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Abstract

This article primarily focuses on minimizing the impact of actuator errors, a critical factor that can significantly
affect the performance and efficiency of two-wheeled mobile robots. Including a fault estimation observer
facilitates the rapid detection and evaluation of actuator errors during robot operation. The experimental robot
model is designed with a computer connected to an embedded system, an encoder, and various sensors. The control
law is designed on mathematical principles, observed information, and Lyapunov's stability theory. The
experimental results confirm the accuracy and effectiveness of the proposed controller.
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Tom tat

Bai viét nay tap trung chu yéu vao viée giam thiéu anh
huong cua cac 16i xay ra trong by truyen dong, mot yeu
t6 then chdt c6 thé anh huong dang ké dén hidu suat va
hiéu qua hoat dong cua robot di dong hai banh. H¢
thdng quan sat u6ce tinh 151 dugc xay dung dé phat hién
va danh gia nhanh chong céc 18i c¢6 thé xuit hién trong
qua trinh hoat dong cua robot. M6 hinh robot thyc
nghiém duoc thiét ké bao gdbm mot may tinh két ndi voi
mot hé thong didu khién nhing, b ma hoa va nhiéu
cam bién khac. Pinh luat diéu khién dwoc xay dung
trén co s cic nguyén tic toan hoc, thong tin tir hé
thdng quan sat va 1y thuyét on dinh Lyapunov. Két qua
tir thue nghi€ém chiing minh tinh chinh xac va hiéu qua
ctia bo diéu khién duogc dé xuat.

Chir viet tat
WMR Wheeled Mobile Robot
FTC Fault-tolerant Control
AFTC Adaptive Fault-tolerant Control

1. Giéi thiéu

Dbi voi robot di dong, bo truyén dong 1a mot thanh
phén rit quan trong dam bao qua trinh van hanh dung
va chinh x4c cho muc tiéu didu khién, tuy nhién trong
cac diéu kién moi truong khic nhiét ciing nhu thoi gian
lam viéc 1au dai, by truyén dong 1a mot trong nhiing
thanh phan dé bi hong héc, din dén cac sai léch khong
mong mudn phia sau. Céc 13i c6 thé bao gom 16i hong
bo truyén dong [1], 13i bi ket, 15i mit mot phan hiéu
quéa diéu khién [2] va 13i bo truyén dong bi 1éch [3].
Viéc phat hién va giai quyét cac 16i ctia b truyén dong
1 rat quan trong dé duy tri do tin cay cua robot.

Trong linh vyc diéu khién robot, hé théng diéu khién
chiu 16i (FTC) déng vai trd quan trong, cho phép robot
duy tri hoat dong dang tin cdy trong nhiéu méi truong

lam viéc khac nhau va ngan chin hiéu qua viéc cham
dut cong viée do cac 16i co thé chép nhén duoc [4,5].
Véi dac thu phi tuyén manh véi tinh chat da bién va
duogc déc trung boi sy trong tdic manh mé va cac tham
sO thay d6i theo thoi gian [6], nghién ciru vé diéu khién
chiu 16i trén robot di dong c6 ¥ nghia thuc tidn va cap
thiét.

Mot sb phuong phap dleu khién chiu 156i da dugc
gidi thiéu dé giai quyet van dé lam suy giam hiéu suét
hé théng va mit én dinh do 15i [10,11]. Trong sb cac
phuwong phép nay, Kiém soat kha ning chiu 13i thich
mg (AFTC) da duoc thiét 1ap tot nhu mot cach tiép can
thuc t& dé xu 1y cac 151 cua bo truyén dong va sy khong
chic chén cua hé théng [12]. M6t vai nghién ciru khac
cling da tich hop mang neuron va logic md vao so dd
diéu khién chiu 18i (FTC) cho cac hé phi tuyén [13, 14]
bang cach cung cap kha ning xéac dinh cac dic tinh phi
tuyén chua biét [15]. K¥ thuat thich (mg cho phép wéc
tinh theo thoi gian thuc cac tham s6 khong xac dinh va
day nhanh viéc diéu chinh nhanh chéng mirc ting kiém
so4t dé phan Gmg voi nhing thay ddi cua tham sb. Day
12 mot phuong phap kha thi dé thiét ké bo diéu khién
nhim bu dip cac 15i cta bo truyén dong [16,17].

Véi muyc ti€u hi€n thyc hoa tinh kha dung cua mot
b6 diéu khién c6 kha nang chiu 18i cta robot di dong 2
banh, nhém nghién ctru dé xut xay dung mot bd quan
sat 16i nham udc tinh gia tri 16i tac dong 1én co cu
truyén dong ciia robot trong qua trinh hoat dong thuc
nghiém, trén co s& do, luat diéu khién dugc dé Xuét s&
chu dong thich tng va chiu dugc cac anh hudng bét loi
ctia 16i b truyén dong mot cach hiéu qua. Nghién ciru
nay dong gop hiéu biét sau sic va giai phap c6 gia tri
vé kha nang kiém soat chiu 15i, dong thoi thuc day
nhiing tién b trong linh vyre ché tao robot.

2. N¢i dung chinh
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2.1 M6 hinh dong hoc ciia robot di dong

Nhu thé hién & trén hinh 1, Robot di dong c6 hai banh
dan dong doc lap boi 2 dong co DC, ban kinh mdi banh
la r, khoang cach giira 2 banh xe ky hiéula L, 6 14 goc
dinh huéng cia robot . ¢, ¢, lan luot 1a van toc goc
cua banh xe bén trai va banh xe bén phai. Robot dugc
thiét ké sao cho trong tim G ciia n6 nam trén diém gitra

nbi 2 truc dong co.  OXY  duoc ky hiéu cho hé toa do
toan cuc cuia robot, OgXgYs 1 hé toa do gan trén

than cua robot.

H.1  Cau triic ciia mé hinh robot

Thong qua mdt ma tran bién d6i Rot, mbi quan hé giira
A 4 T A A L ~

hé toa do c6 dinh = X Yy 6 vahé toa d) gan trén

thanrobot g, = X, Yy O ' duoc bidu dién nhu sau

[18]:
d, = Rot(d)q 1)
Trong do:
cosfd sinf 0O
Rot(6) =|—sind cosé O
0 0 1
r. .
cosd —sind 0] 2 PrteL
g=|sind cosé O 0
0 0 1jr . )
I PR —¥L
% P+ cosb @)
r . .
=|= g T sind
2
r. )
I PR —¥L

Véi cac rang budc nonholomic tuong ung cua robot
dugc théa man. M6 hinh dong hoc thuan cia robot co
thé dugc mo ta nhu sau:

X| |cosé O y

y|=|sind 0 3)
. w

0 0 1
Trong do6:

VCCA-2024
ro. .
:E Pr +¥L
4
r . . ( )
w= L Pr— AL

2.2 Thiét ké bo diéu khién chiu 1i cho robot

Trong phin nay, mdt gid dinh trang thai 16i truyén dong
s& x4y ra cho co cdu truyen dong trén robot. Mot bo
quan sat 16i va bo diéu khién chiju 15i duge dé xuit cho
hé thdng WMR trong (3). Luat diéu khién dua trén cac
udce tinh 18i thu duge dé dam bao tinh 6n dinh cua hé
thong khi xay ra 13i.

2.2.1. Fault-tolerant controller

M6 hinh sai léch quy dao bam dugc xac dinh:

X, cosfd sind  Of xg —x
Y,|=|—sin® coséd Ofyg—Yy 5)
0, 0 0 1{/6,—-6

Pao ham 2 vé cua (5) ta co:
X, wY, —V+Vg €0sb,

=|V.|=| —wX, +Vgsinb, (6)
0, Wy —Ww
Van téc dai va van tdc goc dua vao diéu khién cho
robot bam quy dao dat dugc dua ra:
Vel Vg €0S 6, 4K X,

|wg +koVg Y, +kysing,

We

U]
Trong d6 k;,k,,k; 14 cic hé sb duong.

Bo diéu khién c6 dinh luat (7) s& phu hop cho bai toan
diéu khién theo doi cua robot trong truong hop khong
¢6 13i trén co cdu chap hanh. Trong pham vi bai viét,
tac gia xem xét cac truong hop 16i anh hudng dén co
céu chap hanh nhu sau:

Vi =V—Av, 0<Av;, <AV<Ay . <V
{wf =w—Aw, 0<Aw,;, <Aw <Aw,, <w ®
Luc d6 (6) dugc trinh bay lai nhu sau:
Xe | |wY, —V+VgC0sh, + Awy, +Av
=Y, |= —WX, +Vg SiN6, + Awx, 9)

0 wy —w+Aw

Vi Av, Aw chua biét nén chung ta phai thiét ké bo
quan sat 16i dé thiét ké luat diéu khién cho robot.
Bang cach dat:

yewB
. vgC0sh, —v
f(e,) =|Vs SiN0, — X,wg |;U = ;
Wg —Ww
0
10
1y, N (10)
v
gl(eq):gz(eq): O Xe ’fa: A(U
| 0 1
(9) duoc viét lai dudi dang:
éq = f(eq)+gl(eq)u+g2(eq)fa (11)
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Theo nghién ctru [19,20], voi trang thai hé thé)ng € v v, cosf, +k x, +2y Aw+ Av
. i . — r e X7'e e N 14
dau vao u dabiet va f, =0 mot bd quan sat dugc s& w w, + KV, Y, +k,sing, + Aw (14

dugc dua ra d¢ uée tinh nhicu trong (11): 2.2.2. Phan tich tinh &n dinh ciia hé théng voi Iy thuyét
2= L) G;(6,)2+0,(8,)P(e,) + f(6,) + 0,6, )u  Lyapunov.

. Véi bo diéu khién (14) dé xuat cho md hinh robot, ham
fa=2+p(e,) Lyapunov xac dinh duwong duoc chon:
Sa \ 7 (%2? v X +yl | 1-cosd, (15)
ay, p(e,)va L(g,) dugc chon sao cho théa man: 2 K,
L(e,) = op(e,) (13)  Pao ham 2 vé ciia (15) va thay X,,¥,,6, tir (9) ta
e, . ) o duoc:
Boi vay, luat dieu khién dugc d€ xuat nhu sau s€ thay v — X, —V+Vg C0s6, +2Awy, +Av +
the cho (7). .
Sing, w, —w+k,y.VsAw (16)
k2
Két hop voi luat diéu khién (14), (16) tré thanh:
V =X, — Vgc080, + kX, +2Y,Aw+Av +V, c0sb, +2Awy, + AV +...
SiNG, wy — wy + KNy Y, +kysinb, +Aw +k,Yy,Vy +Aw
+ > an

2

1.
= —kx? ——sin’6, <0
k,
Theo 1y thuyét 6n dinh Lyapunov [21]. Hé thong (3) véi luat diéu khién (14) dé xuat on dinh tiém can.

2.3 M6 phéng trén Matlab-Simulink

Dua trén MATLAB - Simulink, cac m6 phong dugc 60
tién hanh dé xac minh tinh hiéu qua cua bd diéu khién
chiu 13i dugc dé xuat. Cac thong sb cua robot c6 banh
xe dugc st dung trong cac md phong dugc dua ra trong
Bang 1.

—PID without FO ~~-PID

Bang 1. Tham sé ciia robot.
Mass (kg) | r(m) L(m) | I(kgm?)
15 0.1 0.4 2.5

L4i anh huong dén bo truyén dong duogc gia thiét tai ' ‘ :
e a2 g 0 5 10 15 20 25 30 35
thoi diém t > 8 véi:

) Time (s)
Av| [0.2vsin(t) (18) H.3  Tin hiéu diéu khién dén khoi dong luc hoc
Aw 0.2w

Tham sb cta robot ciing thay d6i ngiu nhién. anh dl
huong dong thoi voi thoi gina tac dong cua 10i:

a

iPID without FO ——PID ~iPID without FO —— PID

@15
m=15+5*sin(rad), 1=2.5+0.5*cos(rad). %
Tham s0 ctia by quan sat dugc chon: 1

X 100 0 0 3
) =| °|; L(a. (1) = ; Lo,
p(q. (t)) 6, (9. (1) 0 0 100] 05
0.5- 0

—fault -

g — — Estimate 0 5 10 15 20 25 30 35
= 0 Time (s)
g H. 4

Tin hiéu diéu khién dén khéi dong hoc

0.5
0.1

2
§0.05 —J/\

Z‘é 0
E

-0'055 10 15 20 25

Time (s)

H.2  Léi uée tinh tir bg quan st
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w iPID without FO

E. 9 | A, i
X
o

etheta [rad]

0 5 10 15 20 25 30 35
Time

H.5  Sailéch bam theo truc x, y va theta

Céc 16i anh huong dén hé thng robot sau 8 gidy trong
mo phong. Hinh 1 cho thiy phan tmg kip thoi va chinh
xé4c cua hé théng quan sat. Dua trén wdc tinh 18i dugc
phat hién, bo diéu khién dua ra tin hiéu thich hop dé bu
cho céc 16i va dam bao nhiém vu theo ddi quy dao da
dat (Hinh 3,4). Hinh 5, 6 cho théiy hoat dong hiéu qua
va 6n dinh clia bo diéu khién dugc dé xuét.

2.4 Két qua thwe nghiém o .
M6 hinh thuc nghiém cua robot duogc thiét ké c6 so do
cau trac dugc thé hién trén hinh 6

Sensor | g
Encoder [

A 4
L & | Arduino .
PC P| yeganseo —P»{ Driver p=—§{ DC Servo
A A A A
Power
Supply

H.6  Cdu triic phan cimg ciia robot thuc nghiém

Qua trinh thr nghiém cac bo diéu khién cua robot duoc
xdy dung va trién khai thong qua viéc két hop Matlap-
Simulink v6i vi diéu khién Arduino Mega 2560 trén
mo hinh robot co trong lugng 15kg, ban kinh banh
0.1m. Luét diéu khién chiu 16i v&i thé manh phan hoi
tr bo quan sat s€ dugc so sanh véi luat diéu khién
khong c6 bo quan sat. Tac dong vat Iy nham giam hiéu
suit cua dong co duoc tién hanh trén banh phai, nhim
gia 1ap anh huong cua 15i bd truyén dong. Tac dong
dugc tién hanh trong ca hai truong hop bat diu tir gidy
thir 20 dén 40 trong qué trinh hoat dong cuia robot. Viéc
chay thuc nghiém dang dugc trién khai trén mé hinh
robot banh 10p trong dia hinh khong trugt, do d6 anh
huong clia trugt ngang va trugt doc ¢6 thé xem xét bo
qua ¢ day.

Trwong hop 1. Robot bam qui dao véi bo diéu khién
PID théng thuong.

VCCA-2024

0.04

v fault

v [m/s]

15 20 25 30 35 40 45 50
Time (s)
a)
0.4 T
——w fault
0.2
% o
a -0.2
-0.4
15 2‘0 2‘5 3‘0 3‘5 4‘() 45 50
Time (s)
H.7  Tdc dong vit ly gay anh huong toi van toc: a) van
toc dai; b) van toc géc
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Truwong hgp 2. Robot bam qui dao véi bd diéu khién
de xuat:
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2r /e Set Trajectory
—-=-PID without FO
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H. 16 Quy dao bam
Nhdn xét:
Cac bo diéu khién duoc kiém chimg trén cing mot mo
hinh khac nhau do vay tic ddng vat Iy anh hudng téi
mo hinh s& khong duge dong déu. Tuy nhién két qua
thu thap dugc tir bd quan sat qua H. 8 va H. 13 cho thay
tac dong anh huong téi van tdc va van téc goc cua
truong hop 2 1a 16n hon (H. 18).

0.04 —v fault 1 - v fault 2
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—w fault 1 - w fault 2
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b)
H. 17 Anh huong t6i vin toc ciia robot thu dugc tir bg
quan sat: a) van toc dai; b) van toc goc

H. 10 va H. 15 ciing cho thdy su dnh hudong ciia su tac
dong d6 téi van tdc cua robot trong thuc té. Tuy nhién
Bo didu khién phat huy vai tro ciia minh bang cach higu
chinh tin hiéu diéu khién cho robot, két qua trén H. 9
va H. 14 cho thy diéu d6. Tuy nhién két qua & H. 16
va H. 11 lai cho thiy sy khac biét trong hiéu qua diéu
khién ma 2 bo diéu khién mang lai. B6 diéu khién chiu
16i v6i su hd tro tin hiu tir bd quan sat d phat huy
dugc tinh hi¢u qua va ndi tréi hon trong viéc giam tac
dong cua 15i t6i két qua bam qui dao cua robot. H. 17
1a két qua truc quan v& lai qua trinh diéu khién bam qui
dao ctia robot khi p dung 2 bo diéu khién.
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3. Kétluan

Trong bai bao nay kha ning wdc tinh 16i ctia b truyén
dong cua bd quan sat dap ung thoi gian thuc, nhd vay
bo didu khién da xir Iy bu 16i mot cach kip thoi, giam
thiéu tac dong tiéu cuc do 15i giy ra, do d6 dam bao
cho nhiém vy bam qui dao cua robot di dong mot cach
6n dinh. Két qua thyc nghiém 1a mdt minh chirng cho
tinh hiéu qua va kha dung cta bo diéu khién dugc dé
xuét. Thuc nghiém dugc tién hanh trong dia hinh thuan
lgi va khong c6 trugt do d6 vi tri thuc té dat duoc thong
qua vi¢c doc encoder co thé dam bao, tuy nhién dé d¢am
bao hiéu suét ctia bo diéu khién ciing nhur dam bao tinh
chinh xac trong viéc xac dinh vi tri ctia robot trong cac
dia hinh khac, mot hé toa do toan cuc can phai dugc
xdy dung thong qua mot h¢ thong camera quan sat qué
trinh chuyen ddng cua robot. Trong giai doan tiép theo,

nhém sé tiép tuc nghién ciru, cap nhat va két hop thém
cac bo didu khién khac nhim t6i wu va nang cao kha
ning chiu 16i & mirc d6 16n hon.
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