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Abstract—The most widely used control strategy in industry is 

proportional integral derivative (PID) controller. The popularity 

of PID controllers can be attributed partly to their robust 

performance in a wide range of operating conditions and partly to 

their functional simplicity. One of the application is to control arm 

robot manipulator model by using DC servo motor as actuator. 

This paper presents design of PID controller of DC servo motor 

using automated PID tuning by sisotool for higher order system 

and implement to the Arduino Mega 2560 via potentiometer by 

using Simulink Support Package for Arduino Hardware in 

MATLAB/Simulink. A better design of controller using fuzzy logic 

controller (FLC) is proposed. Simulation results are 

demonstrated. Performance analysis shows the effectiveness of the 

proposed Fuzzy logic controller as compared to the PID controller. 

Keywords— PID Controler, Fuzzy Logic Controler, Sisotool, 

Fuzzy Logic Toolbox,  DC Servo Motor 

I.  INTRODUCTION 

Industrial systems with high-efficiency and great 
performance have taken more advantages of robot technology. 
The large number of control research and many control 
applications were presented during the last years, concentrated 
on control of robotic systems. Robot manipulator field is one of 
the interested fields in industrial, educational and medical 
applications. It works in unpredictable, hazard and inhospitable 
circumstances which human cannot reach, such as, working in 
nuclear or chemical reactors is very dangerous, while when a 
robot instead human it involves no risk to human life [1]. 
Therefore, modeling and analysis system responses of DC servo 
motor as actuators in robot manipulators and applying control 
techniques such as FLC are very important before using them 
in these circumstances to a smooth precision movement of arm 
robot manipulator model. In some literature said that FLC have 
better stability and small overshoot [2].  

This paper has two main contributions. Firstly, a PID 
controller has been designed for higher order system using 
automated PID tuning by using Matlab's SISO design tool. 
Secondly, for the same system a fuzzy logic controller has been 
proposed by using Fuzzy Logic Toolbox to design the Fuzzy 
Inference System (FIS).  The simulation results for a higher 
order systems will be demonstrated both for PID and fuzzy 
logic control. A performance comparison such as response 
system between automated tuned PID controller and the 
proposed fuzzy logic controller is presented. The paper will 

be organized as follows, Section-II describes the arm robot 
manipulator model. Section-III describes the design 
and value of transfer function of DC servo motor. Section-IV 
describes the design of PID controller for DC servo motor. 
Section V presents design the FIS of FLC for DC servo motor 
using Fuzzy Logic Toolbox in MATLAB/Simulink. Section VI 
finally conclusion closes the paper. 

II. ARM ROBOT MANIPULATOR MODEL 

In order to show the effectiveness of the fuzzy logic 
controller to acquire an accurate tracking, we will verify the 
controller by simulation on the arm robot manipulator model 
that is shown in Fig. 1. This model represents the scale arm 
robot manipulator that consists of five degree of freedom and it 
has been designed as one of an experimental platform for 
research and education in our laboratory. 

 

Fig. 1. Arm robot manipulator model. 

Furthermore, the main component of arm robot manipulator 

model uses Arduino Mega 2560 in which the schematic of 

electronic hardware is shown in Fig. 2. 

 

 
 

Fig. 2. Schematic of electronic hardware  
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III. DC SERVO MOTOR DESCRIPTION 

DC servo motors are most suitable for wide range speed 

control and are there for many adjustable speed drives. For this 

simulation, Fig. 3 represented the DC servo motor model. 

Parameters and values chosen for motor simulation can be 

shown at Table 1 [1]. 

 

Fig. 3. Schematic representation of the DC servo motor [3]. 

  

TABLE I. DC servo motor parameter and value. 

Parameter Nomenclature Value 

Momen of inertia Jm 
 0,000052 Kg.m2 

Friction coefficient Bm  0,01 N.ms 

Back EMF constant  Kb 
 0,235 V/rad s-1 

Torque constant Ka  0,235 Nm/A 

Electric resistance Ra  2 ohm 

Electric inductance La  0.23 H 

Input voltage va  

Back EMF voltage vb  

Armature Current ia  

Developed Torque τm  

Angle of motor shaft θ  

Load Torque TL  

 

The purpose of modelling DC servo motor is to approach 

the actual DC servo motor [4]. Including the parameters, we can 

get the transfer function of DC servo motor for controlling 

position [1]. 

 

𝐺𝑝𝑜𝑠𝑖𝑡𝑖𝑜𝑛(𝑠) =
𝜃(𝑠)

𝑉𝑎(𝑠)
=

19640

𝑠3 + 201𝑠2 + 6290𝑠
 

(1) 

  

Block diagram of DC servo motor is shown in Fig. 4 with 

zero value of load torque (TL) [5]. 

 

 
 

Fig. 4. Block diagram of DC servo motor. 

 

IV. DESIGN OF THE PID CONTROLLER 

A PID controller is being designed for a higher order system 
with transfer function in equation (1). Before starting the 
simulation and implementation PID controller, we construct the 
design of PID controller by using Matlab's SISO design tool and 
analyze the stability respond systems by using root locus 
method [4-6]. The design architecture of Matlab's SISO design 
tool for automated PID tuning is shown in Fig. 5. 

 

Fig.5. Automated PID tuning using Matlab's SISO design tool. 

 

Using automated PID tuning, we can get the root locus 
stability for the open loop system G(s) is shown in Fig. 6.  

 

Fig. 6. Root locus of the PID controller. 

 

There are 5 pole at Fig. 6 that represent stability for the 
system. The most location of the poles are located very close to 
the imaginary axis so that the system has a decrease value of 
rise time. There are two poles that not locating on real axis and 
imaginary axis. They indicate that there is an overshoot for the 
system. If the poles pass through the imaginary axis then the 
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system becomes unstable. Overall based on the graph, the 
system is still in stable condition [5], [6]. 

The unit step is given for PID controller design. Fig. 7 shows 
the response system of its. 

 

Fig. 7. Unit step response of the PID controller. 

 

Based on Fig. 7, we can get transient parameters for the 
system.  They are a rise time, percent overshoot, settling time, 
and steady state error. For the system, we can get 0.0182 second 
for the rise time (Tr), 9.28 % for overshoot (Mp), 0.0708 second 
for the settling time (Ts), and 4 % steady state error (Ess). 

After design and analyze the PID controller response, Fig. 8 
shows the Simulink model for simulation. Given 1000 for the 
final value and 0.1 second for the step time. 

 

Fig. 8. Simulink model for simulating the PID controller. 

 

Based on the Simulink model for simulating the PID 
controller, Fig. 9 shows the result of simulation. 

 

Fig. 9. Simulation result of the PID controller.  

 

Fig. 10 shows Simulink model implementation of the PID 
controller to the Arduino Mega 2560 via potentiometer by using 
Simulink Support Package for Arduino Hardware. 

 

Fig. 10. Simulink model for implementing the PID 
controller. 

 

Based on the Simulink model for implementing PID 
controller, Fig. 11 shows the result of implementation. 

 

Fig. 11. Implementation result of  the PID controller. 

 

V. DESIGN OF PROPOSED FUZZY LOGIC CONTROLLER 

A Fuzzy Logic Controller (FLC) is being designed for a 
higher order system with transfer function in equation (1). 
Before starting the simulation, we construct the design of FIS 
(Fuzzy Inference System) firstly by using fuzzy logic toolbox 
in Fig. 12 and analyze the stability respond systems by manual 
reading based on the graph.  

 

Fig. 12. The FIS editor. 
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The basic FLC structure, shown in Fig. 13 contains four 

step. These are the fuzzification, knowledge base, decision-

making and defuzzification units [7], [8]. 

 

 

Fig.13. Basic structure of the FLC [8]. 

 

In this simulation, it is aimed to control motor position. The 

knowledge base contains a set of rules which construct the 

decision-making logic rule [8]. There are 7 rules that used at the 

controllers which are based on human experience and 

information are: 

1. If E is PL then CONTROL is PL 

2. If E is NL then CONTROL is NL 

3. If E is Z and DE is N then CONTROL is NM 

4. If E is Z and DE is P then CONTROL is PM 

5. If E is Z then CONTROL is Z 

6. If E is NM then CONTROL is NM 

7. If E is PM then CONTROL is PM 
 

After designing the rule, we can get the surface viewer in 
Fig.14 that represent the rule of FLC.   

 

 

Fig. 14. 3D FLC surface. 

 

There are two inputs and one output in FIS. Two input 

contains error (E) and delta error (DE) [9]. One output is a 

control signal to the plant. The fuzzy membership functions for 

the two input parameters are shown in Fig. 15. and Fig.16, and 

the membership function for the output is shown in Fig.17 For 

error (E) as input and control as output, here NL means 

Negative Large, NM means Negative Medium, Z means Zero, 

PM means Positive Medium, and PL means Positive Large. For 

delta error (DE) as input, here N means Negative and P means 

Positive. 

 

 
Fig.15. Membership function of error (E) as input. 

 

 

 
 

Fig.16. Membeship function of delta error (DE) as input. 

 

 

 
 

Fig.17. Membership function of CONTROL as output. 

 

After design and construct the FIS, Fig. 18. shows the 

Simulink model for simulating FLC. Given 1000 for the final 

value and 0.1 second for the step time. 

 

 
Fig.18. Simulink model for simulating FLC. 
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Based on the Simulink model for simulating the FLC, Fig.19 
shows the result of simulation. 

 
Fig. 19. Simulation result of the FLC.  

 

Based on Fig. 19, we can get transient parameters of the 
system.  They are a rise time, percent overshoot, settling time, 
and steady state error. For the system, we can get 0.07 second 
of the rise time (Tr), 0 % of overshoot (Mp), 0.12 second of the 
settling time (Ts), and 0 % steady state error (Ess). 

The time response parameters, including rise time (Tr), 
percent overshoot (Mp), settling time (Ts) and steady state error 
(Ess) of the PID controller and the fuzzy logic controller (FLC) 
for the higher order system transfer function of DC servo motor  
are presented in Table II. 

TABLE II. Time response parameter. 

 

 

 

 

 

 

 

The design of DC servo motor system using both the PID 

controller and the FLC have been presented. Design of the PID 

controller has been successfully implemented but it still has an 

overshoot. So, the better control design has been proposed for 

controlling a smooth precision movement of arm robot 

manipulator model. Better control performance, robustness and 

overall stability can be expected using the FLC. The fuzzy 

controllers have better stability, small overshoot, and fast 

response. Based on the results, the time response parameters 

can be observed. Even though, the PID controller produces the 

response with lower rise time compared with the fuzzy logic 

controller, but it offers very high steady state error due to the 

oscillatory behavior in transient period. It has severe 

oscillations with a very high overshoot of 9.23 % which causes 

the damage in the system performance. The proposed FLC can 

effectively eliminate these dangerous oscillations and provides 

smooth operation in transient period. Hence, it is concluded that 

the PID controller could not be used for the control precision 

movement of arm robot manipulator model because of the 

oscillatory. The results show that the proposed fuzzy logic 

based controller design can be a better choice for next 

implementation.   
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Controller Type 
Tr 

(Sec) 

Mp 

(%) 

Ts 

(Sec) 

 (Ess) 

(%) 

PID Controller 0,018 9,23 0,07 4 

FLC 0,07 0 0,12 0 
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