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TOM TAT

Bai bao nay dé xuat giai phap xdy dung mo hinh du bao dé udc tinh phu tai dién dwa
trén s6 do ctia phy tai dién hién nay ctia Cong ty Pién lyc Vinh Long st dung mang LSTM
(Long-Short Term Memory). Py 1a phuong phap du doan nhu cau phu tai trong twong lai
bang cach phan tich dit liéu quéa khir va tim ra cac mau phy thudc cia cac quan sat theo
budc thoi gian cua ndé. Mang LSTM 1a mét loai mang tuan hoan duoc thiét ké dic biét dé
giai quyét van dé do tin cay dai han. Cac két qua mo phong da chimg minh rang phuwong
phap dé xuat cho két qua day hira hen bang cach sir dung sai s6 binh phwong trung binh
géc (RMSE). Két qua nay s€ giup xac dinh trude su bién dong cua phu tai dién va tao co
héi hodc pham vi dé chuan bj nham dap Gmg nhu cau phu tai ting dot ngot, tir d6 dap tng
sy mong doi cua dy bao tai hoat dong voi nhiéu ung dung trong linh vuc h¢ théng dién

Twr khoa: mo hinh dyu bao, phu tai dién, mang LSTM, di¢n lyc Vinh Long

ABSTRACT

This paper proposes to make forecasting models to estimate the electrical load based
on the measurements of current electrical loads of the Vinh Long power company using
a Long Short-Term Memory network (LSTM). This is a method to predict future load
demands by analyzing historical data and finding dependency patterns of its time-step
observations. The LSTM network is a sort of temporal cyclic neural network that is
specifically designed to address the long-term reliance issue. Simulation results proved
that the proposed method revealed promising results using root mean square error
(RMSE). This would help to ascertain the fluctuation in electric load well in advance
and making an opportunity or scope for preparation to meet the sudden increase in load
demand thereby meeting the expectations of an active load forecasting with numerous
applications in power system arena.

Keywords: forecasting models, electrical load, LSTM network, Vinh Long power

1. GIOI THIEU nhat gitp thé gidi tiép tuc phat trién va

Véi su phét trién cong nghigp va tien bo. Nhu cau kiém soat va giam sat
thuong mai hién nay ma thé gigi dang nang luong nay la mot nhi¢m vy co bin

chung kién, ning luong dién 1a yéu to duy  [1]. Phuy tai dién thay doi va nhu cau phu
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tai ngdy cang ting can duoc du doan hoic
du bao dé tranh khing hoang niang lugng
[2]. Dy bao phu tai dién 1a can thiét trong
viéc thiét ké va phat trién hé thong dién.
N6 rat quan trong tir ca ky thuat 1an tai
chinh vi né cai thién hiéu suit hé théng
dién, do tin cay, an toan va 6n dinh cling
nhu gidm chi phi van hanh. Viéc ¢6 cac mo
hinh dy bao du doan tai dién trong tuong
lai 14 v6 cung quan trong, diéu nay s& din
dén giam chi phi va tai nguyén, ciing nhu
tdt hon phan phdi phu tai dién cho cac
cong ty dién lyc [3]. Cac tinh nang khéc
nhau nhu loai khach hang, dan s, kinh
té, chi s, cac yéu t6 thoi gian, cong nghé
méi, diéu kién thoi tiét va gia ca cua dién
anh huong dén dy bao phu tai [4].

C6 hai nhém chinh cta phuong phép
du bao phu tai dién: phudng phap co dién
va phuong phéap thong minh dya vao cong
nghé tinh toan mém [4]. Gid tri twong lai
clia cac phuong phap thong ké va bién duy
nhét 14 co so cta cac phuong phéap cb dién.
Céc phuong phap nay loai bo dir liéu lién
quan dén tai trong qua khir. Piéu nay anh
huong rt 16n dén két qua du bao. Trong khi
d6, may vector ho trg, mang wavelet, mang
no-ron (neural networks: NNS), thudt toan
di truyén (genetic algorithms: GAS) va
logic mo (fuzzy logic: FL) la cac k¥ thuat
tinh todn mém dugc phét trién va Gmg dung
manh mé& trong thoi gian gan day, dic biét
la mang LSTM.

Muc tiéu cua bai bao nay la dé xuat
giai phap str dung mang LSTM dé dy béo
phu tai tai cong ty dién luc Vinh Long dén
nam 2030, tAm nhin dén nim 2050. Mang
LSTM la mot loai mang tuan hoan tam thoi
duogc thiét ké dic biét dé giai quyét van dé
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do tin cay dai han [5], [6]. Mang LSTM
nhiam muc dich trich xut cac pha cua tai
tr cdc mau cuia hd so tiéu thu dién nang
cung cip, sau d6 luu trit cac trang thai nay
vao bo nhd va cubi cung la du bdo dya
trén kién thirc da hoc [3]. M6 hinh du bao
trong nghién cru nay dua vao cac dir liéu
nhu: san lugng dién (tri¢u kWh), doanh thu
dién (ty dong), Dan sé (Nguoi), thu nhap
binh quin diu ngudi (Triéu dong/nim),
san luong thuy san (T4n), tong mic ban 18
hang hoa va doanh thu dich vu tiéu dung
(Ty ddng) do Cong ty Pién luc Vinh Long
va cuc théng ké tinh Vinh Long cung cap.

Bai bao duoc t6 chirc gdm 4 phan nhu
sau: gioi thiéu 1 phan 1, phan 2 trinh bay
ung dung mang LSTM trong du bdo phu
tai tai Cong ty Dién luc Vinh Long, két qua
va ban luan duoc trinh bay trong phan 3 va
phan 4 1a két luan.

2. UNG DUNG MANG LSTM
TRONG DU BAO PHU TAI TAI CONG
TY PIEN LUC VINH LONG

2.1. Mang LSTM

Mo hinh LSTM duoc phét trién nham
khéc phuc nhuogc diém cua mang no-ron
hdi quy (RNN - Recurrent Neural Network)
béng cach thém bo nhd hoac trang thai 6
(cell) vao mang. Trang thai cell c6 nhi€ém
vu thém hodc x6a thong tin qua khir dua
trén sy lién quan va tim quan trong ctia no
dé thuc hién dy doan. Céu trac cia LSTM
phtc tap hon RNN. N6 c6 S khéi cell
duogc két ndi ndi tiép, trong d6 S 1a tong
s6 budc thoi gian hoac d6 dai cua dir li¢u
dau vao. Hinh 1 [7], [8] cho théy kién truc
cua LSTM voi C tinh nang va D don vi an,
s6 trude twong duwong v6i sb lugng no-ron
trong mang no-ron c6 dién.
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Hinh 1. Mét I6p LSTM nhiéu ngé vao, nhiéu ngé ra
7], [8]

Mdi cell LSTM bao gdom ba khdi cong
diéu chinh dé diéu chinh trang thai cua né.
Nhing cong nay 1a nhimng mang don gian
bao gdm cac trong sd, ngudng va cac ham
kich hoat. Cac cong LSTM c6 thé duoc mo
ta nhu sau:

> Cong quén: Cong nay xac dinh
thong tin tir trang théi cell ¢, (duong ngang
trén cung trong Hinh 2) nén dugc loai bo
bang cach st dung thong tin tir trang thai
an trude do h,_, vangd vao hién tai x. Ngd
vao cell hién tai x, dugc nhan Véi ma tran
trong sO W, ' trong kh1 trang thai an truoc do
h,_, duge nhan v6i ma tran trong sb hoi quy
R Cac két qua ngd ra cia cac phép nhan
nay duoc thém vao vector ngudng b > Cubi
C}mg, ham sigmoid o, duogc kich hoat dé
lay vector ngd ra f c6 cac gia tri khac nhau
gitta 0 va 1. Gia tr1 “0” c6 nghia la khong
c6 thong tin tor bude thoi gian trude do
ctia trang thai cell dugc phép luu chuyén
(khong phai thong tin quan trong), trong
khi gid tri “1” c6 nghia 14 tat ca thong tin
trude d6 cia bd nhé duoc phép luu chuyén
(vO cung quan trong). Néu thong tin c6 lién
quan mot phan thi ham s& xuét ra mot gia
tri ndm gitra “0” va “1”. Vé mit toan hoc,
mo ta nay co thé duogc viét nhu sau:

fi=0,(Wx,+Rh_+b) (1)
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Trong. do, o, ky hiéu ham kich hoat cua
cong va tat ca cac tham s6 va bién khac
duoc xac dinh q trén. Néu bién dau vao X,
la mot vector gobm cac chudi c6 tinh nang
C va mdi cell c6 D don vi an, sau do la
trong sb W, va R, la cac ma tran c6 kich
thudc DxC va DxD tuong Ung, trong khi
ngudng b la mot vector ¢6 D phan tir. Két
qua la ngo ra ctia cong /; la mot vector vai
D phan tir.
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Hinh 2. Cdu tric bén trong ctia mét cell LSTM [7], [8]

> Cong cap nhat: Cong nay duoc sir
dung dé cép nhat trang thai cell hodc bd
nh¢ duge didu chinh boi cong quén trong
budc trude. N6 bao gdm hai phan ciia mang
no-ron: coéng ngd yéo i, va cell dy phong
g, va dugc cung cap V(')i cung cac ngd vao
dugc su dung cho cong quén (h,_, va x).
Tuy nhién, trong sb, ngudng va ham kich
hoat cua nhanh i va g la khac nhau. Pbi
v6i nhanh céng ngd vao- i, ta co cac bién
ngd vao x,vah_, dugc tmh trong s6 boi cac
ma tran W va R tuong Uing va nguong voi
b, va cudi cung dugc kich hoat bang ham
s1gm01d o,

biéu tuong tu cling dugc lap lai ddi vai
nhanh trang thai phu’—gt su dung ky hi¢u i
thay vi g va thay thé ham sigmoid o, voi
hyperbol tan (tanh hodc ) d€ thu thap dix
lidu gifra —1 va 1. Nhanh ngd vao duoc str
dung dé diéu khién ngd ra cua dir liéu da
dugc nén —trang thai phu. Cubi cing, ngd
ra cua hai mang no-ron f va g nay duoc
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nhan 1én dé tao ra ngd ra cua cong cap nhat.

Ve mat toan hoc, hai mang nay c6 thé
duoc bieéu dién nhu sau:

o,(Wx,+Rh_ +b)

i 2)
3)

Trong do, o, ky hiéu ham kich hoat
trang thai.

g = (Wx+Rh +b)

g1

> Cong ngd ra: Cong nay duoc sir
dung dé tinh toan trang thai an hién tai h.
Ta chuyén mot ban sao ciia ngd vao két hop
(x, va h_)) thanh ham sigmoid o, sau khi
nhan véi cac trong s6 twong umg W VaR,
va dugc thém vao ngudng b, Két qua ngd
ra o, dugc nhan voi trang thai cell hién tai
¢, sau khi dugc dua vé pham vi [-1, 1] bang
cach sir dung ham tanh 6. V€ mt toan hoc,
cong ngd ra co6 thé duge mo ta nhu sau:

(Wx +Rh_ +b,)

o "t-1

4
Céc phuong trinh cua trang thai cell
mdi ¢, va trang thai an h la:
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h =0, .*0, (c,) (6)

Trong d6, phép toan .* dé cap dén phép
nhan Hadamard (toan tir theo timg phan tir
hoic theo timg diém).

2.2. Ung dung mang LSTM trong dw
bao phu tai

a. Dit liéu du bao

Dt liéu dugc chon trong bai bao nay
duoc cung cap tir Cong ty Dién luc Vinh
Long va cuc thong ké tinh Vinh Long. Bang
1 trinh bay dir liéu tir ngm 2000 dén 2022
chua 22 dong va 7 cot. Tinh ndng chinh
cua tap dir li¢u bao g@)m: san lugng dién-
SLD (triéu kWh), doanh thu dién-DTD (ty
ddng), Dan s6-DS (Nguoi), thu nhap binh
quéan dau ngudi-TNBQ (Triéu dong/nam),
san luong thuy san SLTS (Tan), tong mirc
ban 1¢ hang hoa va doanh thu dich vu tiéu
ding-MBLHH&DTDV (Ty dong). Diéu
nay chi ra rang tat ca cac tinh nang déu co
tac dong dang ké dén bién phu thudc tic 1a
nang lugng. Dt liéu nay dugce sur dung lam

¢, =f.*c_ +i*g (5) mau dé huan luyén mo hinh LSTM.
Bdng 1. Dit liéu dién nang va cdc chi tiéu kinh té- xa hgi tinh Vinh Long
tir 2000 dén 2022
Sin lwgng | Doanh o Thl: nhap ‘B.Q San '}“ong 1,nu’c‘ban 1é
< A o o Dan so dau nguoi lwgng | hang hoéa va doanh
Nam | dién (triéu | thu dién L. oA A A . .n
kWh) (ty dong) (Ngwoi) | (Tri¢u dong/ thuy, san| thu dich vu tiéu
nam) (Tan) dung (Ty dong)
2000 | 217,643.88 | 141.90 | 1,013,886 3.76 17,118 2,731.85
2001 | 241,566.20 | 169.47 | 1,014,650 3.99 18,796 3,037.16
2002 | 266,566.57 | 225.33 | 1,015,991 4.27 21,016 3,344.94
2020 (1,121,065.31| 2,255.37 | 1,022,971 41.28 153,303 51,354.63
2021 (1,121,617.67|2,300.67 | 1,023,015 38.08 134,215 43,156.47
2022 (1,222,703.90| 2,511.74 | 1,024,822 42.02 150,257 56,491.76
TRUGONG BAI HOC SU PHAM KY THUAT VINH LONG 31
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Goi k 1a bién thoi gian theo nam trong
Bang 1, tirc £ = 2000, ..., 2022. Khi do,
truong dir liéu t(k) cua nam tht £ duoc
dinh nghia:

(k) = [Nam(k) SLD(k) DTD (k)
TNBQ(k) DS(k) SLTS(k)
MBLHH&DTDV ()" (7)

Dt liéu t(k), voi k = 2000, ..., 2022
trong qua khtr s& duoc st dung dé huan
luyén mang LSTM. Sau khi huin luyén,
mang LSTM dugc sir dung dé nhan dién dir
liéu ﬁ (k) dua vao thong tin cia nam dy
bao Nam(k) va dir liéu qué khr t(k-1). Ttc
la du bao san lugng va doanh thu dién cung
cac chi tiéu kinh té - x4 hoi khac cho ngay
nam tiép theo. Khi thu duoc dir lidu du bao
B (k). dit liéu nay lai s& duogc tiép tuc duge
st dung dé du béo gia tri B(k+1). Qua
trinh du bdo ctr thé tiép dien dai han dén
nam 2050.

b. Mo hinh mang LSTM

M6 hinh mang LSTM duogc st dung dé
du bao dir li€u cia nam tiép theo, dua trén
d@ liéu ciia ndm hién tai, nhu (2):

B(k)=f[Nam(k),,8(k—1),K,5} (8)

trong d6, £ [.] 12 m hinh du béo bing
mang LSTM; (k) 1a dit liéu cta nim thix
k; x 1a tham so0 cua mang LSTM va ¢ la
sai s6 ciia mo hinh.

Mang LSTM co6 thé hoc va ghi nhé
cac chudi dai hon va khong phu thudc vao
gia tri quan sat dugc xac dinh trude [9] va
duoc str dung rdng rai trong cdc mo hinh
du bao, nho k¥ thuat hoc sau hiéu qua cua
n6 [10], [11].

Bang kinh nghiém va thir - sai, nghién
cru dé xuit cdu tric mang LSTM gom
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6 16p. Lép vao tiép nhan dir licu (k) 1a
thong tin vé san lugng va doanh thu dién,
cung céc chi tiéu kinh té - xa hoi lién quan,
duoc dién ta boi (7). Lép LSTM co6 1500
té bao nhé (1500 nut an), cung voi bdn 16p
theo sau 1a cac 16p két ndi day du va 1p
kich hoat. Pac diém chinh va quan trong
nhét cia mang LSTM 1a céc té bao c6 kha
nang ghi nhd céc trang thai qua khtr cia
dir liéu. Mdi té bao LSTM thudng chira
ba loai cong, gdm cong cap nhat (update
gate), cong ra (output gate) va cong quén
(forget gate), nhu Hinh 2. Khi d6, ngo ra
ctia cac cong dugc xac dinh theo (1), (2)
va (4). Trong d6, cong cap nhat theo (1)
gitp xac dinh viéc luu trlr thong tin méi
trong té bao; cong ra (4) cung cip gia tri
ngd ra cua té bao LSTM tai thoi diém k.
Trong khi cong quén (1) xac dinh thong
tin nao can loai khéi té bao.

c. Hudn luyén mang LSTM bang ky
thudat hoc sdau

Mang LSTM duoc huén luyén trén
phan mém MATLAB véi cong cu LSTM
dung sin. Thuat toan toi uu Adam [12]
duoc ap dung trong 1.100 thoi ky (epochs)
huén luyén voi tbc d6 hoc n = 0.2, kich
thudc ctua miniBatch 1a 20. Hiéu suat huin
luyén trong nghién ctru nay dugc danh gia
bang sai s6 binh phwong trung binh gbc
(RMSE — Root Mean Square Error) theo
(9) va dugc biéu dién nhu Hinh 3.

3 [e(0-A0] O

N j=p

RMSE:\/

véi T(k) 1a dit lidu thye té va B(k) la
dwr liéu du bao boi mang LSTM cho nam
tht k. Dit liéu (k) thu thap tir nim n dén
nam N.
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Hinh 3. Hiéu sudt hudn luyén mang LSTM

So véi sai sb trung binh, RMSE c¢6 thé
phat hién dugc nhiéu dit liéu hon cic mo
hinh, ngoai xu hudng tuyén tinh, chwa duoc
mo ta bdi md hinh. Gia tri dat duoc cua
RMSE trong nghién ctru nay dat = 0.22.

3. KET QUA VA BAN LUAN

3.1. Du bao san lwgng dién va cdc chi
tiéu kinh té xa héi

Mang LSTM sau khi huén luyén duoc
su dung dé du bao san lugng dién va cac
chi s6 kinh té - xd hoi ciia tinh Vinh Long
dén nim 2050. Hinh 4, Hinh 5, Hinh 6 va
Hinh 7 trinh bay céac két qua du bao vé dan
s6, thu nhép binh quan, san lugng thiy san
va tong mirc ban 1¢ hoang hoa va doanh thu
dich vy tiéu dung cua tinh Vinh Long dén
nam 2050, twong Gng.

Két qua du bao vé san luong dién va
doanh thu dién thuong pham ctia tinh Vinh
Long dén nam 2050 dugc thé hién nhu
Hinh 8 va Hinh 9, tuong tng.

Céc két qua tir Hinh 4 dén Hinh 9 cho
thiy sai s6 giira dit liéu thuc té do Cong ty
bién luc va Cuc théng ké tinh Vinh Long
cung cap véi két qua du bio bing mang

TRUGONG BAI HOC SU PHAM KY THUAT VINH LONG

LSTM c6 su khac biét khong 16n. Puong xu
hudng tang trudng cua cac chi so kinh té -
xa hdi va céac chi s6 niang luong la phu hop.
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3.2. So sanh dir liéu dy bdo dwa vao
mang LSTM voi quy hoach

Hinh 10 va Hinh 11 trinh bay két qua
so sanh gitra gia tri du bao vé san luong
dién bang mang LSTM va két qua du bao
bang ham tuyén tinh va gia tri du bao vé
san luong dién trong D& an quy hoach phat
trién cta Cong ty Dién lyc tinh Vinh Long
giai doan 2016-2025, c6 xét dén 2035. Cac
két qua so sanh tir Hinh 10 va Hinh 11 cho
thiy rang két qua du bao bang mang LSTM
kha thi hon két qua du bao bang ham toan
va nhu theo dé an quy hoach va phit trién
Cong ty Dién lyc Vinh Long. Diéu nay cho
thay su hop 1y cua gia tri du bao bang mang
LSTM dugc ap dung tai Cong ty Pién luc
Vinh Long.

So sanh du bio sian lwgng dién
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Hinh 11. So sdnh du bdo diing mang LSTM &
Quy hoach

Céc két qua dat duoc trong nghién
ciru nay gop phan cung co vé kha nang
ung dung cua mang LSTM trong cong tac
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du bao, nhat 1a du bao vé cac chi sd nang
lugng co ban, phuc vu cong tac quy hoach
co s& ha tang cho nganh dién no6i chung va
Cong ty Bién lyc Vinh Long ndi riéng.

4. KET LUAN

Nghién ctru da xay dung dugc mo hinh
du bado phu tai n 4p dung cho Cong ty Di¢n
luc Vinh Long dén nim 2030, tAm nhin dén
nam 2050 dua vao mang LSTM. Vo1 cAu
trac mang LSTM gom 6 16p, 1500 niit 4n,
thuat toan t6i vu Adam duoc ap dung trong
1.100 epochs huén luyén véi tbe 6 hoc =
0.2, kich thudc ciia miniBatch 1a 20, gia tri
dat dugc cia RMSE dat = 0.22, cac két qua
du bao cho théy sai sO gitra dir liéu thuc té
do Cong ty Dién luc va Cuc thdng ké tinh
Vinh Long cung cdp véi két qua du bao

ISSN 261 5-9945

bang mang LSTM c6 sy khac biét khong
16m, céc chi so kinh té - xa hoi va cac chi
s6 nang luong v6i xu huéng ting trudng
phu hop. Pong thoi, cac két qua so sanh
giita gia tri du béo vé san luong dién bing
mang LSTM va két qua du bao bang ham
tuyén tinh va gia tri du bao vé san luong
dién trong D¢ an quy hoach phat trién cua
Cong ty Dién Iyc tinh Vinh Long cho thiy
su hop 1y cua gid tri du bao biang mang
LSTM duogc ap dung tai Cong ty Pién luc
Vinh Long. Vi thé, ky thuét nay rat hi¢u
qua trong hd tro ngdn ngira qua tai, rat thiét
thuc trong canh bao 16i. Tuy nhién, do han
ché vé sb liéu thu thap, nén khuynh huéng
phat trién timg mang 1a theo ddi dugc,
nhung d tin cdy cao con can thoi gian dé
thu thap va huan luyén tiép cong cu.
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