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TOM TAT

Phan nhém dé thj phu tai cia cac khach
hang thuong duwa trén khéng gian dau vao
24 chiéu. Piéu d6 cé nghia la méi db thj phu
tai duoc coi nhur mét phén tr 24 dic tinh
trong Umg véi 24 gid trj tai trong ngay. Tuy
nhién trong mét vai triromg hop néu phan
nhém chi dwa trén db thj phu tai thi c6 thé
dan t6i phan nhém sai, khi ma hai dé thj
khac nhau hoan toan vé hinh dang nhung
lai c6 cting mét khodng céch Oclit téi dé thj
thr ba. Pé khic phuc diéu nay, bai béo nay

quan tam téi viéc chon khéng gian dau vao.
Ter méi dé thi phu tdi, mot do thj tang cua
goc sé duoc xay. Viéc phan nhém by gio
sé dwra khdng nhing trén dé thj phu tai ma
con duwa trén db thj tang goc nay. Ky thuat
phan nhém dwa trén giai thuat Pulsa duwoc
bai bao cai bién cho phu hop véi khong gian
d4u vao. Khado sat cho trromg hop thanh
phé Hé chi Minh cho thdy céch tiép can néu
trén cho két qua tét nhat.

Ter khoa: phén nhém dé thj phu tdi, khodng cach Okclit

1. GIOI THIEU

Phan loai d6 thi phu tai dién nham muc
dich tim ra c&c nhdm phuy tai ¢ cung hinh dang
dd thi ding dién. N6 thudong dwoc ding cho
hoach dinh gia dién va cac chuong trinh quan ly
nhu cu ding dién (DSM) cua cac cong ty dién.
Céc bai bao téng quan nhat vé cac ky thuat phan
loai db thi phu tai duoc trinh bay trong [1]
[2] [3].

Trong viéc phan loai db thi phu tai cua mot
khach hang, lwong db thi rat 16n va cac d6 thi co
thé dugc biéu dién trong hé don vi ¢6 tén. Diéu
nay hoan toan khac khi tién hanh phan loai d6 thi
cua cac khach hang. Sé luong cac do thi dién
hinh cho mdi loai khach hang nhu cong nghiép
bia, gidy, hoa chat...thuong khong l6n. Thay vi
biéu dién d6 thi trong hé don vi c6 tén, va do
cong suét tiéu thu caa cac khach hang khac nhau
chénh léch nhau rit nhiéu (tir vai MW toi vai
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chuc MW), nén db thi s& dwoc biéu dién trong hé
don vi trong dbi.

Sy phén loai dugc dua trén khoang cach dj;
gira hai phan tir i va j. Dang pho bién nhét cua
dij 1a khoang cach Oclit:

dij z—‘/i(xik_xjk)z 1)
k=1

V6i Xik- dic tinh thr k cia phan tir tha .

Khi phan loai d6 thi phu tai, vin dé cha yéu
1a Iya chon cac dic tinh trong cong thac (1). Hau
nhu cac cong trinh déu coi d6 thi phu tai nhu mot
phan tir v6i 24 dic tinh twong tng Vi tai cua 24
gio trong ngay. Mot s rat it tac gia nhu trong [4]
[5] lai sir dung mot vai chi s cua do thi lam dic
tinh 1&: Prean-day/ Pmax; Prmin /Pmax; Pmin / Pmean-day
V61 Prean-day , Pmin , Pmax —tri tai trung binh, bé
nhét va 16n nhit cua d thi phu tai ngay. Két qua
tinh theo cac chi sé nhu vay c6 do tin cay thap.

Y tudng trong [6] dwoc ap dung cho gan 30
khéch hang lai dua trén db thi hé s6 goc va khéng
sir dung khoang cach Oclit. Pay 1a mot thuat
toan kho ¢ tinh kha thi vi thuong cho ra s6 nhém
rat I6n. O day qua trinh phan nhém tuan thu theo
su tdng hodc giam tai theo thoi gian mét cach
ddng bo gitra cac do thi va theo hé s6 goc.

Bai b4o nay s& tap trung vao tim kiém céc
dac tinh cua (1) va ap dung thuat toan Pulsar [7]
dé phan nhom.

2. CAC PAC TINH CHO PHAN NHOM PO
THI PHU TAl

Nhu d4 dé cap o trén, cac dic tinh dugc s

dung trong [6] 1a céc hé sb tang cua cac géc. O

day, tir mot dd thi phu tai & tinh dugc 23 gid tri
cua hé s6 géc e. Cac goc o ciia mot do thi dugc
trinh bay trén Hinh 1. Hé sb géc cua o chinh 1a
tang goc .

Theo [6], hai phan tir i va j s& thudc cling
mot nhém néu tri tuyét ddi cua (ei(k)-g (k) cho
tat ca cac phan doan thoi gian k nho hon gié tri
da nhoé nao do.

V6i db thi phu tai trong hé don vi twong ddi,
khoang cach Oclit ctia hai d6 thi s& thuong l1anho
va tinh hudng sau s& xay ra: hai do thi hoan toan
khéc nhau vé hinh dang song lai ¢6 cting khoang
cach (1) téi mot @6 thi khac (Hinh 2). Trong
Hinh 2 hai d thi 2 va 3 ¢6 cling khoang céch téi
d6 thi 1. Trong khi do, xét duong cong hé sé géc
¢ thi duong cong 2 va 3 lai cd hinh dang hoan
toan khac nhau va do vay, khoang cach Oclit cua
hai duong cong hé s6 goc 2 va 3 t6i duong cong
hé s6 goc 1 s& hoan toan khéac nhau
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Hinh 2. Budng cong hé sé goce

Tuy nhién néu duong cong hé sé gdc (tang
goc) dugc coi 13 mot dac thi duy nhat cho viéc
xét phan nhém, thi chiéu (huéng) va sy thay doi
cua tai theo mdi phan doan thoi gian s& duoc xem
xét, song lai khdng quan tam toi gia tri caa truc
y tirc la chinh gia tri thuc cua tai. Hinh 3 s& giai
thich rd hon vé diéu nay.

Trong hinh nay, hai d6 thi 1 va 2 ¢6 cing

db thi tang géc, song lai c6 su tiéu thu tai hoan
toan khac nhau.

Nhu vay, dé phan nhom d6 thi phu tai trong
hé don vi twong ddi, giai phap tét nhat 1a phdi
hop ca dd thi phu tai va duong cong hé sé géc
cua no.

cl 4
p14 0.2

P2 0.2

0.8

v

Hinh 3. Hai dwong cong hé sb géc giéng nhau nhung
lai c6 dd thi phu tai khéac nhau.

3. THUAT TOAN PULSAR
3.1. Thuat toan Pulsar truyén théng

Mot trong cac ky thuat phan nhdm la giai
thuat Pulsar [7]. Véi qua trinh phan nhom khi sé
lidu dau vao (sé phan tir can duoc phan nhom) 1a
it thi giai thuat nay té ra don gian hon va hiéu
qua hon. Thuat todn bao gdom nhiéu giai doan.
Trong mdi giai doan, mot nhom sé duoc phat
hién va s6 phan tir trong nhém dé s& bi loai trir
trong qua trinh tiép theo. Qua trinh s& tiép dién
cho t6i khi tét ca dit liéu duoc xem xét. C6 nhiéu
budéc l1ap cho mdi giai doan va trén mdi budc lap,
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ban kinh phan nhom sé thay di ty thudc vao sb

phan tir roi vao nhom khi quét.

Chon tam ban dau €° va tinh cac ban Kinh rmax,
rmin ( 12 cac khoang cach Ion nhat va nho nhat
giita cac phan t).

Ban kinh r 1a khoang cach giira hai phan tir x va
y:

r=[x-y|= ‘/Z(Xj -yj)?
j=1

O day n-s6 chiéu (s6 dac tinh) cia véc to dau vao
x vay (vi du néu x vay la hai d thi phu tai trong
24 gio thi n bang 24).

Giai thuat duoc trinh bay nhu sau: Cho mét giai
doan:

r. +r
1- Vi rozuxéc dinh  nhém

2
S={xcX: ||x —e°|| <r, }
Tinh s phan tir no roi vao nhom S° khi cho yo =

0, V6i o 12 56 1an dao dong béan kinh & buéc ban
dau.
2- Gia st trén budc tht m, véi tdm e™ va ban

kinh rm:

Xéacdinh S"={xc=X: [[x—e™

<m }

Tinh s6 phan tir ny, trong nhém Sy, va xéac dinh
Y="7m

Tih: ™= L. DX )
nm X;eS™
Tm+1 =
min(r, + A8, Tax): M < Min
{ max(r,, — A8, Tmin), Mm > Mmax
Va Yy, < Vep hodc e™?t # e™
T,y — Cho trueong hop con lai

(4)

1

Voi: A= .
1+}/m

Nmax VA& Nmin 12 56 phan tir [6n nhat va nho nhat
trong nhém. & 1a ngudng nao d6 dé diéu chinh
ban kinh; ye 12 6 lan cho phép dao dong béan
kinh, thuong dwoc géan bang 2.

Cho y1 = yo = 0 va véi m 2 1
ym+1 B j/m +1 |f Arm . Arm+1 < 0
Tir (4) cho thay 1a ban kinh quét s& thay ddi khi
s6 phan tir nhém vuot qU& Nmax hodc nho hon

Nmin.

3-Néu e™1 = e™ oy = rp thi ding lai, néu khéng
quay vé buéc 2.

Nhu vay mot nhém s& dugc hinh thanh sau giai
doan dau tién. Giai doan thir hai s& dwoc lap lai
cho céc phan tir con lai va qua trinh ctr tiép dién
nhu thé.

3.2. Thuat todn Pulsar cai bién

Nhu da dé cap & muc 2, mdi khach hang s&
dugc xem xét phan nhom theo hai dic thu: d6 thi
phu tai va db thi tang goc. Do dé giai thuat Pulsar
can thiét phai duoc cai bién lai. Trong bai béo
nay, hai thuét todn cai bién dad duogc xay dung.
Trong giai thuat thir nhét, giai thuat Pulsar s&
dugc dung hai lan mot cach tuan tu cho mdi giai
doan. Trudc hét, giai thuat Pulsar duoc ap dung
cho tap do thi phu tai. Sau khi x4c dinh dwoc mot
nhom, cac d thi tang goc cua cac phan tir trong
nhém nay s& duoc phan nhém bang giai thuat
Pulsa mét lan nita. Va nhu vy sé& tao dwoc mot
nhom dau tién. Cac phan tir con lai lai duoc phan
nhém theo qui trinh nhu trén dé xac dinh nhém
thir hai. Roi lai tiép tuc cho nhém tha ba va ca
tiép tuc nhu thé. Ky hiéu giai thuat nay 1a Pulsar
cai bién 1.
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Giai thuat thr hai (dwgc ky hiéu la Pulsar
cai bién 2) duoc trinh bay nhu sau: Gia su tai
budc lip m nao d6, véi mdi phan tir (khach
hang), dau tién tinh khoang cach tir d6 thi phu tai
cua né toi tam 1 va kiém tra diéu kién (2). Néu
(2) dugc thoa man, tinh tiép khoang cach tir d6
thi tang goc toi thm 2. Néu lai tuan thu diéu kién
(2), phan tir nay s& thanh phan tir cia nhém dau
tién. Diéu nay ¢ nghia 1a c6 hai tm va hai ban
kinh can hiéu chinh & cc buéc 2,3. Tam thir nhat
1a tAm tinh theo d6 thi phu tai va duoc goi 1a tm
1. Tam 2 chinh 13 tim theo db thi tang géc.

4. AP DUNG

Do khéng c6 théng tin vé d6 thi phu tai timg

khach hang va nhu dé minh hoa vé ap dung y
tuwong caa bai bao, cac s lidu dd thi phu tai cua
thanh phé H6 chi Minh s& duoc st dung. Cac d6
thi nay la cta hai nam: 2011 va 2012. V&i nam
2011 s& ¢4 29 tram, con nam 2012 sb tram duoc
tang 1én 41.

Khao sat duoc tién hanh cho 4 giai thuat: 1-
str dung giai thuat Pulsar truyén thdng véi do thi
phu tai; 2-theo y tuong cua [6] duwa trén do thi
tang goéc; giai thuat 3 va 4 la Pulsar cai bién
1va?2.

A. Nam 2011

4.1. Giai thuat Pulsar truyén théng

Hinh 4. Phan nhém theo giai thuat Pulsar dua trén dd thi phu tai-Nam 2011

Khi khong gian dau vao 1a db thi phu tai, c6
ba nhom duoc tao thanh nhu trén Hinh 4. Nhém
dau tién c6 ba dinh véi dinh t6i twong ddi cao.

Trong khi d6 & nhém thir hai thi tai ving thap
diém 1a nho hon ca trong 3 nhém. Nhom thir ba
bao gém cac do thi twong d6i phang.
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4.2. Dua trén do thij tang goc

S6 lwong cac nhom la rat 16n, gan bang sé tram.
Diéu nay c6 nghia 1a kha niang tuong ty (giong
nhau) theo db thi tang géc 1a rat nho.

4.3. Giai thuat Pulsar cai bién 1

S6 nhom thu duge 13 5 va cac nhom duge biéu
dién trén Hinh 5. Ba nhém dau tién c6 tai dinh
sang va dau gio chiéu. Nhom dau tién c6 tai thoi
diém tbi twong ddi cao (I6n hon 0.8). Nhom th
ba dic trung boi tai ban dém nho nhat. Nhém thir
tu c6 mot dinh va d6 1a dinh téi. Nhém cudi gom

cac do thi trong ddi phang. Nhu vay so Vi giai
thuat Pulsar truyén thong, cac nhém bay gio co
cac dac thu rd nét hon.

4.4. Giai thuat Pulsar cai bién 2

Cac két qua duoc trinh bay trén Hinh 6.
Trong 4 nhém thu duoc thi nhém thi ba c6 dac
thi rat 16n xon vé hinh tha d6 thi tai. Didu nay
c6 nghia 1a giai thuat nay c6 két qua khoéng
thuyét phuc.

Hinh 5. Cac nhém cua 29 dd thi phu tai theo giai thuat Pulsar cai bién 1
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Hinh 6. Cac nhém cua 29 db thi

B. Nam 2012

Céc db thi cua 41 tram duoc dua vao phan
nhém. Véi giai thuat Pulsar truyén thong sé cé 2
nhém dugc hinh thanh va khong rit dwoc bat ky
dac thd nao tir mdi nhém. Véi giai thuat dua trén
duong cong tang géc, mot két qua khong tét thu
duoc. Ly do 1a s nhém tim dwoc qua Ion (hon
30 nhém).

4.5. Giai thuat Pulsar cai bién 1

o

5 1 2 25

phu tai theo giai thuat Pulsar cai bién 2.

Céac két qua duoc trinh bay trén Hinh 7 va
Bang 1.

4.6. Giai thuat Pulsar cai bién 2

Két qua thu duoc ciing gidng nhu cua giai
thuat Pulsar truyén thong.

Qua phan tich do thi cta hai nam, két luan
1a: da sb cac dd thi roi vao mot nhém véi tai toi
twong ddi cao, ngoai ra con c6 dinh sang va dinh
dau gio chiéu.
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Hinh 7. Cac nhém cua 41 db thi theo giai thuat cai bién Pulsar 1
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Bangl. Cac dac thu chinh cta cadc nhém theo
giai thuat Pulsar cai bién 1-Nam 2012

Nhém | Bic thu chinh

1 2 dinh 4p déo: sang va du gio chiéu,
tai chiéu tuong ddi cao (>0.8) va la
cao nhit trong cac nhém co dinh
sang va dau gid chiéu.

2 Mot dinh va 1a dinh téi.

3 | Tai gio thip diém la thip nhat; hai
dinh: sang va dau gio chiéu.

4 | Tai dém twong ddi cao; hai dinh:
sang va dau gio chiéu.

5 | Tinh phing cua db thi trong ddi cao.

6 Tai tdi la rit nho

5. KET LUAN

Phan loai dd thi phu tai dya trén khoang
cach Oclit trong khéng gian 24 chiéu 1a chua du
tin cay. Mot cach tiép can hop ly hon s& duogc
dwa trén d6 thi phu tai va do thi tang goc. Véi sb
luong d6 thi phan loai it thi giai thuat Pulsar 1a
hitu hiéu, tuy nhién giai thuat nay can phai duoc
cai bién dé phu hop véi khong gian dau vao bao
gom ca hai dic tha trén. Nghién ctru cho truong
hop thanh phé Ho chi Minh cho thay giai thuat
nay cho két qua tét hon ca. Nhom cé nhiéu do
thi roi vao nhat 1a nhom co hai dinh tai: budi sang
va dau gio chiéu cung vai tai budi téi khé cao.

Combination of load curves and tangent curve

for customer’s load curve clustering

e Phan Thi Thanh Binh

Department of Electrical and Electronics Engineering, Ho Chi Minh city University of Technology,

VNU-HCM
ABSTRACT

The load curve clustering for electrical
customers traditionally is based on the 24-
dimension input space. It means that every
load curve is considered as an element with
24 attributes corresponding to 24 load
values per Oday. But in some cases, the

load curve itself can not lead to the right
cluster when the two curves have different
forms but have the same distance to the
third one. To overcome this limitation, the
present paper pays attention to the selection
of the input space. From each load curve,
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the tangent curve will be received. Now the
clustering will be based not only on the load
curve but on the tangent curve. The
clustering techniques used the Pulsar
algorithm with some modifications to fit the

input space. Examining for the electrical
load curve of Ho Chi Minh city constumers,
the propose approach has achieved the
best results.

Twrkhoa: The load curve clustering, the Euclidean distance.
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