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Abstract  SCARA (Selective Compliance Articulated Robot Arm) is a well-developed manipulator  with 4dof (3 revolute 

&1 prismatic) used specially for pick & place applications. The aim of the paper is to present the verification of the 

kinematics of a customized SCARA robot for deburring application comparing video graphic analysis with MATLAB 

analysis. Video graphic analysis is a technical analysis done by the visual observation method by slow motion replay and by 

freezing the frame. MATLAB analysis is based on the mathematical equations of the SCARA robot. A video is recorded from 

the customized SCARA robot developed for deburring application. The present application is programmed for rectangular 

path. Using video graphic analysis angular displacements of joint 1 & joint 2 are calculated, further using differentiation 

method angular velocities & angular accelerations of joint 1 & joint 2 is derived respectively. As SCARA kinematics are well 

available in the literature those equations are used for MATLAB analysis. Angular displacements, angular velocities, angular 

accelerations are calculated using MATLAB. For verification of the kinematics of a SCARA robot a comparison is made 

between the video graphic analysis & MATLAB and observed that both the analysis are yielding the same results. 
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1. Introduction 

SCARA is well established manipulator with 3 revolute 

and 1 prismatic joint. Kinematics and dynamics of a SCARA 

robot are well available in the literature [1-3].  

 

Figure 1.  Customized SCARA robot 
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SCARA is widely used because of its advantages such as 

high accuracy, precision and smooth in operation. 

Applications of the SCARA involve pick and place, 

assembly, drilling, deburring etc. 

Figure 1 presents the customized SCARA manipulator 

which is used for deburring operation, Figure 2 presents the 

deburring of rectangular component by the customized 

SCARA robot. 

 

Figure 2.  Deburring of rectangular component 

SCARA manipulator behaves as a human arm, joints of 

the manipulator helps it to move vertically and horizontally. 

SCARA arm has limited motion at the wrist i.e. it can rotate 

but cannot tilt. The limited motion of the wrist is 
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advantageous for many types of assembly operations, such 

as pick-and-place, assembly, and packaging applications.  

Figure 3. presents the schematic representation of a 

SCARA robot. In the present work 2-dof of SCARA robot i.e. 

joint 1 and joint 2 is used for kinematic verification. Here 

kinematics include angular displacement, angular velocity, 

angular accelerations of joint 1 and joint 2 respectively. 

 

Figure 3.  Schematic representation of SCARA robot 

The SCARA configuration has a work volume that can be 

closely resembled to heart or kidney shaped prism and is 

shown in the Figure 4, having a circular hole passing through 

the middle. This allow a large area coverage in the horizontal 

plane but relatively little in the vertical plane. 

In the present work kinematic equations are programmed 

in the MATLAB, in video graphic analysis kinematics are 

computed using time derivative process. 

The rest of the paper is organized as Data used for the 

work, Video graphic analysis, Kinematic validation of the 

SCARA robot, and conclusion. 

2. Data Used 

Link lengths of the customized robot are link 1=0.200m 

and link 2=0.150m. The data used produces rectangular path.  

Figure 5 presents the schematic representation of top view 

of a SCARA robot used for rectangular path. Here L1 and L2 

represents the link length of joint 1 and joint 2 respectively. 

Table 1 is the input data used for MATLAB analysis. PX 

and PY are the position of the workpiece in the x and y axis 

where VX, VY, AX and AY are obtained by differentiating 

PX and PY values with respect to time which represents the 

respective velocities and accelerations. 

 

Figure 4.  Work volume of a SCARA robot 

Table 1.  Input data 

Time (s) PX PY VX VY AX AY 

0 0.08424 0.212096 0.001798 0.0226 0.001517 0.018315 

1 0.086038 0.234728 0.000281 0.0043 0.001951 0.00295 

2 0.08632 0.239046 0.002232 0.0013 2.35E-05 3.92E-05 

3 0.088552 0.240414 0.002256 0.0013 0.004233 0.0015 

4 0.090808 0.241742 0.001977 0.0028 0.006233 0.0044 

5 0.08883 0.244619 0.004256 0.0015 0.00826 0.0073 

6 0.093086 0.243032 0.004004 0.0057 0.006305 0.0044 

7 0.089082 0.24875 0.002301 0.0012 0.004377 0.0015 

8 0.091383 0.249999 0.002076 0.0028 0.004398 0.0015 

9 0.089306 0.252805 0.002322 0.0012 0.002322 0.0012 

10 0.091629 0.254014 0 0 0.002343 0.0011 

11 0.091629 0.254014 0.002343 0.0011 0.004468 0.0016 

12 0.093971 0.255182 0.002125 0.0027 0.00021 0.0075 

13 0.091846 0.257951 0.001915 0.0102 0.000339 0.0005 
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Figure 5.  Schematic representation of SCARA robot for rectangular path 

3. Video Graphic Analysis 

Video graphic analysis is a technical analysis [4-6] done 

by the visual observation method by slow motion replay and 

by freezing the frame as and when required. 

In the present work a video is recorded when the deburring 

of SCARA robot is done. Then virtual protractors are 

placed on the two joints of SCARA manipulator. These 

virtual protractors move relative to the motion of the links. 

The recorded video is imported and analyzed in the VLC 

player. 

The purpose of the analysis is to measure the joint angles 

of the SCARA robot while deburring operation is done, 

Virtual protractors of the SCARA robot while performing 

the deburring operation are as shown in the figure 6. The 

complete deburring operation for one cycle tool is 51 

seconds. Therefore, the joint angles of the links are measured 

with a step length of 1 second. Joint angles of link 1 and link 

2 are computed using these virtual protractors and angular 

velocities and angular accelerations of joint 1 and joint 2 are 

computed using differentiation method. 

 

Figure 6.  Top view of SCARA robot withvirtual protractors 

4. Kinematic Analysis of a SCARA 
Robot 

This section presents kinematic validation of a SCARA 

robot done in video graphic and MATLAB analysis. Figure 7 

presents angular displacement of joint 1 with respect to time, 

from this it is observed that there is no difference between 

the results obtained from the video graphic analysis and 

mathematical analysis done in MATLAB.  

 

Figure 7.  Angular displacement of joint 1 vs time 

 

Figure 8.  Angular displacement of joint 2 vs time 

 

Figure 9.  Angular velocity of joint 1 vs time 

Figure 8 presents angular displacement of joint 2 with 

respect to time. Figure 9 presents angular velocities of joint 1 

with respect to time, Figure 10 presents angular velocities of 

joint 2 with respect to time, Figure 11 presents angular 
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acceleration of joint 1 with respect to time, Figure 12 

presents angular acceleration of joint 2 with respect to time. 

From all these graphs it is observed that both video graphic 

analysis and MATLAB are yielding same results. So further 

placement analysis for rectangular component is carried out 

in MATLAB.  

 

Figure 10.  Angular velocity of joint 2 vs time 

 

Figure 11.  Angular accelaration of joint 1 vs time 

 

Figure 12.  Angular accelaration of joint 2 vs time 

From all the above figures it is observed that the results of 

videoggraphic analysis and mathematical analysis are same. 

So the kinematics of the SCARA robot are verified for 

further analysis. 

5. Conclusions 

In the present work, for verification of the kinematics of a 

SCARA robot video graphic analysis and MATLAB are 

used. It is observed that video graphic and MATLAB 

analysis are yielding the same results. Further work can be 

extended for positional analysis of a rectangular component 

with in the work volume of a SCARA robot. 
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