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ABSTRACT: This work aims to create a prototype of an automated filament spool handling system
for 3D printers. This is a derivative of the classic storage system defined as ASRS (Automated
storageretrieval system). This type of system is already presethiei industry for the automation

of logistics processes in warehouses. The system has four major components: the transporter
subsystem, the XZ positioning subsystem, the display control device (HMI) and the storage and
measurement subsystem.
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Introduction

In the era of advanced technology and continuous innovation, automation is becoming central
to improving efficiency and performance in a wide rangaddistrial fields. In this context, the present
paper proposes the development of a prototype of an automated system for handling filament spools
intended for 3D printers. This system is an adaptation of thekwelbn ASRS (Automated Storage
and RetrievalSystem) concept, already used in the industry to optimize logistics processes in
warehouses.

Essentially, the project focuses on four majo
components, each with its own distinct and essential role in t
functioning of the system as a whole. These componer
include the conveyor subsystem, which facilitates the efficie
movement of filament spé® within the system, the XZ ‘
positioning subsystem, responsible for precisely positionir : 7" ~
the spools at various locations, the display controller, whic = 4 ‘
provides the user interface and control over the entire syste ‘ \
and, not least the storage and measargraubsystem, which | |
manages the proper storage of filament spools and provic i ’ E ‘.W
!

|

stock and consumption information.

These components are made as seade modules
that have their own integrated miecontroller and
communicate with the rest of the modules in the system. Tt =
allows for much easier further development.

Fig. 1 Automated storage

Current stage

At the time of this article there was no similar system on the market. What does exist, however,
are boxtype handling systems, as presented in the paper "Automated storage and retrieval system" ([1],
2020) which exposes an automated storage system flateelen two rows of shelves, a system similar
to that found in largescale automated warehouses that work with full size euro pallets or boxes.
Another similar paper, for which there is no written papa}, 2017) but which illustrates a similar
systemto the first paper, also manipulates miniature pallets.

General presentation of the work

The initial idea of the project was formulated to respond to the need of users in the field of 3D
printing to efficiently manage and control their necessary raw materials.



The proposed system facilitates the organized storage of these materials, providing the user with
accurate and upp-date information about the stock level adidersity of available materials. In
addition, the system opens the horizon to the generation of detailed statistics on material consumption
and to ensuring business traceability, thus contributing to process optimization and dwvaidioy
within the praluction process.

Thus, the system is composed of four distinct subsystems:
The transporter has the role of handling the filaments between the storage area and other areas
of the system.
- XZ positioning subsystenrtakes care of the precise positioning of the conveyor at one of the slots
or at the measuring area to facilitate the transfer of the spool.
- Display control device represents the main interface between the system and the user, allowing
them to transmit commands and use the system effectively.
- Storage and measurement subsystdras the responsibility to store the filaments and measure
their parameters to ensure an optimal and efficient production process.
Since the filamenspools can have different shapes an

sizes, it was chosen to standardize the product to be hanc
with the help of introducing a special support that is design
for efficient handling Fig. 2).

It has twobearings that improve the movement of the
support on the contact surfaces, but also an extension 1
helps the conveyor to confirm that it has reached the corr
position and that it has touched the support.

Fi3gSupport for
The transporter

The transporterHg. 3) is the device responsible for theaxis manipulation of the rolls, more
precisely with the placement or withdrawal of the rolls on/from the storage space.

-

Fi3ggxtended version of the t

It is designed to be able to extend so that it can reach the spool, and for this a rack and pinion
mechanism is used together with a furniture slide with a linear guide role. A servomotor (S0025M) is
used to move the extending system.

In order to make contact with the spool support, a system with a sort of pin that can raise is mounted
on the extremity of the slide, with the help of a servo motor (MG90S) the pin is set in motion. Mounted
in front of this system are two micswitch typesensors connected in series to help the system
accurately position itself relative to the spool holder. The control of the pin position is carried out with
the help of two micreswitch sensors for the limits (lower and upper) of the pin. The top posiiobe
adjusted with the adjustment screw.



For a correcpositioning of the extension system, two miswitch sensors are also used for the
stroke ends. So that the conveyor can be moved arA
thus positioned at one of the storage spaces, it has fo ,,
special beveled rollers. They slide on a metal profile '
with specially designed surfaces for the roller to run ,’ \
perfectly on them; this technology é¢slled "wslot"-
and it is an innovative method of combining structural | ©
elements with linear guide elements. A 6mm wide el Ceetoob00c00000
transversal toothed belt known as GT2 is useddeam \\ "”““‘P‘T"P"‘M"T”i
the transporter, driven by a nemal7 stepper motor. \

Since the transporter has many sensors and motor | /
and the control board is at a considerable distance,
was decided to make atectronic prototyping board
(Fig. 4) and thus the number of wires needed for _ . )
connections was reduced from 19 to 10. In thisway soF | 4El ectronic prot
we can connect the transporter to the main Arduino extension
board by means of a 4fire cable with a diameter of
0.33mm. A 12wire cable was chosen to prevent later
modifications, improvements or additions. These limit e
switches have a similar mode of operation to touch 1 .
buttons and in order for them to be interpreted correctly f
by the acquisition board they need a fugl circuit oz
which is done using a 1k or 10k resistorsh®wn in FigPutulpirCusdl, 2
the schematic frorfig. 5.

Sen:

Display control device (HMI)

The display screen is the interface through which the user can control the automated system, from
here the operator can choose whether to add or retrieve a spool of filament from the warehouse, and the
system will guide him through the steps ht
needs to follow in order to perform the{ | |
selected operation.

In terms of hardware, the display screel
consists of a 320x240 pixel tft touch screer
which has an ST7789 driver for the graphic
part and an XPT2046 driver for the touct
part. They are controlled by a Groudstudic
carbon D4 development board with esp3.
microprocessor and programmable in c+-
language, Arduino. The development boar
is assembled on the back of the screenwith  Fi g. 6 El ectri c di
the help of silicone in a wedstablished
position, measured and marked with the help of a caliper. This further helped in theesigieof the
case, which was later 3D printed. The electrical connections were made by hand, connecting the two
components according to the diagrantig.. The SD card reader has also been replaced with one for
micro SD to enhance the ergonomics of the design.

The physical version of the prototype for the display screen is shdwg.@which illustrates how
the components are connected on the back of the screéfigadvhere you can see the main page of
the screen from which you can select the two ways of using the screen.
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Fig. 6. The comand circuit ahe display Fig. 7. Home Page

As for the software part, separate files were used for the various functions of the screen. An example
of this is thefile for each page or category of pages, which contains two types of functions: display
function (responsible for making graphics for the page such as texts, images, shapes) and functionality
function (responsible for interpreting screen taps and reaatingrdingly). Navigating through the
pages of the screen is easy, the design being minimalistic, and is shown in Fig. 8, in a narrow form.

pory

FETLE

Fi@gDatfd ow di agram of the syst

Also, since the system contains two development boards, it is necessary to create a communication
protocol, so a protocol of the form "XXY -ZNN" was used, where XX represents the board for which
the message was communicated, YY the board that transthideessage, Z message typestatus,
C-command, Eerror, and NN the numerical code of the messageMBiS01, means that the message
S01- "Operation completed successfully" was communicated by the motherboard "main-dd&rd"
for "display" screen DI). The rule is that one of the boards sends a command type message, and the
board that has to respond will send back only a status or error type message. This approach helps to
make the system modular, which makes future improvements much easier beleagsenamber of
modules responsible for various functions can be introduced. These modules can be connected via the
usb connector for programming, but also using the two communication pins RX and TX or DO -and D1
of the Arduino development board. The coomitation rules can also be seerTihlel.



TablCcommuni cat
CommanddDescri ptijReceived Description
MBDICO-06|Fi | ament /IDIMBSO01/ E|Ter mi nated wi
command
MBDIC1-16|Fi | ament |[DIMBSO1/ E|Ter mi nated wi
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Storage and measurement subsystem

The warehouse structure is made of 2020 aluminum profiles,
assembled using 3D printed joints of various shapes. It is
designed to accommodate 6 storage spaces for 3D filament
spools, the area for inserting/removing the filament from storage,
the area for masurements, but also the electronics and control
part.

The measurement area (Fig. 9) consists of measuring
filament color using a TCS34725 color sensor and filament mass
using a force cell paired with an HX711 signal amplifier. The
color measuring mechanism works similarly to the transporter
extension systemysing the racipinion mechanism, and to be
able to limit the movement of the rack, the system has twe end
of-stroke sensors of mictewitch type. The guide of the rack is
made using a profiled hole on its shape.

The Cartesian XZ system (Fig. 10) is the mechanism
responsible for the precise positioning of the conveyor at the =
space intended for filament storage. It works on principle§ | 9Measur i ng s
similar to those used in the construction of Cartesian 3D printers, par amet er s o0
which use a screwuut drive system for the Z axis, and a hmitley system for X and Y. The screw used
is not an ordinary one, but a special one, having a trapezoidal thread section and 4 starts, with a step of
2mm. To eliminate the level difference beemethe two vdical guide columns, two parallel drive
screws are used, they are driven by two nemal7 stepper motors and synchronized with each other by
means of a closed timing belt. An open belt drive mechanism is used forékis,»also driven by a
nemal7 stepperaotor and held in tension by the tensioner.
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FigOQhe Cartesian posit



Since the system has many sensors and methish are controlled by an Arduino nano controller,
it was chosen to use SN74HC166N paradhekeriatout integrated circuits that work by shifting
registers and thus allow the parallel reading of several digital sensors using only 3 pins on the Arduino
development board. These ICs can be connected in parallel to further increase the capacity. Considering
the high number of digital sensors (19) the use of 3 such chips was chosen. The balance of these pins is
detailed in Table 2.

TabdTehe | i st of-riegp:
Pi nUsage Pi 1Usage Pi nUsage
1 Transp. Spl|9 Sl ot 3 17 |Min EXtenq(
2 Transp. mall0 Sl ot 4 18 [Max EXxt engd
3 Transp. mi|l1l|SI ot 5 19 | Door <cl osi
4 Transp. dofl2 | Sl ot 6 20
5 Transp. up|l3|Scale zone]|21

presence
6 Transp. to|l|l4|Endstop X 2 2
7 Sl ot 1 15|Endstop Z 2 3
8 Sl ot 2 16 | Spool touc|24
Conclusions

Thus, this paper presents an automated system for efficient filament storagepfmt8E, which
provides a usefriendly and intuitive interface.

Own contributions include putting into a new form the vkalbwn concepts, both automatic goods
storage (ASRS), but also the classical mechanisms of 3D printer motion such as theusariiv
trapezoidal section, the begdtilley, the use timing belt. Atlwer innovative idea used in this work is the
shift-register concept, a concept explained in detail in the video on the YouTube channel "The Learning
Circuit" ([4], 2020) Also, the modularity of the system is a plus of this prototype.

This system features many components modeled in CAD égaitgrlesk's Fusion 368D design
software and 3D printed usidgtillery 3D's Sidewinder X3D printer.

As future improvements, the authors wardéeelop the following functionalities for this prototype:

- Wi-Fi connectivity to an MQTT server

- Realization of a web application for remote stock query

- Possibility to generate statistics about material consumption

- Internal temperature and humidity control to preserve material parameters

Bibliography

[1] . Marlies Hoekstra and Maarten Schipper (2022), f

https://www.hackster.io/453951/automatgdrageandretrievatsystem2df0a8

[ 2] . Nat han Koflanovich (2017), AMini pall et ASRS cy
https://www.youtube.com/watch?v=ksVe7vame3Q&ab_channel=NathanKoflanovich

[ 3]. Tyvind Nydal -UpatRles({2@2r), HOThé t PWolr ks and Choo
from https://www.buildelectroniecircuits.com/pulup-resistor/
[4]. ariq Ahmad (2020), AHow t o AdudTh®uedrmpng Circuitt o an A

770 r et rhtesyedmuhity.elementl4.com/challengesjects/elementt4
presents/thelearningcircuit/w/documents/4986/iovaddoutputsto-anarduincusinga-shift-register---
thelearningcircuit-77



https://www.hackster.io/453951/automated-storage-and-retrieval-system-2df0a8
https://www.youtube.com/watch?v=ksVe7vame3Q&ab_channel=NathanKoflanovich
https://www.build-electronic-circuits.com/pull-up-resistor/
https://community.element14.com/challenges-projects/element14-presents/thelearningcircuit/w/documents/4986/how-to-add-outputs-to-an-arduino-using-a-shift-register----the-learning-circuit-77
https://community.element14.com/challenges-projects/element14-presents/thelearningcircuit/w/documents/4986/how-to-add-outputs-to-an-arduino-using-a-shift-register----the-learning-circuit-77
https://community.element14.com/challenges-projects/element14-presents/thelearningcircuit/w/documents/4986/how-to-add-outputs-to-an-arduino-using-a-shift-register----the-learning-circuit-77

Student Scientific Communication Session 2024

DESIGN AND REALIZATION OF AN EXPERIMENTAL MODEL OF DELTA 3D
PRINTER

MARIN Mihai -Cristian, GHIONEA |l onu $S Gabr i el
Faculty: Industrial Engineering and Robotics, Specialization: 1All, Year of studies:mé4jle
cristianmarin.gr@gmail.com

ABSTRACT: This paper presents the design and realization of an experimental model of a 3D Delta printer.
The purpose of this work is to create a functional and ergonomic model, considering the weight of this
model to be reduced, not ignoring factors sushtarigidity, accuracy and printing speed. | also opted for

the use of components from the Bigtreetech series, as they are much better organized and easier to
implement compared to the much more common components that include Arduino. Regardingattee softw

of the system, | chose Klipper, it being much easier to implement on the electronics mentioned above.

KEYWORDS: Delta 3DPrinter, Precision, Rigidity, Software, Firtening, Adaptability, RepRap

1. Introduction

Over ti me, pt ihmehashegdne in6r8Bingly popular, currently having a wide
range of applications, whether industrial, medical or decorative.

Severaltypesof architecturehave been developed in this industry, the most popular being
CoreXY, Cartesian and Delta, the latter being chosen for the presented system. This type of
architecture, Delta, was chosen in the construction of the system due to several factors:

A Provides greater accuracy of printed parts and models

A The quality of the surfaces of the printed models is much better

A Can be adapted much more easily to ladjerensions, while keeping a wedfoportioned and
efficient design

A

Offers the possibility to customize elements such as the bed or the printhead

2. Current status

As | stated above, 3D printing technology became increasingly popular, appearing fisiuaistac
concept between the 1950s and 1970s, then, making its appearance in 1987 with the first printer model, the
SLA-1.

Currently, this technology has branched out, and is present not only in the field of plastics and
copolymers (SLA, MSLA, SLS and FDM technologies), but also in the field of metallurgy (SLM, EBM, LMD,
etc. technologies) and in the construction field.

Regarding, more precisely, the Delta architecture, on the market there are brands such as WASP or
FLSUN (Figure 1) that are specialized in the construction of products of this kind, and, at the same time,

enthusiasts or experts together build these cugtmachines and accessible to anyone, this kind of project
being known as RepRap.
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Fig.1 FLSUN V400

3. Stages of design and assembly of the physical components and implementation of the
operating system

The goal of the project is to build a 3D Delta printer that will be able to print at considerably higher
speeds (over 560 mm/s), and also to produce precise parts and with considerably better surface quality.

In this sense, in order to avoid the presence of surface defects, we chose for the extrusion system to be
made in Bowden style, as can be seen in Figure 2. This implies that the entire extrusion system is found on the
structure of the printer, thus makitite effector to be lighter and at the same time, more compact.

GOWDEN s

EXTRUDER

= ~5_!| EXTRUDER
HOTEND.

e

L

DIRECT EXTRUSION BOWDEN EXTRUSION

Fig.2 Direct extrusion and Bowden extrusion

The operating principle is slightly more complex because the axes are arranged differently from the
Cartesian ones, which are more often seen in the world. Compared to Cartesian printerd, the Re#a of a
printer are positioned on the corners of a triangular base, the movement of the gantries being made along them.
In addition to the movement made on the height of the axes, each set of arms moves independently, creating
the horizontal movement of tiggint head, as can be seen in Figure 3.


https://flsun3d.com/pages/v400

Delta

Fig.3 Operation diagram of a delta printer

Another important characteristic is the rigidity of the structure itself, as well as of the bed as a sub
assembly. This characteristic can be achieved especially if the right material is chosen, preferably ABS for 3D
printed parts, and plates made of d&s8asteel sheet, the latter having the ability to be good thermal conductors
without showing deformations that can affect the printed models .

The design of the system was done in SolidWorks, and the 3D models of the accessories that are the
electronics and the hot end were obtained from the manufacturers' support page. Alextinsions, VSlot
type, 20x20 mm, respectively 20x40 mm, on lengths of 1 m for the columns and 250 mm for the sides of the
structure were also used to make the structure.

The first step in designing the system was choosing the shape mirite, choosing between the
triangular or hexagonal version. While the triangular one can be more compact in shape, the hexagonal one is
preferable, bringing an advantage by creating an enclosure that allows the use of a much larger printing space,
accoding to Figure 4.

Fig.4 Relative comparison of the geometries of the printing spaces


https://www.corexz.com/theory.html

Knowing these factors, the hexagonal shape was chosen. Thus, the main structure was made, along
with that of the printing bed, according to Figures 5 and 6.

Fig.5 Main structure

Fig.6 Subassembly of the printing bed

Regarding the printing bed, | opted to making a wholeasgembly (Figure 6.), considering that the
elements that are heated directly do not have direct contact with the rest of the plastic parts, thus extending
their life. It is composed of two stainlesteel plates (Figure 7), the top plate having a silicone heating bed
glued under it, the bottom plate, cut in the center to leave room for the silicone bed, acting as an insulating
piece, having contact only with the first plate, the two plates beingaepgafrom the plastic frame by
aluminum spacers (Figure 8).

10
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Fig.7 Top plate (left) and bottom plate (right)

Another goal of this work was to try to design a lightweight and compact print head (Figure 9). In this
sense, Phaetus x Voron Hot end ST was a practical option, it by itself being compact, yet efficient, being able
to print with all types of plastic, ingting those infused with abrasive materials such as sawdust, carbon fiber
or rock. Also, for the <calibration probe, Bi gtreec
also being half the size of the kenid as shown in Figure 10.

Fig.9 Print head
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Fig.10 Phaetus x Voron Heind ST (left) and BTT MicroProbe (right)

In order for the movement of the print head to be as precise and easy as possible, | opted for the use
of MGN12 linear guides, 1 meter long, which are equipped with 2 MGN12H bearings, produced by Hywin,
on which they will be mounted later the tensioningckl and the mobile element that attaches to the
transmission belt, and ensures the movement of the print head (Figure 9).

Fig.11 Main column assembly

To ensure increased accuracy of the prints, it is important to make sure that the tension in the belts
is adequate and maintained over a long time and, making the adjustment as rarely as possible. To solve this
problem, | designed a tensioning block eqeigpppvith a compression spring (Figure 8), that is mounted
directly to the linear guide of the axis, to ensure the stability of the driving belt during printing.

12



Fig.12 The tensioning block mounted on the main column

At the time of the presentation of this work, fréting assembly, various mounting elements for the
electronics, the extruder, the enclosure and the operating system to be installed, configured and tested remain
to be made.

4. Conclusions

In conclusion, the design and realization of this 3D delta printer can lead to the improvement of
products of this kind, bringing a new design that
also proved that we can make a better useeoWbrking space by using thinner aluminum extrusions, while
maintaining its overall rigidity. Also, the successful implementation of the operating system, anuhifirge
of its parameters can bring the possibility of a new product entering the markeathadmpete with the
existing ones. By addressing both hardware and software improvements, this 3D delta printer exemplifies how
innovation in design and functionality can lead to superior performance. The adaptability of the printer means
that it can evlve alongside technological advancements and user requirements, ensuring its relevance and
usefulness over time. Overall, this project underscores the importance of continual improvement and
innovation in the field of 3D printing, promising exciting deyeients for future applications.
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ABSTRACTThe work'Researctonthedevelopment @i traction assistancaystenfor motorvehicles
in winter conditions" aims to improve the traction control system of motor vehicles thitweggsign
and experimental modellingf a system thadcts wherihevehicleskidsonice whenleavingtheparking
place. Its operation consists of 2 subsystems: the sensor assembly and the sand masbkamibiy.
Inputs to the system are data read from the car's ABS senbali-effect sensor thatturns digital
electrical pulses. Using an Arduino microcontroller, the data read from the senpordessed and
converted into revolutions per minute. Thus, depending on the increase in spegyksténe takes
various pre-setdecisions Whenskiddingis detectedthe subsystenis activated to spread sandin
front of the wheel to increase grip.

KEYWORDShall effectsensorsand skidding,tractioncontrol.
1. Introduction to traction control systems

Vehiclegrip, anessentiafactorin thedaily life of drivers,refersto theability of thecarto keepthe
wheels in optimum contact with the surface on which it is standing. To enhance this, car manufacturers
have been introducing TCS (traction control systegstems to the market since the 1970s, when the
engineelFrankWernerMohr patentechis work underMercededenz.Althoughthesesarlyversionsvere
only prototypes and had many flaws, such systems became widely available in the late 1980s, initially on
MercedesBenzand BMW vehicles. [1]

Traction control systems use wheel speed sensors dedicatedlorkftiaking systems, known
asABS, to detectwhenoneor moredrive wheelshavelostgrip. Dependingonthevehicle, TCSwill either
split powerto thewheelsor applythe brakego try to restoretraction.

Since 2009, the European Union has decided that traction control systems must be fitted to
vehiclesToday thistypeof systemhasevolvedandensuresehiclestability andcontrol,increasinglriver
safety.

2. Speedsensors

The starting point for the traction control system is wheel slip, which is picked up by the speed
sensors mounted on the vehicle's planetary gearbox, shown in Fig. 1. The input to the system becomes the
informationreadby thesensorswhichis processedy the car'sECU (electroniccontrolunit).

To electronic
control unit (ECU)

ABS wheel
speed sensor

ABS reluctor ring

Fig. 1. Speedsensor
14
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Speed sensors can be classified, depending on how they work, into passive sensors and active
sensors. Passive sensors, shown in Figo@sist of a coil of wire wound around a magnetic core and a
permanentnagnet.Theouterring is fixed, andits constructiorconsistsof alternatingeethandgapsike
acogwheelDuetoits rotationaimovementamagnetidield is createdetweerit andthecoil. Thechanging
magnetidield inducesanalternatingvoltagein the coil thatcanbemeasuredrl hefrequenciesindamplitudes
of thealternatingvoltageareproportionako thespeedf thewheel. Thesensocreatessignalthatchanges
frequencyasthewheelchangespeedThemachine'sentralunit convertshe signalinto adigital signalfor

interpretation (Fig2) [2].
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Fig. 2. Passivesensorconstructiorandsignal

As for active sensors, there are two types: Hall effeanagnetic ring. These sensors use a ring
with alternating polgositioned magnetic arc segments, which cause a clear change in resistance as they
pass the sensor. The signal resulting from the rotational movement is digital (Fig. 3). The ECU thus

determineshe speedf thewheelaccordingo thefrequencyof the polechanges[.z]

16
153

1,4-

137

3 1.2

Injected plastic body % 143

Cable or connector
Connection to the
vehicle cable

i
09:
08°
07—

Metal bushing
vehicle attachment

Semiconductor chip

hall sensor
Permanent magnet all senso!

Fig. 3. Constructiorandsignalof theactivesensor

3. Current statusof traction assistancesystems

Nowadays, there are several technologies and equipment to imprdvactien of your vehicle
on snow or ice. In addition to the electronic systems described above, the market also has physical
equipment such as car chains (Fig. 4),-akitl strips or tyre sprays. Although this equipment is effective,
it has considerable disadvantages, such as the need for physical effort and knowledge of use on the part of
thedriver[3].
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Fig. 4. Carchains

4. Systemdesignandimplementation

Thedevelopmentf thewintertractionassistanceystenmaimsto increasalriver comfort,improvethe
performance of current electronic systems and automate conventional products. Thus, the development of
the prototype started with 3D modelling of the assembly, shown in Fig. 5, in specialised software such as
SolidWorksor Onshape.

Fig. 5. 3D modellingof theassembly

The subject under investigation consists of two main subsystems: the ABS sensor subsystem (Fig.
6) and the sand mechanism subsystem. With the first specified assembly, it is intended to read data from
the vehicle wheel. In order to detect wheel slip, @givasensor mounted on an additively manufactured
carrier and a magnetic ring mounted on a machined shaft are used (Fig. 7). A 24V DC motor and a 2:1

ratio gearbox are used to gear the system

16
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FigABSenswdissembl y

The second subsystem, the sand mechanism shown in Fig. 8, relies on centrifugal force to spread
thesandn front of thewheel.It consistof arotor (Fig. 9) thatis fedwith sanddependingnthepresencef
drift, gearecby a6V DC motor.

Fig. 8. Sandmechanisnsubassembly Fig. 9. Rotor

17



In order to carry out the tests, a wooden board is used, on which the electronic components, the
Arduino Mega 2560 microcontroller and the previous subsystems were assembled. The experimental

modelis powered by a 35V and 10A variable power sugply. 10)

Fig. 10. Testassembly

5. Systemtesting

The choice of sand as an askid material was based on its properties of increasing friction
betweerthewheelandthe surfaceit is on. Sandgrainsmustbein a certainsizerange generallybetween
0.3 mm and 1 mm in diameter. Grains larger than 1 mm are more likely to cause wheel slip, while smaller
particles do not have sufficient friction. Ideally, a uniform distribution of grains in that optimum range is
ideal @4].

For the programmingof the systemand the decisionmaking part, an Arduino Mega 2560
microcontroller is used to read the pulses from the ABS sensor and convert them according to relation (1)
into revolutions per minute. Based on the average revolutions per minute over a period of time, a sudden
increasen revolutiongperminuteis monitoredwhich signalswheelslip andtriggersthe sandsystem.

rpm = (pulseCount 600) /57 )

Control of the motor that drives the ABS sensor system is achieved via a PWM potentiometer, as
the aim is to simulate the vehicle's acceleration as closely as possible. The graph in Fig. 11 shows the
detection of skidding, at which point the system is activated and sand distribution begins. To inform the
driver, it is desired to monitor the sand level, so an ultrasonic sensor mounted in the main sand tank was
used. Also used were LEDs for warning in the event of skid detection, and the information ishl&gedi
on an LCD screen showing the percentage of sand available.
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Fig. 11. Drift detectionandrpmgraph
6. Conclusions

The subject matter can be applied to several categories of vehicles and can act quickly enough to
increasdractionwhenneededAlso, by developinghesystemit eliminateshumaninterventionin solving
this problemandincreasesomfort.

In the project to date, elements of mechanical engineering, electronics and programmipeghave
combined.The prototypewasbuilt to simulatean assemblypresenbn vehicles,initially 3D modellecaind
thenadditivelymanufacturedandthroughtestingseveralversionsanoptimalvariantwasarrivedatthaimet
the mechanical requirements. Since the aim was to improvesttbagth of the shaft, machining
technologiesvereused After completionof thedesignof thesandmechanisnandits tests afinal version
was arrived at, featuring a feed hole and a funnel through which excess sand is recovered. The whole
mechanical assembly was therefore intended to be streamlined with various sensors. An Arduino Mega
2560 microcontroller was used to process data from the ABS sensor and other parameters such as sand
level, but alsato controlthe motors ta@lose thevalve or starthe sandgubassembly.

7. Bibliography

[1]. Rick Popely, 2021, accessed 25.04.202#s://www.cars.com/articles/whdbestcs
standfor-
434356/?0auth_redirect=true&redirect_event%5Bnew_account%5D=true&redirect_event
%5Bsocial_platform%5D=google

[2]. TechmateGuides, 2021, accessed 25.04.2024,
https://apecautomotive.co.uk/techmgigdes/absensors/

[3]. Accessed 03.05.202Kttps://www.lesschwab.com/article/driving/hdasput-on-
snowchainsanddrive-safely.html

[4]. AdorTech Blog, accessed 04.05.2024, https://adortech.com/blag@ikrailroad
tractionsanduses;advantagesand
safety#:~:text=Low%20Speeds%20%2D%20Sand%20prevents%20wheel,operating%20at%20v
ery%20low%20speeds.

19


http://www.cars.com/articles/what-does-tcs-stand-
http://www.cars.com/articles/what-does-tcs-stand-
http://www.lesschwab.com/article/driving/how-to-put-on-snow-
http://www.lesschwab.com/article/driving/how-to-put-on-snow-

Student Scientific Communication Session 2024

RESEARCH ON THE DEVELOPMENT OF A ROBOTIC SYSTEM FOR

ROAD MARKINGS
DRI GHID&lrpilexandru, T A R Blban - Cristian, ENCIU Cornel - Cristian

Faculty:IndustrialEngineeringandRobotics,SpecializationApplied ComputerSciencdn Industrial
EngineeringYearof study:IV, e-mail: draghici.alexandru2001@gmail.com

ABSTRACT The entitled documentResearchon the developmenbf a robotic systemfor road
markings'focuse®nobtaininga robotic systenfor applyingroad markingsonasphaltroads,based
on the principle of a CNC. Its operation is based on four subsystems aided by softwgeadhates
G-code: the subsystem that performs movement on-¥& Xxes, the paint printingubsystem, the
movement subsystem, and the subsystem that spreads reflective glass micfbleeatisal action
involves positioning and selectingthe type of marking, followed by paintdispensing for layer
application. When this process is complete, the robotic rysteves forwardind spreads the
reflective glass beads onto the freshly applied paint, ensuring visibility at nightafioc
participants.

KEYWORDSsystemG-code,CNC, marking,paint.
1. Introduction

Roadmarkingsarethereto guideandassistdriversto travel safely. Theyshouldconveyaclear
meaning and provide adequate time for the driver to react without causing unpleasant events for him or
herselfandotherroadusers.

From EdwardHines'(Michigan Commissioner USA) ideato separat@ncomingtraffic with
acenterline, to FrederickBasley'sapplicationof it on a streetin Madison,Wisconsinin 1921, interest
in asphaltroad markingsgrew rapidly aroundthe globe. As the numberof pavedroadsand traffic
volumesincreasedso did the needfor equipmento apply anddry paint quickly (especiallyin rainy
seasons)This is how marking vehicles with capacities of up to 4,500 litres of paint came into being.

Painthasnot beenneglecteckither,its compositionhavingevolvedsignificantly over the last
8 decadesfrom plain paintto thermoplastigaintto the night-visible paint (dueto glassbeadsapplied
to thefreshlypaintedsurfacehatredirectlight) patentedy EdwinR. Gill in 1933.[1]

2. Current status

Nowadays there are several types of robotic systems that are a very good example of the
application of technology in road safety. This activity can sometimes be dangerous for hurasing; so
them can increase the safefytheprocess.

One such example is the "TinySurveyor Terra" (Fig.1), developed in Denmark by engineers at
TinyMobileRobots. Equipped with large motorised wheels, it can navigate terrain that is difficult for
otherequipmento reach suchasgravel,sand or unevergrassandin variousenvironmentatonditions,
and is waterproof. With sensors it can detect and avoid obstacles, helping to reduy€égrizkq2]
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GNSS receiver
Use your own GNSS equipment or
use built-in GNSS receiver

Communicate position data
™ Integrate via radio or Bluetooth
Signal light

Instant feedback to operator

_ Tool area (spray or laser pointer)

Use any aerosol can to mark points and lines

8 hrs continued use
Works a full shift without breaks  ~

Lightweight: 18 kg/ 40 Ibs

Easy transportation to job sites

Motor wheels
Ensuring reliable performance even
in rough terrain

Fig.1TinySurveyorTerra

3. Robotic systemdevelopment

The aim of developing the robotic system is to efficiently apply road markings on audolied
road.The3D designof theassemblyusingSolidWorkssoftwareis thefirst importantstep,ast allows
an overviewandsimulationbeforethe finished productis realised.In this way, problemsvere solved,
and optimizations were performed (Fig.3), and then customized parts were obtainextidifitve
manufacturing technologies (Table 1).

Fig.3 Thefirst 3D model
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Table 1 - Custom parts madewith additive manufacturing technologies

No. Crt. Componenhame Representation
1. Mechanicalimiting bracket ‘
2. Tankclamp ‘
3. Tankclampingflangecover Q
4. V-slotprofile clampingplate '
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The project is basedon 4 subsystemgaccompaniedby a software called GRBL Plotter):
- Thesubassemblpf theaxledrive mechanisn{Fig.4);
- Theactualpaintapplicationsubassembl{fFig.5);
- Thesubassemblthatperformsthescatteringof reflectiveglassmicrobeads;
- Thesubassemblgnsureshe movemenbf theentiresystemafterthe work taskhasbeen
completed.

The first subsystem deals with the movement of axes [3]. It is the basisrobtte system
and consistsof 2 linear guides on which the translation movementsalong the X and Y axisare
performed. The ball slides are clamped on an alumimnghetyrofile, the engagement is done by two
2GT-6mmbelts and two steppenotors- Nemal7.

Fig.4 Subassemblyf thedrive mechanism

Subsystem Il applies the paint to the work surface. It is placed on the linear guide sled representing the
Y-axis of subsystem | (Fig.6). It is based on a simpdéov profile, on which thether components are
applied. Attached to the profile is a clamping plate running on wheels, geared by axstsystem
clampedby aNemal7 motorcoupling.Themotorpositionghetop of thetankonthesurfaceto bemarked
andretractdt wheneachline is completedtheassemblyoperatingon the principleof a CNC.

Fig.5Theactualapplicationsubsebdf the Fig.6Positioningthepaintapplicationsubassembly
paint
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Subsystemd#ll andlV areactivatedsimultaneouslyvhentheyreceivea signalfrom the switch,
whichis operatedy thepaintsubsystemvhenthe processs completedThereflectiveglassmicrobeads
that are scattered within subsystem Il range infs@a 400800 microns and penetrad@ectly intothe
fresh paint layer.

All processes are mainly controlled by the GRBL Plotter software (Fig.7) [4]. It generates G
codefor theimageinsertedy theuserandsendscommandso anArduino Uno compatibledevelopment
boardthathasattachedy CNC ShieldV3 with 3 driversfor the 3 motors.Usinga modifiedibrary called
"grbl-servo" [5], the default PWM frequency is changed from 1kHz to 50 Hz, whielyjisredo control
the Nemal7 motors.

TTTTTTT Ilnl‘lr'\lr v|H|\Iv7r|* T

i
H B
: {3
"‘L_EHI.HLJ.‘IH‘II []_A_l‘l.lll.lllil:l.‘l LetE
|

Add mpoted graph 1o 20-view

Fig.7 GRBL Plottersoftwareinterface
4. Componenttestingand systemfunctionality

A test image, in this case an arrow, was used to check the components and functionality of the
system. This was added to the GRBL software whaerated and passed on thedde afteanalyzing
andprocessingheimage.On the CNC ShieldV3 the 3 driversfor the stepper motor control
- A4988 were attached, the motors were connected to the related pins, the 12V power supply was
connectedFig.8), and then thprogram wasun (Fig.9).

Fig.8 Connection®n the CNC ShieldV3
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Fig. 9 Runningtheprogramandapplyingthepaint

5. Conclusions

Therobotic systemhasreatlife applicabilityandoffersa modernsolution,easingthe work of the
humanuser while increasing procesafety.

At present, the first 2 subsystems, namely the axle travel and the paint application subsystems,
have been completed and have passed the testing part, with favorable results. The next 2, the scattering
of reflective glass microbeads and the robotic system displacement, are under development. During the
testing it was noted that some metal elements can be replaced by additively manufactured glemsents,
lowering the final weight of the robotic system without negatively influencing stiffnessiactibnaliy.
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ABSTRACT: The paper proposes the development of an image processing algorithm for detecting the
shape of small, flat, metallic parts that are to be sorted using an articulated robotic arm. The robot will
be equipped with an ereffector, designed and pried using a 3D printer, which holds an
electromagnet to manipulate the parts, as well as a video camera for capturing images. After detecting
the shape, the center of the part to be sorted will be determined to ensure proper positioning of the
electromagnet

KEYWORDS: sorting, image processing, robotic arm,-effdctor
1. Introduction

In the modern industrial context, process automation has become essential for improving efficiency
and reducing human errors. Sorting objects is a crucial task in many industriestefrgeling to
manufacturing and product distribution.

This paper aims to design and build an experimental model of an articulated robotic arm capable
of sorting metal objects based on their shape. The objective will be achieved by using a video camera and
a Kinova Gena3 Lite robotic arm. Additionally, an egftector will be designed using SolidWorks software,
which will include both the video camera and the electromagnet used to manipulate the elements to be
sorted. Programming will be done in LabVIEW, and image recognition will be performed in Vision
Assistar.

2. Defining the operating mode of the robot

2.1. Scientific context

In the current context, there are countless applications in which industrial robots are integrated.
They offer both speed and precision, as well as numerous possibilities for adaptation to imposed conditions.
However,one of the biggest challenges in this field is handling metal parts due to the wide variety of shapes
and sizes they come in. Among the commonly used applications in the field are Bin Picking or automatic
part collection. This application involves the autdic recognition of objects, grippingnd extraction.
However, the difficulty of the application increases when the arrangement of objects is random.

One of the ongoing projects aimed at improving the sorting process is RORE&T,Ideveloped
by Arnold AG and FORMHAND Aitomation GmbH in collaboration with the Danish Technological
Institute. The project aims at a multifunctional robot that is easy to use and capable of handling metal
parts in various scenarios. The robot will be able to identify and detect the postiooloEect even in
complex situations, such as randomly stored in a container or on a conveyor. -Hifeetod is
optimized and capablof gripping objects of multiple shapes and sizes with a single grasp, which reduces
hardware costs and assembly times.
This project develops an adaptable cell for various situations. Thus, it features a KUKA articulated
robotic arm (Fig.1), is smaflized, making it easy to transport and install in different spaces, and is
equipped with an advanced image recognition systgmble of recognizing different shapes and sizes,
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as well as atypical situations, such as if the robotic arm lifts 2 pieces at the same time or if the pieces have
certain defects (Fig.2). The ewffector is configured with a vacuum system, which allows for the safe
lifting of the pieces and is designeaxtie easily adapted to various situations of varying difficulty (Fig.3).

[1]

Fig.1.Articulated robotic arm KUKA [1]

Fig. 2. The image recognition system of the cell [1]

< % A

Fig. 3. The vacuuntype endeffeétbr [1]

2.2. Theoretical aspects and proposed solutions

After analyzing the final purpose of the work, the Kinova Gen3 Lite articulated robotic arm was
chosen. It features six degrees of freedom and a reach of 760mm, aspects that facilitate the smooth
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execution of complex motion sequences in a confined space. Additionally, the robot has a maximum
payload of 0.5kg, which impacts the design and printing of theeffadtor, as well as the choice of
electromagnet. (Fig. 42]

Degrees of freedom 6DDL

Payload (mid-range continuous) 0.5kg/1.11bs
Total weight 5.4kg/11.9bs
Maximum reach 760 mm
Maximum speed 25cm/s
Actuator joint range + 15510 160°

Power supply voltage 21 to 30 VDC, 24 VDC nominal

Average power 20W

Ingress protection P22

Operating temperature 0°Cto40°C/32°Fto104 °F

Fig. 4. The technical specifications of the Kinova Gen3 Lite robotic[2fm

Initially, a system diagram was created to highlight both the subsystems and components of the
experimental model. (Fig. 5)

Command

Software
and control

subsyste

Mechanical

Electrical
subsystem

Power suppl
subsystem

subsystem

subsystem

— e — -

Fig. 5. Systendiagram

As part of the electrical subsystem, a sms@kd electromagnet (20mm x 15mm) was chosen, with
a working voltage of 24V and minimal mass (26g). This component choice reduces the maximum payload
of the robot to 0.474kg. Additionally, a 5V relay was chasecontrol the electromagnet.

For the command and control part, an Arduino development board was chosen, easy to program
and integrate into any application. It receives and transmits information to the relay to control the state of
the electromagnet (on/off). To make this possible, ftllewing hardware configuration was created,
controlled by an algorithm i mplemented using Lab
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Fig. 7. The electrical configuration and algorithm for controlling the electromagnet

For easy sorting of metal parts, their manipulation was chosen using the electromagnet, and a
special eneeffector was designed for supporting it. The effector consists of two parts (Fig. 8), in the
design of which consideration was given to maximizingemait reduction during printing, as well as
creating special spaces for proper placement of electrical wires. Together with the articulated robotic arm,
it forms the hardware component of the system. (Fig. 9)

Fig. 8. Endeffector for electromagnet support
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Fig. 9. Assembly of articulated robotic arm and -efi@ctor

For printing the engffector, the Prusa slicer was used, and printing parameters were defined as presented
in the figuresbelom,f Fi g. 10 Hi Fig. 11)

et G code

Fig. 11. Printing parameters for the top part of the effector
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Following printing, it was found that the eeffector assemblweighs approximately 130g. This reduces
the maximum payload of the robot to 0.344kg. For proper system operation, the sorted parts in this work
should not exceed 300g each.

3. Detailed design of the software application

The software application is divided into two parts: image processing and recognition, and an
algorithm that calculates the position of the piece's center and controls the movement of the robotic arm.

To begin with, a program was created to define the intermediate position of the robot, called the
"Home" position. Additionally, two positions in proximity to the objects were defined. These are called
"Proximity 1" and "Proximity 2". The last two positis serve to move the robot in favorable positions for
image capture. (Fig. 12)

Pozitie  [§4 0, Default 'F§

Robot state

Modbus master in

Modbus master out
B-J

] — a]
- 5 [ Wiy ] S N [y | S - S— N — @5 .
- t

Fig. 12. VI for proximity movement

The image recognition process was created using Vision Assistant software. After the robot was
moved to the "Proximity 1" position, images of the parts placed in random positions were saved.

Initially, the red color plane was extracted
Subsequently, the actual object recognition proc
the first shape, namely the disc, for which a template wasecteSimilarly, functions and templates were
created for the square shape and the rectangle shape, and it was verified whether the functions were
configured correctly. (Fig. 13) For a more accurate verification, other parts that were not to be sorted
wereincluded in the photos. For the identified parts, the functions return the coordinates of each part as
well as the number of parts in each category.

1600x12000.5X 157 _(1120,1084)

Script: Recunoastrere.img.vascr *

*mE O »» < ‘|

)] %] ] ] =

Orignal Image: Color Plane Extracton  DISC Pavat Oreptunghi
1

Fig. 13. Image recognition application with Vision Assistant
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This application was exported into a VI, compatible with LabVIEW, to be further integrated into

the robot movement algorithm. (Fig. 14) I n the n
10 position from whi c hnsithe coordinateswfthe dentfiad parsmandthe t h e
number of parts identified in the image. The san

The center of each identified part is then calculated, and the robot is moved so that the elestiesmagn
positioned at the center of the part. (Fig. 15) Using the electromagnet control algorithm, when the robot is
in the aforementioned position, the electromagnet is activated, and the part is lifted from the surface. The
part is then moved to a stordgex specially designated for parts of the same shape.
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Fig. 14. VI for the movement of the robotic arm
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Fig.15. Calculation for determining the center of the parts an orientation of the robot arm

4. Current stage of the project, testing the software application

All hardware components have been purchased, printed, assembled, and tested up to the current
moment. Regarding the software application testing section, the program is finalized to the point where
the software application obtains the coordinates of ths,pahich are necessary to determine their
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distance from the robotic arm, to calculate the center of each part, and to subsequently orient the end
effector. Problems arose with calculating the actual distance between tafemor and the part and
with orienting the enaffector.

5. Conclusions

This paper proposes optimizing the sorting process of small metal objects using image
recognition with the help of an articulated robotic arm, thus eliminating the need for human presence in
performing such repetitive tasks. Additionally, the risks ofisgrérrors are minimized, and the time
required to complete the sorting task is significantly reduced. The use of a video camera and
electromagnet for manipulating these parts not only optimizes the sorting process but also opens up new
perspectives for gghicability in various industrial sectors where the selection and manipulation of metal
objects are of major importance.

Furthermore, the paper highlights the importance of interdisciplinary collaboration in robotics,
combining knowledge from the fields of image processing, part design, mechanical engineering, and 3D
printing technology for efficient solutions.

The future prospects of this project include further development to improve the recognition
capability for an even wider range of shapes and sizes, the integration of weight sensors for each box
containing sorted parts, used to indicate when the boxedméed:hanged. Additionally, there is a focus
on optimizing the eneffector and the printing process to minimize filament waste.
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ABSTRACT: The paper "Designing an algorithm and developing a software application for planning
the distribution circuit of perishable products to customers" focuses on developing a software
application utilizing a MySQL database created with phpMyAdminaameb interface constructed

using HTML, PHP, CSS, JavaScript , and SQL programming languages. The application aims toaptimize
distribution circuit among customers to achieve the most efficient route while also adhering to time
constraints for orders &ilure to meet time constraints incurs a penalty). The goal of the paper is to
present the current state of the database, web interface, and algorithms that can be used to obtain the
distribution circuit with the lowest cost. This application can be usedbimpanies providing delivery
services for perishable products.

KEYWORDS: traveling salesman problem, web interface, distribution circuit, software application

1. Introduction

The present work focuses on the development of a computer application that addresses the
Traveling Salesman Problem with Soft Titéndows (TSPSTW). This problem arises in the context of a
demand for optimal distribution route planning, given the assactate constraints and cost efficiency.

The main objective of this work is to implement an IT application that provides efficient solutions for
planning distribution routes. To achieve this goal, it will be developed a platform that allows the input of
speific data such as customer dates and locations, their orders with time restrictions and other key
information for making the distribution circuit. To solve the problem, a series of algorithms can be used to
find the best solutions.

1.1 Resolution algorithms for TSPSTW

The Nearest Neighbor algorithm is a greedy algorithm, which means that it makes decisions
incrementally, choosing at each step the most advantageous option at that moment, such an algorithm does
not consider the entire set of possibilities or the {tmwgn consequences resulting in a circuit that satisfies
the user's requirements but not in an efficient method. Nearest Neighbor consists of repeatedly choosing
the nearest unvisited city until all cities have been visited. The algorithm works like thaststfistm the
given repository then while there are unvisited cities, finds the nearest unvisited city, moves to that city and
marks it as visited, and finally returns to the repositdrly.

The 2o0pt algorithm is an algorithm that attempts to improve the solution by a series of simple
changes to the existing route. In general, the algorithm tries to remove intersections from a route by
swapping two route segments so as to improve the tati@ kength. The algorithm starts by making a valid
route ignoring the distance costs, chooses two distances from the route and then checks if the other two
distances formed by the four initially chosen cities (there is only one way to form these twaadevinro
such a way as to preserve the structure of a circuit) have a lower cost. If the cost is lower (time restrictions
will also be taken into account) the algorithm updates the circuit tisémgew roads. This continues until
there are no more edges that can be effectively swapped. [2]

The "TabuSearch" algorithm consists in allowing movesoff or kopt) with negative results in
the absence of options with positive results. However, this freedom can lead to a cycle of suboptimal
solutions because a hegative move can cancel out prgvahtained benefits. To avoid these situations,
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TabuSearch saves a list of "forbidden” moves so that a moved solution is not reconsidered if it does not
bring a significant improvement or if it has already been banned. One approach to this algorithm is to add
to the list the shortest edge that was re@abby a 2opt move and to forbid any move involving this edge.
However, a disadvantage of tabu search is the high execution time which increases exponentially with the
number of cities to be visited. [2]

The "Antcolonies" algorithm is one inspired by the natural behavior of ants when they search for
the best routes between food sources and their colony. These algorithms are part of a class called nature
inspired algorithms, which use principles from diffiat fields such as physics and biology to solve
optimization problems. The algorithm starts by placing a number of fictitious ants in different cities in the
graph, then each ant starts building its own route, moving from one city to another accoudirngito
rules. As ants move through the graph, they deposit a "pheromone" on the edges they travel, the amount
deposited differs depending on the quality of the solution. The better the solution, the more "pheromone"
is deposited. So the ants use the imfation to decide which is the next city on their circuit. They are
attracted to edges that have a higher amount of deposited pheromones but also to edges that are shorter o
those that have not been explored recently. The search process runs for andefibedof iterations or
until a specific condition is met. As the algorithm progresses, the ants will gradually move closer to the best
solutions, which are influenced by the "pheromones" left by previous ght3]

1.2. Databases MySQL

MySQL is a database management system, providing a platform for storing and manipulating data.
In the context of relational databases, information is organized into structured tables, and the relationships
between these tables are managed through a sgteays and links. This allows efficient data structuring
and facilitates complex queries to access and process information. [4]

One of the key features of MySQL is its high performance, which makes it an ideal choice for web
applications and other environments where fast response time is crucial. Also, its scalability allows
databases to grow and expand as project requirementméeanore complex without compromising
performance. [4]

Another great advantage lies in the versatility and flexibility offered, allowing the transfer of data
in different formats thus facilitating the interaction with MySQL databases. Also, phpMyAdmin is open
source (users have the right to use and modifgdhece code), which means it can be customized according
to the user's specific nee(i,5]

1.3. Programming languages used in developing web pagegpliwhtions
To create a web interface, you can use programming languages such as:

1 HTML (HyperText Markup Language) is a language used to create and structure web
pages, as it provides a set of elements that define the structure and content of a web page.

[6]

1 CSS (Cascading Style Sheets) is a styling language used to format and style the appearance
of a web page created with HTML. [6]

9 JavaScriptis a programming language used to make web pages as dynamic and interactive
as possible, when it is used together with HTML and CSS. [6]

1 PHP (Hypertext Preprocessor) is a programming language used to develop web pages, as it
allows connection to the database and interaction with it directly fromehénterface. [6]

2. Current State of the Work

The application consists of two parts: the database and the web application. The database was
created using phpMyAdmin. It includes a number of 6 taBlkdministrarg, "clienti", "distante_locatfi,
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"planificare_distributi&, "program_comenzi_clieriti"vehicul _comenZitables that will later be used by
the calculation application. The tables are shown in Fig. 1 and.Fig. 2

Table = .

administrare

clienti

distante locatii
planificare_distributie

program_comenzi_clienti

O 00000

vehicul comenzi
G tables

Fig. 1. The tables in the database

MM 7 Server 127001 » @ Database-tspbd > [ Table- administrare a1 Server- 127.0.01 » @ Database: tspbd » [ Table: distante_locatii

P8 i Sener 15701041 5| @ Database tspbd » [ 1able: program comenzi

(] Browse | 34 Stucture [ SQL 4 Search i Insert ) Browse 34 Structure [] SQL 4 Search 3¢ Insert [ [E] Browse 34 Structure [ SQL =4 Search ¥ Insert = Expo
i Table structure 42 Relation view A Table structure & Relation view W Table structure 42 Relation view
# Name Type Collation Attributes # Name Type Collation Attributes # Name Type Collation Attributes
[ 1 ID_Utilizator > ink(11) [J 1 ID_Locatie_Plecare . ini(30) [ 1 ID_Comanda > int(30)
[] 2 Utilizator varchar(50) utfiémb4_general_ci [ 2 ID_Locatie_Sosire - ini(30) [J 2 ID_Client /> int(11)
[ 3 Parola varchar(50) utf8mb4_general_ci [0 3 Distanta_Parcursa int(30) [ 3 Ziua_Distributiei date
[] 4 Nume_Utilizator  varchar(50) utfBmbd_general_ci [J 4 UM_Distanta_Parcursa varchar(5) uti@mb4_general_ci [] 4 Ora_Limita_Distributie time(1)
(] 5 Prenume_Utilizator varchar(50) utf8mb4_general_ci PR AT T PO ST RS S SIS (] 5 Cost_Orar_lIntarziere_Distributie int(30)
[ 6 Adresa_Email varchar(100) utimbd4_general_ci [5] Browse 4 Structure  LJ SQL 4 Search = 3¢ Insert &} £ [ 6 UM Cost varchar(4) utidmb4_general_ci
M i Server 127.0.01 » @ Database: tspbd » [ Table: 36 Table structure | | 48 Relation view
[ Browse 34 Structure L] SQL 4 Search ¥ Insert M 7 Server 127.001 » @ Database: tspbd » B
# Name Type Collation Attribu -
% Table stracture | (G Retation view O 1 ID_Locatie_Plecare > () [E Browse 3 Structure [] SQL 4 Search ¥ Insert &) Expor
# Name STTE Collation Attt Nl D e L) J4 Tablestructure &2 Relation view
) 1 ID_Client > ini(20) No [J 3 ID_Circuit Distributie .5 int(11) — — Collation Adribates
] 2 Nume Client varchar(30) utf8mb4_general ci o . EATELLE e O 1 ID_Depozit > int(10)
[ 3 Locatie_Client varchar(20) utfmb4_general_ci No [ 51D Comanda ;> int(11) ) 2 Localitate Depozit s utfemba_gensral ci
[] 4 Email varchar(30) utfgmbd_general ci o W 6 DLSEeEet ) ] 3 Nr_Vehicule_Transport in(10)
O 5 Telefon ini(10) No [ 7 Distanta Deplasare_Segment int(11) O 4 Cost_Km_Transport 20)
8 s el e s ] 5 UM_Cost varchar(10) utf8mb4_general_ci
(] 9 Timp_Deplasare_Segment int(11) T 5 Vitera Medie_Transport o)
(J 10 UM Timp. varchar(10) uti8mba_general_ci O 7 UM, Viera varchar(10) uifBmbé,_general
D) 11 Ora Finalizare_Segment  (ime (] 8 Nr_Circuite_Distributie_Zilnica int(20)
[] 12 Nr_Ore Intarziere Distributie int(11) O 9 Ora_Pecare_Deporit time(t)
[J 13 Cost_Intarziere_Distributie  int(11) ] 10 Ora_Revenire_Depozit el
[J 14 Cost Transport Comanda int(11)
(J 15 Cost Distributie_Zilnica int(11)
[] 16 UM_Cost varchar(10) utiBmba_general_ci

Fig. 2. The structure of the component tables of the database

These tables contain the data needed to solve the TSPSTW problem. In the "planificare_distributie”
table the data will be written by the application, by retrieving or calculating data taken from othdnytables
the algorithms used to solve the problem. In Fig. 3 are shown the components of the "planificare_ diatolieutie”
after filling with data.
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Chcult Bl bt i Nl Distanta_Deplasare_Segment UM _Distanta Timp_Deplasare_Segment UM_Timp

ID_Locatie_Plecare ID_Loeatie_Sosire 'Dfseg'"emfc'm"':

0 3 1 2024-04-15 3 1 161 Km 194 Minut
3 2 1 2024-04-15 2 2 22 Km 27 Minut
2 1 1 20240415 1 3 22 Km 27 Minut
1 0 1 2024-04-15 1 4 185 Km 222 Minut
0 4 2 20240416 5 1 182 Km 219 Minut
4 5 2 2024-04-16 4 2 25 Km 30 Minut
5 0 2 2024-04-16 4 3 177 Km 213 Minut

Ora_Finalizare_Segment Nr_Ore_Intarziere_Distributie ~ Cost_Intarziere_Distributie = Cost_Transport_Comanda Cost_Distributie_Zilnica UM_Cost

09:14:00 0 0 805 1950 Ron
09:41:00 0 0 110 1950 Ron
10:08:00 0 0 1035 1950 Ron
13:50:00 0 0 1035 1950 Ron
09:39:00 0 0 910 1920 Ron
10:09:00 0 0 1010 1920 Ron
13:42:00 0 0 1010 1920 Ron

Fig. 3. The component elements of the "planificare_distributie table"

Fig.4 shows the relationships between the tables. Relationships have the role of allowing users to
access and manage information in the most organized way. Relationships are essential to ensure data
integrity and facilitate database queries and updatespiamary keys are displayed to uniquely identify

records in the respective tables.

n £ tspbd program_comenzi_clienti
2 ID_Comanda : int(30)

# ID_Client : int(11)

@ Ziva_Distributiei : date

@ Ora_Limita_Distributie : time(1)

# Cost_Orar_Intarziere_Distributie : int(30)
@ UM_Cost : varchar(4)

n O tspbd distante_locatii
2 |D_Locatie_Plecare : int(30)

@ ID_Locatie_Sosire : int(30)

# Distanta_Parcursa : int(30)

& UM_Distanta_Parcursa : varchar(5)

nq tspbd clienti
2 ID_Client - int(20) P

g Nume_Client : varchar(30) tspbd administrare

Ho

2 ID_Utilizator : int(11)
@ Utilizator : varchar(50)

@ Locatie_Client : varchar(20)
2 Email : varchar(30})

# Telefon - int(10) @ Parola : varchar(50)

2 Nume_Utilizator : varchar(50)

i Prenume_Utilizator : varchar(50)

@ Adresa_Email : varchar(100)

Ho

nq tsphbd planificare_distributie
2 |D_Locatie_Plecare : int(11)

@ ID_Locatie_Sosire : int(11)

@ 1D_Circuit_Distributie : int(11)

@ Ziua_Distributie : date

4 4 ID_Comanda : int(11)

# ID_Segment_Circuit : int(11)

# Distanta_Deplasare_Segment : int(11)
& UM_Distanta : varchar(10)

# Timp_Deplasare_Segment : int(11)

@ UM_Timp : varchar(10)

@ Ora_Finalizare_Segment : time

# Nr_Ore_Intarziere_Distributie : int(11)
# Cost_Intarziere_Distributie : int(11)

# Cost_Transport_Comanda : int(11)

# Cost_Distributie_Zilnica : int(11)

@ UM_Cost : varchar(10)

tspbd vehicul_comenzi
2 |D_Depozit : int(10)

@ Localitate_Depozit - text

# Nr_Vehicule_Transport : int(10)
# Cost_Km_Transport : int(20)

& UM_Cost : varchar(10)

# Viteza_Medie_Transport : int(10)
@ UM_Viteza : varchar(10)

# Nr_Circuite_Distributie_Zilnica : int{20})
@ Ora_Plecare_Depozit : time(1)

@ Ora_Revenire_Depozit : time(1)

Fig. 4. Relationships between tables
The web interface is connected to the database, making it possible to access the data, but also to

add table data using the web application. In Fig. 5, the first page of the web interface is presented, where
the administrator's input data is required t@blke to access the following pages.
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Administrare

Fig. 5. Administration page

After logging in, if the login data is found in the database, the web pages showing specific data in
the tables can be accessed. Each web page contains a navigation bar at the top, which facilitates navigation
through pages, as shown in Fig. 6 and Fig. 7.

Administrare  Clienti Comenzi  Distante intre clienti  Planificare distributie

Clienti

Andrei lonescy Brasoy Andrei.lon@gmail com 750123456
Rasnov

Predeal

1D_cLIENT NUME_CLIENT LOGATIE_GLIENT EMAIL TELEFON ACTIUNE
’
»
3
4

Fig. 6.Web page othe "clienti" table

Administrare Clienti Comenzi Distante intre clienti Planificare distributie

Fig. 7. Page navigation bar

The database administrator can fill out the form at the end of the table to add or modify customer
datainthel at abase. The " Editeazt" button is used to a
existing in the form, by simplifying the process
a customer from the database.

Through the web interface, the information of the placed orders can be easily viewed, as shown in
Fig. 8
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Comenzi

Fig. 8. Web page of "program_comenzi_clienti" table
3. Conclusions

To date was developed an engaging and interactive web interface for the database by using technologie
such as HTML, CSS and PHP. This interface allows users to enter and manage data related to customers ar
orders in a simple and efficient way. It was also created a robust database using MySQL, to store and manag
the data in an organized and efficientmmer.

In the development process, was integrated and used PHPMyAdmin, which was an essential tool in
the management and administration of the MySQL database. The platform offers a friendly and intuitive
interface that allowed interaction with the data in a simple and efficient way. Extensive useful functionalities
were provided, such as adding and modifying tables, running SQL queries, and managing users andRyivileges.
PHPMyAdmin it is possible to monitor and manage the database without having to write complex SQL code
or focus on technical details. Thus, PHPMyAdmin represented a valuable tool in the development process,
contributing to the efficiency and success of the apptinati

In the future, it is planned to extend the functionality of the web interface and optimize the performance
of the database. It will be also developed a specialized application for solving the TSPSTW problem using
PHP and advanced algorithms such-agp2and nearest neighbor. The integration of this application with the
existing web interface and database ilbvide a complete and automated solution for distribution route
planning.
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5. Notations

The followingnotationis used in thevork:
TSPSTW = Traveling Salesman Problem with Soft Fiviedows
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ABSTRACTIn order for a part to be manufactured to design specifications and function properly,
it must first pass through the engineering quality control process. The purpose of this control is to
reduce the costs caused by the possible occurrence of defedtsraddce the time in terms of the
production of metal parts. The implementation of such quality control systems in various industries
is necessary and must comply with national and international regulations and requirements.

KEYWORDS: dimensional control, image processing, database, NI Vision Assistant

1. Introduction

Image analysis and processing is a technique practiced to ingreakectivity, quality and
efficiency in various industrial processes. It supports people who, although they perform their tasks
related to performing visual inspection and quality control, cannot work for a long period of time
because they get tired [1Another problem would be netompliance with the rules regarding the
process of measuring the dimensions of some machined parts. [2] The purpose of this work is based on
the efficiency of the way of checking the dimensions of mechanically processed lksdimanalyzing
and processing images with the help of two video cameras positioned in such a way as to acquire the
necessary images with views of the landmark, but also by implementing a system of tiYeRokgpe
[3]. These dimensions are later saved idatabase.

The system for checking the dimensions of some landmarks can be described in a simplified
way by the following steps:

1. The operator at the workstation is announced via a loudspeaker that he must place the marker
in the device.

2. Orient and fix the hand mark in the special clamping system of the device and press a button
to start the check. Confirmation of the start of the benchmark verification process is done by lighting an
LED and turning on a speaker.

3. Acquire the necessary images from the two video cameras positioned one above and one on
the side of the device to perform image processing by measuring the dimensions of the landmark.

4. The platform on which the landmark is placed will rotate froAt®00 whenever necessary
to acquire a sufficient amount of images from the camera positioned on the side of the device.

5. The dimensions are cataloged into three broad categories and displayed in the form of lighting
of some LEDSs, as follows: good part with the abbreviation "B" in case a green LED will light up,
recoverable scrap with the abbreviation "RR" in the case evheyellow LED will light up and
irretrievably rejected with the abbreviation "RI" where a red LED will light up.

6. The dimensions are saved in the database along with other information such as: workstation
name, operator name, landmark name, date and time.

2. Current status

The paper is divided into 3 suthapters as follows: 3D model, electronic system and computer
system.
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2.1. The 3D model

In this subchapter, the essential component elements for supporting the video cameras, rotating
the turntable, but also for assembling the electronic components will be presented. Figure 1 shows the
main components of this device:

17 The subassembly that consists of an extension with support, but also with a limiter for fixing
and adjusting the video camera.

271 Vise used to manually grip and fix the landmark.

31 Turntable with internal cylindrical gear with straight teeth that allows the part to rotate at
variousangles.

47 Base that allows supporting electronic components, but alselaotronic ones.

571 The subassembly that is made up of component elements with the role of supporting and
adjusting the position of the video camera. It has a background for obscuring unwanted elements
captured by the video camera.

61 Microcontroller used to control the other electronic components.

71 Video cameras used for high quality image acquisition.

81 Driver that allows controlling the motor step by step.

91 Stepper motor that rotates the platter by engaging the gear wheel assembled on its axis with
the gear wheel integrated in the platter.

107 System that allows the display of the answer to the check in the form of LEDs of different
colors, but also to notify the operator through a loudspeaker.

117 Bearings that allow the plate to move freely.

Fig. 1. The 3D model

2.2. Electronic system

Electronic components have been selected according to specific technical characteristics,
purchased and individually tested to ensure that they work properly. The part called "Base" in figure 1
was designed in such a way as to allow a better assemblgotfoslic components, but also of other
nonelectronic components. In figure 2 you can see an electrical diagram containing the electronic
components with the connections made.
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Fig. 2. Wiring diagram
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In figure 2, the video cameras and the microcontroller are connected to a laptop. Video cameras
are used for image acquisition, and the laptop allowstiadysis and processing of images from the
video cameras to verify the dimensions of the landmarks. At the same time, the laptop will also send the
response after the verification through the Arduino microcontroller to the three LEDs of different colors,
but also to the server for storing the dimensions along with information such as: the name of the
workstation, of the operator, of the landmark, the date and time at which the check was carried out. The
laptop can be replaced with any other hardware detwige which allows compatibility with the
LabVIEW application.

The loudspeaker fulfills two important functions, namely to announce the control interval, but
also to confirm the start and completion of the verification process. In order to control the-28BYJ
stepper motor, a ULN2003 driver was used that allows kagnplification, which is why the Arduino
microcontroller cannot directly transmit the pulses to the motor.

To protect and increase the I|Iife of the LEDs,
The button is nometentive and has a "ptdlown" type connection with a resistor with a resistance of 1
k q, so that when it i far trup, arel steeenibe d value fé) fodfalse, a0 thea | u e
verification process will start depending on the answer given when the button is pressed.

2.3. Step by step motor control application

To control the stepper motor, a program was created in the LabVIEW programming
environment and the Linx module was used to communicate with the Arduino microcontroller. This
program will be used as a subVI in the dedicated device program. It can be Bgerif from left to
right how the application opens a communication port and iterates a "For Loop" type structure 581 times.
This value was given through repeated trials and it was found that this number is equivalent to an angle
of 900.

The application transmits through the four pins a set of combinations of vétlies O to allow
electrical current to pass through the four coils inside the stepper motor. It was also chosen to introduce
a "Wait" type function of 10 milliseconds bdttside the loop and after it. The "Flat Sequence" structure
allows better organization in terms of running the application.
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Fig. 3. Step by step motor control application
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2.4. Image analysis and processing application

In order to achieve this application, a landmark with the functional role of a pipe connector
under the name "RA001" was designed. In the figure below there is an execution drawing with that
reference. The design of this landmark was necessary to haysieapiproduct on which to make the
application and then to do the necessary tests to measure the dimensions
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Fig. 4. The blueprint for RA0O01

This application was made using the NI Vision Assistant mod and deals with the image
processing part. Figure 5 shows that the part was extracted using functions from the NI Vision Assistant
library. The most important functions used are:

- Color Threshold used to select objects against the background according to color.

- Advanced Morphology cleans the image of unwanted particles according to some criteria.

- Shape Detectioi shape detection identifies if there are circles present in the image and is
used to extract the radius in pixels, but also to extract the coordinate of the center of the circle.

- Particle Analysis particle detection identifies the particles present in an image and displays
the length, width, but also the coordinates of the points that form the respective particle.

The application is used in the form of a script generated by the NI Vision Assistant module as
a subVI for both the device's top and side cameras. The \aiitesed in pixels are correlated with the

dimensions of the part in reality using the simplie f three, so the application is taught to measure
accordingly.
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Fig. 5. Theapplication made in NI Vision Assistant
2.5. The application deployed in the device

The application has a simple interface that displays a series of information for the operator. It has a
"Panel" type panel with two tabs called "Operator" and "Moderator". The "Moderator" panel contains
details such as the name of the workstation, butdaEtals about the connections of the microcontroller

and the two video cameras made with the USB ports on the laptop. The "Operator" panel contains: an
"Image Display" type indicator for displaying the image acquired by the video cameras; three Boolean
indicators of which one is for start, the second is to warn the operator of approaching the control interval,
and the third is to indicate the state of the part. The measured dimensions next to the check response are
displayed in a matrix; date and time; treme of the workstation, the name of the operator, but also of

the landmark.

POST DE LUCRU INDICATOR DE STARE PIESA
001

OPERATOR

ADRIAN Popescu

DATA ORA

18/04/2024

Fig. 6. Application interface

At application startup all pointers are initialized to 0 to avoid residual data. This aspect will also happen
when the "Stop" button is pressed. The whole application runs continuously in a repetitive "While"
structure and in that structure the "Event &ue" structure was used to manage events and minimize

the use of processor resources. When the button on the device is pressed, the three LEDs will receive
the value false through the "Digital Write" function, and the speaker and the green LED vt tamd

turn off after 500 milliseconds.
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Fig. 7. Confirmation of the start of the verification process

Once the start of the verification process is confirmed, the camera on the side of the device will
acquire a vertical image of the part and measure a first dimension which is the height of the landmark.
The platen will rotate 90s0 that another image can be acquired with the side camera and the diameter
of a hole can be measured. All these dimensions are later saved in an array called "Dimension". The
rotation of the plate is done with the help of the subVI from subchapter 2.3.

Once the image acquisition with the side camera is complete, it will disconnect and the other
camera positioned above will acquire an image in the horizontal plane, thus measuring the length, width
and diameter of the landmark. The turntable will rotagerttarker 900 clockwise, and the side camera
will take one last image to measure the diameter of a circle.

{412 “Stant™: value Change -}
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Fig. 8. Block diagram of the VI for measuring the other dimensions

All these dimensions are sent along with information such as the name of the workstation, the
operator, but also the landmark to the server by means of a protocol called TCP (Transfer Control
Protocol) which has been open since the start of the prograiiguhe 9 it can be seen that data is
received from the server through the TCP protocol, which also contains the response after checking the
dimensions. With the help of the "Search 1D Array" function, it is searched if there are dimensions that
attest towhich category the landmark belongs. A "Flat Sequence" type structure was used to create a
source code to be executed in chronological order.
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Fig. 9. Receiving the response after verification from the server

2.6. The server

The server is another essential part in the communicagitween the device and the database.

It has the role of receiving, processing and transmitting data both from the device to the database and
vice versa. Figure 10 shows one of the most important codes within this sever. In the first phase, data
such as tb name of the workstation, operator, landmark, date and time are extracted and stored in a
vector. From this vector only the dimensions are extracted.

It is checked which of the dimensions represent the diameters of the holes or not by assigning
abbreviations such as: "G" for the hole and "D" for the rest of the dimensions. This was achieved using
a "Case" type structure. Based on the ID extracted édatidmark, it is checked whether the measured
size is between a minimum and a maximum size. These limit sizes are pulled from a database based on
the landmark ID. Following the checks, abbreviations are given for dimensions such as: "B" for the good
part,"RR" for recoverable scrap and "RI" for unrecoverable scrap. The measured dimensions will be
stored in a database along with the categories they belong to (B, RR or RI).

At the same time, the server also deals with the allocation of operators and milestones according
to the work station. Thus, two structures of the "While" type were used, where one is for allocations,
and the other is for size checks.
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Fig. 10. Checking the dimensions and saving them in the database
2.7. Database

A database was created to store various information about operators, landmarks and
workstations. The storage of thenensions and the category to which they belong is done in the table
called "Control_sheet" along with some additional details such as the job, the name of the operator, of
the landmark, but also the date, respectively the time. The "Allocation_Opededtier'has the role of
indicating which milestone must be processed, but also who will be assigned as an operator to the
respectivevorkstation
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Fig. 11. Database
3. Conclusions

These image processing based inspection systems are absolutely necessary for increasing
productivity, quality and efficiency in industrial processes. The device can be easily modified to measure
different parts with different geometric configurations thatikthe presence of camera extensions for
adjusting the distance from the camera to the part and the clamping system on the replaceable turntable.
Other components with better technical characteristics can be used and a dedicated web interface can be
creded for the staff from the Technical Quality Control Department for an easier and more useful
visualization of the dimensions stored in the database.

4. Bibliography

[ 17 . Ciora Radu Adri an, Simion Car men, Al ndus
https://www.researchgate.net/publication/273303696 _Industrial_Applications_of Image Processing
[ 2] . Embr ey Davi d, AUnder standing Hu man

https://www.researchgate.net/publication/266334170 Human_Error_Understanding_Human_Behaviour_and_Er
ror

[ 3] . Raj an Kumar , Dwi v e dYOKERTEEHNJ|QUEY METIH@DOLOGY v , i PO
& DE S| Ntipsy/www.researchgate.net/publication/304656076 _Pokayoke technique _methodology _design_Public
ation History POKAYOKE_TECHNIQUE_METHODOLOGY_ DESIGN

47


https://www.researchgate.net/publication/273303696_Industrial_Applications_of_Image_Processing
https://www.researchgate.net/publication/266334170_Human_Error_Understanding_Human_Behaviour_and_Error
https://www.researchgate.net/publication/266334170_Human_Error_Understanding_Human_Behaviour_and_Error
https://www.researchgate.net/publication/304656076_Pokayoke_technique_methodology_design_Publication_History_POKAYOKE_TECHNIQUE_METHODOLOGY_DESIGN
https://www.researchgate.net/publication/304656076_Pokayoke_technique_methodology_design_Publication_History_POKAYOKE_TECHNIQUE_METHODOLOGY_DESIGN

Student Scientific Communications Session 2024

DESIGN AND IMPLEMENTATION OF AN EXPERIMENTAL GESTURE-TO-AUDIO
AND TEXT CONVERSION EQUIPMENT

COSTEA -Bogd&n, VI ad GHEORGHI HI
Faculty:IndustrialEngineeringandRobotics SpecializationApplied Informaticsin IndustrialEngineering,
Yearof study: IV, email: bcosteal@amail.com

ABSTRACT The project aims at designing and building a prototype equipment that converts user
gestures into audio and text messages, offering assistapeejite with speech disabilities. The project
consists of two main modules: the Acquisition Module, which uses flex sensors to capture gesture
movements, anthe ProcessingModule, which processeshe capturedinformation, convertsit into

audio messages to be played on a speaker and text to be displayed on an OLED display. The project
has the potential to significantly facilitate communication for people sg#ectdisabilities, offering

them an alternativevayto expresshemselveandinteractwith othe's. Thedevelopmendfa functional
prototype is planned, demonstrating the feasibility of the concept and alléovifigrther evaluation

of its performance and usefulness..

KEYWORDSgestureconversionaudiomessagagextmessagesommunicatioimpairmentssignlanguage

1. Introduction

Communication is a fundamental human need, essential for social integrati@xpsesion, and
access to information. People with language impairments face significant communication barriers, being
limited in their interaction with others and in the@tass to education, employment, and social life. The
project aims to contribute to the elimination of communication barriers by designing and implementing a
prototype device that converts user gestures into audio and text messages. The project widbautarr
in two main stages: the design phase, which will include defining the functional and technical requirements
of the equipment, selecting the hardware and software components, and designing the system architecture;
and the implementation phase, whighl include assembling the prototype, programming the software,
and testing the functionality of the equipment. It is expected that a functional prototype will be developed
that will demonstrate the feasibility of the concept and allow for further di@tuaf its performance and
usefulness.

2. Current stage

Over time, there have been various attempts to combat this disability. The following will analyze
different experimental models developed from 2010 to the present. Figure 1 shows a special device
developed for Pakistani citizens in 2014 that contains t#obp that is easily accessible to them.
Communication between the two modules is carried out using a fixed cable, which makes it difficult to
manage the product. The LCD screen on the subject's abdomen hinders their mobility. These two features
failed toconvince the subjects.

Sl

Fig 1. Gestureto—TextConversiorDeviceDeveIopEdrT 'Paistan[Z]
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Figure 2 shows a prototype device usecctmverting finger gestures into audio content. It utilizes
an Arduino microcontroller, which renders the system rather bulky and immobile.

Fig. 2. GestureConversiorDeviceComprisingTwo Parts:GloveandStation[3]

3. Product development

Figure 3illustrates the schematic diagram of the experimental setup. The left side depicts the
equipment worn by the subject. This glove captures finger movements and converts these movements
(analog signal) into a digital signal (signal compatible with the |2@oppl on the Raspberry Pi Pico
microcontroller). This digital signal is recorded only when the touch button is pressed. After recording, the
analysis stage follows, where it is checked whether the desired gesture corresponds to another predefined
gesturelf it exists, a coded signal will be sent to the corresponding Bluetooth module of the glove. This
code is transmitted through the Bluetooth communication channel to the main station (the basic diagram
can be seen on the right side). Once this code é&vext; the appropriate audio file stored on the SD card
is selected and played on the speaker, and then a confirmation message is displayed on the OLED screen.

Flexible sensor 1

Flexible sensor 2

8D Card €

—»{ ADC Converter ¥
Flexible sensor 3

¢ Flexible sensor 4 / Raspberry Pi Pico |«

—»{Raspberry Pi Pico
T \ Bluetooth <:|I> Modul Bluetooth

HC-05 Module HC-05

Display Speaker

> Button

:Batltery—’i Battery I

Fig. 3. Block diagram

Tablel providesanoverviewof theequipment'seaturesandhowtheyareevaluatedechnically.
Themeasurementinitsusedallow for anobjectivecomparisorof the performancef thefunctions
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Table 1. Units of measurementof functions

Fn Function Name Technical Characteristic Functions unit of
measurement
F1 Accurateandfastinformationretrieval [ To havereliableflexible sensors no.of bendngs
F2 [To haveanergonomiadesign Maximumtransportableize wxlxh
F3 High autonomy High batterycapacity mAh
F4 High commandlistance High-rangeBluetoothmodule m
F5 Productaccessibilitysoftware SavingmessageBom anysmartphone (-
device

Audio amplifier module, On/Off button, and various designed and printed components such as the 'Station

The table presents a list of features and their technical characteristics, along wigeth@ement
units used t@xpress them.

To determine the system's compositibmwyill bedividedinto thetwo distinctmodulesillustrated
in Figure 4. The componentsusedare: RaspberryPi Pico, Flex sensor,HC-05 Bluetooth module, 4-
channel ADC converter, 0.96" OLE®Bisplay, Breadboard, Touch button, 47KOhm resistor, Batteries,

module housing and the 'Glove' module housing.

System

SCMC-1
A

{

Glove Module

SCMC2
Al

J
I i ]

}

Station Module

SCMC3
A2

l l

l

SCMC4 SCMCS

Electronics Hardware Software Electronics Hardware

SCMCE SCMC7 SCMC8

Software

ScMce

A3 Ad

AS Ab A7

Fig.4.Initial systendiagram

A8

Figuress and6 illustratetheelectricalconnection®f the componentsvithin the system.

Connection diagram
STATION MODULE

Fig. 5. StationModule ConnectiorDiagram
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Connection Diagram
Glove Module

The design of the necessaiymponentsvill be donein the onshapgarametriddesignsoftware.
The specific station module housing will ndedncludemountingsurfacedor the componentspecified
aboveas well as interfaces for user access. The following requirements can be noted: mounting surface
for the perforated board with electronics, speaker, battery charging module, OLED display, but also an
access area to the electronics area through a cover thatrals® a® a hook (Figure 7).

Fig. 7. Stationmodulehousing

Figure 8 showsthe maininterfaceof the StationModule. This interfaceincludes:Display access
area: This area houses the display scr efenaions;hat p
Speaker area: This area allows sound to exit the device-:T@eargingPort: Locatedon theleft sideof
thedevice this port allowsthe connectiorof a chargingcableto powerthe battery.On/Off Switch: Placed
above the charging port, this switch turns the device on or off, connecting or disconnecting it from the

power source

Fig. 8. StationmoduleassemblyMain view
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Figure 9 illustrates the layout of the electronic components inside the Station module housing:
Perforated board: The key components of the module are soldered onto a small perforated board: Raspberry
Pi Pico, audio amplifier and Bluetooth modBattery:A compactbatterywith acapacityof 1100 mAh is
positioned on the right side of the perforated board, powering the ddid&functional cover: The
housing cover fulfills a dual role: it closes the housing and provides a mounting point on variaessurfa
thanks to the central support.

Fig.9. StationmoduleassemblyTop view

Figure 10 illustrates the following components: Flexible senguexed on the four fingers, these
sensors capture data abdinger movementMain housing:Housesthe microcontrolleralong with the
analogto-digital converterthat analyzesthe captureddataand then transmitsit via Bluetooth. Battery
housing: Contains the battery and charging controller, as well as/aff button.This modulehasbeen
divided into two separate elements to facilitate the wearing of the equipment. All of these commdhents
be sewn onto a textile glove that the user will wear.

Fig 10.Gloveassemblylsometricview
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4. Conclusions

The project "DESIGN AND IMPLEMENTATION OF AN EXPERIMENTAL MODEL OF
EQUIPMENT FOR CONVERTING GESTURES INTO AUDIO AND TEXT MESSAGES"
haslemonstratedhe feasibility of the concept of facilitating communication for people with hearing
impairments by converting gestures into audio and text messages. The prototype developed has highlighte
the basic functionalitandhasallowedtheidentificationof optimizationdirections,including the integration
of a gyroscope for better gesture accuracy. The development of dedicated software with additional
functionalities, testing with users with hearing impairments and the creatiorfioélaversion that is
affordable and easy to use, with a significant impact on their quality of life, are planned.
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ABSTRACT: This paper aims to presentdbsign, realization and testing of an experimental stand for

a collaborative robotic arm made by additive manufacturing methods. In order to solve the proposed
theme, software applications and a physical model were developed. During the experimenttietand,
computational effort is supported on a development board made in Romania, compatible with Arduino
Mega 2560 (Ground Studialad Mega). For the design and manufacture of the experimental stand, we
used the Dassault Systemes Catia V5 CAD program tegetth UltimakerCura 5.5.

KEYWORDS: robotic arm, collaborative, design, manufacturing, software

1. Introduction

According to[1] and[2] Collaborative robots, known as Cobots, are small robotic arms used in a

wide range of applications to automate repetitive work, usually done by workers. They were designed to

share the same workspace with people, automating processes in a wide ramggiraes.do
Collaborative robots are designed to be much simpler to use than traditional industrial robotic arms.

Humans have revolutionized the configuration of collaborative robots, significantly reducing deployment

time. Many common work processes have become anagiable and operable with the training of their
program according to the user's wishes.
The workspace was also minimized because the wide range of processes that could be automated

were implemented without changing the location or the specialist. The low weight of these robots also

makes them easy to move, if necessary, without the needafor amanges.

‘ 'w’r '

e <)

. P !
Fig. 1 Workspace between cobot and oper§2pr

The first cobotsensured the safety of humans by having no internal source of motive power.

Instead, motive power was provided by the human worker. The function of the cobot was to allow
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computerized control over movement, by redirecting or directing a payload, in a cooperative way with the
human worker[2]

Later, cobots also provided limited amounts of motive power. General Motors and an industry
working group used the term Intelligent Assist Device (IAD) as an alternative to the cobot, which was seen
as too closely associated with the Cobotics companyhat ttime, the market demand for intelligent
assistive devices and the safety standard "T15.1 Intelligent assistive dévipessonnel safety
requirements" was to improve industrial material handling and automotive assembly operations.

2. State of the art

Collaborative robots are robots designed to interact directly with human staff within the same
workspace. The aspects that differentiate collaborative robots from the usual ones are, first of all, safety.
According to the International Federation of Robotics, there are four levels of collaboration
between industrial robots and human operators:
- Coexistence: the robot and the human operator work together, without separating elements, but do
not share the same workspace;
- Sequential collaboration: the robot and the human operator work in the same workspace, but the
operations performed by each do not take place at the same time;
- Cooperation: the robot and the human operator work in the same workspace at the same time;
- Collaboration: the robot responds in real time to the actions performed by the human ¢Rlerator

The term "collaborative robot" is a commercial one, as it is not included in the standards related to
industrial robots. The degree of integration of a robot in the category of "collaborative robot" can be argued
that it depends on the degree of safetyth& application that the robot performs rather than on its
construction, given the fact that the structures of collaborative robots are largely based on the structures of
common industrial robot$3]

Elements specific to collaborative robots are components made of lightweight materials, rounded
outer surfaces protected with easily deformable materials, as well as means of immediate collision
detection. The controller's software configuration must ohelsafety measures to avoid injury to human
personnel, such as immediate stop protocols in case of collision detection.

3. Experimental booth

The robot presented in this paper is a collaborative robotic arm with gtymeeeffector. It was
chosen in order to be able to move/assemble/sort objects or parts from the production line of a factory or
storage hall. The flexible model helps to makedsy to use, being able to be handled manually, so the
operator has absolute control over it but also the possibility of implementing an automatic work program.
The parts were made entirely through additive manufacturing methods, the material chosen and
used being a PEG to provide a resistant structure to the articulated arm. Also, the connecting parts
between the parts are assisted by ball bearings, one di i8haxial, for a smoother and easier handling of
the motors, assembly by screwt of M3 and M2 respectively for mounting the micromotors in direct
current on the support, and the use of metal rods for assembling the arms on the motor shaft.
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Fig. 2 Physical model of the experimental booth

The experimental stand is a collaborative robotic arm with four axes numerically controlled by a
compatible controlleArduino Mega 256Q4] (Ground Studic Jad Mega). The programming language
used to drive the motors is a variation of C modified by the Arduino CC. The development environment
we used is the Arduino IDE.

The robotic arm with the erefffector attached has five degrees of freedom, two servo motors, one
with the angle of 120° MG995] used in the enéffector, respectively a continuous 360° DSHAC [6]
used at the base of the robotic arm, and three Pololu micronfidlarsdirect current. The loabearing
load of the entire boom together with data on the maximum travel speed on each axis can be found in Table
1.

Table 1. Robotic Arm Specifications

Base Displacement Limit 280°
Loadbearing load 659
Maximum travel speed M1 45 rpm
M2 52 rpm
M3 52 rpm
M4 52 rpm
M5 45 rpm
Robotic arm spindle dimensions| Bx1 45mm
Bx2 80 mm
Bx3 75 mm
Bx4 5mm
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