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Abstract— In this paper we discuss about performing the 

forming forward kinematics of a six axis robotic arm using 

ROS and RViz with a special plugin called MoveIt. For 

performing kinematics operations (i.e. either forward or 

reverse) using the above mentioned set up we created an 

arm model which is compatible with RViz. Later we also 

created a MoveIt configuration package of the same model 

for motion planning purposes. After creating a configuration 

package we performed forward kinematics on the armmodel 

and we verified the results in RViz with the manual 

calculations that we had done. 
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I. INTRODUCTION 

It becomes immensely important to possess a knowledge of 

a robot’s spatial arrangement as well as a means of reference 

to the environment, so that the robot can be controlled and 

programmed. As per the most popular definition available 

on the internet we can define robot kinematics as the 

application of geometry for studying the movements of a 

multi-degree of freedom kinematic chain that forms the 

structure of a robot.It is also known that there are two types 

of robot kinematics and they are given below:  

A. Forward Kinematics: 

Forward kinematics is the method for determining the 

orientation and position of the end effector, given the joint 

angles and link lengths of the robot arm[1]. 

B. Inverse Kinematics: 

Inverse kinematics is the opposite of forward kinematics. 

This is when you have a desired end effector position, but 

need to know the joint angles required to achieve it[1]. 

In this paper we will be performing forward kinematics on a 

six axis robotic arm using open source platforms like ROS, 

RViz and MoveIt. And we will be comparing the results 

obtained from this setup with the manual calculations that 

we had done for the same kinematical operation. A brief 

information regarding the above mentioned software setup is 

given below. 

ROS is an open-source, meta-operating system 

developed by Willow Garage, a California based company, 

formed in 2006.[2] It is a middleware which implements  

various open source packages.It provides an environment to 

test every aspect of a robot ranging from kinematics to 

electronic sensors. A large community of active ROS 

developers makes it easier to tackle any problem. Since 

ROS is open source and has a large user base it has a large 

variety of many successful robotic frame works.[3] 

RVIZ is a ROS graphical interface that allows you 

to visualize a lot of information, using plugins for many 

kinds of available topics.[4] MoveIt is a motion planning 

framework which needs to be that works in tandem with 

ROS and RViz. Robotic manipulators have been widely 

used in industrial production lines for the reason that they 

can provide cost effective and high speed services.[5] 

II. METHOD 

The method undertaken to carry out this study can be 

classified into four steps. The first one is the modelling 

phase where we created a simple kinematic linkage of the 

arm using URDF (Unified Robot Description Format) 

specifications for a ROS package. Later we created a 

MoveIt configuration package. After that we loaded the 

configuration package in the RViz visualiser and performed 

the forward kinematics on the robotic arm.  The following 

flowchart depicts the same steps that were involved in 

carrying out this study. 

 
Fig. 1: Flowchart of the method 

Kinematic Model of the Robot 

To write a URDF file one must strictly follow the prescribed 

format. The prescribed format for URDf is given below. 

 
Fig. 2: URDF specifications for modelling a robot 

A URDF file has .urdf extension. In this file we 

provide a detailed description of our robot including the 

geometry (shape and size), inertial and collision properties 

of each and every link followed by the detailed description 

of joints between the links. The description of a joint 

includes type of joint (i.e. revolute or prismatic), its 
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orientation, parent and child links etc. Further information 

about the URDF specifications is easily available on the net. 

 
Fig. 3: URDF Model of the Robotic Arm 

The above figure shows a simple kinematic model 

of the robotic arm that we are going to use for carrying out 

the forward kinematics. The model in the figure is 

visualized in RViz visualiser. This model in RViz is used for 

performing forward and inverse kinematics, path planning 

etc. In RViz we can give motion to each and every joint by 

using a joint state publisher. In the following figure (i.e. Fig. 

4) we can see that all joints are set to their home positions 

(i.e. 0 rad). 

 
Fig. 4: All joints set at Home position (0  rad ) 

As shown in the above figure the arm is set to its 

default or home position where none of the joint is given 

any rotation. MoveIt provides an option to select a pose as a 

home position. Now we give a rotation of 1.57 rads to the 

first joint and it can be seen in the following figure. 

 
Fig. 5: First joint is rotated by 1.57 rad 

Comparing Fig. 4 & Fig. 5 it can be easily 

observed that the arm has been turned by 90o through the 

joint at its base (named One_joint). We can provide rotation 

to the arm through any joint by using joint state publisher. 

Here on the left side of the figure we can see a tab showing 

information about gripper base. The position of the gripper 

base along y and z axes is 0.95m, and 0.9m respectively. 

Along the x-axis the value of position is shown as 1.6653 x 

10-16m which is almost equal to 0 m. 

Axis X Y Z 

Position (in mm) 0 950 900 

Table 1: Results from RViz 

For performing kinematic analysis of a robotic arm we first 

need to make a simple kinematic model of the arm. The 

following figure shows such type of a model, 

 
Fig. 6: Kinematic Linkage of robotic arm 

Link 
Translation 

(in mm) 

Angle of rotation 

(in rad) 

Link 1 a1z = 50 θ1=1.57 

Link 2 a2z = 550 θ2 = 0 

Link 3 a3x = 500 θ3 = 0 

Link 4 a4z = 300 θ4 = 0 

Link 5 a5x = 450 θ5 = 0 

Table 2: Structural Parameters of the arm 

The transformation matrices between the joints are given 

below. 
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The transformation matrices between the adjacent 

joints can be obtained by substituting the parameters given 

in table 2. 

 
Therefore, the transformation matrix between the 

base and gripper base is given as follows 

 
To solve the above equation we need to simply 

multiply all the transformation matrices as per the order 

given in the equation. So, by solving the above equation we 

get the following results. 
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The results obtained from the above matrix are given below 

in a tabular form.  

Axis X Y Z 

Position (in mm) 0 950 900 

Table 3: Results from solving the transformation matrix 

Comparing both tables 1 and 2 we can say that results 

obtained from both methods have a great level of 

conformity.  

III. CONCLUSION 

Robot kinematics is an integral part of robotics and with the 

increasing demand of robotics it becomes important for a 

robotics engineer to get acquainted with it. Open source 

tools like ROS, RViz and MoveIt can serve as great learning 

and research platforms. In this study we have utilised these 

open source tools for modelling, simulating and performing 

kinematic analysis on the arm. 

REFERENCES 

[1] Society of Robot Website, 

http://www.societyofrobots.com 

[2] Tsardoulias, E., Mitkas, A.P. Robotic frameworks, 

architectures and middleware comparison 

arXiv:1711.06842 

[3] David Coleman, Ioan Sucan, Sachin Chitta, Nikolaus 

Correll Reducing the Barrier to Entry of Complex 

Robotic Software: a MoveIt! Case Study  

arXiv:1404.3785 [cs.RO] 

[4] https://www.stereolabs.com/docs/ros/rviz/ 

[5] Fei Liu, Guanbin Gao , Lei Shi, Yongfeng Lv 

Kinematic analysis and simulation of a 3-DOF robotic 

manipulator [C] 3 rd IEEE International Conference on 

Computational Intelligence and Communication 

Technology 

[6] http://wiki.ros.org/Documentation 

[7] http://library.isr.ist.utl.pt/docs/roswiki/urdf(2f)XML.ht

ml 

[8] M.P. Groover, M.Weiss, P.N.Nagal, and N.G Odrey, 

Industrial Robotics, McGraw Hill International 


