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1. Introduction 

DC motor is one type of drive that is widely used in the industrial world [1]. This is because DC 

motors have many advantages over other motors [2], especially the wide-range speed variations that 

can be adjusted [3]. However, a change in load and other parameters or external disturbances can 

cause the speed of the DC motor to become unstable [4]. Therefore, a controller is needed [5]. 

Controlling the DC motor can make the DC motor performs more optimally [6]. 

Various control methods have been used for controlling DC motors, such as Fuzzy Logic 

Controller [7]–[10], Integral State Feedback [11][12], Sliding Mode Control [13][14], Neural Network 

[15], and PID Control [16]–[19]. However, PID controllers are more favorable in industries due to 

their easiness and reliability in controlling DC motor speed with a fast rise time, reduced error and 

reduced overshoot [20]. The PID control is a combination of three different control techniques, namely 

proportional, integral, and derivative controllers [21]. Each controller can be used simultaneously or 
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separately [22]. PID controllers are mostly applied to DC motors by administrating the control 

parameter values obtained from the trial-and-error method [23]; this process is repeated several times 

until the desired system performance is reached [24]. However, this is ineffective and time-consuming 

[25]. A faster tuning method is needed [26]. To obtain controlling parameters more quickly and 

efficiently, previous researchers have developed various tuning methods for PID controllers, such as 

Ziegler Nichols [27][28], Cohen – Coon [29], Genetic Algorithms [30], Particle Swarm Optimization 

[31], Fuzzy Tuning [32], Haris Hawk Optimization [33], Coronavirus Optimization [34] and 

MATLAB Tuner [35]. Among all tuning methods, MATLAB Tuner is the simplest yet most effective 

tuning method. It does not require additional programming since it is a MATLAB built-in feature, 

provides a detailed estimation of the system responses, and has an excellent user interface. 

This research aims to produce a stable and constant DC motor rotational speed with reduced rise 

time, settling time, overshoot, and steady-state error. Before designing the controller and tuning its 

parameters, the DC motor system needs to be modeled first. In the research, determining the 

mathematical representation of the DC motor is carried out using a MATLAB system identification 

approach [36]. System identification is a method for obtaining a mathematical equation that represents 

the physical model of a system based on several experimental data [37]. Then, after the system's 

mathematical model is obtained, the augmented system, which consists of the DC motor and the 

proposed controller design, can be tuned using MATLAB Tuner. 

PID controllers are usually embedded or programmed into controllers, processors, or 

supercomputers in practical hardware implementations [38]. Several commonly used devices are 

Arduino [39][40], ATMega microcontrollers, and Programmable Logic Controller (PLC) [41]. PLC 

has broad control functions for many purposes and applications; it can perform simple control 

functions to complex functions in the form of logic, timing and sequential [42][43]. Due to this reason, 

the research employed a PLC, specifically the PLC OMRON CP1E NA20DRA [44], to perform the 

DC motor speed control.  

This research contributes to several designs and applications: applying a system identification 

approach to a DC motor controlled by the PID controller, designing a practical PID controller for 

speed control of DC motors, providing an analysis of practical hardware implementation of PID 

control method in DC motor, as well as a detailed performance comparison of using the trial-and-error 

method and MATLAB PID Tuner method. 

2. Methods 

2.1. System Design 

Fig. 1 shows the overall system block diagram. The DC motor (JGA-25 370) is indirectly 

connected to a PLC (OMRON CP1E NA20DRA) as the controlled system and the motor speed 

controller through a serial connection of a motor driver and a voltage-to-PWM module and a feedback 

connection of a rotary encoder. The PLC is also connected to a personal computer (PC) that contains 

Human-to-Machine Interface (HMI), then the PC is connected to a laptop that contains MATLAB 

software. 

 The system begins with obtaining experimental data (paired input-output data) of the DC motor 

system through the PLC and the PC with installed HMI. The experimental data is then identified using 

a system identification approach so that a transfer function system model can be acquired and 

transmitted to a laptop with MATLAB software. Then, the subsequent procedure is inputting 

initialized data, the controller parameter values, into the PC. The controller (PLC) will process these 

data, generating an analog output. Then, the voltage-to-PWM module will convert these analog data 

into PWM signals, which the motor driver will receive and transmit to the DC motor. The DC motor 

speed is then adjusted and controlled by the output of the motor driver. Furthermore, the DC motor 

will rotate in the form of an angular rotation. The rotary encoder sensor then reads the number of 

rotations made by the DC motor and then translates the rotation into pulses. The pulse data is 
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forwarded to the PLC as input for PLC. The pulse data can then be read as Rotation Per Minute (RPM) 

data by performing a mathematical calculation. 

A power supply is used in the system to power the electrical devices. Each device has different 

power supply requirements. For example, the PLC requires power from an AC power source of 220V. 

Meanwhile, other components, such as the DC motor and the rotary encoder, require DC power in 

different values. The flow of the power supply of PLC, rotary encoder, DC motor, and the voltage-to-

PWM module is shown in the system schematic diagram in Fig. 2. Meanwhile, the power 

specifications of other components are listed in Table 1. 

 
Fig. 1. System block diagram 

 

Fig. 2. Schematic diagram of the system 

Table 1.  Component’s specification 

No Components Input Output 

1 Rotary Encoder 5 VDC Pulse 24 VDC 

2 PLC 
Supply 220 VAC 

CIO: 24 VDC 
CIO 190: analog 0 – 5 V DC 

3 Voltage to PWM module 
Supply 12 V DC 

Input signal 0 – 5 V DC 
PWM 0 -100 % 

4 DC motor PWM 12 V Rotational speed 

 

2.2. PID Controller 

The PID controller is designed so that the rotational speed of the DC motor has a fast response 

with a reduced steady-state error and reaches the setpoint. To control the DC motor using the PID 
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control method, a rotary encoder sensor needs to read the number of rotations made by the DC motor, 

which will be forwarded along with the setpoint to the PLC for processing. The setpoint value is used 

as a reference and a control objective, resulting in a difference referred to as an error when compared 

to the measured rotational speed [45][46]. Then, the PLC generates an analog voltage based on the 

calculation that will be translated into PWM signals as input for the DC motor. This process is carried 

out continuously to get a small error value or an error value equal to zero, meaning that the measured 

rotational speed can be controlled accurately. Fig. 3 shows the block diagram of the proposed control 

method. 

The PID-based PLC controller controls the DC motor using several controller parameters (gains). 

The success of the control method and the system performances are highly dependent on determining 

the controller parameter values. The research determines the controller parameter values by two 

different tuning methods: trial-and-error and the MATLAB Tuner. 

In general, the parameters used in PID controllers are 𝐾𝑝, 𝐾𝑖, and 𝐾𝑑. However, in PLC Omron, 

the PIDAT (191) instruction uses different parameters, namely Proportional Band (𝑃𝐵), Integral Time 

(𝑇𝑖𝑘), and Derivative Time (𝑇𝑑𝑘) [47]–[49]. Therefore, an equation is needed to change the 

parameters used by PIDAT (191), namely (1), (2), and (3). 

𝑃𝐵 = 100/𝐾𝑝 (1) 

𝐾𝑖 = 𝐾𝑝/𝑇𝑖𝑘 (2) 

𝐾𝑑 = 𝐾𝑝 × 𝑇𝑑𝑘 (3) 

where 𝑃𝐵 is Proportional Band (%), 𝑇𝑖𝑘 is Integral Time (s), 𝑇𝑑𝑘 is Derivative Time (s), 𝐾𝑝 is 

constant Proportional, 𝐾𝑖 is constant Integral, 𝐾𝑑 is constant Derivative. 

 

Fig. 3. Proposed control method 

2.3. MATLAB System Identification 

System identification is a method for making a mathematical equation of a physical system. The 

system identification model approach is conducted by taking input data and output data from a system. 

Then, an algorithm analyzes and processes this data as a mathematical model representing the relation 

between the system’s input and output. One of the mathematical representations that resulted from the 

system identification process is the transfer function; later, the transfer function model will be used in 

the tuning process. 

The principle of system identification is to find an estimated mathematical pattern based on the 

imported experimental data, which is the system’s input and output. In MATLAB, this process can be 
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operated through one of the built-in toolboxes provided by the software (Fig. 4). This toolbox contains 

detailed system identification process functions, such as preprocessing and estimation. The 

experimental data can be imported directly into the toolbox’s interface, and the mathematical 

operations used for the system identification algorithm can be selected. The toolbox also contains 

functions for analyzing the performance of the estimated system model that makes the toolbox a 

complete package for system identification.  

 

Fig. 4. MATLAB System Identification Toolbox 

2.4. MATLAB PID Tuner 

The transfer function model obtained from the system identification process is then inputted 

through the command window and will be processed for designing the suitable PID controller 

parameters (tuning process). MATLAB provides tuning functions for the PID controller with the PID 

Tuner Toolbox, as shown in Fig. 5. 

The toolbox helps to tune the PID controller by providing parameter values with the best system 

performance specifications. These parameter values can be entered into the augmented system, 

especially in the controller gains, to start controlling the DC motor system. The controller parameter 

values obtained from the tuning process performed on the PID tuner toolbox are shown in Table 2.  

 

Fig. 5. MATLAB PID Tuner 
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Table 2.  MATLAB-based PID Tuner Results: Controller Gains and Expected System Performances 

No Proportional (𝑲𝒑) Integral (𝑻𝒊) Derivative (𝑻𝒅) Robust Time Transient Behavior 

1 0.26188 0.8808 0.22002 2.316 0.568 

2 0.2682 0.89591 0.22398 2.295 0.57 

3 0.27458 0.91173 0.22793 2.274 0.572 

4 0.28102 0.92752 0.23188 2.251 0.574 

5 0.28827 0.9469 0.23673 2.232 0.576 

 

2.5. Human-Machine Interface 

Applying and implementing the controller design, along with inputting the controller gains from 

the tuning process, is conducted using PLC. Therefore, a visual interface is needed to apply and 

monitor the PLC-integrated control system. The visual interface, commonly known as Human-

Machine Interface (HMI), is programmed to bridge between operation/control commands from 

humans and monitoring status of the machine, as shown in Fig. 6. The HMI includes a feature that 

functions to input PID controller gains, namely 𝐾𝑝, 𝐾𝑖, and 𝐾𝑑. It also contains features enabling 

inputting the sampling time, setpoint, autotuning and a PID On/Off button. The HMI also displays 

rotational speed graphs and motor speed data in RPM. Fig. 7 shows the prototype of the proposed 

system hardware, which has been made in the research. 

 

Fig. 6. Human-Machine Interface 

3. Results and Discussions 

The results and discussion of this study consist of the performance test results of DC motor 

rotational speed control using the trial-and-error method and MATLAB Tuner. Each test was carried 

out in five replications. 

3.1. System Identification 

The DC motor system was run in an open-loop test to obtain experimental data for system 

identification. The DC motor system's input and output were recorded and imported into the 

MATLAB system identification toolbox. According to the system identification results, the transfer 

function model was then obtained, as presented in (4). 
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 2.671

𝑠2 + 1.471𝑠 + 1.104
 (4) 

 

 

Fig. 7. System Hardware 

3.2. Manual PID Tuning 

A tuning for PID controller parameters that is done manually is also commonly known as the trial-

and-error method [50]. The term trial-and-error refers to repetitive attempts in the problem-solving 

process until a desired result is achieved. In other words, the trial-and-error method in the PID tuning 

process is conducted by repeatedly inputting several combinations of PID parameter values until a 

desired system response is achieved or the performance specifications criteria are met.  

In this study, the test was carried out 5 times with the same setpoint value but different control 

parameters. The list of PID parameters obtained through the trial-and-error method is resumed in 

Table 3. The system response of each combination of the controller gains was observed and was then 

analyzed to assess the controller’s performance, as shown in Fig. 8. Meanwhile, the detailed system 

performance of each combination of controller gains obtained from the trial-and-error method can be 

seen in Table 4. According to the system responses and performance results, the trial-and-error method 

could provide a stable DC motor rotational speed control. It can be seen that, from five times of trials, 

the average SSE, rise-time, peak-time, settling time, and maximum overshoot are: -0.8%, 3.269s, 16s, 

11.111s, and 5.150, respectively.  

Table 3.  Controller Gains Obtained from Manual PID Tuning 

No Setpoint Sampling Time Proportional (PB) Integral (Tik) Derivative (Tdk) 

1 400 60 400 0.4 0.1 

2 400 60 300 0.8 0.2 

3 400 60 400 1.2 0.2 

4 400 60 500 0.8 0.2 

5 400 60 600 1.2 0.2 



240 
International Journal of Robotics and Control Systems 

ISSN 2775-2658 
Vol. 3, No. 2, 2023, pp. 233-244 

 

 

Dodi Saputra (Design and Application of PLC-based Speed Control for DC Motor Using PID with Identification 

System and MATLAB Tuner) 

 

 

Fig. 8. System Responses of Applying Manual PID Tuning  

Table 4.  System Performance Results of Applying Manual PID Tuning 

No 
Tuning Trial and 

Error 

Steady State 

Error (%) 

Rise Time 

(s) 

Peak Time 

(s) 

Settling Time 

(s) 

Maximum 

overshoot (s) 

1 Data 1 0 2.506 18 6.714 0.250 

2 Data 2 -1 9.636 46 18.500 1.500 

3 Data 3 -2 1.276 6 6.842 6.000 

4 Data 4 -1 1.434 5 13.500 13.000 

5 Data 5 0 1.490 5 10.000 5.000 

 Mean -0.8 3.269 16 11.111 5.150 

 

3.3. PID MATLAB Tuner 

The MATLAB-tuned PID controller’s performance is tested by inputting the controller 

parameters derived from the MATLAB software on the HMI. Initialization of desired response time 

and transient behavior settings is necessarily made to obtain the suitable controller parameters.  

Similar to the previous test, the test was carried out five times with the same setpoint value but 

different control parameters. The obtained combinations of controller parameters are resumed and 

listed in Table 5. The system response of each combination of the controller gains was observed and 

was then analyzed to assess the controller’s performance, as seen in Fig. 9. By using the PID 

controller with the MATLAB Tuner, the speed performance of the DC motor is listed in Table 6. 

Table 5.  PID with MATLAB Tuner 

No Setpoint Sampling Time Proportional (PB) Integral (Tik) Derivative (Tid) 
1 400 60 381.8 % 0.2 s 0.1 s 

2 400 60 372.8 % 0.2 s 0.1 s 

3 400 60 364.1 % 0.3 s 0.1 s 

4 400 60 355.8 % 0.3 s 0.1 s 

5 400 60 346.8 % 0.3 s 0.1 s 

 

As can be seen from the system responses and performance results, the steady-state error or SSE 

was equal to zero. However, the speed oscillated before reaching a steady state. The oscillated speed 

resulted in big overshoots; the average overshoot was 105%.  
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These results had better SSE, rise time, and peak time than results from the manual tuning using 

the trial-and-error method. On the other side, its settling time value was slightly bigger, and the 

overshoot was unacceptable. However, these can be adjusted by fine-tuning the PID gains using 

MATLAB Tuner.  

   

Fig. 9. System Responses of Applying PID with MATLAB Tuner 

Table 6. System Performance Results of Applying PID with MATLAB Tuner 

No Tuning Steady State Error (%) Rise Time (s) Peak Time (s) Settling Time (s) Overshoot (RPM) 

1 Data 1 0 1.009 5 18.796 135.500 

2 Data 2 0 0.426 4 11.429 96.250 

3 Data 3 0 0.915 5 12.334 108.250 

4 Data 4 0 0.473 4 11.286 69.000 

5 Data 5 0 0.844 5 12.413 116.000 

 Mean 0 0.733 4.6 13.252 105.000 

4. Conclusions 

This research contributes to several designs and applications: applying a system identification 

approach to a DC motor controlled by the PID controller, designing a practical PID controller for 

speed control of DC motors, providing an analysis of practical hardware implementation of PID 

control method in DC motor, as well as a detailed performance comparison of using a trial-and-error 

method and MATLAB PID Tuner method. The design and hardware implementation of PID-based 

DC motor speed control using PLC OMRON CP1E NA20DRA was successfully done in the study. 

According to the hardware implementation results, both methods could control the DC motor system 

with different performance specifications. However, MATLAB PID Tuner had better system 

performance results than the trial-and-error method in general. The trial-and-error method provided 

acceptable results with steady-state error. Meanwhile, MATLAB PID Tuner gave fast system 

responses with no SSE even though the speed oscillated and had a big overshoot during the transient 

state prior to fine-tuning. 
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