6 thé xuat
hién cung mot luc, ché“ing han sut ap ngén han véi song hai,

qué ap ngan han véi nhiéu ... Do d6, can tiép tuc mé rong

nghién ctru cho nhiéu truong hop hon.

Bing 3. Théng sé ciia hé thong dién

Loai S6 lwgng | Chinhxéac | Sai | Ty 18 (%)
Normal 10 10 0 100
Interruption 20 20 0 100
Sag 20 20 0 100
Swell 20 20 0 100
Transient 20 20 0 100
Harmonic 20 20 0 100
Flicker 20 19 1 95
Noise 20 19 1 95

Téng 150 148 2

6. Két luin

Bai viét da trinh bay mot giai phap st dung phép bién
d6i Wavelet roi rac két hop véi phan tich RMS dé nhan
dang va phan loai nhidu loan CLDN. Trong khi bién déi
Wavelet ¢6 thé phan tich thanh cac tin hiéu véi nhidu dai
tan s6 thi phan tich RMS gitip dinh luong dugc cac gia tri
d6. Bo quy tic dinh lwong cho phép viéc phan loai nhidu
loan CLDN tr& nén don gian, & rang. Phuong phap dé
xudt da thuc hién phan loai cho cic hién tugng nhiéu loan
thuong gip bao gom: Sut 4p ngan han (Sag), ting ap ngin
han (Swell), gian doan dién ap (Interruption), qua dd
(Transient), soéng hai (Harmonic), dién ap nhap nhay
(flicker), dién ap bi nhidu (noise). Két qua md phong cho
thay, su chinh x4c cao ciia phuong phap dé xuit.
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