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Abstract— In this research work, we are presenting the 

design and development of a 6 Degrees of Freedom (DoF) 

robotic arm control for agricultural applications using Robot 

Operating System (ROS). To harvest a crop we would need the 

robotic arm to be operating at a certain height from the ground 

level especially in the case of harvesting fruits from tall trees. In 

the case of applications which involve the robotic arm to work 

on the ground level, space and weight are not so crucial factors 

that are to taken into consideration but these become critical 

issues in the applications where the robotic arm has to work at 

an altitude. The six DoF robotic arm proposed in this paper 

considers these parameters in terms of design and 

implementation. The paper discusses the implementation of the 

robotic arm using inverse kinematic support functions inbuilt in 

ROS. The experimental results show a robust design of 6 DoF 

robotic arm that can be used for agricultural applications, 

particularly in fruits harvesting. 

Keywords— robotic arm, ROS, agricultural robots, fruits 

harvesting 

I.  INTRODUCTION  

There is a lot of research going on in the field of 
automation these days. Developing automated solutions 
would give quick and reliable outcomes with minimum 
human intervention. The automated robots will supplant 
people from dangerous work in unsafe situations. This will 
also save energy and improve the accuracy of the work. The 
breach between the robot and the client would be bridged by 
automation. Automated robotics is widely used in 

manufacturing processes in industries because they are 
sufficiently adaptable to achieve tasks with minimal effort 
and more precision. In this paper, we are discussing the 
outline and execution of the 6-DoF robotic arm for tree 
climbing robot by utilizing the Robot Operating System 
(ROS).  

II. PROBLEM STATEMENT 

The robotic arm control can either be in open loop or closed 
loop fashion. It depends on the application. For a fully 
automated robotic arm one cannot have a open loop system 
where each DoF might be controlled manually or in semi-
automatic way. Our initial design of the arm was based on 
open loop framework. We are controlling the arm physically 
by sending the joint points. In this, we used Bluetooth 
innovation to interface the robot with the client. There is a 
possibility of trickiness in light of the fact that the arm does 
not give any feedback to the client. There are such huge 
numbers of conceivable outcomes that the arm will crash into 
the obstructions on the trees. The client won't get any data 
about the automated arm position whether it is struck in the 
middle of the stems or the arm is not moving to the desired 
position.  

The primary issue comes when we make the robotic arm 
work in the open loop framework. Changing over to closed 
loop framework will enhance precision, strength and 
robustness against external disturbances. On the off-chance 
that we give the robotic arm simulation to the client we can 
stay away from such significant number of issues. And 
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furthermore, the simulation must be incorporated into the 
movement arranging and obstacle recognition (i.e., the 
simulation must be incorporated into the objects and 
obstructions in real-time). From the robotic software 
available we choose ROS (Robot Operating System) which is 
an open software providing libraries, visualizers, and more. 
ROS will give finish data about the robotic arm. 

III. RELATED WORKS 

In paper [1], there are two basic approaches to solve for a 
six DOF robotic arm. They have used both forward and 
inverse kinematics to discuss the better alternative between 
these two methods. Paper [2] talks about a basic 2 DOF arm 
modeling with detailed explanation. This gives a clear idea of 
the mechanics and dynamics involved in building and using a 
robotic arm. As the degrees of freedom increase, this 
modeling has to be modified and used. The Gazebo package 
in ROS has been used to develop a virtual training scene for 
upper limb rehabilitation in paper [3]. Paper [4] discusses 
about a design and implementation of autonomous navigation 
system using ROS platform. The inverse kinematics involved 
in seven degrees of freedom is discussed in paper [5]. Paper 
[6] talks about new closed loop schemes for solving inverse 
kinematics of constrained redundant manipula tors. In paper 
[7], the kinematic control of an autonomous vehicle has been 
discussed. Paper [8] is about inverse kinematics positioning 
using non-linear programming for highly articulated figures. 
Paper [9] also is based on inverse kinematics giving a new 
way of evolutionary approach to solve for inverse kinematics. 
Paper [10] discusses a robotic arm which can be controlled 
using a wearable device. Inverse kinematics of a dual linear 
actuator pitch/roll heliostat is discussed in paper [11]. In this 
work, we propose a closed loop control of the 6 DoF robotic 
arm using inverse kinematics for agricultural applications. 
Papers [12] and [13] talk about various robotic arms they 
have implemented for various purposes and with minimal 
cost. Articles [14]-[16] talk about inverse kinematics and its 
application in full length. A robot manipulator is tested for its 
robustness in an article. A detailed analysis of kinematics is 
done in another. A parallel-serial 5 axis machine tool has 
been implemented using inverse kinematics.  

IV. SYSTEM ARCHITECTURE 

The Fig.1 shows the system architecture of the robotic 
arm control system, which is designed in such a way that the 
user has the option to provide input in two possible modes. 
One way is to provide a 3D point in the workspace region of 
the robotic arm wherein the user would be prompted to 
provide X, Y, Z coordinates so that the end effecter moves to 
the point. Another way is to move the point of end effecter in 
the simulation such that the robotic arm moves accordingly. 
But, when the arm is further modified into a fully automated 
control system, the second method of giving the input cannot 
be used because the system will become completely 
automated when the robot works without any human 
interference. So the first method of providing the coordinates 
is preferred over the other. The first method can be taken 
forward by finding the coordinates of the desired point using 
image processing algorithms and feed the coordinates to the 
robotic arm.   In the developed GUI from QT, the user can 

enter the respective details and click the execute button for 
the movement of the robotic arm. Paper [17] extensively 
deals with the Robot Visualizer (Rviz) package in ROS, its 
technicalities and implementing this for 3D interfaces. They 
compared classical GUIs to interactive makers with a little 
overhead to an application.  

 

        Fig. 1. System Architecture 

The input data has to be in the format of a 3D coordinate 
with x, y, z components. This point would be fed to moveit 
simulation software. Moveit has libraries lIKe KDL and IK 
(Inverse Kinematics) solvers. These solvers would help in 
solving the forward kinematics and inverse kinematics by 
calculating the joint angles of the arm. These joint angles can 
be found in the joint states node which will publish the joint 
angles as topics. A node is a process that performs 
computation. The published joint angles have to be 
subscribed by both the moveit and the microcontroller 
governing the robotic arm. The moveit has to subscribe to 
joint states node which helps in updating the joint position in 
the simulation. Similarly, the microcontroller will subscribe 
to these topics and send these joint angles to each servo with 
the variation of pulse width modulation corresponding to 
angles of each joint motor. In our case, we used Arduino 
Mega as the microcontroller. When the microcontroller is 
updating the joint angles in servo motors, moveit also 
simultaneously updates the joint angles in the simulation 
environment. Since the two processes take place 
simultaneously, it gives a feeling of live simulation of the 
actual arm in the computer. Paper [18] explains the ROS 
package Moveit claiming that this package would play a 
major role in enabling safer, more capable robots that can 
function effectively in human environments.  

V. IMPLEMENTATION 

The initial step is to fix the number of degrees of freedom 
of the robotic arm that is going to be developed. Since the 
previous model developed has four degrees of freedom, this 
model also has four degrees of freedom in the simulation. So 
the SolidWorks model of previous design of the robotic arm 
was used after converting the SolidWorks file into a ROS 
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compatible file. Using a SolidWorks add-in (SolidWorks to 
urdf exporter), which is convenient to export SolidWorks part 
and assembly files into URDF format file. This exporter will 
create a ROS directory where all the files lIKe meshes, robot 
textures and URDF files are created. All the links, joint types, 
joint transforms and axes of rotation would be built from the 
SolidWorks assembly hierarchy. The following critical task 
was to simulate robotic arm and implement the control using 
kinematic equations. We have implemented both forward and 
inverse kinematics. We were able to get positive results for 
forward kinematics but inverse kinematics was not so 
successful due to lack of inverse kinematic solutions in the 
workspace. Inverse kinematics solutions over a workspace 
can be increased either by increasing the degrees of freedom 
or by improving the inverse kinematics algorithm with more 
alterations and iterations in the equations. Since changing the 
algorithm and altering the inverse kinematics for a specified 
workspace is a time consuming and more complex process, 
increasing the degrees of freedom of robotic arm was the 
other option. 3D model of the 6 degrees of freedom robotic 
arm was designed by Xacro and mesh files. The URDF file 
contains Xacro which is in XML format. For the robot URDF 
file, Xacro file is the best way to create readable and shorter 
XML code. The design of the robotic arm includes the joint 
coordinates, orientations (roll, pitch, yawn) link lengths and 
so on.  

In the xacro file, link lengths were fixed to variables so 
that link length can be reused later by giving the respective 
variables. For the link of the robotic arm shape, size and 
colour has to be given. Mesh link can also be inserted that 
can be called at any instant at a later point of time. The 
position of the link in the space along with the position of the 
same link with respect to its parent link has to be mentioned 
properly. Joints are specified with kinematics, dynamics and 
set of angle limits of the joint. The joint tag represents the 
joint of the robotic arm. This tag includes different types of 
joints such as revolute, prismatic, fixed, planar and so on. 
The joint is formed with a parent link and a child link. The 
link details such as orientation, joint measurements and angle 
limits has to be included in the child link and parent link 
properly in the file. 6 DOF robotic arm was designed with all 
the respective measurements and the joint angle limits to get 
a precise result.  

 

Fig. 2. Six DOF  designed arm 

With this, the design file was created and YAML file was 
also created, which is a language that supports all parameter 
types of the robot. Rosparam contains command line tools for 
getting ROS parameters from parameter server using YAML 
files. 

To display the robotic arm in Rviz, launch file is 
necessary. This launch file contains the Xacro file. Joint 
states node can be included in the launch file and enable the 
graphical user interface option in the file. The display in the 
Rviz GUI is shown in Fig. 2. GUI contains the angles of each 
joint of the robotic arm in terms of seek bars. By the 
commands of the user, the node from the package will 
publish the data to Rviz. By subscribing to that particular 
node, the Rviz will move the respective joints. 

 

Fig. 3. Package works on Inverse Jacobian algorithm. 

Along with the design file, a moveit file was also created 
which was used to display the designed robotic arm. It also 
calls the KDL package and uses the IK solutions for 
simulation. This contains move groups which can collect the 
robotic arm’s information including joint states, transform 
functions in the form of topics. The motion planning of the 
designed arm is shown in Fig. 3. The motion planning can 
choose the optimum path to reach the goal position from the 
initial position. From this information, it is evident that the 
motion planning would change for each and every posture of 
the robotic arm. Without any obstacle collisions, the planner 
has to decide the path of the robotic arm. We have to include 
information about the joint spaces in the URDF file. The 
moveit contains some of the inbuilt constraints lIKe position, 
orientation, and visibility. With these, we can send the 
planning requests and according to the request, the move 
group node will generate the suitable path. The buildout of 
the moveit file in the moveit setup assistance includes so 
many aspects lIKe the selection of the end effector, virtual 
joints, planning groups and so on.   

 Finally the system was developed in which the user will 
interact with ROS. The user is asked to enter the point in the 
3D workspace region of the robotic arm or the user can move 
the end-effector in the simulation and update the position. In 
the first one, the user has to provide the point of the end 
effector in the 3D workspace region of the robot. The code, 
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which is developed, will take care of the point selection. If 
the point selection is out of workspace region the system 
shows the message that the entered point is out of the 
boundary.  In these methods, user can give commands to 
ROS and then it will connect to the simulation with ROS 
topics. In order to control the servo motors in robotic arm, 
microcontroller is interfaced with microprocessor. With the 
input data from user, the processor will provide necessary 
information to the microcontroller which helps to control the 
hardware. The controlling of the servos is done with the help 
of program, which is already uploaded in the microcontroller. 
First, a proper connection between devices has to be set up. 
Mostly the communication between PC and IO ports of the 
microcontroller board is through UART protocol.  For the 
communication between these IO boards and PC, some 
programming is required to translate the commands from 
each of these devices. The process is to run the roscore which 
will communicate with the ros nodes. So to receive and 
transmit the data between the devices, a logic has to be 
implemented. The rosserial package is a standard library that 
can be used for this purpose. The rosserial is a protocol which 
will interface the devices over the serial port. In the rosserial 
the baud rate and the communication port has to be set. The 
provided details have to match with the microcontroller code. 
The robotic arm can be controlled with these commands of 
the user given to the controller.  

The interface of the simulated robotic arm with the 
hardware is done by running rosserial package. Then rviz 
(robot visualisation) has to be launched by launching the 
moveit! software. A subscriber node which is programmed in 
CPP language has to be run. This CPP node will subscribe to 
the joint values of the robotic arm model. Next step is to set 
up a connection between Arduino and PC using rosserial 
protocol through commands in terminal. Once this 
connection is successfully setup, the Arduino will subscribe 
to the joint angle values. After this is done, a cpp code where 
the user is asked to enter the x, y, z coordinates is launched. 
With the help of moveit and KDL libraries, inverse kinematic 
solutions are found and are sent to the topic jonit_states. The 
values will be published and these values are subscribed by 
Arduino. Moreover, these values are transferred to the servo 
motors in the robotic arm which will start rotating once it gets 
the angle to be rotated by each joint. The GUI will deal with 
the above operations. As the design is similar to the 
constructed hardware robotic arm, we got accurate results in 
the 3D workspace region. 

VI. HARDWARE IMPLEMEMTATION 

Serial robotic manipulators are playing a crucial role in 
industrial operations. The study of Kinematics in manipulator 
is analyzing the properties of a robotic arm when there are no 
external forces or moments acting on the system.  

The project was started with a simple 2 DoF which was 
controlled with Raspberry pi 3 and a GUI developed with 
python programming. The 2 DoF arm control in ROS 
platform is shown in the Fig. 4. The main goal of this 
experiment was to get a basic idea about the control of servos 
using Raspberry pi. Moreover in the later steps, ROS was 
installed in Raspberry pi and servo motor was controlled. But 

the issue came when the Raspberry pi was lagging in 
processing while implementing the kinematics. So the next 
step was to use an Arduino connected to a processor installed 
with ROS.  

Inverse kinematics equations were written in Arduino 

programming which asks the user to enter x and y 

coordinates. When the values are entered the robotic arm 

moves to the corresponding position. A software called 

Gazebo was installed in ROS and a virtual robotic arm was 

modeled for simulation. So whenever the user inputs the data, 

simulation arm and hardware arm move simultaneously. This 

model also had some issues when inverse kinematics 

equations were modified for 3 DoF due to lack of memory in 

Arduino. The authors of paper [19] have explained about 

Gazebo in detail where in they used ROS and Gazebo to 

model and simulate a crawling robot. They discuss about 

Gazebo not being so capable to address their application.  

 

 
Fig. 4. Arduino ROS setup for 2 DoF arm 

Later with the help of moveit! in ROS, inverse kinematics 
was processed in processor and the inverse kinematics 
solutions were transferred to Arduino. This decreased the 
memory usage in Arduino but then another issue came up. 
The main problem here was related to inverse kinematic 
solutions, due to less number of DoF the robotic arm cannot 
move to all the position and orientation. Thus only solution 
was to increase the DoF of robotic arm. 

A serial six degrees of freedom robotic manipulator was 
made with seven links. The details that were taken into 
consideration during the designing process are included in the 
Table I. Fig. 6 shows the controlling of 6 DoF arm in the 
ROS platform. Each link is connected by revolute joints and 
each link is an aluminum frame. This is used to reduce the 
weight of robotic manipulator. The last link (3.5 cm) is not 
containing any motor and is considered as the end-effector of 
the arm. The first joint is rotated around z-axis which  

These four joint offset (bi), twist angle (αi), link length 
(ai) and joint angle (θi) are the Denavit- Hartenberg (DH) 
parameters of a robotic arm. These parameter variation is 
shown in Table II. Paper [20] describes best about DH 
parameters where the authors use these parameters on a robot 
with a flexibility of modifying these parameters.  
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TABLE I. Arm Design Parameters  

 

Link 

Length 

(cm) 

Joint Motor Torque 

(Stall) 

@ 6v 

kg-cm 

Gear 

Ratio 

(Gr) 

Output 

Torque 

(Gr X 

Torque) 

3.5 1 HS-

785HB 

13.2  7:1 92.4  

4.8 2 HS-
785HB 

13.2  7:1 92.4 

6.8 3 TS-

500HD 

27.3  Nil 27.3 

2.3  4 RKI-1211 16  Nil 16  

8 5 RKI-1211 16  Nil 16  

2.2 5 RKI-1211 16  Nil 16  

 

 
TABLE II. DH PARAMETERS OF SIX DEGREE OF FREEDOM 

ROBOTIC ARM 
 

Joint 

No. 

Joint Offset 

(b) cm 

Joint 

Angle (θ) 

deg 

Link Length 

(a) cm 

Twist Angle 

(α) deg 

1 12.5 Θ1 0 -90 

2 -4 Θ2 0 90 

3 22 Θ3 0 -90 

4 3 Θ4 0 90 

5 25 Θ5 0 -90 

6 0 Θ6 10 0 

 

 
Fig. 5. Circuit diagram for 6 DoF 

 

Fig. 6. Six DoF arm control using ROS platform 

VII. EXPERIMENTS AND RESULTS 

For the correspondence between ROS nodes, the roscore 

is initialized. Rviz is propelled alongside the subscriber and 

publisher nodes of ROS-Arduino. Arduino can subscribe up 

to 25 publishers from ROS. Among numerous IK packages, 

Rviz utilizes KDL Inverse Kinematics solver package to give 

inverse kinematics solutions for the robotic arm. An irregular 

legitimate stance is set utilizing Rviz's UI. Planning and 

executing the arbitrary substantial stance creates the IK 

solutions for the automated arm.  The planning,   execution 

time in software and hardware is given in Table III.  The 

software simulation time is 5 seconds and where as time 

taken by the   hardware to reach the destination   is 5.2 

seconds on an average for the arm to move from position A 

to position B. Planning starting with one position then onto 

the next arbitrary legitimate position averagely takes 0.020s. 

The execution time is has a slack amongst programming and 

equipment. This reaction is computed and point by point in 

the accompanying table. The normal reaction time is 

observed to be -0.746s. 

 
TABLE III. PLANNING TIME AND EXECUTION TIME 

 

Planning 

time 

(s) 

Execution time in Software 

simulation (s) 

Execution time in 

Hardware 

(s)  

0.017 6.8 7.52 

0.020 5.22 5.39 

0.023 6.0 7.13 

0.016 5.2 5.83 

0.017 6.89 7.50 

0.020 4.8 6.15 

 

VIII. CONCLUSION 

In this paper we have presented the software simulation of a 6 

DoF robotic arm using ROS and its equivalent hardware 

testing. A real time 6 DoF arm is fabricated and controlled 

using ROS simulated 6 DoF robotic arm. ROS, the operating 

system exclusively meant for robotic systems is very useful 

in simulation and control of robotic arms. The test results 

show that this arm can be used to cut the coconut bunches 

with minor design changes and fabrication. 
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