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Trajectory tracking and stabilization of a tractor-trailer wheeled robot using
model predictive control
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ARTICLE INFORMATION ABSTRACT

One of the main topics in the field of robotics is the motion control of wheeled mobile robots. Motion
control encompasses trajectory tracking and point stabilization problems. In this paper these control
problems will be considered for the tractor-trailer wheeled robots and a predictive control algorithm
is developed for solving these problems. Therefore first kinematic model of the tractor_trailer robot is
developed. Next, reference trajectories is produced for the system. Subsequently, predictive control law
is designed for the trajectory tracking and point stabilization problems. Predictive control based on the
known values of reference trajectories in the future, produces the control inputs in present time.
Consequently the error signal with respect to the reference trajectory in future will be used in order to
control the system at the present instant of time. This method is developed for solving the
aforementioned control problems and is employed on the tractor_trailer wheeled robot. As can be seen
from the results, the proposed control algorithm steer the wheeled robot asymptotically follow reference
trajectories. Obtained results from the implementation of the proposed method for solving trajectory
tracking and point stabilization problems, demonstrate the effectiveness of the presented algorithm.
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Fig. 1 Differential drive wheeled mobile robot towing a trailer
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Galitee adsl s b e Js sl lasly o by o8 > e 8 U5

9 Sl 0ad plodl Syt Dby slp P Gl 0 ogllae Condg
ol sasl Cans s e oo lis ) el o Sloe oals &3ll w2y ,6XI
Sy S5 S 3 lin 8,Shat iy JAS oSl a0 e
ol 353 5l Sley g Slays ol 3 by o lb e
bl gz pe loyas sln 0900 osalin &5 48 Jloa aa3 s
) 09 oty ol sgamme Sloj 5l m goite adsl Ll 5l g9,
Slallas ol ad 57 )13 o] 5l lie adl> S5 50 5 0ailes; g2 0 e
5 ot [ Ken i 4 plaj 835 | e il o wiplen S
55 955 wollas 0ud (eni Gl 53 5 oSl Az 55 Wy
IS slagagyg WS oo Sl a2 e e 4 S Ao s90 Comdy

Ayl 18 Jekas 00gazme 10 g aidl oo wlin poliae gl)ls ool 0 g8

2o ¥l Jlos! -3-6
& Sl oad (B ng plp o RS Caslie Gl (o) n shiien:
b b g jokiie oy a2l olyen 55 Ll (glo it Tl
onds &l bl g o adlsl s > glo psie 4 0.001 il g
3loslainl b (#8ly sbag puSoslasl jo (g ez S w4 Az g Lol
Wlgie gl ol bl e G Yeene japel s S0l sl
oamlie "9 JSa" (o ams glas 1y goleiioy (JuS g, caslio Cuglin
S Ears b S e Oy by ()5 axio )0 (wginw jrae & 090 o0
JWs (255 @ 055 1SS by ) Gy e 5l 21 olgds gl Lyl
s it gl S las gla UK "10 USE" s el oags S
loas &l S8 slaeag,g 5 M1L USE" o el ool s 5 b,
oS ool adlal (6,505l fgi Ay amgi b 09l oo odwlive aS 4igS len
Ol s 9wl so Bl S (555, (S ol blug 3l eslaiul o
3555 2l 00 7S 5 005 gl s (slageuly )l 092 LT 2L
el o0l liad Caglie 9o

Soilld gl » gy b g3liuian b9, o Shos dunlio -4-6

2 St JES 5 0ad ) IS s, 0 8kae ohas G ] 5
Glaslio [1] azye yo OBty bawgi o slidy sl sl
sl 00 ol

12 oplouis 17 ©)93 1396 suawl ()3 SHlse Sw e


https://dorl.net/dor/20.1001.1.10275940.1396.17.12.53.5
https://mme.modares.ac.ir/article-15-9424-en.html

[ Downloaded from mme.modares.ac.ir on 2024-05-18 ]

[ DOR: 20.1001.1.10275940.1396.17.12.53.5]

GFA SwlesS Gle 9 Ylile) s34

QRO X5 buwgs JISE 3 by 3 )Wl 9 pamme wanied JpiiS

&b il aeS Slao oud wl) (J ST gy 285 13 s 3550
o5 loige o S (551 it sl Sl 31 S0 s
alie 1o ol SYolee 5 oal Cawdds Jdos & jgods g, ol sl IS
ORIV gy - FE W) (RPN SWOUWI e PRy KV SRV RV St P 1=
AAS Se s WS g by sl cwbe ar e S Gla e
s F b Sl Gl i ol Spd by i
IS Wls o o ol 5l ends (b 0mysSl o Gl b eizen
odel Cowddy gl 00,5 eolitul Gglhe slacursy Jg (s5lesll

by G e codiad 0 b, JS slp eads &l g, o 18
Sleige anli |y Callae glacaasy Jo> (g5l )laly 5 alie axye

ST gy -8
Sl Colos cot g o059 oKl Sl cwdig 09,5 ;0 Gaios oyl
scolos 5l lacpl jo a5 oals plxil o) les oRisls simgh Cdgles

&ip-9

[1] A. Keymasi Khalaji, S. A. A. Moosavian, Robust Adaptive Controller for a
Tractor-Trailer Mobile Robot, IEEE/ASME Transactions on Mechatronics,
Vol. 19, No. 3, pp. 943 - 953, 2014.

[2] A. Keymasi Khalaji, M. R. Bidgoli, S. A. A. Moosavian, Non-model-based
control for a wheeled mobile robot towing two trailers, Proceedings of the
Institution of Mechanical Engineers, Part K: Journal of Multi-body
Dynamics, Vol. 229, No. 1, pp. 97-108, 2015.

[3] A. Keymasi Khalaji, S. A. A. Moosavian, Dynamic Modeling and Tracking
Control of a Car with n Trailers”, Journal of Multi-body System
Dynamics, Vol. 37, No. 2, pp. 211-225, 2015.

[4] G. Campion, G. Bastin, B. Dandrea Novel, Structural properties and
classification of kinematic and dynamic models of wheeled mobile robots,
IEEE Transactions on Robotics and Automation, Vol. 12, No. 1, pp. 47-62,
1996.

[5] 1. Kolmanovsky, N. H. McClamroch, Developments in nonholonomic
control problems, IEEE Control Systems Vol. 15, No. 6, pp. 20-36, 1995.

[6] C. Altafini, Path following with reduced off-tracking for multibody wheeled
vehicles, IEEE Transactions on Control Systems Technology, Vol. 11, No. 4,
pp. 598-605, 2003.

[7] L. Chang Boon, W. Danwei, GPS-Based Path Following Control for a Car-
Like Wheeled Mobile Robot With Skidding and Slipping, IEEE Transactions
on Control Systems Technology, Vol. 16, No. 2, pp. 340-347, 2008.

[8] A. Keymasi Khalaji, S. A. A. Moosavian, Stabilization of a tractor-trailer
wheeled robot, Journal of Mechanical Science and Technology, Vol. 30, No.
1, pp. 421-428, 2016.

[9] A. Keymasi Khalaji, S. A. A. Moosavian, Switching Control of a Tractor-
Trailer Wheeled Robot, International Journal of Robotics and Automation,
Vol. 30, No. 2, 10.2316/Journal.206.2015.2.206-4068, 2015.

[10] A. Keymasi Khalaji, S. A. A. Moosavian, Fuzzy Sliding Mode Control Law
for a Wheeled Mobile Robot Towing a Trailer, Journal of Modares
Mechanical Engineering, Vol. 14, No. 4, pp. 91-98, 2014 (Written in
Persian).

[11] A. Khanpoor, A. K. Khalaji, S. A. A. Moosavian, Modeling and control of an
underactuated tractor—trailer wheeled mobile robot, Robotica, Vol. 35, No.
12, pp. 2297-2318, 2017.

[12] Z. Peng, S. Yang, G. Wen, A. Rahmani, Y. Yu, Adaptive distributed
formation control for multiple nonholonomic wheeled mobile robots,
Neurocomputing, Vol. 173, No. 3, pp. 1485-1494, 2016.

[13] M. Rahmani, A. Ghanbari, M. M. Ettefagh, Robust adaptive control of a bio-
inspired robot manipulator using bat algorithm, Expert Systems with
Applications, Vol. 56, pp. 164-176, 10.1016/j.eswa.2016.03.006, 2016.

[14] A. Keymasi Khalaji, S. A. A. Moosavian, Adaptive sliding mode control of a
wheeled mobile robot towing a trailer, Proceedings of the Institution of
Mechanical Engineers, Part I: Journal of Systems and Control Engineering,
Vol. 229, No. 2, pp.169-183, 2014.

[15] M. Rahmani, A. Ghanbari, M. M. Ettefagh, Hybrid neural network fraction
integral terminal sliding mode control of an Inchworm robot manipulator,
Mechanical Systems and Signal Processing, Vol.80, pp. 117-136, 2016.

[16] M. Rahmani, A. Ghanbari, M. M. Ettefagh, A novel adaptive neural network
integral sliding-mode control of a biped robot using bat algorithm. Journal of
Vibration and Control, 10.1177/1077546316676734, 2016.

[17] A. Keymasi Khalaji, S. A. A. Moosavian, Modified transpose Jacobian
control of a tractor-trailer wheeled robot, Journal of Mechanical Science and
Technology, Vol. 29, No. 9, pp. 3961-3969, 2015.

12 o )lais 17 095 1396 sl (w30 SilSo e

3o s 5l gl elgmds adsl Laull 5l ggys b S e by Lawgs
"13 S o sl aasa ) F Jlis (JUS g, 90 Jawgd 0g3 (51,35 muly
losd dslio g Bl o9 99 (sl (Silorm (I35 slassg)s 50

Sy gl b oas wil) g, o ,Skes a5 Col o oaimolis gl
e (SIS (sla539)9 9 laguly ;oS Sllug slls JS 90 sl
5 O Gl 5 005 eS ey S5 S ploj rizren Sl
ol 2L 485 plnil (63,90 Slalllae 5 s ggeme ;3 el jeS
2 oo ol 1y oad al) b,

S5 a7
bl 5 az e <S5 Gl e el (S Bl dlis (pl s
Sl @k slb b ol Sgly wolle abis Sy s>
Ot J5S ey byt Seagislen né g Nles o5 (o pif s

1 - -
05 F -
==-==Reference Path

’g —— Predictive Control
O b -
\; = = Lyapunov-based Control
-05F -
1t 4
-1 -0.5 0 0.5 1
x (m)

Fig. 12 Comparison of motion path for the robot and the circular
reference path for predictive control and Lyapunov-based method
presented in [1]

JrS 5 Ot J5S $3000 g2 0 smene 5 Dby E8 2 e dnglie 12 JSC
[1] ;o oo a8l Ggsbld slie s

2 T T T T T
—u, (m/s) Predictive Control
L5f --u, (rad/s) Predictive Control 7
1B e u, (m/s) Lyapunov-based Method 4
" ——l, (rad/s) Lyapunov-based Method
5 05 4
a. A
£ P A
= 0 S NN g
bt AR
£ / ™
o -0.5F] b
© I
B! ]
-15F b
2 L L L L L
0 10 20 30 40 50 60

t (sec)
Fig. 13 Comparison of kinematic control inputs for predictive and
Lyapunov-based controllers presented in [1]

Sloran IS 5 ity JrS (Satlatm S5 lass,s Aulie 13 JS

[1] ;5 oot 8], Bl

174


http://dx.doi.org/10.2316/Journal.206.2015.2.206-4068
https://dorl.net/dor/20.1001.1.10275940.1396.17.12.53.5
https://mme.modares.ac.ir/article-15-9424-en.html

[ Downloaded from mme.modares.ac.ir on 2024-05-18 ]

[ DOR: 20.1001.1.10275940.1396.17.12.53.5]

GFA SwlesS Gle 9 Ylile) s34

QRO )95 buwgs JISE 3 by 53 )1 9 pamne waaded JpiiS

6, pp. 460-469, 2007.

[23] D. Gu, H. Hu, Neural predictive control for a car-like mobile robot, Robotics
and Autonomous Systems, Vol. 39, No. 2, pp. 73-86, 2002.

[24] W. F. Lages, J. A. Vasconcelos Alves, Real-time control of a mobile robot
using linearized model predictive control, IFAC Proceedings Volumes, Vol.
39, No. 16, pp. 968-973, 2006.

[25] A. Luca, G. Oriolo, C. Samson, Feedback control of a nonholonomic car-like
robot, Lecture Notes in Control and Information Sciences in: J. P. Laumond,
Robot Motion Planning and Control, Eds., pp. 171-253: Springer Berlin
Heidelberg, 1998.

[26] M. G. Villarreal-Cervantes, J. F. Guerrero-Castellanos, S. Ramirez-Martinez,
J. P. Sénchez-Santana, Stabilization of a (3,0) mobile robot by means of an
event-triggered control, ISA Transactions, Vol. 58, pp. 605-613,
10.1016/j.isatra.2015.06.013, 2015.

175

[18] M. S. Miah, W. Gueaieb, Mobile robot trajectory tracking using noisy RSS
measurements: An RFID approach, ISA Transactions, Vol. 53, No. 2, pp.
433-443, 2014.

[19] Y. H. Chang, C. W. Chang, C. L. Chen, C. W. Tao, Fuzzy Sliding-Mode
Formation Control for Multirobot Systems: Design and Implementation,
IEEE Transactions on Systems, Man, and Cybernetics, Part B (Cybernetics),
Vol. 42, No. 2, pp. 444-457, 2012.

[20] C.-Y. Chen, T.-H. S. Li, Y.-C. Yeh, EP-based kinematic control and adaptive
fuzzy sliding-mode dynamic control for wheeled mobile robots, Information
Sciences, Vol. 179, No. 1-2, pp. 180-195, 2009.

[21] E. F. Camacho, C. B. Alba, Model predictive control, Springer Science &
Business Media, pp. 51-81, 2013.

[22] G. Klanéar, I. Skrjanc, Tracking-error model-based predictive control for
mobile robots in real time, Robotics and Autonomous Systems, Vol. 55, No.

12 oplouis 17 ©)93 1396 suawl ()3 SHlse Sw e


https://dorl.net/dor/20.1001.1.10275940.1396.17.12.53.5
https://mme.modares.ac.ir/article-15-9424-en.html
http://www.tcpdf.org

