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DESIGN AND MATERIALS SELECTION

1. Project’s Technical Requirements

The project will have the following scope:

» The proposed system will be able to recognize, using ultraviolet light, if the den-
tal chair area is disinfected, and if not, it will proceed to spray the area with a

disinfectant solution.

» The disinfection system will have a mechanical structure type arm, which will be
fixedly coupled to the chair and will allow it to move and cover the entire chair

area to detect and disinfect.

» The system will have a camera that will allow, through an artificial vision algorithm,

to identify stains on the chair when illuminated by UV light.

» The system will have a panel that will allow the user to start the process, pause

or stop it at any time.

* A control unit will be used to automate the entire system, which will allow reading

the inputs and outputs of the variables involved in the process.

In Table 1 the requirements for design are described.

Table 1. Project’s Requirements

Parameter Description

Portability The project must be portable, meaning it
can be transported to and from the dental
office

Adaptability It must be adaptable to the dental chair
Fedesa Astral Lux

Actuation DC motors

Image Input Device | USB Web Cam




2. Alternatives Analysis

2.1. Mechanism / Structure

The main structure of the project is a robotic manipulator because it allows speeding
up activities, tasks and functions that require repeatability and precision. The different

possible configurations for the project are analyzed below.

2.1.1. Articulated Robot

The articulated robot has at least three joints that rotate on themselves, allowing it
to carry out more complex tasks. Articulated robots are extremely versatile, making
them perhaps the most common type of industrial robot. Companies often choose
articulated robots for their automation needs because they offer many key benefits for

optimizing processes [1].

Figure 1. Articulated Robot [1]

2.1.2. SCARA

A SCARA robot can rotate in two joints and has a linear joint. It is "supported” in the
horizontal plane and rigid in the vertical. This is why its name contains the phrase
"selective compliance.” The SCARA robotic arm design is very similar to a human arm.
The first axis (X axis) moves horizontally. The second (Y axis), mounted on the first
axis, allows us to position in two dimensions. The third (Z axis) is made up of a spindle
that adds the vertical component. The fourth axis is the rotation of the spindle itself,

which allows the product to be oriented in the desired position on the plane [2].



Figure 2. SCARA Robot [2]

2.1.3. Polar Robot

Polar/Spherical robots are robot configurations with a combined linear joint and two
rotary joints, with an arm connected to a robotic base and a rotary joint. Also known
as spherical robots, the axes create a spherical workspace and a polar coordinate

system [3].

Figure 3. Polar Robot [3]

Each of the options above present advantages and disadvantages for this application,

which are analyzed following the criteria, which have weights asigned to each one:
+ Controlability - 25%

» Degrees of freedom - 20%



» Workspace - 25%
* Flexibility - 30%

Each option is qualified with a value from 1 to 5, the results are presented in Table 2

below.

Table 2. Mechanism Alternatives Comparison

Controlability | DoF | Workspace | Flexibility | Total

Weight 0.25 0.2 0.25 0.3 1
Opcion1 | 3 0.75 3|06 |4 1 4| 12 | 355
Opcién 2 | 4 1 2104 /3| 075 |3| 09 | 3.05
Opcion 3 | 3 0.75 2104 |3| 075 |3]| 0.9 2.8

By observing each type of arm, it can be concluded that the most appropriate structure
for this application is an Articulated Robot, due to the advantages it has over the other
options, such as versatility, controllability, that the work space can be obtained suffi-
ciently wide with fewer degrees of freedom, which means fewer motors, better control,

and lower price.

2.2. Actuators Selection

2.2.1. Motor Selection

The purpose of the motors in the project is to move the links of the arm, thus each joint

must have a motor.

Option 1: NEMA 17

A NEMA 17 stepper motor is a kind of motor that can be programmed to rotate in exact
steps or increments, various devices like CNC machines and robots usually include
stepper motors thanks to its small size and good torque [4]. Its specifications are de-

scribed in Table 12.

Option 2: FT5325M Servo motor
A servo motor is a type of electric motor that is commonly used in motion control

applications. Because they use feedback to monitor and adjust their position, they can



Table 3. NEMA 17 Stepper Motor’s Specifications [4]

Parameter Value
Mass 225¢
Dimensions | 40.7 x 19.7 x 42.9 mm
Voltage 12V
Rated current 2.4A
Holding torque 4.8 kef - cm
Rated torque 4 .8kgf - cm
Price $15

maintain a precise position even in the presence of external forces or load changes.
They are also relatively fast and responsive, with the ability to change position quickly

[5]. The FT5325M servo’s specifications are described in Table 4 below.

Table 4. FT5325M Servo motor’s Specifications [5]

Parameter Value
Mass 67g
Dimensions 40 x 20.5 x 40.5 mm
Voltage 48V -72V
Rated current 210 mA — 260 mA
Rated torque | 20.5 kgf - cm (4.8 V )/ 22.8 kgf - cm (7.2 V)
Price $29

Each of the options above present advantages and disadvantages for this application,

which are analyzed following the criteria, which have weights asigned to each one:

Controlability - 25%

» Performance - 20%

Weight - 25%

Price - 30%

Each option is qualified with a value from 1 to 5, the results are presented in Table 5
below.
For the selection of the motor, the force necessary to move each link of the arm must

be taken into account. Approximate values of the weight of the links, elbows and



Table 5. Motor Alternatives Comparison
Controlability | Performance | Weight | Price | Total
Weight 0.25 0.2 0.25 0.3 1
Opcion 1 | 2 0.4 2 0.6 2104 4]12] 26
Opcion 2 | 3 0.6 5 1.5 4108 | 3/09 38

end effector of the arm were taken. For this analysis, approximate weights of the
components and arms were considered. Variables A; and A, represent the mass of
the actuators, A; the end effector, and M; and M, the mass of the arm links and L,
and L, their length. The torque calculation was carried out to have a better idea of the
necessary force that the motors must have to move the arm.

Considering the weight of the motors 67g, which the average weight of a DC motor, the

weight of the links 70g and the approximate weight of each joint as 140g.

A; = Ay = 0.067kg + 0.14kg
Az = 0.14kg
Li=L,=0.3m
My, = My = 0.07kg

Where: A; and A,: are the masses of the actuators, in kg.
Ajs: is the mass of the end effector. in kg.
L, and L,: are the legnths of the links, in m.

M, and M,: are the masses of the links, in kg.

For the first joint

ZFx:O (1)

My-g-Li+Ay-g-Li+My-g-(Ly+ Lo) +A3-g- (L1 + L) =T1 =0 (2)



Replacing in 2:
0.07-.81-.3+0.2-9.81-.3+0.07-9.81-(0.340.3)40.14-9.81- (0.3+0.3) =T}

71 = 2.031Nm

Where:

T;: is the torque generated in the first joint, in Nm

For the second joint

Y Fr=0 (3)

My-g-Lo+As-g-Lo—T5=0 (4)
Replacing:
0.07-9.81-0.340.14-9.81-0.3 =15
Ty = 0.618Nm
Where:

T;: is the torque generated in the first joint, in Nm

Taking these results into account, it can be seen that the selected motor offers enough
force.
Motor: FT5325M Servo Motor

Torque: 25kg.cm =2.45Nm

Regarding the selection of the motor, it can be clearly seen that the best way to drive
the robot arm is with servo motors, although they do not have the precision of stepper

motors, they make up for it with their ease of use and strength.



2.2.2. Pump Selection

A pump is needed to move the disinfecting agent from the reservoir to the nozzle in
the end effector, since the reservior is localted in the floor, approximately 1.5m from the

end effector, a pump strong enough to suck out the liquid is needed.

Option 1: AD20P-1230A Brushless Water Pump

Table 6. AD20P-1230A Brushless Water Pump’s Specifications [6]

Parameter Value
Dimensions | 55 x 35 x 45mm
Voltage 12V
Rated current 0.35A
Flow 4]1/min
Max. head 1m
Price $12

Option 2: R385 Diaphragm Pump

Table 7. R385 Diaphragm Pump’s Specifications [7]

Parameter Value
Dimensions | 90 x 40 x 35mm
Voltage 6-12V
Rated current 0.5-0.7A
Flow 3 I/min
Max. head 3m
Price $9

Option 3: LBD WP02 Water Pump

Table 8. LBD WP02 Water Pump’s Specifications [8]

Parameter Value
Dimensions | 24 x 33 x 24mm
Voltage 5-9V
Rated current 0.2A
Flow 1.3 -2 I/min
Max. head 1.1m
Price $4




Each of the options above present advantages and disadvantages for this application,

which are analyzed following the criteria, which have weights asigned to each one:

Controlability - 20%

* Performance - 30%

Size - 20%

Price - 30%

Each option is qualified with a value from 1 to 5, the results are presented in Table 9

below.

Table 9. Pump Alternatives Comparison

Controlability | Performance | Size Price | Total

Weight 0.2 0.3 0.2 0.3 1
Opcion1 | 5 1 3 0.9 3/06/4|12| 37
Opcién2 | 5 1 4 1.2 4108|309 39
Opcion 3 | 5 1 2 0.6 3/06|5]| 1 3.2

Because the disinfectant solution reserve will be located on the floor, a pump strong
enough to suck the liquid from an approximate height of 1.5m is needed, which any
of the first 2 options does, however, the R385 Diaphragm Pump (option 2) is the most

compact, which is also an important requirement as space on the arm is limited.

2.3. Materials Selection

The parts designed for the mechanical structure of the robot, specifically the joints
and base, were manufactured in PLA by 3D printing, since it is not only an easy, fast
and relatively cheap way to obtain the parts, but also allows to freely design the 3D
model PLA also has relatively high mechanical strength, with excellent optical proper-
ties, good processing ability with low shrinkage not causing product deformation. [9]
A decision was made to use PVC tubes to act as links, since they are easy to find,
affordable and lightweight; yet resistant enough for this project. Both PLA and PVC are
suitable for this application given that are easy to work with, cheap, and light but stiff.

The mechanical properties of both materials can be seen in Tables 10 and 11 [10].
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Table 10. PLA’s Mechanical Properties [9]

Properties Value
Young’s Modulus [MPa] 3600
Tensile Strength [MPa] 70

Flexural Strength [N/mm?] 98
Density [g/cm?] 1.25
Melting Temperature [°C] | 145 - 160

Table 11. PVC’s Mechanical Properties [10]

Properties Value
Young’s Modulus [MPa] | 2400 - 6900
Tensile Strength [MPa] 50

Flexural Strength [N/mm?] 28 - 97
Density [g/cm?] 1.27 -1.55

3. Mechatronic Design

3.1. Mechanic Design
3.1.1. Cantilever Beam Link Analysis

To ensure that the links and joints of the arm would withstand the forces applied to
them, an analysis was made considering them as a cantilever beam, as seen on Fig.

4.

Figure 4. Cantilever beam with single load at end

A free body diagram is made in this case, a point charge is analyzed at one end of the
link A — B, as seen on Fig. 5.
Where:

A: is the fixed end of the beam.



11

B: is the end where the force is applied.

F
/
5
] B
‘A

= L -

Figure 5. Free body diagram of the cantilever beam with single load at end

In order to obtain the total load at the end of the link a mass of 0.14kg is considered,
and applying (5) we get:
F=m-g (5)

Where:
F': is the total load, in N.
m: is the mass of the end effector, in kg.

g: is the gravity, in m/s.

F = 0.14kg - 9.81m/s?

F=137N

This result can be multiplied by a safety factor of 1.5, which is the value for applications
were the environment is constant and the loads are easily obtained. [11]

Thus the total load in the link would be:

F,=F-p (6)

Where:

F: is the corrected load applied at the end of the link, in N.
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w: is the safety factor, dimensionless.

Fg=137TN-1.5

Fy = 2.06N

The maximum moment at the fixed can be obtained with [12]:

Moo = Fs - L (7)
F, = 2.06N
L = 300mm

Replacing in (7):

M0z = 2.06N - 300mm
M0z = 618Nmm
The maximum deflection at the end of the cantilever beam can be expressed as [12]:

F-L3
3-E-1

(8)

op —

Where:
og: is the maximum deflection, in mm.
E: is the Young’s Modulus, in GPa. Obtained from Table 11.

I: is the area moment of inertia, in mm?.

E =6.9GPa

_ 7(dy — dj)

I
64

Where:
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d;: is the inner diameter, in mm.

d;: is the inner diameter, in mm.

Using (9) the second moment of inertia can be obtained [12].

I 7(50mm?* — 49mm*)

64

I = 23817.2mm*

Replacing in (8):
B 1.37N - (300mm)?
~ 3-6900N /mm? - 23817.2mm?*

OB
o = 0.075mm

The stress in a bending beam can be expressed as [12]:

Where:
y: is the distance to point from neutral axis, in mm..
M: is the bending moment, in Nmm.

I: is the area moment of inertia, in mm®*..

B 25bmm - 411Nmm
© 23817.2mm*

o = 0.43MPa

The maximum stress in the bending beam is 0.43MPa which is lower than the ultimate

tensile strength for PVC (50MPa).

In Figure 6 the diagrams of shear forces and bending moments are presented.
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1.3F 1.37
% 0.00
(mm)
M - Shear Diagram ﬂ
M
0.00 [
-411.00
X
(mm) 300.0
Nm v Moment Diagram o

Figure 6. Diagrams of Shear Forces and Bending Moments for the Links

3.1.2. Finite Element Analysis

Once both the stress and maximum deflection were calculated a finite elements anal-
ysis (FEA) was carried out in Autodesk Inventor in order to corroborate this results
applying the load of 2.06N , in Figures 7 and 8 can be seen that the results are quite

close, which confirms the calculations made.

Nodes: 2545

Elerments: 1217

Type: Displacement.

Unit: mm

2023-01-25, 1:39:27 PM
0.07525 Max

[ 00282

[ 002115

[ 00141

L 000705

0 Min

Figure 7. Displacement obtained in the Finite Element Analysis



hodes: 2545

Elernents: 1317

Type: 1st Principal Stress
Unit: MPa

2023-01-25, 1:50:17 PM

0.2451 Max

| 01816

[ 01181

L | 00545

-0.009

i -0.0725 Min

Figure 8. Maximum Stress obtained in the Finite Element Analysis

3.1.3. Final Design

In Figure 9 the final 3D model in Autodesk Inventor is shown.

Figure 9. Final CAD Model
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Table 12. Parts of the Disinfecting System
Number | Description

1 Support / Base

2 First joint
3 Link

4 Second joint
5 End effector

3.2. Electronic Design

The electronic design covers the sizing and selection of the necessary components that
comprise the project. The projec’ts architecture is better understood in the diagram of

Fig. 10.

- ™ - ™ i ™
Raspberry Pi 4 & - Arduino UNO ; Servomotors :
\ J P | ) |
s ‘L ) i ™ : r __________________ 5
Camera LEDs < » Pump
\. J \. , - T N Y A
- ™ 123
Push Buttons <
\. ,
- ™
UV Light <
\. ,

Figure 10. Electric components architecture

3.2.1. Micro-controller Selection

For the automation of the entire system, a control unit will be used to read the inputs
and outputs of the variables involved in the process. In order to select an adequate

micro-controller the following requirements were taken into account.

+ 3 digital input pins.
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5 digital output pins.

3 pins for PWM signals.

1 USB port.

OpenCV / Python compatibility.
» Serial communication capabilities.

Given this requirements the possible options are:

Option 1: Raspberry Pi 4

The Raspberry Pi 4 is a minicomputer with a 64-bit quad-core processor and 1Gb of
memory, which makes it good for image processing applications. It has USB com-
patibility that allows to connect devices such as cameras, as well as stablishin serial

communication with other controllers [13].

Option 2: Arduino UNO
Arduino UNO is a microcontroller that uses the ATmega328P. It has 14 digital I/O pins,

6 of which can be used as PWM outputs, 6 analog inputs, and a USB connection [14].

A decision was made to use both of these micro-controllers, since both offer benefits
to the project. The Raspberry Pi 4, seen in Fig. 11, is used to handle all the more
processor-heavy work from the artificial vision, and the Arduino UNO, seen in Fig. 12,
is used to code and implement the control for the actuators. These micro-controller are

connected via the USB port and use serial communication to work along each other.

3.2.2. Camera Selection

In order to select an appropiate camera for this project, the following requierements

must be met:
« Small dimensions.

+ At least 720p resolution.
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Figure 12. Arduino UNO [14]

+ USB powered.

Taking there requirements into consideration, the available options are:

Option 1: SQ11 Mini Camera, seen in Fig. 13.

Parameters:

Video resolution: 1920 X 1080p / 1280 X 720p

Frame rate: 15/30 FPS
 Viewing angle: 140°

* Dimensions: 24 X 24 X 24 mm

Power: 5V USB powered
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* Price: $9

Figure 13. SQ11 Mini Camera

Option 2: A9 Camera, seen in Fig. 14.

Parameters:

Video resolution: 1920 X 1080p / 1280 X 720p
» Frame rate: 24 FPS
» Viewing angle: 150°

* Dimensions: 45 X 45 X 25 mm

Power: 5V USB powered

Price: $15

Figure 14. A9 Mini HD Camera

While both options met the established requirements, the SQ11 was chosen due to its

smaller size and lower cost.
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3.2.3. UV Light Selection

For the UV light the only requirements were for it to be small sized, so not many options
were considered. The selected light was a UV LED light torch, with 9 bulbs and 400nm
wavelength, powered by 5V.

3.2.4. Firing Circuit for the Pump

In order to control the smaller components, such as the pump, that do not need as
much current as the other elements a transistor as a switch was used, as seen on
Fig. 15 what also allowed to be easily controlled from the micro controller. The se-
lected transistor was the TIP22 since it is rated to handle a current up to 5A, which was

enough to handle the current provided by the regulators.

R2 Q1
TIP122
o | o

Figure 15. Transistor as a switch circuit

From the TIP122 Darlington Transistor’s datasheet [15] we know:

I.Max = 800mA
8 =100

Where:
I.Maz: is the maximum rating of the base current in the transistor, in mA.

B is the transistor’s current gain.
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The Current of the collector divided by the current in the base of the transistor will be

equal to 3, as Eg. 11 shows.

I
7 (11)

Where:
I.: is the current in the colector of the transistor, in mA.

I,: is the current in the base of the transistor, in mA.

Since the Pump needs 700mA, that will be the current assumed for the collector of the

transistor.
0.7
100 = —
Iy
0.7
I, = — = 0.007TA = TmA
b 100 0.007 Tm

Applying the sum of voltages equal to zero in M1 we got the value of the voltage in R2
as Eq. 12 shows.

5V —=VR2—-VBE =0 (12)
VR2 =43V
Applying Ohm’s law we can get the value of the R2 as shown in Eq. 13.

_ VR2

R2
Iy

43V

2
R 0.007

= 614.2902

This value is later used to design the ciruit for the PCB.

3.2.5. Power Supply Unit Sizing

In order to select an adequate power supply for the project is necessary to know exactly
how much voltage and current each of the components require, so to estimate the total
consumption of the system as a whole. In Table 13 are detailed the different electronic
components and their power requirements.

The total estimated current draw for the project is 7.52A, taking this value into account



Table 13. Power Consumption of each Electronic Component

Component Quantity | Voltage [V] | Current [A] | Total Current

1 Arduino UNO 1 5 0.02 0.02

2 Raspberry Pi 4 1 5 3 3

3 | FT5325M Servo Motor 3 7 1.2 3.6

4 | R385Diaphragm Pump 1 12 0.7 0.7

5 UV Light 1 5 0.05 0.05

6 USB Web Cam 1 5 0.15 0.15
Total 7.52

22

the selected power supply was the S-120-12 which is a 12V — 10A switching power

supply, this provides enough current to power every element even when they are all

working at the same time. The voltage however it too much for certain components,

due to this voltage regulators were used, specifically the XL4005, which is a DC-DC

step-down that can output up to 30V at 6A, two of these were used for the motors and

the micro controllers, which work at 7V and 5V respectively.

Having done this calculations, the components are summarized in Table 14 below.

Table 14. Parts of the Disinfecting System

Component Description Quantity
Raspberry Pi 4 Micro-controller 1
Arduino UNO Micro-controller 1
USB Camera Web camera / image input device 1
FT5325M Servo Motor 25kg - cm servo motors 3
R385 Diaphragm Pump 12V water pump 1
UV Light 5V UV LED light 1
Resistors 6002 resistors 2
TIP 122 NPN Darlignton Transistor 1
Push buttons Buttons 3
4005XL Voltage regulators 5V and 7V Step downs 2

Finally, once all the components were sized and selected, a case to house all the

electronic elements was designed, as seen on Figures 16 and 17.



23

Figure 16. Circuit box designed in Inventor

L=

Figure 17. Internal view of the circuit box

3.3. Robot Arm Programming
3.3.1. Kinematic Analysis

Kinematic analysis of robot arms is the study of the motion and behavior of robot arms
without taking into account the forces that cause the motion. It involves the use of math-
ematical models to describe the movement of the robot’s joints, links, and end-effectors.

This includes determining the position, velocity, and acceleration of the robot’s various
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parts, as well as the relationships between them [16].

One important aspect of kinematic analysis is the use of Denavit-Hartenberg (DH)
notation, which is a method of describing the relative positioning of the joints and links
in a robot arm. This notation allows for the creation of a kinematic model of the robot
arm, which can be used to determine the forward and inverse kinematics of the arm.
Forward kinematics is the process of determining the position and orientation of the
end-effector of the robot arm based on the positions of its joints. Inverse kinematics
is the opposite, it's the process of determining the joint positions that are required to
achieve a certain end-effector position and orientation [16].

Other important areas of study in kinematic analysis of robot arms include trajectory
planning, which involves determining the path the robot arm should follow to reach
a desired position, and singularity analysis, which is the study of the points in the
robot’s workspace where its kinematic model becomes singular, or degenerate, which
can cause issues with control and stability. Overall, kinematic analysis of robot arms
is a fundamental and crucial step in the design, control, and programming of robots.
It enables the understanding of the movement, and can help in the design of more

efficient and accurate robotic systems [17].

3.3.2. Denavit—-Hartenberg Parameters

A robot manipulator’s joints are each given coordinate frames in a straightforward and
consistent manner using the Denavit-Hartenberg method. A homogeneous transfor-
mation matrix that is relevant for the manipulator’s forward and inverse kinematics may
be defined using these parameters. Each of the robot’s joints is broken down into four
parameters by the DH parameters, each measured in relation to the preceding joint.
They are computed using the aforementioned "common normal.” The common normal
has a length of zero if the prior z-axis overlaps the present z-axis, which is frequently
the case. [18] In my case the manipulator is a Spherical RRR Manipulator, and in Fig-

ures 18 and 19 the axis and angles are defined.
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L3

L2

Figure 18. Axis and rotations defined in the CAD model

X y
76, 0:

Figure 19. Rotation angles defined in a RRR manipulator diagram

Once the axis and angles had been figured out, the DH parameters can be obtained,

seen in Table 15.

Table 15. Denavit—Hartenberg Parameters
Link a; (0} dz 02
1 10| 90 | d; | 01
2 [ 30|-90|d, |62
3 [30] 0 |d;| @3

A simulation of the arm was carried out in MATLAB using Peter Corke’s Robotics Tool-
box, in which the Denavit—Hartenberg Parameters were computed and a model of the

robot was obtained, as seen in Figures 20 and 21.
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Figure 20. Denavit—Hartenberg Parameters in MATLAB
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Figure 21. Robot Arm Plot in MATLAB

3.4. Inverse Kinematics

Once the DH parameters have been obtained, a code was used to get the inverse kine-

matics of the robot. Inverse kinematics Calculate all feasible joint angle combinations



27

that could be employed to achieve the end-effector of the manipulator’s given position
and orientation. This is a significant issue with the practical application of manipula-

tors. [18]

3.5. Forward Kinematics

To get the forward kinematics of the robot, first it is necessary to get the Denavit-
Hartenberg parameters from the base to the end effector, then with this matrix it is
possible to find the equations in order to get the position in x, y and set axis by giving
just the angles. After putting the angles of movement of each motor, the position of
the end effector with respect of the base will be obtained. In order to obtain the ma-
nipulator’s singularities Jacobian matrix was calculated. From the DH parameters the
homogeneous transformation matrix was obtained and eventually the Jacobian matrix
for the manipulator, which helps relate the joints velocities with cartesian velocities (ve-

locity of the tip of the robot) [18].

Once both of these parameters were calculated it was possible to use them to imple-

ment the code that allows to control the movement of the motors.

3.6. Artificial Intelligence

Regarding the Al part of the project an algorithm was developed in Python using Open-
CV. What the algorithm does is to allow the camera to detect and count spots that may
be present on a given surface. A selection of image processing tools were applied,
such as gray scaling, blurring, and finding out the edges in order to achieve our goal.
Making the image monochromatic is one of the most crucial processes in object de-
tection. Thus is necessary to convert our image to a black and white tone. All object
detection techniques often employ something like this. As a result, there are fewer
scans, which makes the image run more quickly.

It uses the cv2.threshold function. The source picture, which should be a grayscale
image, is the first parameter, the threshold value, which is used to categorize the pixel

values, is the second once and the third input, maxVal, indicates the value that will
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be provided if the pixel value is greater than (or occasionally lower than) the thresh-
old value. The “THRESH_BINARY _INV” method was used because it makes the spots
white and the rest black, so its easier to identify individual marks. The threshold param-
eters were tuned manually by trial and error. Once this is done findContours is used to
detect objects and finally count the number of spots found in the image [19] [20] [21].

This can be better understood in the diagram of Fig. 22

1

Begin initial setup

1

A

Get image from
camera

f

Apply grayscale
edge detection

f

Show image

f

» Count contours

Send signal to the
Arduino UNO

Figure 22. Artificial Vision Algorithm Architecture

4. Expenses

The total cost of making this project was approximately $ 265, which is described in

Table 16 below.



Table 16. Total Expenses

Component Quantity | Unitary Cost[$] | Total [$]
12V - 10A Power Supply 1 10 10
Raspberry Pi 4 1 50 50
Arduino UNO 1 15 15
Cooling kit for Raspberry Pi 1 7 7
USB Web Cam 1 9 9
PVC Pipes (3m) 1 3 3
R385Diaphragm Pump 1 10 10
Step down XL4005 5A 2 4 8
FT5325M Servo Motor 3 25 75
UV Light 1 15 15
Silicone 6mm hoze (4m) 1 2.5 2.5
Bronze nozzle 1 3.5 3.5
PLA (1kg) 2 20 40
PCB (Copper Bakelite and acid) 1 7 7
PCB Components and cable 1 5 5
Nuts and Bolts 1 5 5

Total

$265
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