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Application of Model predictive control for communication
delay compensation

Nguyén Trong Céc

Tac gia lién hé: ntcac@saodo.edu.vn
Trwdng Pai hoc Sao bo

Ngay nhan bai: 04/9/2025

Ngay nhan bai stra sau phan bién: 25/11/2025
Ngay chap nhan dang: 26/11/2025

Tom tat

Cac hé théng diéu khién qua mang truyén théng luén co sy ton tai cta tré truyén thong. Tré truyén théng anh
hwéng truc tiép dén chat lwong didu khién va chét lwong dich vu; tham chi néu tré truyén thong Ién sé gay ra sw
tdc nghén trén dwéng truyén tin 1am suy gidm hiéu suat dwong truyén, gay mét 6n dinh clia hé théng. Muc tiéu
cla bai bao la dé& xuat phwong phap diéu khién dw bao mé hinh (Model Predictive Control - MPC) nham bu tré,
hwéng téi nang cao hiéu qua didu khién cho cac hé théng diéu khién qua mang. Théng qua viéc tinh toan va so
sanh kha ndng dap &ng gitra phwong phap dé xuat va diéu khién truyén thdng trong ca trwerng hop cé va khong
c6 tré, két qua cho thdy phwong phap MPC mang lai chat lwong diéu khién vwort troi.

Tor khéa: Hé théng diéu khién c6 nbi mang; diéu khién duw bdo mé hinh; tré truyén théng; chét luong diéu khién;
mang truyén théng.

Abstract

In Networked Control Systems, communication delays are always present. Such delays are regarded as one of the
main factors that cause degradation of the Quality of Control (QoC) and reduction of the Quality of Service (QoS).
In particular, when the delay becomes significant, adverse effects on the transmission channel are introduced,
resulting in reduced efficiency and even potential instability of the system. In this paper, a Model Predictive
Control (MPC) approach is proposed to compensate for communication delays, with the aim of improving
system effectiveness. By means of computation and comparative evaluation between the proposed method and
conventional control in both delayed and delay-free scenarios, superior QoC has been demonstrated.

Keywords: Networked control systems; model predictive control method; communication time delay; quality of
control; communication network.

1. DAT VAN BE

Hé théng diéu khién qua mang truyén théng (NCS -
Networked Control Systems) ngay cang dwgc quan
tam va &ng dung réng rai, nh& mang lai nhiéu loi thé
so v&i diéu khién truyén thdng, dac biét la gidm chi
phi trién khai, don gian trong viéc mé rong va thuan
tién cho codng tac chan doan. Tuy nhién, khi nhiéu tin
hiéu cuing muédn chia s chung trén mdt dwong truyén
tin, thi cac thach thirc moi sé phat sinh. Ndi bat trong
do trwde tién 1a van dé 1ap lich truy cap dwong truyén
nhadm dam bao va nang cao chéat lwvong QoS cho hé
thdng diéu khién qua mang [1], [2]; hai la, bu tré thoi
gian do viéc truyén cac théng diép (dwoc goi 1a truyén
thong) nhdm nang cao chét lwong diéu khién QoC
(Quality of Control) ctia hé théng diéu khién.

Nguw&i phan bién: 1. PGS.TS. Bui Bang Thanh
2. TS. Pham Coéng Tao

M6t sb nghién ciu trwdc day da xem xét dén bu tré
truyén théng véi tré hang st dung phwong phap thiét
ké dat cwc va LQR qua mang truyén théng [1], [2], [3].

[4] nghién ctu s& dung phuong phap MPC dé bu tré
hai chiéu va mét goi dir liéu. Qua mé phdng, cé thé
khang dinh hé thdng van hanh 6n dinh va duy tri dwoc
chét lwgng diéu khién trong méi trwéng mang co tré va
mat géi. Tuy nhién, vé&i cac mang c6 tré 16n, bién thién
manh, ho&c tré vwot gidi han, phwong phap khéng
dam bao hiéu qua.

[5] nghién ctru sir dung MPC bu tré trong ham téi wu.
Tuy nhién, phwong phap cé thé phi hop cho hé nhd,
nhwng v&i hé nhiéu bién (MIMO) hodc mang céng
nghiép quy mé I&n thi tdi wu héa MPC c¢é thé qua nang.

Muc tiéu cla bai bao 1a dé& xuat phwong phap diéu
khién dw bao mé hinh (MPC) nham bu tré, huéng téi
nang cao hiéu qué diéu khién cho cac hé théng diéu
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khién qua mang. Théng qua viéc tinh toan va so sanh
kha nang dap (ng gitra phwong phap dé xuét va diéu
khién truyén théng trong ca trudng hop c6 va khéng cé
tré, két qua cho thdy phuwong phap MPC mang lai chat
lwong didu khién vuwot troi.

2. MO HINH TONG QUAT NCS
CAu hinh téng quat NCS mé ta & Hinh 1.

. i |
T Uy u | D2 ) y(t)
Controller » /| O Plant
JESLIp
|

A

Network

’ N

Yx Yk }' A h
Sensor /=
fic | D
- e [

\

Hinh 1. Céu hinh téng quat NCS

Trong hé théng diéu khién qua mang, vong kin dwoc
hinh thanh b&i ba khau: Cam bién (Sensor), diéu khién
(Controller) va co ciu chap hanh (Actuator). Sensor
do tin hiéu dau ra lién tuc y(t), thwe hién qua trinh lay
mau va truyén gia tri r&i rac Y dén controller théng qua
mang. Controller s&r dung di liéu y, dé tinh toan Iénh
diéu khién u,, sau d6 chuyén Iénh nay dén actuator. Tai
Actuator, tin hiéu u, dwoc bién dbi sang dang tuong tw
u(t) nhd bd chuyén ddi D/A va duoc ap dung tryc tiép
cho déi twong (Plant).

Khau gilr bac khéng (ZOH) cé chirc nang duy tri gia
tri u(t) cho dén khi mau ké tiép dwoc cap nhat. Sensor
hoat dong theo co' ché time-triggered, nghia la dwoc
kich hoat tai thoi diém bat dau méi chu ky ldy mau
(t, k=0,1,2,...). Controller lam viéc theo co ché event-
triggered, dwoc thyc thi ngay khi c6 dir liéu méi twr
cdm bién. Twong tw, Actuator ciing tuan theo co ché
event-triggered, dwoc kich hoat mdi khi nhan Iénh diéu
khién tir bd diéu khién.

Chu ky ldy mau h déng vai trd bién ddi tin hiéu thoi
gian lién tuc thanh tin hiéu th&i gian rdi rac. Viéc lya
chon chinh xac chu ky ldy mau la mét van dé quan
trong trong cac hé théng diéu khién qua mang vi cé
anh dén chét lwong clta hé thdng diéu khién vong kin.
Néu h dwoc chon qua I6n, dd tré truyén thong sé ting
Ién, lam suy gidm QoC, ngwoc lai khi chon h qua nho,
thdi gian truyén goi tin tré nén khoéng da, dan dén gia
tang tai x&r ly cho ca may tinh va mang. Do do, viéc
xac dinh gia tri thich hgp clda h phu thuéc vao muc
tiéu cu thé cda tirng hé théng NCS. D& ddm bao QoC
mong mudn, h thwong dwoc chon sao cho 0,1 < w h
< 0,6 [1], trong d6 w, 1 tan sb riéng (rad/s).

Tré truyén thong trong hé théng diéu khién bao gdm
hai thanh phan chinh:

- Tré cam bién-bo diéu khién (t_), dwoc xac dinh trong
méi chu ky Iy mAu, tinh ti thoi diém cam bién gl div
liéu cho dén khi bd diéu khién tiép nhan goi tin.

- Tré bo diéu khién-co cau chap hanh (x_), duoc tinh
twr thoi diém bd diéu khién phat 1énh cho dén khi co
clu chap hanh nhan dwoc théng diép.

Vi vay, tbng tré truyén théng trong mét vong diéu khién
kin dwoc biéu dién bai:

T=T,, + T, (1)
3. THIET KE MPC
3.1. C4u tric MPC

CAu tric MPC c6 xét dén co ché bu tré trong mang
truyén théng dwoc minh hoa & Hinh 2.

u(t) »(®)
Actuator Plant Sensor
1w x(k)
E] Network E]
hr(k)
O { e}
MPC [«——mm

Hinh 2. So’ dé cu triic MPC c6 bu tré mang truyén théng
- Sensor: Dung dé l4y mau va ghi nhan tin hiéu dau
ra x(k).

- MPC: Nhan X(k), tinh toan dw bao trong twong lai,
gidi bai toan téi wu va cho ra tin hiéu diéu khién duw
bao u(k).

- Actuator (co' cu chap hanh): Nhan Iénh x(k) va tac
dong tré lai Plant.

- Network (mang truyén théng): Khi tin hiéu di qua
mang sé co tré truyén thong t_ va .

Trong MPC, chét lwong cla bd diéu khién dwoc danh
gia théng qua ham muc tiéu J. Ham nay can bang
gitra: DO léch dau ra so véi tin hiéu dat; do 1én cua tin
hiéu diéu khién.

3.2. Khi khéng c6 tré truyén théng

Mot déi twong tuyén tinh c6 thé mé tad bang dang

ARMAX (AutoRegressive Moving Average with
eXogenous input) nhw sau [6], [7]:
Alg )y(k) = B(q u(k—d)+C(g " e(k) )

Trong do:
y(k): Tin hiéu dau ra tai thoi diém k;

u(k): Tin hiéu diéu khién dau vao tai thoi diém k.

12 Tap chi Nghién ctru khoa hoc, Truong Dai hoc Sao D, S6 4 (92) 2025
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e(k): Nhiéu trang.

q: Toan tir tré ((¢~'y(k) = y(k=1)).).
AlgH=1+aq" +-+a,q™"
Bg"=b+bq "' +---+bq"
ClgH=l+qq ' ++cq”

d: Téng tré dau vao

3.3. Khi c6 tré truyén théng

Tré truyén thong gébm hai thanh phan nhw trong céng
thirc (1). M6 hinh véi tré truyén théong duoc viét lai
nhw sau:

Alg y(k)=B(g Yulk—d,~7)+C(g e(k) )
Trong do:

d,: Tré noi tai clia déi twong

3.4. Thiét ké MPC

- Ham chi phi tdng quat MPC la [5]:

J= (y(k+i|k)—r(k+i))2+/1A§Au(k+i|k)2 4)

i=l1 i=0

Trong do:

Np: Khoang dw bao;

N_: Knoang diéu khién;

A: hé sb.

y(k +i| k): Gia tri dy bao dau ra tai buoc k+i,
r(k +1): Tin hiéu dét.

Au(le+il k) = u(k +il k) —u(k +i—1k)
- M6 hinh dy bao:

Y = F,x(k)+® ,AU (5)

Trong do:

Y: Vector dau ra dw bao, bao gébm céc gia tri dw doan
cta tin hiéu tir thoi diém k+1 dén k+N_. Buoc tinh toan
dwa trén trang thai hién tai clia hé théng va day tin hiéu
diéu khién dw kién trong twong lai.

vk +1k) ]
y(k+2|k)

y(k+N,|k) |

x(k): Trang thai hién tai, l1a vector trang thai tai thoi
diém k, chira toan bd théng tin qua khir can thiét dé dyw
bao trang thai trong twong lai.

AU: Vector bién thién diéu khién.
Au(k|k)
Au(k+1|k
au<| AuErlp
Au(k+ N, —1k)

F Ma tran dy bao trang thai co tinh dén tré;

® . Ma trén dap rng xung da dich d budc.

Khi d6 cbng thire (4) dwoc viét lai nhw sau:
J=(Y—R)TQ(Y—R)+AUTRAU (6)
Trong do:

R: Vector tin hiéu dat.

r(k+1)

r(k+2)

r(k+N,)
Q: Ma tran trong sé.
O =diag(q,,94>9::9>" " 9.>94)
Thay (5) vao (6) ta dwoc:
J =(Fx(k)+®,AU —R) Q(F,x(k)+®,AU-R)+AU'RAU  (7)

- Luat diéu khién:

AU = ~(@}0®, + R) ' ®!O(R~ Fx(k))

(8)
u(k) =u(k —1)+ Au(k)

4. KHAO SAT TiNH ON DINH CUA HE THONG DIEU
KHIEN QUA MANG DUA TREN PHUONG PHAP
MPC

4.1. Béi twong diéu khién

DPéi twong dwoc khdo sat la mé hinh con lac nguoc
gén trén xe day, dwoc minh hoa trong Hinh 3 [2].

Hinh 3. So' dé minh hoa hé théng con lic nguoc
trén mét xe day

Cac thong sbé ctia mé hinh dwoc lwa chon nhw sau:
trong lwong xe M = 0,9 kg; trong lwong con lac
m = 0,23 kg; chiéu dai con lac / = 0,3 m; gia tdc trong
trvong g = 9,81 m/s? Ngoai ra con c6 6 la goc léch con
l&c; x biéu thi 1a vi tri xe; u | lyc tac dong 1én xe.

Tap chi Nghién ciru khoa hoc, Truomg Dai hoc Sao D6, S6 4 (92) 2025 13



NGHIEN CUU KHOA HOC

B& phan co khi bao gbm mét xe day, trén d6 gan mot
thanh l&c nguoc co thé quay tw do quanh truc ngang.
Xe day chuyén dong trén méat phang nam ngang voi
chiéu dai gi¢i han va day chinh la rang budc trong thiét
ké thuat toan diéu khién. Khi cé nhiéu tac déng, dé duy
tri con lac & trang thai thdng ding, xe phai di chuyén
qua lai trong pham vi gi&i han nay.

Muc tiéu clia bai toan diéu khién l1a dich chuyén xe day
tlr v tri ban dau x; = 0 dén vi tri mong muén x, = 0,1 m,
ddng thoi duy tri con lac & trang thai thang dirng. Cac
chi tiéu thiét k& dwoc lwa chon gdm: Hé sb tat dan
€ = 0,707 va thoi gian 1én t = 600 ms. Twr do, tan
s6 riéng duwoc xac dinh theo cong thirc = 1,8/t =
3(rad/s).

Hé phwong trinh trang thai trong mién thdi gian lién
tuc co6 dang:

x(t) = Ax(¢) + Bu(t)
{y(f ) =Cx(1)

Trong doé:

A: Ma tran hé thong;
B: Ma tran dau vao;
C: Ma tran dau ra.

Cac ma tran A va B duoc xac dinh nhuw sau:

0 1 0 0 0
00 -Mm& 1
A: M 5 B: M
00 0 1 0
00 (M +m).g 0 1
L Ml i L M.

4.2, Tiéu chuan danh gia chat lwong diéu khién

Chéat lwong ciia hé théng diéu khién vong kin dwoc
danh gia dwa trén dd qua diéu chinh (Overshoot - 0%)
va dap g thoi gian ctia géc con lac.

4.3. M6 phéng (*ng dung diéu khién qua trinh qua
mang truyéen thong

4.3.1. Néi dung
Hinh 4 mé t& so d& md phdng clia bai toan diéu khién
con l&c ngwoc qua mang truyén théng.

Mang truyén thong

Cam bién

I

MPC

Co chu
chip hanh

Hinh 4. So' dé mé phdng hé con ldc nguoc cé
truyén théng mang

4.3.2. Biéu kién thuwc thi trén mang truyén théng [2]

Xét viéc thue thi wng dung diéu khién qua trinh théng
qua mang truyén théng (Hinh 4). Méi (‘ng dung nhw
vay bao gébm ba khéi chirc nang: Bo diéu khién MPC,
cam bién va co clu chap hanh. Trén mang ton tai hai
ludng d¥ liéu: Mot ludng tir cdm bién dén MPC (£, ) va
mot lubng tr bd diéu khién dén co cdu chép hanh (£ ).
Trong pham vi nghién ctru, chi xem xét cac ludng di
liéu £ dong bo va co cung h.

Tbc dd truyén bit tai 16p vat ly dwoc ciu hinh & mic
125 kbit/s.

Trwong di liéu trong cac thdng diép gdm 8 byte. Do
do, chiéu dai cta toan bo théng diép dwoc tinh toan la
L = 150 bit [1].

4.3.3. Tinh todn luat diéu khién

Trong nghién cru nay, chi tap trung vao bién géc cia
con lac, nghia la dadm bao con lac ludn duy tri & trang
thai thdng dirng trong qua trinh xe day dich chuyén tw
vi tri x dén x,.

Cac tham s6 ctia MPC tinh tir tham sé cta con lac
nguoc la:

- N, =40, N, = 10.

- 0=diag(q,,9,,9,-9,>"
10, q, = 800.

"q,>qy)
Véiq, =
- R=0,051,

- Chu ky ldy m&u: h=10 ms

- Cac ma tran trang thai:

1 Ix107 1,2531x10™* 4,1775x1077
R LU 2,5053x107 1,2531x10"*
1o 0 0,99795  9,9932x10

0 —0,41029 0,99795

5,5552x107°

L1110x107*

—1,8512x10™"

—3,7012x107*

; 1 000
=[x @ =Cx, C=
y=lx ol [0 0 1 0}

- Ham chi phi va luat diéu khién tinh theo cbng thire
(7) va (8).

4.3.4. Céng cu mé phong

Phan mém dwoc st dung trong nghién clru nay la
TrueTime [8] - m6t cong cu chay trén nén tang Matlab/
Simulink, cho phép mé phéng cac hé thdng diéu khién
phan tan thoi gian thyec.
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4.3.5. Phéan tich két qua mé phéng va nhan xét

Cac két quad mo phong diéu khién n dinh con lac
nguwoc dwoc trinh bay trong Hinh 5, Hinh 6, Hinh 7 va
Hinh 8 v&i hai trwdng hop:

- Trwong hop khéng bu tré (WDC - Without Delay
Compensation).

- Trwérng hop bu tré st dung MPC.

0.08

0.06 - WDC
MPC
0.04 -
0.02 -
0
-0.02 -
-0.04"- : r r L r 4
0 1000 2000 3000 4000 5000 6000

t (ms)
Hinh 5. Dién bién géc con I&c trong mién thoi gian
voit=0ms
T Hinh 5 cho thdy: Dd qua diéu chinh (0%) trong
trwdng hop khdng bu tré la 26,75%, trong khi véi MPC
chi con 5,25%.

0 (rad)
0.08 -

0.06 - WDC
MPC

0.04
0.02 -

0
0.02-
-0.04° : : . : . .

) 1000 2000 3000 4000 5000 6000

t(ms)
Hinh 6. Dién bién goc con I&c trong mién thoi gian
véit=95ms
T Hinh 6 cho thdy: Dd qua diéu chinh (0%) trong
trwong hop khong bu tré la 53,25%, trong khi véi MPC
chi con 16,25%.

0 (rad)
0.08 - WDC

0.06 -
0.04 -
0.02-

0

-0.02 -

0,045 : : : J
0 1000 2000 3000 4000 5000 6000

t(ms)
Hinh 7. Dién bién géc con I&c trong mién thoi gian
voit = 16,5 ms

Tt Hinh 7 cho thay:
- 0% (khong bu tré) = 79,0%.
- 0% (MPC) = 26,75%.

0 (rad)
0.08- WDC

pe
MPC ﬂ
0.06 -

- ﬂﬂ

0.02 -
O—J

-0.02 - 1

-0 0407 1000 2000 3000 4000 5000 6000

t(ms)
Hinh 8. Dién bién géc con I&c trong mién thoi gian
vGit = 24,5 ms

Tw Hinh 8 cho thay:
- Khi khéng c6 bu tré hé thédng mét én dinh.

- Khi 4p dung MPC hé théng van duy tri dwoc sw 6n
dinh v&i 0% (MPC) = 41,75%.

5. KET LUAN

Trong nghién ctru, phwong phap MPC duwoc dé xuét dé
vlra dam bao tinh &n dinh, vira cai thién hiéu qua diéu
khién trong hé théng diéu khién qua mang. Két qua mé
phdng chirng minh rang, trong trwéng hop khéng cé
bu tré (WDC), hé théng chiju anh hwéng rd rét cia tré
truyén théng, dan dén dao dong I&n va mét én dinh.
Nguwoc lai, MPC c6 kha ndng bu tré hiéu qua, dam bao
cho hé théng nhanh chéng &n dinh va duy tri trang thai
can bang. Két qua nay chirng minh hiéu qua vuot troi
ctia MPC véi viéc ddm bao 6n dinh va nang cao chét
lwong diéu khién cho hé théng diéu khién qua mang.
Trong twong lai, nghién ciru c6 thé duwoc mé rong theo
cac huwéng:

i) T6i wu héa tham s6 MPC nham gidm do6 phirc tap
tinh toan va nang cao hiéu qua thoi gian thwec;

ii) Xem xét cac yéu t6 bat dinh nhw tré bién thién va
mat gdi tin trong mang truyén théng;

iii) Két hop MPC véi cac phwong phap diéu khién
thong minh nhw: M, tri tué nhan tao,... dé cai thién
kha nang thich nghi;

iv) Trién khai thtr nghiém trén mé hinh thwc nghiém dé
kiém ching tinh kha thi trong (rng dung cu thé.
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