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 The design of Proportional-Integral-Derivative (PID) control systems is 
a critical aspect of control engineering to achieve system stability and 
optimal performance. How-ever, tuning PID parameters often poses 
challenges due to the complex analytical ap-proaches required. This 
study analyzes the application of GeoGebra, a dynamic mathe-matics 
software, in designing PID control systems visually. GeoGebra is 
utilized to model control systems, visualize system responses, and 
perform interactive PID parameter tun-ing. The study involves 
simulations of simple linear systems, such as actuator position control, 
to evaluate the effectiveness of the GeoGebra method compared to 
traditional approaches. The analysis focuses on performance 
parameters, including rise time, peak time, and steady-state error. The 
results demonstrate that GeoGebra simplifies the PID parameter tuning 
process through intuitive visualization, enhancing concept comprehen-
sion and design efficiency. Furthermore, GeoGebra proves to be an 
effective tool for edu-cation and training in control engineering. 
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INTRODUCTION 

PID controller is a controller that is widely used in industry and PID is described ideally. PID 
description for industry by Setiawan , Implementation of PID controller to control plant is 
done by Rosada. Ali implementing PID using matlab. Implementation of PID using arduino is 
done by [7][8]. Students in making projects with PID controllers often have difficulty in 
understanding the processes that occur in the PID controller. 

Geogebra is a web-based mathematical tool for learning and visualizing mathematics. 
Through this tool, users can share their work in the form of ggb files. With the existence of a 
forum for GeoGebra users, the GeoGebra site is becoming more and more complete. In this 
research, visualization will be carried out on each stage in the PID controller starting from 
the SP and PV signals as well as the calculation process in the PID controller and signal 
adjustment output. Visualization is done using GeoGebra. Suwarno [9] used GeoGebra to 
visualize the Thristor trigger, inspiring him to create a visualization of the PID controller 
operation. GeoGebra, a dynamic mathematics software, offers an interesting solution to this 
need. Originally developed as a mathematics learning tool, GeoGebra has interactive 
visualization capabilities that can be utilized to design and study control systems. With a 
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visual-based approach, GeoGebra allows users to model the system, visualize its response, 
and perform interactive PID parameter tuning. 

Control system design is one of the important aspects in the field of control 
engineering that aims to ensure the stability, dynamic response, and optimal performance of 
a system. One method that is often used in control is Proportional-Integral-Derivative (PID) 
control. PID control is known for its simplicity, flexibility, and ability to be applied to various 
types of systems, from industry to academic applications. 

However, the main challenge in designing PID control is the parameter tuning process 
involving proportional constant (Kp), integral (Ki), and derivative (Kd) values. This process 
requires a deep understanding of system dynamics and complex analytical or numerical 
approaches. To overcome this, a more intuitive and interactive method is needed to assist in 
designing and analyzing PID control systems, one of which is by using software-based 
visualization tools. 

This study aims to analyze the application of the GeoGebra method in designing a PID 
control system visually. This approach is expected to provide convenience for practitioners 
and control engineering students in understanding system dynamics, while increasing the 
effectiveness and efficiency of the design process. 

With this approach, it is expected to provide a significant contribution to the learning 
and practice of designing PID-based control systems more intuitively and interactively. In its 
implementation, PID control systems are often used in various applications, such as 
temperature control, motor speed, and actuator position. The manual PID parameter tuning 
process often takes a long time and requires sufficient experience, especially in complex 
systems or systems with nonlinear dynamics. The use of software-based tools such as 
GeoGebra is expected to simplify this process by providing a clear visual depiction of the 
effect of each parameter on system performance. 

GeoGebra was originally designed for educational purposes in mathematics, such as 
geometry, algebra, and calculus. However, its flexibility allows users to create interactive 
models for various applications, including control systems. With features such as graphical 
representation, dynamic animation, and real-time parameter editing, GeoGebra provides an 
intuitive approach that can help users understand and analyze complex concepts in PID 
control. 

This research is significant because it offers a new approach that integrates 
educational tools with control engineering applications. By using GeoGebra, the PID control 
design process can be accessed by a wider audience, including students and practitioners 
with varying levels of expertise. In addition, the visualization provided by GeoGebra can 
facilitate the understanding of concepts that are often difficult to understand through 
traditional analytical methods. 

This research focuses on the design and simulation of a PID control system using 
GeoGebra, with a case study of a simple linear system such as actuator position control. The 
analysis will include a comparison of system responses, such as rise time, peak time, and 
steady-state error, between the GeoGebra method and conventional approaches. Through 
this research, it is expected to contribute to the development of more effective and efficient 
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control design tools, as well as encourage the use of educational software such as 
GeoGebra for wider engineering applications. 
 

METHODS 
The block diagram of PID control is generally shown in Figure 2 following: 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1. Block diagram of PID Controller 

From the block diagram consists of signals and blocks. Signals include Set Point (SP), 
Process Value (PV), Error signals, Controller Output (CO) signals and Maniputated Variable 
(MV). Blocks include adders (or subtractors) for SP and PV, PID Controller blocks, Final 
Control Element blocks and actuators and Feedback elements. 

Each block will be visualized using GeoGebra, namely the calculation of error signals in 
the form of direct acting and reverse acting. The process of changing (mapping) in the Final 
Control Element block and actuators. The PID controller block will be visualized in the 
proportional controller section, namely the influence of gain and proportional band. In the 
Integral controller section, the integral error signal will be visualized with a certain integral 
gain and a certain integral time. In the derivative controller section, changes to SP and 
changes to PV will be visualized. 
 

RESULT 
Proportional Controller 
SP is a reference value, while PV is an input for the controller to calculate errors. The SP and 
PV units must be the same, usually in the form of %. There are minimum and maximum 
values. The SP and PV values in the form of percentages can make it easier for operators to 
provide values so as not to exceed the limit. The PV value can peak (overshoot) or valley 
(undershoot). The peak is not allowed to exceed the upper limit of the system, and the valley 
is not allowed to be less than the lower limit. 
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Figure 2. Control panel for SP and PV 

The Final Control Element is related to the actuator to be controlled. The actuator 
setting unit is also in percent. The mapping of the controller output signal to the 
manipulated Variable is shown in Figure 3. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3. Mapping for CO to desired outputs 
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A narrow PB indicates a large gain, a small change in error results in a largecontroller 
output, the system is said to be sensitive to changes in input. 
  
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Figure 4. Proportional Band, Error and Controller Output 

Integral Controller Section 
The relationship between integral gain, integral time and controller output 

 
With integral time as follows 

Ki= 1/ Ti 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 5. Effect of Integral Part Controller 
The greater the integral gain constant, the greater the error that is still accumulated. 

The length of the integral time is determined by Ti, for large Ti, the integral factor has less 
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and less influence. To eliminate the integral factor, it is done by giving a value Ti= ∞. A large 
integral gain value means the system is fast, while a small integral gain value means the 
system is slow. The integral time value has a repeat unit/time unit. An example of a system 
with an integral time setting of 1 minute per repeat means the system output is one time the 
input within one minute. At figure 5 The integral time value Ti = 3 seconds and for Ki = 1 
then within 3 seconds the controller output value will be the same as the controller input. 
For Ki = 3 then it can be said 3 repeats per second. 

The integral part if not limited will cause the controller output to quickly become 
saturated. The output is said to be saturated if the addition of input does not change the 
output. For SP in the form of a step function, dSP/dt will produce an impulse function. 
shown on figure 6. 
 
 
 
 
 
 
 
 
 
 

Figure 6. Shock (impulse function) on error change 

To overcome the existence of surprises (called derivative kickoff), the error calculation 
process is carried out by changing the error in the PV for the derivative controller 
calculation, while in the Proportional controller and Integral controller the error calculation 
still uses e(t) as shown in figure 1.  

The presence of an offset addition factor is used to adjust the manipulated variable for 
the actuator. The steps in GeoGebra are called Construction protocols which are the 
sequences for forming a graph. Here is an example of a Construction protocol for figure 6 
shown in figure 7. 
 
 
 
 
 
 
 
 
 
 

Figure 7. GeoGebra Construction Protocol  
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The limitation in this paper is that the implementation in script form for the PID 
controller is not discussed. The script for the PID controller is packaged in library form [8] so 
that users cannot easily observe the process that occurs. Visualization has not been 
implemented for changing input so that the display is not real time. The construction 
protocol in GeoGebra can have its parameters changed so that the effect of the parameters 
on certain blocks can be seen. 
 

CONCLUSION 
Based on the findings, the GeoGebra method has proven effective for visual design of PID 
control systems. GeoGebra facilitates system modeling, system response visualization, and 
interactive PID parameter tuning. This visual approach enables users to better understand 
system dynamics and the effects of each PID parameter on system performance. The main 
advantages of GeoGebra lie in its intuitive interface, flexibility in simulations, and real-time 
parameter adjustment capabilities. These features not only accelerate the design process 
but also enhance the quality of analysis and decision-making when selecting optimal control 
parameters. However, the study also identified some limitations of GeoGebra, such as its 
lack of support for complex nonlinear systems and limited features compared to specialized 
control software. Therefore, GeoGebra is more suitable for linear systems and for basic edu-
cation or training purposes in control engineering. Overall, GeoGebra can be an effective 
and efficient tool for the design and learning of PID control systems, especially for students 
and practitioners who require an intuitive approach to understanding control concepts. Fur-
ther development, such as integrating GeoGebra with other control software, could be a fu-
ture step to enhance its capabilities for more complex applications. 
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