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Most studies are related to the heavyweight robot arm that are commonly applied in 
the manufacturing industry. Necessary for a good robot arm to obtain high speed, high 
stability and high precision with good transient response properties. System response 
is one of the main elements in system identification techniques. This study is designed 
to investigate performance of a lightweight robot arms which is a small and light size 
of robot arm. The objectives of this paper are to describe and discuss on stability 
analysis by identification approach for a lightweight robot arm focussing on turntable 
servomotor at base. The system response is analysed in terms of frequency-based 
response using Fast Fourier Transform (FFT) as well as Bode diagram. The experimental 
results is based on sampling time of robot hardware which is a designated lightweight 
robot arm. The analysis is in terms of gain margin, phase margin, and FFT. According to 
the rule of thumb, gain margin is 4-10 dB while phase margin is 300-900. The results 
obtained shows an instability of systems. It is recommended to do further studies on 
system identification for lightweight robot arm by embedded controller and assessed 
by Lyapunov stability approach. 
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1. Introduction  

 

Robot arm is one of the type of robot which works similarly to a human arm. According to Rehiara 
et al., [1], a robot arm or also called a manipulator is composed of a set of joints separated in space 
by the arm links, and it looks like human’s wrist and elbow. In most robotic applications, robot can 
be subjected to a variety of external forces such as due to the disturbances, interaction with work 
piece, and collision with obstacles. The performance of the robot controller in this type of situation 
is critical to the success of the overall operation. 

Main factor that contribute to the instability for robot arm is the friction which is commonly a 
combination of viscous and Coulomb friction. According to Olsson et al., [2], Coulomb friction also 
known as kinetic friction where the velocity is independent and always present. Its friction 
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component is only dependent on the direction of motion in such way that is in direction opposite of 
the velocity.  

The properties of the surface in contact and normal forces influence the magnitude of the 
Coulomb friction. Virgala and Kenderova [3] states that the viscous friction is dependent of the 
velocity where at zero velocity, the viscous friction is zero and vice-versa. Robot arm that actuated 
by the motor are sufficient to regard the robot joint friction as a static nonlinear function of the joint 
velocity with Stribeck effect. Another factor that result on the instability of the arm robot motion is 
the vibration which according to Itoh and Yoshikawa [4] is the insufficiency of the torsional stiffness 
of the geared reduction mechanism. This insufficiency usually induces transient vibrations that 
mainly related to the eigenvalues of the mechanical parts in the lower-frequency range when the 
motor starts or stops. The tensional stiffness of joint also contributes to the vibration and resonance 
[5]. 

The lightweight robot arm (ITRobot) is one of the example of robot that applying jointed-arm 
configuration in its constructions. The mobility of the autonomous robotic system is important 
feature that need to be considered. Mobile platforms have to navigate in an environment for 
observing specified targets, analyzing particular properties of the environment or simply carrying out 
transportation tasks. Besides that, the manipulation of the objects like grasping items from floor, 
table, bookshelf, opening a door and others is another important feature for autonomous robotic 
systems. 

Figure 1 shows the general of the block diagram for the lightweight robot arm. This model 
represents the overall system of the lightweight robot arm which consist of several blocks with their 
different function in order to ensure that the system can be performs according to desired task. The 
possible output of a system can be identified by using a transfer function based on input-output pairs. 
Dynamic of robot arm system is identified by frequency-based approach [6-7]. Frequency domain is 
used to study the behavior of the input-output obtained from how Laplace generated. Frequency 
response is quantitative measure of output from system or device in response to a stimulus or input. 
Magnitude and phase of the output are measured as a function of frequency, in comparison to the 
input. Frequency response in terms of Bode amplitude and phase plot, Nyquist curve and step and/or 
pulse response are most common of nonparametric system properties. These properties can assess 
dynamic system. Frequency response is an estimation from single sinusoidal excitation whereas 
Fourier transform is an estimation of input/output of transfer function [8].  

 

 
Fig. 1. Block diagram of lightweight robot arm system 
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The aim of this study is to perform system response and stability for lightweight robot arm 
focusing on one part of robot joint. The response is analyzed based on bode diagram and Fourier Fast 
Transform (FFT) graph performance. This paper is organized by introduction on lightweight robot arm 
and factors contribute to instability of robot arm. Next section describes methodology of online 
experiment conducted to study system response and robot arm behavior. Section 3 presents results 
from online experiments and discussed the behavior of response. Finally, section 4 concludes the 
overall study and outline few recommendations for future works regarding lightweight robot arm. 
 
2. Methodology  

 
Lightweight robot arm as Fig. 2 is located in Control Laboratory Fakulti Kejuruteraan Pembuatan 

which consist of 6 degree of freedom which jointed by using the DC servo motor. The types of servo 
motor are different for each joints position. It consists of 6 DC servo motor which plays their own role 
in order to create a movement of the lightweight robot arm. ITRobot is high reliability, high accuracy 
multi-mode robotic system that is used to simulate big, sophisticated and complicated mechanical 
arm motions. It combines the outstanding motion control technology with advanced educational 
concept and fulfills both the industrial needs as well as the education and research needs in motion 
planning and industrial design. 

 

 
Fig. 2. Lightweight Robot Arm (ITRobot) 

 
Experimentation data is analyzed in frequency domain. Data was that collected as frequency 

response data (frequency functions: FRF) from the process using a frequency analyzer. Frequency 
domain data is converted to Fast Fourier Transform (FFT) for estimation or validation of nonlinear 
models. The Frequency Domain System Identification Toolbox (FDIDENT) provides specialized tools 
for identifying linear dynamic single-input/single-output (SISO) systems from time response or 
measurements of the systems frequency response. There are several steps in order to use FDIDENT 
after the FRF is collected. 
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The data for open loop and close loop also is collected by using Proportional-Integral-Derivative 
(PID) controller and transfer function. A PID controller continuously calculate an error which is 
difference between a measured process variable and a desired set point. The PID controllers are used 
because it generally will give a larger number of options which results that the possibilities for 
changing the dynamics are wider so that the performance of the system can be identified specifically. 
The results are presented in graphical types for instance Bode response diagram and FFT graph. 

Fig. 3 shows the block diagram for online experiment. The PWM allow the motor to move in two 
directions which is clockwise and anticlockwise by reversing the current and ability to change of the 
motor speed by manipulating the voltage. Pulse Width Modulation (PWM) is a type of digital signal. 
The block “Joint Space to Cartesian Space” converts four of the six angles that measured by the 
potentiometer into three values of which are the coordinates XZY in the Cartesian space. This study 
only focuses on turntable servomotor at base location of robot arm with 300 second of simulation 
time and 0.0005 second for sampling time. 

 

 
Fig. 3. Block diagram for online experiment 

 
3. Results Analysis 

 
Table 1 shows the result of experiment for different simulation time started with 100 s, 90 s, 80 

s, 70 s, and 60 s. The input signal to the robot plant is the random value of input from the band-white 
limited noise block in term of voltage that multiplied by the gain block and this input signal are limits 
by the saturation block before entering the robot plant. 

 
Table 1 

Experimental Results 
No. Test Setting Gain Margin 

(dB) Simulation time 
(sec) 

Sample time  
(sec) 

1 100 1/2000 21.5 
2 90 1/2000 25.5 
3 80 1/2000 34.7 
4 70 1/2000 28.9 
5 60 1/2000 29.8 

 
Gain margin based on bode diagram shown in Fig. 4 demonstrates higher gain margin compared 

to normal system. Based on rule of thumb for normal system, gain margin is within 4 to 10 dB [9]. 
Phase margin for all simulation time also demonstrate an infinity reading referring an unstable 



Journal of Advanced Research Design 

Volume 36, Issue 1 (2017) 1-12 

18 
 

Penerbit

Akademia Baru

system [10]. This can be further claimed when referring to Fourier Fast Transform (FFT) graph that 
shown a higher frequency at early stage of movement (refer Fig. 5).  

 

 
Fig. 4. Bode diagram of lightweight robot arm system for 100s, 90s, 80s and 70s 

 

 
Fig. 5. Fourier Fast Transform (FFT) of lightweight robot arm system for 100s, 90s, 80s and 70s 

 
One of the reason for higher frequency and gain margin of the system is vibration and friction 

that commonly occur during movement at the low speed of robot arm [11] and accelerations at once 
effect the joint flexibility. Another factor is the shaft leakage that occurs in electric motors due to the 
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leakage, induction, or capacitive coupling with the windings of the motor. This also will affect the 
stability of lightweight robot arm. By other means, vibration occurred that effect stability of robot 
arm can be reduced by implementation of Proportional-Derivative (PD) controller [12] and additional 
observer [13]. The stability of robot arm system is better assessed by Lyapunov Theorem [14] [15]. 
 
4. Conclusions 

 

The result obtained based on experimental results in term of Bode response diagram and FFT. 
The lightweight robot arm shows an instability in system response since gain margin is at higher 
frequency and infinity of phase margin. FFT also demonstrates the graph of abnormal for stable 
system. Further study on this lightweight robot arm shall be conducted in terms of system response 
analysis on the other part of the lightweight robot arm for instance at the biceps servo, gripper and 
other part of the lightweight robot arm. Furthermore, further system identification analysis using 
enhanced technique will be conducted. 
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