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NGHIEN CU’'U MO PHONG BO DIEU KHIEN RISE BAO HOA DIEU
KHIEN DPONG BO GOC QUAY BANH XE DAN HUONG VA GOC
QUAY VANH TAY LAI TRONG HE THONG LAI STEER-BY-WIRE

SIMULATION RESEARCH ON RISE SATURATION CONTROLLER FOR
SYNCHRONIZATION CONTROL OF ROAD WHEELS AND STEERING WHEEL IN
STEER-BY-WIRE SYSTEM

Nguyén Xuan Tuéin', Pinh Thi Thanh Huyén?*
'Khoa Cong ngh¢ O t6, Truong Co khi — O t6, Truong Dai hoc Cong nghi€p Ha Noi
?Khoa Co khi, Truong Pai hoc Giao thong Van tai

TOM TAT

Bai bao nay nghién ciru moé phong phirong phap diéu khién RISE bdo hoa cho hé thong ldi
steer-by-wire (SBW), danh gid chat lwong diéu khlen géc quay banh xe dan huéng bam quy dao
géc quay tham chiéu khi xe di chuyén ¢ nhiéu ddi toc do, trén cdc bién dang mdt dwong 1ot va kho,
trong nhiéu chu trinh ldi khac nhau. Chat heong diéu khién bam quy dao dwoc danh gid trén cdc
chi $6 sai s6 binh phwong trung binh (RMS) va gid tri Ién nhdt (max) ciia sai s6 bam quy dao va
tin hiéu diéu khién. Chat luwong diéu khién ciia bo diéu khién RISE béo hoa duwoc so sanh véi hai bé
diéu khién khdc la bg diéu khién PD va H. .

Tir khoa: Hé thong ldi Steer-by-wire; Diéu khién bdo hoa; Piéu khién phi tuyén.
ABSTRACT

The paper studies on simulations for saturated RISE control method for the steer-by-wire
(SBW) system to evaluate the synchronization control performance of road wheels and steering
wheel, under different vehicle velocities, dry and wet road surfaces, and different driving maneuvers.
The tracking performance is evaluated on the root square error (RMS) and maximum (max) index
values of tracking errors and input control signals. The control performance of the saturated RISE
control is compared to two other controllers: PD and H_ controllers.

Keywords: Steer-by-wire system, Saturation control; Nonlinear control.

1. PAT VAN DPE

V6i su phét trién nhanh chéng cia xu
huéng xe di¢n, cong ngh¢ x-by-wire da tro
thanh hudng nghién ctru thu hat rat nhiéu su
quan tdm trong sy phat trién ciia nganh cong
nghiép 6 t6 voi viée nghién ciru phat trién hau

ISSN 2615 - 9910 (ban in), ISSN 2815 - 5505 (online)
TAP CHI CO KHI VIET NAM, S6 313, thang 3 nim 2024
cokhivietnam.vn / tapchicokhi.com.vn

hét cac bd phén cia xe hién dai, chfmg han nhu
brake-by-wire, steer-by-wire, throttle-by-wire,
accelerate-by-wire, hay shift-by-wire. Trong hé¢
thdng 1i steer-by-wire (SBW), so v6i hé thong
lai truyén thong thi truc co khi két ndi vo ling
va banh rang l4i da bi loai bo. Lénh diéu khién
141 tir nguoi 141 khong con duoc truyén truc tiép
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xudng banh xe dan hudng théng qua két ndi co
khi ntra ma thong qua glao tiép dién tir bang day.
Thay thé cho sy lién két vat ly gitra v6 lang va
cac banh xe dan hudng, hé théng SBW khai thac
mot dong co dién dé tao ra mo-men dan dong cho
banh xe dan dong trude tuong tng theo chuyén
dong quay cua vo lang, va mot dong co dién khac
dé tao ra mo-men phan hoi duy tri cam gidc lai
cho nguoi 14i. Hé thong SBW c6 mét s6 uu diém
vuot troi nhu gidm thiéu cac bd phéan co khi tao ra
khong gian cabin rong hon, loai bo vi tri c¢b dinh
ctia vo lang dé co thé tu do sdp xép thiét ké noi
tht 6 t0, giam thuong tich do va cham véi vo ling
trong cac vu tai nan 6 t6 [1]-[3].

Hai van dé diéu khién quan trong trong
hé thng 1ai SBW bao gém viéc duy tri s dong
bo gitra vo ling va cac banh xe dan hudéng va
mang lai cam giac 1ai nhu ddi véi hé thong lai
thong thuong. Trong tdm cua nghién ctru nay
la vin dé diéu khién dong bo ciia hé thdng
con co ciu lai chu dong (the active steering
mechanism) bao dam sy dong bo giita banh xe
trudce voi hiéu Iénh 14i cua nguoi 1ai [4]. Trong
hé thong 1ai SBW, khi nguoi lai quay vo lang,
goc quay vo lang dugc ghi 1a1 bang cam bién
gdc gan trén truc lai dé cung cap cho co cau lai
cha dong 1am goc quay tham chiéu cho banh xe
dan huéng bam theo twong tng.

Bo diéu khién RISE bao hoa [5], [6] 1a
mot luat diéu khién dua ra mot mo-men didu
khién lién tuc, dugc xay dung dua trén ham
tanh, do d6 c6 dg 16n gio1 han dé dan dong déng
bo tuong Ung giita goc quay banh xe dan huéng
va goc tham chiéu dau vao ciia nguoi lai xe,
bat ké anh hudng cta cac nhiéu loan bén ngoai
nhu mé-men can quay, ma sat gitra cac b phén
khac nhau trong co cau lai chu dong... BO diéu
khién bao hoa nay can duy tri chat luong diéu
khién & céc van tdc xe khac nhau, cac bién dang
mit duong khac nhau. Piéu nay can tiép tuc
nghién ctru danh gia théng qua nhiéu truong
hop mo6 phong khac nhau.

Bai bao nay dwoc bd tri nhu sau. Phin
2 trinh bay lai vé mé hinh dong luc hoc cho hé
thong 14i SBW, bo diéu khién RISE béo hoa.
Phan 3 1a cac két qua mo phdéng dugc thuc hién
& nhiéu chu ky 1ai khac nhau, nhiéu van tc xe
khac nhau va trong hai diéu kién mat duong
khac nhau. Phan 4 1 phan két luan cta bai bao.

2. MO HINH PQNG LUC HQC CUA HE
THONG LAI SBW VA BQ PIEU KHIEN
RISE BAO HOA

2.1. Phwong trinh chuyén dong thin xe va md
hinh dong luc hoc hé thong lai SBW

Phuong trinh chuyén dong phang ctia xe
dugc mo ta béng mod hinh xe phang bén banh.
Duéi cac gia thiét:  g0c danh lai 6, twong d6i nho,
xe chay vdi vén toc khong doi, tic 1a B « 1, V,
=V = const, va || « 1, thi m6 hinh xe bén bénh
dugc don gian hoa thanh mo6 hinh xe dap, véi 02
bac tu do: goc trugt than xe B, van tdc léch than
xe . Phuong trinh khong gian trang thai chuyén
dong cua than xe dugc xac dinh nhu sau [7]:

¢ -C 1+ Gl -Gl i
' v v v
Pl R LB EED
7] | GL=ClL GG Ly ] | S |
I Lv I,

Gia tbc ngang a ¢6 thé dugce tinh nhu
sau: @, ~ V(y + ﬁ) Trong (1), 1 1a m6-men
quan t1nh ctia xe, m 1a khoi luong xe; C, C la
hé s6 do cung 16p trude va 16p sau khl quay
vong; lf, 1 1an lugt 1a khoang cach tir tim banh
trudc va banh sau dén trong tam (CG) cua xe.

Hé théng 1ai SBW bao gdm hai hé
théng con: co cdu vo ling (phan trén) va co cAu
lai chi dong (phan duéi). Phuong trinh dong
luc hoc cua co ciu 14i duoc nghién clru trong
[8]-[10], nhu sau:
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JeaOr + Beg®r + g(87,8¢) + 17 + 7, = ke u(6)(2)

Trong (2) J e va B, biéu thi quan tinh
tong hop va hé sé glam chan cta co chu 14i chu
dong SBW; 9(6)‘;6}‘) trinh bay phan dong luc
hoc chua dugc mo h1nh hoa; 7. la ma sat gitra
cac bd phén trong co cdu lai; T (t) ky hi¢u mo-
men can quay, u la mé-men didu khlen tor dong
co din dong co cau lai; va k lati s gitra goc
quay cua tay lai va gdc lai cia banh trudc.

2.2. B) diéu khién RISE bio hoa

Nhiém vu chinh cta co cu 1ai chu dong
(phan dudi) 1a diéu khién dong co DC phia dudi
dé budc diéu khién goc danh 14i d.cua banh xe
dan huéng dam bao bam quy dao tham chiéu tur
vanh tay 141 6 , bit chip su tac dong cua nhiéu
tac dong ngoal va cac thanh phan khong xac
dinh trong hé théng SBW. Trong d6, quy dao
tham chiéu tir vanh tay 1ai o, la dai lugng twong
ung ti 1€ voi goc quay cua Vanh tay 1a1 9, , dugc
giam di n lan, voi n_lati sd truyén cua hé
thong 14i, tlrc 6, =0 /n Do d6, xe ¢6 thé bam
quy dao mong muon [11] [12] Tu muyc ti€u
diéu khién, céc sai sb diéu khién va sai s diéu
khién phuy tro dugc dinh nghia nhu sau:

e 2 §; — 8,7 2 é+ ajtanh(e) + tanh(e[)(3)

Trong (3) thi e;(t) € R 1a mét tin hiéu
phu trg, c6 phuong trinh dong luc dugc cho boi:

¢ = cosh?(er) (~kr + tanh(e) - Atanh(e;) )4)

v6i a1, k, A € R* 1a cac hang s6 diéu khién
duong.

Theo yéu cAu cuong do cua tin hi¢u
diéu khién khong dugc vuot qua gidi han cho
phép, dua vao cac bude thiét ké bo diéu khién,
luat diéu khién u(t) duoc thiét ké nhu sau:
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u=ktanh(v), ®)

Trong d6, tin hiéu v duoc thiét ké dé
cung cap phan hoi mong mudn va loai bd céc
nhicu loan trong hé thong 1ai SBW, cu thé:

v = cosh?*(v) {— tanh(r) + r + ﬁusgn(e)](@

e + 1 ’ M A A < R
voi a2, a3, fu € R™ 12 c4c hiang so diéu khién
duong.

3. KET QUA MO PHONG

Bo diéu khién RISE bdo hoa cho hé
thong 14i SBW trong (5), (6) duoc kiém ching
két qua diéu khién thong qua mo phong Matlab,
trong céc thao tac lai khac nhau, diéu kién mat
duong udt va kho, va van toc xe ¢ cac dai toe
d6 khac nhau. Céc thong sé dong hoc va dong
Iuc hoc cua hé théng lai SBW str dung cho mo
phong dugc néu trong Bang 1 cua [4], nhidu
ma sat 1, dugc chon 1a ham ta}nh cua van tdc
goc lai 3}«, tiec 77 = Fs tanh (5;). Mo-men can
quay 7,(2) dugc udc tinh theo gia dinh rang goc
truot cta 10p trude nhoé hon 4° ap dung trong
Vung tuyén tinh ctia dong luc hoc 16p, nhu

(t + tp)Cf (ﬁ’ +L - 6);) trong do
he s6 do cling lop trudc C khoang cach tu
tam banh trude dén trong tam cua xe 1, vét co
hoc t_va vét khi nén t, trong mo phong duoc
cho trong Bang 1 cua [4]. Hé s6 d6 cimg 16p
trude va 16p sau khi quay vong khac nhau & cac
diéu kién dudng khac nhau. Bé mo phong cho
cac diéu kién dudng khac nhau, hé sé d6 climg
lép khi vao cua C,= C_duoc chonla C,= C =
45000 (N/rad) cho mat duong nhya w6t va C. =
C, = 80000 (N/rad) cho mat duong nhua kho
Mb phong duoc thir nghiém ¢ mot s6 vén toc
xe V 1a 40km/h, 60km/h, 80km/h va 100km/h.

Céc gia tri cua tham so di€u khién cua

bo diéu khién RISE duge chon la o, = 0, = 0, &
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=16,5, k=155 1=25va B, =0,1, véi cac gid
tri trang thai ban dau cta hé thong lai SBW la
8(0) =0, 8¢(0) =0, B(0) =0, va y(0) = 0. Pé
xac thuc hiéu suat 141, cdc mo6 phong dugc thuc
hién trén hé thong 1ai SBW dé so sanh bo diéu
khién bio hoa RISE véi hai bo diéu khién khac
14 bo diéu khién PD va H_.

Mo phdng cho céc chu trinh 14i xe khac
nhau duoc thuc hién véi cac diéu kién mit
duong khac nhau (w6t va kho) va van tdc xe
khac nhau dé danh gia hiéu qua bam quy dao
ctia bo diéu khién RISE bdo hoa. Két qua mo
phdéng bam quy dao cua xe trong chu trinh lai
dbi 1an va lai r& dugc thé hién trong hinh 1 va
2, trong d6, hinh a biéu dién két qua bam quy
dao, hinh b thé hién sai s6 bam quy dao, hinh
c 1a tin hiéu diéu khién twong tng cua ba bd
diéu khién, va hinh d 1a quy dao cua xe trong
mo phong véi van toe xe 60km/h va diéu kién
mit dudng kho uét hodc kho. C6 thé thay rd két
qua bam quy dao cia ca 03 bd diéu khién rat
t6t trong truong hop mo phong nay. Tuy nhién,
bo diéu khién dé xuit van cho két qua tot hon
s0 v6i bo diéu khién PD va H_. Sai s6 bam quy
dao cta bd diéu khién dé xut nho nhét trén cac
hinh a, b, quy dao chuyén dong cua xe bam sat
chinh x4c quy dao tham chiéu trén cac hinh d,
trong khi d6, dau vao diéu khién yéu ciu cta bd
diéu khién dé xuét 1a nho nhat.

(a) Két qua bam quy dao trong chu ky ldi doi lan

Corr—m ey

(d) Quy dao ciia xe trong chu ky ldi déi lan.
Hinh 1. Két qua mé phong chu trinh chuyén lan
Vi vén toc 60km/h va diéu kién duong uot.

Frm i by ey g = 4 i i g i

(a) Két qua bam quy dao trong chu ky ldi ré.

e e L o PE

(b) Sai s6 bam quy dao trong chu ky i ré.
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Camio g

(¢) Tin hiéu diéu khién trong chu ky ldi ré.

e w —mm—

(d) Quy dao cua xe trong chu ky ldi ré.
Hinh 2. Keét qua mé phong chu trinh ré voi van toc
60km/h va diéu kién dwong khé.

Két qua md phong & hinh 1 va 2 1a két
qua mo phong tai nhitng diéu kién l4i nhat dinh.
Tuy nhién, dé dam bao danh gia chét luong
diéu khién & nhiéu diéu kién khac nhau, cac
md phong duoc thuc hién ¢ nhidu dai van toc
khac nhau thay doi tir 20-100km/h. Chat luong
diéu khién bam quy dao dugc danh gia dya trén
cac chi s6 RMS va gia tri 16n nhat cua sai s6
bam quy dao va tin hi¢u diéu khién. Cac chi sb
nay dugc danh gia & cic van toc khac nhau va
két qua so sanh giira cac bo dicu khién dugc
thé hién ¢ hinh 3. Pang luu ¥ rang trong pham
vi tbc do xe md phong tir 20-100km/h, gia tri
RMS va gia tri 16n nhit cia sai s6 bam quy
dao cia bd diéu khién RISE bao hoa la nho
nhét trong ba bd diéu khién dugc so sanh, gia
tr1 RMS va gié tri 16n nhat cua tin hiéu diéu
khién yéu cdu cua bd diéu khién dé& xuit nho
hon tin higu diéu khién ctia 2 b diéu khién PD
va H_trong dai tdc d6 khoang nho hon 85km/h;
& dai toc d cao tir 85-100km/h thi tin hiéu diéu
khién ctia b diéu khién RISE bdo hoa 16n hon
so v6i hai bd diéu khién con lai, tuy nhién van
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nam trong gidi han chap nhan dugc cua tin hi¢u
di€u khién.

e

(a) Chi s6 RMS cua sai so diéu khién o cdc van toc
xe khdc nhau.

e

(b) Chi so gid tri lon nhat cua sai so
dieu khién o cdc van toc xe khac nhau.

(c) Chi s6 RMS cua tin hiéu diéu khién ¢ cdc van
toc xe khac nhau.

B D

d) Chi s6 gid tri [6n nhdt ciia tin hiéu diéu khién ¢
cdc van toc xe khdc nhau.
Hinh 3. Chi s6 RMS va chi s6 gid tri l6n nhat ciia
sai 56 diéu khién va tin hiéu diéu khién ciia chu
trinh 1di doi lan, mdt dwong kho trén cac van téc

xe khac nhau tie 20-100km/h.
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Nhin chung, ¢ thé thiy 15 1a két qua
bam quy dao cua bo diéu khién RISE bio hoa
1a sat nhat v6i goc tham chiéu cua vanh tay 1ai,
trong khi dé, yéu cau cua tin hiéu diéu khién
& muc do chdp nhan duoc, khong c6 tin hiéu
diéu khién yéu cau d6 16n qua 16n. Ngoai ra, tin
hiéu diéu khién RISE co tinh lién tuc, ddy 1a vu
diém vuot trdi so v6i cac b diéu khién PD va
H .

4. KET LUAN

Bai bao da nghién ctru mo6 phong
phuong phéap diéu khién RISE bio hoa cho hé
thdng 1ai (SBW). Céc dénh gia chat luong didu
khién goc quay banh xe din hudéng bam theo
goc quay tham chiéu trong cac chu trinh 14i
khac nhau, khi xét dén xe di chuyén ¢ nhiéu dai
tdc do khac nhau, trén bé mat dudng dang udt
hoic kho. Chét lugng diéu khién duoc danh gia
thong qua thong sé RMS va gia tri 16n nhét ciia
sai s6 bam quy dao va diéu khién tin hiéu. Chat
luong didu khién cua bo diéu khién RISE béo
hoa dugce chi ra 1a vugt troi so voi hai bo diéu
khién PD va H_ cho du chiu anh huéng ctia
nhiéu loan bén ngoai, mé-men can quay va cac
phan dong hoc khong xac dinh ctia hé thong.

L1 cdm on:
Nghién ctru nay dugc tai trg bdi Truong
bai hoc Giao thong Van tai, trong dé tai ma so
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