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Toém tat:

Trong nganh ndng lugng ndi chung, du bao phu tai cd y nghia v cung quan trong vi dién nang gan
lién va anh hudng truc ti€p dén dgi song sinh hoat va cac nganh kinh t&€ quéc dan. Hién nay, da co
nhigu phuong phéap du bao phu tai dudc dé xuét va mdi phuong phap déu cé uu, nhugc diém khac
nhau. Khac véi cdc md hinh hoc sau hién nay, md hinh N-BEATS cd uu diém la thdi gian hudn luyén
va suy ludn nhanh. M6 hinh cling dat hiéu suét cao trong cac cudc thi du doan chudi thdi gian néi
tiéng trong cac linh vuc khac nhau. Ngoai ra, md hinh ¢ kha ndng dién giai tinh xu hudng va tinh
mua cla dif liéu. Bai bdo trinh bay phuang phap du bdo phu tai dién ngén han (cu thé la 48 gid) &
Viét Nam dua trén mo hinh hoc sau N-BEATS. Bong thdi, bai bdo phan tich két qua va anh hudng
ctia tinh xu hudng va tinh mua trong chudi thdi gian phu tai.

T khéa:
Du bdo phu tdi ngan han, N-BEATS, tinh xu hudng, tinh mua, chudi thdi gian, hoc sau.

Abstract:

In the energy industry in general, load forecasting is extremely important because electricity is
directly affecting daily life and national economic sectors. Currently, there are many load forecasting
methods, and each method has different its own advantages and disadvantages. Unlike current deep
learning models, N-BEATS model has the advantages of fast training and inference time. The model
also achieved high performance in famous time-series prediction competitions in different fields. In
addition, the model can interpret the trend and seasonality of the data. This paper presents a short-
term (specifically 48 hours) electricity load forecasting method in Viet Nam based on the N-BEATS
deep learning model. The paper analyzes the results and effects of trend and seasonality in load time
series.
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Short-term electricity load forecasting, NBEATS, trend, seasonality, time series; deep learning.

1. GIO1 THIEU CHUNG trong su phat trién kinh té - x3 hoi va moi
Dién ning 12 mot san phidm quan trong  trudng & bat ki qudc gia nao trén thé gidi.
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Khong gidng nhu cac doanh nghiép san
xudt cic san phdm khac véi muyc tiéu 1a
loi nhuan, di€én nang 1a mdt san phém dac
biét khong thé thiéu duoc va nganh dién
dugc coi 1a mot nganh co so ha tang trong
bat ky linh virc nao. Trong giai doan phat
trién cua kinh té - x3 hoi & nude ta hién
nay, nhu cau st dung dién ngdy cang
tang. MOt bai toan quan trong dugc dat ra
d6i v6i nganh dién lyc Viét Nam 13 viéc
du béo phu tai dién.

Céc bai toan du bdo voi cac khoang thoi
gian khéac nhau s€ c6 vai tro va irng dung
khac nhau dbi v6i chinh sach phat trién
clia cong ty phan phdi dién. Bai béo tap
trung vao bai toan du bao phu tai ngin
han: Cu thé tir 240 gio trude dé dy bao
phu tai trong 48 gio tiép theo.

Du bao phu tai dién ngén han Ia bai toan
phd bién nhung giai quyét lai rat kho khin
do chudi thoi gian phu tai dién rat phirc
tap va dién bién that thuong. S¢ di, phu
tai dién kho du doan boi vi ching c6 tinh
ngau nhién va nhu cu st dung dién cua
mdi ngudi & mdi ving va mdi khoing
thoi gian thuong khac nhau. Hon nira, phu
tai dién con phu thudc vao nhiéu yéu tb
nhu thoi tiét, nhiét do, ngay nghi hay céc
su kién bat thuong nhu dai dich Covid-19.
Truéc ddy, cac phuong phap truyén
théng, phu thudc nhiéu vao kinh nghiém
ctia ngudi diéu hanh dugc sir dung dé du
bao. Ngay nay, véi sy phat trién ctia g
dung tri tué nhan tao, dac biét la cac moé
hinh mang noron nhan tao dang tao dugc
wu thé 16n trong cac bai toan du bao, dac
biét 14 bai toan du bao phu tai dién, két
quéa dem lai tuong d6i kha quan.

Nam 2020, Oreshkin va cac cong sy da dé
xuit mdé hinh N-BEATS (Neural Basis
Expansion Analysis for Interpretable
Time Series) [1], 1a m6 hinh hoc sau méi
dé giai quyét bai toan dy bao chudi thoi
gian don bién. M6 hinh dd duoc st dung
dé du bao trén cac tap dir liéu bao gém
nhiéu linh vuc khic nhau trong mot sd
cudc thi ndi tiéng. M6 hinh di dat duoc
két qua cao va dung dau trong hau hét cac
cugc thi trén. Trong bai bdo nay, tic gia
nghién ctu va d4p dung md hinh
N-BEATS dé du doan phu tai dién ngén
han & Viét Nam. B@)ng thoi, cac két qua
vé tinh mua va tinh xu hudng cia chudi
két qua ciing duoc khao sat va phan tich.

2. TONG QUAN TiNH HiINH NGHIEN
cuu

Bai toan dy bdo phu tai dién la mot bai
toan dugc quan tim hang dau trong linh
vuc dy bdo. Hién nay, di c6 nhiéu mo
hinh truyén théng va cdc mé hinh hoc
méy duoc dé xuit dé du bao phu tai dién
va da dat dugc nhimng két qua nhat dinh.

Trudc ddy cac md hinh toan hoc truyén
thong hay dugc ap dung nhu: hdi quy
tuyén tinh, phuong phap tu hdi quy hay
qué trinh tong quat ARIMA,... Mbamalu
va cac cong su trong nghién ciru [2] da dé
xudt mé hinh ty hdi quy (AR -
Autoregressive) dé dy bao phu tai dién.
Tac gia su dung phuong phap ldp binh
phuong nho nhat dé tim céac trong s thich
hop cho mé hinh. Khi so sanh két qua voi
cac thuét toan tim trong s6 khac, phwong
phap dé xuat dat két qua tot hon khi giam
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dang ké sai sb tuyét ddi. Tuy nhién, mé
hinh d¢ xuit kha don gian, sai s6 khi du
doan van cao va ting lén khi m& rong
khoang du doan. Trong [3], céc tac gia dé
xudt mot phuong phap thich nghi tryc
tuyén c6 thé ty dong diéu chinh tham s
dva trén cac diéu kién thay ddi cua chudi
thoi gian. M6 hinh dugc dy dodn phu tai
theo ngay va theo tuan trén bd dir liéu phu
tai tai bang Kansas, Hoa Ki nam 1992.
Mo hinh ¢6 uvu diém 1a c6 thé ty dong
diéu chinh cac tham s6 theo cac diéu kién
thay d6i theo thoi gian ctia chudi du doan.
Tuy nhién, cac diéu kién thay doi phai
duoc cai dit cin than boi céc chuyén gia.
Ngoai ra, m6 hinh cling nhay cam véi
nhiéu trong chudi thdi gian. Trong [4],
céc tac gia dé xudt két hop hai mé hinh ty
hoi quy dé du bao phu tai theo gio.

Ngay nay, v6i su phat trién cua tri tué
nhan tao, dic biét 1a cdc mdé hinh mang
noron nhén tao dang gianh duoc wu thé
16n trong céc bai toan dy bao, dac biét 1a
bai toan dy bao phu tai dién. Trong [5],
Yi Wang va cac cong su di dé xudt mot
phuong phap du bdo phu tdi st dung
mang LSTM vé&i ham 16i Pinball. Cac thi
nghiém dugc thuc hién trén tap dir li€u
phu ¢ Ireland va cho két qua vuot troi hon
so voi cac phuong phap truyén thong. Tuy
nhién, mé hinh cé thoi gian chay kha
cham nén kho co thé dwa vao tmg dung
thuc té.

N-BEATS lan dau duoc dé xuat trong bai
bao [1] 1a mot m6 hinh hoc sau dugc xay
dung chi boi cac 1op két ndi day du dé
giai quyét van dé& du bao chudi thoi gian.
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M6 hinh dat hiéu sudt tot véi dit ligu
chudi thoi gian trong nhiéu linh vuc nhu
cong nghi¢p, tai chinh, nhan khau cua
cac cudc thi ndi tiéng nhu M3 ([6]),
TOURISM ([7]) va c6 két qua cao hon so
v6i mo hinh chién thing trong cudc thi
M4 ([8]). M6 hinh c6 mét sé vu diém nhu
dao tao nhanh, co thé dién giai dugc tinh
xu huéng, tinh mua tir dir liéu tir két qua
dau ra.

3. MO HINH DU BAO N-BEATS

3.1. Di¥ liéu dau vao

Xét bai toan du bao don chudi thoi gian:
Tt chudi thoi gian c6 d6 dai t1a x =
[Yr-t+1, Y1—t42, - Y1) € BT ta can dy
bao giad tri cia H budc tiép theo la y =
[Yr+1, Y1425 -, Yr+n] € R, Ta ki hiéu
la dy doan ctia moé hinh cho vecto y. Kich
thuge cua dir lidu dau vao 1a t = nH (n
thudng nam trong khoang tir [2, 7]) duogc
goi la khoang thoi gian xem lai (lookback
period). M6 hinh N-BEATS sé& hoc va tim
hiéu chudi thoi gian tir khoang thoi gian
xem lai dé dy doan gia tri cuia H diém tiép
theo.

3.2. Kién trac tébng quat cia mé hinh

Kién tric téng quat cia md hinh
N-BEATS dugc mo ta nhu trong hinh 1.
Mb hinh bao gdm cic block dugc xép
chdng 1én nhau. Pau vao cua block dau
tién 1a ddu vao tong thé ciia mo hinh hay
con goi la khoang thoi gian xem lai x.
M3di block c6 hai dau ra. Mot dau ra

(backcast) s& duoc 1am dau vao cho block

S6 28

31



TAP CHi KHOA HOC VA CONG NGHE NANG LUQONG - TRUGNG PAI HOC PIEN LUC

(ISSN: 1859 - 4557)

tiép theo. Pau ra con lai (forecast) s&
duoc tong hop dé dua ra két qua cudi

cung.
Lich st
A=
Block 1
= a1
o
2
Block 2
~2 ~2
3
Dau ramé

¥ hinh
—>
<

v/

Hinh 1. Kién tric téng quat cia N-BEATS

Chi tiét hon, vé&i block thir i trong md
hinh:

e Néu i =1, tic la block dau tién, dau
vao chinh 1a ctra s6 dit liéu x;3

e Néui > 1, dau vao cua block thir i 1a:
xi = xi-1 — zi-1 1)
Block thir i gdm hai dau ra:

e DAu ra backcast ¥ duoc lam dau vao
cho block tiép theo.

e Pau ra focecast y' dung dé téng hop
cho két qua du doan cudi cung;

?=ZR:?i ()

Tir day, ta thay dugce du vao cua block s&
khong chira ma block trudc dé da du doan
dugc. Didu nay gitp cic block sau tip
trung vao nhitng phan thong tin chua
duoc du doan.

3.2. Kién truc cua block

lﬁ)éu vao

[ Lép FC1
!
¥

[ LopFC M
Lop FC M+2 Lép FC M+1
Vob Y 0!
%' =g'(6") ¥ =d/(¢)
\ 4 \ 4
Dw doan Dw doan
backcast forecast

Hinh 2. Kién tric cta block

Hinh 2 mé ta kién trac trong block thir i
cia md hinh. Kién trac cta block don
gian chi bao gém cac 16p két ndi day du
FC (fully connected). Cac 16p két nbi day
du don gian 1a mot 16p anh xa tuyén tinh
v61 ham kich hoat RELU. Vi du:

FC(x!) = RELU(Wx! + b) 3)

trong 6 W va b 1an luot 13 cic ma trén s&
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dugc hoc trong qua trinh huan luyén.
Ham RELU la ham f(x) = max(0, x).
Block bao gom M 16p FC chung (M
thuong 1a 4). Sau do, s€ c6 hai 16p FC la
M+1 va M+2 d chia dau ra thanh 2
nhanh. Pau ra cta hai 16p trén 1an luot 1a
hai vecto hé s6 6f va @P. Cubi cung, ta s&
anh xa hai vecto trén thanh cac dau ra
backcast va forecast thong qua cac ham
g? va g/. Tuy vao dang ham g khéac nhau
ma ching ta s€ c6 cac loai block véi vai
trd khac nhau. Cu thé, mo hinh N-BEATS
gidi thiéu ba loai block: trend block,
seasonality block, generic block.

Generic block 14 kién trac khéng mang
tinh dién giai dugc trong chudi thoi gian.
Generic block don gian dat cac anh xa g?
va g/ 1a cac anh xa tuyén tinh d6i v6i dau
ra cua 16p trudc.

Trend block 13 loai block d& nhan biét va
phan tich dugc tinh xu hudng cua dir ligu.
Mot dic diém cua xu hudng thudng phan
16n 1a cac ham don diéu hodc thay doi
cham. Pé tim hiéu dugc tinh xu huong
ctia dit lidu, cac ham g? va g/ s& 1a cac
ham da thuc véi bac p nho theo thoi gian.
Khi d6, cac hé s6 8 va 8P dong vai tro 1a
ciac hé sb6 cua da thic. Vi du dau ra
forecast cua trend block thur i 1a:

P

~F _ f .

yt= z o;t
j=0

Trong do 0{ 1a phan tir thir j trong vecto

(4)

hé s6 @ va t 1a phan tir trong vecto ludi
[0,1,2,...H-2,H-1]T
H

thoi gian t =
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Cudi cung, loai seasonality block ding dé
nhén biét tinh mua cua dir liéu. Pic diém
chinh cua tinh mua 1a di li€u thuong co
tinh chu ky. Do d6, dé m6 phong tinh mua,
cac ham g? va g/ s& 1a cac loai ham tudn
hoan, vi du y; = Y4, trong d6 A 1a chu ky
mua. Str dung chudi Fourier dé xdy dung
cac ham tudn hoan trén, ta c6 dau ra
forecast cta seasonality block thir i 1a:

|z-1]
yt= Z ij cos(2mit)
j=0
+67 , sin2rit)  (5)
i+[3]
Sau khi gigi thi€u ba loai block trén, mo

hinh N-BEATS duogc xay dung dua trén
sb luong va thur ty cua mdi loai block.

4. THi NGHIEM VA KET QUA

Trong phan ndy, bai bao trinh bay vé
phuong phap xay dung thi nghiém, mo
hinh dé xuét va két qua cta thi nghiém.
Muc ti€u cua bai toan la tir gia tri quan sat
240 gio trude dé du doan gia tri phu tai tai
48 gio tiép theo.

4.1. Div liéu va tién xtr ly

Bo dit liéu bao gom thong tin phu tai theo
gid tai Viét Nam tir ngay 01/01/2018 dén
ngay 01/06/2020 gém 21169 diém dir lidu
(46 phan giai 1 gid). Pé huan luyén va
kiém thir mo hinh, ta cin chia dit ligu
thanh ba bo: dit liéu huan luyén (train
dataset), dit liéu kiém dinh (validation
dataset) va dit liéu kiém tra (test dataset).
Bang 1 va hinh 3 mo6 ta thong tin chia ba
bd dir liéu cho qua trinh huin luyén va
kiém tra:
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Bang 1. Théng tin ba tap dir liéu

Tap | Batdau | Kétthic S6

dir diém
liéu dir liéu
Huan | 01/01/2018 | 24/09/2019 | 15169
luyén
Kiém | 25/09/2019 | 02/01/2020 | 2400
dinh
Kiém | 03/01/2020 | 01/06/2020 3600

thar

— frain
35000 { — validate

— - st

30000

25000

20000

Téng phu tai quéc gia

15000

0 5000 10000 15000 20000
Thi tu diém dir liéu

Hinh 3. Dir liéu phu tai

Vi muc ti€éu cua ta la tr quan sat cua T =
240 gid dé dy doan gia tri phuy tai tai H =
48 gio tiép theo, ta can tao dir liéu dé phu
hop v6i dau vao ciia mé hinh. Hinh 4 md
ta cach tao dit liéu dau vao va dau ra dé
huén luyén va kiém thr mé hinh.

X Y

X Y

Hinh 4. Str dung cla sé trwot dé tao div liéu

Cu thé, ta sé& su dung mdt cura s6 trugt voi
kich thuéc 1a T+ H = 288 dé truot lan
lugt voi budce trugt 14 1 trén tdp dir licu.
MG&i lan truot ta thu dugc mot ban ghi dir
liéu. V&i mdi ban ghi thu duoc tir cira sb

truot, dau vao X ctia md hinh twong tng
T = 240 gio dAu tién trén clra sO trong
khi dau ra Y 1a gia tri phu tai tai H = 48
gio tiép theo trén cira s6 truot. Vi du cira
sO trugt dau tién trong tap hudn luyén s&
thu duoc la:

Xo = [Y1, Y2, Y240] trong d6 y; 1a gia
tri phu tai can dy doan tai gio thtr t. Gia
tri dau ra twong Gmg thu dugc tir cira sd
truot trén 1a Yo = [V241, Y242, V2ssl-
Tuong ty, ctra s6 trugt tha hai thu dugc:

X1 = [y2y3 - Y241l va Y, =
[V242) V243, - -+, V2g9]- Tur cach tao dir liu
trén, vdi cac tap huén luyén, tap kiém
dinh, tap kiém tra, s6 luong cap quan sat -
du doan (X,Y) lan luot 1a 14882, 2113,
3313 cap.

4.2. Cac metric danh gia

Pé danh gia hi¢u suit cua du bdo, ta su
dung hai tiéu chi danh gia la Mean
Absolute Percentage Error (MAPE) va
Root Mean Square Error (RMSE).

Tiéu chi thir nhat, MAPE 1a mét thudc do
théng ké vé muirc d6 chinh xac cua hé
théng du bao. Coéng thic tinh sai sd
MAPE:
n
1
MAPE = —
n
t=1
Tiéu chi thir hai, RMSE 1a d6 léch chuan
clia cac sai s6 du doan (phan du). RMSE

|yreal(t) - yforecast (t)l
yreal(t)

la thuéc do muc d§ phan tdn cua nhirng
phan du nay. Céng thic tinh sai s
RMSE:
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2 (yreal (t) — Yforecast (t))z

1

S

RMSE =

n
t=

4.2. Cac kich ban

Dé c6 thé ap dung thuyc té mo hinh
N-BEATS cho dy bao phu tai dién, tac
gia d& xuat mot mo hinh N-BEATS c6
ciu trac nho hon so v6i bai bao gbec. Mo
hinh chi gom 3 trend block, 3 seasonality
block va 1 generic block. Pé chimg minh
hiéu qua ctua md hinh dé xuét, trong bai
bao nay tac gia xay dung cac kich ban thir
nghiém:

¢ Kich ban 1: M6 hinh N-BEATS don
gian duoc cdu tao boi lan luot 1 trend
block, 1 seasonality block va 1 generic
block.

e Kich ban 2: M6 hinh N-BEATS gém
cac block theo thtr tu: 3 seasonality block,
3 trend block va mdt generic block.

e Kich ban 3: M6 hinh LSTM + ham 16i
Pinball trong bai bao [5]

e Kich ban 4: Mo hinh dé xuit. Mo
hinh N-BEATS bao gdém cac block theo
tht ty: 3 trend block dé dy doén tinh xu
huéng, 3 seasonality dé du doan tinh mua
va cudi ciing 1a 1 generic block.

4.3. Két qua thi nghiém

Céc kich ban trén déu duoc hudn luyén sur
dung phuong phap tdi wu Adam, toc do
hoc khéi tao 1a 0.004, haim méit mat la
ham MSE va duoc huén luyén trong 100
epoch, kich thudc batch size 1a 512. B9
tham s6 toi wu ctia mo hinh trong mdi
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kich ban dugc chon thong qua ham mét
mét trén tap kiém dinh dat gia tri toi wu
nhit. Két qua RMSE, MAPE va thoi gian
suy ludn trén mdét ban ghi thu dugc nhu
trong bang 2.

Bang 2. Két qua thi nghiém

Kich ban RMSE | MAPE | Thoi gian
(ms)
Kichban 1 | 1733.08 | 4.48% 0.22
Kichban2 | 1657.35 | 4.10% 0.44
Kichban3 | 1701.28 | 4.20% 115
Kich bidn 4 | 1599.35 | 3.83% 0.45

Tu bang trén, ta c6 mot s6 nhan xét sau:
Mo hinh trong kich ban 1 c6 thoi gian suy
luan trén mot ban ghi 1a nhanh nhat. Tuy
nhién kich ban 1 c¢6 d0 chinh xac kém
nhat do mé hinh con qua don gian (chi
gdém 1 trend block, 1 seasonality block, 1
generic block) nén khong thé du doan
duoc tot dit liéu. M6 hinh dé& xuit trong
kich ban 4 dat két qua tot nhét so véi 3
kich ban trén. M6 hinh trong kich ban 2
c6 s6 lugng cac loai twong duong véi mod
hinh dé xuét trong kich ban 3 nhung do
chinh xac lai khong bang khi thay dbi thi
tir cac block. Tir ddy, ta thiy rang tha tu
cac block cling anh huéng dén hiéu suét
ciia md hinh. Ngoai ra ta thiy rang mé
hinh 4 dat két qua t6t hon so voi mé hinh
LSTM trong kich ban 3. Ciac md hinh
N-BEATS déu chay nhanh hon nhiéu lan
so v6i md hinh LSTM (115 ms). Mot diéu
lwu ¥ nira 13 cac mo hinh trén déu chay
trén cAu hinh may tinh véi Intel(R)
Core(TM) i5-7400 CPU @ 3.00 GHz la
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cu hinh khong qua manh. Do d6, ung
dung cac mo hinh d& xuit vao thuc té 1a
hoan toan kha thi.

Hinh 5 1a mot vi du vé tinh dién giai xu
huong va tinh mua tr dir li¢u véi mo hinh
dé xuét trong kich ban 3. Truc hoanh chi
thoi gian trong d6 gia tri tir -248 dén -1 1a

TRUGNG PAI HOC PIEN LUC

gia tri quan sat va gia tri tir 0 dén 47 1a gia
tri phu tai phai dg doan. Truc tung 1a gia
tri phu tai (da ldy logarit co s6 tu nhién
véi gia tri phu tai thuc). Puong mau 14
cay trong hinh bén dudi chi xu hudng cua
bién phu tai tiép theo va dudng mau do
thé hién quy luat muia cta bién phuy tai.

— Thuc té
Du doén

a9

98

03

—— Xu hudng
— Tinhmia
024

o1 4

o0 4

-0.14

-0.2 4

—250 -200 -150 -100 -S0
Thii gian

—250 -200 -150 -100 -50 0 S0

Thén gian

-250 —200 -150 -100 -5%0 0 50

Thii gian

T T
i} 50

Hinh 5. Vi du vé tinh dién giai cia mé hinh dé xuat

Trong khi d6, duong mau cam va duong
mau xanh lam & hinh trai trong hinh 5 lan
luot 1a gia tri du dodn va gia tri thuc té.
Tir két qua trén, ta thay rang xu hudng dix
liéu phu tai cia ban ghi trén la s€ giam
trong thoi 48 gio tiép theo (theo hinh
giita). Ngoai ra ta ciing thiy duoc yéu tb
mua va chu ki cta ban ghi cling duoc thé
hién 16 (theo hinh phai). Trong ban ghi
trén, ta théy gia tri phu tai s€ dat diém cuc
dai sau khoang 24 gio.

5. KET LUAN

Bai bao da trinh bay phuwong phap dé xuat
dy trén md hinh hoc sdu N-BEATS dé su
doan phu tai dién Viét Nam. Mo hinh c6
mot s6 vu diém nhu kha ning tinh ton
nhanh, c6 thé dién giai dugc tinh xu
huéng, tinh mua tir dir liéu. Didu nay da
duoc thé hién théng qua qua trinh thuc
nghi¢m.

Hudng nghién ctru tiép theo 1a nghién ctu
sy anh huong va tdi wu thtr tu cac block
trong m6 hinh. Ngoai ra, mot s6 hudng
nghién ctru khac nhu thém bién ngoai lai
dé cai thién hiéu xudt ctia mo hinh ciing
duoc xem xét.
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Gidi thiéu tac gia:

Tac gia Lé Anh Ngoc tét nghiép dai hoc nganh toan va tin hoc tai Trudng Pai hoc
Vinh va TruGng Pai hoc Khoa hoc tu nhién — Dai hoc Qudc gia Ha NGi cac nam
1996 va 1998. Nhan bang Thac si Cong nghé thdng tin tai Trudng Dai hoc Bach
Khoa Ha N6i ndm 2001; nhan bang Tién si tai Pai hoc Quéc gia Kyungpook — Han
Qudc, chuyén nganh ky thudt thong tin va truyén thong ndm 2009. Hién nay tac
gid la giang vién va Gidm doc Swinburne Innovation Space tai Swinburne
Viét Nam.

Hudng nghién cru chinh: Hé thong thai gian thuc, mang truyén thong, Internet of
Things, cac hé thdng thong minh va IoT.

Téc gid Nguy&n Anh Tuén t6t nghiép dai hoc nganh toan (g dung va tin hoc tai
Trudng Pai hoc Bach khoa Ha NGi nam 2021. Hién nay tac gia dang la nghién clru
sinh tai Dai hoc Qudc gia Jeju, Han Qudc.

Hudng nghién cltu chinh: Tinh todn thong minh va tri tué nhan tao.
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