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Tém tit

Trong nghién ciru nay, ching toi gioi thiéu co ché
dan déng ba banh da hudng (3OWDM) cho robot
di dong da hudng. Cdu triic va cach diéu hudng
chuyén dong ciia robot 30OWDM véi ba bdanh xe
da huong duwoc trinh bay. M6 hinh toan hoc dwoc
thiét lap dé mé ta chuyén dong cua robot. Mot hé
théng diéu khién dwoc dé xudt dé diéu khién
chuyén dong cua robot trén san. Két qua mé
phong so chirng minh kha nang cua 3OWMD. Mot
$0 hinh danh thi nghiém ciing dwoc thé hién dé
minh chitng ddp iing diéu khién ciia robot.

Tw khéa: Banh xe da huong, Mo hinh dong hoc,
M6 hinh dong luc hoc, Robot chuyén dong da
huong, diéu khién bam quy dao.

Abstract

In this study, we propose a three-omnidirectional-
wheel drive mechanism (3OWDM) for an
omnidirectional mobile robot. The structure and
way of navigating the robot motion of the
3OWDM with the three omnidirectional wheels
are presented. A mathematical model is
established to describe the robot's motion. A
control system is proposed to control the motion
of the robot on the floor. Simulation results
demonstrate the capabilities of 30OWMD. Some
experimental images are also shown to
demonstrate the control response of the robot.

Keywords: Omnidirectional wheel, Kinematic
model, Dynamic model, Tracking trajectory
control.

1. Giéi thiéu chung

Robot di chuyén da huéng 1a mét loai robot c6 thé
di chuyén dong thoi chuyén dong tinh tién va chuyén
dong quay [1]. Khac voi nhiing robot [2] sit dung
nhitng banh xe thong thudng khong thé di chuyén theo
huéng khac khi co cdu 1ai chua di hudng. Bang viéc
khai thac robot di dong da hudng [3, 4], n6 lam tang
tinh co dong trong méi trudong di chuyén nhét 1a trong
nhitng khu vuc hep vi du nhu khu vue véi dong nguoi,

hay nhimg khu vuc kin va kho di chuyén. Robot di
dong da hudng da dugce nghién ciru va ing dung rong
rdi bdi kha nang co dong [5, 6]. Tinh co dong nay la
duoc tao 1én bdi cac banh xe da hudng. Cac banh xe
da hudng nay dugc cau thanh tir cac con lan. Nhu vay,
céc con lan s& chuyén dong mot cach riéng 1¢ so véi
chuyén dong ctia banh xe. Diéu nay tao ra tinh co dong
cao so voi banh xe truyén théng khac.

Trong hé théng robot, didu khién bam quy dao 1a
mot chu dé nong. Mot s6 luong 16n cac phuong phap
tiép can dé thuc hién viéc kiém soat bam quy dao da
dugc dua ra trong cac bao cao [7-9]. Trong qua trinh
diéu khién bam quy dao, sai s6 ciia quy dao va tin hiéu
phan hoéi duoc sir dung dé bo dicu khién dua ra tin hiéu
diéu khién phu hop.

Robot st dung trong nghién ctru nay la mot
robot di dong st dung mot co cAu lai v6i ba banh
xe da huéng (30WDM). Robot ¢ thé duge didu
khién dé bam quy dao cho trudc thong qua bo didu
khién PID.

Nhitng ndi dung chinh cua nghién ciru nay duoc
liét k€ nhu sau. Xay dung md hinh toan cua 30WDM,;
B6 diéu khién PID duoc khai thac dé diéu khién bam
quy dao cia 30WDM. Dya trén phuong phap Ziegler-
Nichols 2 cac thong s6 cua bd didu khién dugc thiét
lap. Sau d6, hé théng diéu khién vong kin dugc mé
phong trong moi truong MATLAB/ Simulink dé danh
gia d4p tmg cta bo diéu khién. Tir két qua mo phong
cho thdy 30WDM c6 thé bam quy dao. Mot s6 hinh
anh thi nghiém ciing dugc thé hién dé minh ching dap
(g diéu khién ctia robot.

2. Phwong thirc di chuyén ciia co ciu li ba
banh xe da hudéng

Trong phan nay chiing t6i gidi thiéu cach thirc ma
30WDM di chuyén. Nhu di dé cap & trén, Robot
30WDM c6 céu tric bao gém mot than va mot co
cAu 14i gdm 3 banh xe da huéng dat déu nhau mot
goc 120°.
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Trong chuyén dong tinh tién trén mat san chuyén
ddng cuia ba banh duoc phdi hop nhu trong Hinh 1 dé
tao ra chuyén dong tinh tién theo truc x (Hinh 1(a)) va
chuyén dong tinh tién theo truc y (Hinh 1(b)). Trong
khi d6 d¢é tao ra chuyén dong quay cho robot quanh
truc thang dung, cac banh xe da huéng quay cing tdc
d6 va cung chidu quay nhu mé ta trong Hinh 2. Chiéu
quay cua cac banh xe thay ddi s& thay d6i dugc chiéu
quay cua robot.

3. M6 hinh toan cia 30WDM
3.1. M6 hinh dong hoc

Hinh 3 thé hién ban v& phac thio 30WDM, trong d6
m 1 khi lugng ciia robot, r 14 ban kinh ciia banh xe da
huéng, L 1 khoang cach tir tim robot dén tim banh xe.
E=[x y 6]" véctovitriclia robot trong hé truc toa
dd quan tinh OXY, trong d6 x va y tuong ung la vi tri
ctia diém P trong hé truc quan tinh OXY 6 1a goc quay
quanh tryc thing ding. &, = [V vn W]T 13 véc to
van toc trong h¢ truc toa do cta robot, né6 mo ta van tbe
tuyén tinh ctia robot tai diém P, trong d6, v va v, 1 cic
thanh phan van tdc vudng goc, va w 1a van téc goc cia
than robot.

Fi

(a) Di chuyén theo truc x. (b) Di chuyén theo truc y.
(Fi 1a lyc ton hop tai méi banh tir thanh phan phép Fin va
1iép tuyén Fr)

Hinh 1. Chuyén déng tinh tién

(T1, T2, T3 la m6 men trén cac banh xe da hwong)

Hinh 2. Chuyén djng quay
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Hinh 4. Luwc téng hop trén cdc bdnh xe da hwéng
Pong hoc nghich cia robot
Bai toan dong hoc nghich 1a thé hién mbi quan hé
gilra véc to vin tdc ciia cac banh vao véc to van tde
cua robot trong hé tryc toa d¢ quan tinh. Tt Hinh 3,
mdi lién hé gitra tdc d6 cua robot trong hé truc quan
tinh va tdc do cua robot trong h¢ tryc toa do gén trén
robot la:
X = vcosf — v,sind, 1)
y = vsinf + v, cos6, 2
va vén tc goc cua robot:
w=8. 3)
Viét lai cac phuong trinh tir (1) téi (3) dang ma
tran nhu sau:

t = Rthra 4)
trong d6 R 1a ma tran chuyén va dugc xac dinh nhu
cosf sinf 0
sau: R = |—sinf cosf8 O0].
0 0 1

Trong hé truc toa do cua robot, moi quan hé vé
vén toc cua robot va van toc cua cac banh, v;, voi
i =123 1a[l].

[v1 v2 vs]" =HE, ©®)
0 1 L
trong 6 H = |—sin¢p —cos¢ L],
sing —cos¢p L

Tir (4) va (5), mi quan hé giira van toc banh va
vén toc cia 30WDM la

[vi v2 v3]" = HRE, (6)
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—sinf@ cosf L
trong 6 HR = [sin(6 — ¢) —cos(6 — ¢) L] )
sin(@ + ¢) —cos(6@+¢) L

Pong hoc thuin ciia robot
Pé du bao duge chuyén dong cia 30WDM, dong
hoc thuan cua robot 1a dugc sir dung. Pong hoc thuan
thé hién mbi quan hé cta van tdc robot trong hé truc
toa d6 quan tinh (OXY) vao van tdc ciia cac banh xe
da hudng. Su bién ddi tir vén tdc tinh tién ctia ba banh
xe da huéng (v;, véii = 1,2,3) sang van tdc cua
30WDM.
& =H'[vi vz v @)
Van tdc trong toa d6 cua 30WDM dugc chuyén
sang toa d§ quan tinh nhu sau:
§=R'%,. (8)
T cong thirc (7) va (8), chiing ta co:
E=R'H [y v, )
=rRH [w; w,

trong d6 w; (i =1, 2, 3) 1a van téc goc cua banh i va

v3]”
cu3]T’

RIH™! =
—sinf —cos (% + 9) sin (g + 9)
g cosf —Cos (g - 9) —Cos (g + 9) .

3.2. Dong lwc hoc ciia robot
Trong trudng hop lan thuan tiy giita mdi banh xe
va mat san, tong moé-men ngoai lyc cia 3I0WDM
duogc tao ra bdi ba banh xe da huéng (xem Hinh 4):
16 = (F, + F, + F))L, (10)
trong d6 F; (i = 1,2,3) la lyc tong hop tac dung lén
banh xe da hudng thir i (bao gom lyc do md to sinh ra,
lyc ma sat, va lyc quan tinh).
Bing viéc ap dung dinh luat IT Newton, phuong
trinh dong luc hoc cta robot dugc xac dinh nhu sau:
{ma’c’ = F,cos0 — F,cos(6 — ¢) — F;cos(6 + ¢)

my = —F;sin@ + F,sin(0 — ¢) + F;sin(0 + ¢)’ (11)
Sau d6 cac phuong trinh dong luc hoc dugc viét

lai duéi dang ma tran nhu sau:

m 0 O0][X
0 m oOf|y
0 0 1I1lg

trong d6 1 1am mé men quan tinh khdi lugng ciia robot
quanh tryc thing dimg, u tin hiéu diéu khién duoc x4c
dinh théng qua luc tong hop F; (i = 1,2,3).

=u, (12)

F,
— |E,
Fg
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cos®  —cos(0 —¢) —cos(6 + @)[F:
u= [—sin@ sin(8 — ¢) sin(6 + ¢) F|.
L L L F3

4. Thiét ké b diéu khién
B diéu khién PID da dugc sir dung rong rai trong
rat nhiéu linh vuc khac nhau béi vi tinh don gian va
hiéu qua cao ctia bo diéu khién nay. Trong nghién ctru
nay, ching t6i khai thac bd diéu khién PID cho
30WDM dé bam quy dao. Hinh 5 thé hién so db cua
b¢ diéu khién PID. Biéu thirc cua bo diéu khién PID
dugc md ta nhu sau:
u(t) = Kye(t) +K; fot e(t)dt + K, dz(tt),
trong do K, = diag(kyy kpy kpg) , Kgq =
diag(kax, kay, kag), vaK; = diag(kiy, kiy, kig) 1a
céc thong s6 ciia bo diéu khién, e(t) 1a sai s6 va duoc

(13)

dinh nghia nhu sau:

e(®) =& () - 81, (14)
trong d6 E,(t) = [xq Ya 64]7 v6ixg, v 12 vi tri
tham khao theo truc OX va OY, 6, la goc quay tham
khao.
5. Két qua md phong sd

Mod phong dugc thuc hién cho robot nhu thé hién
trong Hinh 6 véi cac thong sb nhu sau: L = 180mm,
r=50mm, m = 5kg, val = 0,16kgm?. Cac thi
nghiém mo6 phong thyuc hién trén MATLAB/ Simulink
v6i khoang thoi gian 1y mau T, = 0,01s.

Mo phong s€ duge thuc hién thong qua hai thi
nghiém. Thi nghiém thr nhat thé hién kha nang bam
quy dao tron, trong khi d6 thi nghiém tha hai mo ta
kha ning bam quy dao cong bét ky.

(a) Cau triic ciia bg diéu khién PID

p Kpe()

u(t)

| Kife(odz

D K, d(;e(t)
t

%
@
<

>

Bodidu | u(®)

Quy dao yr ey
2 ) Robot
khiénPID ¥ "O°°

tham khao

<

yvy

S
o

<

)

(b) Sor dé diéu khién ciia bai todn bam quy dao

Hinh 5. So' db h¢ thong diéu khién cho bai todn bam
quy dao
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‘B |

Than robot

Hinh 6. M6 hinh robot sir dung co ciu ldi véi ba binh xe
da hwong

Trudce khi tién hanh mé phong sé cho robot, cac
thong sb ciia bo didu khién can dugc thiét 1ap. Cong
viéc nay duoc thyc hién va trinh bay trong muc 4.1.
5.1. Thiét lap cdc théng sé ciia bj diéu khién
PID bang phwong phap Ziegler-Nichols

Tir phuong trinh (13), l4p bién doi Laplace voi cac
diéu kién ban dau déu bang khong cho timg chuyén
déng theo phuong OX, OY, (x(0) = y(0) = x(0) =
y(0) = 0) va quay quanh truc thing dimg (6(0) =
6(0) = 0) cta robot 1an lugt nhur sau:

X v 1

U,(_Uy_ms2

o 1 : (15)
Ug  Is?

trong d6 X, Y, O 1a bién ddi Laplace cua x, y va 8; Uy,
Uy, va Uy 12 bién ddi Laplace ciia tin hidu diéu khién.

Tir (15) cho thiy rang ddi twong diéu khién co
dang ham truyén:

G(s) = (16)

2
As?’
trongdd0 A = mhoacA = I.

Tiép tuc, 14y bién ddi Laplace cho bd diéu khién
PID (13) va bién ddi du6i dang sau:

Gui(s) = Ky, (1 + %+ des>,j —xy0 (17)

trong do k;j = ki /Tij vakq; = kyTy;.

Str dung phuong phap Ziegler-Nichol thir 2 va
tiéu chudn 6n dinh dai s6 [10] dé hé thong vong kin
on dinh cho phép xac dinh cac thong sé cua hé
théng diéu khién. Cac thong sb cua bo diéu khién
nhu sau:

K, = diag(20,20,10) , K; = diag(5,5,3), va
K; = diag(0.1,0.1,0.05).
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Budc tiép theo 1a kiém tra lai tinh on dinh cta hé
thdng dwa vao két qua cua cac hé sb kp, kq vak; cia
bd diu khién da dugc thiét 1ap & trén.

Sau cac budc bién doi, tinh toan ham truyén, voi
hé thdng diéu khién vong kin vi tri (theo phuong x va
phuong y) ¢6 ham truyén hé dong, Gy a:

552+ 20s + 0.1
Cavd = 53 1557 1 205 4 0.1

(18)

Xac dinh cac diém cuc cua (18) nhu sau:

s; = —0.4975 + 1.9359i,
s, = —0.4975 — 1.9359i,
s3 = —0.0050 + 0.0000:.

Két qua nay cho thiy tit ca cac diém cuc trén déu
nam bén trai mat phang phirc.

Cubi cung chuyén sang hé thong diéu khién vong
kin v&i hé théng diéu khién goc quay quanh tryc thing
dung cua robot, ham truyén dong Goy 14

30s2 +1000s + 5
Goa = 1653 + 3052 + 10005 1+ 5

(19)
Xéc dinh cac diém cuc cia (19) nhu sau:
s; = —0.9350 + 7.8496i,
s, = —0.9350 — 7.8496i,
—0.0050 + 0.0000:.
Két qua nay cho thiy cac diém cyc trén déu ndm
bén trai cua mat phang phue.

S3 =

Nhu vay, tAt ca cac diém cuc cua hé théng kin déu
nam bén trai ciia mat phang phirc, do d6 hé thong diéu
khién vong kin véi bo diéu khién PID 1a 6n dinh duoc
tat ca cac thong sb ctia robot [10].

5.2. Diéu khién bam quy dao hinh tron

Trong thi nghiém nay, quy dao mong doi §; =
[Xa Ya 04]Tyéu cdu 30WDM bam theo c6 dang:

xq = 0.5cos (2—gt) ,m
¥q = 0.5sin (z—z t),m : (20)
6, = 0.315¢,rad

Dap tng diéu khién dugc thé hién trong cac Hinh
7, 8. Vi tri ciia robot bam quy dao nhu mo ta trong
Hinh 7. Sai sé giita quy dao thuc té va quy dao mong
doi 1a kha nho va duong cong sai s6 nay dugc thé hién
nhu trong Hinh 9. Ngoai ra, hudng cia robot ciing
dugc kiém soat va dap ung vé hudng ciia robot duoc
thé hién trong Hinh 8 trong khi d6 duong cong sai s6
giita huéng thyc té va huéng mong doi nhu mo ta
trong Hinh 9.
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(dwong mau dé cham mé ta quy dao thue té ciia robot; dwong mdu
xanh lién 1a quy dao mong doi)

Hinh 7. Diéu khién bdm quy dao tron

10
=)
Es -
=
o 2 4 6 B 10 12 14 16 18 20
time(s)
Hinh 8. Huong ciia robot trong diéu khién
bam quy dao tron
0.1
X
0.08 €l
- =y,
0.06 7|
T 0.04
g
Q:.ﬂi 0.02
E 0 e At A
©
= 0.02
£
«® -0.04 [
-0.06 |
-0.08 |
o1 ‘ . . ‘ ‘ . ‘ . .
0 0.2 0.4 0.6 0.8 1 1.2 14 1.6 1.8 2

time(s)

Hinh 9. Sai sé vi tri va hwdng trong diéu khién bam quyp
dao tron

5.3. Diéu khién bam quy dao cong bit ky

Trong thi nghiém thur hai, chung t61 dua ra mot quy
dao cong nhu thé hién (mau tim than) trong Hinh 10
v6i thoi gian di chuyén bang 20 gidy. Con hudng
mong doi cia robot 1a nhu trong thi nghiém thir nhat.
Quy dao tham khéo trong Hinh 10 dugc dua ra theo
thir tw cac diém (x;, ;) v6i don vi 14 mét nhu sau:
(0,583; 0,811), (0; 2,291), (-0,960; 2,841), (-2,085;
2,807), (-3,396; 2,08), (-4,365; 0,899), (-4,787; 0),
(-5,096;-0,917), (-6,276; -2,699), (-5,694; -4,133),
(-2,605; -3,818), (-0,39; -2,031), (0; -1,477),
(0,332; -0,718).

KHOA HOC - CONG NGHE

x (m)

Hinh 10. Piéu khién bam quy dao bét ky

time(s)

Hinh 11. Hudng ciia robot trong diéu khién biam quy dao
bét kp

e

x, (m)y,_ (m),#_ (rad)

e

-0.1

time(s)

Hinh 12. Sai s6 vi tri va huwéng trong diéu khién bam quy
dao bét ky

Két qua thi nghiém duoc mé ta trong cac Hinh tir
10 dén 12. Hinh 10 thé hién quy dao ctia robot. Huéng
ctia robot thé hién trong Hinh 11.

Tir két qua sai s trong Hinh 12 cho thiy sai s6 16n
nhit theo phwong x va y twong tmg khoang 7cm va
Scm.

6. Mot s6 hinh anh thi nghiém chuyén dong
cua 30WDM

Ngit canh thi nghiém nhu mo ta trong Hinh 13.
Cho phép 30WDM di chuyén doc theo dudng hinh s6
8 (dwong hinh s 8 nhu trong thi sat hach 1ai xe may).
30WDM xuit phat tir vi tri vao hinh sé 8 sau d6 bam
theo quy dao cong cua hinh sé 8 dé thuc hién chuyén
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dong. Qua trinh bam quy dao nay, 30WDM thyc hién
ca ba chuyén dong (bao gém chuyén doéng theo
phuong x, y, va quay quanh truc thing dimg). Chi tiét
vé kha nang quay va di chuyén cia 30WDM bam theo
mot quy dao hinh s6 8 duogc thé hién trong video véi
duong link:
https://www.youtube.com/watch?v=ilPtFAB3{fQE

_—

Hinh 13. Hinh dnh phéin citng va thi nghigm véi
30WDM

7. Két luén va kién nghi

Phan tich m6 hinh toan hoc chuyén dong ctia mot
robot di dong st dung ba banh xe da huéng da dugc
dua ra trong nghién ctru nay. Chuyén dong cua
30WDM bao gdm hai chuyén dong tinh tién doc theo
c4c phuong x va y, va chuyén dong quay quanh truc
thang dimg. B6 diéu khién PID duoc thiét ké dé giai
quyét bai toan bam quy dao cia robot, né cho phép
robot bam dugc quy dao va hudng cho truéc. Mo
phong dé dugce thye hién dé minh ching kha ning cua
bd didu khién trong viéc giai quyét bai toan bam quy
dao. Cac hinh anh phan cimg va thyc nghiém thé hién
kha ning di chuyén da hudng ciia robot.
Loi cdm on

Nghién ctru nay duoc tai trg bdi Truong Pai hoc
Hang hai Viét Nam trong dé tai ma s6: DT21-22.37.
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