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TOM TAT
Phdn I6n cdc cdc nghién civu bam quy dao cho robot bén banh 1ai chii ddng 4WD4WS la tién

hanh voi nhitng dac tinh dong hoc cua cac logi cau hinh don gian hon, lam giam tinh co dong
va su linh hoat cua robot. Bai bdao dé xuat mot phwong phap diéu khién dong hinh hoc cho robot
voi kha nang tan dung tot hon ddc tinh dong hoc wu viét cua 4WD4WS robot, do la tinh doc lap
cua cdc banh phia trudc voi cdac banh phia sau. Qua trinh tong hop ludt diéu khién duwoc bao
dam toan hoc chat ché. Mo phong trong Matlab thé hién truc quan két qud nghién ciru.
Tir khoa: Robot ty hanh; 4wd4ws; Bén béanh lai chii dong; Ngdm theo diém dich ao.

1. MO DAU

Robot bdn banh truyén dong doc lap va bdn béanh 14i doc 1ap 4WD4WS (goi tat 1a robot bén
banh lai chu dong) 1a mot hé théng du dan dong, c6 do linh hoat va tinh co dong vuot troi véi 8
dong co (4 dong co truyén dong va 4 dong co 1ai) nén ngay cang dugc sir dung nhidu hon. Ngoai
ra, v6i kha ning bam duong va hiéu suat hoat dong cao, 4WD4WS ciing con duoc dung trong
nhirng diéu kién khic nghiét nhu cac xe cong cu phuc vu nong nghiép. Trén hinh 1 13 mot robot
4WD4WS duoc dung nhiéu trong cac phong thi nghiém.

Hinh 1. Robot 4WD4WS dung trong phong thi nghiém (Robot Seekur).

Trong bai toan diéu khién robot tw hanh vin dé& bam dudng cho robot 1a mot bai toan phd
bién, dam bao cho robot c6 thé dugc ing dung trong thuc t&. Véi AWDAWS, mot sb tac gia xay
dung bd diéu khién trén mé hinh dong luc hoc voi nhing gia dinh thiéu thuc té vé kha ning dap
ung cua hé théng [8], khi robot thuc té 12 mot hé théng phi ho 16 ndm mac du du dan dong. [9] 1a
mot trong nhitng nghién ctru rat chi tiét véi viée dwa ra 2 vong diéu khién riéng biét, trong d6
vong lai hudng cling dua ra goc lai hudng phia trudc va sau doc 1ap. Tuy nhién, véi viée ap dat 2
banh trude va 2 banh sau chung mot goc 1ai [9, 10] thi tac gia da tao ra goc trugt ngang tai cac
banh dan dong trong moi trudng hop van hanh.

Mot sb tac gia nghién ctru cac phuong phap 1ai hinh hoc va Pure Pursuit 1a mot trong s6 cac
phuong phap 1ai dugc st dung rong rdi, dugce phat trién nhiéu [3-5], tuy nhién, tng dung véi
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4WDA4WS thi khong nhiéu. Ngoai ra, con c¢6 phuong phap ngim theo diém dich ao [1, 2] duoc
tac gia ap dung véi robot 4WD4WS, tuy nhién, viéc rang budc cac goc lai phia trude voi phia
sau lam gidm di tinh co dong va su linh hoat cua robot.

Hién tai, viéc ung dung xur Iy 4nh mét cach phé bién d3 mang dén nhiéu két qua thuan lgi cho
bai toan diéu khién, trong d6 c6 nhiéu nghién ciru st dung camera va cac hé thong thi giic may
tinh xac dinh dugc khoang cach vat thé [6, 7]. Do d6, vé6i viée str dung 2 camera, dé xac dinh do
léch ngang than xe, tic gia dé xuat phuong phap 1ai doc 1ap d6i véi banh lai trudc va sau trong
mo hinh xe dap ctia robot 4WD4WS.

2. NOI DUNG CAN GIAI QUYET
2.1. Pong hoc robot tw hanh bén banh 1ai chi dong
M5 hinh déng hinh hoc phd bién cho robot 4WD4WS duogc nhiéu nha nghién ciru sir dung 1a
mo hinh gian lugc xe dap 2 banh. Trong do, cac goc lai cua tung banh lai thuc cling nhu céc
banh l4i 40 F va R (nhu hinh 2) dugc xac dinh thdng qua phuong phéap lai Ackermann véi tam
quay tic thoi Ig.

N

F 3
F, P
02 by (&/

Hinh 2. M6 hinh dong hoc gian lwoc dang xe dap 2 banh.

l l

5+ R *sin(5,) —=+ R *sin(5,)
A ———— (1) __2 c
tan(éy) R * cos(8,) tan(3r) R * cos(8,)

Trong do: &, &y, 8, 1a cac goc lai 40 tai cac diem F, R, C. Vachiéu daithanxe | = 2 = I =
2+ 1., d la chiéu ngang thén xe. R 1a ban kinh ctua quy dao, nhu trén hinh 2: R = Iz C

Nguoc lai, néu cho trude &y, 8, cling hoan toan tim duoc R va &, theo cac phuong trinh
dudi day:

)

1 tan(6f) + tan(4;) R = l
2 3) cos(8,) * (tan(8;) — tan(5,)) (4)
Trong khi do, véi gia dinh 1ai theo phuong phap Ackermann thi cac lyc ma sat s€ triét tiéu cac
chuyén dong ngang than xe va su trugt khdng xay ra, dong thoi xe chuyén dong ¢ mét van toc
khong doi v. Khi do, véan toc goc cuia than xe duge tinh boi:

p=w== (5)

R
Chiéu vector van toc v 1én hai chiéu hé toa 40 mit dat ¢d dinh:

6, =tan~
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X =vcosy

{3’1 =vsiny
Két hop (3), (4), (5), (6) ta c6 phuong trinh dong hoc cta robot 4sWD4WS:
X =vcosy
y =vsiny

H v
< Y i ()
= cos(8.)x(tan(8)—tan(8,))
_q tan(8f)+tan(6y)
2

(6)

\ 6. = tan
Véi dau vao didu khién la cdc géc 8y va &,
2.2. Piéu khién bam quy dao cho robot tw hanh 4WD4WS bing phwong phap lai doc lap
banh truéc va sau
Tuong tu (6) co thé mo ta khoang cach tir cac diém giira hai banh truéc va 2 banh sau (F, R
trén hinh 2) dén duong quy dao dugc xac dinh theo phuong trinh vi phan sau:
€ =V * sin(t/)p — 1/)f) @)
€ =V x Siﬂ(l/)p - )
Trong do: i, 1a goc cua duong quy dao yéu ciu; Ve, Py lan luot 13 goc cia banh xe 4o &
diém F va R. Khi d6 goc ciia banh xe duoc xac dinh theo goc cua than xe va goc lai nhu sau:

Yr =9+ 6
b = v+ ©)
Nhu viy, (8) trd thanh:
€ = v *sin(y, — P — f)
{ér =V Sin(l/)p -y —46;) (10)

Pé (8) 6n dinh tiém can, st dung phuong phap ngam theo diém dich 4o c6 khoang cach lan
lugt 1a B¢, B, khi d6, goc huéng mong muon cua banh xe duge xac dinh nhu sau:

— ef
l,bfd = l,l)p + atanﬁ—f
b (12)
Yra =Yy + atanE
Khi d6, goc 1ai mong mudn s& 1a:
{5fd =Yg — Y (12)
5rd =Yrg— Y
Két hop (8), (11) va (12) ta co:
. . er
€ = v * sin(— atan ﬁ_f)
(13)

€, = v * sin(—atan e—r)
Br

Vi cac gia tri ef, e, du nho tuong dbi so vai Bs, Br, dac biét la khi xe dang chuyén dong
xung quanh quy dao, (13) c6 thé dugc tuyén tinh hoa thanh:

e _—‘U*e—f
= Br

g (14)
erz—v*ﬁ—
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Ypg =P + Ora

Hinh 3. Phuong phadp ldi déc ldp banh trudce va sau.
Phuong trinh (14) cho théy hé on dinh tiém cén, dé hé (8) 6n dinh trong thoi gian hitu han,

chon goc hudng cua banh xe c6 thanh phan ham mil cua ;—’; Va2 ¢y thé nhu sau:
( P
— er\4
Yrq = Pp + atan (B_f)
, (15)
er
Yrqg =Py, + atan (E)q
V6i p,q lacacsé lésaochop < q < 2p.
Khi d6, h¢ (8) tr¢é thanh:
( 3
€ = v * sin(— atan (e—f)q)
b/ (16)
_Le'r =z * sin(— atan (%)q)
Sau khi tuyén tinh héa quanh diém ;—f =0, % = 0 nhan dugc:
P
. er\a
"
{ b/ (17)
s er\q
o & =—v+(3)
Khi d6, c6 the viet lai (17) dudi dang:
!‘ o (o)
By Br \Br
: » (18)
r— _ Y (&)
lﬁr e (ﬁr)

Bién d6i (18) ta c6:
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ﬁ = ——dt (19)

Tich phan 2 vé theo ;—f va t nhan duoc :
f

°f
fo d<—f> _ _fto‘l'tsfldt (20)
to ﬁf

Trong do: h ® t, 1a cac gia tri ban dau, tss la thoi gian dé dua ﬁi ve khong.
Br f
Khi d6, (20) tré thanh:

q-p
_4q (€fo) 4 v
=—t 21
(Bf) By sf (21)
Hay:
p
B 4 T
tsf = THefO (22)
Tuong tu nhu vay, ta co:
ol g 2
_Pr_4 q
tsr =7, a=p Ero (23)

Nhu vay, thoi gian dé cho diém trude va sau (F va R) cia xe tién t6i dudng quy dao 1a hiru han.
Pé thoi gian cho diém trudc va diém sau tién téi duong quy dao la bang nhau, chon khoang

cach dén diém ngim 4o cua diém sau theo gia tri khoang cach dén diém ngam ao cua diém trudc
va cac gia tri sai 1éch ban dau:

r 4 e a-r
qa _ paq(Efo) q
B! =8 () (24)
a-p
R - ero\ p
Hay: B, = B; (22) (25)
Nhu véy, v6i cac goc hudng mong mudn ciia cip banh trude va banh sau duoc xac dinh theo
B% a-p
(15), v6i B, duge xac dinh theo (25) thi sau khoang thoi gian tgr = —L e fg d6 léch cua banh
trude va banh sau dén duong quy dao sé tién téi khong.
D¢ chimg minh tinh 6n dinh cta hé thong ta chon ham Lyapunov:
V——(ef + e2) (26)
Khi d6, dao ham ctia ham Lyapunov: V = erer + e,€, (27)

Két hop véi (16) ta co:
P P
; . er\a . \aq . .
V =esv xsin <— atan (ﬁ_;) ) + e, v * sin <— atan (%)q> =Vr+V (28)
Xét riéng timg sé hang trong V:

P
Vf = efv * sin (— atan (;—;)q> (29)

Do p, q la cac s6 1é con v, Brludn duong va es la mot gia tri nho, nam tai 1an can cia 0, nén
Vf < 0, twong ty thi ta cling c6 V. < 0, d4u bang xay ra khi va chi khi:

Tap chi Nghién ciru KH&CN quén sw, Sé6 Pdc san FEE 2023, 21-28 25



Diéu khién — Tw dpng héa
(30)

er=¢e- =0
Nhu vay, hé théng da cho 6n dinh theo Lyapunov.

3. MO PHONG, TiNH TOAN, THAO LUAN

Bai bao chon mé6 phong cho quy dao théqgtrén phén mém Matlab — Simulink v6i céc didu
kién ban dau nhu nhau cho ba phuong phap diéu khién: Ackermann do6i xtung, doc 1ap banh trudc
va sau, doc 1ap banh trude va sau st dung ham mii.

( Br=10
Xo=0m
Céc tham s6 mo phong va diéu kién ban dau : { y, = 0.5m
o =—2dd
v=30m/s
tsp = S a0 =30 *os” (—0.535) s =0.2041s (31)

Két qua mé phong duoc thé hién trén cac hinh 4 — hinh 10. Trong d6, c6 thé nhan thay sai sb
theo phuwong ngang ctia than xe ciia phwong phap diéu khién doc lap banh trudc va sau khong
nhanh bang phuong phap diéu khién Ackermann d6i xing, tuy nhién, phuong phéap diéu khién
ddc 1ap banh trudc va sau st dung ham mil lai c6 tbc do bam quy dao vuot troi.
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Hinh 5. Goc lai banh trudc va sau (PP diéu
khién Ackermann doi xung).

Hinh 4. Khoang cdch tir tam xe dén duong quy

dao (PP diéu khién Ackermann doi xirng).
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Hinh 6. Khodng cdch tir banh trude va sau
den duong quy dao (PP PK doc lap banh
trudc, sau).

Thoi gian [s]

Hinh 7. Goc ldi banh trudc va sau (PP DK
doc lap banh trudc, sau).
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Ngoai ra, theo (31) thoi gian hoi tu thyuc t& caa hé thdng ciing tuan thu chit ché nhu cong thic
(22) v6i chi 0.2 s. Két qua nay c6 thé thdy ro trén hinh 8 va hinh 9 khi sai sb khoang cach dén
dudng quy dao ciia ca banh trude va banh sau déu tién vé khong rat nhanh, dong thoi cac goc lai
banh trude va banh sau cling ¢6 xu huéng nay. Trong khi d6, véi ca hai phuong phap diéu khién
Ackermann d6i xung va diéu khién doc 1ap banh trude va sau (khong c6 ham m) thi sau 2s xe
robot 4WD4WS van chua hoan toan bam dugc dudng quy dao yéu cau.

Su khac biét ciia cac phuong phéap diéu khién ciing ¢6 thé thay 16 trén cac hinh 5, hinh 7 va
hinh 9, khi phuong phép diéu khién Ackermann ddi xtmg c6 cac goc l4i doi nhau va tién vé
khong theo hai huéng ngugc nhau, trong khi phuong phap diéu khién doc lap lai co cac goc lai
trudc va sau xap xi bang nhau va ciing tién vé khong theo mot huéng.

Goc lai banh truérc va sau [rad]

0.25 0.3

Khoang cach tir cac banh dén QB yéu ciu [m)]
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Hinh 8. Khodng cdch tir banh trudce va sau Hinh 9. Géc lai banh trudc va sau (PP DK
den duong quy dao (PP DK doc lap ham mii). doc ldp banh trudc, sau s dung ham mii).
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Hinh 10. Quy dao thuc cua robot 4WD4WS chay trong 2 s

(PP DK doc lap banh trudc, sau si dung ham mii).
4. KET LUAN

Bai bao da trinh bay mét thuat toan diéu khién doc 18p banh lai trudc va sau sir dung ham mil
khi xem xét bai toan bam quy dao cho robot ty hanh bon banh l4i chi dong 4WD4WS, theo do,
chét luong bam quy dao dugc cai thién so vi cac phuong phap co sin dong thoi dam bao duoc
tinh co dong va su linh hoat ciia robot du din dong. Véi két qua do, phuwong phap nay co thé tmg
dung cho céc loai robot ty hanh véi cAu hinh dong hoc tuong ty dam bao duoc hi¢u qua cao khi
sir dung. Két qua nghién ciru duoc chirmg minh toan hoc chit ché va mé phong truc quan.
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ABSTRACT

Path following control for four-wheel-drive/four-wheel-steer mobile robot
(4WD4WS) by front and rear independent driving method.

The majority of traction studies for 4WD4WS active four-wheel-drive robots are
conducted with the kinematics of simpler configurations, which reduce the robot's
maneuverability and flexibility. This paper proposes a method of geometric dynamic
control for the robot with the ability to better utilize the superior kinematics of the
4WD4WS robot, which is the independence of the front wheels from the rear wheels. The
process of synthesizing control laws is strictly mathematically guaranteed. The simulation
in Matlab shows the research results visually.

Keywords: Mobile robot; Path following; Four-wheel-drive/four-wheel-steer; 4WD4WS; Virtual target guidance
algorithm.
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