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ABSTRACT

This paper presents a method for (a) recognizing the presence of any power quality
disturbance in supply voltage and (b) classifying any existing deviation into a particular type.
This method uses wavelet transforms, artificial neural networks and fuzzy associative
memories to identify any power quality disturbances. The program can identify the presence
of PQ disturbances and also classify \ the type of disturbance. Results of simulations are
presented in this paper.

T6MT.4T

KjJ thu~t wavelets img d1;Jngtrong nganh viin thong va xu ly tfn hi?u tir 2 th~p kY qua,
cac nghien cUu khoa h9c v~ kjJ thu~t wavelets img d¥ng trong nganh di?n chi mO'ibilt ddu
trong 5 nam gdn day, d(ic bi?t cong ngh? tr{ khon nhan t(10kit h9P xu ly s6 tIn hi?u bat ddu
du9'c quan tam gdn day d~ giai quyit cac bai toan chuyen nganh di?n (phan 10(1i,nhgn d(1ng,
dl! bao, tl! dr)ng, on-line, ... ). Bai bao nay trinh bay phuong phap (a) nhgn d(1ng cac nhiiu
10(1nchdt lUfJ'llgdi?n nang duai d(1ngnhiiu di?n ap va (b) phan lO(1itl! dr)ng bdt IcY m(Jt d(1ng
tin hi?u 6' nh6m d(ic thu. Phuong phap nay su d¥ng kjJthugt khai tri~n wavelets, m(1ngneural
nhan t(10neural kit h9P fuzzy logic d~ nhgn d(1ngbdt kj; cac nhiiu 10(1nchdt lU9ng di?n nang.
Chuong trinh c¥ th~ nhgn d(1ng Sl! hi?n di?n cac nhiiu 10(1nchdt lUfJ'llgdi?n nang va d6ng
thai phan 10(1ihi?n tUfJ'llgqua dr).

I. CIOI THI~U

Chftt IUQ'ngdi~n nang ngay cang la m6i quan tam, vftn d~ thai SlJcua ca phfa khach hang
lfin cong ty di~n IlJc. Vi cac Iy do chu y~u nhu:
1) Ngay nay, cac thi~t bi di~n khach hang cang hi~n d~i (cac thi~t bi di~u khi~n d\l'a tren bQ
vi xu Iy, thi~t bi di~n ti'r cong suftt, cac qui trlnh sfm xuftt di~n ti'r, cO' khf chfnh xac), rftt
nh~y cam cac thay d6i chftt IUQ'ngdi~n tu phfa ngu6n cung cftp.

2) H~ th6ng di~n ngay cang phat tri~n da d~ng, phuc t~p, la tac nhan sinh ra cac ngu6n
song hai.

3) Cac khach hang duQ'c thong tin nhi~u han v~ chftt IUQ'ngdi~n nang, va doi hoi nhi~u han
S\l cai thi~n chftt IUQ'ngdi~n cung c~p.
Chftt IUQ'ngdi~n x~u cung cftp khach hang do nhi~u nguyen nhan, do hi~n tUQ'ngqua dQ

di~n tu trong h~ th6ng di~n da d~ng nhu: Xung set, giam di~n ap, giam bien dQ, gian do~n
di~n, song hai, ch~p chan di~n ap, dong c~t t\1, dong c~t tai, ng~n m~ch, dong xung kfch
MBT, ... co th~ dfin d~n ho~t dQng sai, gay hu hong cac thi~t bi nh~y cam di~n nhu la cac qui
trlnh san xuftt do may tfnh, h~ th6ng t\l dQng hoa, ...
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II. KY THU~T WAVELETSpHAN TtCH NHIEU CHAT LU(>'NG DltN NANG

f)6i vai CWT, cac he s6 co gHin a va he s6 dich chuy~n b thay d6i lien wc trong R. Goi
f la mot ham theo thai gian 1. BiSn d6i wavelet lien wc (CWT) d6i vOi anh x~ f vao mot
ham ham tY Ie a va thai gian b, duQ'Ccho boi :

CWT(f)(a,b) =< f,lf/ab >= If(t)v{:bYt

Tuang tv nhu (1), ta cling co biSn d6i wavelet rai r~c:

DWT(f)(j, k) = J f(t)lf/j,k (t'yit

Ky thuat phan tich da phan giai la mot trong nhung d~c di~m quan trong nh~t cua ky
thuatDWT.

PhAn Ian cac tin hieu th1)'ctS, thanh phAn tAn s6 th~p la thanh phAn th1)'cS1)'quan trong
va mang net d~c trung cua tin hieu. Con thanh phAn tAn s6 cao duQ'c xem nhu la cac s~c thai
khac nhau cua tin hieu. L~y giong noi ra lam vi dl,l, ta th~y khi loc be thanh phAn tAn s6 cao
thi giong noi co th~ khac di nhung ta v~n nghe va hi8u duQ'c, nhung khi loc be thanh phAn tAn
s6 th~p thi kh6ng nghe duQ'cgi ca.

Phan tich da phan giai la co kha nang nhu hai bo loc, t~o nen hai thanh phAn: x~p xi va
chi tiSt cua tin hieu vao. Thanh phAn x~p xi co he s6 tY Ie cao, tuang ung vai tAn s6 th~p.
Thanh phAn chi tiSt co he s6 tY Ie th~p, tuang ung vai tAn s6 cao.

mnh 1 : Minh hQaeho phin tieh bie 3
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=111pulse \Toltage Sag \lo1ta~e S\vell

L I

Inte1111ption Harnlonics Transient & Ha11110nics

Logic rna va rn(;1ngneural nhan t(;10la cong C\lhuu hi~u dS xay dl,l'ngcac h~ th6ng thong
rninh nhan t(;1o.M(;1ngneural co c~u truc tinh toan a rnuc th~p r~t t6t khi giiLiquySt du li~u tho,
trong khi rn(;1nglogic rna giiLiquySt hai toan suy di~n a rnuc dQ cao, su d\lng thong tin ngon
ngu tu tri thuc chuyen gia. Tuy nhien, h~ th6ng logic rna khong co khiLnang hoc va khong thS
tl,l'diSu chinh trong rnoi truang rn6i Trai l(;1irn(;1ngneural co thS hoc, nhung kho hiSu vai
nguai su d\lng.

H~ th6ng tich hOp neuro-fuzzy kSt hOp khiLnang tinh toan song song va khiLnang hoc
cua rn(;1ngneural vai thS hi~n tri thuc gi6ng con nguai va khiLnang giiLithich cua h~ th6ng
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rna. K~t qua la ml;ing neural tra nen d~ hi~u han va trong khi do h~ th6ng fuzzy co kha nang
hQc.

H~ th6ng neuro-fuzzy la ml;ing neural co chuc nang tuang duang mo hinh tuang tv rna.
Mo hinh nay duQ'c huftn luy~n dS phat tri~n cac lu~t rna if-then va quy~t dinh cac ham thanh
ph~n d6i vo; cac bi~n vao ra cua h~ th6ng. Ki~n thuc h~ chuyen gia co thS dua vao cftu truc
cua h~ th6ng nero-fuzzy, c~ng mOt thai di~m cftu truc duQ'c k~t hQ'P tranh rna hinh tuang tv
fuzzy lien quan tra ngl;ii khoi lUQ'llgt1nh toan IOn .

C~u truc h~ th6ng neural fuzzy tuang tv ml;ing neural nhi~u lap. Noi chung h~ th6ng
neuro-fuzzy co lap xu~t, lap nh~p va 3 lap ~n dS thS hi~n ham thanh vien va cac lu~t rna.

Hinh 3: ciu true 3 lop ~n eua m~ng neuro-fuzzy

M6i lap trong h~ th6ng nero-fuzzy lien h~ m6i buac d~c trung trong h~ th6ng tuang tac
rna

Lop 1: La lap nh~p, rn6i neuron trong lap nay truy~n rnQt tIn hi~u ra ngoai d~n lap k~
tiSp, biSu thuc:

(b) A'nh hliiJnR thOn/: sl/ b.

0.6

(a) If nh IIIJI/"R thon/: .w)' a.

0,

J ~l) = X~l)

LOp 2: la lap rna hoa. Cae ne~r~n trong lap nay th~ hi~n cae t~p rna suy di~n b~ng cae
Iuat rna. Neuron rna nh~n tfn hi~u va guySt dinh rnuc dQ rna ph\! thuQC t~p rna neuron. Ham
kf~h hoat eua neron thanh vien la ham s6 rno ta t~p rna neuron. T~p rna tam giac duQ'c su
d\!ng, vi' v~y ham kfch hOl;itcua ~euron trong lap 2 la cac ham thanh vien tam giac. Ham thanh
vien d,mg tarn giae eo 2 thong so {a, b J nh~(au: "

b l !!..= 4. b=6 OB° if X~2) ~a-- OBI, I..., :-_..o+__--
2Ix}" - al . b (,~ b :0.:2[! ---+--.yi2) = 1----- if a--<x.- <a+-

b 2 I 2 02

. (") b 0 f x 0 xIf x. - ~ a + - 0 1 2 3 • 5 B 7 8 0 1 2 3 • 5 5 7 e
I 2

HiDh 4: Ham thaDh VieDtam giae kieh ho~t
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LOll 3: la lap lu~t rna. M6i neuron trong lap ~ay tuang ung rnQt lu~t rna. Lu~t neuron
rna nhan cac tin hieu tu cac neuron rna hoa rna the hi~n cac t~p rna trong lu~t rna. Vf d\l
neuron. RI, tuang ~ng lu~t 1, nh~n dAu vao tu neuron A 1 va, B 1. Trong h~ th6ng neuron-
fuzzy, phep tf\rc giao th\fc thi b~ng to an h~ng h~ qua .. Vi v~y dau ra cua neuron i trong lap 3
nhu sau:

Y(3) - X(3) xx(3) X xx(~)
i-Ii 2i ... kl

LOll 4: la lap thanh vien xu~t. Cac neuron trong lap pay, th~ hi~!1 cac t~p rna Slr d\lng
theo thu tu cua cac luat rna. M6i neuron thanh vien lap xuat ket hqp tat ca cac nut vao bang
phep toan .rna lien hqp~ Phep toan nay th\fc hi~n bai phep toan xac su~t OR nhu sau:

Gia trj )leI th~ hi~n S\f k~t hqp rnuc dQ rna cua lu~t rna neuron R3 va R6.

LOll 5: la lap defuzzification. M6i neuron ~rong lap na~ th~ ~i~n ngo ra dan cua h,~
th6ng neuro-fuzzy. Neuron l~y cac t~p rna lap xuat lien hqp bang ket hqp chung va lien ~et
trong t~p rna dan. H~ th6ng neuro-fuzzy ung d\lng phuang phap defuzzification tieu chuan,
bao g6rn ky thu~t rna trQng tam.

Phep to an t6ng h~ qua tinh toan lap xu~t nhu trung blnh trQng s6 cua trQng luqng cac
ham thanh vien lap xu~t. Vi d\l, trung blnh trQng luqng cua t~p rna C1 va C2 duqc tinh nhu
sau:

)lCI X QCI X bCI + )lC2 X QC2 X bC2y=
)lCI X bCI + )lC2 X bC2

H~ th6ng neuro-fuzzy la rn~ng neural da lap, VI v~y co th~ ung d\lng cac giai thu~t hQc
tieu chuftn ph at tri~n cac rn~ng neuron, bao g6rn giai thu~t hQc Ian truySn nguqc. Khi hu~n
luy~n ngo vao-ngo ra th~ hi~n trong h~ th6ng, giai thu~t Ian truySn nguqc tinh toan ngo ra clla
h~ th6ng va so sanh no vai ngo ra rnong rnu6n. L6i duqc h6i ti~p qua rn~ng neural til' lap xu~t
d~n lap nh~p. f)~ quy~t djnh chinh sua cAn thi~t, giai thu~t Ian truySn nguqc lam ro S\f khac
nhau cac ham kfch ho~t cua cac neuron.

H~ th6ng logic rna bao g6rn cac ngo vao Slr d\lng cac bi~n ngon ngfr va cac ham thanh
th~ hi~n chan trj clla hftu h~t h~ th6ng logic rna, khong co ti~n trlnh thi~t k~ h~ th6ng co h~
th6ng nao d~ d~t duqc ti~n trlnh t6i uu, VI cac ham thanh vi en va cac lu~t rna duqc thi~t k~ bai
quy~t djnh chu quan d\fa tren tri thuc va kinh nghi~rn cua con nguai. Tuy nhien, h~ th6ng t\1
thfch nghi neuro-fuzzy(ANFIS) la rnQt h~ th6ng hqp thanh co kha nang t\f rno ta ham thanh
vien clla mlnh d~ d~t k~t qua bi~t truac. VI rn~ng Anfis co lap ftn tuang duang t\f thfch nghi
trong h~ th6ng hqp thanh rna, h~ th6ng nay th\fC thi lu~t hQc lai va giam sat ra quy~t djnh
phuc t~p hay hay phan lo~i nhi€u ch~t lugng di~n. D~ng cac ham thanh vien d\fa vao t~p tinh
ch~t cac dfr li~u dAu vao, d\fa tren cac k~t qua phan tfch ban dftu thong qua vai dfr li~u hu~n
luy~n.
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H~ th6ng hqp thanh rna vai 4 ng5 vao, hai ng5 ra duqc thiSt kS d~ phan 10;;li11 nhi~u
ch~t luqng di~n. 4 thong s6 ng5 vao g6m: thanh phAn tAn s6 cao (high), thanh phAn tAns6 th~p
(low), thai gian xay ra nhi~u (time), bien do nhi~u (max), 22 luat cho dAura. T~t ca ham thanh
vien ng5 ra hinh chuong (gaussmf). H~ th6ng la 10;;lisugeno, kSt hqp m;;lngneural Ian truy~n
nguqc va phuong phap binh phuong t6i thi~u d~ tinh chinh ng5 vao va ng5 ra cua cac ham
thanh vien

IV. cAe KET QuA MO PHONG vA NHAN XET

H~ th6ng mo phong phan 10;;linhi~u ch~t luqng di~n nang g6m 4 ng5 vao: Thanh phAn
tAn s6 cao (high), thanh phAn tAn s6 th~p (low), thai gian xay ra nhi~u (time), bien do nhi~u
(max), sir d1,lngham thanh vien d;;lngbac thang (trimf) (hinh 5,6,7,8). 241 m~u duqc dua vao
m;;lng hu~n luy~n, sir d1,lngham gaussmf. KSt qua cho th~y Sl,l chinlfxac cao so vai cac mo
hinh phan 10;;litruac day nhu m;;lngneuron xac xu~t (PNN), m;;lngfuzzy (FIS).
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mnh 5: ham thanh vien High
(No, Not much, Much, Very Much)

mnh 6: ham thanh vien Low
(No, Not much, Much, Very Much)
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Li~VJ
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mnh 7: ham thanh vien Max
(Int, Sag Sin, Swell)

mnh 8: ham thanh vien Time
(No, Not much, Much, Very Much)
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mnh 9: Ngo ra ella m,ng
neuro-fuzzy sau khi luy~n m,ng

mnh 10: T~p lu~t ella m,ng
sau khi luy~n -256Iu~t

lVl~ngAl~~l~ tren gom 0 lOp :

Lap thif 1 : G6m b6n nut dAuyaO (m6i nut la mot Neuron-FIS trong m~ng). FIS thanh
phAn tAns6 eao, FIS thanh phAn tAns6 thfrp, FIS thai gian, FIS bien do max nhiSu PQ.

Lap thif 2 : La cae ham d~e trung eua cae FIS. Cae ham d~e trung co d~ng hinh thang.
M6i FIS yaO co 4 ham d~e trung.

Lap thif 3 :M6i Neuron trong lap nay dl,l'ayaO 256 luat rna dS thl,l'ehi~n cae luat dieu
khiSn. Cae luat rna dl,l'ayaO cae Neuron thl,l'ehi~n qui luat IF ... THEN dS dua fa cae tin hi~u
eho lap k~ ti~p ho~t dong.

mnh 11: ciu true m,ng
sau khi luy~n m,ng

r'rr'-r'~, I ..~ ..'; 'r:

mnh 11: 256 lu~t ella m,ng neuro-fuzzy

Lap thu 4 :

M6i Neuron t\ong lap nay se tinh toan cae trong s6 lien k~t tU lap thu 3 dS eho ra mot
lap Neuron tieu ehuan nhfrt.

Lap thu 5 :
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M6i Neuron trong lap nay tin~ toan cac trQng s6 lien k~t cua cac Neuron a lap truac va
cho ra m(>tNeuron tin hi~u tieu chufm.

Lap thu 6:
., Tf.?ng lap J?ay chi co duy nh~t mQt Neuron. Sau khi tinh toan no se cQng t~t ca cae tin
hl~~ nh<;tpvao de dua fa mQt tin hi~u tieu chu~n nh~t ch~p nh(ln duQ'Cde dua fa phfln loai
nhleu. .

sA Lo~i nhi~u chAt Mftu huAn Mftu thfr
TT IU'Qngdi~n luy~n

K~t qua

1 Capacitor switching 150/150 148/150 98.670/0

2 Voltage Sag 21/21 20/21 95.240/0

3 Voltage Swell 20/20 20/20 1000/0

4 Interruption 20/20 20/20 1000/0

5 Flickers 10/10 10/10 100%

6 Harmonics 10/10 9/10 900/0

7 Pure Sine 11/11 10/10 1000/0

241/241 238/241 98.750/0

Bang 1: K~t qua phan lo~i nhi~u chAt IU'Qngdi~n nang

Bang k~t qua phuang pMp d~ nghi co dQ chinh xac cao (98.75%), cai thi~n dQ tin c(ly
phan lo<;ti,thai gian phan lo<;tinhanh (1.2s) Hnh b~ng giay. Chi co vai truang hQ'p nh(ln d<;tng

sai (3 truang hQ'p)

v. KET lU~N
Bai bao trlnh bay phuang pMp phan lo<;tinhi~u ch~t luqng di~n nang Slr d\mg m<;tng

neuro-fuzzy tl,f thfch nghi k~t hQ'Pky thu(lt phfln tfch wavelets. Ky thu(lt phfln tich wavelets
phan tfch tin hi~u nhi~u trong mi~n thai gian va tdn s6, dua fa cac tinh ch~t quan trQng cac
nhi~u (muc nang luqng, thai gian, bien dQ, thanh phdn tdn s6 cao, th~p). Phuang phap phan
lo<;tineuro-fuzzy dl,fatren 4 tinh ch~t cua nhi~u dua fa k~t qua mong mu6n. Huang nghien cuu
ti~p theo la so sanh va t6ng hQ'p cae phuang pMp phfln lo<;tiva cai tien de phfln lo<;tinhanh
han, chinh xac. Tuy nhien, cac nhi~u trong thiri gian thl,fc phuc t<;tp,va chu ky I~y mi'iu khong
du lan, vi v(ly dbi hoi cac nghien cuu chuyen sau va {rng d\lng phdn cung va phdn m~m phan

tich hi~n tUQ'ngqua d(>di~n tu trong thai gian th\IC.
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