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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.

TOM TAT

Ky thudt wavelets ung dung trong nganh vién théng va xi Iy tin hiéu tir 2 thdp ky qua,
cdc nghién cuu khoa hoc vé kyj thudt wavelets tmg dung trong nganh dién chi mdi bdt dau
trong 5 ndm gcfn ddy, ddc biét cong nghé tri khén nhan tao két hop xur Iy 6 tin hiéu bét dau
dwoc quan tam gan day dé gidi quyét cdc bai todn chuyén nganh dién (phan logi, nhdn dang,
du bdo, tw dong, on-line,...). Bai bdo nay trinh bay phuong phdp (a) nhdn dang cdc nhiéu
loan chat luong dién ndng dwdi dang nhiéu dién dp va (b) phén loai tw dong bat ky mét dang
tin hiéu & nhom dic thi. Phuong phdp nay s dung ky thudt khai trién wavelets, mang neural
nhén tao neural két hop fuzzy logic dé nhan dang bat ky cdc nhiéu loan chat luong dién ndng.
Chuong trinh cu thé nhén dang sw hién dién cdc nhiéu loan chat luong dién ndng va déng
thoi phan logi hién twong qud do.

1. GIO1 THIEU

Chét lugng dién ning ngay cang la mdi quan tam, vAn dé thoi su cua cé phia khach hang
14n cong ty dién luc. Vi céc 1y do chu yéu nhu:

1) Ngay nay, cac thiét bi dién khach hang cang hién dai (céc thiét bj diéu khién dya trén bd
vi xir 1y, thiét b dién tir cong sudt, cc qui trinh sén xudt dién tir, co khi chinh xéc), rat
nhdy cam cic thay dbi chit luong dién tlr phia ngubn cung cap.

2) Hé thdng dién ngay cang phat trién da dang, phirc tap, 12 tdc nhén sinh ra cic ngudn
song hai.

3) Céc khéch hang dugc thong tin nhiéu hon vé chét lugng dién nang, va doi hoi nhiéu hon
sur cai thién chét lugng dién cung cép.

Chét luong dién xdu cung cAp khich hang do nhiéu nguyén nhan, do hién tugng qui dd
dién tr trong hé théng dién da dang nhu: Xung sét, gidm dién 4p, giam bién d6, gian doan
dién, séng hai, chdp chon dién 4p, dong cét tu, déng cit tai, ngin mach, dong xung kich
MBT.... c6 thé din dén hoat dong sai, gy hu hong céc thiét bi nhdy cam di¢n nhu 1a cdc qui
trinh san xuit do mdy tinh, hé thdng tu dong hoa,...
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1. KY THUAT WAVELETS PHAN TiCH NHIEU CHAT LUONG DIEN NANG

Déi véi CWT, cac hé s6 co gidn a va hé s6 dich chuyén b thay dbi lién tuc trong R. Goi
f 12 mot ham theo thoi gian t. Bién ddi wavelet lién tuc (CWT) dbi véi anh xa f vao moét

ham ham ty 1€ a va thoi gian b, duoc cho béi :
t-b
CHT(f)@b)=< f, v, >= | f(t)w(

Tuong tu nhu (1), ta cling c6 bién ddi wavelet roi rac:
DWT(f)G:k) = [ £, (t)t

K§ thuat phan tich da phan giai 1a mét trong nhitng dic diém quan trong nhit cta ky
thuat DWT.

Phan 16n cac tin hiéu thuc té, thanh phén tan sb thap 1a thanh phan thuc su quan trong
va mang nét dac trung cuia tin hiéu. Con thanh phan tan s6 cao dugc xem nhu la cac sac thai
khac nhau cua tin hiéu. Ly giong noi ra lam vi dy, ta thiy khi loc bé thanh phan tin s cao
th1 giong nodi co thé khac di nhung ta van nghe va hiéu duoc, nhung khi loc bé thanh phin tin
s6 thap thi khong nghe duoc gi ca.

Phan tich da phan gidi la c6 kha nang nhu hai b0 loc, tao nén hai thanh phan xap Xi va
chi tiét cia tin hiéu vao. Thanh phan xap xi co hé so ty 1€ cao, tuong ung véi tan s6 thap.
Thanh phan chi tiét c6 hé sé ty 16 thip, tuong tng voi tan sb cao.

l*?j

=

As D3

Hinh 1 : Minh hg¢a cho phan tich bac 3
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Impulse Voltage Sag Voltage Swell

Interruption Harmonics Transient & Harmonics
Hinh 2: X§ thuft wavelets trong 3hax ¢ich cde tin higu ¢cud €

L GIAI THUAT NEUROQ-FUZZY DUA TREN XY THUAT WAVELZT NHAN
DANG VA PHAN ZOA! NIZU DIEN NANG

Logic mo va mang neural nhén tao la cong cu hiru hidu de xdy dung cac hé thong théng
minh nhén tao. Mang neural c6 cau tric tinh toan & muc thap rat t6t khi giai quyét dit liéu tho,
trong khi mang logic m& giai quyét bai toan suy dién & mirc dé cao, st dung thong tin ngon
ngir tu tri thirc chuyén g1a Tuy nhién, hé thong logic md khong c6 kha nang hoc va khong thé
tu diéu chinh trong méi trudong méi. Trai lai mang neural c6 thé hoc, nhung kho hiéu véi
nguoi su dung.

Hé thong tich hop neuro-fuzzy két hop kha nang tinh toan song song va kha nang hoc
cua mang neural v&i thé hién tri thirc gibng con nguoi va kha nang giai thich cia hé thong
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mo. Két qua 1a mang neural tré nén dé& hidu hon va trong khi d6 hé théng fuzzy c6 kha nang
hoc. -

Hé théng neuro-fuzzy 1a mang neural c6 chirc ndng tuong duong mo hinh tuong tu mo.
M0 hinh nay dugc huén luyén dé phét trién cac luat mo if-then va quyét dinh céc ham thanh
phan ddi véi céc bién vio ra cua hé thdng. Kién thitc hé chuyén gia c6 thé dua vao ciu tric
ctia hé thbng nero-fuzzy, cing mét thoi diém céu tric dugc két hgp trdnh m6 hinh tuong tu
fuzzy lién quan tré ngai khéi lugng tinh toén 16n .

Céu tric hé thdng neural fuzzy tuong ty mang neural nhiéu 16p. Né6i chung hé théng
neuro-fuzzy c6 16p xuat, 16p nhap va 3 16p an dé thé hién ham thanh vién va cac luat mo.

Lip 1 Laop 2 Lip 3 Liop 4 Lop 5

x1 xI
x1 -
]
\“(1
Y
x2 He2
o
x2 x2
x2

Hinh 3: Ciu tric 3 16p an ciia mang neuro-fuzzy

M&i 16p trong hé thdng nero-fuzzy lién hé mdi budc déc trung trong hé thong twong tic
mo

Lép 1: La 16p nhap, mdi neuron trong 16p nay truyén mot tin hiéu ra ngoai dén 16p ké
tiép, biéu thuc:
JONE o
Lép 2: 12 16p mor hoa. Céc nediron trong 16p nay thé hién céc tap md suy dién bang céc
luat mo. Neuron mé nhan tin hiéu va quyét dinh mirc 40 mo phu thudc tdp md neuron. Ham
kich hoat ciia neron thanh vién 1a ham sé mé ta tdp mo neuron. Tdp mo tam gidc dugc sur
dung, vi vy ham kich hoat cua neuron trong 16p 2 12 cic ham thanh vién tam gidc. Ham thanh

vién dang tam gidc cé 2 thong so {a, b} nhgtsau: : "
1
‘1 au=4,h=6 a=45b=6 a=4,b=6
0 if X <a-— o oe a=d.b=4
, ‘ 2 o6 e Y3
wod oo oI\ |
@_ N1 A a2 cats
! b 2 2 02 02
0 ifx:Z)Za‘i'_ Eran 2‘a Abs X ST s s e e X
s 5 ‘ v ] )
- (a) Anh hudng thong 56 a. (b) A'nh hudng théng s6 b.

Hinh 4: Ham thanh vién tam giac kich hoat
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Lép 3: 12 16p luat mo. Mi neuron trong 16p nay tuong ung mot luat mo. Ludt neuron
m¢ nhén céc tin hi€u tr cdc peuron md héa ma thé hién cdc tdp mo trong ludt mo. Vi du
neuron R1, twong ung ludt 1, nhan ddu vao tir neuron Al va BI1. Trong h¢ thong neuron-
fuzzy, phép truc giao thuc thi bing todn hang hé qua.. Vi vdy dau ra cta neuron i trong 16p 3
nhu sau:

(3) (3) (3) (3)

3 -
VU =X XXy, XXX y%1)=MA1><MBl =URI

Lép 4: 1a 16p thanh vién xuét. C4c neuron trong 16p nay thé hién céc tap mo su dung
theo thir tu ciia cic luat mo. Mbi neuron thanh vién 16p xuéat két hqp tat ca cic nit vao bang
phép todn ma li€n hop. Phép todn nay thuc hién boi phép todn x4c suat OR nhu sau:

4) (4

y; :x”)@x;?)@...@xl(i“) y(Cfll)zuR3®“'R6=u’Cl

Gié tri uCl thé hién su Kkét hop mic 6 m¢o cua luit mo neuron R3 va R6.

Lép 5: 12 16p defuzzification. M&i neuron trong 16p nay thé hién ngd ra don cua hé
thdng neuro-fuzzy. Neuron 1iy céc tdp mo 16p xuat lién hop bang ket hop ching va li€n két
trong tdp m& don. Hé théng neuro-fuzzy g dung phuong phép defuzzification tiéu chuan,
bao gdm k¥ thuét mo trong tam.

Phép toan tdng hé qua tinh todn 16p xudt nhu trung binh trong s clia trong luong céc
ham thanh vién 16p xuat. Vi dy, trung binh trong lugng cta tdp mo C1 va C2 duge tinh nhu
sau:

_ BciXaci Xbey +icaXacy Xbey
Hc1Xbey +Uea Xbceo

Hé théng neuro-fuzzy 13 mang neural da 16p, vi vy c6 thé ung dung cdc giai thut hoc
tiéu chuin phit trién cac mang neuron, bao gém giai thudt hoc lan truyén nguoc. Khi hudn
luyén ngd vao-ngd ra thé hién trong hé thdng, giai thuat lan truyén ngugc tinh toan ngo ra cua
hé thdng va so sanh né véi ngd ra mong mudn. L3i duoc hdi tiép qua mang neural tir 16p xuét
dén 16p nhap. Pé quyét dinh chinh stra cén thiét, giai thuat lan truyén nguoc lam 5 sy khic
nhau c4c ham kich hoat cia c4c neuron.

y

_ He thong logic m& bao gdm cac ngd vao sir dung céc bién ngon ngit va cdc ham thanh
the hién chan trj cia hau hét h¢ thong logic md, khdng c6 tién trinh thiét k& hé théng c6 hé
thong no dé dat dwoc tién trinh t6i wu, vi cdc ham thanh vién va cac luat mé duoc thiét ké béi
quyét dinh chu quan dya trén tri thirc va kinh nghiém cta con ngudi. Tuy nhién, hé théng tu
thich nghi neuro-fuzzy(ANFIS) 1a mot hé thdng hop thanh c6 kha nang tu mé ta ham thanh
vién cua minh dé dat két qua biét trude. Vi mang Anfis c6 16p an tuong duong tu thich nghi
trong h¢ théng hgp thanh mo, hé théng‘ nay thyc thi ludt hoc lai va gidm sit ra quyét dinh
phuc tap hay hay phén loai nhiéu chit lugng dién. Dang cdc ham thanh vién dua vao tép tinh
chat cdc dit ligu dau vao, dwa trén céc két qua phan tich ban dAu théng qua vai dit liéu huin
luyén.
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Hé thong hop thanh mo v6i 4 ngd vao, hai ngd ra duoc thiét ké dé phan loai 11 nhleu
chit lugng dién. 4 théng s6 ngd vao gom: thanh phan tan s6 cao (high), thanh phan tan s thip
(low) thoi gian xay ra nhiéu (time), bién d6 nhiéu (max), 22 luat cho dau ra. Tt ca ham thanh
vién ngd ra hinh chudng (gaussmf). H¢ thong 1a loai sugeno, két hop mang neural lan truyén
nguoc va phuong phap binh phuong t6i thiéu d¢é tinh chinh ngd vao va ngd ra cia cac ham
thanh vién

IV. CAC KET QUA MO PHONG VA NHAN XET

Hé théng mo phong phan loai nhiéu chit luong dién ning gom 4 ngo vao: Thanh phan
tan sd cao (high), thanh phan tan sb thap (low), thoi gian xay ra nhidu (time), bién d6 nhiéu
(max), sir dung ham thanh vién dang bac thang (trimf) (hinh 5,6,7,8). 241 mau duoc dua vao
mang huan luyén, st dung ham gaussmf, Két qua cho thay su chinhtxac cao so vdi cac md
hinh phén loai trudc day nhu mang neuron xac xuat (PNN), mang fuzzy (FIS).
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Hinh 7;: ham thanh vién Max
(Int, Sag Sin, Swell)

Hinh 8: ham thanh vién Time
(No, Not much, Much, Very Much)
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Hinh 9: Ngé ra ctia mang Hinh 10: Tap luit ctiia mang

neuro-fuzzy sau khi luyén mang sau khi luyén -256 luat

viang AINF1D Tren gom o 10p :

Lép thir 1 : Gom bdn nut dau vao (m01 nut 1a mot Neuron-FIS trong mang). FIS thanh
phan tan sb cao, FIS thanh phan tin sé thap, FIS thoi gian, FIS bién d6 max nhidu PQ.

Lép thir 2 : La cac ham déc trung cua cac FIS. Cac ham dic trung co dang hinh thang.
MBoi FIS vao c6 4 ham dic trung.

Lép thir 3 : Mdi Neuron trong 16p nay dua vao 256 luat mo de thuc hién cac luat diéu
khién. Cac luat m¢ dua vao cac Neuron thuc hién qui luat IF . . . THEN dé dua ra cac tin hiéu
cho 16p ké tiép hoat dong.

¥
P
t
i

sraragaras L

T TP,

H
¥

- } -
' = ol J
Hinh 11: Ciu tric mang Hinh 11: 256 luit cia mang neuro—fuzzy

sau khi luyén mang

Lop tha 4 :
Méi Neuron trong 16p nay sé tinh toan cac trong s lién két tir 16p thir 3 @é cho ra mot
16p Neuron tiéu chuan nhét.

Lép thtr 5 -
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Mé} Neuron trong 16p nay tinh todn céc trong sd lién Kkét ctia cac Neuron & 10p trudc va
cho ra mot Neuron tin hiéu tiéu chuan.

Lép thu 6:

Trong 16p nay chi ¢6 duy nhat mot Neuron. Sau khi tinh todn né s&€ cong tht ca céc tin

hlgg nhap vao dé dua ra mot tin hiéu tiéu chuén nhét chip nhan duoc dé dua ra phén loai
nhidu. ' '

S6 Loai nhifu chét Mau huin X e . j

TT luwgng dién luyén Mau thir | Ket qua

1 Capacitor switching 150/150 148/150 98.67%

2 Voltage Sag 21/21 20/21 95.24%

3 | Voltage Swell 20/20 20/20 100%

4 | Interruption 20/20 20/20 100%

5 | Flickers 10/10 10/10 100%

6 | Harmonics 10/10 9/10 90%

7 | Pure Sine (1 | 1010 100%
| 241/241 ‘ 238/241 98.75% l

Bang 1: Két qua phén loai nhidu chét lwong di¢n ning

Bang két qua phuong phdp d2 nghi ¢6 d chinh xéc cao (98.75%). cai thién do tin cdy
phan loai, thoi gian phan loai nhanh (1.2s) tinh bing gidy. Chi c6 vai truong hgp nhan dang
sai (3 trudng hop)

V. KET LUAN

Bai bo trinh bay phuong phép phéan loai nhiéu chét lugng dién nang st dung mang
neuro-fuzzy tu thich nghi két hop k¥ thuét phan tich wavelets. Ky thuat phan tich wavelets
phan tich tin hig¢u nhiéu trong mién thoi gian va tAn sb, dua ra céc tinh chét quan trong céc
nhidu (mtc nang luong, thoi gian, bién dd, thanh phém thn sb cao, thég). Phuong phédp phan
loai neuro-fuzzy dua trén 4 tinh chét ctia nhicu dua ra két qua mong muon. Hudng nghién cru
tiép theo 1a so sanh va tdng hop cic phuong phap phéan loai va cai tién dé phén loai nhanh

2

hon, chinh xdc. Tuy nhién, cic nhidu trong thoi gian thuc phiic tap, va chu ky lay ma?u khong

da 16n, vi vay doi hoi cac nghién cltu chuyén siu va ung dung phan cung va phén mém phéan
tich hién tugng qua do dién tu trong thoi gian thuc.
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