Tap chi Khoa hoc va Cing nghé 53 (2) (2015) 244-253
DOI 10 15625/0866-708X/53/2/4149

NG DUNG DIEU KHIEN MO TRONG BAI TOAN ROBOT
BAM QUY PAO

Mac Thj Thoa', Vi Van Thich, Trin Dirc Trung
Vién co khi, Trwong Dai hoc Bach khoa Ha Noi, S6 1, Pai &) viet, Ha Noi

"Email: thoa. macthii@hust.edu.vn

Dén Toa soan: 1/7/2014; Chép nhan ding: 14/1/2015

TOM TAT

Biéu khidn mds hay con goi la diéa khién théng minh, mé phong trén phuong thire xir li
thong tin va diéu khién ciia con ngudi, khai ddu cho sy ung, dung cta tri ué nhén tzo trong linh
vire didu khidn. Nghién ctru trink bay phuong phap didu khién robot tr hinh trén co s& logic mé.
Tnrée tién, mé hinh déng hoc robot duoc xdy dung, sau d6 dwge mé hinh héa dé md phong qua
trinh bam qu¥ dao cho trudc trong khong gian lam vige cua robot. Két qua md phéng cho thay
tinh diing ddn, hidu qua cta gidi thust didu khién.

Tir khda: thiét ké qu¥ dgo, didu khién mo, robot nr hanh, bim quy dao, didu khién dong hoc.
1. GI1OI THIEU

Thiée ké quy dao va thiét 1ap bé diéu khién de bam theo quy dao nay ia nhlem viu rat quan
trong cla robot di déng. Trong cdc nghién cim ghn day thuomg giai quyét cic van dé sau: diéu
khién robot bam vach, bam trdmg, bam qu§ dao, tranh vt can, di 16i didm dich ..

Robot di déng dugc nghién ciu 1a md hinh robet 3 banh gbm 2 bién dleu khién (van thc
banh trai va van toe banh phai), vi tri cia robot durge xc dinh théng qua ba bién rang thai (x,y.
8). Cac phurong phap diéu khién ngay cang thing minh hon bang cach sir dung mang neron [,
2] va Logic m& [3, 4]. Do tinh mém déo cua né, cic bd déu khién mer ngay cang dugc tmg dung
rdng rii va c6 két qua ding ghi nhin [3 - 10].

Bau bio trinh bay cich tiép cin mdi trong thict ké b diéu khuén m dé robot bam theo cée
quy dao tuyén tinh, phi tuyén bt ky trong khong gian lam viéc caa né. Bé cuc bii bio duoc sip
xép nhur sau: Phin 2 14 phuong phip nghién ciru, trong phin nay dia ra md hinh dong hoc robot,
mé hinh diéu khidn; két qua m§ phong va thao lugn duoc trinh bay & phén 3; két ludn cua
nghién ciru viét trong phin 4, cudi cung 13 danh muc cic bii bio tham khéo.

2. PHUONG PHAP NGHIEN CUU

2.1. Mo hinh ddng hoc robot



U’ng dung didu khién mé trong bai todn quy dao cta robot

Trong nghién ciru niy sit dung md hink robot gdm 3 banh, 2 banh chi ddng phia sau gén 2
ddng co, 1 banh 14i phia trvde c6 khi ndng quay tr do trong do md hinh banh xe robot duge i
tuong héa nhu Hinh 1. Banh Xe quay quanh truc clia né (true Y), chuyén déng theo phurong X
(truc X ). Khi chuyén dong & téc d6 thap, c6 thé bo qua anh mrong cia sy trugt clia banh xe so
v&i mat dudmg,

x ans
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Hinh 1. V6 hinh banh xe robot d3 dugc H tudng hda.
trong do: X 1a phuong chuyén dong cua xe;
Y vudng géc véi phuong chuyén déng;
Z thing dimg, vudng goc X, Y.

Tou d& cda robot trong mit phang 2D — X, GY o, tal mdt théi diém bit ky duge xic dinh
trong hé toa dd ¢b dinh gan voi tm robot va goc clia dn robet so voi hé toa d% gbe tham chiéu
XuGY, (Ilinh 2). Viy vi tri robot s& duge xdc dinh theo vecto g (3x1).

Vi
v
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Hinh 2. Mo hinh Robot xe ba banh.
q= m

Ma tran quay bidu difn huéng cua toa dd ¢b dinh so voi hé toa dd ddng gén vii tam robot
la:

@)

Dang hoc dura ra md hinh toan hoc cia robot chi quan tim dén quan hé hinh hoc Ihgén iy
cua hé thdng ma bd qua tac dong cua lye dén chuyén dong cia robot. M6 hinh dwa ra moi quan
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b¢ gilra cac bién digu khién va dic tinh he théng. Gia it vi tri ban du cda robot 13 (X,Y), va goc
tao béi vecto vin tée V vdi truc ngang 1a
Vin tde cia banh trai va banh phai (vleft, veight) lién hé vai vin te goe nhu sau:
Vot =T * Qogin (&)
Vier=1 ¥ Ghien @
trong do: 1 13 ban kinh banh xe, dng, Dren 13n lugt 13 vin téc goc cita banh trdi va banh phai. Gia
thiét V,, @, 12 vin tdc va vén toc goc cia robot, d Ia khoang cdch gifra hai binh sau. Robot luén
quay quanh tdm quay tirc thoi 1A giao diém cua 2 truc banh xe. Diém nay goi & tim quay trc
thoi (ICC - Instantaneous Centreof Curvature). Cdng thitc tinh nhr sau:

VR = (Voghe + Vien )2 &)
- — (6)

— m

— ®

=g ©®)

M$ hinh d8ng hoc robot viét trong hé toa d6 Décdc nhir sau:
10)

Thay phuong trinh (7), (8) vio (12), bién d8i don gidn ta thu duoc:
(11

Phuong trinh (1) chinh 12 phwong trinh déng hoc rebot tw hinh.

. Ry NEU...TH...
- I_. H1
: | -
\:: Ry:NEU...THI...

X . H2
- — - . GIAImly

HO'P THANH

Hinh 3. B digu kiuén mé.
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Ung dung didu khién mo trong bai todn quy dac cua rabot

Dura trén mé hinh dong hoc cia robot, cae phurong phép didu khidn ¢4 thé ap dung 1a: didu
khién PID, didu khién truot, diéu khién md, didu khién dya trén mang neron .... Trong nghién
e nay s dung bd diéu khién md (Hinh 3). B§ diéu Khidn mo dya trén kinh nghiem, dung cic
ludt ngén ngir IF- THEN & diéu khién dac tinh ciia robot. Uu diém ctia phuong phép ndy 14 tin
hiéu didu khién tron.

Dau vio cia bd mdr héa 1 cdc bién sai sé vi tri va goc cua robot di dong so véi quf dao
thiét ké, sau bo gidi mo [a vin thc gée ciia banh trai va van tie bénh phéi robot. Cac bién
vao/ ra sir dyung ham tam gidc dé giam thdi gian tinh toin ma vin dat duoc do chinh x4c can
thibt. Cac lujt hop thanh la phén khé nhit trong qua trinh thiét k&, dura trén kinh nghidm va didu
khién va md phong robot, duge trinh bay cu thé & phin 2.2.

2.2 Ung dung bi di¢u khién mé vao didu khién robot bam theo quy dzo.

Mot cach tong quét, quf dao cho robot duoc thiét ké duéi dang vecto 3x1 (%p: Yo,0)- Piu
vao cia b dleu khi#n md s& la gla 1] khoang cich (Distance) va goc [&ch {Angle ). Dau ra cia
bo éu khién mo s8 13 vén tbe goc banh phai va trai (w,, w)). Trong khi robot chuyen dong cic
yéu 16 uhw nhidu, ma sat va cdc pgoai e duoe bo qua.

So 46 khéi didu khién duge md ta trong Hinh 4.

B

Xe:Ya

. %, 4 Khodng wi Xy
6 Y | s cach 8§ da " [ Robot
; n — - l,,_
|

khifn My

i i Tiok tokn  [-——— Em— —
. N G o L] ‘

Hinh 4. S0 36 diéu khién mé robet bim theo quy dao.

Trong mé hinh nay, quy dao thiét ké cho ta vecto {xg ya 05 — diy 2 quy dao bam
(reference) ciia robot. M4 dun unh tinh todn so sanh gia tri toa d thic  (x, y, 8) v&i gid tri dat
(Ax, Ay, A0} dé tinh chénh léch ve khoang va hiuréng (sttance vi Angle) lam tin hiéu dhu vio
cho b6 diéu khién mo. Vecto sai sé trong modun toan dugc xic dinh nhut sau:

uz

Robot dugc md hinh héa dyra trén phuong trinh (11) trong simulink — matlab nhu sau:
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Podul o, X

Hinh 5. M6 hinh ddng hoe robot trong Simulink.
B6 didu khién mo duge xay dung nhur sau:
a  Xde dinh cua tgp mo

Mién gid tri vat li co 50 coa cac bién ngdn ngit
Tin higu déu vio, sai léch vé khoang cch: 0 < Distance < 10 (cm)
Tin higu diu vio, sai lgch vé goc: -pi < Angle < pi (rad)
Tin hiéu dAu ra, van tde goc banh trdi, phai: 0 £ Opg, < 6 rad/s
0= Wngn< 6 rad/s
b S leomg tdp mo (gid tri ngon ngit)

V& nguyén tc, sb lrgng tp mdr cho mdi bién ngon ngw phéi duge lea chon hop i, néu so
lrgng qua nho thi khong thye hign duge vide chi tiét hoa cdc phuong 4n xir . Newee lai, 56
lugng bién ngdn ngir 16m thi ngudi lp trinh phéi dua ra khd 16n cac phuong 4n suy ludn, dong
théi tin hiéu tmyen dén robot ¢6 thé bi t& do mét nhidu thai gian tinh toan. Trong bai toan dat
ra, tdc gia chon chc bién ngén ngir nhu sau:

Sai 1gch ve khoéng cach' Distance (Zero, Near, Medium, Far, Very far}

Sai léch vé goc: Angle ( Bignegative, Negative, Zero, Positive, Big positive)

Vin tbc g6c banh trd1, phii: g , Ongn (Veryslow, Slow, Medium, Fast, Veryfast)
«. Cdc ham lién thuge

Being 1. Thong s6 bién Distance.

L Théng sb Distance{cm)

Tén goi Viét tit Mién gid trj
Zero Zero [-25025]
Near N [02.55]

Medium M [2.557.5]

Far F [57.514Q]

Very far VF [7.51012.5]
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Ung dung didu khidn mo trong bai todn quy dao ciia robot
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Hirk 6. Mién x4c 8inh cic ham thanh vién Distance.

Didu kién 1 phai chon céc him lién thudc 6 phin chéng 1én nhau phi kin mién gi4 trj vat
1i ¢é trénh truémg hop van cb tin ]neu dau vio mi b didu khién khong dua ra dirgc mat quyet
dinh diéu khién nio. O day chon méi bién ngén ngit gin vgi mét ham phy thude dang tam g1ac
Dua vao céc phén tich trén diy ta dua vao phirong trink mé phéng nhu Bang 1. i

Bién gid tri diu vao Angle, cb midn x4c dinh -1 rad dén 1 rad, véi chc ham duge xdc dmh
nhur sau:

Bdng 2. Bang thong 56 Angle.

Théng sd Angle(rad)

Tén goi Vit tit Mién gié tr
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]

St ko phen P pokis g
N z P L,

AT 33 4% 24 4z 8 92 04 16 03 1
_ gt vaiin “Bagle™

Hinh 7. Mién x4c dinh c4¢ ham thinh vién Angle.

Bién gid trj dhu ra gdm vén tdc banh phai va bénh trai. Ching c6 mién xéc dinh 1 0-6
rads’s.
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Bang 3. Bang théng 6 banh phéi vi bénh tréi.

Théng sé banh phai, binh trii(rad/s)
Tén goi Vide tat Mién gié tri
Veryslow VA [-1.501.5]
Slow S [01.53T
Medium M [1.5345]
Fast F [3456]
Veryfast VF [456175]
rvtato Nawa e Mk pivts {5
oS

Hink 8. Mién xac dinh cac ham thanh vién Distance.
d. Xdy dung ludt hop thanh
Tir kinh nghiém thyc té, céc lujt diéu khién ciia banh tréi va banh phai ciia Robot cho nhir
sau:
Bing 4. Bang lugt banh phai.

Py tﬁ:g]e BN| N |z | P |BP
Z VS| s | VS| VE| VF

N VS| VS| s | VF | VF

M VS| S | M | VF|VF

F VS| S | F [ VF|VF
VF vs| s |vE|vE|VF

Bing 5. Bang lujit banh trai.

Angle
. BN | N Z P | BP
Distance

z VE| VF | VS| § | VS

N VF | VF | 8 S | V8

M VE|VF [ M S | VS

F VF| VF | F S | VS

VF VF| VF|VF| § | VS
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Ung dung didu khidn mor trong bai todn quy dao ciia robot

Nhu vy tdng cong c6 tit ca 25 ludt hop thach dé diéu khién robot cho bam quy dao cho
trude.

. Chon thiét bi hop thanh

Déi véi truémg hop bam quy dao cila robot di déng, chon theo phuong phap MAX — MIN.
£ Chon nguyén If gigi mo

Giar md |2 qua trinh xac dwh 5 gid tr dAu ra cia bo didu khidn. Viéc chon phuang phép
gidi mo ciing anh hudng dén dép img hé thong Trong nghién ciru ndy sir dung phuong phép
diém trong tam (Centroid).

3. KET QUA MO PHONG

Pé kxem nghlem thudt toan didu khién, nghlcn ciru chon ra mgt s8 qu dao dién hinh bao
2dm ca tuyén tinh va phi \Juyen Chuong trinh md phéng duge viét trén Matlab, simulink. Quf
d20 gém mot s6 doan ma robot phai chuyén hudmg chuyén déng & di tai dich, Két qua mé

phéng cho giai thudt img dung dieu khién mé dé bam quy dao dugc chi ra trong Hinh 9 (bdm
theo dudng gip khiic), trong 46 mau xanh la quy dao thiét k&, mau dd 13 quy dao bam.

o ke v Do
n 1 | ]
e - S A 4 5| _
H H
" 4 A 7 1o
5 . . s 5 L . R B
l B e e I T B
] i P
Hink ¢ Xe chuyén dong gdp kbiec. Hink 10. Chuyén déng theo hinh thang.

Robot bam theo cic duomg zich Zic co dd nghiéng cic doan khic nhau voi diém xudt phét
ciia robot 14 (0,0). Tur két qua nhin thiy rang robot di chuyén khac én dinh theo quy dao cho
trudc. Tai cée doan déu miit robot c6 chuit sai léch vé& vi tri do phai chuyén huémg ot ngdt. Vi
céc quy dac hinh thang, ch@ V (Hinh 8), hinh ttdn (Hinh 9), elip (Hinh 10), ta ciing 6 két qua
véi sai 86 rét nhé. Nhén thdy, diém xuét phat cia robot khéng & trén quy dao thiét ké, tuy nhién
b didu khién 43 tic dong dé robot chuyén dgng nhu mong mudn.
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Hinh 11. Chuyén déng dudmg trdnr = 8. Hinh 12. Chuyén dong theo duémg elip.
4. KET LUAN

Nghién ciru trinh bay giai thudt didu khién mé d& robot bim theo quf dao cho trude. Cic

quy dao ruyen tinh, phi tuyén khic nhau dugc dua ra dé kiém nghiém tinh ding dan cla gidi
thugt. Két qua chi ra robot di chuyen én d;nh sai sb rit nh6 trén cac quy dao trong dbi phtrc tap.
Téc gid s& tiép e & cac hudng, tidp cén diéu khién robot thong minh khac nhu mang neron, két
hop mang neron vi logic mé, dong thoi ing dung bd diéu khién nay cho robot thyc.
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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, Dai Co Viet, Hai Ba Trung, Hano

Email: thoa. macthi@hust.edu.vn

Fuzzy logic control, or imtelligent control, demonstrates human ability in information
processing. It is the origin of applying artificial technology i control area. This research
presents fuzzy-based controller for an autonomous mobile robot navigation. First, the kmemanc
of mobile robot kinematic is developed then modeling for simulation of tracking pred
trajectory in rebot workspace is performed. The slmulanon results illustrate the precision and
efficiency of designed controller algorithm.

Keywords: path planning, fuzzy control, mobile robot, tracking trajectory, kinematic controller
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