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Abstract
In this paper, developing and control of a wheeled self-balancing robot is described. Model 
of the wheeled self-balancing robot is created by using a computer aided design software and 
exported to Matlab/Simmechanics. The model is linearized for deriving state (A) and input (B) 
matrices and derived matrices are used while designing the controller. LQR (Linear-quadratic 
regulator) controller is designed and implemented in order to use in body angle and wheel 
position control simulations by using Matlab/Simulink. The control results shows that the LQR 
controller can successfully achieve body angle and wheel position control of the wheeled self-
balancing robot. Controlled position results are given in the form of the graphics.
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1. INTRODUCTION
Wheeled self-balancing robots has the same basics with the inverted pendulum systems. And this system 
is a model commonly used in control system studies to compare control and optimization algorithms as 
a benchmark problem. It is unstable without control that is why the robot body is acting like a pendu-
lum and easily fallen over if the wheel is not moved to balance it. The wheeled self-balancing robots is a 
nonlinear dynamic system aim of the control system is to balance the body as an inverted pendulum by 
applying the torque.

Self-balancing systems include multiple links, cart or wheels to be commanded and wheeled self-ba-
lancing robots have one or two wheels in literature [1-4]. There are different type control algorithms 
such as PID and LQR, neural network based fuzzy logic control used in both experimental and numerical 
studies [5-6]. Variety of optimization algorithms such as Genetic Algorithm, The Bees algorithm and 
PSO algorithm [7-9]. Technology of the Segway PT which is a self-balancing transportation device is an 
another example of wheeled self-balancing system that is basic of this paper [10-11]. 

This paper presents modeling, body angle control and wheel position control of a wheeled self-balancing 
robot.  For this aim; a CAD software is used for modeling and Matlab software is used for both linearizati-
on and controller design. Thus, these types mechanical systems can be modeled and controlled without 
mathematical model. A LQR controller is designed in Matlab/Simulink for body angle and wheel position 
control and LQR controller Q and R matrices are determined by trial error method. Control simulation is 
realized and controller performance is given in the form of the graphics.

2. MODELING AND CONTROL
In this section modeling and control of the wheeled self-balancing robot is described. Model of the whe-
eled self-balancing robot is created by using a computer aided design software and exported to Matlab/
Simmechanics that is multi-body modeling toolbox of the Matlab. After linearization, LQR controller 
designed and implemented to the model using Matlab/Simulink software. Simmechanics model of the 
system shown in Figure 1. 

Modeling and control strategy of this paper is given in Figure 2. In this study mathematical model of the 
wheeled self-balancing robot is not used and all system dynamics are obtained by using Matlab/Simu-
link software. Also control simulations are realized with this way.
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Figure 1 : Simmechanics model of the wheeled self-balancing robot

Figure 2 : Working strategy of the paper.

In the wheeled self-balancing robot modeling, the input of the system is torque τ that applied to the 
wheels and the outputs are body angle θ and position of the wheel x. The body and wheels are assumed 
to be rigid. The parameters of the wheeled self-balancing robot are given in Table 1.

Table 1 Wheeled self-balancing robot parameters

Table 1 Wheeled self-balancing robot parametersIn this system control torque is used for rotational mo-
tion of the wheels, and the wheels are moving horizontally to the x direction on the ground to balance 
body angle. Control block diagram is shown in Figure 3. Wheel position and body angle are controlled 
using LQR controller

 
Figure 3 : Control block diagram
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Linear Quadratic Regulator (LQR) is a control method that is appropriate to control wheeled self-ba-
lancing robot body angle and wheel position. Equations of motion of the system can be described in the 
form Eq. (1) in this equation A and B are the state and input matrices of the system, the LQR determines 
the control signal u to minimize of objective function J shown in Eq. (2).

                                                                                                                                        (1)

                         (2)
The matrices Q and R remove the error between desired input and the control response. In this paper 
state vector x defined in the Eq. (3) and A and B matrices are generated by linearization of the wheeled 
self-balancing system using Matlab. Generated A and B matrices shown in Eqs. (4) - (5)

                                                                                                                       (3)

                                              (4)

                                                                                                                                        (5)
The next step in control design is to find the vector of state-feedback control gains K matrix. A, B, Q and 
R matrices are needed to find the K using Matlab with“lqr” command. Q and R matrices are determined 
by trial and error and shown in Eq. (6). The command is used in the form of Eq. (7) and K is determined. 

                                                                                                        (6)

                                                                                                                                (7)

                                                     (8)

Figure 4 :  Body angle of wheeled self-balancing robot. 
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3. RESULTS AND DISCUSSION
Desired body angle is 0o and desired wheel position is 5m. LQR controlled body angle response is shown 
in Figure 4. Moreover wheel position of the wheeled self-balancing robot system is given in Figure 5. 
From these results it can be said body angle and wheel position are reached to desired values. From 
this result, body angle and wheel position of the wheeled self-balancing robot system are achieved suc-
cessfully using LQR controller. In addition LQR controlled torque change is given in Figure 6. As a result 
designed LQR (Linear-quadratic regulator) controller can be used effectively in this kind systems.

Figure 5 :  Wheel position of wheeled self-balancing robot.

 
Figure 6 :  Control torque applied to the wheel of wheeled self-balancing robot.

3. CONCLUSION
This paper presents modeling, body angle control and wheel position control of a wheeled self-balancing 
robot.  For this aim; a CAD software is used to modeling and Matlab software is used for both linearizati-
on and controller design. Thus, these types mechanical systems can be modeled and controlled without 
mathematical model by using two different engineering software. 

A LQR controller is designed in Matlab/Simulink for body angle and wheel position control. LQR cont-
roller Q and R matrices are determined by trial error method and A and B matrices generated by linea-
rization in Matlab. Control simulation is realized and controller performance is given in the form of the 
graphics. 

As a result of the paper, accuracy of proposed modeling technique is verified by simulations. Also cont-
roller performance and effectiveness are investigated and examined; body angle control and wheel posi-
tion results of the proposed system are presented in the form of graphics. 
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The main contribution of the paper to the literature is that different type modeling and linearization 
approaches are implemented and LQR controller is designed and used in control methodology.
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