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In this article, the pen tip angles of a robotic arm taken from a human hand with
the ability to write Latin words in upper and lower case with axes and degrees
of freedom that are in accordance with the anatomy of the human hand are
simulated and designed. This robotic arm is simulated along with the code that
is implemented in MATLAB and the output of the designed system is reported
in this article and its errors are also investigated. There is the issue of replacing
robotic equipment instead of humans in high-precision industrial work, which is
sometimes in difficult conditions that are beyond the ability and endurance of
humans, but with the help of robots, these activities can be performed
completely. And energy resources, time and raw materials are also saved
because the use of the robot keeps the accuracy of the repetition activity the
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same in all stages of the work and the speed of the work can be controlled.

Introduction

A robot is a machine that can usually be programmed by
a computer and is able to automatically perform a
number of complex actions [1,2]. Robotics is a branch
between engineering and science that includes
mechanical engineering, electrical engineering and
computer science. Robotics includes the design,
construction, operation and application of robots [3].

A robotic arm is a type of mechanical arm, generally
programmable, that has similar uses to a human arm. The
robotic arm may be a robot itself or part of a more
complex robot. Static robotic arms have been of interest
in the industry due to their high capabilities. They can
perform repetitive tasks with high accuracy [4,5].

In the last few decades, a lot of attention has been paid
to the control of the robot arm and many works have
been done on the control of the robot arm. Various
control methods and many controllers have been
implemented on robotic arms, each of which has its own
merits and demerits. Among them, the following control
methods can be mentioned:

Doi:

Robust control [6,7], optimal control [8,9], adaptive
control [10,11], predictive control [12], linear control
[13,14] PID, nonlinear sliding mode control [15,16] and
intelligent control including neural networks and fuzzy
type control First and second and so on.

Meanwhile, the use of PD and PID linear controls are one
of the common control methods in the control of
mechanical arms and are widely used in the industry. But
as we know, linear controllers are subject to uncertainties
and inefficient system disturbances. In recent researches,
intelligent control techniques have been considered as a
suitable alternative to classical control techniques
(including: linear control, non-linear and sliding mode
control, resistant control, etc.). The advantage of fuzzy
and neural intelligent methods compared to The classical
methods are that in intelligent methods, accurate
knowledge of the mathematical model and dynamics of
the system, which are often difficult to obtain, is not
required. Fuzzy control is very easy to use because it
usually does not require a mathematical model of the
system under control. And it works very well in systems
that are complex, ill-defined, non-linear and change with



F. Author et al.

time. In general, the superiority of fuzzy control is the use
of human knowledge (the knowledge and experiences of
an expert) in the control process [17]. The problem that
can be taken with fuzzy controllers is that, compared to
classical controllers such as PID linear controllers or non-
linear controllers, etc., it is more difficult and complicated
to check and prove their stability, because the analysis
Their stability is discrete-time and requires its own
mathematics-Fuzzy control methods successfully in
control Complex non-linear and multi-variable systems
such as robotic arms and decision-making systems are
used to overcome various complications. As an example
in references [18,19], the fuzzy controller is used to
control a PUMA and SCARA robot arm, respectively. Also,
in [20], a fuzzy controller is designed using an innovative
algorithm to control the robot arm.

Neural networks have the inherent ability to learn and
estimate a nonlinear function with desired accuracy. This
feature is used in control in order to model complex
processes and compensate unstructured uncertainties
[21]. However, its inevitable training process reduces its
transient performance in the face of disturbances and
uncertainties, and for some systems such as a robot arm,
which are subject to uncertainties and the model
information is insufficient It is not used, it degrades the
performance of the transient state of the system.
Controlling the position of the mechanical arm using
neural networks is given as an example in references
[22,23,24]. Also, in references [25, 26] adaptive neural
network control on robotic arms is presented.

In [27,28,29] adaptive neural-fuzzy network control and
in [30,31] adaptive neuro-fuzzy control have been applied
to industrial and laboratory robotic arms. Also, in
reference [32], a new robust adaptive control method is
presented to control the position of the SCARA robot arm,
and recently, in the research [33], a robust neuro-
adaptive controller was designed to control parallel cable
robots.

Fuzzy-neural inference system based on adaptive
network (ANFIS), [35,34] is a neural network realization of
Takagi-Sugno fuzzy inference system. In neural-fuzzy
models such as ANFIS, neural network and fuzzy system
work in a coordinated structure and have a
complementary relationship with each other. In fact, the
ANFIS model can be considered a fuzzy system with
distributed learning that uses the training methods that
are common in neural networks. The ANFIS network
simultaneously uses the advantages of neural networks
(that is, learning and adaptability) and the advantages of
fuzzy logic (that is, the use of expert knowledge) to
achieve the goal of robust control in dynamic systems.
ANFIS network, in addition to It is able to estimate any

non-linear function with desired accuracy, but it has high
convergence speed and low error. It also needs less
training data. Therefore, it seems to be a suitable choice
as a controller for the mechanical robot arm. In the
researches [36,37,38] ANFIS controller has been used to
control a robotic arm. In reference [39], a comparison
between ANFIS controller and conventional PID controller
for a 3-link rigid robot arm has been made, in which it is
clearly It can be seen that the step response of ANFIS
controller is more suitable and better than the step
response of PID controller. Also, in reference [40], ANFIS
controller with Sugno fuzzy controller of the second type
and PID controller, for a 2-link arm mounted on a base
Oscillation has been compared which shows the
superiority of the ANFIS controller over the other two
controllers.

l. Forward kinematic:

We place the coordinate axes of the mentioned robot in
the places of Joints and End Effector as below and
considering that all 3 Joints are of Revolute type according
to the direction of their rotation while using the right
hand rule, the direction of the thumb is aligned We
consider the positive Z axis of each joint.
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Figure 1: Coordinate system at the location of joints and end
effector of the robot

With the transformation matrices, we will be able to
obtain the rotation and position matrix at the final
location of the robot (the tip of the pen placed on the
paper page).

To achieve this, we use the Hartenberg (D-H) Denavit
method and form the D-H parameter table, which is as
follows:



Table 1: Table of D-H parameters

Lkl px a 0 0
k2 gy

k3 gg & & 8r

Now, according to the table of D-H parameters, we obtain
the transformation matrices of both consecutive frames
(from the first frame to the frame on the end effector),
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Homogeneous matrix
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Il.  Velocity kinematic:

By deriving the elements of the position matrix (as
described below), a Jacobian matrix is obtained.

Jacobian matrix formula display

the result of which is shown below:

Transformation matrices

cos9, O sinO, O
_|sin6; O -cos6, O

! 0o 1 0 d,
0 0 0 1

'cosh, 0 -sind, a,cos, ]
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By multiplying these matrices together, a matrix called
Homogenous matrix is formed, which has both position

and rotation.

cosé, =c,
sing, =s,

[ OpP. 9P,  9IP, |
o6, o6, o6,
3 — op, op, op,
o6, o6, o6,
op, op, op,
RELEA o0, o6, |
Py
P= P,
P,

The final Jacobian matrix

J=

"L151czcs - Lac133 + L45152 B L351Cz _Laqszcs - LAC1C2 - l-zclsz "Lsclczsa B l-35153
/
quczcs B |-35153 B LACISZ u L25102 —|.331$203 B L451Cz - L25152 "Lzslczss + |.3C103 =
0 Laczca B LASZ + LzCz —1.35253

Considering that the writer's robot in this project is of
serial type, therefore, if the speed we are considering is a
specific speed at the tip of the pen and in the direction of
X,YandZ.

So we can have:
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dXend _ effector

da, /dt ; at
d 92 /dt =] -1 x yend_effector it
dé,/dt dz

end _ effector

dt_

1. Inverse kinematics:

Figure 2: view of the general coordinate system of the robot
3D

In order to be able to write the value of the angles of the
robot's joints for the location of the tip of the pen on the
robot (end effector location), it is necessary to use the
inverse kinematics of the robot:

Now, if we look at the three-dimensional view from the
side view (X-Z plane), the angle of Joint No. 2 is obtained,
and if from the top view (X-Y page) Let's see the angle of
Joints No. 2 and 3 will be obtained, which is as follows:

Figure 3: Calculating the angles of joints according to the
location of the tip of the pen
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IV.  Work Space:

The space that can be covered by the movement of the
tip of the pen on the paper can be displayed as the
working space of the writer's robot. Here, we have
assumed that the physical and structural system of the
robot we are considering is made so that the limits of
angle changes are as shown in the figure below.

Je+g-Luv2=r

93 closed open open closed

0, closed closed open open

Doi:

Figure 4: Robot workspace (view from above)

The required working space is the working space that we look at
the robot from above, because only the space that the pen tip
draws on the paper page is relevant to us, and any space that
the pen tip travels while removing it from the paper page. It
was not considered by us and we have not checked it.

Designing the movement path for drawing letters

Since Latin letters are a combination of circular paths or
broken lines, we decided to:

¢ Write a polynomial equation for one of the parameters
XorYinthe parts of the letters that are part of a line, and
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express a line equation in terms of the other one.

¢ In the parts of the letters that are in the form of a circle,
write a polynomial equation for one of the X or Y
parameters and express a circle equation in terms of that
one for the other (of course, we must be careful
depending on Which quadrant of the circle is considered,
let's get the equation according to that area of the circle).

For each line segment navigation, we have the location of
the start and end points of that line segment (according
to the corresponding letter). As a designer, we can design
and choose the speed of the beginning and the end. The
start time and the end time are also available. Now we
can obtain the coefficients of the polynomial with four
unknowns for each line segment and rewrite the
corresponding polynomial as shown below:

Calculation of polynomial coefficients and rewriting X as a
function of time

X=a,+at+at’+at’

X = a, +2a,t +3a,t?

X(t,) = X, = a, +at, +at’+at =x,

X(t,) =X, = a,+at, +at’ +at’ =x,
X(t,) = Xo —> a, +2a,t, +3a,t; = Xo

).((tf): X —a, +2a,t, +3at? = X

0 1 2t, 3t | [a, X
0 1 2t 3t .
2 3 = 7f
1t t2 g «
1t 2 ’
f f fr A _Xf_X
A=T7'X

X = AQL) + AQ)t + AQ)? + A(4)t°
AW =2, A(2) =2, AB3) = 3, A(4) = &,

To navigate the circular paths, assuming for example for

Y, we obtain the polynomial equation exactly similar to
the previous part. For circular paths, according to the start
and end points, for each circular part in the
representation of each letter, we have:

Circle equations for letter-shaped circular paths

(X=%)*+(y—Y,)* =R’

K= Ry +%

_ (end)x+(start)x
L=
2
_(end)y +(start)y
o 2

R = \/((end)x —(start)x)* + ((end)y —(start) y)*

Now, when the path of the circle is in the first or fourth
qguadrant, we use the positive sign in the formula related
to X, and when the path of the circle is in the second or
third quadrant, we use the negative sign in the formula.

For example, we have:
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LY Please enter a word: book

{ thetal =141.4767 & theta3 =121.9688 }start

\ { thetal =74.7381 & theta3=79.1062 }end

v x

Figure 5: Sample placement of letters on the coordinate plane

V. Results

For example, some Latin words are given to the robot, and
its movement along the path is shown below in the form
of several photos, and the first and last thetas calculated
from the angles of the joints are also presented to you
according to the location of the pen tip.

Please enter a word: Flower

{ thetal =141.4767 & theta3=121.9688 }start

Please enter a word: amin
{ theta3 =25.3972 & thetal =40.1253 }end

{ thetal =141.4767 & theta3 =121.9688 }start
{ thetal =74.0319 & theta3=65.2424 }end
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Conclusion:

Today, robots form a major part of the industry and it will
be much more economical for employers to use robots
instead of humans, and these major advantages that
robots have over human labor can be minimally stated:
The robot does not need to rest, and as much as a
production line worker, it can work all hours of the day
without interruption, without hunger or the need to rest,
or in another example, a robotic arm has the condition
that the coordinates are very precise and detailed. receive
it for cutting or welding, and the robot can perform the
specified activity precisely and calculated with the
possibility of having less energy and wasted materials
than human labor, or to work in the parts that require
human labor They have safety devices and expensive
equipment, but the robot does not include any of these
costs

Now, according to the investigations carried out and the
results that were displayed, the robotic arm can be
correctly managed by considering the arm's movement
angles from the start point to the end point, which will
lead to optimization in the use of time and force, for
optimization, if this method is considered, by choosing
the right angle and exact location, cutting or welding can
be done by the robot in a short period of time.
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