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TOM TAT

Trong nghién ciru xe tw hanh, viéc diéu khién chuyén lan la mét bai todn quan trong doi hoi
kha nang bam quy dao tham chiéu véi dg chinh xdc va 6n dinh cao. Bai bdo trinh bay phirong phdp
diéu khién dy bdo mé hinh (Model Predictive Control - MPC) dp dung cho hé thong tuyén tinh bt
bién theo thoi gian (Linear Time-Invariant - LTI), cu thé trong trwong hop van toc cia xe dige coi
khéng déi. Muc tiéu chinh ciia nghién civu la khdo sat va hiéu chinh cdc hé sé trong s trong ham
chi phi toan phuong (quadratic cost function), nham xdc dinh b tham sé t6i wu cho viéc bam quy
dao hiéu quad. Hiéu sudt ciia bé diéu khién dwoc danh gid théng qua cde mé phong trén nhiéu dang
quy dao khdc nhau. Két qua mé phong cho thdy viéc t6i wu héa cdc tham sé khong chi cdi thién do
chinh xdc bam quy dao ma con tang cuong do mueot va do on dinh cia xe, dong thoi théa mén cdc
rang budc vit Iy va hé thong. Phwong phdp ndy cho thdy tiém nang vmg dung diéu khién cho cdc hé
thong xe tu hanh.

T khéa: O 16 tir ldi (Autonomous Vehicles); Diéu khién téi wu (Optimal Control); Piéu
khién dw bdo mé hinh (Model Predictive Control); Hé théng bdt bién theo thoi gian (LTIs-Linear
Time Invariant System).

ABSTRACT

In autonomous vehicle research, lane-changing control is a key challenge requiring precise
and stable trajectory following. This paper introduces a Model Predictive Control (MPC) approach
applied to a Linear Time-Invariant (LTI) system, assuming constant vehicle speed. The study
focuses on tuning the weighting coefficients in the quadratic cost function to optimize parameters
for effective trajectory tracking. Controller performance is assessed through simulations across
various trajectories. Results demonstrate that parameter optimization enhances tracking accuracy,
vehicle smoothness, and stability while meeting physical and system constraints. The method shows
promise for autonomous vehicle control applications.

Keywords: Autonomous Vehicles, Optimal Control; Model Predictive Control; LTIs-Linear
Time Invariant System.
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1. GIOI THIEU

Diéu khién quy dao chinh xac, dac biét
1a trong cac tinh hudng chuyén lan hoic bam
lan, 13 mot yéu cau quan trong dbi v6i chuyén
dong an toan va hiéu qua cta xe ty hanh. Trong
s6 cac k¥ thuat diéu khién tién tién, diéu khién
du bao mo hinh (Model Predictive Control -
MPC) ¢6 uu diém ndi troi nhd kha nang xir 1y
cac rang budc cua hé¢ théng va tdi uu hoa hiéu
nang diéu khién trong mot khoang thoi gian du
doan [1]. MPC dac bi¢t phu hop vdi cac bai
toan diéu khién phuong tién phirc tap, doi hoi
su can bang giita d6 chinh xac bam quy dao va
cac yéu td nhu cam giac ctia hanh khach va gi6i
han vét ly cua xe [1, 2].

Cac mo hinh phirc tap nhu hé thong
bién thién tuyén tinh theo tham sb (Linear
Parameter-Varying - LPV) cho phép mo ta
chinh xac dong hoc phi tuyén cua xe dudi cac
diéu kién van hanh thay doi. Tuy nhién mé hinh
tuyén tinh bat bién theo thoi gian (Linear Time-
Invariant - LTT) van dugc coi la budc khoi dau
dé don gian hoa bai toan thiét ké bo diéu khién.
Khi xem xét cac ché do van tdc khong doi
hodc thay d6i cham, mo hinh LTI két hop véi
MPC (MPC-LTI) van dem lai sy can bang hop
ly gitra d6 phirc tap tinh toan va hiéu qua diéu
khién [3].

Phuong phap MPC-LTI da dugc dua ra
trong nhiéu nghién ctru [1, 2, 3], tuy nhién viéc
tinh chinh cac tham sb ma tran trong sb (Q, R,
S) trong ham chi phi ctia bo diéu khién déng
vai tro quyét dinh dén chat lugng diéu khién.
Chung anh huong truc tiép dén sy uu tién gitta
viéc giam thiéu sai s6 bam quy dao va han ché
nd lyc diéu khién (vi du: goc danh 1ai), qua d6
tac dong dén d6 on dinh va d6 muot ciia chuyén
dong.

Bai bdo nghién ciru nham tng dung va
danh gia bo diéu khién MPC-LTI cho bai toan
diéu khién chuyén lan cua xe ty hanh trong diéu
kién van toc khong doi. Pong gop chinh ciia bai
bao 1a khao sat anh huéng cua viée diéu chinh
cac ma tran trong sb Q, R va S trong ham chi
phi toan phuong cia MPC dén hiéu suit bam
quy dao, d6 muot va sy On dinh cua xe thong
qua cac mo phong véi cac quy dao dit ra. Muc
tiéu 12 tim ra mot bd tham sd tdi wu, cung cép
co s& cho viéc trién khai thuc té bo diéu khién.

2.MO HINH HOA VA THIET KE BQ PIEU
KHIEN

2.1. M6 hinh dgng luc hoc 6 t6

Hinh 1. M6 hinh dong luc hoc 6 t6 1 vét banh xe

Trong nghién ctru nay, m6 hinh dong luc
hoc quay vong 6 t6 1 vét 2 bac tu do (Bicycle
model — 2 DOF) [2, 4] duoc xem xét dé mo ta
bai toan quy dao chuyén dong cua xe (hinh 1).

Thiét 1ap hé phuong trinh dong luc hoc
theo phuong ngang cua xe [2, 4]:

{ m(y + Xq:') = F)’f + FYr (1)

Izd) = lnyf - 1rFyr

Trong d6: m - Khi luong cua xe (toan
tai); I - M6 men quan tinh cua xe quanh truc
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théng ding di qua trong tdm; Oxy - Toa dd
gan voi trong tam cua xe; F F - Luc ngang
tac dung 1én 16p trudc va lop sau cuaxe; 1,1 -
Khoang cach tir tim khéi luong ciia xe den truc
trudc va truc sau.

Khi quay vong dudi tac dung cua luc
ly tam, thong qua sy tuong tac gitra banh xe va
mdt duong, phan luc ngang tr mat duong tac
dung 1én cac banh xe trudc, sau duoc gia thiét
tuyén tinh hoa [4].

Cyroty

s )

Fyr = Cyr Ay

Trong d6: C , C vaa,, o, lan luot 14 hé
sd d6 climg goc quay Vong va goc trugt ngang
cua banh trudce, sau. Cac goc trugt ngang duoc
xac dinh béi cac phuong trinh sau [4]:

a = 8 —tan (yf%fz - 5fil(z+;f¢) 5
o = ()=

Trong do, &, 1a goc quay banh xe dan
hudng trude, sau. O day, chi banh xe truéc dan
hudéng(s, = 0).

Viéc xac dinh quy dao chuyén dong cta
xe dugc biéu dién trong hé quy chiéu quéan tinh
v6i hé truc toa d6 OXY, mdi quan hé gitta 2 hé
toa do:

Y = %xsin ¢ + ycos ¢ 4)

Phuong trinh dong luc hoc cua xe theo
phuong ngang dugc biéu dién lai:

m@r"’j‘;d’):(Cyf(af_?ﬂﬂb]"'cyr%j

3 )
I, = (1fcyf(5f Y+1f¢) 1fcyr1ﬁr—;;r¢

Biéu dién hé phuong trinh trong khong
gian trang thai:
Y = CX
Trong d6, x=[y. ¢, $, y],1a vector
trang thai, y=[¢,y] 1a dau ra cua h¢ thong, u= S,

1a dau vao diéu khlen vaA, B, Clacac ma tran
trang thai, diéu khién va dau ra, dugc cho bai:

Cyet+C

_2_L_)E 0 _X_Z_L_Y_ 0
mx mix
A 0 0 1 0
_2 CYf_.CYT 0 zcgflg_.cﬁ’rlg 0
mx mx
1 0 0 0
5 Gt
m
. 0 01 0 0
B_ZEﬂf C_[{)oo 1] )

2.2. Thiét ké bd diéu khién MPC

Diéu khién dy bao mé hinh (MPC) duoc
lra chon do kha ning giai quyét hiéu qua cac
bai toan diéu khién tbi wu v6i nhiéu rang budc,
phti hop cho hé thdng xe tu hanh. Nguyén 1y co
ban cia MPC Ia st dung m6 hinh dong lyc hoc
ctia hé théng dé du doan cac trang thai twong
lai trong mdt khoang thoi gian hﬁ'u han, goi
la chan tro1 du doan (N ). Tai mdi bude thoi
gian k, bo diéu khién s& giai mot bai toan tbi
vu nham tim ra chudi tin hiéu diéu khién ti vu
Au, .. (i=0,.. SN bang cach cyc tiéu hda mot
ham chi phi, thuong c6 dang toan phuong [2,
3].

Ham chi phi nay phan 4nh muc tiéu diéu
khién, bao gdm viéc giam thiéu sai léch giita
quy dao dy doan va quy dao tham chiéu, dong
thoi han ché nd lyc diéu khién va théa man céc
rang budc vat ly ctia xe (vi du: gidi han goc 1ai,
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tdc do thay doi goc lai). M6 hinh du doan dugc
sir dung trong bd diéu khién MPC thuc hién
viéc roi rac hda cia mo hinh dong luc hoc LTI
da dugc trinh bay trong phuong trinh:

Aka + Bdu.

Xkt1
[ e

Yk =

Pé tich hop cac rang budc 1én tin hiéu
diéu khién (goc quay banh xe din huéng §) va
toc do thay doi clia nod (AS) vao bai toan toi
wu mot cach tryc tiép, k¥ thudt ting cudng
trang thai (state augmentation) duoc ap dung.
Vector trang thai mdi dugc dinh nghia la
1 X = [XE 8x_1] T, va ddu vao méi 1a téc
do thay doi goc 14i Au_= A . M6 hinh du doén
tang cuong (ham chi phi) c6 dang [2, 3]:

X —
{ ot . )
Yo = CaXy

Trong do, cac bién trang thai méi dugc
b6 sung:
o _ | Xx].% _[Aa Ba]. 3 _ [Bd].
-ty Y-l
(10)

- X
C=[Ca OL:%, = ““];

O1c

Aug, Aty g, ey Aty

2.3. Piéu khién tdi vu bing ham chi phi bac 2

Viéc tim ra gia tri A5, t6i uu cho mdi
budc thoi gian can phai dya vao ham chi phi
bac hai. Him diéu khién nay thuc hién viéc
giam di sai so giita gia tri quy dao tham chiéu
va gia tri du doan sao cho gia tri dau ra cia ham
(J) 1a nho nhat [1, 2, 3, 5, 6].

€ = Yref — Ypred; (1D

. 1 1N T
min | :EeE+Nsek+NEz}iol[eLiQekHA&}Hi RAS,i] (12)

st Xppq = AgXy + Bau; Aug;, < Au < Augax

max - (13)

Upip = U =U

Trong ham chi phi (12), cic ma tran
trong s6 Q, R, va S dong vai trd quyét dinh dén
hanh vi cta bd diéu khién. Cu thé nhu sau: Q
xac dinh mic do wu tién cho viéc giam thiéu
sai s6 gilta quy dao thuc t& va quy dao tham
chiéu (Q 16n c6 nghia bo diéu khién quan tim
nhiéu vao viéc giam sai sé6 bam quy dao); R
diéu chinh nd luc diéu khién bién d6 cua goc 1ai
8 (R tang s& han ché su thay doi 16n cta goc 1ai
gitip chuyén huéng muogt hon nhung do chinh
xac bam quy dao c6 thé giam); S danh gia sai sd
cudi cung tai chan troi du doan, giap dam bao
xe khong chi bam quy dao tot ma con dat dugc
trang thai mong muén & cudi chan troi. Viéc
lya chon hop 1y cac ma tran nay giap dong vai
tro quan trong dé dat duoc su can bang gitra do
chinh xac va do muot ctia chuyén dong.

O phuong trinh chi phi (minJ), e biéu
thi sai sO gitra gid tri két qua tham chiéu va
gia tri két qua du doan tai mién thoi gian phia

: 1T P
trudc. Cu thé honE e NOCk+N danh gia muc
dd uu tién cua sai sO két qua cudi cung trong
chudi didu khién. Trong khi d6, ep,;Qey.;
danh gid muc d§ uu tién cua sai s6 qua trinh va

T ; cs X A - A
A8y, i RASy,; danh gia nd lyc diéu khién. Qua
bién doi, dua ham J vé dang [3, 5, 6]:

" = éﬂ&gﬁﬂ.@c +[x." rT|FTAS,(14)

Ap dung ham suy giam d6 dbc vao
phuong trinh trén:

A]” = HAS, +F [}f}‘] = 0(15)
r()'
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Tir ddy tim ra dugc chudi gia tri diéu
khién dé€ dua vao moé hinh dong luc hoc cua xe
tu hanh:

AS, — —ﬁ—lﬁ[{k] (16)
rO’
3.MO PHONG VA KET QUA

3.1. Cac thong s6 cho méd phéng

Cac thong so cua xe ty hanh duoc s

dung cho mo6 phong duogc dua ra ¢ bang 1.

Bdng 1. Théng so xe tir hanh

Thamsé | Giatri | Thamsd | Gia tri
m 1500 1, 2
L 3000 1 3
" 19000 X 20
. 33000 hz 45

3.2. M phong va két qua

Mo phong véi bd tham sé ban dau trong
MPC:

s=1[é {1)] Q=1[; g] R=1[1]; (17)

Két qua mod phong nhu thé hién trén
hinh 2, 3.

i

| AW e SRS S—
L1 # - == g
b4

o Mmdhag whewl anghe |rad]

I
r— p i

4 e

-

Hinh 2. [1] M6 phong 1 - Quy dao duwong cong.

]

W erireg dhdel anghe |1

e |raem|
o
'l -

ypoultion ] FE_

Hinh 3. [2] M6 phong 1 - Quy dao duong sin.

Nhan xét: Véi bo tham s6 bo diéu khién
gbc (17), bd diéu khién trang thai chuyén lan
thuc hién tt & quy dao cong nhung tai quy dao
hinh sin (yéu cau danh lai nhiéu) kém hiéu qua.

*) M6 phong duoc diéu chinh b tham

s tbi wu trong MPC:

$=17.3e1 [; {1)]; Q=25.3¢3 [é {ﬂ (18)

R=27.5e4[1]

Két qua mod phong nhu thé hién trén
hinh 4, 5.

== pagr ey m g e ]
-
a

g ] E_rT p
T

Hinh 4. [3] M6 phong 2 - Quy dao duwong cong.
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i

Hinh 5. [4] M6 phong 2 - Quy dao duong sin.

Nhan xét: Vi bo tham s6 t6i wu (18), bd
diéu khién MPC-LTI cho thay su cai thién vuot
troi trén ca hai loai quy dao. Vi¢c tinh chinh
cac ma tran trong ) (S, Q, R) giup dat duoc
su can bang t6t hon giita do chinh xac bam quy
dao va do muot cia chuyen dong. Pc biét, kha
nang xu Iy quy dao hinh sin — von doi hoi didu
khién phirc tap — dugc cai th1en dang ké. Nhu
vay, viéc hi€u chinh cac tham $6 trong ham chi
phi gép phan cai thién dang ké hi¢u suat ctia bo
diéu khién.

4. KET LUAN

Nghién ctru ndy da trinh bay viéc thiét
ké va md phong bo diéu khién dy bdo md hinh
tuyén tinh bat bién theo thoi gian (MPC- LTI)
cho bai toan diéu khién phuong ngang (chuyen
lan/bam lan) ciia xe ty hanh véi gia thiét van
toc khong doi.

Két qua mo phong trén cac quy dao tham
chiéu bao gdm duodng cong don gian va dudng
hinh sin phtc tap, di khang dinh vai trd quan
trong cua viéc lya chon cac ma tran trong ) Q,
R, va S trong ham chi phi. B tham s6 ban dau
cho thay kha niang diéu khién chdp nhan duoc
trén quy dao don gian nhung hiéu suét suy giam
dang ké trén quy dao hinh sin, thé hién qua sai
s6 bam 16n va dao dong trong tin hidu diéu khién
(goc lai). Nguoc lai, sau khi thyc hién t6i wu hoa
cac trong s nay, bo didu khién MPC-LTI da thé
hién sy cai thién vuot troi. Kha nang bam theo

quy dao tham chiéu tré nén chinh x4c hon dang
ké, dong thoi chuyén dong ciia xe ciing muot va
6n dinh hon, ngay ca ddi v6i quy dao doi hoi su
thay d6i hudng lién tuc.

Két qua cho thiy, ngay ca trong khuén
khd MPC-LTI véi gia thiét van toc khong doi,
viéc hiéu chinh can than cac tham s trong ham
chi phi 14 yéu t6 quyet dinh dé dat duoc hiéu suét
diéu khién mong mudn, can bang giira do chinh
xac va do muot. Nghién ctru di cung cip mot
minh chimg thyc tién vé tiém ning cua phuong
phap MPC-LTI va nhin manh tdm quan trong
ctia budc hiéu chinh tham s6 diéu khién.

Hudng phat trién trong tuong lai ¢
thé tip trung vao viéc mé rong phuong phap
sang sir dung mo hinh bién thién theo tham s6
(MPC-LPV) véi gia thiét van toc khong doi,
cho phép bo diéu khién thich tng tét hon véi
céc diéu kién van hanh thuc té da dang hon.
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