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 One of the main topics in the field of robotics is the formation control of the group of robots in 
trajectory tracking problem. Using organized robots has many advantages compared to using them 
individually. Among them the efficiency of using resources, the possibility of robots' cooperation, 
increasing reliability and resistance to defects can be pointed out. Therefore, formation control of multi-
body robotic systems and intelligent vehicles have attracted considerable attention, this is discussed in 
this paper. First, kinematic and kinetic equations of a differential drive wheeled robot are obtained. 
Then, reference trajectories for tracking problem of the leader robot are produced. Next, a kinematic 
control  law  is  designed  for  trajectory  tracking  of  the  leader  robot.  The  proposed  controller  steers  the  
leader robot asymptotically, following reference trajectories. Subsequently, a dynamic control algorithm 
for generating system actuator toques is designed based on feedback linearization method. Afterwards, 
formation control of the robots has been considered and an appropriate algorithm is designed in order to 
organize the follower robots in the desired configurations, while tracking control of the wheeled robot. 
Furthermore, the stability of the presented algorithms for kinematic, dynamic and formation control 
laws is analyzed using Lyapunov method. Finally, obtained results for different reference paths are 
presented which represent the effectiveness of the proposed controller. 
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Fig. 1 Differential drive wheeled mobile robot 
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Fig. 2. Formation control of a differential drive wheeled robot 
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Fig. 3 Motion path for the leader robot, the followers and the reference 
path 1 in planar motion (formation 1) 

 3   1   
)1( 
  

 
Fig. 4 Error signals for the tracking control of the leader and formation 
control of the followers  
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Fig. 5 Kinematic control inputs for the leader and follower robots  
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Fig. 6 Dynamic control inputs for the leader and follower robots  
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Fig. 7 Motion path for the leader robot, the followers and the reference 
path 2 in planar motion (formation 1) 
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Fig. 8 Error signals for the tracking control of the leader and formation 
control of the followers  
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Fig. 9 Motion path for the leader robot, the followers and the reference 
path 3 in planar motion (formation 1) 
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Fig. 10 Motion path for the leader robot, the followers and the 
reference path 3 in planar motion (formation 2) 
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Fig. 11 Motion path for the leader robot, the followers and the 
reference path 2 in planar motion (formation 3) 

 11   2   
)3( 

 
-10    

  
  

 
 .

  .

  .
 
 

 .   
 

   

-11   
[1] A. Keymasi Khalaji, S. A. A. Moosavian, Dynamic modeling and tracking 

control of a car with n trailers, Multibody System Dynamics,  Vol. 37, No. 2, 
pp. 211-225, 2016. 

[2] A. Keymasi Khalaji, M. Rahimi Bidgoli, S. A. A. Moosavian, Non-model-
based control for a wheeled mobile robot towing two trailers Multi-body 
Dynamics, Vol. 229, No. 1, pp. 97-108, 2015. 

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

[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] C. Samson, Control of chained systems application to path following and 
time-varying point-stabilization of mobile robots, IEEE Transactions on 
Automatic Control, Vol. 40, No. 1, pp. 64-77, 1995. 

[6] 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. 

[7] P. Morin, C. Samson, Control of nonlinear chained systems: From the Routh-
Hurwitz stability criterion to time-varying exponential stabilizers, IEEE 
Transactions on Automatic Control, Vol. 45, No. 1, pp. 141-146, 2000. 

[8]  F.  N.  Martins,  W.  C.  Celeste,  R.  Carelli,  M.  Sarcinelli-Filho,  T.  F.  Bastos-
Filho, An adaptive dynamic controller for autonomous mobile robot 
trajectory tracking, Control Engineering Practice, Vol. 16, No. 11, pp. 1354-
1363, 2008. 

[9] C.-Y. Chen, T.-H. S. Li, Y.-C. Yeh, C.-C. Chang, Design and 
implementation of an adaptive sliding-mode dynamic controller for wheeled 
mobile robots, Mechatronics, Vol. 19, No. 2, pp. 156-166, 2009. 

[10] 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. 

[11] A. Keymasi Khalaji, S. A. A. Moosavian, Adaptive sliding mode control of a 
wheeled mobile robot towing a trailer, Systems and Control Engineering, 
Vol. 229, No. 2, pp. 169-183, 2015. 

[12] A. Keymasi Khalaji, S. A. A. Moosavian, fuzzy sliding mode control law for 
a wheeled mobile robot towing a trailer, Modares Mechanical Engineering, 
Vol. 14, No. 4, pp. 91-98, 2014. (in Persian ) 

[13] H. Chih-Lyang Hwang Chih-Lyang, C. Li-Jui Chang Li-Jui, Trajectory 
tracking and obstacle avoidance of car-like mobile robots in an intelligent 
space using mixed H2/H ; decentralized control, IEEE ASME Trans 
Mechatron, Vol. 12, No. 3, pp. 345-352, 2007. 

[14] G. Klan ar, I. Škrjanc, Tracking-error model-based predictive control for 
mobile robots in real time, Robotics and Autonomous Systems,  Vol.  55,  No.  
6, pp. 460-469, 2007. 

[15] J. Ye, Adaptive control of nonlinear PID-based analog neural networks for a 
nonholonomic mobile robot, Neurocomputing, Vol. 71, No. 7–9, pp. 1561-
1565, 2008. 

[16] J. Ye, Tracking control for nonholonomic mobile robots: Integrating the 
analog neural network into the backstepping technique, Neurocomputing, 
Vol. 71, No. 16–18, pp. 3373-3378, 2008. 

[17] 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. 

[18] C. Chian-Song, L. Kuang-Yow, Hybrid fuzzy model-based control of 
nonholonomic systems: A unified viewpoint, IEEE Transactions on Fuzzy 
Systems, Vol. 16, No. 1, pp. 85-96, 2008. 

[19] T. Balch, R. C. Arkin, Behavior-based formation control for multirobot 
 

(m)

( m
)

( m
)

(m)

(m)

( m
)

www.SID.ir

www.sid.ir


Arc
hive

 of
 S

ID

    

       

  

112  13951611  

teams, IEEE Transactions on Robotics and Automation, Vol. 14, No. 6, pp. 
926-939, 1998. 

[20] J. M. Cullen, E. Shaw, H. A. Baldwin, Methods for measuring the three-
dimensional structure of fish schools, Animal Behaviour, Vol. 13, No. 4, pp. 
534-543, 1965. 

[21] R. R. Murphy, Human-robot interaction in rescue robotics, IEEE 
Transactions on Systems, Man, and Cybernetics, Part C (Applications and 
Reviews), Vol. 34, No. 2, pp. 138-153, 2004. 

[22] I. R. Nourbakhsh, K. Sycara, M. Koes, M. Yong, M. Lewis, S. Burion, 
Human-robot teaming for search and rescue, IEEE Pervasive Computing, 
Vol. 4, No. 1, pp. 72-79, 2005. 

[23]  A.  Y.  S.  Lam,  Y.  W.  Leung,  X.  Chu,  Autonomous-vehicle  public  
transportation system: scheduling and admission control, IEEE Transactions 
on Intelligent Transportation Systems, Vol. 17, No. 5, pp. 1210-1226, 2016.  

[24] K. Margellos, J. Lygeros, Toward 4-D trajectory management in air traffic 
control: a study based on monte carlo simulation and reachability analysis, 
IEEE Transactions on Control Systems Technology,  Vol.  21,  No.  5,  pp.  
1820-1833, 2013. 

[25] D. Voth, A new generation of military robots, IEEE Intelligent Systems, Vol. 
19, No. 4, pp. 2-3, 2004. 

[26] M. Egerstedt, H. Xiaoming, Formation constrained multi-agent control, IEEE 
Transactions on Robotics and Automation, Vol. 17, No. 6, pp. 947-951, 
2001. 

[27] W. Ren, R. Beard, Decentralized Scheme for Spacecraft Formation Flying 
via the Virtual Structure Approach, Guidance, Control, and Dynamics, Vol. 
27, No. 1, pp. 73-82, 2004. 

[28] H. Yamaguchi, A distributed motion coordination strategy for multiple 
nonholonomic mobile robots in cooperative hunting operations, Robotics and 
Autonomous Systems, Vol.3, No. 4, pp. 2984-2991, 2003. 

[29] A. Bazoula, H. Maaref, Formation Control of Multi-Robots via Fuzzy Logic 

Technique, International Journal of Computers, Communications & Control 
(IJCCC), Vol. 3, No. 3, pp. 179-184, 2008. 

[30] A. Bazoula, H. Maaref, Fuzzy Separation Bearing Control for Mobile Robots 
Formation, Proceedings of the World Academy of Science, Engineering and 
Technology, Vol. 23, pp. 1-7, 2007. 

[31] L. Xiaohai, X. Jizong, C. Zijun, Backstepping based multiple mobile robots 
formation control, IEEE/RSJ International Conference on Intelligent Robots 
and Systems (IROS 2005), Edmonton, Canada, August 2-4, 2005. 

[32] J. Sanchez, R. Fierro, Sliding mode control for robot formations, in 
Proceeding of, 438-443. 

[33] L. Consolini, F. Morbidi, D. Prattichizzo, M. Tosques, Leader–follower 
formation control of nonholonomic mobile robots with input constraints, 
Automatica, Vol. 44, No. 5, pp. 1343-1349, 2008. 

[34] J.  P.  Desai,  J.  P.  Ostrowski,  V.  Kumar,  Modeling and control  of  formations 
of nonholonomic mobile robots, IEEE Transactions on Robotics and 
Automation, Vol. 17, No. 6, pp. 905-908, 2001.  

[35] J. W. Kwon, D. Chwa, Hierarchical formation control based on a vector field 
method for wheeled mobile robots, IEEE Transactions on Robotics, Vol. 28, 
No. 6, pp. 1335-1345, 2012. 

[36]  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.  

[37] J. J. Slotine, W. Li, Applied Nonlinear Control, pp. 57-76, New Jersey: 
Prentice-Hall International, 1991. 

[38] H. K. Khalil, Nonlinear Systems, pp. 167-191, New Jersey: Prentice Hall, 
2002. 

[39]  S.  K.  Saha,  J.  Angeles,  Dynamics  of  Nonholonomic  Mechanical  Systems  
Using a Natural Orthogonal Complement, Applied Mechanics, Vol. 58, No. 
1, pp. 238-243, 1991. 

www.SID.ir

www.sid.ir

