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Abstract: - This paper elaborates the tracking 

and catching 3D flying object using a robotic 

manipulator. For getting the desired output 

requires to clear these three problems: to predict 

the trajectory path of the flying object coming 

towards the manipulator, to find out the catching 

configuration, and adjust the arm according to 

that. In this paper, we focus on estimating the 

possible trajectory paths accessible by the two 

link robotic manipulator with gripper connected. 

After the designed trajectory paths are given to 

the robot arm, the gripper attached to it moves 

according to that trajectories. (Department of 

Control and Automation, VIT University, 

Vellore, India.) 
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I. INTRODUCTION  
 
 

We describe the solution for part of the 

problem of catching the flying 3-D object 

towards the robot arm. We consider the flying 

object having a particular shape and mass which 

will ensures that the center of mass (COM) of 

the object is at the center only. The three main 

problems in catching the flying 3-D objects are: 

 
 
 
 
 
 
 
1. Trajecory prediction of flying 3-D object: The 

trajectories of the flying object are non-linear. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1. Design of robot in Solidworks 

 

2. Optimal catching configuration: It depends on 

The intercepting point of trajectories of both 

flying object and the robot arm.  
 
3. Planning the robot arm motion: the robot arm 

will go to the intercepting point of two 

trajectories for catching the flying object.  
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The robotic arm motion is having particular 

paths and trajectories. This paths and trajectories 

are actually the different possible routs or ways 

that robot arm uses from starting point (standstill 

condition) to the catching point (intercepting 

point). Later trajectory estimation consists of 

design and plan obstacle collision free trajectory 

from start point to end point. 

 
The softwares used are Solidworks and 

Matlab.Solidworks is a CAD(Computer aided 

design) engineering software program used for 

solid modelling. It is a software introduced by – 

DS, Dassault system, France. It is compatible for 

robot modelling. Matlab stands for matrix 

laboratory. It is a software used for exploring 

and visualizing programs related to areas such as 

control system , process control , computer 

applications , image processing etc. We design 

the two link robotic manipulator arm in 

Solidworks and export that file to Matlab for 

controlling the arm motion according to the 

designed trajectories. The main aim of this work 

to present the completesimulation procedure 

using Solidworks, Matlab, Simmechanics . to 

test the simulation work we design the two link 

robotic arm in Solidworks. 

 
The robot link specifications are given in the 
following table1: 

 

 LENGTH  TYPE OF 

LINK OF LINK JOINT JOINT 

    

LINK -1 60CM JOINT - REVOLUTE 

  1  

LINK -2 60CM JOINT - REVOLUTE 

  2  
    

LINK -3 15CM JOINT - REVOLUTE 
  3  
    

END    

EFFECTOR 30CM JOINT - REVOLUTE 

  4  
    

2. PROBLEM DEFINITION 

 
To catch the flying objects with different shapes 

and sizes and it includes 2 major parts. First part 

is about to design and estimate the maximum 

possible trajectories of the robot arm and the 

second part is about to predict the trajectories of 

the 3D object flying towards the robot. In this 

paper we concentrate on the first part only. 
 

3. HARDWARE DESIGN OF  
ROBOTIC SYSTEM 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 2. design and assembly of different parts 

of robot in Solidworks 
 
 

 

4. METHEDOLOGY 

 
The work in this paper is related to a 4DOF 

robotic manipulator. DOF (Degree Of Freedom) 

is the total number of links in robot. The 4 links 

in this robot is base, elbow, extension to the 
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elbow to attach end effecter and grabber. The 

use of the first 3 axes are for positioning the 

grabber and the fourth axis is for moving the 

grabber according to the catching point co-

ordinates .There are 4 joints and all are rotary. 

All the 4 joints are parallel in nature, i.e there z-

axes are also parallel, and for parallel z-axes α,d 

are zero. The DH parameters of the robot are 

shown in the following table 2: 
 

Joint d θ a α Initial Final 
NO. m deg m deg value value 

     (deg) (deg) 

       
1 0 variable 0.6 0 0 180 

       
2 0 variable 0.6 0 0 180 

       
3 0 variable 0.15 0 0 180 

       
4 0 variable 0.3 0 0 180 

       
  Table 2. DH parameters of robot 
 

Where, 
 

d=joint offset (in meters); 
 

θ = joint angle (in deg); 
 

a =link length(in meters); 
 

α =twist angle(in deg); 

 

These 4 parts are separately designed in 

solidworks and assembled to get whole design of 

robot. In this paper the desired task should be 

completed in two parts. In which the first part is 

to design the maximum possible trajectories of 

the robotic arm that can move with the 

maximum possible paths. The controlling of the 

robot is done Matlab. The solidworks robot 

design is imported to matlab using 

Simmechanics software. We done the Matlab 

 
coding for obtaining the different possible 

trajectories of the robot, that coding generates a 

simulink diagram (.slx file) and after we run that 

file we get the different possible trajectories. 

The trajectory paths for diffent final value angles 

for all joints are shown in following pictures: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

figure 3. Trajectory path of the robot  
(for 180◦ final value for all joints) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

figure 4. Trajectory path of the robot  
(for 360◦ final value for all joints) 

 
After the design part in solidworks, that design 

in imported to matlab for controlling part. The 

coding in matlab generates a simulink diagram 

that executes the trajectories of the robot. The 

simulink dia is: 

International Journal of Scientific & Engineering Research, Volume 7, Issue 3, March-2016 
ISSN 2229-5518 453

IJSER © 2016 
http://www.ijser.org

IJSER



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 5. simulink diagram. 

 
There are different type of trajectories are 

available. In which first we applied for cubic 

trajectory and obtained the graphs for position, 

velocity and acceleration for each of the 4 joints. 

The graphs of position, velocity and acceleration 

of joint 1 are shown below: 
 
 
 
 
 
 
 
 
 
 

(a) (b) 
 
 
 
 
 
 
 
 
 
 

(c) 

 
Figure 6. (a)position; (b)velocity; (c)acceleration 

of cubic trajectory for joint 1. 

 
For cubic trajectory, the position and velocity graphs 

are continuous but the acceleration graph is 

discontinuous which can lead to sudden jerk. This can 

damage the robot joints and links. So, we moved to 

another trajectory that is quantic trajectory. The 

 
graphs of position , velocity and acceleration when 

applied for quantic trajectory are shown below: 
 
 
 
 
 
 
 
 
 

 

(a) (b) 
 
 
 
 
 
 
 
 
 
 
 

 

(c) 

 
Figure 7. (a)position; (b)velocity; (c)acceleration 

of quantic trajectory for joint 1. 

 
For quantic trajectory the posion and velocity are 

continuous as in cubic but also the acceleration in 

quantic trajectory is continuous which is desired. 
 

5. CONCLUSION AND FUTURE  
SCOPE 

 
We gained knowledge of several lessons during 

this project work. We grasp a good command 

over solidworks and matlab. Here, we have used 

very simple robot links and gripper so that it can 

be easily controlled by matlab. 

 
For future scope this methodology can 

be applied for industrial application like pick 

and place, assembling parts,etc. Hence the 

predicting object trajectory and catching 

configuration can be considered as future work. 
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