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BIEU KHIEN GOC QUAY BANH XE DAN HUGNG
CUA HE THONG LAI STEER-BY-WIRE DIEN TU - THUY LUC

SU DUNG BO DIEU KHIEN RISE

CONTROL THE ROAD WHEEL STEERING ANGLE OF ELECTRO-HYDRAULIC STEER-BY-WIRE SYSTEM

USING RISE CONTROLLER

TOM TAT

Hé thing lai Steer-by-Wire (SBW) la mot budc phat trién vuot bac so véi cac
hé thong li co khi, thiy luc hodc hé thdng Idi dién, bai khd nang nang cao tinh
an toan chuyén dong cho 6 t6, tinh thoi mdi, linh hoat cho nquoi 4, cing nhu
dap ting t6t nhat nhiing yéu cau cho mot chiéc xe 6 t6 tu 1di trong tuong lai. Bai
bdo nay gidi thiéu vé mot phuong phap diéu khién bén viing lién tuc da trén
thuat toan diéu khién RISE cho cum chdp hanh lai ctia hé théng |ai SBW dién i -
thay luc dé diéu khién banh xe dan hudng bam theo quy dao tham chiéu tir vanh
tay ldi. Hiéu qua diéu khién cda thugt toan dugc minh hoa bi chuong trinh mé
phdng trén Matlab 6 nhiéu van tdc khac nhau cta xe va 6 hai loai bién dang mat
dudng nhua udt va khd.

Tir khod: Hé thong Idi Steer-by-wire dién tir - thily luc; diéu khién bén viing;
diéu khién phi tuyén.

ABSTRACT

Steer-by-Wire system is a great development compared to mechanical,
hydraulic or electric steering systems, because of its ability to improve vehicle
safety, comfortability, and flexibility for drivers, as well as the requirements for a
self-driving car in the future. This paper introduces a continuous robust control
method using RISE controller for the steering wheel mechanism of the electro-
hydraulic SBW system to drive the front wheels to track the reference trajectory
from the handwheel. The control efficiency of the introduced controller is
illustrated by several Matlab simulations at different vehicle speeds and on two
different road conditions as dry and wet asphalt road surfaces.

Keywords: Electro-hydraulic Steer-by-wire system; robust control; nonlinear
control.
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1. TONG QUAN

Cong nghé X-by wire da dugc ap dung trén moét s6 hé
théng ctia 6 t&6 nhu: Déng co (Throttle-by-wire), hé théng
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phanh (Brake-by-wire), hé théng treo (Active suspension),
hé théng lai (Steering-by-wire), hop s6 (shift-by-wire)...,
cdng nghé nay da cho thdy nhiing Igi ich vugt bac nhu:
nang cao tinh tién nghi, cai thién hiéu suat, tang dé tin cay,
d6 an toan, giam chi phi san xuat, chi phi van hanh [1].

Vi su loai bo hoan toan truc i va thay thé bang céng
nghé lai dién tu, hé théng lai Steer-by-Wire (SBW) dang la
mot budc phat trién vugt bac so vai cac hé théng lai ca khi,
thay luc hodc hé théng lai dién, hién dang dugc st dung
trén cac phuong tién xe ca gidi, bdi kha nang nang cao an
toan chuyén déng cho 6 t6, tang tinh linh hoat cho ngudi
l3i, cing nhu dap Ung t6t nhat nhiing yéu cdu cho mot
chiéc xe 6 t6 tu lai trong tuong lai [2].

Gan day, nhiéu nghién ctu trong vao ngoai nudc da tap
trung vao van dé mé hinh hoa va diéu khién cho hé théng
lai SBW [3-6]. Hai van dé diéu khién ddi v6i hé théng lai
SBW bao gém: diéu khién chdp hanh dan hudng va diéu
khién tao cdm giac lai. Bai bao nay tap trung vao van dé
diéu khién dan hudng cho hé théng lai SBW, nhiém vu Ia
dan dong co cdu lai lam quay banh xe dan huéng bam theo
goc quay vanh lai.

Mét s6 phuong phap diéu khién da dugc nghién cuiu va
ap dung cho hé théng lai SBW. Nghién clu vé cac van dé
diéu khién va an toan cho hé théng SBW cua tac gia Paul
Yih, trong d6 phuong phap diéu khién cho mé hinh tuyén
tinh ctia hé théng lai da dugc gidi thiéu va tién hanh thuc
nghiém trén xe [7]. Nghién ctu ctia Chunyan Wang va céng
su vé diéu khién géc quay banh xe dan hudng cla hé
théng SBW st dung thuat toan PID thich nghi - m& va tién
hanh m6 phong trong cac diéu kién lam viéc khac nhau
cho thdy diéu khién géc banh xe dan hudng dua trén PID
thich nghi - m& c6 thé lam cho hé théng dat dugc sy kiém
soat t6t, 6n dinh trong cac diéu kién nhat dinh [8]. Nghién
clu clia Yixin Yao vé cac phuong phap diéu khién cho hé
thong SBW [1].

Tuy nhién, cac nghién ctu diéu khién cho hé théng lai
SBW dién tu - thay luc, nhat la cé xét téi cac van dé vé
nhiéu va van dé khong xac dinh cla phuong trinh déng
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Iuc hoc con han ché. B diéu khién RISE (Robust Integral
of the Sign of the Error) gidi thiéu trong bai bao dugc thiét
ké dé thuc hién nhiém vu diéu khién goc danh lai ctia cum
chdp hanh dan huéng bam theo quy dao tham chiéu cta
vanh tay lai, tao ra su déng bd cla hé théng lai du truc lai
da bi loai bo. Bo diéu khién dua ra la bd diéu khién lién tuc
va co tinh bén ving. Cac két qua mé phong trén phan
mém Matlab da minh hoa cho hiéu qua ctia phuong phap
diéu khién.

Phan tiép theo clia bai bao trinh bay vé mé hinh dong
luc hoc clia b chdp hanh dan hudng hé thong SBW dién tu
- thay luc, gidi thiéu vé bd diéu khién RISE cling vdi cac yéu
cau lua chon céac tham s6 diéu khién, cac két qua mé phdng
dugc thuc hién véi hai chu ky lai khac nhau, & nhiéu van toc
khac nhau cuta xe va hai diéu kién mat dudng.

2. MO HINH PONG LUC HOC CUA BO CHAP HANH DAN
HUGNG

So dé khoi ctia hé thong lai SBW dién tl - thay luc duoc
mo ta & hinh 1, bao gébm cum vanh ai, cum bé chdp hanh
dan hudng va cum bo diéu khién SBW. Tuy khéng c6 lién
két co khi bang tru lai gitta cum vanh lai va cum bo chéap
hanh dan huéng, tuy nhién, bd diéu khién SBW thuc hién
viéc két néi bang day gilra vo lang va co cdu banh xe dan
hudng. Trong dd, cum bd chdp hanh dan hudng bao gom:
boéng co dién M2, hép giam téc, trg luc thay luc (gdc xodn
clia thanh xodn diéu khién van thay luc la lién két giia hé
ca khi va hé thay luc dugc chi ra bang dudng nét dut), co
cdu lai, hinh thang lai va banh xe dan hudng [9].
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Hinh 1. So d6 khi clia hé thong 1di SBW dién tir - thiy luc

Phuang trinh dong luc hoc clia cum bd chdp hanh dan
huéng dugc mé ta béi phuong trinh nhu sau [6, 9-121:

30 +B&, + 1, +1, =k u+rF, (1)
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Trong dé: &,,8,,8, lan lugt ki hiéu géc quay, van téc
gdc va gia téc goc clia goc danh lai. Trong (1), Jy va B ki hiéu
md men quan tinh téng thé va hé s6 can nhét tng thé cda
cum bo chdp hanh dan hudng, t la thanh phan ma sat cla
hé, T ki hiéu m6 men can quay, u la mé men cha déng dat
Ién hé thong lai bsi dong co dan déng My, véi k, la ti s6
truyén ctia hop giam téc. Ngoai ra, Fy la luc trg luc thay luc
va rp la ban kinh banh rang cta co cau thanh rang - banh
rang.

Phuong phap diéu khién trong bai bao dugc phat trién
vai gia thiét 1a goc quay, véan téc géc &,,8, c6 thé do dugc
dé st dung xay dung bo diéu khién. Cac dai lugng Jy, By, T
va T. la céc dai lugng khéng xac dinh va bi chan.

M6 men can quay Te la thanh phan nhiéu chinh bén
ngoai tac dong vao hé théng lai, trong d6 moé men 1. dugc
udc lugng bai cong thic:

rez—cf(tm+tp)(s+yvlf— f) Q)

Trong d6, déng luc hoc ctia chuyén déng léch bén dugc
xac dinh bai [4]:

-G -C Cl -Cl C
. e —£
Bl_| mv mV? B N mV 5 (3)
Y Cl-Cl  -CE-CF Y Gl |
I, 1L,V I,

Hé thong thay luc trg luc dugec mo hinh hoa nhu hinh 2,

Hinh 2. M6 hinh hé thdng trg luc thay lyc

Bom thuy luc dugc dan déng bgi déng co; van thay luc
diéu khién dong thay luc vao/ra cac bén cla xi lanh: Trong
cum van c6 thanh xoan, 6ng van trong, vo ngoai van. Khi
ngudi lai quay vanh léi, thanh xodn bi xoan lai, 6ng van
trong quay tuong déi véi vd ngoai, s&é ma cac clia van lam
tang ap suat thay luc tdc dong 1én moét phia pit tong dong
thai han ché dong thay luc di vao phia bén kia; trong cum
xy lanh - pit tong: Su chénh léch vé ap suat thay luc gilia hai
phia clia pit tdng sé tao ra luc ddy lam pit tong dich chuyén
thong qua ca cau don quay lam quay banh xe dan huéng.

Ap sudt tai p. va &p suat hé théng ps dugc xac dinh bai
cac phuong trinh dudi day [13]:
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, - +

Ps =—| d, —CiA, PR -CA, Ps 7B
A \ p Ve

pL :E Cd)A1 pS _pL _CdA2 pS +pL —APX, (4)
v, \ e \ o

Trong (4), X 1a dich chuyén clia thanh rang, x, = ry8. Luc
tac dung Ién pit tong lam pit téng dich chuyén dugc tinh
theo phuong trinh (5) [13]:

R =Ap, (5)

3. MUC TIEU DIEU KHIEN VA THIET KE BO DIEU KHIEN
RISE CHO CUM CHAP HANH DAN HUGNG

Muc tiéu la diéu khién goc danh 1ai & cla banh xe dan
hudng dam bao bam quy dao tham chiéu tir vanh tay lai &
bat chdp su tdc dong cla nhiéu tac déng ngoai va cac
thanh phan khéng xac dinh trong hé théng SBW. Trong dé,
quy dao tham chiéu tur vanh tay lai & la dai lugng tuang
Ung ti 1é v6i gbc quay cla vanh tay 1ai &, dugc gidm di ny
lan, vGi ng la ti s6 truyén clia hé théng lai. Phuong trinh
déng luc hoc cGia cum vanh tay lai c6 thé dugc biéu dién
nhu sau [14]:

)8, +B.8, +C.8, +T, =T, (6)

Trong do, Jn, Bh, Ch tuong Ung la mé men quan tinh, hé
s6 can nhét va hé s6 cing cla vanh tay lai, T, la mé men
cung cap cam giac lai dugc dat 1én bgi dong co M; va T, la
mo men danh 1ai ti ngudi lai. TU d6, quy dao tham chiéu tu
vanh tay lai 6+ dugc xac dinh nhu sau:

5, =0 7

Théng tin vé géc quay &, va van téc goc 8, clia vanh
tay lai duoc do lusng dé phan héi cho bo diéu khién. B
diéu khién cho muc tiéu nay dugc lua chon la bd diéu khién
RISE véi cac uu diém vé tinh bén viing va tinh lién tuc cda
tin hiéu diéu khién. Tin hiéu diéu khién RISE dugc xay dung
dang nhu sau:

u=ki(ke2—ke2(0)+u), (8)

Trong dd, v e R la nghiém clia phuaong trinh vi phan:

0 =ka,e, +B,sgn(e,). 9)

Trong d96, ti muc tiéu diéu khién, cac sai s6 diéu khién
va sai s6 diéu khién phu trg trong (8), (9) dudc dinh nghia
nhu sau:

A A .
e =8,-8, e,2¢é +ae, (10

Véi cac tham s6 a,,0,,.k,p, e R 1a cac hang sé diéu
khién ducng, dugc lua chon theo diéu kién du [15, 16]. Bd
diéu khién RISE dugc cho trong phuong trinh (8), (9), véi
cac tham s8 diéu khién dugc lua chon da 16n theo diéu
khién d0 sé ddm bdo rang sai s6 diéu khién bam quy dao
tién t4i 0 theo dudng tiém can, tuc ||e2(t)|| — 0khi t— .
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4. KET QUA MO PHONG

M6t s6 mo phéng duge thuc hién bdi Matlab cho hé
théng lai SBW dién t - thay luc dé kiém tra hiéu qua diéu
khién ctia bd diéu khién RISE trong (8), (9), cho muc tiéu bam
quy dao tham chiéu tur vanh tay lai &, bat chap su tac déng
clia nhiéu tac ddng ngoai va cac thanh phan khéng xac dinh
trong hé thong. Thong s6 dong hoc va déng luc hoc clia hé
thong lai SBW dién tu - thay luc dugc cho trong bang 1 (cac
thong s6 dugc tham khao tir [4] va [17]). Momen ma sat T
trong (1) dugc lua chon dang T, = Fstanh(Sf).

Bang 1. Cac tham s dong hoc va ddng luc hoc cta hé thong Iai SBW dién tir
- thay lyc

Ki hiéu Gia tri (Don vi)
i, Jim 3,8;0,0035 (kg.m?)
Biw, Bsm 10;0,018 (Nms/rad)
m 2000 (kg)
ke 18
F 3(Nm)
Iy, I 0,016; 0,023 (m)
I, 1300 (kgm?)
G=C 45000v(N/re‘1d) cho métAdudng nhua am; 80000 (N/rad)
cho mdt dudng nhua kho
fo, Ty 0,27 (m); 0,073 (m)
(A 0,6
p 830 (kg.m?)
Ay, L 8,26.107 (m?); 0,4 (m)
B 8,7 (kgf/m?)
V; 2.10%(m?)
b 9 (I/min)

Bo diéu khién trong (8), (9) cung cap tinh bén vimng déi
vGi mé men can quay Te. D€ 50 sanh két qua mé phoéng, van
téc xe V dugc gia st la hang s6 nhung nhan cac gia tri van
t6c khac nhau: 40km/h, 60km/h, 80km/h va 100km/h dé
minh hoa cho tinh bén viing clia bd diéu khién dugc dua ra.

Chu ky lai cta vanh tay lai trong cdc m6é phdng nay
dugc lya chon véi quy dao tham chiéu & dang dudng
sigmoid, vé&i van téc V clia xe nhan cac gia tri khac nhau. Dé
kiém tra hiéu qua diéu khién ai, cac gia tri d6 cing cuta I6p
trudc va sau khi quay vong C;, G dugc lya chon tuong Ung
vGi diéu kién mat dudng nhua kho va udt vai gia tri trong
bang 1. Khi gia tri ban dau cta gdc danh lai dugc chon la
5¢0) = 0 (deg).

Cac tham s6 diéu khién dugc lua chon nhu sau:
a, =13,5;a, =22,5;3, =10 va k = 150. K& qua mé phdng
cho nhiém vu bam chu ky lai dang sigmoid cho diéu kién
mat dudng khé dugc biéu dién & cac hinh 3 + 6. Trong cac
hinh vé nay déu chi ra két qua bam quy dao rat tot gilia
banh xe dan hudng va quy dao tham chiéu ti vanh tay lai.
Ngoai ra, cac gié tri RMS va gia tri max cla sai s6 diéu khién
va tin hiéu diéu khién dugc trinh bay & bang 2. Két qua mé
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phdng chi ra rdng cac sai s6 diéu khién déu kha nho, tuy
nhién, tang lén clng vai van toc cla xe va ldn hon & diéu
kién mat dudng nhya uét.

Hinh 3. D4 thi bdm quy dao tai cdc van toc xe khac nhau 6 diéu kién mat
dudng kho

Hinh 4. Do thi sai s6 bam quy dao tai cac van toc xe khac nhau 6 diéu kién
mdt dudng kho

12 14 16 18 20

I'hoi gian (=)
Hinh 5. D6 thi tin hiéu diéu khién tai cdc van tdc xe khéc nhau & diéu kién
mdt dudng kho
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Hinh 6. D0 thi trg luc Iai tai cac van toc xe khac nhau ¢ diéu kién mat dutng
kho

Hinh 7. D6 thi bam quy dao tai cac van téc xe khac nhau ¢ diéu kién mat
dudng udt

£1.}

Hinh 8. D thi sai s6 bam quj dao tai cac van toc xe khac nhau & diéu kién
madt dudng uét
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Hinh 9. 4 thi tin hiéu diéu khién tai cic van tdc xe khc nhau 6 diéu kién
madt dudng uét

_ Troluclai

Hinh 10. Do thi trg luc Idi tai cdc van toc xe khac nhau & diéu kién mét duong
uet

Bang 2. Gia tri RMS va max clia sai s6 diéu khién va tin hiéu diéu khién & cac
van toc va diéu kién mat duong khac nhau

Chi tiéu Mt dudng kho Mt dudng ot
RMS clia sai s6 0,12 6 40km/h 0,12 6 40km/h
diéu khién 0,29 6 60km/h 0,33 & 60km/h
(deg) 0,60 6 80km/h 0,83 & 80km/h
1,18 §100km/h
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Max clia sai s6 0,44 6 40km/h 0,44 640 km/h
diéu khién 1,05 6 60km/h 1,08 6 60km/h
(deg) 2,01680km/h 2,21680km/h
3,436 100km/h
RMS ctia tin 36,13 6 40km/h 46,28 ¢ 40km/h
higu diéu 91,85 & 60km/h 137,44 §60km/h
khién (Nm) 200,28 & 80km/h 442,09 80km/h
440,12 3 100km/h
Max clia tin 42,66 6 40km/h 46,28 ¢ 40km/h
higu diéu 109,76 & 60km/h 137,443 60km/h
khién (Nm) 244,32 6 80km/h 442,09 & 80km/h
564,98 & 100km/h
5. KET LUAN

Mét phuong phéap diéu khién bam quy dao tham chiéu
tur vanh tay lai cho bo chap hanh dan huéng da duoc gidi
thiéu trong bai bdo. Phuong trinh dong luc hoc clia cum
chap hanh dan huéng cling véi hé thong thay luc trg luc lai
mang ban chat phi tuyén, khong xac dinh va co6 tac dong
cta nhiéu ngoai. Tin hiéu diéu kién RISE Ia tin hiéu lién tuc
dugc thiét ké co tinh bén ving dé loai bod tac dung cuda
nhiéu va lai banh xe dan hudng bam theo quy dao tham
chiéu tur vanh tay lai. Cac két qua moé phdng tu Matlab cho
hé théng lai SBW dién tl - thay luc dugc thuc hién dé minh
hoa cho hiéu qua diéu khién & cac van téc xe khac nhau va
& hai diéu kién mat dusng khac nhau. Trong do, cac sai s
diéu khién déu kha nhd, tuy nhién, tang lén cung vdi van
téc cha xe va lén hon & diéu kién mat dudng nhua uét.
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