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SU DUNG PHUONG PHAP LOGIC MO
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CONTROL OF MOBILE ROBOT TO TRAJECTORY TRACKING
USING FUZZY LOGIC METHOD

Nguyen Thanh Tan!, Dang Huu Phuc?, Pham Minh Triet?, Kim Anh Tuan*

Tém tit — Trong nghién citu nay, tdc gid da
dp dung va diéu khién moé hinh todn hoc ciia hé
mobile robot diéu khién bdng hai bdnh sit dung
phan mém Matlab/Simulink. Trong do, tdc gid
trinh bay phuwong phdp thiét ké bo diéu khién
mo trong viéc diéu khién mobile robot bdang cdch
diéu khién doc ldp toc do motor bdnh trdi va
motor bdnh phdi sao cho robot c6 thé' di chuyén
bdm quy dao tham chiéu cho trudc. Két qud mo
phdng thu duoc tir cong cu Matlab/Simulink cho
thdy dugc hiéu qud ciia phuong phdp diéu khién
mo 1én doi tugng phiic tap nhu mobile robot diéu
khién bdng hai bdnh véi yéu cdu ddt ra la robot
c6 thé' di chuyén bdam theo muc tiéu tham chiéu
Vvdi cdc dang duong thdng, duong tron va duong
ludi. Két qud dat dugc la mé hinh robot hoan
toan co thé ddp iing yéu cdu ddt ra, mé hinh co
khd ndng bdam sdt theo muc tiéu tham chiéu dua
trén nhitng dwong di tix don gidn dén phiic tap
vdi khodng cdch va sai sé cho phép.

Tiv khoa: diéu khién hién dai, diéu khién
md, mobile robot, robot bam quy dao.

Abstract — In this article, mathematical model
of two-wheeled mobile robot system is applied
and controlled using Matlab/Simulink software.
The article focuses on presenting the method
of designing Fuzzy Logic controller to control
the mobile robot by independently controlling
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the wheel speed of the left and right wheel
motors so that the robot can move and follow
the given reference trajectory. Simulation results
from Matlab/Simulink tool show the effect of
Fuzzy Logic controller on complex objects such
as two-wheeled mobile robot which is required
that the robot can move to follow the reference
trajectory with lines, circles, and gridlines. The
results confirm that the robot model can fully
meet the requirements, the model is able to follow
the reference target based on the line from simple
to complex with the allowable distances and
errors.

Keywords: Fuzzy Logic controller, mobile
robot, modern control, trajectory tracking robot.

1. DAT VAN DE

Ngay nay, nhiéu phuong phdp dudc st dung dé
diéu khién hé phi tuyén nhu phuong phap tuyén
tinh héa, diéu khién trugt, diéu khién dung mang
than kinh nhén tao, diéu khién mo, diéu khién
thich nghi hoiic cic thuit toan t6i uu bay dan,
giai thuat di truyén. Viéc Iva chon ra mot phuong
phdp diéu khién phu hop v6i mot ddi tugng phi
tuyén nhit dinh nao dé doi héi nhiéu thdi gian
va thuc nghiém lau dai.

Diéu khién md (Fuzzy Logic controller) 1a mot
phuong phép diéu khién hién dai phong theo qua
trinh x{ 1i thong tin khong 1o rang va ra quyét
dinh diéu khién ctia con ngudi. Phuong phap nay
thich hop dé diéu khién cac d6i tugng phiic tap,
khong xac dinh dugc mo hinh toan. Tuy nhién,
bd diéu khién md truc tiép thudng dudc thiét ké
dua vao kinh nghiém chuyén gia va mang tinh
“thtt sai”. Do d6, khi gip cdc dbi tugng phiic tap,
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ngudi thiét ké sé mat rat nhiéu thoi gian ma két
qua c6 dugc sé khong tdi wu. Tuy nhién, phuong
phdp nay rit hitu ich va dudc st dung rong rii
trong nghién ctu hién nay béi su linh hoat, mém
déo va c6 kha niing két hop vé6i cac phuong phap
thong minh khic dé c6 thé dat muc tiéu diéu
khién hiéu qua nhét. Trong d6, mo hinh mobile
robot diéu khién bang hai banh 13 mét mo hinh
diéu khién tu dong kha dién hinh c6 thé 4p dung
nhiéu phuong phdp diéu khién khéc nhau, béi su
phd bién va da dugc dp dung thuc té trong rat
nhidu nganh, linh vuc nghién ctu nham hd trg
con ngudi trong mot sd cong viée tir don gidn
dén tuong dbi nguy hiém, chiang han vudt dia
hinh, khdam pha vi try, nhiém vu quéan su, danh
gid moi truong, robot gia dinh.

Bai bdo st dung md hinh mobile robot diéu
khién bang hai banh bam quy dao si dung
phuong phap diéu khién mo lam dbi tugng nghién
ciu, van dung phuong phép thiét ké bo diéu khién
md cho dbi tugng mobile robot diéu khién bang
hai banh d€ diéu khién doc 1ap téc do motor banh
trai va motor banh phai sao cho robot c6 thé di
chuyén bam céc quy dao tham chiéu cho truéc.
Két qua dat dugc 1a robot c6 thé di chuyén 6n
dinh, bam sat cac dudng quy dao khic nhau nhu
dudng thang, dudng tron, dudng ludi trong pham
vi khoang céch t6i da 35 cm va sai s6 géc xap
Xi gan bing 0.

II. TONG QUAN NGHIEN CUU

M6 hinh mobile robot hai banh da dugc nghién
cu va tng dung kha nhiéu véi cdc muc dich
nghién ctiu khac nhau. Cac ndi dung nghién ctu
chii yéu tap trung vao phat trién cac phuong phap
diéu khién hoic két hop cic gidi thuat diéu khién
thong minh véi cic phuong phap truyén thong sao
cho viéc diéu khién mo hinh dau ra dat yéu cau.
Trong d6, Pang Son [1] da nghién ciiu va dng
dung bd diéu khién md — noron dé diéu khién cho
robot di ddng WMR (Wheeled Mobile Robots)
¢6 kha nang thuc hién chic nidng bam muc tiéu,
tranh vat cdn va 6n dinh toc do trong qué trinh
di chuyén st dung b diéu khién md — noron vé6i
cong cu ANFIS trén Matlab. Két qua 12 md hinh
mo phéng c6 thé bam quy dao theo dudng thang
véi géc nghiéng 400.

Piéu khién md 1a mot phuong phap diéu khién
hién dai dudgc 4p dung rat hiéu qua trén cic di
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tugng nghién ctu tuong tu nhu xe ty hanh hodc
didu khién cin bang hé théng. St dung thuat
toan diéu khién md trong viéc diéu khién robot
bam quy dao theo cic dutng ziczac, hinh tron,
hinh elip c6 do nghiéng cac doan khac nhau. Véi
nghién ctiu nay, robot c6 thé di chuyén kha &n
dinh theo quy dao cho truéc véi di€ém xuat phat
ctia robot 1a (0,0) [2].Tuy nhién, tai cdc doan
dau miit, robot c6 chiit sai léch vé vi tri do phai
chuyén huéng dot ngot. Bén canh d6, bd diéu
khién md ciing dudc ap dung trén dbi tugng robot
tu hanh dé€ diéu huéng va tranh chuéng ngai vat.
Robot di dong da st dung dugc trang bi dong cc
DC, 9 cam bién hong ngoai (IR) dé do khoang
cach dén cac chuéng ngai vat va hai bdo ma héa
quang hoc d€ cung cip vi tri va tbc do thuc t&
[3]. V6i noi dung tuong tu, diéu khién robot trong
nha bam quy dao thiang v6i khoang cach 60 cm,
g6c nghiéng 1250 theo hudng duong cua truc x,
viéc diéu khién robot st dung bdi chip AT89C52
[4] gidp gidm sai sb t6i thi€u x4p xi va thoi gian
hoan thanh bam quy dao hinh xuyén tim 0,3 s [5].
Tuy nhién, khoang cach bam quy dao cua robot
khd xa, dé bi mit phuong huong hoic nhiéu tit
cam bién do khoang céch.

III. GIAI PHAP PE XUAT
A. Doi twong diéu khién mobile robot

M0 hinh toan hoc ctia mobile robot hai banh
M6 hinh mobile robot diéu khién bing hai
banh ddc 1ap dugc thé hién nhu Hinh 1.

Yw A

2V

Hinh 1: M6 hinh mobile robot diéu khién bing
hai banh doc lap

Trong do :
Xw, Y. hé toa do toan cuc
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Xm> Ym: 12 hé toa dd cuc bd gan trén robot

p: tdm than robot

R: ban kinh banh xe

L: khoang céch tif tAm robot dén tim banh xe

0: géc ngudc chidu kim dong hod giita xm va
Xw

Phuong trinh dong hoc ctia mobile robot diéu
khién hai banh doc lap [6] la:

x| [cos@ O ‘
y|=|sin@ 0 '
) 0 1

Trong d6: x, y 1a van tdc clia robot theo truc
X,y va truc Y,

v 1a van toc thang clia robot

6 = o la van toc géc cua robot, chon chiéu
duong ngudc chiéu kim dong ho.

Vin t6c thang v va véan téc goc @ dude mo ta
nhu sau:

b | -

(2

]

Trong d6 : v, = Ry, 1a van tbc thang banh
trdi mobile robot

Vg = Rag 1a van tdc thang banh phai mobile
robot

or: van toc géc banh trai mobile robot

og: van toc géc banh phéi mobile robot

T biéu thic (1) va (2), ta suy ra van téc banh
trdi va van toc banh phai:

]

Muc tiéu diéu khién: Didu khién vi tri hién
hanh diém P(x,y,0) trén mobile robot chay biam
theo vi tri diém tham chiéu di dong Py(xg4, ya,
6,). Trong do6, vi tri hién hanh P va vi tri tham
chiéu P; clia mobile robot dudc biéu dién trong
Hinh 2.

Trong do6:

1
2L

l'__‘::|>_- b | =

i

cos@  sind L}
¥ ©)]

={—cos€ —sinf L

53

KHOA HOC CONG NGHE - MOI TRUONG

Y Fa [Xi ¥a Ba)

dx

v

P(x, ¥, 6)

Hinh 2: Vi tri hién hanh va diém tham chiéu
cua mobile robot

0 la goc cua mobile robot so véi truc ngang
X

Xd» Ya va 0y 12 vi tri va goc ctia di€ém di dong
tham chiéu

o 1a sai 1éch gifta géc diém tham chiéu (6,)
so Vi goc dau robot ()

d la khoang céach giita robot va diém tham
chiéu

Cac phép tinh cia géc diém tham chiéu, sai
léch a va khoang cach d dugc tinh nhu sau:

d-JIear @
di=x,—xdv=y,-» )

6,—6 néuf, —180< 6 < 180va 0 < 6, < 180

(8 —8) =360 ,néu-—180< 6 < B, —18B0va0 <48, <180
g, —86 ,méu—180 <6 <180 — |6,/ va—180 <8, <0
360 — (6 +184]) ,néu 180 —|6,] <6 < 1801va—180 <6, < 0
0 , trwemg hop khac (6)

DE thuc hién mo phong trén Matlab, tic gia da
chon céc thong s6 nhu sau: ban kinh banh xe R
= 5 cm; khoang céch tif tAm robot dén tdim banh
xe L = 10 cm.

B. Thiét ké bo diéu khién mo Mobile robot
Pinh nghia cic bién vao - ra
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Hai bién dau vao: Khoang cé4ch d gifta robot so
v6i diém tham chiéu va sai s6 goc a giita huéng
dau robot so véi di€ém tham chiéu.

Hai bién dau ra: Toc dd banh trai @y va toc
do banh phai wg.

Xic dinh tdp md cho cic bién vao/ra

Mién gia tri cdc bién vao: Khoang cach d € [0
5] (m) va sai s6 géc e [-3.14 3.14] (rad)

Mién gid tri cdc bién ra: Toc do banh trdi va
tbc do banh phai trong khoang [-120 120] (rad/s)

Tap md cdc bién vao, tham khao Hinh 3 va
Hinh 4.

Khoang cich d = rit nhé (VS), nhd (S), trung
binh (M), 16n (B), rat 16n (VB)

08
08|
04
0.2

Hinh 3: Ham lién thudc khoang cach d

Sai s6 géc & = am 16n (NB), am nhd (NS),
zero (ZE), duong nhé (PS), duong 16n (PB)

NE" NS T E PS 152
08} E
06} E
0.4t e
0zt e

0

0
a

Hinh 4: Ham lién thudc sai sb géc o

Tap md céc bién ra, tham khio Hinh 5 va Hinh
6:

Toc d6 banh trai w; = am 16n (NB), 4m nho
(NS), zero (ZE), duong nhé (PS), duong 16n (PB)

Toc dd banh phai wg =am 16n (NB), 4am nhd
(NS), zero (ZE), duong nho (PS), duong 16n (PB)
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RER pi 3 —F
X 1
0EF 4
04 4

0.2 B

-100 -50 0 50 100
08

Hinh 5: Ham lién thudc téc do banh trai

NS TFS i
8| 1
0.6 1
0.4 4

02t B

L L i L L

-100 -50 50 100

0
[6)):3

Hinh 6: Ham lién thudc téc do banh phai

Xay dung luat hgp thanh
Luat md téc do banh trdi wp: C6 tdng cong 25
luat IF... THEN nhu Bang 1.

Bang 1. Luat mo tbc do banh trai wp

Téc d6 Ehoang cach d
banh trai ey

VS | S | M| B | VB

Sais | NB | PB | PB | PB | PB | PB
gocd ™ Ng ZE | PS | PS | PB | PB
ZE | ZE | ZE | PS | PB | PB

PS NS | ZE | ZE | PS | PS

PB NS | ZE | PS | PS | PB

Luat mo tdc do banh phai wg: C6 téng cong
25 luat IF... THEN nhu Bang 2.

Bang 2. Luat mo tbc do banh phdi wg

Toc d6 Khodang cach d
banh phii g | VS S M | B | VB
Saish | NB | NS | NS [ PS | PS | PS
. NS | Ns | zE | ZE | PS | PS
goca [ 7R 7E PS | PS5 | PE | PB
PS 7ZE | PS | PS | PS | PB
PB PS PE [ PB [ PE | PB
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Gidi mo va tbi wu héa

Chon luat hop thanh theo quy tic max-min
Giai mo theo phuong phap trong tim

S¢ do mé phéng Matlab Simulink

Mobile robot

Fuzzy controller

Hinh 7: So d6 mo6 phéng Simulink

L—ff—=

”ﬂ# -

L [} e

-
-

a2

Gaira

Hinh 8: Khdi mo hinh toan hoc ctia mobile
robot

IV. KET QUA MO PHONG VA THAO LUAN

Két qud mé phong diém tham chiéu chay theo
duwong thing duoc thé hién trong cdc Hinh 9,
Hinh 10 va Hinh 11.

Toa do x, y va x,, yr

Toa dé x1 va x theo t

Toa dg yrvay theo t

§ 8 10 on ou
Times (seq)

Hinh 9: Toa do x va y theo thoi gian
dang dudng thing

Goéc theta (6) va vi tri robot nhu Hinh 10.
Sai s6 géc o va khoang cach d nhu Hinh 11.
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Géc theta ve thetad theo t Vi zri robor (x,y) va vi tri tham chiéu (xr,yr)

)

L

thetad va theta (rad

e 7 & 3w

LI T AN TS O xaxim)

Times{seq

Hinh 10: Goéc theta va vi tri robot (x,y) theo
thoi gian dang dudng thing

Sai 56 g alpha theo t Khodng céich d theo t

&

m

0
nd

0 2 4 8 8 00 12 % B B A
Times fsec)

g cac

Sajso goc ahha (rad)

Knoan

2
0 2 4 F 8 10 12 M4 ¥ 1 0

Times (sec)

Hinh 11: Sai s6 géc o va khoang cach d theo
thoi gian dang dudng thing

Quan sit cic dudong biéu dién két quid mo
phéng theo dang tham chiéu dudng thing, ta thdy
cac diém toa do ludn tinh tién sat véi muc tiéu
tham chiéu (Hinh 9), géc theta tién dan vé 0 trong
khoang 2.5 s (Hinh 10), khoang cach so vi muc
tiéu duy tri 6n dinh tAm 20 cm (Hinh 11).

Két qud mé phong diém tham chiéu chay theo
duong tron duoc thé hién trong cdc Hinh 12,
Hinh 13 va Hinh 14.

Toa dd x, y va x,, y, nhu Hinh 12.

}
\
WiR

U ;

] 0 2 E]
Times (sec)

Toa dg xr vax theo t

—xH

yrvay (ml

e

Arax (m)

o

Times (sec)

Hinh 12: Toa d6 x va y theo thdi gian
dang dutng tron

Goéc theta (6) va vi tri robot nhu Hinh 13.
Sai s6 géc o va khoang céch d nhu Hinh 14.



TAP CHI KHOA HOC TRUONG PAI HOC TRA VINH, SO 43, THANG 6 NAM 2021

Vi tri robot (x,y) va vi tri tham chiéu (xr,yr)

Goc theta va thetad theo t

Jhetaliad)

iy

thetad vatheta

o

0 ]
Times (sec)

9 50

xvax (m)

Hinh 13: Goc theta va vi tri robot (X,y) theo
thdi gian dang dudng tron

Sai 6 géc alpha theo ¢ Khodng cdch d theo t

a k)
Times {seq)

Hinh 14: Sai s6 géc o va khoang cach d theo
thoi gian dang dudng tron

Véi duong tham chiéu cho trudc 1a dudng tron,
ta nhan thiy ring mo hinh robot ciing da c6 thé
di chuyén bam theo quy dao clia dudng tron, véi
sai s& goc theta va sai sb goc alpha x4p xi bang 0
rad (Hinh 13, Hinh 14), khoang cach so véi muc
tiéu tham chiéu 16n hon truong hop diém tham
chiéu dudng thing, gid tri tuong duong 35 cm
(Hinh 14).

Két qud mé phong diém tham chiéu chay theo
duong lwdi dugc thé hién trong cdc Hinh 15, Hinh
16 va Hinh 17.

Toa dd x, y va x,, y, nhu Hinh 15.

Toa dé xr vax theo r Toa dé yr vay theo t

yrvay(m)

Arvax(my

2 u %0 E)
Times (sec) Times {sec)

Hinh 15: Toa dd x va y theo thoi gian
dang duong luéi

Goéc theta (6) va vi tri robot nhu Hinh 16.
Sai s6 géc « va khoang cach d nhu Hinh 17.

@
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Gdc theta vé thetad theo t Vi tri robot (x,y) va vi tri tham chiéu (xr,yr)

— )
. —y

yvayi (m)

thetad va theta (rad)

"

Xvax (m)

Hinh 16: Goc theta va vi tri robot (x,y) theo
thoi gian dang dudng ludi

Sai 56 géc alpha theo t

Khoang cach d theo t

P e

I
khoang cach d (m)

Salgo goc alpha (rag) _

1 2 2 “
Times (sec)

Hinh 17: Sai s6 géc o va khoang cach d theo
thoi gian dang dudng ludi

Ta thiy ring, két qua md phdng vé6i tham chiéu
dang dudng ludi cling tuong ty véi cdc dang
dudng thang va dudng tron. Tuy nhién, géc theta
tuong dbi dao dong xung quanh vi tri O (Hinh
16) va khoang cach so v6i muc tiéu ciing khong
hoan toan &n dinh nhu ddi véi cac duong thang va
duong tron, khoang cach dao dong trong khoang
tir 20 cm dén 35 cm (Hinh 17).

Tit cdc két qua da khéo sat, ta thly mo hinh
robot déu c6 kha ning bam theo cac toa do quy
dao cho truée. Cac muc tiéu cé quy dao don gian
nhu dudng thiang sé gitip robot bam sat véi muc
tiéu d& dang hon va sai s6 ciing 1a it nhat. Mo
hinh robot di hoat dong bim qu§ dao véi sai sd
rit nho gan bang 0, géc nghiéng khoang 1300
theo hudng duong ciia truc x va khong bi mét
diéu khién véi nhitng dau mut thay ddi huéng
dot ngot. Ngoai ra, khodng cich di chuyén cua
robot so v6i quy dao muc tiéu ciing dudc cai
thién, gid tri dao dong tir 20 cm dén 35 cm. Tuy
nhién, do cic két qua nghién ciiu déu ding lai &
cac gia tri mo phdong kha Ii tudng nén mod hinh
thuc nghiém can dugc ki€ém chiing dé c6 thé dbi
sanh mot cach trung thuc va khiach quan so véi
cac cong trinh nghién ctu lién quan.
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V. KET LUAN

Trong bai bao, tac gia da gidi thiéu thuit toan
logic md, cach xay dung ham lién thudc va cac
ludt mo trong viéc diéu khién mo6 hinh mobile
robot bang hai banh. Viéc chinh dinh gid tri ham
lién thudc ciing nhu cdc luat mo chi yéu dua
trén kinh nghiém cta chuyén gia véi miic do hi€u
biét nhit dinh 4p dung trén mo hinh toin tuong
ung. Bai bdo da trinh bay viéc tung dung thanh
cong thuit todn logic md vao viéc diéu khién
ddi tugng mobile robot di chuyén bam theo quy
dao di dong véi cac duong tham chiéu 1a dudng
thang, dudng tron, dudng dang luéi. Qua do, ta
thdy rang phuong phéap logic md da thiét ké hoan
toan c6 thé 4p dung hiéu qua cho mo hinh mobile
robot diéu khién bang hai banh doc 1ap st dung
phan mém md phéng Matlab/Simulink. P& mo
hinh diéu khién dugc hoan thién, ta can nghién
citu cdc giai thuat didu khién hién dai nhim chinh
dinh gi4 tri cdc ham lién thudc, tdi vu héa bo luat
md nhu gidi thuit bay dan PSO (Particle Swarm
Optimization), giai thuat di truyén GA (Genetic
Algorithm).
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