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DU BAO PHU TAI PIEN NGAN HAN BANG MO HINH MAY HQC:
AP DUNG CHO ITALIA
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Tém tit: Nhitng yéu t6 anh hwéng dén tdi dién ciia mot ngay dwoc thu thip va xw ly
thong qua viéc quan sat va phan tich dir liéu tai dién tiv bo di liéu lich sit. Tir nhitng yéu to
nay, bai bdo dé xudt sir dung mé hlnh thudt toan “K-nearest neighbor — Regression” dé
di bao tai dién cho 24h cia ngay tiép theo bdng cdach tim trong bé div liéu lich sir nhitng
ngdy ma cé cdc yéu té giong véi ngay tiép theo nhadt va sir dung tai dién ciia nhung ngay
a6 dé tinh todn, dy bdo tdi dién cho ngady tiép theo. Sau ciing, bdi béo tinh todn sai sé giia
tdi dién du bdo va tai dién thuc té, va so sanh két qud voi dy bado cua Terna. Ngodi ra, bai
bdo ciing kiém chitng phwong phdp dé xudt bang viéc dp dung thudt todn ndy cho phu tdi
dién o Italia va dit liéu cua GME (dit liéu thi truong dién o Italia).

Keywords: Dy béo tai dién ngén han; Thuat toan tuong déng “similar shape algorithms”; M&y hoc; Thi truong dién
toan dy bao tai dién.

1. PAT VAN PE

Du bao phu tai dién c6 mét vai tro quan trong trong viéc gitip nguoi van hanh hé théng dién
1én ké hoach san xudt, truyén tai va phan phdi ning luong dién mot cach hiéu qua. Dy bao phu
tai dién chinh xac cho phép cai thién tinh an toan cta hé thong, t6i wu hoa chi phi ciia hé théng
san xudt, giam su cb ciia hé thong truyén tai va phan phdi ning lugng. Dbi vé6i thi truong dién,
du bao phu tai dién giup bén ban va bén mua xac dinh dwoc gia ning luong tbi wu cho cac giao
dich. M6 hinh (PCGS: Previsione del Carico di elettrico per il Giorno Successivo) dugc phat
trién sau khi phan tich phy tai dién héng nim & Italia va quan sat thdy rang phu tai dién giita cac
nam gan nhu tuong dwong nhau (thay doi nho) [1]. Vi vay, mot phuong phap du bao phu tai dién
ngay toi la tim nhu‘ng ngay trong dir liéu lich sir ma c6 nhimg dic diém giéng nhit voi ngay can
du bao (ngay tlep theo) 10i 14y phu tai dién 24 h ctia nhitng ngay d6 dé du bao tai dién cho ngay
tiép theo. C6 rat nhiéu bai bao nghién ctru cac mod hinh dy bao phu tai dién trong nhitng nam try
lai day va mot vai k¥ thuat dugc st dung trong viéc xay dung mo hinh du bao phu tai dién. Mot
ky thuat duoc str dung rong rdi hién nay cho du béo tai phu tai dién ngin han 1a phuong phéap
Hoi quy vector (Support Vector Regression -SVR) [2, 3]. P4y 1a phuong phap phat trién tir thuét
toan may vector (Support Vector Machine -SVM). Céac nha nghién ctru tao mét mé hinh SVR
cho timg gio trong ngay, nghia 1a 24 md hinh SVR cho mét ngay, cac bién dau vao bao gom: 1)
Tai dién trong qua khir; 2) Nhiét do; 3) Do am; 4) Ngay trong tuan; 5) Thang. Uu diém ciia mo
hinh nay 14 ¢6 sai s6 kha nho.

Véi sy phat trién ctia khoa hoc may tinh, mot ky thuat khac duge s dung rat phd bién la
mang no ron nhan tao [4- 6]. Mang no ron nhéan tao duoc xay dung véi nhiéu 16p (layer) gom 16p
dau vao, 16p dau ra, va nam gitra 2 16p nay la cac 16p a an (hiden layer), trong mdi 16p 4n ‘nguoi
dung quyét dinh sé lugng no ron (cac nut). Cac tai lidu [4, 7-9] trinh bay mot su cai tién tng
dung mang no ron nhan tao va Wavelet Neural Networks (WNN) trong dy bao phu tai dién.
Trong céc tai lidu nay, tic gia phan tach phu tai dién cia mot ngay thanh cac thanh phin séng
bac thép va bac cao, mdi thanh phén nay duogc Kkét hop véi dit liéu thoi tiét nhu nhiét do, tbe do
gi6, 4 am d¢é tao thanh vector dau vao cho 2 mang no ron tuong g cho mdi thanh phan séng
bac th?ip va bac cao. Sau do léy téng dau ra cua 2 mang no ron nay dé du bao phu tai dién cho
ngdy can du bao.

Cac phuong phap trén c6 mot vai ton tai nhu mot sé dir lidu nhu dit liéu nhiét do khong san
¢6. Cac m6 hinh nay c6 nhugc diém 1a phuc tap do can phai xdy dung mé hinh cho mdi gio riéng
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1¢, mdi ngay trong tuan hay mdi thang trong nam. Mot vai mé hinh chi a4p dung cho mét tap dir
lidu cu thé, khong c6 kha nang &p dung cho bd dir liéu khac. Sy danh gia két qua doi khi chi dy
trén mot tép d& liéu nhé, khdng phan anh duogc do chinh xac téng thé. Tir cac phan tich nhu trén,
bai bao dé xuat mot phuong phap méi dy bao phu tai dién ngin han dua trén md hinh may hoc
gitip khic phuc duge mot sb ton tai trén:

e Bai bao khong sur dung dit li€u nhiét do.
e Mo hinh 4p dung cho tat ca ca cac ngay trong tuan, thang trong nam.
e M0 hinh c6 thé st dung cho céc b dir li€u phu tai dién khac nhau.
e Sai s cia méd hinh duge danh gia vdi lugng dir liéu cua ca 1 nam.
Bai bao dugc bd cuc nhu sau: Myc 2 trinh bay thuat toan dy béo phuy tai dién ngin han bﬁng
md hinh may hoc; Muc 3 phan tich va xtr ly dit li¢u, ap dung cho hé thong dién nudc Italia; Két

qua mo phong kiém chimg mé hinh duoc trinh bay tai muc 4; Mot s két luan dugc dua ra tai
muc 5.

2. THUAT TOAN DU BAO PHU TAI VOI MO HiNH MAY HQC

Gia st rang c6 mot tap hop N vector dau vao, mdi vector c6 d phén tir, ta goi tip cac vector
dau vao 1a X =[xy, Xo..., xn], X € R%, i =1, 2....N. Tuong tng v6i mdi vector ddu vao xi, ta c6
mot gia tri dau ra, goi 13 f(x). Vay twong Gmg véi tap du vao X, ta s& co mot tip N gia tri dau ra,
ta goi tap gia tri ddura la Y = [f(xy), f(X2),..., fx\)], fX)] ER,i=1,2,...,N

Biy gid ta cO moét tip M vector diu vao méi, ta goi 1a Xnew =
[Xnewss Xnew2: -+ Xnewm], Xnew-i € Rd, i=1,2..., M. Bai toan dat ra la ta mubn du doan dAu ra cho
nhitng vector dau vao nay. Ap dung thuit toan K nearest neighbor- Regression. Vi du trong
truong hop ta mudn du doan dau ra cho vector Xpews. Pau tién, ta can tinh khoang cach Euclidean
ctia vector dAu vao Xpeny VO tit ca cac vector diu vao trong bo dit liéu lich sit X = [xq, Xa..., Xn]-

Gia sir rang, vector x c6 2 phan tir x = [a,b], vector y = [c,d]. Khoang cich Euclidean giira 2
vector nay la:

dEuclidean(x,y) = norm(x,y) =+/(a—c)2 + (b — d)2 (1)

Ta s& dugc mdt vector D gdm N phan tir 1a khoang cach Euclidean ctia vector Xpew: VOi ting
vector cua bd dir liéu lich st X.
= [d(xnewl,x1),d(xnew1,x2),...,d(xnewl, xN)] 2
Tur vector D chon ra k phﬁn tlr ¢o gia tri nho nhét, c6 nghia la chon k vector dau vao trong bo
di li€u lich sur giong nhat voi vector dau vao Xnews. P€ du doan dau ra cho vector Xpeys, ta s€ lay
trung binh cdng dau ra cua k vector giong voi Xpews nhat trong bo dit li€u lich str. Ta s€ st dung
cong thtrc:

k
1
Ctnew-1) = % ). 1(%) ©)
=1

Trong d6: k la $6 luong vector x € X c¢6 khoang cach euclid nge"m nhat v&i Xpew-1-

Cac budc thyuc hién tinh toan dau ra cho vector Xpew: duoc thé hién trén luu dd (hinh 1). Nhu
vay dé xay dung mo hinh tir thudt toan trén, viéc quan trong nhét 14 xac dinh nhfrng phan tir ctia
vector du vao xj. Nhitng phén tir ndy mang cac yéu t (dic trung) anh huong dén tai dién cua
ngay thir j. Viéc tim duogc nhung yéu t6 chinh xéc, s& giup md hinh cho két qua du bao chinh
xé&c. Twong Umg véi cac vector dau vao ctia ngay thir j xj, du ra ctia vector nay s& 1a tai dién 24h
cua ngay thtr j: f(x;)=[Load;.;n, Load;n, ..., Load;.oan].
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Budce 1: Tinh toan khoang cach Euclidean ciia vector
Xnew! VO1 tiing vector dau vao trong bo dir liéu lich si.

-

Budce 2: Chon ra k vector trong bg dit liéu lich sir co
khoang cach Euclidean nho nhat véi vector Xpewl.

v

Budc 3: Tinh trung binh cong dai s6 dau ra cia k
vector dau vao trong bo dit li¢u lich st tim dugc &
Budc 2 ma giong nhat véi vector Xnewl.

Hinh 1. Luu do thudt todn tinh vector Xnen.

Nhu vay, dé x@y dung mé hinh tir thudt toan trén, viéc quan trong nhit 14 xac dinh nhimg
phan tir ctia vector dau vao xj. Nhitng phan tr nay mang cac yéu td (ddc trung) anh huong dén tai
dién cua ngay thir j. Viéc tim dugc nhiing yéu tb chinh xéc, s& giip mo hinh cho két qua du bao
chinh xac. Tuong Gng véi cac vector ddu vao cua ngay tht j xj, dau ra cla vector nay s& la tai
dién 24h cta ngay thir j: f(x;)=[Load;.1n, Loadj.zn, ..., Load;.o4n].

3. PHAN TiCH VA XU LY DU LIEU PHU TAI PIEN O ITALIA

3.1. Phan tich tii dién ¢ Italia

Pé kiém chimg phuong phap bai bao dé xuét, dir liéu phu tai tidu thu dién o Italia duoc
nghién ciru, phan tich dé chay mo hinh. Dir liéu ti€u thu dién tai Italia trong giai doan tir nim
2008 dén nim 2018 duoc thu thap va thé hién trén hinh 2 [10]. Trén hinh 2, ta thiy trong giai
doan nay, nhu cAu phu tai cac nam gén nhu nhau, vi du nhu cdu ndm 2018 13 321,9 TWh, béng
100,4% so v6i nam 2017. Do vy, ky vong rang tai dién cua cac nim tiép theo s& khong thay dbi
dang ké so voi nhitng nam trude. Do dé, bai bao lya chon thudt toan K-nearest neighbor -
Regression cho bai toan du bao phu tai dién.
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Hinh 2. Biéu do tiéu thu nang luong dién cia Italia giai doan 2008-2018.
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Hinh 4. Biéu do lwong céng sudt tiéu thu dién ¢ Y trong 1 tuan binh thuong.

Hinh 3 thé hién mic tiéu thy dién theo timg thang trong 2 ndm 2017 va 2018. Ta thy réng,
cac thang trong 2 ndm co6 luong ti€u thy dién gan nhu nhau, chi thang 1, thang 2, thang 3, thang 6
la c6 su sai khac dang ké twong ting v&i mire thay doi lan luot 14 6,1%, 6%, 8,9%, 7%. Tom lai,
tiéu thu dién theo cac thang giilta 2 nam sai khac dudi 10%. Hinh 4 cho thay rang, phu tai dién co6
su khac nhau gitra cac ngay trong tuan. Tur thtr 2 dén thir 6 tai dién xap xi nhau, thir 7 va chu nhét
thi tai thap hon. Li do 1a tha 7 va chud nhét 1a ngay nghi, hodc lich lam viéc it hon so v6i nhitng
ngay tur thir 2 dén thir 6. Cac phén tich chi tiét v€ tai dién ¢ Italia duge cac tac gia mo ta trong
[11] va dir li¢u tho ve phu tai dién cua Italia tham khao tai [10].

3.2. Xir li dir lidu

B dit liéu phy tai dién & Italia dugc cung cép bdi Terna (diéu do hé thng dién ¢ Italia) dugc
tom tat minh hoa trén hinh 5. Dir liéu gom ngay, gi0, cong suat tiéu thy, cong suat du bao cua
Terna. Cac dir liéu dugc thu thap sau moi 15 phut.

DATA_15phat Tong nhu ciu_ GW Téng dw bao GW

10/07/2018 0:00 37,8 36,6
10/07/2018 0:15 36,2 36,6
10/07/2018 0:30 35,4 36,0

Hinh 5. Dit liéu tdi dién dwoc cung cap boi Terna (dit liéu tho).

Tir dit liéu dau vao nay, bai bao s& xay dung mot bo dir liéu méi dé ap dung cho md hinh cua
minh. Dya vao nhimg gi céc tac gia da phan tich [1-2], tai dién phu thu¢c vao loai ngay cua ngay
muodn dy bao (dugc goi 1a ngay N) va phu thude vao phu tai dién cua nhiing ngay trude do (ngay
N-1, N-2,..). Vi vay, bai bao can xay dung mot by dir li¢u gom:

e Dir liéu dau vao: Loai ngay clia ngay N, loai ngay cua cic ngay N-1, N-2,... Phu tai
dién 24h cua cac ngay N-1, N-2,...
e Dir liéu diu ra: Phu tai dién 24h cua ngay N.

Cau hoi dat ra 1a can dir liéu ctia bao nhi€u ngay trudc ngay N (gia su sO ngay trude ngay N 1a
Nea) 101 tir do xay dqu 1én dir liéu dau vao. Bai ba'}o s dung thuat toan K nearest neighbor-
Regression cho ra sai s0 du bao cho ngay N la nho nhat. Két qué dugc cho trong bang 1 nhu sau:

Bing 1. Sai sé ciia duw bdo qua viéc lay thong tin ciia Neal ngdy trong qud khir.
Ncal =1 Ncal =2 NcaI: 3 Ncal =4 Ncal =5 Ncal =6
MAPE % | 2,63 2,83 2,99 3,20 3,39 4,24
VAPE % | 5,18 7,25 7,41 10,46 | 10,19 | 51,55
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Két qua 1a chi cin thong tin ciia 1 ngdy trude ngay N dé xdy dung dir liéu dau vao thi s& cho
sai s6 du bao nho nhat. Nhu da phéan tich ¢ phan 1, dé 4p dung thuét toan K nearest neighbor
Regression, mo hinh can 13y trung binh cong tai dién ctia K ngay trong lich sir ma giéng nhat voi
ngay N dé du béo tai dién cho ngay N. Két qua duoc thé hién trong bang 2.

Bing 2. Sai s6 ciia di bdo qua viéc ldy trung binh cong tai dién cua K ngay
trong lich sir giong nhdt véi ngay N.

Nea =1 K=1] K=2| K=3| K=4| K=5| K=6| K=7| K=8| K=9

MAPE % 2,63 2,36 2,28 2,25 2,21 2,21 2,20 2,19 2,18

VAPE % 5,18 4,41 4,11 4,01 3,92 3,90 3,85 3,84 3,83

Két qua la néu léy trung binh tai dién cua 9 ngay trong lich su gidng nhit v6i ngay N thi s&
cho ra két qua sai s0 du bao nho nhat (nghia 1a K = 9).

4. AP DUNG MO HINH

Dé kiém chirng md hinh, cac két qua md phong va phan tich s& dugc trinh bay dé danh gia mo
hinh bai bao dé xuat. Dir liéu phu tai dién cta Italia dugc str dung dé du bao nhu ciu phu tai dién
cho Italia nam 2019. Két qua chay mé hinh duoc tom tit trén bang 3. Ta thay, sai sé du bao cia
mo hinh 13 2,099% thap hon sai sé du béo cua co quan quan 1y hé thdng dién Terna cua Italia 1a
2,574%. Bang 4 dua ra két qua du bao cuia mo hinh theo ting thang. Bang 3 cho thiy rang, két
qua du bao ctia md hinh déu tét hon két qua du bao ctia Terna.

Bing 3. Sai 56 du bdo trung binh trong nim 2019.

Sai s6 du bao (%)
M6 hinh 2,099
Du bao cua Terna 2,574

Bing 4. Sai 56 du bdo ciia mé hinh dé xudt cho tirg thang trong ndam 2019
va so sanh voi dw bao ciia Terna.

Thang 1 203l als 6] 7] 8] 9]10]1]1
Saiso | MO | o919 75 1178 (313|176 220|222 242|155 1,70 | 1,79 | 2,00
dw hinh

béo

(%) Terna | 2,41 | 283|297 3,23 | 254 | 249|274 |2,45| 250|241 | 2,23 2,23

Bing 5. Sai s6 ciia mé hinh dp dung cho méi ving ¢ Italia trong nam 2019.

Vung North | Centre | Centre | South | Sicily |Sardinia| Italy
North | South

Sai s6 du bao | MO hinh | 2,68 4,01 2,99 3,98 3,77 8,43 2,10

(%)
EMP | 544 | 569 | 411 | 502 | 450 | 99 | 4,16

Terna 2,57 2,57 2,57 2,57 2,58 2,57 2,57

Béng 5 tom tat két qua chay m6 hinh dy béo cho timg vung phu tai dién 16n cua Italia va so
sanh voi dy béo ciia Terna (didu do quoc gia ltalia), va phuong phap kinh nghiém (EMP). Co thé
thay, mo hinh cho timg ving c6 sai s6 16n hon so v6i sai s6 cua Terna. Nguyén nhén 1a do déc tinh
tai cia moi ving c6 thé khac nhau. M6 hinh ctia bai bao xay dung 1a cho bo dit liéu cua ca Italia.
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Bing 6. Sai s6 ciia mé hinh dp dung cho b dir liéu ciia GME
cho viéc dy bao tdi dién trong nam 2013.

Vung North | Centre | Centre | South | Sicily |Sardinia| Italy
North | South

Sai so dy bao | Mo hinh | 2,45 5,78 4,62 3,28 3,99 4,80 2,19

(%)
EMP | 544 | 569 | 301 | 369 | 330 | 473 | 320

GME 4,23 13,44 6,70 8,35 6,65 20,26 3,12

Bang 6 so sanh mo hinh cua bai bao voi by dir liéu cua GME (quan 1y thi trudng dién ¢ Y).
C6 thé thay véi dir liéu cia ca Italia, md hinh cua bai bao xdy dung van c6 sai s nho nhat. Mic
du dir liéu ctia GME va Terna c6 khac biét.

5. KET LUAN

Bai bao dé xuit mo hinh du bao phu tai dién trong ngén han dung thuat toan may hoc. Su
khac biét ctia mo hinh 1a don gian khong yéu cau cac dit liéu nhu nhiét ¢, d6 am,... M6 hinh
c6 thé ap dung chi can dir liéu lich sir vé tiéu thu dién cta phu tai. Nhu vy mé hinh c6 thé ung
dung trong truong hop du bao phu tai di€n ma cac dir li€u vé nhiét do, do 4m khong san co.
bac tinh tai dién cua mot ngay duogc trich xudt tr dit lidu tai dién trong lich st va cac quan sat
truc quan bang biéu do dé tir d6 xay dung 1én md hinh du bao. Thuat toan ctia mo hinh dé hiéu,
don gian, ap dung cho nhiéu b dit liéu phu tai dién khac nhau. Khi cé cang nhidu dir liéu vé
phu tai dién thi mo hinh cang giam sai s6 trong qué trinh dy bao. M6 hinh dugc 4p dung don
gian do khong can thém céc dit liéu vé nhiét do, do am, do vay dé ap dung vao diéu kién thuc
té. M6 hinh ciing c6 thé ap dung cho viéc du béo phu tai dién trung va dai han (nhiéu ngay lién
tlep) bang cach tur dir liéu du bdo cua ngay N, dé tao ra dir liéu dau vao N+1, clr nhu vdy cho
den ngay thir N+n. Mot s6 ting dung c6 thé ap dung mé hinh nhu tich hgp mé hinh vao phan
mém quan 1y dién nang cua nha may, toa nha (PMS) dé dua ra cac du bao tiéu thu dién cho céac
ngay toi, thang toi,...
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ABSTRACT

SHORT-TERM FORECAST OF LOAD BY MACHINE LEARNING MODEL.:
APPLICATION TO ITALIA

This paper presents a method based on machine learing model to forcast daily
electrical loads. The model requires only historical datasets of load data. Hence, it is
simple and more available to implement. The algorithm model “K-nearest neighbor -
Regression” is used to predict the power load for 24 hours of the next day by looking in
historical data set of days with weak factors most similar to the next day and using the
load of those days to calculate and forecast the load in day ahead. Finally, data of Italia is
used to verify the proposed model. The resulting error performanced by this model is
calculated and compared with Terna's forecast. In addition, the introduced method is
realized by applying to Italy and data of GME (electricity market data in Italy).

Keywords: Short-term focast of load; Similar shape algorithms; Machine learning model; Electricity market.
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