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MNpBa MefyHapozHa koHdepeHumja ETVIMA
First International Conference ETIMA

PREFACE

The Faculty of Electrical Engineering at University Goce Delcev (UGD), has organized the
International Conference Electrical Engineering, Informatics, Machinery and Automation -
Technical Sciences applied in Economy, Education and Industry-ETIMA.

ETIMA has a goal to gather the scientists, professors, experts and professionals from the field of
technical sciences in one place as a forum for exchange of ideas, to strengthen the multidisciplinary
research and cooperation and to promote the achievements of technology and its impact on every aspect
of living. We hope that this conference will continue to be a venue for presenting the latest research
results and developments on the field of technology.

Conference ETIMA was held as online conference where contributed more than sixty colleagues, from
six different countries with forty papers.

We would like to express our gratitude to all the colleagues, who contributed to the success of
ETIMA’21 by presenting the results of their current research activities and by launching the new ideas
through many fruitful discussions.

We invite you and your colleagues also to attend ETIMA Conference in the future. One should believe
that next time we will have opportunity to meet each other and exchange ideas, scientific knowledge
and useful information in direct contact, as well as to enjoy the social events together.

The Organizing Committee of the Conference
IIPE/ITOBOP

Merynapoanata konpeperuuja Enexmpomexnuxa, Texnonozuja, Hngpopmamuxa, Mawuncmeo u
Aemomamuxa-mexHuuKu HAyKu 60 ciyxycoa na ekonomuja, oopazoseanue u unoycmpuja-ETHMA e
opraHu3MpaHa oJi cTpaHa Ha ENeKTpOoTeXHUUKHUOT paKkynTeT npu YHuBep3uteToT [ome Jemues.
ETUMA wuma 3a men ma ru cobepe Ha €IHO MECTO HAYYHHUIUTE, Mpodecopute, eKCHEepTUTE H
npodeCHOHAIIINTE O] MTOJIETO Ha TEXHUYKUTE HAYKH U Ja IIpeJicTaByBa (OopyM 3a pa3MeHa Ha UJCH, a
IO 3ajKaHyBa MyJITHIUCIUIUTHHAPHOTO HCTPAXKYBamkhe U cOpadOTKa U J1a TH POMOBHPA TEXHOJIOIIKUTE
JNOCTUTHYBamba M HUBHOTO BJIMjaHHE BpP3 CEKOj aclekT of kuBeewmeTo. Ce HazeBaMe JeKa OBaa
KoH(epeHIIMja ke TPOJOJDKU Ja OMJe HACTaH Ha KOj Ke Ce Mpe3cHTHpaaT HajHOBUTE PE3YJITaTH O]
UCTpaXyBamaTa U pa3BojoT Ha IIOJIETO HAa TEXHOJIOTHjaTa.

Kondepennujata ETUMA ce onpika online u Ha Hea Jjajioa CBOj JOIMPHUHOC MOBEKE OJ1 IIEECET aBTOPH
O]l IIECT PA3IIMYHK 3eMjU CO YETUPHECET TPYIA.

Cakame 512 ja nckakeMe Hamiata OJaroJapHOCT O CHUTE KOJIETM KOHM JOIpHHEcOoa 3a YCIEXOT Ha
ETHMA’21 co npe3eHTHpame Ha pe3yaTaTH O] HUBHUTE TEKOBHU HCTPaXKyBama U CO JAHCHPAme Ha
HOBH HJIEU NPEKY MHOTY IJIOJHHU TUCKYCHH.

Be nokanyBame Bue u Bammte xonern na 3emere ydectBo Ha ETVIMA u Bo mnanna. BepyBame nmexa
CIEIHHOT MaT K& UMaMe MOXHOCT Ja C€ CpeTHeMe, Ja pa3MEHUME HUJEH, 3HACHE U KOPHUCHU

I/IH(l)OpMaIH/II/I BO IUPEKTCH KOHTAKT, HO UCTO TaKa Ja Y)KMBaM€ 3a€IHO U BO APYIITBCHUTC HACTaHU.

Opeanuzayuonen 0060p Ha KoOHepeHyujama
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Abstract

Robotics is an applied technical science that is a link between machines and computer technology. Robotics
includes various branches such as machine design, control and regulation theory, computer programming,
artificial intelligence and theory of production. In other words, robotics is an interdisciplinary science that covers
the fields of mechanics, electronics, informatics and automation. In this paper we will deal with industrial robots
or industrial manipulators. The first part of the paper will explain the basic concepts of industrial manipulators.
The different configurations of the industrial manipulators and their working space will be considered. The second
(practical) part of this paper will explain the modeling and simulation of the Scara robot in Matlab. The movement
of the robot from point to point will be simulated (application in palletizing, spot welding, assembly, etc.).

Keywords: industrial manipulators, modeling and simulation, Scara robot, Matlab,

1.Introduction

Robotics is an applied technical science that is a link between machines and computer
technology. Robotics includes various branches such as machine design, management and
regulation theory, computer programming, artificial intelligence and production theory. In
other words, robotics is an interdisciplinary science that covers the fields of mechanics,
electronics, informatics and automation. It deals primarily with the study of machines that can
replace humans in the performance of tasks, such as various forms of human physical activity
and decision making. The development of robotics is initiated by the desire of man to try to
find a replacement for himself, which could be related in his capacity in different applications,
taking into account the interaction with the environment around him. They replace man
primarily with dangerous, monotonous and difficult jobs. Man is left with work tasks that
require more intelligence, knowledge and creativity. In this way, robots contribute to increasing
productivity, and at the same time to humanizing work. In all their applications, industrial
manipulators perform certain movements to perform their work tasks. The drive system is
responsible for the successful execution of the movements of the manipulator, together with
the commands that are in accordance with the trajectory of the desired movement. Control the
movement of the manipulator end effector requires an accurate analysis of the characteristics
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of the mechanical structure, actuators and sensors that make up the robotic system of an
industrial manipulator. The purpose of such an analysis is to determine the mathematical model
of the components of the industrial manipulator. The application of software packages for
modeling and simulation in robotics is of increasing importance in the design of robotic
systems and the determination of a mathematical model and analysis of the components that
make up the industrial manipulator. One of the most commonly used tools for modeling and
simulation in robotics is the Robotics Toolbox for Matlab. This software tool enables working
with vectors and matrices, homogeneous transformations, solving problems of direct and
inverse kinematics, generating the trajectory of motion and the orientation of the robot. In this
paper, a DH model of a SCARA robot with four degrees of freedom was developed, based on
which a simulation of the robot's movement from point to point was performed. The paper
practically demonstrates the capabilities of the Matlab software package with its Peter Corke
Robotics Toolbox plugin for modeling, simulation, trajectory generation, and visual
representation of the robot and its movement.

2.Robot kinematics

Regardless of the constructive performance of the robot, a way is needed that will fully describe
the position and movement of the robot in space. There are two ways to define robot
kinematics: Danavit Hartenberg analytical procedure and numerical procedure based on
Rodriges formulas. The first method is used to determine the kinematic equations of the robot,
while the other method is used to determine the dynamic equations of the robot. There are two
basic problems with formulating the kinematics of a robot: forward and inverse kinematic
problems. To solve the problems of forward and inverse kinematics, a reference coordinate
system is defined which is placed on the base of the robot, based on that reference coordinate
system the external coordinates of the robot are determined, ie the position of the robot end
effector in (X, y, z) space. Each joint of the robot is joined by a Cartesian coordinate system so
that the z-axis of the coordinate system coincides with the axis of rotation. The robot's end
effector is accompanied by a coordinate system of the robot tool, so that when solving the robot
kinematics, the coordinates are transformed in relation to the reference coordinate system. The
internal coordinates of the robot are scalar quantities that describe the position of one segment
relative to the other segment of the kinematic pair that make it up. The number of internal
coordinates depends on the number of degrees of freedom, ie the number of joints of the robotic
manipulator. The internal coordinates are usually denoted by q; and represent the vector q =
[91, q2-.. - g,]. External coordinates describe the position of the robotic manipulator end
effector in space relative to the reference coordinate system. The position of the robot's hand
is described by the coordinates (p,, py, p;), and the orientations are described by the Euler
angles (ry, 1y, 7). Determining the vector of the external coordinates for a given vector of the
internal coordinates is called a forward kinematic problem. By changing the internal
coordinates, the position of the robot's hand in space changes, ie the external coordinates
change. While the reverse process, determining the vector of internal coordinates for a given
vector of external coordinates is called the inverse kinematic problem. The first step in solving
the direct kinematic problem is to define a symbolic scheme (mathematical model) of the
robotic manipulator in relation to the reference coordinate system and to define the zero
position of the robotic manipulator. At zero position all the internal coordinates of the robot
have a value of zero. The procedure of Danevit and Hartenberg will be explained below. The
Danevit and Hartenberg procedure is a simple way to model the joints and segments of a robot
and can be applied to any robotic configuration. To model an robotic arm according to the
Danavit Hartenberg convention, an appropriate coordinate system is attached to each joint of
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the manipulator. More specifically, the z-axis and the x-axis are joined while the y-axis is
always normal to both axes, but it does not need to be determined because the DH model does
not use the y-axis (Figure 1). The connection of the coordinate system to the joints is done as
follows:

joint 7 -1 foint ¢ joint 4§ -1

segment:t: -1 segment
7
-7
v !
T ) .

Figurel.DH parameters of kinematic pair of rotary joints

All joints are represented by a z-axis. If the joint is rotational, the z-axis is set in the direction
of rotation as a rule of the right hand, while if the joint is translational, the z-axis is set in the
direction of the translational movement. z,,_; denotes the z-axis associated with the n-th joint,
z,, denotes the axis associated with the (n + 1) -th joint, and z,,,,; denotes the z-axis of ( n + 2)-
th joint. If the joint is rotational its variable will be the angle of rotation g, about the z-axis, and
if the joint is translational its variable will be the length of the segment along the z-axis denoted
by d. In the general case, the joints do not have to be parallel or intersecting. As a crescent,
their z-axes are generally divergent lines. It is known from geometry that for two lines that are
intersecting, there is always a line that is normal to them and represents the shortest distance
between the intersecting lines. This normal line is called the common normal line of the
intersecting lines and the x-axis of one joint is always set in the direction of the common normal
line of its z-axis and the z-axis of the previous joint. Consequently, if a,, is the common normal
line between the z,_, axis and the z, axis, the direction of the x,, axis will be along a,,.
Similarly if a,,,, is the common normal line between z, and z,.,, the direction of the x,,,,
axis will be along a,,,,. If two adjacent z-axes are parallel then they have an infinite number
of common normal line. In such a case, a joint normal line is chosen that is collinear with the
joint normal line of the previous joint. If two adjacent z-axes intersect, they have no common
normal line. The x-axis is then set in the direction of the normal line to the plane formed by the
two z-axes.

To model any robot configuration according to DH notation and convention we need four
parameters:

e Parameter a; - distance between z;_; and z; axis along the x; axis (segment length)

e Parameter d; - distance along the z;_; axis from 6;_; to the intersection of the x; and
z;_, axes (moving the segment)

e Parameter a; - the angle between the z;_, and z; axis, measured around the x; axis
(angle of rotation of the segment)

e Parameter 6; - the angle between x; and x;_; ,measured around the z;_, axis (angle of
rotation of the segment)
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3. Scara robot with four degrees of freedom and DH parameters

The SCARA is a type of industrial robot. The acronym stands for Selective Compliance
Assembly Robot Arm or Selective Compliance Articulated Robot Arm. By virtue of the
SCARA's parallel-axis joint layout, the arm is slightly compliant in the X-Y direction but rigid
in the 'Z" direction, hence the term: Selective Compliant. This is advantageous for many types
of assembly operations, i.e., inserting a round pin in a round hole without binding. The second
attribute of the SCARA is the jointed two-link arm layout similar to our human arms, hence
the often-used term, Articulated (Figure 2).

Figure2.Scara(Selective Compliance Assembly Robot Arm)robot

The type of robot that will be the subject of modeling and simulation in this paper is the Scara
robot configuration with four degrees of freedom. The robot that will be modeled is with RRTR
configuration, ie seen from the base to the top, it has two rotational, translational and rotational
joints. (Figure 3) shows the mathematical model of the Scara robot with associated coordinate
systems to the joints according to DH notation. Based on this DH model, the four parameters
that we will need to create and model our robot type with the help of a robotics tool in the
Matlab environment are determined (Figure 4).
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Figure3.Mathematical model of Scara robot with associated coordinate systems to the joints
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Figure 4.DH parameters for Scara robot with four degrees of freedom
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4. Modeling and simulation of Scara robot in Matlab

Creating and modeling our Scara robot involves entering its parameters according to the
Danavit Hartenberg notation into .m file that is created using a command from the File-New>
Script menu. The modeling of the Scara robot with four degrees of freedom according to the
model of (Figure 3) and according to the DH parameters from (Figure 4) is done by setting the
dimensions of the segments and the dimensions of the robot tool (Figure 5). In our case al is
the length of the segment that joins the first and second rotational joints, a2 is the length of the
segment joining the second and third (translational) joints, while d4 represents the tool length
of the Scara robot.

B Editor - C:\Users\User\Desktop\cemnnapcka nHgycrpuckn pobot\ptpscara.m*

ptpscara.m®  ®

1 % [MMEH3UN HA CEerMEHTHTE W anNaTaoT Ha poboToT
2 - al=40;
3 - a2 =40;
4 - d4 =10;

3
Figure 5.Enter the dimensions of the robot segments

The next step in modeling the robot is entering the Danavit Hartenberger parameters. We enter
the DH parameters with the function L = Link ([Th d a alpha]). Depending on whether the joint
is rotational or translational, we add 0 or 1 at the end, if the joint is rotational we add 0, if the
joint is translational then we add 1. After entering the DH parameters, we create the serial
connection, ie the kinematic chain that makes up the joints and segments of the robot with the
SerialLink (L) function (Figure 6), where we can also give the name of the robot, in our case
2RTR Scara.

B Editor - C\Users\User\Desktop\cemntapcka nHgyctpuckn pobot\ptpscara.m

ptpscaram =

7 %Monenuparbe Ha Scara pobot co DH napametpu
8 % OrpaHnyyBara Bo armobosuTe
g - L(1) = Link([0 0 a1 0 0]);
10 ~ L{1).glim = pi/1807-180 180];
11 ~ L(2) = Link([0 0 a2 pi 0]);
il |= L(2).glim = pi/1807-180 180];
13 ~ L(3) = Link([0 0 0 0 1]);
14 — L{3).glim =[0 50];
15 ~ L(4) = Link([0 d4 0 0 0]);
16 ~ L{4).glim = pi/1807-360 360];
17 Y%Kpenpare Ha CepuCK1 KMHEMATCKM NaHel]
18 - bot = SerialLink([L(1) L(2) L(3) L(4)]);
19 %Wme Ha poboToT
20 - botname = "2RTR Scara’;

21
Figure 6.Enter DH parameters and create Scara robot

The robot modeled in this way can be represented graphically if we give the command bot.plot
(g0) in the command window, where q0 = [0 0 0 0] represents the vector of the zero position,
ie the initial position of the robot. (Figure 7). A point-to-point movement simulation will be
performed on the Scara robot modeled and created in this way. In point-to-point movement,
the manipulator moves at discrete points in the workspace, and the trajectory between the points
is not important, but the positioning accuracy is important. This mode of motion control is used
for discrete operations such as: point finishing, moving objects, palletizing, etc.
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Figure 7.Graphic display of the Scara robot in the initial position

The simulation will be a simple example of positioning the robot in space, ie a circular plate
will be given together with the positioning points. The drawing of the plate is done with the
help of the plot.circle function, with given coordinates of the plate and the positioning points
of the robot in the working space (Figure 8).

B Editor - C\Users\User\Desktop\cemuHapcka uHaycTpuckn pobot\ptpscara.m

ptpscara.m ®

24
25
26
27
28
25
30
31
32

%KoopawHaTi Ha paboTHaTa NNoYa W TOYKKMTE Ha AynyeHe
p0=[-40 35 -40];

p1=[-20 35 -40];

p2=[-60 35 -40];

%cupTyBare Ha paboTHATA NNOYa W TOYKMTE HA QYNYEHHE
plot_circle(p0, 40, 'black’);

plot_circle(p1, 5, 'black’);

plot_circle(p2, 5, 'black’);

Figure 8.Coordinates and drawing the contour of a plate

The robot in zero position and the contour of the circular plate together with the positioning
points are given in (Figure 9).

B Figure 1 - ] X
File Edit View Inset Tools Desktop Window Help
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100 ..

Figure 9. Graphic display of the Scara robot in the initial position and plate

91



The transformation matrices from the zero position to the points where the robot is to be
positioned are given by the function T =transl (p0), where p0 (X, y, z) is a point in space (Figure
10). The transformation matrices have a dimension of 4x4 and represent the position and
orientation of the robot in space, for given internal coordinates of the robot joints. The Robotics
Toolbox uses the ikine function to determine the inverse kinematic problem.

B Editor - C:\Users\User\Deskiop\ cemunapcka nrgycrpuck poor\ptpscara.m*
ptpscara.m®

33

34 % TpaHCchopMaLnoHn MaTPULLK 38 TOUKUTE Ha ABIHEH:E

35 - T1 =transl(-60, 35, -30);

36 - T2 =transl(-60, 35, -40);

a7 - T3 =transl(-20, 35, -30);

28 - T4 =transl(-20, 35, -40);

39 %MHBEp3HA KMHEMATHKA 338 BEKTOPOT Ha BHATPELIHWTE

40 %K0OPANHATH 10 TOYKUTE Ha [|BUHEHE

41 - g1 = botikunc(T1);

42 - g2 = bot.ikunc{T2),

43 - q7 = bot.ikunc(T3);

44 — q8 = bot.ikunc(T4);

45

Figure 10.Forward and inverse kinematic problem

Point-to-point positioning in the Robotics Toolbox is done using the jtraj function (qO, df, t).
The jtraj function generates the trajectory of the joints or internal coordinates so that the robot
is positioned from the starting point g0 to the end point gf during time t (secounds). (Figure
11).

B Editor - C\Users\User\Desktop.cemmHapcka mHgycTpuckn poBoTiptpscara.m®
ptpscara.m®  x

50 %Il eHepuparse Ha TpaekTopuja

51 %0/ TOYKa [0 ToYKa

5= q0=[0000]

53 - q3 = jtraj(q0, g1, 20);

54 — g4 = jtraj(q1, g2, 30);

55 i g5 =jtraj(g2, q1, 30);

56 = g6 = jtraj(q1, g7, 20);

57 [= q9 = jtraj(q7, g8, 30);

58 — q10 = jtraj(g8, a7, 30);

59 — q11 =jtraj(q7, g0, 20);

€0

Figure 11.Generating trajectory for positioning points

We visualize the simulation with the plot function, for all generated trajectories from the zero
position to the points where the Scara robot should be positioned. (Figure 12).

B Editor - C:\Users\User\Desktop\cemuHapcka ngycTtpucki pobot\ptpscara.m®

ptpscaram®  x
€4
65 |"x’oCmr-,1ynaumja Ha ABI#EHETO 0 TOYKA [0 TOYKa Ha Scara poboTt
£E — bot plot(g3, 'workspace', [-100 100 -100 100 -100 100], ‘tilesize’, 30.0, ‘tile1color, [0.1 0.8 0.6], 'jointcolor, 'r', jointdiam’, 2.5);
&7 — bot plot{g4, 'workspace', [-100 100 -100 100 -100 100], ‘tilesize', 30.0, ‘tiletcolor, [0.1 0.8 0.6], 'jointcolor’, ', jointdiam’, 2.5);
g8 — bot plot(g5, 'workspace', [-100 100 -100 100 -100 100], ‘tilesize’, 30.0, ‘tile1color, [0.1 0.8 0.6], 'jointcolor, ', jointdiam’, 2.5);
69 — bot plot(g6, 'workspace’, [-100 100 -100 100 -100 100], 'tilesize', 30.0, 'tileicolor', [0.1 0.8 0.6], Yjointcalor’, 'r', jointdiam’, 2.5);
70 — bot plot(g9, 'workspace', [-100 100 -100 100 -100 100], ‘tilesize’, 300, ‘tiletcolor, [0.1 0.8 0.6], jointcolor, ', jointdiam’, 2 5);
71 - bot plot(g10, 'workspace', [-100 100 -100 100 -100 100], 'tilesize’, 30.0, 'tile1color', [0.1 0.8 0.6], jointcolor’, 'r', jointdiam’, 2.5);
Jj2 - bot plot{g11, 'workspace’, [-[100 100 -100 100 -100 100], 'tlesize’, 30.0, tile1color, [0.1 0.8 0.6], jointcolor, T, jointdiam’, 2.5),
73

Figure 12.Simulation of point to point movement

In (Figure 13) you can see part of the simulation of the movement of the Scara robot, from
point to point.
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Figure 13.Simulation of Scara robot movement from point to point
4.Conclusion

Industrial production today is almost unthinkable without automation. Industrial manipulators
have greatly enhanced automation in industrial plants and raised it to a higher level. Old and
slow machines become history over time and are replaced by new modern automated machines
and manipulators. Robotic manipulators make the job easier, replacing the men in difficult and
dangerous jobs, which makes the men feel more secure in the workplace and his work comes
down to observing the technological process.

The first part of the paper will explain the basic concepts of industrial manipulators. The
different configurations of the industrial manipulators and their working space will be
considered. The second (practical) part of this paper will explain the modeling and simulation
of the Scara robot in Matlab. The movement of the robot from point to point will be simulated
(application in palletizing, spot welding, assembly, etc.).
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