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T6M TAT 

Dieu khiSn mo hay con ggi la dieu khien thong minh, mo phong tten phucmg thuc xii li 
thong tin va dieu khien cua con nguai, khai dau cho su ling dyng ciia tri tue nhan t^o ttong ITnh 
vuc difiu khi6n. Nghien cuu trinh bay phuang phap di6u khien robot tu hanh tten ca sa logic m6. 
Tnrac tien, mo hinh dgng hge robot dugc xay dyng, sau do dugc mo hinh hoa de mo phong qua 
trinh bam quy dao cho truac ttong khong gian lam viec cua robot. Ket qua mo phong cho thay 
tinh diing dan, hieu qua ciia giai thuat dieu khien. 

Tic khoa: thiet ke quy dao, dieu khi8n ma, robot tu hanh, bam quy dao, dieu khien dgng hge. 

1. GlOd THIEU 

Thiet ke quy dao va thiet lap bg dieu khien dk bam theo quy dao nay ta nhiem vu rat quan 
trgng cua robot di dgng. Trong cac nghien cim gan day thuong giai quyet cac van de sau: dieu 
khien robot bam vach, bam tuang, bam quy dao, tranh vat can, di toi diem dich .... 

Robot di dgng dugc nghien cihi la mo hinh robot 3 banh gom 2 bien didu khien (van toe 
hanh trai va van t6c hanh phai), vi tri ciia robot dugc xac dinh thong qua ba bien ttang thai (x,y, 
G). Cac phuong phap dieu khien ngay cang thong minh han bang each su dung mang neron [1, 
2] va Logic md [3,4]. Do tinh m8m deo cua no, cac bg di6u khi6n ma ngay cang dugc ling dung 
rgng rai va co ket qua dang ghi nhan [5 -10]. 

Bai bao trinh bay each tigp can mai trong thigt ke bg di6u khien ma de robot bam theo cac 
quy dao tuyen tinh, phi tuyen bat ky tiong khong gian lam viec cua no. Bo cue bai bao dugc sap 
xep nhu sau: Phan 2 la phuang phap nghien cuu, ttong phan nay dua ra mo hinh dgng hge robot, 
mo hinh dieu khien; ket qua mo phong va thao luan dugc trinh bay a phan 3; ket luan ciia 
nghien ciiu viet ttong phan 4, cuoi ciing la danh muc cac bai bao tham khao. 

2. PHirONG PHAP N G H I £ N CUtl 

2.1. Mo hinh dong hoc robot 
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Trong nghien cuu nay su dung mo hinh robot gom 3 banh, 2 banh chii dgng phia sau gan 2 
dgng ca, 1 banh lai phia truac co kha nang quay tu do ttong do mo hinh banh xe robot dugc li 
tuang hoa nhu Hinh 1. Banh xe quay quanh true cua no (true Y), chuy6n dgng theo phuang X 
(true X ). Khi chuyen dgng a toe do thap, co the bo qua anh huong ciia su trugt ciia banh xe so 
vai mat ducmg. 

Hinh 1. Mo hinh banh xe robot da dugc li tuang hoa. 

ttong d6: X la phuang chuyen dgng cua xe; 

Y vuong goc vai phuang chuyen dgng; 
Z thang diing, vuong goc X, Y. 

Tga do cua robot trong mat phang 2D - X^ GYm tai mgt thai diem bat ky dugc xac dinh 
ttong he tga do co dinh gan voi tam robot va goc cua dau robot so vai he tga do goc tham chieu 
XbGYb (Hinh 2). Vay vi tri robot se dugc xac dinh theo vecta q (3x1). 

Hinh 2. Mo hinh Robot xe ba banh. 

(1) 

Ma ttan quay biSu diin huong ciia toa do co djnh so vai he tga dp dgng gan vai lam robot 

(2) 

Dpng hge dua ra mo hinh toan hoc ciia robot chi quan tam den quan he hinh hge thuan tiiy 
ciia he thong ma bo qua tac dpng ciia lye den chuyen dpng cua robot. Mo hinh dua ra moi quan 
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he giiia cac bien dieu khien va dac tinh he thong. Gia sit vi tri ban dSu ciia robot la (X,Y), va goc 
tao boi vecto van toe V voi true ngang la 

Van toe ciia banh tiai va banh phai (vleft, vright) lien he vol van toe goc nhu sau: 

v„gh,= r * cl)„gh, (3) 

Vfc(i= r • (DM (4) 

trong do: r la ban kinh banh xe, cOnght, Mieit lan luot la van toe goc cua banh trai va banh phai. Gia 
thiet Vr, (Or la van toe va van toe goc cua robot, d la khoang each giua hai banh sau. Robot luon 
quay quanh tam quay tire thoi la giao di6m cua 2 true banh xe. Diem nay goi la tam quay tiic 
thai (ICC - Instantaneous Centreof Curvature). Cong thiic tinh nhu sau: 

VE = (Vntu + î=ii y2 (5) 

Mo hinh dgng hoc robot viet trong he tpa do DScac nhu sau: 

Thay phuong trinh (7), (8) vao (12), biSn ddi dem gian ta thu duoc: 

(«) 
(7) 

(8) 

(9) 

(10) 

« L _ ' 
MtfHdA 

Phuang trinh (11) chinh la phuang trinh dpng hge robot tu hanh. 

^ 

R,' N£U...TH1... 

L:-
R,:N£u...THi... 

L^ 
- 1 

(11) 

GlAl M& 

Hmh 3. Bp dieu khien ma. 
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Dira tten mo hinh dgng hoc cua robot, cac phuang phap dieu khien co the ap dung la: dieu 
khien PID, di6u khi6n trugt, di6u khien ma, di6u khien dua tten mang neron .... Trong nghien 
cuu nay sir dung bg di6u Iduen mo (Hinh 3). Bg di6u khien mo dua tten kinh nghiem, diing cac 
luat ngon ngii IF- THEN dk dieu khi^n dac ti'nh cua robot. Uu diem cua phuang phap nay la tin 
hieu dieu khien tton. 

Dau vao ciia bg mo hoa la cac hien sai so vi tri va goc cua robot di dgng so vai quy dao 
thiet ke, sau bg giai ma la van toe goc cua banh trai va van toe banh phai robot. Cac bien dau 
vao/ ra sii dung ham tam giac dk giam thai gian tinh toan ma van dat dugc do chinh xac can 
thilt. Cac luat hgp thanh la phan kho nhit ttong qua trinh thiet ke, dua tten kinh nghiem ve dieu 
khien va mo phong robot, dugc trinh bay cu the 6 ph5n 2.2. 

2.2 Cng dyng b9 dieu khiin mis vao diiu khiln robot bam theo quy dao. 

Mgt each tong quat, quy dao cho robot dugc thiet ke duoi dang vecto 3x1 (xp, yp,0p). Dau 
vao ciia bg di6u khien ma se la gia tri khoang each (Distance) va goc lech (Angle ). Dau ra ciia 
bg di6u khien ma se la van t6c goc banh phai va ttai (w„ W|). Trong khi robot chuyen dpng cac 
yeu to nhu nhieu, ma sat va cac ngoai luc dugc bo qua. 

Sa do khoi dieu khien dupc mo ta ttong Hinh 4. 

1 Qn̂ afoOtt 1 

Sj^Xd 

^4 

ed 

Ax, Ay 

i * ' ' • 

• 

M6 dun 

Tfoh toiD 

cad) 

Goc 

kkicB M« 

Hinh 4. Sa dt difiu khi6n ma robot bam theo quy dao. 

Trong mo hinh nay, quy dao thilt k§ cho ta vecto (xj, yd, 9d) y day la quy dao bam 
(reference) ciia robot. Mo dun tinh tinh toan so sanh gia tri tga do thyc te (x, y, 9) vai gia tii dat 
(Ax, Ay, AO) dk tinh chenh lech vl khoang va huong (Distance va Angle) lam tin hieu dau vao 
cho bp diiu khiln mo. Vecto sai so ttong modun toan dugc xac dinh nhu sau: 

(12) 

Robot dugc mo hinh boa dua tten phuang tihih (11) ttong simulink - matlab nhu sau: 
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Hmh 5. Mo hinh dong iigc robot trong Simulink. 

Bg dieu khien ma dugc xay dyng nhu sau: 

a Xdc dinh cua tdp md 

Miln gia tri vat li ca sa ciia cac biln ngon ngir 

Tin hieu dau vao, sai lech vl khoang each: 0 < Distance < 10 (cm) 
Tin hieu dau vao, sai lech ve goc: -pi < Angle < pi (rad) 
Tin hieu dau ra, van tic goc banh trai, phai: 0 < iHn^uS 6 rad/s 

0 < conght < 6 rad/s 
b. So luang tap md (gid tri ngon ngir) 

Ve nguyen tSc, s6 lugng tap ma cho m6i biln ngon ngir phai dugc lya chgn hgp li, nlu s6 
lugng qua nho thi khong thuc hien dugc viec chi tiet h6a cac phuang an xii li. Ngugc lai, so 
lugng bien ngon ngii lan thi nguai lap ttinh phai dua ra kha lan cac phuang an suy luan, dong 
thai tin hieu truyen den robot co the bi ttl do mdt nhieu thai gian tinh toan. Trong bai toan dat 
ra, tac gia chgn cac bien ngon ngij nhu sau: 

Sai lech vl khoang each' Distance (Zero, Near, Medium, Far, Very far) 
Sai lech ve goc: Angle ( Bignegative, Negative, Zero, Positive, Big positive) 
Van tdc g6c banh trai, phai: fOieft , cOngh, (Veryslow, Slow, Medium, Fast, Veryfast) 

L., Cdc hdm lien thuoc 

Bdng 1. Thong s6 biln Distance. 

Thong so Distance(cm) 

Ten gpi 

Zero 

Near 

Medium 

Far 

Very far 

Vijt tit 

Zero 

N 

M 

F 

VF 

Mi8n gia tri 

[-2.5 0 2.5] 

[0 2.5 5] 

[2.5 5 7.5] 

[5 7.5 10] 

[7.5 10 12.5] 
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Wnk 6. Mien xac dinh cac ham thanh vien Distance. 

Dieu kien la phai chgn cac ham lien thugc co phSn chong len nhau phii kin mien gia tri vat 
li de tranh truong hgp van co tin hieu dau vao ma bg dieu khien khong dua ra dupc mgt quyet 
dinh dieu khien nao. O day chgn moi bien ngon ngii gan vai mpt ham phu thugc dang tam giac. 
Dua v^o cac phSn tich tten day ta dua vao phuong trinh mo ph6ng nhu Bang I. 

Bien gid tri dku vao Angle, co mien xac dinh -1 rad den 1 rad, vdi cac ham dugc xac dinh 
nhu sau: 

Bdng 2. Bang thong so Angle. 

Thong so Angle(rBd) 

Ten gpi 

Bignegative 

Negative 

Zero 

Positive 

Bigpositive 

VilttSt 

BN 

N 

Z 

P 

BP 

Mien gia tri 

[-1.5-1-0.5] 

[-1 -0.5 0] 

[-0.5 0 0.5] 

[0 0.5 I] 

[0.5 1 1.5] 

Hmh 7. Miln x^c dinh cac ham thanh vien Angle. 

Biln gia trj dSu ra gim van tdc banh phai va banh ttai. Chung co mien xac dinh la 0-6 
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Bang 3. Bang thong so banh phai va bdnh trai. 

Thong so banh phai. banh tr^(rad/s) 
Ten gpi 

Veryslow 

Slow 
Medium 

Fast 
Veryfast 

ViSt tat 

VS 
S 

M 

F 
VF 

MiSn gia tri 
[-1.5 0 1.5] 

[0 1.5 31 

[1.5 3 4.5] 

[3 4.5 6] 
[4.5 6 7.5] 

Htnh 8. Mien xac dinh cdc ham thanh vien Distance. 

d. Xdy dung lugt hop thdnh 

Tit kinh nghiem thyc te, cac luat dieu khien ciia banh ttai va banh phai ciia Robot cho nhu 
sau: 

Bdng 4. Bang luat banh phai. 

"""^•^-^^^Angle 
DistanSe^--....,̂ ^ 

Z 
N 

M 
F 

VF 

BN 

VS 

VS 
VS 
VS 

VS 

N 

s 
VS 

s 
s 
s 

z 
VS 

s 
M 
F 

VF 

P 

VF 

VF 
VF 
VF 

VF 

BP 

VF 

VF 
VF 

VF 

VF 

Bang 5. Bang luat banh ttai. 

x^Angle 

Distanced 

z 
N 
M 

F 

VF 

BN 

VF 
VF 

VF 
VF 

VF 

N 

VF 

VF 
VF 
VF 

VF 

z 

VS 
S 
M 
F 

VF 

P 

S 

s 
s 
s 
s 

BP 

VS 
VS 

vs 
VS 

vs 
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truac. 
Nhu v|y tong cong co tat ca 25 luat hgp thanh de dieu khien robot cho bam quy dao cho 

e. Chon thiet bi hop thdnh 

Doi vai truong hgp bam quy dao cua robot di dgng, ehpn theo phuang phap MAX - MIN. 

/ Chon nguyen li gidi md 

Giai mcr la qua ttinh xac dinh ro gia tti dku ra ciia bg diiu khiln. Viec chgn phuang phap 
giai ma ciing anh huong den dap ling he thong. Trong nghien ciiu nay su dung phuang phap 
diem ttgng tam (Centtoid). 

3. KET QUA MO PHONG 

De kiem nghiem thuat toan dieu khien, nghien cuu chgn ra mgt so quy dao dien hinh bao 
gom ca tuyen tinh va phi tuyln. Chuang trinh mo phong dugc viet tren Matlab, simulink. Quy 
dao gom mgt so doan ma robot phai chuyin huong chuyen dpng de di tai dich. Kit qua mo 
phong cho giai thuat ung dung dieu khien ma de bam quy dao dugc chi ra ttong Hinh 9 (bam 
theo duong gap khiic), ttong do mau xanh la quy dao thiet ke, mau do la quy dao bam, 

Hinh 9 Xe chuyen dong gap khiic. Htnh 10. Chuyen dgng theo hinh thang. 

Robot bam theo cac duang zich zac co do nghieng cac doan khac nhau vai di8m xuat phat 
cua robot la (0,0). Tir kit qua nhan th§y rang robot di chuyen khac on dinh theo quy dao cho 
truac. Tai cac doan dSu miit robot co chut sai lech ve vi tri do phai chuyen huong dgt ngpt. Voi 
cac quy dao hinh thang, chu V (Hinh 8), hinh tton (Hinh 9), clip (Hinh 10), ta cung co kit qua 
vai sai s6 rdt nho. Nhan thSy, dilm xuat phat cua robot khong a tren quy dao thiet kl, tuy nhien 
bg diiu khiln da tac dpng de robot chuyen dgng nhu mong muon. 
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Hmh 11. Chuyen dgng duang tron r Hmh 12. Chuyen dgng theo dudng clip. 

4. KET LUAN 

Nghien ciiu trinh bay giai thuat dieu khiln ma dl robot bam theo quy dao cho truac. Cac 
quy dao tuyln tinh, phi tuyen khac nhau dugc dua ra de kiem nghiem tinh dung dan cua giai 
thu|t. Kit qua chi ra robot di chuyin In djnh, sai s6 rk nho tten cac quy dao tuong dli phiic tap. 
Tac gia se tilp tuc a cac huong tilp can dieu khien robot thong minh khac nhu mang neron, ket 
hgp mang neron va logic ma, dong thai ung dung bp dieu khien nay cho robot thuc. 
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ABSTRACT 

PATH FOLLOWING OF MOBILE ROBOT USING FUZZY CONTROLLER 

Mac Thi Thoa', Vu Van Thich, Tran Due Trung 

School of Mechanical Engineering, HUST. No. 1. Dai Co Viet. Hai Ba Trung. Hanoi 

Email.' thoa.macthi&hust.edu.vn 

Fuzzy logic control, or intelligent conttol, demonstiates human ability in information 
processing. It is the origin of applying artificial technology in conttol area. This research 
presents flizzy-based conttoller for an autonomous mobile robot navigation. First, the kinematic 
of mobile robot kinematic is developed, then modeling for simulation of ttacking predetermined 
ttajectory in robot workspace is performed. The simulation results illustrate the precision and 
efficiency of designed conttoller algorithm. 

Keywords: path planning, fiizzy conttol, mobile robot, tracking ttajectory, kinematic conttoller 




