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ABSTRACT: This paper present about position tracking control of DC motor to 

be used as the actuator controller for the front wheel test rig system. The controller 

strategy that was developed is based on Proportional-Integral-Derivative (PID) 

controller. It consists of one single closed control loops namely position tracking 

control loop.  To evaluate the effectiveness of the proposed controller, simulation and 

experimental studies were performed by using various input demand such as saw 

tooth, sine and step functions in 5°, 10°, 15° and 20° with the present of steering ratio 

at 360:20. The results, it is found that the trend between simulation and experimental 

data are similar with the command position with acceptable level of error which less 

than 10% for application at hand. 

 

KEYWORDS: DC Motor; Position Tracking Control; HiLS Simulation; PID Controller; 

Front Wheel Test Rig 

 

1.0 INTRODUCTION 
 

DC motors are extensively employed in a variety of settings, from 
industrial to home. They offer great torque and speed control, are 
dependable, and have a straightforward design. Position tracking is a 
key component in achieving accurate and effective control of DC 
motors. A system's capacity to precisely track and follow a desired 
position is referred to as position tracking control. The development of 
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position tracking control algorithms for DC motors is the main topic of 
this research article. The goal is to give a thorough overview of the 
methods now in use and how well they work for precise and effective 
control of DC motors. In this study, DC motor mathematical models, 
position tracking control techniques, and performance evaluation 
through simulation and experimentation are all covered. The objective 
is to offer guidelines for future research in this field and insights into 
the design and implementation of position tracking control systems for 
DC motors.  
 
The invention of the steer-by-wire system (SBW) [1], [2] was one of the 
systems in the automotive industry that was influenced by this 
technology. Steer-by-wire systems [3] and vehicle steering systems 
have recently evolved from pure mechanical generation to include 
hydraulic power-assisted steering (HPS), electrohydraulic power-
assisted steering (EHPS), electric power-assisted steering (EPS), and 
finally steer-by-wire systems [4][5]. SBW used a high-performance dc 
motor to control the position of the wheel turning angle [6,7]. As a 
result, electronic components are required in the steering system, 
particularly for controlling the electric motor. The work of designing 
proper placement by the motor is vital and complex since the SBW 
movement is actuated by the motor. An adequate control strategy must 
be established as well as the requisite turning power needed to stop a 
wheel. Failure to do so will result in poor steering, which could result 
in an accident [8]. As a result, early in the SBW design process, a 
thorough investigation of the position tracking control of a dc motor is 
required. 
 
Aside from that, the controller has already been demonstrated to be 
useful in a variety of applications. Simulations were run in 
MATLAB/Simulink software for various required inputs, including 
step, sine, and saw tooth functions with magnitudes of 5°,10°,15°and 
20° to assess the performance of the controller structure. Extensive 
validations tests were carried out using the hardware-in-the-loop-
simulation (HILS) technique to verify the controller's efficiency in a 
real-world environment. The validation's goal is to see if the control 
method is suitable for its intended use over the entire area of its 
applicability. 
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2.0 METHODOLOGY 
2.1 Model and Simulation 

 

Figure 1 shows the schematic diagram of DC motor that was used in this 

research. The DC motor converts electrical energy into mechanical energy 

which produced the torque needed to move the load to the desired output 

position 𝜏(𝑡) or rotate at the specified output angular speed 𝜔𝑟(𝑡). The 

generated torque is used to accelerate the rotor, and this mechanical power 

is eventually transmitted to the steering rack and the front wheel. 

 

As a result, a portion of the torque will cause rotational acceleration of the 

rotor due to its inertia, 𝐽𝑑𝑐, and the remaining energy will be dissipated in 

the bearings due to viscous friction, 𝐵𝑚  and rotational speed. Below is the 

DC motor's mathematical equation found in [9].  

 

 

 
Figure 1: Schematic diagram of DC motor 

 

The armature circuits 

𝑒𝑎(𝑡) = 𝑅𝑎𝑖𝑎(𝑡) + 𝐿𝑎
𝑑𝑖𝑎(𝑡)

𝑑𝑡
+ 𝑒𝑏(𝑡)    (1) 

 

The connections between mechanical and electric parts are described as: 

 

𝜏(𝑡) = 𝐾𝜏𝑖𝑎(𝑡) (1) 

𝑒𝑏(𝑡) = 𝐾𝑏𝜔𝑟(𝑡) (2) 

 

By considering the mechanical load, the rotational acceleration of the DC 

motor shaft is described as: 

 



Journal of Mechanical Engineering and Technology (JMET)  
 

42                               ISSN: 2180-1052   e-ISSN: 2289-8123   Vol.15 No.1 
 

                                  𝐽𝑑𝑐𝜃�̈�(𝑡) = 𝜏(𝑡) − 𝐵𝑚𝜃�̇�(𝑡) − 𝜏𝑙(𝑡)                            (3) 

  

The rotor angular speed is obtained by integrating the rotational 

acceleration as shown as follow: 

 

                              𝜔𝑟(𝑡) = �̇�𝑟(𝑡)           (4)  

 

The front axle motor torque was selected since it is proportionate to a range 

of loads. When coupled to the front axle DC motor, the rack and pinion 

system is affected by the response torque of the load. As a result, the front 

axle motor torque always varies with the load. As a result, any changes to 

the load will have an immediate impact on the torque of the front axle 

motor. The current measurement method is employed to calculate the 

torque at the front axle motor. 

 

The direct corresponding torque to the current of the motor is defined by 

Roland et al. [137]. Thus, the front axle motor torque is consisted for the 

front axle motor constant and the motor current is written as follows as 

shown in equation 6, the input from the torque produce by motor at front 

wheel and transmitted it into steering wheel torque driver and produced 

the output torque; 

 
𝑇𝑓𝑚 = 𝑖𝑎2𝑘𝑓𝑚 (5) 

 

2.2 PID Controller Design 
 

To achieve and sustain the process set point, one of the most often used 

controllers, PID control [10]-[15], can be utilized. PID control applications 

can differ, but the general strategy is always the same. The following is the 

PID controller equation in ideal parallel form: 

 

𝑢(𝑡) =  𝐾𝑝 ∗ 𝑒(𝑡) +  𝐾𝑖 ∫ 𝑒(𝑡)𝑑𝑒(𝑡) + 𝐾𝑑

𝑑𝑒(𝑡)

𝑑𝑡

𝑡

0

     (6) 

 

Where 𝑘𝑝 is a constant variable for proportional gain, 𝑘𝑖 is a constant 

variable for integral strengthening, 𝑘𝑑   is a constant variable for derivative 

gain, e(t) is a variable for the error value and u(t) is a variable for control 

signals. 𝑘𝑝, 𝑘𝑖 and 𝑘𝑑  are control constant variables which have non-
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negative values. 

 

The variable 𝑘𝑝  is employed in proportional control as an amplification, 

which can decrease rise time but generate and increase error [15] – [19]. 

Although the integral control uses the variable 𝑘𝑖  to eliminate steady-state 

mistakes, it has the potential to exacerbate abrupt responses. To increase 

system stability, lessen overshoot, and enhance transient response, 

derivative control employs the 𝑘𝑑   variable. PID control is implemented and 

simulated using PID blocks in Simulink MATLAB. Figure 2 and Table 1 

display each block diagram's key components and the function of it. Using 

the experimental method of PID parameter enhancement, the controller 

settings were changed. 

 

 
Figure 2: The designed PID controller in Simulink 

 

Table 1: Characteristic of PID controller 

Parameter Rise time Overshoot Settling time Steady-state error 

𝑘𝑝 Decrease Increase Small change Decrease 

𝑘𝑖  Decrease Increase Increase Eliminate 

𝑘𝑑 Small change Decrease Decrease Small change 

 

2.3 DC Motor Controller 
 

There are two sets of closed loops use to compare between the simulation 

closed loop and closed loop for the hardware test rig. The reference input 
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to the control system is the desired position angle, θ while the output of the 

control system is the actual position that produce from the steering rack as 

shown in Figure 3. The PID parameters of the controllers were tuned by 

using Ziegler’s Nichols method and shown in Table 2. 

 
Table 2: Controller parameters 

Controller P I D 

Simulation 45.5 0.2 13 

Experiment Test Rig 0.056 - - 

  

 
Figure 3: Control structure of DC motor 

 

2.4 Front Wheel Test Rig 
 

Due to the removal of the mechanical connection between the steering 

wheel and front wheel components, both test rigs are now separate and will 

be used to represent the system's actual use. Next, in Figures 4 illustrate the 

test rig for the front wheel system which contains of DC motor, encoder 

sensor, potentiometer and steering rack. This test rig is use to track if the 

DC motor will turn the steering rack and follows the input signal from the 

simulation software of MATLAB/Simulink.  

 

 

Figure 4: Front Wheel System Test Rig 

 

Front Wheel 

Steering Rack 

Rack Encoder 

DC Motor 

Potentiometer 
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2.5 Experimental Setup for HiLS 
 

Figure 5 shows the hardware-in-the-loops simulation (HiLS) setup for 

position tracking of DC motor. It includes a Front Wheel test rig, a 

potentiometer, Motor Driver MD10C, National Instrument (NI) SCB 68 PCI 

6251 and Host PC. The potentiometer is used to sense the rotational output 

from the rotor, while the Motor Driver MD10C is used as the motor driver. 

The communication and current control of the DC motor are made by using 

NI SCB 68 PCI 6251and NI card place in the target PC.   

 

HiLS is the one of validation and comparison process for an experiment 

project. HiLS is a combination of experiment and simulation where for this 

paper, the HiLS process is done where the input signal will be obtained 

from the simulation received from MATLAB/Simulink software while the 

output will be visible on the front wheel test rig [20]. In other hand, all the 

results can also be found in the simulation where they are obtained from 

the readings of the encoder sensor that is attached to the steering rack. 

 

 
Figure 5: HILS setup for position tracking of DC motor 
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3.0 RESULTS AND DISCUSSION 
 

Figures 6 to 8 shows the performances of position tracking control of the 

DC motor at front wheel test rig in various desired inputs of 5°, 10°, 15° and 

20° due to the steering ratio of 360:20 [21] and the maximum of steering rack 

to turns are at 20°.  In all figures, the dotted lines represent the input signals 

to the controller, the dot-dashed lines represent the simulation responses 

and the solid lines characterize the experimental responses.  Based on the 

results from Figure 6, it can be said that the position tracking response 

shows a good agreement at the end of the response between desired 

trajectories with the actual response from simulation and experimental data 

but there is delay because of the mechanical part and the frictional force 

that been neglected in simulation software.  

 

However, in Figure 6 there are delay in rise time occur in experimental 

results as compared to the desired position, the mean absolute value for 

experiment rise time is at 2.1s while the simulation’s rise time is at 2s same 

with the input signal. Otherwise, in term of percentages of overshoot, the 

mean absolute value for experiment is 11.65%. Aside from that, the position 

tracking on sinusoid function at various peak positions show a very good 

tracking performances in both simulation and experimental results. There 

are depicted in Figure 7. 

 

For position tracking using saw-tooth function with various peak forces is 

shown in Figure 8. It can be seen that in this function, the position tracking 

system is in good performance although it is rather difficult to closely 

follow the desired position especially at the peak position. As for the 

experiments, there are two values percentages that are at earlier peak and 

percentages value for the peak after. The mean absolute percentages for 

peak angle value at simulation is 6.865% less than the reference peak angle. 

Peak angle values for earlier and later peaks had mean absolute percentages 

that are, respectively, 11.745% and 14.598% smaller than the reference peak. 

This demonstrates that although the experiment's results produced a 

smaller peak, the signal still closely resembled the reference signal. This 

may be the result of the mechanical component's backlash and frictional 

force being ignored by the simulation software. 
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Figure 6: Responses of position tracking control for step function for; a) 5°, b) 10°, 

c) 15° and d) 20° 

 

 
Figure 7: Responses of position tracking control in sine function for; a) 5°, b) 10°, 

c) 15° and d) 20° 

 

a)       b) 

c)       d) 

a)       b) 

c)        d) 
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Figure 8: Responses of position tracking control in saw tooth function for a) 5°, b) 

10°, c) 15° and d) 20° 

 

From those results, it can be concluded that the performance of position 

tracking control of DC motor in three signals of continuous and 

discontinuous functions are moderately good. The weakness of the 

proposed position control is seen at the discontinuous function such as step 

functions and saw-tooth functions due to the incapability of system to 

follow the rapid change of the target position. However, at the typical 

continuous function such as sinusoid function, the position tracking control 

is excellent. The deviation between simulation and the experimental results 

may be due to the backlash between the potentiometer shaft and the motor 

shaft that delaying the system responses. 

 

4.0 CONCLUSION 
 

In this study, a position tracking control of DC motor based PID controller 

has been developed. It consists of one single closed loop which act as the 

position controller to the DC motor. In order to verify the effectiveness of 

the controller strategy, several tests were conducted through simulation 

and experimental studies. The tests used were position input demand at 5°, 

a)      b) 

c)      d) 
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10°, 15° and 20° due to steering ratio of 360:20 in step, sine-wave and saw 

tooth function respectively. 

 

From the results, it can be said that the behavior of the simulation and the 

experimental data are almost similar as the command position with minor 

deviation particularly in step and saw tooth function. It also noticed that 

the ability of the controller system in mocking up the command position is 

very promising. However, there is delay in the rise time on the 

experimental data as compared to the command position with average 

delay up to 2.1s while the simulation’s rise time same as the input command 

signal. The delay in the experimental data is because of the slip between 

gear at potentiometer shaft and the at the rotor shaft. Nevertheless, it can 

be concluded, the potential benefit of the controller strategy to the system 

was found to be effective and ready for the application at hand. 
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