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Abstract- Industrial robotics is a major element in field of automated production. Industrial robots provide high speed and 
large workspace. Researching and adapting to this growing technology is the need of the day. Hence we present our 
knowledge in this paper by lettering a kindred study of industrial robotics and its simulation using various 
toolboxes/software mainly MATLAB. Limitations of all major types of robotic arm are viewed and analyzed. Studying and 
interpreting concepts of Robotic arm and giving a viewpoint is main aim of the paper. It is learnt that various software are 
used for the simulation and for analyzing the practical approach of industrial robot. The major aspects related to Industrial 
robotics are designing, simulation and implementation. A comparative study on all the aspects is presented. How a particular 
pattern works? What kind of motional (kinematic and dynamic) approach is required to implement the working is penned 
here. Industrial robotics is a field that has large applications, since every project cannot be directly implemented, simulation 
is of utter importance. Physical simulation is tiresome and is not that advantageous so we move towards software simulation. 
Software helps in acquiring more accurate and reliable simulating results. As any large scale project has a fiscal estimate, 
one cannot afford to neglect even a bit of issue related to projects and hence precise, parallel simulation and analysis of any 
industrial robot is of extreme importance. So presenting the idea of the aspects and uses of toolboxes is our outlook. The 
overall learning gives the exact idea how industrial robot (robotic arm) is simulated and its techniques used along with its 
future scope.           
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I. INTRODUCTION 
 
Robotics can be defined as studying, manufacturing, 
and designing by the use of robotic systems. Robots 
are chiefly used to perform tasks that are unpleasant, 
hazardous, and which are tremendously repetitive and 
tasks that include material handling, assembly and 
welding, load/unload functions, painting and 
spraying. There are two peculiar types of robots, viz., 
service robot and industrial robot. A service robot is 
operated fully or semi-autonomously in order to 
perform vivid tasks that eases human and equipment 
burden. 
 
They perform all tasks except manufacturing 
operations. While on the contrary, an industrial robot 
is fully autonomously controlled multipurpose 
manipulator. Industrial robots viz., robotic arm 
systems often time consists of various links, joints, 
actuators, sensors, controller and a software/hardware 
simulator. One end of the arm is connected to robot 
base while the other free end is equipped with a ‘tool’ 
that is either a hand or a gripper or an end effecter 
which akin human hand. An industrial robot is 
programmable in three or more axes.  
 
The arm can be simulated by using various software. 
Prime robotic simulation software’s include, Flow 
Software Technology’s Workspace5, Microsoft 
Robotic Developer Studio, RobotStudio, 
SimplyCube, Corke’s Robotic Toolbox for MATLAB 
etc. MATLAB’s Robotic Toolbox includes various 
tools like OpenGrasp, SynGrasp, OpenRave, 
OpenHRP, V-Realm Builder, ANFIS, etc. In this 

paper we include a parallel study of simulation 
through GraspIt!, OpenGrasp and 
MATLAB/Simulink tools SynGrasp, V-Realm 
Builder and ANFIS and ADAMS.  
 
The hardware robotic arms that are simulated by 
software coding are called manipulators. The 
Denavit-Hartenberg (D-H) parameters give canonical 
methodology to write kinematic equations of a 
manipulator. In MATLAB, the given code takes the 
number of robotic arms as well as other parameters, 
gives output as D-H matrix, rotation matrix, 
translation matrix which further simulates the 
arm/manipulator.  
In this paper, we have shown the comparative study 
of the various simulation techniques that are used in 
industrial robotics, its designing and implementation. 
 
II. A BRIEF OVERVIEW OF INDUSTRIAL 
ROBOTICS 
 
2.1.  Industrial Robots  
Earlier, industrial robotics circumstantiated by the 
ISO definition in 1937. “George Devol” was the one 
who applied for first robotics patents in 1954. In 1956 
“UNIMATION” was the first company founded by 
Devol & Joseph in which “UNIMATE” was the first 
robot invented. ABB robotics and KUKA robotics 
were the pioneers of the industrial robotics to 
introduce robots in the market but now only few 
Japanese companies have managed to be stable in this 
market [25].  
The Robot Institute of America defines Industrial 
robot as “a reprogrammable multifunctional 
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manipulator design to move materials, parts, tools or 
specialized devices through variable program for 
performance of variety of tasks”. Industrial robots are 
blue printed certainly for the industrial applications. It 
can be characterized according to their operational 
codes, control systems, mounted tools, mechanism 
and designing of arm. These machines play a very 
important role in automation system. Generally, 
industrial robots are programmed with either limited 
or unlimited control which decides the motion path 
for mechanism which will get across with external 
entity. An industrial robotics system has the potential 
to handle a wider range of tasks than standard 
automatic machinery. Many robots can be used to 
perform certain task for unique task. Industrial robots 
application includes welding, painting, pick and place 
for printed circuits, packaging and labeling, 
palletizing, product inspection and testing; all 
accomplished with high endurance, speed, precision. 
They are used for material handling and provide 
interfaces. Robotic welding which includes spot 
welding and arc welding which is very important 
aspect of automotive industry. Robotic dispensing is 
about painting gluing, applying adhesive sealing, 
spraying etc. The smoothness of the robot makes a 
repeatable and accurate process. Assembly operation 
involves fixing, press-fitting, inserting, disassembling 
etc. From the survey of IFR in the world of robotics, 
they have concluded that operational stock of 
industrial robotics is increasing day by day.  
 
B. Robotic arm  
The predominant part of industrial robotics is robotic 
arm. Many applications and the work in industry are 
entirely based on it, so the study and simulation of 
robotic arm is essential. Coming to mainstream 
discussion of robotic arm, we have six main types of 
robotic arm which are Cartesian, Cylindrical , 
SCARA, Delta , Polar and Vertically articulated arms 
out of which Cartesian, cylindrical, SCARA and 
vertically articulated are studied here. The intention 
of designing and using robotic arm in the industry is 
to reduce tedious and trivial human effort by 
increasing the productivity of machinery. Robotic 
arm is also known as robotic manipulator/ serial 
manipulator. The excellent feature of the robotic arm 
is that it can be coded, manipulated according to ones 
need. Grinding, picking and placing, levering, object 
sorting, spinning are perpetual jobs carried out in an 
industry. As we need a replacement for human 
efforts; a review of designing, simulation, modeling 
of the robotic arm is carried out. There are number of 
techniques to design and simulate robotic arm such as 
techniques using pneumatic, hydraulic, electric 
actuators; servo and stepper motors, various micro 
controllers, etc. according to ones design and desire. 
Robotic arms are generally programmed to work. 
Any software can be used to code the hardware and 
its simulation but here we target on using MATLAB 
and its toolbox to present a review on it. Cartesian 

robotic arm (linear arm) is the robot which has its 
principal axis linear. SCARA is the one in which it 
has ones axis rigid viz. z axis, another one is 
anthropomorphic which has structure similar to 
human hand. Articulated, spherical and parallel are 
the other types of robotic arm which can be designed 
or used according to ones purpose. 

 

 
Figure 1: an example of robotic arm [22]. 

 

Figure 2:free body diagram of robot arm [19] 
 
III. LITERATURE REVIEW 
 
3.1. Software simulation tools 
One of the of the primary advantages of software 
simulations is that they are able to provide the users 
with a practical feedback while designing real world 
systems. This allows the designer to determine the 
correctness and efficiency of a design before the 
system is actually constructed.  
 
J. Norberto Pires [1] has introduced a system which is 
providing simulation and data analysis based on 
software architecture. Robotics and automation 
equipment has been controlled with online 
interaction. Basically they want to design their own 
server which will be available for function of 
equipment function as a remote services (Remote 
procedure call mechanism). The RPC’s finally 
simulated with mat lab for controlling R&A 
equipment of Industrial robotics. They have designed 
different servers, software for different R&A 
equipment. There is no exact streamlined principal 
for R & A equipment in Industrial robotics. 
Dynamics data exchange (DDE) and Remote 
procedure call mechanism (RPC) approach is 
appreciable.  
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There is a need to learn characteristics of robot lever 
arm. Saifuldeen Abed Jebur et. al. [15] has tested 
using MATLAB, since it is a reliable tool for 
simulation. Mechanical analysis is performed. 
Denavit hartenberg analysis is used as it is the most 
appropriate method. Robot lever has 5 joints and a 
moving grip. To decide its coordinates and 
functionality, forward and reverse kinematics is 
carried out using D-H notation. This research is on 
the kinematical and mathematical analysis of the 
robot lever arm. The paper is focused on developing 
components related to MATLAB.  

Anil Kumar, Madan Gopal, I. Abhishek, KVV 
Gokul, S. Madhava Reddy et. al. [20] has presented 
work in kinematics analysis for increasing the Degree 
of freedom (DOF) of robot. Increasingly DOF will 
help to increase the flexibility of robotic arm. 
MATLAB /Simulink is used for visual simulations, 
CATIA is used for modeling process. Rotations and 
transformations motion has been studied for robotics 
arm manipulation. Use of Redundant arm is so 
effective; due to the redundancy the manipulators 
become flexible, accessible, extremely dexterous and 
capable of dynamically adaptive, in restricted 
environment also. Kinematic analysis introduced for 
position and orientation of robots. Redundant 
manipulator led with 2 fundamental problems 
singularities and ability to avoid obstacles. Due to 
kinematic analysis many physical parameters have 
been involved which influence the whole process. 
Milicevic et. al. [3] codes are provided for the 
dynamics and kinematic analysis. Calculation is 
provided along with graph for better understanding. 
MATLAB software contains a readily available 
toolbox for simulation of Manipulator. Graphical 
study of joints, trajectories and motion is described 
along with calculations graph and the MATLAB code 
which is of great use for understanding the topic 
deeply.  

 

 
Figure 3: Symbolic representation of robot joints [20]. 

 
A MATLAB toolbox called SynGrasp is created 
especially for analysis of grasping exploring and 
manipulating which is suitable to both human as well 
as robot arm. Denavitt Hartenberg parameters have 
been chosen as default notation for hand defining. 
Maximum 20 DOF model human hands are available 
in tool box. The Robotic Grasp toolbox and SynGrasp 

share same functions since both are designed for 
Grasping. Further developments in analysis of system 
stiffness are required [21]. Further Dhaneshwari Sahu 
[19] has introduced an intelligent robot with 
capability of grasping which we call gripper or end 
effecter. This study has led to a new research of multi 
fingered hands which will be dexterous and can be 
replaced by human hands. In MATLAB the motion of 
fingers and trajectories are programmed for 3-D 
model. Methodology that they have utilized arises so 
many questions with grasping. This grasping 
synthesis is restricted only for hard fingers. In this 
paper with grasp analysis they have improved one 
step in robotic arm improvement keeping human 
hand anatomy in mind stable grasping capability has 
been developed with simulations. 

At Columbia University, Miller, Allen, Santos and 
Valero- Cuevas [17] have created a simulator which 
will be useful for grasping, the system is called 
GraspIt! which is coded in simple C language and 
uses MEX files. GraspIt! is a great simulator for 
robotic arm grasp analysis and can be used in many 
large industrial robots for simulation since it provides 
several popular robot hand implementation tools. It is 
equivalent to MATLAB programming and can run on 
same machine as MATLAB. To use this function, be 
sure to set your MATLAB working directory to 
“MATLAB folder” within GraspIt! root installation 
folder. Type “help MATLAB” to get summary of 
available functions and type “help” and name the 
function to find more detailed information. Although, 
it is monolithic and less modular architecture which 
makes it difficult to improve, add functionality and 
integrate with other tools and framework. It does not 
provide a convenient API which allows script 
programming and does not include sensor simulation. 
 
 
3.2. Designing and implementation 
     In 2009, Mircea Coman, Sergiu-Dan Stanand 
Milos Manic and Radu Balan [5] have designed a 
model control arm RV- 2AJ robot. Figure 4 shows 
RV-2AJ robot. Hardware is designed in Solid Works 
software and simulation and control performed in 
MATLAB/Simulink. The dimension for the end-
effectors robotic arm has been calculated with the 
kinematic analysis each part of arm has been modeled 
individually and after that together assembled in a 
robotic arm. For the simulation process MATLAB is 
utilized. Body sensors are attached for controlling 
joints structure of robotic arm for the main solid 
works of model CAD is used. Here they have 
mentioned the limitations for the argument functions 
in MATLAB. Virtual visualization of model robot is 
necessary to analyze the differences which will occur 
in virtual reality. Kinematic analysis of robotic arm 
has been done to solve the issue of position and 
orientation. 
      Afterwards, in 2013 Slobodan Stefanovic, Danilo 
Mikic, Dragan Golubovic and Dragoslav Ilic [15] 
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have shown the analysis of application of MATLAB 
to design industrial robot KR 80 series manufacture 
by KUKA Company as shown in figure 5. KR 80 
robot has four degrees of freedom that is four 
rotational cranks. For performance of these rotors 
electric servo-motors are used .They have determine 
the parameters for controlling manipulators. KR80 is 
designed for high performance of packaging and 
manipulating equipment. After finalising parameters 
for creating script of KR 80 Series, it has been 
stimulated in MATLAB. For graphical representation 
Robotics toolbox is used. The given programming is 
limited with only KR 80 series. Here, we can 
conclude that with programming that has been used, 
can actually help to improve the productivity of 
Industrial robotics. 
 

 
Figure 5: KUKA’s KR 80 series robot [24]. 

 
Abdullah Ozer [6] has used industrial 

robotic manipulator for metal spinning, they have 
used Mitsubishi PA10-6CE robot model as shown in 
fig. 6. Due spinning conditions wrinkle occurrence 
has been analyzed. Rollers are made in order to 
endure with metal forming forces which are 
frictional. Sensors are used in between roller and arm 
.There is complexity for deformation mechanism of 
metal spinning process. Occurrence of wrinkles and 
effects on spinning process investigated throughout 
the experiment. They have found out the new method 
or designed arm to overcome the traditional 
automated spinning process. It is a good 
establishment in the field of robotics but there is a 
need to introduce software controller methodology.  

 

 
Figure 6: Mitsubishi PA10-6CE robot [6]. 

Any mechanical machine has vibration or heating as a 
byproduct of the work it does. This reduces the 
efficiency of the machine life, thus control over this is 
needed, hence here comes in a vibration control 
design of the robotic arm using either feed-speed 
control/ optimal configuration of 4DOF robotic 
manipulator which is simulated by ADAMS toolbox 
of MATLAB. Grinding is one of the basic operations 
carried out at industrial level so simulation and 
designing of such robot arm was necessary. PID 
control strategy is used for profiling along with 
Denavit Hartenberg notation for simulation. The 
design consist of feed-speed motors so the only 
drawback is we can limit the speed up to a certain 
extent [2]. Mohamad Hazeri Ismail et. al. [19] has 
designed a robotic arm that is used for lifting purpose 
which is simulated by using MATLAB and can be 
operated via android phones Bluetooth module. This 
robotic arm is designed with 4 DOF. Motor selection 
is based on torque and speed of motors, hence, 4 
servo motors where each one operates on 6 V and has 
1 DOF is used. Electric actuators are used for this 
particular arm. USB port of computed is used as AC 
power source. DC power source (batteries) can also 
be used but complexity arises. After designing the 
arm in CAD, it is 3D printed using Makerbot 
software. Microcontroller Arduino UNO is connected 
with arm circuitry model. The arm is communicated 
via Bluetooth of phone to the Bluetooth module of 
UNO i.e. installed on control system of arm. When 
input is given to phones Bluetooth, it is converted to 
ASCII code and is received by Bluetooth module of 
UNO which in turn detects the signals and converts 
them into commands for servo motors and then the 
arm acts accordingly. Since this arm is used for small 
scale lifting purpose and is very user friendly, it is 
cheaper and easier as its main system consists mainly 
of 3 components. However, instead of electric 
actuators, hydraulic or pneumatic actuators can also 
be used. Due to the limitation of servo motors, the 
movement range of robotic arm is restricted with 180 
degrees. 
       W. Widhiada, T. G. T. Nindhia, and N. Budiarsa 
[17] have researched and studied the design, analysis 
and synthesis of a sober five fingured gripper robot. 
Figure 7 shows five fingered gripper robot. This 
gripper design resembles human hand as the main 
focus is on creating a humanoid hand. The gripper 
has 11 rotary joints (revolute joint) and PID control is 
used to control kinematic and dynamics of gripper for 
the betterment in performance and quick response 
with precision and accuracy. PID control, system 
designed with MATLAB software is used for this 
purpose. Design of robot is done in Inventor software. 
MATLAB/SimMechanics is used to simulate 
mechanical systems. This arm uses 3 DOF. The 
trajectory line is taken into consideration while 
planning the algorithm. Instead of SimMechanics 
results can also be obtained by using Simulink, which 
has been verified by the author as an advantage of 
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this device. Since the simulation results that are 
obtained are found to be stable, PID formulation can 
be effectively used to control the trajectory of 
response. The only disadvantage is that many 
disturbances in input are likely to appear. 

 

 
Figure 7: Five fingered gripper design [17]. 

 
The robotic arm by gesture recognition and HCI is a 
trail blazer in industrial electronics with some minor 
use of wireless communication technique and cam on 
robot unit would improve the performance of system 
to a great extent. Saurabh A. Khajone, Dr. S. W. 
Mohod, V.M. Harne [16], instead of using mouse, 
joystick, remote controls, and robotic arm is 
controlled by hand gestures (HCI technology). Two 
webcams are placed in front of work area which is 
connected to computer / laptop and is simulated by 
MATLAB 7 Toolbox. The output is generated by 
comparison through RF module. Receiver accepts 
transmission signals and gives it to AVR micro 
controller. The output of micro controller will give 
respective motion to arm. However, hand needs to be 
properly placed with respect to webcam so that the 
whole hand is captured. If the hand is not properly 
placed by the user, the gesture will not be recognized 
appropriately. Also this method uses gestures which 
involve only one hand that reduces the count of 
gestures made by using both the hands.  

Object sorting task is cumbersome, Monal S. 
Telgote and Ganesh S. Sable have designed an 
extensive robot [10]. A MATLAB coded webcam is 
used for instant image processing. Materials required 
for implementing this project are highly specific. 
Working of DC servo motors is explained. High 
degree sorting based on color is achieved. The basic 
idea of combining MATLAB, image processing and 
robotics is good. Image processing and robotics is a 
field which can be innovated to a vast extent. Here if 
pre requisite is fulfilled and design is done with 
accuracy the model could be used and design could 
be made Plausible. . Great efficient camera is used 
which might be difficult to act practically and 
perfectly.  

Since dealing with large objects is a very tedious 
task , robotic arm is developed that can identify 
objects when placed on a conveyor belt based on 
color sensing and afterward sorting them and 
relocating them to particular location. Vinay Kumar 
Reddy has designed an arm for this purpose [13]. 

This arm uses micro controller AT 89S52 and LCD 
display which makes it cheaper, less complex and 
user friendly. The full automation of material 
handling is ensured by using a pair of IR sensors 
interfaced with micro controller AT 89S52. Electrical 
components like transformer (step down), DC motor 
(60 rpm, 12 v DC), IR transistor (TSAL6200), IR 
receiver (TSOF 17 series), LCD, micro controller AT 
89S52 are used. The key components of this system 
are IR sensors; failure of those may result in wrong 
material handling. This system of sorting objects is 
used in many industries. In order to overcome the 
limitations, sensors of very high sensitivity and 
ability to distinguish between colors should be used. 
Also, instead of hardware components the system can 
be simulated by software such as MATLAB/ 
Simulink or GraspIt!.  

Liyanage et. al. [4] has proposed, SCARA 
(Selective Compliant Assembly Robotic Arm) robot 
arm is designed using hydraulic actuators and the 
capacity is increased which could not have been 
achieved with electric actuators. Here issues related 
to its dynamic designing are simulated using 
MATLAB/Simulink. Hydraulic system model, 
SCARA robot model and controller designs are 
explained. The plan of the revolute joint can be varied 
and it can be used multipurpose. It might face 
stability and leakage issues. Designing hydraulic 
actuators and overcoming the cons of electric 
actuators was real beneficial. It can be used for two 
supply pressure which makes the design more 
feasible.  

 
3.3. Software Alternative 
The Toolbox provides many of the essential tools 
necessary for robotic modelling and simulation, as 
well as to examine experimental results. By using 
MATLAB/ Simulink or GraspIt! software, industrial 
robots designing, simulation, implementations is 
studied. One of the greatest problem with MATLAB 
is that it is proprietary software and thus involves a 
huge licensing cost. Another problem with the 
software was that its source code is not public. Free 
software has become the foundation of learning 
society where we share our knowledge in a way that 
others can build upon. The benefits of using open 
source software are decreasing software costs, 
increasing security and stability, and giving users 
more control over their own hardware. With the 
advent of Open source Software and increased usage 
of the same need to come up with an Open source 
alternative to MATLAB. SciLab is an open ware, and 
a high-level, numerically oriented programming 
language. It can be used for simulations, signal 
processing, graphics, modeling etc. 
 
CONCLUSIONS 
 
Here, Industrial robotics (robotic arm) and its 
simulation techniques are reviewed .Its mechanical 
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(kinematical and dynamic) analysis are studied. There 
is a need to develop a general purpose software 
package for performing different analysis on 
dexterous robotic hands. As the technology advances, 
there is a scope of developing robots that works on 
wireless simulations. The above study gives away 
comparative study of industrial robotics, its pattern 
and working and simulation. We conclude the paper 
by learning that software simulation is beneficial in 
number of matters than physical simulation and also 
how mechanical analysis helps. Analysis and 
simulation go in hand in hand, so we have the need to 
learn this method and improve the following concept 
as it plays a role of immense importance in large 
scale production. 
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