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UNG DUNG GIANG DAY MQT SO PHUONG PHAP DU POAN
NHU CAU SU DUNG DPIEN TAI CAC TRAM SAC XE O TO DIEN
CHO SINH VIEN NGANH CO KHi O TO TRUONG PAI HQC TIEN GIANG
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Tém tit: Dy dodn nhu cau sir dung dién tai cdc tram sac xe 6 to dién la mot yéu 6 quan trong trong viéc 16i wu héa
vdn hanh tram sac, can bang ledi dién va nang cao hiéu sudt sir dung nang heong. Cdc phwong phép dw bdo phé bién bao
gom phwong phdp théng ké, mé hinh hoc mdy va hoc sdu, ciing nhw cdc phiong phdp lai ghép. Phwong phdp thong ké nhu
hoi quy tuyén tinh, ARIMA, SARIMA phix hop véi dir liéu cé tinh quy ludt cao. Cdac mé hinh hoc mdy nhir Random Forest,
XGBoost va SVR c6 khad nang xi Iy di liéu phi tuyén va phirc tap hon. Trong khi d6, cdc mé hinh hoc sau nhir LSTM, GCN-
LSTM va Transformer gitip khai thdc dir liéu chudi thoi gian va khéng gian hiéu qud hon.
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Abstract: Forecasting electricity demand at electric vehicle charging stations is an important factor in optimizing
charging station operations, balancing the grid, and improving energy efficiency. Common forecasting methods include
statistical methods, machine learning and deep learning models, as well as hybrid methods. Statistical methods such as
linear regression, ARIMA, SARIMA are suitable for data with high regularity. Machine learning models such as Random
Forest, XGBoost, and SVR are capable of handling nonlinear and more complex data. Meanwhile, deep learning models

such as LSTM, GCN-LSTM, and Transformer help exploit time series and spatial data more effectively.
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I. PAT VAN PE

Ngay nay, su phat trién cac dong xe 6-t0 dién
dang tré thanh mot xu hudng mang tinh dot pha
trong nganh coéng nghiép xe hoi toan cau. Xu
hudng nay dugc du bao s€ ngay cang thu hut dugc
sy quan tim cua nhiéu qubc gia va khach hang,
khi s6 hitu cac vu diém vuot troi vé bao vé moi
truong, tan dung nang luong tai tao.

Xe dién da xuat hién tir dau thé ky 19 va timng ¢
vi thé canh tranh véi xe hoi nudc. Tirndm 1832 dén
1839, Robert Anderson phat minh ra chiéc xe dién
dau tién, va dén nam 1842, Thomas Davenport
cung Robert Davidson da su dung pin trong 6 t6
dién. Su cai tién vé pin cia Camille Faure nam
1865 giup xe dién c6 tim hoat dong xa hon. Phap
va Anh 14 nhitng nudc tién phong phit trién xe dién
vao thé ky 18, tuy nhién, dau thé ky 20, xe dién dan
mét thi phan trudc 6 to dong co d6t trong do chi phi
cao va cong ngh¢ han ché. Pén nam 1935, xe dién
gan nhu bién mét khoi thi truong.

Tir thap nién 1960-1970, khung hoang nang
luong va 6 nhiém moi trudng thuc ddy sy quan
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tam trd lai véi xe dién. Hién nay, xe dién dugc
phén thanh ba loai chinh: BEV (xe chay hoan toan
bang dién), PHEV (xe hybrid sac dién) va HEV
(xe hybrid). Theo du bado ctia GlobalData, nganh
cong nghiép xe dién toan cau s& ting trudng trung
binh 15,9% moi nim trong giai doan 2023-2035,
v6i s6 lugng xe dién chay pin udc tinh dat 44 trigu
chiéc vao nam 2035, tang manh so véi 7,3 tri€u xe
ban ra nam 2022.

Nhiéu hing xe 16n nhu Jaguar, Volvo va
Volkswagen da dat muc tiéu chuyén d6i hoan toan
sang xe dién trong thap ky ti. Tai Trung Qudc,
doanh s xe dién nam 2022 ting 80% véi 4,53
triéu chiéc, trong khi chau Au va My ciing ghi
nhén muc ting truéng manh. Tesla dan dau thi
truong My nhd mé hinh kinh doanh téi wu va
cong nghé tién tién. Cac qudc gia Dong Nam A,
dién hinh la Singapore, dang dit muc ti€u loai
b6 xe xing vao nim 2040. Sy phat trién cua xe
dién duoc thuc déy badi ha téng sac mo rong, chi
phi nhién liéu ting va nhu cau giam 6 nhidém moi
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truong.

II. NOI DUNG NGHIEN CUU

2.1. Nhu céu sir dung xe dién trong twong lai

Theo Co quan Ning lugng Qudc té (IEA), thi
phén 6 t6 dién toan cau du kién dat 35% vao nam
2030, tang so voi muc dudi 25% trude day, va
téng s6 xe dién trén thé gidi co thé dat 125 triéu
chiéc vao nam 2035. Nam 2025 duoc ky vong la
budc ngoat khi gia xe dién co thé canh tranh voi
xe xang, thuc déy su phat trién manh mé cua thi
truong. Xu huéng nay phan anh sy dich chuyén
ctia khach hang sang cac phuong tién “xanh”, dong
thoi khién céac hang xe 16n dau tu manh vao thi
phan xe dién dé huéng dén mot twong lai bén viing.

Su phat trién cia 6 t6 dién dugc thuc day boi
nhiéu yéu td, trong d6 bao vé méi truong 13 1y do
quan trong nhat. Khi kinh té phat trién, van d& 6
nhiém ngay cang tré nén nghiém trong, khién xe
dién — voi kha ndng gidm phat thai — tr¢ thanh
lua chon tdi wu. Bén canh d6, xe dién c6 thé tan
dung nang luong tai tao nhu dién mat troi, dién
gi6, giup dam bao ngudn cung bén vimg. Ngoai
ra, chi phi van hanh va bdo tri xe dién thép hon so
v6i xe dong co ddt trong, do dong co dién cé it bo
phén hao mon hon.

Xu hudng “xanh héa” nén kinh té dang thiic
day sy d6i méi cong nghé trong nganh 6 to, ddc
biét 1a vé pin, h¢ théng diéu khién va cong nghé
xe thong minh. Viéc chuyén d6i sang 6 to dién
khong chi gop phan giam 6 nhlern mai trudng ma
con mé ra nhidu co hdi phat trién cong nghé méi,
dinh hinh tuong lai cia nganh cong nghiép 6 to
toan cau.

2.2. Xu hudng sir dung xe dién tai Viét Nam
va thé giéi

Theo JATO Dynamics, xe di¢n chiém 6% téng
luong xe ban ra toan cau nim 2021, gan gip doi
s0 v&i 3,1% ctia nam 2020. Doanh s6 xe dién toan
cau dat 4,2 triéu chiéc trong nam 2021, ting manh
0 v6i 2,01 triéu chiéc cua nam trude. Dén nim
2022, dir liéu tir MarkLines Co cho théy doanh s6
xe dién tiép tuc tang 66,6%, dat 7,26 tri¢u chiéc,
chiém 9,5% t6ng doanh s 6 to toan cau. Trung
Quéc dan dau véi mirc tang 80%, dat 4,53 tri¢u
xe, trong khi chau Au ghi nhan muc tdng 30%, dat
1,53 triéu xe.

Tai Viét Nam, nén kinh té phat trién 6n dinh
tao diéu kién thuan loi cho nganh 0 t6, dac biét 1a
xe dién. Tuy nhién, ty 1¢ so hitu 6 t6 van con théap,
chi 46 xe/1.000 nguoi, thap hon nhiéu so v6i Thai
Lan va Malaysia. Day 1a co hoi 16n dé cac hang xe
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dau tu vao thi truong Viét Nam. Chinh phu da c6
chinh sach hd trg kip thoi, nhu gidm thué tiéu thu
dac biét cho xe dién dudi 9 chd tir 15% xuéng 3%
tir ngdy 1/3/2022, mién thué trudc ba trong 3 nim
tir 1/3/2023, va giam 50% thué truée ba trong 2
nam tiép theo.

Gia dau thé gidi bién dong theo tinh hinh dia
chinh tri, anh huéng dén quyét dinh mua xe ctia
nguoi tiéu dung. Theo khdo sat ciia mot dién dan
0 t0 uy tin tai Viét Nam, 99,4% nguoi ti€u dung
trén 25 tudi biét dén 6 to dién, 82% da tim hiéu vé
loai xe nay va hon 45% c6 ké hoach mua trong 12
thang td1. Su quan tam ngay cang tang d6i voi xe
dién cho thiy tiém nang phat trién manh mé& cia
thi truong 6 t6 dién tai Viét Nam trong tuong lai.

2.3. Mt s6 phwong phip du doin nhw ciu
str dung dién tai cac tram sac

Du doan nhu ciu sir dung dién tai cdc tram sac
xe dién 1a mot bai toan quan trong dé t5i uu hoa hé
théng ludi dién va céi thién trai nghiém ngudi dung.
Mbt s6 phuong phép dur doan phd bién bao gom:

2.3.1. Phuong phép théng ké truyén thong

Trung binh dong (Moving Average - MA): Su
dung dir li¢u lich su dé tinh trung binh truot, gitp
xac dinh xu hudng tiéu thu dién.

Hbi quy tuyén tinh (Linear Regression): Xy
dung mé hinh tuyén tinh dé dy bao nhu cau dién
dwa trén cac yéu td nhu thoi gian, ngay trong tuan,
thoi tiét...

Phuong phip ARIMA (AutoRegressive
Integrated Moving Average): Ap dung cho chudi
thoi gian dé dy doan nhu cau st dung dién trong
tuong lai.

2.3.2. Phuwong phap hoc may (Machine
Learning)

Hbi quy da bién (Multiple Regressmn) Xay
dung m6 hinh dy bao dya trén nhleu yéu t6 dau
vao nhu sb luong xe dién, thoi tiét, khung gio
st dung...

Random Forest & Gradient Boosting: Cai thién
d6 chinh x4c bang cach sir dung nhiéu ciy quyét
dinh (Decision Trees).

Mang no-ron nhan tao (Artificial Neural
Network - ANN): M6 hinh phi tuyén manh mg,
c6 thé hoc tir dit liéu lich sir dé du doan chinh
xac hon.

2.3.3. Phuong phap hgc sau (Deep Learning)

Mang no-ron tich chdp (CNN): Phu hop khi dir
liéu dau vao co dang hinh dnh hodc ban dd nhiét
vé mat d sac.

Mang no-ron hoi tiép (Recurrent Neural
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Network - RNN) va LSTM: Xt ly dir liéu chudi
thoi gian, gitp du doan theo tirng khung gio dua
trén xu hudng trong qua khu.

Transformer (vi du: Temporal Fusion
Transformer - TFT): M6 hinh tién tién c6 thé
du doan t6t hon trong cac hé théng phuc tap voi
nhiéu bién sb.

2.3.4. Phuong phap téi wu héa va mé phong

M6 phong Monte Carlo: Dy bao dua trén kich
ban ngiu nhién dé udc tinh nhu cau dién trong
tuong lai.

Tdi wu hoa dua trén thuat toan di truyén
(Genetic Algorithm - GA) hoic HHO (Harris
Hawks Optimization): Ti wu héa viéc phan bd
tai nguyén tram sac dua trén dir liu dy bao.

Moé phong hé théng dya trén Agent-based
Model (ABM): M6 phéng hanh vi cua nguoi dung
xe dién dé dy doan nhu cau su dung dién.

2.4. Vi du phwong phap dwoe sir dung dé dw
doin nhu ciu sir dung dién tai tram sac trong
twong lai

Buwéc 1: Thu thap va tién xu 1y dit liéu

Dit liéu du vao c6 thé 1a:

- Dit liéu lich st vé luong dién tiéu thu tai tram
sac (theo gio/ngay/tuan).

- Anh huéng cua thoi gian trong ngay (gio cao
diém, thap diém).

- Yéu t6 bén ngoai (thoi tiét, sb luong xe di¢n
trong khu vuec).

Tién xu 1y:

- Kiém tra dit liéu c6 bi thiéu hay khong.

- Xtr Iy ngoai 1& néu co.

- Chuyén dbi dir liéu vé& dang phu hop.

Buwéc 2: Kiém tra tinh ding ctia chudi thoi gian

Mot chudi thoi gian duoc goi 1a dimg néu ky
vong va phuong sai ctia no khong thay doi theo
thoi gian.

Céch kiém tra:

- V& d6 thi: Quan sat xu hudng va mua vu.

- Dickey-Fuller Test (ADF Test): Kiém tra
chudi c6 dimg hay khong.

Néu chudi khong dung, ta thyc hién sai phan
(differencing) dé lam ding chudi.

Buwéc 3: Xéc dinh cac tham s6 (p, d, q)

Sau khi chudi da dung, ta x4ac dinh cac tham s6:

- p (bac cia AR): Dua vao do thi Partial
AutoCorrelation Function (PACF).

- q (baic cia MA): Dya viao do thi
AutoCorrelation Function (ACF).

- d: S 1an sai phan dé 1am dimng chudi.

Dung phuong phéap thir nghi€ém voi céc gia tri

khac nhau dé tim mé hinh t6i wu.

Buwéc 4: Xay dung va huan luyén mo hinh
ARIMA

Sau khi xac dinh cac tham s, ta xdy dung mé hinh:

P q
Y = C+Z¢iYH +Z¢9j5t_j +&,
Trong do: =1 7=

-$ 1a hé s6 cua thanh phan AR.
- 0, lah¢ s6 cta thanh phan MA.

- &, la nhiéu tring.
Str dung thu vién statsmodels trong Python dé
huén luyén mé hinh.
I. from statsmodels.tsa.arima.model
ARIMA
P. import pandas as pd
3. # Poc dit liéu
4. data = pd.read csv(“electric_demand.csv”
parse dates=[*“date”], index col="date”)
5. # Khoi tao mod hinh ARIMA véi cc tham sd

p,d, q)
O. model =

prder=(2,1,2))

7. model fit = model.fit()

B. # Du bao nhu cau st dung dién trong 7 ngay
tiép theo

D. forecast = model fit.forecast(steps=7)

10. print(forecast)

import

ARIMA (data[ ‘demand’]

Buwdoc 5: Danh gia mo hinh
Sau khi huén luyén, ta danh gi4 mé hinh bang:
- Mean Absolute Error (MAE)
- Mean Squared Error (MSE)
- Root Mean Squared Error (RMSE)
I. from sklearn.metrics import mean absolute |
error, mean_squared_error
P. import numpy as np
3. # Du bao trén tap kiém tra
4. y pred = model fit.predict(start=len(data)-30
end=len(data)-1)
5.y true = data[ ‘demand’][-30:]
6. # Tinh MAE, MSE, RMSE
7. mae = mean_absolute error(y true,y pred)
8. mse = mean_squared error(y_true, y pred)
D. rmse = np.sqrt(mse)
10. print(f’MAE: {mae}, MSE: {mse}, RMSE
{rmse}”)

Budc 6: Trién khai va cap nhat moé hinh
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Dir liéu thoi gian thyc c¢6 thé thay ddi, do do
mé hinh can duge cap nhat lién tyc.

Két hop véi cac md hinh khac nhu LSTM,
XGBoost dé cai thién d¢ chinh xéc.

U'u diém va han ché ciia ARIMA

Uu diém:

- Hiéu qua trong cac chudi thoi gian c6 xu
hudng 10 rang.

- C6 thé du bao ngén han véi @0 chinh xac cao.

- Khong yéu cau nhiu dit liéu ddu vao bd sung
(nhu thoi tiét, s6 luong xe dién).

Han ché

- Khong hoat dong tot véi dir liéu c6 muia vu 16
rét (can SARIMA).

- Khéng thé xtr 1y t6t néu co nhiéu bién sé anh
huong.

- Dy béo dai han c6 thé khong chinh xac bang
cac mo hinh hoc sau nhu LSTM.

II. KET LUAN

Su phat trién manh mé cta xe 6 to dién trén
toan cu 1a mot xu hudng tat yéu, thuc day boi
nhu cau bao vé moi truong, tdi wu chi phi van
hanh va tan dung ning lugng tai tao. Cac sb liéu

thong ké cho thiy doanh s6 xe dién ting truong
vuot bac qua tirng nam, voi su dau tu manh mé
tir cac hiang san xuét va chinh sach hd trg tir cac
chinh phu. Tai Vi¢t Nam, thi truong xe dién van
dang trong giai doan phat trién nhung tiém niang
1a rat 16n nho sy quan tAm ciia ngudi tiéu ding va
cac chinh sach wu dii kip thoi. Tuy nhién, dé thic
day sy chuyén doi tir xe xing sang xe dién, can
tiép tuc hoan thién ha tﬁng tram sac, toi uu cong
ngh¢ pin, va ddm bdo gia ca hop ly.

Du béo nhu céu sit dung dién tai cac tram sac
dong vai tro quan trong trong viéc quan ly va van
hanh hé thng sac hiéu qua. Trong d6, phuong phap
ARIMA da ching minh dugc tinh tng dung cao
trong viéc phén tich chudi thoi gian va du bao ngan
han. Tuy nhién, dé nang cao d¢ chinh xéc, c6 thé
két hop ARIMA véi cac mo6 hinh hoc may va hoc
sau, dac biét khi dir liéu c6 tinh mua vu r6 rét. Tom
lai, xe dién khong chi la xu huéng ma con la giai
phap bén viing cho tuong lai. Su két hop giita cong
ngh¢ tién tién, chinh sach hd tro va ha tﬁng d@)ng
bo sé quyét dinh tdc do phat trién cua thi trudong xe
dién ciing nhu hé théng tram sac trong thoi gian toi.
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