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Abstract: In this paper, a vertically moving base inverted pendulum control analysis has been done using 
Matlab/Simulink Toolbox. Because the vertically moving base inverted pendulum system is nonlinear and 
highly unstable, a feedback control system is used to make the system controlled and stable. A PI and PID 
controllers are used to improve the stability of the pendulum. Comparison of the vertically moving base 
inverted pendulum using PI and PID controllers for tracking a desired angular position of the system using a 
step and random input signals and a promising results have been obtained succesfully. 
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1. INTRODUCTION 
An inverted pendulum is a oscillator which has its crowd above its pivot point. It is often implemented with 
the pivot pip mounted on a stock that tins move vertically. The inverted oscillator is a classic problem in 
control system design and is widely used as a extent for trying control algorithms. Variations on this funeral 
include multiple links, allowing the activity of the share to be commanded while arranging the pendulum, and 
evenness the cart-pendulum system on a see-saw. The inverted pendulum is related to  missile guidance, 
where propulsion is actuated at the bottom of a tall vehicle. The understanding of a similar system is built in 
the technology of Segway, a self-balancing transportation device. The largest implemented utility are on huge 
lifting cranes on shipyards.  Another appliances that an inverted pendulum may be stabilized, without any 
response or control mechanism, is by oscillating the support rapidly up and down. If the oscillation is 
sufficiently strong (in terms of its acceleration and amplitude) then the inverted pendulum tins recover from 
perturbations in a strikingly counterintuitive manner. 
2. SYSTEM DISCRIBTION OF THE PENDULUM 
The vertically moving base inverted pendulum schematic 
diagram is shown in Figure 1. The rod is considered massless. 
The pointmass at the end of the rod is denoted by m. The rod 
has a length l. 
The equation of motion for a vertically moving base inverted 
pendulum is derived using the Lagrangian. 
The position of the point mass is now given by: 

( ) ( )sin , cos 1l y lθ θ+  

and the velocity is found by taking the first derivative of the 
position: 

( )2 2 2 22 sin 2v y l y lθ θ θ= − +    

The Lagrangian for this system can be written as: 

( ) ( ) ( )2 2 21 2 sin cos 3
2

L m y l y l mg y lθ θ θ θ= − + − +    

and the equation of motion follows from: 

0d L L
dt θ θ

∂ ∂ − = ∂ ∂ 
 

resulting in: 

( )sin sin 4l y gθ θ θ= +   

For small angle approximation: 1θ  , Equation (4) becomes 

 
Figure 1. Vertically moving base inverted 

pendulum system 
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( )5l y gθ θ θ= +   

The system is nonlinear and the block diagram of the system is shown in Figure 2 below 

 
Figure 2. Block diagram of vertically moving base inverted pendulum  

The system parameters are shown in Table 1 below. 
Table 1 System parameter 

No Parameter Symbol Value 
1 Mass of the pendulum m 0.6 Kg 
2 Pendulum rod length l 0.45 m 
3 Acceleration due to gravity g  10 /s^2 

 

3. PROPOSED CONTROLLERS DESIGN 
 PID Controller  
A proportional-integral-derivative controller (PID) is a mechanism employing feedback that is widely used in 
industrial control organization and a variety of other implementation requiring continuously modulated 
control. A PID controller continuously calculates an inaccuracies values as the unlikeness between a desired 
set point (SP) and a measured process variable (PV) and applies a adjustment based on proportional, integral, 
and derivative terms (denoted P, I, and D respectively). In practical terms it automatically applies accurate 
and responsive change to a control function.  The controller's PID algorithm restores the measured output to 
the desired input with minimal deferment and overshoot by increasing the ability of the system. The 
distinguishing feature of the PID controller is the skill to use the three control terms of proportional, integral 
and derivative pertinence on the controller output to apply accurate and optimal control.  
The proportional, integral, and derivative terms are summed to calculate the output of the PID controller. 
Defining u(t) as the controller output, the final term of the PID controller is:  

( ) ( )
0

( )( ) ( ) 6
t

p i d
de tu t K e t K e d K

dt
τ τ= + +∫  

 PI Controller  
The output of the system equals to the sum of proportion and integration coefficients. The higher the 
proportion coefficient, the less the output of the system at the same control error. The higher the integration 
coefficient, the slower the accumulated integration coefficient. PI controller provides zero control error and 
is insensitive to interference of the measurement channel.  
The proportional and integral terms are summed to calculate the output of the PI controller. Defining u(t) as 
the controller output, the final term of the PI controller is:  

( ) ( )
0

( ) ( ) 7
t

p iu t K e t K e dτ τ= + ∫  

 Tuning 
The part of these effects is achieved by loop tuning to whip the optimal control function. The tuning constants 
are denoted as "K" and must be derived for each control application, as they depend on the response wood of 
the complete loop external to the controller. These are dependent on the behavior of the final control element. 
Using Chien, Hrones and Reswick (CHR) PID Tuning Algorithm method the value of the PID and PI 
controller are 

40.4265 97.6709 2.7560P I DPID K K K= = =  

198.5380 469.3260P IPI K K= =  

4. RESULT AND DISCUSSION 
 Comparison of the Vertically Moving Base Inverted Pendulum using PI and PID Controllers for Step 

Input signal 
The simulink model of the vertically moving base inverted pendulum using PI and PID controllers for step 
input signal is shown in Figure 2 below. 
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The vertically moving base inverted pendulum 
subsystem and the simulation result are shown in 
Figure 3 and Figure 4 respectively.  
The data of the rise time, percentage overshoot, 
settling time and peak value is shown in Table 2. 
As Table 2 shows that the vertically moving base 
inverted pendulum using PID controller 

improves the performance of the system by minimizing the rise time, percentage overshoot and settling time. 

 
Figure 3. Vertically moving base inverted pendulum subsystem 

 
Figure 4. Step response simulation result 

 Comparison of the Vertically Moving Base Inverted Pendulum using PI and PID Controllers for 
Random Input signal 

The simulink model of the vertically moving base inverted pendulum base using PI and PID controller for 
random input signal is shown in Figure 5 below. 

 
Figure 5. Simulink model of the vertically moving base inverted pendulum using PI and PID controllers for random 

input signal 

Table 2. Step response data 
No Performance 

Data 
PID 

controller 
PI  

controller 
1 Rise time 1.12 sec 1.8 sec 
2 Per. overshoot 20 % 40 % 
3 Settling time 2.3 sec 10.5 sec 
4 Peak value 3 Degree 3.5 Degree 

 

 
Figure 2. Simulink model of the vertically moving base inverted 

pendulum using PI and PID controllers for step input signal 
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The vertically moving base inverted pendulum system simulation result are shown in Figure 6 below. 

 
Figure 6. Random input signal simulation result 

Figure 6 shows that the vertically moving base inverted pendulum using PID controller improves the 
performance of the system by minimizing the percentage overshoot and tracking the reference signal. 
5. CONCLUSION 
The design and control of a vertically moving base inverted pendulum using PI and PID controller have been 
analyzed. Comparison of the vertically moving base inverted pendulum using PI and PID controllers for 
tracking a desired angular position of the system using a step and random input signals have been done. The 
step response simulation result shows that the vertically moving base inverted pendulum using PID controller 
improves the performance of the system by minimizing the rise time, percentage overshoot and settling time 
while the random input response simulation result shows that the vertically moving base inverted pendulum 
base using PID controller improves the performance of the system by minimizing the percentage overshoot 
and tracking the reference signal. 
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