226-216 oo B o leub 15 0,93 1394 LT () de Suilko iy ddxo

933 ol dolinle
OV oW & ] [ (SWAGO

mme.modares.ac.ir

\

qu

gl

E“’""

Lﬁ.«/;'{“;sﬂ;:

JWpé S99 F2 b by 4 35 )I0F & & o Dby J 8 9 (S ldn

*3 2 s 1 s s
Ghiguge piS) (oo saw S ld ulass e 5 gagld yaol

Ol skl yad dlgs inio oSty (Sl (wdine 3| (oulis)S b gel il -1
SRS swob (il pas dalgd iniio oSl (Sle pwdine (5S> dibgol iils =2

O sl pllpmai axlss aio oKl (SlSe wdige bl =3
moosavian@kntu.ac.ir 19395-1999 ., sga0 «)lps *

s o eleYb|

A comizpen Al S mie slaly) diej 3 gikae Pluwe I (S (Sloj slajpe oluln g S e slacly, JuS
A e E9S9e 93 ol edlin cpl )3 sl 4l3)08 0 lofag Cumal 5 ol (S Sl Aus d2lge JSlos 39005 L & olapTans
“o Jibt 695 Er 9 4 e sk g el a9 Sy S ysST ol o o8 1l 815 S e 0y S5 3 Ll
by g SlaseS ud a1y by (b 5o o)kl clag sl 4 g9)S sz il edliul .l 48515 aalllae 390 1,
45 Bl glp ol JWbpt 595 lagp b (ki 5l (b (s 55515 3929 p 0gMe dptuns Slos 9008 S (o0
ol St 5 (Silats Joo alyy (Do I oy dlie cpl 5o sl 4ty ) & s )3 55lo Sl g a1 Cla
ooboly & whsa (JS o) oS S g 05800 )] s St 9 Sloin Bl 5 oS5 b (Seelid e g gl
15 S5 bl sl L 90 &L PID =Ggill) JymS aiysS olsie cos oad oo ol (Ko MolS pogie
wollae 5,8las 5l (Sb (giloand @l 2gb0 Sl Gl ol 5 3,50 LB oy g Jelod 3590 0 dlatiy (J S oty sSl
"o ) (pBles] plas S g9y 2 iy IS w28 siloesly @l bl )3 cunl (ool IS wiysSl

S (imgiy dllie

1394 03,9, 25 1l
1394 5155 15 sl
1394 1507 eyl ,s 1)

ALsUET

kSl I S e ol
s &5 sl ppne s
Seegglon pf lapian

Nos 3908

gkl

WA o i 1y odd slpiin JyuS el8 LS &S bed

Dynamics and Control of a Wheeled Mobile Robot Attached by a Trailer
with Passive Spherical Wheels

Asghar Khanpoor, Ali Keymasi Khalaji, Seyed Ali Akbar Moosavian*

Department of Mechanical Engineering, K. N. Toosi University of Technology, Tehran, Iran
*P.0.B. 19395-1999 Tehran, Iran, moosavian@kntu.ac.ir

ARTICLE INFORMATION

ABSTRACT

Original Research Paper
Received 14 April 2015
Accepted 05 June 2015
Available Online 28 June 2015

Keywords:

Tractor-Trailer Wheeled Mobile Robots
Trajectory Tracking

Nonholonomic Systems
Underactuation

Lyapunov Method

Trajectory tracking is one of the main control problems in the context of Wheeled Mobile Robots
(WMRs). On the other hand, control of underactuated systems possesses a particular complexity
and importance; so it has been the focus of many researchers in recent years. In this paper, these
two important control subjects have been discussed for a Tractor-Trailer Wheeled Mobile Robot
(TTWMR), which includes a differential drive wheeled mobile robot towing a passive spherical
wheeled trailer. The use of spherical wheels instead of standard wheels in trailer makes the robot
highly underactuated and nonlinear. Spherical wheels have been used for the trailer to increase
robots’ maneuverability. In fact, standard wheels create nonholonomic constraints by means of
pure rolling and nonslip conditions, and reduce robot maneuverability. In this paper, after
introducing the robot, kinematics and kinetics models have been obtained for the system. Then,
based on physical intuition a new controller has been developed for the robot, named Lyapaunov-
PID control algorithm. Then, singularity avoidance of the proposed algorithm has been analyzed
and the stability of the algorithm has been discussed. Simulation results reveal the suitable
performance of the proposed algorithm. Finally, experimental implementation results have been
presented which verify the simulation results.
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