TAP CHil

KHOA HQC CONG NGHE HANG HAI
JOURNAL OF MARINE SCIENCE AND TECHNOLOGY—

ISSN: 1859-316X

HOI NGHI KH&CN CO KHi - DONG LUC 2021

NGHIEN CUU, XAY DUNG GIAI PHAP PIEU KHIEN CHO O TO
TU HANH, UNG DUNG MO HINH PIEU KHIEN DU BAO
RESEARCH AND BUILDING A AUTONOMOUS VEHICLES CONTROL
STRATEGY BY APPLICATION OF MODEL PREDICTIVE CONTROL (MPC)
TRAN THANH LAM*, PO VAN TU, NGUYEN Si PINH, LA QUOC TIEP
Khoa Bong luc, Hoc vién Ky thuat Quan s
*Email lién hé: lam.tranthanh@Ilqdtu.edu.vn

Tom tat

Bai bdo trinh bay co s¢ Iy thuyét vé mé hinh diéu
khién dw bao Model Predictive Control (MPC).
Nghién ciru xay dung thudr fodn diéu khién,
ciing nhw hé phuong trinh dong luc hoc twong
duwong cia phirong tién. Ung dung phan mem
Matlab - Simulink mé phong va danh gid két qua
nghién cizu khi cho 6 t& tw hanh trong diéu kién
chuyén lan don. Tir cac két qua chinh cuia nghién
Clbu, so sanh, danh gid dwoc hiéu qud cua bg diéu
khién MPC thich «#ng khi ing dung cho 6 to tw
hanh, théng qua cac théng so: quy dao cua 0 to
theo phwong ngang, goc quay vanh tay lai va goc
quay than xe.

Tir khoa: Piéu khién du bdo, phu'ong tién tir
hanh, dong luc hoc phuong tién, dieu khién
phuong tién.

Abstract

This paper presents the theoretical basis of the
Model Predictive Control (MPC). Research to
establish the control algorithm, the physical
diagram of the autopilot system, as well as the
equivalent system of dynamic equations of the
vehicle. Matlab - Simulink software is applied to
simulate and evaluate research results when self-
driving cars change lanes. Evaluation parameters
are horizontal trajectory, steering wheel and yaw
angle of the vehicle. In addition, the main results
of the study are also used to compare the
performance of standard and adaptive MPC
controllers.

Keywords: Model Predictive ~ Control,

autonomous vehicle, vehicle dynamics, vehicle
control.

1. Pit van dé

Viéc nghién ctru cac giai phap diéu khién phuong
tién tu hanh dua trén dong luc hoc chuyén dong cua
phuong tién 12 mot chu dé duoc nhiéu nha nghién ciu

guan tdm. Hién nay c6 nam cép do tu hanh chinh cua
phuong tién, d6 1a: Cép do 1 (hd tro ngudi lai); Cap
d6 2 (0 t6 tw danh 14i, ting toc va phanh dudi sy giam
sét cuia lai xe); Cap do 3 (tur 1ai c6 diéu kién; co 14i xe);
Cép d06 4 (tu 1ai co diéu kién, khong 14i xe); Cip d6 5
(tw 14i khong diéu kién, ty 14i hoan toan). Muc tiéu cua
qué trinh diéu khién 6 t6 tu hanh 1a thay d6i quy dao
chuyén dong cua 6 t6, mot cach ty dong, dua trén kha
ning dy bao va phat hién vat can trén duong. Thuc té
ngudi i ludn duy tri quy dao chuyén dong cua 6 to
theo quy dao mong mudn bang cach tac dong truc tiép
vao vanh tay lai, ban dap ga, ban dap phanh va céc
thao tac didu khién khac. Nhu vy dé phuong tién c6
thé tu hanh hoan toan (cap do 5), thi sy can thiét truc
tiép cua nguoi ldi vao cac co cau chip hanh trén
phuong tién s& duoc han ché, thay vao d6 1a cac hé
thdng didu khién ty dong. C6 thé ké dén hé thong lai
didu khién dién, hé thdng diéu khién tang toc va phanh,
hé théng 6n dinh va kiém soat an toan cua 6 to khi
quay vong hoic chuyén lan. Trong thoi gian vira qua
da c6 nhidu nghién ciru trong va ngoai nude dé cap tdi
nghién ctru cac giai phap diéu khién 6 t tu hanh. Tuy
nhién do tinh chét phirc tap cua van d& nay, viéc ap
dung cu thé céc giai phap diéu khién 1én mot hé théng
trong 6 t6 can c6 thém nhiéu cong trinh nghién cuu.

2. Co sé ly thuyét
2.1. Co'sé' 1y thuyét mé hinh diéu khién durbdo MPC

Hién nay diéu khién du bao 1a chién lugc diéu
khién dwoc st dung phé bién nhit trong viéc diéu
khién qua trinh. Bo diéu khién dy b4o dung mot md
hinh dé doan trudc dap tmg twong lai cua ddi tuong
diéu khién tai cac thoi diém roi rac trong mot pham vi
du bao (Prediction horizon) nhat dinh. Dya vao déap
ng du bao nay, mot thuat toan téi uu hoa duoc sir
dung dé tinh toan chudi tin hiéu diéu khién tuong lai
trong pham vi diéu khién (Control horizon) sao cho
sai léch gitra dap tng du bao boi md hinh va tin hiéu
chuén cho truée 12 t6i thiéu. Phuong phéap diéu khién
du béo 1a phuong phap tong quét thiét ké by diéu
khién trong mién thoi gian c6 thé &p dung cho hé
tuyén tinh ciing nhu hé phi tuyén.
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Céc budc co ban khi xay dyng mé hinh diéu khién
du bao MPC la;

- Sir dung mot mé hinh dé du béo gié tri dau ra caa
qua trinh & céc thoi diém trong twong lai;

- Tinh toan lan luot céc tin hiéu diéu khién bang
cach toi thiéu hoa phiém ham muyc tiéu.

- Mai Ian (tai thoi diém hién tai t) céc tin hiéu didu
khién duoc dy béo thi chi co tin hi¢u dau tién dugc
dua dén tac dong vao qué trinh. C6 rat nhiéu cac thuat
todn MPC (Vi du nhu LRPC: LongRange Predictive
Control,..), su khac nhau gitra ching la sir dung cac
moé hinh khac nhau dé biéu dién qua trinh, nhidu va
ham muc tiéu (Cost Funtion) duoc t6i uu hoa.
Nguyén ly hoat dong cua MPC: Nguyén 1y diéu
khién cua MPC duoc thé hién trén Hinh 1.
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Hinh 1. Cdu tric va nguyén Iy 1am vigc ciza mé hinh
diéu khién dur béo [1]

Pham vi du bédo N: S budc thoi gian du doan
trong tuong lai duoc goi la pham vi du béo. Ung véi
mdi budc du bao, bo diéu khién s& thuc thi mot nhiem
vu diéu khién tir t dén t+N. Trong thuc té pham vi dy
bao phai duoc lya chon phi hop, vi du khi 6 t6 chuyén
d6ng vai van tbc 80km/h, thai gian phanh khan cap 5s.
Tuy nhién néu pham vi du bao la 2s, gap vat can, xe
chi c6 thé dirng lai sau khi va cham. Néu N qua 16n,
dan dén Iang phi tai nguyén tinh toan ciia hé thong.

Thoi gian lay mau A, : Thoi gian nho nhat c6 thé
ma bo diéu khién thuc hién thuat toan diéu khién.
Théng qua thoi gian lay mau c6 thé xac dinh dugc toc

d6 xir ly cua bo didu khién, ciing nhu kha ning dap
g v&i cac tin hiéu kich thich dau vao hodc nhiéu

TAP CHi ISSN: 1859-316X

KHOA HOC CONG NGHE HANG HAI

L_JOURNAL OF MARINE SCIENCE AND TECHNOLOGY-

theo thoi gian thuc. Néu n6 qua 1n, khi xay ra nhiéu,
bo didu khién s& khdng thé phan tng véi nhidu du
nhanh. Nguoc lai, néu thoi gian lay mau quéa nho, bo
diéu khién c6 thé phan &mg nhanh hon véi cac nhidu
va su thay ddi tin hiéu dau vao, didu nay c6 thé dan
dén su ¢b tran dir lidu tinh toan.

Pham vi diéu khién c: Mot thong sb thiét ké khéc
cia MPC 1a pham vi diéu khién. Trong tap hop cac
hanh dong didu khién trong tuong lai din dén dau ra
dugc du doan cua déi tuong, sé luong hanh dong diéu
khién dén budc thoi gian m dwoc goi 1a pham vi diéu
khién, véi dau vao duoc gitr khong doi. Mi hanh
dong diéu khién trong pham vi diéu khién c6 thé duoc
coi 1a mét bién ty do cn dugc tinh toan bai qua trinh
t6i uu hoa. Do d6, pham vi diéu khién cang nho, khdi
luong tinh toén cang it.

Ngoai ra khi thiét ké mé hinh diéu khién dy bao
MPC cin quan tdm dén cac thdng s khac nhu cac
rang budc (Constraints), trong sé (Weight).

Véi bai toan tu hanh, dé gitr cho & t6 di chuyén
theo mot quy dao tham chiéu cho trudc, trong truong
hop ¢é dinh chan ga, van téc doc khong dbi, bo diéu
khién MPC can xéc dinh quy dao thuc té gan nhat véi
tham chiéu, thdng qua t6i uru héa phiém ham muc tiéu
J. O 6 tuy hanh thong thuong phai thoa man cac diéu
kién rang budc cing va rang buéc mém nham xac dinh
pham vi hoat dong, diéu kién méi truong, diéu kién an
toan khi chuyén dong.

Tham - .
chiou / = 1 3~

ary

Pham vi dy bao, p

Hinh 2. M6 hinh diéu khién du bao MPC cho 6 t0 tw hanh
Trong d6: ey : Sai $6 quy dao theo phwong ngang;
Au : Buéc thay doi goc quay vanh tay lai; p: Pham vi
du bao; we, Wy: Céc hé s6 hiéu chinh sai s6 quy dao va
budc thay d6i goc lai, co thé ¢ dang ham mil hoac
hang so.
2.2. M6 hinh khdo sat déng luc hoc 6 to
Dé nghién ciru dong luc hoc chuyén dong cua 6 to
mot cach tong quat, md hinh nghién ciru phai dugc xay
dung trong khong gian. Néu xem 6 t6 nhu mot vat rin
chuyén dong trong hé toa do khong gian ba chiéu cé
dinh Oxyz thi chuyén vi cua trong tim 6 t6 duoc xem
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xét bai sau thanh phan, gdbm chuyén vi doc theo 3 truc
va quay quanh 3 truc. Trong bai béo nay, tac gia tién
hanh khao sat dong luc hoc chuyén dong cua 6 to trong
mit phang dudng Oxy, phuong thang ding Oz, 4p dung
mé hinh 16p phi tuyén HSRI dé tinh toan luc ngang, hrc
doc va md men quanh truc z cta banh xe [2].

- M6 hinh khdo sat chuyén déng cua 6 to trong mat
phang dwong:
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Hinh 3. M6 hinh hai vét khdo sdt déng luc hoc 6 t6
trong mat phédng dwong [3]

Gia téc cua 6 t6 theo phuong doc xe OX:
a =V, — vy [€h)

Phuong trinh c4n bang luc theo phuong doc xe:
Fq €086 —Fqsind + Fg cosé - Fysind + B + F, =ma, (2)

xrl

Gia toc cuia 6 t6 theo phuwong ngang Oy:
a, =V, +Vv,i 3)

Phuong trinh can bang luc theo phuong ngang Oy:
FaC0sd + Fgsind + F; cosd + Fgsing + F, + F, =ma,

(4)
Goc lan 1éch 16p trugce, bén tréi:
v, + 1y
a, =6 —arctan| — v (5)
vV, +—y
T v
Goéc lan 1éch 16p trudc, bén phai:
v, + 1,y
a, =& —arctan| (6)
v
xT 4
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Goc lan léch 16p sau, bén trai:

=—arctan
arl y w . (7)
T 5 4
Goc lan 1éch 16p sau, bén phai:
vy — Irl//
a,, =—arctan (8)
vV, +—Y
TS 4
Gia téc g6c quay than xe:
.1
W:Er 9
=1l (F_ysin6+F, , cos&)—%(FU, coss - F, 4sins)
+1,(F,_ysing+F, , coss) +g(FUr coss - F, ,sing) (]_O)

1 (Fa+F)- g(FU‘ -F.)
Phuong trinh xac dinh quy dao theo phuong doc
Oxn va phuong ngang Oyy cua 0 to:

v, =V,08(1) ~v,sin(y) (11)

Vy,, =V, sin(y) —v,cos(y) (12)
Tu haj phuong trinh trén suy ra:

X, = t

V .
oy = vy,

- M6 'hinh khdo $at déng luc hoc cia 6 to theo
phiong thang dimg Oz:

Hinh 4. M6 hinh khéng gian, khdo sdt dgng luc hoc
Ciia 6 té theo phwong thing ding [2]

Hé ngoai luc va md men ngoai luc tac dung 1én &
t6 khi khao sat dong luc hoc theo phwong thing dung
nhu sau [4]:

stl + Fdfl + str + Fdfr + Fsrl + Fdrl + Fsrr + Fdrr = mszs (13)

(Fsrl + Ry + R + Fdrr)b _(stl + F + R + Fdfr)a: Ipé

(14)
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(Fsﬂ+Fdﬂ+F +Fdrl)§7(': +Fy +F +F\1rr)£:|r¢.

srl sfr s 2

(15)

Phuong trinh dong luc hoc theo phuong doc cua
16p trudc bén tréi:

Fa—Fq—Fn= muflzufl (16)

Phuong trinh dong luc hoc theo phuong doc cua
16p truge bén phai:

F

' — Fg —Fge =M

sfr dfr

17

ufr =ufr

Phuong trinh dong luc hoc theo phuong doc cua
16p sau bén trai:
Fo—Fa—Fu= muriuﬂ (18)

Phuong trinh dong luc hoc theo phuong doc cua
16p sau bén phai:
Ftrr - Fsrr - Fdrr = I’nurrzurl (19)

Tai trong thing dung tac dung 1én mdi banh xe
duoc xac dinh nhu sau:

m,gb
Fa= 2(3.53 b) +Myg+Fy
m,gb
zfr :z(as—ib) + mufrg + Ffr
naa (20)
Fzrl =+ Mg + Frl
2(a+b)
_ m,ga
Fzrr - 2(a+b) + murrg + Frr

Tai trong thang dung, cung véi tac dung 1én mdi
16p xe, clng véi do truot theo thoi gian 1 gia tri dau
vao cho mé hinh 16p HSRI.

- M6 hinh lép phi tuyén HSRI

Trong mo hinh HSRI céc thanh phan lyc ngang va

luc doc dugc xac dinh boi céng thic sau [1]:

S
F=-cc—f(L

ATy (L) (21)
F, =— 5 f(L)

y — al_s (22)

y
Trong d6: Fyx1a luc doc tai 16p xe; Fyla lyc ngang;
cs1a do cting doc cua 16p;C, 1a d¢ cing goc cua 16p;

Sx, Sy la dg trugt theo phuong doc va phuong ngang
cua 16p xe.
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Ngoai ra ta c6 gid tri f(L) theo ving truot va

bam nhu sau:

f(L)={ 1 L>1
L2-L) L<1
, AN ) (23)
Trong d6 L>1 thugc vung bam, L<1
thudc vung trugt
1 2 =
2
L=§/10(1— Avx)Fz(l—s)[(css) +(ca tanza) }2 (24)

Vé6i: Ly 1a he sb bam; A 1a hé s6 ké dén anh

huéng cia van téc xe;

phuong thang dimg; v,

X

F, la thanh phan lyc theo

1a van téc chuyén dong cua

0 t0; s 1a hé s6 do truot cua 16p twong tng.

Hinh 5. Biéu dién cac thanh phdn leec va mé men véi
mé hinh lép HSRI [4]

Hinh 6. Chwong trinh khdo s&t MPC thich #ng
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Hinh 7. Pé thi so sanh gié trj tham chiéu va MPC tiéu chudn

3. Két qua md phéng va ban luan

Tién hanh khao sat quy dao cua 6 t6 ty hanh trong
bai ton chuyén lan don v6i mé hinh didu khién MPC
thich trmg, mé dun diéu khién MPC thich ung (Adative
MPC) cho phép thay doi van toc chuyén dong cua 6
t6 theo diéu kién cho trudc ma van dam bao chét
lwong cua qué trinh didu khién. M6 dun MPC thich
tng thudc thu vién cua phan mém Matlab - Simulink
[5], céc théng s6 s dung dé danh gia 1a quy dao
chuyén dong cua 6 t6 theo phuong ngang va van téc
goc quay than xe. Diéu kién khao sat: thay doi thoi
gian ldy mau, pham vi dy bao va pham vi diéu khién.

Két qua khdo sat:

Dé danh gia hiéu qua caa md hinh MPC thich tng,
tién hanh thay d6i cac tham s6 caa md hinh MPC.

Truong hop 1: Van téc chuyén dong cua 6 to 30
km/h; pham vi dy béo lan luot p; =10; p2 = 20; p3 = 30;
thoi gian ldy mau At=01s, pham vi diéu khién ¢ =3.

Tur d6 thi khao sat ta thiy khi pham vi du béo p =
10, sai léch giita quy dao tham chiéu va quy dao thyc
té 12 nho nhat. Xét tai thoi diém t = 3s, gié tri quy dao
ngang tuong ng la 1,839m trong khi d6 gia tri quy
dao tham chiéu la 2,184m, sai léch tuong ddi 15,79 %.
Nhu vay khi thay déi pham vi du bao, thoi gian lay
mau khong doi, sai so giita duong tham chiéu va
duong thuc té 1a kha lén.

Trudng hop 2: Van téc chuyén dong cua 6 td 30
km/h; pham vi dy bao p=10; thoi gian Idy mau lan luot
la AL, =0,01s; At =0,05s; At =01s pham vi diéu
khién ¢ =3.

Tai thoi diém t=3 s, quy dao ngang tham chiéu
2,184m. Sai sé quy dao ngang thyc té va tham chiéu
nho nhat khi thoi gian lay mau At =0,01s, quy dao
ngang thuc té trong truong hop nay 2,028m. Sai s6
twong dbi nho nhat 7,14%. Nhu vay dé nang cao do
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Hinh 8. Pé thi so sanh gia trj tham chiéu va MPC thich sing

chinh xé&c ciia mé hinh diéu khién du béo, can phai
tang thoi gian ldy mau caa m hinh.
4. Két luan

- Bai bao di tién hanh xay dung md hinh khao sat
dong luc hoc cua 6 t6 tu hanh, c6 sir dung md hinh
diéu khién du bao MPC.

- Nghién ctru va thiét ké bo diéu khién MPC thich
tng diéu khién 6 t6 ty hanh di chuyén theo quy dao
tham chiéu, bo diéu khién thich ang véi wu diém co
thé cap nhat trang thai chuyén dong cua 6 to theo thoi
gian, cho phép thay ddi van téc chuyén dong, phi hop
cho nghién ciru 6 t6 tw hanh chuyén dong theo céc chu
trinh thir trong tuong lai.

- Xay dung chuong trinh tinh toan va mé phong hé
thdng diéu khién 6 to tu l4i trong phan mém Matlab &
Simulink. Tir cac két qua thu duoc chang to bo didu
khién hoat dong 6n dinh va c6 thé ap dung nghién ctu
va phat trién cho xe 6 t6 tw hanh trong thyc té.

5. Phu luc

Céc thong s6 ky thuat cia 6 to khao sét Gia tri
Khéi lugng xe khong tai, m, [kg] 1575
Khdi lugng khéng dugc treo phia truegc bén trai/ phai, 60
My = My, |7kg—|
Khéi lugng khong duoc treo phia sau bén tréi/ phai, 60
murl = murr |ng—|
M@omen quén tinh khdi lugng phan treo theo truc x, I, 500
[kgm* |
Mémen quan tinh khéi lwong phén treo theo truc y,

= 1810
1, [kom”]
Momen quan tinh khéi lugng theo truc z, I,

, 2875
[kgm” |
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Céc thong s6 ky thuat cia 6 to khao sét Gié tri
Khoang céch tir trong tam phin treo dén ciu truéc, a L813
[m] ’
Khoang céch tir trong tm phén treo dén cau truée, b Loo8
[m] ’
Chiéu rong co so, w[m] 1,655
Py cung caa h¢ théng treo truse, K=K

3 19000
[ Nm
Do cung cua hé théng treo sau, K, =K, [Nm’l} 33000
Hé sb can cna hé théng treo truéc, C, =C,

a1 750
[Nsm 1
Hé sb can caahé théng treo sau, C,, =C,, [Nsm’l} 750
Do ciing cia 16p, Ky =Ky =Ky =K, [Nm*] 200000
Momen quan tinh khéi luong banh xe, I, {kgm’zJ 1
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