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<Abstract>

This study proposed a new approach to intelligent control of a mobile robot system 

by back properpagation based on multi-layer neural network.  A experiment result is 

given in which some artificial assumptions about the linear and the angluar velocities 

of mobile robots from recent literature are dropped. In this study, we  proposed a 

new thinique to impliment the real time conrol of he position and velocity  of mobile 

robots. With the proposed control techinique, mobile robots can now globally follow 

any path such as a straight line, a circle and the path approaching th toe origin using 

proposed controller. Computer simulations are presented, which confirm the 

effectiveness of the proposed control algorithm. Moreover, practical experimental 

results concerning the real time control are reported with  several real line constraints 

for mobile robots with two wheel driving.
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1. Introduction  

The control problem of mobile robot 

systems has attracted considerable attention 

among the control community recently. Attempts 

to control such systems are, however, deceptively 

simple. The challenge of this problem is 

reflected on the fact that a mobile robot in 

the place possesses three degrees of freedom 

of motion, which have to be controlled by 

only two control inputs and under the 

nonholonomic constraint. Several researchers 

have shown, based on Brockett’s theorem, 

that such a system is open-loop controllable, 

but not stabilizable by pure smooth 

time-invariant feedback[1]. 

Recently, methods for solving this problem 

can be put into two categories. The first one 

is based on the motion planning by using the 

vision guided, environment prediction, artificial 

neural network, or other sensory information[2].

The second category is using the nonlinear 

system theorems for solving this problem, 

e.g., the hybrid control, the backstepping 

technique, the sliding model control, the 

fuzzy logic control, and the adaptive control, 

etc., In this category, two main research directions 

have been adopted for mobile robots. The 

first direction, started form Bloch et al. Uses 

the discontinuous feedback whereas the 

second one uses time-varying continuous 

feedback, which was first investigated by 

Samsom. Subsequent to these investigations, 

Pomet then proposed the feedback control 

laws. But they were to solve the regulation 

problem found to yield a slow asymptotic 

convergence. In order to obtain faster convergence, 

an alternative approach was proposed by 

M’Closkey and Murray in initially and taken 

up in several studies subsequently[3].

 The tracking problem for mobile robots 

has also attracted as much attention among 

researches. Using Barbalet lemma or the 

backstepping method, robots could globally 

follow special paths such as circles and 

straight lines. Despite the apparent advancement 

of the above methods, there remains 

however, several main restrictions on their 

applications: (a) In the tracking problem, only 

some special cases are solved. (b) In other 

cases, for example, the tracking problem 

with the linear and the angular velocities 

approaching to zero remains unsolved[4][5]. 

In additional, it is preferred to solve the 

tracking problem and the regulation problem 

simultaneously using a controller, otherwise, 

there will be a need to switch between two 

controllers of different types. In this paper, 

both the tracking problem and the regulation 

problem of mobile robots will be solved 

simultaneously without any further assumptions 

except for some regular assumptions. 

Moreover, for the several constraint in control 

inputs are also taken into consideration in 

the tracking problem[6]. 

2. System Modelling 

The mobile robots considered in this 
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paper, are a simplified model of the 

constraint on the movement of a rear car, 

see Fig. 1. The nonholonomic constraint for 

this simplified model is presented as following

cossin    

that specifies the tangent direction along any 

feasible path for the robot and a bound on 

the curvature of the path. From the driver’s 

viewpoint, there are two degrees of freedom 

for a general car: the accelerator and the 

steering wheel. Herein, we assume that the 

reference point lies in the midpoint of the 

rear wheels. We denote by  the linear 

velocity and by   the angular velocity of the 

mobile robot. Moreover, (x,y) are the 

Cartesian coordinates of the center of mass 

of the vehicle, and   is the angle between 

the heading direction and the x-axis. Let us 

consider a simplified moblie robot model 

described as following[7].

   

Notice that, in the plane, the mobile robot 

possesses three degrees of freedom of 

motion, which have be controller by only 

two control input and under nonholonomic 

constraint. When we consider the state 

vector (), it is rather straightforward to 

show that system is controllable in both 

position and orientation[8]. Unfortunately, we 

must confront a system where linearization 

results in a loss of controllability, although 

the nonlinear system is controllable. In 

particular, there are many researches, based 

on Brockett’s theorem[9], showed that such a 

system is open-loop controllable, but not 

stabilizable by pure smooth time-invariant 

feedback[10].  denotes the set of all real 

numbers and 
 denotes the set of all 

nonnegative real numbers. Fistly, function : 

⟶ is uniformly continuous if for any 

 . there exists a    such that if 

, with  ∈
, then 

. Secondly, Define the 

saturation function    with   as 

    ≤ 
  

uppose the reference trajectory is described 

by next following equation  

cos
sin
 

(1)

where the desired linear velocity satisfying 

≤    





  max the bounded a 

Fig. 1 A coorine frames of simplified mobile robot 
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and uniformly continuous, with max and 

max representing saturation bounds from 

practical restriction for control tracking case, 

i.e., ≡  ≡≡ , the equation (5) 

always holds. In this paper, main purpose to 

solve the following tracking problem.

To find saturation control laws for  and 

  with  max max such that the 

mobile robot with the dynamic model (3) 

follows a reference trajectory (  ). 

( ). 

That is, 

lim
→∞

 lim
→∞

  

lim
→∞

 

Using the body frame, we define the error 

coordinates as following equation[12].























cos sin 
sin cos 
  



















(2)

Therefore, the tracking error model is 

obtained as     

cos
sin
  

(3)

For convenience, we choose new coordinates 

and inputs as




























 











 


 


(4)

System (4) can be rewritten as


   sin
  

(5)

With the new-coordinates (  ), the 

tracking problem is now transformed to a 

stability problem. Throughout this paper, 

these coordinates (  ) will be used to 

solve the tracking problem. More explicitly, 

by the invariance of coordinate transformations, 

of the (  ) converge to zero.  

lim
→∞

  lim
→∞

   

lim
→∞

 

3. The Control Scheme

3.1 The controltheory and stability

In this section, a globally tracking control 

algorithm with environmental constraint is 

presented using the backstepping method and 

the idea from the standard stability theory[13]. 

The stability of the closed-loop system is 

guaranteed without any further assumptions 

relating   and .











   














   













   








 









  




lcm




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First, let us define a positive-definite function

   


 (6)

Note that, it is the square of the distance 

between the mobile robot and the desired 

trajectory. Taking the derivative of  along 

the trajectory yields

 sin (7)

Choosing the saturation control law

  (8)

where   and    max  . Note that

≤ cosmax (9)

satisfying the saturation constraint of the line 

velocitx. Using the equation, we can define 

following equation. 

Fig. 2 The block diagram of the tracking control 

system of robot system

 sin (10)

Next, introduce a new variable








(11)

with   cos     and 

  



, where  will be specified on 

the following theorem. Note that if () 

converges to zero, then the stability of 

() will be guaranteed[14]. With 

equation(12), system (6a) is transformed into 


 (12)

where

  






,

  





sin








 sin

It is easy to check that

   ≤   

Choose the control law with constraint  

descrived as 

 





 (13)

with   and   . Then,


 (14)
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Note that lim
→
∙

∙
 . So, it is possible 

to choose a small   and    such that 

max [15].

Then ≤ max satisfying 

the saturation constraint of the angular 

velocity. Define 




. We then obtain 


 


 












 




 ≤ 

 


  

This means that Lim
→∞



   (by the 

Lyapunov stability theorem,

Now, we are in a position to present main 

results.

Theorem 1 Consider a simplified model (3) 

of mobile robots. Then the tracking problem 

with saturation constraint can be solved using 

control laws and (14) with 

  cos  where  will be defined 

in the proof of theorem[16].

Proof: Due to limited space, the proof is 

omitted here. A similar proof can be found 

in the result of equation (8).

Remark: Although the LaSalle invariance 

principle can not be applied directly to 

non-autonomous systems. Its ideal can be 

applied here using some modification results, 

for details.

3.2 learning control scheme

The structure of the learning control 

system proposed in this study is shown in 

Fig. 7. The structure of the proposed control 

system consists of an upper, a lower, and an 

output unit. The top consists of a purgeizer 

and a calculation part of the suitability. The 

lower part consisted of an inference unit and 

an output unit[16].

The degree of conformity is determined 

using a backpropagation algorithm in the 

neural network for the error between the 

final output value and the target value.

Fig. 3 Structure of learning control network

Using backpropagation learning algorithm, 

the adjustment amount of the center position 

for the belonging function is obtained[17].

∆ ∙




∙



∙



∙




∙∙










∙∙







The adjustment amount of the belonging 

function width is obtained using the same 

process. 
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∆ ∙




∙



∙



∙




∙∙










∙∙








The coefficient adjustment amount of the 

input/output linear relationship is expressed 

by the following equation.

∆ ∙




    ∙



∙



∙




∙∙










∙

Here,  represents the learning rate. If the 

output of the proposed control system is , 

the error equation is expressed by the 

following equation.


 




∆∆ (15)

If the proposed controller uses the same 

learning signal as the target value, the error 

is asymptotically reduced.

4. Experimental Results

4.1 Simulation and results

The mobile robot developed in our study 

has two driving wheels and one casters for 

balance. The physical relation of experimental 

mobile robot and the mobile robot is briefly 

described here. Let 

 and 


 denote the 

velocities of the left wheel and the right 

wheel, respectively. In our case, the center 

of mass is equal to the center point between 

the left wheel and the right wheel.

Thus, its kinematic equation can be 

described as the equation (3) with

  




  and   





 where E 

is the distance between the two driving 

wheels. So, the proposed controller can be 

applied to this case with 

 and 



. 

The proposed algorithms have been verified 

by using computer simulation and practical 

experimental on an experimental mobile 

robot. The robot's hardware structure has 

two independent drive wheels and a free 

caster for balance The motion of the robot is 

controlled by changing the velocities of the 

left and right wheels. Two dedicated motion 

control chips HCTL-1100 from HP were 

employed for servo control of the two drive 

wheels. The integral velocity control mode 

was used in the experiments. The control 

computer only needs to send commands to 

the chips, which take care of the motor 

servo control. The position estimation of the 

robot is conducted using an odometer, which 

samples the left and right wheel velocities to 

calculate the current posture of the robot. 

The formula of this estimator is presented in 

as following equation
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  




  

  






 ∆∙∙cos

 ∆∙∙sin

  ∆∙

where E is the distance between two drive 

wheels and T is the sampling period. The 

desired velocity calculated in the tracking 

algorithm is transferred into the left and right 

wheel velocities using

 ∙

 ∙

Two trajectories have been used to show 

the performance of the control law. 

Computer simulations were first conducted 

tor these trajectories and the parameters are 

determined by examining the desirable 

tracking performance. In the following the 

simulation and experimental results of 

tracking as well as docking performance are 

presented respectively for circular and parallel 

parking trajectories. Experimental results 

corresponding to the same conditions are 

also shown in these plots for comparison. 

These results demonstrate the ability of the 

proposed controllers in producing nice 

convergence behavior. 

Fig. 7 The velocity control result of robot system(n=5)

Fig. 4 Control result of position  for iteration 

number (n=5)
Fig. 6 The tracking control result of angular 

position of robot system(n=10)

Fig. 5 Control result of position  for iteration 

number (n=20) 
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Fig. 4 shows Control result of position  

of robot system for iteration number Fig. 5 

shows Control result of position  of robot 

system for iteration number Fig. 4 shows the 

result of angular position control for robot 

system when iterative number is 10. And Fig. 

7 shows the result of velocity control of 

robot system when iterative number is 5. Fig. 

8 shows the velocity control result of robot 

system when iterative number is 20.

  

4.2 Experiment and results

In this study, the reliability of control 

performance has beeen illustrated by 

experiment for mobile robot with two driving 

wheel and cast. 

Fig. 9 represents the experiment scene for 

performance test of trajectory tracking control 

of mobile robot. Fig. 10 shows the tracking 

control result of desired trajectory when 

iteration numbe is fifty. And Fig. 11 shows 

the tracking control result of desired 

trajectory when iteration number is hundred. 

5. Conclusion

This study proposed a new approach for 

intelligent motion control of mobile robot 

based on iterative learning for smart factory 

Fig. 10 Tracking trajectory for iteration numbe(n=50)

Fig. 8 The velocity control result of robot 

system(n=20)

(a) (b) (c) (d)

Fig. 9 The experiment scene of robot systme for 

trajectory tracking

Fig. 11 Tracking trajectory by iteration number(n=100)
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In this research, it is the most important to 

impliment the real time iterative learning 

control of a mobile robot by back properpagation 

algorithm based on multi-layer neural 

network.  The reliability of control algorithm 

was varified by simulation and experiments. 

From performance test, it had been illustrated 

to be effected by the friction  of wheels, 

variation of system parameters, and external 

disturbance. In the future, we would like to 

illustrate the reliability of intelligent working 

control  of the mobile robot in external field.
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