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TOM TAT

biéu khién my hay con gi 1a diéu khién théng minh, mé ping trén plrong thic xir i
thong tin vadiéu khién aia con ngoi, khéi dau cho & ung ding aia tri t nhan 4o trong tnh
vuc diéu khién. Nghién éu trinh bay ptrong phapdiéu khién robot tr hanh trén ¢ s logic m.
Truée tién, md hinkitong hoc robotdugc xay drng, sautd dugc mé hinh hoaé md prong qua
trinh bam g§ dao cho tiée trong khdng gian lam & cia robot. Kt qua md phong cho thy
tinh dingdan, hiéu qua caa ghi thuat didu khién.

Tir khoa: thiét ké quy dao, didu khién mo, robot tr hanh, bam dudao, diéu khién dong hoc.
1. GIOI THI EU

Thiét ké quy dao va thét 1ap bo diéu khién dé bam theo gi1dao nay la nhgm wy rat quan
trong aia robot didong. Trong cac nghiénia gin day throng gai quyet CAC \in d¢ sau:diéu
khién robot bam sch, baAmtong, bam g#i dao, tranh it can, di téi diém dich .

Robot didong dugc nghién éu Ia mé hinh robot 3 banhdm 2 bén diéu khién (van toc
banh trai va én toc banh phii), vi tri cia robotdugc xacdinh théng qua ba ém trang théi (x,y,
0). Cac plrong phapdiéu khién ngay cang théng mintoh bing cach & dung mang neron [1,
2] va Logic mo [3, 4]. Do tinh ndm déo aia nd, cac ddiéu khién my ngay cangiugc (g ding
rong rai va cé k qua dang ghi nén [5 - 10].

Bai bao trinh bay cachép cin moi trong thiét ké bo diéu khicn my dé robot bam theo cac
quy dao tuyén tinh, phi tugn bit ky trong khdng gian lam §t cia nd. B cuc bai baatuoc sip
xép nhr sau: Phn 2 1& phrong phap nghiénu, trong pln naydua ra mo hinkiong hoc robot,
mo hinhdiéu khién; két qua md phéng va tho luan duoc trinh bayd phin 3; Kt luan cia
nghién cu viét trong phan 4, cwi cling 1a danh mc cac bai bao tham kb.

2. PHUONG PHAP NGHIEN CUU

2.1. M6 hinhdgng hoc robot



Ung dung diéu khién mé trong bai toan quy dao cta robot

Trong nghién ¢u nay & dung md hinh robotdm 3 banh, 2 banh éhiong phia sauim 2
dong @, 1 banh lai phia tbc co kh ning quay t do trongdd mé hinh banh xe robdirgc i
tuong héa nir Hinh 1. Banh xe quay quanhugroia no (toc V), chuyén dong theo plrong X
(truc X ). Khi chuyén dong & toc do thap, c6 tit bo quaanh hréng aia sr truot cua banh xe so

véi miat duong.
\/.;axs
y axis .
X axis
z motion

Hinh 1 M6 hinh banh xe robata dugc i twéng hoa.

trongdo: X la phrong chuyn dong aia xe;
Y vubng géasv phuong chuyn dong;
Z thingdang, vudng goc X, Y.
Toado cia robot trong it phing 2D — X, GYp, tai mot thoi diém bt ky duoc xacdinh
trong I¢ toadd ¢o dinh gin voi tdm robot va gocia dau robot so i hé toa do goc tham chéu
XpGYp (Hinh 2). Ay vi tri robot € dugc xacdinh theo vect q (3x1).

(0,0)

Hinh 2 M6 hinh Robot xe ba banh.
q= 1)

Ma tran quay béu dién heéng aia a dd cd dinh so Wi hé toa do dong din vGi tdm robot
la:

(2)

bong hoc dua ra mo hinh toande aia robot7clh quan tamién quan & hinh hc thyﬁn tay
cua ¢ thong ma 16 qua taaiong aia luc dén chuyn dong aia robot. M6 hinhdua ra nei quan
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h¢ gitra cac hin diéu khién vadac tinh ¢ thong. G sir vi tri bandau aia robot 1a (X,Y), va goc
tao boi vecto \an toc V voi truc ngang la
Vian tbc aia banh trai va banh pin(vleft, vright) lién k¢ véi van téc géc nir sau:
Viight= I * Oright (3)
Viett= I * Ojeft (4)

trongdo r la ban kmh banh xa,.ght, oer 1an luot & van tic goc @a banh trai va banh ph Gia
thiét V,, o, 1a van téc va \an téc goc @a robot, d la khing cach gia hai banh sau. Robot luon
quay quanh tam quayrd thoi 1a giaodiém cia 2 tuc banh xebiém nay @i la tam quaytc
thoi (ICC - Instantaneous Centreof Curvature). Conig tfinh nhr sau:

VR = (Viight + Viert )/2 ©))
- — (6)
— (7
— 8)
= or (9)

M6 hinhdong hoc robot vét trong e toa do Bécac nhr sau:

(10)

Thay phrong trinh (7), (8) vao (12), &m déi don gian ta thuduoc:

- - (11)

Phrong trinh (11) chinh la plong trinhdong hpc robot tr hanh.

R.: NEU...THI...

v

Rg:NEU...THI...

GIAIMO

HOP THANH

Hinh 3.B6 diéu khién mo.
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Ung dung diéu khién mé trong bai toan quy dao cta robot

Duya trén md hinkiong hyc cia robot, cac plong phapdiéu khién cé thé ap ding la:diéu
khién PID, diéu khién trrot, diéu khién mo, diéu khién dra trén nang neron .... Trong nghién
ctru nay & dung b diéu khién mo (Hinh 3). B diéu khién my dya trén kinh ngléim, ding céac
luat ngén n@ IF- THEN dé diéu khién dic tinh @ia robot.Uu diém cia phrong phéap nay la tin
hiéu diéu khién tron.

Pau vao @a b mo hoa la cac Iéh sai $ vi tri va géc éa robot didong so Wi quy dao
thiét ké, sau I giai mo 1a van téc goc @a banh trai vaan téc banh phi robot. Cac bin dau
vao/ ra & dung ham tam giadé giam thoi gian tinh toan maan dat duoc do chinh xac an
thiét. Cac Iuit hop thanh 1a phn khé nhat trong qué trinh tii ké, dua trén kinh nghim vé diéu
khién va mé pbng robot,dugc trinh bay q thé & phén 2.2.

2.2Ung dung bp diéu khién mo vao diéu khién robot bam theo qu dao.

Mot cach éng quat, g8 dao cho robotdugc thiét ké dudi dang vecto 3x1 (X Yp;9p)- Pau
vao aia bb diéu khién my 3 1a gia ti khoang cach (Distance) va gééch (Angle ). Dau ra @ia
bo didu khién md <5 1 van tc géc banh phi va trai (w, wy). Trong khi robot chudn dong céac
yéu to nhr nhidu, ma sat va cac ngiduc dugc bo qua.

So d6 khéi diéu khién dugc mé & trong Hinh 4.

Quy dao dat
X4 Ya i
AX, Ay Khoang W X,y
+ : 2 . 1 >
[ - | Mbaun cach Bb diéu Robot
A + khién M i
- A8 Tinh toin . s -
. ( Gée Wy 0

Hinh 4.So dd diéu khién mo robot bam theo gudao.

Trong mo hinh nay, gudao thiét ké cho ta vecto (¥ yu, 6s) — day 1a q@ dao bam
(reference) ga robot. MGdun tinh tinh toan so sanh gidtisa do thuc & (x, y, 0) véi gia ti dat
(Ax, Ay, A®) d¢ tinh cténh kch e khaang va lréng (Distance va Angle) lam tingui dau vao
cho [ dieu khién my. Vecto sai 6 trong modun toadugc xacdinh nhr sau:

(12)

Robotdugc mé hinh hoaeh trén plrong trinh (11) trong simulink — matlab wisau:
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i >

Integrator

Van toc banh phai :
Van toc banh trai

Hinh 5.M6 hinhdéng hpc robot trong Simulink.
Bo didu khién my duoc xay drng nhr sau:
a. Xéacdinh cia tap mo

Mién gia ti vat |i co so cia cac bén ngdn ng
- Tin hiéu dau vao, saidch W khaang cach: G Distance< 10 (cm)
- Tin hiéu dau vao, saidch W goc: -pi< Angle< pi (rad)
- Tin higu dau ra, \an toc goc banh tréi, plit 0< wgn< 6 rad/s
& wigne< 6 rad/s
b. S lueng tip mv (gia tri ngdbn ng)

Vé nguyén ic,  luong tip my cho ndi bién ngdn ng phai dugc lya chon hop i, réu
lwong qua nb thi khong tlrc hién dugc viéc chi tét hda cac phong an xr li. Nguoc lai, sb
lwong bén ngdbn ng 16n thi ngroi 14p trinh phi dua ra khadn cac plrong an suy lan, dong
thoi tin hiéu truyén dén robot c6 th bi tré do mit nhiéu thoi gian tinh toan. Trong bai toatat
ra, tac gi chon cac bén ngdn ng nhu sau:

- Saikch v khoang cach: Distance (Zero, Near, Medium, Far, Very fa
- Sai bch v goc: Angle ( Bignegative, Negative, Zero, PositiBey positive)
- Vantic goc banh trai, pit e , 0rgn: (Veryslow, Slow, Medium, Fast, Veryfast)

c. Cac ham lién théc

Bang 1.Théng $ bién Distance.

Théng & Distance(cm)

Tén @i Viét tit Mién giéa ti
Zero Zero [-2.50 2.5]
Near N [02.55]

Medium M [2.557.5]

Far F [57.510]

Very far VF [7.5 10 12.5]
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Membership function plots Plot points: 181

Zero Near M E VF

input variable "Distance”

Hinh 6 Mién xacdinh cac ham thanh vién Distance.

_Diéu kign la phii chon cac ham lién thic c6 pfan chbng Ién nhau phkin mién gia ti vat
li @€ tranh tong hop Vvan c0 tin héu dau vao ma B dieu khien khdngdua raduge mot quyet
dinh diéu khién nao.O day clon moi bién ngdn n@ gan Wi mot ham phu thuoc dang tam giac.
Dva vao cac phan tich tr@iy tadua vao plrong trinh mé phng nhr Bang 1.
Bién gia ti dau vao Angle, c6 nén xacdinh -1 raddén 1 rad, i cac hamduoc xacdinh
nhu sau:

Bdng 2.Bang théng & Angle.

Théng $ Angle(rad)

Tén i Vi ét tat Mién gia ti
Bignegative BN [-1.5-1-0.5]
Negative N [-1-0.50]

Zero Z [(0.500.5]
Positive P [00.51]
Bigpositive BP [0.511.5]

— "“m'?e"“"”;“"“”"_"“’“ ?’”‘:“‘"." : ‘S‘B_P

input variable "Angle”

Hinh 7.Mién xacdinh cac ham thanh vién Angle.

Bién gia ti dau ra @m van toc banh phi va banh trai. Ching cé fmi xacdinh la 0-6
rad/s.

249



Mac Thj Thoa, Vi Van Thich, Trén Dic Trung

Bang 3.Bang thong 8 banh phi va banh tréai.

Théng $ banh phii, banh trai(rad/s)
Tén i Viét tit Mién gia ti
Veryslow VS [(1.501.5]
Slow S [01.53]
Medium M [1.534.5]

Fast F [34.56]
Veryfast VF [4.56 7.5]

Membership function plots Plot points: 181

Vs s M F VF

output variable “Wp"

Hinh 8.Mién xacdinh cac ham thanh vién Distance.
d. Xay deng luit hop thanh

Tu kinh nghém thec #, cac luit diéu khién cia banh trai vadnh phii caa Robot cho nin
sau:

Bdng 4.Bang luat banh phi.

__Andle oyl Nz | P oBP
Distan

Z VS| S | VS| VE| VF

N VS | VS| S | VE| VF

M VS| S | M| VF| VF

F VS| S| F | VF| VF

VE VS| s | VE| VF| VEF

Bdng 5 Bang Iuat banh trai.

Angle
i BN N Z P BP
Distanc

Z VF | VF | VS S VS

N VF | VF S S VS

M VF | VF M S VS

F VF | VF F S VS

VF VF | VF | VF S VS
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Nhu vay tdng @ng c6 it ca 25 luat hop thanhdé diéu khién robot cho bam dgudao cho
truéc.

e. Chon thiét bi hop thanh

Déi véi truong hyp bam q§ dao cia robot didong, cton theo plrong phap MAX — MIN.
f.  Chon nguyén li gii mo

Giai mo 1a qua trinh xadinh 13 gia tr diu ra aa b diéu khien. Viéc chon phrong phéap
gidi mo ciing anh hrong den dap tng ke thong. Trong nghiénte nay & dung phrong phap
diém trong tam (Centroid).

3. KET QUA MO PHONG

D¢ kiém nghém thuat toandiéu khién, nghién @u chpn ra nét sb quy dao dién hinh bao
gdm @ tuyén tinh va phi tugn. Chrong trinh méd pbng dugc viét trén Matlab, simulink. Qu
dao gdm mdt sb doan ma robot phi chuyén heéng chugn dong dé di tsi dich. Két qua mo
phong cho gii thuat tng ding diéu khién my dé bam q§ dao dwoc chi ra trong Hinh 9 (bam
theoduong dip khac), trongié mau xanh la gudao thiét ké, maudo 1a quy dao bam.

GAP KHUC HINH THANG

25 T T 25 T T T
P URSS SRR .0 WU SUNNURS RSNRR SRR ; IS - P71 RS SR SRS SRS 1, VSR S -------- 4
(1) U S SR N, W SRR SOSRRS S SR S - - SRREURNEN S/ {LSUCTRTRENE BRI SR, S ........ 4
[ A W\ N N S | [N ST O W W\ —
- R R T R L e - - [N NN SRR [RRDRINTN NONTCREG! ERRTRSTS RRESN, -------- .

.‘
00 1'0 2'0 310 410 510 610 70 00 1‘0 210 3'0 4]0 510 6'0 70

X.Axis X.Axis
Hinh 9.Xe chugn dong gip khc. Hinh 10.Chuyén dong theo hinh thang.

Robot bam theo catirong zich Zc c6do nghiéng cactoan khac nhau & diém xuat phat
cta robot la (0,0). ¥ két qua nhan thdy rang robot di chun khacén dinh theo ggt dao cho
truc. Tai cAcdoan dau mut robot c6 chit satdh 6 vi tri do phii chuyén heéng dot ngot. Véi
cac qy dao hinh thang, dihV (Hinh 8), hinh tron (Hinh 9), elip (Hinh 10)a ¢ing c6 Kt qua
véi sai $ rat nho. Nhan thiy, diém xuat phat @a robot khdngy trén q dao thiét ké, tuy nhién
bo diéu khién da tacdong dé robot chugn dong nhr mong min.
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DUONG TRON DUONG ELIP
T T T

Y, Axis

| | —thucte
fuzzy

Y, Axis
o
i

X Axis X.Axis

Hinh 11 Chuyén dongduong tronr = 8. Hinh 12 Chuyén dong theaduong elip.

4. KET LUAN

Nghién dtu trinh bay gii thuat diéu khién my dé robot bam theo gudao cho todc. Céac

quy dao tuyén tinh, phi tugn khac nhauluoc dua radé kiém nghgm tinh ding din cia gii

thuat.

Két qua chi ra robot di chu@n 6n dinh, sai 8 rat nho trén cac g dao twong ddi phuc tap.

Téac gh B tiép tuc & cac twéng tiép can diéu khién robot thdng minh khac etmang neron, Kt
hop mang neron va logic & dong thyi tng ding b diéu khién nay cho robot trc.
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ABSTRACT

PATH FOLLOWING OF MOBILE ROBOT USING FUZZY CONTROLLER

Mac Thi Thoa, Vu Van Thich, Tran Duc Trung

School of Mechanical Engineering, HUST, No. 1, DaiViet, Hai Ba Trung, Hanoi

Email: thoa.macthi@hust.edu.vn

Fuzzy logic control, or intelligent control, demérages human ability in information
processing. It is the origin of applying artifici#dchnology in control area. This research
presents fuzzy-based controller for an autonomooisilenrobot navigation. First, the kinematic
of mobile robot kinematic is developed, then maugfior simulation of tracking predetermined
trajectory in robot workspace is performed. Theuwation results illustrate the precision and
efficiency of designed controller algorithm.

Keywords:path planning, fuzzy control, mobile robot, tragkinajectory, kinematic controller.
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