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C6ng nghé théng tin

T01 UU NGUGNG PHAT HIEN KENH TRONG CHO MANG WIFI
SU DUNG HOC TANG CUGNG

Lam Sinh Cong
Truong Pai hoc Cong nghé - Dai hoc Quoc gia Ha Noi
Email: congls@vnu.edu.vn

TOM TAT

Sw gia tang nhanh chong ciia cdc thiét bi khéng day va dich vu bing théng cao da
thiic ddy xu hudng trién khai day ddc cac diém truy cdp WiFi, dan dén nhiéu nghiém
trong giita cing dich vu. Khi do, ky thudt danh gia kénh trong (Clear Channel
Assessment - CCA) dwoe dé xudt trong hé thong chudn IEEE 802.11 dé danh gid
nhiéu tw cdc tram lan cdn va wée heong hiéu nang qud trinh truyén tin. Bai bdo nay
dé xudt phwong phap két hop thuat toan Double Deep O- Network (Double DQON)
voi ky thudt phan b cong sudt Water-Filling nham t6i wu héa dong thoi nguéng
phat hién sw chong lan giita cdc vimg dich vu co ban (Overlapping Basic Service
Set - OBSS) va céng sudt phat trong mang WiFi. Trong dé, tac tir hoc tang cwong
sdu dong vai tro diéu chinh nguwéng danh gid kénh trong (nguong CCA) cho trong
cac ving dich vy (Basic Service Set - BSS), trong khi Water-Filling phan b6 cong
sudt toi wu du*a trén trang thdi kénh tirc thoi. Két qua mé phong cho thdy phirong
phép dé xudt dat mikc cdi thién théng heong mang trung binh khodng 30% so véi co
ché tiéu chuan ciia IEEE 802.11ax.

Tir khéa: Double DON, IEEE 802.11ax, Water-Filling

ABSTRACT

The rapid growth in the number of wireless devices and high-speed services has
driven the dense deployment of WiFi access points, which results in a surge of
interference. To address this issue, the Clear Channel Assessment (CCA) technique
was introduced in the IEEE 802.11 standard to evaluate interference from
neighboring stations and estimate transmission performance. This paper proposes
a method that combines the Double Deep Q-Network (Double DON) with the Water-
Filling power allocation technique to jointly optimize the detection threshold for the
Overlapping Basic Service Set (OBSS) and the transmit power in WiFi networks. In
this approach, the DON agent adjusts the CCA threshold for each Basic Service Set
(BSS), while the Water-Filling algorithm allocates optimal transmit power based
on instantaneous channel conditions. Simulation results show that the proposed
method improves the average network throughput by approximately 30% compared
with the standard IEEE 802.11ax mechanism.

Keyword: Double DON, IEEE 802.11ax, Water-Filling
Ngay nhdn bai: 10/03/2026; Ngay svra bai: 27/03/2026; Ngay duyét ding: 02/04/2026

TAP CHi KHOA HOC VA CONG NGHE TRUONG DAI HOC CONG NGHE DONG A
S0 05 - T04/2026



KHOA HOC CO BAN, KY THUAT VA CONG NGHE

1. MO PAU

Trong bbi canh sy bung nd cua cic
dich vu doi hoi bang thong 16n nhu truyén
phat video d6 phan giai cao, thuc té ao/
ting cuong (VR/AR), nhu ciu vé hiéu
sudt mang khong day cuc bo (WLAN)
ngdy cang ting cao [1]-[3]. Bé dap tng
nhu cau nay, cac diém truy cap (Access
Point - AP) dugc trién khai ngay cang
day dac, tao thanh cac mang WLAN day
dac (Dense WLAN). Tuy nhién, khi mat
d6 AP ting, kha ning chong 14n cua ving
dich vu (BSS) ngay cang cao. Diéu nay
gdy ra sy gia ting manh ctia nhiu dong
kénh va lam suy giam hiéu sudt mang
tong thé [4], [5].

Chuan IEEE 802.11ax (WiFi 6) da
gidi thiéu co ché tai sir dung khong gian
(Spatial Reuse - SR) nham ting sb luong
tram dugc phép tuyén dan dong thoi
trong cac vung dich vu chong 14n (OBSS)
[6]. Co ché SR hoat dong thong qua hai
k¥ thuat chinh: phat hién ving chong l4n
OBSS dua trén ngudng cong suat (OBSS/
PD-based SR) va tai sir dung khong gian
tham s6 hoa (PSR). Trong d6, OBSS/PD-
based SR cho phép thiét bi truyén dong
thoi khi cong sudt tin hiéu nhan dugc tir
vung dich vu 1an cin thp hon ngudng
OBSS/PD cho trude, thay vi tri hoan
truyén dan nhu co ché truyén thong [7].
Tuy nhién, chuin IEEE 802.11ax chi quy
dinh gia tri bién cho ngudng OBSS/PD
ma khong cung cap hudng dan cy thé vé
cach t6i wu hoa tham s nay [8]. Viéc lua
chon ngudng khong phu hop co thé dan
dén hai hé qua trai ngugc: ngudng qua
cao lam tang nhiéu do nhiéu truyen dan
ddng thoi, con ngudng qua thip han ché
kha nang tai st dung khong gian.

Nhiéu coéng trinh nghién ctu da dé
xuat cac phuong phap t6i uu tham sb SR
trong WLAN. Thuat toan COST (Control
OBSS/PD Sensitivity Threshold) [9] diéu
chinh ngudng OBSS/PD dya trén muc
nhiéu va cudng do tin hiéu nhan duoc,
dat mic cai thién thong lugng 1én téi

57% so v&i cau hinh OBSS/PD cb dinh.
Tuy nhién, COST hoat dong theo nguyén
tac phan tng tinh, khong c6 kha nang hoc
hoi va thich tng véi su bién doi phirc tap
cua modi truong mang. Trong [10], tac
gia dé xudt phuong phap tap trung dua
trén Multi-Armed Bandit (MAB) két hop
Gaussian Mixture Sampling dé tim klem
cAu hinh TX PWR va OBSS/PD tbi wu
cho toan b WLAN. Phuong phép nay
cho thdy hiéu qua trong viéc phan bo
cong bang tai nguyén vo tuyén, nhung
doi hoi khong gian kham pha 16n khi s6
luong AP ting.

Vi su phat trién ctia hoc ting cudng
sau (Deep Reinforcement Learning -
DRL), nhiéu nghién ctru gin day da ap
dung cong cu ndy vao bai toan ti wu SR.
Szott va cong sy [11] da trinh bay tong
quan vé& viéc ing dung hoc may dé cai
thién hiéu sudt IEEE 802.11, trong d6
nhain manh tiém ning ctia DRL trong
tbi uu tai st dung khong gian va quan ly
nhidu. Tai liéu [12] d& xudt sir dung Deep
Q-Network (DQN) v6i hai ché d6 hoc dé
lya chon déng thoi ngudng CCA va cong
suét phat. Két qua m6 phong chi ra rang
phuong phap dé xuat c6 thé dat mic cai
thién thong lugng trung binh 62.4% so
v6i thuat toan diéu khién truyén thong.
Nhom tac gia Jung va Baik [13] d& xuat
so d6 OTOP t6i wu cong suat phat cho
OBSS/PD-based SR dua trén phan tich
hinh hoc ngau nhlen cho phép t6i da
hoa xac suat truyén thanh cong. Gan day,
nghién ctru tai st dung khong gian ph01
hop da tram thu phat cho mang sau thé hé
WiFi7 bat ddu mo ra hudng tiép can méi
vé phdi hop tap trung giira cac tram [14].

Maic du cac nghién cru néu trén da
dat duoc két qua dang ké, hau hét chi
tap trung vao viéc diéu chinh riéng 1¢
ngudng CCA hodc cong suat phat, ma
chwa két hop dong thoi tdi wru ca hai tham
s6. Viéc str dung hoc may dé téi wu dong
thoi ngudng CCA va cong suat phat nhu
trong nghién ciru [12] c6 thé dan dén st
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mo rong cua khong
gian hanh dong va
lam cho qua trinh
héi tu cua chuong
trinh hoc méy dién
ra cham hon. Ngoai
ra, DQN chi lam viéc
vo1 cac hanh dong
roi rac, trong khi dai
cong suit kha thi caa
cac tram phat l1a gia
tri lién tuc. Do 4o, D
viéc st dung DQN ~_
dé g1a1 bai toan cong

suat toi uu co thé

chua phu hop.

Bai bao nay dé xuat phuong phéap két
hop Double DQN véi k§ thudt Water-
Filling dé dong thoi toi vu ngudng OBSS/
PD va phan bd cong suit phat trong mang
WiFi day dac. Cu thé, DQN dam nhan
vai tro tdi wu tham s CCA roi rac va
Water-Filling giai bai toan phan bo cong
suét lién tuc. Ngoai ra, phuong phap dé
xuét thiét k& ham thuong da thanh phan
gilip can bang giirta thong lwong mang,
quan 1y nhiéu, hiéu qua ning lugng va
dam bao chit lugng dich vu (QoS). Trong
bai bao nay, mo hinh hé théng dugc trinh
bay trong phan 2. Phan 3 trinh bay thuat
toan toi wu. Két qua phan tich hi€u nang
dugc trinh bay trong phan 4. Cac két luan
duoc trinh bay trong phan cubi cung.

2. MO HINH HE THONG

Bai bao nghién ctru mo6 hinh mang
WiFi day ddc bao gdm B AP dugc bd tri
¢b dinh trong vung dich vu. Trong do,
mdi AP quan 1y mot BSS va phuc vu K
ngudi ding (Station - STA) phan bd ngiu
nhién trong ban kinh phu song cua AP
d6 nhu dugc mo ta trong Hinh 1. Trong
mo hinh nay, cadc AP hoat dong trén cung
dai tan s va tao thanh cac ving dich vu
chdng 14n OBSS. Khi d6, mdi STA nhan
tin hiéu mong muén tir mot AP nhung
chiu nhiéu tir cac AP lan can.

/}Tm hiéu mong muén

= 3 Tin higu nhiéu
Hinh 1: M6 hinh hé thé’ng

Mo hinh suy hao dudng truyén dugc
xdy dung dya trén khuyén nghi ITU-R
P.1238 cho moi truong trong nha [15], bao
g6m thanh phan suy hao theo khoang cach
va hiéu tmg che khuét (shadowing). Cu
thé, suy hao duong truyén (tinh bang dB)
giita thiét bi phat va thu cach nhau khoang
cach dugc tinh theo cong thurc sau:
PL(d) = 40.05 + 201log;, ( /e ) +20log;o(min(d, d,))

+35logyg (dibp) (d > dyp) + Ly + Xq (1)

trong d6 f, 1a tn s6 séng mang, d,
1a khoang cach diém giy (breakpoint
distance), L., 1a suy hao do vat can, X 1a
bién ngau nhién Gauss voi do léch chuan
. Ham chi thi 1(-) nhan gia trj 1 khi diéu
kién ding va 0 trong truong hop nguoc lai.

Mo hinh truy nhap kénh CSMA/CA
xac dinh tinh dugc ap dung. Cu thé, AP b
duoc phep truyén (active) khi va chi khi
tong nhidu tir cac AP lan can thip hon
ngudng CCA tuong ing:

active(b) = ]1(2 Py G(b ) < CCAW(b)) )
b'+b

trong do G (b, b') 1a do loi kenh giua
cip AP (b, b'), Ppay cOng suit phat tdi
da, va CCA,,(b) 1a ngudng CCA cua AP
b tinh b%mg watt. Rang budc nay dam
bao rang chi nhitng AP khéng giy nhidu

TAP CHi KHOA HOC VA CONG NGHE TRUONG DAI HOC CONG NGHE DONG A
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vuot ngudng méi duge truyén dong thoi,
phan 4anh dung nguyén tic hoat dong cia
OBSS/PD-based SR.

Khi AP b dugc kich hoat truyén, ty sb
tin hiéu trén nhiéu cong tap am (SINR)
duoc tinh: "

PpMbp
b/ sb, active(s’) Por hp pr + 02 3)

trong d6 Pps 13 cong suat phat cia AP b
danh cho STA b'; h,,, 1a 40 101 kénh trung
binh tir AP b dén cac STA b; h,,;, 1a 46 loi
kénh nhiéu tir AP b’ giy ra tai cac STA
ctia AP b, va 6 1a cong suit tap 4m nhiét.

Thong luong ciia mdi BSS va thong
luong téng ciia mang dugc xac dinh theo
dinh ly Shannon:

14

B
RbZW'logZ(l-I-Yb)!R:ZRb (4)
b=1

trong d6 W 1a bang thong kénh.
Khi do, bai toan t6i uu tong thé dugc
phat biéu nhu sau:

max R = Z Ry (5)

véi cac rang budc:

(a) Rb = Rminl vb (6(1)
(b) 0< Pb = Pmaxl vb (6b)
¢) CCA,€C, Vb (6¢)

trong do6 rang budc (6a) dam bao QoS
t6i thiéu cho mdi BSS, (6b) gidi han cong
sudt phat, va (6¢) yéu cau ngudng CCA
thudc tap roi rac cho phép €. Bai toan (6)
12 bai toan t6i wu hdn hop roi rac-lién tyc,
trong d6 bién CCA roi rac va bién cong
sut lién tyc. Hon nira, quyét dinh CCA
cua cac BSS anh huéng qua lai thong qua
mo hinh CSMA/CA trong biéu thirc (2),
khién bai todn tré thanh NP-hard. Phan
tiép theo trinh bay thuat toan dé xuat dé
giai quyét bai toan nay.

3. MO TA THUAT TOAN

Dé giai bai toan (6), bai bao dé& xuit
phan tach thanh hai pha: Tai pha 1, hoc
tang cuong DQN t6i uru ngudng CCA rdi
rac, va Water-Filling t&i vu phan bd cong
suét lién tuc tai mdi budc thoi gian.

Thuét toan 1: Téi uwu tai st dung
khéng gian dwa trén Double DQN két
hop Water-Filling

Pau vao: Cu hinh mang WiFi (B AP,
K STA/BSS), tap ngudng CCA C, P,,qx

Pau ra: Chudi ngudng CCA ti wu,
phan bo cong suit p*, thong luong mang

1: Khéi tao replay buffer D dung
luong Ny, bd dém n-step

2: Khéi tao mang hanh vi Q(s, a; )
vamang muc tiéu Q (s, a; 67)

3: for episode = 1: E do

4: Khoi tao moi truong WiFi, nhan
trang thai ban dau S,

5: fort = 1: T do

6: Chon hanh dong phdi hop a, bing
e-greedy tu Q(s,, a; 0)

7: Giai ma a, thanh hanh dong CCA
cho tiing AP

8: Cap nhat ngudng CCA, xac dinh
tap AP hoat dong theo (2)

9: Ap dung Water-Filling tinh cong
sut toi uu p* theo (5)

10: Tinh SINR theo (3), thong luong
theo (4)

11: Tinh thuéng da thanh phan r, theo
(1)

12: Luu (5:, a;, Ty, 5¢+1) vao bo dém
n-step

13: if bo dém n-step di ® mau then

14: Tinh lgi nhudn n-step &, theo
(12), Ivu vao

15: end if

16:if D = N, then

17: Ly miu batch tir D theo PER
(11)

18: Tinh gia tri muc tiéu y; theo
Double DQN (9)

19: Cap nhat 0 bang gradient descent
v6i ham Huber loss

TAP CHI KHOA HOC VA CONG NGHE TRUONG DAI HOC CONG NGHE DONG A
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20: Cap nhat mém 0~ theo (10)

21: end if

22: end for

23: end for

3.1. M6 hinh qud trinh quyét dinh
Markoy

Bai toan diéu chinh nguéng CCA
dugc mo hinh hoéa dudi dang qua trinh
quyét dinh Markov (MDP) véi cac thanh
phan sau:

Khong gian trang thai: Tai mdi
budc thoi gian ¢, trang thai bao gém
vector dic trung cuc by cua tung BSS,
dugc ghép ndi thanh trang thai toan cuc
¢ = [f1(0), f2(0), ... fg()]. Mdi vector
f5(t) chira: d9 loi kénh chuan héa theo
thang logarit, mic nhiéu trung binh
chuén hoa, gia tri nguong CCA hién tai,
murc tai hang doi, s lwong ngudi ding
chuan hoa, va trang thai hoat dong cua
cac BSS lan can. Khong gian trang thai
6 86 chibu B x dyoey, VOi dipey = 5+ (B— 1)

Khong gian hanh dong: Tac tir tap
trung lya chon hanh dong phdi hop cho
toan bo $B$ AP ddng thoi. Mdi AP ¢6 3
hanh dong: giam ngudng CCA mdt bac,
gilt nguyén, hoac taing mot bac. Khong
gian hanh dong phdi hop co kich thude
|4 = 3% . Viéc st dung tac tr tap trung
thay vi nhiéu tic tir phan tan cho phép phéi
hop toan cuc giira cac BSS, tranh xung dot
trong qua trinh diéu chinh tham so.

Ham thuéng: Ham thuong duoc thiét
ké da thanh phan, két hop giira hiu suat
cuc bd va toan cuc:
ry(t)=a-Ry—f-I,—y Py +8 LR, = Ryp)\tag7?

) )
r(t) = %Z[Wm (1) + Wy - Taona (B)] \tag8 (8)
b=1

trong d6 R}, 1a thong lugng chuan hoa
ctia BSS b, I}, 1a nhiéu ma BSS b gay ra
cho cac BSS lan can (chuan hoa), pp 1a
cong suét phat chuan hoa, 1(Rj, = R,in)
thanh phan thuong QoS, Tgiobal(t) phan

anh hi€u suat tong thé mang, va
o, B, Y, 8w, Wy, 1a cic hé sO trong so.

3.2. Chién
O-Network

Double DQN [15] dugc st dung
nham khic phuc nhuogc diém ude luong
qua cao gia trj Q trong DQN tiéu chuin
[18]. Trong Double DQN, mang hanh vi
(behavior network) dwgc ding dé chon
hanh dong tdt nhét, con mang muc tiéu
(target network) danh gia gia tri ciia hanh

lwgc Double Deep

Yi=1i+7¥d Quarget (Sj+1, argm:le(SjH, @ 9); B_)

9)

trong d6 0 va 0~ 1an luot 1a tham s
mang hanh vi va mang muc tiéu, Ya la
hé s chiét khiu, va 1a sé budc trong co
ché n-step returns.

Kién triic mang no-ron bao gdm: 16p
dau vao véi kich thudc bang sd chiéu
trang thai; 10p an tha nhat voi ham
kich hoat ReLU; 16p chuan héa (Layer
Normalization) gip 6n dinh qua trinh
huén luyén; 16p an thir hai; va 16p dau ra
v6i s6 no-ron twong tmg kich thudc khong
gian hanh dong. Mang muc tiéu dugc cap
nhat mém (soft update) v6i hé s6T:

0 «1-0+(1—1)-0"

Céap nhat mém cho phép mang muc
tiéu thay ddi tur tir, tranh dao dong manh
trong qua trinh hudn luyén so véi cach
cap nhat cing (hard update) theo chu ky
c¢d dinh.

3.3. By nho kinh nghiém wu tién va
N-step Returns

B6 nho kinh nghiém uwu tién
(Prioritized Experience Replay — PER)
[19] duoc ap dung nham ting hiu qua
stt dung dir liéu huan luyén. Thay vi lay
mau ngau nhién déu, PER gan xac suit
ldy mau ty 1& voi sai sé6 TD (Temporal
Difference):

Aper

P
P -
RS e
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trong d6 p; = |18;] + 1a @6 wu tién cla
kinh nghiém thur i, Cper » dleu chinh mtrc
do uvu tién, va ¢ la hang s6 nho dam bao
moi kinh nghi¢m déu co xac suét duong.

Co ché n-step returns dugc két hop
nham giam phuong sai trong wdc lugng
gia tri va tang toc do lan truyén tin hiéu
thudng:

n-1
_ k
G, = Z Yd " Teik
k=0

3.4 Ky thudt Water-Filling

K¥ thuat Water-Filling dugc 4p dung
dé t6i wu phan bd cong suat phat cho tap
cac AP dang hoat dong Nguyén 1y Water-
Filling phan bd nhiéu cong suat hon cho
cac kénh co chat lugng tot va it cong suat
hon cho céc kénh kém. Cu thé, cong suat
toi uu cho AP la:

(12)

o+ 1,

2
hyy 0)’ me)

(13)

trong d6 1 1a muc nudc (water level)

dugc xac dinh théng qua tim kiém nhi

phan dé thoa min rang budc cong suit,

va I}, 1a nhiéu tong tai AP b tir cac AP
khac.

4. PANH GIA HIEU NANG
Pé danh gia hiéu ning cua thuat toan
dé xuit Double DQN két hop Water-
Filling va so sanh v6i co ché OBSS/PD
tiéu chuan ctia IEEE 802.11ax, kich ban
mé phong duge xay dung gdm 3 tram AP
duoc dat tai 3 dinh cua tam giac déu canh
50 m. Trong mdi AP, cac STA dugc phan
bd mot cach ngau kién theo phan bd déu.
Céc tham sb md phong chinh duge mo ta
trong Bang 1. ’
Bang 1: Tham so mo phong

pb = min (max (,u -

Tham sb Gia tri
S6 luong AP (B) 3
S6 lugng STA trén mdi
BSS (K) 3-40

Bang thong kénh (W) 20 MHz
Tén s6 song mang (f,) 5 GHz
Suy hao do vat can (L) 7 dB

Cong sudt phat ti da
(Pmm‘)

0.1 W (20 dBm)

Tée do t6i thiéu QoS

5 Mbps/BSS
(Rmin) p
b6 léch chuin shadowing | 1.5 dB
Kich thude vung phuc vu | 50 m x 50 m

(~82, 78, ~74, 70,

Tap nguong CCA(C) | “66 " 6> 58} dBm
Ngudng CCA méc dinh —82 dBm
Téc d6 hoc (Ir) 0.001

S episode huin luyén (E) | 200
S6 bude mdi episode (7) | 720

4.2. Két qua mé phéng va théo lugn

Hinh 2 minh hoa sy thay ddi cua
thong lugng hé théng trong qua trinh
hudn luyén ciia thuat toan Double
DQN két hop Water-Filling trong mang
WLAN day dic véi s6 luong ngudi
dung trén mdi BSS 1a K =5, 10 va 15.
Trong giai doan dau ctia qua trinh huin
luyén (episode trong khoang 1-20),
thong luong tang nhanh do tac tir hoc
tang cuong bat dau kham pha khong
gian hanh dong va dan tim duoc cic ciu
hinh ngudng CCA phu hop két hop voi
phan b6 cong suat Water-Filling. Khi
sO episode tang, tdc do cai thién thong
luong giam dan va cac duong cong tré
nén muot hon, cho théy chinh sach hoc
duoc dan 6n dinh.

Hinh 2: Thong luong mang trong qud trinh
huan luyén
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Sau khoang 70-80 episode, cac duong
cong gan nhu hoi tu va chi dao dong nho
quanh gia tri trung binh, phan anh tinh
6n dinh cia qua trinh hudn luyén. Diéu
nay cho thay téc tir hoc ting cuong da tim
dugc chinh sach diéu chinh ngudng CCA
phit hop va duy tri phan bd cong suit hiéu
qua thong qua co ché Water-Filling. Nho
do, hé théng dat duoc su can béng gitra
tang thong luong mang, kiém soat nhiéu
lién BSS va dam bao cac rang budoc QoS
trong moi truong WLAN day dac.

464.89 457.83  ggm Thua
435 1 NN Thuét to: at

5
&
g

_ K

34717 351.55 348.70 347.10

oW
Y/
O

W
8
8

Théng luong mang (Mbps)
8
8

5
8

2 7 %\

k=10 k=15 k=20
56 lugng STA (K)

7

=
o

Hinh 3 so sanh thong lugng mang
trung binh gitra thuat toan co s OBSS/
PD [6] va thuat toan d& xudt DQN két hop
Water-Filling véi s6 luong nguoi ding
trén mdi BSS lan luot 1A K =5, 10, 15 va
20. Trong do, phuong phap OBSS/PD su
dung ngudng CCA cb dinh dé danh gia
dé tinh tréng cua kénh truyén. Két qua
cho thay thuat toan dé xuét ludn dat hiéu
nang vuot trdi so voi phuong phap cO sO
trong tit ca cac trudng hop cua s luong
nguoi dung dugc xem xét.

Hinh 3: Thong luong mang trong
qua trinh kiém tra

Cu thé, khi K = 5, thong luong ting
tr 347.17 Mbps 1én 435.16 Mbps, tuong
duong muc cdi thién khoang 25.4%. Véi
K =10, thong lugng tang tir 351.55 Mbps
Ién 464.89 Mbps, tuong ung 32.2%.
Trong truong hop K = 15, thong lugng
tang tu 348.70 Mbps 1én 457.83 Mbps,
tuong dwong 31.3%. Cudi cung, khi K
= 20, thong lugng dat 458.85 Mbps, cao

hon khodng 32.2% so voi 347.10 Mbps
ctia thuat toan co so. Nhitng két qua nay
cho thiy phuong phap dé xuit c6 kha
ning toi vu hiéu qua ngudng CCA va
phan bd cong suat phat, tir d6 khai thac
t6t hon tai str dung khong gian va giam
nhiéu giira cac BSS trong mang WLAN
day dac.

5. KET LUAN

Bai bao di dé xuat phuong phap tdi vu
tai st dung khong gian cho mang WLAN
day dic dua trén Double DQN két hop
k§ thuat Water-Filling. Trong d6 DQN tdi
wu tham sé ngudng CCA rdi rac, Water-
Filling thyc hién phan bd cong suit lién
tuc theo chét luong kénh. Co ché hoc
tang cuong két hop v6i thiét ké ham
thuong da thanh phan cho phep can bang
giita thong lwong mang, kiém soat nhidu
va dam bao rang budc QoS. Két qua md
phong cho thay thuat toan dé xuat dat qua
trinh huan luyén 6n dinh va hoi ty nhanh,
voi thong lugng tang khoang 30% so voi
co ché OBSS/PD tiéu chuan cia IEEE
802.11ax.
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PHAN TiCH SUBANH POl GIUA HIEU NANG VA NANG LUONG
TRONG MANG TRUYEN THGNG TAN XA NGUOC M1 TRUGNG
CHONG NHIEU SU DUNG HOC TANG CUGNG BA TAC TU

Nguyén Thai Duong', Nguyén Ngoc Tan"
' Khoa Cong nghé thong tin, Truong Pai hoc Cong nghé - Pai hoc Quoc gia Ha Noi
*Email: tan.nguyen@vnu.edu.vn

TOM TAT

Sw bung n0 cua cdc thiét bi Internet van vit (1oT) trong ky nguyen 6G dat ra thach
thirc kép vé tiét kiém ning lwong va kha nang chong chiu triede cdc cude tan cong gay
nhiéu chii dong. Ky thudt Truyen thong Tan xa nguoc Moi truong (Ambzent Backscatter
Communication - AmB) néi lén nhw mot giai phap hira hen nho kha nang tan dung song
Vo tuyen c6 san dé truyen tin voi cong sudt cuc thap Tuy nhién, viéc toi vu hoa dong
thoi do tin cdy va hiéu qua nang Zu’ong trong moi tru’ong nhiéu la bai todn phu’c tap.
Bai bao nay nghién ciru bai toan can bang tai nguyén dong, trong do tin hi¢u gdy nhiéu
diege thu thdp dé cung cap nang lwong vdn hanh hé thong. Chung toi de xudt khung giai
phap 14-MADDPG, ket hop Hoc tang cuong sdu da tac tir véi co ché Hoc bat chuoe
nham khdc phuc van dé hoi tu chgm trong khong gian hanh dong lién tuc. Két qua mo
phong cho thay, thay vi toi da héa thong lwong mot cach mu quang, phu’ong phap de
xudt chdp nhdn micc tiéu thu nang lu’ong cao hon de duy tri sw on dinh ciia hiéu sudt
théng lwong trén ning heong trong cdc diéu kién khdc nghiét.

Tir khoa Truyen thong tan xg nguoc moz trirong, Hoc tang cwong sau da tdc tu, Chong
nhleu Hiéu qua nang lwong, mang truyen truc tlep

ABSTRACT

The deployment of Internet of Things (loT) devices in 6G networks introduces dual
challenges regarding energy efficiency and resilience against active jamming attacks.
Ambient Backscatter Communication (AmB) provides a mechanism to address these
constraints by modulating existing radio frequency (RF) waves for ultra-low-power
transmission. However, the joint optimization of transmission reliability and energy
efficiency in non-stationary jamming environments constitutes a complex resource
allocation problem. This paper investigates a dynamic resource balancing model wherein
adversarial jamming signals are harvested to supply operational energy for the AmB
system. We formulate the joint anti-jamming and energy allocation problem as a partially
observable Markov decision process (POMDP). To solve this, we propose an Imitation-
Augmented Multi-Agent Deep Deterministic Policy Gradient (IA-MADDPG) framework.
This architecture integrates multi-agent deep reinforcement learning (MARL) with an
imitation learning mechanism to mitigate the slow convergence and high exploration
overhead inherent to continuous action spaces. Simulation results indicate that the 14-
MADDPG framework strictly avoids unconstrained throughput maximization, instead,
it strategically allocates higher energy consumption to guarantee the stability of the
throughput-to-energy efficiency metric under severe jamming conditions.

Keyword: Ambient Backscatter Communication, Multi-agent deep reinforcement
learning, Anti-Jamming, Energy efficiency, Direct transmission network.

Ngay nhdn bai: 05/01/2026; Ngay swra bai: 10/03/2026; Ngay duyét dang: 02/04/2026
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1. MO PAU

Trong 16 trinh phat trién cua mang di
dong thé hé tha 6 (6G), viéc két nbi hang
ty thiét bi IoT cong sut thap doi hoi cac
giai phap truyén thong mang tinh dot pha
vé hiéu qua nang luong. Mic du cac cong
nghé hién tai da dat dugc nhitng budc
tién 16n vé tde do, rao can vé tudi tho pin
va su khan hiém pho tan van 1 nhitng nut
that c6 chai [1]. Piac biét, trong cac kich
ban quan sy hodc an ninh cao, cac thiét b
IoT thu(mg xuyén phal d6i mat véi cac
cudc tin cong gdy nhiu nham lam gian
doan két nbi.

Céc phuong phap chdng nhiéu truyén
thdng nhu Trai phd nhay tan (FHSS) hay
Trai phd chudi truc tiép (DSSS) thuong
yéu cau cac thiét bi phai tiéu ton mot
luong nang luong 16n dé phat tin hiéu
manh hon nhiu hoic lién tuc thay doi
tan s cong tac [2]. Dicu nay di nguoc lai
v6i triét 1y thiét ké sach va bén viing cia
mang [oT mat do cao. Gan day, k¥ thuat
Truyén thong tan xa nguwoc mdi truong da
dugc dé xuat nhu mot hudéng di méi, cho
phep cac thiét bi giao tiép bang cach diéu
blen va phan xa lai cic song vo tuyén c6
san trong mdi truong (nhur song TV, Wi-
Fi, 5G) thay vi tu tao ra song mang [3].

Mot hudng tlep can day tiém nang
nhung chua dugc khai thac trigt dé la
vi€c coi tin hi€u gay nhleu khong phai 1a
nhidu, ma la mot ngudn nang luong séng
mang cong suét 16n [4]. Trong kich ban
nay, thiét bi Truyén thong tan xa nguoc
moi truong ¢ thé tan dung chinh ning
luong tir ké tin cong dé phan xa tin hiéu
ctia minh, bién nguy co thanh co hoi. Tuy
nhién, viéc hién thyc hoa y tudng nay
gap phai thach thtc 16n trong viéc quan
1y tai nguyén: Diéu chinh hé s6 phan xa ()
dé can bang giita cuong do tin hiu phat
di va nang lugng tiéu hao cho mach dién
va Lua chon ché do truyén truc tiép hoac
truyén qua trung gian dé t6i uu hoa ning

luong toan trinh [5].

Céc phuong phap tdi wu hoa truyén
théng thuong dua trén cac mo hinh tinh
hodc tham lam, von khong thé nim bat
duoc tinh dong ciia moi trudng nhicu
va sy tuong tac phtrc tap gitta cac nguoi
dung [6]. Hoc tang cuong sau (Deep
Reinforcement Learning - DRL), dac biét
la mo hinh da tac tir (Multi-Agent DRL),
cung cip mot cong cu manh mé dé giai
quyét cac bai toan ra quyét dinh trong
moi truong phi tdp trung. Tuy nhién,
cac thuat toan nén tang nhu MADDPG
thuong gip van dé “khoi dau lanh”, dan
dén t6n kém thoi gian va ning luong cho
qua trinh tham do [7] [8].

Bai bao nay dé xudt va phéan tich
mot khung giai phap dya trén thudt toan
IA-MADDPG  (Imitation-Augmented
MADDPG). Bong gop chinh cua bai bao
tap trung vao viéc phén tich sau sic khia
canh hiéu qua nang luong, lam 1 co ché
ma tai d6 céc tac tir hoc may chip nhan
hy sinh mét phan ning luong tiéu thu dé
d6i lay sy dam bao vé chit luong dich
vu (QoS) va thong luong trong diéu kién
nhidu khic nghiét.

2. MO HINH HE THONG VA BAI
TOAN TOI UU

2.1. M6 hinh Kich bdan Mang

Chung t6i xem xét mot mang truyén
thong khong day trong vung di¢n tich
120 x 120 mét, bao gdm N cip nguoi
ding ngudn - dich (Source User - SU,
Destination User - DU) va mot tram
chuyén tiép (Relay Base Station - rBS) dat
tai trung tdm. Hé thong chiu tac dong boi
mot tac nhan gy nhidu cong sut 1on di
chuyén ngau nhién va phat nhiéu lién tyc.

Khac v6i cac hé théng vo tuyén chi
dong, mdi SU; trong md hinh nay duogc
trang bi thé Backscatter thu dong. Thay vi
str dung bo dao dong ndi dé tao sdng mang,
SU; thu nhan tin hiéu tir tac nhan gay nhiéu
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va phan xa lai n6 t6i DU; hodc rBS.

Qua trinh truyén tin c6 thé dién ra theo
hai ché do (m;):

e Ché dd truyén true tiép: Truyén
truc tiép tir SU; dén DU thong qua phan
xa tin hiéu tic nhan giy nhiéu. Ché do
nay tiét kiém ning luong truyén dan
nhung dé bi anh huéng néu khoang cach
xa hodc nhiéu tai may thu qua lén.

o Ché d¢ truyén qua trung gian: Tin
hiéu dugc phan xa tu SU; dén rBS, sau d6
BS giai ma va chuyén tiép dén DU;. Ché
do nay tdng do tin cdy nho lgi ich phén
tap khong gian nhung c6 thé giy do tré
va tiéu ton tai nguyén hé thong.

Backscatter
circuit

< » D2D comm using AmB

«— —» Relay AmB signal
through RBS

2.2. M6 hinh Tin hiéu va Tiéu thu
Nding lwong

Pay la phan trong tim dé phéan
tich hiéu qua nang lugng. Qua trinh
backscatter duoc thuc hién béng cach
thay doi trd khang anten dé hap thu hodc
phan xa tin hi¢u t6i. Goi @, € [0, 1]1a hé
s0 phan xa cua SU..

Tin hiéu thu duoc tai dich dén D, trong
ché d6 truyén truc tiép duoc biéu dién:
yp,(t) = \/Fjgj,sigsf,Dio‘ixsf(t) +np, () (1)

Trong do, P, 1a cong suét phat cua tac
nhéan gy nhieu, g, 5 1a do loi kénh gitra
nat A va B, va 1p; la tap am nhiét.

Mic du Truyén thong tan xa nguoc

» Jamming signal
(also acts as RF
source)

mdi truong khong tiéu ton ning lugng
dé tao soéng mang, nhung nd van tiéu
thy nang luong cho viéc chuyén mach
tro khang va hoat dong ctua vi mach diéu
khién. Tong ning luong tiéu thy E; cho
mot 1an truyén tin cta ngudi dung i duogc
mo hinh hoéa nhu sau:

Ei = Ecircuit + T]|0(1|2: (2)

Trong do6:

Ecircu,it = Cswitch + Csense , la néng
lugng c6 dinh cho vi¢c chuyén mach va
cam bién méi trudng.

nle;|* 1a thanh phan ning luong
dong, phu thudc binh phuong vao hé sb
phan xa .

T phuong trinh
trén, vi€c tang s€ lam
tang cuong do tin hi¢u
phan xa (tang SINR),
nhung dong thoi lam
taing chi phi nang
luong theo ham bac
hai. Pay chinh la trong
tam cua sy danh doi
(trade-off) ma bai bao
nay phan tich.

2.3. Thiét lap Bai
todn Toi wu Pa muc
tiéu

Muc tiéu cta hé thong 1a t6i da hoa
thong luong dong thoi kiém soat mirc
tiéu thu nang lugng. Ty sd tin hiéu trén
nhiéu cong tap am (SINR) tai mdy thu
phu thudc vao ché do truyén dan:

e SINR ché do truyén truc tiép
(SINRP?P) ti 1& thun véi af P;.

e SINR ché d9 truyén qua trung gian
(SINRF®'*)1a gia tri nh6 nhat ciia SINR
hai chang (SU-rBS va rBS-DU).

Bai todn dugc mo hinh hoéa dudi dang
Qua trinh Quyét dinh Markov Quan sat
Mot phan (POMDP), trong d6 mdi tac tir
SU; quan sat trang thai kénh cuc bo va
dua ra hanh dong a; = [o;, m;].
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Ham phan thuéng (Reward Function)
7;cho mdi tac tor dugc thiét ké dé can
bang gitra thong lwong va ning lugng
tiéu thu:

r; = wy log, (1 + SINR;)

+ w, tanh(SINR; — I') — wsaf, (3)

Trong d6, thanh phan thir nhat khuyén
khich ting théng lugng, thanh phan thir hai
dam bao SINR vuot ngudng an toan T, va
thanh phan thir ba (—wsa?) phat ning
cho viéc tiéu ton ning luong qua muc.
Viée diéu chinh céc trong s6 w s& quyét
dinh chién lugc cua mang: thién vé hiéu
ning (Performance-centric) hay thién vé
tiét kiém nang luong (Energy-centric).

3. THUAT TOAN PE XUAT: IA-
MADDPG

Dé giai quyét bai toan tbi vu da muyc
tiéu trong moi truong nhidu dong nhu
dd mo ta, chung toi dé xuét khung giai
phdp IA-MADDPG. Khung gidi phdp
nay dugc xay dung dya trén nén tang cua
thuat toan MADDPG [7], nhung tich hgp
cac co ché tién tién dé khic phuc nhugc
diém hoi tu cham va kém 6n dinh («khoi
dau lanh») ctia cic phuong phap Hoc
tang cuong (RL) truyén thong.

3.1. Hoc Bat chwée (Imitation
Learning) d@é Ting toc Hpi tu

Trong giai doan dau cua quéa trinh
huén luyén, viéc dé cac tac tir kham pha
ngau nhién khong gian hanh dong lién
tuc 1a cuc ky lang phi nang lugng va thoi
gian. D¢ giai quyét van dé nay, ching
toi gidi thiéu mot chinh sach chuyén gia
phan tich ng(o;). Chuyén gia nay sir dung
chién luoc tham lam (Greedy) dua trén
thong tin kénh truyén tirc thoi dé toi wu
hoa SINR [8] .

Co ché thu thap dir liéu tir chién lugc
tham lam: Cu thé, tai mdi budc thoi gian
cua giai doan khoi dong, chinh sach
chuyén gia quan sat trang thai kénh cuc
bd o; (bao gdém Ry gy, hsypy va muc

nhiéu) dé tinh toan ciu hinh hanh dong
a; = {a;, m;}nham cyc dai hoa gia tri
ham phén thuéng 7; tai phuong trinh (3).
Qua trinh ra quyét dinh nay mang tinh
thién cén, chi tap trung vao t1 wu hoa loi
ich turc thoi ma khong cap nhat ham gia
trj dai han. Cac bd dit liéu chuyén doi
trang thai (s,a,7,s’) sinh ra tir chién
lwgc nay duoc thu thip va day lién tuc
vao bo dém kinh nghiém D cho dén khi
dat nguong dung luong.

Qua trinh hoc dugc tang toc thong qua
hai co ché:

e Khéi dong chuyén gia (Expert
Warm-up): Trudc khi bat diu qua trinh
hudn luyén RL, bd dém kinh nghiém
Dduge 1ap day mot phan bsi cac miu
chuyén di trang thai (s,a,7,s') sinh ra
tir chién luoc tham lam (Greedy). Diéu
nay dam bao rang ngay tir cic budc cap
nhat gradient dau tién, mang no-ron da
duoc hoc tir cac dir liéu chat luong cao
thay vi dir liéu ngau nhién.

e Sao chép hanh vi (Behavior
Cloning - BC): Ham méat mat cua mang
Actor dugc sira d6i dé bao gém thanh
phan sai sb bt chudc. Piéu nay khuyén
khich tac tr m6 phdng hanh vi ciia chuyén
gia trong giai doan dau, ddng thoi van
giit kha nang kham pha dé tim ra chién
luoc tot hon vé sau. Haim mat mat tong
hop dugc dinh nghia:

L(8;) = Lpg + M E [“Hi(‘)i) - ME(Oi)”Z] 4)

Trong do, Lpg }él mat mat theo Policy
Gradient ti€éu chuan, Mg la chinh sach
chuyén gia, va Ay 13 hé s6 trong s6 giam
dan theo thoi gian.

Co ché suy giam cua hé s6 A : Dé
dam bao tinh tai 1p cua qua trinh huin
luyén, co ché giam dan cua hé sb Ay
dugc mo hinh hoa theo ham suy giam mil.
Cu thé, tai tap huén luyén thtr e, trong )
nay dugc cap nhat theo cong thirc:

A(e) = A;(0) - (yp)°
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Trong d6, A;,(0) 1a gia tri trong sb
khoi tao ban dau va vy, € (0,1) 13 hing
s6 toc d6 suy giam. Viéc st dung ham
mi ép buoc mo hinh bam sat nhan cua
chuyén gia & cac tip dau tién dé 6n dinh
khong gian trong s mang no-ron. Sau
do, A;; suy giam tiém cén vé 0 & cac tap
sau dé triét tiéu do chéch cua chién luoc
tham lam, mé& rdng khong gian kham pha
dé thuat toan MARL ty héi tu vé diém
can bang t6i vu hon.

3.2. Ning cao Tinh On dinh véi PER
va TD3

Pé tiang cuong do 6n dinh trong moi
truong da tac tir bién d6i nhanh, ching
toi tich hop hai k¥ thuat:

e Uu tién Hoi twéng Kinh nghi¢m
(Prlorltlzed Experlence Replay PER)
Thay vi lay mau ngau nhlen ddng déu,
thuat toan uu tién lay mdu cac chuyen
d6i 6 sai s6 du bao (TD-error) 16n. Diéu
nay giap mang no-ron tap trung hoc cac
tinh hudng “kh6” hodc bat ngd (vi du:
khi tac nhan gay nhiéu thay doi vi tri dot
ngot) [9].

e Lam mugt Chinh sach Muc tiéu
(Target Policy Smoothing): Liy cam
hing tir thudt todn TD3, ching t61 thém
nhidu duge cit (clipped noise) vao hanh
dong muc ti€u khi cap nhat mang Critic.
K¥ thudt ndy giup giam thiéu hién tuong
uoc lugng quéa cao gla tri Q (Q-value
overestimation), mot van dé thudng gip
trong DDPG .

3.3. Quy trinh Thudt todn Chi tiét

Quy trinh huan luyén day du cua IA-
MADDPG dugc trinh bay chi tiét trong
Thuat toan 1.

Thuat toan 1: Imitation-Augmented
MADDPG (IA-MADDPG)

Piu vao: Céc siéu tham s6 mang, Moi
truong truyén thong, Chuyén gia p& .

Piu ra: Chinh sach téi uu cho cac tac
tu SU;.

1. Khéi tao:

e Khoi tao mang Actor L;(o; |9 ) va
Critic Q;(s,ald;) véi trong sé ngiu
nhién.

e Khoi tao cac mang muc tiéu (Target
networks) p; va Q; voi trong so tuong
ung.

¢ Khoi tao B§ dém uu tién (Prioritized
Replay Buffer) D.

2. Giai doan Khéi dong (Warm-up
Phase):

e For k=1 to Kyarmup do:

o Quan sat trang thai s; Chon hanh
dong tir chuyén giaa = pf(s).

o Thyc thi hanh dong, nhan phén
thudéng r va trang thai moi s°.

o Luu bo chuyén d6i (s,a,1,s") vao
D.

¢ End For

3. Giai doan Huén luyén (Training
Phase):

e For episode =1 to M do:

o Khoi tao lai moi truong, nhan trang
thai ban dau s.

o Khoi tao nhidu ngiu nhién NV cho
viéc kham pha.

o For t =1 to T (s6 budc mdi tap) do:

» Mdi tac tr chon hanh dong

a; = w(0) + Ny

» Thyc thi hanh dong két hop
a = (ay, ...,ay), nhan phan thuéng r
va trang thai moi s'.

* Luu (s,a,7,s") vao D véi d6 uu
tién cao nhat.

» Liy miu ngau nhién mot minibatch
B tu D duya trén trong s6 uu tién PER.

= Cap nhat tham sb (cho mdi tac tir i):

o Tinh myc tiéu y; st dung Target
Policy Smoothing (TD3).

o Cép nhat Critic bang cach téi thiéu
hoéa ham mét méat Bellman c6 trong sb
PER.

o Cap nhat Actor béng cach tdi thiéu
héa ham mat mat tong hop.

o Cap nhat do vu tién trong D dya trén
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TD-error méi.
0 0«10, + (1 —1)0
O ¢+ A -Dy;
* End For (Time step)
e End For (Episode)
4. PANH GIA

(Energy Efficiency Analysis)

Thay vi chi dénh gia muc tiéu thu
nang luong mot cach co hoc, phan nay
di sau phan tich hanh vi thong minh cta
hé thdng thong qua chi s6 Hiéu qua Nang

HIEU SUAT VA
PHAN TiCH 451

4.1. Thiét ldp
Mo phong va Kich
ban danh gida

Hé théng duoc
trién khai trén nén
tang PyTorch voi
cic tham s6 mod
phong bam sat
thue t& méi truong
nhiéu dong. Cu
thé, cong sudt tac 157
nhan giy nhiéu
dugc thiét 1ap P;
= 1.0W, tao ra ap

40

35

30

251

201

Energy Efficiency (Success/Energy)

luc nhiéu 16n 1én
mang ludi. Cac tac
ti (Agent) st dung
mang no-ron sau voi ciu tric Actor [256,
256, 128] va Critic [512, 256, 128, 64] dé
hoc chién lugc ddi pho.

Pé lam ndi bat kha nang thich nghi
cta thuat toan dé xuit (IA-MADDPG),
chung t6i so sanh véi ba chién luoc co so
dai dién cho tu duy thiét ké tinh:

e Truyén dan tryc tiép (Direct
Transmission - DT) & Tham lam
(Greedy): Str dung hé s6 phan xa c6 dinh
& murc thap (a = 0.2). Pay la chién luoc
"an toan" nham t6i uu hoa chi s tiét kiém
nang luong 1y thuyét.

e Nhiy tan ngiu nhién (Frequency
Hopping - FH): Chién luoc nhay tan
ngau nhién, dai dién cho phuong phap
tranh nhiéu thu dong.

4.2. Phdn tich Hiéu qud Ning lwong

luong (Energy Efficiency).
Energy Efficiency Over Time
—— MADDPG
-= [T 22,7346
-= Greedy: 23.8776
- = FH; 23.0844
[IJ l[IJ[] 2[‘]!] Z-][IJ[] -IH.IJ[]

Episode

Hinh 1: Hiéu qua Nang liwong theo thoi gian (Energy Efficiency Over

Time)

O Hinh 1, duong biéu dién cua IA-
MADDPG (mau xanh 1a) hoi tu vé mirc
thap hon (~9) so véi cac dudng co so
(~23). Trong cic nghién clu truyén
thdng, diéu nay thuong bi hiéu nham la
kém hiéu qua. Tuy nhién, trong bbi canh
chéng nhiéu, day chinh 1a bang chung
cho kha nang thich nghi vuot trdi cua
hé thong d¢ xuat. Cac phuong phap DT,
Greedy va FH duy tri hi¢u qua nang luong
cao gia bang cach gitr ¢6 dinh hé sé phan
xa & muc thap (a = 0.2). Chién lugc nay
giéng nhu viéc mot chiée xe chay cham
dé tiét kiém xang bat chap viéc khong thé
leo qua ddc cao. Trong méi truong nhidu
manh (P; = l.OW), mirc nang luong thap
nay khong du de tao ra ty soO tin hi¢u trén
nhidu (SINR) can thiét dé giai ma goi
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tin. Do do6, su hiéu
qua cua cac phuong
phap nay thuc chat
la su bat luc trong
viée duy tri két ndi.
Phuong phap nay

10

Throughput per Energy Over Time

N —— N e e ) W e e e W e

tiét kiém nang luong,
nhung danh mét muc
tifu dugc uwu tién
hang dau 1a truyén
tin tin cay. Nguoc
lai, sy sut giam hi¢u
qua nang lugong cua
IA-MADDPG phan
anh hanh dong phan
khéng tich cyc. Tac 6
tir hoc duoc réng dé
duy tri két ndi duéi
tac dong cua nhiéu,
n6 budc phai diy hé
s6 phan xa 1én mirc cao (gn 1.0). Mic
du diéu nay 1am ting chi phi ning luong
ttc thoi (theo ham bac hai na?), nhung
n6 dam bao tin hi¢u vuot qua ngudng giai
ma. Nhu vay, mic hiéu qua nang lugng
thip hon cua IA-MADDPG khéng phai
la Iang phi, ma la chi phi bao hiém can
thiét dé dam bao do tin cay cua dich vu
(QoS), diéu ma céac chién luoc tiét kiém
nang luong cuc doan khong thé dap ung.

4.3. Phin tich Hi¢u suit Théng
luwong trén Nang lwong (Throughput
Efficiency)

Dé minh ching rd hon tri thong minh
cia hé thong, ching ta xem xét chi sd
Hiéu suit Thong luong (Throughput
Efficiency - bits/Joule) trong Hinh 2. Bay
la thuéc do cho thdy mdi don vi ning
lugng bo ra mang lai bao nhi€u gia tri

Throughput Efficiency (bits/])

= MADDFG
-= DT 9.4155

FH: 10.5052

thong tin thuc té.

Sukhécbiét gitraduong IA-MADDPG
(dao dong manh) va cac duong co so (di
ngang) cho thdy hai triét 1y van hanh
hoan toan trai nguoc.

== Greedy: 9.2871

—r v
0 100

r r -
200 300 400
Episode

Hinh 2: Hiéu sudt Théng heong trén Ning lwong theo thoi gian

o Su cting nhic ciia cac phuong phap
tinh: Cac dudong nét dit nam ngang thé
hién sy cing nhéc. D méi truong nhiéu
thay d6i nhu thé nao, cac phuong phap
nay van ap dung mot cau hinh duy nht.
Diéu nay dan dén rai ro “Outage” (mat
két ndi) cuc cao khi nhidu bién dong
vuot qua kha niang chiu dung cua cau
hinh a = 0.2.

e buong dao dong cua IA-MADDPG
(mau nau do) la minh ching cho qua
trinh do tim va thich nghi lién tyc. Cac
dinh thé hién nhitng khoanh khic tac tir
phat hién nhidu giam va thong minh ha
thdp cong suat dé tiét kiém nang luong.
Céc day thé hién nhiing thoi diém tac tir
phat hién nhidu ting cao va quyét dinh
hy sinh hiéu suit bits/Joule dé don toan
luc duy tri két nbi. Hanh vi nay twong tu
nhu co ché diéu tiét sinh hoc: hé théng tu
dong can bang giira trang thai tiét kiém
va ti€u hao tuy thudc vao muc do de doa
clia may gay nhiéu.

Két qua mo phong khang dinh sy uu
viét cua ITA-MADDPG khong nim & con
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sO tiét kiém ning luong thd, ma nim &
kha nang quan tri rai ro. Trong khi céc
phuong phap co s& chap nhan rii ro mat
tin dé bao toan nang luong, [A-MADDPG
st dung nang lugng nhu mot chién luoc
dé dam bao tinh lién tuc cua dich vu. bay
la dic tinh tién quyét cho cac mang IoT
quan su hodc cac tng dung y té, an ninh
quan trong, noi sy gian doan thong tin la
khong thé chap nhan duoc.

5.KET LUAN

Bai bdo da trinh bay mdt phan tich
toan dién vé su danh d6i gilra hi¢u nang
va niang luong trong mang Truyén thong
tan xa nguoc moi truong dudi tac dong
ctia nhiéu chi dong. Thong qua viéc ap
dung thuat toan IA-MADDPG, chung
t6i da chtrng minh ring viéc sir dung cac
chién luge c¢6 dinh tuy tiét kiém ning
lugng nhung khong dam bao d¢ tin cay
trong moi truong thu dich. Nguoc lai,
viéc cho phép cac tac tir hoc may ty chu
diéu chinh hé sb phan xa va ché do truyén
dan - mic du tiéu ton niang lwong hon -
la mdt su dau tu chién lugc can thiét.
Giai phap dé xuat cho phép duy tri két
nbi 6n dinh bang cach bién doi linh hoat
céu hinh hé thong, phu hop véi cc uing
dung yéu cau chét luong dich vu (QoS)
cao trong ky nguyén 6G. Cac hudng phat
trién tiép theo s& tap trung vao viéc tich
hop cac rang budc nang lugng cing vao
khong gian hanh dong dé tim ra diém can
bang Pareto ti wu hon nita.
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TOM TAT

Bo ha khoai lang (Cylas formlcarms) la loai con trung gay hai pho bién, gay ton that
16m vé kinh té do lam gidm ndng sudt va chat lm)'ng cu. Nghlen clru phat trién quy trinh
nhdn dién doi twong nho mdt do cao nham cung cap cong cu dy bao sém dich hai, 16i
wu hoa sw dung thuoc bao vé thuc vat. Tap dir liéu gom 334 anh thuc dia voi mdt do tu
10 dén 100 cé thé méi anh dwoc gan nhan theo dinh dang YOLO. Thic nghlem so sanh
hiéu nang gm"a cdac phién ban YOLOVS, v9, vI0 va vil dwoc thyc hién trong cung diéu
kién dit liéu va cau hinh hudn luyén. Két qua cho thay YOLOv1In dat hiéu qud cao nhat
vdi Precision 99,12%, Recall 97,78%, mAP@0.5 dat 98,77% va mAP@[ 0.5:0.95] dat
77,15%. Vi cau triic t6i uu gom 2,65 triéu tham sé6 va 6, 6 GFLOPs, mo hinh nay dam
bao tinh gon nhe cho viéc trién khai. Mot hé thong phan mém da dge phat trién dé tich
hop mé hinh, thyc hién truc quan hoa két qua va kiém chimg kha néng vmg dung thuc
té trong giam sat dich hai nong nghiép.

Tir khoa: Bo ha khoai lang, hoc sdu, phat hién doi twong, xu ly anh, YOLO.

ABSTRACT

The sweet potato weevil (Cylas formicarius (Fabricius, 1798)) is a destructive pest
prevalent in sweet potato cultivation, causing significant economic losses by reducing
both yield and tuber quality while remaining difficult to control due to its cryptic life cycle
within stems and tubers [1]. This study contributes an effective detection workflow for
small objects at high densities, providing a supportive tool for farmers and agricultural
managers to facilitate early pest forecasting. Consequently, this enables the optimization
of pesticide application and enhances crop productivity. The dataset, comprising 334
images collected and annotated in the You Only Look Once (YOLO) format, features 10-
100 individual weevils per image represented by single-class bounding boxes. Model
selection was conducted by benchmarking various YOLO versions under identical data
and training conditions [2]. Performance was evaluated based on Precision, Recall,
mAP@0.5, GFLOPs, and parameter count. YOLOvIIn achieved mAP@0.5 of 98.77%
and mAP@J[0.5:0.95] of 77.15% (with 2.65 million parameters and 6.6 GFLOPs) and
was subsequently selected for software integration due to its lightweight architecture
and high accuracy. Furthermore, a software system was developed to incorporate the
trained model for result visualization, serving as a platform for testing and validating
the feasibility of its deployment for agricultural pest monitoring.

Keywords: Sweet potato weevil, deep learning, object detection, image processing, YOLO.

Ngay nhdn bai: 26/01/2026; Ngay sira bai: 20/03/2026; Ngay duyét dang: 02/04/2026
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1. PAT VAN PE

Bo ha khoai lang con khé kiém soat
do vong doi phat trién chu yéu dién ra
trong than va cu, khién viéc phat hi¢n
som va can thiép kip thoi gap nhiéu han
ché cu [1]. Do d6, viéc wdc luong sém
mat do dich hai c6 y nghia quan trong
trong quan 1y dich hai tong hop, gop
phan giam thiéu ton thit va nang cao
hiéu qua san xuit nong nghiép. Viéc lya
chon md hinh dugc thuc hién thong qua
so sanh céac phién ban YOLO khéc nhau
trong cung diéu kién dit liéu va huin
luyén [2].

Trén thuc té, viée theo doi mat do bo
ha khoai lang hién nay chu yéu dua vao
cac phuong phap bay thu cong va kiém
tra truc quan, din dén nhiéu han ché
trong kha ning phan hdi sém va quy
mo gidm sat [3]. Phuong phap thu cong
nay phu thudc vao kinh nghiém cua
ngudi néng dan va chuyén gia, tiéu tén
thoi gian va tai nguyén, dong thoi kho
ap dung hi¢u qua trong quan 1y dich hai
trén dién tich 16n. Cac nghién ctru tong
quan vé cong nghé nhan dang di tuong
trong nong nghiép chi ra rang viéc st
dung cac giai phap tu dong dua trén thi
gidc may tinh va hoc sau la xu hudng
tat yéu dé giam chi phi va ting do
chinh xac trong giam sat dich hai so véi
phuong phap thu cong [4]. Trong do,
cac md hinh mot giai doan nhu YOLO
(You Only Look Once) da dugc chung
minh 1a phu hgp cho cac nhi¢ém vu phat
hién d6i trong trong mdi trudng thuc té
nho kha nang xur ly nhanh va hiéu qua
v6i dbi tugng nho va nen anh phtc tap
[5]. Céc nghién ctru gan day trong linh
vuc phat hién sadu bénh va con trung
gy hai st dung YOLO hay bién thé
ciia n6 dd mo ta rd hiéu qua cua kién
triic ndy trong moi truong nong nghiép,
noi ddi twong bi che khuit, kich thudc
nho va nén anh da dang 14 thach thirc

thuong tryc. Vi dy, cac m6 hinh YOLO
da duogc 4p dung thanh coéng dé phat
hién va dém sdu bénh trén nhiéu loai
cdy trong, voi do chinh xac cao va chi
phi tinh toan hiéu qua, dong thoi ho trg
trién khai trén thiét bi co tai nguyén tinh
toan han ché [6]. Phat hién con tring 1a
bai toan d6i tuong nho day thach thirc
do dic trung hinh thai dé bi triét tiéu
khi di qua céc ting trich xudt sau. Vi
vay, cac bién thé YOLO hién dai di tich
hop co ché hoc dic trung da quy mo
(multi-scale feature learning) nham bao
toan va khai thac hiéu qua thong tin cia
dbi twong & kich thude ti thiéu [7].

Vi vay, nghién ctu nay hudng téi:
(1) Xay dung tap dir li€u anh bo ha
khoai lang duoc gan nhan théng nhat
theo dinh dang YOLO, hd trg tryuc tiép
cho viéc hudn luyén mo hinh phat hién
dbi tugng; (2) Huan luyén va danh gia
cac phién ban YOLO khéac nhau trén
cung tap dir liéu anh bo ha. So séanh
nay nham danh gia anh huong cua s6
luong tham s6 (params), s6 phép toan
dau phay dong (FLOPs) va céac chi sb
vé do chinh x4c cia mé hinh nhu d6
chinh xac (Precision), d6 hdi tudng
(Recall), mAP@0.5 (Mean Average
Precision tai ngudng Intersection over
Union — IoU = 0.5, trong d6 IoU do
mirc d6 chong lap giita hop du doan va
hop nhan thuc) va mAP@0.5:0.95 (gia
tri mAP trung binh trén dai ngudng loU
tir 0.5 dén 0.95 véi bude 0.05), nham
dé xac dinh cdu hinh phu hop nhét cho
bai toan phat hién va dém con trung
nho trong thyc dia; (3) Phat trién mot
hé thong phan mém dé trién khai mo
hinh YOLO d3 huén luyén, phuc vu cho
viéc thur nghiém va danh gia kha nang
trién khai mo hinh trong giam sat dich
hai nong nghiép. Ung dung niy c6 muc
ti€u tich hop mdé hinh hoc sau vao quy
trinh xtr 1y anh va truc quan hoa két qua
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phat hién, tir do minh hoa kha nang ap
dung thyc t€ ciia mo6 hinh cho bai toan
nhan dién bo ha khoai lang.

2. VAT LIEU VA PHUONG PHAP

2.1 Xay dwng bg dit liéu bo ha khoai
lang

Nham giai quyét bai toan ty dong hoa
viéc phat hién va dém bo ha khoai lang
ngoai dong rudng, mot bo dir liéu hinh
anh da duogc xdy dung theo quy trinh
kiém soat chit ch& [3]. Pau tién, nhom
nghién ctru thuc hién viéc st dung bay
moi pheromone va bay chuyén dung
nham thu hat cac mau bo ha trén canh
ddng khoai lang tai tinh Bic Ninh (xem
Hinh 1). Sau d6, cac mau bo ha s& duoc
chup bang dién thoai iPhone XS Max véi
camera thuong, khong chinh stra thong
s6. Cac anh duoc chyp trong mdi truong
c6 d6 sang dong déu, giup loai bo nhidu
tir anh sang thay ddi trong méi truong
thuc té. Anh thu duoc c6 do phan giai
1920x2560 pixels, dam bao do chi tiét
can thiét cho qua trinh huan luyén va suy
luan ciia md hinh huan luyén.

Hinh 1. Thu thdp bo ha ngoai thuec té

Do dit liéu dnh ban dau dugc thu
thap véi kich thude 1920%2560 pixels,
trude khi thuc hién cac bude tién xu ly
tiép theo, anh dugc cit vé kich thudc
1920x1920 pixels nhim chuan héa ty

1¢ khung hinh. Budc xtr 1y nay dugc ap
dung dé loai bo su khong dong nhat vé
hinh dang anh dau vao, dong thoi giam
thiéu sai 1éch hinh hoc cua di tuong co
thé phat sinh trong qua trinh diéu chinh
kich thude anh vé kich thudc dau vao cb
dinh ctia md hinh. Viéc cit anh vé dang
vudng trude khi didu chinh kich thudc
theo co ché bao toan ti 1& khung hinh gitp
gitlr lai dac trung hinh thai ctua dbi tuong,
d6ng thoi dam bao tinh nhét quan cua di
lidu trong toan bo qua trinh huan luyén va
danh gia mo hinh.

Qué trinh gén nhan dir liéu duoc
thyc hién thii cong bang nén ting CVAT
(Computer Vision Annotation Tool) trong
Hinh 2 [8]. M&i c4 thé bo ha trong anh
dugc gan nhan thu céng bang hop bao
quanh va cac nhin nay duoc to chire theo
dinh dang YOLO phuc vu cho qua trinh
huan luyén mé hinh [9]. Bai toan trong
nghién ctru duoc thiét 1ap dudi dang phat
hién dbi tugng mot 16p, trong do toan
bd cac céa thé bo ha khoai lang duoc gan
chung mot nhan. Trong qua trinh gan

— nhan, s6 luong ca
thé bo ha trong mdi
anh c6 xu hudng
dao dong trong
khoang tir 10 dén
100, cho thdy dic
trung phan bd mat
d6 cao va muc do
chdng 14n dang ké
giita cac ddi tuong
trong dir liu thuc
dia. Nham dam bao
chat lugng tap dir
liéu, qua trinh gan
nhian duoc kiém
soat chat ché dé cac hop bao quanh dai
dién chinh xac tung ca thé bo ha. Cac
budc ndy nham giam thiéu sai léch va
ting d6 chinh xac trong qua trinh huin
luyén mo6 hinh [10, 11].
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Hinh 2. Géan nhan dit liéu trén nén tang CVAT

2.2. Ung dung mé hinh hoc siu

Nghién ctru nay tap trung so sanh
thuc nghiém hi€u nang gitra cac phién
ban khac nhau cua cac bién thé mé hinh
YOLO trong cung mot bai todn phat
hién bo ha khoai lang. Cach tiép can nay
nham danh gid mac d6 phu hop cia timg
phién ban YOLO dbi voi bai toan phat
hién va dém con trung kich thudc nho,
xuét hién day dac trong diéu kién anh
thuc dia. YOLO la dong mé hinh phat
hién déi trong mot giai doan ndi bat véi
kha nang suy luan thoi gian thuc va kién
trac gon nhe [2]. Céc phién ban YOLO
lién tiép dugc gioi thiéu voi nhimg thay
d6i vé cdu trac mang, co ché huan luyén
va chién lugc trich xuat déc trung, dan
den su khac biét dang ké vé do chinh xac,
téc do suy luan va chi phi tinh toan [11].

Pé dam bao tinh cong bing va
khach quan trong vi¢c danh gia hi¢u
ning, tit ca cac md hinh (YOLOvSn,
v8s, von, v9s, v10n va vlln) déu duoc
huin luyén va kiém thir trén cing mot
tap dir liéu chudn duy nhat. Qua trinh
thuc nghiém st dung phuong phdp
Transfer Learning voi cac trong sb tién
huin luyén (Pre-trained weights) tir
tap dir ligu COCO, dong thoi ap dung
c4u hinh siéu tham sb thong nhat cho

moi phién ban trong sudt qua trinh
huén luyén [11]. Cu thé, qua trinh huin
luyén duoc thiét 1ap voi 80 epochs, anh
dau vao dugc diéu chinh kich thude vé
1024x1024 pixels theo co ché bao toan
ty 1¢ khung hinh (letterbox), kich thudc
16 huén luyén (batch size) dugc ¢b dinh
& muc 8 nham dam bao tinh én dinh cta
qua trinh t6i wu va sy nhat quan giita
cac ciu hinh m6 hinh. Viéc cé dinh cac
thong s6 nay giip han ché t6i da anh
huong cua cac yéu t6 ngoai lai, dam
bao su khac biét vé két qua déu ra chi
phan anh dic trung kién tric cua ting
phién ban mo hinh.

Qua trinh thyc nghiém duoc trién
khai trén moi truong Kaggle Notebook
v6i cau hinh phan ctng sir dung 02 GPU
NVIDIA Tesla T4 (16GB GDDR6 mbi
card), hd tro ting toc tinh toan song
song. Céc siéu tham s6 huan luyén dugc
thiét 1ap dya trén cAu hinh méc dinh cta
YOLOv11 dé dam bao tinh khach quan
khi so sanh giita cic phién ban, cu thé
nhu sau: (1) BO t6i uvu hoa (Optimizer)
Str dung thuat toan t6i wu hoa tu dong
(auto), mdc dinh la SGD véi xung
lugng (momentum) dat 0.937 va hé )
suy giam trong so (weight decay) la
0.0005. Qua trinh khoi dong duge duy
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tri trong 3.0 epoch dau tién dé 6n dinh
gradient; (2) Téc do hoc (Learning rate)
duoc khéi tao 6 mae 0.01. Hé théng ap
dung co ché giam cap téc d6 hoc véi
hé s6 két thiac bang 0.01, gitip mo hinh
hoi ty sdu hon & cac giai doan cubi cua
qua trinh huan luyén; (3) Tang cuong
dir liéu (Augmentation) bién doi khong
gian mau HSV (H: 0.015, S: 0.7, V:
0.4), dich chuyén anh (0.1), thay déi ti
1¢ (0.5) va lat ngang anh (0.5). Bac biét,
ky thuat Mosaic augmentation dugc
thiét 1ap & mirc t6i da (1.0).

Tép dur liéu dugc chia thanh ba tap
con bao gdm ca anh con tring riéng 1¢
va chong 1an: tap huan luyén/ danh gia/
kiém thir twong tng v6i 8:1:1. Cac md
hinh sau khi hudn luyén s& dugc danh
gia trén tap kiém thtr dé do luong kha
nang tong quat hoa trén dir li¢u chua
ting xuét hién trong qua trinh huan
luyén trudc do [12]. Hi€u ndng phat
hién cua mo hinh dugc danh gia thong
qua hai chi sé co ban 1a Precision va
Recall. Trong d6, Precision phan anh ty
1€ cac du doan duong tinh diang (true
positives, TP) trén tong sd du doan
duong, bao gém ca cac du doan sai
(false positives, FP), con Recall thé
hién ty 1& cac dbi twong thuc té duoc
mo hinh mmdsdsdaphat hién dung trén
téng sb ddi twong can phat hién, bao
gdm ca cac trudng hop bi bo sot (false
negatives, FN). Hai chi s6 nay duoc xéac
dinh theo cac coéng thirc chuan trong
bai toan phat hién ddi twong, lan luot
duoc trinh bay trong cong thuc (1) va
cong thirc (2). Bén canh Precision va
Recall, cac chi s6 mAP@0.5 va mAP@
[0.5:0.95] duoc sir dung dé danh gia
toan di¢n nang luc phat hién va chét
luong dinh vi d6i twong. Cong thirc
(3) xac dinh SmAP@0.58$, tinh toan tai
ngudng chong lan $IoU = 0,58, nhim
danh gia kha nang nhan dién ddi tuong

O muc co ban va phan biét muc tiéu voi
nén moi truong. Trong khi do, cong
thie (4) mo ta SmAP@][0.5:0.95]8, gia
tri trung binh cua mAP trén ddi ngudng
IoU tir 0,5 dén 0,95. Pay la thudc do
khét khe hon, phan 4nh dd chinh xac
tinh vi trong viéc thiét 1ap khung bao
sat hinh dang ca thé, yéu t6 then chét
dbi voi bai toan dém ddi twong kich
thude nha va mat ﬁn dav dac.

Precision =

TF+FP (1)
TP

TP+FN (2)

mAP@0S5 = ~ Y MAP,  (3)

Recall =

mAP@[0.5: 0.95] = %2521 MWnAP,,

4

Bén canh hai chi sb trén, nghién ctru
str dung chi s mAP dé danh gia tong
hop dong thoi kha nang phat hién va do
chinh x&c dinh vi hop bao quanh cua
md hinh. Cu thé, mAP@0.5 dugc tinh
tai ngudng chong 1an IoU c¢b dinh bing
0,5, phan anh hiéu nang phat hién trong
diéu kién yéu cau dinh vi & muc co ban,
trong khi mAP@[0.5:0.95] dugc xac
dinh bang cach 1ay trung binh gia tri AP
trén dai ngudng IoU tir 0,5 dén 0,95 vai
budc nhay 0,05, cho phep danh gia khat
khe hon vé chét luong dinh vi trong cac
kich ban phat hién thuc té. Viéc két hop
Precision, Recall va cac chi s mAP
gitip phan anh toan dién hi€u nang cua
mo hinh trong bai todn phét hién va
dém bo ha khoai lang.

Nghién ciru dong thoi xem xét chi
phi tinh todn cua tung phién ban mo
hinh thong qua hai dai lugng: sb luong
tham sb va s6 phép toan dau phay dong.
Hai chi s6 nay dugc sir dung nhu thude
do bod trg. dé danh gia mirc d6 “gon nhe”
va yéu cau tinh toan ctia md hinh. Viéc
két hop cac chi sb do chinh xac va chi
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phi tinh todn cho phép so sanh hi¢u nang
md hinh theo hudng toan di¢n, phuc vu
muc tiéu lua chon ciu hinh phu hop cho
bai toan phat hién va dém bo ha [13].

2.3. H¢ théng phin mém phat hién
va dém bo ha

Trong nghién ctru nay, mot hé thong
phéin mém hd tro phat hién va dém bo
ha khoai lang dugc xay dung nham phuc
vu qua trinh thtr nghiém va minh hoa kha
ndng suy luan ctia cdc mo hinh YOLO da
huén luyén. Hé thong déng vai tro trung
gian gitra mo hinh hoc sau va dir li¢u anh
dau vao, cho phép thyuc hién toan bd quy
trinh tir thu anh, tién xir 1y, suy luan dén
hién thi két qua phat hién. V& mat kién
tric chuc nang, hé théng duoc thiét ké
theo hudng mo-dun, bao gdm cac thanh
phan chinh: quan 1y dy 4n, thu dnh dau
vdo, XU ly cung suy luan bang mo hinh
tién huin luyen va hién thi két qua phat
hién. Anh dau vao duoc ngudi dung cung
cép théng qua chirc nang tai anh tir thiét
bi luu trir hodc thu nhan truc tiép tr may
anh. Mdi anh duoc
gén voi mot du an
cu thé nhim phuc
vu viéc td chirc va
theo doi qua trinh
phan tich. Sau
khi tiép nhan, anh
duoc dua qua budc
tién xir Iy, bao gdbm
chuan hoa kich
thude va dinh dang
theo yéu cau cua
mo hinh YOLO da
huén luyén. Dir li¢u sau tién xu ly duogc
chuyén t61 mo-dun suy ludn, tai d6 mo
hinh YOLO thyc hién phat hién cac ca
thé bo ha va sinh ra cac khung bao tuong
ung. Két qua suy luan bao gom Vi tri cac
khung bao va so luorng d6i tugng duoc
phat hién trong moi anh [2, 11].

Bit dAu - Trang chu

Két qua dau ra duoc truc quan hoa
trén giao dién nguoi dung, trong do cac
khung bao duoc hién thi chong 1én anh
gbc nham biéu dién vi tri cia timg ca thé
bo ha. Ludng xir 1y cia hé théng duoc
xay dung thdng nhat voi quy trinh huin
luyén va danh gia mé hinh, dam bao dir
liéu ddu vao va dau ra ciia mo-dun suy
luan tuan theo cung mot chudn dinh
dang. Quy trinh hoat dong tong thé cua
hé théng dugc minh hoa trong Hinh 3,
bao gém cac budc: khoi tao hodc mé du
an, tiép nhén anh dau vao, thuc hién suy
luan bang mo hinh YOLO va hién thij két
qua phat hién. Thiét ké nay cho phép hé
thong hoat dong doc lap voi g1a1 doan
huén luyen tap trung vao viée trién khai
va kiém thir mé hinh trong céc kich ban
st dung anh khac nhau. Thong qua giao
dién nay, ngudi dung c6 thé nhanh chong
kiém tra kha nang phat hién ciia mé hinh
trong cac kich ban anh khac nhau, bao
gém anh c¢6 mat do déi tugng cao va nén
anh phuc tap.

—Tai anh 1én
Tao dy an —
I~ Mg dir an —— Phin tich —— Xem két qua
Danh sach
du an
- May anh

Hinh 3. Quy trinh hoat dong cua ung dung
3. KET QUA VA BAN LUAN

3.1. Tap div liéu bo ha khoai lang

Tap dir liéu bo ha khoai lang dugc st
dung trong nghién ctu dugc chia thanh
ba tap con bao gdm 267 anh huén luyén,
33 anh danh gia va 34 anh kiém thu, véi
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tong cong 334 anh. Toan bo cac anh trong
ba tdp déu co tép nhan tuong tng, khong
ton tai truong hop anh thiéu nhin hodc
tép nhin rdng, cho thay qué trinh chuan
bi va kiém tra dir lidu dugc thyc hién day
da va nhit quan. Tap dir liéu bao gdm
tong cong 18.509 hop bao quanh, trong
d6 tap huin luyén chiém phan 16n véi
14.999 nhan. Phan tich théng ké phan b
nhan va kich thudc hdp bao quanh trong
tap huén luyén, dugc minh hoa trong
Hinh 4, cho thay cac hop bao quanh c6
kich thudc tuong ddi nho so véi kich

3.2. Hudn luyén va so sanh mé hinh

Két qua so sanh hidu ning giita cac
phién ban YOLO duogc trinh bay trong
Bang 1, ¢6 thé nhan thdy cac phién ban
YOLO duoc khao sat déu dat hiéu nang
phat hién cao trén tap dir li¢u bo ha khoai
lang, cho thiy tinh phu hop ctia dong mé
hinh phat hién mot giai doan dbi véi bai
toan phat hién va dém con trung mat do
cao. Tuy nhién, giita cic phién ban van
tdn tai su khac biét rd rét vé mac dd can
bang giita d6 chinh xac phat hién va chi
phi tinh toan.

th}Ié’C anh va ph{m Bidng 1. So sanh cac phién ban YOLO
bo khong dong d€u | yjedel | Precision |Recall mAP@0.5| mAP@][0.5:0.95] | Params| FLOPs
trong khong gian (%) | (%) | (%) (%) ™ | ©)
anh. Pac diém nay
phin 4nh ro ban |YOLOVEn| 9785 19636 9781 71,34 3,00 | 81
chéat cua ddi tuong | YOLOvS8s | 98,49 |97,56| 98,17 74,18 11,13 | 284
can phat hién 1a cac
ca thé bo ha kich |YOLOWn| 9738 |9693| 9801 71,82 1,97 | 76
thuéc nhod, xXudt |YOLOvs| 98,66 |97.45| 9831 74,4 7,17 | 26,7
hién voi mat do cao
X . X YOLOvIOn| 94,93 |93,27| 97,34 70,68 2,69 | 82
va thuong chong
lan trong diu kién |YOLOviin| 99,12 |97.78| 98,77 77,15 2,65 | 6,6
anh thuc dia.
Xét  tong
L4000 - thé cac két
12000 - ql,lé trinh bély
g 000" trong Bang 1,
5 aaoo- EE

BODO

4000

2000

boha

Hinh 4. Phdn bé nhan va kich thuée hép bao
quanh trong tdp huan luyén

YOLOvIln
cho thiy hiéu
nang toan di¢n
t6t nhat trong
sO cac mo hinh
duoc danh gia,
khi dat duoc
sy cin bang
hop ly gitra
d06 chinh xac
phat hién va
chi phi tinh
toan. M6 hinh
nay ndi bét so v6i cac phién ban YOLO
con lai, ddc biét trong bdi canh bai toan

004
width
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phat hién va dém bo ha khoai lang voi
mat do dbi tuong cao va kich thudce nho.
Vé hiéu nang phat hién, YOLOvI11n dat
Precision 99,12% va Recall 97,78%, la
cac gia tri cao nhat trong nhom cac mo
hinh so sanh. Pong thoi, md hinh dat
mAP@0.5 = 98,77%, vuot qua cac phién
ban YOLOv8n (97,81%), YOLOV9n
(98,01%) va YOLOv1On (97,34%).
Dang chu ¥, tai chi s6 mAP@[0.5:0.95],
YOLOvl1n dat 77,15%, cao hon rd rét
so vOi cac moO hinh con lai (tir 70,68%
dén 74,40%). Két qua nay cho thiy
YOLOv11n c6 kha nang dinh vi chinh
xac hon trong cac diéu kién IoU cao, phu
hop v6i didc thi ctia bai toan phat hién dbi
tuong nho va chong lan.

V& chi phi tinh toan, cac phién ban
YOLO cho théy su khac bi¢t 10 rét gitra
muc do phuc tap mo hinh va hi€u ning
dat dugc. YOLOvlIn chi st dung 2,65
triéu tham s6 va 6,6 GFLOPs, 1a mot trong
nhitng ciu hinh nhe nhat trong nhém mé
hinh duoc khao sat, thap hon YOLOv8n
(3,01 triéu tham s6, 8,1 GFLOPs) va
YOLOvIOn (2,69 triéu tham s6, 8,2
GFLOPs), dong thoi giam dang ké chi
phi so v6i cac phién ban kich thude lon

c 003 ) = )
= - ———
: a o2
| 3 o1
Open Camera
\ J \ y

nhu YOLOVSs (11,13 triéu tham s, 28,4
GFLOPs) va YOLOvV9s (7,17 tri¢u tham
s6, 26,7 GFLOPs). Mic dit YOLOv9n ¢6
s6 tham s6 thdp nhét (1,97 triéu), FLOPs
cia mo hinh nay van & muc 7,6G va
khong mang lai 1oi thé rd rét vé hiéu nang
so voi YOLOv11n. Nhu vay, YOLOv11n
dat dwoc murc tiét kiém tai nguyén tinh
toan dang ké ca vé bo nhd mé hinh 1an
s6 phép toan suy luan, trong khi van duy
tri hi€u nang phat hién vuot trdi, cho théy
cAu triic md hinh duoce tdi wu tot hon cho
bai toan phat hién va dém ddi trong mat
d6 cao trong diéu kién tai nguyén han ché
tuy nhién vén ton tai cac sai s6 dic trung:
(1) Am tinh gia (False Negative) chi s6
Recall dat 97,78%, tuong ung ti 1€ bo sot
khoang 2,22%. Ldi nay phat sinh chu yéu
do bo ha nam chf”mg l4n 1én nhau hodc bi
khuét & mép by, khién mé hinh kho trich
xuit du dic trung hinh dang; (2) Duong
tinh gia (False Positive) voi Precision dat
99,12%, ti 1&¢ nhan dién nham 1a 0,88%.
Nguyén nhan do cac manh vyn thuc vat
hodc vét ban trong bay c6 mau séc va kich
thudc twong dong véi ddi tuong muc tiéu.

3.3. H¢ théng phan mém phdt hi¢n
va dém bo ha

Shooting Info

Hinh 5. Giao dién vrng dung
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Bén canh két qua danh gia hiéu ning
cua cac mo hinh hoc may, nghién ctru da
trién khai mot hé théng phan mém nham
tich hop mé hinh YOLO d3 huén luyén
vao moi truong tng dung thuc té cho bai
toan phat hién va dém bo ha khoai lang.
Hé thong dong vai trd nhu mot cong cu
hd tro thir nghiém va truc quan hoa két
qua suy luan, qua dé kiém chtng tinh
nhat quan giira giai doan hudn luyén mé
hinh va giai doan ung dung.

Giao dién ciia hé théng phan mém, nhur
minh hoa trong Hinh 5 cho phép quan 1y
dir li€u anh theo tung du &n mot cach doc
lap. Cac chuc ning chinh ciia hé thong
bao goém tao va truy xuit dy an, nhap anh
dau vao tir ngudn luu trir hodc thiét bi thu
nhén anh, cting nhu thuc hién suy luén tu
dong bang mé hinh YOLO di dugc huin
luyén. Dbi véi mdi anh duge xur 1y, két
qua phat hién dugc tryc quan hoa thong
qua cac hop bao tuong ung vdi ting ca
thé bo ha, dong thoi cung cip thong tin
vé sb lugng dbi tugng dugc nhan dién
trong anh. Viéc trién khai hé thong phan
mém cho phép quan sat truc quan hanh
vi cua mo hinh trong cac kich ban anh
khéac nhau, dac biét trong diéu kién mat
do doi tugng cao va hién tugng chéng lan
thuong gap trong dir li¢u thuc dia. Thong
qua hé thong nay, kha ning chuyén giao
mo hinh tr moi trudng nghién ctru sang
bdi canh ung dung thuc té budc dau duoc
kiém ching ¢ muc chic ning, tao tién
dé cho cac nghién ctru tiép theo hudng
t6i hoan thién hé thong giam sat dich hai
nong nghiép dua trén thi gidc may tinh.

4. KET LUAN

Nghién ctu da thyc hi¢n so sanh
thuc nghiém cac phién ban khac nhau
cua dong md hinh YOLO trong bai toan
phat hién va dém bo ha khoai lang tir anh

thuc dia, trén cung mot tap dir li€u va
quy trinh huén luyén thong nhat. Két qua
cho thfiy cac mo hinh co6 su khac biét ro
rét vé do chinh xac phat hién va chi phi
tinh todn. Trong s6 cac phién ban dugc
danh gia, YOLOvlln thé hién su can
béng tdt nhat gitta hi€u nang phat hién,
d6 6n dinh dinh vi va mtic chi phi tinh
toan thép, qua do6 dugc lya chon la cau
hinh phu hop cho bai toan nghién ctru.
Bén canh viéc x4c dinh mo hinh phu hop,
nghién ctru lam 18 y nghia cua viéc lya
chon kién trac phat hién dbi twong trong
bbi canh dir liéu co6 mat do dbi tugng cao
va diéu kién anh thuc dia phuc tap. Quy
trinh so sanh dugc xay dung theo hudng
thong nhat va c6 kha nang tai lap, cho
phép danh gia khich quan sy danh doi
gifra d§ chinh x4c va chi phi tinh todn cta
cac phién ban YOLO khéc nhau. Ngoai
ra, viéc tich hop mo hinh di huén luyén
vao hé thong phan mém phat hién va dém
bo ha cho thdy kha ning chuyén giao tir
giai doan nghién ciru sang trién khai thir
nghiém trong thuc té.

Tuy nhién, nghién ctru van ton tai mot
sb gidi han nhét dinh. Trude hét, tap di
liéu duoc xay dung tap trung vao mot
loai dich hai duy nhit va dugc thu nhan
trong diéu kién ghi hinh twong d6i dong
nhit, do d6 chwa phan anh diy du su
bién thién ctia moi truong canh tac ngoai
ddng rudng. Bén canh do, viéc danh gia
mod hinh trong nghién ctru chu yéu dya
trén cac chi s6 hiéu nang phat hién va chi
phi tinh toan, trong khi cac yéu td lién
quan dén tbc do suy luan thyc té nhu
d6 tré hay s6 khung hinh trén gidy trén
phan cung trién khai cy thé chua duoc
xem xét. Ngoai ra, bai toan duogc thiét 1ap
dudi dang phat hién mot 1op ddi tuong
nham tap trung dénh gia kha ning dinh
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vi va dém ddi tugng trong diéu kién mat
dd cao, nén chua mé rong sang cac kich
ban da loai hodc phan loai theo mirc do
gdy hai. Trong cac nghién ctru tiép theo,
huéng phat trién c6 thé tap trung vao mo
rong tap dit liéu voi nhiéu diéu kién moi
truong va ddi tuong dich hai khac nhau,
ddng thoi danh gia kha nang trién khai
mo hinh trén cic nén tang phan cting
han ché tai nguyén va trong cac kich ban
giam sat gan thoi gian thuec.
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ABSTRACT
Intrusion Detection Systems (IDS) and Intrusion Prevention Systems (IPS) are
critical security solutions designed to monitor and manage network activities in
order to detect and respond to attacks or abnormal behaviors. An IDS primarily
monitors network traffic and generates alerts upon detecting suspicious activities,
whereas an IPS can proactively respond to threats by automatically blocking
packets, terminating connections, disabling accounts, or isolating devices from the
network.
However, traditional IDS/IPS systems are limited in their ability to detect complex
anomalous patterns in network traffic and often respond ineffectively in dynamic
and heterogeneous network environments.
This research proposes an intelligent IDS/IPS framework for LAN environments,
integrating a Deep Learning-based Autoencoder to perform anomaly detection
on network traffic features. As an unsupervised learning approach, it enables
the identification of anomalies without requiring pre-labeled attack data, while
an automated alert mechanism and real-time response capability enhance the
effectiveness of threat detection, monitoring, and prevention in a more proactive
and efficient manner.

Keywords: Autoencoder, Deep Learning, network monitoring, IDS/IPS, anomaly
detection

Ngay nhdn bai: 06/11/2025; Ngay sva bai: 23/01/2026; Ngay duyét dang: 02/04/2026

number of connected devices and the
volume of transmitted data has spurred
continuous research in computer
networking - particularly in areas
related to security and information

1. INTRODUCTION

The rapid development of information
technology has led to the emergence of
a diverse ecosystem of interconnected
devices, offering exceptional convenience

to users. Within this context, computer
networks play a foundational role,
serving as critical infrastructure for
global connectivity, data transmission,
and information exchange.

The exponential growth in the

protection. Today, computer networks
are not merely tools for communication,
but have become indispensable
components across multiple domains
such as business, education, healthcare,
and media.
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In Vietnam, cybersecurity
has  experienced several notable
developments in recent years:

+ Number of cyberattacks: In 2024,
more than 659,000 cyberattacks were
recorded, with 46.15% of organizations
and enterprises having experienced at
least one incident [1].

+ Growing sophistication of threats:
Cyberattacks have become increasingly
sophisticated and complex, highlighting
the urgent need to enhance the security of
internal networks, including LANs [2].
Raising awareness and investing in robust
cybersecurity measures are crucial for
data protection, ensuring system stability,
and maintaining uninterrupted operations
of organizations and businesses.

Therefore, this research focuses on
designing an intelligent, LAN-based
AI-IDS/IPS  system that leverages
anomaly detection to enhance the security
of internal networks.

2. RELATED WORK

Intrusion Detection and Prevention
Systems (IDS/IPS) play a critical role
in monitoring network traffic, analyzing
behavior, and protecting systems against
security threats. IDS (Intrusion Detection
System) is responsible for detecting
abnormal or unauthorized behaviors,
while IPS (Intrusion Prevention System)
actively prevents such activities [3].
However, in increasingly complex
network environments and with the
constant evolution of attack techniques,
traditional IDS/IPS systems still exhibit
significant limitations [4].

Specifically, traditional IDS only
performs monitoring, detection, and
alerting when abnormal signs are

observed, while IPS is designed to
automatically prevent attacks by dropping
packets, resetting connections, or

blocking IP addresses. Nevertheless, the
effectiveness of IPS still largely depends
on accurate detection based on predefined
patterns or known signatures [5].

Furthermore, high rates of false
positives and false negatives are common
issues for both IDS and IPS. False
positives consume system resources and
affect operational efficiency, while false
negatives risk overlooking actual attacks.
Properly adjusting detection thresholds
in traditional systems remains a major
challenge, particularly in environments
where traffic patterns and user behavior
are continuously changing [6].

Additionally, signature-based IDS/
IPS systems rely heavily on databases of
known attack patterns. This dependency
makes it difficult to detect novel (zero-
day) attacks, sophisticated evasion
techniques, or obfuscation strategies.
These systems are not designed to learn
from new data or adapt to emerging
threats [7].

Lastly, traditional IDS/IPS systems
mainly focus on detecting unauthorized
access from external sources, while
their ability to identify anomalies within
internal networks remains limited [8].

In light of these limitations, this
study proposes an integrated solution
that combines Atrtificial Intelligence (Al)
and Deep Learning to enhance control
capabilities and improve decision-making
in threat detection and prevention [9].

3. METHODOLOGY

To effectively enhance cybersecurity,
this study proposes an intelligent IDS/IPS
system improved by integrating a Deep
Learning-based Autoencoder model
- an unsupervised learning technique
widely used in anomaly detection - for
identifying deviations in network traffic
[10]. The system is capable of learning
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normal network behavior and detecting
anomalies through reconstruction error
when processing connection sessions.
Upon identifying an anomaly, the system
triggers an automated alert mechanism
via a real-time dashboard or initiates
timely responses such as blocking
packets from suspicious devices through
Telnet communication with network
equipment [11].

The combination of deep learning
capabilities and real-time response
enables the system to proactively detect
threats at an early stage, minimize
potential risks, and enhance the protection
level of the internal network [12].

3.1. Al-enhanced Intelligent IDS/
IPS System

3.1.1. Overall System Architecture

The operational model of the Al-based
IDS/IPS system includes key components
such as network data collection, data
preprocessing, model training, anomaly
detection, and real-time response [13].

Network data collection

In this research, the scan
system module was developed to
automate data collection from the local
network by leveraging Nmap for device
scanning and Scapy for traffic analysis.
The information collected includes
the IP address, MAC address, number
of packets, data volume, connection
duration, and device status. This data is
then stored in the network device data.
csv file, which serves both real-time
analysis and as input for training the
Autoencoder deep learning model.

The structure of the network device
data.csv file is illustrated in Table 1.
Data collection is typically performed
over several minutes to several hours to
ensure that a sufficient quantity of data is
obtained.

Table 1. Field descriptions in the network_
device_data.csv file

Field name Description
ip_address | IP address of the device
Physical MAC address of the
mac address .
- device
Total number of packets sent/
packets received during the connection
session
Total amount of transmitted
bytes .
data (in bytes)
. Duration of the connection
duration . . .
session (since first detection)
. Timestamp when the system
connection
. —|scanned and recorded the
time . .
device information
status Stat.us of the device (e.g.,
Active)
Data preprocessing and feature
extraction

The collected data are preprocessed
by normalizing numerical features such
as packets, bytes, and duration using
the MinMaxScaler technique, which
transforms the raw values into a standard
range [0, 1] according to Eq. (1):

X = X=Xmin )

Xmax~ *min

where,

- X is the original value,and X__ , X
are the minimum and maximum values
of the feature in the dataset.

- X" The normalized value of the
feature, scaled to the range [0, 1]

Categorical features, such as status,
are encoded using One-hot Encoding. As
a result, the dataset is transformed into
numerical vectors x€R", where 7 is the
total number of features after encoding.
These vectors are then fed into the
Autoencoder deep learning model for
training. This preprocessing step helps
reduce noise and improve the model’s
accuracy.

Training and anomaly detection using
Autoencoder
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The Autoencoder model used in this
research consists of three main layers: an
input layer, two hidden layers (encoder/
decoder), and an output layer. It is trained
to reconstruct normal network traffic
data, with reconstruction errors used to
detect anomalies during actual operation.

Let x€R" denote the input feature
vector. The encoder compresses the
input into a lower-dimensional latent
representation z:

z=f (x)=o(Wx+b) (2)

where,

- L
maps to

- W The encoder weight matrix,
learned during training

- b_: The bias vector of the encoder
layer

- o(.): A nonlinear activation
function (ReLU) that models nonlinear
relationships between inputs and the
latent representation

The decoder then reconstructs the
input from this latent vector:

X=f.2=0(Wz+b) (3)

where,

- X: The reconstructed output vector

- fi.. The decoder function that
maps back to the input space

- W, Weight matrix of the decoder

- b, The bias vector of the decoder
layer

The network is trained to minimize
the Mean Squared Error (MSE) between
the input x and the reconstruction X

Lyse = i Z:;l(xi - X)? (@)

where,

- Lysg: The Mean Squared Error
loss value, measuring the average
squared difference between input and
reconstructed output

- N: The number of elements
(dimensions) in the feature vector

The encoder function that

- X;: The -th component of the
original input vector

- fi: The -th component of the
reconstructed output vector

After training, the model is deployed
in real-time  monitoring.  During
inference, any input sample that yields
a reconstruction error greater than a
predefined threshold @ is flagged as an
anomaly:

If £y5(x, X)>6= Anomaly Detected

The threshold 6 is empirically
determined based on the reconstruction
error distribution of the normal training
data.

+»» The model architecture includes
the following components

- Input layer: This layer consists of 4
neurons corresponding to the normalized
input features derived from real-world
network data, including: packets, bytes,
duration, and status. Among these, the
quantitative features (packets, bytes,
and duration) are normalized using the
MinMaxScaler technique, whereas the
categorical feature (status) is encoded
using one-hot encoding.

- Encoder: The encoder comprises
two consecutive hidden layers with
6 and 3 neurons, respectively, each
utilizing the ReLU activation function.
This component is responsible for
reducing the input dimensionality and
extracting essential features into a lower-
dimensional latent representation.

- Latent space: Located between
the encoder and the decoder, this layer
contains 3 neurons that represent the
compressed representation of device
characteristics in a low-dimensional
space.

- Decoder: The decoder mirrors the
encoder, consisting of two layers with
3 and 6 neurons, respectively, also
employing ReLU activation. This stage
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reconstructs the original input data from
the compressed latent representation.

- Output layer: This layer contains 4
neurons - equal to the input layer - and
uses a linear activation function. Its
objective is to produce reconstructed
outputs that closely approximate the
original inputs. The reconstruction error
(difference between input and output) is
used as the basis for anomaly detection.

- Training configuration: The model
is trained over 100 epochs, with a batch
size of 16, and a learning rate of 0.001,

model based on the Autoencoder is
shown in Figure 1. The Autoencoder, a
type of deep neural network, is capable of
learning to encode and decode input data
such that the reconstructed output closely
matches the original input. For anomaly
detection, the Autoencoder is trained
in an unsupervised fashion exclusively
on normal data. When it encounters
anomalous data, the reconstruction
error tends to be high, as the model is
not familiar with the patterns present in
abnormal samples [14].

using the Adam
optimizer and the b A
Mean Squared R — Output reconstructed
' Latent feature feature
Error (MSE) loss duration) space
function. ﬁ
- Mathematical ﬂ
descri pt ion: hd Reconstructed
. Input data —h—| Encode —h—| Decode —h—|
Mathematically, feature
the model learns a Compression/Latent space Feature reconstruction
mapping function error = (Input - Output)

f: x — X such that
the reconstruction
error L(x, X) = ||x - X||> is minimized for
normal input data.

- Anomaly detection mechanism:
During the inference phase, if a data
sample x produces a reconstruction error
exceeding a predefined threshold 6, it is
flagged as anomalous. The threshold 6
is determined based on the distribution
of reconstruction errors on the normal
training data using a percentile-based
method, as shown in Eq. (5):

0 = percentile(L(x, X), 95)  (5)

where the function percentile(-, 95)
returns the 95th percentile of the error
distribution on normal data, and different
threshold values may significantly affect
the trade-off between false positives and
false negatives.

++» Operating mechanism

An overview of the anomaly detection

Figure 1. Autoencoder-based anomaly detection model

Specifically, the model is trained on
sessions of normal network connections
to learn a compressed representation of
their features. During operation, new
connection sessions are input into the
model to calculate their reconstruction
error; if this error exceeds a predefined
threshold, the session is flagged as
anomalous. The system is architected
with two independent modules: train
model and anomaly detector. This
modular design allows the model to
be updated periodically, flexibly, and
without causing interruptions to the
operational system.

d) Alerting and automated response

When an anomaly is detected, the
AI-IDS/IPS system automatically logs
the event, generates an alert on the web
dashboard, and can proactively block
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related traffic by interfacing with network
devices via Telnet,
thereby minimizing
potential risks.
This mechanism
ensures real-time
anomaly detection
with low latency,
while effectively

R1

DHCP Server jin

SW-01

3.2. Deployment of the LAN model

Internet

etho

- Ubuntu-Desktop(Attacker_2)
fi/0

PC1(Victim)

fo/0 el

| e0/0 e0/3

SwW-02

el]m

reducing the N
false positive rate
through the use
of a deep learning
Autoencodermodel
implemented with
the  TensorFlow

library [15].

3.1.2. Operational workflow of the Al-
IDS/IPS system

The operational workflow of the Al-
IDS/IPS system consists of several stages,
including network data collection, data
preprocessing, model training, anomaly
detection, and real-time response. This
process is illustrated in Figure 2.

e0/2

AI-IDS/IPS(Monitoring)

Collect
network traffic

Preprocess data

| No

Analyze with AI
model

Anomaly
detected ?

Yes

Log, alert, drop
packets

Figure 2. Operational workflow of the AI-IDS/
IPS system

o

sl e0/1

eD/I
e1/0 PC2(Victim)

e0

eo0 | PC3

Kali-Linux(Attacker_1)

Figure 3. LAN network system model

In this research, the network model
is simulated using GNS3 (Figure 3),
where the AI-IDS/IPS server functions
as the monitoring system. The Kali-
Linux and Ubuntu-Desktop machines
are used to perform various experimental
attacks. Tools like Nmap and hping3 are
commonly used to simulate different
types of network attacks, such as TCP
SYN Flood and ICMP Flood, for security
testing purposes.

+»* LAN network model

The LAN network model consists of
the following components:

e Router (R1): Configured as a DHCP
server with Internet access.

e  Switches (SW-01, SW-
02): Configured with SPAN (Switched
Port Analyzer) to monitor and analyze
network traffic by mirroring data
from source ports to a destination port
connected to the monitoring server (Al-
IDS/IPS).

e Monitoring Server (AI-IDS/IPS) -
Ubuntu Server: Performs network traffic
monitoring, anomaly detection, and alert
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generation.

e Clients (PC1, PC2): Target machines
used in security testing scenarios.

o Attacker 1 (Kali-Linux): Simulates
different types of attacks.

vAttacker 2 (Ubuntu-
Desktop): Simulates additional attack
scenarios.

+» System operation workflow

In the LAN network model, the
system comprises
a Router (R1)
configured as a DHCP
server, providing IP
address allocation
and Internet access.
Two switches (SW-01
and SW-02) operate
in SPAN (Switched
Port Analyzer) mode,
mirroring network
traffic to the Al-
IDS/IPS  monitoring
server. The server
captures all mirrored traffic and performs
real-time anomaly detection using
a deep learning-based Autoencoder.
Attacker machines (Kali-Linux and
Ubuntu-Desktop) simulate cyberattacks
- such as TCP SYN Flood and ICMP
Flood. The monitoring system visualizes
alerts via a web-based dashboard and
can dynamically block malicious hosts
by issuing Telnet commands to network
devices. Client machines (PC1 and PC2)
serveasattack targets, providing arealistic
environment for testing and validating
the model. This flexible detection and
response mechanism allows the network
to continue functioning normally while
effectively mitigating both internal and
external threats.

+» Operation of the monitoring
system (AI-IDS/IPS)

On the AI-IDS/IPS monitoring

SPAN Switch

l e

server (Figure 4), the system provides
a Web Dashboard interface developed
using FastAPI, integrated with Tailwind
CSS and WebSocket technology to
display device information tables, alert
statistics charts, and real-time updates.
Administrators can monitor device
statuses, review the history of detected
anomalies, and view the response actions
performed by the system.

Al-IDS/IPS
(Autoencoder)

Al-IDS/IPS
detect_anomalies()

—

Block connect

Figure 4. Operational model of the monitoring system (AI-IDS/IPS)

4. EXPERIMENTAL RESULTS
AND DISCUSSION

4.1. System testing

4.1.1. Data collection and Al model
training

The scan system module collects
network device data over a predefined
period of 30 seconds (Figure 5), with
estimated scanning durations detailed in
Table 2. The system determines device
connection duration using a cache file
(device _cache.json), which records
when each device is first detected and
calculates its total time on the network.
All device data is normalized and
saved to  nmetwork device data.csv.
This module enables the system not only
to monitor real-time traffic but also to
build a comprehensive dataset for more
effective Al model training and anomaly
detection.
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Figure 5. Device scanning and information collection interface

Estimated time for device scanning:
Table 2. Estimated time for device scanning

Multithreaded
IP range . .
Number | Sequential scanning
(Subnet of IPs | scannin (scapy hoac
mask) g Py 10
asyncio)
/30 4 ~2s <2s
~1-2
124 256 . ~5-10 seconds
minutes

Device Ratio

IP Address MAC
192.168.75.1 00:50:56:C0:00:08
192.168.75.129 00:0C:29:A3:3D:C7
192.168.75.130 00:0C:29:16:01:C2
192.168.75.131 00:0C:29:81:26:6D
192.168.75.133 00:0C:29:FB:84:B1
192.168.75.140 UNKNOWN
192.168.75.2 00:50:56:EF:87:58
192.168.75.254 00:50:56:EB:24:FE

/22 1024 ~8-10 1 50,30 seconds
minutes
/16 65.536 >] hour | ~5-10 minutes

The statistical chart showing the ratio
of normal/abnormal devices, along with
a table displaying device information
(IP address, MAC address, packet count,
data volume, duration, and status),
is illustrated in Figure 6 on the Web
Dashboard.

Packets Bytes Time Status
16 2030 2025-08-05 16:28:17 NORMAL
29 3423 2025-08-05 16:28:17 NORMAL
0 0 2025-08-05 16:28:17 NORMAL
0 0 2025-08-05 16:28:17 NORMAL
0 0 2025-08-05 16:28:17 NORMAL
0 0 2025-08-05 16:28:17 NORMAL
33 12110 2025-08-05 16:28:17 NORMAL
0 0 2025-08-05 16:28:17 NORMAL

Figure 6. Statistical chart of normal and abnormal device status on the Dashboard

The AI-IDS/IPS web dashboard
interface displays statistics including the
total number of devices, the number of
anomalous devices, and the last update

AIl-IDS/IPS Dashboard

1] Realtime Statistics
Total Devices: 8
Anomalies: 0
Updated: 8/5/2025, 3:53:50 PM

~" Reconstruction Error

BN Number o

-

Error Range

time. It also presents a chart visualizing
the reconstruction error of each device
across specified error ranges, as illustrated
in Figure 7.

f Devices

Figure 7. Device count statistics and reconstruction error chart
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4.1.2. Attack experiment and response
of the AI-IDS/IPS

During the performance evaluation of
the AI-IDS/IPS system, real-world attack
experiments were conducted to assess
the model’s capability to detect and
respond to common network threats. Two
representative types of attacks and their
respective tools were chosen to represent
widely used attack techniques, including:

¢ ICMP Flood

¢ TCP SYN Flood

¢ Scenario 1: Denial of Service
attack - ICMP Flood

In this attack

IP Address MAC
00:50:56:C0:00:08

. 192.168.75.1
scenario, the [ 00:0C:29:F8:84:81
Ubuntu-Desktop s 00:0C:29:A33D:CT

) 152.168.75.130 00:0C:29:16:01:C2
machine (II) 192.168.75.131 00:0C:29:81:26:6D

192.168.73.140
192.168.75.2
192.168.75.254

UNKNOWN
00:50:56:EF:87:58
00:50:56:E1:3B:17

192.168.75.130)
uses the hping3
tool to perform
a Denial of Service (DoS) attack by
flooding the target device with a large
number of ICMP Echo Request (ping)
packets. The target machine is PC1, with
IP address 192.168.75.11. This attack
may cause disruption or even crash the
victim system.

Figure 8 shows the interface where
the command is executed:

root@admin2025
HPING 192.168
tes

--flood 192.168.75.11
1): icmp mode set, 28 headers + @ data by

in Figure 9, the dashboard shows one
anomalous device with [P address
192.168.75.130 - the attacking machine
- sending 95,322 packets totalling
5,719,320 bytes to the target machine.

Device Ratio

M Normal WSS Abnorma

Packets Bytes Time Status

il 2986 2025-08-0521:11:49 NORMAL
95322 5719320 2025-08-0521:11:49 ANOMALY
8 3076 2025-08-0521:11:49 NORMAL
95322 5719320 2025-08-05 21:11:49 ANOMALY
0 0 2025-08-0521:11:49 NORMAL
0 0 2025-08-0521:11:49 NORMAL
1 90 2025-08-0521:11:49 NORMAL
0 0 2025-08-0521:11:49 NORMAL

Figure 9. Anomaly detection and alerts
displayed on the AI-IDS/IPS Dashboard

«+ Scenario 2: Denial-of-Service
Attack - TCP SYN Flood and ICMP
Flood

In this scenario, a coordinated
attack is simulated from two machines
- Kali-Linux (IP 192.168.75.131) and
Ubuntu-Desktop (IP  192.168.75.130)
- simultaneously targeting the victim

hping in flood mode, no replies will be shown

hping3 -1 --flood 192.168.75.11
Figure 8. Command Line Interface on the
Ubuntu-Desktop PC

Response of the AI-IDS/IPS System:

The monitoring system detected a
sudden spike in ICMP packets from a
single source within a short timeframe.
The AI model recognized this as an
anomaly, triggering an immediate alert
on the Web Dashboard. As illustrated

machine, PC1 (IP 192.168.75.11).
The Kali-Linux machine performs a
ICMP Flood operation using hping3
to overload the CPU and bandwidth of
PC1, while the Ubuntu-Desktop machine
conducts a TCP SYN Flood attack using
hping3 against the same target. Figure
10 displays the command execution
interface and the results of the scan:
hping3 -1 --flood 192.168.75.11
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o~

=4 flood 192.168.75.11

HPING 192.168.75.11 (eth® 192.168.75.11):! icmp mode

bytes

hping in flood mode, no replies will be shown

Figure 10. Probing and Information Gathering on PCI

Figure 11 shows the command execution interface from the Ubuntu-Desktop machine:

hping3 -S -p 80 --flood 192.168.75.11

root@admin2025: /home/admin2025# hping3 -S -p 80 --flood 192.168.75.11
HPING 192.168.75.11 (ens33 192.168.75.11): S set, 40 headers + 0 data bytes

hping in flood mode, no replies will be shown

Figure 11. Command Line Interface on the Ubuntu-Desktop machine

Response of the AI-IDS/IPS System:
In Figures 12 and 13, the system
detected a sudden spike in TCP SYN
connection frequency across multiple
ports, flagging it as an anomaly. An
alert was triggered with the logged IP

AI-IDS/IPS Dashboard

;| Realtime Statistics
Total Devices: 8
Anomalies: 3
Updated: 8/5/2025, 9:53:33 PM

+~/ Reconstruction Error

address of the suspicious device, which
is displayed on the Web dashboard. The
information table lists two anomalous
devices, accompanied by a reconstruction
error chart of all monitored devices.

I "umber of Devices

Numb:

Error Range

Figure 12. Statistics of detected anomalous devices and reconstruction error chart
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Device Ratio

LS‘ Abnormal

ms

EE Normal NN Abnormal

IP Address MAC Packets Bytes

192.168.75.1 00:50:56:C0:00:08 D 1673
192.168.75.11 00:0C:29:FB:84:B1 38588 2315473
192.168.75.129 00:0C:29:A3:3D:C7 4 1598
192.168.75.130 00:0C:29:16:01:C2 14362 861720
192.168.75.131 00:0C:29:81:26:6D 24227 1453828
192.168.75.140 UNKNOWN 0 0
192.168.75.2 00:50:56:EF:87:58 0 0
192.168.75.254 00:50:56:E1:3B:17 0 0

Figure 13. AI-IDS/IPS anomaly
detection and alerting on the Dashboard

4.1.3. Evaluation of anomaly detec-
tion and Al response effectiveness

The performance evaluation of the
AI-IDS/IPS system 1is divided into
several key stages: network scanning
latency (scan_system), anomaly
detection latency (using Autoencoder
and MLP models), and the alert display
latency via WebSocket on the dashboard.
Measurements were conducted using the
time library to record the start and end
times of the scan_system() function.
Additionally, timestamps at each
processing phase - including packet

the timestamp at the DOM (Document
Object Model) rendering time on the
frontend. The measured results are
aggregated and displayed directly on
the dashboard to support real-time
performance monitoring.

Specifically, as shown in Figure
14, system performance monitoring is
presented  with
two axes: latency
(in seconds) and
time intervals
measured every 5
seconds. Through
experimental
evaluation,  the
average time from the start of the attack to
the completion of the system’s response
ranges between 25 and 35 seconds. The
anomaly detection and alerting process
takes approximately 10-15 seconds.
Following detection, the system sends an
alert through WebSocket to the dashboard
and initiates a Telnet connection from
the AI-IDS/IPS device to the switch to
block packets, which takes another 10-15
seconds.

Therefore, the AI-IDS/IPS system
design (shown in Figure 3) effectively
demonstrates the capability to detect
anomalies and respond effectively within

Status
NORMAL
ANOMALY
NORMAL
ANOMALY
ANOMALY
NORMAL
NORMAL
NORMAL

Time

2025-08-05 21:50:48
2025-08-05 21:50:48
2025-08-05 21:50:48
2025-08-05 21:50:48
2025-08-05 21:50:48
2025-08-05 21:50:48
2025-08-05 21:50:48
2025-08-05 21:50:48

reception, anomaly detection, alert @ short time frame.
transmission Via * System Performance Monitoring (seconds)
1. System Scanning: 32
W € b S 0C k & t ) 2. Anomaly Detection: 14
d d . 3. Dashboard Display: 15
an cvice * System Performance Chart (seconds)
Control reSponSe s [ 1Scanning T~ ”7 Detection : """ Dashboard
via Telnet - =
were logged g®
2 20
through the : I ) - S . . J
N . < SR SRy < R-t ® -
system’s logging % ,°°"
mechanism. s
0
The DaShboard 951:39PM  ®5144PM  O5149PM  O51:54PM  95200PM  9S5205PM  952:10PM  95215PM  9:5220PM 95226 PM

interface
measures real-time display latency using
the onmessage() event of WebSocket and

Time

Figure 14. Performance monitoring chart of
system alerts on the Dashboard

TAP CHi KHOA HOC VA CONG NGHE TRUONG DAI HOC CONG NGHE DONG A
S0 05 - T04/2026

39



KHOA HOC CO BAN, KY THUAT VA CONG NGHE

However, in large-scale and wide-
area network models with many devices,
latency increases significantly in subnet
ranges of /22 (1,024 IP addresses) and
/16 (65,536 IP addresses) if the scanning
scope is not subdivided. Additionally,
Al inference on the GPU needs to be
optimized, as it may cause CPU resource
bottlenecks when handling multiple
concurrent connections and tasks.

To reduce latency in large-scale
network systems, several solutions should
be implemented: subdividing subnets to
reduce the processing load per segment;
increasing the number of AI-IDS/IPS
monitoring units deployed in local areas;
and optimizing GPU inference processes
to offload the CPU.

4.2 Quantitative evaluation of model
performance

Autoencoder is an unsupervised
deep learning model used to extract
anomalous features from network data
via reconstruction error. By applying a
predefined threshold to this score, each
session is automatically assigned a binary
pseudo label (0: normal, 1: anomalous).
These pseudo labels are then used to
train a supervised classification model,
specifically a Multi Layer Perceptron
(MLP), which aims to approximate
the anomaly definition induced by the
Autoencoder.

The test dataset consists of 12,438
network sessions collected over a period
of three days, covering three traffic
types: Ping, ICMP Flood, and Port
Scan. This dataset was assigned binary
pseudo-labels (0: normal, 1: anomalous)
in a preprocessing stage that applied an
Autoencoder-based reconstruction-error
threshold to each session. After training
the MLP classifier on 80% of the dataset,

the model was applied to the remaining
20% to predict output labels. The MLP
model outputs a probability (ranging
from 0 to 1) representing the likelihood
that a session is anomalous. This
probability is then thresholded at 0.5 to
assign binary labels (if the output > 0.5,
the session is labeled as anomalous). The
corresponding command is: y pred =
(mlp.predict(X test) > 0.5).astype(int).

Next, the confusion matrix is
computed using the confusion matrix
function from the sklearn.metrics library,
as shown below:

from sklearn.metrics import
confusion_matrix

cm = confusion_matrix(y_test, y_
pred)

TN, FP, FN, TP = cm.ravel()

The confusion matrix yields four key
values - TP, FP, FN, and TN - which are
presented in ZTable 3:

o TP (True Positive) = 1,812: Number
of anomalous sessions correctly detected
by the model.

o FP (False Positive) = 284: Number
of normal sessions incorrectly identified
as anomalous.

o FN (False Negative) = 188: Number
of anomalous sessions missed by the
model (predicted as normal).

o TN (True Negative) = 10,154:
Number of normal sessions correctly
identified by the model.

Performance evaluation metrics:
Table 3. Performance evaluation metrics

Metric Meaning Formula | Value

Precision of anomaly
detection: The ratio
of correctly predicted
Precision | anomalies to the total
number of predicted
anomalies, reflecting
the false alarm rate.

0,865
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Metric Meaning Formula | Value

Recall  (Detection
Rate): The
proportion of
correctly  detected
anomalies out of all
actual anomalies,
reflecting the
model’s ability
to avoid missing
attacks.

Recall 0,906

Overall  accuracy:
The ratio of correctly
Accuracy | classified sessions to
the total number of

0,962

sessions.

Balanced metric
(F1  Score): The
harmonic mean of
Precision and Recall,
balancing the trade-
off between false
alarms and missed
attacks.

F1-score 0,885

The results indicate that the model
achieved a high accuracy of 96.2% and a
high Recall 0f 90.6%, effectively meeting
the requirements for early anomaly
detection.

The obtained Precision, Recall,
Accuracy, and Fl1-score thus reflect how
consistently the MLP reproduces the
Autoencoder-based anomaly definition
over the collected sessions, suggesting
its potential suitability for near real-time
network monitoring, particularly for DoS
flood scenarios tested in the simulated
LAN environment.

5. CONCLUSION

This research proposes an
intelligent AI-IDS/IPS model that utilizes
an Autoencoder - an unsupervised deep
learning architecture - for real-time
anomaly detection in network traffic.
Through  experimental  evaluations
involving common attack types such
as TCP SYN Flood and ICMP Flood,
the system demonstrated effective

capabilities in detecting anomalies and
responding promptly by logging events,
issuing alerts, and blocking traffic from
malicious sources.

In terms of performance, the system
exhibits a noticeable increase in
processing latency within large-scale
network environments, particularly when
operatingacrosswidesubnetsorunderhigh
device density conditions. Additionally,
since the detection mechanism primarily
relies on statistical features of network
packets, it may face difficulties in
identifying stealthy or long-duration
attacks (commonly referred to as low and
slow attacks).

Futureresearchwillfocusonoptimizing
the system’s processing infrastructure
- especially by leveraging Al inference
on GPUs to reduce the computational
load on CPUs. Enhancements will also
include the integration of Reinforcement
Learning techniques and User Behavior
Analytics (UBA) to improve the detection
of high-level anomalous behaviors.
Furthermore, plans include expanding
the training dataset to accommodate
additional attack patterns such as ARP
Spoofing, Brute Force attacks and HTTP
Floods, as well as deploying the AIIDS/
IPS system under edge or hierarchical
architectures to ensure scalability while
maintaining high performance and
responsiveness.

With these improvements, the system
is expected to achieve greater accuracy,
enhanced adaptability, and higher
reliability, ultimately contributing to the
development of a secure, proactive, and
resilient network environment capable
of addressing modern cybersecurity
challenges.
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landscape, characterized by relentless
technological
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ABSTRACT

Integrating Management Information Systems (MIS) into business education is
crucial for preparing future leaders to navigate technological advancements. The
digital revolution, characterized by cloud computing, social media, and mobile
systems, has fundamentally transformed business operations and educational
delivery. MIS courses equip students with essential technological skills, fostering
an environment where proficiency becomes second nature. Innovative tools like
MyMISLab, video libraries, and decision-making simulations enhance student
engagement by bridging theory and practice. Additionally, teaching ethics and
security within MIS curricula is vital; case studies provide insights into the
ethical and security challenges of the digital age, preparing students for real-
world dilemmas. MIS education also helps students identify emerging job roles
by developing non-routine cognitive skills such as critical thinking and problem-
solving, essential for data-driven decision-making. Thus, integrating MIS into
business curricula is necessary to ensure graduates are equipped to meet future

business demands, emphasizing real-world applications and job preparedness..

Keywords: MIS, MyMISLab, Leaders, Transforming Business Education, IT, Cloud
computing
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1. Introduction
In today’s rapidly evolving business

finance, marketing, and operations.
However, the pervasive influence of
technology necessitates a paradigm

advancements and  shift, integrating MIS as a fundamental

increasing digitalization, the importance
of a robust Management Information
Systems (MIS) education for aspiring
business  professionals cannot be
overstated. This article delves into the
critical role of MIS in modern business
education, highlighting a unique approach
that moves beyond theoretical concepts
to cultivate practical skills and future job
preparedness.

Traditionally, business education
has focused on core disciplines like

pillar of the curriculum (Gorgone et al.,
[1]. This integration is not merely about
understanding technical jargon but about
equipping students with the knowledge
and skills to leverage technology for
strategic  decision-making, problem-
solving, and innovation. As highlighted by
Bai et al. [2], “The digital transformation
of business demands a new generation
of business professionals who are not
only tech-savvy but also possess strong
analytical and problem-solving skills,
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along with an understanding of how
technology can be used to create business
value.” This underscores the need for a
pedagogical shift that emphasizes real-
world applications and hands-on learning
experiences, aligning with the call for
greater relevance and practicality in
business education (AACSB, [3]).

The business world is experiencing
a technological renaissance, fueled by
advancements in artificial intelligence
(Al), big data analytics, cloud
computing, and the Internet of Things
(IoT), among others. These technologies
are fundamentally reshaping business
models, operational processes, and
customer interactions (Bharadwaj et
al., [4]). This digital transformation
necessitates a corresponding evolution
in business education. The 2020 Future
of Jobs report by the. World Economic
Forum highlights an increasing need for
skills like analytical reasoning, advanced
problem solving, as well as technology
design and programming.

Researchers share this perspective,
stressing that graduates must have not only
technical expertise but also adaptability,
innovation, and critical thinking abilities
to succeed in a world driven by technology
(DeNisi Murphy, [5]).

This article presents a forward-
looking approach to integrating MIS
into business education. It emphasizes
real-world applications, future job
preparedness, and innovative teaching
tools that enhance student engagement
and critical thinking.

Real-World  Applications: Moving
beyond theoretical frameworks, the
focus is on equipping students with
practical skills through case studies,
simulations, and real-world projects,
allowing them to apply MIS principles to
solve contemporary business challenges.

This is consistent with Kolb’s [6]
experiential learning theory, which
underscores the significance of hands-on
experiences and reflective observation
in fostering effective learning. Recent
studies highlight the effectiveness of
project-based learning and industry
collaborations in enhancing student
engagement and developing practical
skills in MIS education (Ribble Park,
[7D).

Future Job Preparedness: The aim is
to close the gap between academia and
the workforce by aligning the curriculum
with evolving technologies and industry
trends, ensuring that graduates have the
skills and expertise valued by employers
in the digital era. This requires close
collaboration between universities and
industry partners to ensure curriculum
relevance and provide students with
valuable = work-integrated  learning
opportunities (Hausman et al., [8]).
The rapid pace of technological change
necessitates a dynamic and responsive
curriculum that incorporates the latest
advancements and industry best practices
(Ahmad et at., [9]).

Innovative Teaching Tools:The article
examines the incorporation of advanced
technologies and teaching methods,
including gamification, virtual reality, and
data analytics tools, to develop immersive
and interactive learning experiences that
promote critical thinking and problem-
solving abilities. This approach resonates
with the principles of active learning and
constructivism, which emphasize student
engagement and knowledge construction
(Prince Felder, [10]). Recent research
highlights the positive impact of gamified
learning and virtual reality simulations
on student motivation, engagement, and
knowledge retention in MIS courses
(Yildirim et al., [11]).
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Figure 1. Architecture MIS System Overview

By embracing this innovative
approach to MIS education, we can
empower future business leaders to
navigate the complexities of a technology-
driven world, fostering a generation of
proactive problem solvers and strategic
thinkers equipped to thrive in the digital
age in Figure 1. The diagram illustrates
the key components of a MIS. At the
center is MIS, which is interconnected
with six essential elements. Data-Driven
Decisions involve using data analytics
to inform strategic choices. Technology
Integration refers to the seamless
incorporation of new technologies to
enhance system efficiency. Leadership
Skills are necessary for guiding
teams and ensuring successful project
outcomes. Communication is vital for
effective information exchange within
an organization. Ethical Leadership
emphasizes the importance of integrity
and ethical standards in management.
Finally, Collaboration highlights the
need for teamwork and cooperative
efforts across different departments.
Together, these components contribute to
the effective functioning of an MIS.

This study adopts a qualitative
approach based on a systematic review
of existing literature combined with
conceptual analysis. The objective of
the paper is threefold: (i) to examine the

—

]

Ethical
Laadarship

evolving role of Management

Information Systems (MIS)

in  transforming  business

‘::;::xf' education; (ii) to analyze
- how MIS contributes to
leadership development,

rv— ethical awareness, and

technological adaptability; and
(i) to propose an integrated
framework linking innovative
learning tools, ethical and
security considerations, and future career
preparedness.

2. The
Education

The digital revolution has significantly
transformed various sectors, including
education. Key technologies such as
cloud computing, social media, and
mobile

systems are reshaping how educators
teach and how students learn. This paper
explores these technologies and discusses
how Management Information Systems
(MIS) courses prepare students for future
technological changes.

Skills ‘

Digital Revolution in

2.1. Cloud Computing in Education

Cloud computing offers scalable and
flexible resources, enabling educational
institutions to store vast amounts of data
and provide access to learning materials
anywhere, anytime. According to Jones
[12], cloud platforms like Google
Classroom and Microsoft Azure facilitate
collaborative learning environments,
allowing for seamless interaction
between students and teachers. The
scalability of cloud services ensures that
schools can efficiently manage resources
without significant upfront investment.

2.2. Social Media’s Educational Im-
pact

Social media platforms provide
innovative ways to engage students

TAP CHf KHOA HOC VA CONG NGHE TRUONG PAI HOC CONG NGHE PONG A

S0 05 -

T04/2026

45



KHOA HOC CO BAN, KY THUAT VA CONG NGHE

and foster communication. Smith [13]
highlight that platforms like Twitter and
Facebook can be used for educational
purposes, such as sharing resources,
hosting discussions, and enhancing
community building. Social media also
allows for realtime feedback and greater
interaction, making learning more
dynamic and interactive.

2.3. Mobile Systems and Learning

Mobile systems have transformed the
way educational content is accessed. With
the widespread use of smartphones and
tablets, students now have the ability to
engage with learning materials anytime,
anywhere. Research by Alam [14]
shows that mobile learning applications
offer personalized learning experiences,
catering to individual student needs and
promoting self-paced learning. Apps like
Duolingo and Khan Academy exemplify
how mobile systems facilitate interactive
and engaging education.

Preparing for Technological Changes:
The Role of MIS Courses MIS courses
equip students with the skills needed to
navigate and leverage these technological
advancements. They focus on the
intersection of technology and business,
preparing students to implement and
manage information systems effectively.

2.4. Curriculum Focus

MIS courses cover a range of topics,
including database management,
cybersecurity, and data analytics.
Johnson and Kim [15] emphasize that
understanding these areas is crucial for
future professionals who will manage
and protect digital infrastructures.

2.5. Hands-On Experience

Students participate in hands-on
projects that mirror real-world situations,
enhancing  their critical  thinking
and problem-solving abilities. This

experiential learning method equips
students with the skills needed to address
technological challenges after graduation.

2.6. Emphasis on Adaptability

The dynamic nature of technology
requires adaptability. MIS courses stress
the importance of continuous learning
and staying updated with emerging
technologies. By fostering this mindset,
courses enable students to stay adaptable
and relevant in an ever-evolving digital
environment.

In conclusion, the integration of cloud
computing, social media, and mobile
systems is reshaping education, offering
new opportunities for teaching and
learning. MIS courses play apivotal role in
preparing students for these technological
changes by providing a comprehensive
understanding of information systems
and fostering essential skills. As the
digital revolution continues, the ability
to adapt and innovate will be crucial for
success in the educational sector.

3. Innovative Learning Tools
In recent years, the educational
landscape has been transformed by

innovative learning tools such as
MyMISLab, video libraries, and
decision-making simulations. These

tools are designed to enhance student
engagement and improve learning
outcomes by providing interactive and
immersive learning experiences. This
paper explores these tools and their
impacts, drawing on recent literature to
highlight their effectiveness.

3.1. MyMISLab

MyMISLab is an online platform that
offers a range of resources for learning
management  information  systems
(MIS). It provides interactive tutorials,
assessments, and personalized study
plans. Astudy by Bossmanetal.[16] found
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that MyMISLab significantly improved
student engagement and performance
in MIS courses, as it allowed students
to learn at their own pace and receive
immediate feedback. This aligns with
the constructivist learning theory, which
emphasizes active student participation
and self-directed learning (Mohammed
etal. [17]).

3.2. Video Libraries

Video libraries, such as those offered
by Khan Academy and Coursera,
provide a vast array of instructional
videos covering numerous subjects.
These resources cater to diverse learning
styles and offer students the flexibility to
learn anytime and anywhere. According
to Serra et al. [18], the use of video
libraries has been shown to increase
student motivation and understanding of
complex topics, as visual and auditory
elements can enhance comprehension and
retention. Furthermore, video resources
support  differentiated  instruction,
allowing educators to address the varying
needs of their students (Cagape, [19]).

3.3. Decision-Making Simulations

Decision-making  simulations  are
dynamic scenarios that give students the
opportunity to apply theoretical knowledge
in real-world situations. These simulations
are particularly effective in fields such as
business, healthcare, and engineering.
Research by Lin et al. [20] indicates that
simulations improve critical thinking and
problem-solving skills by providing a
safe environment for experimentation and
exploration. Students engage more deeply
with the material when they can see the
real-world implications of their decisions,
leading to improved learning outcomes
(Gredler, [21]).

3.4. Impact on Student Engagement
Engagement is a crucial factor in

successful learning. Innovative tools
like MyMISLab, video libraries, and
simulations have been shown to increase
student engagement by making learning
more interactive and enjoyable. As noted
by Johnson and Frances [22], students
are more likely to participate in courses
that incorporate these tools, resulting
in higher attendance and lower dropout
rates. Moreover, these tools foster a sense
of autonomy and competence, which are
key components of intrinsic motivation
(Ryan et al. [23]).

3.5. Impact on Learning Outcomes

The impact of innovative learning
tools on learning outcomes has been
widely documented. Studies consistently
show that these tools contribute to better
academic performance and deeper
understanding of course material. For
instance, Johnson and Frances [22] found
that students using MyMISLab scored
higher on assessments compared to those
who relied solely on traditional textbooks.
Similarly, Cagape et al. [19] reported
that students who supplemented their
studies with video libraries demonstrated
improved comprehension and retention.
Moreover, decision-making simulations
have been found to enhance cognitive
skills and knowledge application. Park
et al. [24] highlighted that students
who participated in simulations were
better equipped to transfer theoretical
knowledge to practical situations, a key
indicator of successful learning.

3.6. Challenges and Considerations

Despite their benefits, the
implementation of innovative learning
tools poses certain challenges. Access
to technology and the digital divide
remain significant barriers for some
students (Smith et al., [25]). Additionally,
educators must be adequately trained to
integrate these tools effectively into their
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curriculum (Csenturk, [26]). Therefore,
institutions must ensure that both
students and teachers have the necessary
resources and support to maximize the
benefits of these tools.

In conclusion, innovative learning
tools such as MyMISLab, video libraries,
and decision-making simulations
play a vital role in enhancing student
engagement and improving learning
outcomes [27-30]. By providing
interactive and personalized learning
experiences, these tools cater to diverse
learning preferences and promote active
participation. While challenges exist, the
potential benefits of these tools in shaping
the future of education are undeniable.
As technology continues to evolve, so
too will the opportunities for creating
more effective and engaging learning
environments.

4. Ethical
Considerations

In today’s digital age, the importance
of teaching ethics and security in MIS
cannot be overstated. As businesses
increasingly rely on technology,
professionals must navigate complex
ethical dilemmas and security challenges.
This paper explores the significance of
integrating ethics and security into MIS
curricula, supported by recent literature
and illustrative case studies.

and Security

4.1. Importance of Teaching Ethics
in MIS

Ethics in MIS involves understanding
the moral implications of technology use
and data management. With the rapid
advancement of technology, ethical
considerations have become increasingly
complex. Teaching ethics in MIS equips
students with the ability to recognize
and address moral issues, fostering
responsible decision-making.

4.2. Ethical Decision-Making

Ethical decision-making is a crucial
skill for MIS professionals. According to
Dellaportas et al. [31], students exposed
to ethical training are better prepared to
handle real-world situations involving
privacy, intellectual property, and user
consent. By wunderstanding ethical
frameworks, students can assess the
implications of their actions and make
informed choices that align with societal
values.

Case Study: Cambridge Analytica The
Cambridge Analytica scandal serves as a
cautionary tale. The misuse of Facebook
user data for political advertising
highlighted significant ethical breaches
in data handling. As noted by Hess [32],
this case underscores the necessity for
robust ethical guidelines and education
in MIS programs to prevent similar
occurrences.

4.3. Importance of Teaching Security
in MIS

Security is a fundamental aspect
of MIS, focusing on safeguarding
information systems from unauthorized
access, misuse, disclosure, disruption,
alteration, or destruction. With the
growing complexity of cyber threats,
the need for skilled security experts has
significantly increased.

4.4. Developing Security Competence

Integrating security education into
MIS curricula is essential for developing
competence in safeguarding information
systems. According to Alnajim et al,
[33], students trained in cybersecurity
principles are more adept at identifying
vulnerabilitiesand implementingeffective
security measures. This knowledge is
critical in protecting sensitive data and
maintaining organizational integrity.

Case Study: Target Data Breach
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The Target data breach of 2013, which
compromised 40 million credit and
debit card accounts, exemplifies the
devastating impact of inadequate
security measures. The breach, costing
the company millions, illustrates the
importance of comprehensive security
education. As highlighted by Meadows
et al, [34], teaching students about such
incidents emphasizes the real-world
consequences of security lapses.

4.5. Integrating Ethics and Security
into MIS Curricula

To address the challenges posed by
ethical and security issues, educators
must integrate these topics into the MIS
curriculum effectively. This involves a
combination of theoretical knowledge
and practical application.

4.6. Curriculum Design

A well-rounded MIS curriculum
should include courses on ethical
theories, privacy laws, cybersecurity
fundamentals, and risk management.
Arnal [35] suggest incorporating
case studies, simulations, and ecthical
dilemmas to  enhance  learning
experiences. By engaging students in
real-world scenarios, educators can
foster critical thinking and problem-
solving skills.

4.7. Interdisciplinary Approach

An interdisciplinary approach can
enrich MIS education by incorporating
perspectives from law, philosophy,
and computer science. According to
Camilleri et al, [36], this approach
encourages students to view ethical and
security issues from multiple angles,
promoting a deeper understanding of the
complexities involved. In conclusion,
teaching ethics and security in MIS is
imperative for preparing students to
navigate the challenges of the digital

world. By integrating these topics into
the curriculum, educators can equip
future professionals with the skills and
knowledge necessary to make ethical
decisions and protect information
systems. As technology continues to
evolve, the role of ethics and security
in MIS education will only grow in
importance, shaping responsible and
competent leaders in the field.

5. Preparing for Future Careers

MIS play a crucial role in preparing
students for emerging job roles in
the rapidly evolving job market. As
technology continues to advance, new
opportunities arise that require a unique
blend of skills. This paper explores
how MIS helps students identify and
prepare for these roles, emphasizing the
importance of developing non-routine
cognitive skills.

5.1. Identifying Emerging Job Roles

The integration of MIS in education
provides students with insights into
current and future trends in the job
market. By studying MIS, students gain
a comprehensive understanding of how
technology drives business innovation
and creates new career opportunities.

5.2. Understanding Industry Trends

MIS courses often include analyses
of industry trends and technological
advancements. According to Kim,
Youngsik and Lee, Hojun [37], students
who engage with these analyses can
better anticipate emerging job roles and
align their career paths accordingly. For
instance, the rise of data analytics, cloud
computing, and cybersecurity has led to
new roles such as data scientists, cloud
architects, and security analysts.

5.3. Networking and Professional
Connections
MIS programs

frequently  offer
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opportunities for networking with
professionals in the field. These
connections can provide valuable insights
into emerging job roles and industry
demands. Rutman, Jeremy [38] highlight
the significance of internships and
industry partnerships in helping students
gain firsthand experience and understand
the skills required for future roles.

5.4. Preparing for Emerging Job
Roles

Preparing for the future job market
requires more than just technical
skills. MIS education emphasizes the
development of a diverse skill set,
including both technical and non-
technical competencies.

5.5. Technical Skills

MIS programs equip students with
essential technical skills in areas such as
database management, systems analysis,
and information security. These skills
are foundational for many emerging
roles. Johnson and Miller [39] note that
proficiency in programming languages,
data analysis tools, and cybersecurity
measures is crucial for students aiming to
excel in technology-driven careers.

5.6. Non-Routine Cognitive Skills

In addition to technical skills, MIS
education stresses the importance of
non-routine cognitive skills—those that
involve creativity, problem-solving,
and critical thinking. These skills are
increasingly valuable in a job market
where routine tasks are often automated.

5.7. Problem-Solving and Critical
Thinking

The ability to solve complex
problems and think critically is essential
in navigating the challenges of new job
roles. MIS courses often include case
studies and project-based learning to

enhance these skills.

According to Arnal [35], students
who engage in problem-solving activities
develop a mindset that is adaptable and
innovative, key traits for success in
dynamic environments.

5.8. Creativity and Innovation

Creativity is another crucial non-
routine cognitive skill fostered by MIS
education. As businesses seek innovative
solutions to remain competitive, the
demand for creative thinkers has surged.
Smith [13] emphasizes that MIS students
trained to approach problems creatively
can develop novel solutions that drive
business growth and transformation.

5.9. The Significance of Non-Routine
Cognitive Skills

Non-routine cognitive skills are crucial
as they distinguish human abilities from
automated systems. With the ongoing
advancements in artificial intelligence
and machine learning, the capacity to
handle tasks requiring human judgment
is becoming more valuable than ever.

5.10. Adaptability in a Changing Job
Market

Adaptability is a key outcome of
developing non-routine cognitive skills.
The ability to learn and apply new skills
quickly is essential in a job market
characterized by constant change. Arnal
[35] argue that adaptable individuals are
better equipped to transition between
roles and industries, making them more
resilient in their careers.

5.11. Enhanced Collaboration and
Communication

Non-routine cognitive skills
also  enhance  collaboration and
communication, crucial elements in

many emerging job roles. MIS education
often involves team projects and
interdisciplinary work, which foster these
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skills. According to Kim, Youngsik and
Lee, Hojun [37], effective communication
and collaboration are vital for roles that
require cross-functional teamwork and
interaction with diverse stakeholders.

In summary, MIS education is essential
in readying students for future careers by
enabling them to recognize and prepare
for emerging job roles. By integrating
both technical and non-routine cognitive
skills, students are well-prepared to
manage the complexities of today’s job
market. As technology advances, these
skills will become increasingly important,
highlighting the crucial role of MIS in
shaping the workforce of tomorrow.

6. Conclusion

In this part, we conclusion that the
Imperative of Integrating MIS into
Business curriculum as such:

Importance of MIS in Business
Education: Integrating MIS into business
curriculum is crucial for preparing
students to thrive in a technology driven
world. As businesses increasingly rely on
data and digital processes, understanding
MIS becomes essential for future leaders.
This paper reiterates the importance of
MIS in education and calls educators to
embrace technology in teaching.

Equipping Students with Essential
Skills:  MIS  education  provides
students with technical and analytical
skills necessary for modern business
environments. According to Johnson and
Miller [39], MIS courses teach students
how to manage information systems,
analyze data, and implement technology
solutions. These skills are indispensable
as companies seek employees who
can leverage technology for strategic
advantage.

Enhancing Decision-Making
Capabilities: Understanding MIS also
enhances decision-making capabilities.

By learning how to interpret data and use
information systems, students can make
informed decisions that drive business
success. Kim, Youngsik and Lee, Hojun
[37] emphasize that MIS education
bridges the gap between technical
expertise and strategic thinking, enabling
students to become effective decision-
makers in complex scenarios.

The Role of Educators: Educators
are key in embedding MIS into business
curricula. By adopting technology,
they can develop dynamic learning
environments that mirror the demands of
the contemporary workplace.

Innovative ~ Teaching  Methods:
Educators are encouraged to adopt
innovative  teaching methods that
incorporate technology. This includes
using digital tools, simulations, and case
studies to provide hands-on experience.
Rutman, Jeremy [38] suggest that
interactive learning not only engages
students but also enhances their
understanding of complex concepts.

Preparing Students for the Future:
By integrating  technology into
teaching, educators prepare students
for future challenges. The rapid pace of
technological advancement means that
students must be adaptable and proficient
in using new tools. Arnal [35] argue
that educators who embrace technology
foster a culture of continuous learning,
equipping students to navigate an
everchanging job market.

Call to Action: To remain relevant
and effective, business curriculum must
evolve with technological advancements.
Educators are urged to: (1) Integrate MIS
into Core Courses: Ensure that MIS is
a fundamental component of business
education, providing students with the
skills and knowledge needed in today’s
digital economy. (2) Embrace Technology
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in Teaching: Utilize digital resources and
innovative teaching strategies to enhance
learning experiences and prepare students
for the future. (3) Foster Collaboration
with Industry: Establish partnerships
with businesses to keep curricula aligned
with industry needs and trends.

Promote Lifelong Learning:
Encourage students to view education as
a continuous process, essential for staying
current with technological changes.

This paper contributes to the literature
by providing a structured conceptual
synthesis of how  Management
Information Systems (MIS) transform
business education in the digital era. By
integrating perspectives on innovative
learning tools, ethical and security
education, and non-routine cognitive
skill development, the study offers
practical implications for curriculum
design and academic—industry
alignment. As technology continues to
reshape industries, students equipped
with MIS knowledge and skills will be
better prepared to lead and innovate.
Educators have a responsibility to
embrace technology in their teaching
practices, ensuring that their students
are ready to meet the demands of the
future workplace. By doing so, they will
cultivate a new generation of business
leaders capable of harnessing the power
of information systems to drive success.
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TOM TAT
Diéu khién dir bdo dwa theo mé hinh (Model Predictive Control — MPC) la phuwong
phdp diéu khlen duogc sir dung rat réng rdi trong thuc té, mang lai hiéu qua tin cdy. No
ra doi ti rdt sém, dwoc xudt phat tir bai todn thue té, diedi tén goi Thudt todn diéu khién
tica mé hinh (Model Algorithm Control — MAC) va dan phat trién thanh mét cong cu
wa thich d@é gidi quyét nhitng bai todn cé rang bugc cho cd hé tuyén tinh va phi tuyén.
Tuy vay, do la phwong phdp dwa vao mé hinh, nén viéc phan tich, danh gia chdt hrong
on dinh hay bén viing ciia hé, nhdt la hé phi tuyén, khi mé hinh khong dung (non-
autonomous), chita cdc thanh phan bat dinh, la khéng hé don gian. Co thé noi cho ti
tdn ngay nay bai toan danh gid tinh on dinh ciia hé MPC phi tuyén dang nay van con la
bai todn mé. Ly do chinh la vi ¢ MPC phi tuyén nguoi ta phdi tim nghiém toan cuc ciia
bai todn 16i wu phi luyén khong 16i. Xudt phat tir Iy do do ma bai bao nay da dwa ra mot
dé xudt xdy dung bg diéu khzen MPC cho hé phi tuyén du dam bao dwoc tinh on dinh
ciia hé. Pé xudt nay dwa chii yéu vao t tuong xap xi tuyén tinh timg doan theo cira s6
du bao (receeding linearization) cho hé phi tuyen roi sir dung quy hoach toan phuong
(OP) ciing o dang ting doan, thay vi truc tiép tim nghiém bai todn toi wu phi tuyén
khéng 16i. Mt vi du ciia bai bdo dd xdc nhén tinh hiéu qua ciia gidi phdp dé xudt trén.

Tir khéa: Diéu khién MPC; Quy hoach toan phwong; Tinh 6n dinh ciia MPC.

ABSTRACT

Model Predictive Control (MPC) is a widely used control method in practice, providing
reliable results. It originated from a real-world problem, under the name Model
Algorithm Control (MAC), and gradually developed into a preferred tool for solving
constrained problems in both linear and nonlinear systems. However, because it is
a model-based method, analyzing and evaluating the stability or robustness of the
system, especially nonlinear systems, when the model is non-autonomous and contains
uncertain components, is not simple. It can be said that even today, the problem of
evaluating the stability of this type of nonlinear MPC system remains an open problem.
The main reason is that in nonlinear MPC, one must find a global solution to the
non-convex nonlinear optimization problem. Based on this reason, this paper proposes
a design for an MPC controller for nonlinear systems that ensures system stability.
This proposal is primarily based on the idea of segmented linear approximation using
the prediction window (receeding linearization) for nonlinear systems, and then using
quadratic programming (QP) also in segmented form, instead of directly finding the
solution to the non-convex nonlinear optimization problem. An example in the paper
confirms the effectiveness of the proposed solution.

Keywords: MPC control; Quadratic programming, MPC stability.
Ngay nhgn bai: 16/01/2026; Ngay svra bai: 11/03/2026; Ngay duyét diang: 02/04/2026
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1. Mé dau

Xuit phat tir mot bai toan ciia cong
nghi€p, nam 1982, ma ky thuat MAC
(Model Algorithm control) [1] dugc
ra doi. Tiép theo d6 1a DMC (dynamic
matrix control) [2] va GPC nam 1987
(Generalized Predictive Control) [3]. T4t
ca chung, tuy rang van ton tai nhitng uu
nhuge diém riéng biét [2], song da tao
tién dé cho viéc hinh thanh ky thuat MPC
(Model Predictive Control) [4],[5],[6]
v6i vO van ung dung thanh cong trong
thuc té. Uu diém ndi troi cua k§ thuat
nay so voi cac phuong phap diéu khién
phi tuyén khac, nhu thich nghi, bén viing,
truot. .. 1a no xtr 1y duoc cac bai toan diéu
khién c6 rang budc vé trang thai va tin
hiéu diéu khién [7]. S& di n6 lam duoc
diéu nay 1a vi ban chat cia MPC 1a ting
budc chuyén bai toan didu khién phi
tuyén thong thuong vé thanh bai toan quy
hoach phi tuyén c6 rang budc rdi sir dung
cac phuong phép t6i vu hoa dé xir Iy diéu
kién rang budc d6 [7], cung vdi vO van
cong cu t6i wu hoa di co sin hd trg viée
cai dat chung 1én thiét bi diéu khién s
[8]. Tuy nhién, ciing vi dd chuyén bai
toan diéu khién phi tuyén c6 rang budc
thanh bai toan quy hoach phi tuyén, tic
1a bai toan t6i uu c6 ham muyc tiéu phi
tuyén va tp rang budc ciing duoc mo ta
boi cac bt phuong trinh phi tuyén, nén
van dé khao sét tinh 6n dinh cua hé thu
duoc gap kha nhiéu kho khan [9], do con
thiéu nhitng cong cu tim nghiém toan cuc
cho bai toan quy hoach phi tuyén khong
16i [10].

Nham khéc phuc nhuoc diém trén,
bai bao dinh hudng s€ cung véi viéc
dich cira s6 du bao cia MPC dé chuyén
dan timg budc mé hinh phi tuyén khong
dimg thanh tuyén tinh tham sé hang (hé
LTI) trong cua s6 dy bao hién tai. Nho
do, thay vi gap phai bai toan quy hoach

phi tuyén khong 151, ta s& c6 bai toan quy
hoach toan phwong (16i), gitp ta luon
tim dugc nghiém toan cuc khi tip rang
budc ciing 1a mot tap 16i nhd cac phuwong
phap s6 giai bai toan QP (quadratic
programming).

2. Noi dung chinh

2.1. Phdt biéu bai todn va cdc gid
thiét kem theo

Noi dung bai bao lién quan téi nhiém
vu thiét ké bo diéu khién bam quy dao c6
rang budc, cho hé phi tuyén khong ding,
mo ta bdi moé hinh roi rac dang affine

Kk-*-l = [(&k’k) + B(&k 7k)Ek
(1) ¥, =C(x,k)xy,

trong d6 x;, e R" la vector cua n bién
trang thai ¢ thoi diém roi rac k, 4, €R™
1a vector ctia m céc tin hiéu diéu khién &
cung thoi diém &, y, eR! 1a vector cua
cac tin hi¢u dau ra, B(x,,k) 1a ma trn
diéu khién, c6 kiéu nxm va C(x,,k) 1a
ma tran dau ra, c6 kiéu Ixn . Nhu vay h¢
(1) nay c6 bac n va MIMO (nhiéu dau
vao—nhiéu dau ra) v6i m dau vao va [
dau ra.

Bo diéu khién phai thiét ké can thoa
man:

Lam cho dau ra Y, bén‘l theo duoc
quy dao mau r;, c6 thé chi can cho trudc
tung doanq[k,k + Z}f,(k)] voi N,.(k)eN
cling c6 th¢ thay doi theo %, va thoa man
Y, " Tk —0; khi k—)oo’, trong do Ql la
ky hiéu cua vector co tat ca cac phan tir
bang 0, va tat nhién ciing phai ¢ s6 chiéu
tuong ung la /.

Vector cac tin hi¢u diéu khién u,, luén
thuoc U dong va gidi ndi (tap compact)
cho trudc.

Dé bai toan & trén co nghiém, ta gia
thiét:

B(x;,k)#0,,,,, Vx,,k d& hé 1a diéu
khién dugc tai x;, ¢ thoi diém roi rac k&,
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trong d6 ky hi¢u 0,,,,, 1a chi ma tran kiéu
nxm co tit ca cac phan tir bang 0.
C(xy,,k) # 0y, Vx,,,k dé tranh trudng
hop hé roi vao ché @6 dong hoc khong tai
x;, & thoi diém roi rac k.
Vector ham f(x;,,k) thdéa man

M«D, Vrg.k (2)

tirc 1a f(xy,k) bién ddi khong nhanh
hon x, v&i moi k. Ta co thé thiy tit ca
nhu'ng vector ham f(xk, ) Lipschitz toan
cuc déu théa man diéu kién (2) nay.

2.2. Phwong phdp diéu khién MPC

truvén thone

. Nhitng tin hiéu dau ra twong lai
nay s€ la cac vector ham phu thudc
uj, j=kk+1, ... ,k+N-1._ DPé don
gian ta s& st dung ky higu y (u;) voi
wy, =col(uy,, U,y - @k+N—l% dé chi su
phu thudc do6. Luc nay u, s€ la vector
trong khong gian mN chiéu.

Chon ham muc tiéu danh gia sai I¢ch
bam

N

Jk(Ek)=hk(Ek)+}Zlgk(lk+j(2k)lk+j) 3)

trong d6 Ay, (u,,) phai la ham xac dinh
duong va g, (yk+ (uy,), rk+J) phai it nhat

laham ban xac dinh du'ong cuacac sailéch

(uk) rk+]
"llhong thuong

k4

nguoi ta hay chon
ham muc tiéu dang

| toan phuong nhu

Hinh 1: Nguyén tdf: hoat déng ciia bg diéu
khién dy bao

Mot cach chi tiét thi nd gdm cac budc
sau:

Chon trude cac khoang du bao IV,
cho tin hiéu diéu khién wu, va N, cho
trang thai X, trong d6 N, > N, . Thong
thuong nguoi ta hay chon N, =N, =N
voi N khong duogc lon hon khoang
N, (k) ma quy dao mau r;, s& duoc xac
dinh trudc tung doan.

Xay dung mo hinh du bao cho tin hi¢u
i=k+1, ... ,k+ N tinh tir thoi
diém roi rac k h1en tai. Thong thuong

daura Y,

ngudi ta co thé st dung ngay mé hinh roi
rac (1) cta hé dé lam moé hinh dy bao.

Thuyc hién lan lugt cho £=0,1, ... cac
budc sau:

Do trang thai x,,.

Str dung mé hinh du bao dé xac dinh
cac tin hiéu dau ra tuong lai Y, trong cura
sO du bao hién tai i=k+1, ... ,k+N

sau:
i () = Ry
N T
Zfl{(ykﬁ(uk)_rkﬁ) Q) (ykJrj(uk)_’"kJrj)}

4
thay cho (3), véi R;,,Q,, 1a cdc ma tran
dbi xtng xac dinh dwong chon trude. O
day ta da st dung ky hi¢u R, thay vi R,
nhu van lam véi ma tran ¢é cac phan tir 1a
s6 thuc, vi R, thuc chét 12 ma tran khoi
(cac phan tir cia n6 ciing 14 ma tran).
Nhu viy, néu ta st dung ky hiéu gop
(vector va ma tran)
e, =col(ep,1, - 1)
:COI(zkH(Ek)_KkH’ ’2k+N(Ek)_Kk+N)
| [Qk - Ozxz]
Q, =diag(@y, ... ,@)=| @ .
Oy - @
6))

trong d6 0,,; la ma tran kiéu Ix] c6
tat ca cac phan tr bang 0, thi ham muc
tidu (4) s& tro thanh dang gan giéng toan
phuong chinh tic
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Jp (W) =ug R, +€;Qpe;.  (6)

O day ta néi rang (6) gan gidng toan
phuong, chur chua phai toan phuong theo
bién w,,, vi con quan hé Vi W) =T
clia cac phan tir trong e, khong ¢ dang
tuyén tinh theo u u,.

Tim nghiém bai toan toi wu hoéa co
rang Pu(f)c

w;, = argzlg}Jk (u,) (7)

Du? E}g :(Im’Omxm’ ’Omxm)gz
vao diéu khién h¢ (1), trong d6 I,, 1a ma
tran don vi ki€u mxm .

Nhu vay, vong lap 3 vé1 £=0,1, ...
chi két thac khi qué trinh diéu khién két
thiic. V& phuong phap MPC truyén thong
nay ta c6 mot vai y kién danh gia chat
lugng mang lai ciia né nhu sau:

Khi hé 1a phi tuyén dang (D, dé co
dugc dau ra Y,,; trong cua so du bao
hién tai, tec la véi i =1, ... ,IN,tacandu
bdo dugc trang thai x,,; va ching la
nhitng vector ham phu thudc
XpsUp> +-+ 5Upy N 1. Su phu thudc nay
mang tinh phi tuyén kha cao. Cira s6 du
bao N dugc chon cang 16n, tinh phi tuyén
cang cao. Piéu nay ta c6 thé thiy thong
qua phép khai trién vector trang thai x hti

trong ctia s6 du béo hién tai [+ 1.k + N |

Xp,q = f(2p,R) + Blxy, k)uy,
Xpio= [(Ekﬂ k+1)+ B(&kﬂ’k + 1)Ek+1

= f(F(xy k) + By R)uy k+1)+ B(f(x),,0) + Blay Ry ke +1)

=0, (kk+ 12y, 04 )
Ny = (g0, R +2)+ Bay g,k + 2y
= [(%(k,k+1,gk,gk,ykﬂ),k+2)+
+B( gy (k4154111 +2)
=, (kvk+Lk+2£kv@kﬂk+p¥k+z)

xkﬂ 29 (k k+1,k+2, .

trong d6, ddu = chi phép gan, tuc 1a
ky hiéu cia mdt quy udc. Tuy nhién, tur
dang ham muc ti€u cho & cong thuc (4)

R AT=L g U U U9 - »Hkﬂ‘—l)

ciing dé thdy rang khi N dugc chon cang
nhd, kha nang bam tin hi¢u dat r, cia bd
diéu khién cang thip.

Tinh phi tuyén cao cua két qua du bao

" dan t6i chat luong rat xau ciia ham
muc tiéu (3) hoac 4), lam cho n6 co tinh
1dm manh véi nhiéu diém cuc tiéu dia
phuong, trong khi tt ca cac phuong phap
t6i uu hoa hién c6 déu khong c6 kha nang
xéac dinh dugc it nhat mot diém cuc tiéu
toan cuc cua bai toan t6i wu 16m (non-
convex).

Hién nay, bai toan danh gia chat luong
bam e, =Y, Tk khi k£ —> oo cua ,MPC
phi tuyén van dang mo (chua co6 két qua
1d rang). Dé cai thién chat lugng bam
mot cach dinh tinh, nguoi ta thuong s
dung cac giai phap trung gian nhu:

Lwa chon hop 1y cac ham Ay, (u;,) va
gk(yk% Thsj) cho ham muc tiéu (3)
hogc bo sung thém ham phat cho oJ, (u,)
dé tao duoc diy HekH don di¢u giam. Tuy
nhién céng viéc nay chua tong quat va
chi mang tinh don 1¢ vé6i ting hé cy thé.
Ngoaira, viéc c6 dugc tinh don diéu giam
cua Hng cling chua du dé khang dinh s&
co [e[ > 0.

Xay dung dugc mot mo hinh dy bao
phi tuyén phu hop, vira dam béao 1a no
chura dung duoc déy du dac tinh dong hoc
cua h¢ (1), vira c6 kha nang
diéu khién 6n dinh diém can
duoc, it nhit 1a voi b diéu
khién MPC. Hién tai day
cling 1a mot bai toan mé va
chua c6 mot goi y tong quat
nao cho viéc xac dinh mo
hinh du bao do6.

Khic phuc cac nhuoc
diém co ban trén cia MPC
phi tuyén truyén thong ciing
chinh 1a muc dich cua bai
bao nay

2.2. Phwong phdp diéu khién MPC
dé xudt cho hé phi tuyén (1)
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Béan chat phuong phap dé xuit cho
MPC phi tuyen (1) cua bai bao dugc
xudt phat tir két qua diéu khlen MPC da
¢6 cho hé tuyén tinh tham s hang (hé
LTI), rang khi ham muc tiéu c6 dang toan
phuong, diéu kién rang budc U 14 tap 16i,
thi bai toan t6i uu hoa (7) s& 1a bai toan
t8i uru 101, nén nghiém toan cyc ctia n6 dé
dang tim dugc nho cac phuong phap t6i
uu hoéa hién co, cling nhu khi hé LTI c6
chtra m thanh phén tich phan thi moi b
diéu khién 1am no 6n dinh ciing s& 1 n6
bam theo dugc tin hiéu dat kha vi m lan.

Xuat phat tir m6 hinh (1) thi cing véi
gia thiét (2), no s& viét lai dugc thanh

%y = Ay k), + By, Ry, ©)
¥, = O, R)xy,

R
trong do A(x;,,k) = [{xyk) X,

LR
s
1 ma tran kiéu nxn c6 tit ca cac phan
tir 1a ham bi chén theo x,, va k. Nhu vay,
tai thoi diém % hién tai, va do x, 1a da
biét do do dugc, nén (8) trd thanh tuyén

tinh khong dung
{xk+1 = Apxp, + By,

Y, =Crxy,

)
Vo1
Ak = A(&]wk)’ Bk :B(Ek’k)y Ck :C(gfyk)
(10)

la nhitng ma tran rd (certain). Nhuoc
diém duy nhat cia mé hinh (9) nay,
so v&i hé LTI, 1a cdc ma trAn tham sb
A, B, C, phu thudc th}I(‘ri gian.

Ta s€ su dung (9) dé xay dung mo
hinh dy bao véi m khau tich phan bd
sung. Ky hi¢u v, =u, —u,_; thi do tai
thoi diém & hién tai dd co u;, 5, nén dé
tim u, ta chi can tim Uy tirc 1a vy, bay
gid s& 1a vector tin hiéu diéu khién cua
mo hinh du bdo. Vi ky hi¢u nay, thi tai
thoi diém & mo hinh (9) tro thanh

)G o) 0P

R4 rang, tai thoi diém % hién tai, mo
hinh du bao (11) trén mang day du
dac tinh dong hoc cua hé (1) ban dau.
Hon nfta né con ¢6 m khéu tich phan
trong do, vi det(/ll(mm)x(mm) —Ak)

=det(41,,, - A;)(A-1)" =0
co nghiém 4 =1 bdi m.
St dung mo hinh

du bao (11) nay, trong d6 cac ma tran
A, B, G, duoc giit ¢c6 dinh trong toan
khoang du bao [k +1,k+N ] hién tai, tirc
la chiing khong con phu thudc k£ +1 trong
ctra sd du bao do, ta duge

Zp1 = ARz, + By,

22 =P (Arz), +Byuy )+ Byuy

=AZz,+ABU, + By
A i-1
2 =ARZE AL By +

+ABL UL 9 + Bl

2N =AY 2, + AN TBRU, +
+ABLUR N2 T BrUpi N1

Vay, tu (11) ta c6 vector tin hi¢u dau
rachomoii=1, ... ,N

Vsi = GALzp +GAL By +

+GALBL UL 2 + GBy ULy (13)

Tir day, khi viét chung lai (13) cho tat
cacacchisdo i=1,2, ... ,N duoc

Ven [ CkAk J [ GBy Opm olg<m][ Uk
. k + : N . N .
IheN Q«Ak GAN B, GAN™B, - GBy\Upina
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Do do, voi cac ky hiéu

=010 o Yy =0l (U o Bpa),

K:COI(K]Q_'J: Kk+N)

Q=|: . [ R=li - | D=l
o - a) Lo < r) loay
GAL'B, GANB, - GB,

(14)

thi ham muc ti€u (4) tr¢ thanh
(@) =v" (FTQF +R Ju-2((r-Dz,)"QF )u
(15)

va 1a ham toan phuong. Tur d6, néu
rang budc U con 1a tap 16, diéu thuong
gip trong thuc té khi cac tin hiéu didu
khién luoén thuoc mot khoang dong xac
dinh cho truédc, chéng han nhu

a, <y, <p L

voi a;,f, la hai vector va phép so
sanh vector dugc thuc hlen cho cac phan
tir ctia chung, thi bai toan tdi wu phi tuyén
(7) bay gid tré thanh bai toan toi wu 16i,
c6 ham muc ti€u la toan phuong, tap rang
budc duge mo ta boi cac bat dang thirc
tuyén tinh (bai toan QP)

Q* =argmind,(v) (16)

trong d6 tap rang bude Vj, duoc sinh
ra tir U bang cach dich n6 mot khoang
~u;, ; trong khong gian diéu khién R™
, cling la mot tap 161, mé ta boi cac bat
dang thic tuyén tinh. Cubi cing, ta suy
ra dugc tur v

0,00m)0 (17)

va d6 14 tin hiéu diéu khién can tim &
thoi diém & hién tai (hinh 1).

2.3. Thudt todn diéu khién

Pé tién cho viée cai dat phuong phap
dé xuit, sau day ta sé& duc két lai noi dung
cua no da trinh bay o trén dudi dang thuat
toan gdm cac budc sau:

Khoi tao: Chon trude khoang dy bao
N . Khoang du bao dugc chon nay khong

w, =, 1 +(1,,0

mxm> *°*

dugc nho hon khoang biét trudce cua tin
hiéu dat r;, néu no cling chi dugc cho
trude timg doan. O trudng hop da co Ty
v&i moi £>0 thi N >2 latuy chon.

Gan k=0.Tuy gan u_;.

Thuc hién véi £=0,1, ...
sau:

Do trang thai x,,. X4c dinh z;, A, B,
G.theo (12).

Chon hai ma tran déi xung xac dinh
duong R,,Q, roi thiét lap R,Q theo (14).
Trong truong hop ching dugc chon
khong phu thude % thi budce nay s€ dugc
chuyén vao phan khoi tao.

Xay dung cac ma trdn D,F va vector
r theo (14). Xac dinh tap rang bude
ViteUvauy,,.

Tim nghiém téi wu v cla bai
toan t6i uu toan phuong (16) véi rang
budc 161, trong d6 J,(v) cho tai (15). Co
the thay, néu

v =(FTQF +R) FTQ(r-Dz,) eV, (18)

thi n6 la nghiém toan cuc cua bai
toan t6i uu (16), ngugc lai v chi co thé
nam trén bién cua tap 161 V,, va tim duoc
nho thuat toan truyén thong cta Karush-
Kuhn-Tucker (KKT) [11]. Thuat toan
nay cling da dugc tich hgp trong MatLab
duéi tén 1énh fmincon rét tién st dung
[12],[13].

Tinh u; theo (17) va dua vao diéu
khién hé (1).

C6 thé thay 1a hoan toan khong kho
khan gi khi ta m¢ rong thuat toan trén
cho ca nhitng h¢ (1 affine nhung c6 dang

tong quat hon & déu ra nhu sau:
{xkﬂ =[f(xy, k) + B(xy,, Ry, (19)

cac budce

yk :g(£k7k)

bang cach dwa n6 vé dang (1) v6i
Oty )= S0 T
s
3. Minh hoa bang vi du s6
DPé minh hoa chat luong cua bo diéu
khién dé xuét, c6 so sanh véi by dicu
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khién MPC phi tuyén truyén thong, sau
day ta s& cai dat ca hai phuong phap dé
dua dau ra y, clia hé
xk2 —xk3 +uk COSJC]%1
'Zxk,3 —Xp,
Xy, SInXy +xp +14
Yr, =‘ku —x@‘xkl +2xp,
véi Vectortrangtha1 Xy, —(xk1 xkz Xp, )T
, tin hi¢u dau vao (tin higu diéu khién) w,
, bam theo duogc tin hiéu dat r, =2, Vk
va w, thoéa min diéu kién rang budc
dang khoéang \uk\ <0.2. Ham muc tiéu
(3) twong tmg voi chit lugng bam dit ra
nay la

2
Ty () = +qz(yk ;)= ’"ku)

(20)

Xpi1 =

trong d6 N >1 la d0 rong cua s6 du
bao tuy chon, T

Uy :(IZ‘k’ukﬂ’ ’uk+N—1) va hé s6
q =5 cho trudc.

Trudc tién ta cai dat thuat toan tmyén
thong nhu mé ta & muc 2.2 thanh chuong
trinh pxm1.m viét trén MatLab, c6 ma
ngudn nhu duéi day, s& thu duogc két qua
nhu ¢ hinh 2, cho hai truong hgp N =10
va N =20 khac nhau. C6 thé thiy ¢ ca
hai truong hop nay dau ra cua hé khong
bam theo duwoc tin hiéu dat cho trudc.
Tham chi 1a khi NV dugc chon cang 16n,
chat luong cang xau.:

a) Khi N =10

b) Khi N =20

2 - pof
==='input
output | |

1.5

Ao

TONNA
I LN -
VA

-0.5 |

o
L,
=N
o
-
o

15

= = reference
===input
—ooutput
10

-5

Hinh 2: Két qua diét{ khién voi phwong phap
truyén thong
% pxml.m: Conventional method
global Nxrq
ncon’,’algorithm’,’sqp’);
M=16; N=10; w=2; r=w*ones(N,1);
q=5*ones(N,1);
ub=0.2*ones(N,1);  1b=-ub;
x=[0;0:0]; up=[]; yp=[1; =[1;
for i=1:M
t=[t;i-1]; pO=u*ones(N,1);
p=fmincon(@
myobj,p0,[1,[L[1.[],1b,ub,[],0p);
u=p(1); [x,y]=mysys(u,x);
up=[up;u]; yp=[yp;y]; % for printing
end
plot(t,w*ones(M,1),t,up,t,yp);
legend(‘reference’,’input’,’output’);
function J=myobj(u) % objective
function
global Nxrq
J=0; xk=x;
for i=1:N
[xk,yk]=mysys(u(1),xk);
J=I+q()* (()-yk)"2+u(i)"2;
end
end
function [x,y]=mysys(u,x) % system
dynamic
x=[x(2)-x(3)+u*cos(x(1));2*x(3)-
X(2);x(1)*sin(x(2))+x(3)+ul;
y=abs(x(1)-x(2))*x(1)+2*x(1);
end

u=0;
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Tiép theo, ta s& str dung phuong phap
de xuat ma ¢ do hé (20) da duogc viet lai
thanh dang tuong duong

% pxm2.m: Proposed algorithm
N=10; w=2; Q=5*eye(N); R=eye(N);
x=[0;0;0]; u=[];y=[]; a=0.2;
op=optimoptions(@

Xp, =X, Ty COST, 0 1 -1 CoS Xy, fmincon,’algorithm’,’sqp’);
= 2, = 0 -1 2+ 0w t = [ 1
: sinx, 0 1 1 r=w*ones(N,1);u0=0;

xkl Slnka +xk3 +uk k2

I =, —xkg‘xkl +2ka :(x,?1 X, | 2, O)gk
tire la nd cod
0 1 -1 cosxy,
sinxk2 0 1 1
Ck :(‘xkl _xk2 5 2 5 O)

Cai dat thuat toan dé xuat da gioi thiéu
o muc 2.3 thanh chuong trinh pxm2.m
viét trén MatLab c6 ma ngudn chi tiét
nhu & duéi, ta thu duge két qua cho &
hinh 3. Két qua nay cho thiy bo diéu
khién dé xuat da dap ung duoc yéu cau
chat luong bam dit ra cho ca hai truong
hop =10 v =20 Hon nira no
con ¢6 toc tinh toan nhanh hon nhiéu so
v6i phuong phap truyén théng do chi can
tim nghiém cuda bai toan QP thay vi cta

M=16; O=[1 zeros(1,N-1)];
v=0; %0=[1,0,...,0]
for k=1:M
A=[0 1 -1;0 -1 2;sin(x(2)) 0
1];B=[cos(x(1));0;1];
C=[abs(x(1)-x(2)) 2 0];
E=[];F=zeros(N,N);
Ah=[AB;000 1]; Bh=[B;1]; Ch=[C

0];
for i=1:N
E=[E;Ch*Ah"i];
for j=1:1 F(i,j)=Ch* Ah"\(i-j) *Bh;
end

end
t(k)=k-1; y(k)=C*x; d=E*[x;u0];
G=F"*Q*F+R; b=F"*Q*(r-d);
Ib=-inf*ones(N, 1); ub=-1b; 1b(1)=-
a-u0; ub(1)=a-u0;
pO=v*ones(N,1);
p=fmincon(@(p) p"*G*p-2*b’*p,p

bai toan quy hoach phi tuyén. 0,[1.[1,[1,[1.1b,ub,[1,0p);
a) Khi V=10 du=O*p;  u(k)=u0+du;
b) Khi N =20 x=A*x+B*u(k); u0=u(k);
S 2 — i
= = reference| | 1.5 |= = reference
—-—'input —==input
= output = output
1 /J
0.5
L
-0.5 .
0 5 10 15 0 5 10 15

end

Hinh 3: Két qua diéu khién véi phicong phdp dé xudt

TAP CHi KHOA HOC VA CONG NGHE TRUONG DAI HOC CONG NGHE DONG A
S0 05 - T04/2026

62



pién - Pién tr- Twdong hoa

plot(t,w*ones(length(t),1),t,u,t,y);
legend(‘reference’,’input’,’ output’);

Mot nhan xét thém & phwong phap dé
xuét nay la mac du khi N duoc chon
cang 16n, sai léch gitta mé hinh gdc (1)
ban dau voi mo hinh tuyén tinh (9) cang
cao do ¢ do, trong cua s6 du béo hién tai,
ta dd gitr nguyén cic ma tran tham s
Ay, By, Cp,, tic la da gan A, =A,,;,
B, =B,,,;, C,=C;,,;v6imoi 0<i<N -1,
song anh hudng cua sai Iéch mo hinh nay
t6i chat luong diéu 1a khong dang ké, vi
két qua w;, thu dugc ciing chi 1a phan tir
dau tién  trong diy

W, = (W U1, - UN-1) cla cita
s6 du bao hién tai.

4. Két luan

Chat lwong bam tin hiéu dat theo
nghia Hng — 0 ctia phwong phap dé xuat
da dugc kiém chung bang vi du mod
phong. Chat luong nay c6 duoc 1a do ta
da st dung sy dich chuyén cua ctra s du
bao dé chuyén ting budc bai toan quy
hoach phi tuyén khong 16i thanh bai toan
quy hoach toan phuong c6 rang budc la
tap 16i, rdi tim nghiém toan cuc nho
phuong phap QP trong cira s6 du bao do,
cling nhu da bd sung thém duoc ™ khau
tich phan vao moé hinh dy bdo. Tuy nhién
con thidu 10i chimg minh 1y thuyét mot
cach chit ché cho chét luong thu dugc
nay va no sé 1a ndi dung nghién ctru tiép
theo cua tac gia.
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ABSTRACT

This paper presents a robust real-time speed tracking control approach for a two-
phase stepper motor based on MATLAB/Simulink—OPC—PLC integration with
Smith predictor delay compensation. In OPC-based industrial systems, distributed
communication and computation processes introduce significant time delays that
may degrade closed-loop stability and tracking performance. An equivalent-delay
modeling framework is established to represent MATLAB computation, OPC
communication, PLC execution, and sensor feedback delays as a unified pure delay.
The experimentally measured total delay is approximately 0.40s. A stability-oriented
analysis of the Smith predictor is conducted using small-gain conditions and phase-
margin-based delay tolerance criteria. The nominal delay-free system exhibits a
gain margin of 9.6dB and a phase margin of 52.3°, with a complementary sensitivity
peak, ensuring robust stability under 10—15% model uncertainty and practical
delay variations. Semi-real-time experiments were performed under three feedback
configurations and repeated five times for consistency verification. Results show
that the Smith predictor significantly improves tracking performance compared to
conventional PID control. The model-based feedback configuration achieves the
best performance, with a settling time of 1.5s, zero overshoot, and a steady-state
error of 1.83%. The proposed approach provides a practical and computationally
efficient solution for delay compensation in PLC-based industrial control systems.

Keywords: Robust stability, Smith predictor, distributed time delay, OPC—PLC
integration, real-time industrial control.
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1. INTRODUCTION

Programmable Logic  Controllers
(PLCs)arewidelyusedinindustrial process
control due to their robustness, flexibility,
and suitability for harsh operating
environments. PLC-based systems offer
reliable solutions for controlling a wide
range of electromechanical devices,
including electric drives, conveyors,
and robotic subsystems. However, most
industrial PLCs are typically equipped
with basic control structures such as
on—off control or conventional PID
controllers, which may be insufficient for
achieving high-performance control in
systems affected by communication and
computation delays.

To overcome these limitations,
MATLAB/Simulink is often employed
as a high-level design and analysis
platform, enabling the implementation
of advanced control algorithms while
PLCs handle low-level execution. The
integration of MATLAB/Simulink with
PLCs is commonly realized through
OPC (Object Linking and Embedding for
Process Control) servers, which provide a
standardized and flexible communication
framework. KEPServerEX, in particular,
supports OPC UA and is widely adopted
for secure and scalable data exchange
between industrial devices and software
applications.

Several studies have explored OPC-
based control architectures in different
application domains. In [1], OPC servers
and image processing techniques were
used for fruit classification on conveyor
systems. The authors of [2] demonstrated
PLC-KEPServerEX-MATLAB
integration for speed control of DC
motors, while [3] applied OPC-based

adaptive fuzzy PID control to temperature
regulation  problems.  Educational-
oriented OPC-PLC control platforms
were reported in [4], and PID model
prediction for PLC implementation was
investigated in [5]. These studies confirm
the feasibility and practicality of OPC-
based control systems for industrial and
educational purposes.

Nevertheless, a common limitation
of the above works is that time delays
inherent in OPC-PLC-based systems
are not explicitly modeled or rigorously
analyzed. In practice, delays arise
from multiple sources, including data
transmission through OPC servers,
computation time in PLCs and MATLAB/
Simulink, sensor signal processing,
and actuator response. The combined
effect of these delays forms a distributed
delay structure, which can significantly
degrade control performance and may
even destabilize the closed-loop system
if not properly addressed.

The Smith predictor is a classical and
effective approach for compensating
pure time delays in control systems. Its
application has been reported in various
tracking and industrial control problems,
including systems with communication
and image-processing delays [10].
However, most existing implementations
apply Smith compensation in a
heuristic manner, without providing
formal guarantees on stability and
robustness when model mismatch
or delay uncertainty is present. This
limitation becomes particularly critical
in OPC—PLC environments, where delay
characteristics may vary depending on
network load, sampling periods, and
computational burden.
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Motivated by these observations, this
paper focuses on robust real-time speed
tracking control of stepper motors in
OPC-PLC-based systems. Unlike servo
motors, stepper motors are widely used
in industrial automation due to their
simplicity, cost-effectiveness, and precise
positioning capability, but they are also
sensitive to delay-induced oscillations
and performance degradation. Therefore,
ensuring stability and robustness in
delayed control loops is of practical
importance. The main contributions of
this paper can be summarized as follows:

1. An equivalent-delay modeling
framework is established for MATLAB/
Simulink—OPC-PLC integrated control
systems, explicitly capturing distributed
communication, computation, execution,
and sensing delays and representing them
as a unified pure-delay element suitable
for predictor design.

2. A stability-oriented analysis of
the Smith predictor is developed for the
considered industrial architecture. Small-
gain robustness conditions and phase-
margin-based delay tolerance criteria are
derived and interpreted in the context of
OPC-based PLC control loops.

3. A comparative semi-real-time
experimental validation is conducted
under  three  different  feedback
configurations. The results reveal
that model-based feedback within the
Smith structure significantly enhances
robustness and tracking performance
in PLC implementations, providing
practical insight for industrial deployment
and engineering education laboratories.

The remainder of this paper is
organized as follows. Section 2 describes
the structure of the OPC-PLC-based

embedded control system and introduces
the Smith predictor. Section 3 presents
the stability and robustness analysis of
the Smith delay compensation scheme.
Section 4 discusses the identification
of the system model and evaluates the
control performance through semi-
real-time experiments. Finally, Section
5 concludes the paper and outlines
directions for future research.

2. STRUCTURE OF EMBEDDED
CONTROL SYSTEM USING OPC-
PLC

2.1. Embedded system
structure using OPC-PLC

The system works based on OPC-PLC
with the structure of a 4-layer SCADA
system [11], shown in Figure 1. The
monitoring layer acts as a central control
station. Parameters and control signals
from algorithms are displayed, and data
storage is managed by SCADA software.
Here, Simulink is used to design the
interface, establish OPC connections, and
output control signals to PLC. The core
of the OPC Server layer is formed based
on the OPC Server platform, serving to
extract data on the OPC bus. This study
uses OPC Server KEPServer Ex. The
connection between PC and OPC Server
is performed through the process of
linking and embedding OPC objects. At
the embedded control layer, the control
program based on algorithms is designed
and executed on PLC. The connection
between PLC and OPC Server is via
Modbus RTU industrial communication.
The field layer is a microstep controller
that receives control pulses from PLC to
control the stepper motors. The rotary
encoder sensor feeds back the measured
speed to the PLC.

control
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SCADA-MATLAB/SIMULINK

Display data
and storage

control

Output control
parameters i

signal

OPC bus

Modbus RTU bus

'PIC:e:nbeddedealmla]a:iﬂm

| Motor | | encoder |

Figure 1. 4-layer embedded diagram

configuration of the control system.

The control structure in Figure 1
shows the presence of delays in several
components, including communication
delays for reading/writing data via
OPC server, calculation delays of the
controller (PLC, driver), communication

uses the predictive model of the delayed
object to restructure the control loop,
thereby eliminating the effect of pure
delay.

Consider the control object with a
transfer function , where is the gain, is
the time constant, and is the delay.

G(s)

=T5

“Ts+1° (1)
The Smith delay compensation

structure is of the form (2), and the Smith

predictor is represented in Figure 2 [6].

BRG]
YO =12 @ @

Where, is the controller, is the desired
signal, is the output, is the predictive
model. When the model is asymptote
, the system will almost eliminate the
effect of the delay element.

- o 6w [ e

delays between the
sensor (encoder) —»|+ |+
and the controller, - -
delays between the
controller and the

actuator (motor), and
calculation delays on
Simulink. The paper

)

l-g™ |« |

considers the combined
delay in the form of
pure delay, which can be determined
experimentally.

2.2. Smith Predictor

The Smith predictor proposed by
0.J.M. Smith works by using a predictive
model of the control object to estimate
and predict the future of the system.
Instead of reacting directly to the output,
the system uses information from the
predictive model to adjust the output.
This helps to minimize the effect of delay
and improve the overall performance of
the control system. The Smith predictor

Figure 2. Structural diagram depicting the Smith predictor.

It is observed that the Smith controller
contains an object model in the feedback
circuit, so it is necessary to find the
transfer function (without delay) of the
system relatively accurately. Delay makes
the system less stable, so the analysis of
the stability of the system with delay is
a very important task in control systems.

3. STABILITY ANALYSIS OF
SMITH DELAY COMPENSATION
SYSTEM

3.1. Assumption
Al: Consider the controller C(s)
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as a linear controller (e.g., P, PI, PID)
designed so that the pair [C,G] is stable
(i.e., the nominal closed-loop system
with the model G is stable).

A2: T (s) is complementary sensitivity
of the nominal system (no delay in
Smith’s internal circuit).

o (s) = _COEE)

14 C(s)G(s)

A3:Every Il * ll» standard is an infinite
frequency standard: ||F||. = |F(jw)|.

3.2. Mathematical basis of stability
analysis

Theorem 1 (On equivalent stability
when the model is correct): If the
model is completely correct, meaning
G(s) = G(s)e™™, then the actual closed-
loop system using the Smith predictor
has the same characteristic polynomial
as the system [C(s), G(s)] without
delay, specifically, the poles are the
solutions of the characteristic equation

1+ C(s)G(s) = 0. The internal stability
of the Smith closed-loop system is
equivalent to the stability of the pair
[C,G] without delay.

Proof. According to assumption A1,
the control signal U(s) generated by
controller C(s) (P controller) from the
error E(s):

U(s) = C(s)E(s) 3)

We have an actual object:

Y(s) = G(s)U(s) = G(s)e ™U(s)  (4)

The model in the predictor generates
two quantities: Model output without
delay (5) and model output with delay

0) _ "

Y(s) = G(s)U(s) (5)
Y(s) = G(s)e ™ U(s) (6)
The Smith predictor determines

the current estimate (predicted current
output):

Yest(s) = ?(S) + [Y(S) - ?(S)] (7)

When the model is correct:

Y(s) = G(s)e U (s) = Y(s) (8)

Therefore:

Y(s) = Y(s) = 0; Y.y (s) = Y(s) = G(s)U(s)

)

The error given to the controller is:

E(5) = R(S) — Yest () = R(s) = G(s)U(5)
(10)

So:

U(s) = C(s) (R(s) — G(s)U(s))

> [1+CEEEUGs) = c)R) (1D

From there:

Y(s) G(s)e ™C(s)

R(s)  1+C(s)G(s)

of the

the solutions of the equation

1+C(s)G(s) =0 (the numerator only

adds the factor e ™ without changing

the characteristic polynomial.
Theorem 1 has been proven.

(12)

system are

The poles

x
Theorem 2 (On the stability
under factored errors, small-gain

condition): Suppose the model error

G(s) = G(s)(1 + W, (s)A(s))e ™ with
acceptable  uncertainty  A(s) and
1Al = L. I W Tollee <1, If then the

Smith closed-loop system is stable
against all A with 4]l < 1.

Proof. From the general Smith
expression (similar to Theorem 1), but
with a factorization error, we have:

Y(s) = G(s)(1 + W, (s)A(s))e ™ U(s)

(13)
By the predictor formula:
Yoo = GU + (Y — Ge™™U) = GU + Ge W, AU
(14)

We have the error:
E=R-Y,,=R—GU—Ge ™W,,AU

(15)

Therefore:
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U=CE=C(R-GU— Ge ™W,AU) (16)
(1+COU +CGe "W, aU =CR (17)
Multiply both sides of (17) by

(1+CG)™" (It is valid because of the
assumption Al):
cG c (18)

_e "W, AU = _

1+CG 1+CG
According to assumption A2, we

have the expression:

U+

(I + Toe “W,M)U = Uy; Uy:=

=R
1+CG

(19)

Thus, the condition for U (and the
whole system) to be well-defined
and stable for all 4 is that the matrix
or linear combination I+ Toe “W,,4
is invertible for all 4 in the norm
set. By the small-gain theorem for
linear feedback interfaces, a sufficient
condition for all 4 with ||4||» < 1 not to
lose invertibility is:

IToe™*Willw <1 (20)

Since e™™ has amplitude on the
imaginary axis (|e~/«*| =1).. This is
equivalent to:

"TOWm"oo <1 (21)

The above condition is sufficient for
stability for the given factor error.

Theorem 2 has been proven.

x

Remark 1: The above condition is
a standard small-gain condition widely
used in robust control. It can be directly
checked by frequency plotting (we can
draw |W T | and check |[W T | <1 for
all w), and is directly related to criteria
such as peak |T}| around the bandwidth
(if the peak is small, the error tolerance
is larger).

Theorem 3 (On robustness to delay
error - phase/magnitude condition):
Suppose the real object has a delay
different from the delay At used in

the predictor, i.e., G(s)= G(s)e *+4vs,
Let  §(jw)=e 4 — 1. 5(jw)|) <1,
If then the Smith closed-loop system
is stable to delay error At. Since
[6(jw)] = e~/ — 1| = 2sin (me) <{2,w|A7|}
a simple and conservative condition is
that |To(jo)| * {2, wlAt]} <1,

In addition, a practical
approximation at the cutoff bandwidth
. gives us the interval condition:
wc|AT| < @, where is the phase margin
of the pair [C,G].

Proof. We arrange:

G(s) = G(s)e ™e 4t

=G(s)e (1 + (e — 1)) (22)
Set: §(s) =e 4% —1
Returning to Smith’s equation

(similar to that in Theorem 2), we get,
after similar arrangements:
[1 + Toe ™ 6(s)]U = U, (23)
Since e~* has units of amplitude,
the small-gain condition for I+ T,e ™§
to be invertible for all frequencies is.

ITodle <1 (24)
It means:
ITo )| *6(w) < 1 (25)

Using trigonometric formula:

. [wAT
sm( 2 )

and the inequality [sin sinx| < min {1,]x]}
we have [§(jw)| < min{2, w|At]}, which
leads to the above conservation condition.

Regarding the phase margin
relationship: The additional delay 4t
causes an additional phase lag w4t. . In
order not to exceed the existing phase
margin ¢, at the cutoff frequency
w, (when [t(jw,| = 1), needs w AT < @,
This is a practical approximation
condition when |7, | reaches level 1 at ..

Theorem 3 has been proven.
x

le/@dr —1] =2

Remark 2: Theorem 1 explains that
if the identification model is accurate,
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the Smith predictor eliminates the delay
from the characteristic polynomial,
thus making it easy to control and
stable according to the design for [C, G].
This is the basis for explaining why
Case 2 in the simulation gives good
results. Theorem 2 gives the robust
condition (small-gain). To keep the
system stable when the model is not
completely accurate (factor error), it
is necessary to reduce the peak |7
around the bandwidth or reduce the
relative error W,. Empirically, if the
identification is good (small W,) and
the design of C is reasonable (no large
peak in 7)), the Smith predictor is still
stable. Theorem 3 gives the condition
with the delay error. If the delay error
is small, satisfying the inequality
with min{2, w|47]} the system remains

stable, the practical approximation is
W AT < @,,.

3.3. Identification of the object model

Ifl’ulseﬁ'equ:;yandslned _

Next, to design the Smith delay
compensator, the object model
G(s) is identified using MATLAB
Identification Toolbox.

In the continuous time domain, the
transfer function G(s) with a delay
component describing the system’s
dynamics is a polynomial function of the
following form:

_Ye)

by S™ + by 8™ 1+ o4+ bys + by
STt a,_ s+ ags+1

27)

Todesignahighly efficient controller,
feedback system modeling is very
important, especially with the Smith
predictor. Studies [7-9] have proposed
various system identification methods
such as frequency analysis, spectrum
analysis, recursive least squares
method, maximum reliability method,
state variable filter-based
method, or existing toolbox-
based method (CONTSID-
Garnier Toolbox, 2008;
CAPTAIN-Young,

-T5

Identification calculation 2009). This study makes
program, fest full use of MATLAB'’s
identification toolbox

Graph based on with the tfest function.

experimentaldata | The model identification

Figure 3. Flowchart of the system transfer
function identification algorithm.

algorithm is implemented
as shown in Figure 3. The
system is activated with
the input being the control
pulse frequency, and the
output being the motor
speed. Figure 4 depicts the
distributed delay structure
in the MATLAB/Simulink—
OPC Server—PLC-based
real-time control system. The overall
delay is modeled as an equivalent pure
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delay resulting from computation,
communication, execution, and sensing
processes.

and control performance. Experimental
results indicate that the identified total
delay (approximately 0.4 s) remains
within the

MATLAB/ OPC Server PLC
—»|  Simulink ™| KEPServer —®| (L_og_ic & —
Control C(s) EX Timing)

Step motor E‘;c;;i: & stability margin
G(s) Processing derived in Section

Figure 4. Distributed delay structure in the MATLAB/Simulink—OPC
Server—PLC-based real-time control system.

To quantify the distributed delay in
the ~ MATLAB/Simulink—OPC-PLC
architecture, each delay component
was experimentally measured using
timestamp-based logging and cycle-
time monitoring within the PLC and
Simulink environments, concretely:

T1:MATLAB/Simulink computation
delay (0.05s); T,: OPC read/write

communication delay (0.15s); T3
PLC execution and actuator
interface delay (0.12s); T4: Sensor

measurement and feedback delay
(0.8s). The sum of the equivalent delay:
T=T11+712+13+ 74 =0.4s

The identified transfer function has
the following form:

Y(s) _ 0.7255

_ o045
U(s) s?+15195+77.4

G(s) =

(28)
4. SIMULATION RESULTS

4.1. Semi-natural simulation model

The authors use MATLAB’s OPC
Toolbox library as an OPC Client to
connect to the OPC Server (KEPServer
Ex). This library consists of two main
blocks, OPC Read and OPC Write,
to read/write data to the Server. The
sampling frequency for transmitting/
receiving data between the MATLAB/
Simulink Client and the OPC Server is
0.1s.

TheOPCsamplingperiodof0. 1sreflects
a trade-off between communication load

3.3. Reducing the

OPC  sampling
time further
improves
tracking performance but increases

network and PLC computational load,
which may limit scalability in large-scale
industrial systems.

Table 1 lists the tagged objects for
linking and embedding OLE. For the
experiment, the authors use PLC FX3U,
Omron CWZ6C-1000 encoder, 2-phase

stepper motor with DM422C driver.
Table 1. Tag definitions in KEPServerEx.

Variables Modbus| Data Describe
address| type
X0 X000 |Boolean Phase A
encoder
X1 X001 |Boolean Phase B
encoder
X5 X005 |Boolean| Bit allows
speed
measurement
X7 X007 |Boolean Bit reset
DO D0000 | DWord | Save the pulse
value
D10 D0010 | DWord | Save the pulse
frequency
value

4.2. Evaluate the quality of the system

Before implementing the Smith
predictor, the nominal closed-loop system
(without delay) was analyzed in the
frequency domain to evaluate robustness
margins. Using MATLAB frequency
response analysis, the following results
were obtained: gain margin (GM): 9.6
dB, phase margin (PM): 52.3°, and
crossover frequency (wc): 3.1 rad/s.
These margins indicate that the nominal
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delay-free system

possesses sufficient
robustness
prior to delay
compensation.
Using PID App
Tunerof MATLAB/
Simulink to
simulate the
design of a PID
controller for

Frequency (Hz)

the identification
model. The
coefficients

(Ky; Ki; Kq) = (27,65; 243,85; 0)
give the following system quality: Rise
time 0.5 seconds; settling time 0.9
seconds and overshoot 1.61%.

Next, we experiment with 3 different
cases:

Case 1: Feedback from the encoder
in the feedback circuit, using the Smith
predictor.

Case 2: Feedback from the
identification in the feedback circuit,
using the Smith predictor.

Case 3: Feedback from the encoder
in the feedback circuit and no Smith
predictor.

Figures 5, 6, and Table 2 show
that in real-time control of the speed
tracking system, to achieve a speed of
40 (rpm) when the feedback signal is
the recognition model with the Smith
predictor, it will give a better response.
If we consider the raw signal from the
encoder as a stable boundary state, there
is almost no overshoot, the transition time
is 1.5 seconds, and it starts to fluctuate
around the set value with a steady-state
error of 1.83% (0.7332 rpm); the error
integral is 0.37 rpm?.s (after 1.5 seconds).
Then the stable pulse frequency reaches
4267Hz.

Time (s)

Figure 4. Control signal of the system.

The complementary sensitivity
function 7(s) of the nominal system was
computed. The peak value was found
to be: ||[T(jw)|., = 1.38. Considering
that the identified model uncertainty
level is approximately 10—15% in gain
and time constant variation, the small-
gain condition: ||T(jw)A(jw)|l,, < 1, is
satisfied since: 1.38 x 0.15=0.207 <1
From Theorem 3, delay robustness
depends on the available phase margin.
The maximum tolerable additional
delay can be approximated as:

AT = w_t

Substituting:

-] m

Ay ~ 2218~ 0.29 s

Since the experimentally observed
delay variation was within +0.08s, the
system operates well inside the derived
delay stability bound. This confirms
that the closed-loop system remains
robustly stable under the considered
model uncertainty.

Each experimental case was
repeated five times under identical
operating conditions. This confirms
that the reported results are consistent
and reproducible within the considered
PLC-based control environment. Table
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2 shows that, in real-time control of
the speed tracking system, to achieve a
speed of 40 (rpm) when the feedback
signal is the recognition model with
Smith predictor (Case 2), it will give
the best response compared to Case
1 (encoder + Smith) and Case 3 (no
Smith). Concretely: Settling time
is reduced to 1.5s compared to 4.6s
(Case 3); overshoot is 0% compared
to 59.75% (Case 3); the lowest settling
error is 1.83%.

best speed tracking quality of the stepper
motor, as well as a stable control signal.

Compared with advanced delay
compensation strategies such as Model
Predictive  Control (MPC), which
require online optimization and higher
computational resources, the Smith
predictor provides a computationally
efficient and easily implementable
solution. This makes it particularly
suitable for PLC-based industrial systems
where memory and processing capability
are limited.

70 |

Response to the stepper motor speed system
T T T T

Setting speed
—— with Smith predictor, encoder feedback (Case 1)
-~ with Smith predictor, model feedback (Case 2)
 without Smith predictor, encoder feedback (Case 3)
Model speed (Case 2)

A B

| ! '

40

Speed (rpm)

30

20

10
I

Figure 5. System response at setting speed =40 rpm.
Table 2. System performance in comparison.

5. CONCLUSION
This  paper  has
presented a robust real-
time speed tracking
control approach for
a two-phase stepper
motor based on
MATLAB/Simulink—
OPC-PLC integration
with Smith predictor
delay = compensation.
An  equivalent-delay
modeling framework

Scenario | Settling | Overshoot | Steady- ISE RMSE was  developed  to
time (%) state (rpm?.s) (rpm) represent  distributed

(s) error (%) | (after 1.5s) | (after 1.5s) communication

Case 1 2.1 0 2.47 1068.2 2.40 and computation
Case2 | 15 0 1.83 927.9 0.22 delays as a unified
Case3 | 46 | 5975 | 307 | 13164 | 085 pure delay. Stability
In addition, we also tested analysis showed that

the robustness for the case of the
recognition model having a deviation
(K decreased by 10%, T increased by
15%). Through simulation, the tracking
quality remains stable, but the settling
error increases by ~1%. This shows
that the method is relatively sustainable
against model errors.

Thus, when the system is recognized
relatively accurately, and the feedback
signal in the feedback circuit from the
model using the Smith predictor gives the

when the model is accurate, the Smith
predictor eliminates the delay from the
characteristic equation. Furthermore,
robustness against model uncertainty and
delay mismatch was verified using small-
gain conditions and phase-margin-based
delay tolerance analysis. Frequency-
domain verification confirmed a gain
margin of 9.6dB and a phase margin of
52.3°, with a complementary sensitivity
peak , ensuring robust stability under
10-15%  model uncertainty. The
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total delay
the derived
Semi-real-

experimentally measured
of 0.40s remains within
delay tolerance bound.
time experimental results demonstrate
that the Smith predictor significantly
improves speed tracking performance
compared to conventional PID control.
The configuration using model-based
feedback within the Smith structure
achieved the best performance, with a
settling time of 1.5s, zero overshoot, and
1.83% steady-state error. The proposed
approach provides a practical bridge
between classical delay compensation
theory and industrial PLC-based control
implementation. It is particularly suitable
for small-scale industrial automation
systems and engineering education
laboratories. Future work will focus
on long-term validation under load
disturbances and extension toward
adaptive delay estimation strategies.
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DIEU KHIEN THICH NGHI PHI MO HINH CFDL-MFAC !l‘l TRE
CHO MOT LOP HE PHI TUYEN SIS0 ROI RAC CO TRE DAU
VAO BIEN THIEN

Lé Ba Yén', Vii Quoc Huy"
"Vien Ty dong hoa (CAPITI), 89B Ly Nam Dé, Hoan Kiém, Ha Noji
*Email lién hé: maihuyvu@gmail.com

TOM TAT
Bai bdo nay nghién ciru bai toan diéu khién thich nghi phi mé hinh cho mét 16p hé phi
tuyén SISO roi rac cé tré dau vao bién thién theo thoi gian. Trén co sé phirong phdp
tuyén tinh héa dong dang nén (Compact Form Dynamic Linearization — CFDL), bai
béo thiét lap mot mo hinh div liéu moi co xet dén tré dau vao, trong do moi quan hé giita
sai phdn dau ra va sai phén tin hiéu diéu khién dwoc biéu dién thong qua mét dai leong
goi la gid dao ham riéng phu thudc tré (Delay-Pseudo Partial Derivative — Delay-
PPD). Bai bdo chitng minh su ton tai ciia Delay-PPD va tir d6 tong hop duwoc ludt diéu
khién thich nghi phi mé hinh CFDL-MFAC ¢6 xét dén tré dau vao. Piéu kién di dé dam
bao tinh bi chan cua tin hiéu vong kin va tinh hoi tu cua sai sd bam ciing dwoc phan tich.
Cdc két qua mo phong trén mot doi twong phi tuyén cé tré dau vao bién thién cho thay
bé diéu khién de xuat cdi thién ré rét chat lwong bam so voi cdc truong hop bo qua tré
hodc gia thiét tré ¢é dinh sai. Piéu nay cho thdy hiéu qua cia viéc dwa truc tiép thong
tin tré vao mé hinh CFDL va cdu triic diéu khién MFAC.
Tir khéa: Piéu khién thich nghi phi mé hinh; CFDL; gid dao ham riéng; tré thay doi;
DDC.

ABSTRACT
This paper studies the problem of non-model adaptive control for a class of discrete
SISO nonlinear systems with time-varying input delays. Based on the Compact Form
Dynamic Linearization (CFDL) method, the paper establishes a new data model that
considers input delays, in which the relationship between the output difference and the
control signal difference is expressed through a quantity called the delay-dependent
partial derivative (Delay-Pseudo Partial Derivative — Delay-PPD). The paper proves
the existence of Delay-PPD and from it synthesizes a non-model adaptive control
law, CFDL-MFAC, that considers input delays. Sufficient conditions to ensure the
boundedness of the closed-loop signal and the convergence of the tracking error are
also analyzed. Simulation results on a nonlinear system with variable input delays show
that the proposed controller significantly improves tracking quality compared to cases
that ignore delays or assume fixed delays. This demonstrates the effectiveness of directly
incorporating delay information into the CFDL model and the MFAC control structure.

Keywords: Model-free adaptive control; CFDL,; pseudo-partial derivative; variable
delay; DDC.

Ngay nhdn bai: 08/02/2026; Ngay sira bai: 02/03/2026; Ngay duyét dang: 02/04/2026
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1. PAT VAN PE

Trong nhiéu hé thdng diéu khién thuc
té nhu robot, hé servo co dién, hé diéu
khién qua mang va cac hé¢ co dién t
phuc tap, viéc xady dung mo hinh dong
luc hoc chinh xac cua ddi tugng thuong
gap nhiéu kho khin do anh hudng cuia phi
tuyén manh, bat dinh tham sb va nhiéu.
Vi vay, cic phuong phap diéu khién
dua trén dir li€u (Data-Driven Control
— DDC) hodc diéu khién phi mo hinh
(Model-Free Control — MFC) da thu hut
su quan tim dang ké trong nhimg nam
gan day. Mot trong nhitng hudng tiép
can tiéu biéu la MFC do Fliess va Join dé
xudt, trong d6 bo diéu khién dugc thiét ké
truc tiép tir dir liéu vao—ra cua hé théng
ma khong can mé hinh toan hoc chi tiét
ctia d6i twong [1].

Trén co so d6, phuong phap diéu khién
thich nghi phi m6 hinh (Model-Free
Adaptive Control — MFAC) da dugc phat
trién nhu mot khung 1y thuyét diéu khién
thich nghi cho céc hé phi tuyén roi rac. Y
tuong cdt 16i cia MFAC 1a k¥ thuat tuyén
tinh hoa dong, trong d6 dong luc hoc phi
tuyén ctia hé duoc biéu dién dudi dang
quan hé tuyén tinh cuc bo giita sai phan
dau ra va sai phéan tin hiéu diéu khién
thong qua dai lugng gia dao ham riéng
(Pseudo Partial Derivative — PPD) [5].
Nhiéu nghién ctru tiép theo da phat trién
cac dang tuyén tinh hoéa dong khac nhau
nhu dang nén (Compact-Form Dynamic
Linearization — CFDL), cho phép thiét
ké bo diéu khién thich nghi phi mé hinh
v6i cdu trac don gian va hidu qua cho cac
hé phi tuyén roi rac [8]. Nhitng nim gan
day, MFAC tiép tuc dwoc mo rong va tng
dung trong nhiéu bai toan diéu khién thyuc
té nhu hé diéu khién qua mang c6 mat dir
lidu, hé tu hanh va cac hé phi tuyén phirc
tap [6], [10]. Mot s6 nghién ctru ciing dé
Xudt cac cai tién trong qua trinh cip nhat
PPD nhim nang cao tdc do hoi tu va kha

ning thich nghi cua thuét toan, ching
han nhu MFAC véi hé sb quén bién thién
hodc cac dang tuyén tinh hoa dong cai
tién [9]. Ngoai ra, cac cong trinh tong
quan gin diy cho thiy MFAC dang tr&
thanh mét hudng nghién ctru quan trong
trong diéu khién dua trén dit liéu cho cac
hé phi tuyén hién dai [4].

Tré dau vao 1a hién tugng phd bién
trong nhiéu hé thong diéu khién thuc té
do qua trinh truyén thong, xu Iy tin hiéu
hodc dong hoc co cau chdp hanh. Trong
nhiéu truong hop, tré dau vao co thé bién
thién theo thoi gian, lam cho viéc phan
tich va thiét ké bo diéu khién tro nén
phtre tap hon. Cac hé c6 tré dau vao da
duogc nghién ctru rong rai trong 1y thuyét
diéu khién va nhiéu két qua quan trong da
duogc phat trién trong phan tich 6n dinh
cling nhu thiét ké diéu khién cho céc hé
dang nay [2], [3]. Tuy nhién, phan 16n
cac nghién ctru hién nay vé MFAC chu
yéu xét cac hé khong c6 tré dau vao hoic
tré c¢b dinh don gian. Khi tré du vao ton
tai hodc bién thién theo thoi gian, quan h¢
giita sai phan dau ra va sai phén tin hiéu
didu khién khong con tuan theo dang
CFDL truyén thong. Néu anh huéng cua
tré bi bo qua hodc gia thiét tré khong
chinh xac, chat luong diéu khién c6 thé
bi suy glam dang ke

Xuét phat tir vin dé trén, bai bao nay
nghién ctru mé rong phuong phap CFDL-
MFAC cho 16p hé phi tuyén SISO rdi rac
¢6 tré dau vao bién thién theo thoi gian.
Trén co s6 k¥ thuat tuyén tinh hoa dong
dang nén, bai bao xay dung mot mo hinh
dit liéu c6 xét dén tré dau vao va tir d6
tong hop luat didu khién thich nghi phi
mo hinh twong ung. Cac dong goép chinh
ctia bai bao duoc tom tit nhu sau:

Thir nhat, bai bio mé rong md hinh
tuyén tinh hoa dong dang nén CFDL
truyén thong sang trudng hop hé ph1 tuyén
SISO roi rac ¢ tré dau vao bién thién
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theo thoi gian, tir d6 thiét 1ap mo hinh di
li¢u moi dudi dang Delay-CFDL. So véi
cac nghién ctru MFAC thong thudng von
chi yéu xét tin hiéu diéu khién tac dong
tirc thoi hodc tré ¢d dinh, md hinh nay
phan anh tryc tiép anh huong cua tré dau
vao 1én quan hé gitra sai phan dau ra va
sai phan diéu khién.

Thtr hai, bai bao dua ra khai niém
gia dao ham riéng phu thudc tré (Delay-
PPD) va ching minh sy tdn tai cua dai
luong nay. Pay 1a diém ma rong 1y thuyét
quan trong so v6i CFDL-MFAC cb dién,
vi trong trudng hop co tré dau vao bién
thién, dai luong PPD truyén théng khong
con mb ta dung quan hé dit liéu giita dau
vao va dau ra cia hé.

Thu ba, trén co s& md hinh Delay-
CFDL, bai bao tong hop luat diéu khién
Delay-CFDL-MFAC va phan tich diéu
kién dé hé kin duy tri tinh bi chén ciing
nhu kha ning hoi tu sai sb bam. Két qua
mo phong cho thdy khi tré dau vao thay
ddi theo thoi gian, viéc dua tryc tiép
thong tin tré vao md hinh CFDL va cau
trac diéu khién gitp cai thién chét lugng
bam so véi cac truong hop bo qua tré
hoic gia thiét tré cb dinh.

2. MO HINH DELAY-CFDL VA
PINH LY TON TAI DELAY-PPD

2.1. Lép déi twong nghién ciru va gid
thiét

Xét hé phi tuyén SISO roi rac c6 tré
dau vao:

y(k+1) = f Vi Ug—ay) (D

Trong do:

Yi = [k, y(k = 1),
ey (k—ny +1)] )

Up-ag) = [ulk —d(k)),

u(k —d(k)—1),

o Uk —d(k) —n, +1)] 3)

Tré dau vao chua biét, co thé bién

thién theo thoi gian, d,,4, 12 tré 16n
nhat:

d(k) e D:={01,2,...,dpax} 4)

Ky hiéu sai phan:

Ayk+ D) =yk+1)-yk) ()

Auk) = u(k) —ulk — 1)

Gia thiét:

(A1) - (Dic tinh tron theo bién diéu
khién tic dong): V&i moi k, f kha vi
theo d6i s6 u(k — d(k)) va dao ham riéng
theo ddi sd do6 lién tuc trén mién lam
viéc.

(A2) - (Piéu kién Lipschitz tong
quat theo sai phan diéu khién tré): Ton
tai L > 0 sao cho

|ay(k + 1| < L|du(k — d(k))|, vk

(6

(A3) - (Tré bi chan va bién thién
cham):

dk) €D, |dk+1) —d@)| <1

(7)

2.2. Dinh ly vé sw ton tai Delay-PPD

Phat biéu:

Néu hé (1) thoa man gia thiét A1, A2
thi ton tai mot dai luong ¢ (k) (duoc
goi la Delay-PPD) sao cho:

Ay(k + 1) = p(k)Au(k — d(k)) (8)

Va bi chan:

Dl <L, vk )

Chirng minh:

a) Chirng minh ton tai (k)

Viét sai phan dau ra duéi dang chénh
1éch hai gia tri cua f. Tu (1) ta co:

y(k+1) = (Vi Uk—ag) (10)
Tuong tu:
y(k) = f(:Vk—l:uk—l—d(k—l)) (11)
Suy ra:
Ay(k + 1) = f (Vi Uk-a(x))

(12)

- f(yk—lruk—l—d(k—l))
Tach phan bién thién do riéng bién
u(k —d(k)). Xay dung mot véc-to
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diéu khién lai Tij_ d(k) bang cach thay
phan tir dau tién ctia Uy_ (k) tr thanh
u(k — d(k) — 1), con cac phan tir khac
gilr nguyén ta duoc:

Ug-qery: = [ulk —d(k) — 1),

u(k —d(k) — 1),

u(k —d(k) — (13)

O day chi can dam bao Ug—ak) va
Uk—d(k) khac nhau ding mot bién 1a
u(k —d(k) —1). Khi d6 ta cong-trur
f Vi Uk—aqe)) trong (12) nhan duoc:

Ay(k +1) = A(k) + r(k) (14)

Trong do:

A(k):= f(yk-uk—d(k)) —fOk ﬁk—d(k)) (15)
r(k):= f(ykvﬁk—d(k)) - f(yk—lruk—l—d(k—l))
(16)

A(k)1a phan chénh 1éch do thay dbi
riéng u(k —d(k)); con r(k) gom moi
thay d6i con lai (thay ddi y, cac thanh
phan diéu khién khac va ca viéc tré co
thé doi).

Ap dung dinh 1y gia tri trung binh cho
A(k). Theo giai thiét A1, ta cd ham g(a)

g(@) = f Ok Ug—am) + ¢(Uk—a)
— Ug_qu))), @ € [0,1] (17)

khavitheo . Vluk —d(k) — uk d(k)
chi c6 dng mot phan tir khac 0 tai vi tri
u(k —d(k)), nén theo dinh ly gia tri
trung binh ton tai @ € (0,1) sao cho:

A(k) = g(1) — g(0) = g'(ay)

Ma g'(«) chinh l1a dao ham riéng theo
u(k — d(k))nhan voi Au(k — d(k)).

Do d6 ton tai mot diém trung gian &,
trén doan [u(k — d(k) — 1), u(k — d(k))]
sao cho:

n, + 1]

___Of _
A(k) _Bu(k—d(k))lfk Au(k —d(k))
(19)
Dat:
o (20)
(]50(]().— E)u(k _ d(k)) |$k
Khi do:

A(l) = po(R)Aulk — d(k))

Hip thu r(k) vao hé
Au(k — d(k)) , tir (14) va (21):

Ay(k + 1) = ¢po(k)Auk — d(k)) + r(k)

€2y

sO nhan

Ta xét hai truong hop: (22)
* Néu Au(k — d(k)) # 0:
Dinh nghia:

r(k)
(k)= ¢po(k) + Au(k —d(k) (23)
Thé (23) vao (22) suy ra ngay:
Ay(k + 1) = ¢p(k)Au(k — d(k)) (24)

* Néu Au(k — d(k)) = 0:

Tir gia thiét A2, ta co Ay +1)| <0
= Ay(k+1)=0. Khi d6 chon¢(k) =0
thi (24) van dung. Vay (8) ding v&i moi k.

b) Chirng minh ¢ (k) bi chan

Néu Au(k — d(k)) # 0, tir (8) va gia
thiét A2:

000 = U D 1ule—d@o)l _
Mu(k—d(k) ~  1du(k — d(k))]
(25)

Néu Au(k—d(k))=0, ta chon
¢ (k) = 0 nén cling thoa |p(k)| < L.

Suy ra (9) dung.

DPinh ly 1 dugc chung minh.

U

Nhan xét. Pinh 1y 1 cho phép mo
ta hé (1) bing mé hinh dit lidu Delay-
CFDL dang (8) tai mdi thoi diém ldy
mau ma khong cAn mo hinh dong luc
hoc tudng minh. Pay 1a nén tang dé
udc lugng Delay-PPD va tong hop diéu
khién bu tré.

3. UOC LUQNG TRE PAU VAO

Vi d(k) chua biét, ta xét tap mg vién
[ € D.V&imbi [, gia sir tam thoi tré bang
[, m6 hinh Delay-CFDL du bao:

Ay(i+1) = ¢ (DAu(i — 1) (26)

Dung luat cap nhat chuan hoa (twong
thich MFAC):

ndu(i—1

¢ =i~ D+ ey @i+ 1)
= bui = DAu(i - ) 27

1)+
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v6i € (0,1],u > 0.7. 1a hé sb cap
nhat ctia PPD, # 1a tham sé diéu chinh
trong luat cap nhat.

Trén cira s6 W mau gan nhat (W la
kich thudc ctra s dit li¢u), dinh nghia chi
50 16i:

- Ly + 1) - (Du(i - DY

Ji(k) =

S e+ Au(i-1)
e>0 (28)
Chon:
&raw(k) =arg arg Ji(k) (29

Dung loc da s6 trén N bude (N, 1a
d6 dai ctra s0 lam tron):

&(k) = moa’e{draw(k)’ &raw(k - 1),

v Qg (k= Ny + 1)} (30)

Chi cép nhat néu /i(k) <Jum, ngugc
lai gitr d(k) = d(k — 1).

4. LUAT DPIEU KHIEN CFDL-
MFAC BU TRE: DELAY-CFDL-
MFAC

Muc tidu bam 1y, (f), sai s6 (9):

e(k) = ya(k) — y(k) (D

Do dicu khién tai tdc dong 1én dau
ra sau budc, xét ham muc tiéu (32), la
tham s6 diéu khién.

Ju() = e?(k + d(k) + 1) + 24u?(k),

A>0 (32)

Tur Delay-CFDL, v6i tré d (k):

Ay(k +d(k) + 1) = g (k) Au(k)

. (33)

Suy ra xap xi (34):
y(k +d(k) + 1) = y(k + d(k)) + Paq Au(k)
34
bat: G4
e(k):= ya(k +d(k) + 1) — y(k + d(k))
(35)

Thay (34) vao (32), lay dao ham theo
Au(k)va giai diéu kién toi uvu, thu dugc
(36), p 1a mot tham so6 dieu khién.
bagy (k)

Au(k) = pﬂ. N éfi(k)z(k)

e(k),p € (0,1] (36)

Ta tong hop duoc luat didu khién dang
truy hoi (37):

u(k) = u(k — 1)

é&(k) (k)
A+ haan? (k)
— y(k + d(k)))
5. PHAN TiCH TOAN HQC ON
PINH HE KIiN
Tur (27) va gia thiét A2, ¢p(k) bi chan
boi L. Véi viée chon # > 0 va co ché dat
lai nhu [7] (néu |Au(i — )| < &, hoic
[P, < &g thi p, (D) = Po)).
Suy ra ton tai Mg > 0 sao cho:
|¢,(k)| < My, vl € D, vk

alk +d(k) + 1)

(37)

(3%)

Gia sur tai thoi dieém k: d(k) = d(k):
va ¢ do(K) = ¢k +d (k) (xdp xi ly
tudng). Khi do tir (34)—~(37) suy ra (39):

2
ek +d(k) + 1) = (1 - p%{bz) e(k)

(39)
voi ¢ = ¢p(k + d(k)).
Do A > 0,p € (0,1] nén:
2

A+ ¢?

Suy ra sai s twong lai giam theo hé
s co. A

Khi d (k) dugc chon bai (28) — (30),
voi gidi thiét A3 va diéu kién kich thich
du trén cira s, tc Au(-) khong dong
nhét 0 trong W mau, d(k) sé dung sau
mot khoang qua do quanh cac thoi diém
tré d6i. Khi do, trong cac khoang thoi
gian ma gia tri tré duoc lua chon dang,
sai s6 bam thoa tinh chat co theo (39)-
(40); con trong cac khoang quéa do khi tré
thay d6i hodc bi lya chon sai tam thoi, sai
sb van bi chin boi cac chin hiru han cta
tin hiéu vong kin. Vi vy, sai s6 bam ciia
h¢ kin 12 bi chan va hoi tu vé mot 1an can

0< <1

1-p
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nho cua géc.

Nhu vay, so véi CFDL-MFAC truyén
thdng, két qua 6n dinh thu duogc trong bai
bao cho thay cau truc diéu khién dé xuat
van duy tri duoc tinh chit 6n dinh dau
vao—dau ra trong diéu kién co tré dau vao
bién thién, véi cai gia phai tra 1a sai sb
bam chi hoi tu vé mot 1an can nho thay vi
triét ti€u hoan toan trong moi thoi diém.

6. MO PHONG SO VA BINH
LUAN

6.1. Kich ban mé phong

Dé danh gia hiéu qua cuia phuong phap
dé xudt, bai bao thuc hién mo phong trén
mot d6i twong phi tuyén roi rac co tré dau
vao bién thién theo thoi gian. Tré dau vao
duoc gia thiét thay ddi theo ting doan
thoi gian nham mo phong céc tinh hudng
tré bién thién trong thyc té. Céc chi tiéu
danh gia gém sai s6 RMS, chi tiéu tich
phan IAE, niang lugng diéu khién E, va
d6 qué chinh. Ba bo diéu khién duoc so
sanh gébm: C1: CFDL-MFAC b6 qua tré
dau vao (d = 0); C2: CFDL-MFAC véi
gia thiét tré ¢ dinh (4 = 1); C3: B diéu
khién dé xuat, trong d6 thong tin tré bién
thién duoc dua truc tiép vao cau trac diéu
khién Delay-CFDL-MFAC.

6.2. Tham sé md phéng

v(k + 1) = 0.6y(k) + 0.2sin(y(k))

0.8u(k — d(k)) (41)

T wlc—d)

Tré bién thién c6 dang (42):

d(k) ={1: 1<k <250

3: 250 <k <5002: 500 <k <800
(42)

Tin hiéu mong mudn va tham sé mo

phong c6 dang (43), (44), (45):

d(k) = {0:1 < k < 80
1:80 < k < 220
0.6 : 220 <k <380

1.2: 380 < k < 5600.9

80

- 0.15 sin sin (0.04(k — 560)) : k = 560

(43)
W =40, N,=51n=075 u=103 =103
(44)
A=05,p=08, §(0) =05 uk)=0"k<0)
(45)

Ngoai ra, d¢ tranh tin higu diéu khién
tang qua 16n trong md phong sd, tin hiéu
diéu khién dugc gidi han boi:

Mu(k)l < Ay Iu(k)l = Unax-

Nguong J,, cua ham danh gia duoc
chon theo thyc nghiém. Trong cac mo
phong cua bai bao, gia tri J,;, = 0.05, duoc
sit dung khi ap dung dang chuin hoa
trong (28). Trong bai bdo nay, mo phong
chinh dugc thuc hién cho ba truong hop:
Bo qua tré dau vao, su dung tré ¢ dinh
va bu dung tré bién thién theo thoi gian.
Céc tham sb lién quan dén co ché chon
tré truc tuyén nhu d,,q, W, Ny, €, Jon chi
dugc str dung trong céac thir nghi¢m phuy,
khong phai 1a mot phan cua moé phong
chinh.

6.3. Két qud mé phong ) )

Bdng 1. So sanh hiéu nang tong thé.

Kichbin | RMS | IAE Do qua
: chinh
C1: Bo qua trd | 0.5690 | 401.95 | 0.5623 | 0.8981
€2: Tré o 0.1499 | 82.83 | 1.2258 | 0.4529
dinh
C3: Thudttodn | 4 4571 60.09 | 12646 | 0.4529
bu tré dé xuat

Theo Bang 1, c6 thé thay rang bo
diéu khién bo qua tré (C1) cho chat
luong diéu khién kém nhat. Khi tre dau
vao duoc xét dén dudi dang cb dinh
(C2), sai s6 bam giam dang ké. Tuy
nhién, bo diéu khién dé xuét (C3) cho
két qua t6t nhat vé ca chi tiéu RMS va
IAE. ) i

Bdng 2. Ket qua theo tung doan tre

Doan | Lugng | RMS | prig o2 | RS €3
tré tré C1
1 1 | 04814 | 01517 | 0.1517
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2 3 0.6819 | 0.2063 0.1905

3 2 0.5316 | 0.0731 0.0701

Theo Bang 2, trong doan dau khi tré
thuc bang 1, bd diéu khién C2 va C3 cho
két qua gan twong duong do gid tri tré gia
thiét trung v6i tré thuc ciia hé. Tuy nhién,
khi tré dau vao thay ddi sang cac gia tri
khac, sai s6 bam cia C2 ting 1én dang keé,
trong khi bo diéu khién dé xuit van duy
tri chat luong bam tét hon.

thé hién wu thé ctia phuong phap dé xuit.

Hinh 2 biéu dién tin hiéu diéu khién
tuong tmg ciia ba bo dicu khién. Co thé
nhan thdy rang tin hiéu diéu khién cua
phuong phap C1 dao dong manh hon
do bo didu khién khong xét dén tré dau
vao cua hé. Trong truong hop C2 va C3,
tin hiéu diéu khién 6n dinh hon do ciu
trac diéu khién da xét dén anh huong cua
tré. Miac du ning lugng diéu khién cua

15 4 , ; . . . phuong phéap
dé xuit (C3)
7T T tang nhe so voi
T T 1 : LA—“\\ % \\\- tr}rc‘rng hop tré
S : : | NS ¢d dinh (C2),
-§ T N bo diéu khién
S sl 2. T o i {  nay dat dugc
| C3: Tré thay doi chét luong bam
- tot hon dang
ol——4L 1 f L L ! ' ké. Piéu nay

0 100 200 300 400 500 600 700 800

Buac thoi gian:

Hinh 1. So sanh ddp irng dau ra ciia hé véi ba bé diéu khién.

Hinh 1 thé hién dap tng dau ra cia
hé doi véi ba chién luge diéu khién. C6
thé thdy b diéu khién C1, trong d6 anh
huong cia tré dau vao bi bo qua, cho sai
s6 bam 16n va do qua chinh cao. Piéu nay
cho thay gia thiét khong co tré 1a khong
phtt hop d6i v&i hé 6 tré dau vao. Khi tré
dau vao duge xét dén dudi dang ¢6 dinh
(C2), chat lugng diéu khién duoc cai
thién dang ké so v6i C1. Tuy nhién, do tré
thuc cua hé thay ddi theo thoi gian nén bd
diéu khién nay chi cho két qua tdt trong
doan dau khi . Nguoc lai, bo diéu khién
dé xuét (C3), trong d6 thong tin tré bién
thién duoc dua truc tiép vao cau trac diéu
khién Delay-CFDL-MFAC, cho dap ting
bam chinh xac hon trén toan bd mién méd
phong. Sai s6 bam giam rd rét khi tré dau
vao thay dbi sang cac gia tri khac nhau,

cho thiy viéc
dua thong tin
tré vao mo hinh
du bao cua bo
diéu khién giup cai thién hiéu qua diéu
khién ma khong 1am ting dang ké bién do
tin hiéu diéu khién.

Hinh 3 mé ta sy thay doi cua tré dau
vao theo thoi gian trong kich ban mo
phong. Tré dau vao duoc gia thiét thay
ddi theo ba doan véi cac gia tri lan luot
la, va.Kich ban nay nhim mé phong
cac tinh hudng thyuc té trong d6 tré dau
vao co thé thay ddi do cac yéu té nhu do
tré truyén thong, thoi gian xu 1y hodc dic
tinh dong hoc cua co ciu chép hanh. Viéc
sir dung tré bién thién cho phép danh gia
kha nang thich nghi ctia b diéu khién dé
xuét khi diéu kién 1am viéc cua hé thay
d6i. Két qua mo phong cho thdy bo diéu
khién Delay-CFDL-MFAC duy tri chét
luong bam tét ngay ca khi tré dau vao
thay ddi theo thoi gian.
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va dua ra khai

Tvé thay doi:
[ae]

niém Delay-PPD.
]l Su ton tai cua
dai luong nay

da dugc chung
minh, tr d6 cho

1 | 1 | 1

0 100 200 300 400
Bude thoi gian:

Hinh 2. So sdanh tin hiéu diéu khién ciia ba phwong phdp.

—  rnitod | phép tong hop
luat diéu khién
| . CFDL-MFAC

500 600 700 800

bu tré cho hé co
tré dau vao bién
thién. Két qua
md phéng cho

6 . - : . : thiy khi tré dau

sl o vao thay doi theo

c3 ) thoi gian, bo diéu

af N\ Khiéndé xuit cho
— ~ \_ chét lugng bam
8 tot hon 1o rét so
o voi trudng hop
-8 b bé qua tré hodc
o f[ gia thiét tré gé
% 0 200 a0 40 s eo 700 oo dinh sai. Dicu

Budc thoi gian:

Hinh 3. Tré dau vao bién thién theo thoi gian dwoc sit dung trong mé phong.

Nhin xét: Tir cac két qua trén co
thé rat ra mot s6 nhan xét nhu sau: Khi
b6 qua anh hudng cua tré dau vao, chat
lwong diéu khién suy giam dang ké. Viéc
gia thiét tré c6 dinh chi cho két qua t6t
khi gid tri tré thuc gan voi gia tri gia thiét.
Bo diéu khién Delay-CFDL-MFAC cho
két qua t6t nhét khi tré ddu vao bién thién
theo thoi gian, thé hién & sai s6 bam nho
hon va kha ning thich nghi tot hon véi sy
thay d6i cua tré.

7. KET LUAN

Bai bao di nghién ctru bai toan didu
khién thich nghi phi mé hinh cho 16p hé
phi tuyén SISO rdi rac c6 tré dau vao
bién thién theo thoi gian. Trén co s&
phuong phap tuyén tinh héa dong dang
nén CFDL, bai bao da xay dung mot mo
hinh dit liéu mé&i c6 xét dén tré dau vao

nay khang dinh
tinh can thiét cia
viéc dua truc tiép
thong tin tré vao
md hinh CFDL va céu triic diéu khién
MFAC. Trong cac nghién ctru tiép theo,
huéng mé rong co thé 1a phét trién cac
co ché giam sat hodc nhan dang tré truc
tuyén nham cung cap thong tin tré cho bd
diéu khién trong cac h¢ théng thuc té.
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ABSTRACT

In line with the sustainable development goal, molded fiber products play important
roles in reducing plastic-based packaging. To fabricate molded fiber products,
besides using conventional meshing tools, 3D printing is employed to manufacture
the molded fiber screen. 3D printing technique allows printing molded fiber screens
with complex geometry, flexible in pore size and shape. The 3D printed molded fiber
screens are in the process of investigation to improve the de-watering efficiency, fiber
collection, mechanical strength, etc. In addition, the fiber distribution on the screen
is also necessary to assess the quality of the screen. Besides using experimental
methods to capture the fiber distribution on screen, simulation also offers using
tools to assess the uniformity of the fiber. In this study, the multi-sphere model was
employed to simulate the fibers. The interaction of the fibers was able to mimic by
employing the discrete element method. The fiber distribution was captured and
compared to the experiment. The simulation results were able to reveal the fiber
deposition layer upon layer and explain the formation of uneven thickness in the
tilted area of the molded fiber screen.

Keywords: 3D printing, molded fiber screen, multi-sphere model, discrete element
method.
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1. INTRODUCTION

In the past several decades, plastic-
based products have been widely used
in the packaging industry due to their
high performance, low cost, light weight,
and easy processing [1]. However,
most of the plastic products are non-
biodegradable, causing plastic pollution,
which threatens even human health [2].
It is an alarm for scientists and human
beings to find an alternative solution to
replace plastic-based packaging products.
In recent years, molded fiber products
have attracted attention due to their
renewability, recyclability, sustainability,
and biodegradability [3]. Hence, molded
fiber products become a strong candidate
to reduce the plastic waste from the
packaging industry.

In  conventional = manufacturing,
meshing tools were employed to fabricate
molded fiber products [4]. However,
it faces the limitation in fabricating
complex geometry. It is known that pore
size, shape, tilted angle of the pore axis,
pore arrangement, and surface structure
directly affect the de-watering speed
of the molded fiber screen. However, it
is challenging to arrange the meshing
tools to generate these changes in the
pore size, shape, and tilted angle of the
pore axis by the conventional method.
Hence, in recent years, 3D printing has
been adopted to fabricate molded fiber
screen [5]. It allows the fabrication
of complex geometries, suitable for
complex packaging. In addition, the pore
size and shape can be varied without any
hindrance [6].

The 3D printing molded fiber screen
is still in progress to design the novelty
screen to enhance the de-watering
speed, fiber collection, and increase
its strength. In fact, the molded fiber
products experience the unevenness of

their thickness at different locations,
especially at the tilted surface. There is
a need to understand the cause of this
issue, and it can be revealed by capturing
the fiber deposition on the screen.

Some propose using an experimental
setup to capture the fiber deposition
on the screen. However, due to the
condensation of fiber inside the slurry,
it brings great challenges to assess the
fiber depositing on the screen. Hence, the
modelling technique is a useful tool to
capture the fiber deposition on the screen.

In the prior study, Lagomarsino,
Pagonabarraga, and Lowe simulated
an elastic filament in the fluid on a
microscopic scale where the bending
of the filament depended on the applied
forces [7]. In addition, Delmotte,
Climent, and Plouraboué¢ employed the
bead model to simulate a flexible fiber
at low Reynolds number [8]. The model
provided a flexible framework without
adding artificial forces, and it is suitable
for the simulation of micro-organisms,
membranes, and micro-mechanics.
Besides, Hosseini and Tafreshi solved
a computational fluid dynamics (CFD)
code with the discrete element method
(DEM) to simulate the fiber collected
on the filtration surface [9]. Moreover,
Wang, Zhao, Wang, He, and Zheng
employed the Lattice-Boltzmann method
to simulate the two-phase model for the
filtration process [10].

In this study, the multi-sphere model
was employed to simulate the pulp fiber
made from wood. Using a multi-sphere
model allows for generating fibers
in different geometries and different
orientations to mimic the experiment as
closely as possible. This study aims to
adopt the simulation results to reveal the
defects obtained in the experiment.
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2. METHODOLOGY

In the DEM model, each fiber was
simulated as a clump of particles. The
particle within the same clump has no
interaction; however, the interaction of
particles belonging to different clumps
was considered. The displacement and
rotation of each clump were calculated
based on the following equations [11]:

avu;

m— =mg +2;F;; +F;p, (1)
dw;

"id_a: tw; X (I~ w)=X;M;; + M;p

(2)

where m; is the mass of the clump
i, U;is the velocity of the clump i, g is
gravitational acceleration, F;; is the
inter-particle contact force between
sub-particles in clump i and j, and
Fi 7 is the fluid force on clump i. I,
is the inertia tensor of clump i, w; is
the rotation velocity of clump i, M, ;
is the moment due to particle-particle
interaction of those belong to clump j
interacting on clump 7, and M; ¢ is the
moment of clump i due to the fluid
force. In this simulation, a natural
drying process due to the gravity force
was considered, and the fluid force was
not considered in the simulation result.

The fibers were simulated in
three different orientation including
horizontal, vertical, and titled angle to
represent the fiber mixture inside the
slurry as depicted in Figure 1.

(@) ()

N

Figure 1. The morphology of (a) single fiber
and (b) initial fiber orientation in the model

The simulation domain x X y x z =
10 x 10 x 22 mm® as shown in Figure
2. The simulated domain is sufficient

to represent the 3D molded fiber screen
where the local area of the actual screen
morphologies was fully captured. The
same volume of fiber was set in the
simulation. The material properties used
in the simulation are listed in Table 1.

Figure 2. Same volume of fibers inserted in
the domain to deposit on (a) flat screen, (b)
30°-tilted screen, and (b) 60°-tilted screen

In addition, an experiment was also
performed to validate the simulation
result. The experimental setup consisted
of MJF 3D printed screens, a slurry
solution, and anatural drying process. The
MIJF 3D printed screens were printed by
HP Jet Fusion 5200 using polyamide-11
(PA11). The stereolithography (STL)
files were designed in the same way as
the ones used in the DEM model. The
slurry solution consists of 0.5% wood
fibers blended with water, and then 350
mL of slurry was poured on top of the
screen, and due to the gravity, the fibers
were collected on top of the screen.
Followingly, these molded fiber samples
were dried in the oven at a temperature of
80°C for 1 hour to fully dry the samples.
The dried samples were used to validate

the simulation results.
Table 1. Material properties using in the DEM

model
Material properties Value | Unit | Reference
Density of wet wood 1500 | kg/m? [12]
Youngs Modulus 0.01 GPa [13]
Poisson Ratio 025 |- [14]
Coefficient Restitution 0.15 | - [15]
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‘ Coefficient Friction ‘ 0.11 |- ‘ [13] ‘

3. SIMULATION RESULTS

Figure 3 shows the fibers deposited on
screens. As observed at 40 ms, the fibers
started to touch the 60°-tilted screen
and rolled on the screen, while the same
fibers had not yet reached the flat screen
or the 30°-tilted screen. In addition,
when the fibers had settled down, the
fiber deposition on the flat screen and on
the 30°-tilted screen was more even as
compared to that on the 60°-tilted screen.
By employing the 60°-tilted screen, the
fibers tended to slide to the lower area of
the screen. This is due to the gravity force
pulling the fibers to slide downward,
leading to a large area of the screen in the
upper area that was unable to capture the
fibers, as shown in Figure 3(¢)(iv).

In addition, the experiment was
performed to validate the simulation
result. It shows that for the flat screen
and the 30°-tilted screen, the fibers were
distributed and covered the whole screen
area. However, for a 60°tilted screen,
a large area of the screen surface was
not able to capture the fibers, and most
of the fibers sank to the bottom area of
the screen. Hence, it formed a large area
where fibers were unable to cover. It
explains the phenomena obtained in the
simulation as shown in Figure 3, where
the flat screen and the 30°-tilted screen
were well covered by the fibers, while
the 60°-tilted screen left a large area with
no fibers remaining on the surface of the
screen. Although there was a gap between
the experiment and the simulation result.
Firstly, it can be explained that the number
of fibers in the experiment is hundreds of
times larger than that in the simulation.
Secondly, the DEM model was set up
without the effect of surface tension and
viscous force. However, the simulation
results were obtained that reflect the

ones in the experiment. Therefore, the
simulation model can be used to reveal
the phenomena in the experiment.

(a)@) (@)

Figure 3. Fiber deposition on (a) flat screen,
(b) 30°-tilted screen, and (b) 60°-tilted screen
at (i) t =40 ms, (ii) t = 50 ms, (iii) t = 60 ms,

and (iv) t = 100 ms.

Figure 4. Experimental fiber deposition on
(a) flat screen, (b) 30°-tilted screen, and (b)
60°-tilted screen
4. CONCLUSIONS
The study investigated the fiber

deposition on different molded fiber
screens by simulation and experiment. It
found that the tilted screen with a high
tilted angle, such as 60°, containing a
large area of the screen surface, was
unable to collect the fibers. It was because
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most of the fibers sank to the bottom of
the screen. Hence, it explained the defect
of uneven thickness of the highly tilted
surface of the molded fiber product.
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TOM TAT

Bai bdo trinh bay phwong phdp tinh todn, thiét ké va ché tao mé hinh may cdt tia nuée
cong sudt nho, hudng t6i img dung trong gia cong cac vt liéu mém nhuw miit xop, cao
su non va da nhan tao. Trén co s¢ phdn tich nguyén Iy hinh thanh tia nwde ap sudt cao
va ddc tinh co hoc czia vt liéu mém, nghién cuu da xdc dinh dwoc dai théng sé cong
nghé toi wu, bao gom dp Suat va lweu lwong toi thiéu can thiét dé dam bdo kha nang cat

hiéu qua. Tir cac thong so nay, mot mo hmh mdy cdt quy mo nhé da duwoc thiét ké véi

cdc thanh phan chinh gom: bom dép sudt cao mini, dau cdat dwong kinh nhé nham tdp
trung ndng lwong dong tia, va co cau dan hwéng cé ¢ chinh xdc cao dé dam bao quy
dao cat én dinh. Két qua mo phong CFD két hop véi thuc nghiém cho thcfy hé théng
co kha nang tao ra tia nuoc du nang luwong dé cat xuyén vat lieu mém véi bé mdt cdt

sach, it bién dang va dé on dinh cao. Mé hinh khéng chi dap immg yéu cau nghién ciru,

dao tgo ma con co tiem nang ung dung trong san xudt quy mo nho va cdc hé thong gia

cong linh hoat chi phi thép.

Tir khoa: may cat tia nudc, cat vat lieu mém, gia cong CNC, nudc dp sudt cao, thiét

ké may.

ABSTRACT

This study presents the calculation, design, and development of a low-power waterjet
cutting system intended for processing soft materials such as foam, soft rubber, and
synthetic leather. Based on an analysis of high-pressure waterjet formation and the
mechanical characteristics of soft materials, the research determines the minimum
required pressure and flow rate necessary to achieve effective cutting performance. A
compact prototype system is subsequently designed and fabricated, consisting of a mini
high-pressure pump, a small-diameter nozzle for jet concentration, and a precision
guiding mechanism to ensure stable cutting trajectories. Computational fluid dynamics
(CFD) simulations, combined with experimental validation, are conducted to evaluate
the performance of the system. The results demonstrate that the proposed model is
capable of generating a stable and sufficiently energetic waterjet to produce clean
and consistent cutting surfaces with minimal deformation. The system shows strong
potential for application in educational environments, laboratory-scale research, and

small-scale manufacturing due to its cost-effectiveness and operational simplicity.

Keywords: waterjet cutting machine, cutting soft materials, CNC machining, high-

pressure water, machine design.

Ngay nhdn bai: 14/01/2026; Ngay svra bai: 22/03/2026; Ngay duyét ding: 02/04/2026
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1. GIOI THIEU CHUNG

Cong nghé gia cong bang tia nudc
(Water Jet Machining — WIM) hién dugc
Ung dung rong rai trong linh vyc gia
cong cat kim loai tAm nho kha ning xir
1y linh hoat da dang vat li¢u. Cong ngh¢
nay cho phép cat hiéu qua tir kim loai va
hop kim (nhu thép khong gi, thép carbon,
ddng, nhom...) den cac vat liéu phi kim
nhu nhya, go gbm, d4, kinh va vat liéu
comp0s1te bang cach st dung tia nudc
ap sut siéu cao hodc hon hop nuée — hat
mai, ap suét cuc dai cua tia nudc gia tdc
tap trung 1én mot vung dién tich rat nho,
v6i chiéu rong ranh cit khoang 1 mm
va duodng kinh 16 nho nhét c6 thé cit dat
khoang 1.5 mm [1, 2].

Qué trinh gia cong bang tia nudc duoc
thuc hién b'img cach ép mét luu luong
nuée 16n di qua mot éng co tiét dién rat
nho, 1am cho vén toc cua dong nude ting
1én nhanh chong theo nguyén Iy bao toan
luu Iugng. Khi dong nudc da dugc ting
tdc roi khoi ddu phun voi van toe dién hinh
tr 200 dén 500 m/s, nd tao ra mot luc cat
16n tac dong 1én bé mit vat lidu gia cong
[2]. M6t wu diém quan trong cia WIM la
qué trinh cat khong sinh nhiét dang ké, do
d6 khong 1am thay ddi cau trac vi mo hay
tinh chat co hoc cua vt liéu, dic biét phu
hop ddi vé6i cac vat liéu nhay véi ving
anh huong nhi¢t [1,3]. Dudi tac dung cua
ap suit cao thuong trong khoang 4x10®
dén 6x10%Pa cac vi nut duge hinh thanh
tai bé mat vat lidu va tiép tuc phat trién
dudi tac dong két hop cua ap suat thiy luc
va dong ning cua cac phan tir nudc. Dong
nude dong thoi cudn trdi vat liéu bi boc
tach ra khoi ving gia cong, gop phan mo
rong va kéo dai vét nit cho dén khi vat
liéu bi cit roi hoan toan [2, 3].

Nho nhiing déc tinh nay, cong nghé
cit tia nudc duge ung dung trong nhidu
nganh cong nghiép nhu co khi ché tao,
xdy dung va hang khong vii tru dé thuc
hién céc cong doan cit bién dang, tao
hinh, tach phoi va khoan 16. Hé théng

cit tia nude co thé gia cong kim loai voi
chiéu day 16n (Ién t6i khoang 150 mm
tuy thudc vao dleu kién cong nghé), dong
thoi tao ra vét cit co do chinh xac va chét
luong bé mait cao, vuot trdi so vGi cac
phuong phap cit plasma hodc cit khi
oxy—gas [4].

DBong ho do ap
Iyc nude

Binh chira nrée
ap luc cao

Nudce

Hinh 1. So d6 nguyén Iy may cdt tza nwoc [5]

Co nhleu nghién ctru quéc té noi
bat chu yéu tap trung vao hé thong cit
tia nuGe ap suat cao va ung dung trong
gia cong vat liéu kim loai hodc vat li¢u
cing ¢ quy mo cong nghi¢p [1, 2]. Céc
nghién ctru nay it d& cap dén viéc phat
trién cac hé thong cong suat nho, chi phi
thép hodc tbi uu hoa cho vat liéu mém.
Tai Viét Nam, cong nghé gia cong bang
tia nude da dugc tmg dung chu yéu trong
cac nganh co khi ché tao, vat liéu xay
dung va gia cong da — kinh thong qua
céc hé thdng may cat CNC nhap khau tir
chau Au va Trung Qudc. Tuy nhién, c6
thé nhan thay rang phan 16n cic nghién
ctru déu tap trung vao vt liéu kim loai va
hop kim, dong thoi st dung thiét bi cat
tia nudc cong suat 1on von duogc thiét ké
cho muc dich cong nghiép. Viéc lam chu
thiét bi trong nudc con han ché, nén céac
nghién ctru chuyén sdu vé toi uu thong
SO cong nghe mo phong va du doan dac
trung vét cat bang tia nude chi méi duge
trién khai trong khoang hon mot thap ky
gan day. Mot s6 nhom nghién ciru da tién
hanh khao sat anh hudng cua ap suit, tc
do cat, luu luong va kich thude hat mai
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dén chiéu sau cat, d nham bé mit va hinh
dang ranh khi gia cong bang tia nudc co
hat mai, chu yéu trén vat liéu hop kim
nhom va thép [6]. Céac cong trinh nay gop
phan budc dau xay dyng mé hinh thuc
nghi¢ém va danh gid kha nang Gmg dung
cong nghé cit tia nude trong diéu kién
thiét b sin c6 tai Viét Nam.

Cac cong trinh lién quan dén may
cit tia nudc cong suit nho, thiét bi gia
ré hodc rng dung cho vat li¢u mém gﬁn
nhu chua dugc trién khai rong rai. Didu
nay dan t6i khoang tréng nghién ctru
trong linh vuc thiét ké — phat trién mo
hinh may cit tia nudc phuc vu dao tao,
nghién ciru tmg dung va san xudt quy mo
nho, dic biét dbi véi cac vat liéu mém
nhur mut x6p, cao su non hay da nhan tao.
Vi vay, huéng nghién ctru vé tinh toan,
thiét ké va ché tao may cit tia nudc cong
suét nho cho vat liéu mém van con nhiéu
tiém nang va co y nghia thuc tién déi voi
moi truong dao tao k¥ thuat va nhu cau
san xuat trong nudc.

2. PHUONG PHAP TiNH TOAN -
THIET KE

2.1. Xdc dinh yéu cau ky thugt
Trong tinh toan va thiét ké moé hinh
may cit tia nude, viee ddu tién 1a xéc
dinh cac thong sé dau vao lam co so cho
mo hinh tinh toan va lua chon ché do 1am
viéc. Cac thong sb gom dic tinh co 1y cua
vat liéu Fomex, dac trung cua chét long
cit (nudc) va yéu cau vé bé rong, do sau
vét cit cua san pham. Pay 13 co so dé xac
dinh 4p suit, luu luong va cac thong sb
chinh cta hé thdng cét tia nudc cong suit
nho. Bang 1 trinh bay céac thong sé dugc
su dung lam co s¢ cho tinh todn thiét’ké.

Bdng 1. Cac thong so thiét ke

STT| Tén

Théng sb xac | Ki Gia

dinh hi¢u | tri
Loai 15
1 |vatliéu: Ungsuatbén | o, MPa
Fomex

Chatlua 46 cia 1000
2 | dé catvat , p s
lidu: Nude e kg/m:

i Bé r(f)r}g vét a 0.3

3 S{éu cé;u cat mm
san pham Do sau vét cht h 2 mm

2.2. Tinh todn thong sé lam viéc
a. Xdc dinh dap sudt cat can thiét (Pct)

Nuwdére vao

Piu Cit

T~~~

Voi phun

Tia nwée ra
ds

Vit liéu cit

Hinh 2. Pdu cdt tia nwée hat mai

Trong truong hop chét long 1i tuong,
kich thuéc 16 duong kinh dau phun co
thé liy gan dung d = 0.3 mm [7]. Khoang
cach tir diu phun dén bé mat gia cong 1a
duogc xac dinh tir cong thuc:

ds =Xcvax =135 x d

=135 x 0.27 =36.45 mm.

Diéu kién dé may cit tia nudc co thé
cat duoc vat liéu 1a: Cong suét cua dong
tia nudc tron hat mai can phai du lon dé
thing sirc khang cit cua vat liéu. Néu goi
1a ing suét can thiét dé bao mon va cit
vat lidu thi diéu kién cat 1a:

Peyt = Opye- A Vreed )

Trong d6: P.,; : Cong suit cat do dong
nude cung cap (W)

Teut . Ung suét khéang cit cla vt liéu
(Pa)

A: Dién tich mat cat trén vat lidu (m?)

Vieed Téc do di chuyén cua dau cét
(m/s)

TAP CHi KHOA HOC VA CONG NGHE TRUONG DAI HOC CONG NGHE DONG A
S0 05 - T04/2026

91



KHOA HOC CO BAN, KV THUAT VA CONG NGHE

Coéng suat cat cua dong nudc biéu
dien qua tong dong nang cua nudc theo
cong thirc sau:

E,
P =0 ()

Trong do: Eyaeer la dOng nang cua
dong nude va t 1 thoi gian cét (s)

Ap dung phuong trinh Bernoulli ta
xac dinh dugc van tde cua dong nudc
duoc xac dinh theo cong thuc sau (3):

_ [ [ 3)
1000 500

Trong d6: p: ap suat (Pa )
Pdng nang cia dong nudc thuan khiét
duoc xac dinh theo cong thuc (4):

1
= z Myater: vwarerz 4)

2.pct

vWﬂfEI‘ =

EWGEET

Thay céc gia tri vao phuong trinh (4),
ta co:

1 2_1 3
Ewater = 2 p-Q.t Vyater” = 2 p- At Vyarer
1 P\
=.1000 x 5.7x 1078 |—) .t
2 ( 500)

3
Eyater =255 X 1077 x pzxt  (5)

Dién tich mit cat trén vat lidu can cét
dugc xac dinh theo cong thire sau:

A=w.T=03x 102 x2 x 107 = 6x 107 (m?)
©) o

Trong do: w: beé rong vét cat (mm), T:
do day vat liéu can cét (mm).

Diéu kién cat dugc vat lidu l1a:

Pr:ut = Ocyt- A. Vfeed (7)

Chon tc d6 di chuyén cua dau cit 1a
Vfeea = 2.5 (M/s) Tir cac phuong trinh
(3) 4), (5), (6) (7) x4c dinh duoc 4p suit
can thiét dé cit dugc vat liéu Fomex c¢6
giatrio,, =15 MPa la:

pe = 4270003 (Pa)

Lya chon ap suét can thiét:
.+ = 4.5 (MPa).

Trong d6: Pet: ap sudt can thiét dé cat
duogc vat liéu (Mpa )

b. Tinh todn céong sudt mdy bom

Luu lugng nudc chay qua dau cét
trong mot don vi thoi gian dugc xéac dinh
nhu sau:

0=4v (8)

Trong d6: A 1a dién tich tiét dién 15
phun tia nudc (d = 0.3 mm); v 1a tde do
cua tia nudc (m/s).

Tdc dd cua nude duge xac dinh nhu

_ 2pee  [2X45%10°
o 1000

= 9486 (m/s)

Luu lugng nudc dugce xac dinh:
Q=Av=707x10"°x94.86
=6.7x107¢(m?3/s)

Vi ap suét can thiét pe =45 x 10° (Pa),
cong suét ciia bom duoc tinh theo cong
thirc (9):

P @  45%10°x67x107°

F= n o 09

= 3355 (W)

©)
2.3. Thiét ké va ché tao mé hinh mdy
Trong hé théng méy cit tia nudc, dau
phun 1a chi tiét lam viéc tryc tiép véi
dong nudc ap sudt cao, quyét dinh dén
hinh dang, tc d6 va ning luong cua tia
cit, do d6 anh huong 16n toi chat lugng
bé mit va do chinh xéc duong cat. Vi
vay, viéc thiét ké dau phun can dugc xem
xét can than vé kich thudce 16 phun, chiéu
dai dan hudng, kiéu ren lap ghép, vat liéu
ché tao va kha ning thay thé, bao dudng.
Trén co s6 yéu cau ky thuat ciia mo hinh
may va diéu kién gia cong thyc té, phan
nay tién hanh xdy dung phuong an thiét
ké dau phun, lga chon céc thong s6 két
cAu chu yéu va thé hién trén ban vé chi
tiét phuc vu ché tao (Hinh 3a).
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b) Bau phun

Hinh 3. Ban vé ciia cum dau phun: a) Than dau phun

Két qua ché tao cua cum dau phun
dugc thé hién trong Hinh 4.

dong cua may. Phuong an
nay phai dam bao cac yéu
cau co ban vé do cu?ng ving,
d6 chinh xac chuyén dong
va hanh trinh lam viéc phu
hop véi kich thude chi tiét
gia cong, dong thoi dam bao
tinh don gian trong gia cong
— 1ap rap va chi phi ché tao
thap, phu hop voi diéu kién
trang thiét bi hién c¢6 tai co
so ddo tao. Cac nguyén tic
nay dugc tham khdo tur cac
tai litu vé cong nghé ché
tao may va thiét ké hé thong
CNC [8-10]. Trén co sé do,
nghién ciru tién hanh phan
tich va Iya chon phuong an
thiét ké t6i wu cho mé hinh
may cit tia nudce, dong thoi
xem xét cac yéu t6 lién quan
dén dong chay va dic tinh
cla tia nudc dua trén co sO
ly thuyét co hoc luu chét
[11]. Két qua thiét ké mo
hinh may cit tia nudc cong
sudt nho str dung phan mém
Autodesk Inventor duoc thé

hién trong Hinh 5a. Két qua ché tao may

cat tia nudc cong suat nho duoc thé hién

Hinh 4. Chi tiét dau phun sau
khi gia cong

2.4. Thiét ké mé hinh
mdy cit tia nwéc cong
sudt nho

Pé hién thuc hoa md
hinh may cit tia nudc
cong sudt nho da dé xuét,
trudc hét can lua chon
phuong an thiét ké va ché
tao hop 1y cho két céu co
khi va hé thdng truyén

Thanh trwgt

Truc vit me

Thanh truwgt

trong Hinh 5b

Péng co budc

Khép néi truc
ddng co

a)
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Sau khi tién hanh ct
thr nghiém trén vat liéu
Fomex, c6 thé nhan thiy
may hoat dong 6n dinh,
duong chay dao bam
ding quy dao da lap
trinh. San pham sau cit
cho bién dang kha chinh
xac, cac canh vuong goc
rd rang, khong xuét hién
hién tuwong chay xém,

b)
Hinh 5. Mé hinh 3D mdy cdt tia nwée: a) M6 hinh 3D thiét ké trén
phan méem CAD;

b) M6 hinh may sau khi ché tao

THU NGHIEM VA BANH GIA

Pé thyc nghiém danh gia kha ning
cong nghé cuia may cét tia nude cong suit
nhd, nhém nghién ctru st dung vat li¢u
Fomex c6 chiéu day 2 mm vdi tiét dién
cit 1a hinh vudng co6 kich thude 20mm
x 20 mm. Két qua thyc nghi¢m duogc thé
hién nhu trong Hinh 6.

Hinh 6. San pham sau khi cdt

bién dang nhiét hay
cong vénh tim — day la
uu diém ndi bat so véi
cac phuong phap cit
sinh nhiét. Bé mat vét
cit tuong d6i phing,
do st mé mép nhd, 16p
bot bén trong tim Fomex khong bi boc
tach nhiéu. Kich thudc chi tiét do dugc
sai 1éch khong 16n so v6i kich thudc thiét
ké, nam trong pham vi chip nhan dugc
d6i voi moé hinh may cong suit nho. Tuy
nhién, tai mot sd vi tri goc chuyén hudng
va doan bat dau/két thic duong cit van
con dau hiéu rung nhe, bé mat chua that
“sic”, cho thdy can tiép tuc tdi wu cac
thong s6 nhu ap suit nude, toe do tién
dao va khoang cach tir diu phun t&i bé
mat vat liéu dé nang cao hon nira chét
luong vét cit.

KET LUAN VA PINH HUONG
PHAT TRIEN

Nghién ctru da thyc hién viéc tinh
toan, thiét ké, ché tao va thu nghiém
mo hinh may cét tia nuéc cong suat nho
nham gia cong cac vat liéu mém. Két qua
cho thdy mé hinh may CNC sir dung co
ciu truyén dong vit me — dong co budc
theo ba truc X, Y, Z c6 kha nang lam
viéc on dinh, dap ung duoc yéu clu co
ban vé do chinh x4c hinh hoc va chat
luong duong cat. Thuc nghiém trén vat
liéu Fomex cho thdy may c6 thé tao ra
bién dang cat bam sat quy dao lap trinh,
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mép cit tuong dbi phéng, bé mit vat liéu
khong xuat hién anh huéng nhiét hay hu
hai dang ké, qua d6 khang dinh tinh kha
thi ctia phuong phép cit tia nude ddi véi
nhém vat li¢u mém.

Bén canh d6, két qua nghién ciru ciing
chi ra rang cac thong sé cong nghé nhu
ap suat nudc, toc do tién dao va khoang
cach tir dau phun dén bé mat vat liéu c6
anh huong ro rét dén chat lugng bé mat
cit va do chinh xac kich thudc. Diéu nay
cho théy viéc lya chon va toi uu hoa ché
d6 cét 1a yéu t6 quan trong nhim nang
cao hi¢u qua gia cong va mé rong kha
ning tng dung cta hé thong.

Trong thoi gian t&i, nghién ctru ¢ thé
duoc tiép tuc theo huong hoan thién hé
théng diéu khién va két cdu co khi cua
may, dac biét la taing do cung viing cua
khung va ban may, cai tién co cdu dan
hudng va truyén dong nham han ché hién
tuong trugt budc, rung dong va sai s6 vi
tri trong qué trinh gia cong. Pong thoi,
can mo rong thyc nghi¢m trén nhiéu loai
vat liéu mém khac nhu cao su, da, vai va
xbp, ciing nhu xdy dung mé hinh t6i uu
hoa thong sb cong nghé dé xac lap ché do
cit phut hop cho ting loai vat liéu. Day s&
1a co s& quan trong dé nang cao tinh tng
dung thyc tién cia mo hinh trong do tao,
nghién ciru va san xuit quy mé nho.
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BE XUAT UNG DUNG CONG NGHE TRi TUE NHAN TAO (AI)

TRONG HUGNG DAN THUC HANH HOC PHAN AUTOCAD CHO

SINH VIEN TRUONG BAI HOC CONG NGHE DONG A

Bui Quang Toan
ThS. Khoa Co khi, Truong Pai hoc Céng nghé Péng A
Email: toanbq@eaut.edu.vn

TOM TAT

Bai bdo tdp trung nghién ciru va dé xudt giai phdp ing dung cong nghé Tri tué
nhén tao (AI) vao qud trinh gidng day thue hanh hoc phan AutoCAD cho sinh vién
Truong Pai hoc Cong nghé Pong A. Tac gia dé xuat trién khai tro gidang Al duwdi
cac hinh thiec nhw: tro ly ao hoc tap sw dung chatbot Al, thu vién video mo phong
thao tac AutoCAD, phan mém theo déi va danh gid thao tac nguoi hoc, hé thong
giam sat lO’p hoc bang Al thi gidc mdy tinh, va méi trieong hoc tdp truec tuyén tich
hop AI cham bai tir dong. Cac giai phap nay nham nang cao hiéu qua giang day,
tang tinh cd nhdn héa trong hé tro sinh vién, dong thoi gitip giam tai cho giang vién
khi 16p hoc déng sinh vién. Nghién civu ciing dwea ra 16 trinh trién khai theo giai
doan va nhan manh tiém nang cua Al trong cdi thién chat lwong dao tao thuc hanh
ky nang phd‘n mém ky thudt trong gido duc dai hoc.

Tir khoa: Tri tu¢ nhan tao, AutoCAD, tro giang Al, twong tac, thao tac.
ABSTRACT

The paper focuses on investigating and proposing solutions for integrating Artificial
Intelligence (Al) technologies into the practical teaching of the AutoCAD course for
students at East Asia University of Technology. The author proposes implementing
Al-powered teaching assistants in various forms, including: Al-based learning
chatbots, a video library simulating AutoCAD operations, software for tracking
and evaluating students’ actions, Al-driven classroom monitoring systems using
computer vision, and an online learning environment integrated with automated
Al-based grading tools. These solutions aim to enhance teaching effectiveness,
increase the level of personalized support for students, and reduce the workload
for instructors in large classes. The study also outlines a phased implementation
roadmap and highlights the potential of Al in improving the quality of practical
training in technical software within higher education.

Keywords: Artificial Intelligence, AutoCAD, Al teaching assistant, interaction,
operation.

Ngay nhdn bai: 20/06/2025; Ngay siia bai: 14/11/2025; Ngay duyét ding: 02/04/2026
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1. Pit van dé

Tai Truong Pai hoc Cong nghé Pong A,
hoc phan AutoCAD 1a mén thuc hanh quan
trong trong chuong trinh dao tao k¥ thuat.
Tuy nhién, viéc giang day dang gip nhiéu
kho khin nhu si s 16p dong (trung binh 40-
60 sinh vién/16p), chat luong dau vao chua
dong déu, sinh vién tiép thu cham, tinh tyr
hoc thip. Ngoai ra, hé thong may tinh chua
ddng bo, 16p hoc rong khién giang vién kho
quan sat va h tro sinh vién kip thoi.

Khao sat ndi bo tai Khoa Co khi cho
thiy hon 60% sinh vién gap kho khan khi
thao tac phan mém, thuong xuyén chim
tién do bai thuc hanh. Trong khi d6, giang
vién khong thé theo st timg c4 nhan, anh
huong dén chit luong day - hoc.

Trude thuc trang nay, viéc Ung dung
tri tué nhan tao (Al) nhu mét cong cu tro
giang 13 giai phap kha thi, gitip hd trg sinh
vién theo hudéng ca nhan hoa, dong thoi
giam tai cho giang vién. Bai bao dé xuit
cac giai phap ung dung Al trong giang day
AutoCAD nhim nang cao hi€u qua thuc
hanh va thac ddy qué trinh chuyén doi sd
trong dao tao ky thuat.

2. Giai quyét van dé

2.1. Co s6 Iy thuyét

2.1.1. Tri tué nhan tao trong giao duc
(Al in Education)

Theo nghién ctru cia Woolf (2010) va
cac bao cédo ciua UNESCO [7], Al trong
gi4o duc c6 thé hd tro ca nhan hoa hoc tap,
cung cip phan hoi tirc thoi, theo ddi tién
trinh nguoi hoc va ho tro
giang vién ra quyét dinh.
Trong giang day thuc
hanh ky thuat, AI ¢6 thé
dong vai tro nhu “trg 1y
40”, gitp sinh vién truy
xuat thong tin, hudéng
dan thao tac va giai dap
thic mic ma khong can
cho giang vién.

2.1.2. Mo hinh tro
giang do (Intelligent
Tutoring Systems — ITS)

Hé¢ thong tro giang

&

Trg ly hoc tap ao
Trg ly Al tra I8i cau hoi
Tra I18i cau hoi

=

Kho video- &
mé phong thao tac
Video huéng dan

Hudéng dan tiing budc

thong minh 14 cic phan mém sir dung AI dé
mo phong vai tro ngudi huéng dan. Céac hé
thong nay c6 thé phan tich thao tac ngudi
hoc, nhan dién 16i sai va dua ra goiy sua 16i
theo thoi gian thyc [6]. Trong moi truong
AutoCAD, ITS ¢6 thé theo ddi thao tic V&,
canh bao khi sinh vién st dung sai 1&énh
hodc sai 16p (layer), gitip cai thién hi€u qua
thuc hanh [8].

2.1.3. Giao dién twong tac ty nhién va
hoc tap tich cuc

Su phat trién ctua cac md hinh ngén
ngtt 16n (LLMs) nhu ChatGPT, Claude,
Gemini... cho phép xay dung céc tro 1y hoc
tap twong tic qua ngdn ngit ty nhién. Diéu
nay dac bi¢t phu hop véi sinh vién c6 kha
nang tw hoc con han ché, giup ho dé tiép can
kién thtrc hon qua viéc dat cau hoi va nhan
hudng dan ngan gon, truc tiép tir Al [4,5].

Viée ng dung tri tué¢ nhan tao (AI)
trong gido duc da tr¢ thanh xu hudng tat
yéu trong qua trinh chuyén doi sd, dic biét
0 cac mon hoc thyc hanh ky thuat doi hoi
thao tic phan mém nhu AutoCAD. Dua
theo cac nén tang 1y thuyét vé tri tué nhan
tao, hé thong trg giang thong minh va giao
dién hoc tap tuong tac dang tao diéu kién
thuan loi dé ung dung Al vao ho tro day hoc
AutoCAD [1]. Vi€c tan dung céac nén tang
nay khong chi giap khac phuc nhing bat
cap trong giang day truyen thong ma con
tao budc dot pha trong dao tao thuc hanh
k¥ thuat.

2.2. M6 hinh dé xuit

MO HiNH TRG GIANG Al CHO HOC PHAN AUTOCAD

-e,

Hé théng giam sat
18p hoc bang Al
Béao céo

tién do
——— > Quan sat
sinh vién
Sinh vién
Hé théng giam sat
18p hoc bang Al
cung cap Thi giac may tinh
goiy

Hinh 1. M6 hinh tro giang Al cho hoc phan Autocad
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2.2.1. Tro Iy hoc tdp do — Al Learning
Assistant

* Dang: Chatbot Al (ing dung LLM
nhu ChatGPT hodc Claude). [4]

* Chure nang:

- Tra 16 cac cu hoi vé 1énh AutoCAD,
16i thao tac, quy trinh thyc hanh.

- Goi y theo ngit canh, gitip sinh vién
tu hoc va tra clru trong qua trinh thuc
hanh.

Vi du: Sinh vién c6 thé hoi cac cau
nhu: “Lénh v€ hinh chir nhat?”, “Cach
dung 1énh OFFSET?”, “Ldi khong hién
ludi phai lam sao?”, v.v.

* Trién khai: Nhing trong giao dién
LMS, Zalo OA, Google Chat, hoac nén
tang web noi bo.

Al LEARNING ASSISTANT

(o o )

Hello! How
can | assist you?

How do | use
the LINE comnand?

To use the LINE
command in AutoCAD,
follow these steps:

Hinh 2. Mo hinh tro Iy hoc tdp do

2.2.2. Kho hoc liéu mé phong — Video
& Module thao tac

* Noi dung: Cac video ngin hudng
dan ting 1énh, vi du thyc hanh theo buéc.

* Tich hop:

- Video 2D/3D mé phong tryc quan
thao tac AutoCAD.

- Lién két tir chatbot hoic LMS khi

sinh vién can minh hoa thao téc.

- H6 trg dudi dang pop-up huéng dan
ngay trong phan mém AutoCAD, c6 thé
chay song song.

* Giup giam phu thudc vao giang vién
khi can hd trg k¥ thuat co ban.

Kho hoc liéu mé phéng
Video & Module thao tac

Hinh 3. Mo hinh kho hoc liéu mo phong

2.2.3. Cong cu theo doi & phdn tich
thao tac AutoCAD — Al AutoCAD Tracker

* Co ché: Plugin chay nén trong
AutoCAD ghi nhéan thao tdc cua sinh
vién.

* Tinh nang:

- Phén tich thao tac dang/sai theo bai
mau.

- Phat hién 18i phd bién (v& sai layer,
khong ghi kich thude, bd cuc sai ty 1¢...).

* Xuit bao cao cho giang vién theo
ting sinh vién, timg budi hoc: Giang vién
¢6 thé nhan dugc bao cio tong hop cubi
buodi (ai lam tdt, ai mac 16i gi, ai khong
thao tac gi ca).

Cong cu theo dbéi & phan
tich thao tac AutoCAD
Al AUTOCAD TRACKER

Hinh 4. M6 hinh cong cu theo déi va phdn tich
thao tac
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2.2.4. Hé théng phan tich 16p hoc — AI
Classroom Monitor (tuy chon mo rong)

* Ung dung thi giac mdy tinh
(Computer Vision) qua camera lop.

* Chtc nang: Phat hién sinh vién
khong hoat dong, mét tap trung, hodc gio
tay yéu cau hd tro.

* Giup gidng vién phan Ung nhanh
hon véi cac tinh hudng trong 16p dong.

2.2.5. Méi truong hoc tdp truc tuyén
tich hop Al

Khi sinh vién hoc tai nha, hé théng c6
thé:

- Giao bai tap AutoCAD theo cip do.

- Al ty dong cham bai bang cach so
sanh ban v& voi dap 4n mau (dya trén
nhan dang hinh hoc, layer, ty I¢...).

- Hudng dan 16i néu ban vé& sai (VD:
“ban dat khung sai ty 1¢ 1:100, nén sua
lai...”).

2.3. Quy trinh vdn hanh téng thé ciia
mo hinh:

QUY TRINH VAN HANH
TONG THE CUA MO HiNH

=

Drawings

4

Sao chép, chinh stra
Sinh vién thao tac AutoCAD
i

Plugin theo dé&i thao tac
5
Canh béo 16i sai sét
0

Két noi chatbot
dé nhan goi y stra I6i

/A

K&t thuc budi hoc
Hé théng gLn bao cao tién doé cho
gidng vién

Hinh 5. Quy trinh vdn hanh tong thé ciia mé
hinh

2.3.1. Uu diém

- Tang kha nang ca nhan héa hoc
tap: Hé théng AI cho phép sinh vién
nhéan hd trg theo nhu cdu ca nhan, phu
hop véi toe do tiép thu va nang luc mdi
nguoi.

- Giam tai cho giang vién: Al ho tro
xtr Iy cau héi thuong gip, phat hién 16i
thao tac co ban, gitip giang vién tap trung
vao phan chuyén sau va diéu phdi 16p
hoc hi¢u qua hon.

- Hb trg sinh vién hoc moi hic, moi
noi: Chatbot, kho hoc liéu va video mo
phong c6 thé truy cap moi thoi diém, ké
ca ngoai gio hoc chinh khoa.

- Theo déi va danh gia tién do
hoc tip: Hé thong phan tich thao tac
AutoCAD gitp phat hién 16i sém, ghi
nhan tién d6 va sinh vién yéu kém dé
giang vién can thiép kip thoi.

- Kha ning mé réng cao: MO hinh
c6 thé 4p dung cho cac mén hoc ki thuat
khac, khong chi riéng AutoCAD, tao nén
tang cho chuyén doi sb toan dién trong
dao tao.

2.3.2. Nhuoe diém

- Phu thudc vao ha ting cong nghé:
May tinh cdu hinh yéu, mang khong 6n
dinh s& 1am giam hiéu qua hé thong Al,
dac biét voi plugin giam sat thao tac
AutoCAD.

- Doi hoi ky ning sir dung cong nghé
tir sinh vién va giang vién: Can thoi gian
lam quen, tdp hudn dé khai thac ding
cach; sinh vién yéu cong nghé c6 thé gip
kho khan khi str dung Al trg giang.

- Khé kiém soat chit lwgng phan hoi
ciia AI: Néu Al chua duge hudn luyén du
t6t tir dir liéu thuc té, c6 thé dwa ra goi y
chua phu hop hodc thiéu chinh xéc.

- Chi phi diu tw ban diu va nhan
lye trién khai: Xay dung hé thong, dao
tao Al, thiét ké hoc liéu sb va plugin can
dE}u tu thoi gian, cong suc va chi phi dang
ke.
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Bing 1. So sanh mé hinh tro giang AI dé xudt véi phicong phép truyén thong

Tiéu chi

Phwong phap truyén théng

Mo hinh tro gidng Al dé xuit

Kha nang tuong tac

Han ché khi 16p déng, giang vién kho hd
tro tirng sinh vién kip thoi.

Al hd trg sinh vién 24/7, tra 101 cau hoi va
201 y thao tac theo ngit canh.

Theo dai tién do

Phu thudc vao cam nhan chu quan cua
giang vién, kho bao quat toan bd 16p.

Plugin theo ddi thao tac gitip ghi nhan, phan
tich sai sot va béo cdo chi tiét.

Tinh ca nhan hoa

TAt cé sinh vién hoc theo mot toc do va
cach tiep can giong nhau.

Al c4 nhén hoa goi ¥, cung cép tai liéu phu
hop nang luc tirng sinh vién.

Kha nang tu hoc

Sinh vién thuong bi dong, cho giang
vién huéng dan.

Kho hoc liéu va chatbot khuyén khich sinh
vién tu hoc, tu tra clru.

Hiéu qua voi 16p

Hiéu qua giam 5 rét khi si sb vuot qua

He¢ théng Al ¢6 thé hd tro déng thoi nhidu

dong kha nang tuong tac cua giang vién. sinh vién ma khong bi qua tai.
Chi phi trién khai ban | Thép, chi cin giang vién va phong may | Cao hon (dao tao Al, phat trién hé théng,
dau co ban. nang cip thiét bi).

Phy thugc cong nghé

Khong bi anh huéng boi 16i phan mém
hay hé théng.

Phu thudc vao may tinh, mang, va do on
dinh ciia hé théng Al

Murc d6 linh hoat mo
rong

Gi6i han theo nang luc giang vién va
thoi gian hoc.

C6 thé mé rong quy moé 16p va tich hop
thém hoc phén khac d& dang.

2.4. Lj trinh trién khai

Lo trinh trién khai tro giang Al trong
day hoc AutoCAD dugc chia thanh 4 giai
doan rod rang, di tur thu nghiém nho dén
mo rong toan di¢n, thé hién tinh kha thi,
ting bude va phu hop véi diéu kién cua

nha truong. [3]

chuyén gia Al va giang vién chuyén mon
dé chuin hoa 1énh, 15i thuong gép, cau
héi mau.

Luu y: Tai liéu hoc li¢u cang 1o rang
thi Al cang hi¢u qua.

2.4.2. Giai dogn 2: Phat trién

* Cong viéc chinh: Xay dung céc

2.4.1. Giai doan 1: Khoi tao

* Cong viéc chinh: Pao tao Al voi
tai liéu hoc phan AutoCAD sin c6 cua
truong/khoa. [2]

* Thoi gian: 1-3 thang.

* Y nghia:

- Pay 1a budc nén tang quan trong dé
hé théng hiéu ndi dung can huéng dan.

- Giai doan nay can sy phdi hop giita

Bdng 2. Lo trinh trién khai thuc té thanh phén
Giai | 5o vige chinh | 001 Muc tidu Ghi cha chinh cua hé
doan gian P
YT — thong nhu:
1.Khoi | Pao tao Al bing| 1-3 | Tao nén tang di | o P1ot hop giang - Chatbot
tao | di¥liéuhocphin | thang | liéu cho Al vien - ky thuat vien - 5
: o : chuyén gia hoc tap.
2. Phat | Xay dung chatbot, | 3-5 | Tao san phim | Uu tién tinh kha thi, - Plugin theo
trién plugin, kho video | thdng | dung thit (MVP) | don gian hoa giaodién | dO1 thao tac
3. Thir | Trién khai tai 116p | 1 hoc ifgn phai h?;; Chn do luong mitc do AutOCAﬂD' .
nghiém | hoc cu thé ky thuo & ghie turong tac, 16i - H~¢ thong
, ; cham 101 va goi
4. M6 | Ung dung cho cac‘ Ap dung toan | Poi hoi hé théng én }'/
N A N hocky | . . LR oA .
rong toan bd hoc phan K ti ép dién dinh va ho tro k¥ thuat - Kho video
mo phong.

* Thoi gian: 3-5 thang.

- Y nghia: Tao san phim mau du chirc
nang cot 13i.
- Tinh thye tién: C6 thé 1am theo mo
hinh MVP (Minimum Viable Product) —
tire 1a chi can phién ban dau du dung th,
khong can hoan thién ngay tir dau.

2.4.3. Giai doan 3: Thw nghiém
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Co khi - Pong luc

* Cong viéc chinh: Trién khai tai 1
16p hoc cu thé (vi du 16p AutoCAD nim
nhat Khoa Co khi).

* Thoi gian: 1 hoc ky.

* Y nghia:

- Thu thap phan héi tir sinh vién &
giang vién.

- Kiém tra tinh 6n dinh cua AL mirc
do sinh vién twong tac, hiéu qua goi y 101

* Loi ich: Phat hién van dé thyc té
nhu tdc do phan hdi, d6 chinh xé4c cua
Al, tinh than thién giao dién.

2.4.4. Giai doan 4: Mo rong

* Cong viéc chinh: Trién khai
dién rong cho tat ca cac 16p hoc phan
AutoCAD.

* Thoi gian: Hoc ky tiép theo.

* Piéu ki¢n trién khai:

- C6 co s¢ danh gia tu thir nghiém
thanh cong.

- C6 b6 sung cai tién tir phan hdi thyc té.

- C6 ké hoach dau tu vé may chu hoic
tich hop hé thong LMS chinh thic.

2.5. Murc do phu hop

2.5.1. Ré rang, tudn t va dé trién khai

- Bang so sanh cho théy mot 10 trinh
hop 1y, bat ddu tir viéc chuan bi nén tang
(dir liéu, tai nguyén), sau do phat trién
cong cuy, thu nghiém ¢ quy md nho va
cudi ciing 1 nhéan rong.

- Thé hién rd nguyén tic phat trién
timg budc: “Bat dau nho — thir nghi¢m —
t61 wu — mo rong”.

2.5.2. Muc tiéu cu thé theo timg giai
doan

- Méi giai doagn déu c¢6 muc tiéu ré
rang: tao nén, phdt trién tinh ndng, kiém
chimg thue té va g dung dai tra.

- Piéu nay gitip nha truong dé dang
danh gia hi¢u qua o tung buoc va giam
thiéu rii ro dau tw sai hurdng.

2.5.3. C6 tinh kha thi cao trong diéu
kién thuc té
- Thoi gian trién khai tirng giai doan

hop 1y (1-5 thang), phu hop vai lich hoc
va khung dao tao tai truong dai hoc.

- Céch tiép can nay phu hop véi diéu
kién co s& vat chat, nhan luc va trinh do
cong nghé hién co tai cac khoa ky thuat,
dac biét voi 1op si sb dong, dau véao chua
dong déu.

2.5.4. C6 thé mé rong cho cac hoc
phan kj thudt khac

Mic du tap trung vao AutoCAD,
nhung mo hinh 16 trinh nay hoan toan c6
thé duoc tai su dung cho cac moén nhu
SolidWorks, Revit, Inventor, hodc cac
hoc phén 1ap trinh, k¥ thuat dién tr v.v.

3. Thio luin va hwéng phit trién

3.1. Thdo lugn

Viéc tmg dung trg giang Al trong
huéng dan thuc hanh AutoCAD la mot
bude di phu hop véi xu hudng chuyén
ddi s trong gido duc dai hoc, dac biét
trong cac hoc phan yéu cau thao tac k¥
thuat phdn mém nhu tai Trudng Pai hoc
Cong nghe Dong A Qua phan tich mo
hinh d& xuat, mot s6 van dé can dugc trao
ddi va théo luan siu hon nham dam bao
kha ning trién khai higu qua trén thyc té,
can luu y mot sé van dé:

- Néng lyc sinh vién: Nhiéu sinh vién
con thy dong, ky nang s6 han ché. Do do,
can c6 budi huong dan sir dung hé thong
Al ngay tir dau khoa.

- Ha tang cong nghe Phong may
con thleu dong bo, cau h1nh yéu, mang
khong 6 6n dinh. Can nang cap hodc tdi uu
hé thong sao cho chay nhe, c6 thé dung
offline.

- Vai tro giang vién: Al khong thay
thé giang vién, ma hd tro. Giang vién can
duoc tap huén dé khai thac tot cong cu Al
trong giang day.

- Tinh mé& réng: M6 hinh co thé ap
dung cho nhiéu hoc phan k¥ thuat khac.
Tuy nhién, can dau tu thém vao viéc xay
dung hoc li¢u s6 va ngan hang cau hoi
chuyén sau.
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Mo hinh tr¢g giang Al kha thi va hiru
ich, nhung can trién khai timg budc, co
su phdi hop gitra nha truong — giang vién
— sinh vién — k¥ thuat vién dé dat hiéu
qua toi vu.

3.2. Huéng phit trién

Pé tai ung dung tro giang Al trong
giang day thuc hanh AutoCAD c6 tiém
ning mo rong va phat trién theo nhiéu
hudng trong tuong lai:

- Mé rong sang mén hoc khac: Ap
dung cho céc hoc phﬁn nhu SolidWorks,
Revit, CNC, lap trinh k¥ thuat...

- Tich hop véi LMS: Két ndi Al vao
hé thong quan 1y hoc tap dé dong bo dir
liéu va bao cao.

- Ca nhan héa hoc tap: Goi y bai hoc
va bai tdp phu hop nang lyc tung sinh
vién.

- Phan tich dir liéu hoc tap: Su
dung Al dé theo ddi, danh gia va cai tién
phuorng phép giang day.

- Ung dung cong nghé VR/AR: Tao
moi truong hoc tap tryc quan, tang tuong
tac trong thuc hanh k¥ thuat.

4. Két luin

dé tai da tap trung nghién ctru va dé
xudt mot mo hinh tmg dung trg giang Al
nham hd tro hiéu qua cho giang vién va
sinh vién trong qué trinh thyc hanh hoc
phan AutoCAD. Trong bdi canh 16p hoc
d6ng, nang lyc sinh vién khong dong déu
va han ché vé ha tang thiét bi, viéc tich
hop Al khong chi gop phan cai thién kha
nang tiép can kién thirc ma con nang cao
tinh chu dong, ca nhan hoa trong hoc tap.

Mo hinh dugc xay dung véi cac thanh
phan 16 rang nhu: tro 1y hoc tap ao, kho
hoc liéu mo phong, hé théng theo ddi
thao tac va phan hdi 15i tu dong. Bén canh
d6, 16 trinh trién khai dugc dé xuét theo
hudng timg budc, pht hop véi diéu kién
thyc tién va dam bao kha ning mé rong.

Két qua nghién ciru khang dinh rang,
viéc ung dung Al vao giang day thuc

hanh k¥ thuat 1a xu thé tit yéu va kha thi.
Tuy nhién, dé thanh cong, can c6 sy dau
tu dc“mg bo vé ha téng, dao tao nhan luc
va co ché phdi hop chit ché giira cac bén
lién quan. Dé tai khong chi co ¥ nghia
thuc tién ddi véi hoc phén AutoCAD, ma
con mo ra trién vong Gmg dung rong rii
trong cac hoc phan k¥ thuat khac tai nha
truong trong thoi gian toi.
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Kinh té

NANG CAO SAN XUAT TINH GON TAI CONG TY TNHH SAN
XUAT HANG MAY MAC ESQUEL VIET NAM HOA BiNH

Do Diic Binh
GS.TS. Vien Thuong Mai va Kinh té quoc té, Pai hoc Kinh té quoc dan
Email: dd302@gmail.com

TOM TAT
Trong béi canh canh tranh toan cdu gia tang va chuyén déi cong nghé dzen ra
nhanh chéng, cdc doanh nghiép san xudt chiu dp hec ndng cao nang sudt, giam
chi phi va cdi thién chat leong san pham, dong thoi bao dam phdt trién bén viing.
Quan tri tinh gon (QTTG) va san xudt tinh gon duoc xem la phuwong phap hiéu qua
gilp doanh nghiép ning cao hiéu sudt théng qua cdi tién lién tuc va loai bo ling
phi. Nghién ciru nay danh gid viéc trién khai quan tri tinh gon tai Céng ty TNHH
San xudt Hang May méc Esquel Viét Nam Hoa Binh va dé xudt cdc gidi phdp nham
ndng cao hiéu qua san xudt.
Nghién civu sir dung két hop phirong phdp dinh tinh va dinh lwong, bao gom phén
tl'ch dir liéu thu ccfp va khao sat 218 can by cong nhan vién, nham xem xét bon yéu
16 anh hwong dén viéc dp dung quan tri tinh gon: lanh dao, nhdan vién, chinh sach
vd co' s¢ ha tang gan véi van héa doanh nghiép. Két qud cho thay doanh nghiép dat
dwege nhitng cdi thién dang ké sau khi dp dung cdc cong cu tinh gon. San lwong ting
tur 3,3 triéu san phcfm nam 2013 lén 9,1 triéu san phcfm nam 2025; hiéu sudt san
xudt tiang tir 40% lén khodng 77%; va thoi gian san xudt giam tir 130 ngay xuong
con 60-80 ngay. Pong thoi, sé lwong ¥ twong cdi tién tang, phan dnh sw hinh thanh
van héa cdi tién lién tuc.
Tuy nhién, mot $6 han ché van ton tai nhw mirc dé tham gia cai tién cia nguoi lao
dong chua cao, dao tqo chwa phit hop va truyén théng néi b chwea hiéu qud. Vi
vay, nghién ciru dé xudt tang cu’ong cam két lanh dao hoan thién dao tqo, cai thién
truyén thong va co ché khuyén khich nham ciing cé viéc trién khai quan tri tinh gon
trong dai han.

Tuwr khoa: Quan tri tinh gon, San xudt tinh gon, Nganh dét may, cai tién lién tuc,
hiéu qud san xudt
ABSTRACT

In the context of increasing global competition and rapid technological transformation,
manufacturing enterprises are facing growing pressure to enhance productivity, reduce
operational costs, and improve product quality while ensuring sustainable development.
Lean management and lean production are considered effective approaches that help
organizations improve operational performance through continuous improvement and
waste elimination. This study evaluates the implementation of lean management at
Esquel Vietnam Hoa Binh Garment Manufacturing Co., Ltd. and proposes solutions to
enhance production efficiency.

The research employs a combination of qualitative and quantitative methods,
including secondary data analysis and a survey of 218 employees, to examine four
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key factors influencing lean management adoption: leadership, employees, policies,
and infrastructure associated with organizational culture. The findings indicate
that the company has achieved significant improvements after applying lean tools.
Specifically, production output increased from 3.3 million units in 2013 to 9.1 million
units in 2025; production efficiency rose from 40% to approximately 77%, and total
production time decreased from 130 days to 60-80 days. In addition, the number
of improvement initiatives increased, reflecting the gradual development of a
continuous improvement culture within the organization.

However, several limitations remain, including low employee participation in
improvement activities, inadequate training programs, and ineffective internal
communication. Therefore, the study recommends strengthening leadership
commitment, developing systematic training programs, improving internal
communication, and enhancing incentive mechanisms to sustain lean management
implementation in the long term.

Keywords: Lean management, Lean production, Garment industry, Kaizen,
Operational performance

Ngay nhan bai: 28/02/2026; Ngay siwra bai: 10/03/2026; Ngay duyét diang: 02/04/2026

1. MO PAU

Trong bdi canh méi truong kinh
doanh ngay cang canh tranh va qua trinh
chuyén d6i s6 dién ra manh mé& dudi tac
dong ctia cuoc Cach mang cong nghi¢p
4.0 va xu hudéng phat trién cong nghé 5.0,
cac doanh nghiép budc phai tim kiém
nhitng giai phap quan tri va san xuét hiéu
qua nham duy tri kha ning canh tranh va
phat trién bén viing. Muc tiéu ciia doanh
nghi¢p khong chi 1a gia tdng san lugng
ma con phai toi wu hoa chi phi, rat ngan
thoi gian san xuét, nang cao chit lugng
san pham va dap ung ngay cang t6t hon
nhu cau cua khach hang. Do do, cai tién
lién tuc, d6i méi phuong thirc quan tri va
nang cao hiéu qua hoat dong da tr¢ thanh
yéu cau tit yéu ddi v6i cac doanh nghiép
trong bdi canh hién nay.

Mot trong nhiing phuong thiic quan
tri hién dai dugc nhiéu doanh nghi¢p
trén thé gidi ap dung 1a quan trj tinh gon
(Lean Management). PhuO’ng thirc nay
dugc hinh thanh va phat trién tiéu biéu
tai Nhat Ban thong qua Hé thdng san

xuit Toyota (Toyota Production System
—TPS). TPS dugc xay dung trén nén tang
cac nguyén tac nhu tiéu chudn hoa cong
viée, t chirc dong chay san xuét hop 1y
va loai bo cac yéu to giy lang phi trong
qué trinh san xuat. Trong tdm cua TPS
la nhan dién va loai bo ba dang tén that
chinh, bao gom lang phi (Muda), mét can
dbi (Mura) va qua tai (Murl) DPong thoi,
hé¢ théng nay ap dung nhiéu cong cu va
phuong phap quan tri hi€u qua nhu 58,
Kaizen, Kanban, quan 1y tryc quan, dong
chay lién tuc va hé thong kéo. Nho trién
khai thanh cong quan tri tinh gon, Toyota
d3 tro thanh hinh miu dién hinh vé quan
tri san xuat hién dai va duge nhiéu doanh
nghiép trén thé gidi hoc tap va van dung.

Céc nghién ciru qudc té tiép theo da
gop phan hoan thién co s¢ 1y luan vé
quén tri tinh gon. Tiéu biéu, Liker (2004)
trong tac pham The Toyota Way — 14
Management Principles from the World’s
Greatest Manufacturer dd hé thong hoa
14 nguyén tic quan tri cuia Toyota, nhin
manh vai tro cta chét lugng, con nguoi
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va cai tién lién tuc trong hoat dong san
XuAt. Tru:c’rc do6, Womack va Jones (1996)
trong cubn Lean Thlnkmg da dé xuat
nam nguyen tac cot 16i cua quan tri tinh
gon, bao gom xac dinh gia tri, nhan dién
chudi gié tri, thiét 1ap dong chay lién tuc,
van hanh hé thdng kéo va huéng t6i su
hoan thién khong ngung. Nhirng nguyén
tic ndy da tro thanh nén tang ly thuyet
quan trong cho viéc nghién ciru va trién
khai quan tri tinh gon trong nhiéu linh
vuc khac nhau.

Tai Viét Nam, quan tri tinh gon da
duoc nghién ctru va ap dung trong nhidu
nganh nghé, dic biét trong linh vic san
xuét va dich vu. Mot sb nghién ctru tap
trung vao viéc xac dinh cac diéu kién va
yéu t6 anh huéng dén hiéu qua trién khai
quan tri tinh gon trong doanh nghiép. Cac
két qua nghién ctru cho thiy hiéu qua ap
dung quan tr1 tinh gon phu thudc vao
nhiéu yéu td, trong d6 vai tro cua linh
dao, nhan thtrc va k¥ nang ctia nguoi lao
dong, hé théng dao tao, co ché khuyén
khich va van héa doanh nghi¢p dugc xem
1a nhirng yéu t c6 anh huong quan trong.
Tuy nhién, phan 16n cac nghién ctu tai
Viét Nam van mang tinh mo ta hodac tap
trung vao ting truong hop cu thé, chua
xay dung dugc mo hinh quan tri tinh gon
mang tinh hé théng va bén viing cho cac
doanh nghiép san xuit quy mé 16n.

Trong nganh dét may va san xuat hang
tiéu dung, viéc ap dung quan tri tinh gon
d3 budc dau mang lai nhitng két qua tich
cuc, gop phan nang cao ning suat lao
dong, giam chi phi san xut va cai thién
chat lugng san phém Tuy nhién, qua
trinh trién khai van gap phai nhiéu kho
khan nhu han ché vé tu duy quan tri, thiéu
cam két dai han tir 1anh dao, nguodn lyc tai
chinh va nhan lyc chua dap ung yéu cau,
cling nhu sy thiéu ddng bo trong viée ap
dung cac cong cu va phuong phap quan
tri tinh gon. Bén canh do, viéc md rong

ap dung quan tri tinh gon sang cac linh
vuc dich vu nhu tai chinh — ngan hang va
y té ciing cho thiy hiéu qua rd rét trong
viéc cai tién quy trinh va nang cao chét
luong dich vu. Tuy nhién, cac nghién ctru
trong linh vuc nay chu yéu tap trung vao
tung quy trinh churc nang riéng 1€, chua
xem xét toan dién hé théng quan tri tinh
gon & cap do t6 chrc.

Téng hop cac cong trinh nghién ctru
cho thay quan tri tinh gon da duoc tiép
can dudi nhiéu goc do va linh vuc khac
nhau, song van con thiéu cac nghién ciru
chuyén siu vé viéc xdy dung va hoan
thién hé théng quan tri tinh gon mot cach
téng thé tai cic doanh nghiép san xut
quy mo 16n, dac biét trong nganh dét may
— linh vuc ¢6 dic diém san xuét phuec tap,
luc luong lao dong 16n va yéu cau cao
vé chét lugng, chi phi va thoi gian giao
hang. Bén canh d6, mdi quan hé giira yéu
t6 con ngudi, hé thong quan tri va viéc
duy tri hi€u qua quan tri tinh gon trong
dai han van chua dugc 1am rd, dat ra nhu
cau tiép tuc nghién citru trong bdi canh
doanh nghi¢p Viét Nam hi¢n nay.

Cong ty TNHH San xuat Hang May
mac Esquel Viét Nam Hoa Binh duoc
thanh 1ap nam 2013, truc thudc Tap
doan Esquel (Hong Kong), 1a mot trong
nhitng doanh nghiép san xuit quy mé 16n
tai tinh Hoa Binh v&i khoang 4.500 lao
dong va san luong hon 10 triéu san phdm
mdi nim. Mic du dat duoc nhiéu két qua
tich cuc trong hoat dong san Xuét, doanh
ngh1ep van dang d6i mat vi mot so han
ché trong cong tadc quan tri va t6 chuc
san xuét. Do d6, viéc nghién ctru va hoan
thién hé théng quan tri tinh gon tai doanh
nghiép dugc xem la giai phap quan trong
nham nang cao hiéu qua hoat dong, ting
cuong nang lyc canh tranh va hudng toi
phat trién bén viing trong bdi canh hoi
nhap kinh té quéc té.
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2. GIAI QUYET VAN PE

2.1. Mé hinh Iy thuyét

Ngoi nha Lean duoc xay dung trén nén
mong cua Triét Iy dai han gdm: van hoa
5E (Engage (Géan két), Explore (Kham
phd), Explain (Giai thich), Elaborate
(Ap dung/M¢ rong), va Evaluate (Panh
gi4), moi trudng xanh, 3T (tiét giam, tai
sir dung, tai ché), van hoa khong ting ca
va can bang giita cong viéc va cudc séng
(No OT and work life balance).

lién tuc cai tién - Kaizen, gém céc cai tién
dé loai bo lang phi va dién ra lién tuc.

+ Mai cta ng6i nha Lean la SQDCM
(Best Safety - Best Quality - Shorter lead
time (Delivery) - Lowest Cost - High
Morale). Day chinh la két qua ma cong ty
huéng toi: An toan hang dau - Chat lugng
t6t nhat - Giao hang dung han - Chi phi
thép nhét - Tinh than lam viéc cao.

- 8 Nguyén tic Lean — 8 Lean
principles

Ngoi Nha Lean

!I'I |oan Iren I!EI c !I!al !m_)'ng IOI I'I"ﬂl—

Rut ngan théi gian S$X (Giao hang ding han) - Chi Phi thap nhét - Tinh Than cao
~ (SQDCM)
Théng qua viéc rit ngan dong chay vt liéu béi sy loai bo lang phi

KIEM SOAT HANG TON
(SX VUABUNG LUC- JIT)

Biing chi tiét, ding s6
lwgng, ding llc.

Hin{l 1: M6 hinh ngoi nha Lean
(Nguon: Eduardo L. Garcia, 2016)

Nén mong phia trén 13 quan 1y truc
quan, trao quyén cho nguoi lao dong va
6n dinh-chuan héa quy trinh. Dic biét,
trao quyén cho ngudi lao dong nhin
manh dén so dd t6 chirc dang phang, tao
ra moi trrong lam viéc minh bach va tinh
gon.

+ Tiép theo 12 hai cot try gip cho ngoi
nha Lean vuon cao va phat trién, 1an luot
1a kiém soat hang ton va ty dong ngan
ngura 18i. Trai tim cta ngdi nha Lean 14

. Hu;"m luyén ché

LIEN TUC CAI TIEN :

Gidm Lang Phi

gudi Lao Dong

TU DONG NGUALOI
JIDOKA

(Chét long tai chd)
Lam vén dé 16 dién ra

- Chétlwong tai ché

an Hoa Quy Trinh

So v6i Lean house thi 8 nguyén tic
Lean 12 mot danh sach gébm 8 nguyén
tac cu thé hon, chi tiét hon, dé dang thyc
hién hon va dé dang tiép can toi nguoi
lao dong.

+ Triét 1y dai han: phat trién van héa
5E, tao mdi trudng xanh, 3T (tiét giam,
tai su dung, tai ché), no OT, can béng
giita cong viéc - cude song.

+ Quan ly truc quan: ap dung quan ly
truc quan bang xac dinh quy trinh, gan
nhan, bang hién thi, xdy dung bang KPI
va sb liéu hop 1y.
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+ Trao quyén cho nhan vién: xay dung
so d6 to chirc dang phang. Mot chuyén
truong quan ly mot chudi cong doan:
may-PI-hoan thién. Gia tri ¢t 18i 1a dong
chay san phiam dwoc quan Iy nhu mot
thuc thé thong nhit va duy nhat.

+ On dinh va chuan hoa quy trinh: trén
nén tang 5S xay dung 6S (5S + An toan).
Xay dung quy trinh cong doan, so do
chuyén va huéng din cong viéc chuan.

+Kiém soat hang ton: ap dung phuwong
phap quan ly cua he thong keo chi san
xuét ra nhimg gi can va khi can, tao dong
chay lién tyc va xay dung PST.

+ Ty dong hoa thong minh: ngan chan
16i, may tu dong ding khi phat hién ra
hang 15i, xay dung chét luong tai gdc,
nguyén tic 3D, mdi c4 nhan ty kiém
hang, st dung g4 cir hd tro, giam thoi
gian cai dat, tao ra nhiéu y tuong cai tién.

+ Phat trién con ngu0’1 thiét 1ap ma
tran k¥ nang phat trién tai ning cho mdi
cong nhan vién va xay dung ddi ngi
chuyén gia dao tao ndi bo.

+ Giam lang phi: tim va loai bo 8 loai
lang phi.

- Hé théng chuyén tbc hanh — eXML
(Express Manufacturing Line)

Phuong thirc co ban ciia chuyén
eXML 1a chuyén may str dung hé théng
kéo va san xuat don chiéc, voi sy tham
gia hd trg ciia tit ca bd phan support
trong d6 chuyén truong 1a ngudi ding
dau, véi muyc tiéu san xuét ra san pham
nhanh nhit, chit luong tot nhét, giai
quyét van dé phat sinh kip thoi nhat. Doi
véi san xuat don chiée, tai mdi tram cua
cong doan chinh, luong ban thanh pham
ton tbi thiéu 1a 01 chiéc va t6i da 1a 3
chiéc. Néu luong ban thanh pham ton
nay it hon mot chiée tuc 1 ning luc cua
cong doan trudc cham hon cong doan sau
hoac nang luc cua cong doan sau dang
nhanh hon cong doan trude. Néu luong
ban thanh pham ton trén gia nhidu hon ba

chiéc tirc 1 ning lyc cua cong doan trude
nhanh hon cong doan sau hoac nang luc
cong doan sau dang cham hon cong doan
truée. Chuyén trudng can nhanh dé khic
phuc: b tri cong nhan, may moc, sir dung
may tu dong, sir dung gé cir cai tién, dao
tao lai k¥ ning cho cong nhan, hoic diéu
chinh lai muc tiéu cling nhu nhip san Xuét
(takt time) dé hd trg cong doan. Thiét lap
quy trinh: hé thdng kéo tic 1a chi san
xuét loai hang can va khi can, khong san
xudt 6 at din dén lang phi. Pull tir khu
vuc déng hang kéo dén DC.

2.2. M6 hinh quadn tri tinh gon tai
cong ty TNHH sdn xudt hang may mdc
Viét Nam Hoa Binh

Tai Esquel Hoa Binh, c6 4 phuong
phap dé co thé can bang chuyén hiéu qua:

+ Loai bo thao tac hodc cong doan
thira

+ Két hop gop 2 hoidc 3 cong doan

+ Sép xép lai trinh tu thao tac hoac
trinh ty cong doan

+ St dung cong cy, vat dung dé hd tro
san xuat (rap, cit, khuoén...).

O cap do 1 gom cac kién thirc tong
quan va quan trong nhat vé QTTG tai
Esquel Viét Nam Hoa Binh. Néu khong
dugc dao tao k¥ ludng s€ ap dung sai
cach va dan dén nhting h¢ lyy tiéu cuc.
Cép d6 nay 13 bat budc vai cap giam doc
va quan ly, gitp ho c¢6 dugc tu duy dinh
hudng va cac bién phap giai quyét van dé
mot cach hé thong.

-PST

PST la viét tat ciia Pit Stop Team hay
con goi 1a doi phan tng nhanh cho hoat
dong rai chuyén sang don hang méi. Doi
PST dugc hinh thanh theo khai niém tir
duong dua cong thirc 1 va nguyén ly hoat
dong cua h¢ théng. Nhiém vu 1a hd trg
chuyén may dé thoi gian rai chuyén la
nhanh nhét (2 gi®), hidu suét bi giam thap
nhét (0%) (Hinh 2).
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Cbng doan Cdng nhan Thoi gian (gidy) Cong doan Céng nhan | Thoi gian (gidy)
Rap suon tay Duong 32

Tra bo H3 19 Rap suwon tay + tra ho Duong 51

Rap sudn non mong Hién 20 Rap suon + didu song Hién 46

Diéu suén non mong Hoa 26

Rdp suon nén day Hoan 21 Rdp sudn non day Hoa 21

Diu surdrn non day Truc 42 Diu sutrn nén day Tric 42

Tra miéng nén Vi Linh 75 — —

Tra miéng non e - Tra mi€ng non Linh+Yén 49

=1

%0 82
X 7

= Nhip san xuat

= 17

40 I

0

Rap swon  TraBo Rap suon Didu sdng Rap sudn Ditusdng Tramiéng Tramiéng
non mang nén mong NONddy nonday  non ndn

S0
80

® o5 Nhip san xuét 4

© 46

@

0 21
b

10 I

Rap sui tay+ RAD SUoM + RAD sLAGM non Diduséngnon Tramiéng non
trabo  dieusong nén day day
mang

Hinh 2. Cin bang chuyén sdan xudt nam 2025
(Nguon: Phong dao tao PST, céng ty Esquel Hoa Binh)

- So db chubi gia tri - VSM

VSM da dugc ap dung tr nam 2016
nhu mot cong cu hiru hi¢u nham truc
quan hoéa dong chay cua san pham.
Phuong phép nay gitp xic dinh cac
hoat dong tao ra gia tri va cac hoat dong
khong tao ra gia tri. V&i cac hoat dong
khong tao ra gia tri, nguoi thuc hién s€
dua ra phuong phap cai tién nham loai
bo cac lang phi nay

Cép d6 2 12 bat budc voi khdi san xuat.
Cong cu eXLM va cin bang chuyén duoc
trién khai tir nhitng ngay dau khi thanh
1ap nha may nam 2013. Riéng VSM dugc
trién khai tir nam 2016, tuy nhién VSM
d3 chimg to duoc tim quan trong va hiéu
qua cia minh khi gitip nguoi quan 1y truc
quan hon vé dong chay ctia san pham va
co hoi cai tién gitip ting ning sudt lam
viéc. Ciing nhu cdp do 1, bon phuong
phap cua cip d6 2 duoc dwa vao chuong
trinh dao tao ndi bo. Pa biét, day con la

cac khia canh lién quan dén chi sb KPIs
dé danh gia nang luc cua cap quan Iy va
chuyén truong khdi san xuat.

-58

Esquel Hoa Binh x4c dinh 5S 1a yéu
cau co ban nhat khi 4p dung QTTG, hay
noi cach khac néu khong c6 5S s& khong
c6 tinh gon (no 5S no Lean). Day la mot
phu’O'ng phép don glan va dé thuc hlen
gom cac hu'o‘ng dan vé cach Sap xép lai
noi lam viéc nham tao ra su tdi uu, nang
cao an toan hi¢u qua cong viéc va tao ky
luat trong moi truong lam viéc. Do vay,
phuong phap 58 1a kién thirc va cong viéc
yéu cau 100% can bo cong nhan vién cia
cong ty phai dugc dao tao va thuc hanh.
Tai cong ty, thoi gian thyc hién 5S dién
ra trong 2 phut va c¢6 bén mdc gio thuc
hién nhu sau: 8:55, 1:25, 4:55 va 7:55.
Sau khi c6 nhac chuéng bao hiéu, tat ca
cong nhan vién s€ dung cong vi¢c dang
lam va thyc hién 5S trong khu vuc lam
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viéc cua minh.

- Quan ly tryc quan — Visual
management

Esquel Hoa Binh str dung quan ly truc
quan cho phép moi ngudi nhin vao dé dé
nhén ra tiéu chuin va su sai léch ngoai
tiéu chuan. Muc dich 1a mudn céng nhan
vién nhan ra dugc su sai I¢ch. Nhiing su
sai 1éch nay co thé 1a theo hudng tiéu cuc
hodc tich cuc. Dbi voi su sai léch tiéu
cuc, day la co hoi dé su dung cong cu
cai tién nham cai thién khu vuc lam viée.
V61 nhitng sai 1¢ch tich cuc la dang ghi
nhén va 1a co hoi can cu dé cap nhat va
ban hanh tiéu chuan, quy trinh méi. Tai
Esquel Hoa Binh, quan ly truc quan dugc
chia thanh ba murc d6 thuc hién (Hinh 3):

+ Mutc do 1: bit dau voi nén tang 58S,
t6 chirc lai noi lam viéc.

+ Mtrc d6 2: hién thi truc quan

+ Muac d6 3: kiém soat truc quan
(kiém soat cac tiéu chuan)

Mttc d6 1: Thue hién 5S

Hinh 3. Ba mirc d¢ quan Iy truc quan tai cong
ty

- 8 lang phi — 8 wastes

Cong ty da nhan dién ra 8 loai lang phi
d6 1a: van chuyén, hang ton, thao tac, chd
doi, san xut thira, cong doan thua, hang
15i va tai nang con nguoi. Cu thé:

+ Van chuyén (transportation):

Anh huong: lang phi thoi gian, tac
dong x4u t6i hiéu suét 1am viéc va trong

qué trinh di chuyén chét lugng san pham
s€ bi anh hudng.

Nguyén nhan: sip xép vi tri chua hop
1y, qua trinh van chuyén phy thudc nhiéu
vao suc lao dong ctua cong nhan, chua ap
dung cac cong cu giam thoi gian.

Bién phép: sap xép lai vi tri lam viéc
hop 1y bang 5S va tu dong hoa.

+ Hang ton (inventory):

Anh huéng t6i: kéo dai thoi gian san
xuét, chiém dién tich va tang chi phi luu
kho bii, can trd giao tiép, co6 xu hudng
che day véan d¢, anh huong t6i chat luong
san pham.

Nguyén nhan: chua ap dung quy tic
FIFO, can bang dong chay chua tt.

Bién phép: 1ap ké hoach can ddi giita
san xuit va nhap nguyén phu liu, ap
dung hé thng san xuit ding lac (Just in
time) hodc ap dung FIFO.

+ Thao tac (motion):
Anh huong: lang phi thoi gian, anh

Mire d6 2: Hién thi true quan  Nhie d6 3: Kiém sodt truc quan

hudng hiéu suét va sirc khoe lao dong.

Nguyén nhén: chua c6 tiéu chuan vé
thao tac lam viéc, vi tri lam viéc chua sép
xép hop 1y, dung cu 1am viéc chua phu
hop véi nguoi lao dong.

Bién phap: sap xép lai vi tri va cong
cu lam vi¢c hop 1y, dao tao cong nhan
theo thao tic chuan va cai tién tim ra thao
tac tot nhat.
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+ Cho doi (waiting):

Anh huong: Gay lang phi 16n vé thoi
gian san xudt, cong stc, chi phi.

Nguyén nhén: ké hoach san xuét chua
hop 1y, san xuat hang loat, con ngudi.

Bién phép: ké hoach san xuat hop 1y,
sip xép lai dong chay, st dung ty dong
hoa.

+ San xuét thira (over-production):

Anh huong: tao ra hang ton 16n, anh
huong dén chat luong san phim, ting
luong hang ton va tang chi phi thué kho
bai.

Nguyén nhan: du bao sai vé nhu cau
san xudt va tu duy ciia ngudi quan 1y.

Bién phap: 4p dung hé théng kéo: chi
san xuét hang c6 thé ban hodc xuét di
ngay. Cai thién kha niang chuyén d6i/ lap
dat may moc.

+ Cong doan thtra (over-processing):
160
140
120
100

80
60

20
18

20 ¢ o e | H
"l w l I ........ st m

lan Feb Mar Apr May Jun

mmmm Production

Anh huong: din t6i lang phi vé cho
doi, thao tac, nhan luec.

Nguyén nhén: chua cé tiéu chuan vé
quy trinh, layout, thong s k§ thuat.

Bién phap khic phuc: kiém tra quy
trinh va can ludn d6i méi phwong phap.

+ Hang 16i (defect):

Anh huéng: day duoc coi 1a me cua
moi lang phi, dan t&i 4nh hudéng va thiét
hai 16n vé chi phi cho nha may.

25 25 27

Non-Production

Bién phédp: phuong phap 3D, tim

nguyén nhan gbc ré, chat luong tai gdc.
+ Tai nang (talent):

Anh hudng: khong trong dung dugc
tai nguyén c6 san la kha ning dic biét,
tai nang, kinh nghiém, sang tao, k¥ nang,
kién thirc tot nhit cua cong nhan vién.

Bién phap: xay dung chuong trinh dao
tao ndi bd va ma trén k¥ nang.

- Y tuong cai tién — Kaizen (Idea
system)

Hé théng ¥y tudong cia Esquel Hoa
Binh lay cam hung tir Kaizen: “Kai” 1a
thay d6i, “zen” 1a tot hon. Kaizen 1a thay
d6i dé t6t hon, mdi ngudi mdi ngay bat
ctr noi dau ludn lién tuc cai tién, su thay
dbi gitp cai thién cong viée tré nén dé
dang hon nhim nang cao hiéu suit va
nang luc lam viéc, cling nhu moi truong
lam viéc an toan.

140
80"
- 66
4Q.
26
g 2Tl 11 12 s
mf HEN EN BN =
Jul Aug Sep Oct Nov Dec

seeaeeees Poly. (Non-Production)

Hinh 4. 56 heong cai tién 2025

Nguon: Phong OC cua cong ty

Mot ¥ tuong SMART phai rd rang vé
muc ti€u, tinh kha thi, rd rang cac bén
lién quan, thoi gian thyc hién va sé lidu
(cai tién dugc bao nhiéu cong viée, giam
dugc bao nhiéu thoi gian, cach ap dung
nhu thé nao). Néu coéng nhan vién chi
dua ra dugc y tuong nhung khong truc
tiép thuc hién thi khong dugc coi la mot y
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tudng cai tién, ma chi duoc coi la mot goi
¥y (suggestion). Mot ¥ tuong cai tién 1a
mot y tudng da hoan thanh trén 1 khu vuc
hodc hoan thanh 1 mau thw, 13 y tudng
moi la khong trung voi y tudng da co,
khong di nguoc véi tiéu chuan da co (trir
khi d& xuat 1 tiéu chuan méi thay thé),
khong phai 1a y tudng mang tinh tam
bo. Tuy nhién, Esquel Hoa Binh cling
khuyén khich cong nhan vién thyc hién y
tudng da coé voi quy mo 16n hon, va viée
thuc hi¢n nay dugc cong ty cong nhén la
“spreading idea” (Hinh 4).

Nhin chung vé cip do 3, Esquel Hoa
Binh da thuc hién mdot cach bai ban va
nghiém tuc khi dua 4 phuong phép nay
vao cong viéc hang ngay ctiia cong nhan
vién, khong chi trong khéi san xuat ma
ca trong khdi van phong. Phong Quan
Iy Tinh gon da két hop voi bo phan dao
tao va cac trudéng bd phan, dua bon loai
phuong phap nay vao trong chuong trinh
dao tao ndi bo cling nhu giam sat thuc
hién trong thyc té cong vi¢e tai bo phan.
Cu thé: 16p dao tao Lean co6 16ng ghép
kién thtrc 4 phuong phép trén dugc dao
tao trong ngdy nhan viéc ddu tién cua
cong nhan vién. Hang nam, 16p hoc nay
s& mo lai dé tai dao tao gitip cong nhan
vién 6n lai va ghi nhé vé cac kién thirc co
ban cua quan tri tinh gon. Thuc té, cong
nhan vién da c¢6 nhan th can ban va thuc
hién 4 phuong phép nay trong cong viéc
hang ngay.

Mot doanh nghi€p dugc goi la tinh
gon 14 khi ho cho thy su thay d6i tich
cuc trong hoat dong san xuét kinh doanh,
turc 1a doanh nghi¢p do gat hai dugc thanh
cong va hoan thanh nhirng muc ti€u tinh
gon di dé ra.

Dua trén s6 lidu tong hop, ¢ thé nhan
thdy sy chuyén bién 13 rét trong qua trinh
trién khai quan tri tinh gon tai doanh
nghi€p qua cac giai doan tor nam 2013
dén giai doan 2023-2025. Giai doan

2013-2015 dugc xem la thoi ky khoi
dong khi doanh nghiép timg budc tiép
can quan tri tinh gon thong qua dao tao
va truyén thong ndi bo. Dén nam 2016,
cling véi viée mod rong quy mo san xuat,
cac van dé& van hanh phat sinh di thic
day doanh nghiép 4p dung manh m& hon
cac cong cu quan tri tinh gon. Giai doan
2022-2025 ghi nhan nhitng cai thién rd
rét vé hiéu qua san xuat, chét luong va
ning suit lao dong, phan anh muc do
truong thanh cia hé théng quan tri tinh
gon. )
Bang 1. Ket qua thuc hién Lean tai Esquel
Hoa Binh

2013 | 2016

Thanh | Mg 2 |2023 | 2024
lap ca

Chi s6 do
ludng

2025

Sén lugng

(triéu chiéc) 33 54 |98 | 143 | 9.1

Hiéu sut EFF

) 4 | 80 825 758 7746
Tong 0 cong | 250 11300 |2630| 2405 | 2623
nhan may

e X ML s

(Physical line) | 25 43 42 39 44
Sb luong

chuyén doi 0 8 42 39 44
Final © LAR| a1 992 1917 99.8 | 99.8
(%)

Chi sb an toan

lao dong (v | 03 | 023 0191009 | 019

Y tudng cai

. 0 299 | 605 | 834 | 679
tién

Total lead-
time (days) 130 120

90-115 60-80

dCT Cut to

Pack (days) * 323 | 71 | 72 | 93 55

OTD (%) ** | 99 | 993 |99.8 100 | 100

86 lugng nha 201 | 177 | 177 | 158

cung cap N/A
Sb luong
khach hang 5 17 16 17 17

* dCT — dynamic cycle time: thoi gian san xuét

** OTD — On time delivery: ty 1€ giao hang dung
han cho khéch hang

(Nguon: Phong Quan Iy Tinh gon)
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Cac chi sb hoat dong cho théy su
cai thién dang ké vé hiéu qua va tinh
bén vitng. Chi sd tai nan lao dong giam
tir 0,3 nam 2013 xudng con 0,19 nim
2025, cho thdy méi truong lam viéc va
muc dg tuan thu quy trinh an toan dugc
cai thién. Pong thoi, thoi gian chu ky
san xuat ctia cac cong doan chinh giam
manh tr 32,3
ngady  xudng
con 5,5 ngay,
phan anh viéc

t0i wu hoa 19

qua nghién ctu cho thdy QTTG di
mang lai nhimg cai thién dang ké vé
hiéu qua hoat dong va nang sut, song
doanh nghiép can tiép tuc hoan thién
co ché dao tao, ting cuong sy tham gia
cua nguoi lao dong va nang cao cam
két ctia 1anh dao dé duy tri hiéu qua cai
tién trong dai han.

dong chay gia
tri va loai bd
cac hoat dong
khong tao gia

tri. S6 lugng

Yy tuéng cai L
tién ciing ting  ° —
dang ké, tr 0 & & & ¢ ¢
y tuong nam N ©

2013 1én 299
y tuéng nam
2016 va dat 679 y tuong vao nam 2025,
cho thdy van hoa cai tién lién tuc da
ting budc dugc hinh thanh trong doanh
nghiép. Bén canh do, san luong san xuét
tang tir 3,3 triéu san pham 1én 9,1 triéu
san phém trong cung giai doan, thé hién
hiéu qua cua viéc nang cao ning suét
va cai tién quy trinh. Tong thoi gian san
xudt cho mot don hang giam tir khoang
130 ngay xudng con 60-80 ngay, dong
thoi s6 luong nha cung cap duoc tinh
gon tir 201 xudng con khoang 158 don
vi, hd tro trién khai hiéu qua nguyén tic
san xuét dung thoi diém (Just-in-Time).
Tuy nhién, qua trinh trién khai QTTG
van con mot so han ché, nhu viéc thuc
hién 5S tai mot s6 bd phan chua thuc
su bén virng, mic d tham gia cdi tién
ctia ngudi lao dong con thap va chuong
trinh dao tao ndi bd chua phu hop véi
ting nhom dbi trong. Nhin chung, két

Hinh 5. Tong hop y twong cdi tién theo bj
phdn‘thdng 12/2025
(Nguon: Phong Quan Iy Tinh gon)
Két qua kiém tra va danh gia quy trinh
cho théy mot sd bd phan, dac biét thude
khéi san xuét, chwa tuan tha nghiém ngit
cac quy dinh van hanh. Vi¢c giam sat va
thyuc thi quy trinh chua thuong xuyén da
dan dén cac sai sot nhu ghi nhim c§ sd,
sai thong tin san pham khi giao hang,
phai lam lai san phém hodc xuit hién
con trung trong thung hang. Nhitng sai
sot nay khong chi lam gia tang chi phi
va thoi gian xtr ly ma con anh hudng
tryc tiép dén uy tin doanh nghiép, nhat
1a khi cong ty cung cip san phdm 4o so
mi cao cap cho cac khach hang c6 tiéu
chuan chit luong khiat khe nhu Muji
(Nhat Ban), Hugo Boss (Puc) va Charles
Tyrwhitt (Anh).
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Mot van dé dang chu y khac 1a tinh
trang ton kho nguyén phu liéu vugt mirc
quy dinh. Theo tiéu chuan noi bo, thoi
gian luu kho (aging) ddi véi vai 1a 21
ngay va phu liéu la 14 ngay (Hinh 6). Tuy
nhién, trén thuc té, mot sb loai vai co thoi
gian Iuu kho tir 3 thang dén 1 nam, trong
khi mot s6 phu liéu nhu ctc c6 thé ton
kho dén 6 thang. Diéu nay khong chi lam
tang chi phi luvu kho ma con anh hudng
dén chat luong nguyén vat liéu va hiéu
qua su dung di¢n tich kho bai.

Bén canh do, chuong trinh dao tao ndi
bo vé quan tri tinh gon chua dugc thiét ké
phi hop véi timg cip bac nhan sy. Cac
khoa dao tao thuong mang tinh 1y thuyét,
thiéu thuc hanh va chua c6 16 trinh dao
tao rd rang, dan dén nhiéu hoc vién chua
nam virng kién thirc va kho ap dung vao
thuc té cong viéc. Hé thong truyén thong
va khuyén khich cai tién ciing chua thuc
su hi¢u qua, khién muc d6 tham gia cua
nguoi lao dong vao cac hoat dong cai tién
con han ché.

2.2. Cic yéu to anh hwéng dén mé
hinh qudn tri tinh gon tai cong ty

Két qua khao sat ndi b dbi voi 218
can bd cong nhan vién vao thang 9/2025
cho thiy yéu t6 lanh dao dong vai tro
quan trong trong viéc trién khai QTTG.
Trong s nay, 166 ngudi (76%) danh gia
ban lanh dao c6 sy quan tdm, cam két
va dinh huéng chién luge 16 rang d6i
v&i quan tri tinh gon, trong khi 52 nguoi
(24%) cho rang mirc d6 cam két va dinh
huéng van chua duoc thé hién 16 rang.
Diéu nay phan anh sy can thiét phai ting
cuong vai trd ctia quan 1y cap trung trong
viée két ndi gitta chién luoc cua lanh dao
va qua trinh thyc thi tai hi€n truong san
xudt, nham bao dam viéc trién khai quan
tri tinh gon dat hiéu qua bén vimng. Cac
yéu t6 dugc xem xét chinh 1a: Cong nhan

vién, chinh sach, yéu t6 co s& ha tﬁng va
van hoa doanh nghié¢p
Bang 2. Ket qua khao sat danh gida ve yeu to
Lanh dao

TT | Noi dung Tra 10i| Tra loi

”C(’)” “Khéng99

1.1 |Lanh dao c6 cam| 166 52
két dai han khi ap
dung

1.2 |[Lanh dao dua ra| 166 52
dinh hudng trong
vi€c ap dung QTTG
va khuyén khich
CBNV cung tham
gia

1.3 |Lanh dao c6 cam| 166 52
két cung cép tai
chinh cho cac du an
cai tién

1.4 |Lanhdao duaratam| 166 52
nhin va chién lugc
rd rang veé viéc ap

dung QTTG

(Nguon: Khao sdt thang 9 nam 2025)

- V& yéu t6 cong nhén vién:

Néu nhu 1anh dao nidm vai trod dinh
huéng dan dat thi nhan vién chinh 13
nhém truc tiép thuc thi. Tai Esquel,
nhan vién 1a nhimg nguoi truc tiép
thyc thi, tham gia thyuc hién cai tién. SO
lugng nhan vién, dac biét 1a cong nhan
cao gap nhiéu 1an so véi cap lanh dao,
diéu nay anh huéng rat nhiéu t6i su
thanh cong cua QTTG.

Theo két qua khao sat, trong 218
phiéu tra 16i ¢6 211 nguoi (twong duong
97%) khang dinh CBNV lam viéc tai
cong ty co trinh do va tiép thu nhanh.
Diéu nay kha sat vai thuc té khi do tudi
trung binh ctia nha may 1a 30.2 tudi. Vi
159 nguoi (twong duong 73%) tham gia
khéo sat noi rang CBNV c6 kha ning
lam viéc nhom tbt. 204 nguoi (94%)
khang dinh ho khong dugc dao tao tot
vé QTTG, 163 ngudi (75%) ngudi khao
sat cho rang CBNV chua chu dong ap
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dung QTTG (Bang 3).

CBNYV chua nhan thire duoc loi ich
cua QTTG nén viéc thuc hién QTTG
dién ra hoi hot, qua loa. Tur day, voi loi
thé nhan luc va su tiép thu, cong ty nén
cai thién viéc do tao noi bo va thuc day
CBNV tham gia dp dung QTTG mot
cach nhiét tinh va chu dong hon. Bén
canh do, cong ty cAn manh mé trién
khai truyén théng vé cac kién thic, y
tudng va du an cai tién dé QTTG duoc
tiép can tdt hon toi CBNV, tang do
nhan di¢n cua QTTG trong moi trudng
lam vige. o

Bang 3. Ket qua khao sat danh gia ve yeu to
Cong nhdn vién tai cong ty

TT |Noi dung Tra | Traloi
loi |“Khong”
“C(’)”

dao tao chua phu hop. Phuong phap dao
tao lai dang gap van dé trén ba khia canh
sau: ndi dung dao tao, cach thic dao tao
va thoi gian dao tao.

No6i dung dao tao chua phu hop, cach
thirc va thoi gian dao tao chua thuc sy
linh hoat va hap dan, chua gitp hoc vién
tiép thu bai nhanh va hiéu qua. Phan 16n
hinh thirc dao tao ma cong ty ap dung la
dao tao ngoai noi lam viéc, truyén dat
kién thtc. Trong khi d6, viéc dao tao can
dén dao tao truc tiép tai chd, cam tay chi
viéc. Do d6, hoc vién khé c6 thé trién
khai ap dung mdt cach bai ban va chia sé
chinh x4c kién thure toi nhiing nhan vién
cap dudi. ’ o

Bang 4. Ket qua khao sat danh gia ve yeu to
Chinh sach

2.1 |Can by cong nhan vién| 55 163
Iuon chu dong tham
gia vao viéc ap dung
QTTG

TT |N0i dung Tra | Traloi
loi  |“Khong”
“C(’)”

2.2 |CBNV c¢6 trinh d9, kha | 211 8
nang tiép thu nhanh

3.1 |Cong ty quan ly hoat| 218 0
dong san xuét kinh
doanh theo quy trinh

2.3 | Cong nhén vién c6 kha| 159 59
nang lam viéc nhom tot

2.4 |Cong nhén vién dugc| 14 204
dao tao tot ve QTTG

3.2 | Cong ty thiét 1ap mot| 195 23
hé théng danh gia két
qua khi tién hanh 4p
dung QTTG

(Nguon: Khao sdt thang 9 nam 2025)

- Vé yéu t6 chinh sach

Cac doanh nghiép truyén théng
thuong s€ tap trung vao viéc CBNV co
hoan thanh ké hoach, gia ting san xuat.
Nhung d6i véi doanh nghiép tinh gon
nhu Esquel Hoa Binh thi c¢ong ty can c6
mot chinh sach hoat dong, nhan sy va tai
chinh chat ché.

Qua két qua khao sat c6 196 nguoi
(90%) tra 101 cong ty khong xay dung
mot chinh sach ddo tao ndi bo vé QTTG
cho tt ca CBNV (Bang 4). 90% khang
dinh rang chién lugc dao tao vé QTTG
cho cong nhan vién chua hiéu qua,
nguyén nhan co thé dén tir phuong thirc

3.3 |Congty co chinhsach| 185 33
nhan sy khuyén khich
CBNV tham gia ap
dung QTTG

3.4 |Cong ty co xay dung| 22 196
mot chién luoc dao
tao ndi bo vé QTTG
cho tit ca CBNV

3.5 |Co hé théng quan Iy| 196 25
danh gia hiéu qua lam
viée

3.6 |Cong ty co trién khai| 210 8
cac cai tién lién tuc

(Nguon: Khao sat thang 9 nim 2025)

- Vé yéu tb co s¢ ha ting va vin héa
doanh nghi¢p

Cong ty luon nd lyc xay dyng vin
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hoa riéng nham phat huy stc manh cia
QTTG. Vé co so ha tang, Esquel Hoa
Binh may man khi 1a mét nha may moi
duoc trang bi diy du may moc va cap
nhat thuong xuyén cac cong nghé hién
dai.

Thong qua két qua khao sat thuc té,
diém tich cyc, 204 nguoi (twong duong
94%) tin rang cong ty ¢o co cau t6 chirc
va van hoa phu hop véi viéc ap dung
QTTG. Tuy nhién, 178 nguoi (twong
duong 82%) cho rang cong ty con chua
tot vé tiém luc tai chinh cho cdc du 4n
cai tlen 166 nguoi (tuong du'O‘ng 76%)
noi rang cong ty con han ché vé co ché
khuyén khich khen thuong khi ap dung
QTTG. Vén dé ton tai 1on nhit cua yéu tb
chlnh sach dén tir hé thong thong tln giao
tlep vé QTTG va cac du 4n cai tién voi

196 ngudi ddng tinh (chiém 90%).
Bang 5. Ket qua khdo sat danh gia vé yeéu to
co so ha tang va van hoa doanh nghiép

TT |Noi dung Tra | Traloi
loi | “Khong”
“Cé”

4.1 |Coéng ty xay dung| 22 196
mot hé théng thong
tin giao tiép hiéu qua
vé QTTG va cac du
an cai tién

42 |Cong ty cb co ché| 52 166
khuyén khich dong
vién khen thudng khi
ap dung thanh cong
QTTG

43 |Cong ty c6 tiém luc| 40 178
tai chinh dé dau tu
cho cac dy 4n cai tién

4.4 | Van hoa va co cau td| 204 14
chirc cong ty phu hop
v6i viée trién khai
QTTG

(Nguon: tac gia thiee hién thang 9 nam 2025)
Ngoai ra tai ¢ cong ty Esquel Hoa
Binh con mot sb yéu tb khac gdbm:

1) Lanh dao chua c6 cam két manh
m¢ va dai han, dinh huéng va tam nhin
chién luge khi ap dung QTTG.

ii) Cong nhan vién thiéu sy chi dong
tham gia ap dung QTTG.

ii1) Chuong trinh va phuong thuc
dao tao QTTG noi by chua phu hop.

iv) Hé théng thong tin giao tiép vé
QTTG va cac du an cai tién chua hiéu
qua.

v) Cong ty chua c¢6 co ché khen
thuong tot khi ap dung thanh cong
QTTG.

3. Giai phap hoan thién hé thong
quan tri tinh gon ciia cong ty

3.1. Vé con nguwoi

Giai phap trong tdm nham ting cuong
su cam két va tinh s& hitu cua mdi ca
nhan d6i v6i viée ap dung quan tri tinh
gon la xay dung d6i ngli nhan sy c¢6 dinh
huéng dai han, chu dong va am hiéu vé
tinh gon. Lanh dao cap cao giit vai trd
then chét trong viéc dinh hudng chién
luoc, truyén dat tu duy va hinh thanh van
h(')a tinh gon trong toan to chirc. Quan Iy
cap trung va chuyen truong dong vai tro
cau ndi, tryc tiép thiic ddy thay doi hanh
vi ciia nguoi lao dong thong qua dao tao
chuyén sau vé ky nang lanh dao, quan ly
nhém va giai quyét van dé.

Bén canh d6, doanh nghiép can xay
dung niém tin ciia cong nhan vién d6i voi
loi ich cia QTTG, khuyén khich su tham
gia cai tién thong qua hé théng dé xuit
y tuong da kénh va co ché khen thuong
minh bach. Viéc thanh 1ap Hoi dong Tinh
gon véi co ché lanh dao luan phién ciing
g6p phan nang cao tinh chii dong, trach
nhiém va hiéu qua trién khai cac dy an
cai tién.Vé chuong trinh dao tao quan tri
tinh gon

3.2. Vé chwong trinh ddo tgo quan tri
tinh gon
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Doanh nghiép can xdy dung khung
chuong trinh dao tao chuin vé& quan tri
tinh gon phu hop véi dinh hudéng phat
trién va dic thu tung cép bac nhan su,
gdn vai cac chi tiéu danh gia két qua thuc
hién (KPIs). Noi dung dao tao cho cong
nhan va nhén vién bao gdm cac kién thirc
nén tang nhu 5S, 8 loai lang phi, quan
ly tryc quan va cac mo hinh mé phong
dong chay san xuat, duoc to chuc dinh
ky nham cing c6 nhan thic va k¥ ning
thuc hanh.

Ngoai ra, phuong thirc dao tao két hop
gitta ddo tao tai chd (On-the-job training)
va dao tao ngoai cong vi¢c (Off-the-job
tramlng) glup tang cuo‘ng tinh tuo‘ng tac
va gan két 1y thuyét véi thuc tién san
xuat. Pong thoi, viéc phat trién doi ngii
giang vién ndi bd thong qua chuong trinh
“Be a trainer” gop phan thic day van hoa
hoc tap chu dong, khuyén khich chia sé
tri thire, trao quyén cho nguoi lao dong
va nang cao nang luc cai tién lién tuc
trong t chtc.

3.3. Vé phwong phdp dp dung QTTG

Thir nhét, cong ty can cai tién hé
thong thong tin giao tiép vé QTTG. Bén
canh két hop chit ché va nhuan nhuyén
gilra yéu td con nguoi va dao tao ndi bo;
cong ty can quan tm nhiéu hon nita dén
cac kénh truyén thong nodi bd va cach
thtr trong tac gitra cong ty vdi CBNV ba
nguoc lai. Muc dich la dé QTTG duoc
tiép can sdu rong va bao quat dén nguoi
lao dong, dé ho duoc tiép can nhiéu hon
voi QTTG va cung xay dung moi truong
lam vi€c va van hoa tinh gon.

Thir hai, ¢y manh khuyén khich khen
thuong: hiéu qua hon ca 1a ¢o thé x3 hoi
hoéa sau rdng cac hoat dong thi dua, dé cao
viéc khen thuong. Mot trong nhirng yéu
t6 quan trong cta viéc khen thuong 1a dé
tao dong luc phén dAu. Thong qua chinh

sach khen thuong rd rang, minh bach va
cong khai, ban lanh dao cho CBNV thiy
quyét tim va cam két ciia minh ddi voi
viéc ap dung QTTG, tur d6 giup nguoi
lao dong tin tuong hon vao su diéu hanh
quan ly cia cong ty.

Két hop véi cac giai phap néu trén:
su cam két ctia con ngudi, tinh nhat quan
va lién két trong thuc hién cac dy an cai
tién s& duoc thay ddi va cai thién; mot hé
théng dao tao noi bd chat ché€, linh hoat
va hi¢u qua s€ phat huy tinh trng dung cao
trong ap dung QTTG vao cong viéc; mot
hé théng thong tin manh mé, truyén tai
thong diép vé QTTG; day s& 1a cac giai
phap hi¢u qua gitp Esquel Hoa Binh giai
quyét duoc nhimng van dé con dang ton tai
va dan hoan thién hé théng tinh gon.

3.4. Kiém sodt qudn tri tinh gon hiéu
qud

Quan tri tinh gon 1a mot qué trinh cai
tién lién tyc nham phat hién sai léch va
ap dung cac coéng cu quan tri dé nang
cao hi€u qua cong viéc. Trén co s&
d6, cac tidu chuan dugc thiét 1ap nhu
huéng din cong viéc mdi, chuin hoa
quy trinh, thong sb va bang theo doi
nhim ting cudng kiém soat hoat dong.
Viéc ap dung cong cu phong chng sai
16i (Poka-Yoke) giup bao dam céc gidi
phap dugc thuc hién chinh xac. Dé trién
khai QTTG hiéu qua, doanh nghiép can
xay dung ké hoach chién lugc dai han,
c6 su cam két cua lanh dao cép cao,
trién khai timg budc voi quy md phu
hop va nhan duoc su tu van chuyén
mon tr cac chuyén gia.

4. Két luin

“San xudt tinh gon” dwogc phat trién
manh mé tai Cong ty Toyota tir nhitng
nam 1950 véi tén goi “Hé thong san xuat
Toyota” (Toyota Production System —
TPS). Pay la phuong thirc quan Iy nham
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tao ra gia tri cao nhét cho khéach hang
thong qua viéc nhan dién va loai bo cac
lang phi trong qua trinh san xuat. Viéc
ap dung san xuat tinh gon gop phan xay
dung mdi truong lam vi€c an toan, nang
cao hiéu suit, dam bao chat luong san
pham, rat ngan thoi gian giao hang, giam
chi phi va gia tang sy hai long ctuia khach
hang, tir d6 giup doanh nghi¢p nang cao
nang luc canh tranh trén thi trudong.

Trai qua 10 nam x4y dung va phat
trién, cung vé6i chién lugc ap dung QTTG
tir nhitng ngay déau, cong ty Esquel Hoa
Binh da dat dugc nhiing thanh tyu dang
Ké. Tuy nhién, v6i su 16n manh va mo
rong quy mo cong ty, su thay doi cia thi
truong, cong ty Esquel Hoa Binh gép phai
mot s6 vin d& trong van hanh san xuit
kinh doanh. Cac phuong phdp nghién
ctru dinh tinh, thu thap di liéu so cép thir
cap, thuc hién khao sat, nghién ciru tai
lidu, thuc hién du 4n cai tién thuc té,...
d3 duoc sir dung dé tim ra nhimg yéu tb
thanh cong va nguyén nhan that bai khi
ap dung QTTG tai cong ty. Thong qua
bai viét nay, tic gia di giai quyét duoc
cac muc tiéu sau: hé théng co so ly luan
va thuc tién vé ap dung QTTG tai doanh
nghiép, danh gia thuc trang va phan tich
cac yéu té anh huong dén QTTG tai cong
ty giai doan 2019-2025. Tu day, tac gia
dé xuét giai phap dé hoan thién va ting
cuong ap dung QTTG hiu qua tai cong
ty Esquel Hoa Binh; nhim khic phuc
nhimg han ché, tién t6i hoan thién hé
théng va ap dung hiéu qua QTTG trong
nhitng nam toi.

Qua nghién ctru, cong ty khi mudn
ap dung QTTG déu can phai luu y mot
s6 diém sau: i) nhan thic rd rang vé loi
ich cta tinh gon mang lai chinh la yéu
cau khong chi dbi voi ban lanh dao ma
con 1 yéu cau ddi voi toan cap quan 1y

va CBNV, ii) cong ty can xdy dung mot
chién luoc QTTG dai han véi du tru cac
nguén luc nhu nguén vén, nguén nhan
luc, co s& vat chat phu hop dé dam bao
qua trinh thyc hi¢n dy an, iii) ban lanh
dao clia cong ty can cd sy quan tdm va
cha trong vao cong tac kiém tra, giam
sat dé viéc ap dung va xdy dung vin hoa
“tinh gon” trong moi treong lam viéc.

V6i nhitng van dé dugc néu lén trong
nghién ctu, cung vai cac gidi phap, dac
biét 1a cac bai hoc kinh nghiém khi tac
gia trién ap QTTG tai cong ty Esquel Hoa
Binh.

Thu nhit, nghién ctru dugc thuc hién
tai cong ty Esquel Hoa Binh, c6 tham
khao tai li¢u dao tao va kinh nghiém quan
Iy thuc té tai hai nha may Esquel Pdng
Nai va Esquel Binh Duong. Tuy nhién,
cac cong ty nay déu thudc quan Iy cta tap
doan Esquel, do d6 kha ning téng quat
hoa két qua nghién ctru chua cao vi mi
nganh khac nhau s& co thé c6 nhiing dic
diém riéng biét khi nghién ctru.

Hé thdéng QTTG duoc nghién ciru va
xay dung la ap dung riéng va mang dam
nét vian hoa Esquel Hoa Binh. Néu nhu
mudn ap dung nghién ciru ndy tai cong
ty khac, tham chi 1a cong ty cung nganh
may mic khac thi s& phai mat nhiéu thoi
gian dé diéu chinh lai.

Thr hai, bai nghién ctru chi d& cap dén
ba nguyén nhén gbc ré ton tai va bon yéu
t6 chinh anh huéng dén hiéu qua ap dung
QTTG. Diéu nay co thé cai thién & cac
nghién ciru tiép theo trong tuong lai dé
¢6 thé c6 nhiéu nghién ctru khac dé cap
t6i nhiéu yéu td hon dé dat dugc murc do
téng quat hoa cao hon.

TAI LIEU THAM KHAO

Tai liéu tiéng Viét:
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TOM TAT

Poi twpng nghién ctru cua cong trinh nay la méi quan hé gitta Du lich Van héa (DLVH)
va Nghé thudt Biéu dién (NT. BD) nhin tir goc do cac nganh cong nghiép van héa
(CNVH) Viet Nam. Muc dich cua nghlen ciru la dé khang dinh ludn diém: DLVH va
NTBD ¢6 moi quan hé twong ho, rang buge” lan nhau, can hop tac véi nhau dé hoan
thanh vai tro cua cac nganh CNVH miii nhon trong Chién lwpc phat trién CN VH dén
nam 2030, tam nhin 2045. Tac gia néu ra mot so cdu hoi mang tinh gia dinh, roi thong
qua phuong phap tiép cdn lién nganh (sit hoc, van héa hoc, du lich hoc, nghe thuqt
hoc, khoa hoc qudn 1) dé lan leot trinh bay cac van dé cot [6i xoay quanh moi quan hé
cua DLVH va NTBD nhu: nhung ddc diém riéng ciia moi linh vuee; nhitng diém tong
dong va khdc biét giita DLVH va NTBD; thuc trang hop tac gm"a DLVH va NTBD voi
sw ddnh gid cdc mat tich cwce ciing nhuw han ché; : nhitng co hoi va thach thirc ma DLVH
va NTBD dang doi dién... Tir d6 tac gia dé xudt mot sé giai phap dé DLVH va NTBD
can lam trong nhung nam téi. Ngi dung nghién cieu va két qua nghién ciru la thong nhat
voi ludn diém da néu.

Tir khéa: Cong nghiép van héa, Du lich vin héa, Nghé thudt biéu dién

ABSTRACT

The subject of this study is the relationship between Cultural Tourism and Performing
Arts, examined from the perspective of Vietnam s cultural industries. The purpose of the
research is to affirm the argument that Cultural Tourism and Performing Arts have a
mutually supportive and interdependent relationship; they are “bound” to one another
and need to collaborate closely in order to fulfill their roles as key sectors in the Cultural
Industries Development Strategy to 2030, with a vision to 2045.

The author raises several hypothetical research questions and, through an
interdisciplinary approach—drawing on history, cultural studies, tourism studies, arts
studies, and management science—systematically presents the core issues surrounding
the relationship between Cultural Tourism and Performing Arts. These include: the
distinctive characteristics of each field; the similarities and differences between Cultural
Tourism and Performing Arts; the current state of cooperation between the two sectors,
along with an assessment of both strengths and limitations; as well as the opportunities
and challenges that Cultural Tourism and Performing Arts arve currently facing.

Based on this analysis, the author proposes a number of solutions for both Cultural
Tourism and Performing Arts to implement in the coming years. The research
content and findings are consistent with the initial argument presented.

Keywords: Cultural industries; Cultural tourism,; Performing arts

Ngay nhdn bai: 02/03/2026; Ngay siia bai: 30/03/2026; Ngay duyét ding: 02/04/2026
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1. Pit van dé

Du lich von la mot hoat dong ty than
ctia con ngudi c6 tir xa xua dé thoa man
nhu ciu rit ty nhién 1a mudn tim hiéu,
khém pha thién nhién va xa hoi. Trai qua
bao bién thién cua xi hoi loai nguoi, du
lich tir chd khoi dau 1a hoat dong mang
tinh ¢4 nhan, hodc cia mét nhom, hay mot
tap thé ngudi c6 chung s thich trong hoat
dong du lich, cang vé sau du lich cang co
tinh t6 chirc cao hon, phat trién hon vé quy
mo va phong pht hon vé loai, kiéu, hinh
thire du lich...

Trong xa hoi hién dai, tir 1au du lich
dugc goi 1a “nganh cong nghiép khong
khéi”, dugc nhiéu quéc gia coi trong la
nganh kinh té miii nhon, vi c6 déng gop rat
16n trong ty trong GDP va viéc lam.

O Viét Nam, do dic diém lich sir cua dat
nudc phai trai qua nhiéu cudc chién tranh
ndi tiép lién mién, hoat dong du lich trudc
day rat bi han ché. Chi tir sau khi dt nudc
hoan toan théng nhét (1975), trong cudc
song hoa binh thi du lich méi bit dau c6 co
hoi hoat dong. Tur khi Pang va Nha nudc
chu trong phat trién cac nganh cong nghiép
vin héa (CNVH), ban hanh Quyét dinh sb
1755/QD-TTg, phé duyét Chién lwoc phat
trién cdc nganh céng nghiép van héa Viét
Nam dén nam 2020, tam nhin dén ndam
2030 (ngay 08/09/2016) [6], nganh Du lich
¢6 tudi doi non tré duoc dua vao danh sach
12 nganh CNVH Viét Nam, véi tu cach la
mdt nganh kinh té miii nhon.

Gan day nhat, Thi tuéng Pham Minh
Chinh d3 ky Quyét dinh s6 2486/QD-TTg,
Phé duyét Chién lwgc phat trién céng
nghiép van héa dén nam 2030, tam nhin
2045, ngay 14/11/2025 [7] (sau day goi
12 Chién lwoc phat trién cong nghiép vin
héa). Chién lwoc méi da xac dinh 10 nganh
CNVH chu chét, bao gom: Pién anh; My
thuat — nhiép anh — trién 1am; Nghé thuat
biéu dién; Phan mém & tro choi giai tri;
Quang cdo; Thu cong my ngh¢; Du lich
van hoa; Thiét ké sang tao; Truyén hinh &

phat thanh; Xuat ban.

Trong khu6n kho ciia bai viét nay, ching
t6i tap trung nghién ctru vé linh vuc Du lich
van hoa (DLVH) va Nghé thuét biéu dién
(NTBD), véi tu cach la hai nganh CNVH
duoc Nha nudc chu trong phét trién, vi ching
t6i nhan thiy hoat dong cta hai linh virc nay
c6 mdi quan hé trong hd 1an nhau, cung c¢6
nhiing co hdi va thach thirc kha 1a tuong
d@)ng trong bbi canh xa hoi hién nay. Hoat
dong biéu dién nghé thuat ciing nhu du lich
van hoa vira c6 gia tri dong gop tang truong
kinh t& dat nudc, vira gop phan bao ton cac
gia tri van hoa, nghé thuat dan tgc, vira quang
bé ban sdc van héa va hinh anh Viét Nam trén
thé gi6i.

2. Phuong phap nghién ciru va ciu
héi nghién ciru

2.1. Phwong phap nghién ciru

Phuong phap nghién ctru dugc ap dung
la phuong phap nghién ctru lién nganh,
trong d6 cha yéu 1a sir hoc, van hoa hoc,
nghé thuét hoc, du lich hoc, kinh té hoc va
quan ly van héa nghé thuat.

2.2. Cau hoi nghién ciru

Cong trinh nghién ciru nay nham 1y giai
mot s6 van dé mang tinh c6t 16i:

- Vi sao la DLVH va NTBD, ma khong
phai 1a véi nganh nao khac trong CNVH
Viét Nam?

- Co s6 nao dé hop tac gitra DLVH va
NTBD la kha thi?

- Trong thyc té, DLVH va NTBD Viét
Nam da két ndi, hop tac dén murc do6 nao?

- Nhiing co hoi va thach thite ma DLVH
va NTBD dang d6i dién dé thuc hién muc
tiéu cta Chién lwgc phat trién cong nghiép
vin hoa dén nam 2030, tam nhin 2045?

- Giai phap nao cho nhirng nam sip t6i?

3. Co s6 1y luan va thye tién — Lich
sir van dé

3.1. Cac pham tru lién quan

3.1.1. Du lich — Du lich van hoa

“Du lich”, hay hoat dong du lich, hiéu
theo nghia rong da cd nghia la “du lich van
hoa” roi. Tir thoi bt diu c6 nhing hoat
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dong du lich “so khai” nhét cua con nguoi
- kiéu du lich mang tinh chat tim hiéu, tham
quan, kham pha mét viung dat méi, mot dat
nudc xa la, mot nén van hoa khac biét,... du
¢6 chu dich hay khong thi ciing déu ham
chtra yéu té van hoa chu yéu trong do.

Cang vé sau, khi du lich 12 nhu cau
khong thé thiéu trong doi séng ciia con
nguoi thi hoat dong du lich cang mang tinh
td chitrc cao, c6 ké hoach, muc tiéu, muc
dich cu thé. Tir d6, hoat dong du lich lai
dugc phan loai ra nhiéu hinh thire, kiéu,
loai, dap ung nhu clu da dang cua nguoi
du lich. Cho dn nay, c6 thé ké tén hang
loat kiéu du lich cia con nguoi nhu: Du
lich kham pha - mao hiém; Du lich sinh
thai; Du lich nghi dudng; Du lich cham séc
ste khoe; Du lich am thuc (Food Tourism);
Du lich van hoéa — lich str; Du lich hoc tap,
nghién curu; v.v... Trong cac kiéu, loai du
lich thi DLVH la hoat dong phong pht hon
ca, lién quan t6i hau hét cac linh vuc doi
séng x4 hoi ciia mot dat nuéde, toc nguoi
hay cong dong cu dan.

Xét & mot pham vi hep hon, cu thé trong
danh muyc 10 nganh CNVH miii nhon ctua
Viét Nam thi DLVH la mdt nganh ddc lap,
¢6 vi thé ngang hang véi cac nganh con lai
trong danh sach.

3.1.2. Nghé thudt Biéu dién

Ngh¢ thuat biéu dién Viét Nam bao
gé)rn cac linh vyc nghé thuat co ban nhu:
san khiu (kich); nghé thuat mua réi; am
nhac; mua; xiéc... Trong do, nhiéu thé loai
vbn khai ngudn 1a nghé thuat dan gian, sau
qué trinh phat trién lau dai da tro thanh
chuyén nghiép nhu nghé thuat Tudng (hat
Bo6i), Cheo, Cai luong, dan ca kich, mua
roi nude...

Vé phuong dién quan 1y nha nudc,
trong thoi ky bao cap (tir 1986 trd vé trude)
cac don vi NTBD chuyén nghi¢p truc
thudc quyén quan 1y cia Nha nudc, tir cp
trung wong dén dia phuong. Tir khi thyuc
hién chinh sach di méi, Nha nudc khuyén
khich phat trién thanh phan kinh té tu nhan,

ngdy cang xuat hién nhidu don vi NTBD tu
nhan (nhiéu nhit 13 & mién Nam). Tir day
xuit hién cac cum tir “don vi nghé thuét
cong lap” va “don vi nghé thuat ngoai cong
1ap”. Hinh thirc t6 chirc va quy mé ctia cic
don vi ngh¢ thuat ngoai cong lap (dan lap)
kha phong phu: mot s don vi hoat dong
biéu dién chuyén nghiép, s khac 1a don vi
khong chuyén, hoat dong dudi hinh thirc
cau lac bd, do nguoi dan tu lap ra, ty nuoi
dudng, tu t6 chirc biéu dién, dé phuc vu
nguoi dan dia phuong trong nhing dip 1&
tét, hoi he, dong thoi ciing 1a dé tiép ndi,
gin giir truyén thong nghé thuat cua cha
ong truyén lai... [4]

S6 di chung t6i dé cap toi hoat dong
biéu dién nghé thuat khong chuyén tai
cac dia phuong vi cau chuyén cua chung
ta dang noi toi DLVH. Trén giai dat hinh
chir S Viét Nam hau nhu ¢ ving mién nao
cling c6 mot hoac vai loai hinh NTBD dan
gian dic sic, ddm da ban sic van hoa riéng
cta timg dia phuong. Ban vé mdi quan hé
gitta DLVH va NTBD thi khong thé khong
ndi toi sy phong pht, da dang va dac sdc
cta cac hinh thirc ngh¢ thuat dan gian dang
hién h{tu trong cong déng cac dan toc Viét
Nam trén khip ba mién Béc, Trung, Nam,
vi day 1a ngudn san pham day tiém ning
cho hoat dong DLVH ¢ Viét Nam.

3.2. Sy twong quan Du lich van héa va
Nghé thudt biéu dién

Néu xem xét DLVH va NTBD tir goc do
nganh CNVH, c6 thé thay hai linh vuc nay
c6 mot s6 dic diém tuong dong, dong thoi
chiing ¢6 cac dic tinh khac nhau, nhét 13 vé
con dudng phét trién dé dinh hinh 1a mot
nganh cong nghi¢p sang tao cua Vi¢t Nam.

3.2.1. Nhitng diém tuwong dong

“Cong nghi€p van hoa” theo dinh nghia
cua UNESCO la: “cac nganh cong nghiép
két hop su sang tao, san xuat va khai thac
cac ndi dung c6 ban chét phi vat thé va vin
héa. Cac ndi dung nay thuong dugc bao vé
boi ludt ban quyén va thé hién dudi dang
cac san pham hay dich vu” [8]. N6i rd hon,
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CNVH duoc hinh thanh tir su két hop cua
su sang tao, qua trinh san xudt va phan
phdi hang hoa, dich vu thudc vé van héa
va thuong duoc cac quyén so hitu tri tué
bao vé.

Piém chung 16n nhit cia DLVH va
NTBD la déu hudéng t6i khai thac va sang
tao cac ndi dung dam tinh van hoa, tao
nén cac san pham cé ban chit phi vat thé,
truyén ba tri thirc va cac gia tri van hoa,
nghé thuat (truyén théng va hién dai),
nhim lam phong pha thém doi song tinh
than cua con nguoi.

Nhin chung, nganh nghé nio ciing la
phuc vu con nguoi, chi khac nhau & cdch
thirc phuc vu, hay n6éi mot cach khac la &
phiong thire tiéu thu san pham. C6 nhing
nganh phuc vu nhu cau cta con ngudi mot
cach gian tiép, va co nhitng nganh phuc
vu mét cach tryc tiép . DLVH va NTBD
giéng nhau & chd déu phuc vu tryc tié}n con
ngueoi, tiép xuc truc tiép véi dbi tuong phuc
vu ctia minh, dua san phém dén truc tiép
cho khach hang ctia minh (d6i v6i nganh
du lich thi d6 1a du khach, d6i véi nganh
NTBD thi d6 la khan gia).

Tur dic diém phuc vu truc tiép khach
hang ctia minh, DLVH va NTBD dan t6i
hai nganh nay c6 nhiéu diém tuong dong,
& mot s6 khau trong quy trinh khai thac,
san xudt, sang tao va phan phdi san pham
dén khach hang, dic biét 1a trong viéc xdy
dung chién lugc marketing va thuc hién ké
hoach cuia don vi minh.

3.2.2. Quan hé “déi tac” va “dong minh”

Trong 10 nganh CNVH miii nhon cta
Viét Nam c6 mot sd nganh thudc linh vuc
nghé thuat, do la: Nghé thuqt Biéu dién,
Pién anh, My thudt — nhiép dnh — trién lam.
Trong d6, nganh c6 lién quan mot cach truc
tiép va chit ch& voi DLVH chinh 1a NTBD.
Boi san pham ciia NTBD ciing 1a san phdm
ciia DLVH, gén lién v6i hoat dong DLVH,
trong DLVH c6 NTBD.

Tt nhitng yéu té tuong dong va gin két

cua DLVH va BDNT, duédi goéc do kinh
té, co thé noéi gitta DLVH va NTBD co
mdi quan hé vira 13 “d6i tac” vira la “dong
minh”.

3.2.3. Nhitng diém khdc biét

Mot trong nhimg diém khac nhau giita
Du lich va NTBD la: néu nhu trén con
dudng phat trién cia minh nganh Du lich
som dinh hinh la m¢t nganh kinh té thuc
thy, thi NTBD d4 trai qua nhiéu thé ky chi
dugc xem 1a dé giai tri, chir khong co gia
trj kinh té. Pay 1a van dé& mang tinh lich
sir. Cai quan niém cho rang cac hinh thirc
nghé thuat didn xuéng chi 1a dé “mua vui”
dd an sdu vao tiém thirc cua nhiéu 16p
ngudi trong ché do cii. Bén khi co sy lanh
dao cua Pang Cong san Viét Nam thi co
su nhan thic méi vé vai trod cta van hoc,
nghé thuat. Nam 1943 Péang da ban hanh
Pé cuong vé van héa Viét Nam, trong do
van hda — tu tuong dugc coi 1a mot trong
ba mat tran quan trong, ngang hang vdi
kinh té va chinh tri, cing nhau hop luc tién
hanh cudc Cach mang giai phong dan toc
dudi sy 1anh dao cua Pang Cong san Viét
Nam [1]. Xuyén sudt thoi ky chién tranh
cling nhu sau khi dit nudc da hoan toan
thong nhét (1975), cho dén giita thap nién
1980, Pang ta van ludn coi vin héa nghé
thudt (VHNT) la “vii khi tu tuéng”, c6 gia
tri tinh than, chir khong phai co gia tri kinh
té, va san pham ctia VHNT khong phai 1a
hang hoa (véi ¥ nghia vat chat)... Phai tir
sau Pai hoi Pang lan thir VI (1986), khi
Pang va Nha nudc tién hanh d6i mai toan
dién dit nuée, thi sy nhin nhan vé vai tro
cua VHNT moi co su thay ddi vé chét. Pac
biét, Nghi quyét Trung uong 5, khoa VIII
(ban hanh thang 7 nam 1998) cua bang da
khing dinh: “Vian héa vira 1a muc tiéu, vira
1a dong lyc thic day phat trién xa hoi” [2].

Sy d6i mé6i cach nhin nhan vé vai tro
ctia VANT nhu mot linh vuc kinh té khong
phai dién ra suén s¢ va dugc chap nhan
nhanh chong. Ngay ca ddi v6i nhimg ngudi
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trong nganh vin hoéa, tir cc nha quan 1y dén
céc nghé si - nhitng nguoi di quen song va
lam viéc trong co ché bao cép kéo dai hon
40 nam (1945 — 1986), nay phai lam quen
v6i “cung cach 1am an” cua co ché kinh té
thi truong, khién ho v6 cing hoang mang,
¢6 lac mat phuong hudng... Boi vi cac nha
quan 1y cac don vi NTBD chwa hé duoc
dao tao quan ly nghé thuat (QLNT) trong
co ché thi truong, phai ty giai bai toan thu
— chi cho mét nha hat, doan nghé thuat cé
noi dén hang trim con ngudi voi bd may
cong kénh... Ho cang khong biét thé nao 1a
marketing nghé thuat, vi trong co ché bao
cép hang nam ho dwoc cip ngan sich nha
nude, nha hat chi can hoan thanh nhiém vu
(biéu dién phuc vu chinh tri va nhan dan)
theo chi tiéu hang nam trén giao...[4]. Budc
sang thé ky XXI, sau vai chuc nim “tap
duot”, hoc hoi kinh nghiém cta cac nudc
phat trién, cho dén nay cic nha quan 1y cta
cac don vi ngh¢ thuat, chu yéu la cac nha
hat cap trung wong, di quen dan véi cach
quan Iy méi, chi dong hon trong co ché tir
chi vé tai chinh ma Nha nudc da “céi troi”,
mot s6 nha hat da chu dong hon trong viéc
t6 chirc biéu dién, chu dong tim dén khan
gia thong qua nhiéu hinh thirc marketing
nhu quang céo, ban vé online, chi dong
tim kiém ngudn tai trg, v.v...[5]

S& di chung t6i thdy can phai nhic lai
mot thoi kho khan ciia nganh NTBD ¢
vai thap nién dau tién cua cong cudc doi
moi cla dat nude 1a d&é nguoi doc hinh
dung dugc nganh NTBD Viét Nam da,
dang va s& con kho khan nhu thé nao dé
“nh@p cudc” véi cac nganh CNVH khac
cua nudc nha.

Xét riéng trong linh vuc nghé thuat,
nganh Dién anh c6 wu thé hon ci voi tu
cach 1a mot nganh CNVH co thé dat duoc
nhiing lgi ich kinh té 16n. Trong khi do,
do dac thu loai hinh, NTBD cho t&i thoi
diém hién tai vin dang phai xoay x¢& dé
nudi sdng nghé si va cb ging duy tri hoat
dong nghé mot cach thuong xuyén, vi vay,

cai chi tiéu ma Chién lwoc phdt trién cong
nghiép van héa (ban hanh nam 2025) dat
ra cho nganh NTBD la phai dat dugc con
s6 10,834 nghin ty dong (twong dwong 430
triéu USD) doanh thu dé dong gdp vao muc
tiéu chung ctia toan bo nganh CNVH 14 dén
nam 2030 dong gop 7% GDP qudc gia thuc
su la mdt thir thach 16n cia nganh NTBD
trong 5 nam toi.[7]

3.3. Thuc trang hop tic Du lich vin
héa va Nghé thudt biéu dién

3.3.1. Thuc trang hop tdc

Nhiéu nam vé trude van dé hop tac gitra
DLVH va NTBD khong phai chua dugc
cac nha quan ly nganh van hoéa nghi tdi,
ciing khong phai dén nay chua c6 sy két
hop nao gitra cac cong ty du lich va don vi
NTBD. Tuy nhién, trén thyuc té su hop tac
nay moi chi dién ra chu yéu théng qua cac
tour du lich don 1¢, mang tinh chét thoi vu,
con déi v6i cac don vi NTBD, nhat 1a biéu
dién chuyén nghiép thi con nhidu van dé
nan giai.

Hang chyc nam trudc, Nha hat Tuéng
Viét Nam [a mét trong nhiing don vi NTBD
hiém hoi da rat c6 ging két nbi véi cac cong
ty du lich @& mong mudn hop tac. Lanh dao
nha hat d3 moi cac nha quan Iy mot sé don
vi du lich dén nha hat dé xem cac nghé si
biéu dién, gidi thiéu cac chuong trinh nghé
thudt dic sic, dé ting thém su hiéu biét 1an
nhau... Tuy nhién phia du lich té ra khong
min ma tién téi. Dau vay, Nha hat Tu@)ng
Viét Nam van xay dung chuong trinh biéu
dién phuc vu khach du lich, véi lich ¢
dinh 12 mdi tuan danh hai dém th Nam va
thir Bay, dién tai Rap Hong Ha, gdm cac
trich doan Tudng truyén thdng dic sic,
c¢6 phu dé bang bdn thir tiéng Anh, Phap,
Puc va Ty Ban Nha. Diu rang Ban linh
dao va cac ngh¢ si tai nang cua Nha hat da
rat ¢b gang, c6 nhing suat dién chi c6 vai
ba khach nhung cac nghé si van biéu dién
phuc vu...Hau nhu cac suét dién phuc vu du
lich nha hat déu phai bu 18. Cubi cing nha
hat da phai dung chuong trinh nay.
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O Ha Nbi, chi c6 Nha hat Mua rdi Thang
Long la dugc hudng lgi hon ca tu khach
du lich do ¢6 vi tri déc dia nam ngay bén
Hb Hoan Kiém. Vi tri biéu dién thuan loi
va loai hinh ngh¢ thuat doc déo la hai yéu
t6 co ban gitip nha hat nay khong phai bo
nhiéu cong strc va tai chinh dé quang céo,
lam marketing, ma van thu hut rt dong
khach du lich quéc té cling nhu quéc noi,
Vi tan suat trung binh mdi ngay ¢6 5 — 8
suét dién, va dién lién tuc quanh nam subt
thang, suat dién nao ciing dong khan gia.

Dé khai thac nhitng nét van hoa doc dao
ctia doi sdng Ha Noi vé dém, gan day o
Ha Noi con ¢ tour dém voi tén goi la Tinh
hoa Bic Bé - vira 14 tour van héa vira la
show dién — mot chuong trinh nghé thuat
thuc canh, Kkét hop am nhac, mua, dién xuit
ngoai troi cho du khach kham pha Ha Noi
vao bubi toi.

O Thanh phd HO Chi Minh, sy gan két
céc tour du lich voi nghé thuat biéu dién
dugc to chie da dang va phong phii hon,
thuong 14 cac tour combo két hop am thuc
— tham quan — xem biéu dién nghé thuat
(hodc 1a sy kién van hoa, 1& hoi truyén
thdng)... Mot s6 tour du lich kha ndi tiéng
nhu: Chdo Show Saigon, A O Show, tour
xem Mia rbi nudc Golden Dragon; Tour
tong hop (tham quan thanh phd + show
biéu dién nghé thuat + an t6i), v.v...

O céc thanh phd 16n nhu Hué, Pa Néng,
Hoi An... cac tour du lich ciing thuong két
hop nhiéu hoat dong lién quan t6i nhiéu
hinh thirc giai tri khac nhau va cic san phdm
VHNT khac nhau, chi yéu 1a két hop tham
quan di tich + biéu dién nghé thuat truyén
thong (dién Tuong & Nha hat Nguyén Hién
Dinh, Nhi nhac cung dinh Hué & Thanh
Noi va Ca Hué trén song Huong & Hué...)
+ 4m thye.

Ngoaira, con co mot s6 tour du lich di vé
cac dia phuong, noi c6 nhitng di tich lich st
hay théing canh thién nhién ndi tiéng. Tiéu
biéu nhu: tour du lich & Quang Ninh két
hop tham quan hang dong Ngoc Rong véi

biéu dién nghé thuat thuc canh - ké chuyén
vin hoa va truyén thuyét dia phuong, tao
trai nghiém du lich doc; & Binh Thuan co
L& hoi Nghé¢ thuat biéu dién qudc té, 1a sy
kién thuong nién, thu hat nhiéu doan nghé
thudt trong va ngoai nudc, la sy kién van
hoa quy mé 16n két hop véi tour du lich
bién Phan Thiét — Miii N¢&.

3.3.2. Danh gia thuc trang hop tdac
gitta Du lich van hoa va Nghé thudt Biéu
dién trong boi canh dat mede doi moi

Mat tich cuc

T khi dat nuéc d6i méi, nén kinh té
chuyén doi sang co ché thi truong thong
thoang hon truédc, Nha nudc chu truong
mo cira don khach qubc té dén voi Viét
Nam thi nganh du lich da thé hién c6 nhiéu
tim toi, sang tao trong hoat dong quang
ba, gi6i thiéu nhiing vé dep vé thién nhién
cling nhur vé vin hoa cia cac ving mién tir
Bic chi Nam, vi vay da thu hat manh mé du
khach qudc té va trong nudc dén véi Viét
Nam ngay cang nhiéu.

Thuc trang cho thay da co su két ndi,
phéi két hop gitta cac cong ty du lich voi
cac cap chinh quyén dia phuong dé xay
dung cac san phém du lich dya trén thé
manh cta ting vung, mién, tao thanh chudi
su kién cta cac tour du lich. Trong céc san
pham 4y, hau nhu déu c6 hoat dong biéu
dién nghé thudt, gidi thiéu cac hinh thic
nghé thuat dan gian, truyén thong.

Theo hudéng lam nay, dam nam tr¢d lai
day, hinh thuc du lich “homestay” ngay
cang phd bién & nhiéu dia phuong, nhét 1a
& cac tinh mién nui phia Bic va mot sb dia
phuong thuéc mién Tay Nam Bo... Loai
hinh du lich nay ngay cang duoc nhiéu du
khach quéc té lua chon, sin sang kéo dai
thoi gian luu tra dé thuce sy trai nghiém cac
nét vin hoa co truyén ciia thon qué Viét
Nam. Hinh thtc du lich “homestay” dang
g6p phan dang ké vao cai thién doi song
kinh té va tinh than ctia ngudi dan ban dia.

Cho dén nay dd c6 mot s cong ty du
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lich ¢ Viét Nam duogc danh gid 1a uy tin
va manh vé cac tour du lich van hoa, nhu:
Asiatica Travel, Vietnam Cultural Tours,
Cong ty TNHH Du lich Van hoa Sai Gon,
Cong ty TNHH Thuong mai Dich vu Du
lich Sao Viét, Cong ty C6 phan Du lich Hoa
Binh Viét Nam, Viet Vision Travel (thudc
Viet Vision MICE), v.v... Pic diém chung
clia cac cong ty — 1ir hanh nay 1a t6 chic
cac tour du lich két hop nhiéu san pham
van hoa: tham quan danh théng, di san lich
s - van hoa, 4m thuc, giao luu cong déng
ban dja, xem biéu dién nghé thuat dan gian
truyén thong, tham gia 1& hoi... Tuy vao
nhu ciu cu thé cua tirng nhom, tham chi
cua ca nhan du khach ma cac cong ty lit
hanh t6 chire cac tour phu hop...

Day la mot hudng di dung, khai thac va
phat huy thé manh cta dit nudce ta, noi co
nhiéu danh lam thing canh, di tich lich str,
hau nhu & dia phuong nao ciing c6 mot vai
hinh thtrc nghé thuat dan ca, dan vii doc
d40, c6 ban sic riéng.

Nhiing han ché

C6 thé thdy nhitng nim qua nganh du
lich d c6 nhiéu cd ging trong viéc tim
huéng di méi dé dap tmg duoc nhu ciu
ngay cang lon cua thi truong, nhung du
sao ¢ Viét Nam thi du lich la mt nganh
non tré, nén con nhiéu han ché trong hoat
dong, chua thé bao quat dugc tat ca cac
cong doan ctia mét quy trinh khép kin, noi
doi hoi phai co su dau tu 16n vé nhan luc,
tai chinh, cong nghé va di manh dé xay
dung duoc céc chudi gia tri du lich hép
dan, co uy tin.

C6 nhiéu nguoi cho rang, & mang khach
du lich qudc té thi cac cong ty du lich Viét
Nam lau nay lam viéc gidng nhu cac “dai
Iy” cua cac cong ty du lich lo6n & nudc
ngoai, chir khong phai 1a bén truc tiép ban
tour cho khach. C6 thé y kién nay chua
chinh xac 1am, nhung thuc té cho thiy 16
rang vai trd cua cac cong ty du lich Viét
Nam & mang niay con c6 nhiéu khiém

khuyét. Boi vi, thong thuong mot quy trinh
tron ven cua cong viéc kinh doanh du lich
bao gém cac phan khuc va nhiém vu co
ban 1a: Marketing — béan tour — thiét ké
tour — van hanh dich vy, thi lau nay nhiéu
cong ty du lich Viét Nam hau nhu chi thuc
hién phan khuc cudi: van hanh dich wvu,
lam dbi tac thyc hién (DMC — Destination
Management Company - don vi to chirc tai
diém dén), cho cac cong ty nudc ngoai. Ma
trong quy trinh nay thi phan khic ban tour
(distribution) méi la khau thu lgi nhudn
nhiéu nhat, chir khong phai van hanh. Bén
canh do, cach lam nay duong nhién lam
giam tinh chu dong cta cac cong ty du lich
Viét nam va kéo theo cac han ché khac.

Quay lai v6i van dé vé mdi quan hé
gitta DLVH va NTBD, qua trai nghiém
thuc t& cua tic gia bai viét, co thé thay
v6i cach lam hién nay thi nhd cac show
dién nghé thuat tai cac diém du lich di 1am
phong phti hon san pham cua tour, nhung
cling chi 1a & mutc hinh thuc, gdy khong
khi, cht chua ¢6 chiéu siu van hoa. Nhat
la voi loai hinh du lich “homestay”, cac
“show dién” mang tinh chét sinh hoat cong
dong, chat lugng nghé thuat khong cao. O
nhiéu noi, ngudi dan chua quen lam du
lich, tun mun, roi rac.

Cho dén nay, chat lugng huéng dan
vién du lich cua Viét Nam chua cao, con
nhiéu han ché nhu vé kha ning ngoai ngi,
su hiéu biét vé van hoa, nghé thuat dan toc
chua siu, nhat 1a thiéu sy am hiéu vé nghé
thut dan gian cac viing mién dé c6 thé gidi
thiéu v6i du khach qudc té va noi dia...

Nhin chung, tir khi dat nudc doi moi,
Nha nuée khuyén khich mé cira don khach
qudc té dén véi Vit Nam thi nganh du lich
da c6 nhiéu hoat dong phong phii hon, tuy
nhién su hop tac gitta hoat dong DLVH va
NTBD thi chua thyc sy c6 sy gin két gi
dang ké, thiéu su chu dong cua ca hai bén,
nén chua phat huy dugc tiém niang doi dao
cua cac dia phuong.
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4. Hop tac Du lich van héa va Nghé
thut biéu dién: co hdi va thach thirc

Budc vao ké hoach 5 nam phia trudc
(2025 — 2030) cua cac nganh CNVH Viét
Nam, nganh Du lich cling nhu NTBD dang
dung truée nhiéu co hoi thuan loi, ciing
nhu can vuot qua mot s6 thach thirc dé dat
duge cac muc tiéu ma Chién lugc phat trién
cong nghiép van héa dén nam 2030, tam
nhin 2045 (theo Quyét dinh sé 2486/QD-
TTg da duoc Thu tuéng Chinh phua phé
duyét ngay 14/11/2025).

4.1. Co hgi

Péu nim trong top 10 nganh CNVH
mili nhon cua ké hoach 5 nam t&i, Du lich
Viét Nam va NTBD sé dugc Nha nudce cha
trong, wu tién hon vé chinh sach va nguon
tai chinh dé thiic day phat trién, gop phan
tang ning lyc canh tranh cua nén kinh té ca
nudc va quang ba hinh anh Viét Nam véi
thé gidi.

Nhitng nim gan day chinh sach mé cira
moi goi khach qudc té dén tham quan, du
lich Viét Nam cang tré nén thong thoang
hon, bang cac quy dinh vé visa, nhap canh
va luu tra thuan tién hon trudc rat nhiéu.
Xac dinh dwoc tAm quan trong cua linh vuc
dulich trong viéc gop phan tang trudng kinh
té, hau nhur tinh thanh nao ciing chii trong
dén phat trién du lich, van dong va huéng
dan nguoi dan tham gia 1am du lich...phat
huy thé manh ciia timg dia phuong.

So véi nganh Du lich thi nganh NTBD
¢6 phan nhap cudc khé khin hon, cham
tré hon. Nhung nam 2025 (nim ky niém
nhiéu su kién lich sir 16n cua dat nuée) da
danh dau sy “bat day” cia NTBD, nhét 1a
hoat dong am nhac. Chua bao gio ¢ Viét
Nam lai ¢ thé to chtc nhiéu dai nhac hoi
(Music Festival, Concert) hoanh trang dén
thé, thu hut hang chuc ngan khan gia mdi
dém, voi san khdu ngoai troi rong 16n va
trang thiét bi san khau v6 cung hién dai...
Céc su kién am nhac nay thuong dugc td
chirc 0 cac quang truong, khu du lich l6n
o0 Ha No¢i, Ha Long, Nha Trang, Thanh phé

H6 Chi Minh... thu hat rat nhiéu khach
du lich. Pay 1a co s¢ dé nguoi Viét Nam,
nhét 13 gidi tré thap 1én niém hy vong cho
nghé thuat nudc nha, md ra huéng di moi
cho NTBD Viét Nam: két hop chat liéu
nghé thuat truyén théng Viét Nam vai tinh
hoa ngh¢ thuat hién dai cta thé gidi; tang
cuong hop tac qudc té thong qua cac du
an nghé thuat chung cua cac nghé si Viét
Nam va nghé sT nudc ngoai; ung dung ky
thuat - cong nghé s tan tién nhat hién nay,
dé xay dyng nhiéu chuong trinh ngh¢ thuat
chét lugng cao, thu hut khach du lich trong
va ngoai nude dén véi su kién... Néu biét
t6 chirc tot, lam viéc nghiém tac thi NTBD
Viét Nam dang dimg trudc nhiéu co hoi dé
“cét canh”.

Chung ta dang sdng trong thoi dai khoa
hoc k¥ thuat — cong nghé sb phat trién nhu
vil bdo mang tinh toan cu. La mot trong
nhiing dat nudc dang phat trién, Viét Nam
dugc huong loi rit nhiéu tir cudc Céch
mang Cong nghiép 4.0 dang hién dién
trong moi linh vuc doi séng trén dat nude
ta hdm nay. Trong d6, nganh Du lich va
nganh NTBD Vi¢t Nam dugc tiép thu rat
nhiéu lgi ich cua khoa hoc cong nghé sd.

4.2. Thach thirc

Thach thirc 16n nhit cua nganh Du lich
Viét Nam hién nay va trong nhiing nam t6i
van 1a nang cao vai tro cua cac cong ty du
lich trong toan bd quy trinh hoat dong. Vi
cach thire t6 chire, quan 1y va van hanh cua
hoat dong du lich nhu hién nay, cac cong
ty du lich dang chi yéu dam trach phan
ngon (DMC), nhung dé c6 thé dam trach
ca phan khtc distribution, tirc 1a lam ca
vai trd nguoi ban khach, thi day la thach
thirc rat 16n cua cac cong ty du lich Viét
Nam, vi viéc nay doi hoi phai c6 ngudn tai
chinh rit 16n va ngudn nhan lyc chuyén
nghiép chét lugng cao, dé co thé mo cac
van phong & nudc ngoai, xdy dung chién
lwong marketing dai han, truc tiép thu hat
khach, tur ban tour va van hanh dich vu.

Dbi v6i nganh NTBD, dé c6 thé tao nén
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nhitng budc di dot pha thi quang thoi gian
5 nam trudc mat (2026 —2030) 1a qua ngin
ngti, gip gap. Nhimg nim gin day linh
vuc am nhac da phat huy dugc thé manh
cua chuyén nganh (khong bi rao can ngén
ngtr) nén da lam dugc nhiéu chuong trinh
nghé thuat co chét lugng mang tinh quéc té
va tinh hién dai cao. Trong khi do6 linh vuc
san khiu bi han ché hon do dic thu loai
hinh ngh¢ thuat, khién cho sy hoa nhap voi
cudc séng hién dai c6 phén kho khan hon,
sy hoi nhap quéc té cling cham hon. Vi
thé day 1a bo phan dang dimg trudc nhidu
thach thirc nhét ctia nganh.

Kho6 khin nhat 1a cac don vi ngh¢ thuat
san khau chuyén nghiép, va khé khian hon
ca 1a cac nha hat san khau truyén thong (trir
nghé thuat Mta Rbi nudc). Sau nhiéu ¢
ging tim cach két ndi dé hop tac véi cac
cong ty du lich, dén nay viéc nay van bé tic.

Nhin mét cach tong thé, nhidu chuyén
gia cho rang Viét Nam c6 tai nguyén du
lich rit manh, nhung san phim du lich
chua khai thac hét.

5. Mot s6 goi y vé giai phap

Dé c6 thé bit pha manh mé trong 5 ndm
trudc mit, theo ching t6i nganh NTBD
Viét Nam cén hop tac chat ché véi nganh
Du lich, nhat 1a DLVH, va nguoc lai. Dudi
goc do kinh té ciing nhu goc d¢ tinh than
(lich s, van hoa,), day 1a hai linh vyc, hai
nganh rat can cho nhau, cin phai di cing
nhau, bédi vi trong du lich c¢6 van hoa, noi
chinh xac hon, VHNT phuc vu du lich, va
ban than tac pham VHNT la san pham du
lich), va nguoc lai, DLVH la ngu(‘A)n cung
doi dao, da dang khach hang cho NTBD).

5.1. Doi vdi nganh Du lich

Ai ciing biét, vin dé quan trong nhit cta
moi doanh nghiép 1a thuong hiéu. Du lich
Viét Nam cdn phii cé thwong hiéu chit
lwong, uy tin va bén viing.

Xay dyng thuong hiéu cua du lich Viét
Nam, nang cao vi thé cua du lich Viét Nam
trén truong quéc té 1a nhiém vu, 1a muc tiéu
cua nganh Du lich thude Chién luge phat

trién Cong nghiép Vin hoa tir nay dén nam
2030, tam nhin 2045. Xu huéng phat trién
tat yéu ciia Du lich Viét Nam 1a can vuon ra
thé gioi, cb gang phin du dit duoc cac vin
phong & nuée ngoai dé chii dong trong hoat
dong, tang hiéu qua va chét luong dich vy,
phan d4u ngay cang c6 nhiéu san pham du
lich méi dé thu hut du khach dén Viét Nam.
Day qua la viéc 16n, 1a thur thach 16n cla
nganh Du lich non tré ciia Viét Nam, nhung
khong phai khong thé 1am duoc. Chung
ta c6 thé hoc hoi kinh nghiém cua nhiéu
nudce, nhat 13 cac nudce & chau A (nhu Nhat
Ban, Han Qudc, Trung Qudc), va cac nude
cung khu vuc Pong Nam A, dién hinh 1a
Thailand, mot nuéc lang giéng cta ching
ta, c6 thAm nién vé kinh doanh du lich lau
hon Viét Nam rat nhiéu, va hoat dong rat
hi€u qua.

D6i véi thi trudng trong nude, nganh
Du lich cling can c6 nhiéu cai tién, sang tao
dé thu hat nguoi dan di du lich nhiéu hon.
Do doi sdng xa hoi va mirc song kinh té ciia
nguoi dan dang ngay cang dugc nang cao
nén nhu ciu du lich cang 16n, day la co hoi
ctia nganh Du lich. Cac cong ty du lich can
thay doi “théi quen” nhiéu niam nay 14 chi
mudn phuc vu cac san phdm c6 sin, ngai
xdy dung san pham méi cho cac tour, thay
vao d6 can phai ¢ sang tao, tim toi dé xay
dung chudi gia tri m&i mé, phu hop véi sé
thich du lich cia nguoi dan hom nay.

Vé6i sy phat trién qua nhanh cua thi
truong va nhu cau du lich cua xa hoi ngay
cang 16n, nganh Du lich can ting cuong
cong tac dao tao ngudn nhan luc du lich
6 chat luong, thong thao vé nghiép vu va
am hiéu van hoa dan toc, c6 kién thuc vé
cong nghé hién dai, dé nhitng nam téi maéi
c6 thé dap g duge nhu cau cia cac cong
ty du lich.

5.2. Doi véi nganh Nghé thudt Biéu
dién

Cac don vi NTBD, cac nha hat san khau
chuyén nghiép cling can c6 hudng di da
dang dé thu hut khan gia. Cac nha hat san
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khau truyén thong can tiép tuc tim phuong
cach dé hop tac voi nganh Du lich, trén
quan diém kinh té 13 “hai bén cung c6 loi”,
cuing phat trién. Cac nha hat chuyén nghiép
khong chi 1a dia chi dé cac du khach dén
xem v dién san khiu, ma con c6 thé 1a noi
don cac chuyén gia nuéc ngoai dén hoc tap,
nghién ctru chuyén sau vé sin khéu Viét
Nam... Mit khac, dé tao cho minh nguén
khan gia 1au dai, bén vimng, cac nha hat
khong thé coi nhe thi truong trong nudc,
dic biét dé thu hut gidi tré thi can chu dong
hop tac voi cac truong (THPT, dai hoc...)
dé tao nén cac 16p khan gia co do tudi khac
nhau, ho s€ 1a khan gia trung thanh cta san
khau trong twong lai.

5.3. Tao sirc manh tong hop

Dé su hop tac di vao chiéu sau bén viing
thi hai nganh DLVH va NTBD can tim toi,
sang tao, cung nhau xay dung cac du an
thuc su gén két hoat dong cua hai nganh,
trong d6 dic biét can thiét 1a xay dung ké
hoach marketing chung, cung nhau mo
rong khai thac thi truong tiém ning cia
du lich cling nhu cta nghé thuat, cung co
chinh sach cham s6c khach hang, coi khach
hang cua du lich cling 1a khan gia cia nghé
thuat, va nguoc lai.

7. Két luan

Dudi goc d6 la cac nganh CNVH miii
nhon cua Chién liwgc phat trién cong nghiép
van hoa, DLVH va NTBD Ia hai nganh
doc 1ap, co nhidu sy khac biét vé chuyén
mon, vé& co ché quan ly va van hanh, vé
ngudn nhan lyc lao dong... Nhung trong
hoat dong nghé nghiép thi gitta DLVH va
NTBD ciing c6 nhiéu diém twong dong,
co sy “rang bugc” 1an nhau, tuong ho 1an
nhau. Péy 14 co s& vimg chic, c6 tinh kha
thi cho su hop tac cia DLVH va NTBD
trong thoi ky méi, c6 thé “ndm tay nhau” di
t61 nhitng muc tiéu kinh té - van hoa —nhan
van, voi phuong cham kinh doanh “hai bén
cung co loi”, cting phat trién.

Hon bao gio hét, DLVH va NTBD cén

phai chi dong tim hudng di sang tao, moi
mé, chi dong dén voi nhau va xay dung
cacduan chung dé phat trién cac thi tru:orng
khach hang tiém ning trong nudc va qudc
té. Co nhu vy méi du sic dé cung cac
nganh CNVH khac tién t6i “muc tiéu dua
dong gop cua cac nganh cong nghiép van
hoa dat 7% GDP vao nam 2030, dat 9%
GDP vao ndm 2045 nhu Chién heoe phat
trién cong nghiép van héa da dé ra.
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TOM TAT

Bai viét phan tich phat trién du lich van héa Viét Nam dudi géc nhin hé sinh thdi
cong nghiép vin héa, két hop khung ly thuyet chudi gid tri va tiép cdn hé sznh thaz
dé nhan dién cdc han ché trong lién két nganh, nang lyc sdng tao, ha tang sé va
quan tri di san. Chuyén doi sé dwoc danh gid vira la co hdi ndng cao trai nghiém
va gid tri dién giai van héa, vira dat ra thach thirc vé ban quyén, tiéu chudn dir liéu
va chat lwong nhan lyc. Trén co so do, bai viét dé xudt nhém giai phdp theo mé
hinh “kiéng ba chan”’: hoan thién thé ché theo hudng kién tao, itng dung cong nghé
trong ké chuyen di san va phat trién nguon nhan lyc llen nganh Nhitng goi mo nay
nham gép phan thiic ddy du lich van héa tré thanh cdu phan quan trong trong hé
sinh thai cong nghiép van hoa Viét Nam.

Tir khéa: Chuyén doi sé; Chudi gid tri; Du lich van héa; Hé sinh thdi cong nghiép
van hoa.

ABSTRACT

This article examines the development of cultural tourism in Vietnam through the
lens of the cultural industries ecosystem. By integrating the theoretical frameworks
of the value chain and the ecosystem approach, the study identifies key constraints
related to cross-sectoral linkages, creative capacity, digital infrastructure, and
heritage management. Digital transformation is assessed as both an opportunity
to enhance cultural experiences and a tool for enriching heritage interpretation,
while also posing challenges concerning copyright, data standards, and workforce
readiness. Based on these insights, the article proposes a set of solutions aligned
with the “three-legged stool” model, emphasizing institutional reform toward
an enabling state, the application of digital storytelling technologies, and the
development of interdisciplinary human resources. These recommendations aim
to position cultural tourism as a dynamic and integral component of Vietnam s
cultural industries ecosystem.

Keywords: Cultural tourism; Cultural industries ecosystem; Digital transformation;
Value chain.

Ngay nhdn bai: 01/03/2026; Ngay siwra bai: 16/03/2026; Ngay duyét diang: 02/04/2026
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1. Pit van dé

Trong bdi canh nén kinh té toan cau
dang chuyén dich manh m& sang mé hinh
kinh té tri thirc va sang tao, cong nghiép
van hoa (Cultural Industries) da duogc
UNESCO va nhiéu qudc gia xac dinh 1a
dong luc ting truong bén viing méi. Theo
Bio céo Kinh té Sang tao cia UNESCO
(2013)! va UNCTAD (2022)°, su giao
thoa gitra van hoa, thuong mai va cong
nghé khong chi tao ra gia tri kinh té tryc
tiép ma con gia tang sirc manh mém quéc
gia. Trong h¢ sinh thai da dang do, du
lich van hoéa (Cultural tourism) dong vai
tro 1a “kénh phan phdi” va “khong gian
tiéu dung” quan trong bac nhét, noi céac
san pham cua cong nghiép sang tao (nhu
di san, nghé thuat biéu dién, thu cong my
nghé, thiét ké) duoc thuong mai hoa va
gia tang gia tri thong qua trai nghiém cua
du khéch.

bbi véi Viet Nam, su chuyén dich
nhan thirc vé vai trd ciia van hoa trong
phat trién da dugc thé ché hoa rd rang
trong cac van ban chién lugc cia Nha
nude. Chién luge phat trién cac nganh
cong nghiép vin hoéa Viét Nam dén nim
2030, tim nhin dén nam 2045 (Quyét
dinh s 2486/QD-TTg ngay 14/11/2025)
dat muc tiéu cac nganh cong nghip van
hoa dat toc do ting truong binh quin
khoang 10%/nam va dong gép 7% GDP
ctia dat nudc. Luc lugng lao dong trong
cac nganh cong nghi¢p van hda binh quan
tang 10%/nam, chiém ty trong 6% trong
tong luc luong lao dong ciia nén kinh té.
Trong do, nganh du lich van héa dugc xéac

1. UNESCO. (2013). Creative Economy Report 2013
Special Edition: Widening Local Development Path-
ways. Paris: UNESCO/UNDP.

2. UNCTAD. (2022). Creative Economy Outlook
2022. Geneva: United Nations Conference on Trade
and Development.

dinh 1a moét trong 6 linh vyuc trong diém?.
Song song véi d6 12 Chién lwgc phat trién
du lich Viét Nam dén nam 2030 (Quyét
dinh s6 147/QB-TTg, 2020) dinh hudéng
phat trién du lich theo hudng bén vimng,
chuyén nghi¢p, hién dai va mang dam ban
sdc van hoa dan toc. Su tuong thich vé
tam nhin giita hai chién lugc nay tao ra
nén tang quan trong dé hinh thanh hé sinh
thai cong nghi¢p van hoa — du lich, noi
céc nganh sang tao ciing van hanh va bd
tro cho nhau.

Viét Nam c6 loi thé ndi troi vé tai
nguyén van hoéa s& hitu kho tang 9 di san
thé gidi*, hang nghin 18 hoi truyén thong,
am thyc da dang ving mién, hang nghin
lang nghé thu cong, cung hé thong nghé
thuat dan gian phong phu... Ngoai ra,
Viét Nam c06 toi 16 di san van hoa phi vat
thé dwoc UNESCO ghi danh 1a di san dai
dién cua nhén loai. Nhiing “ngudn nguyén
lidu van hoa” nay la co s dé phat trién
chudi gid tri du lich viin hoa — sang tao: tir
bao ton di san, sang tao san pham, thiét ké
trai nghiém, dén quang ba va thuong mai
héa. Bén canh do, tién trinh chuyén ddi sb
va hoi nhap toan cau dang mé ra co hoi
chua timg c6 dé sé hoa di san, ing dung
cong nghé thyc té 4o, tri tué nhan tao, dit
liéu 16n. .. nham tao ra nhiing trai nghiém
du lich c4 nhan hoa, thong minh va hap
dan hon.

3. https://vanban.chinhphu.vn/?pageid=27160&do-
cid=215888

4. Theo Cuc Di san Van hoa, tinh dén thang 7/2025,
Viét Nam di s6 hitu: 6 di san van hoa thé gisi (Quan
thé di tich C6 d6 Hué, Khu di tich Chim — My Son,
Do thi ¢d Hoi An, Hoang thanh Thang Long, Thanh
nha Hd, Quén thé di tich va danh thing Yén Tir —
Vinh Nghiém — Con Son, Kiép Bac), 2 di san thién
nhién thé gi¢i (Vinh Ha Long — Quin dao Cat Ba va
Phong Nha — K¢é Bang) va 1 di san hdn hop 1a Quin
thé danh thing Trang An. [https:/nhandan.vn/info-
graphic-9-di-san-the-gioi-o-viet-nam-duoc-unesco-
vinh-danh-post893439.html].
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Tuy nhién, qua trinh phat trién du lich
van hoa ¢ Viét Nam van dang ddi dién
nhidu thach thuc: lién két nganh chua
chat ch¢; nang lyc sang tao va nhan lyc
quan tri con han ché; su thuong mai hoa
thiéu kiém sodt & mot sé diém dén lam
suy giam gia tri nguyén ban cua di san;
trong khi cong nghé va chinh sach ban
quyén chua dap tng yéu cau cua thoi dai
s6. Nhimg van dé nay dit ra yéu cau cip
thiét phai tiép can, phat trién du lich vin
hoa trong khuon khé hé sinh thai cong
nghi€p van hoa, thay vi chi xem day la
mot hoat dong dich vu don I¢é.

Tir goc nhin d6, bai viét s& tap trung
phan tich vé&: (1) thuc trang van hanh
chudi gid tri du lich van hoa ¢ Viét Nam;
(2) Panh gi4 tic dong cua chuyén ddi sd
d6i v4i viée gia tang trai nghiém van hoa;
(3) PBé xuit cac giai phap nham thiic day
sy phat trién du lich van hoa trong h¢
sinh thai cong nghi¢p van hoa, hudng toi
muc tiéu phat trién bén ving.

2. Phuong phap nghién ciru

Phuong phap nghién ctru cua bai viét
dua trén cach tiép can lién nganh, két hop
phan tich 1y thuyét va tong hop dir liéu
thr cap nham 1am rd mdi quan hé gitta du
lich van hoa va h¢ sinh thai cong nghiép
van hoa Viét Nam. Bai viét xdy dung
khung phan tich dya trén hai nén tang ly
thuyét: chudi gia tri (Value chain)’ va tiép
can hé sinh thai (Ecosystem approach)®.
Khung chudi gia trj dugc sit dung dé
phan tich cAu trac hoat dong cua du lich
vin héa qua cac khau sang tao, san xuat,
phan phdi, truyén thong, trai nghiém va

5. Porter, Michael E. (1985). Competitive Advan-
tage: Creating and Sustaining Superior Perfor-
mance. New York: The Free Press.

6. Moore, James F. (1996). The Death of Competi-
tion: Leadership and Strategy in the Age of Business
Ecosystems. New York: HarperBusiness.

tai du tu gia tri; qua d6 nhan dién nhiing
diém nghén trong lién két nganh va mirc
d6 tao gia tri gia ting. Pong thoi, tiép
can h¢ sinh théai cho phép xem du lich
vin hoa nhu mot thanh t6 trong mang
luéi cac tic nhan (gém: co quan quan 1y,
cong déng di san, doanh nghi€p du lich,
doanh nghiép sang tao, nén tang sb va du
khach...) v&i cac twong tac phu thudc 1an
nhau dugc chi phdi boi diéu kién cong
nghé, thiét ché van hoa va chinh sach.
Viéc két hop hai khung 1y thuyét gitip bai
viét danh gia dong thoi ca logic van hanh
ndi tai ca chudi gia tri va dong luc cong
hudng cua toan hé sinh thai, tor d6 phan
tich tac dong cua chuyén doi sb va dé
xudt giai phap chinh sach huéng téi phat
trién bén ving du lich van hoa trong bbi
canh cong nghiép van hoa dang mo rong
tai Viét Nam.

3. Thuec trang van hanh chudi gia tri
du lich van héa & Viét Nam

Trong nhimg nam gan day, du lich
van hoa ¢ Viét Nam ngay cang dugc nhin
nhan khong chi nhu mot hoat dong dich
vu du lich don thudn ma con nhu mot ciu
phan quan trong cta hé sinh thai cong
nghiép van hoa. Pic biét trong tinh than
ctia Nghi quyét 80 ctia B6 Chinh tri, cac
nganh cong nghiép van hoéa duogc xdc
dinh 1a mot trong nhiing tru cdt quan
trong ctia chién luoc phat trién van hoa.
Nghi quyét nhan manh yéu cau “thuc day
phat trién cac nganh cong nghiép vin hoa,
thi truong van hoa, dinh vi san phém van
hoa thuong hiéu qudc gia gan véi phat
trién du lich van héa™. Trong bdi canh

7. Bao dién tir Chinh phu (2026); Toan van Nghi
quyét s6 80-NQ/TW ciia B¢ Chinh tri vé phdt trién
van hoa Viét Nam; https://xaydungchinhsach.chin-
hphu.vn/nghi-quyet-so-80-nq-tw-ve-phat-trien-van-
hoa-viet-nam-119260113133313565.htm; cap nhat
ngay 13/03/2026.
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do, du lich van hoa ngay cang duoc xem
1a mot kénh quan trong nham chuyén hoa
céc gid tri van hoa thanh ngudn lyc kinh
té va gia tri x4 hoi.

Trén thuc té, qua trinh phat trién du
lich van hoa & Viét Nam van dang trong
giai doan chuyén d6i tir mé hinh khai thac
tai nguyén sang mo hinh phat trién theo
logic chudi gia tri va hé sinh thai sang
tao. Diéu nay thé hién ¢ nhiéu khia canh
cua h¢ sinh thai cong nghi€p van hoa.

Trude hét, & khau sang tao va phat
trién ndi dung vin hoa, ngudn tai nguyén
vin hoa cua Viét Nam rat phong phu, bao
gom hé théng di san vat thé, phi vat the,
18 hoi truyén thdng, nghé thuat biéu dién,
lang nghé va tri thirc ban dia. Tuy nhién,
viéc chuyén hoa nhitng chat liéu van hoa
nay thanh cac san pham trai nghiém mang
tinh sang tao cao van con han ché. Trong
nhiéu trudng hop, san pham du lich vin
hoa van chit yéu dua vao mé hinh tham
quan — thuyét minh truyén thong, chua
hinh thanh dugc cac format trai nghi€ém
mai tich hgp nghé thut, thiét ké sang tao,
cong nghé va ké chuyén vin hoa (cultural
storytelling). Piéu nay cho thdy mdi lién
két giita du lich van héa vé6i cac nganh
cong nghiép sang tao khac nhu thiét ké,
nghé thuat biéu dién, dién anh, truyén
thong s6... trong hé sinh thai CNVH van
chua thuc su chat ché.

O khau san xuat va to chuc trai nghiém,
ning luc van hanh chudi gia tri du lich van
hoa van con phan tan. Nhiéu diém dén
thiéu co ché phdi hop hiéu qua giita cac
chu thé nhu co quan quan 1y di san, doanh
nghiép du lich, ngh& nhan, cong déng dia
phuong va cac to chirc sang tao. Diéu nay
khién cho trai nghiém cua du khach chua
dat to1 muc do déng bd va lién tuc trong
toan bg hanh trinh trai nghiém van hoa.

Ngodi ra, ning lyc quan trj diém dén,
chat lwong ngudn nhan lyc huéng dan
va kha ning két ndi giita cac dich vu hd
tro—tu luu tra, van chuyén dén dich vu
trai nghiém vin hoa—van con chénh léch
gitra cac dia phuong.

O khau phén phdi va thi truong, du
lich vin hoa Viét Nam van phu thudc kha
16n vao cic nén tang trung gian qudc té
va cac kénh phan phdi truyén thdng cua
nganh du lich. Viéc xay dung thuong
hiéu vin hoa cua diém dén con roi rac,
thiéu chién luoc dai han va chua gén Kkét
chat ché voi hé sinh thai sang tao cua
CNVH. Do @6, gia tri kinh té thu duoc tir
du lich vin héa chua phan anh day du gia
tri biéu tuong va gia tri sang tao cua cac
san pham vin hoa.

O khau tiéu dung van hoa, trai nghiém
ctia du khéch tai nhiéu diém dén van chu
yéu ding & mirc quan sat va thudng thirc
thu dong, trong khi xu hudng cua thi
truong du lich hién nay ngay cang hudng
to1 cac hinh thirc trai nghiém mang tinh
twong tac, tham gia va dong sang tao.
Khoang cach nay cho thdy hé sinh thai
du lich vin hoéa ¢ Viét Nam van chua
tan dung hét tiém ning cua cac ngudn
luc sang tao trong cong déng, dac biét la
nghé nhén, nha thiét ké, nghé si va cac
doanh nghiép sang tao.

Bén canh do, cac rao can thé ché va ha
tang ciing anh huong dang ké dén sy van
hanh cua h¢ sinh théi. Chinh sach quan 1y
van hoéa, du lich va cong nghiép sang tao
hién van con phan tan theo nganh; co ché
bao hod ban quyén dbi v6i cac san phadm
vin hoa s6 va san phdm sang tao con
chua hoan thién; trong khi ha tang cong
nghé thong tin va nén tang dir liéu vin
hoa chua dong déu giita cac dia phuong.

Trong hon mot thap nién qua, Viét
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Nam ciing dd chung kién nhiéu thir
nghiém tich cuc trong viéc két ndi du lich
van hoa voi cac nganh cong nghiép sang
tao. Mot sb trung tam van hoéa — du lich
nhu Ha Noi, Hué, Hoi An, Ninh Binh, Da
Néng va TP. H6 Chi Minh d3 buéc dau
hinh thanh cac mé hinh két hop gitra van
hoa, sang tao va cong ngh¢ thong qua cac
su kién van hoa 16n, cac chuong trinh
biéu dién nghé thuat quy mé va cac san
pham trai nghiém di san nhu: Festival
Hué, Ky trc Hoi An, Tinh hoa Bic Bo hay
cac tour trai nghiém lang nghé. Nhimng
mo hinh nay cho thay tiém ning cta du
lich van hoa khi dugc dat trong mot hé
sinh thai cong nghi€p van hoa rdng hon,
noi gia tri van hoa co thé duoc tai tao va
lan téa thong qua cac hinh thirc sang tao
da dang. Nhung so v6i tiém ning cua
ngudn tai nguyén vin hoa ciing nhu bdi
canh phat trién manh mé caa cong nghiép
van hoéa trong khu vuc, dong gép cua du
lich van hoa Viét Nam trong h¢ sinh thai
CNVH van con khiém ton, ca vé gia tri
kinh té 1dn muc do lan toa sang tao.

4. Tac dong cia chuyén doi s6 doi
véi viée gia tang trai nghiém van hoa

Téac dong cua chuyén doi sé dbi voi
vi€c gia tang trai nghiém van hoa trong
du lich van héa Viét Nam ngay cang thé
hién rd nét, song mang tinh hai mat tuy
thudc vao muc do san sang cia hé théng
va nang lyc trién khai ¢ timg dia phuong.
V& phuong dién tich cuc, chuyén doi sb
mo ra kha nang mé rong khong gian trai
nghiém théng qua cac cong nghé nhu s6
hoa di san, thyc té a0 (VR), thyc té ting
cudng (AR), ban d6 twong tac hay khong
gian trién 1dm truc tuyén, cho phép du
khach tiép can cac gia trj van hoa mot
cach sinh dong, truc quan va vuot qua
gidi han dia 1y — thoi gian. Cong nghé sb

cling g6p phan ting chidu sau trai nghiém
bang viéc cung cip thong tin da phuwong
tién, ca nhan héa ndi dung theo thi hiéu
du khach, dong thoi két ndi trai nghiém
tai chd véi trai nghiém truc myén trudc
va sau chuyén di. Viéc ung dung phan
tich dir liéu 16n (big data) va Al giap
diém dén hiéu rd hanh vi, nhu ciu cta du
khach, tir d6 thiét ké san phdm vin hoa
phu hop hon, nang cao mac do hai long
va gin két cam xuc.

Tuy nhién, chuyén d6i so ciing dit ra
nhiing thach thirc dang ké. Su thiéu dong
b6 vé ha télng cong nghé va muc do sin
sang chuyén doi s6 giira cac dia phuong
khién trai nghiém s6 khong nhit quén,
tham chi gay dut gy trong hanh trinh trai
nghiém. Viéc s6 hoa ma khong co chién
luoc kiém dinh chat lwong va khung
ban quyén rd rang dé dan ti tinh trang
“ky thuat hoa” di san theo hudng trinh
dién hoéa, lam giam tinh nguyén ban va
chiéu sau vian hoa. Mot s6 san pham tng
dung cong nghé cao con mang tinh phd
dién k¥ thuat hon 1a phuc vu muc tiéu
trai nghi¢ém, khong tao dugc gia tri cam
xuc hodc y nghia van hoéa cho du khach.
Ngoai ra, ning luc sb cua cong ddng s
hitu di san va cac chi thé sang tao con
han ché khién ho khé tham gia binh dang
vao chudi cung ng san pham sd, dan t6i
nguy co gia tang chénh 1&ch gitra cac khu
vuc va nhom tac nhan.

Nhin chung, chuyén d6i s6 co tiém
ning manh mé trong viéc nang cao chét
luong va tinh hap dan cua trai nghiém vin
hoa, nhung hi€u qua cua n6 phu thudc
16n vao cac diéu kién nén tang: khung
phap 1y vé ban quyén va dit liéu; ning
luc s6 cuia cac tac nhan; tinh lién thong
ctia ha tang; va kha ning tich hop cong
nghé vao chién lugc phét trién san pham
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du lich van héa. Chi khi nhiing diéu kién
nay duoc dam bao, chuyén doi sé méi
thuc su trd thanh cong cu gia tang gia tri
trai nghiém va cung cb sy bén viing cua
du lich van hoéa trong hé sinh thai cong
nghiép van hoa.

5. Nhém gidi phap thiuc diy phat
trién du lich vin héa trong hé sinh thai
cong nghiép van héa

5.1. Hoan thi¢n thé ché va co ché
diéu phéi hé sinh thdi

Mot trong nhing diéu kién tién quyét
dé tai c4u triic du lich van hoa theo hudng
bén vimng 1a chuyén ddi tu duy quan ly
tir “kiém soat” sang “kién tao”. Diéu nay
doi hoi Nha nudc khong chi dong vai tro
ban hanh quy dinh ma con tré thanh tac
nhan diéu phdi, hd trg va kich hoat cac
tuong tac trong hé sinh thai. Trudc hét,
can xay dung co ché hop tac cong — tu
(PPP) chuyén biét danh cho cac du an ha
tang vin hoa sang tao, bao gdm trung tim
sang tao, khong gian ngh¢ thuat hodc khu
trung bay cong ngh¢ trong moi truong di
san. Bén canh do, viéc hoan thién khung
phap 1y vé ban quyén s6 d6i voi cac san
pham phai sinh tir di san 13 yéu cau cap
bach nhim tao hanh lang phap 1y minh
bach cho doanh nghi¢p sang tao va cong
ngh¢, dong thoi khuyén khich tai dau tu
gia tri vao hoat dong bao ton. Su thay ddi
nay gitp gia ting lién két giita cac tac
nhan va khic phuc tinh trang van hanh
1o rac von ton tai trong chudi gia tri du
lich van hoa.

5.2. Déi méi phwong thivc ké chuyén
di san thong qua cong nghé

Ung dung cong nghé s6 vao khai thac
di san khong nén chi dung lai & muc tai
hién thong tin ma can hudng dén tao lap
tradi nghiém tuong tac, giup du khach
tham gia sadu hon vao cau chuyén van

héa. Vi vy, can hinh thanh co ché hop tac
gifra cac nha str hoc, chuyén gia van hoa,
nha thiét ké trai nghiém va doanh nghiép
cong nghé dé phat trién cac mo hinh “ké
chuyén di san” (digital storytelling) mang
tinh sang tao. Cong nghé thuc té ting
cudng (AR), thuc té a0 (VR), mé phong
3D hay bao tang sé khong chi hd trg tai
hién khong gian lich st ma con ¢6 thé mé
ra cac 16p thong tin moi, gitp “kich hoat”
di san trong mit du khach. Mot vi du dién
hinh 1a viéc trién khai ung dung AR tai
Hoang thanh Thang Long, cho phép du
khach tuong tac voi bbi canh va nghi 18
cung dinh ngay trén nén di tich khao co.
Nhiing d6i méi ndy gop phan khic phuc
han ché vé tinh tinh cta san pham du lich
van hoa truyén thong va gia ting gia tri
trai nghiém trong ky nguyén s6.

5.3. Phdt trién nguon nhén luc lién
nganh cho du lich vian hoa

Nguén nhén luc chét lugng cao 1a “try
cOt thir ba” bao dam sy van hanh hiru
hiéu cua hé sinh thai du lich van hoa.
Trong bdi canh du lich gin ngay cang
chat ch€ véi cong ngh¢ va cong nghi¢p
sang tao, nhu cau vé luc lugng lao dong
“lai” (hybrid workforce) tré nén dac biét
cap thiét. Mic du sb luong lao dong du
lich gia tang, chét luong dao tao van chua
dap tng yéu cau hoi nhap, thé hién qua
han ché vé ky ning chuyén mén, ning
luc sang tao va kha nang canh tranh qudc
té cua doi ngii huéng dan vién ciing nhu
nha quan ly doanh nghiép®.

8. Viét Nam thiéu trAm trong déi ngil lao dong c6 k§
nang va dugc dao tao bai ban trong linh vuc du lich
va dich vu. Nhan sy trong nhiu khach san, nha hang
va khu du lich, dac bi¢t 1a ¢ nhiing khu vuc xa thanh
phé 16n van thiéu chuyén nghiép, chit luong kém,
chwa dap g dugc nhu ciu va doi hoi cho khach du
lich hang sang. Theo 6ng Pham Ha, Chu tich Lux
Group: D¢i ngil huéng dan vién chuyén nghiép con
thiéu va chuyén mén yéu, dic biét 1a huéng din vién
n6i duge cac ngoai ngit hiém nhu Duc, Y, Tay Ban
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Pé khic phuc tinh trang nay, nguoi
lao dong can dong thoi sé hitu kién thirc
nén vé van hoa — di san, k¥ ning quan
tri dich vy, tu duy thiét ké sang tao va
kha ning tng dung cong nghé sb. Piéu
nay doi hoi hé théng gido duc — dao tao
chuyén tir mo hinh don nganh sang lién
nganh, mé rong cic khoa bdi dudng ngin
han, workshop va chuong trinh hop tac
gitia truong dai hoc van héa — ngh¢ thuét,
doanh nghiép cong ngh¢ va cac don vi
van hanh diém dén. Viéc hinh thanh doi
ngl nhan lyc “lai” khéng chi nang cao
chat lugng lao dong ma con tao nén tang
cho su hoi tu bén virng gitta du lich va
cong nghiép van hoa.

6. Két luin

Phat trién du lich van héa trong bdi
canh h¢ sinh thai cong nghiép van hoa
Viét Nam dang chuyén dich manh mé
doi hoi mot cach tiép can da chiéu, tich
hop va hudng téi tinh bén vimg. Qua viéc
phan tich chudi gia tri du lich van hoa,
bai viét cho thdy nhimng “diém ngh&n” ¢t
16i ndm & su lién Kkét nganh con roi rac,
nang lyc sang tao han ché, thiéu hut ha
tang s va khung phap 1y phu hop, ciing
nhu sy mat can bang giira khai thac kinh
té va bao ton gid tri di san. Panh gia tac
dong cua chuyén doi sb ciing cho thay:
cong nghé vira md ra co hdi nang cao
trai nghiém van hoa, mé rong khong gian
sang tao, vira dat ra nhiing thach thuc
méi lién quan dén ban quyén, ning luc

Nha, Phép,... phat trién du lich phai song song v&i
dao tao nguén nhan luc ¢ chét luong. Mudn phuc vu
duoc khéach 4 - 5 sao thi phai c6 nhan luc chét luong
cao, dap tng céc tiéu chuin nay. Cong tac dao tao
can duge thuc hién mot cach bai ban ngay tu trong
truong, gin vai thuc tidn cong viée dé khi ra truong,
sinh vién t6t nghiép c6 thé dap ing duoc yéu ciu lam
viéc tai cac doanh nghiép, nha hang, khach san ma
khong phai dao tao lai. [https://theleader.vn/4-diem-
yeu-cua-du-lich-viet-1611570042997.htm].

quén trj va tinh dong bo cia ha tang.

Tu goéc nhin h¢ sinh thai, cac giai
phap dugc dé xuat theo cdu trac “kiéng
ba chan” gém: thé ché kién tao, d6i méi
cong nghé va phét trién ngudén nhan lyc
lién nganh. Goc nhin nay cho thdy, can
thiét 14p chit ché mdi quan hé giira cac
tac nhan trong hé sinh thai va thic day sy
cong huong gitra du lich va cong nghiép
van hoa. Viéc hoan thién khung phap ly,
tang cuong ting dung cong nghé trong ké
chuyén di san va xay dung doi ngii ngudn
nhan luc khong chi gop phan nang cao
gia tri trai nghiém cua du khach ma con
tao nén tang cho chudi gia tri du lich vin
héa van hanh hi¢u qua, sang tao va bén
virng hon.

Nhin tir goc d6 tong thé, phat trién du
lich van hoa khong nén xem nhu mét hoat
dong don nganh ma can duoc dat trong hé
sinh thai cong nghiép van hoa - noi gia tri
duoc tao 1ap va gia tang thong qua su két
ndi, twong tac va doi méi lién tuc. Trén
co s do, két qua phén tich trong bai viét
goi mé mot hudng tiép can méi cho hoach
dinh chinh sach, phat trién san pham va
quan tri diém dén trong bdi canh chuyén
d6i sd, dong thoi khang dinh tiém ning
cta du lich van hoéa nhu mét ciu phan
chién lugc trong ting trudng cua kinh té
sang tao ¢ Vi€t Nam.
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ABSTRACT

While much of the existing literature on teacher stress has traditionally focused on
institutional pressures such as workload, student performance, and administrative
demands, there is a growing recognition that personal circumstances significantly
influence how stress is experienced and managed by university lecturers. This review
synthesizes key findings from international studies to examine how marital status,
caregiving responsibilities, personality traits, and gendered cultural expectations,
acting as both significant sources of strain and potential buffers, impact EFL
teacher stress levels. In addition, it was found that the sustained stress resulted
in severe consequences, including increased burnout, declining job satisfaction,
negative impacts on students’ learning outcomes, and alarmingly high turnover
rates. Based on the findings, some strategies to enhance EFL teacher well-being in
higher education will be provided for the reference of instructors and institutions.

Keywords: EFL teacher stress, EFL teacher well-being, job satisfaction, personal
factors/circumstances, students’ learning outcomes

Ngay nhdn bai: 12/11/2025; Ngay sira bai: 30/12/2025; Ngay duyét ding: 02/04/2026

1. Introduction Teachers in the teaching profession,

Stress is a significant aspect of the
modern lifestyle, and in many nations
today, workers often find their jobs to be
more stressful than they were in the past.
According to Selye [1], a completely
stress-free life is neither possible nor
desirable, and a healthy dose of tension
and stress can serve as a motivator and
improve productivity at work. Stress
may inspire us when it remains within
healthy bounds. It pushes us to prepare,
to focus, to improve. Yet extreme stress
seems to cause bodily discomfort and
misery [2]. It also turns destructive,
leading to exhaustion, disengagement,
and burnout [3].

particularly those who teach English as
a foreign language (EFL), frequently
endure significant levels of stress.
Colleges, students, and society are
putting more pressure and expectations
on instructors. As stated by Kyriacou
[4], teaching is just as stressful as being
a police officer, a jail guard, an air
traffic controller, a doctor, or a nurse.
EFL teachers’ work-related stress can
be a significant contributor to various
health issues, which can then have a
negative impact on students and society.
Consequently, identifying the causes of
work-related stress and addressing the
problem will help accelerate the learning
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process and support the teaching
community in maintaining their well-
being.

Stress among university instructors
can be significantly influenced by various
factors. Although institutional pressures,
such as workload, student performance,
and administrative demands, have been
the subject of significant international
research recently, there is growing
recognition that personal circumstances
also have a substantial impact on how
university lecturers experience and
manage stress. Family responsibilities,
caregiving duties, personality traits,
coping mechanisms, and gendered
cultural norms are a few examples
of these individual-level impacts.
Nevertheless, there remains a dearth of
research that methodically summarizes
these individual stressors among EFL
instructors in higher education.

To address this gap, the present study
adopts a narrative literature review
approach to examine existing research
on personal factors contributing to stress
among EFL lecturers and explores their
mechanisms of influence. Since stress
and professional performance are closely
intertwined [5], some methods to improve
the well-being of EFL teachers in higher
education will be offered for instructors’
and institutions’ reference, based on the
findings.

Thereviewedliteraturewasdrawn from
established academic sources, including
peer-reviewed journal articles, academic
books, and selected review studies
indexed in databases such as Google
Scholar. The selection primarily focused
on studies published from the early 2000s
to 2025 that examined stress, coping, and
related personal characteristics among

teachers, lecturers, or closely related
educational professionals. While research
specifically targeting EFL lecturers was
prioritized, studies on teachers were also
included where theoretical frameworks
or empirical findings were relevant and
transferable to the EFL higher education
context.

In this review, the term “EFL
lecturer(s)” refers to instructor(s) who
teach EFL in higher education settings,
where English is not the primary
language. Although the review prioritizes
studies conducted with university-
level EFL lecturers, relevant research
involving school-level educators is also
referenced where appropriate. Rather
than suggesting direct equivalence
across educational levels or instructional
environments, these studies are used
to shed light on broadly equivalent
emotional and psychological processes,
such as stress evaluation, emotional
regulation, and coping styles.

2. Personal stressors

2.1 Marital status

The relationship between marital
status and teacher stress is complex.
Some studies, including those by [6],
suggest that marital status may not have
a statistically significant effect. However,
other research indicates that being
married can increase perceived stress,
especially when teachers struggle to
balance work and family demands [7;8].
Many married EFL instructors bear this
invisible emotional burden, particularly
those with dependent children. They
often juggle multiple roles, including
caregiver, researcher, spouse, teacher,
and parent.

From a mechanistic perspective,
marital status influences stress primarily
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through role strain and role overload.
The simultaneous demands of work and
family increase cognitive and emotional
load, limit opportunities for psychological
detachment from work-related stressors,
and reduce time available for recovery.
Over time, sustained role multiplicity
may lead to chronic emotional tension
and heightened vulnerability to stress and
emotional exhaustion.

As Poloski and Bogdanic [7] note,
marital status is not merely a demographic
factor. It is an emotional context that
shapes how stress is experienced. Taken
together, existing evidence suggests
that marital status may be an important
personal factor associated with workplace
stress among EFL lecturers, particularly
in contexts characterized by strong work-
family role demands.

2.2. Caregiving responsibilities -
Genders - Cultural expectations

Caregiving responsibilities are a
significant source of stress for EFL
lecturers, particularly in sociocultural
contexts where caregiving roles are
strongly gendered. In many Asian
societies, including Vietnam, it is still
widely believed that women should be
the primary caregivers. Xian qi liang
mu, meaning “a virtuous wife and caring
mother,” is a cherished yet heavy ideal
in Chinese culture. Similar ideas are
also subtly reinforced by societal norms
in Vietnam. As a result, female lecturers
often bear a larger share of household
and childcare responsibilities in addition
to their academic work [9; 10; 11]. For
example, research during the COVID-19
pandemic showed that female faculty
members with young children reported
much higher stress. At one U.S.
university, 60% of women, compared to

49% of men, said their stress increased
significantly due to caregiving and work
demands [12]. As Moen and Roehling
[13] explain, women in their 30s often
face rising professional expectations
while family responsibilities peak. When
eldercare duties, such as supporting
aging parents, are added, the pressure can
become overwhelming [14].

Researchers note that caregiving
responsibilities influence stress through
the Family-to-Work spillover process,
in which family obligations intersect

with  career responsibilities.  This
spillover constrains lecturers’ ability
to psychologically disengage from

stressors, shortens recovery time, and
undermines emotional regulation. Long-
term exposure to this stress may lead to
emotional exhaustion, declines in overall
well-being, and increased susceptibility
to burnout. Studies have shown that
female academics with heavy caregiving
responsibilities often report reduced
research time, lower productivity, and
increased emotional fatigue [15; 16].

But to be clear, this is not just a
woman’s issue. Some studies, such as
Sun and Dapat [17], have found that in
certain contexts, male EFL professors
report higher overall job stress than their
female colleagues. A study in Nigeria
reported that male lecturers perceived
stress differently from female lecturers,
indicating a gender difference in stress
perception [18]. However, empirical
evidence specifically addressing family-
related stressors among male lecturers
remains limited [18], underscoring the
need for further research.

It is clear that gendered and cultural
expectations strongly shape how teachers
experience and cope with stress. Female
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lecturers, especially mothers, often
face what is known as a “double shift”:
professional work during the day and
domestic work at night, which, over
time, can increase the risk of emotional
exhaustion.

2.3. Personality traits and Coping
mechanisms

Not every stressor originates in the
external world. Some stem from teachers’
personalities, thought processes, and
coping mechanisms.

Perfectionism, often regarded
as a virtue in academia, is one such
personality-related factor. However,
perfectionism has two distinct facets.
Self-critical perfectionism, characterized
by a persistent fear of failure or self-doubt,
has been associated with higher stress
levels and emotional exhaustion [19].
Conversely, perfectionistic aspirations
combined with high self-efficacy and
perceived control may contribute to
greater resilience and lower stress [20].
At the individual level, maladaptive
perfectionism may intensify stress by
amplifying  self-evaluative  pressure
and emotional reactivity, whereas more
adaptive forms of perfectionism tend
to support a sense of competence and
emotional regulation. Accordingly, the
influence of perfectionism on stress
depends not only on high standards
but also on how these standards are
cognitively and emotionally managed.

Coping mechanisms further shape
lecturers’ experiences of stress by
determining how stressors are addressed
or avoided. Prior research distinguishes
between active (problem-focused) and
passive (avoidant) coping [21]. Active
coping involves planning, problem-
solving, and reframing challenges in a

positive, constructive manner. Lecturers
who adopt an active coping style tend to
show higher engagement and emotional
resilience. Passive coping strategies,
such as avoidance or withdrawal,
delay stress resolution and prolong
emotional arousal, thereby increasing
vulnerability to anxiety, disengagement,
and emotional exhaustion. Coping styles
influence whether situational stressors
are effectively managed or gradually
develop into chronic stress.

These findings suggest that personality
traits and coping mechanisms mediate
the relationship between stressors and
stress-related outcomes among EFL
lecturers. Individual differences in
perfectionism and coping styles shape
stress appraisal and emotional regulation
processes, thereby influencing lecturers’
susceptibility to sustained stress.

3. Consequences of teacher stress

Teacher stress does not exist in
isolation. It affects how educators
instruct, how learners acquire knowledge,
and how organizations operate. To put it
another way, stress has the power to subtly
influence every aspect of education, from
the classroom to the university system.
In this review, the consequences are
considered at two levels: their effect on
teaching and learning, and their longer-
term implications for burnout and
institutional functioning.

3.1 Effects on teaching and learning

Research indicates that elevated stress
among lecturers may undermine effective
teaching by intensifying negative
emotional states, such as frustration,
anxiety, and emotional fatigue, as reported
by Collie et al. [22] and Khan et al. [23].
When EFL lecturers experience sustained
emotional exhaustion, they may struggle
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to maintain patience, creativity, and
responsiveness in classroom interactions.
Teaching may consequently become less
engaging, emotionally detached, and
more mechanical.

Empirical studies suggest that
prolonged stress may lead to more
negative work-related attitudes. For
example, Mariani et al. [24] found that
instructors who experience ongoing
stress tend to adopt a more pessimistic
attitude toward their work. As stress
accumulates, teaching practices may
become increasingly routine and
emotionally  detached, diminishing
lecturers’ sense of fulfillment and
potentially affecting students’ classroom
experiences. Overall, existing research
suggests that stress among EFL lecturers
can indirectly influence teaching quality
and learning processes through emotional
regulation, motivation, and instructional
engagement.

3.2. Burnout and its consequences

Burnout is a more severe and
cumulative consequence of prolonged
occupational stress. According

to Cunningham [25], burnout is
characterized by physical, emotional,
and mental fatigue and is triggered by
prolonged exposure to work-related
stress. Johnson et al.’s additional study
[26] supports the idea that long-term
stress eventually leads to emotional
exhaustion and disengagement. In higher
education, teaching is often identified as a
profession with heightened vulnerability
to burnout due to its emotional, cognitive,
and relational demands [27].

As burnout develops, lecturers’
connection to work, and often their sense
of purpose, begins to weaken. Burnout

can lead people to emotionally and
cognitively distance themselves from
their work, as Maslach and Leiter [28]
explain, resulting in a loss of motivation
and energy. For EFL lecturers, such
disengagement can affect not only their
teaching performance but also their long-
term commitment to the profession,
thereby increasing the likelihood of job
attrition.

At a broader level, burnout
among lecturers carries institutional
consequences. Weng and Xi [29]
demonstrate that high turnover not only
lowers staff morale but also increases
recruitment and training costs. The
departure of experienced lecturers may
disrupt mentoring relationships, weaken
instructional continuity, and undermine
institutional stability. Similarly, Redding
and Henry [30] found that losing a
teacher midyear can significantly disrupt
learning consistency and educational
quality, particularly in skill-based courses
such as language teaching. Beyond these
practical costs, there is also an invisible
toll, a decline in the emotional climate
of the institution. When colleagues are
constantly leaving or disengaged, team
spirit and collaboration weaken. For this
reason, teacher well-being should be
regarded as an organizational priority,
not merely a personal matter. If lecturers
are emotionally healthy, the institution
thrives; if they are not, the entire system
suffers. Thus, teacher well-being is not
only a matter of individual survival but
also a form of institutional sustainability.

To enhance the systematicity and
clarity of the literature review, Table 1
provides a concise summary of the key
studies examined in this review.
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Table 1. Summary of Key Studies on Personal Stressors and Consequences among EFL Lecturers

No.| Author(s) | Year Context Focus Key Findings
1. | Selye 1976 | Stress theory Nature of Moderate stress can be motivating;
stress prolonged stress becomes harmful.
2. | Kyriacou 2010 | Teachers Teacher stress | Teaching is among the most stressful
professions.
3. |Erdenetal. 2023 | Teachers (meta- | Marital status | Effects of marital status on stress are
analysis) and stress context-dependent.
4. | Thébaud et al. |2024 | University faculty | Caregiving Female faculty reported higher caregiving-
and stress related stress.
5. |Sun & Daphat |2024 | Chinese EFL Job stress Male EFL lecturers reported high stress in
lecturers some contexts.
6. | Stoeber & 2008 | Teachers Perfectionism | Self-critical perfectionism is associated
Rennert with increased stress and burnout.
7. |Nazari et al. 2023 | EFL teachers Coping Active coping reduces stress; avoidance
strategies increases exhaustion.
8. | Collie et al. 2012 | Teachers Teaching Stress undermines teaching efficacy and
outcomes engagement.
9. |Cunningham | 1983 | Teachers Burnout Burnout  results  from  prolonged
occupational stress.
10. | Maslach & 2016 | Education & Care | Burnout Burnout leads to disengagement and loss of
Leiter professions meaning.
11. |Redding & 2018 | Teachers Turnover Stress-related attrition disrupts teaching
Henry continuity.

4. Pedagogical implications

Stress will always be a part of life
and teaching, but how individuals and
institutions handle it will determine
whether it becomes a transformative or
destructive force.

4.1 Individual strategies

University EFL instructors may benefit
from proactively developing coping
mechanisms and self-care strategies to
manage personal stress more effectively.
Previous studies have shown that
mindfulness-based interventions, such
as yoga, deep breathing, and meditation,
significantly reduce instructors’ stress
and emotional fatigue [31]. Additionally,
planning, problem-solving, and seeking
social support from colleagues, friends,
and family appear to be more adaptive
than avoidance-based or passive coping
techniques. Research indicates that

coping skills are not fixed traits but can
be developed through practice, and that
targeted interventions may enhance
teachers’ resilience and psychological
well-being [32].

Establishing clear boundaries between
work and personal life also plays an
important role in stress regulation. For
example, avoiding checking work emails
outside official hours or dedicating time
solely to rest and personal activities may
help lecturers psychologically detach
from work. Moreover, a healthy lifestyle
that includes regular exercise, enough
sleep, a balanced diet, and scheduled
breaks enhances overall well-being and
improves stress management.

While high standards are common
in academic settings, excessive self-
critical perfectionism has been linked
to heightened stress and emotional
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exhaustion. Thus, it is essential to
acknowledge and address perfectionistic
tendencies by setting realistic goals
and cultivating self-compassion, rather
than engaging in harsh self-criticism,
which can help individuals remain
motivated and prevent burnout [33;34].
Additionally, to share experiences and
ease psychological burdens, lecturers are
encouraged to participate in peer support
groups or seek professional counseling if
stress becomes overwhelming. Through
these strategies, educators can better
manage personal stressors and sustain
high levels of instructional effectiveness.

4.2. Institutional strategies

Individual stress management
efforts do not occur in isolation but
are influenced by the institutional
environments in which lecturers carry
out their professional roles.

To support the mental health of EFL
instructors, universities may consider
implementing comprehensive policies
and initiatives that promote mental
well-being. First, these may include
regular opportunities for professional
development and stress-management
training, such as stress-resilience
workshops, cognitive-behavioral
techniques, and  mindfulness-based
seminars. Comprehensive evaluations
show that mindfulness therapies can
significantly reduce teacher stress in
various international settings [31].
Additionally, family-friendly practices
such as flexible teaching schedules,
caregiving leave, and access to childcare
support can help lecturers better manage
work-family demands. Research
indicates that organizations that promote
work-family balance see improvements
in faculty burnout and well-being

[35]. Workload management is also an
important institutional consideration.
Regular reviews of teaching and
administrative responsibilities, clearer
role definitions, and more balanced task
distribution may reduce role overload
and role ambiguity, which are known
contributors to occupational stress.

5. Conclusion

This narrative literature review has
examined stress among EFL lecturers in
higher education, with a specific focus on
personal-level determinants. The review
highlights how marital status, caregiving
responsibilities, personality traits, coping
mechanisms, and gendered cultural
expectations shape lecturers’ experiences
of stress in academic contexts. The
evidence indicates that personal
stressors operate through identifiable
mechanisms, including role strain,
Family-to-Work spillover, maladaptive
emotion regulation, and ineffective
coping styles. Married lecturers and
those with caregiving responsibilities,
particularly women in sociocultural
contexts where caregiving is strongly
gendered, often experience heightened
stress due to competing professional and
family demands. Additionally, individual
differences in perfectionism and coping
strategies influence stress appraisal
and emotional regulation, which can
lead to either emotional exhaustion or
psychological resilience.

Sustained stress may  have
consequences that extend beyond
individual well-being. As discussed,
prolonged stress can  undermine
instructional engagement, reduce
emotional availability in the classroom,
and increase vulnerability to burnout
among EFL lecturers. Over time, burnout
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may weaken professional commitment
and contribute to lecturer attrition, with
potential implications for instructional
continuity and institutional stability.

Based on these findings, this review
emphasizes pedagogical implications at
both individual and institutional levels.
Developing adaptive coping strategies,
setting boundaries between work and
personal life, and addressing self-critical
perfectionism can help lecturers manage
personal stress more effectively. A
supportive institutional environment can
further enhance the effectiveness of these
individual efforts.

This review also suggests that
lecturer stress may be better understood
when personal life circumstances,
psychological resources, and professional
demands are considered together rather
than in isolation. To further develop
this line of inquiry, further studies could
consider longitudinal approaches and
pay more attention to groups that have
received less research attention, such as
male lecturers’ family-related stress, in
order to gain a clearer picture of how
personal stress may change over time.
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