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Abstract: Inertia wheel pendulum balance control is performed by using swing up and PID controller with different wheel weight and 

diameters. In the pendulum control, 3 different radius wheels and different weights are added to analyze whether the system remained balance 

position. In this process, the effect of weight and diameter variables on the swing time and PID coefficients of the pendulum was observed. With 

this observation, the effects of input variables in the real-time system were compared with calculations in the dynamic pendulum model.  
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1. Introduction 

Inertia wheel pendulum (IWP) is a nonlinear and underactuated 

system with two degrees of freedom. The pendulum structure 

consists of a pendulum rod that can swing freely in the vertical axis, a 

rotating wheel in the same axis with the rod, and a motor that 

produces a rotational movement[1]. The main purpose of the IWP 

systems is the alignment of the pendulum wheel on the vertical axis. 

Balancing is the process of raising and aligning the pendulum with 

the control methods of the torque produced by the DC motor[2].  

The aim of this study is to control the alignment of the pendulum 

wheel in different weights and diameters. In most of the studies about 

IWP, different control methods and different mechanical design have 

been applied on a single wheel. In this study, comparison of the 

factors affecting the balance position was made, unlike other designs. 

In the balancing process, 39 different experiments were conducted 

and balance condition was analyzed together with friction, engine 

heating and other disturbing factors affecting the system. As a result 

of this comparison, observation is included, except for mathematical 

dynamic calculations. 

 Rest of the information of this document is organized as 

follows: Sec. 2 is devoted to describing the IWP system control 

method. Sec. 3 indicates the results and discussion. In Sec 4. 

Conclusion, data analysis of wheel balance. 

2. System Control Method  

Different control methods are used at various stages in order to 

realize the movement of the pendulum from 0 degrees to 180 degrees 

with the least energy consumption[3],[4],[5],[6]. In the design of the 

pendulum, the movement is provided by Dc motor with control 

signals generated by the Arduino control card as shown in the figure 

1 block diagram. During the swing process, the angle and position 

information are measured by the encoder and conveyed to the control 

unit for feedback. In this study, two different methods is used as 

shown in the flow diagram in figure 2. The first is the swing up 

control of the pendulum and the second is the balance control of the 

pendulum with PID. 

2.1. Swing Up Control 

The Swing Up control does not balance the pendulum to the 

desired vertical alignment but supports it to arrive in the angular 

range where the balance will take place.[4] The position of the 

pendulum wheel is 0° at the beginning. The ramp function or any 

triggering is applied to start the wheel swinging in figure 3. As a 

result of the trigger, the wheel starts to swinging clockwise and 

counterclockwise. The swinging should be supported to increase the 

pendulum from 0° to 180° degrees. This support is applied with the  

Fig. 1. Wheel pendulum mechanism and control block diagram 

 

Fig. 2. Control flow diagram 
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torque produced by the dc motor. The support torque is applied 

when the variable pendulum angle value is maximum and the 

acceleration is zero during the swinging process. As a result of these 

processes, the pendulum is increased to the desired swinging range 

The pendulum control process switches to the balance control range 

when the swinging operation is complete[7]. 

2.2. PID Controller 

Proportional-integral-derivative (PID) controllers are the most 

important control systems used to control processes, due to their 

simple and easy design, low cost and wide range of applications [8]. 

The main purpose of the PID control system is that the controlled 

process variable reaches the target in minimum time with error 

difference shown in figure 5. PID control compares the reference 

value and feedback variables. In order to eliminate the error between 

two variables, proportional, integral and derivative parameters are 
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10 
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Fig. 3. Initial swing up control 

 Table 1: Sample of the experiment data of the wheel characteristic list, swing count and balance position. 
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applied to the system. These parameters modify according to the 

system model. These Parameters are used in continuous cycling 

method and system response methods developed by Ziegler-Nichols. 

Large settling time and overshoot are minimized by Kp Ki Kd 

parameters[9],[10]. 

Figure 4 shows the oscillation and position information of the 

pendulum during the swing up and PID control processes The 

pendulum wheel lasted approximately 2 minutes from 0° to 180°. 

The majority of this period time was in the swing up control. The PID 

control process is activated when the value of the pendulum angle 

between 170° and 190°. 

In the curves seen in figure 5, the imbalance caused by the right 

and left disturbing effects applied to the pendulum wheel appears. 

This imbalance is corrected by the torque generated by the dc motor. 

Dc motor control was done with PID with Arduino Uno 

microcontroller.  

3. Results and Discussion on Experiment

In the table 1 show that, the balance of the wheel of different 

weights and diameters and the number of oscillations. The 16 data in 

this table are selected as examples. This information gives us an idea 

of which pendulum wheel to choose according to the design of the 

experimental setup. Wheel selection can also be calculated according 

to the dynamic model of IWP, but when it is included in real-time 

control in disturbing factors, there are differences between the model 

result and the application result. 

4. Conclusion

In this study, a control of nonlinear and underactuated system 

was achieved by swing up control and PID control at various angle 

stages. The most significant factors affecting the stability of IWP 

systems are wheel diameter and wheel weight. These inputs were 

applied to the IWP system with different values.  

In the swing up control process, as it appears in the results in 

table 1, it was observed that the weight supported to balance position 

until the to an amount. In case the pendulum weight is light or too 

heavy, the balancing operation was not realized. As the wheel radius 

expands, the pendulum was more easily balanced with lighter weight 

in the process.  

When the PID control process was examined, it was found that 

heavy loads and small diameter wheels were better balanced 

angularly on the vertical axis in the range of 90°+-2°, but balance 

control became difficult as the wheel diameter increased.  Pendulum 

range between of the 85°-88° and 92°-95° for PID balance control 

bigger wheel radius and light wheel make it more can be tolerated. 

As a result of this study, the system input factors affecting the 

balance processes of IWP systems were analyzed and as a result, it 

was found that wheels with large, light and high moments of inertia 

were better in the balancing process. 
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Fig. 4. Pendulum control angle-time graph 

Fig. 5. Balance disturbing impact graph 
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