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Abstract—The growing popularity of manipulators in
industry has increased the need for mastery of knowledge
about the kinematics and dynamics of manipulators. On the
other hand, manipulators are not affordable items for
learning purposes, so modeling is one of the right solutions as
well as a new form of contribution to introduce physical
manipulators without having to have many manipulators in
the laboratory. Through this work, a 4-Degree of Freedom
(DOF) manipulator can be physically modeled similarly to its
original form as an educational robot, and a dashboard can
be designed to control its movement. The mechanical
physical model of the manipulator is developed using
Autodesk Inventor, and the setting of the manipulator
parameter is done using the Graphical User Interface (GUI)
MATLAB. The manipulator model used is Dobot Magician
which has four revolute joints. The advantages of modeling
using Autodesk Inventor design tools are an intuitive user
interface, easy to understand, and student-free license, so it
is more friendly to students than other design software such
as in the existing study. As a learning media, this modeling
has been very complex to learn mechanical design,
converting into MATLAB with XML (extensible markup
language) extension on Simscape Multibody, setting
kinematics and dynamics on Simscape, and designing control
interface using GUI on MATLAB. This work proves the
accuracy of robot movement with the path planning method
set through the GUI based on the forward kinematics and
reverse kinematics approaches.

Keywords—dobot magician, educational robot, physical
modeling, forward kinematic, inverse kinematic

I. INTRODUCTION

Currently, manipulators in the industrial world are
increasingly widespread for welding, painting, pick and
place tasks, other manufacturing tasks and have even
developed for the role of vision robots whose function is to
monitor, supervise, and quality control for a product [1-3].
This very high development has attracted the attention of
researchers and academics to make the control mechanism
simpler but still has high precision [4, 5]. Some researchers
have done a similar modeling research including Li and
Wang [6] wrote the results of their research modeling the
four Degree of Freedom (DOF) SCHUNK robot and
analyzing kinematics in redundant space with Denavit
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Hartenberg (DH) parameters to get the movement
coordinates of the modeled robot. Mohammed [7] has
modeled the four DOF RA-02 manipulator and analyzed
the kinematics using covariance (DH) and exponential
product formulas using MATLAB toolbox to obtain a
visual manipulator configuration. Arya et al. have also
modeled a four DOF robot using solidworks and concluded
that the modeling made has greatly helped students analyze
the kinematics of the robot practically [8].

By modeling a manipulator, the physical characteristics,
kinematics and dynamics of a manipulator can be
known [9-12]. This research models the Dobot Magician 4
DOF manipulator which is done by redesigning the shape
and characteristics of the Dobot Magician using Autodesk
Inventor software [13]. The assembly model that has been
generated by Inventor is then exported to Simulink
MATLADB’s Simscape Multibody. In Simscape Multibody,
Motion, and torque parameters are set to determine the
movement trajectory of the manipulator [14-17]. The
Dobot Magician manipulator movement is controlled using
a GUI through forward and inverse kinematics equations
based on the physical parameters of the Dobot
Magician [18-20]. Therefore, a manipulator can be
modeled with a similar shape to the original, as well as
being able to design its control dashboard based on the
kinematics equations of manipulator movement. Design of
robot mechanical parts and body assembly is done using
Inventor software, setting the dynamics and kinematics of
the manipulator is done using Simulink and the
manipulator control system is done using MATLAB
GUI [21, 22]. A slight difference between this research
compared to previous research is combining two different
research processes into one integrated process so as to
prove the design of the mobile manipulator in accordance
with the path planning.

Il. RELATED WORKS

A. Dobot Magician

Dobot Magician is a manipulator with four revolute
joints consisting of the base, shoulder, elbow, and end of
the effector at the wrist. The end of the effector consists of
a pneumatic vacuum suction cup mechanism, gripper, laser
printing, 3D printing hot-end, and pen holder for drawing
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graphs [23-26]. Dobot Magician specifications are
presented in Table I.

TABLE |. DOBOT MAGICIAN SPECIFICATIONS [6]

Parameter Item Specification

Number of Axes 4+1 (Base, Shoulder, Elbow, and wrist + EoF)
Payload 500 g

Maximum reach 320 mm
Position repeatability 0.2 mm
Length of base L 85 mm
Length of Shoulder L, 135 mm
Length of Elbow L; 147 mm
Length of wrist L4 59 mm
Length of EoF 50 mm

The Dobot Magician structure diagram consists of four
joints: J1, Ja, Js, and Ja. The J, position is the starting point
with coordinates (0, 0, 0), and the movement position is
defined as (x,y,z) [24, 27]. The mechanical structure of
Dobot Magician is shown in Fig. 1.

Rear Arm
Forearm
0,0,0)
End Power
Effector Supply
Base Arm
State
Light P

Fig. 1. Mechanical structure of Dobot Magician [2].

B.  Kinematics of Four-DOF Manipulator

Kinematics is defined as the mechanism of robot
movement from the aspects of position, velocity and
acceleration by ignoring the forces that affect the
movement of the robot. Robot kinematics is generally
divided into two mechanisms, Forward kinematic and
inverse kinematic. Forward kinematic is a movement
analysis to get position coordinates (X, y, z) if the position
of each joint on the robot is known. While inverse
kinematics is a movement analysis to get the value/angle of
each joint if we know the position coordinate data
(X, Y, 2)[28, 29].
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L

Fig. 2. Robot kinematics system control diagram.
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Fig. 2 is a description of the working mechanism of the
inverse kinematic robot control system with input in the
form of position control that produces the angle of
movement of the robot joints and forward kinematic with
input in the form of movement angles that produce the final
position of the robot movement. Changes in the angle and
movement of each joint actuator are carried out with the
DH method.
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The DH method is expressed in terms of four parameters:
twisting angle «;, link length L, link offset d;, and joint
angle 6; [30-33]. DH parameters for the 4-DOF Dobot
magician manipulator are:

L; Link Length; length in the X axis measured from Z J,
a; Link Twist; angle on the X axis measured from Z J,

d; Link Offset; distance on the Z axis measured from X J,
6; Joint Angle; angle at the Z axis measured at X J;

Based on the explanation of these parameters, the
modification of DH Dobot Magician parameters can be
formulated to obtain a homogeneous transformation matrix
that represents the position and orientation of the reference
frame with respect to the fixed reference frame of Dobot
Magician. The intended modification of DH parameters on
Dobot Magician is shown in Table II.

TABLE Il. D-H PARAMETER MODIFICATION OF DOBOT MAGICIAN

Frame i L; a; d; 0;
1 0 90° L. 6,
2 L, 0° 0 6,
3 Ls 0° 0 65
4 L, 0° 0 6,
5% 0 90 —Ls 6. =0°

* An optional end of effector attached to wrist frame 4.

C. Homogeneous Transformation Matrices

From the modification of DH parameters in Table 111, the
relative homogeneous transformation matrix can be
formulated for each frame corresponding to [34-36]. DH
Parameter-based homogeneous transformation as follows:

C91 _591 O L1C91
o_|se, co, o0 L,S6,
A 0 -1 0 L, (1)
0 0 0 1
—Cez _592 0 LzCHZ_
A]_ — 592 C92 0 L2592 (2)
2o 0 1 0
L 0 0 0 1
€O, S6; 0 LyCHs]
S0 —C6; 0 L3S6
AZ — 3 3 3 3 3
o 0 1 0 ®)
L 0 0 0 1 |
_C64 _594 0 L4C94_
Az — 594 C94 0 L4594 (4)
0 0 1 0
L 0 0 0 1
1 0 0 0
0 1 0 0
4 _
45 =g 0 1 -L (5)
Lo 0 o 1 |

The homogeneous matrix connecting Frame 1 to Frame
5 is obtained by the following formula:

AL = ML A3A3AS

Agz[Rg Pr?]
0 1

(6)
()
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From Eqgs. (6) and (7), the rotation matrix and vector
location of Frame 5 with respect to Frame 1 are obtained as
follows:

c6,+6s) —SO,+6;) 0
0 0 1
And
CO; (Ly + L3C(0, + 65) + L,CH,)
Pd =156, (Ly + L3C(6, + 03) + L,CH,) 9)

Ll - LS + L35(92 + 93) + Lzsez

D. Forward Kinematics and Inverse Kinematics

Forward kinematics requires closed-loop vector analysis
to derive position equations. The number of equations is
determined by the number of joints and the number of
manipulator arms. From the derivative of Eq. (9), the
forward kinematics equation is obtained as follows:

P [CO; (L3C (0, + 03) + L,CH,)
Py|=[S6, (L3C(6; + 63) + L,C6,)

(10)

The inverse kinematics of the manipulator is always
more complex than the forward kinematics because the
equations solved are non-linear and result in infinite
solutions. Based on Eg. (10), the inverse kinematic
parameter approach to obtain (6, 85, 85) is as follows:

(1) Approximate 64
Po=x—Ly;P,=yand P, =z + Ls

By Py

61 _ By =5
o, P tan 6, = P (11)
6; = tan™! [i—y] = tan" (P, P,) (12)

(2) Approximate 63
To simplify the finding of 65, the cosine equation is
expressed as follows:

a=25=1;0(0, +6) +1L,C0, (13)
1
b = PZ - Ll = L3S(92 + 03) + Lzsgz (14)
Therefore, it is obtained:
a? + b? = Ly* + Ly* + 2L,L5C0,4 (15)
Then:
2,p2_ 7.2 2
C93 — a“+b“—Ly“+L3 (16)

2L,yL3
Assuming the object is still within the working range of
the Dobot, then:
593 = i 1 - 605293

Then:
b= ! (22) )
(3) Approximate 6,
While 6, is obtained by the following equation:
a= (L3C93 + Lz)Cez - (L3593)592 (18)
b = (L3593 + L2)592 - (L3593)692 (19)

Egs. (18) and (19) can be written in another form:
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a=mCCO,—nSo,
meSQZ—TLC@Z

When
m = L3C93 + L2 andn = L3593, If,"
p = £Vm? + n? obtained by
@ =tan™! (%) (20)
If:
m = p Cosg ifn =p Sin ¢
Then:
a=pCpChH, —p SpSH, (21)
b=pCpSO, —p SpCHh, (22)
From Egs. (21) and (22) obtained by
a=pC(p+06,)
b=pS(p+6,)
Then:
@+ 0, =tan™? (Z) (23)
So as to obtain 8, from Eqgs. (19) and (22) is:
0, = tan™?! (S) —tan™?! (%) (24)

I1l. METHODOLOGY

The purpose of this research is to model the 4-DOF
Dobot Magician manipulator using Simscape multibody
and control its movement using forward kinematics and
reverse Kkinematics programmed using Simscape
Multibody on Simulink and GUIDE MATLAB. The
research diagram is shown in Fig. 3.

S™LIT 2

Modeling by Autodesk
Inventor

K

)

Simscape Multibody
Kinematics and Dynamic
Model

System Planning

uilt Interface
Kinematics Control by
GUI MATLAB

MATLAB Simulation
Result and Analysis

Fig. 3. Block diagram of 4-DOF manipulator modeling.

Fig. 3 explains the stages of the research starting from
modeling using Autodesk Inventor to create a Dobot
Magician manipulator model. The 3-dimensional model of
Dobot Magician is then exported into Simscape Multibody
and set the actuator parameters. Control is performed by
providing torque and movement parameters at each joint of
the manipulator model. The kinematics characteristic
equation of Dobot Magician is entered in the MATLAB
GUI program script. The Dobot Magician manipulator
model can be controlled more interestingly and
interactively using MATLAB GUI images. A flowchart of
system planning for modeling Dobot Magician using
Autodesk Inventor and Simscape MATLAB is shown in
Fig. 4.
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Fig. 4 explains the flowchart of making the Dobot
Magician model:
1. Part design and continue with the assembly process
using the Autodesk Inventor application. The assembly
file is saved with the file name DOBOT.iam.
Export the DOBOT .iam file by clicking Add_ins and
save the export in Simscape to the destination folder,
save the file with the extension DOBOT.xml.
Open the command window of the MATLAB software
and open the Dobot file by typing smimport “DOBOT”,
this will open a Simulink window that displays the
Multibody Simscape diagram of the Dobot model
which includes the link body tree and rigid body tree
diagram.
Setting the joint diagram by adding sliders and gains to
the sensing and actuation to control the movement of
the Dobot model.
Adjust the sensing and actuating values so that the
Dobot Model’s movement matches the Dobot
Magician’s actual movement.
Create a MATLAB GUI view that represents the rigid
body tree controller at all joints of the Dobot model.
Kinematics testing based on the model’s goal
coordinates against the Dobot Magician.

Design Part and Assembly 4-DOF Manipulator Dobot
Magician using Autodesk Inventor

|

Export Current Assembly model (.iam) to Simscape Multibody Link (.xml) I

Import and Generate model (.xml) using Matlab
Command window into Simulink

!

Connecting the model (.xml) with the slider,
gain, and part of the simulink adjuster

Is the manipulator model
able to be controlled by using
Simulink?

NO

YES

A

Develop the Guide Unit Interface connected with
Simulink for controlling the manipulator model

Does the kinematic of the manipulator model
follow the parameter setting in the GUI?

Conclusion

Fig. 4. Flowchart system planning.
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A.  Autodesk Inventor Dobot Magician Modeling

The main part of Dobot Magician consists of 5 parts:
static base, rotation base, shoulder, elbow, and wrist. These
five parts are drawn according to the dimensions and shape
using Autodesk Inventor and assembled according to the
frame coordinate structure on the Dobot Magician
model [37, 38]. The following is the assembly structure and
frame coordinates of Dobot Magician shown in Fig. 5.

Y2, 33
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X2
Z2 /

Js X3

Ls w Ls —
a
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Z3

1
2,

N
X1

Fig. 5. Structure and frame coordinates of Dobot Magician.

Based on Fig. 5, the Dobot Magician modeling displays
4-frames without End of the Effector on the wrist. The
parameters according to Fig. 5 are shown in Table I11.

TABLE Ill. DOBOT MAGICIAN PART MODEL PARAMETERS

Frame i L; a; d; 0,
1 0 90° 85 6, = —135°0 135°
2 135 0° 0 6, = 0°to 85°
3 147 0° 0 0; = —10°to 95°
4 59 0° 0 6, = 90°to —90°
5* 90° —70 0. =0°

* Frame 5 is not installed in the modeling.

Based on Table Ill, to calculate the forward kinematic is
determined by L; = 85 mm, L, = 135 mm, L3 = 147 mm
and Ls = 59 mm and 8;. When 6; is the motion value
generated from the manipulator arm controller slider based
on the Dobot Magician characteristic value as in Table 1V.

B. Simscape Multibody—Physical Modeling

The Dobot Magician 3D model is imported from
Autodesk Inventor into Simscape Multibody MATLAB,
resulting in a link model in XML format. This format
displays the rigid body tree, which is the body structure and
the rigid body joint, which is the joint that connects the
rigid body tree. Device control is shown complementing
this link model as a regulator of revolute joint movement.
The physical model of the Dobot Magician manipulator in
Simscape Multibody is shown in Fig. 6.

Fig. 6 shows the overall rigid bodies and rigid body
joints of the 4-DOF manipulator model. Five parts of the
rigid body tree, namely the base expressed by
base_1_RIGID, base rotation expressed by upperl_RIGID,
shoulder expressed by upper2_RIGID, elbow expressed by
upper3_RIGID and wrist expressed by upper4_RIGID.
Two subsystems in the form of Simulink positions control
to adjust the angle of movement of the revolute joint that
connects rotationally to each rigid body tree. The rigid body
tree of Dobot Magician which consists of several parts is
described in Table IV.
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Fig. 6. Physical model of Dobot Magician Manipulator.

From Table 1V, there is a world base for each rigid body
tree, which is the foundation point for the structure of a
robot body model. All joints are revolute that move
rotationally relative to the parent frame and define a
rotational position in radians around the axis of motion.

TABLE IV. RIGID BODY TREE OF DOBOT MAGICIAN MANIPULATOR

Body Name Joint Type Parent Frame Child Frame
Base Revolute Base_1 Upperl_2
Base rotating Revolutel Upperl_2 Upper2_2
Shoulder Revolute2 Upper2_2 Upper_3_rev4
Elbow Revolute3 Upper3_rev4 Upper_4_1
Wrist Upper_4_1 -

C. Kinematics Control by Graphical User Interface

MATLAB

The MATLAB GUI is designed as an interface to control
each rigid body joint of the Dobot Magician manipulator
and evaluate the position of the End of Effector [39-41].
The rigid body joint controller is presented in the forward
kinematic system, and the End of Effector position is
evaluated in the Inverse kinematic system. The interface
design of the Dobot Magician manipulator model is shown
in Fig. 7.

4] CONTRALDOBOT - %

MANIPULATOR DASHBOARD CONTROL SYSTEM

2000
JOINT 3 Py

‘ ‘ I I e
JOINT 4 Pz

| 1 1205 a o d .

Fig. 7. Kinematics manipulator dashboard control using GUI
MATLAB.

The MATLAB GUI will function as the controller of the
Dobot Magician manipulator model after running the
model on Simscape Multibody. Theta (6,, 6,, 65, 8,) is
obtained from inverse kinematics based on the slider
parameters in the Simscape Multibody function, while (P,
Py, P;) represents the position of the End of Effector.
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IV. RESULT AND DISCUSSING

In this research, several stages of testing were carried out,
namely:
1. Modeling joint parameters to determine the trajectory
of the end of the effector manipulator Dobot Magician.
Visualize the trajectory using MATLAB; this is needed
to help analyze the optimization of the Dobot Magician
motion control system.
Testing the forward kinematics equation by giving each
joint a particular joint angle value to obtain X, Y, and Z
coordinates at the end of the effector.
Testing the inverse kinematics equation by giving a
particular value to the X, Y, and Z coordinates to obtain
the angular movement value of each Dobot Magician
joint.
Comparing the results of testing the Dobot Magician
model calculated using MATLAB with the value data
obtained from Dobot Studio as the main driver of Dobot
Magician.

A.  Manipulator Movement Trajectory

Referring to the kinematics equations for the 4-DOF
manipulators and the parameters of the Dobot Magician,
the trajectory graph of the Dobot Magician End-Effector
can be visualized using MATLAB programming. This
analysis is important to identify the movement route to
avoid the risk of collision with other objects around the
manipulator area. The sample coordinate values used:
X =47552,Y =-193.864, and Z = 31.935. The trajectory
graphs are displayed in 2-dimensional and 3-dimensional
visualizations shown in Figs. 8 and 9.

Fig. 8 shows the 2D motion and Fig. 9 shows the 3D
motion modeled using MATLAB based on the arm length
parameters and the angle of motion that the Dobot
Magician can perform.

Y Coordinate

\_

-200

-100 0 100 200

X Coordinate

300 400 500

Fig. 8. Dobot Magician 2-dimensional trajectory.

Y 500 0

Fig. 9. Dobot Magician 3-dimensional trajectory.
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B. Forward Kinematic Approach

The Forward kinematic approach was carried out in this
test by determining the value of the joint angle and then
entering the equation calculated using MATLAB so that
the position (Px, Py and P,) was obtained. The first case uses
the theta value parameter, t; = 10; t, = 60; t3 = 55; t, = -115;
ts = 0. The instruction for the forward kinematic MATLAB
equation used is as follows:

% Enter the DH parameters

a [0, 135, 147, 59, 70];

alpha = [pi/2, @, @, @, pi/2];
d = [85, @, 0, 0, 93];
theta = [10, 60, 55, -115, 0];

% Forward kinematics implementation
t1=18; t2=60; t3=55; t5=0; td=(-t2-t3);
T = eye(4);
for i = 1:5
Al=[cos(tl) -sin(tl) © Ll*cos(tl) ;
L1*sin(tl) ; © -1 @ L1 ; © @ © 1];
A2=[cos(t2) -sin(t2) @ L2*cos(t2) ;
L2*sin(t2) ; 010 ; 06 00 1];
A3=[cos(t3) -sin(t3) @ L3*sin(t3) ;
L3*sin(t3) ; 0010 ; 000 1];
Ad=[cos(t4) -sin(t4) @ L4*sin(t4) ;
L4*sin(t4) ; 6010 ; 8 00 1];
A5=[1000 ;0100 ;0010 ;80
A=A1*A2*¥A3*A4*A5;

sin(t1) cos(tl) @
sin(t2) cos(t2) o
sin(t3) cos(t3) @
sin(t4) cos(t4) @
00 1];

T
end

T * A;

disp(Transformation Matrices:’)
disp(T);

position = T(1:3, 4);
orientation = tform2eul(T);

disp(‘Position:’)
disp(position);
disp(‘Orientation:’)
disp(orientation);

and flexibility required in various industrial or research
applications.

Z-axis

P 125
35 2

Y-axis s & X-axis

Fig. 10. Graph of position and orientation of the end of the effector with
forward kinematic equation approach.

C. Inverse Kinematic Approach

The inverse kinematic approach is performed by
modeling the position value obtained based on the forward
kinematic approach as the length of the body dimension to
calculate the angles (0,, 8, 65, 6,). For this case, the
position parameters used are Px = 45 mm; Py = 25 mm; P,
=60 mm. MATLAB equations are used as follows:

The MATLAB program instructions for the forward
kinematic equation with the Dobot Magician object and
using the joint angle parameter (0,) t; = 10; t, = 60; t3 = 55;
ty = —115; ts = 0, then produce a graph of the position and
orientation of the end of effector coordinates as shown in
Fig. 10.

Based on the MATLAB program instructions and the
graph shown in Fig. 10, the following equation results are
obtained:

Transformation Matrices:

-0.8391 -0.5440 0 -10.7634
-0.5440 08391 0 103.8582
0 0 -1 182.8296
0 0 0 1
Position:

X =-10.7634; Y = 103.8582; Z = 182.8296;

Orientation:

[-2.5664 0 3.1416]

Information about position and orientation helps in
complex movement path planning. This is required when
the manipulator has to move through a number of points or
plan a movement that involves changing position and
orientation along a path. By understanding and controlling
position and orientation, manipulators can be geared to
perform a variety of tasks with the precision, efficiency,

target_position [45, 25, 60];
joint_angles = inverse_kinematics(target_position);
function joint_angles
inverse_kinematics(target_position)
% DH parameter definition
a [85, 135, 147, 59];
alpha [-pi/2, @, 0, 0];
d [0, 0, 0, -70];
= [cos(theta), -sin(theta) * cos(alpha), sin(theta) *
sin(alpha), a * cos(theta);
sin(theta), cos(theta) * cos(alpha), -cos(theta) *
sin(alpha), a * sin(theta);
0, sin(alpha), cos(alpha), d;
6, 0,0, 1];

% joint

X

y
z

angle calculation based on target_position
target_position(1);
target_position(2);
target_position(3);

% Calculate joint angle 1

thetal = atan2(y, x);
% Calculate joint angle 3

d4 = z - d(1);

r = sqrt(x~2 + y~2);

L = sqrt(r*2 + d4r2);

cosTheta3d = (L"2 - a(2)"2 - a(3)72) / (2 * a(2) *
a(3));

sinTheta3 = sqrt(1 - cosTheta3”2);

theta3 = atan2(sinTheta3, cosTheta3);

% Calculate joint angle 2
alpha_val = atan2(d4, r);
beta = asin((a(3) * sinTheta3) / L);
theta2 = alpha_val - beta;
% Calculate joint angle 4
thetad = 0;

% Adjust according to the actual kinematics model

joint angle [thetal, theta2, theta3, theta4];
disp(“Joint angles:’);
disp(joint_angles);
% Visualization of the robot arm
visualize_robot_arm(joint_angles, a, alpha_values,
d);
end
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Inverse Kinematics analysis using MATLAB on Dobot
Magician is very important because it provides an
understanding of how to adjust the joint angles of the robot
manipulator to achieve a certain position and orientation of
the end effector. This analysis is important in planning and
controlling the movement of the robot for a specific
purpose. With target position Px = 45 mm; Py = 25 mm;
P, = 60 mm, the MATLAB inverse kinematic graph is
shown in Fig. 11.

Joint Positions

O End-Effector Position
ElBow Position

O Shoulder Position

O Base Position

Link

50

8 : X

N
-50

-100

-150

100

0 50 100 150 200
0

X

5 -50
¥ 100

Fig. 11. Graph of joints and links Dobot Magician with Inverse
kinematics approach.

Based on the inverse kinematic equation, the Dobot
Magician with the specified target position produces Joint
angles (6, 6,, 65, 6,) as follows:

Joint Angles (rad):

6, =0.5071; 8, =-0.5744; 6, =2.5795; 6, =0

Joint Angles (deg):

0, =29.05% 0, =-32.9% 0, =147.8% 6, =0"

From the inverse kinematic equations implemented in
your MATLAB program, the joint angles results obtained
provide information about the configuration of the joints of
the robotic manipulator (Dobot Magician) required to
achieve a specific position and orientation of the end of the
effector. By analyzing the joint angles generated by the
inverse kinematic equations, it is possible to identify
potential problems, improve the validity of solutions, and
ensure that the Dobot Magician behaves in accordance with
system constraints.

D. Testing Forward and Inverse Kinematics Approach

The two kinematics equation approaches above provide
a more concrete picture that the control modeling of the
Dobot Magician manipulator is empirically successful
through calculations using MATLAB. Forward kinematic
control by giving parameter values (6,, 6,, 65, 6,) has
resulted in Wrist positions Py, Py, and P; at certain values.
The inverse kinematic control using the parameters Py, Py,
and P, after being calculated based on the model equation
results in the value of (8,, 6,, 65, 8,) at the revolute joint
position according to the original position. More complete
will be presented in the calculation data table using
MATLAB as shown in Table V.

Table V shows that ty, tp, and t; are values in the revolute
joint that have an impact on the position value of the X, y,
and z axes through the forward kinematic model equation.
While t11, t21, and ts; are the angular position of the revolute
joint after the inverse kinematics mechanism is carried out
from the Py, Py, and P, values obtained in the previous
forward kinematics equation.

TABLE V. CALCULATION OF FORWARD AND INVERSE KINEMATICS

t1(deg) to(deg) 13(deg) Px(mm) Py(mm) P2(mm) T11(deg) t21(deg) 131(deg)
-90 0 90 0.00 -135.00 232.00 -90 0 90
-70 15 80 40.22 -110.50 266.38 -70 15 80
-50 35 70 46.63 -55.57 304.42 -50 35 70
-30 55 60 13.26 -7.65 328.81 -30 55 60
0 80 50 -71.05 0.00 330.56 0 80 50
20 70 40 -3.86 -1.40 349.99 20 70 40
40 60 30 51.71 43.39 348.91 40 60 30
60 50 20 68.53 118.69 326.55 60 50 20
80 40 10 34.37 194.89 284.38 80 40 10
90 30 0 0.00 244.22 226.00 90 30 0

Based on Table V, the comparison of the initial angular
position and final angle of the forward kinematics and
inverse kinematics equations is obtained. This comparison
can be seen in Figs. 12-14.

11 (deg)

Fig. 12. Comparison of joint positions 6, .
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13 (deg)

Fig. 14. Comparison of joint positions 5.

Fig. 12 presents a comparison graph of the joint angle at
the base rotation with an initial value of t; and an end value
of t1; against the wrist position on the x-axis (Px). Fig. 13
displays a comparison graph of the joint angle at the
shoulder with the initial value of t; and the final value of t»
against the position of the wrist on the y-axis (Py). Fig. 14
displays a comparison graph of the joint angle at the elbow
with the initial value t; and the final value ts; against the
wrist position on the z-axis (P,). The expression that can be
explained from Figs. 12-14 is:

1. The graph displays X, Y, and Z coordinates where the
X and Z coordinates represent the joint angle at the end
of the effector and the Y coordinate represents the
position of the axis of interest (Py, Py, or P;). it is
expressed as in the following program instructions:

% Plotting

figure;

plot3(tl, Px, t11, ‘o-’, ‘LinewWidth’, 2,
‘MarkerSize’, 8);

title( ‘Grafik Hubungan t1, Px, dan t11’);
xlabel(‘t1 (deg)’);

ylabel( Px (mm)’);

zlabel( “t11 (deg)’);

grid on;

Comparison of angular positions at t;, t; and t3
convincingly states that the equations of the Dobot
Magician manipulator model are accurate, so the data
from the inverse kinematics calculations used as
position data for forward kinematics calculations are
the same.

The dashboard control via MATLAB GUI has
represented the arm movement angle and the end
position of the effector based on the control system
installed on the Simscape Multibody.

E. Comparison of Model with Real Object

In experiments using the MATLAB GUI dashboard,
modeling is done by giving joint angles to each joint to get
the End of Effector coordinates (X, y, z). Validation of the
data resulting from the model controlled by the GUI will be
done by comparing to the joint angle data and the position
of the end of the effector of the Dobot Magician
manipulator displayed by Dobot Studio. The compared
parameters is shown in Fig. 15.

399

Joint 1 Comparison
o

,,»'/e/e/
“/&_,,<40~¥,‘v/ei

Data Point
PX Comparison

PX Value

6~ Joint 2 DOBOT
@~ Joint 2 MODEL.

P
20 o/‘\\\&/c//

0 6 8

<

Joint Angle (degrees)

Data Point
PY Comparison

Data Point

Joint 3 Comparison

~6~ Jont 3 DOBOT
~8— Jont 3 MODEL

Data Point

PZ Comparison

—6—PZ DOBOT

60 {8~ PZ MODEL

0 2 4 6 8 10 12
Data Point

Fig. 15 Comparison graph of joint angle and EoF position.

Fig. 15 is a comparison graph of the joint angle and
position of the end effector of the manipulator model with
Dobot Magician. This graph is obtained from 12 sample
data through the Dobot Magician manipulator joint setting
obtained through the teaching playback method, and the
dashboard on the MATLAB GUI duplicates the joint
position. The two end-off effector position data were
compared, and the deviation at each X, Y, and Z coordinate
was obtained. On the X-axis, the average error deviation
was 36%. On the Y-axis the average error deviation was
31%, and on the Z-axis, the error deviation was 46%.

V. CONCLUSIONS AND RECOMMENDATIONS

Through this work, the control of Dobot Magician robot
has been developed for learning purposes. The robot model
was designed using Autodesk Inventor while the GUI for
parameter setting was achieved using MATLAB. The
equations of the forward kinematics and inverse kinematics
models in this study have been tested for calculation
accuracy, as evidenced by empirical data displayed in
tables and graphs of calculation results using MATLAB.
By comparing the position deviation between the model
coordinates and the real object coordinates of Dobot
Magician, the average value for all axes is 37.6%. The
differences in position between the actual movement and
the movement model in Dobot Magician are referred to as
“movement error” or “kinematic error”. This occurs due to
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factors that are not read by the model, such as imprecision
in mechanical or electronic components, dynamics of drive
components and friction that can affect the actual
movement, and differences in control system algorithms
used in real objects and MATLAB. To overcome this
deviation, it can be improved by adding accurate sensors
and adjusting mechanical specifications that are oriented
toward the precision of object coordinates.

This study is still open to be continued in the next few

stages including research by testing the comparison of

angular

parameters (6,, 6,, 05, 6,) and position

parameters (Px, Py, P,) modeling results with Dobot
Magician parameters that have been embedded in Dobot
Studio. The integration research between MATLAB with
microprocessor embedded add-ons such as Arduino and
Raspberry Pi is possible so that a method of controlling
Dobot Magician is obtained other than using Dobot Studio.
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