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TOM TAT:

Cac mé hinh dw bao phu tai dién theo
phuong phdp twong quan truyén théng
thuong cé céc dang ham héi qui twong minh
nhw Y=f(x1, x2 ,....,.xn) hodc logY=f(logx1,
logx2 ,....,logxn) trong dé f c6 dang tuyén
tinh va xi la cac yéu t6 tuong quan: nhiét do,
dan sb6, GDP, san lwong céng nghiép. Tuy
nhién mé hinh chi 4p dung dwoc khi cé tong
quan tuyén tinh giita cdc dai leong trén véi
phu tai dién (thé hién qua hé sé tuong quan).
Bai bdo trinh bay mé hinh dw bao twong
quan trén y twéng st dung cac ludt me dang

Takagi-Sugeno theo gidi thuat phan loai
tree nhém cho truong hop téng quét, cd
khi khéng cé ham dw bdo kiéu twong
minh. Khéo sét cho thdy mé hinh cho két
qué khd quan khi ham héi qui cé dang
ham thuong gép (tuyén tinh, tuyén tinh
theo log héa), va ca khi khéng thé tim
dwoc dang ham twong minh.Cac dw bao
dién ndng tiéu thu theo yéu tb nhiét do
cho mét tram dién caa thanh phé H6 chi
Minh dworc trinh bay.

Ter khéa: Gidi thuat trir nhém, Luat mo Takagi-Sugeno, Tuong quan, héi qui.

1. GIOI THIEU

Cic md hinh du bdo phu tai dién theo
phuong phdp tuong quan thudng cé cic dang
ham hdi qui twong minh:Y=f{x;, x,...., x,) hoac
logY=f(log x,, log x, ,....log x,) trong d6 f c6
dang tuyén tinh va x; 1a cdc yéu té twong quan:
nhiét d6, dan sd, GDP, san lurgng cong nghiép....
Mo hinh twong quan truyén théng thuong dya
trén cdc ddnh gid tuong quan giita cic dai lugng.
Vi du nhu néu ham dé xuit c6 dang tuyén tinh
thi can phai tinh h¢ s6 tuong quan r dé dénh gia
mirc d6 lién quan tuyén tinh gitta phu tai dién va
cac dai lugng lién quan [1].

Mbi quan hé giita phu tai dién véi cac yéu td
twong quan truyén théng nhu GDP va céc yéu td
kinh té, xa hoi (muc tiéu thy dién theo dau

nguoi, muc tiéu hao dién nang trén don vi san
pham, gid dién) bi anh huéng nhiéu theo yéu tb
thoi gian (cong nghé ré di, mic do dién khi héa
cao Ién...). Tét ca diéu nay 1am cho mdi quan hé
gitra phy tai dién véi cdc yéu td twong quan tro
nén khong tuong minh. Diéu nay dan tdi viéc sir
dung cong nghé Neural-Fuzzy, Neural net dé
tim mdi twong quan biang cich xip xi cdc ham
phi tuyén. Mot sb tic gia lai tap trung vao két
hop véi ky thuat Wavelet nhu [2][4]. Cu thé
nhu trong [2], mo hinh phiic tap dugc dé xuat
voi phan tich Wavelet két hop vai 1y thuyét tap
mo dé xay dung cic ddu vao cho mang Neural
nhim x4p xi mdi twong quan gita nhiét d6 va tai.
Trong bai bdo nay, ching t6i d& xuit md hinh
du bdo twong quan véi s6 ludt mo s& duge xdc
dinh ty dong dya trén gidi thuat trr nhém
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(subtractive) cta Chiu [3]. Té hop céc luat mo
s& cho ra md hinh xdp xi mdi quan hé giira tai
dy bédo va céc yéu t6 tuong quan.

2. MO HINH TIM KIEM LUAT MO

Bai bdo d& xuét tim kiém xap xi mdi quan hé
giita dai lugng du bio va cac yéu tb twong quan
bang cach tim kiém cdc ludt mo. Y tuong tim
kiém luat mo dugc thuc hién qua gidi thuat leo
nudi boi Yager va Filev [3]. Tuy nhién gidi thuat
nay khi dp dung cho s lugng 16n céc 6 liéu
ddu vao lai khong hitu hiéu. Dé cai tién thuit
todn nay, Chiu nim 1994 dé& xuét giai thuat trir

nhom.

Xem phu tai dién va céc yéu t6 twong quan
nhu 12 vector x gdm 2 phin: phan input (diu
vao) chira céc dai lwong twong quan va phin
output 1a phuy tdi dién. Cdc vector nay sé dugc
dua vao dé phan loai va s& cho ra s nhém nhét
dinh. M&i tAm nhém tim duoc ¢6 thé xem nhu 13
mot nguyén mau dic tinh hanh vi cta hé théng.
Do d6 mdi tim nhém c6 thé duoc sir dung nhu
1a mot luat mo (fuzzy rule) dung dé mo ta hanh
vi cia hé théng. Gia stir tim dugc mét tap hop ¢

ox x
tdm nhém {x1,,X2,..., X } trong khong gian M
.
chiéu. Trong 4o, mdi vector x; ¢6 M-1 chiéu
dAu tién chira bién ngd vao (cic yéu td tuong
quan t6i phu tai ti€u thu) va chiéu con lai chira
bién ngd ra chinh 12 phy tai. Phan chia mdi
* "
vector X; thanh hai thanh phan Yy, va , trong
dé y, chia M-1 phﬁn tr dlu vao cia X; (toa
%
do tam nhém trong khong gian ngd vao) va Zi
.

chtra ph?m tir con lai cia x; (toa d§ tim nhom
trong khong gian ngd ra). Xem mdi tim nhém
x

Xi nhu 1a mot luat mo mo ta hé thong. Véi mdi

vector ngd vao y, do thda man cia ludt mo thir i

duoc xdc dinh theo cong thuc :

_ —aly-y, I’
/ui =e (1)
i 4
Trong d6: ¥ = —- 2
r

a

v6i r, 12 ban kinh hiéu qua. Ngd ra z dugc

tinh nhu sau:

=1 3)

C6 thé xem md hinh tinh todn trén 12 mot md
hinh Fuzzy véi cdc luat IE-THEN. Néu gia thiét
z trong phuong trinh (3) 12 mét ham tuyén tinh
clia bién ngd vao thi z;ciia nhém i duge viét
lai nhu sau [3]:

*

2 =G,y+h, 0)

voi G; 1a mot ma tran hing sé (1x(M-1)) chidu
va h la mot vector cot héng s voi mot phén t.
Luat IF — THEN ldc nay tr¢ thanh luat Takagi-
Sugeno (Takagi and Sugeno, 1985), trong d6
mdi hau thirc 1a mot phuong trinh tuyén tinh ctia

céc bién dau vao.

Gén
H;
Pi=—
2,
= ®)

Phuong trinh (3) dugc viét lai nhu sau :

= Zpizj = Zpi(Giy +h;)
i1 i=1 (6)
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Hay:
GIT
hi
d=[py" pipy o]l
GT
T

Trong d6 ZT va Y ! la céc vector ct. Cho
mot tap hop n diém ngd vao{y;, ya...,y,/ thi két
qua tap hop diu ra [Z] s& la:

G
al [Py Pu o PaX P || A

Pen¥n  Pen ||GI
hT

Z Pl,nYZ Pin
®

Pé ¥ ring ma trAn dAu tién trong vé phai
biéu thirc trén 12 mot ma trén hing s6, trong khi
ma trin thi hai chira tit ca cdc tham sb cia mod
hinh dugc téi wu. Viée wéc luong binh phuong
cuc tiéu (8) cho phép timra G va h.

Dé tim duoc tim cdc nhém, bai bdo dya trén
giai thudt leo nii, dugc dé xuat boi Yager Yager
va Filev (1992) va dugc Chiu (1994) cai tién
nhu sau: cho mét tap hop n dit li€u {x;, x,..., X,/
trong khong gian M chiéu, tién hanh chudn héa
trong mdi chidu sao cho ching nim trong mot
dudng cong don vi (trong mdi chidu). Gia thuyét
ring mdi diém dit lidu 1a mot thé ning cua tim
nhém. Dinh nghia thé nang tim nhém nhu sau:

n

P = Z e“ZHXA‘*‘.HZ

e ©)

K{ hiéu IL.Il biéu thi khoang céach toin hoc va
r, 1a mot hing sé dwong (thuong 1a 0.5). Viéc
tinh todn thé ning cia mot diém dit lidu 1a mot
ham khoang céch tir diém d6 dén cac diém dir
liéu khdc. Mot diém dit liéu v6i nhidu diém 1an
cén s& c6 thé ndng cao. Héng s0 r, 1a ban kinh

hiéu qua dinh nghia mot 1an can; nhiing diém

nim ngoai ban kinh it anh hudng dén thé nang
nhém. Sau khi thé ning cua tit ca cac diém dir
lidu dwoc tinh todn, chon diém dir liéu c6 thé
*
nang cao nhat lam tdm nhém tht nhat. Goi x;
*
1a toa d6 va Pi 1a thé nang tim nhém thir nhat.
Tinh lai thé ning ctia moi diém dit lidu x; theo

cdng thuc sau:

12
x;—X1

-8

P =P -Pie (10)

an

. 4
Véi B = ?

O day r, 12 mot hiang s6 duong. Piém dit
liéu cang gin tim nhém thir nhét thi thé ning
clia né giam di cang nhiéu, va vi thé n6 s& cang
khong duoc chon 1am tim nhém tiép theo. Hing
s6 r, 12 ban kinh hiéu qua xdc dinh lan can giam
thé nang. Dé tranh sy qué gin nhau gifta cdc tim
nhém, thuong chon r, 16n hon r,, gia tri tot nhét
lar,=1.5r,[3]

Khi tat ca thé ning cia cic diém dir lidu
dugc tinh lai theo phuong trinh (10), chon diém
dit liéu v6i thé ning cao nhét lam tim nhém thir
hai. Sau d6 tiép tuc giam thé nang cta cic diém
dit liéu dya trén khoang cach giita né dén tim
nhém thtr hai. Tong quét, sau khi tim dugc tim
thir k, tién hanh tinh lai thé nang cua mdi diém

dir ligu theo phuong trinh

Pl- <: Pl _ Pk ‘e—ﬁ”X,-—XZ”z (12)

" "

Trong d6 xr va Py lan lugt 1a tim va gid

tri thé nang tam nhém thtr k.Qud trinh trén sé€

tiép tuc cho dén khi thé ning tim nhém giam

dén mot ngudng nao d6 phy thude thé ning tim
nhém diu tién:
x x

Pi < &P trong d6 & 1a mot s6 da nho.
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Nhu vay khi cho biét cdc dai luong tuong
quan (vector dau vao Yas1)s CO thé st dung (7)
dé dy béo phuy tai

3.  KHAO SAT CHO MQT SO HAM DBIEN
HINH TRONG DU BAO THEO PHUONG
PHAP TUONG QUAN

Nhu trén d4 dé cap, cac mé hinh twong quan
du bdo phu tai dién thuong cé dang ham:
y=ax+b; y=ax;+bx; +... ; hay logy=alogx+b ;
logy=alogx;,blogx,+.....

3.1. Néu giira phu tii dién va dai lwong twong
quan c6 mdi quan hé tuyén tinh y= ax+b

Khio st cho mot chudi phu tai c6 dang gin
tuyén tinh theo x. Khong lam mét tinh téng quat
lay ham minh hoa 13 chudi phy tai xip xi theo
ham y=2x+5, gdm 120 miu . LAy 80 méu diu
tién ctia chudi dwa vao mé hinh d du bdo cho
40 mau lién tiép cta chudi. Két qua sai so clia
du bdo theo m6 hinh cho 15 gid tri cudi duge
cho trong bang 1. Sai s6 trung binh ctia dy bdo
4014n1a 2.57 %.

3.2. Dy bio cho chudi dir liéu c6 ham dang
logy=alogx +b

Trong dy bdo phu tai ¢6 nhiéu mé hinh dang
log(y)=alog(x) +b (vi du : y-dién ndng, x-nhiét
do, gid dién, GDP...). Vi du minh hoa la phong
theo ham y=2logx+5. Két qua du bdo cho 10 lan
lién tiép c6 sai sé trung binh 12 2.43 %.

3.3. Khio sit chudi dir litu c6 ham dang
y=ax;+bx, +cx;+d

Khio sit cho chudi xdp xi theo ham
V=2x;+2x, +2x3+5. Két qua vé sai sb du bdo
cho 15 gid tri cudi duoc cho trong bang 2. Sai
s6 trung binh cho 40 1an dy bédo 12 1.52%.
34. Du bao cho
y=alogx,+blogx, +clogx;+d

ham dang log

Xép xi theo ham logy=2logx;+2logx,
+2logx;+5. Két qua du bdo cho 10 thoi diém c6

sai sO trung binh 12 1.93 %.

Bang 1. Bang két qua sai s6 cho du bdo 15 gid tri cudi phong theo ham y=2x+5

Thur tu 106 107 108 109 110
Sai s6 0.065466 0.038604 0.013167 0.01558 0.009296
Thu ty 111 112 113 114 115
Sai 56 0.012731 0.032911 0.020549 0.017393 0.046104
Thu ty 116 117 118 119 120
Sai 56 0.036072 0.017327 0.006334 0.017075 0.031857

Bang 2. Sai s6 cho 15 lan du bdo cudi phong theo ham y=2x,+2x; +2x3+5

Thur ty 106 107 108 109 110
Sai s6 0.0042 0.0174 0.03 0.0076 0.0093
Thur ty 111 112 113 114 115
Sai 56 0.0115 0.0186 0.01103 0.0235 0.00802
Thtr ty 116 117 118 119 120
Sai s6 0.0276 0.0016 0.0131 0.0027 0.0143
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4. KHAO SAT KHI KHONG CO MOI
TUONG QUAN TUYEN TINH

Trong s céc tram tai thanh phd HO chi Minh
thi tram GO vip 1 c6 db thi phu tai ngay véi
dinh xay ra vao budi tdi. C6 nghia 12 phuy tai chu
yéu cia tram thudc vé tai dan dung va thuong
mai. Do d6 trong chirng myc nao d6 sé c6 mot
mdi twong quan giita tai va nhiét d6. Tuy nhién
khéo st cho thiy khong c6 mbi quan hé tuyén
tinh y=ax+b hay moé hinh dang logy=alogx+b
(y-dién nang tiéu thu ngay hoac dién nang tiéu
thu vao cdc gio dinh; x-nhiét do trung binh ngay
hoic nhiét d6 16n nhét trong ngay). Didu nay
thé hién qua h¢ sd twong quan tuyén tinh rat
thép (r xép xi 0.5). Viéc tim kiém mot méi quan
hé tuong minh (ham hoi qui) giita phu tai va
nhiét do 1a rit khé khin. Viéc 4p dung mo hinh
dé xudt s& gitip ta tim duoc két qua dy béo.

4.1. Du bao dién nang tiéu thu ngay

M0 hinh dy bdo dugc xiy trén sb liéu dién
nang tiéu thu ngay va nhiét dg trung binh ngay
tir ngay 1/2/2012 t&i ngay 9/7/2012. Bé kiém tra
md hinh, s& dy béo tir ngdy 10/7 t6i 24/7 dé xem
sai s6 trung binh (MAPE). Bai bdo ciing tién
hanh tim kiém mot mo hinh tuong minh véi rat
nhiéu phép thir va md hinh tét nhat dugc chon
la: y =35.648271 x"**" (ky hiéu 1a mé hinh 2
trong bang 3) véi sai s6 trung binh 12 2.655%.

Trong khi 6 m6 hinh 1 1a md hinh cta bai bdo
d& xuét c6 MAPE 12 2.59%.

4.2. Dw bao tai dinh

Dit liéu 1a téng phy tdi tiéu thu tram Gd vap
vao cac gio tai dinh cua hé théng va nhiét do
trung binh ngay cua cdc ngay nhu ¢ muc trén.
Khao sat cia bai bdo cho théy nhiét d6 16n nhét
trong ngay c6 anh huong yéu hon dén tai dinh.
Theo phuong phap dé xuat (md hinh 1 trong
bang 4) thi sai s6 trung binh 1a 2.86%. Trong khi
d6, sau khi thtt cdc ham hoi qui khac nhau thi
dang ham tudng minh tt nhit tim duoc (ky hiéu
la md hinh 2 trong bang 4) la y = -525.132 —
0.542x" + 40.9131x véi MAPE 12 2.954%.

Luu ¥ 1 hai dang ham hdi qui tudng minh
néu trén hoan toan khong phai 1a dang ham hoi
qui truyén théng trong du bao phu tai dién. Viéc
tim chiing thu dugc sau rat nhidu 1an thir ngau
nhién dya trén sai s6 nho nhit thu duge va tén
nhiéu thoi gian . Cac thong s6 ctia mo hinh dugc
uée luong theo phuong phdp binh phuong cuc

tiéu.

Bang 3. Mudi gid tri cudi ciia du bdo dién ning tidu thu ngay cta tram Go vapl

Ngay 15/7 16/7 1777 18/7 19/7 20/7 21/7 22/7 23/7 24/7
Gia tri thuc

1355.6 1536.5 1468.9 1361.2 1406 1395.1 1423 1333.6 1470.6 14314
(MWh)
M6 hinh 1 1436.4 1478 1404.5 1349.3 14314 1375.8 1405 1415.6 1446.8 1391.5
Sai s6 -1 0.05961 0.0381 0.0438 0.0087 0.0181 0.0139 0.0127 0.0615 0.0162 0.0279
M6 hinh 2 14442 1478.3 1427.1 1354.7 1435.6 1371.7 1384.5 1371.7 1427.1 1333.5
Sai sb -2 0.065 0.0378 0.0284 0.0047 0.0211 0.0167 0.027 0.0286 0.0295 0.0683
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Hinh 1. Gid trj thyc va du béo theo hai mo hinh cta dién nang ngay tram Go va”ip 1

Biang 4. Dy béo tai dinh cho tram Go vép 1(10 gid tri cudi)

Ngay 15/7 16/7 7717 18/7 19/7 20/7 2177 22/7 23/7 24/7
Tri thuc
213.7 239 218.5 211.7 213 216.1 208.9 203.5 227.7 219.7
(MWh)
Duy bdo md 217.56 224.18 212.62 203.84 216.88 208.1 212.74 214.38 219.31 210.61
hinh 1
Saisb -1 0.01806 0.062 0.0269 0.0371 0.0182 0.037 0.0184 0.0535 0.0369 0.0414
M0 hinh -2 218.0 224.0 213.2 203.7 217.3 208.3 213.2 214.8 219.6 211.
Sai s6-2 0.0206 0.063 0.024 0.0378 0.0202 0.0357 0.0206 0.0559 0.0354 0.0394

Ngay

Hinh 2. Gia tri thyc va dy bdo theo hai m6 hinh cua dién ndng cdc gio tai dinh tram Go vép 1

5. KET LUAN

Bai béo trinh bay cdch tiép can sir dung thuat
todn cta Chiu tim kiém luét md cho bai todn du
bdo phuy tai dién theo m6 hinh twong quan. M6
hinh dy bdo & day khong can biét dang ham hdi

qui, ciing nhu khéng can dénh gid mirc d6 twong dang ham tuong minh .

quan giita cdc dai lwong. Khéo st cho thdy mo
hinh cho két qua kha quan khi ham hdi qui c6
dang ham thuong gip ( tuyén tinh, tuyén tinh
theo log héa), va ca khi khong thé tim dugc
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Load forecasting by regression model

based on fuzzy rules

e Phan Thi Thanh Binh
e Luong Van Manh
University of Technology-VNU-HCM

ABSTRACT:

The forecasting models by traditional
regression function have the crisp functions
such as Y=f(x1, x2 ,....,xn) or logY=f(logx1,
logx2 ,....,logxn). Here f has the linear form
and xi are the factors such as GDP,
temperature, industrial output, population...
But these models are able to be used only
when the linear correlation existed
(expressed by the correlation coefficient).
This paper introduced the regression model
based on the fuzzy Takagi-Sugeno rules.
These rules are built by using the

subtractive clustering. The model is used
for the general case, even when there are
no the crisp function f. Examining shows
that the good results are obtained in the
case of traditional correlation such as linear
or linear by logarithm. The results are also
satisfactory for the case of unknown
correlation. The electricity consumption
forecasting due to the temperature factor for
one substation of HochiMinh city was
carried out.

Key words: Substractive clustering algorithm, Takagi-Sugeno Fuzzy rules, Correlation,

Regression.
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