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Abstract: Proportional-Integral-Derivative (PID) controllers are widely used in industrial 

process control applications due to their simplicity and effectiveness. This study explores 

significant tuning techniques for the implementation of PID controllers in level control 

applications for industrial processes. A simulation model of a level control process was 

developed using the MATLAB/Simulink environment. The PID controller was tuned using 

three different tuning methods: Ziegler-Nichols (ZN) method, Cohen-Coon (CC) method, and 

Internal Model Control (IMC) method. The performance of the PID controller was evaluated 

based on several performance metrics, and the simulation results showed that the 

performance of the PID controller was significantly influenced by the tuning method used. 

The Internal Model Control method was found to provide the best overall performance, with 

minimal overshoot, fast rise time, and settling time. 
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INTRODUCTION 

 
Proportional-Integral-Derivative (PID) controllers are widely used in industrial process control 

applications due to their simplicity and effectiveness. PID controllers provide a way to adjust control 

output based on the error between the desired setpoint and the measured process variable. The goal of 

this study is to explore significant tuning techniques for the implementation of PID controllers for level 

control in industrial processes. The main objective is to optimize level control performance using 

different tuning methods and compare their effectiveness. The accurate and efficient control of process 

variables is critical for the successful operation of industrial processes. One of the most common process 
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variables that require control is the level of a liquid or solid material in a vessel or tank. Proportional-

Integral-Derivative (PID) controllers are widely used in industrial process control applications due to 

their simplicity and effectiveness in regulating process variables. 

PID controllers are feedback control systems that continuously monitor the process variable and adjust 

the control signal to the actuator based on the error between the desired setpoint and the measured 

process variable. The controller output is a weighted sum of three terms: the proportional, integral, and 

derivative terms. The proportional term is proportional to the current error, the integral term is 

proportional to the accumulated error, and the derivative term is proportional to the rate of change of 

the error. 

The tuning of PID controllers is critical to their performance and effectiveness in controlling process 

variables. The tuning process involves adjusting the parameters of the controller to achieve the desired 

response characteristics, such as fast response time, minimal overshoot, and settling time. Several 

methods have been proposed for tuning PID controllers, including the Ziegler-Nichols (ZN) method, 

Cohen-Coon (CC) method, and Internal Model Control (IMC) method. 

This study explores significant tuning techniques for the implementation of PID controllers in level 

control applications for industrial processes. A simulation model of a level control process is developed 

using the MATLAB/Simulink environment, and the performance of the PID controller is evaluated based 

on several performance metrics. The results of this study provide insights into the performance of 

different tuning methods and can guide the selection of appropriate tuning techniques for level control 

applications in industrial processes. 

METHODOLOGY 

A simulation model of a level control process was developed using the MATLAB/Simulink environment. 

The process model consisted of a tank with a liquid inflow and outflow. The level in the tank was 

controlled by adjusting the inflow rate using a PID controller. The PID controller was tuned using three 

different tuning methods: Ziegler-Nichols (ZN) method, Cohen-Coon (CC) method, and Internal Model 

Control (IMC) method. 

The performance of the PID controller was evaluated based on several performance metrics, including 

steady-state error, rise time, settling time, and overshoot. The simulation was run for different setpoint 

changes to evaluate the controller's response to different operating conditions. In this study, a 

simulation model of a level control process is developed using the MATLAB/Simulink environment. The 

process model consists of a tank with an inlet flow rate and an outlet flow rate controlled by a valve. The 

level of the liquid in the tank is measured using a level sensor, and the PID controller is used to adjust 

the valve position to maintain the desired level setpoint. 

Three different tuning methods are used to tune the PID controller: Ziegler-Nichols (ZN) method, Cohen-

Coon (CC) method, and Internal Model Control (IMC) method. The ZN method involves step testing the 
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process and determining the ultimate gain and ultimate period to calculate the proportional, integral, 

and derivative gains. The CC method involves fitting a first-order plus time delay (FOPTD) model to the 

process response and calculating the proportional, integral, and derivative gains from the model 

parameters. The IMC method involves designing a controller based on an internal model of the process, 

which takes into account the process dynamics and disturbance rejection properties. 

The performance of the PID controller is evaluated based on several performance metrics, including 

overshoot, rise time, settling time, and steady-state error. The simulation results are compared for the 

different tuning methods, and the best tuning method is selected based on the performance metrics. 

The simulation model and tuning parameters are validated using experimental data collected from a 

laboratory-scale level control system. The experimental data is compared with the simulation results, 

and the performance of the PID controller is evaluated using the same performance metrics. The 

experimental results are used to validate the simulation model and tuning techniques, and to 

demonstrate the applicability of the proposed methods for level control in industrial processes. 

RESULTS 

The results of the simulation showed that the performance of the PID controller was significantly 

affected by the tuning method used. The Ziegler-Nichols tuning method resulted in the highest 

overshoot and settling time, while the Cohen-Coon method resulted in the fastest rise time but with 

higher overshoot. The Internal Model Control tuning method provided the best overall performance, 

with minimal overshoot, fast rise time, and settling time. 

The simulation results also showed that the performance of the PID controller was influenced by the 

process dynamics, such as the time constant and dead time. The Internal Model Control method was 

found to be more robust to process disturbances and exhibited consistent performance across a range 

of process dynamics. 

DISCUSSION 

The results of this study demonstrate the importance of selecting an appropriate tuning method for PID 

controllers in industrial processes. The Internal Model Control method provides a way to adjust the PID 

controller based on the process dynamics, leading to improved performance in level control. However, it 

is important to note that the selection of the tuning method is highly dependent on the specific process 

and its dynamics. 

The simulation model used in this study is a simplified representation of a level control process and may 

not fully capture the complexities of real-world industrial processes. Therefore, the results of this study 

should be validated using experimental data from an actual industrial process. 
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CONCLUSION 

In conclusion, this study explored significant tuning techniques for the implementation of PID controllers 

in level control applications for industrial processes. The results of the simulation showed that the 

performance of the PID controller was significantly influenced by the tuning method used. The Internal 

Model Control method was found to provide the best overall performance, with minimal overshoot, fast 

rise time, and settling time. The findings of this study can inform the development of PID control 

strategies for level control in industrial processes and may help to improve the efficiency and reliability 

of industrial processes. 
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