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Abstract

The research work is focused on calculation of position matrices or end effector position of SCARA robotic arm of 3 to 6 Degree
of Freedom for various industrial purposes or operations like material handling, assembly, welding, pick and place operations.
The calculations of position matrices or end effector position are very complicated and time consuming or laborious, to minimize
the time consumption and to enhance learning of forward kinematics of SCARA robot of 3 to 6 DOF a user friendly Graphical
User Interface is developed by using MATLAB GUIDE(Graphical User Interface Development Environment ). This MATLAB
GUIDE tool is used in calculating position matrices or end effector position of SCARA robots. In this research work 5 and 6
Degree of freedom SCARA robot were developed by referring 3 and 4 degree of freedom robots.
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1. INTRODUCTION
In modern day industries and factories, automation and
robotics play a vital role in assembling, material handling,
welding, pick and place operations. The accuracy and
precision of industrial robot is an important criterion for
efficient working. So, it is very important to study
kinematics and dynamics of industrial robot for their
accurate and precision working.
In this research work SCARA robot is taken for study, by
referencing foregoing research work on 3 and 4 Degree of
Freedom (DOF) SCARA robots, an idea has developed 5
and 6 DOF SCARA robots. This research work is focused
on forward kinematics of 3 to 6 DOF SCARA robots.
MATLAB is a powerful tool used to calculate complex
calculations; GUIDE is a part of MATLAB known as
Graphical User Interface Development Environment it is
used in developing Graphical User Interface. Fig- 1: Denavit Hartenberg Principle
The research work is based on the Denavit Hartenberg Table- 1: Denavit Hartenberg Parameters
principle, in the Fig.1 Denavit Hartenberg principle is Parameter | Notation | Description
explain and in Table 1 parameters are shown. link a the offset distance between
length I Z.,and 7, axes along the xi
axis
link twist ;
. the angle from the 7. . axis to
angle Qi 9 Zl—l
the 7, axis about the xi axis
link d. the distance from the origin of
I
offset frame i-1 to the . axis along
the 7, , axis
joint . the angle between y. . and Y.
angle 0: g Xia Xi

axes about the 7, , axis
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2. OBJECTIVE

The objective of the research work is to develop two more
possible types of SCARA robots for more flexibility and
complex machining. The two new possible SCARA robots
are 5 and 6 DOF SCARA robot they were developed by
referencing 3 and 4 DOF SCARA robots. The major
objective is to study the forward kinematics of all the four
SCARA robots of 3 to 6 DOF and calculate position
matrices. The forward kinematics of SCARA robots were
calculated with the help of MATLAB GUIDE tool.

The calculations of forward kinematics of SCARA robot are
complex and time consuming, to minimize the problem of
calculations and make it easy and less laborious. A user
friendly Graphical User Interface is developed by help of
MATLAB GUIDE Tool.

- Forward Kinematib End-Effector
Joint Variable

Position

(Gn)
< Inverse Kinematics (xy,2)

Fig- 2: Forward and Inverse Kinematics

In the Fig 2 one can see relation between forward and
inverse kinematics. In forward kinematics position matrices
or end effector position are calculated by help of link length
and joint angles, and in inverse kinematics joint angles are
calculated with the help of link length and end effector
position or position matrices. In this research work forward
kinematics of SCARA robot is studied and end effector
position or position matrices is calculated.

3. LITERATURE REVIEW

The Author (Mariappan and Veerabathiram 2016) has done
modeling and simulation of multi spindle drilling redundant
SCARA robot PRRP (prismatic -revolute -revolute -
prismatic) which is used to drill multiple holes in printed
circuit board and sheet metal, modeling is done using
solidworks CAD software and to study dynamic 3D CAD
model of robot is converted in Sim-mechanics block
diagram by exporting into MATLAB/Sim-mechanics
utilizing its motion sensing capability the dynamic
parameter velocity and torque of the manipulator are studied
and necessary improvement in design of robot is performed.

[1]

The Analysts (Chinmayi, et al. 2016) have performed
analysis the kinematic of SCARA robot for the application
of deburring rectangular path, modeling motion simulation
kinematic analysis is done in NX, mathematical analysis is
performed in MATLAB, comparison is performed between
CAD NX motion simulation kinematics analysis and
MATLAB mathematical analysis it is observed there is
variation in the time it is because of the change in the
direction of movement which can be reduced by providing
offset at the point where there is change in the direction. [2]

The Researchers (Venkata Rao, Raju and Subhashini 2014)
has performed analysis of SCARA robot for deburring
circular profile mathematical model for kinematics and
equations are derived from Denavit-Hartenberg notation,
kinematic parameter include joint angle, position, and
velocities are calculated by modeling and simulation
analysis in CAD software and compare with result obtained
from MATLAB, it is observed that result match fairly. [3]

The Analysts (Fang and Li 2013) had modeled four degree
of freedom SCARA robot simulation and analysis is done by
using robotic toolbox in MATLAB. Robot kinematic
simulations include both forward kinematics and inverse
kinematics, operator has to provide joint angle to the
software and robot reach the space coordinate. [4] The
Author (Elaikh, et al. 2013) has studied vibration and
kinematics characteristic of SCARA robot structure using
simulation with the help of MATLAB software. [5]

The Researcher (Shanmugasundar and Sivaramakrishnana
2012) enhanced analytical approach of inverse kinematic
SCARA robot by applying mathematical model’s linear
integration of the parameters by least square method to
Adaptive Neuro Fuzzy Network (ANFIS) and the
approximation error is back propagated. Matlab is used to
simulate the codes and finally ANFIS gives acceptable
solution. [6]

The Researcher (Jamali and Shirazi 2012) had modeled,
simulated, and optimized virtual prototype of a three degree
of freedom SCARA robot by using CAD software
solidworks and for multivariable control process and genetic
algorithm MATLAB simmechanics is used. [7]

The Author (Jasim 2011) has performed calculation of
complex inverse kinematics of four axes SCARA robot by
using neuro fuzzy network ANFIS. The reason of using
adaptive neuro fuzzy network was, it is easy to operate and
errors are in acceptable limit and simulation is quit fast. [8]

The Researcher (Isaksson, et al. 2010) studied kinematic
parallel structure of robot to enhance working of SCARA
robot, comparison were performed between parallel
structure and SCARA robot. [9] The Researcher (Tempea,
Neacsa and Livadariu 2009) designed a double SCARA
mechanism using CAD software CATIA V5, there are two
types of five-bar mechanisms model that have been
normalized and reduced, in which the distance between the
joints from the frame is zero. In the second case, it offers a
new acting solution of active couples, making it easier to
build the system. This solution also goes into a simplified
forward and inverse kinetametics and simple control system.
[10]

4. SCARA ROBOTS

There are four SCARA robots they are differentiate on the
basis of their varying 3 to 6 DOF or degree of freedom they
were discussed below with the help of diagram.
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4.1 SCARA Robot 3 DOF
In Fig.3 SCARA robot of three degree of freedom is shown.
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In Fig.6 SCARA robot of four degree of freedom is shown.
Yo
Fig- 3: SCARA Robot 3 DOF
4.2 SCARA Robot 4 DOF
In Fig.4 SCARA robot of four degree of freedom is shown.
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\.),x 5. MATHEMATICAL EQUATIONS
10 ” 5.1 SCARA Robot 3 DOF
T /I J] Following are the matrices for three degree of freedom
7 % , SCARA robot
s — ¢ -S 0 ac
Fig- 4: SCARA Robot 4 DOF lAzJ _ S C 0 asS |.
0 0 1 '
4.3 SCARA Robot 5 DOF o o o cil

In Fig.5 SCARA robot of four degree of freedom is shown.

Volume: 06 Issue: 09 | Sep-2017, Available @ http://www.ijret.org 48


http://www.ijret.org/

IJRET: International Journal of Research in Engineering and Technology =~ elSSN: 2319-1163 | pISSN: 2321-7308

C. S 0 a.C;
2[_|S: G 0 a,S,|.
lAlJ 0 0 1 d2 !
0 0 O 1
C: —Ss 0 0
31_1Ss G 0 0
[AZ] 0 0 1 —q,
0 0 0 1

Px=a; Ci+ a2Cy2
Py =a1 Si+ a2 S
Pz = di1+d,-d3 (Maraghy 1986) [11]

5.2 SCARA Robot 4 DOF

Following are the matrices for four degree of freedom robot

G S 0 a.C,
oS G 0 a,s|.
{A"J 0 0 1 ¢,
0 0 0 1

C. =S, 0 a.C;
21_1S, G 0 a,s.|.
[A“J 0o 0 -1 o0 |
0 0 0 1

1 00 O
s 101 0 O
Ad- 001 —q,|
0 00 1
C. —S, 0 0
“_1Ss G4 0 0
[AZJ 0 0 1 —q,
0O 0 0 1

Px=a1 Cit a:C12
Py=a; Si+ a; Sy,

Pz = di-ds-ds (Rehiara 2011) [12]

5.3 SCARA Robot 5 DOF

Following are the matrices for five degree of freedom
SCARA robot

C & 0 a.C
oS G 0 a8 |.
[AO] 0 0 1 dl !
0 0 0 1

C. =S, 0 . C;

lA:J: %2 %2 o a2052;

0 0 ©0 1

o

1 00 O
3 01 0 O
[AZ]: O 0 1 _ !
ds
0 0O 1 |
1 00 0 |
4 010 0
INE _,
001 —¢g,
0 0O 1 |
C: —Ss 0 0
s| |S c. 0 O
{A“J' 05 05 1 -
ds
0 0 O 1

Px=a; Ci+ a2Cy2
Py =a1 S1+ a2 S12
Pz = d17d37d4 fds

5.4 SCARA Robot 6 DOF

Following are the matrices for six degree of freedom
SCARA robot

C S 0 a.C,
oIS G 0 ;S |
{AOJ 0 0 1 dl !
0O 0 0 1
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O theta alpha offset distance SCARA——
C. =S a.C, ]
lAfJ: S, C 0 as,|. 2
0 0 -1 0 3
0 O 0 1 a
S
1 00 O 5
INE
001 —q, N
000 1
Py
1 00 O
Pz
IR
001 —¢,| Fig- 7: MATLAB GUIDE WINDOW
000 1 There are space provided for individual entry of theta alpha
~ _ offset and distance. There are separate button provided in
C. -S. 0 O the right side of window numbered from 3 to 6 DOF they
5 5 are responsible for calculation of position matrices or end
{ SJ 1S Cs 0 . effector position. The position matrices or end effector
A4 - 0 0 1 -d ’ position are displayed in the space provided in bottom left
5 side of window.
0 0 0 1|
The windows shown in 6.1 to 6.4 are for calculation of
r 0 0 1 position matrices of SCARA robots.
Ce —Se
[ 5] S C 0 O 6.1 SCARA Robot 3 DOF
A5 |0 0 1 —(, , In the SCARA 3 DOF robot we need values of alpha 1 and
0 0 0 1 alpha 2, offset or link length 1 and 2, then we need height or
L J distance of link0, link 2 and link 3. After that user has to
press 3 DOF button and result of position matrices were
Px=a1 Cit a2Cyp displayed in space provide bottom left corner of window.
— —FORWARD KINEMATIC
Py =a Sl+ & 812 theta alpha offset distance SC
Pz = di—ds—ds—ds—dg 1 0 20 1000 2500 :
6. MATLAB GUIDE WINDOW ’ i o ) [ow ] [0 ) =2
. 3 0 0 0 300 [ 5D0F ]
In the Fig.7 the standard view of MATLAB GUIDE [ 6D0F |
WINDOW is shown. In the window one can see all the four ! | LODOE |
parameters of Denavit Hartenberg principle. 5
B
P
15824802
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1108.0648
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Fig- 8: SCARA Robot 3 DOF

Volume: 06 Issue: 09 | Sep-2017, Available @ http://www.ijret.org 50


http://www.ijret.org/

IJRET: International Journal of Research in Engineering and Technology

elSSN: 2319-1163 | pISSN: 2321-7308

6.2 SCARA Robot 4 DOF

In the SCARA 3 DOF robot we need values of alpha 1 and
alpha 2, offset or link length 1 and 2, then we need height or
distance of link0, link 2 and link 3. After that user has to
press 3 DOF button and result of position matrices were
displayed in space provide bottom left corner of window.

—FORWARD KINEMATIC!

theta alpha offset distance  —SCARA——

1 0 45 1500 3500 (2DoF J
) . - . o |
3 0 0 0 450 (5 DoF |
4 0 0 0 350 [ 6D0F
5
6

P 13211324

Py 25378718

Pz
2700

Fig- 9: SCARA Robot 4 DOF

6.3 SCARA Robot 5 DOF

In the SCARA 3 DOF robot we need values of alpha 1 and
alpha 2, offset or link length 1 and 2, then we need height or
distance of link0, link 2 and link 3. After that user has to
press 3 DOF button and result of position matrices were
displayed in space provide bottom left corner of window.

theta alpha offset distance  —SCARA——
1 0 65 2000 4000 3 DOF
2 0 70 2000 0 e
3 0 0 Q 600
4 0 0 Q 400 [ 6DOF |
5 0 0 Q 200
6
Py
568977
Py
3226 8291
Fz
2800

Fig- 10: SCARA Robot 5 DOF

6.4 SCARA Robot 6 DOF

In the SCARA 3 DOF robot we need values of alpha 1 and
alpha 2, offset or link length 1 and 2, then we need height or
distance of link0, link 2 and link 3. After that user has to
press 3 DOF button and result of position matrices were
displayed in space provide bottom left corner of window.

— FORWARD KINEMATIC
theta alpha offset distance

1 0 90 2500 4000
2 0 90 2500 0
3 0 0 0 750
4 0 0 0 500
5 0 0 0 350
6 0 0 0 200

P

-2500
Py

2500

Pz
1900

Fig- 11: SCARA Robot 6 DOF

7. CONCLUSION

The MATLAB GUIDE software is working perfectly and
providing results of position matrices or end effector
position for the entire four SCARA robots from 3 to 6 dof
robot configurations.

The objective of research work is to develop MATLAB
GUIDE a user friendly tool to solve complex and time
consuming calculation of position matrices is successfully
achieved. The software is working and providing data of
position matrices for all the four SCARA robots.
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