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Abstract: In this paper, dynamic behavior of a six-axis robotics system for pick and place process through a defined
trajectory using MATLAB Robotics System Toolbox is presented. Robotics System Toolbox™ provides algorithms and
hardware connectivity for developing autonomous robotics applications for aerial and ground vehicles, manipulators, and
humanoid robots. The Euler-Lagrange equations have several very important properties that can be exploited to design and
analyze feedback control algorithms. Trajectory for pick place operation is generated by using this toolbox. Joint
configurations for a desired end-effector pose is calculated using Rigid body tree kinematics Simulink block. Dynamic
simulations are carried out on the model to examine the properties such as torque variation at the joints and trajectory of
the manipulator. According to the simulation result, the manipulator has expected response similar to physical model. The
maximum joint toque required about 3 Nm and the minimum joint torque required about 0.04 Nm at the articulated robotic
arm.

Index Terms: MATLAB Robotics System Toolbox, Euler-Lagrange, trajectory, Simulink, dynamic simulation.

. INTRODUCTION

Analyzing a robotic system requires software packages that can perform mathematics, control, data acquisition, communication
with external devices, image processing, real time data manipulation, 3D visualization, etc., and also programming support under
a single platform. Graphical programming language is always an intuitive way to use robotic simulation. There are packages like
LabVIEW [1], MATLAB Simulink [2], Simscape Multibody [3], [4] and others [5] which support such an environment for
programming and visualization. Robotics system toolbox provides an interface between MATLAB and Simulink and provides
functions for manipulator algorithms discarding the tedious derivation of equation of motion. None of the literature survey so far
reported robotics manipulator dynamic study using MATLAB Robotics System Toolbox. Hence, the dynamic simulation of a
robotics manipulator was carried out here to observe its behavior and check its performances as it was planned to be procured for
some real-life applications. And comparison analysis is performed by comparing with Euler-Lagrange dynamic calculation. This
forms a major contribution of the paper. MATLAB Robotics System Toolbox has been used to perform kinematic and dynamic
formulation and results are validated using physical simulation with Simscape Multibody. Virtual simulations being a demanding
field in robotics, several attempts have been made by the researchers to create and simulate robots in virtual environments.

Il. EULER-LAGRANGE METHOD OF ROBOTIC ARM

The dynamic equations of any mechanical system can be obtained from the known Newtonian classical mechanics, the drawback
of this formalism is the use of the variables in vector form, complicating considerably the analysis when increasing the joints or there
are rotations present in the system. In these cases, it is favorable to employ the Lagrange equations, which have formalism of scale,
facilitating the analysis for any mechanical system. The dynamics of serial manipulator can be solved by applying the Euler-Lagrange
equation. The formulation is defined as the difference between the kinetic and potential energies of the 6-DOF serial manipulator
part. The Lagrange’s approach is described here briefly for serial link manipulators with rigid links. The specification of articulated
robotic arm data are shown in Table 1.

Table 1. Specification of Articulated Robotic Arm

Quality Symbols Values Units
Density p 2700 kg/m?3
(Aluminum)

Radius of link 1 R 50 mm
Length of link 2 L2 100 mm
Length of link 3 L3 63.15 mm
Length of link 4 L 4 50 mm
Length of link 5 L5 63.15 mm
Length of link 6 L 6 120 mm

Kinetic Energy

The kinetic energy of a rigid object is the sum of two terms: the translational energy obtained by concentrating the entire mass of
the object at the center of mass, and the rotational kinetic energy of the body about the center of mass. The expression for the kinetic
energy of i link of the manipulator is given by KE; as:
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The total kinetic energy of the manipulator can be written as the sum of all the kinetic energies of the links of the
manipulator. That is,

KEsystem: 221 I<Ei (2)

Potential Energy

The potential energy of the i link can be computed by assuming that the mass of the entire object is concentrated at
its center of mass and is given by

PEi=mig hi (3)
The total potential stores in the manipulator is the sum of the potential energy in the individual links, that is,
PEsystem: 221 KEi (4)

Euler-Lagrange Equations
In general, the Lagrangian of a manipulator system can be defined as a function of the generalized coordinates:

L=KE PEgysem ®)

system”™

The Euler-Lagrange formula will be used to drive the equation of motion for robotic manipulator, that is,
TSRO (6)

The generalized forces acting on the system,

_ vNfye 5 0V Ntpe o= 00]
Qk_ 21:1 (Fi-aqk) + Zj:l (Tj-aqk) (7)

The dynamic equation of mation of the robotic arm,

M(q).4 +C(q,).q+K(q,9) +G(@) = Q (8)

I11. DYNAMIC MODELING EULER-LLAGRANGE

The implementation of the block diagram was performed to numerically solve the dynamic equations of the system, thus
obtaining torque values along the defined time interval.in Fig 1. Wherein, the block MATLAB Function Input, has the input applied
to the system, which in this case is joint angles, obtained from inverse kinematic sub system block with input trajectory way points.
The block called MATLAB Function System, contains the mathematical model in its matrix representation, with robot parameter
inputs and torque outputs. The derivative blocks are used to obtain angular speed and acceleration respectively.

Numerical values necessary to solve the Euler-Lagrange’s equations of motion are shown as Table 2.

Table 2. Numerical Variable System

Physical characteristics Symbols Values Units

Acceleration of gravity g 9.81 m/s?
Mass of link 1 mass_1 0.202 kg
Mass of link 2 mass_2 0.042 kg
Mass of link 3 mass_3 0.195 kg
Mass of link 4 mass_4 0.021 kg
Mass of link 5 mass_b5 0.195 kg
Mass of link 6 mass_6 0.334 kg
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Figure-1. Block diagram of Euler-Lagrange’s equations

IV. IMPORTING CAD ASSEMBLY AND SIMULATION

The initial step is to create CAD model of the six degrees of freedom robotic arm that is going to be developed. SolidWorks was
used to develop CAD model of articulated robotic arm parts and its assembly shown in Fig 2. 3D model of the 6 degrees of freedom
robotic arm was designed by using Xacro macro language and mesh files generated from SolidWorks by saving as STL file format.
For the robot 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.
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Figure-2. Assembly of six degree of freedom robotic arm
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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 degree of freedom robotic arm was designed with all the respective
measurements and the joint angle limits to get a precise result. The rigid body tree model for MATLAB Robotics System Toolbox
from urdf file can be created by the following command:

robot = importrobot(‘filename.urdf’)

A manipulator task is usually given in terms of desired end-effector trajectory. Firstly, setting the desired way points of end
effector, the trajectory is generated by using cubic spline curve fitting function. shown in Fig 3.

Robot waypoint tracking visualization
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Figure-3. Trajectory planning of robotic arm

Jomt1 |

—=| theta | | thetad —* thetadd

Jomt2? |
| * Config
— theta
Input Rate Limiter
Joint 3 Kiz-1) 7
0.02469 / — TTez thetad JointVel )
z-0.9753 JointTorque —
Input Filter Kiz-1) »| JointAccel

Ts z thetadd

| Zerot6.7) |——+| FBxt

Joint 4

Input Processing

Joint 5 0.02469
z-0.9753 |
Output Filter
Jointé +—» Output Processing
Trajectory Point
»| Torque

Figure-4. Inverse Dynamic System in Simulink
As an optional extension of the MATLAB software package, SIMULINK provides in order to achieve the dynamic systems
models which are represented in the block diagram Fig 4. A large library, including a lot of different blocks, is available for the
user. This allows fast and accurate systems modeling, without having to write even a line of simulation code. The 3D coordinate
points of trajectory are fed to inverse kinematic sub system block in which the associated robotics rigid body tree model is assigned
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and sets of joint angles for each robot configuration is acquired. The joint position information is passed through discrete derivative
blocks and the required joint velocities and accelerations are obtained. The joint positions, velocity and acceleration are fed to the
inverse dynamic block and the required torque to drive the robot along a given joint trajectory is computed.

V. RESULTS AND DISCUSSION

The computed joint torque is used to drive the robot model in Simcape Multibody and validate the movement along the trajectory.
Same trajectory and joint configurations are also provided to Euler-Lagrange System. And then the torque results of Robotic System
Toolbox and the results of theoretical Euler-Lagrange equation block are compared. It was observed that the torques obtained by both
approaches are in close agreement to each other. The variation of joint torques with time during along the trajectory can be seen in
Fig 5. Base joint, shoulder joint and elbow joint are the manipulator of the robot. Base joint (Joint 1) occurred maximum torque at
1.9 Nm and minimum torque at -1.5 Nm with respect time. Shoulder joint (Joint 2) is the rotary joint, this joint carried the weight of
the another joint. So, the shoulder joint required the maximum torque. According to the result, the maximum torque about 3 Nm
occurred at the shoulder joint. The required joint torque of the elbow joint (Joint 3) is less than base joint. The value of the elbow
joint is 1.6 Nm. The wrist of the robot is defined joint 4, joint 5, joint 6. In the wrist three joint, the maximum torque at 1.2 Nm
occurred in joint 4 and the minimum torque at -0.04 Nm take place in joint 6. It is importance to know the torques of each joint that
will drive the robotic arm because it is necessary to decide selection of the motor for the system.
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Figure-5. Required Torques of each joint
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V1. CONCLUSIONS

The Unified Robot Description Format (URDF) file make the robotic modelling work convenient and smart. MATLAB Robotic
System Toolbox support the required algorithms for robot modeling and control. The method used is based on Euler-Lagrange
equations. The structural modeling is done by defining connection parameters and dynamics of each element, generating Simulink
dynamic equations necessary to solve the problem. The kinematic analysis, dynamic analysis and control design can be validated by
Simscape Multibody and co-simulation with other software package is not needed. This paper presents a different approach to inverse
kinematics analysis of an articulated robotic arm with open chain mechanism. Inverse dynamic problem of an articulated robot is
solved by using MATLAB Robotic System Toolbox and Euler-Lagrange equation. Maximum torque takes place at joint 2 (the
shoulder joint) and the minimum torque takes place at joint 6. According the trajectory, maximum torque occurring at the shoulder
joint (about 3 Nm) is logical. As a result of the paper, proposed analysis method verified by simulations and derived torques of each
joint are given in the form of the graphics. The main contribution of the paper to the literature is that different type inverse dynamic
analysis approach is implemented. Furthermore, paper can be control studies of the robots for the future works.
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