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TOM TAT

Du bdo tai dién dong mot vai tro quan trong trong viéc tham gia thi truong dién. Trong cdc
thi trwong dién nhu thi trirong dién ngay truoc (dayahead market) va thi truong dién trong ngay
(intraday market) thi thi truong dién trong ngay can duw bdo dwoe nhu cau phu tdi tride 15 phit.
Nhuw v@y, bai toan dw bdo phu tai dién trucc 15 phut dong vai tro quan trong trong viéc cdc don
vi mua dién khi tham gia vao thi truong dién trong ngay. Do tinh khéng tuyén tinh, tinh khéng on
dinh theo diéu kién tw nhién cua tdi dién trong cac hé théng dién quy mo nhd, viéc dy bao chinh
xdc van dang la mét thach thire. Bai bdo nay xdy dung mé hinh dw bdo phy tdi dién ngdn han
bang viéc ding mang noron hoéi tiép b nhé ngdn-dai han Long-Short-Term-Memory (LSTM).
Két qua kiém nghiém ddanh gid mé hinh véi sai s6 trong khodng 1%.

Tir khoa: Dy béo tai dién 15 phut; Thuat todn noron; Bo nhd hdi tiép ngdn — dai han; Thi trudng dién trong ngay.
1. PAT VAN BPE

Du bao phu tai dién c6é mot vai tro quan trong trong viéc gitip nguoi van hanh hé théng dién
1én ké hoach san xut, truyén tai va phan phéi nang luong dién mot cach hiéu qua. Dy bao phu
tai dién chinh xac cho phép cai thién tinh an toan cua hé thng, t6i wu héa chi phi ctia hé thong
san xudt, giam su c6 ciia hé thong truyén tai va phan phdi ning luong. Dbi véi thi truong dién,
du bao phu tai dién gitp bén ban va bén mua xac dinh duoc gia nang luong tdi wu cho cac giao
dich. Bai toan dy bao phu tai di€n duoc chia lam 3 loai tuy thudc vao thoi gian dy bao trude: Dy
bao phuy tai dién dai han; Dy bao phu tai trung han; va Dy bao phu tai ngén han. Dy bao phu tai
dién ngén han 14 bai toan dy bao trudc phu tai dién trong thoi gian tir 15 pht téi khoang thoi
gian theo gio, va ngay trude [1-2]. C6 nhiéu nghién ciru cac mé hinh du bao phu tai dién trong
nhitng nam tr¢ lai day va mot vai k¥ thuat dugc st dung trong viéc xay duyng mo hinh dy bao
phu tai dién. Mot k¥ thuat duogc st dung rong rai hién nay cho du bdo tai phu tai dién ngén han la
phuong phap Hoi quy vector (Support Vector Regression -SVR) [3, 4].

Do dic tinh cua tai dién 1a c6 tinh chu ky theo thoi gian nén nhiéu phuong phap du bao sir
dung di liéu lich sir dé dy bao phy tai dién nhu phuong phap AR (Autoregressive), MA (Moving
Average), ARIMA (Autoregressive Integrated Moving Average) [5-7]. Trong do, phuong phap
ARIMA 1a mdt phuong phap thong dung va phd bién nhat. Tuy nhién, cac phuong phap nay déu
gia dinh 13 dir liéu tai dién qua kht va tai dién tuong lai 6 mdi quan hé tuyén tinh véi nhau.
Diéu nay co thé dan toi sai s6 16n trong cac truong hop mdi quan hé 1a phi tuyén. Céac tac gia
trong [8] cai tién phuong phap ARIMA dé du béo phu tai dién phi tuyén theo mé hinh GARCH
(Autoregresive Conditional Heteroskedastic). Tuy nhién, phuong phap nay chi cho két qua tot
dbi v6i tép dit liu tinh [9-10], trong khi dir lidu tai dién thi c6 thé 1a dir lidu dong. Cac ton tai
trén dugc giai quyét voi viée img dung mang no ron nhan tao trong du bao phu tai dién. Véi sy
phat trién caa khoa hoc may tinh, mot k¥ thuat khac dugc sir dung rat phé bién 1a mang no ron
nhan tao [11-13]. Céc tai liéu [11, 14-16] trinh bay mdt sy cai tién ung dung mang no ron nhan
tao va Wavelet Neural Networks (WNN) trong du bao phu tai dién. Cac nha nghién cuu tim
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trong dit liéu lich str, mot ngdy ma c6 dic diém gidng nhét véi ngay can du bao, sau dé ap dung
mot b loc cho phu tai dién ctia ngay doé (wavelet decomposition).

Céc phuong phap trén c6 mot vai ton tai nhu mot sb dir lidu nhu dit liéu nhiét d6 khong sin
c6, dit liéu tai dién tuyén tinh va c6 dinh. Cac mé hinh nay c6 nhuoc diém 1a phirc tap do can
phai xay dung mo hinh cho mdi bude riéng 1é. Mot vai mé hinh chi 4p dung cho mét tap dir li¢u
cu thé, khong c6 kha nang ap dung cho bd dir li€u khac. Sy danh gia két qua doi khi chi dy trén
mot tap dir liéu nho, khong phan anh duge dg chinh xac tong thé. Tir cac phan tich nhur trén, bai
bao xdy dung mo hinh dy bao phuy tai dién ngan han Gng dung vao thi truong dién trong ngay
(intraday ahead) su dung klen tric mang noron nhan tao hdi tiép dua trén bd nhé ngan — dai han
gitip khac phuc dugc mot sb ton tai trén:

e MO hinh khoéng str dung dit li€u nhiét do.

e MO0 hinh 4p dung cho tat ca ca cac ngdy trong tuan, thang trong nim véi budc dy bao 15

phut.

e M0 hinh c6 thé st dung cho cac bd dir liéu phu tai dién khac nhau (tuyén tinh va khong

tuyén tinh, co thé bién thién).

e Sai sd clia md hinh dugc danh gia voi lugng dir liéu cta tit ca cac ngay trong tuan.

CAu triic bai bao dugc trinh bay nhu sau: Myc 2 trinh bay tong quan mét s6 phwong phap du
bao phu tai dién ngén han. Muc 3 trinh bay phuong phép du bao phu tai dién dua trén mang
Noron hdi tiép bd nhé ngan — dai han (LSTM). Phuong phap nay duoc st dung trong bai bao dé
xdy dung mo hinh du bao phu tai dién 15 phut trude khi tham gia thi truong dién trong ngay. Két
qua mo phéng kiém chung duogc trinh bay tai muc 4. Mot s6 két luan duoc dwa ra tai muyc 5.

2. THUAT TOAN DU BAO PHU TAI VOI MO HINH MANG NORON
HOI TIEP BO NHO NGAN - DAI HAN

Xem xét nhitng wu diém cua LSTM trong du béo chudi thoi gian, bai bao nay sir dung luge
d6 RNN duya trén LSTM trong bai bao nay dé du bao chudi thoi gian tai dién. Cho chudi thoi
gian dau vao x = {xl, Xz, ..., Xr}, LSTM 4nh xa chudi thoi gian dau vao thanh hai chudi thoi gian
ddurah= {hy, hy, - - - hi}vay={ys, ya - - -, yr} lap lai bang cach cap nhat trang thai cua 6 nhé
Vi quy trinh sau. Dau tién, nhu trong hinh 1, cong quén dugc ap dung dé gitp LSTM quyet dinh
thong tin nio can loai bo khoi trang thai 6. Mot ham sigmoid o (+) dugc sir dung dé tinh toan
kich hoat ctia cong quén nhu:

fi=oWyx +Wyh ; +W, . C., +by) 1)
AY:
Cis N C,
k
A
Xy
h:: N— h:

Hinh 1. Kién tric khéi nhé LSTM.

Déu ra f; cia (1) 1a mot gia tri tir 0 den 1 twong tng voi trang thai 6 cu01 cung C, . Gia tri 0
¢6 nghia 12 quén hoan toan trang thai cudi cung, trong khi gi tri 1 1a viét tit cua viéc giit trang
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thai cudi hoan toan. Tiép theo, chung ta cin cho LSTM biét thong tin m&i nao s& dugc luu trir
trong trang thai 6 mai. Bé bat dau, LSTM su dung mot 16p sigmoid, dugc dat tén la 16p cong dau
vao, trong do:

i =ocW,Xx +W,h ; +W,C, +b) 2

Phuong trinh (2) dé quyét dinh nhitng thong tin cn cap nhat. Lop sigmoid g(-) xay dung
mot vecto Uy d€ luu trit cac gid tri tng vién méi s€ dugc thém vao trang thai 6 mdi nhu phuong
trinh sau:

Ut = g(vvcxxl +Wchht—1 + bc) (3)

Sau d0, trang thai 6 ci Cy; dugc cdp nhat thanh trang thai 6 mai C;voi f; va U; dugce ude tinh.
Cu thé, trang thai 6 cii dwoc nhan véi f; && quén thong tin tir trang thai cudi cung. Cac gia trj Gmg
ctr vién dugc nhan véi 16p cong dau vao dé quyét dinh c6 bao nhiéu thong tin méi duge cap nhat
1én trang thai 6 méi, diéu nay dan toi phuong trinh sau:

Ct :Utit +Ct—1 —f t (4)

Mot 16p sigmoid khac o(-) sau d6 duoc sir dung lam cong dau ra dé loc va xuét trang thai 6
dudi dang oy, trong do
0t =6 (WoxXe + Woph -1 + WoCi— 1+ by) (5)
Hon nita, mot ham kich hoat sigmoid du ra 6 £(-) duoc ap dung trén trang thai 6, sau do
dugc nhén voi ot dau ra dé dua ra thong tin mong muon thé hién bang phuong trinh sau:

h =a.0(C) (6)

Ddi v6i dau ra cia khdi bd nhd, mot ham kich hoat dau ra k (+) dugc st dung nhu phuong
trinh sau:

Yo =k(W,,h +by) (7)

Trong (1) - (7), cac ma tran Wiy, fo, Wox, Wy 18 cdc ma tran trong s dau Vao thich hO‘p, Win,
Win, Won, Wen 1a cac ma trén trong s6 1ap lai, Wyh dai dién cho ma tran trong s6 dau ra an, Wi,
Wi, W, biéu thi ma tran trong so cua cac két ndi 18 nhin trom. Cac vecto bj, by, b, b, by 12 cac
vecto thién vi tuong tng.

3. KET QUA VA THAO LUAN
3.1. Dik liéu phan tich kiém nghiém
D¢ kiém chimg md hinh d¢ xudt, dit li¢u dung d¢ chay mé hinh 1a dif liéu ti dién cua Italia
tr ndm 2020 dén 2021 [17]. D@t liéu dugc lay mau moi 15 phut. Chia b dir liéu thanh 2 phan: dir
liéu huan luyén (téj dién Italia trong nam 2020), dir li¢u ki€ém tra (tai di¢én Italia trong 1 tuan tur
ngay 22/02/2021 dén ngay 28/02/2021).

Thuét toan LSTM duogc ap dung dé du béo tai dién cho mot budce thoi gian tiép theo X1,
bémg cach st dung cac budce thoi gian trude do {Xig, Xt 441y Xt}. Sau @6, mo hinh cap nhét gia
tri thyc tai bude thoi gian X dé dy doan cho budc tiép theo Xt+2 Ctr nhu vy cho dén budc thoi
gian cubi cung trong tap dit liéu kiém tra.

Hai tiéu chi danh gia duoc sir dung 1a RMSE (root mean square error) va MAPE (mean
absolute percentage error) giita gia tri thyuc té va gia tri du bao.

RMSE = \/%Z{V:1 |Lpred(i) - Ltrue(i)| (8)
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— & N Lpred(i)_Ltrue(i)
, MAPE =2 bz Lerue(®)
Trong do: N s0 lugng step trong b dir li¢u Test.

Lprea(1) tai dién du bao tai step thur i.
Lirue(1) tai dién thyc t€ tai step thir i

3.2. Két qua md phéng kiém ching

©)

Mo hinh dugc xdy dung trén phan mém Matlab. Cac két qua mo phong kiém chimg mé hinh
dé xuét so sanh voi dit liéu tai dién thyc té cac ngdy trong 1 tuan dugc thé hién tir hinh 2 dén hinh
11. Hinh 2 cho ta két qua du bao ciia mo hinh trong mot tudn tir ngay 22/2/2021 dén ngay
28/2/2021. Puong mau xanh 1a dit liéu tai thyc té va dudong mau d6 1a két qua du béo ctia md hinh
theo timg 15 phit. Hinh 3 thé hién két qua du bao ciia md hinh va dit lidu thuc té vao ngay thir 2
dau tudn (ngay 22/02/2021). Ta c6 thé thiy ring sai s6 10n nht tap trung vao thoi diém 12h30 dén
13h30 va khung gio tir 17h00 dén 18h00 trong ngay. Két qua du béo ngay cha nhat dwoc thé hién
trén hinh 4. Sai s6 m6 hinh du béo céc ngay trong tudn duoc thé hién hinh 5, hinh 6.

Tai dién dw bao tir mé hinh va thyc té trong nam 2021
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Hinh 2. Biéu do so sanh giita gid tri tdi dién dir bdo tir mé hinh va tai dién thye té

trong 1 tudn tir 22/2 dén 28/2 nam 2021,

Tai dién dy bao tir mé hinh va thuc té trong ndm 2021
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Hinh 3. Biéu do so sanh giita gid tri tai dién dw bdo tir mé hinh
va tdi dién thue té thir 2 ngay 22/212021.

Feb 23, 00:00
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Tai dién dw bao tir mé hinh va thyc té trong nam 2021
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Hinh 4. Biéu do so sanh gitka gia tri tdi dién dy bdo tir mé hinh va tdi dién thyc e
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Hinh 6. Biéu do so sanh giita gid tri tai dién dw bdo tir mé hinh va tai dién thuc té

The 3 thir 4 thr 5 th&r 6 thr 7 Chu nhat

trong 1 tuan tir 22/2 dén 28/2 nim 2021.
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Két qua chay mé hinh duoc tom tit trén bang 1. Bang 1 cho ta thy, gia tri sai s cta két qua
du bao ctia m6 hinh trén s6 li¢u 1 tuan ki€ém chung. Gia tri sai so0 RMSE 1a 0,52% va gia tri sai sO
MAPE la 1,13%.

Bdng 1. Sai so cua tai dién dy bao ciia mé hinh voi bg dir lieu 1 tuan kiém chung.

Sai 56 (%) Gia tri
RMSE 0.52
MAPE 1.13%

Bang 2 tom ,ta“it sai s6 RMSE va MAPE céc ngay trong tuﬁn’. Ta thiy, ngdy chu nhét co sai 56
RMSE thap nhat va ngay thtr 2 1a c6 sai sO RMSE 16n nhat. Do6i vdi sai s6 MAPE thi ngay thir 6
c0 sai sO thap nhat 1a 1,07% va ngay thir 2 ¢6 sai s6 16n nhat 1a 1,24%.

Bdng 2. Sai so cua tai dién du bao cdac ngay trong tuan voi bo dir liéu kiém chirng.

Saisé (%) |Th&2 |[Th¥3 |Th&4 |Th&5 |Thi6 |Thi7 |CN

RMSE 0.57 0.56 0.54 0.55 0.52 0.48 0.45
MAPE 1.24 1.12 1.08 1.08 1.07 1.15 1.20
4. KET LUAN

Bai bao dé xuat va xdy dung mé hinh duy bao phu tai dién trude 15 phut trong thi trudng dién
trong ngay. Mo hinh sir dung mang noron hdi tiép bd nhé ngan — dai han (Long-short-term
memory LSTM). Uu diém ciia mé hinh 13 don gian khong yéu cau cac dir liéu nhu nhiét do, do
am,... Nhu vy, m6 hinh co thé tmg dung trong trudng hop du bao phy tai dién ma cac dir liéu vé
nhle;t do, do am khong san c6. Pic tinh tai dién cua mot ngay trong lich sir duoc thu thap va dua
vao mé hinh dé tir d6 du bao dwoc phu tai dién trudc 15 phut. Két qua kiém chimg mé hinh véi
bd dir li€u tai dién trong 1 tuan cua Italia cho sai s6 nim trong khoang 1%. Ngoai ra, md hinh du
bao nay c6 thé tich hop vao phan mém quan 1y dién ning cua nha may, tda nha (PMS) dé dua ra
cac du bao tiéu thu dién cho cac gio toi.
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ABSTRACT

Electrical load forcasting in intraday markets
using neural network based on long-short term memory

Load forecasting plays an important role for buyers participating into electricity
markets. Buyers need to be able to forecast load demand 15 minutes in advance for
participating in the intraday market. Thus, the problem of predicting the electricity load
15 minutes in advance plays a vital role in participating into the intraday market. Due to
the non-linearity and instability under natural conditions of electrical loads in small-scale
power systems, accurate forecasting is still a challenge. This paper investigates the use of
Long-Short-Term-Memory (LSTM) short-term memory structure based on feedback neural
network structure to predict the electricity load 15 minutes in advance.

Keywords: Time series; Intraday electricity market; Recurrent neural network (RNN); Long-short-term-memory
(LSTM).
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