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Abstract - The paper focus on DC-gear motor position control system for the proposed human interactive robot application. 
It is based on PID (proportional, integral and derivative) control tuning algorithms and PWM output for the DC motor 
driving system. The research design includes 3-DOF (degree of freedom) robotic arm and mobile vehicle to drive and 
remove the unwanted things which is hazardous. In this paper, the results were performed for three joint position response 
curves with the load of robotic arm design using PID tuning algorithms. The gain tuning PID parameters are determined by 
experiment at the laboratory in the Department of Electronic Engineering. By using these parameters, the controller output 
response curves for each joint are very compatible to reach the desired position for robotic arm because the response is 
accomplish the designed criteria of the control system. 
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I. INTRODUCTION 
 
The growth of high performance motor drives is very 
important in industrial as well as other purpose 
applications. The motors are used in various 
applications such as defense, industries, robotics 
because of their simplicity, ease of application, 
reliability and cost effective. Today, the angular 
position controls have become very popular in 
various applications including robotics. 12V DC 
motor with a metal gearbox which has an integrated 
quadrature encoder is correspond to the motor pulse 
counts per revolution of gearbox’s output shaft. 
Geared DC motors on the other hand, can provide 
high torque. The torque generated at the output shaft 
of a DC motor can be scaled up or scaled down by 
using a gear train. In most of the motors, the gear 
train scales up the torque of the motor by using a 
reduction gearing that outputs a much higher torque 
at the cost of reduced revolution per minute(RPM). 
The problem with DC motors is that when they have 
a voltage applied across its terminals, they tend to 
rotate forever in a particular direction, stopping or 
reversing the motor can only be achieved by turning 
off the electric supply or reversing the polarity 
respectively. In a DC Motor, speed control can be 
achieved by varying the terminal voltage but position 
control of the shaft cannot be achieved [1]. 
 
Therefore, this system can get the high torque 
position and low speed by using geared DC motor to 
provide a feedback loop. This geared DC motor 
angular position system is controlled by proportional-
integral-derivative (PID) tuning algorithms. Many 
varieties of control schemes such as proportional (P), 
proportional integral (PI), proportional integral 
derivative (PID), adaptive and fuzzy logic controller 
(FLCs) have been developed for speed and position 
control of DC motors [2] 

 
II. SYSTEM BLOCK DESCRIPTION 
 
Fig. 1 shows 3DOF robotic arm model which is 
controlled by PID to get the desired position of the 
system. For this model, three DC geared-motors, 
Arduino Unos and L298 driver are used to drive the 
desired angular position from the user. Pulse width 
modulation (PWM) signal is got from Arduino 
Micontroller, and send the signal to L298 H-Bridge 
for drive DC gear-motor. PID tuning method is used 
in which errors are not only solved but also taken to 
its minimal value with very low amount of error 
oscillations. The desired input function is used the 
‘Step’ function of various position values for each 
joint. The output position response curves can be seen 
in the experimental results with little error position to 
reach the target point for stability system. So, it can 
be deduced that the PID tuning technique is very 
compatible for the robotic arm model. 
 

 
Fig.1. Block diagram of 3-DOF DC motor robotic arm model 
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III. HARDWARE CONFIGURATIONS 
 
3.1. Arduino Uno 
Arduino Uno is a microcontroller board based on the 
ATmega328P shown in Fig. 2. It has 14 digital 
input/output pins (of which 6 can be used as PWM 
outputs), 6 analog inputs, a 16 MHz quartz crystal, a 
USB connection, a power jack, an ICSP header and a 
reset button. It contains everything needed to support 
the microcontroller; simply connect it to a computer 
with a USB cable or power it with a AC-to-DC 
adapter or battery to get started [3]. For this paper, the 
Arduino microcontroller is very well-suited to drive 
the PWM signal for DC motor for the improvement 
of the output response for the DC motor position 
control system for the robot arm. 

 
Fig. 2. Arduino Uno microcontroller 

 
3.2. L298N Dual H-Bridge Controller 
The L298N H-bridge IC shows in Fig. 3 that can 
allow to control the speed and direction of two DC 
motors. This module can be used with motors that 
have a voltage of between 5 and 35V DC. 

 

 
Fig. 3. L298N dual H-Bridge controller module 

 
With this module, there is also an onboard 5V 
regulator. If the power supply voltage is up to 12V 
we can also source 5V from the on board H-Bridge 
can drive a current. The forward and reverse speed 
controlling for the motor has done by PWM signal 
[4]. 
3.3. DC Gearmotor 

 

 
Fig. 4. Namiki DC gear-motor with encoder 

The 12V Namiki DC gear-motor shown in Fig. 4 is a 
powerful motor to drive the position control system. 
It comes with the photoelectric encoder output, 
planetary gear reducer and 80:1 gear ratio, which 
provide 120 rpm with 12VDC rated voltage [5]. The 
specification of the motor is shown in Table 1. To 
compute counts per revolution of the gearbox output, 
multiply the gear ratio by 8 [4]. 

 
Table. 1 Namiki motor features 

 
IV. ENCODER DESIGN 
 
4.1. Reading the encoder pulse 
This encoder comes with the photoelectric encoder 
output and two-channel (channel A and channel B) 
encoder. It is used to sense the rotation of a magnetic 
disk on a rear protrusion of the motor shaft forward or 
backward direction according to the pulse count per 
revolution. From Fig. 5, the clockwise direction is 
channel A leading to channel B and counterclockwise 
direction is channel B leading to channel A [6]. 

 

 
Fig.5. Encoder channel description 

 
4.2. Calculating the Angular Position 
The encoder from the gear-motor provides a 
resolution of 8 counts per revolution and exact gear 
ratio is 80:1 metal gearbox. Therefore, it can get the 
counts per revolution (CPR) to the angular position as 
the following calculation: 
CPR = 8×80 CPR 
Count/degree = 640counts/rev ×1rev/360 deg 
Let (x) = 640 counts/ 360 deg 
Therefore (1/x) = 360 deg/ 640counts 
For angular position = (1/x) × counts 
Encoder A and B output = abs [(1/x) × counts)] 
= (720/640) deg 
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If the system wants to get the angular position from 
the motor, the calculation of the above equation 
should be used to get count value of the motor 
encoder. 
 
V. PID CONTROL 
 
The proportion (P), the integral (I) and the differential 
(D) consist of PID control. Fig. 6 is the PID controller 
for the system, and equation 1 is the iteration 
calculates. 

 
 

In the equation 1, r(t) is input position, u(t) is PWM 
signal, y(t) is the actual position, e(t) is position error 
value, and Kp, Ki, Kd respectively is the PID 
controller proportion, integral, and the differential 
coefficient. 

 
 
The gain coefficient (Kp) speed up the adjustment, 
but it has overshoot proportion, causes the system 
stable drop down, even make the system unstable. 
Coefficient (Ki) limits the system static error, but 
reduces the system stability. Coefficient (Kd), 
differential control action, it reflect system error 
signal rate of change, like feedback control, and it 
improves the system dynamic performance [7]. 
 
VI. EXPERIMENTAL RESULTS 
 
The 3DOF experimental setup for human interactive 
robot is shown in Fig. 7. 

 

 
Fig. 7. Experimental setup for human interactive robot 

 

6.1. Potentiometer input for robotic arm 
For this experiment, the input signal is put from 
potentiometer for only one joint test. Fig. 8 result can 
be seen the output position values is very nearly to 
the input potentiometer values changes with a few 
errors. The errors degree changes are also 
demonstrate in figure related to the result. 

 

 
Fig. 8. Potentiometer input and actual output test for joint 1 

 
6.2. Angular position test 
The system model has three joints to rotate and pick 
up the object. The input signal is sent from PC with 
the angular position for each joint. But there is a 
limited in degree ranges due to the 3 DOF arm 
design. That is +50° to -50° for joint 1, +45° to -5° 
for joint 2 and +45° to -90° for joint 3 to rotate the 
angular position. The blue line response curve is the 
desired input and the red line response curve is the 
actual output due to the controller implementation for 
three joint 1. 

 
Fig. 9. Desired input and actual output for joint 1 position 

 
The degree changes between the desired input and 
actual output response for joint 1 are shown in Fig. 9. 
The output result touch the target position after tuning 
the gain value of Kp= 0.8; Ki = 0.01, Kd = 0.03. 
From this figure, the response of the output signal is 
very fast within 0.2 second and the steady state error 
is nearly zero after one second. 
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Although it has a little damped oscillation because of 
the load condition and friction effect, the output 
response achieved the good results to reach the target 
position. 

 
Fig. 10. Desired input and actual output for joint 2 position 

 
Fig. 10 demonstrate the degree changes between the 
desired input and actual output response for joint 2. 
The output result touch the target position after tuning 
the gain value of Kp = 0.8; Ki = 0.01; Kd = 0.02. 
From this figure, the output position response curve is 
very fast and the steady state error is nearly zero after 
one second. It has also a little bit oscillation at the 
initial time within one second. Because the load 
condition of the joint 2 arm has a big load of the first 
joint, gripper weight and variation of the joint 2 
position. So this joint output response cannot get 
good results like a joint 1. But, the output response 
can be acceptable to achieve the good results to reach 
the target position after one second. 

 

 
Fig. 11. Desired input and actual output for joint 3 position 

 
Fig. 11 shows the variation degree changes for the 
joint 3 input and output position. The coefficient gain 
values are Kp = 0.8; Ki = 0.01; Kd = 0.02. From this 
figure, the output position response curve is also fast 
within the rise time consideration and it has a little bit 
oscillation at the initial. But the damped oscillation 

does not much if we compared with joint 2 outputs. 
Because this joint of motor is fix position at the arm 
design. So this output response also will be achieved 
the good results. 
 
DISCUSSION AND CONCLUSION 
 
In the paper, input signal is sent from PC with the 
serial port to 3-DOF robotic arm model. For DC 
motor position control, PID Gain tuning method is a 
good choice to reduce the oscillation due to the 
system response. This control system runs well a little 
overshoot, small rise time, a few oscillations and 
steady state error is nearly to zero. According to the 
load connection and weight of robotic arm, it has a 
few errors to control the system. But the results were 
very acceptable to use the application for the human 
interactive robot. 
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