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Tom tit

Bai bao nay trinh bay viéc nghién citu, xdc dinh
pha phu tdi trong ludi dién phan phai (0,4kV).
Phuong phdap nhom tac gia sur dung la xu ly di
lieu chudi thoi gian dién dp dwoc do vé tir chc
cong to dién tir (Smart meters), méi chudi thoi
gian sé dac trung cho mot ho tiéu thy trong ludi
dién phan phai. Céc di ligu chudi thoi gian sé
dwoc tién xik 1y trueée khi dwoc tach thanh 3 phan
Cum ddac trung cho 3 pha R, S, T trong lwoi dién
bang thugt toan phan cum mo Fuzzy C-means.
Két qua cua qua trinh md phong bang phan mém
Matlab cho thdy thudr todn xdc dinh pha phy tdi
lam viéc rat chinh xac, cé khd ndng cao d@é ap
dung trong thuc té cho lwéi phan phai tai Viét
Nam.

Tir khéa: Xdc dinh pha phy tai, l«6i phan phéi ha
ap, chuoi thoi gian, cong to dién t, Fuzzy
C-means.

Abstract

This paper presents the research and
indentification of the phases in the low-voltage
distribution grid (0.4kV). The method used by the
authors is to process time series data measured
from smart meters, each time series will be
characteristic of a consumer in the low-voltage
distribution grid. The time series data will be
preprocessed before being clustering into three
clusters for 3 phases R, S, T in the grid using the
Fuzzy C-means clustering algorithm. The results
of the simulation using Matlab software show that
the algorithm for phase identification is very
accurate and has a high ability to apply in
practice to the low-voltage distribution network in
Vietnam.

Keywords: Phase indentification, low-voltage

distribution network, time series, smart meter,
Fuzzy C-means.

1. Mé dau

Viét Nam la mot nude dang phat trién, cd toc do
tang truong kinh té nhanh, nhu cau st dung dién
dang ngay mot ting cao. Theo cong bd cia bd cong
thuong, san luong dién thuong phdm nim 2017 1a
174,65 ty kWh, nam 2018 1a 192,93 ty kWh va
209,42 ty KWh véi nam 2019. Nhu vay ta c6 thé thiy
chi trong vong 2 nam tir 2017 dén 2019 san lugng
dién thuong pham da tang 1én 19,91%.

Dé van hanh hé théng ludi dién dat hiéu sut cao
nhét va tin cay nhét thi can nhiéu bo cdng cu va cac
tng dung nhu ung dung tinh toan va téi wu dong
cong suat, xac dinh trang thai hé théng ludi phan
phéi, bai toan tai cau trdc va khdi phuc ludi [1]. Tt
ca c4c ung dung trén déu cin mot md hinh ludi phan
phéi va két ndi pha chinh xac. M6 hinh ludi phan
phdi hau hét 1a chinh xac nhung mo hinh két néi pha
thuong c6 nhiéu sy sai st [2]. Cac cong ty dién luc
thuong khoéng c6 dugce thdng tin chinh xac mé hinh
két nbi pha nay. Hon nira md hinh nay lai lién tuc
thay di khi c6 thém cac khach hang tiéu thu dién
mai. Vi vay viéc xac dinh dugc chinh xac pha cua
cac phuy tai dong vai tro ngay cang quan trong trong
ludi dién hién nay. Bai bao nay dé xuat mot thuat
toan giup xac dinh pha phu tai trong ludi dién phéan
phéi ha ap tir dit lidu thu thap vé tir cong to dién tir
hoic tir hé théng diéu khién gidm sat va thu thap di
licu (SCADA).

Phan con lai cua bai bao dugc sap xép nhu sau:
Muc 2 gidi thiéu khai quat chung va cac cdng trinh
lién quan. Muc 3 dé xuit thuat toan dé xac dinh pha
phu tai dya trén dit liéu chudi thoi gian dién ap. Muc
4 12 md phong thuat toan trén phan mém Matlab va
phan két luan duoc trinh bay trong muc 5.

2. Khéi quat chung va cdng trinh lién quan
2.1. Khai quat chung

Dién nang phat ra tir cdc nha may dién s€ duoc
qua cac tram bién 4p ting ap dé nang dién &p Ién
trudc khi truyén tai di xa va cudi cing s& dugc ha
dién &p bang cac may bién 4p ha ap dé cap dién cho
cac ddi tugng khach hang khac nhau. Ngudn cung
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cép dién chinh trong ludi dién hién nay duoc cap tir
cac may phat dién 3 pha. O ché do binh thuong,
mang luGi dién s& 1a 3 pha va dién ap trong 3 pha
(goi 1a 3 pha: R-S-T va N Ia trung tinh) s& gidng
nhau va chi léch pha nhau 1 géc l1a 120°. Cac khach
hang nhu trung tdm thuong mai hay cac cong ty thi
s& sir dung hé thdng dién 3 pha, 4 day. Trong khi d6
céc ho tiéu thy gia dinh s& sir dung hé théng dién 1
pha (gdém 1 day pha R, S hodc T véi day trung tinh
N). Mai khu vie dan cu s& dugc cung cap bai mot
bién ap 3 pha ha ap voi pham vi khoang 50-200 ho
[3]. Tuy nhién m&i ho chi két ndi téi mot trong 3 pha
R, S hoic T. Thuc té khi c6 mot ho tiéu thu mai, dix
licu két ndi dén pha nao cua hé théng cé thé khong
phai lic nao ciing dugc lwu trit va cap nhat ddy du.
Hon thé nira, dir liéu mé hinh két néi pha con cé thé

bi thay di trong qué trinh sira chira va bao dudng [3].

Vi cac 1y do nhu vay cho nén hién nay cd rat it cac
cong ty dién luyc c6 duoc sb liéu chinh xac vé mo
hinh két néi pha cua cac phu tai, dac biét 1a trong
ludi dién ha ap.

2.2. Cac cong trinh lién quan va dong gop cua
bai bao

Hién nay trén thyc té c6 2 phuong phap phd
bién dé xac dinh pha phu tai trong luéi dién ha ap.
Phuong phap thir nhat 1a str dung giai phap vat ly
véi cac thiét bi do dic biét nhu hé théng
micro-synchrophasor [4], signal generators and
discriminators [5]. Céc giai phap nay van khé& phd
bién nhung chung c6 nhuoc diém 1a dit tién va chi
phi nhan céng cao. Phuong phap thir hai la sir dung
dir liéu do vé& duoc tir cdc Smart meters hay hé
théng SCADA,... bing viéc phan tich cac dir liéu
nay bang cac cong cu toan hoc, dung cac phwong
phép mé hinh héa thi cé thé xac dinh dwoc pha cua
cac phuy tai.

Trong bai bao [2], Tom A. Short trinh bay mét
phuong phap xéac dinh pha phu tai bang céach sir dung
mot thuat toan hdi quy tuyén tinh dé nang cao do
chinh xac dua trén su tuong quan dién ap gitra cac
khach hang. Trong bai bao [6], Houman Pezeshki va
c4c cong su gia thiét trong cting 1 pha thi dién &p cua
moi khach déu c6 sy twong quan rat tét véi nhau,
nhém tac gia da dung cong nghé tuong quan dé tach
thanh phan mong mudn va nhidu tring Gaussian
trong mdi chudi thoi gian dién ap cua khach hang
trude khi so sanh dé phan nhém ching. Trong bai
b&o [1], Wenyu Wang va cac cong su st dung thuat
toan K-means c6 rang bugc dé phan cum chudi thoi
gian dién &p va Frédéric OLIVIER trong bai béo [7]
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cai tién thuat toan nay dé xac dinh pha phy tai. Nham
giam anh huéng cua dién ap roi trén day dan tur truc
chinh dén h tiéu thy, Wenpeng Luan cting céc cong
su trong bai béo [8] khdng st dung truc tiép dir liéu
dién 4p tho do vé tir Smart meters ma dung cong
thic tinh toan dé tinh ra dién &p & nut giao cua ho do
v6i duong truc chinh trudce khi phén tich twong quan.

Céc phuong phap néu trén déu c6 nhimng uu,
nhuoc diém riéng, do chinh xac ciia mot sé6 phuong
phap ciing chua dat dén gia tri chinh xac nhu mong
mudn, nhu trong bai bao [1], ¢6 trudng hop dé chinh
xac chi dat 90,40%. Khong c6 thuat todn phan cum
nao la phi véi tit ca cac loai dir liéu, trong bai bao
ndy nhdm tac gia xay dung mot phuong phap xac
dinh pha phu tai méi dua trén thuat toan phan cum
mo Fuzzy C-means va thi nghiém né trén mot bo dir
lieu chudi thoi gian dién ap. Két qua thir nghiém cho
thiy phuong phap dé xuat do chinh xac rat cao (Ién
dén 100%) va hoan toan c6 kha ap dung véi dit lisu
that dé trién khai vao thuc té.

3. Thuat toan xac dinh pha phu tai tir dir li¢u
thu thap cida cong to dién tir
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Hinh 1. Vi du vé s twong quan dién &p

Y tuong cét I8i cua thuat toan dé xuat 1a dya trén
su tuong quan vé dién ap giira cc ho tiéu thy trong
ciing mét pha [1, 2, 6, 9]. Hinh 1 1a mot vi du v& sy
tuong quan dién &p cua 9 ho tiéu thu [9]. Mbi ho tiéu
thu tng véi mot chudi thoi gian dién 4p dugc phan
lam 3 cum khac nhau. Mbi cum 1a mot pha cua phy
tai (R, S, T). Tur hinh v& trén ta c6 thé thay su tuong
quan vé dién &p thé hien rat rd giita cac ho trong
cung méot pha.

Nhu vay nho ¢6 su twong quan nay, néu ta cd thé
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phan loai dugc cac chudi thoi gian dién ap dai dién
cho cac ho tiéu thu thanh 3 cum khac nhau tuong
g véi 3 pha cua phu tai thi ta cd thé xac dinh dugc
cac pha tuong tng.

C6 rat nhiéu thuat toan dé phan cum dir liéu nhu
thuat todn K-means, phuong phép ban dd tu to chic
SOM, thuat todn phan cum phan I6p Hiarachical
clustering, thuat toan dya trén hinh dang dong DTW,
thuat toan céc thanh phan chinh PCA,... Mdi thuat
toan déu c6 nhimg wu, nhuge diém va cé thé &p dung
tly vao timg truong hop cu thé. Trong bai bao nay
nhém téc gia sir dung thuat toan Fuzzy C-means dé
phan loai cac chudi thoi gian dién 4p. Phuong phap
xac dinh pha phu tai dya trén thuat toan phan cum
Fuzzy C-means dugc trinh bay nhu Muc 3.1 dudi day.
Muc 3.2 nhém tac gia giéi thiéu vé thuat toan Fuzzy
C-means va ap dung né dé xac dinh pha phu tai.

3.1. Xa&y dung thudt tedn xdc dinh pha phu tdi

Thuat todn xdy dyng duogc trinh bay nhu Hinh 2.
Dir liéu thd 1a céc chudi thoi gian dién ap ban dau,
trén thyc té céc dit liéu nay s& duoc tién xir Iy dé loai
bo cac dir liéu xdu do cac 16i dudng truyén, cong to
16i,...(duoc goi 1a cac outliers) [10] truéc khi thyc
hién cac budc tiép theo. Tuy nhién bai bao s& khong
xét dén cac dir liéu xdu nady ma tap trung vao xay
dung mot thuét toan xac dinh pha phu tai. Thuét toan
d8é xuit s& gdm 3 budc cu thé nhu sau:

O budc thir nhat, dir liéu tho ban dau s& duoc
chuan hoa truéc khi phan cum, tit ca cac chudi thoi
gian dién &p cua cac ho tiéu thu s& duoc chuan hoa
theo cong thirc (2) dé tit ca cac diém dién &p sé roi
vao trong khoang 0-1. Nghia la gia tri dién ap nhé
nhat 0V s& ang vai 0 va Ion nhét s& ang vai 1.

O budc tha hai, dir lieu sau khi chuan hoa s&
dugc dua vao thuat toan Fuzzy C-means dé phan ra
lam 3 cum (C=3 &ng vai 3 pha R, S, T ciia ngudn).

Trong mdi cum da duoc phan sé& chira cac chudi
thoi gian dién 4p dai dién cho cac ho tiéu thy dugc
ndi toi cling mot pha ciia ngudn va viée danh gia két
qua s& duoc thuc hién trong budc cudi cung.

3.2. Thugt todn Fuzzy C-means

Véi phuong phap phan cum Fuzzy C-means moi
diém dir liu c6 thé thudc vé 2 clusters tré nén tly
vao mirc do thanh vién cua diém dir liéu d6 voi cac
tam cum. Mdi budc lap cua thuat todn nhdam muc
dich tbi thiéu hoa ham muc tiéu dwa trén viéc tinh
toan khoang céch tir cac diém dir liéu cua do thi phu
tai dén tm cum dya trén gia tri thanh vién [11]. Ham
muc tiéu dugc tinh theo cong thure (1) nhu sau:
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J. =2121‘,M:T % =< (6Y)
=

Véi D: tong sé diém dir lieu, N: sé luong cum,
m: s6 mii trong s; xi diém dir liéu thir i, ¢; : tam cua
cumthirj, w; : gia tri thanh vién cua x; trong cum j.

Thuét todn nay ap dung trong bai toan xac dinh
pha phu tai duoc tao thanh nhimng budc cu thé nhu
sau:

Budc 1: Chuan hoa dir liéu voi cong thic (2):

u,.
_ (b

u(i,h—norm) - (2)
uh—max

Ugin-norm) : diién ap dd dugc chuan hoa;

Ug.hy : gia tri dién &p thuc;

Ugh-max) © Gid tri dién &p 1on nhét;

i chudi thoi gian dién ap cua ho thi i; i=1,2,...,N
(N: tdng s6 ho dugc khao sét);

h: gia tri dién 4p tai thoi diém tha h trong mot
chudi thoi gian dién ap; h=1,2,....H (H 1a s6 diém dir
licu cia mot chudi thoi gian dién ap).

Buréc 2: Chon ngau nhién 3 vi tri cho 3 tm cum.

Buoéc 3: Tinh todn ma tran muc do thanh vién,
gi& tri thanh vién cua u; trong cum j dugc tinh:

y = ®)

(Juof
E[nui —cku]

Véi ||ui -, || la khoang céach Euclidean tir chudi
thoi gian dién ap i dén trong tm cua cum tht j.

Bugc 4: Tinh ma tran tdm cum mai theo cdng
thuc (4):

= @)

V6i s6 mil trong s6 m thudng dwoc chon bang 1.5
trong cac tung dung thuc té [12].

Buéc 5: Lap lai budc 2 va bude 3 cho dén khi
ham muc tiéu nho hon mét ngudng cho phép hoac
sau sb 1an lap toi da quy dinh.

4. Mb phéng kiém chieng thuat toan

Tai Viét Nam hién nay, hau hét cac cong to
dién tir chi thu thap céc tin hiéu 1a chudi thoi gian
cdng suét tiéu thu cua c4c ho tiéu thy ma chua cai
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dat dé lay vé cac gié tri dién ap. Vi vay dé co dir
lieu dé kiém ching thuat todn cua minh, nhom tac
gia xay dung mot mo hinh luéi dién phan phdi ha
ap gom 51 ho tiéu thu duoc bé tri trong cac pha R,
S, T. M6 hinh nay duoc thiét ké trén phan mém
Matlab/Simulink dwoc trinh bay trong Muc 4.1
duéi day.

4.1. Thiét ké mé hinh lwéi phan phéi ha ap

Mo hinh Iuéi phan phdi ha ap duogc thiét ké trén
phan mém Matlab/Simulink. So d6 thiét ké tong quét
dugc thé hién nhu Hinh 3. Téng sé khach hang dwoc
thiét ké 12 51 ho tiéu thu. Trong d6 16 ho ndi vao pha
R, 17 ho néi vao pha S va 18 ho con lai ndi vao pha
T. M&i ho trong cac pha duoc thiét ké gdm nhiéu loai
phu tai tai thuan trg, dong co dién khong dong bo, ...
v6i quy luat dong mo ngiu nhién khéc nhau giéng
nhu trén thuc té. Dién ap dau ngudn cia mdi ho s&
dugc do boi cac khdi “Voltage Measurement” va
“RMS”. Sau d6 tin hiéu dién &p s& dwoc lay mau dé
gui dén cura s6 khong gian bién “Workspace” cua
Matlab bai khéi “To Workspace” dé tao thanh dir
liéu dau vao cho thuat toan xac dinh pha nhu Hinh 4.

Sau khi chay phan mém s& thu dugc 51 chudi
thoi gian (mdi chudi tac gia lay 25 diém dir lieu) la
dién 4p twong g cua cac ho. Céac chudi thoi gian
nay s& duoc xir Iy dé xac dinh pha bang thuat toan dé
Xxuét va kiém chang két qua trong Muc 4.2.

4.2. Thiz nghigm thudt todn dé xudt

Ban dau bo dit liéu duoc tao ra gom 51 ho gia dinh,
chudi thoi gian dién &p cua tit cac ho nay duoc thé
hién nhu Hinh 5. Khi tién hanh chay thuat toan dé
XUt v6i bo dir liéu nay ma khong quan tim dén so
dd ndi pha ban dau cua cac ho, phan mém cho két

Discrete
3e-05s.

powerguil

R phase

qua trong ma tran muc do thanh vién p; la 16
chudi thoi gian dién ap dwoc phan vao cum 1 wng
véi pha R, 17 chudi thoi gian dién 4p dugc phan vao
cum 2 ung véi pha S va 18 chudi thoi gian con lai
dugc phén vao cum 3 ng véi pha T nhu trén cac
Hinh 6, Hinh 7 va Hinh 8 tuong ung.

Nhin tir cac Hinh 6, Hinh 7 va Hinh 8 ta dé dang
nhan thay trong ban than mdi cum di dugc phan loai,
cac chudi thoi gian déu ¢ sy tuong quan véi nhau
rat tot, cac dién ap tuy c6 bién do ¢ thé khac nhau,
nhung xu hudng thay ddi déu cé sy twong dong. Sau
khi ddi chiéu voi so d6 ndi pha dugc thiét ké trong
Simulink, két qua phin mém dé xuit cho két qua
hoan toan trung khép, dat ty 1€ chinh xac 100%.

Ham muc tiéu Jn, dat dwoc gia tri mong mudn chi
sau 14 budc lap thé hién trén Hinh 9.

B1: Chuén héa d ligu

B2: Phan cum di liéu véi
Fuzzy C-means

B3: Xac dinh pha cho cac
ho tiéu thu va danh gia

Hinh 2. Thugt tedn xdc dinh pha phu tdi

i

Transformer

S phase

H1 H4 H8 H10 H14 H17 H20 H24 H25 H29 H32 H36 H37 H41 H44 H47
T T TR et
L

T phase

7H3 H5 H7 H12 H13 H18 H19 H22 H27 H28 H33 H34 H38 H42 H43 H48 H49
LT L LT
L

fH2 Hé H9 H11 H15 H16 H21 H23 H26 H30 H31 H35 H39 H40 H45 H46 H50 H51
TR T Tl e T e
=

Hinh 3. Mé hinh lwéi phan phéi ha 4p thiét ké trén Matlab/Simulink
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0.2 Ohm Voltage Measurement To Workspace
N 1
C Running
Source
@-ﬁ#\nﬁn—- .El
L 0.20hm

a

A
E‘"Lﬁ“j )
M+ : mf»
capacitor
ac cp start
M

Aptomat
oA

Resistor

Motor

Hinh 4. M6 hinh tdi ciia hg gia dinh sé 1

51 customers

Time

Hinh 5. Di ligu dign ap ciia tét cd 51 hg

R phase customers
0 e e e e L A S S S B S S B S S B B

0] ) S N L T R S S R R
01234567 89101112131415161718192021222324

Time

Hinh 6. 16 hg néi vao pha R
5. Két luan

Bai bao da nghién cttu va xay dung dugc mot
phuong phap dé xac dinh pha cua phu tai trong ludi
dién ha &p su dung thuat toan Fuzzy C-means. Két
qua mo phong cho thay thuat toan hoat dong rat hi¢u
qua véi do chinh xac cao. Hudng phét trién trong
twong lai cia bai béo s& tiép tuc thr nghiém thuat
toan nay véi dir liéu 1a cac chudi thoi gian dién ap
that duoc do vé tir cong to dién tr dang dugc lip dat
trong cac ho gia dinh hién nay dé danh gia két qua
téng thé trudc khi ap dung né vao thuc té.

LJOURNAL OF MARINE SCIENCE AND TECHNOLOGY-

S phase customers

224 T e e e e N

Voltage

202 q

T R

0] S S P
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Hinh 7. 17 hg ndi vao pha S
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I L 1
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L
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Hinh 8. 18 hg néi vao pha T

Objective function Jm
N w w B S
[¢3] o (3,8 o (3,3

[N)
=]
T
L

o

1 2 3 4 5 6 7 8 9 10 11 12 13 14
number of interations

Hinh 9. Ham muc tiéu Jm
Loi cam on
Nghién ctru nay duoc tai trg bi Truong Dai hoc
Hang hai Viét Nam trong dé tai ma s6: DT20-21.46.
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