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RESEARCH ON THE DESIGN AND CONSTRUCTION OF A FILAMENT
STORAGE SYSTEM FOR 3D PRINTERS

DINU Cristian, TARBA Ioan — Cristian
Faculty: Industrial Engineering and Robotics, Study Programme: Applied Informatics in Industrial Engineering,
Year of study: 1V, e-mail: cristiand049@gmail.com

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
storage-retrieval system). This type of system is already present in the 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.

Keywords: ASRS, 3D Printer, Arduino
Introduction

In the era of advanced technology and continuous innovation, automation is becoming central
to improving efficiency and performance in a wide range of industrial 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 the well-known ASRS (Automated Storage
and Retrieval System) concept, already used in the industry to optimize logistics processes in
warehouses.

Essentially, the project focuses on four major
components, each with its own distinct and essential role in the
functioning of the system as a whole. These components
include the conveyor subsystem, which facilitates the efficient
movement of filament spools within the system, the XZ
positioning subsystem, responsible for precisely positioning
the spools at various locations, the display controller, which
provides the user interface and control over the entire system,
and, not least the storage and measurement subsystem, which
manages the proper storage of filament spools and provides
stock and consumption information.

These components are made as stand-alone modules
that have their own integrated micro-controller and
communicate with the rest of the modules in the system. This
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 box-type handling systems, as presented in the paper "Automated storage and retrieval system™ ([1],
2020) which exposes an automated storage system placed between two rows of shelves, a system similar
to that found in larger-scale automated warehouses that work with full size euro pallets or boxes.
Another similar paper, for which there is no written paper ([2], 2017), but which illustrates a similar
system to 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 up-to-date information about the stock level and diversity 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 decision-making
within the production 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.
— XZpositioning subsystem - takes 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 subsystem - has the responsibility to store the filaments and measure
their parameters to ensure an optimal and efficient production process.
Since the filament spools can have different shapes and (1

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

It has two bearings that improve the movement of the <
support on the contact surfaces, but also an extension that
helps the conveyor to confirm that it has reached the correct
position and that it has touched the support.

Fig. 2 Support for filament spool
The transporter

The transporter (Fig. 3) is the device responsible for the Y-axis manipulation of the rolls, more
precisely with the placement or withdrawal of the rolls on/from the storage space.

-

Fig. 3 Extended version of the transporter

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 micro-switch type sensors 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 micro-switch sensors for the limits (lower and upper) of the pin. The top position can be
adjusted with the adjustment screw.



For a correct positioning of the extension system, two micro-switch sensors are also used for the

stroke ends. So that the conveyor can be moved and
thus positioned at one of the storage spaces, it has four
special beveled rollers. They slide on a metal profile
with specially designed surfaces for the roller to run
perfectly on them; this technology is called "v-slot"=
and it is an innovative method of combining structural
elements with linear guide elements. A 6mm wide
transversal toothed belt known as GT2 is used to move
the transporter, driven by a nemal? stepper motor.

Since the transporter has many sensors and motors,
and the control board is at a considerable distance, it
was decided to make an electronic prototyping board
(Fig. 4) and thus the number of wires needed for
connections was reduced from 19 to 10. In this way so
we can connect the transporter to the main Arduino
board by means of a 12-wire cable with a diameter of
0.33mm. A 12-wire cable was chosen to prevent later
modifications, improvements or additions. These limit
switches have a similar mode of operation to touch
buttons and in order for them to be interpreted correctly
by the acquisition board they need a pull-up circuit
which is done using a 1k or 10k resistor as shown in
the schematic from Fig. 5.

Display control device (HMI)
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Fig. 4 Electronic prototyping board for
extension

Fig. 5 Pull-up circuit ([3], 2021)

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 he

needs to follow in order to perform the
selected operation.

In terms of hardware, the display screen
consists of a 320x240 pixel tft touch screen,
which has an ST7789 driver for the graphics
part and an XPT2046 driver for the touch
part. They are controlled by a Groudstudio
carbon D4 development board with esp32
microprocessor and programmable in c++
language, Arduino. The development board
is assembled on the back of the screen with
the help of silicone in a well-established
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Fig. 6 Electric diagram of the display

position, measured and marked with the help of a caliper. This further helped in the easier design of the
case, which was later 3D printed. The electrical connections were made by hand, connecting the two
components according to the diagram in Fig. . 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 shown in Fig. 6 which illustrates how
the components are connected on the back of the screen and Fig. 7 where 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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of the 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 the file 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 reacting accordingly). Navigating through the
pages of the screen is easy, the design being minimalistic, and is shown in Fig. 8, in a narrow form.
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Fig. 8 Data-flow diagram of the system

Also, since the system contains two development boards, it is necessary to create a communication
protocol, so a protocol of the form "XX-YY-ZNN" was used, where XX represents the board for which
the message was communicated, Y'Y the board that transmitted the message, Z message type: S- status,
C-command, E-error, and NN the numerical code of the message (DI-MB-S01, means that the message
S01 - "Operation completed successfully" was communicated by the motherboard "main board" - MB,
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 because a large number 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 communication rules can also be seen in Table 1.



Table 1 Communication rules

Commands Description Received message | Description
MB-DI-C01-06 | Filament/palet DI-MB-SO1/E.. Terminated with success/error
command
MB-DI-C11-16 | Filament add DI-MB-SO1/E.. Terminated with success/error
MB-DI-C07 Collor DI-MB-S02- Succes-color
interrogation 0x0000/E
MB-DI-C08 Weight DI-MB-S03-1000 | Succes-weight
interrogation
MB-DI-C09 Cancel mission DI-MB-S01/E Terminated with success/error
MB-DI-C19 Retry movement DI-MB-S01/E Terminated with success/error
MB-DI-C17 Raise the door DI-MB-S01 -
MB-DI-C18 Lower the door DI-MB-S01 -

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 measurements, 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 system, using the rack-pinion mechanism, and to be
able to limit the movement of the rack, the system has two end-
of-stroke sensors of micro-switch 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 principles
similar to those used in the construction of Cartesian 3D printers,
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Fig. 9 Measuring systein of the
parameters of filament

which use a screw-nut drive system for the Z axis, and a belt-pulley 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 between the two vertical 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 for the X-axis, also driven by a

nemal7 stepper motor and held in tension by the tensioner.

Fig. 10 The Cartesian positioning XZ system




Since the system has many sensors and motors, which are controlled by an Arduino nano controller,
it was chosen to use SN74HC166N parallel-in serial-out 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.

Table 2 The list of inputs for shift-registers
Pin | Usage Pin | Usage Pin | Usage
1 Transp. Spool presence | 9 Slot 3 17 | Min Extend color
2 Transp. max 10 | Slot4 18 | Max Extend color
3 Transp. min 11 Slot 5 19 | Door closing sensor
4 Transp. down 12 | Slot6 20
5 Transp. up 13 | Scale zone pallet 21
presence
6 Transp. touch 14 | Endstop X 22
7 Slot 1 15 | Endstop Z 23
8 Slot 2 16 | Spool touch (color) 24
Conclusions

Thus, this paper presents an automated system for efficient filament storage for 3D printers, which
provides a user-friendly and intuitive interface.

Own contributions include putting into a new form the well-known concepts, both automatic goods
storage (ASRS), but also the classical mechanisms of 3D printer motion such as the screw-nut with
trapezoidal section, the belt-pulley, the use timing belt. Another 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 using Autodesk's Fusion 360 3D design
software and 3D printed using Artillery 3D's Sidewinder X2 3D printer.

As future improvements, the authors want to develop 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
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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 such as its rigidity, 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. Regarding the software
of the system, I chose Klipper, it being much easier to implement on the electronics mentioned above.

KEYWORDS: Delta 3D Printer, Precision, Rigidity, Software, Fine-tuning, Adaptability, RepRap
1. Introduction

Over time, the term ‘3D printing’ has become increasingly popular, currently having a wide
range of applications, whether industrial, medical or decorative.

Several types of architectures have 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:

»  Provides greater accuracy of printed parts and models

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

»  Can be adapted much more easily to larger dimensions, while keeping a well-proportioned and
efficient design

»  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 first as a futuristic
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 customized machines 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 50-60 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 making the 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 axes of a Delta
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 the print 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 stainless-steel 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. Aluminum extrusions, V-Slot
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 of the printer, 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,
according to Figure 4.
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Fig.4 Relative comparison of the geometries of the printing spaces
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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 whole sub-assembly (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 stainless steel 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 being separated from the plastic frame by
aluminum spacers (Figure 8).

10
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Fig.7 Top plate (left) and bottom plate (right)
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Fig.8 Assembled stainless-steel plates on the frame

Another goal of this work was to try to design a lightweight and compact print head (Figure 9). In this
sense, Phaetus x VVoron Hot end ST was a practical option, it by itself being compact, yet efficient, being able
to print with all types of plastic, including those infused with abrasive materials such as sawdust, carbon fiber
or rock. Also, for the calibration probe, Bigtreetech’s MicroProbe was chosen, weighing only 6 grams, and
also being half the size of the hot-end as shown in Figure 10.

Fig.9 Print head

11



Fig.10 Phaetus x Voron Hot-end 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 tensioning block 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 equipped with 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, the printing 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 can also be upgraded or modified to the user’s taste. It has
also proved that we can make a better use of the working space by using thinner aluminum extrusions, while
maintaining its overall rigidity. Also, the successful implementation of the operating system, and fine-tuning
of its parameters can bring the possibility of a new product entering the market that can compete 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 evolve 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 developments for future applications.
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ABSTRACT: The work "Research on the development of a traction assistance system for motor vehicles
in winter conditions" aims to improve the traction control system of motor vehicles through the design
and experimental modelling of a system that acts when the vehicle skids on ice when leaving theparking
place. Its operation consists of 2 subsystems: the sensor assembly and the sand mechanism assembly.
Inputs to the system are data read from the car's ABS sensor, a hall-effect sensor that returns digital
electrical pulses. Using an Arduino microcontroller, the data read from the sensor is processed and
converted into revolutions per minute. Thus, depending on the increase in speed, the system takes
various pre-set decisions. When skidding is detected, the subsystem is activated to spread sand in
front of the wheel to increase grip.

KEYWORDS: hall effect sensor, sand, skidding, traction control.
1. Introduction to traction control systems

Vehicle grip, an essential factor in the daily life of drivers, refers to the ability of the car to keep the
wheels in optimum contact with the surface on which it is standing. To enhance this, car manufacturers
have been introducing TCS (traction control system) systems to the market since the 1970s, when the
engineer Frank Werner-Mohr patented his work under Mercedes Benz. Although these early versions were
only prototypes and had many flaws, such systems became widely available in the late 1980s, initially on
Mercedes-Benz and BMW vehicles. [1]

Traction control systems use wheel speed sensors dedicated to anti-lock braking systems, known
as ABS, to detect when one or more drive wheels have lost grip. Depending on the vehicle, TCS will either
split power to the wheels or apply the brakes to try to restore traction.

Since 2009, the European Union has decided that traction control systems must be fitted to
vehicles. Today, this type of system has evolved and ensures vehicle stability and control, increasing driver
safety.

2. Speed sensors

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
information read by the sensors, which is processed by the car's ECU (electronic control unit).

To electronic
control unit (ECU)

ABS wheel
speed sensor

ABS reluctor ring

Fig. 1. Speed sensor
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 Fig. 2, consist of a coil of wire wound around a magnetic core and a
permanent magnet. The outer ring is fixed, and its construction consists of alternating teeth and gaps, like
acogwheel. Due to its rotational movement, a magnetic field is created between it and the coil. The changing
magnetic field induces an alternating voltage in the coil that can be measured. The frequencies and amplitudes
of the alternating voltage are proportional to the speed of the wheel. The sensor creates a signal that changes
frequency as the wheel changes speed. The machine's central unit converts the signal into a digital signal for
interpretation (Fig. 2) [2].
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Fig. 2. Passive sensor construction and signal

As for active sensors, there are two types: Hall effect or magnetic ring. These sensors use a ring
with alternating pole-positioned 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

determines the speed of the wheel according to the frequency of the pole changes. [2]
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Fig. 3. Construction and signal of the active sensor

3. Current status of traction assistance systems

Nowadays, there are several technologies and equipment to improve the traction 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), anti-skid 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
the driver[3].

15



Fig. 4. Car chains

4. System design and implementation

The development of the winter traction assistance system aims to increase driver comfort, improve the
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
SolidWorks or Onshape.

Fig. 5. 3D modelling of the assembly

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, an active sensor 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.
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Fig. 6. ABS sensor sub-assembly

The second subsystem, the sand mechanism shown in Fig. 8, relies on centrifugal force to spread
the sand in front of the wheel. It consists of a rotor (Fig. 9) that is fed with sand depending on the presence of
drift, geared by a 6V DC motor.

Fig. 8. Sand mechanism subassembly Fig. 9. Rotor
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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

model is powered by a 35V and 10A variable power supply (Fig. 10).

Fig. 10. Test assembly
5. System testing

The choice of sand as an anti-skid material was based on its properties of increasing friction
between the wheel and the surface it is on. Sand grains must be in a certain size range, generally between
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 programming of the system and the decision-making 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
increase in revolutions per minute is monitored, which signals wheel slip and triggers the sand system.

rpm = (pulseCount * 600) / 57 (D)

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 will be displayed
on an LCD screen showing the percentage of sand available.
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Fig. 11. Drift detection and rpm graph
6. Conclusions

The subject matter can be applied to several categories of vehicles and can act quickly enough to
increase traction when needed. Also, by developing the system, it eliminates human intervention in solving
this problem and increases comfort.

In the project to date, elements of mechanical engineering, electronics and programming have been
combined. The prototype was built to simulate an assembly present on vehicles, initially 3D modelledand
then additively manufactured, and through testing several versions, an optimal variant was arrived at thatmet
the mechanical requirements. Since the aim was to improve the strength of the shaft, machining
technologies were used. After completion of the design of the sand mechanism and its tests, a final 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 also to control the motors to close the valve or start the sand subassembly.
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ABSTRACT: The entitled document "Research on the development of a robotic system for road
markings" focuses on obtaining a robotic system for applying road markings on asphalt roads, based
on the principle of a CNC. Its operation is based on four subsystems aided by software that generates
G-code: the subsystem that performs movement on the X-Y-Z axes, the paint printing subsystem, the
movement subsystem, and the subsystem that spreads reflective glass microbeads. The actual action
involves positioning and selecting the type of marking, followed by paintdispensing for layer
application. When this process is complete, the robotic system moves forward and spreads the
reflective glass beads onto the freshly applied paint, ensuring visibility at night for traffic
participants.

KEYWORDS: system, G-code, CNC, marking, paint.
1. Introduction

Road markings are there to guide and assist drivers to travel safely. They should convey a clear
meaning and provide adequate time for the driver to react without causing unpleasant events for him or
herself and other road users.

From Edward Hines' (Michigan Commissioner - USA) idea to separate oncoming traffic with
a center line, to Frederick Basley's application of it on a street in Madison, Wisconsin in 1921, interest
in asphalt road markings grew rapidly around the globe. As the number of paved roads and traffic
volumes increased, so did the need for equipment to apply and dry paint quickly (especially in rainy
seasons). This is how marking vehicles with capacities of up to 4,500 litres of paint came into being.

Paint has not been neglected either, its composition having evolved significantly over the last
8 decades, from plain paint to thermoplastic paint to the night-visible paint (due to glass beads applied
to the freshly painted surface that redirect light) patented by Edwin R. 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 humans, so using
them can increase the safety of the process.

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
other equipment to reach, such as gravel, sand, or uneven grass, and in various environmental conditions,
and is waterproof. With sensors it can detect and avoid obstacles, helping to reduce risks (Fig.2). [2]
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Fig.1 TinySurveyor Terra
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Fig.2 TinySurveyor Terra on different working surfaces
3. Robotic system development

The aim of developing the robotic system is to efficiently apply road markings on a paved public
road. The 3D design of the assembly, using SolidWorks software, is the first important step, asit allows
an overview and simulation before the finished product is realised. In this way, problemswere solved,
and optimizations were performed (Fig.3), and then customized parts were obtained with additive
manufacturing technologies (Table 1).

Fig.3 The first 3D model

21



Table 1 - Custom parts made with additive manufacturing technologies

No. Crt. Component name Representation
1. Mechanical limiting bracket ‘
2. Tank clamp ‘
3. Tank clamping flange cover Q
4, V-slot profile clamping plate '
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The project is based on 4 subsystems (accompanied by a software called GRBL Plotter):
- The subassembly of the axle drive mechanism (Fig.4);
- The actual paint application subassembly (Fig.5);
- The subassembly that performs the scattering of reflective glass microbeads;
- The subassembly ensures the movement of the entire system after the work task has been
completed.

The first subsystem deals with the movement of axes [3]. It is the basis of the robotic system
and consists of 2 linear guides on which the translation movements along the X and Y axisare
performed. The ball slides are clamped on an aluminum v-slot profile, the engagement is done by two
2GT-6mm belts and two stepper motors - Nema 17.

Fig.4 Sub-assembly of the drive mechanism

Subsystem |l 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 simple v-slot profile, on which the other components are
applied. Attached to the profile is a clamping plate running on wheels, geared by a screw-nut system
clamped by a Nema 17 motor coupling. The motor positions the top of the tank on the surface to be marked
and retracts it when each line is completed, the assembly operating on the principle of a CNC.

Fig.5 The actual application subset of the Fig.6 Positioning the paint application subassembly
paint
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Subsystems 1l and 1V are activated simultaneously when they receive a signal from the switch,
which is operated by the paint subsystem when the process is completed. The reflective glass microbeads
that are scattered within subsystem Il range in size from 400-800 microns and penetrate directly into the
fresh paint layer.

All processes are mainly controlled by the GRBL Plotter software (Fig.7) [4]. It generates G-
code for the image inserted by the user and sends commands to an Arduino Uno compatible development
board that has attached a CNC Shield V3 with 3 drivers for the 3 motors. Using a modifiedlibrary called
"grbl-servo" [5], the default PWM frequency is changed from 1kHz to 50 Hz, which is required to control
the Nema 17 motors.
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Fig.7  GRBL Plotter software interface
4. Component testing and system functionality

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 which generated and passed on the G-code after analyzing
and processing the image. On the CNC Shield V3 the 3 drivers for the stepper motor control
- A4988 were attached, the motors were connected to the related pins, the 12V power supply was
connected (Fig.8), and then the program was run (Fig.9).

Fig.8 Connections on the CNC Shield V3
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Fig. 9 Running the program and applying the paint

5. Conclusions

The robotic system has real-life applicability and offers a modern solution, easing the work of the
human user while increasing process safety.

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 elements, thus
lowering the final weight of the robotic system without negatively influencing stiffness and functionality.
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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 end-effector, designed and printed 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.
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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 industries, from recycling 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 end-effector 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
Assistant.

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 automatic recognition of objects, gripping, and 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 ROBOTT-NET, developed
by Arnold AG and FORMHAND Automation 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 position of an object even in
complex situations, such as randomly stored in a container or on a conveyor. The end-effector is
optimized and capable of 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 small-sized, making it easy to transport and install in different spaces, and is
equipped with an advanced image recognition system capable 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 end-effector is configured with a vacuum system, which allows for the safe
lifting of the pieces and is designed to be 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 vacuum-type end—effedtdr [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 the end-effector, as well as the choice of
electromagnet. (Fig. 4) [2]

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 arm [2]

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

Command

Software
subsystem

Electrical
subsystem

Mechanical Power supply

subsystem

and control
subsystem

subsystem

- -

Fig. 5. System diagram

As part of the electrical subsystem, a small-sized 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 chosen to control 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, the following hardware configuration was created,
controlled by an algorithm implemented using LabVIEW software. (Fig. 6 si Fig. 7)
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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 end-effector was designed for supporting it. The effector consists of two parts (Fig. 8), in the
design of which consideration was given to maximizing material 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. End-effector for electromagnet support
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Fig. 9. Assembly of articulated robotic arm and end-effector

For printing the end-effector, the Prusa slicer was used, and printing parameters were defined as presented
in the figures below. (Fig. 10 si Fig. 11)

et G code

Fig. 11. Printing parameters for the top part of the end-effector
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Following printing, it was found that the end-effector assembly weighs 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 positions serve to move the robot in favorable positions for
image capture. (Fig. 12)

Robot state

Modbus master in _ Modbus master out
BOBT ]

,,,,,,,,,,,,,,,,,,,,,,,,,,, 1St

error out

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 using the “Color Plane Extraction” function.
Subsequently, the actual object recognition process began. The “Pattern Matching” function was used for
the first shape, namely the disc, for which a template was created. Similarly, 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
were included 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)
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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) In the next sequence of steps, the robot moves to the “Proximity
17 position from which it captures an image, then returns the coordinates of the identified parts and the
number of parts identified in the image. The same procedure is followed for the “Proximity 2” position.
The center of each identified part is then calculated, and the robot is moved so that the electromagnet is
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 storage box 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 the parts, which 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 the end-effector and the part and
with orienting the end-effector.

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 of sorting errors 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 applicability 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 boxes need to be changed. Additionally, there is a focus
on optimizing the end-effector 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 phpMyAdmin and a web interface constructed
using HTML, PHP, CSS, JavaScript , and SQL programming languages. The application aims to optimize a
distribution circuit among customers to achieve the most efficient route while also adhering to time
constraints for orders (failure 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 used by companies 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 Time-Windows (TSPSTW). This problem arises in the context of a
demand for optimal distribution route planning, given the associated time 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
specific 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 long-term 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 this: it starts from 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 repository. [1]

The 2-opt 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 total route length. 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 two new roads in
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 using the new roads. This continues until
there are no more edges that can be effectively swapped. [2]

The "Tabu-Search™ algorithm consists in allowing moves (2-opt or k-opt) with negative results in
the absence of options with positive results. However, this freedom can lead to a cycle of suboptimal
solutions because a negative move can cancel out previously obtained benefits. To avoid these situations,
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Tabu-Search 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 removed by a 2-opt 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 "Ant-colonies™ 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 different 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 according to certain
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 information 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 or
those that have not been explored recently. The search process runs for a defined number of 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 ants . [2. 3]

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 system of keys 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 requirements become more 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 modify the source code), which means it can be customized according
to the user's specific needs. [4,5]

1.3. Programming languages used in developing web pages and applications

To create a web interface, you can use programming languages such as:

e 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]

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

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

e PHP (Hypertext Preprocessor) is a programming language used to develop web pages, as it
allows connection to the database and interaction with it directly from the web interface. [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 tables: "administrare”, "clienti", "distante_locatii",
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"planificare_distributie"”, "program_comenzi_clienti", "vehicul_comenzi" tables 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 B 7 Server 127.00.1 » @ Database: tspbd » [ Table:
# 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 other tables by
the algorithms used to solve the problem. In Fig. 3 are shown the components of the "planificare_distributie” table
after filling with data.
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ID_Circuit_Distributie

ID_Locatie_Plecare  ID_Locatie_Sosire Ziua_Distributie  1D_Comanda

0 3 1 2024-04-15 3
3 2 1 2024-04-15 2
2 1 1 20240415 1
1 0 1 2024-04-15 1
0 4 2 20240416 5
4 5 2 2024-04-16 4
5 [] 2 2024-04-16 4

ID_Segment_Circuit
a2

Distanta_Deplasare_Segment UM _Distanta  Timp_Deplasare_Segment ~ UM_Timp

1 161 Km 194 Minut
2 22 Km 27 Minut
3 22 Km 27 Minut
4 185 Km 222 Minut
1 182 Km 219 Minut
2 25 Km 30 Minut
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
09:41:00
10:08:00
13:50:00
09:39:00
10:09:00

e 2 o e o o o

13:42:00

o & o & o o o

805 1950 Ron
110 1950 Ron
1035 1950 Ron
1035 1950 Ron
910 1920 Ron
1010 1520 Ron
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 updates, and primary 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)

n O tspbd clienti

2 ID_Client - int(20) -

i Nume_Client : varchar(30) n o tspbd administrare
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)

v S

v S

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

tsphbd planificare_distributie

# 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 to be able 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

1 Brasoy
2 Resnov
3 Predeal
4

ID_CLIENT NUME_CLIENT LOGATIE_CLIENT TELEFON AGTIUNE
Mihai Radulescu

e

Fig. 6. Web page of the "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
data in the database. The "Editeaza" button is used to automatically fill in the database the customer's details
existing in the form, by simplifying the process of updating the data. The "Sterge" button is used to delete
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 technologies
such as HTML, CSS and PHP. This interface allows users to enter and manage data related to customers and
orders in a simple and efficient way. It was also created a robust database using MySQL, to store and manage
the data in an organized and efficient manner.

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 and privileges. By
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 application.

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 as 2-opt and nearest neighbor. The integration of this application with the
existing web interface and database will provide a complete and automated solution for distribution route
planning.
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The following notation is used in the work:
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ABSTRACT: In 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 defects and to reduce 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.
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1. Introduction

Image analysis and processing is a technique practiced to increase productivity, 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 [1]. Another problem would be non-compliance 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 landmarks by analyzing
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 the Poka-Y oke type
[3]. These dimensions are later saved in a database.

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 from 90° to 90° 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 LEDs, 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 where a yellow 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 sub-chapters 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:

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

2 — Vise used to manually grip and fix the landmark.

3 — Turntable with internal cylindrical gear with straight teeth that allows the part to rotate at
various angles.

4 — Base that allows supporting electronic components, but also non-electronic ones.

5 — 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.

6 — Microcontroller used to control the other electronic components.

7 — Video cameras used for high quality image acquisition.

8 — Driver that allows controlling the motor step by step.

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

10 — 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.

11 — 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 assembly of electronic components, but also of other
non-electronic 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

In figure 2, the video cameras and the microcontroller are connected to a laptop. Video cameras
are used for image acquisition, and the laptop allows the analysis 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 device, but 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-48
stepper motor, a ULN2003 driver was used that allows signal amplification, which is why the Arduino
microcontroller cannot directly transmit the pulses to the motor.

To protect and increase the life of the LEDs, resistors with a resistance of 220 €2 were connected.
The button is non-retentive and has a "pull-down" type connection with a resistor with a resistance of 1
kQ, so that when it is pressed it sends a value of 1 for true, and otherwise a value of 0 for false, so the
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 subV1 in the dedicated device program. It can be seen in figure 3 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 values of 1 or 0 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 both inside 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 "RAQ01" was designed. In the figure below there is an execution drawing with that
reference. The design of this landmark was necessary to have a physical product 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 RA001

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 Detection — 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 subV1 for both the device's top and side cameras. The values obtained in pixels are correlated with the

dimensions of the part in reality using the simple rule of three, so the application is taught to measure
accordingly.
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Fig. 5. The application 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, but also details 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; the name 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 Structure™ 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 will turn on and
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 90° so 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 rotate the marker 900 clockwise, and the side camera
will take one last image to measure the diameter of a circle.
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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 program. In figure 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 to which 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 communication between 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 the 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 for the landmark, 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 1D. 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 the dimensions 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_Operator"” table has the role of
indicating which milestone must be processed, but also who will be assigned as an operator to the
respective workstation.
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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 thanks to the 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
created for the staff from the Technical Quality Control Department for an easier and more useful
visualization of the dimensions stored in the database.
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ABSTRACT: The project aims at designing and building a prototype equipment that converts user
gestures into audio and text messages, offering assistance to people with speech disabilities. The project
consists of two main modules: the Acquisition Module, which uses flex sensors to capture gesture
movements, and the Processing Module, which processes the captured information, converts it 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 with speech disabilities, offering
them an alternative way to express themselves and interact with others. The development of a functional
prototype is planned, demonstrating the feasibility of the concept and allowing for further evaluation
of its performance and usefulness..

KEYWORDS: gesture conversion, audio message, text message, communication impairments, sign language

1. Introduction

Communication is a fundamental human need, essential for social integration, self-expression, and
access to information. People with language impairments face significant communication barriers, being
limited in their interaction with others and in their access 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 will be carried out
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, which will 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 evaluation of 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 technology 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 to convince the subjects.
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Figure 2 shows a prototype device used for converting finger gestures into audio content. It utilizes
an Arduino microcontroller, which renders the system rather bulky and immaobile.

Fig. 2. Gesture Conversion Device Comprising Two Parts: Glove and Station[3]

3. Product development

Figure 3 illustrates 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 12C protocol 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
gesture. If 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 is received, 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

Table 1 provides an overview of the equipment's features and how they are evaluated technically.
The measurement units used allow for an objective comparison of the performance of the functions.
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Table 1. Units of measurement of functions

device

Fn Function Name Technical Characteristic Functions unit of
measurement

F1 Accurate and fast information retrieval To have reliable flexible sensors no. of bendings

F2 To have an ergonomic design Maximum transportable size wxIxh

F3 High autonomy High battery capacity mAh

F4 High command distance High-range Bluetooth module m

F5 Product accessibility software Saving messages from any smartphone |-

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 with the measurement
units used to express them.

To determine the system's composition, it will be divided into the two distinct modules illustrated
in Figure 4. The components used are: Raspberry Pi Pico, Flex sensor, HC-05 Bluetooth module, 4-
channel ADC converter, 0.96" OLED display, 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

Electronics Hardware Software Electronics Hardware

Software

SCMC4 SCMCS SCMCE SEMC7 SCMC8 SCMmc9
A3 Ad A5 Ab AT A8
Fig.4. Initial system diagram

Figures 5 and 6 illustrate the electrical connections of the components within the system.

Connection diagram
STATION MODULE

OLED 096 Diplay

Fig. 5. Station Module Connection Diagram
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Connection Diagram
Glove Module

Fig. 6. Glove Module Connection Diagram

The design of the necessary components will be done in the onshape parametric design software.
The specific station module housing will need to include mounting surfaces for the components specified
above as 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 that also serves as a hook (Figure 7).

Fig. 7. Station module housing

Figure 8 shows the main interface of the Station Module. This interface includes: Display access
area: This area houses the display screen that prevents information about the device’s status and functions;
Speaker area: This area allows sound to exit the device. Type-C Charging Port: Located on the left side of
the device, this port allows the connection of a charging cable to power the battery. On/Off Switch: Placed
above the charging port, this switch turns the device on or off, connecting or disconnecting it from the

POwWEer source.

Fig. 8. Station module assembly. Main 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 module, Battery: A compact battery with a capacity of 1100 mAh is
positioned on the right side of the perforated board, powering the device. Multifunctional cover: The
housing cover fulfills a dual role: it closes the housing and provides a mounting point on various surfaces,
thanks to the central support.

Fig. 9. Station module assembly. Top view

Figure 10 illustrates the following components: Flexible sensors: placed on the four fingers, these
sensors capture data about finger movement. Main housing: Houses the microcontroller along with the
analog-to-digital converter that analyzes the captured data and then transmits it via Bluetooth. Battery
housing: Contains the battery and charging controller, as well as an on/off button. This module has been
divided into two separate elements to facilitate the wearing of the equipment. All of these components will
be sewn onto a textile glove that the user will wear.

Fig 10. Glove assembly. Isometric view
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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"
hasdemonstrated the feasibility of the concept of facilitating communication for people with hearing
impairments by converting gestures into audio and text messages. The prototype developed has highlighted
the basic functionality and has allowed the identification of optimization directions, 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 creation of a final version 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 present the design, 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 experimental stand, the
computational effort is supported on a development board made in Romania, compatible with Arduino
Mega 2560 (Ground Studio - Jad Mega). For the design and manufacture of the experimental stand, we
used the Dassault Systemes Catia V5 CAD program together with UltimakerCura 5.5.
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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 range of domains.

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 programmable 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 need for major changes.

. ';’r |

N

Fig. 1 Workspace between cobot and operator [2]

The first cobots ensured 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 company. At that time, the market demand for intelligent
assistive devices and the safety standard "T15.1 Intelligent assistive devices — personnel 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 operator [3]

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 safety of the 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 robots. [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 include safety 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 gripper-type effector. 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 make it easy 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 PET-G to provide a resistant structure to the articulated arm. Also, the connecting parts
between the parts are assisted by ball bearings, one of which is axial, for a smoother and easier handling of
the motors, assembly by screw-nut 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 controller Arduino Mega 2560 [4] (Ground Studio - 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 end-effector attached has five degrees of freedom, two servo motors, one
with the angle of 120° MG995 [5] used in the end-effector, respectively a continuous 360° DS04-NFC [6]
used at the base of the robotic arm, and three Pololu micromotors [7] in direct current. The load-bearing
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°
Load-bearing 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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Fig. 3 Kinematic diagram of the articulated arm

A—fr”

The kinematic diagram represents the mode of operation and placement of the motors,
respectively M1, M2, M3, M4 and M5. The joints were denoted with A, B and C respectively, the engine
rotations with R1, R2, R3 respectively R4 and with T the opening angle of the end-effector type gripper
with two sticks.

The size of the working space around the axis of the M1 motor is 280°, respectively the rest of
the motors having a variable angle depending on the working space. To the M1 we attached a metal
flange to make the connection between the M1 and the 1 axis.

Side View Top View

Fig. 4 Workspace layout
The design and 3D visualization of the entire assembly was carried out in the Dassault

Systemes Catia V5 CAD program together with UltimakerCura 5.5; for the realization of the G. code and
visualization of the printing mode of the parts and the support necessary for printing the complex shapes of

the segments that make up the articulated arm.
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Fig. 5 Catia V5 program interface and final product assembly

The settings chosen for small resistance parts: accurate printing and easy deburring prose, we
used the settings as in Table 2. For the production of large component parts, the settings are similar,
differentiating the degree of filling, which is 30%, reducing the weight and total consumption of material,
respectively the printing time.

A UltiMaker Cura

Layer view

e®@oBo

Table 2. Required settin

s UltiMakaer Cura

Features Settings used
Profiles Draft
Layer Height 0.2 mm
Wall Thickness 0.2 mm
Infill Density 100%
Infill Pattern Triangles
Printing Temperature 220
Print Speed 60 mm/s
Support (Yes/ No) Yes
Support Placement Everywhere
Bracket overhang angle 45
Support pattern Zig Zag
Build plate adhesion type Brim

Line Type

>
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The execution drawing in Fig.8 represents the dimensions of the finished product but also the list
of component parts, including the motor elements. However, the composition table does not include the

Fig. 7 The "Brat2" part made by éD printing

overall elements, namely screws, nuts and bearings used.
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Fig. 8 Execution drawing of the articulated arm

Therefore, Table 3 shows the unprinted components, their name and the quantity needed to

assemble the robotic arm made and studied.
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Table 3.Components required for robotic arm assembly
Product name Quantity purchased

Servo Motor Gripper: MG995 1
Servo Motor Base: DS04-NFC 1
Pololu 298:1 DC micromotor 3
Driver motor DRV8838 3
1
1

Grand Studio Jade Mega
Thrust Ball Bearing 51103 WELT

608RS Radial Ball Bearing 6
M3 x 5mm Screw =25
Screw M2 x 5mm =6

M3 Nut =25
M2 Nut =6
Metal rod 2mm x 150mm 2

In figure 9 | represented the electronic diagram based on which | made the electrical circuit for
the experimental stand. For a better understanding of the circuit I have established a color convention as
follows: red - power, black - GND, green - digital 1/O, respectively blue - analog 1/0.
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Fig. 9 Electrical diagram of the SERVO control system made in the KiCAD program

Considering the specifics of the work, | chose as a control method a set of two return buttons
together with a unidirectional handle. The buttons are connected to the Arduino Mega microcontroller using
the integrated PULL-UP resistors, reducing the complexity of the circuit. They are used to close and open
the gripper jaws.

60



Compared to the return buttons that only require a digital signal (1 or 0), the handle returns an
analog value between 0 and 1023. This gives the experimental stand the possibility of a sufficiently fine
adjustment of the speed to achieve a smooth movement.

4. Conclusions

As a result of the research carried out on the current stage, we have noticed that the use of non-
collaborative robots is well received in small industrial applications, for example: computer assembly,
assistance in additive processes, assistance in palletizing, respectively in the pharmaceutical field (making
customized mixtures, encapsulation of medicines).

Another important factor when it comes to collaborative robots is the versatility they show. A single
collaborative robot can perform multiple tasks depending on the code applied to it. Thus, considering the
task it has to perform, the collaborative robot can be equipped with another set of tools, cameras or sensors,
as well as specially established functions.

Given the small size of a cobot, it can be said that the manufacturing process is relatively difficult.
The difficulty arises due to the shape and specificity of the collaborative arm, which is made of easily
deformable and light-weight materials. The printing of the parts required multiple trials and versions,
respectively for the drive shaft, because the precision of the printing did not allow exact printing, plus
measurement error of the assembly parts, such as bearings and screws.

In conclusion, using a collaborative robotic arm is useful for small productions to ease repetitive
and long-term work. Eliminating them increases productivity and reduces the time needed to complete the
proposed application. Therefore, purchasing a cobot, but also manufacturing one with mid-level
characteristics, represents a lower cost.
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6. Notations
1/0 = input/output connector

GND= grounding
Cobot = collaborative robot
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ABSTRACT: The paper "Designing an Algorithm and Developing a Software Application for Phased
Distribution of Products with a Fleet of Transport Vehicles" is based on the development of a software
application that uses a Microsoft Access database and a web interface created with HTML, CSS, JavaScript,
SQL, and PHP programming languages. The application aims to optimize product distribution for a certain
number of clients with a fleet of vehicles, allocating the products to each vehicle based ontheir volume
without exceeding the vehicle's total capacity, while simultaneously maximizing profit. The purpose of the
paper is to present the current status of the web interface and the database, as well as to discuss algorithms
that can be used to optimize the distribution process.

KEYWORDS: knapsack problem, database, web interface, algorithm, distribution

1. Introduction

In the digital era we live in, the integration of information technologies is imperative in the context of
any business activity. The importance of information systems in today's era lies in facilitating efficient
information management, automating processes, improving communication, and making data- driven
decisions. The application is based on the "Multiple Knapsack Problem," which involves assigninga
subset of items to different knapsacks in such a way that the profit obtained from the chosen items is
maximized without exceeding the capacity of the knapsack. For this type of optimization, exact or heuristic
algorithms (Greedy Algorithms) are used, employing methods of complete enumeration, dynamic
programming,or techniques of decomposing the problem into subproblems that can be solved separately,
with the partial solutions being combined to obtain a global solution. The product distribution
optimization application with a fleet of vehicles considers a number of clients who may have multiple
orders, the same product in multiple quantities, or multiple clients ordering the same product. Products
must be allocated to vehicles based on the profit they bring, ensuring that their total capacity does not exceed
that of the vehicle and that allorders are delivered on the scheduled date to avoid delay costs.

2. General considerations
2.1. Multiple Knapsack Problem - concept and applicability

MKP is a generalization of the classic Knapsack Problem, where we have a single knapsack and must
choose items to maximize the total value without exceeding the knapsack's capacity. In the case of MKP,
we have multiple knapsacks and must distribute the items among them in an optimal way. This problem
arises in various practical fields, such as inventory management, production planning, packing and
distribution of goods, resource allocation in communication networks, etc. Efficiently solving the MKP
can contribute to cost optimization and improve operational efficiency in various industrial and
commercial domains.
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Combinatorial optimization is the process of finding the best or optimal solution for problems with a
discrete set of feasible solutions. Applications appear in numerous contexts involving operations
management and logistics. The economic impact of combinatorial optimization is profound, affecting
diverse sectors. While much progress has been made in finding exact solutions for some Combinatorial
Optimization Problems (COPs), many challenging combinatorial problems are still not solved exactly in
areasonable time and require good heuristic methods. The aim of heuristic methods for COPs is to quickly
produce high-quality solutions. Modern heuristics include simulated annealing, genetic algorithms, tabu
search, and ant colony optimization. In many practical problems, these have proven to be efficient and
effective approaches, being flexible enough to adapt to variations in problem structure and objectives
consideredfor solution evaluation. For all these reasons, metaheuristics have likely been one of the most
stimulating research topics in optimization over the past two decades [1].

2.2.

Algorithms and efficient resolution methods for the Multiple Knapsack Problem

Subset-sum Method: Lower bounds are obtained by dividing the chosen elements in the SMKP
into the m knapsacks. This is achieved by solving a series of Subset-sum Problems, where the
knapsacks are considered for increasing values. Smaller knapsacks are generally more difficult
to solve than larger ones, as very few elements fit inside. In the first iteration, is filled the
smallest knapsack as much as possible and corresponding elements are removed from the
problem, then proceed to the next smallest knapsack [2].

Reduction Algorithm: As known from standard 0-1 Knapsack problems, the size of an MKP
can be reduced through preprocessing. For a given element j, let u0(j) be any upper bound with
the additional constraint Y i=1mxij=0. If u0(j)<z for any lower bound z, then can be added the
constraint

Yi=1mxij=1 to the problem, meaning that in any optimal solution for MKP, element j must be included
in some knapsack [2].

Threshold-based Online Algorithm (OTA): The basic idea of OTA is to use threshold functions
toestimate the cost of a non-fractional knapsack assignment under minimal assumptions and
determinethe online solution by solving a pseudo-utility maximization problem, i.e., the value
obtained fromthe element minus its packing cost. This idea is extended to FOMKP, where the
estimated cost of assignment decisions is approximated by an integral of the threshold function

3].

Upper Bound Algorithm: Upper bounds for MKP can be derived by relaxing some of the
secondary constraints, where surrogate, Lagrange, and linear relaxations are the most
common.By relaxing the constraint Y i=1mxij<1, j=1,...,n, it is shown that the Lagrangean
relaxed problemcan be decomposed into m independent 0-1 Knapsack Problems. However, there
is no optimal choiceof multipliers {A;} for relaxation, so a subgradient optimization technique is
usually employed [2].

Greedy Algorithm: This is one of the simplest and most widely used algorithms and works by
iteratively selecting elements based on a certain heuristic. The algorithm uses the element
withthe highest value from the remaining elements; this maximizes the knapsack value as
quickly as possible, after which the lightest element from the remaining ones is chosen, utilizing
capacity as slowly as possible, allowing more elements to be packed into the knapsack [4].
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2.3. Database - Microsoft Access

Microsoft Access is a relational database management system (RDBMS) developed by Microsoft
Corporation. It is a powerful tool for storing and managing data, allowing users to create, edit, and save
data in a structured format. Additionally, Microsoft Access provides functionality for creating user-
friendlyinterfaces, reports, and forms for data presentation [5].

Microsoft Access is a highly popular solution for database management due to its ease of use, integration
with other Microsoft products, and the flexibility it offers. Moreover, Microsoft Access is a scalable tool,
meaning it can be used for both small and large databases. With Microsoft Access, users cancreate and
manage relationships between different data sets, allowing them to create complex reports that combine
data from multiple tables [5,6].

Additionally, users can use SQL to query the database and retrieve data based on search criteria. Overall,
implementing an Access database in a web application can be an efficient and convenient solutionfor
creating and managing real-time data and improving business process efficiency. However, it is importantto
consider performance, security, and data integrity to ensure a proper and secure experience for users
[5,6,7].

2.4. Programming languages and technologies used in the development and
creationof web pages and applications

To create a web interface, we can use various programming languages, among which we include:

o HTML (HyperText Markup Language) is a markup language used to create web pages. Using
HTML, you can create elements such as text, images, hyperlinks, and web forms [8,9].

e (CSS (Cascading Style Sheets) is a styling language used to define the appearance and style of
elements on a web page. CSS can be used to change background colors, fonts, margins, and
manyother styling features of a web page [8,9].

e JavaScript is a programming language primarily used to create interactivity in web pages.
JavaScriptcan be used to validate forms, create special effects, modify page elements, and much
more [8,9].

o PHP (Hypertext Preprocessor) is an interpreted web programming language used to generate
dynamic content for web pages. PHP can be used to create web applications, forums, blogs,
and much more [8,9].

3. Current work state

The application consists of two fundamental parts: the database and the web interface. The database was
created using Microsoft Access and contains 6 tables with data used for testing the application
("Administrare" "Clienti", "Vehicule_transport", "Produse”, "Comenzi_distributie", and
"Planificare_distributie").

The tables are presented in Fig. 1.
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Fig. 1. The structure of the database and the tables comprising it

In Fig. 2 are shown the relationships between tables that allow users to access and manage
information.

¥ Io_produs
Den_produs
Cod_produs Comenzi_distributie
Descriere_produs ¥ 10_comanda
Volum_produs ~— ¥ ip_produs
UM _volum_produs. — 1D_client
Pret_produs Cantitate_produs
UM _pret UM _cantitate
Data_distributie_programata
Venit_distributie_programata Planificare_distributie
Clienti UM_venit_distributie
¥ iD_distributie

] Penalizare zilnica_intarziere_distributie
i  zilnica | X
D_client — | ¥ 1D_comanda

Den_firma Cost zilnic_intarziere_distributie s
2 —2 1D_produs
Nume UM _cost intarziere P!
— 1D_client
1D_vehicul

Data_distributie_programata

Prenume
Numar_telefon
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Ve s Data_distributie_realizata
Adresa_livrare ‘ehicule_transport

Zile_intarziere_distributie

¥ iD_vehicul

Venit_distributie_zilnica

Den_vehicul UM _venit

Descriere_vehicul Cost_intarziere_distributie_zilnica

Volum _transport_vehicul UM _cost_intarziere
UM_volum Profit_distributie_zilnica
Disponibilitate_vehicul UM _profit

Numar_transporturi zi

Fig. 2. Database table relationships

In Fig. 3, the web interface for the user login window is presented. It also features a "Home"button
that redirects the user to the main page shown in Fig. 4.
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Administrare

Utilizator
Parola
Conectare

Anulare

Fig. 3. Login Page

From the main page, the tables in the database can be accessed. The main web page was created using
HTML and CSS for styling, and each click on the desired section in the navigation bar will open a new

page characteristic to a table in the database.

0 83

1l - q
b /\
N N =
O=OLOE : : (G
PRODUSE CLIENTI VEHICULE COMENZI

ADMINISTRARE DISTRIBUTIE

Fig. 4. Main Page
In Fig. 5, the page corresponding to the "Produse” table from the database and the relevant data are
observed. The page also contains a navigation bar that the user can use to access another page with data
or return to the main one.

Additionally, three buttons, "Editare", "Stergere", "Adauga", have been added. By positioning thecursor,
the user can choose to edit the data, delete them by selecting the desired row, or add a new row with data.

66



Administrare Distributie Produse Clienti Vehicule Comenzi

PRODUSE

Select{ID_produsDen_produs|/Cod_produs|Descriere_produs/Volum_produs/UM_volum_produs|Pret_produs/UM_pret|
U 1| Produs 1 PRD.001 Descriere 1 0.400 mc| 320 lei|
2| Produs 2 PRD.002 Descriere 2 0.150 me 150 lei

3| Produs 3 PRD.003 Descriere 3 0.300, mc| 845 lei
4| Produs4 | PRD.004 Descriere 4 0.500 m| 400, leil
5| Produs5 | PRD.005 Descriere 5 1.000 mg 1500} lei)
6|

Fig. 5. Page corresponding to the "Produse™ table

4. Conclusions

Up to the present moment, it has been developed a database designed in Microsoft Access and connected
to a web interface created using HTML and CSS programming languages, which can provide accessibility
and direct administration of the database from the platform, by allowing simple and efficient data editing,
deleting and addition.

Furthermore, by using the concept of the "Multiple Knapsack Problem™ and the Greedy algorithm
presented, it can be identified one of the best optimization methods for a distribution process based on
limited capacity and profit maximization.

To complete the work, it is planned to improve the performance of the database and the web interface,
and to create an application based on solving the MKP problem using the Python programming language
and the Greedy algorithm, where the products will be selected based on the ratio of benefit to weight,
starting with the most profitable ones until the chosen vehicle is full.

In conclusion, by combining the mentioned tools a software for data management and product distribution
process optimization can be created to significantly increase performance and productivity.
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6. Notations
SMKP - Maximum Sums of K Subsets FOMKP - Orthonormal Families of K-Pair Sets
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ABSTRACT: The paper proposes the development and implementation of a navigation system for an
Autonomous Mobile Robot (AMR), integrable with ROS2 and NAV2, to optimize intralogistics activities
in a production center. The system aims to efficiently manage workflows, using the AMR for
transporting semi-finished products, processed parts, and finished pieces. Optimization of intralogistics
flows such as Line feeding and End of Line is pursued, leveraging the Nav2 navigation algorithm. The
work also includes implementing a temperature measurement and control system for the robot’s motors
and creating simulation scenarios. The main outcomes will be the AMR’s control and navigation
algorithm, a simulation model developed in Plant Simulation, and hardware enhancements for the
AMRTCM. Additionally, the paper details the design of the software application using ROS 2 and Nav2,
along with the implementation and testing of the software application.

1. Introduction

The paper proposes the development and implementation of a navigation system that can be
integrated into ROS2 and NAV?2 for intralogistics activities with an autonomous vehicle (AMR) within a
given production center. The purpose of the paper is to provide an efficient and flexible solution for
managing and optimizing workflows within production centers, using an AMR for the transport of semi-
finished products, processed parts, as well as finished parts. By integrating this autonomous navigation
system within a production center, the aim is to optimize workflows, reduce costs, and increase operational
efficiency.

2. General Structure and Operating Principles of the Software Application

The main targeted intralogistics activities are Line feeding and End of Line. Optimizing the line
feeding intralogistics flow involves using mobile robots to transport materials and products between
production lines and storage. These robots are capable of making autonomous decisions, adapting to
changing environments, and delivering materials precisely. Optimizing the end of line intralogistics flow
involves using these robots to streamline the processes of picking up and delivering finished products from
production lines to storage.[1][2]

The operation of the AMR for executing intralogistics activities involves the use of a Nav2
navigation algorithm that should integrate roles such as: perception of the environment, planning of optimal
routes, control and precise localization of the vehicle, complete modeling of the environment, dynamic
route planning, and obstacle avoidance to ensure autonomous and efficient movement between stations
within the location of a production center with a predefined configuration.

In this study, a predefined hardware configuration of a differential autonomous vehicle called
AMRTCM[3] will be used. This is based on a chassis of dimensions 420x290x400, a propulsion subsystem
consisting of two DC motors Andy Mark 2964 NeveRest 40, a BasicMicro RoboClaw 2x30A controller for
motors, a localization subsystem consisting of: an inertial sensor IMU MPU9250, a lidar LD19, a computer:
Raspberry Pl 4b 4GB with Ubuntu 22.04 and ROS2, as well as a FirstPower FP1290 12V 9Ah battery. The
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AMRTCM will be able to transport loads of up to 50Kg in boxes/pallets with predefined volumes with a
placement surface of 500mmx500mm.

In this specific configuration, the AMRTCM will operate in a given location: the CK004 hall within
the IIR faculty. A simplified work scenario will be considered for processing a reference according to a
technological process that uses two machine tools. Thus, the AMRTCM will feed semi-finished products
to a KNUTH LabCenter 260 processing center, and after processing, the parts are transported by AMR to
another machine tool, the MG 16 drilling machine, where they will be processed again. Once completed,
the finished parts are transported by the same AMR to a discharge station. The tasks of the AMR are clearly
defined and include transport from the loading station to pick up the semi-finished products, then navigation
to the processing center, the drilling machine, and the discharge station. These routes are established in
advance, and the AMR must move autonomously, using the Nav2 navigation algorithm, to avoid obstacles
and ensure dynamic route planning. At the processing center, the AMR leaves the semi-finished products
and can perform other activities or return to the battery charging station for recharging. It is essential that
the algorithm provide a comprehensive perception of the surrounding environment and be capable of
managing planning and control in real time to ensure the efficient operation of the entire process. Analyzing
the initial operation of the AMR, it was found that it would also be necessary to implement a temperature
measurement and control system on the robot’s motors for several reasons:

Preventing Overheating: The robot’s motors can become very hot during operation, especially if

the robot is used for long periods of time or under difficult conditions. Overheating can lead to

motor damage and can reduce its lifespan.

Performance Optimization: By monitoring the temperature, we can adjust the speed and load of the

motor to ensure that it operates within optimal parameters. This can help improve the efficiency

and performance of the robot.

Safety: An overheated motor can pose a fire risk, especially if the robot is left unattended for long

periods of time. By monitoring the temperature, we can detect any anomalies and take measures to

prevent any unwanted incidents.

Maintenance and Diagnosis: A temperature measurement system can help identify potential

problems before they become critical. For example, a sudden increase in temperature may indicate

a problem with the motor’s cooling system or with the motor load.

The input data for the current topic includes the site configuration, which will be used to generate
the navigation map, the technical specifications of the existing equipment, such as the CNC machine, and
the hardware configuration of the pre-existing robot.

The main results of the topic will be represented by: the control and navigation algorithm of the
AMR, a simulation model made in specialized software application: Plant Simulation. which will
illustrate the workflows and efficiency of the proposed system. Also, hardware improvements will be
made to the AMRTCM by implementing the temperature measurement and control subsystem on the
robot’s motors.

3. Detailed design of the computer application

ROS 2, also known as Robot Operating System 2, is an essential software platform for creating
robotic applications, often referred to as a software development kit (SDK) for robotics. A crucial aspect is
that ROS 2 is an open-source product, distributed under the Apache 2.0 License. This provides users with
the freedom to modify, use, and redistribute the software, without being obliged to contribute back.
Although ROS is not an operating system in the traditional sense, it offers services that are designed for a
cluster of heterogeneous computers, such as hardware abstraction, low-level device control,
implementation of commonly used functionalities, message passing between processes, and package
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management. In addition, ROS2 continues to offer valuable tools for developers, including drivers and
state-of-the-art algorithms, which are essential for every robotics project.[4][5]

ROS 2 is based on the concept of uniting different workspaces through the shell environment. In
ROS, a “workspace” is the place in the system where ROS 2 development takes place. The main workspace
in ROS 2 is known as the “underlay”, while additional local workspaces are called “overlays”.[4][5]

Nav2 represents an evolution of the ROS navigation stack, adapting the technology used in
autonomous vehicles to suit the needs of mobile and surface robots. This navigation library allows robots
to move in complex environments and perform a variety of user-defined tasks. Nav2 not only manages
movement from one point to another, but it can also manage intermediate positions and other tasks, such
as tracking objects or fully navigating an area. Offering a wide range of functionalities, including
perception, planning, control, localization, and visualization, Nav2 builds highly reliable autonomous
systems. The navigation library calculates an environmental model based on sensory data, dynamically
plans routes, calculates speeds for motors, avoids obstacles, and coordinates complex robot behaviors. In
addition, Nav2 uses behavior trees to create customized and intelligent navigation behaviors, coordinating
multiple independent modular servers that can calculate paths, control efforts, or any other navigation task.
These servers communicate with the behavior tree through the ROS interface, allowing a robot to use
multiple behavior trees to perform a variety of unique and complex tasks.[6]

Based on these concepts, the architecture of the Nav2 navigation algorithm has been defined,
customized for AMRTCM according to Fig.1.
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Fig.1. The architecture of the Nav2 naV|gat|on algorithm customized for AMRTCM

To implement a navigation algorithm with Nav2, the following steps are taken: the robot is
configured and the correct operation of the hardware and software components, including ROS2 and Nav2,
is ensured; Nav2 is launched by running a launch script that initializes the ROS nodes; the mapping process
is initiated, in which the robot explores the room and collects data from its sensors, which are used to build
amap of the room; the data is visualized in RViz (Robot Visualization), which is a ROS2 tool for visualizing
and debugging robotic systems, for monitoring and evaluating the collected data; the built map is saved for
later use; and finally, the room is navigated using the saved map. This complex approach ensures the
efficient and safe guidance of the robot through the environment, dynamically adapting to conditions.
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Tecnomatix Plant Simulation is a simulation software developed by Siemens, specializing in
production processes and logistics. It allows the creation, visualization, analysis, and optimization of
production systems and logistic processes.[7]

Creating a simulation model for intralogistics activities with an autonomous vehicle (AMR) is
essential for operational efficiency, allowing the testing and optimization of various scenarios and operating
strategies in a virtual environment. It can be used for planning and designing the infrastructure necessary
for the implementation of AMRs, including the location of charging stations, transport routes, and space
optimization. Through simulation, the performance of AMRs can be evaluated in different scenarios,
facilitating informed decision-making and strategy adjustment. Also, simulation helps identify and manage
potential risks before the physical implementation of AMRs, allowing for preventive measures. In addition,
the simulation model can be used for training operators and maintenance staff, reducing adaptation time
and increasing efficiency during actual implementation.[7][8]

Creating a simulation model is essential for achieving an efficient, safe, and well-planned
implementation of these technologies in the production environment. At the entrance to the CKO004 hall,
there is a feeding and picking area for parts. On the left side of the feeding area, there is the LabCenter
KNUTH 260, used for part processing. Also on the left side, but closer to the feeding area, there is a
charging station for the AMR battery. At the opposite end of the hall entrance, there is a drilling machine
MG16. To connect all these elements, there is a route that links the feeding area, the CNC machine, the
AMR battery charging station, and the drilling machine according to fig.2.
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Fig. 2. The sketch of the CK004 hall, the map resulted from the mapping and the hall simulated in Plant Simulation.

4. The creation and testing of the computer application

A workspace in ROS 2 is a directory that hosts the ROS 2 packages under development, making it
the ideal place for their development and testing. It includes folders such as: “sr¢” for developed packages,
“build” for files generated during construction, “install” for generated programs and resources, and “log”
for build and run logs. Inside “src”, there are folders such as “cmake” for CMake files, “config” for
configuration files, “environment” for setting environment variables, “launch” for launching ROS 2
packages, “maps” for maps, “params” for ROS 2 node parameters, “rviz” for RViz configuration, “urdf”
for robot models, and “worlds” for Gazebo simulations.

amrtem_nav

cmake config en\rlmnmen launch maps params rviz urdf worlds

Fig. 3. The structure of the source folder (src)
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The physical robot’s workspace has a similar structure, containing ROS 2 packages developed for
motor control, sensors, motion planning, and interaction with external environments, along with
configuration files for initial settings, launch files for configuring ROS 2 nodes, the URDF model for
describing the robot, packages for interacting with specific hardware, packages for simulation and RViz
visualization, packages for advanced planning and control, as well as other project-specific packages for
additional functionalities and integration with other systems. The ROS2 launch script defines and launches
a series of nodes: the ROS2 control node, the robot state publishing node, the controller generation nodes,
the LIDAR node, as well as the node for the inertial IMU sensor. Also, a series of paths to various
configuration files and parameters necessary for nodes are defined.

Regarding the measurement and control of temperature, the DS18B20 sensor represents the optimal
choice in this case due to its wide temperature range (-55°C to +125°C), ease of connection to the Raspberry
Pi4, the ability to be mounted directly on the surface of interest, and its availability and competitive price
on online platforms.[9] At the same time, a 3D printed clamp is necessary to protect the sensor from
damage, ensure stable contact with the motor for precise measurements, and allow customization to
perfectly fit the motor and sensor. As a material for 3D printing, PETG is the ideal choice for the sensor
clamp due to its durability, temperature resistance, ease of printing, and recyclability.

Fig. 4. The DS18B20 temperature sensor and the CAD model of the clamp.

The testing part of the temperature sensor was carried out using a Raspberry Pi 4 equipped with
Ubuntu and an Andy Mark 2964 NeveRest 40 type motor, identical to those in the AMRTCM configuration.
Using Raspberry Pl and a breadboard, the sensor was connected as follows: the red wire to pin 1 of 3.3V,
the black wire to pin 6 of GND, and the yellow wire to pin 7 (GP104) on Raspberry PI, with a 4.7k resistor
between the red and yellow wires. The motor was powered from the socket with a 60W, 12V, 6A source,
and the sensor was placed in the clamp to maintain contact with the motor. In addition, to monitor the
temperature evolution and cooling conditions, a fan was added behind the motor. The fan helps dissipate
the heat generated by the motor, allowing the sensor to measure the temperature in a cooler environment.
This is useful for understanding how the measurement system works and for optimizing motor performance.
In the final version, the use of the breadboard will be abandoned, and the connections will be made directly
on the pins on the Raspberry Pi. This will simplify the wiring diagram and reduce the space needed for
mounting the entire system, making the installation cleaner and more efficient. This will also allow better
cable management and improve the reliability of the connections.
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Fig.5. The placement of the fan and the final connection diagram.

A Python program was created to read the temperature, which communicates with the sensor via
the 1-Wire interface. It loads the wl-gpio and wl-therm modules, identifies the sensor in the base directory
/sys/bus/wl/devices/, reads the sensor’s unique identifier and data from the sensor, processes this data to
extract the temperature in Celsius and Fahrenheit, and displays these values in a repetitive loop that writes
every minute. The engine ran continuously for 30 minutes, with temperature monitoring continuing for
another 30 minutes after it stopped, to track the temperature evolution during heating and cooling. This
process was repeated with the fan in operation, and the results were graphically represented to more clearly
visualize the data, detect trends, and identify possible anomalies that could help optimize performance and
prevent engine failures. The graph illustrated two different temperature trends depending on the presence
or absence of cooling, with a blue curve indicating a gradual decrease in temperature with cooling and an
orange line suggesting a faster temperature increase without cooling. If the engine temperature exceeds a
certain threshold, AMRTCM enters a fault mode to prevent damage to the robot’s internal components
caused by overheating, underscoring the importance of maintaining engine temperatures within specified
limits to ensure efficient and durable robot operation.
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Fig.6. The graph of temperature evolution over time

Regarding the simulation of intralogistics activities, the AMR is configured in a virtual
environment using Tecnomatix Plant Simulation. In the first scenario, an operator places a box of semi-
finished products in the AMR’s loading area. The AMR picks up the box and moves towards the CNC
processing center, where a robotic arm is located. The robotic arm takes the semi-finished products from

73



the box and introduces them into the CNC machine for processing. After the processing is completed, the
robotic arm removes the processed parts from the machine and places them back in the AMR’s box. The
AMR transports the box back to the operator, who unloads the finished parts.

Fig.7. Creating the first simulation scenario

In the second scenario implemented in Plant Simulation, an operator loads a box of semifinished
products onto an autonomous mobile robot (AMR), which transports the box to a CNC processing center.
Here, a robotic arm picks up the semifinished products, places them into the CNC machine for processing,
and then loads the finished parts back into the box. The AMR then takes the box to a drilling machine,
where another robotic arm retrieves the processed parts, places them into the machine for further processing,
and finally loads the finished pieces back into the box. Ultimately, the AMR returns the box to the operator,
who unloads the final parts. In the future, simulations will be conducted using experimentally estimated
values for the travel times of the AMRTCM and estimates for processing times for specific machining
operations from the two machine tools. These simulations aim to demonstrate the efficient integration of
the AMR into a production flow, ensuring optimal transport of semifinished products and finished parts.

Fig.8. Creating the second simulation scenario
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6. Conclusions and Development Directions

In the study, an advanced navigation algorithm was developed for an autonomous mobile robot
(AMR), integrated with ROS2 and NAV?2. This algorithm was tested by creating a map of the CK004 hall
and navigating within it using the AMR. The system can enhance operational efficiency by automating the
transport of semifinished products, processed parts, and finished pieces, while also providing flexibility in
managing workflows to quickly adapt to changes within processing centers. Looking ahead, there are plans
to improve the Nav2 navigation algorithm to more efficiently handle environment perception, optimal route
planning, precise control, and vehicle localization. On the hardware side, a temperature measurement and
control system has been developed for the robot’s motors. This system can prevent overheating, optimize
performance, ensure safety, and facilitate maintenance and diagnostics. It was tested by verifying
temperature sensors under both cooling conditions and without cooling. The Python program for
temperature reading will be transformed into a ROS2 node to fully integrate it into the application,
providing better integration and greater flexibility for application development and expansion.
Additionally, a simulation model of multiple intralogistics flows was developed in Plant Simulation. This
model was evaluated by simulating two working scenarios of the AMR. Looking ahead, the simulation
model in Plant Simulation will be optimized to more accurately reflect real operating conditions and allow
more efficient testing and validation of various scenarios and operating strategies. Furthermore,
experimental estimates of travel times for the AMRTCM and processing times for machining operations
from the two machine tools will be incorporated into the simulation.
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ABSTRACT: This paper aims to present the design and development process of an IT application that
controls an AMR (Automated Guided Vehicle) platform with a robotic arm through the ROS2 (Robot
Operating System 2) framework. This technology allows high modularity in industrial and logistics
processes, representing a crucial element for adaptability to various working conditions. With the help
of this application, we can automate any type of AMR platform as long as it is equipped with LIDAR
and encoders. This framework allows us to update the software of old robots and integrate them in
advanced processes without the need to replace the hardware part.

KEYWORDS: AMR, ROS2, LIDAR,
1. Introduction

This paper aims to create a software application for the autonomous navigation of an AMR vehicle.
The system control will be carried out by the ROS2 framework on a PC station. The control system will
communicate via the DDS protocol with the controller placed on the vehicle. The controller will perform
both the acquisition of data from the sensors and their transmission back to the PC station, as well as the
control of the electrical motors on the vehicle.

The components of the system:

- ROS2M (Robot Operating System 2) is an open-source framework that aims to provide developers
with a standard software platform that can be used for research, prototyping, implementation, and
production. Due to the standardization of these software solutions, the libraries communicate with each
other efficiently, offering a high modularity to a robotic system controlled by ROS2.

- LabView is a graphical programming environment created by National Instruments. It allows a
faster understanding of the program than a traditional programming language, the functional nodes being
linked by wires, so it is easy to detect the transfer and the path that the data follows.

- MyRIO is a controller made by National Instruments. This is an intuitive and easy-to-use
controller, its purpose being educational. MyRIO allows LabView programs to be loaded onto it, so the
program can run in a remote environment. It has Wi-Fi connectivity and is equipped with several inputs
and outputs to be connected to sensors and actuators.

For a good functioning of the system, all these components must communicate with each other.
This is done through the DDS protocol. The PC equipped with the ROS2 framework communicates via
DDS with the LabView program on the PC. The LabView program on the PC communicates through the
DDS with the program on the MyRIO. Thus creating a communication loop with the help of which the
system can function (Fig.1).
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Fig.1 Data communication path

2. Identifying the necessary technologies

An AMR (Autonomous Mobile Robot) must be able to operate autonomously without human
intervention in an uncontrolled environment without having fixed trajectories. It must be flexible and be
able to change its trajectory in real time, either due to a new obstacle or due to a human intervention on the

Main software technologies to be implemented:

Autonomous navigation

Mapping capability

User machine interface
Controller-vehicle communication
Data acquisition

Control of the actuators
Simulation environment

Regarding "Autonomous Navigation", "Mapping Capability"”, "User Machine Interface"
and "Simulation Environment", these can be obtained with the help of ROS2 modules that
guarantee a good communication between them. And "Control of the actuators”, "Acquisition of
data™ and "Communication controller - vehicle™ will be carried out with the help of the libraries
present in LabView.

3. AMR design for simulation in ROS2

The project is initiated by installing a virtual machine running Linux. With the help of the
documentation(? provided by the ROS2 developers, we can install the ROS2 Iron version. Functionality
testing is carried out with the help of the demo programs provided by ROS2 (Talker demo and Listener
demo, Fig.2).

m cosmin2@cosmin2-virtual-machine: ~  Q x R cosmin2@cosmin2-virtual-machine: ~

1§ ros2 run demo_nodes_py talker :°$ ros2 run demo_nodes_py listener
[INFO] [1715266815.312624604] [talker]: Publishing: "Hello World: " [INFO] [1715266815.336716832] [listener]: I heard: [Hello World: 0]

[INFO] [1715266816.296911114] [talker]: Publishing: "Hello World: 1" [INFO] [1715266816.297681122] [listener]: I heard: [Hello World: 1]
imrn] [1715266817.297673132] [talker]: Publishing: "Hello World: 2" ﬁINFD] [1715266817.298678323] [listener]: I heard: [Hello World: 2]

Fig. 2. Talker Listener demo
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Realizing a project in ROS2 requires the creation of a work environment. It was created using a
standard way that is easy to understand and navigate.

P PP - r

CMakelLists config description launch LICENSE. package. README. worlds
ext md xml md

Fig. 3. Components of amr_platform project

The visualization of the created model will be done with the help of the graphic interface RVizE!,
This allows us to visualize and interact with the vehicle model, this application being later used to
command and interpret the data provided by the simulation or the physical robot.

To view the vehicle, it must be created using a URDF (Unified Robot Description Format) file. It
is written using the XML language and contains the geometric dimensions, mass, inertia, and
characteristics of the model.

robot.urdf.xacro

I I

robot_base.xacro lidar.xacro ros2_control.xacro

|

inertial_macros.xa
cro

Fig. 4. Structure of the URDF file

The URDF file begins by specifying the "base_link™ element.
<link name="base_link">
</link>

The description of the vehicle chassis can begin and has as a reference point the "base link"
created before.

For each element created, we must have a <joint> that contains a <parent link>, a <child link>
and an origin. After that, the previously specified child link is described. It is described using the <visual>
tag to define its dimensions. The next step is to add the <collision> tag that contains the same coordinates
as <visual> to specify to the simulation program which collisions are present on the vehicle. The last step
is adding the inertia calculated using the specified mass and dimensions.
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<visual> <!

<origin xyz="0.39 -0.28 0"/>
<geometry>

<box size="0.7 0.04 0.04"/>
</geometry>
<material name="black"/>

</visual>
<collision> <! olision
<origin xyz="0.39 @ 0"/>
<geometry>
<box size="0.78 0.6 0.04"/>
</geometry>
</collision>

<xacro:inertial_hollow_frame mass="3.224" x="0.78" y="0.6" z="0.04">
<origin xyz="©.39 @ @" rpy="0 @ 0" />
</xacro:inertial_hollow_frame>

Fig. 5. Example of URDF configuration

The URDF file is launched using a launch file®, and a "/robot_description” node will be
generated that publishes the URDF data to be accessed by other programs.
Thus, RViz can be run, and data published in /robot_description can be accessed.

RViz* [

Elle Panels Help

(Sinteract  FMowe Camera  []Select 4 Focus Cameca I Measure # 2D Pose Estimate # 20CoalPose @ PublishPoint 4 -
D pisplays o] »® Views [o
~ © Global Options >
Type: | Orbit (rviz_defar ~ Zero
Fixed Frame odom ype: {rviz ¢
Background Color [l 48; 48; 48 * Current View  Orbit (rviz)
Frame Rate 30 Near Clip... 0,01

Invert Z Axis
Target Fra... <Fixed Frame>
Distance  2,71559

=  Global Status: Ok
v FixedFrame OK

b :” :;‘d 4 Focal Shap... 0,05
s ¥ Focal Shap... v

* # RobotModel v Yaw 0,000399113
» v Status: Ok Pltch 0,520398

Visual Enabled v » Focal Point  0.38924; 0.5524;..
Collision Enabled
» Mass Properties
Update Interval 0
Alpha 1
Description Sou... Topic
iption Top

Descrip
TF Prefix
» Links

Description Toplc
Topic where filepath to urdf is published.

Add Save Remove Rename
(5 Time o
ROS Time: 1709761231.76 ROS Elapsed: 86.07 Wwall Time: 1709761231.79 wall Elapsed: 86.07 Experimental
Reset 31fps

Fig. 6. Viewing the vehicle model in RViz

4. AMR platform simulation and control

GazeboB! is the simulation environment in which the functionality of the platform will be tested.
This is a powerful simulator that can receive and provide data from sensors, and interactions with the
environment are also possible.

The ROS2 Control® package is necessary for the program to be able to read the data provided by
the encoders on the wheels and to send position changes to the motors. It creates a "generic control loop
feedback mechanism" loop.
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Fig. 7. Gazebo simulation and data received in RViz

SLAM Toolbox!™ is a collection of software tools that allow the creation and integration of SLAM
(Simultaneous Localization and Mapping) systems in ROS2 applications. This toolbox offers a set of
essential algorithms to allow robots to create a map of their environment in real time, simultaneously with
their location on this map.

Fig. 8. Simulation mapping

The NAV2[E! package is an advanced library, designed to facilitate the development and
implementation of autonomous navigation systems. It provides perception, planning, control, location, and
visualization of the vehicle. It will calculate a route from the data received from the sensors, adjust the
speed of the electric motors and make changes to the initial route in real time to avoid new obstacles.
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6. Conclusions

The paper “DESIGNING AN ALGORITHM AND REALIZING A COMPUTER APPLICATION
FOR PROGRAMMING IN THE ROS OPERATING SYSTEM OF AN AMR WITH A ROBOTIC ARM"
represents an efficient option for the modernization of autonomous mobile systems. It has been proven that
the developed algorithm is efficient and can easily navigate a complex space. The implemented system
gives flexibility and adaptability to the application, only small calibrations are needed to implement the
program on a different robot.

As robotics technology advances and industrial needs evolve, ROS2 will continue to adapt and
provide support for the design and implementation of advanced software solutions for programming and
controlling AMRs.
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ABSTRACT: This project proposes the design of an image processing algorithm for detecting,
collecting, and depositing tomatoes inside greenhouses. This objective has been reached using an
automatic robotic system, hand arm, equipped with 3D printed mounts, a video camera used for
detecting the tomatoes and their peduncle and a cutting system. The proposed method for cutting the
tomatoes is that of a precision algorithm used for determining the cutting point of the tomato using
its centre, it’s top extremity and calculating the position of the peduncle using said data.

KEYWORDS: automatic robotic system, image processing, greenhouse, precision algorithm.

1. Introduction

The project consists of the use of a robotic system, in the form of an articulate robotic arm used in
the agricultural field. This project was chosen for optimizing and reducing the work time of
agriculturalists during harvest season. For this application a KINOVA robotic arm will be used
together with an image processing algorithm, a video camera and a cutting system using sheers for
collecting the tomato. The robotic arm will be automated, following the necessary steps for
detecting, collecting, and depositing the tomato using the algorithm created with the programming
language LabView.

2. Defining the functional module of the robot

In order to achieve the desired results, various studies had to be conducted in order to determine the
standards for maintaining and cultivating tomato crops.

Tomato crops are maintained in greenhouses, these being build following the necessary standards.
Greenhouses can be constructed in many ways, the most common ones being out of polycarbonate or
out of glass. The glass greenhouses are defined as protective spaces, built using a metal skeleton and
they can be equipped with machinery used for mechanized processes [1]. These greenhouses can be
built to cultivate different kinds of plants, the design however remains the same. The polycarbonate
greenhouses are defined similarly to their glass counterpart; however, they are much easier to build [2].
They offer protection for plants only during specific periods of time.

No matter what material is used to build these greenhouses, the architecture is standardized for
tomato harvesting. These greenhouses are built using a tubular arch of a diameter between @60-76mm,
propped up by 80x80mm supporting pillars, tied together using reinforcing rods of a diameter between
@32-42mm. The access paths are quite large being built between 800-1000mm.

Similarly, tomato cultures are planted using specific standards. The tomatoes can be sowed using
two different methods: sowing based on rows or based on groups. The row-based method is used by
spacing each row to a distance between 80-100cm and each plant to a distance between 30-40cm [3].
The group-based method is used by grouping two rows, each at a distance between 60-70cm, then
leaving an empty space of approximately 90-120cm before sowing the next group. The tomatoes in
each row are sowed at a distance of approximately 35-50 cm.

The tomato is defined as a fruit belonging to the Solanaceae family, originating from South
America. Tomatoes can be grouped in two distinct categories: determinate and indeterminate tomatoes.
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The main difference between the two is the is the growth of the stem; the determinate kind growing to
approximately 80-100cm and the indeterminate type growing up to a length of 180cm [4].

Tomatoes have a diameter of anywhere between @1.5-7.5 cm, weighing between 100-150g. These
fruits grow from a minimum distance of 50-60cm from the soil and 50-60cm from the peak of the stem.
The tomatoes are connected to the stem by the peduncle. The peduncle is positioned perpendicular to
the main axis of the tomato. The thickness of the peduncle is anywhere between 5.74-6.53mm [5].

To realise this project, the author has separated it into two components: a software component that
consists of the image processing algorithm that will detect and identify the position of the tomato, and
a hardware component that will consist of the industrial robot with various mounts for collecting and
depositing the tomato. The hardware component will also include a video camera used for capturing
images and a cutting mechanism used for eliminating the peduncle. The image processing algorithm
was made using the programming language LabView [6] and the mounts were made using the 3D
modelling software SolidWorks [7] and printed using an additive manufacturing printer Zortrax M300
Plus.

Based on the information previously discussed, the robotic arm will be positioned at a distance of
minimum 54 cm from the soil to be able to collect the tomatoes positioned at the top of the stem. For
an optimal harvesting process, the robot will be positioned at a distance between 30-40cm from the
stem of the tomato plant.

To be able to collect the tomatoes efficiently, the robotic arm will have five distinct positions: a
resting position, an initial position where the image capturing and image editing will take place, a
position used to align the centre of the robotic end effector with the centre of the tomato, a position used
to align the cutting component with the tomato peduncle and a position used to deposit the harvested
tomato.

The cutting component will be realised using a pair of sheers connected with the robotic arm using
a mount. The sheers will be used by the end effector of the robotic arm and their centre will be aligned
with the centre of the robotic arm.

3. Designing the software application

The proposed application will be put together using software and hardware components.

Aplicatia de )
Camera Video g Imaginea preluati gmg d];l;:‘tsr‘ea » i i i q Camera Video » 1 EEE) 1 » Tomata
S aginea pi tomatlelor Articulat KINOVA S peduncului

The software application is made up of several VI files, used to detect the tomatoes, position the
robotic arm, and determine the distance up to the tomato plant. Because tomatoes have a specific colour
of red, the software will eliminate all the unwanted colours.

Fig. 1. Scheme of the application
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Fig. 2. The Block Diagram of the image capturing process.

The VI presented above is utilized to capture images using the video camera. The function “IMAQ
Create” will create a temporary location to save the captured image, it being defined as an RGB(U32)
image type. To use the desired video camera, the function “Discover Ethernet Camera” will be used.
This function will detect the camera using its IP, which is always 255.255.255.255. The function “Open
Camera” will open the video camera mentioned previously, and the functions “Configure Grab” and
“Grab” will capture the image. The image will be displayed using an indicator named “Imaginea
Originala”. After capturing the image, the program will stop automatically, using the function “Close
Camera”. After capturing the image with the presented VI, the application will be allowed to edit it.

Imaginea Originala I
Session In

A % cam0 j

eloBlspl o O+ sro

Fig. 3. The Front Panel of the image capturing process.
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Fig. 4. The Block Diagram of the “Gain” and “Contrast” functions.

Because the intensity of light can affect the colour detection, two functions will be introduced to
manipulate the luminosity detected by the camera. Using a “Case” structure, two property nodes will
be introduced, these will be able to control the functions for contrast and gain. To be able to manipulate
those functions, two numeric input data functions will be introduced, being grouped together using the
“Bundle” function. Using the function “Not Equal”, the previous functions will be compared with the
initial input data of the image, and if they are not equal, the property nodes will change their respective
characteristic. Thus, modifying the contrast function will brighten the image, and modifying the gain
function will darken it. After calibrating it, the image will be forwarded to begin the editing process.
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Fig. 5. The front panel of the gain and contrast functions.
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Fig. 6. The necessary operations used to detect the tomato.

After modifying the brightness of the image, the editing of the image will begin. Because tomatoes
have a specific complexion of red, the function “ColorThreshold” will be used. This function controls
the degree of colours being perceived by the program. Each colour will have a minimum and maximum
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limit; hence the red colour will have its limits between 119-255, the blue colour will have its limits
between 0-169 and the green colour will have its limits between 0-64. This new image will be
transformed using the “GrayMorphology” function, which will change the image type from RGB to
grayscale. This function is essential to be able to covert the original image in a binary image using the
function “ConvexHull”. Because the predominant colour in the image is red, the program will only
detect objects of that specific colour. Using the function “Count Objects” the program will detect and
number the detected tomatoes. The control panel “Settings” will be used to select and define the
characteristics used to detect the objects. The tomato will be isolated using the function “MaskToROI”
together with the function “Overlay ROI”. To analyse the structural composition of the selected object,
the function “Particle Analysis” will be used.

To be able to find the centre of the object, the function “Index Array” together with the function
“Unbundle” will be used to collect the coordinates from the “Count Objects” function. To be able to
detect the peduncle some calculations will be performed using the coordinates of the centre of the
tomato.

The indicator named “Imaginea Editata” will display the image after it’s been edited by the
functions mentioned above, the indicator “Bounding Box” will display the characteristics of the object
and the “Pozitia Peduncului” indicator will display the position of the peduncle.
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Fig. 7. The front panel of the tomato detection program.

The hardware component is constructed using a robotic arm and a mount used to collect tomatoes.
The robotic arm has a maximum reach of 760mm and a maximum payload of 500g. The mount is
separated into four components: two fixing collars being used to connect the rest of the mount to the
robotic arm using a screw of a diameter of @5mm, a main component that will hold the weight of the
tomato and a cup that will catch, hold, and transport the tomato after harvesting it. The mount will be
printed [8] using additive manufacturing and PLA filaments. The mount will need to sustain a force of
approximately 1.5 Newtons. Likewise, the mount will need to be lightweight as to not exceed the
maximum payload allowed by the robotic arm.

86



Fig. 8. The mount assembled on the robotic arm.

Fig. 9. The mount viewed in the 3D modelling program SolidWorks.
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Tabel 1. The mount components

Components Printable components
Component image Quantity [Nr. Pieces] | Weight [g]
Colar 2 28
Cupa 1 95
Suport 1 93

Table 2. Printing characteristics

Characteristics Elements
Printer Zortax M300 Plus
Material PLA
Support Angle 30°
Nozzle Diameter 0.4 mm
Layer Thickness 0.14 mm
Print Quality High
Infill density 20%
Seam Random
Raft Layers 7
Top Surface Layer 8
Bottom Surface Layer 4
Max. Wall Thickness 3.13mm
First Layer Gap 0.31 mm
Estimated Print Time 1d 15h 30min
Material Usage 216 ¢

All the elements will be printed at the same time using the same 3D printer. The supports will be
generated automatically by the imprinting program.

The tomatoes will be selected using a DFS (Depth First Search) algorithm. After selecting the
tomato an algorithm will be used to determine the position of the peduncle. To be able to detect the
peduncle equations (1) and (2) will be used, where ¢ represents the centre of the tomato, x;y represent
the extremities of the tomato and p will be the peduncle position. The calculations will be performed
with pixels.

_ xmax+xmin_ .
C=\"""%5 3 Ymin);

2

+ .
(Xmin; ymax ymm)] (1)

2

c= [Cx; Cy]

b= [Cx;ymax + 76] 2)
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4. Testing of the application.

The software application was tested in a controlled environment, it being able to correctly detect
the position of the tomato. The application has correctly detected the position of the tomato because it
matches the sizing conditions. Once the tomato has been detected so have its extremities and its centre.
The peduncle positions have also been detected after completing the previously acknowledged
calculations.
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Fig. 10. The VI used to capture and edit images.
5. Conclusion

This document provides a method for detecting and collecting tomatoes using a robotic arm to
help agriculturalists during harvesting season. The robotic arm being placed at a fixed distance
toward the stem of the tomato plant can detect the position and centre of said tomato using a video
camera. The peduncle position can be determined using the centre of the tomato and its extremities.
In the future the margin of error to find the peduncle and the repeatability of the robotic arm to fulfil
its commands of collecting and depositing tomatoes will be studied and improved upon.
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ABSTRACT: Topic "Design of a ROS2 integrated algorithm for the control of an autonomous
vehicle lift/lower (AMR) system for intralogistics activities™ consists of developing an optimized
version of the lifting/lowering platform for an autonomous vehicle from the given pre-existing version.
The purpose of this platform is to facilitate the transport of pallets/boxes containing semi-finished
products, parts or products between stations in different predetermined locations within a production
or logistics center. Lifting and lowering is achieved by operating an 'X'-shaped arm assembly which is
driven by a motor.
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1. Introduction

In the paper "Design of a ROS2 integrated algorithm for the control of an autonomous vehicle
lift/lower (AMR) system for intralogistics activities” an optimized solution of an existing autonomous
vehicle [1] used for intralogistics activities in a production facility will be presented. This autonomous
vehicle is designed to operate without human intervention and can be programmed to follow pre-defined
routes or react to information received from the environment via sensors.

2. Definition of the simulation model for intralogistics activities

Intralogistics refers to the optimization, integration, automation and management of
logistical flows of information and material goods within a production or distribution center.
General intralogistics flows (production units and distribution centers):
e Inbound - receipt of goods and materials
e Putaway - transfer of goods and materials to the storage area
¢ Picking/Kitting - collecting and preparing goods and materials for delivery
¢ Replenishment - replenishment of source cells from which picking/kitting is done
e Line feeding - delivery of goods and materials to production lines.
¢ End of line - picking of finished products from production lines and delivery to
warehouse
e Outbound - the outgoing of finished products from the warehouse to the final
customer|[2]

In terms of intralogistics activities, the model mainly performs activities such as
"Putaway", "Line feeding" and "End of line" which will consist of transporting boxes/pallets between
various centers within the plant.
An autonomous robot with a predefined hardware configuration will be used in which there will
be a lifting/lowering system that should be able to perform the following activities:
1. Pallet/box loading - when the AMR arrives at a station, the lift/lower system on the AMR will
need to be lowered, the AMR will enter the station, the system will lift the pallet/box until it is
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no longer in contact with the station, then the AMR will exit the station and the system will
lower the pallet/box. The AMR can then move the load to the next station.

2. Pallet/box unloading - when the AMR arrives with the load at a station, the lifting/lowering
system on the AMR should be able to pick up the pallet/box, enter the station and lower the
pallet/box until it settles on the station. The AMR will then exit the station and move unloaded
to the next station.

To create an effective platform, we need to consider several aspects:

e Load capacity and dimensions: The system must be designed to support the lifting and
lowering of a pallet/box with a pre-determined weight (see figure 1). In the case of Euro pallets or
industrial pallets the volume is imposed by their standard dimensions of 1200mmx800mm or
1200mmx1000mm laydown area. For the present topic a demonstrator lifting system will be
considered which will have a pallet/box area of 500mmx500mm (see figure 2) [3]. The
maximum load will be 50kg.

Fig. 1. Example of AMF operation Fig . 2. Box model

e Lifting/lowering stroke: The maximum lifting height will be dimensioned between
50-100mm.

¢ Energy efficiency: The system will be sized to ensure a minimum number of lifts/lowers
during a minimum 2h duty cycle between 2 AMR battery charges. Calculations and
experiments will be carried out for the demonstrator according to the type of motor, drive and
computing unit in relation to the other existing consumers on the AMR. Efficient battery usage is a
key point in the platform design as increased autonomy is an important feature. To ensure this we
will choose low power consumption motors.

3. ROS2 lifting/lowering subsystem design and control

The work process started with the installation of a virtual machine (Oracle VM VirtualBox)
through which the necessary ROS2 package installation commands were run in the terminal.

ROS2 (Robot Operating System 2) [4]is an open-source platform that uses software libraries to
develop robotic applications. It can be used to develop state-of-the-art drivers or algorithms. Compared
to ROS1, ROS2 comes with some additional new functionalities such as: support for multiple platforms
and operating systems (including Windows, Linux and macOS), faster communication between nodes
(introduction of a new Data Distribution Service (DDS) communication system), and better management
of robot hardware and software resources.

RViz is a three-dimensional ROS graphical visualization interface used to visualize and interact
with the generated data. It is a useful and popular application used in ROS2, being used for testing and
development. Using this program, one can visualize the robot model as well as sensor data [5]

For a thorough understanding, tutorials were followed in which various actions were performed
such as: creating a working environment (see figure 2), creating a node, communication between 2 nodes
(see figure 3). Thus, for the deepening of the notions, the environment was created containing the
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following files as shown in the images below [6]:

sam_bot_
description

build CMakelLists

.bxt

o

[1714839510.
[1714839511.
1714839512.
[1714839513.
[1714839514.
[1714839515.
] [1714839516.
1 [1714839517.
] [1714839518.
] [1714839519.
] [17148395
1 [17148395
[17148395
[17148395
] [1714839524.
[1714839525.
[1714839526.
] [1714839527.
] [1714839528.
[1714839529.

Using the knowledge gained above, you can create for the existing CAD model (see

config include

install launch log

package.
xml

rviz

Fig. 2. "sam_bot_description” working environment and its contents
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Fig. 3. Communication between 2 nodes - talker and listener [2]

figure 4) of the AMR URDF file that will help us to visualize it in RViz.

The URDF (Unified Robot Description Format) file contains the description and geometric and
physical characteristics such as: masses, inertias, and centers of gravity. In addition, the URDF file
allows the specification of sensors mounted on the robot, as well as joints and kinematics, thus allowing
the simulation of motion in different scenarios. By using this file, we can analyze and optimize the
operation by modifying the parameters.

Fig. 4. CAD model of the lifting platform

World:
World:
World:
World:
World:
World:
World:
World: 8]
World: 9
World:
World:
World:
World:
World:
World:
World:
World:
World:
World:
World:

world

In a real scenario, the robot will be used in hall CK004 of the Faculty of Industrial Engineering
and Robotics where it will be set up with a "HOME" place, a loading station and two centers between
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which the AMR will transport the boxes/pallets with the parts. It will start from the "HOME" point and
go to the first processing center [7] (see figure 5). When it arrives, the platform will lift and pick up the
box and the platform will lower down with the load to be stable throughout the journey to the second
center. On arrival at the second center, the platform will rise again, drop off the box and descend, and
then proceed to the next scheduled location.

PO . oo
e TN L T

a@‘ﬁ:&ﬁ&,ﬁ 3

Fig. 5. LabCenter 260 CNC machining center

|

4. Development and testing of the algorithm

In the platform assembly we will also use an AndyMark 2964a [8] motor, a Roboclaw Solo
1x30AM controller and a Raspberry Pi 4 Model B/4GB™ which will be powered from a 12V supply.

As far as the motor control is concerned, tests were carried out to ensure correct operation in one
direction and then in the other direction when the mechanical limiter on the top of the bracket was
reached (see Figure 6).

Fig. 6. Activating the stroke limiter when reaching the support

At this stage, the engine can be controlled, but work is underway to improve the algorithm and create
an optimal version that can be used in parallel with the weeklies received from the limiters (see figure
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7).

Fléﬁ.'Ph;;é’i-cal entest model

Beforehand, in order for the robot to know its direction, the hall will be mapped using a LiDAR
sensor placed on its base. Mapping (see figure 8) the hall is a process of creating a detailed representation
of the environment in which the AMR robot will operate. This includes information about obstacles,
loading/unloading locations and other details about the environment (see figure 9). Although the
mapping is done, the LiDAR sensor will continue to be essential for the safe operation of the robot. This
sensor will help the robot to identify its position compared to other scanned objects, giving it accurate
information about objects in its vicinity. It will also transmit details from the environment in case of new
obstacles not initially identified. This way, it will know how to avoid them or stop if it can't continue.

Fig. 8. Mapping of pit CK004 Fig. 9. Robot mapping hall CK004
Upper and lower stroke limitation

To increase safety, two mechanical stroke limiters [11] (see Figure 10) were used to stop the
platform at the end of the stroke. These devices are essential to prevent the work platform from lifting
or lowering too much, protecting both the robot and the transported parts. Functioning as a safety
mechanism, these limiters are designed to intervene if the platform reaches an extreme point. They also
help prevent wear and tear prematurely caused by an engine malfunction. Thus, the implementation of
these mechanical stroke limiters not only increases the safety of the platform movement, but also
contributes to maintaining the reliability of the robot. The figure below shows how the support moves
on the lead screw and the contact points of the limiters.
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Fig. 10. Fitting mechanical stroke limiters on the robot

To attach these limiters to the AMR body, two supports were designed using SolidWorks taking
into account the actual robot dimensions and lead screw movement (see figure 11 and 12).

Fig. 11. Lower stroke limiter bracket  Fig. 12. Upper stroke limiter bracket

ROS2 algorithm design

To create the control software part of the platform, the existing CAD model was used in the first
phase, based on which motion constraints were set. Using a plugin called "SW2URDF" available in
SolidWorks the URDF file was exported. Subsequently, a working environment was created in the
virtual machine where the generated file was added, thus creating a working simulation using RViz (see
figure 13).
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Fig. 13. Platform model in RViz

The generated URDF file contains details about the robot such as: masses, inertias, centers of
gravity, and motion kinematics. Starting from the base of the platform and its physical and inertial
information, the following code was generated containing the description of the subassembly and the
element linking "base_link™ to the "world" reference system:

<link name="base_link">
//mass and inertia
<inertial>
<origin xyz="-0.054013918847888635 -0.037824606601193175
0.0313364177845585" rpy="0 @ 0 0"/>
<mass value="4.766271366186971"/>
<inertia ixx="0.065528" iyy="0.096601" i z z = "0.041022" ixy="-0.0"
iyz="- 0.000784" ixz="1e-06"/>
</inertial>
//visual aspects: location and orientation of origin
<visual>
<origin xyz="0 © @ @" rpy="0 0 0" />
<geometry>
<mesh
filename="package://amr_robot_description/meshes/base_link.stl" scale="0.001
0.001 0.001"/>
</geometry>
<material name="steel_satin"/>
</visual>
//collision information
<collision>
<origin xyz="0 @ @ 0" rpy="0 0 0" />
<geometry>
<mesh
filename="package://amr_robot_description/meshes/base_link.stl" scale="0.001
0.001 0.001"/>
</geometry>
</collision>
</1link>

//connection between "base_link" and "world"
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<joint name = "virtual_joint" type = "fixed">

<origin xyz = "@ @ 0.2" rpy = "${PI/2} 0 @0"/>

<parent link = "world"/>
<child link = "base_link"/>
</joint>

Thus, using these files, a system simulation can be created that provides a detailed and complete
representation of the structure and characteristics of a robot.

5. Conclusions

The paper "Design of an algorithm integrated in ROS2 for the control of an autonomous vehicle
lift/lower (AMR) system for intralogistics activities" represents an optimized solution of an autonomous
vehicle used for intralogistics activities in a production facility or in various industrial applications. This
project involves the development and improvement of an AMR used to transport boxes/pallets from one
work stand to another, thus streamlining the logistics processes on a semi- finished product production
line. The implementation of this system offers multiple benefits, including workflow optimization and
reduced downtime. There are also further directions for development and improvement of the platform,
as well as steps to be completed such as motor control depending on the information received from the
mechanical stroke limiters.
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ABSTRACT: The purpose of this scientific paper is to conduct a comprehensive case study on haptic
mechanisms. In this context, the starting point is represented by market research, and the main objective
is the development of an experimental system for haptic manipulation of objects located remotely, in
unfriendly environments for humans.
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1. Introduction

This scientific paper aims to thoroughly examine the strategic marketing of a haptic system,
followed by a detailed analysis of its operation. The subject is then extended to systems engineering, with
a focus on Model-Based Systems Engineering (MBSE) methods, and Quality Function Deployment (QFD)
to highlight the importance of quality in haptic system development. The electronic aspects of the system
are then examined, along with the 3D design and programming process, to provide a comprehensive
understanding of the entire development and implementation process of the haptic system. This paper aims
to provide a comprehensive perspective on the various aspects involved in creating a complex haptic
system, illustrating the connections and importance of integrating these aspects to ensure the functionality
and efficiency of the system in various applications.

2. Current Stage

The chapter is divided in several components, as follows:

2.1 Strategic Product Marketing

a) Global Market of Haptic Devices

The global market for haptic devices, estimated at $18.9 billion in 2023, is projected to reach a
revised size of $47 billion by 2030, growing at a CAGR of 12.1% over the analysis period of 2023-2030.
The haptic device market in the United States is estimated at $2.2 billion in 2023. China, the world's second-
largest economy, is forecasted to reach a projected market size of $11 billion by 2030. [1]

b) Innovative Products

Companies operating in the haptic technology market are focused on developing innovative
products such as high-fidelity haptic systems to meet the ever-evolving needs of consumers. These systems
provide realistic and precise haptic feedback, enhancing the overall user experience in various applications.

(2]
¢) Competing Products

These competing products with their respective specifications can be found in Table 1.
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Table 1. Competing Products

Products
Virtuose 6D Virtuose 6D Geomagic Touch X | Geometric Touch
TAO RV/V4
No Characteristic Unit of A
. . M ¢ d
size easuremen ‘g-
1. Workspace mm 1020 x 1330 x 355 Wx 228 Hx 431 Wx 348 Hx
575 820 x 1070 x 458 180 D 165 D
2. Refresh Rate kHz 1 1 4 1
3. | Interchangeable Yes/No Yes Yes No No
Handle
4. Degrees of -
Freedom 6 6 6 6
5. Feedback -
Degrees of 3 3 3 3
Freedom
6. Maintenance Yes/No
and Installation Yes Yes Yes Yes
Manual
7. Total Weight Kg 6.4 5.7 3.2 1.4
8 | Maximum N 42 34 7.9 33
Force
9. Continuous N 10 10 175 0.88
Force
10. | Power Supply v 220 220 220 220
Voltage
11. | Programming Yes/No Yes No Yes Yes
Interface
12. Number of -
Buttons 6 3 0 2
13. Price Euro 622 - 11400 2892

2.2 System Modeling

a) Operation Mode, Adaptation according to Koller

A haptic system allows users to feel and interact with virtual or real objects through a range of
tactile sensations. The general process of how this system operates begins once the user interacts with the
haptic device, such as a joystick or a lever. Haptic sensors measure the movements and forces applied by
the user, with the data then transmitted to a control system for encoding and compression. Error correction
can take place to compensate for any deviations or delays in measurement, and the corrected information
is used to estimate the state of the haptic system and the associated manipulation device. Continuous
interaction with the robotic arm, which responds to received commands and generates haptic feedback, is
transmitted back to the user to complete the cycle of smooth and precise interaction between the user and
the haptic system. [3]
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Fig. 1 Adaptation of Haptic System according to Koller [3]
b) Systems Engineering (MBSE)

The Arcadia method emerged in 2007 as part of Thales Airborne Systems: this structured
engineering method, which aimed to define and validate the architectural design of complex systems, was
immediately followed by the Melody Advance tool, which facilitated its implementation. The method and
tool subsequently demonstrated their benefits in all areas of Thales' excellence (Defense, Space,
Aeronautics, Ground Transportation, Security, etc.), providing a collaborative working structure for the
involved parties, who are often numerous in the system definition phase. [4]

Today's complex systems are constrained by a series of requirements or constraints, often
concurrent and sometimes contradictory: functional requirements (the services expected by users) and non-
functional requirements (security, operational safety, mass, scalability, cost, etc.). The initial engineering
phases of these systems are critical because they condition the suitability of the architecture used to meet
customer needs, as well as the appropriate distribution of requirements to the components resulting from
the architecture used. To properly manage delays and costs, it is vital to be able to verify the adequacy of
the solution in relation to the needs from the system design phase and to minimize the risk of encountering
the limits of the solution - thus endangering the architecture - at a more or less advanced stage of
development, or even during system integration or qualification. [4]
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Fig. 2 The main engineering levels of Arcadia [4]
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Operational Analysis

The highest level of Arcadia is Operational Analysis ("what future system users need to achieve™).
The aim here is to focus on identifying the needs and objectives of the future users of the system to ensure
the system'’s adequacy in addressing these operational needs. [4]

Within the operational analysis of the haptic system presented in the figures below, the roles of the
actors (users) and involved entities (robotic arm and object) are highlighted, as well as the activities
associated with them. Figures 3 and 4 depict a simplified scenario.
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Fig. 4 Simplified Scenario

System Analysis

System analysis involves identifying the capabilities and functions of the system that will meet
operational needs (“"what the system needs to achieve for users™) as shown in Figure 5. [4]
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Logical Architecture
The Logical Architecture level aims to identify the Logical Components within the System ("how

the system will operate to meet expectations™), their relationships, and their contents, independent of any
technology or implementation considerations. [4]
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A library has been developed that presents the functions and phenomena acting on the haptic
system, and Figure 8 illustrates the interaction between them.
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Fig. 8 Phenomena acting on the system

c) Design
Within the Scientific Research 1 discipline, various architectures of haptic systems have been

examined, leading to the decision to advance with the following system structure, based on 3 BLDC
actuators.
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Fig. 9 System Architecture

d) Quality Function Deployment (QFD)

The Quality Function Deployment (QFD) is a method of product and service planning that aims
to satisfy customer requirements. It originated in Japan and was initially developed by Yoji Akao in the
1960s. It is illustrated in Figure 10.
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Fig. 10 QFD Haptic System
e) Electrical Diagram
For the electrical diagram of the haptic system, various haptic systems have been analyzed, and as a result,
the following components have been selected: 3 BLDC motors (Makerbase MKS SF2804), 3 drivers (SimpleFOC
Shield), a PD trigger, and a switch. The connection diagram is presented in Figure 11:

TR

Fig. 11 Electrical Diagram
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2.3 Programming

For controlling an articulated robotic arm, there are different levels of abstraction that we can have
over it. Low-level and high-level control of a robotic arm represent two different approaches in
programming and controlling the arm’'s movements. Each approach has its advantages and disadvantages,
and the choice between them depends on the specific requirements of the application.

Low-level control refers to the direct control of each motor and sensor of the robotic arm, without
considering complex tasks or detailed motion planning. This level of control involves sending commands
directly for positioning, speed, and acceleration to the motors and sensors of the arm. In contrast, high-level
control focuses on fulfilling complex and specific tasks, such as picking up and placing objects in a certain
location or navigating in a complex environment. This level of control requires advanced motion planning
and decision-making based on available information about the environment and objects.

Regarding the articulated robotic arm Kinova Gen3 Lite [5], high-level control is achieved using
the Kinova.Api.Base API, which allows sending commands to the robotic arm's base that are then processed
by the robot's control libraries and include functions such as singularity avoidance, zone protection, and
movement limitation in both Cartesian and joint coordinates. On the other hand, low-level control means
sending a series of small commands to each motor and sensor of the arm using the Kinova.Api.BaseCyclic
API, with commands being applied directly at the motor and sensor level without being processed by high-
level control libraries, providing more detailed and faster control of the arm's movements.

Given the context of real-time control, a meticulous and rigorous approach to programming is
necessary in the low-level control of the robotic arm. This approach must focus on optimizing the system's
response time and ensuring the precision of movements in real-time, in accordance with the specific
requirements of the haptic application.

To successfully compile the examples provided by Kinova Robotics on Github [6], a series of
configurations had to be made based on the compiler (mingw64-posix) and operating system (win64) used
for development.

In Figure 12, an example provided within the mentioned API was executed, resulting in a series of
files including one with the extension ".exe" and one ".dllI".

A Dynamic Link Library (DLL) file represents a collection of functions and resources that can be
shared and used by multiple applications simultaneously. These functions can be called from other
programs to perform specific operations or to provide certain services (e.g., controlling an articulated

robotic arm).
t ’ Kinovarobotics / kortex

» kortex-rnaster » api_cpp * examples » build » build-mingw-release

Mame

CMakeFiles
IE| 107-Gripper_low_level_command_01.exe
cmake_install.cmake
E CMakeCache txt
2 lib107-Gripper_low_level_command_01.dll
| Makefile

Fig. 12 Compiling the example "Gripper_low_level_command_01"

In Figure 13, the use of dynamic loading tools for a DLL file (e.g., lib107-
Gripper_low_level command_01.dll) in the LabVIEW programming environment is demonstrated. The
"Call Library Function Node" block allows calling functions from the DLL file directly from the block
diagram [7], enabling the passing of parameters (ip_address, username, password) used in the C++ control
file (.cpp). This facilitates low-level control of the end effector and implicitly of the articulated robotic arm.
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void _Z21ParseExampleArgumentsiPPc(const CStrip_address, censt C5tr username, const CStr password);
Consider using a wizard instead... Cancel Help

Fig. 13 Example of using lib107-Gripper_low_level command_01.dll in LabVIEW
3. Conclusions

This paper investigated the design and implementation of an experimental haptic system for
controlling a robotic arm. We began by examining the market for haptic devices and innovations in the
field. Then, we focused on systems engineering, using Model-Based Systems Engineering (MBSE)
methods and Quality Function Deployment (QFD) to ensure quality and customer satisfaction. We detailed
the operation of the haptic system, adapting existing concepts, and analyzed the programming required for
its implementation. Finally, we designed and implemented the electrical schematic of the system, ensuring
it is suitable and functional. This paper provides a comprehensive perspective on the development process
of a haptic system and the importance of quality in this process.
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ABSTRACT:The paper deals with the finite element numerical simulation of the microwave
pasteurization process. Information is presented on the state of the pasteurization process and the
facilities dedicated to it. The results obtained from the numerical simulation are consistent with the
experimental results, based on this fact, but also duet o the needs of the customers, a microwave
pasteurization installation was 3D modeled in the work. The microwave pasteurization process is very
effective in removing pathogenic components from food in a short time.

KEYWORDS: installion, microwave, pasteurization, numerical simulation, customers.

1. Introduction

Pasteurization is the process by which the growth of microorganisms in food is slowed down. The
process is named its creator, the chemist and microbiologist Louis Pasteur.The first pasteurization test was
performed by Louis Pasteur and Claude Bernard on April 20, 1862.The process was originally conceived
as a way to prevent the acidification of wine and bear.[1]

Microwaves are thought to inactivate enzymes and Kill microbes mostly through conventional
thermal mechanisms.[2] For long-term preservation, the products are subjected to the thermal process in a
pressurized chamber.[3] The thermal treatments to which the products are subjected are: thermalization, low
pasteurization of milk LTLT, high pasteurization of milk HTST, ultrapasteurization, sterilization,
sterilization in containers.[4]

2. Strategic Marketing

The segmentation of the product market is based on the specific requirements regarding the quality
and structure of the offer, the affirmation and manifestation of the demand from buyers, the frequency, and
the average size of the purchase, etc. In any type of enterprise, the role of marketing is to contribute to a
better understanding of its audience in order to adapt to the external environment and achieve maximum
efficiency. [5]

2.1. Identifying Market Opportunities

a. Portfolio of Customer Needs
Three primary needs are identified, numbered N1, N2, and N3:
e NL1: The need to ensure food safety.
e N2: The need to extend the shelf life of food products.
e N3: The need to reduce processing time and costs.
b. Opportunities / Products
"Today's competition is more than ever based on product development capabilities.” [5]
The products that fully or partially satisfy these needs are represented by microwave pasteurization
installations (MPI). These are specialized products designed to provide efficient and rapid pasteurization
of food using microwave technology.
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Market opportunities for the developed microwave pasteurization installation are represented by
the increasing demand for safe and healthy food products.
c. Customers for Product Distribution

Selecting customers involves identifying actual and
potential customers who could benefit from the microwave
pasteurization installation.

The equipment is aimed at the following types of
customers:

1. Food industry enterprises, especially SMEs that process
and produce various types of food.
2. Research and educational institutions:

» Students — occasional use

» Professors — occasional use

» Laboratories — relatively frequent use

Fig. 2. Online Questionnaire [6]

1.2.Formulating the Mission for the Selected Product Development

e Customer Selection Matrix
The customer selection matrix is presented in Table 1.
Table 1. Customer Selection Matrix

Top Users Average Users Occasional Users Centers
Category 1 7 2 2
Category 2 1 6 2 1
Category 3 2 2 5

The guide for conducting interviews to identify customer needs for the microwave pasteurization

installation is presented in Table 2.

Table 2. Guide for Conducting the Interview to Identify Customer Needs for the IPM Product

Client: Interviewers:
Address: Date:
Phone: Current Uses:
Would you like to collaborate? Yes No User's Occupation:
. I Interpreted
Question Client's Statement Need

1. Do you consider microwave pasteurization an a) Yes
effective solution for food preservation? b) No
2. In your current activity, do you use microwave a) Yes
pasteurization installations? b) No

a) Daily
3. How often do you use the microwave b) Several times a week
pasteurization installation in a week? ¢) Occasionally

d) Rarely

a) Speed of the process

4. What are the main reasons you use the b) Nutrient preservation in food

microwave pasteurization installation? (multiple ¢) Food freshness maintenance

answers possible) d) Reduced contamination risk
e) Others

5. Are you satisfied with the performance of the a) Completely satisfied

microwave pasteurization installation? b) Mostly satisfied
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€) Not very satisfied
d) Not satisfied

6. Do you believe a microwave pasteurization
installation can help maintain hygiene standards in
food processing?

Da, intr-o mare masura

1 2

o O O O O

3

Nu, deloc

7. What are the main criteria you consider when
choosing a microwave pasteurization installation?
(multiple answers possible)

a) Process efficiency
b) Installation capacity and size

c) Food safety

d) Product reliability and durability
e) Installation cost

f) Others

8. Are you willing to pay a higher price for a

. PR : a) Yes
microwave pasteurization installation that offers

. b) No

advanced features or superior performance?
9. Do you think a microwave pasteurization
installation can help reduce the microbiological a) Yes
contamination risk of food and extend its shelf b) No

life?

3. Establishing specifications

The main characteristics of a microwave pasteurization installation (MPI) are: power, operating
frequency and volume. The optimal operation of the installation directly depends on the proper correlation
of these technical parameters.

3.1. Technical Characteristics of a Microwave Installation

Useful power is the indicator of the power developed by the installation during the food
pasteurization process. The greater it is, the faster the pasteurization process. Usually, useful power is
directly proportional to the chamber volume. Maximum consumed power indicates the electrical energy
consumption required for operation.

The operating frequency determines the effectiveness of how energy is absorbed and distributed
within the oven. Using inappropriate frequencies can lead to uneven heating of the food, damage to the
installation, injury to the operator, and interference with other devices.

Since the human body can absorb microwaves, microwave installations are structurally equipped
with protective devices to avoid harm of the body (shielding of the resonant cavity, magnetron lock device
when the door is opened). A larger pasteurization chamber volume allows for more uniform distribution of
microwaves inside the oven, leading to better process results.

3.2. Matrices Used to Determine Technical Characteristics

To identify the optimal operating parameters of the installation, several existing products on the
market were compared. The matrix of competing products is presented in Table 3.1.
Table 3.1 The matrix of competing products

Products
. - . _ LHMS
Size/Characteristic Units Myria MGB SMW MOC201 [11] MLHS
MM720[7] | 25332[8] | 6021 [9] [10] [12]

2000- 75000-

Oven power w 700 900 800 700 15000 | 200000

. 3000- 90000-

Nominal power W 1050 1450 1200 1100 20000 240000
[()I'_“:(EES;OI”)S mm | 44x33x25,8 |40x38,8x59 | 45x38x26 | 24x47x34 |83x30x97 |84x61x249

108




Weight kg 10,7 18,5 12 9,4 - -
Operating MHz 2450 2450 2450 2450 2450 915
frequency
Volume L 20 25 20 20 - -
Type Built-in / Standalone Built-in Standalone | Standalone |Standalone| Standalone
standalone
Control type Meg?;r:;?al ! Mechanical | Mechanical Digital Digital Digital Digital
Application I?r?éuif:;;/ Domestic Domestic Domestic | Domestic | Industrial | Industrial

Later, a size requirements matrix was created to determine the objective characteristics. A correspondence

is established between each primary requirement and the measurable size that characterizes it.
The size-requirements matrix is represented in Table 3.2 below.
By analyzing Table 3.2, the target parameters of the pasteurization installation are established in Table 3.3.

Table 3.2 The size-requirements matrix

Sizes/Characteristics
5 o)
“— o @ c
©Scl 3| = @~ S o <5} 3
52 5 8|&|8%(g| 8 .|o|E|g|8 et
Requirements sgclo|sls<|8| 53 |s|e|E|sE g3
s3I 8 E|S|Ex|5|888F 8|85 5|tE
£gl 8lz| 5|6 O S | & £
- z c
L
11213 4 |5| 6 |7]9]10(11]|12]|13| 14
1 MPI can be used on an 4
industrial scale. ® ° °
2 MPI does not overheat. S | e . . o | o |®
3 MPI has a large volume. 3 . o
4 MPI does not consume 4 . .
excessive energy.
5 MPI ensures safety during 5 ° ° ° .
6 MPI operates stably. 3 ° ° °
7 MPI is resistant to 3 . . R R R
mechanical actions.
8 MP1 is not noisy. .
9 MPI present minimal . . .
danger to the operator.
10 | MPI uniformly heats the 5. .
food.
11 | MPI can be transported. 2 . . . o
12 | MPI is made of durable 4 o o o | o
13 | MPlis easy to clean. 3 . D D
Tabel 3.3 Target parameters
Size Characteristics| - Rel. Units Limit values Target values
Nr type Imp.
1 Chamber volume GTB 5 L >20 25
2 Type of processed food 5 Liquid/solid | Liquid+solid Liquid+solid
ypeorp
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3 Oven power GTB 5 W >700 800
4 Quality of pasteurization GTB 5 - best best
5 Ensures operator safety 4 yes/no yes yes

6 Overall dimensions GTB 4 mmxmmxmm

7 | Special tools for maintenance 3 yes/no no no

8 Power consumption STB 5 W <2000 1200
9 Total weight STB 4 kg <20 10

10 Operating noise level STB 3 dB <70 60

11 Maintenance manual 4 yes/no yes yes
12 Cleaning time STB 4 min <20 10

*GTB = Greater The Best
*STB = Smaller The Best

4. Conceptual design

The general function of a microwave pasteurization installation (MPI) is to heat food/liquids to a
temperature where they no longer present a danger to human health due to the elimination or inactivation
of microorganisms, bacteria and viruses from the chemical composition through the process of
pasteurization.

In table 4.1. general function, component function, main functions and critical functions of MPI

are presented.
Table 4.1. MPI functions

No. The Function description
crt. function
type
1 General Inactivation of microorganisms in the composition of food products by microwave
function pasteurization.
2 Component Recovery of energy accumulated from microwaves during pasteurization to be used to
function preheat the next liquid to be pasteurized.
3 Main a. Introduction of the food/liquid for pasteurization
function b. Introduction of microwaves for pasteurization
c. Carrying out the pasteurization process of the products
d. Collection of pasteurized food/liquids
4 Critical The introduction of microwaves for pasteurization, the heating time and the temperature
function from which the process starts; Realization of the food/liquid pasteurization process

4.1. External research to identify new constructive solutions

In order to be able to identify new constructive solutions, we have analyzed several invention
patents on this topic.The main patents we have studied are the following:

» Process and installation for thermal processing of milk— No. patentt RO 125073 B1[3]
The invention refers to an installation for carrying out the process of thermal processing of milk
the help of microwave energy with a frequency of 2450MHz, characterized by the fact that it
includes a peristaltic pump (2), necessary for the circulation of milk through the double-circuit heat
exchanger (10), which preheats the milk, in order to pasteurize, by passing through the spiral (5)
found in the microwave enclosure (4), a heat-insulating holding vessel (8) two temperature
transducers(6,7), a control panel of control (9), a recirculation head (3), controlled by a switch (C),
through the temperature transducer (7), a flow regulator (RD) in the panel (9) to ensure the variation
of the milk flow until reaching and maintaining the pasteurization temperature, circuit elements
and connections, a raw milk supply vessel (1) and a pasteurized milk storage vessel.[3]
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Fig. 3 General diagram of the pasteurization Fig.4 Scheme of the spiral through which the milk
installation, according to the invention[3] circulates in the microwave enclosure, according
to the invention[3]
» Method and apparatus for microwave processing of planar materials — No. patent US 6546646

B1[13]

This invention relates to a process and apparatus for removing moisture from a material without
substantially spoiling the material. Described herein are a process of and apparatus for microwave
irradiation heating, drying, dehydration, curing, disinfection, pasteurization, sterilization or
vaporization of any one or any combination of one or more of these processes in the processing of
materials which are typically in planar form or able to be arranged so as to be in planar form.[13]

506 500
1

| 503 /
L ~505 /

apparatus

material
5071 510
U
—
/
511 510
|_~508

conveyor belt

Fig. 5 Apparatus for removing moisture from a material[13]
» Post package pasteurization for meat products — No. patent US 2007/0065551 A1[14]

A technique for treating packaged solid meat products by applying microwave energy at an elevated
operating frequency such as 2450MHz.This frequency is sufficiently high such that energy
penetration depth is limited, and thus it only causes rapid heating of the outer surface of the
product.The result is thus much like searing in which the meat product is only heated to minimum
depth. Because the exterior surface of the meat is heated only to a minimum depth, the interior
surface of the meat product retains its desired doneness, color and texture. Only minimal cooling
efforts need to be taken afterwards.[14]
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Fig. 6 Isometric views of a packaged meat pasteurization system constructed and
operating in accordance with the invention[14]

» Microwave sterilization or pasteurization transport carriers — No. patent US 10681923 B2[15]
» Microwave-assisted sterilization and pasteurization system using synergistic packaging, carrier
and laucher configurations — No. patent US 10966293 B2[17]
4.2. Constructive solutions
The constructive solutions that have been identified are presented in table 4.2.
Table 4.2. Constructive solutions
No. The constructive Execution
crt. solution
1 Modular and flexible Use of standardized modules
design
2 Efficient microwave Using antennas or cavities with optimized design
distribution system
3 Precise control of Using temperature sensors and an advanced control algorithm
temperature and
processing time
4 Safety systems and Safety systems that monitor critical parameters (temperature, frequency)
quality monitoring
5 Energetic efficiency Use of insulating materials to reduce heat loss
6 Automation and digital Implementation of automation and digital control systems
control
7 Easy cleaning and Use of corrosion-resistant materials and ease of access to components for
maintenance maintenance and repair
4.3. Block diagram of the microwave pasteurization installation
The block diagram of the microwave pasteurization installation is represented in figure 8.
preheated liquid
WATER HEAT VESSEL FOR MICROWAVE
Ao | | oven |

l pasteurized liquid collection

< THE LIQUID <«
<—|_, raw liquid

Fig.8 MPI Block diagram

4.4. Modeling-simulation of the microwave pasteurization installation

In order for this MPI to be physically realized, a simple modeling and simulation (finite element
method) was carried out in the Comsol Multiphyisics 4.2. program. From this modeling-simulation it

emerged that the MPI can be physically realized as it will meet the required conditions.

The numerical simulation of the microwave pasteurization process was carried out for the food liquid —

milk. The steps of the numerical simulation were as follows:
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1. Choosing the calculation module— Microwave Heating Frequency-Transient;
2. Parameterization of the model presented in figure 9;

11 Model Buikder “=w By T 0 Seting B Materia ) o Graphics
pi Parameters v 8 Model 42_milk 0.SspiraX3_un sfert,OK_Silicon.mph (rc| BEH G

» © Block Heating en

 Parameters P
v © Model 1

Name Expression Value Description 2 A Geomey T::J;‘Y:p
wo 267[mm] 0.267m Oven width Pt S o5
do 270[mm] 027m Oven depth & — |
hoin 188]mm] 0138 m Oven height initial ——
ho hain 0188 m aven height o (o o
wg S0frm] 0.05m Waveguide width
do T8[mm] 0078 m Waveguide depth Wave(
hg 18[rm] LolEm Waveguide height ; -
I 112.5(mm] 01135 m Glass plate radius -
hp 6[mm] 0.006m Glass plate height : =
bp 15{mm] 0.015m Glass plate base s 0~
rpot 31.5(mm] 0.0315m Patato radius o
™ 50[degC] 332K Initial potato temperature fuetypa: |Cunia /.
MR wo/2-xemax 0.0985 m raza mare a spriralei . 2 Coﬂss 123 °
xemax 0.035 0.035 x maxim al campului elec... " g 477
mR 10[rm] 0ol m raza intericara a spiralei !
T+ =8
Fig.9 Parameterization of the model[16] Fig.10 Creating geometry[16]

3. Geometry of the model — the microwave heating enclosure will be made. It is composed of the
following elements: the heating enclosure, the waveguide and the 3 coils, shown in figure 10.

4. Allocation of materials for the furnace, waveguide and coils 1,2,3 as follows: air for the interior of
the furnace and the waveguide, milk for the walls of the furnace and silicon for the walls of the coils. These
materials have properties specific to the chosen calculation model.

5. Boundary conditions — these refer to the initial milk temperature TO=50[°C], the condition of
electromagnetic wave propagation without the usual heat transfer inside the oven, the wave emission port,
the impedance condition, the conductor condition perfectly magnetic. Some of these conditions are
represented in figures 11,12,13,14 and 15.

6. Discretization of the model — for discretization, free tetrahedral elements with fine discretization
are used inside the heated material, figure 16.

7. Running the model and evaluating the results — the maximum value of the electric field intensity in
a cross section along the Oz axis close to the section made to simplify the geometry is 14196 V/m for milk.
The maximum, respectively minimum value of the temperature on the surface of the coils is 72,417[°C],
respectively 50,005[°C]. The obtained results are presented in figures 17, 18, 19.[16]

1. Moe| Bulde: =T e i Seings % M I =
1 o

Fig. tlelrnsitrtell?l?rg[]ié?mal Fig.12 The condition of propagation
P of electromagnetic waves[16]

Messages [ Progress | | Log [ /| Resuts ¢l Graphics

Fig. 14 The impedan(;e Fig. 15 The condition of a perfect Fig. 16 Discretization,
condition[16] magnetic conductor[16] statistics
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and model quality[16]
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Fig. 17 Field distribution Fig. 18 Temperature distribution
electrical (milk pasteurization) after a 6s Fig. 19 Maximum temperatures
and its values in milk exposure, isometric view[16] at different time periods[16]
[16]

5. Detailed design

In this chapter, the microwave pasteurization system will be presented at the conceptual level.
This is shown in Figure 20.
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Fig. 20 Microwave pasteurization system at the conceptual level

Figure 21 shows the assembly of the microwave pasteurization system. It also describes the
pasteurization process of liquids, specifically for the food liquid — milk.

Fig. 21 The assembly of the microwave pasteurization system

Process description: The raw milk is preheated as it ascends in the heat exchanger (1) with the help
of a pump. The preheated milk then enters the microwave oven chamber (2) and is subsequently transferred
to the holding tank (3). Once in the holding tank, the milk re-enters the heat exchanger (1) and is then
transported to the cooling tank (4), thus being prepared for collection as pasteurized milk. This entire milk
circuit is carried out using a network of pipes (5) that facilitate the preservation of the transported liquid's
properties. The coils (6) through which the liquid passes help to keep the milk in the microwave chamber
for the necessary duration to complete the pasteurization process.
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6. Conclusions

The contributions of the work consist of the following elements regarding the addressed research
topic: identification of market opportunities related to needs, grouping of customers by category,
development of a questionnaire to identify needs on the market; establishment of product specifications
with the help of the matrix of competing products, sizes-requirements on the basis of which set objective
specifications; conceptual design elements, general, component, main and critical function were developed,
an external research was carried out analyzing a series of patents, some constructive solutions were
developed, a block diagram of the plant based on the results of finite element modeling of the process for
heating some liquids from the food industry (milk and apple juice); a preliminary model of the microwave
pasteurization installation was designed.
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ABSTRACT: This paper presents the concept of equipment for hybrid technology of electrical discharge
machining (EDM) and electrochemical machining (ECM) in an ultrasonic field (US). For this purpose,
an analysis of competing products was conducted with a role in the conceptual design and detailed
design of the equipment. Potential buyers were identified and an economic analysis model was
approached.
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1. Introduction

Considering the advantages brought by unconventional technologies, they are increasingly
encountered in the industry. Electrical discharge machining (EDM), wire electrical discharge machining
(WEDM), and electrochemical machining (ECM) are applied for processing conductive materials with high
hardness, non-corrosive, and wear-resistant properties [1,2]. EDM and WEDM belong to the category of
thermal erosive processes, where the material is removed by melting, vaporizing, and boiling, phenomena
that occur due to electrical discharges between the electrode and the workpiece. The melted material is
evacuated from the processing gap by the circulation of the dielectric fluid. The disadvantage of these
processes is low productivity [1].

Electrochemical machining is carried out through controlled removal of electrically conductive
material from a workpiece by anodic dissolution in an electrolytic cell, with the workpiece being the anode
and the tool the cathode. The disadvantage of ECM is the difficulty in controlling the precision of the
machined [3].

The introduction of ultrasonic vibrations with a frequency greater than 20 KHz into the EDM,
WEDM, and ECM processes brings numerous advantages, such as increased productivity, relatively
reduced volumetric wear, improved machined surface quality, and dimensional accuracy—parameters that
are very important in machine construction. In electrical discharge machining, ultrasonic vibrations enhance
process performance by breaking the gas bubble that impedes the circulation of the dielectric fluid to the
melted material. In the case of inducing ultrasonic vibrations in ECM, there is an intensification of
electrochemical processes, increasing the rate of electrochemical dissolution [3].

The purpose of this paper is to develop hybrid EDM-WEDM-ECM + US machining equipment,
consisting of subsystems with different machining mechanisms, assisted by the induction of ultrasonic
vibrations.

2. Competitive Product Analysis
Currently, there is no simultaneous EDM-WEDM-ECM-US machining equipment available, but

separate machines for each individual process can be considered as competitive products (Figures 1, 2, 3).
The specifications of the analyzed machines are presented in Table 1.
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Fig. 1 Solid Electrode Electrical
Discharge Machine (EDM) CNC-
D2535 [4]

Fig. 2 CNC Wire Electrical
Discharge Machine (WEDM) Wi-
430S [4]

Fig. 3 Electrochemical Machining
(ECM) Machine HO-ECDM-01 [5]

Table 1. Machine Specifications

Machine Specifications:

-Machine Dimensions:
1620x1140x2325 mm
-Machine Weight: 1000 kg
-Table Dimensions: 600x300
mm

-Maximum Workpiece Weight:
300 kg

-Machining Diameter Range:
0.1-6 mm

-XIY Axis Travel: 345x245 mm
-Z1/72 Axis Travel: 400x300
mm

-Maximum Drilling Speed: 60
mm2/min

3.5 KVA

-Maximum Discharge Current:
30A

-Orientation: 8 axes

-Maximum Power Consumption:

-Machine Dimensions:
3100x2200x2150 mm

-Machine Weight: 2100 kg
-Table Dimensions: 640x500
mm

-Liquid Reservoir Capacity: 570
liters

-Maximum Workpiece Weight:
500 kg

-Wire Diameter Range: 0.1-0.3
mm

-Maximum Taper Angle: 22.5°
-Maximum Workpiece
-Thickness: 100 mm

-X/Y Axis Travel: 400x300 mm
-Z Axis Travel: 300 mm

-U/V Axis Travel: 100x100 mm
-Working Axes: X/Y/UIV — 4
axes

-Table Dimensions: 450x450
mm

-X/IYIZ Axis Travel:
100x100x100 mm
-Resolution: 1 um per axis
-Positioning Accuracy: 5 pm
per axis

-Speed: 0.1-8 mm/s on all axes
-Rotation Speed: 10-2000 rpm
-Output Voltage: 0-300 V

3. Conceptual Design of a Hybrid Machining Equipment EDM+US, WEDM+US si

ECM+US, EDM-ECM+US

3.1. Defining general function

A machining equipment combining solid electrode electrical discharge machining in an ultrasonic
field (EDM+US), electrochemical machining in an ultrasonic field (ECM+US), and wire electrical
discharge machining in an ultrasonic field (WEDM-+US) has the general function of processing materials
using both the phenomena of traditional EDM, ECM, and WEDM processes in combination with ultrasonic
vibration, which causes the removal of gas bubbles, resulting in high productivity of the machining process
and, simultaneously, superior quality of the machined surface.
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3.2 Highlighting Critical Issues

There are several conditions for optimizing working parameters to achieve certain technological
performances. [6]

(1) Condition of stability for EDM and ECM processes:

Ay<se  [um] 1
where: Ay is the maximum amplitude of longitudinal oscillations with ultrasonic frequency of the
tool [um]; sF is the size of the frontal gap [um)].

If this condition is not met, short-circuit phenomena may occur during the EDM process, affecting
the quality of the machined surface. These short circuits can lead to increased relative volumetric wear and
decreased processing efficiency due to the retraction and approach movements of the working head in
response to the electroerosive feed system.

2 Maximization condition of the frontal gap size (smax):

By increasing the breakdown voltage (uo) in the electroerosion process, the possibility of
generating discharges in a larger frontal gap is extended. This measure improves the conditions for
evacuating processed particles.

3 Minimization condition of discharge energy:

In finishing EDM regimes, it is necessary to process with minimum values of impulse energy (We).

(@) Maximization condition of the number of controlled impulses (nic) in an oscillation period
(Tus):

At the end of an ultrasonic oscillation period, the phase of cumulative microjets appears, generated
by the simultaneous implosion of gas bubbles formed in the EDM machining gap. In this phase, the
pressures become extremely high, and the direction of the microjets is oriented parallel to the machined
frontal surface.

(5) Cavitation condition:

The power consumed by the ultrasonic chain drive (PcUS) must be large enough to generate the
acoustic pressure (pac) required to exceed the cavitation threshold in the dielectric fluid used. However, in
the EDM finishing process, the main objective is to minimize the roughness of the machined surface

(6) Minimization condition of the acoustic chain drive power:

To reduce the roughness of the machined surface, the aim is to minimize the cumulative microjet
pressure and, implicitly, the acoustic pressure (pac), simultaneously with achieving the cavitation condition.
In the absence of this balance, there is a risk of deteriorating the quality of the machined surface.

@) Resonance condition:

This condition requires that the natural frequency of the acoustic chain (f0) during equipment
operation be within the ultrasonic frequency range (fUS) provided by the US generator. Also, to achieve
this condition, it is necessary for the natural frequency of the transducer to be equal to that of the rest of the
acoustic chain.

(8) Reduction condition of the electrode-tool wear:

This requirement necessitates the use of controlled impulses with a long duration (ti) in the
stretching semi-period. Discharges with a long duration also facilitate the deposition of the carbon layer on
the frontal surface of the electrode-tool. This resistant layer is the result of the decomposition of dielectric
liquid molecules containing carbon.

3.3 Highlighting Applicable Natural Phenomena

a) Applicable natural phenomena for (W)EDM+US

The pressure in the gas bubbles, developed around the plasma channel produced by the discharge,
limits the cross-sectional area of the plasma channel, influencing the density (J) inside it. The dynamics of
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the gas bubbles comprise four stages: (a) very high pressure (pib) in the gas bubbles, (b) gradual decrease
in pib pressure due to the increase in the bubble's volume; (c) sudden drop in internal pressure; (d) sharp
increase in internal pressure. [7]

The analysis of the four stages leads to corresponding phases of relative volumetric wear dynamics,
taking into account the effect of polarity.
_ - _ ~ The deposition of carbon, in the
8 - , form of a surface layer on the tool electrode
7 d] when using a dielectric liquid composed of
6la fll hydrocarbons with a high carbon content, is a
| ;’ well-known phenomenon. Considering the
3 \\ / very high melting point of this deposited
1 \ o] ;; material, it is necessary to analyze this

phenomenon closely in relation to tool wear.
The total wear in this region is lower at the
\'ﬂ/ , beginning of the machining process and
time [yis] gradually increases to a value that depends on

5 1o 1000 the machining conditions and material.

Experimentally, in
finishing/superfinishing modes with a
pulse time of 10 ps, EDM finishing. [7] processing time of 10-15 minutes, very low

volumetric wear, even negative, is observed.

s [MPal

A
~

= = R

Fig. 4 The variation of pressure inside the gas bubble for a

25 The oscillation period, TUS, in EDM
assisted by longitudinal vibrations (normal to
the machined surface) of the tool electrode
comprises two half-periods with distinctive
cavitation phenomena, which influence

; € 0 time electrode wear (Fig. 5).
Z= |os I Ly n the first half-period, lasting from 0
| microgess. | to 25 ps (at the frequency of 20 kHz), the

dielectric liquid in the working frontal gap is
:j“" compressed, leading to the occurrence of
Vs capillary phenomena.

Fig. 5 Phenomena of ultrasonically induced cavitation in
EDM+US. [7]

b) Natural Phenomena Applicable to ECM+US

In conventional ECM, the variation of the working gap dx/dt is determined at each moment by the
difference between two velocities - the tool electrode's feed rate (s) and the machining velocity (vp) - as a
result of the anodic dissolution process.

The working gap is sensitive to the type of liquid in which the processing takes place and the
material being processed, as well as the potential difference between them. Generally, the potential
difference (AU) is less than 24 V when using liquids with good conductivity, resulting in an average current
density (J) of less than 1A/cm2 at the end of the process. The ECM deburring process is a type of static
machining, based on the assumptions of Tipton's model: the conductivity of the working liquid remains
constant along the OX direction; the conductivity of the tool electrode and the workpiece is much higher
than that of the liquid, so the electrodes are considered at the same electrical potential; phenomena comply
with Ohm's law; assembly properties are maintained uniformly along the OZ direction for each unit of
distance (dz = 1).
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The main improvement brought by electrochemical machining in an ultrasonic field (ECM+US) is
that the vibrations of the tool electrode, transmitted into the electrolytic liquid, prevent the formation of a
passive layer on the surface of the workpiece, leading to an increase in material removal rate..

Ultrasonic frequencies can also induce
cavitation phenomena in the electrolytic liquid,
exceeding the required pressure limit for this.

vibrations can also cause the pumping
effect, as the volume of electrolyte is

electrode-tool -
0

—
S

electrolyte incompressible; the tool electrode squeezes the
z | electrolyte while vibrating up and down in the
machining space. The electrolyte is sucked and

Fig. 6 Tipton Model[7] discharged from the machining space. [8]

c) Simultaneous EDM-ECM+US processing

In addition to classical ECM processing at lower voltages below 24 V, there is also the possibility
of processing at higher voltages exceeding 80V, which offers the advantage of using low-concentration,
inexpensive, environmentally friendly, easily manipulable and prepared electrolyte solutions such as NaCl
solution.

The processing mechanism is characterized by the presence of a stable envelope of vapors and
gases on the surface of the workpiece, which separates the workpiece from the electrolyte and leads to
intense chemical and electrochemical reactions between the workpiece material (anode) and the electrolyte
vapors - the Wien effect. Faraday's laws of electrolysis, specific to classical ECM processing, are no longer
followed.

4. Detailed design of a processing equipment for EDM+US, ECM+US, and
WEDM+US;

In Figure 7, the preliminary model of the processing equipment for EDM+US, ECM+US, and
WEDM+US is presented..

Fig. 8 Subassembly WEDM+US

Fig. 7 Hybrid technology equipment assembly (W)EDM-
ECM+US
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On the machine table 1, equipped with T channels, the tank with dielectric fluid 2 for EDM+US
and WEDM+US processing and the tank with electrolytic fluid 3 for ECM+US processing are fixed. The
dielectric fluid used has lower viscosity, suitable for WEDM. The filtration of the processing fluid from the
two tanks is performed continuously by evacuating the fluid with particles through the tubes 4, being filtered
through the two sieves 5, one equipped with 0.2 mm holes and the other with 0.02 mm holes. For finishing
and superfinishing processes, a third filtration with higher fineness 0.002 can be added. The filtered fluid
is transported from the mobile tanks 6 and 7 with the help of pumps 8 through the tubes 9 back into the
working tanks.

The processing is carried out in an ultrasonic field through the ultrasonic chain 10 consisting of a
reflecting bushing, piezoceramic plates, nodal flange, radiant bushing, assembled by a hexagonal screw,
concentrator, at the end of which the copper electrode is located. The US chain is attached to the working
head of the EDM machine by the threaded rods 11, which slide on the T-channel plate 12.

The EDM generator 14 provides voltage pulses, which produce successive discharges (current
pulses), the ECM generator (DC power supply), the US generator, which provides voltage oscillations
exceeding 1000V with US frequency >20000Hz.

Additionally, the wire cutting equipment 13 can be observed in Figure 8.

5. Commercialization of the product

Among the main reasons why EDM technology is increasingly used in various industries are: high
precision (in the order of microns), the ability to process hard materials, flexibility in creating complex
shapes, reduction of stress and material deformations, and excellent surface finishing. As such, the main
industries using EDM processing include: mold manufacturing industry, automotive industry, aerospace
industry, medical industry, and electronics industry. EDM processing can be easily introduced into these
sectors and beyond, and the buyer market is focused on the Bucharest area and its surroundings. [10].

Companies in the aerospace industry use EDM machines to produce critical aircraft components
such as turbine blades, engine components, and landing gear parts. Potential buyers in this sector include:
Romaero, Turbomecanica, INCAS, Avionics Services, IMAS Aero-Technologies, Honeywell Aerospace
Romania..

Several concrete examples of engine components used in the aerospace industry can be seen in
Figure 9. In the figure, turbine blades 1, bearing housing 2, compressor 3, compressor casings 4, diffuser
5, combustion chamber 6, nozzle guide vanes (NGV) 7, thermal shields 8, exhaust housing 9, sealing
segments 10, turbine discs 11, compressor blades 12, and gears 13 can be observed..

In the automotive industry, EDM
technology is particularly used for components
such as: engine blocks, transmission parts, interior
components, some bodywork components, as well
as interior and exterior parts with intricate details.
Among the potential buyers in the automotive
sector are: Dacia (Renault Group), Faurecia
Romania, Star Assembly SRL, Garrett Motion.

Fig. 9 Componente produse prin EDM, ECM [11]

In the mold industry, EDM technology is an advanced processing method used for manufacturing
molds and forms required in industrial production processes. Companies in Bucharest specialized in molds
that use EDM as a manufacturing process include: Tera Plastics & Electronic, Metalica Expert, VDA Hard-
Metal S.R.L.

In the medical field, EDM machines are used for the precise manufacturing of various components
of medical equipment, implants, and surgical devices. For example, they are used for producing prosthetic
components, dental implants, and surgical instruments.

In the electronic field, EDM machines are utilized for manufacturing various components such as
templates and molds for producing printed circuit boards (PCBs). The EDM process allows for the creation
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of precise details and fine holes required in electronic component production. Among the electronic
companies using EDM are: Siemens Romania, Dell EMC Romania, ICPE (Electrotechnical Research and
Design Institute).

Product placement will be done only on a order basis, depending on the buyer's needs. The request
for quotation will be placed directly with the manufacturer, and the offer will be made according to the
customer's needs. In this way, the buyer has access to three types of electroerosion processing: EDM,
WEDM, ECM.

6. Economic analysis
6.1 Development of a product cost model

In the specialized literature [12,13], there are several methods for cost calculation (global method,
standard-cost method, direct-cost method, Georges Perrin method - Rate - hour - THM machine, Activity
Based Costing method, etc.). For determining the cost of the hybrid EDM-ECM-US system, considering
factors such as the structure of the hybrid EDM-ECM-US system and its production in small series, or even
as a unique unit, a mixed method has been chosen for calculating the manufacturing cost of the hybrid
EDM-ECM-US system as follows: in relation to the activities necessary for manufacturing the three
subsystems, the Activity Based Costing (ABC) method was chosen, which is based on determining the cost
of each group of activities [14], and for determining the cost of each subsystem, the direct-cost method was
chosen, which is based on determining the cost components (materials, labor, overhead expenses,
depreciation, etc.). Thus, the total production cost (CT) of the hybrid EDM-ECM-US system can be
determined by the following relationship:

Cr = Cepm + Ceem + Cus 2

Where Cr = Total cost of the hibrid technology EDM-ECM-US, Cepm = The cost of the electroerosion
subsystem, Cecm = The cost of the electrochemical processing subsystem si Cus = The cost of the ultrasonic
subsystem

6.2 Determining the price and profit using non-cooperative game theory

To determine the final selling price under competitive conditions, the Non-Cooperative Game Theory
can be applied, as outlined in [15]. This theory can be employed when the profits of each economic agent,
considered as players in the market, depend not only on their own actions but also on the actions of other
competing firms (players). This theory assumes that players are rational, attempting to maximize their profits
using their own interpretations of how other players (firms) will act. The outcome of the game will ultimately
depend on the actions of all players. Given the type of product and the main competitors, it is reasonable to
consider applying the non-cooperative game theory under oligopoly conditions, where there is a relatively
small number of firms, and none of them can prevent others from having a significant influence on the
market. The goal is to determine the best response of our firm based on the Cournot-Nash equilibrium
theory [15]. The Cournot-Nash model has the following basic characteristics [15]:

1. Context: a. Market served by n company; b. Homogeneous products - from the consumers' point of view, the
goods produced by all firms are perfect substitutes; c. Competition through quantity; d. Simultaneous choice
- the n firms must choose their outputs simultaneously, without knowing the choices of competitors.

2. The normal form of the game: i = 1, 2,..., n (Company); Output-ul of every company xi > 0, like x; €

[0, ), 1=1,2,...,., n; Profit of company i (our) corresponding to the combination of strategies (x;, x_;) is:

I Gy xi) = p(x + x_p) ~x; — Ci(x;) ()

where I1; (x;, x_;) is profit of our company, p — price, C;(x;) = d + ¢ - x;, d — fixed costs, ¢ —
variable costs.
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Given the strategy profile (x1, X2, ..., xn) Which can also be written as (x;, x_;), we said that
I1; (x;, x_;) is the profit of our company associated with any combination of strategies in which our company
produces x; systems while other firms together produce x.;, systems, with the total x.; distribution among the
other n-1 company. In Cournot oligopoly games, it is said (Aguirre, 2021) that (xi x3 ..,x; )=
(x; xZ; ) is a Cournout-Nash equilibrium if x; = f;(xZ; ), (V)i, i = 1,2,....,n, where f(x;) is the
best response function to all combinations and strategies of the other company that have the total output
dx_;. To estimate the profit, it is necessary to establish the inverse demand function according to the
relationship (Aguirre, 2021) p(x) = a — b - x_where p s the price of the product and x is the number of

units. Thus, relationship (2) becomes:

I (x;, x4) = [a-b - (x; + x)] - x3-(d + ¢ x;) (4)
Based on equation (2), the issue of profit maximization arises, namely
M = a-c-2b Xi'b Xi= 0 (5)
(’)xi

Based on the Cournot-Nash equilibrium condition, it follows

Xj = fi (X-i) = a-C:t))X_i (6)

In a symmetric equilibrium x; = x* si x*; = (n — Dx*, i = 1,2, ....,n, thus, the equilibrium condition
becomes

X = f;(n-1)x") = % @)
Results:
*x % ab 8
Xi = X = 5o buc (8)
Output-ul of total balance will be:
* _ % _ n(ab) 9
X =nx =8 buc )
Using equation (4), the Cournot price is:
p’ = p(x") = 222 Euro/buc (10)
The equilibrium profit will be:
I = %- ¢; Euro/buc (11)

Using equation (5) or (9) + (11), the total equilibrium profit for firm i (our company) can be determined:

. . N _ a-b . a+nb_ . (12)
HI(XI,X.l)_ b(n+1) [n+1 Cl]

7. Conclusions

The contributions of the work to the researched theme include: the development of a hybrid processing
equipment EDM-WEDM-ECM + US, consisting of subsystems with different processing mechanisms.

In this way, competing products with their associated performances were identified, and conceptual
design elements of the hybrid technology equipment (both general and secondary functions) were
developed.
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The natural phenomena applicable to the processes associated with hybrid technology (both successive
and simultaneous) were described.

A preliminary version of the hybrid technology equipment was designed, which can be implemented
on a classic EDM machine.

Several potential clients from the automotive, aerospace, mold manufacturing, electronics, and medical
fields were identified.

For calculating the cost of realization/manufacturing of the EDM-ECM-US hybrid system, the ABC
method (Activity Based Costing) was chosen, based on determining the cost of each group of activities,
and for determining the cost of each subsystem, the direct cost method was chosen, based on determining
cost components (materials, labor, overhead, depreciation, etc.).

To establish the final selling price under competitive conditions (which in most cases may differ from
the one previously established), the Non-Cooperative Game Theory can be applied.
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ABSTRACT: For the realization of technological processing systems, the development of
devices represents a main part. In the construction of the orientation and fixing devices,
several technical - acceptable solutions can be developed, and it is necessary an economic
analysis to select the optimal variant. A very important criterion that is considered in the
design process is the reduction, as much as possible, of the deformation of the workpiece
under the action of the fixing forces. Modulated devices represent a solution for reducing
the time required for the design process. There are presented data and results obtained from
the experimental research on the development of a multifunctional device for operations in
CNC and classical machining technological systems.

KEYWORDS: multifunctional device, technological operation, CNC technologocal system,
conventional technologocal system.

1. Introduction

There are various methods of part orientation and fixing within technological systems, which
include mechanical, magnetic, hydraulic or pneumatic actuation. Part characteristics, such as the shape and
dimensions of spaces for orientation and fixture elements, tool guides, etc. influence the design of devices.
The use of computer-aided design can reduce design costs and time. Computer-aided device design includes
algorithms, finite element analysis, etc.

2. General considerations

Devices design and their manufacture is an important part of the preparation process for technological machining,
and the costs associated with these are considerable. The geometrical errors of the part, the geometrical errors of the
orientation elements and the fixing error are factors that influence the orientation and fixing system of the workpiece
[1]. Thus, errors represent the reason why a machined feature is outside the tolerance field.

Constructive characteristics of the parts such as general shape, wall thicknesses, dimensions of the spaces possible
for fixing, etc., also represent elements of influence regarding the ways of machining and/or orientation and fixing
within the technological systems. It is necessary that the component elements of the devices to be determined by
careful analysis of all factors that can influence this process.

Mechanisms with wedge, eccentric, screw-nut, pneumatic motor, hydraulic motor and clamp, plunger, pressure plate
or vacuum are just some of the fixing mechanisms in the structure of technological machining systems, and those
with jaws, with elastic bush(es), with levers or prisms are for orientation-fixation [1]. From the point of view of the
types of technological fixing mechanisms with hydraulic actuation, we mention rotary clamps, hydraulic vises for
multiple fixations and cylinders with lever mechanisms.

In the case of medium-volume and medium-variety manufacturing systems, significant production costs are
represented by the design and manufacture of various orientation and fixing devices, amounting to up to approximately

20% of the total production costs. An increase in the variety of products which are manufactured in a production
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system leads to an increase in the costs of orientation and fixing devices. The modulate orienting and fixing systems
can be quickly adjusted and reconfigured to fit a variety of products and components [9].

In the construction of devices, multiple technically acceptable solutions can be developed; however, it is necessary to
conduct an economic analysis to choose the optimal variant. The most important criterion considered in the design
process of a device is minimizing the deformation of the workpiece under the action of clamping forces.

Clamping of medium and large-sized workpieces within technological systems can be achieved using hydraulically
actuated mechanisms (Fig. 1). The hydraulic fixing system is more efficient compared to other fixing systems because
it has lower energy consumption and, compared to manual tightening, ensures a constant clamping force on the
workpiece and speeds up the fixing process [4]. These mechanisms operate on a relatively simple principle, where
hydraulic pressure is first converted into downward force, and through a wedge-plunger mechanism, fixing forces are
generated (Fig. 2).

Haea:l

599
|
|

T

%J /E ﬂ% (b) Hydraulic vise for

multiple fixations [2] (c) Hydraulic cylinders
and lever mechanisms [6]

(a) Rotating clamps [2]

Fig. 1. Various fixing mechanisms with hydraulic actuation

Halder
Fixture systems

Fig. 2. Fixing mechanisms with hydraulic actuation [4]

Another example refers to the use of hydraulic clamping modules for orienting and fixing a workpiece with a complex
geometric shape, on which milling, drilling, and threading machinings are performed (Fig. 3).
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(a) Workpiece simplified fixing scheme

(b) 3D model of the hydraulic fixing modules

Fig. 3. Workpiece simplified fixing scheme through hydraulic modules [12]

3. Development of some multifunctional devices
The design of a multifunctional device is carried out in three stages [5]:

e analysis and selection of an existing design solution for the device
e modification of the selected solution to meet current needs
e design of a new solution (if no acceptable variant exists)

For selecting an existing design solution for the device, a classification is necessary. Thus, it is possible to identify
final or partially-final devices that can be directly used in the construction of another device [3].

3.1. Multifunctional device I

with modulated elements |
|

i

For the construction of two types of = ]

devices, the same "base device" was used, T

consisting of: a base plate, a rotary table, a ‘ BASE FIXTURE ,
SOLUTION

modulate block, and the necessary

connection to allow the rotation of the

Fig. 4. Base fixture [3]
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table. By replacing or adjusting certain
component elements, other new design
solutions were developed, as shown in Fig.
4. For each type of construction, two other
orienting and fixing solutions are
presented. The rotary table allows the
processing of holes by rotating the
workpiece to a certain required angle [3].
This type of device is used for cylindrical
workpieces with a predefined range of
diameters and heights. The orientation and
fixing of the workpiece to be processed
(Fig. 5) is achieved through a vise. The
elements subject to change are the guide
bushing and the bushing holder plate. If the
workpiece has a large diameter, it is
necessary to change the orientation and
clamping part, which represents the second
variant of the device [3]. The workpiece is
clamped using a screw-nut-washer
assembly on the flat outer surface (Fig. 6).
The bushing holder plate and the bushing
are changed according to the diameter of
the hole to be processed.

In the case of all devices derived
from the base device, the modulate block Fig. 6. Jig with modulated elements [3]
element can also be changed to allow
adaptation to workpieces with different
heights [5].

3.2. System structure — solution generation through automation

The first step in automating this process is structuring the system modules. The input data module
involves the interactive entry of information that will be used later in the design process and for generating
a code that will be used as input data for the device selection module [3].

The device selection module establishes the connection between the required device and the existing
one in the database. A complete overlap between requirements and results is necessary, with exceptions for
the characteristics used for coding: machine tool type, clamping elements, dimensions of the worktable T
slots, height, and diameter of the workpiece, clamping force, etc. [3].

After searching the database and determining the level of match between the classification code of the
required device and the existing design solutions in the database, an analysis of technically acceptable
devices is generated. The modification module involves selecting the device that will form the basis of the
necessary solution. This device will be modified by adding or removing certain clamping elements. The
output data module takes the previous information and generates the output documentation. The working
solution (assembled device) is saved in the database, and output information is generated, as shown in Fig.
7 [3].
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Fig. 7. Generated solution [3]

4. Case study on the development of a multi-functional machining device

Let us consider the complex product/ workpiece of which model is presented in Fig. 8

Fig. 8. Part 3D model [9, 11]

Following the analysis of the initial
data, technically acceptable variants of the
technological =~ machining process  are
developed, in which three groups of holes
positioned successively at 90° are executed
within different technological operations.
Corresponding to the elements in the sketches
of the technological operations, a
multifunctional machining device, DMP
01.00.00, was designed and produced [9], so
that to be usable within a CNC or conventional
machining technological system where the
considered operation takes place.

The multifunctional machining device

DMP 01.00.00 is shown in Fig. 9.

Fig. 9. Multifunctional machining device

DMP 01.00.00 (based on [9])
The usage technically acceptable variants of the DMP 01.00.00 device (VT-A D1, VT-A D2, ...) are
achieved through well-defined configurations (Cf1, Cf2, ...) of the DMP 01.00.00 device. This is done by
modifying the position of some component elements or by assembling/ disassembling certain component
elements within the DMP 01.00.00 device. Accordingly, the devices DP 01.01.00, DP 01.02.00, ..., result



for use in the actual CNC or conventional machining operation/system 1, 2, ..., as shown in equation (1)
and

Fig. 10, and in equation (2) and Fig. 11, respectively.

VT-A D1 < Cfl - DMP 01.00.00: DP 01.01.00, for tehnological operation/ system CNC 1,
VT-A D2 < Cf2 - DMP 01.00.00: DP 01.02.00, for tehnological operation/ system CNC 2,
VT-A D3 < Cf3 - DMP 01.00.00: DP 01.03.00, for tehnological operation/ system CNC 3,
VT-A D4 < Cf4 - DMP 01.00.00: DP 01.04.00, for tehnological operation/ system CNC 4 Q)

VT-A D5 < Cf5 - DMP 01.00.00: DP 01.05.00, for tehnological operation/ system classical 5,
VT-A D6 < Cf6 - DMP 01.00.00: DP 01.06.00, for tehnological operation/ system classical 6,
VT-A D7 < Cf7 - DMP 01.00.00: DP 01.07.00, for tehnological operation/ system classical 7,
VT-A D8 < Cf8 - DMP 01.00.00: DP 01.08.00, for tehnological operation/ system classical 8 2

VT-A D4/ Pos. 1
VT-AD3 VT-A D4/ Pos. 2

Fig. 10. Technically acceptable variants of the multifunctional device DMP 01.00.00 for use in actual
CNC technological machining operations/ systems (based on [9])
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VT-A D5 VT-A D6

VT-A D7 VT-A D8/ Pos. 1 VT-A D8/ Pos. 2

Fig. 11. Technically acceptable variants of the multifunctional device DMP 01.00.00 for use in actual classical
technological machining operations/ systems (based on [9])

5. Conclusions

For the orientation and fixing of complex workpieces within machining technological systems, it is
necessary to analyze various orienting and clamping schemes and mechanisms in relation to a series of
specific characteristics of the workpieces - general shape, wall thicknesses, etc.

In the context of competition and constant changes in customer needs, companies are seeking ways to adapt
quickly and efficiently to new market requirements. A growing trend is product diversification, and in this
context, industry specialists are emphasizing the development of devices that offer increased flexibility and
versatility.

Modulate devices are important in the manufacturing industry because they provide flexibility and
adaptability to changes in the production environment. The adaptability of devices is a key feature in
reducing costs, diversifying the product range, increasing process efficiency, and fostering innovation and
continuous development.

The case study on the development of a multifunctional machining device highlights the main elements
concerning the design of a multifunctional machining device, as well as its use through technically
acceptable configurations, making it a component of an actual CNC or conventional machining system
where a specific machining operation takes place.

In perspective, it is envisaged the development of a multifunctional platform to allow the assembly, under
the conditions of Industry 5.0, of devices for CNC and classic technological operations/ systems,
respectively.
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ABSTRACT: Through this work the aim is to develop a prototype of a autonomous robotic system that is used for
transporting and storing passengers' luggage at the airport, until they board the airplane. The system’s role is to
facilitate efficient handling and management of passengers' luggage in the airport environment, thereby enhancing
travelers' experience by providing an innovative and reliable technological solution.

KEYWORDS: robot, autonomous, transport, luggage
1. Introduction

The subject of the paper is represented by the design and establishment of the initial specifications
of a robotic system for the transport and storage of passengers' luggage at the airport. This paper explores
the design of a robotic system dedicated to transporting and storing passengers' luggage in an airport.

The essential goal is to create a technological solution capable of efficiently and accurately
managing complex baggage flows at an airport.

The objectives pursued within the work are: achieving the current state of the market, establishing
the initial specifications, operating principle and prototype design, presenting the main modules of the
system.

2. Current market status
In order to identify the best method of implementing the robotic system, a market study was
conducted to analyze the existing autonomous vehicle models and fully understand the current industry

context. At the moment there are numerous systems for the transport of luggage, this type of system being
in continuous development, including those in the table below.

Table 1. Current market status

omfor
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Fig. 1 Omron LD Mobile Robot [1] Fig. 2 Omron mobile robot models[1]
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Fig. 3 BAGXONE High-Speed AGV [2]

Fig. 4 FLEET [3]

3. Establishment of system functions, initial specifications and prototype design

Following the study carried out on the current market status, an analysis of existing products on the
market was made, in order to determine a general structure of the composition of the robotic platform. Thus,
the type of construction of the robot and the main functions it performs were analyzed, depending on the
targeted application.

This analysis helped to establish how the system works and thus the main assemblies of the system
were established, so that it is able to perform the following main functions illustrated in the following figure.

AUTONOMOUS
NAVIGATION TO GATE

OBSTACLE AVOIDANCE

LUGGAGE CARRIER ROBOT

BLOCK LUGGAGE ACCESS QR CODE SCANNING

DISPLAY TICKET INFO

Fig. 5 — Main functions of the baggage carrier robot

The main modules of the system and the type of components that can be used to perform the
functions have been established.

In the diagram in the following figure we can see the grouping of components by subsystems that
fulfill different roles. Several possible variants of the components have been established and will be
presented in the following sections.
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Fig. 6 Diagram of baggage carrier robot modules
The following initial specifications have been established for the autonomous vehicle:
e Overall dimensions (LxWxH): 850 x 500 x 300 mm (850 x 500 x 1000 mm - with screen support)
e Ground clearance: min. 28 mm
e Total robot weight: max. 35 kg
e Maximum speed: 0.4 m/s
e Payload: 50 kg
e Operating autonomy: 4-5 h

Based on the diagram and initial specifications, an autonomous vehicle prototype was designed:

Load cells

Luggage platform -
acrylic

Batteries

Mecanum wheels
Aluminum profiles
chassis

Fig. 7 Autonomous transport vehicle prototype design
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4. Electric drive module; Data scanning and display module

In order to make it possible to both move the vehicle and to communicate with the passenger who

wants to transport his luggage, it is necessary to establish components for the electrical drive of the platform
so that it moves in the desired direction. At the same time, in order to start moving, the system must be
switched on and controlled; this is done by scanning the QR code on the ticket and displaying the passenger

details.

Given the initial specifications of the system, it is necessary to purchase elements that make up the

electrical drive of the vehicle, such as:

Wheel drive motors - Energy-efficient and compact electric motors providing sufficient power
and torque to propel the vehicle to a maximum speed of 0,4 m/s. These motors should be adapted
to ensure smooth and precise movement of the vehicle inside the airport.

Motor Controllers — The right motor control module to manage and control electric motors
according to the desired speed and steering requirements. These control modules should be
compatible with the specifications of the engines used and provide accurate and reliable operation.
Batteries - A high-capacity, energy-efficient parallel-linked battery system is needed to power
electric motors and other vehicle electronics. The batteries should be chosen in such a way as to
provide the desired operating autonomy of 4-5 hours and comply with the imposed total mass and
size limits. An example of suitable batteries are: LiPo 6S batteries.

Fig. 8 LiPo 6S batteries [4]

Command and control systems - Control systems that allow the control of different vehicle
components and facilitate communication with airport infrastructure or other autonomous vehicles.
These systems should provide a stable and secure connection for the transfer of data and commands.
Possible examples to use are: Arduino Mega control unit or Raspberry Pi 4 control unit.

MSUSEALREEREDEE RN,

Fig. 9 Arduino Mega control unit [5] Fig. 10 Raspberry Pi 4 control unit [6]

In order to perform the scanning of the QR code on the passenger's ticket and display the relevant

details, the following elements will be needed:
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e QR Code Scanner — A scanning device integrated into the vehicle, equipped with an image sensor
or a dedicated laser sensor able to read QR codes off of passengers’ tickets. This scanner must be
able to decode QR codes quickly and accurately.

e Image processor/QR code recognition system — An image processor or QR code recognition
system that interprets the data in the scanned QR code and transforms it into information usable by
the display system.

e User interface — A touch screen or LED display to display details relevant to passengers. This
could include flight number, boarding gate, departure time and other travel-related information.

=

Fig. 11 QR code scanner [7]

e Connectivity — A connectivity module (such as WiFi, Bluetooth or LTE) to enable communication
between the vehicle and the airport ticket management system. This would allow flight information
and other travel details to be updated in real time.

e Security and encryption systems — Security and encryption measures to protect scanned and
displayed passenger data. Those systems should ensure the confidentiality and integrity of travel
information and prevent unauthorised access to sensitive data.

5. Sensors module

e Load cells and amplifiers - To measure luggage weight in an automated transport system, load
cells are an efficient and accurate option. To ensure efficient operation of a baggage weight
measurement system, an arrangement of 4 load cells shall be used, each with a minimum measuring
capacity of 15 kg. To achieve greater accuracy in measuring baggage weight, load cells with a
higher measuring capacity of up to 50 kg each will be used. This choice of load cells with a capacity
greater than the maximum weight of luggage helps to avoid overloading and offers strength and
durability in use.

&M
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Fig. 12 Strength cell 50kg [8] Fig. 13 Load cell 10 kg straight bar [9]

In addition to load cells, amplifiers must also be purchased, that are used to increase the electrical
signals received from the cells.

Fig. 14 Load amplifier HX711 [10]
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An obstacle avoidance sensor is essential in an autonomous system, such as a vehicle designed to
carry luggage at an airport, for several important reasons:

e Safety: An obstacle avoidance sensor is crucial for the safety of the vehicle and passengers or other
nearby objects. It helps detect objects that are in the vehicle's path and avoid unwanted collisions.

e Efficient navigation: an autonomous system must be able to navigate in a dynamic environment
where objects can appear or move in the path of the vehicle. An obstacle avoidance sensor helps
determine clear paths and select optimal routes for travel.

e Automation: with the help of an obstacle avoidance sensor, the vehicle can operate without human
supervision, making quick decisions and adapting to changes in the environment to avoid
collisions.

For our model, it was found that in order to ensure rapid and effective detection of obstacles, the
vehicle must be able to detect obstacles at a minimum distance of approximately 50 cm. At this distance,
the infrared sensor can detect obstacles early enough to allow the vehicle to take corrective measures, such
as stopping or avoiding. The following model shows: DC working voltage 3.3V-5V and detection range:
from 1mm to 60 cm — adjustable. [11] These shall be mounted on the vehicle so as to cover all important
areas.

The following ultrasonic sensor model features [12]:

e Very small design for use in small spaces
e Programmable normally open/normally closed output function
e Clearly visible LED for switching status and echo indication
e Switching distance [mm] 40...300; (Target: 200 x 200 mm)
e Operating voltage [V] 10...30 DC
Fig. 15 Obstacle avoidance module, infrared, 4 channels [11] Fig. 16 Ultrasonic sensor [12]
A LIDAR sensor can be used for obstacle detection and navigation.
Table 2. LIDAR sensor features [13]
e Measuring radius 12 m;
e Resistance of 30000 lux to
strong light
Mapping and trajectory e Measuring frequency 4500
identifying module: LDO06 Lidar HZ;
360° DTOF e Scanning radius 360°;
e Laser safety (Class I);
e Lifetime 10000h
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6. Mechanical construction module

In order to ensure efficient and reliable operation of the baggage transport robot in the airport

environment, it is crucial to build every aspect of the platform with care and precision. The platform shall
be designed to withstand varying loads and difficult working conditions, while ensuring safe and efficient
handling of passengers' luggage.

Baggage placement platform - In order to ensure a solid and stable surface for placing and
transporting passengers' luggage, an acrylic plate seating platform can be used. This material can
be chosen because of its impact and deformation resistance, as well as because of its excellent
transparency and aesthetic properties. The acrylic plate provides a smooth and even surface, ideal
for supporting and transporting different types of luggage. In addition, the durability and ease of
processing of this material can facilitate the construction process, allowing for achieving a robust
and reliable platform with the possibility of placing it over the weighing cells.

¢ N
5 —

Weighing cell

-

Acrylic plate
Fig. 17 Baggage weighing platform

Platform chassis - High-quality aluminum profiles can be used to make the frame of the baggage
robot platform. These profiles have excellent impact and corrosion resistance, and are easy to
process and assemble.

Fig. 18 Aluminium profiles [14]

The use of aluminum profiles offers the opportunity to build a robust and durable frame
that can withstand various loads and demanding environmental conditions in the airport
environment. The flexibility and versatility of these profiles allow the frame design to be easily
adapted to the specific requirements of the project, while ensuring a solid and reliable structure for
the other components of the robot.

Mecanum wheels - In order to ensure optimal maneuverability and efficient travel capacity in the
crowded environment of airports, one can opt for the use of mechanum wheels. Mecanum wheels
are equipped with rollers steerable at an angle of 45 degrees to the wheel axis, which allows them
to perform lateral and diagonal movements.
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Fig. 19 Mecanum wheels [15]

This distinctive feature of mecanum wheels gives the robot a unique ability to easily
navigate tight spaces and avoid obstacles accurately. Also, mecanum wheels allow the robot to
perform complex maneuvers, such as turning in place and skidding sideways, without the need for
additional manual maneuvering.

7. Conclusions

Future research for the making of the automatic baggage transport system will be carried out taking
into account the specifications of similar products existing on the market and the operating schemes
presented in this paper. The necessary calculations will be made to establish the exact variants of the
products to be purchased and the design of the mechanical assembly will continue, followed by the actual
building of the platform, by sizing and mounting aluminum profiles and by making the housing
components. Subsequently, after installing the components, the necessary wiring will be made and the
robot's navigation algorithm will be designed.

8. Bibliography

https://automation.omron.com/en/us/products/family/LD

https://alstefgroup.com/baggage-handling/baggage-handling-products/bagxone-agv/

https://www.vanderlande.com/news/fleet-all-systems-go-at-rotterdam/

https://www.ampow.com/products/2packs-ovonic-120c-4s-2200mah-lipo-

battery?variant=42940952543476

https://www.robofun.ro/arduino-62/arduino-mega2560-v3.html

https://www.robofun.ro/raspberry/placa-raspberry-pi-4-model-b-4gb.html

7. https://www.dualstore.ro/gadgeturicastiincarcatoare-si-cabluri-usb-49/scaner-yhd-9800-cod-de-

bare-1d-2d-gr-cu-fir.html

https://roboteh.ro/456-celula-de-sarcina-50-kg-1000448.html

https://www.robofun.ro/senzori/celula-de-sarcina-10kg-bara-dreapta.html

0. https://roboteh.ro/280-modul-controller-de-cantarire-hx711-pentru-celule-de-incarcare-
1000274.html

11. https://www.emag.ro/modul-detectie-obstacol-cu-4-canale-ir-oky3518/pd/DYIJNKRMBM/

12. https://www.ifm.com/ro/ro/product/UGT209

13. https://smartrobot.ro/produs/Id06-lidar-360-dtof/

14. https://www.dicsaautomation.com/copie-de-extrusion-d-aluminium

15. https://www.servocity.com/140mm-mecanum-wheel-set-70a-durometer-bearing-supported-

rollers/

NN S

oo

= ©©

140


https://automation.omron.com/en/us/products/family/LD
https://alstefgroup.com/baggage-handling/baggage-handling-products/bagxone-agv/
https://www.vanderlande.com/news/fleet-all-systems-go-at-rotterdam/
https://www.ampow.com/products/2packs-ovonic-120c-4s-2200mah-lipo-battery?variant=42940952543476
https://www.ampow.com/products/2packs-ovonic-120c-4s-2200mah-lipo-battery?variant=42940952543476
https://www.robofun.ro/arduino-62/arduino-mega2560-v3.html
https://www.robofun.ro/raspberry/placa-raspberry-pi-4-model-b-4gb.html
https://www.dualstore.ro/gadgeturicastiincarcatoare-si-cabluri-usb-49/scaner-yhd-9800-cod-de-bare-1d-2d-qr-cu-fir.html
https://www.dualstore.ro/gadgeturicastiincarcatoare-si-cabluri-usb-49/scaner-yhd-9800-cod-de-bare-1d-2d-qr-cu-fir.html
https://roboteh.ro/456-celula-de-sarcina-50-kg-1000448.html
https://www.robofun.ro/senzori/celula-de-sarcina-10kg-bara-dreapta.html
https://roboteh.ro/280-modul-controller-de-cantarire-hx711-pentru-celule-de-incarcare-1000274.html
https://roboteh.ro/280-modul-controller-de-cantarire-hx711-pentru-celule-de-incarcare-1000274.html
https://www.emag.ro/modul-detectie-obstacol-cu-4-canale-ir-oky3518/pd/DYJNKRMBM/
https://www.ifm.com/ro/ro/product/UGT209
https://smartrobot.ro/produs/ld06-lidar-360-dtof/
https://www.dicsaautomation.com/copie-de-extrusion-d-aluminium
https://www.servocity.com/140mm-mecanum-wheel-set-70a-durometer-bearing-supported-rollers/
https://www.servocity.com/140mm-mecanum-wheel-set-70a-durometer-bearing-supported-rollers/

Student Scientific Communications Session 2024

STUDY ON THE DEVELOPMENT OF AN EXPERIMENTAL MODEL
FOR REMOTE CONTROL OF MOBILE EQUIPMENT UNITS

POTRA Nicolae-Liviu, AL-KHTEEB Abdallah, ULITA Filip-Cristian, ZAFIU Ciitilin
Florin SIMA Mihai, SIMA Gabriel and Tom SAVU

Faculty: F.ILLR., Specializations: IEMA, IPFP, IAAC, Alll, Year of Study: II, Email: mihaisimal 7@yahoo.com

ABSTRACT: The present work refers to a series of experimental researches regarding the thermal stress of
electronic equipment found in the UMC assembly and the determination of the necessary airflow for optimal
operation under normal conditions of use. For this research, specialized CAD software was used, specifically
Autodesk Fusion, and also for the mentioned simulations, Autodesk Fusion [6]. These researches were
reinforced by conducting physical trials as close to reality as possible, in order to demonstrate the compatibility
of the chosen solutions to meet the need for an ergonomic, resistant, and reliable product development, adapted
to current specialty standards.

KEYWORDS: UMC, temperature, thermal visualization

1. Introduction

In recent years, the development of robotic technology has led to a variety of innovations in the
field of remote control mobile units. These include both hardware developments such as sensors and
control devices, and software developments such as navigation algorithms and data processing.

During the interwar period, the development and testing of unmanned aircraft continued. In
1935, the British produced a number of radio-controlled aircraft intended for use as targets for training
purposes. It is believed that the term "drone" began to be used during that period, inspired by the name
of one of these models, DH.82B Queen Bee. Radio-controlled drones were also manufactured in the
United States and used for shooting practice and training. [1]

The ground-based Unmanned Vehicle Control Station (UMC) is a land- or sea-based control
center that provides facilities for human control of unmanned aerial vehicles (UAVs or "drones"). [2]

UMC hardware refers to the complete assembly of ground-based hardware systems used for
UAV control. This typically includes the man-machine interface, computer, telemetry, video capture
board, and antennas for control, video, and data links to the UAV. [2]

UMC software typically runs on a ground-based computer used for mission planning and
execution. It provides a map display where the user can define waypoints for flight and track mission
progress. It also serves as a "virtual cockpit,” displaying many of the same instruments as manned
aircraft. [2]

Fig. 1 Portable Ground Control Station for Unmanned Aerial Vehicles (UMC for drones).[2]

A control station (Fig. 2) typically consists of a set of screens and consoles that allow operators to
remotely visualize data and control the system. With the help of advanced technologies such as data
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analytics, artificial intelligence, and high-speed communication technology, the control station can be
configured and customized to meet the specific needs of each user.

N Server

Fig. 2 Multi-UAV, Multi-GCS with internet connection [4]

2. Current Stage

The development process must fully incorporate ergonomic aspects into the UMC optimization
approach, considering that this perspective will ensure seamless system integration for human
requirements. This holistic approach will essentially reflect the principle of ergonomics, which
emphasizes that every aspect of the system, whether it's equipment, interface, or the surrounding
environment, must be designed with the human user as the central focus.

In the initial studies, the development process concept for UMC was realized. Once the design
was developed, ergonomic design underwent radical changes. We implemented new general functions,
subject to analysis, resulting in the main function, with secondary functions resulting from the
interaction of the main functions and the environment in which it operates, representing external
interactions.

The conceptual design of the product, as well as its architecture, is developed based on the sizes
and characteristic values of competing products. The remote mobile control unit represents an assistance
and control unit for a wide range of moving systems that provides the operator with the freedom to
control devices from anywhere. Thus, in order to highlight the main modules found in the current
configuration, the creation of a block diagram presented in Fig 3 has been proposed.

- Modul Programare

asn

Sistem
Management Baterie
Baterie

>
IOWH/WOA T

UsB
Sistem Telemetrie Main Computer = Modul Navigatie

Fig. 3 Block diagram of the modules comprising the UMC

To determine the functions of the UMC product, the following recommendations had to be
followed:

e To ensure a good connection with associated devices.
e To be able to work with any operating system installed on the devices it connects to.
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e To have programmable buttons.

e To be ergonomic, with buttons and touchpad comfortable for any palm size.

e To be able to operate for a long period without constant need for battery replacement.

e To easily connect to external devices.

e To be easily powered from other external energy sources, even with different electrical
voltages.

e To be able to provide easy illumination using RGBW installation with minimal consumption.

e To be able to capture and display meteorological parameters through the built-in mini weather
station.

Both based on ergonomics and design constraints and based on mechanical strength
constraints of UMC component elements, the product design was directly influenced to meet the
user's interaction needs with UMC. As a result, the mechanical part was designed and assembled to
90% completion.

A USBAsp module was developed as part of the Atmel microcontroller programming
function, using an ATMega8 and a USB driver exclusively in the firmware. The connection scheme is
based on Atmega8 with an external 12MHz oscillator, with indicator lights indicating power and
programming status.

Fig. 4 AVR Programming Module Connection Diagram [3]

The real-time display of battery parameters (Voltage, Current, Power consumption, remaining
battery capacity, battery temperature) can be found both at the software level (in the UMC interface)
and hardware level (by displaying key parameters using a display (Fig. 5)).

—

—

Fig. 5 Displayed parameters of the management system
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The circuitry of the battery management system was designed using specialized software, Eagle,
provided by Autodesk. The system is divided into 2 subsystems: the battery optimization system (Fig. 6), which
interrupts the power supply to the UMC when it is not in use, and the battery monitoring system (Fig. 7), which
continuously displays battery status parameters and also performs continuous monitoring of the charging cycle.

7 1L J‘

~

MBRO520LT

Fig. 7 Battery Monitoring System Diagram

2.1. Weather Station

For the successful implementation of the proposed activities with the help of UMCD,
knowledge of essential meteorological parameters is vital. Thus, the design of a proprietary system of
specific sensors is desired to transmit the measured parameters to UMCD via Bluetooth signal, using
an application and a Bluetooth modulator.

We will use sensors for air temperature and humidity, atmospheric pressure sensor, and wind

speed sensor. (Table 1)
Table 1 - Meteorological Parameters Sensors Used
Sensor Used Observations

BMP280 - Atmospheric Pressure Sensor
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’:’;\\ DHT22 - Air Temperature and Humidity Sensor

Anemometer - Wind Speed Sensor

3. Static analysis regarding the determination of operating temperatures and

airflow
3.1. Defining the experimental model, input data, and constraints

To perform a static analysis of temperature evolution following the exposure of the UMC to
general environmental conditions (ambient temperatures ranging from 20-40 degrees, air humidity
<70%), dedicated software is required (in this case, Fusion360 software was used). The necessary
steps for thermal simulation are as follows:

The first step is defining the working/ambient temperature. This factor is crucial in simulation since
the heat exchange between the external environment and the UMC is a decisive factor in conducting
the simulation. (Fig. 8)

Fig. 8 Defining the operating temperature for the UMC

The second step is defining the constraints. In the case of thermal simulations, the zones
where air will enter or evacuate are defined. The UMC will have the front slot on the control panel
defined as the air intake zone, while the left side area will be defined as the air evacuation zone (hot
air will be forcibly pushed outwards using axial fans). (Fig. 9)
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Fig.9 Definition of constraints for the UMC

The third step involves defining the thermal consumption constraints. In this step, the areas of
interest generating heat will be selected. For the UMC, the most heat-generating component of

interest is the system processor. Due to its low power consumption characteristics, the dissipated heat
power is 40 W. (Fig. 10)

Fig.10 Definition of thermal consumption constraints for the UMC

The last step is defining the temperature constraints on each element of the UMC. For optimal
operation, the overall maximum temperature should not exceed 50 degrees Celsius. An increase of

approximately 25% from the maximum temperature will affect heat-sensitive components such as
voltage regulators / reference sources / EEPROM memories. (Fig. 11)

Sasren  secics.

Masimum Temperatuse

Fig.11 Definition of temperature constraints on each element of the UMC
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3.2. Solving the problem and interpreting the data

The results of the thermal simulations are displayed in Table 2.
Table 2 Results of thermal simulations

Result of the simulation Observations

! ‘ Based on the results, the airflow
required for optimal ventilation of
the electronic equipment within the
UMC ranges between 1-15 meters
per second. (Fig. 12)

The thermal simulation shows that
the temperature-generating area is
the processor zone, followed by the
transistor zone, which serves to
supply operating voltage to the
equipment. (Fig. 13)

so]

The result of the simulation
illustrated in Fig. 14 represents the
concatenation between the airflow
and the heat-generating zones.

[
Fig. 14 The concatenation between the airflow and the heat-generating
zones

— Similar to previous simulations, the
= adjacent image depicts a gradual
view of areas with different
temperatures compared to the
ambient environment. As
anticipated in the hypothesis, the
area with the highest temperature is
indeed that of the processor. (Fig.
15)

Fig. 15 Areas with températures different from the ambient
environment
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4. Analysis of thermal loading on electronic equipment

4.1. Steps required for generating the thermal loading analysis
The remote control system testing was conducted in a normal operating environment, namely:
Ambient temperature of 25.1 degrees Celsius and relative humidity of 58%. (Fig. 16)

Fig.16 Ambient temperature and relative humidity in the operating environment

The duration of UMC system usage under the above-described ambient temperature conditions
was 2 hours. During the testing period, the UMC was subjected to constant processing load. Upon
completion of the testing period, measurements were taken on the areas of interest to compare them
with the values resulting from the simulations.

08.05.2024 (AR
14:16:46 Ta342°C £=0.94

Fig.17 Thermal view of the UMC

Following the measurements, areas where the temperature exceeded the maximum threshold
of 50 degrees Celsius were highlighted. (Fig. 17 and Fig. 18) The temperatures exceeding the
permissible threshold were measured in the control module area of the charging system, specifically in
the vicinity of a transistor that switches on/off the system's power supply in case of malfunction or
overload. This thermal analysis revealed electronic defects that could lead to the UMC's suboptimal
functionality. The resulting issue was subsequently resolved after replacing the defective component
with a new one.
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Fig.18 Thermal measurements to observe exceeding the maximum threshold of 50 degrees

5. Analysis of the electronic system within the UMC

Within the UMC, there are components that have been developed since the design stage by the
current team in early versions. Therefore, it is crucial to study these systems to track their evolution
over time and to highlight any errors that may occur during their operation. We deemed it important to
focus on the quality of the power system and the errors that may occur in the software system.

5.1. Study of the UMC power system

The study of the battery charging system monitoring was conducted by capturing data from
the hardware equipment aimed at achieving a normal charging cycle of the Li-lon battery pack. The
fragmented dataset is presented in Table 3, and the graph in Fig. 19 highlights the evolution of key
parameters such as current, voltage, and temperature in relation to the charging time. A complete
charging cycle was completed in 66 minutes, and the temperature varied by 15 degrees Celsius during

this time interval.
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Fig. 19 Graph monitoring parameters throughout the charging cycle

Table 3. Selected values during the charging cycle

Time(hh:mm) Current(A) Voltage(V) Temperature (degrees Celsius)
01:01 3.0142 12.0156 25.1
01:32 2.574 11.7635 313
01:41 2.4462 11.66 33.1
01:52 2.29 11.5335 35.3
02:00 2.1764 11.4415 36.9
02:08 0.5 11.3495 38.5
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In the process of analyzing the charging cycle, it can be assumed that the system operates within
optimal parameters with low dissipated power. In the subsequent stages, a more detailed study
consisting of 600 charge-discharge cycles of the batteries is planned. The result of this study outlines a
significant percentage in the reliability of the UMC.

5.2 Study on UMC Software Errors

Considering that some of the equipment found in the UMC component were developed by our
team, it was deemed necessary to conduct a durability test that would highlight any potential errors that
may arise during the data acquisition process captured from the front panel of the UMC. Fig. 20 shows
the first version of the graphical interface developed, communicating via the computer located in the
UMC with the hardware equipment that acquires signals from the switches on the front panel.
Communication is achieved using a USB 2.0-TTL converter. The application is developed as a
standalone package that can be individually installed by each user of the UMC system, with the
graphical interface being created as an additional element that facilitates the detection of any errors in
the applications.
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Fig. 20 Graphical interface of the driver used in the LabView software

The development of a file aimed at continuous monitoring of communication between
equipment and setting the initial parameters for establishing the connection was essential. The
application shown in Fig. 21 enables the operator to configure communication parameters while
continuously monitoring the data packets captured from the equipment.

Fig. 21 Graphical interface for monitoring communication errors

The testing was conducted using a system that activates the contactors located on the control
panel. In Fig. 22, the status of the user interface throughout the experiment can be observed. Data was
acquired from both the program interacting with the user and the mechatronic system developed for the
testing process. Following error analysis, the following errors were identified: 0.012% error in data
packet transmission, 0.003% error in interpreting the data set by the graphical application. Thus, it can
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be concluded from the testing process that the software errors of this subassembly meet acceptable
limits for functioning within UMC parameters.
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6. Conclusions

The determination, analysis, and resolution of design and usage phenomena/difficulties of the
developing product "Mobile Control Unit" were considered, utilizing dedicated software for specific
situations, such as Autodesk Fusion, etc. Prototyping of key assemblies and subassemblies necessary
for the development of the future product was carried out. Additionally, practical tests were conducted
on the working prototype to better understand the phenomena that may be encountered during product
use. The presentation of the research work aims to confirm the correctness of the presented stages.
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ABSTRACT: The development of a pair of robotic arms for communication with hearing-impaired
people requires a multidisciplinary approach, namely robotics, signal processing, human-computer
interaction. The detailed design of robotic arms for hearing impaired people involves taking into
account the specific needs of these people, as well as integrating features that facilitate their
communication and interaction with the environment.

KEYWORDS: detailed design, robotic arms, hearing impaired individuals.

1. Introduction

The robotic arms are a mechanism composed of links, interconnected through suitable joints, to
achieve the degrees of freedom and spatial movement required for executing commands. Due to its
functional similarity to a human hand, it is also called anthropomorphic. The term “pair of robotic arms for
hearing-impaired individuals” refers to a robotic system formed of two articulated arms that are specially
designed and crafted for use by hearing-impaired individuals. In order to facilitate communicationthrough
sign language, the pair of robotic arms mimics as closely as possible structure and proportions ofhuman
arms. Proportioning for printing 3D of the component element includes approximately the actual length of
the human arm as well and mobility of the fingers.

2. Strategic development and specifications of robotic arms designed for
communication with hearing-impaired people

2.1 Strategic Marketing

To reach the target audience, the marketing strategy will focus on:

o Marketing channels: strategic partnerships with organizations dedicated to hearing-impaired
individuals to increase awareness level.

o Participating in conferences and events related to technology and accessibility.

e Online advertising towards hearing-impaired individuals, their families and
healthcare professionals.[2]

Price strategy: Market competition analysis will determine the establishment of a competitive price,
taking into consideration both production costs and the value the product brings. Market competition
analysis was executed in the scientific report2 from which the following conclusions resulted:[2]

- Unlike competitors who utilize similar software, our approach for this pair of robotic arms is unique.
The graphical interface is built on a codebase written in JavaScript programming language using the
Next.JS 14 framework for user interface, while REST APIs integrate the Johnny Five serial communication
library. The monitored data and I/O (input/output) are stored in a PostgreSQL database (arelational database
supporting transactions). The materials used are significantly better, with the arms being manufactured
from Anycubic PLA, a material Significantly better in quality compared to the ABS used by competitors.
The amount of material used is minimal (1.4 kg for 92 component parts), making thearms lighter and more
efficient. The design is similar to that of competitors but with key improvements. We have added several
elements that enhance the functionality and reliability of the arms. Additionally, we have managed to
significantly reduce assembly time. Considering all the advantages listed, our competitive price of $4000
is justified.

2.2 Objective specifications of the robotic arm
To fulfill specific needs of users, the product will need to respect the following specifications:
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« Functionality: Creating a set of sign language recognition algorithms that work accurately in various
lighting and background conditions, as well as a set of tactile gestures on the robotic arms that correspond
to common words and concepts in sign language.

« Performance: Establishing clear objectives for the precision and reaction speed of the robotic arms,
developing an intuitive and easy-to-use interface for easy arm control, and optimizing the design for
portability and ease of transportation.

« Reliability: Conducting extensive testing to guarantee the durability and consistent performance of the
robotic arms. Developing a service and technical support plan for customers. Implementing safety features
to prevent accidents.

« Inclusive design: Developing the robotic arms will take into account the comfort and ease of wearing
for people of different body sizes.

 User testing: To obtain feedback throughout the development process, tests will be conducted with
hearing-impaired users.

3. Project management and economic analysis for the development of a pair of robotic
arms for hearing-impaired people.

3.1 Project management

Efficient project management for the development of robotic arms requires careful planning and rigorous
execution. Key steps include [3]:

« Defining the Scope and Objectives: Clearly establishing the project scope and specific, measurable,
achievable, relevant, and time-bound (SMART) objectives is essential to guide team efforts and evaluate
progress.

« Project Planning: Breaking down the project into smaller tasks, estimating the necessary resources,
and establishing a detailed schedule.

* Resource Management: Efficient allocation of human, financial, and material resources is crucial to
optimize performance and minimize costs.

 Monitoring and Control: Constant monitoring of project progress, identifying potential issues, and
taking corrective action in a timely manner.

« Risk Management: Identifying, evaluating, and planning strategies to mitigate potential risks are
essential to minimize negative impacts on the project.

3.2 Economic Analysis [4].
A detailed economic analysis is essential to evaluate the feasibility of the project and make informed
investment decisions, key elements include:

* Development Costs: Estimating the costs associated with research, design, manufacturing, and
testing of the robotic arms.

* Operating Costs: Estimating the costs associated with operating and maintaining the robotic arms.

« Economic Benefits: Evaluating the potential economic benefits of the project, such as improving the
quality of life for hearing-impaired individuals and increasing productivity.

« Cost-Benefit Analysis: Realizing a cost-benefit analysis to compare the project costs with the
anticipated benefits and determine the profitability on investment.

4. Certification, commercialization and recycling of robotic arms for hearing-impaired
people
4.1 Certification:

« Safety Standards: Robotic arms intended for hearing-impaired individuals must comply with relevant
safety standards, such as SR ISO 10218-1:2011 (Robots and robotic devices - Safety of industrial
robots - Part 1: Robots) [5] and 1SO 13485:2016 (Medical devices - Quality management systems -
Requirements for regulatory purposes) [6].

«Testing Procedures: Robotic arms must be rigorous testing to ensure they are safe and reliable.
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4.2 Commercialization:

« Identifying the Target Market: It is important to identify the target market for robotic arms. This
includes hearing-impaired individuals of all ages, as well as professionals who work with hearing- impaired
individuals, such as speech therapists and audiologists.

» Marketing Strategies: Efficient marketing strategies need to be developed to reach the target market.

+Distribution Channels: Efficient distribution channels need to be established to make robotic arms
available to customers. These may include medical distributors, online stores, and hospitals.

4.3 Recycling:

+Recyclable Materials: Robotic arms are made from a recyclable material, namely PLA (polylactic acid),
which is a biodegradable material, meaning it can be decomposed by microorganisms under appropriate
conditions without polluting the environment.

«Recycling Programs: Recycling programs need to be developed for robotic arms at the end of their
lifespan. These programs should be easily accessible to customers and ensure responsible waste
elimination.

5. Manufacturing and Testing of Robotic Arms

Manufacturing involves a series of steps, from designing and fabricating individual components tothe
final assembly of the arms. Testing involves evaluating the performance of the arms in various scenarios and
identifying potential issues.
5.1 Designing and Manufacturing Components

Designing the component elements of robotic arms for hearing-impaired individuals involves
developing and conceptualizing these elements to ensure optimal, intuitive, and safe operation ofthe robotic
arms. The component elements of the robotic arms were designed using the CATIA V5 program [7].

Fig 5.1 The sketches of some component parts that are part of the assembly of robotic arms
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Fig. 5.2 execution of components within the assembly of robotic arms.

The components where manufactured using 3D printers, Ender3 and Ender3Pro,and the software
used is called PrusasSlicer. The printers and the software were utilized to select the most optimal printing
parameters.

Fig. 5.3 The printer used Ender 3 Pro
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Fig. 5.4 Optimal manufacturing parameters for components

The nozzle diameter through which the filament passes is 0.3mm, with each layer of the printed element
being 0.3 mm thick. The component parts in this assembly are printed with a density of 30%, which represents
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the percentage of material used to fill the interior of the parts. The printing speed of the assembly parts is
60mm/s. Printing of the elements was done at 210°C extruder temperature and 60°C bedtemperature of the

printer. A printed and assembled robotic arm reaches the size of a human arm 45cm.

tapt e

Fig. 5.5 The components of the arms on the printer bed in the prongram

In the manufacturing process of robotic arm components, was used printing technology thin layer to
achieve precise details and polished surface.
This thing it’s important to ensure a good interaction and safe with printed elements.

Fig. 5.3 Thin-layer printing of component elements

5.2 Assembling the arms

Once the individual components have been manufactured, they are assembled to form the robotic arms.
This process involve mechanically connecting and configuring the control software. Assembly mustbe done
with attention to ensure that the arms works correctly and are safe to use.
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Fig. 5.4 Final assembly of robotic arms

5.3 Testing the Arms

Robotic arms must be tested rigorously to ensure they function according to specifications and are safe
to use. Testing involves a series of different scenarios, including simple movements, object manipulation and
interaction with surrounding environment. Any issue identified during testing must be fixed before the arms
can be used by hearing-impaired people.
Testing code for closing and opening the robotic arms. The code was created in Arduino IDE 2.2.1 software
to test the closing and opening of the robotic arms.

Fig. 5.5 Testing Code for Robotic Arms
6. Conceptual Design

The main purpose is to create a system that facilitates communications and interaction efficiently for
the hearing-impaired people with surrounding environment, overcoming auditory barriers.

To select the optimal concept for finalizing the robotic arms, the initial phase was designing the
component elements differently, as a consequence following an analysis we have chosen the most suitable
concept for finalizing the robotic arms.

N

Fig. 6.1 The initial design of the robotic arms Fig.

B

6.2 t final dsign of the rot
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The initial printing of the component elements was done using ABS material. Following a material
analysis conducted using the CATIA V5 application, specifically a Finite Element Analysis (FEA), it was
found that ABS does not have as high a strength as PLA Anycubic, which is used in the manufacturing
process of robotic arms.

Fig. 6.3The robotic arm made with ABS material. Fig. 6.4 The robotic arm made with PLA material.
7. Detailed Design

The robotic arms need to meet a series of specific requirements to be effective in communicating
with hearing-impaired people [9]. These requirements include:

e Precision and Dexterity: The arms must be capable of performing precise and delicate movements

to accurately reproduce sign language gestures.

e Strength and Durability: The arms must be strong enough to express sign language effectively.

e Ergonomics and Comfort: The arms must be comfortable to use for extended periods.

o Safety: The arms must be safe for the user and those around them.

Components of Robotic Arms
Robotic arms designed for communication with hearing-impaired people typically consist of thefollowing
components:
7.1 Elements Used for Assembling and Operating a Robotic Arm

* 46 printed parts- Textile thread of 0.8 mm, approximately 70 mm in length for a finger,6 MG 995
servomotors,40 screws,20 nuts,10 elastics for finger thread tensioning,10 tubes for threading to the
fingers, Arduino, Servo motor shield, RD 50A power supply of 5V with 6A

Printed parts for a robotic arm:

* 1 palm,14 phalanges,5 fingertip parts,3 finger supports (large, ring, small),3 support pins (ring and
small finger support, thumb support, wrist),1 locking washer for the wrist pin,1 wrist,2 gears for the wrist
and wrist servomotor,1 wrist support,1 wrist servomotor support,2 guides for connecting wires,1
tensioner,1 servo motor sup ort, servo motor pulleys,4 forearm housings,1 cover.

g3
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8. Conclusion

The research highlights an innovative and multidisciplinary effort in the field of applied
robotics to address the specific needs of individuals with hearing impairments. This study
demonstrates the importance of integrating robotics, signal processing, and human-computer
interaction to create a robotic system that is adaptable, efficient, ergonomic, and meets all the
conditions imposed by its users. The fabrication and testing of a pair of robotic arms for
communication with hearing-impaired individuals is a complex process that involves several different
stages. It is essential that all components are designed andmanufactured with precision and that the
arms are rigorously tested to ensure they function correctly and are safe to use. When designing and
manufacturing the arms, it is crucial to consider the specific needs of hearing-impaired individuals.
The conceptual design of robotic arms for communication with hearing- impaired individuals is a
complex process that requires special attention to the specific needs of the users.The detailed design
of robotic arms for communication with hearing-impaired individuals is a challengingtask that
necessitates a multidisciplinary approach. The arms must be precise, strong, ergonomic, and safeto be
effective in communicating with hearing-impaired individuals. Successfully developing robotic arms
for hearing-impaired individuals requires a comprehensive approach that considers technical,
regulatory, commercial, and environmental aspects. This includes adhering to safety standards,
complyingwith regulatory requirements, and implementing effective marketing and distribution
strategies.
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ABSTRACT: The topic addressed in the dissertation is the development of a flexible pressing cell.
The assembly defining the flexible pressing cell consists of the following components: Robotic
Arm, Hydraulic Press, Pneumatic Press, Conveyor, Matrix Rack, Robotic Arm Support.
The purpose of the flexible pressing cell is to be configurable to perform various processing or
assembly procedures automatically and to allow remote command and control via the internet.
Thus, for the software component to be realized, the use of the LabView programming
environment was necessary.

The project developed in the dissertation proposes the integration of multiple software
components to create an automatic production flow.
KEYWORDS: Press, Robotic Arm, Conveyor, Cell.

1.Introduction
For the project development, in the initial phase, the components that will define the ensemble
called the "Flexible Cold Pressing Cell" were studied.
The chosen components are as follows:
e Robotic arm
e Conveyor
e Pneumatic press
e Hydraulic press
e Matrix-type rack

The final aim of the project involves the creation and automation of a prototype of a flexible cold pressing
cell designed to facilitate the execution of a complete production flow.

The production flow consists of a series of events aimed at reducing human resources within the process
and simultaneously increasing the efficiency of production time and costs.

Fig. 1. 3D Model Flexible pressing cell.
The stages of the production flow are carried out as follows:
e The introduction of semi-finished products into the pressing cell by a human operator or by an
auxiliary automated system.
e The conveyor takes the semi-finished products and delivers them to the position from where
they will be picked up and identified by the robotic arm.
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Identification of the semi-finished products is carried out through image analysis using a
camera attached to the surface of the robotic arm.

Subsequently, the processing order of the semi-finished product is determined after identifying
the type of semi-finished product.

The robotic arm will move the semi-finished product taken from the conveyor in the pre-
established processing order specific to the type of semi-finished product to one or each press
in the correct order.

After positioning the semi-finished products on the surface of one of the presses, the robotic
arm will retract from the action area of the press and will start the processing.

Upon completion of the processing procedure, the arm will return to the processed semi-
finished product and move it to the next processing point or to a position on the surface of the
matrix-type rack.

The piece resulting from the production flow will be extracted from the system by a human
operator or with the help of an auxiliary automated system.

Additionally, to optimize production time, the automation of the pressing cell will be enhanced

so that, if the order of entry into the system allows, multiple pressing operations can be performed
simultaneously.
2. Current State

To determine the current state regarding the flexible pressing cell, various flexible cells offered

by other manufacturers were analyzed, such as:

e KUKA ready?2 educate

KUKA ready2_educate is a variant of a processing cell with a didactic purpose offered by the

manufacturer KUKA. It represents a modular industrial cell variant in which various accessories, as
well as microcontrollers and data acquisition boards, can be integrated.[1]

Fig. 2. KUKA ready2_educate.
KUKA cell4_FSW

KUKACcell4_FSW is a proposed flexible cell used in welding processes offered by the

manufacturer KUKA. It promises increased efficiency resulting in fast production times and reduced
production costs.

Additionally, KUKAcell4_FSW is accompanied by a software application that provides the

ability to monitor and control the process remotely. [2]
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Fig. 3. KUKAcell4_FSW.

3. Development of Hardware Equipment

After choosing the components that will define the flexible pressing cell, the stage of designing
their arrangement within the cell and defining the space they will occupy was completed.

Using the SolidWorks application, the components of the cell were modeled and assembled so
that the robotic arm can correctly reach each work point.

After designing the 3D model, the assembly or verification stage for each of the component
equipment that make up the cell followed.

For each piece of equipment, visual inspections, mechanical functionality checks, and thorough
inspections of the electrical systems were carried out.

As a result of the inspections, improvements or repairs were made to the equipment.

After confirming the correct functionality of the equipment in all respects, solutions were
implemented for the control of the equipment and the acquisition of data related to their state.

The options used for this purpose are represented by Arduino MEGA development boards and
National Instruments data acquisition boards.

The monitoring and control of the conveyor and the pneumatic press were carried out using
Arduino MEGA development boards.

Fig. 4. Arduino MEGA.[3]
A modular system of National Instruments cDAQ-9172 data acquisition boards was implemented on the
hydraulic press.

Fig. 5. NI cDAQ-9172.[4]
To integrate the Arduino MEGA development boards and the NI cDAQ-9172 data acquisition
board, it was necessary to make electrical connections between the control instruments of the
equipment and the signal inputs within the control modules.
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4. Development of Software Applications.
To develop the software applications aimed at automating the cell, it was necessary to define a

software architecture on which the applications were built.
Thus, using the Microsoft Visio application, the communication architecture between the

equipment was modeled and defined.
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Fig. 6. Software Component Architecture

To develop the software applications, the LabVIEW programming environment was used.
LabVIEW provides a simple and intuitive platform for implementing software solutions, while also
offering a wide range of opportunities for integrating various types of components.

As the communication protocol between the subsystems of the pressing cell assembly, the
MQTT (Message Queuing Telemetry Transport) protocol was chosen. This protocol relies on
"PUBLISH" and "SUBSCRIBE" functions, which publish to or subscribe to topics.[5]

Through each topic, data (text type in the case of the project addressed) is transmitted, which
serves to implement communication between the elements of the flexible pressing cell.
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Fig. 7. ,,SUBSCRIBE” Function.

The applications underlying the equipment operate sequentially and are executed in order according to
the architecture established in the early phase of software component development.

Thus, each equipment communicates its current state on a specific topic and, if necessary,
queries the state of other equipment in the system to determine the action it will take.
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5. Testing.

In this stage, the complete assembly of the pressing cell will be functionally tested to ensure
proper operation of the equipment, and adjustments will be made to optimize production time.
6. Summary.

Due to the precision of execution and the speed of communication between equipment,
implementing a flexible cold pressing cell represents the optimal solution for cost and time efficiency
within a production process aimed at achieving a considerable production flow.
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ABSTRACT: In this paper, we will perform a detailed analysis of the aspects of aerodynamics and
parameter control in the fuel cell with respect to hydrogen bicycles. We will examine how the design and
construction of these bikes influence aerodynamics during movement, and what improvements we can
make. This analysis will provide a deeper understanding of the performance and safety factors associated
with such a vehicle.

KEYWORDS: Hydrogen fuel cells, High pressure storage, Energy management, Efficiency
optimization, Urban mobility, Aerodynamics

1. Introduction

Electric bicycles (e-bikes) have proven to be a promising solution for sustainable urban
mobility, offering reduced emissions and greater accessibility compared to traditional vehicles.
However, limitations in range and battery charging infrastructure for e-bikes may pose a significant
challenge to widespread adoption. In this context, the present paper investigates the integration of
hydrogen fuel technology in electric bicycles to overcome these obstacles and promote clean energy
transportation. By developing and simulating a 3D CAD model for a hydrogen electric bicycle, this
study aims to contribute to the expansion of research into alternative energy vehicles and sustainable
mobility solutions.

2. Review of specialized literature

Previous research has demonstrated the potential of e-bikes to reduce greenhouse gas
emissions, reduce traffic congestion and promote active transportation. Advances in battery technology,
engine efficiency and design optimization have led to significant improvements in the performance and
usability of these types of vehicles. In parallel, hydrogen fuel technology has emerged as a promising
alternative energy source, offering high energy density, fast recharge times and zero emissions.
However, the integration of hydrogen fuel cells in electric bicycles remains relatively unexplored in the
literature. This review aims to address this gap by examining existing research on electric bicycles,
hydrogen fuel technology and 3D CAD modeling in bicycle design.

3. Pressure level simulation

A hydrogen fuel cell is an electrochemical device that converts the chemical energy of hydrogen
and oxygen into electricity, heat and water. This technology offers an efficient and clean way to produce
electricity and heat with low pollutant emissions.

As part of our first numerical study, we performed a simulation using LabView software to
analyze the variation of pressure and temperature inside the fuel cell. These two parameters are essential
for efficient cell operation and optimal hydrogen transfer under form of energy. Since we did not have
an existing physical model to obtain real data, we defined two variables to enter optimal initial values,
and then observed how these parameters varied with changes in temperature and pressure during the
simulation. This analysis allowed us to observe the fluctuations over time, to determine if we have
constant cycles and over what length of time. In order to perform a more detailed analysis, we created
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a graphical representation at runtime inside the program and stored reports with the values obtained
according to the simulation sequences performed.
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Fig.1 The interface of the program in pause and running state

The program automatically adjusts the optimum pressure level, adapting it to the voltage
requirements of the fuel cell and the air temperature. We define a [Min, Max] range along with a target
value for the desired pressure. Fluctuations in pressure are accepted as long as they remain within this
range. When the upper or lower limit of the range is reached, the program initiates a correction by
increasing or decreasing the pressure, depending on the limit reached (upper or lower). Once the optimal
pressure is reached, the program waits for the preset interval to be exceeded to resume the correction
process.

The formula underlying this algorithm is the following:

n-F

SV

PH = POZ - 8R-T

2

[8]
Where:

n (the number of electrons transferred) = 2

F (Faraday constant) = 96.485 coulombs/mol
R (gas constant) = 8.314 J

T (temperature in K) = variable

V (voltage in V) = variable

4. Realization of the 3D Model

To begin, we started from a conventional bicycle design that was easily adapted for our
innovative concept. We used the Catia V5 design program, a design tool used extensively in industry
to develop and analyze complex models. In the initial stage of the project, we explored several
proposed models for hydrogen fuel technology. We wanted to identify solutions that had already been
tested and make improvements where we noticed potential problems or where current solutions were
not optimal.

Here are some of the analyzed models:
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Table 1. Competition analysis

Competing products

Product specifications

Country of origin: Germany
Mass: 23.6 kg

Speed: 25 km/h

Dimensions: 1850x1100x800 mm
Autonomy: 100 km

Feeding time: 6 min

Price: €3500

Country of origin: France

Mass: 30 kg

Speed: 25 km/h

Dimensions: 1900x1050x650 mm
Autonomy: 150 km

Feeding time: 9 min

Price: €4700

Country of origin: China

Mass: 25 kg

Speed: 20 km/h

Dimensions: 1340x1100x880 mm
Autonomy: 60 km

Feeding time: 4 min

Price: -

University of New South Wales - Hy-Cycle®

Country of origin: Australia
Mass: 32 kg

Speed: 35 km/h

Dimensions: 1900x1030x750 mm
Autonomy: 125 km

Feeding time: 5 min

Price: $2600

The process involved careful analysis of the technical and functional requirements for a
hydrogen bicycle, including hydrogen storage capacity, fuel cell system integration, and design
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optimization to ensure aerodynamic performance and efficient operation. The current model made is
very satisfactory for our requirement, certain points remain that will be optimized after several trials
and tests that we will run, especially on a physical model.

4.1 Assembly components

The 3D CAD model made for the hydrogen electric bicycle incorporates several innovative
features designed to improve performance and user experience. This bike is designed to offer a clean
and energy-efficient alternative to conventional gasoline or electric models.

The main technical specifications include:

e Lightweight aluminum frame: To keep the overall weight of the bike to a minimum, we
chose a high-quality aluminum frame that offers durability and corrosion resistance.

e High-efficiency electric motor: The bike is equipped with a high-performance electric motor
that provides optimal power and torque for a pleasant and efficient pedaling experience.

e Compact hydrogen fuel cell system: To power the electric motor, we have integrated a
compact group of hydrogen fuel cells. This system converts hydrogen and oxygen into water,
while generating clean, emission-free electricity.

Renderings and 3D visualizations illustrate the bike's design from multiple perspectives,
highlighting its aerodynamic and sleek profile. The shape and contours are optimized to minimize air
resistance, allowing the rider to move quickly and efficiently. Ergonomic and aesthetic aspects are also
taken into account to provide a pleasant and functional user experience.

The hydrogen electric bicycle is an innovative and sustainable solution for urban and
recreational mobility, combining advanced fuel cell technology with the benefits of a modern electric
bicycle.

1275

2280 730

Fig.2 Bicycle assembly
In the presented CAD model we also have a proposal for replacing the hydrogen tank, the

compartment attached to the bicycle frame has a hatch for opening the case where the tank is located,
it can be easily replaced without imposing too many constraints.
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Fig.3 Quick changeabl ydrogen tank Fig.4FueI syste componéts

The closing system has clips between the hatch and the body to prevent sudden opening in the
event of an impact, the hydrogen tank is sealed inside to prevent it from falling or impacting during
shocks. The positioning of the fuel tank compartment was chosen following the analysis of models
already developed by other researchers in the field. In most of the models already made, its placement
was done on the bicycle frame, we found this solution to be risky, especially for a hydrogen tank, but
also a more inconvenient option for the user. | found the position on the frame to be the easiest in case
of a possible incident and less uncomfortable.

4.2 Aerodynamic simulation

Considering that we are dealing with a means of transport, aerodynamics is a very important
aspect in analyzing the feasibility of the product. All components of a bicycle can impact aerodynamics,
from handlebars, frame, wheels to any accessory present.

In order to better understand this phenomenon, we made an analysis of our product, performing
an aerodynamic simulation using the Autodesk CFD 2021 program, and analyzing the specialized
literature regarding the aerodynamics of transport vehicles.

The basic formula of aerodynamics is the following:

_ 1 2
D= sz ACp [7]
Where:

D = aerodynamic drag;
p = air density;

V = relative speed;

A = surface area;

Cp = drag coefficient;
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As can be understood from the given formula D, drag is a force impacted by several factors.
The Greek letter p represents the air density, and V is the relative speed, as you can see it is squared,
this means that a cyclist who goes twice as fast will feel the air 500
resistance four times stronger. Furthermore, we are impacted by
the frontal surface, more precisely the whole part of the body
with which we move forward, in short, the smaller we are, the
less opposition we will feel from the air. The last factor
represented is the coefficient of aerodynamic resistance, this
factor cannot necessarily be simplified or calculated because it is
greatly impacted by fluctuations in speed, the stiffness of the
surface on which we move, in technique this value is first the
simulation of several sequences where they are taken into
calculation of various factors, including positions of the cyclist 100 Air Density
during travel.

400

300

200

Altitude (km)

Following this study to understand the aerodynamics, we OL_‘“V ) — High
performed as mentioned above an aerodynamic simulation for Fig.4 Graph of air density
the hydrogen tank storage compartment along with the fuel cell infrastructure. Being currently a
proposal, the results will be interpreted as such, not having a feasibility study on the casing by a
specialist in resistance structures. At the moment we are focusing on the aerodynamics part to know the
constraints from which we will start in the wider development of this product and to be able to decide
future implementations at the level of 3D modeling of the part.

In the following images you can see the passage of air past the hydrogen compartment and the force
with which it opposes the air:

(1) Vlocity Magnituda - cmis.
1593.95

Total area, 18998.8, cm”2

TOTAL FX, -3.69011, Newton

TOTAL FY, 33.3564, Newton

TOTAL FZ, -32.5044, Newton

Center of Force about X-Axis (Y-7), 219.244, 384234, cm
Center of Force about Y-Axis (X-7), -23.2364, 40.2036, cm

Center of Force about Z-Axis (X-Y), -23.0267, 194.891, cm W
|Write to ﬁle...l View file...

(7]

Fig 5. Simulation results

As results, we obtained approximately an aerodynamic resistance with a value of 33 N at a
speed of 45 km/h. Compared to the current state of the case we can say that we are in the average
parameters, we can draw the conclusion that the product is feasible and can be adjusted according to
the requirements that will follow.

5. Case study

The results of the CAD modeling and simulation process demonstrate the feasibility and
potential benefits of integrating hydrogen fueling technology into electric bicycles. Compared to current
electric bikes, hydrogen-powered ones offer an extended range, faster refill times and a much lower
environmental impact. Furthermore, the bike's modular design allows for easy customization and
adaptation to different user needs and preferences. However, challenges such as hydrogen storage and
distribution infrastructure as well as consumer acceptance and regulatory barriers must be addressed to
realize the full potential of this technology.
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6. Conclusions

This paper provided a detailed exploration of the complex systems and their interactions in
hydrogen electric bicycles. Perfect coordination between hydrogen fuel cells, high-pressure storage and
advanced energy management is essential for efficient energy use. The practical insights gained from
this study contribute to ongoing efforts to optimize the performance and sustainability of hydrogen
electric bicycles, enhancing their potential as viable solutions for green urban mobility.

7. Future research directions

Future research will look at improving the efficiency of hydrogen fuel cells, exploring advanced
materials for high-pressure storage, and optimizing energy management algorithms for even greater
optimization. The ongoing global interdisciplinary research in this field will undoubtedly contribute to
the evolution and advancement of hydrogen electric bicycles as sustainable and practical solutions.
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ABSTRACT: In the context of the rapid advancement of assistive technologies, special attention is given
to the development and implementation of electronic devices that meet individual needs, regardless of
the user's motor and cognitive abilities. The article presents a comprehensive analysis of the potential
of a monitoring and localization device for people with special needs, designed in the form of a
wristband. By synthesizing the results of previous research and presenting the functional prototype, the
current research highlights the significant contribution that this technology can make to improving the
quality of life and individual security. Additionally, by exploring economic and commercial aspects, the
article underscores the market potential for these devices, highlighting business opportunities and
marketing strategies necessary for successful product implementation in the market.

KEYWORDS: monitoring, localization, people with special needs, assistive technologies, data security
1. Introduction

In a continuously changing world, technology is becoming increasingly integrated into our lives,
bringing with it opportunities and solutions for various challenges we face. In this dynamic landscape, one
of the priorities is the development and implementation of technologies designed to support people with
special needs, thereby contributing to improving their quality of life and, ultimately, increasing users'
independence.

With this vision in mind, we have turned our attention to a particularly promising innovation: a
monitoring and localization device for people with special needs, designed in the form of a wristband. This
smart bracelet represents a significant step towards ensuring safety and personalized assistance for those
facing various disabilities, such as individuals with neurodegenerative disorders of the nervous system, who
experience cognitive and orientation issues (such as Alzheimer's disease, Parkinson's disease, Creutzfeldt-
Jakob disease, Lewy body dementia), as well as young children who are more prone to the phenomenon of
disappearance.

Our aim was to thoroughly explore the potential of this device, which can have a significant positive
impact on individuals' lives and the community as a whole, especially since there is currently no similar
product exclusively targeted at people with special needs in the Romanian market. Building upon the
general context of the project and the importance of the product, in previous articles, we extensively
analyzed the current stage of development of assistive technologies in this field, presented the technical and
functional characteristics of the device, and highlighted the benefits it can bring to users, regardless of their
motor and cognitive abilities.

In this paper, we will focus on relevant economic and commercial aspects, highlighting business
opportunities and marketing strategies necessary for the successful implementation of the product in the
market. By exploring studies in cutting-edge technology, developing the functional prototype, and relevant
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market elements, this article aims to provide a comprehensive perspective on the potential and benefits of
this innovative device.

Finally, we will draw conclusions regarding future directions in the development and use of this
type of technology, emphasizing the importance of continued research and innovation to provide efficient
and personalized solutions for our target audience.

2. The synthesis of the results obtained in the previous research and the aspects
highlighted up to this point

Given the context and the project's purpose presented in the introduction, we will now briefly
outline the results of the previous research. This information will provide the basis for a deeper
understanding of the evolution of assistive technology for people with special needs and will highlight the
significant contributions that this device can make to improving the quality of life and security of users.

In the first two articles, we focused on exploring and developing a significant technological
innovation: the monitoring and localization device for people with special needs who are at high risk of
disappearance. In the first article [1], we analyzed the current state of assistive technologies for this
demographic group, emphasizing the importance and necessity of creating a dedicated monitoring and
localization product. Through statistical analysis of the number of people with special needs in Romania
[2] and previous research conducted for similar devices presented on the ScienceDirect.com platform [3, 4,
5], we highlighted the benefits and key requirements for product development. Furthermore, we detailed
the conceptual and detailed design of the device and the associated application, highlighting essential
functionalities and technical approaches used to meet the specific needs of users. Additionally, we
emphasized the importance of data security and protection against environmental factors to ensure the
reliability and durability of the device. In the second article, we continued the research and detailed the
understanding of the functions and phenomena underlying the realization of the product, using Aulive.com
as the main source of information. Through detailed analysis of the needs and feedback of potential users
obtained through questionnaires, we refined the project to optimally meet the requirements.

In conclusion, the first two articles laid the groundwork for the development and implementation
of the product, highlighting the importance and necessity of this device for improving the quality of life for
people with special needs and their families. By exploring previous research and the current state of
technology, we substantiated the relevance and positive impact of this innovation in the field of assistive
technology.

3. The development of the functional prototype

In this section, we focus on the practical aspects of the project, transitioning from the conceptual
phase to implementation. Below, we will detail — using suggestive images — the process through which we
transformed the initial idea into a functional prototype of our product. From conception to realization, we
will explore each stage of the prototype development process, highlighting the key decisions made and the
technologies used to ensure the proper functioning of the device and its dedicated application. At the same
time, we will also focus on the essential features and functionalities of the prototype, highlighting the
innovations and technical solutions adopted. Finally, we will examine the testing and validation process of
the prototype, presenting the results obtained and the feedback received during this critical stage. Our goal
is to provide a clear and detailed picture of how we progressed from concept to functional prototype,
illustrating the efforts made to create an efficient and useful device for future users.

3.1 Features and functionalities of the prototype. Detailed description of the
components of the monitoring and localization device and its associated application

A. The physical components used for the monitoring and localization device for people with
special needs and their roles:
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Arduino Nano V3 — The microcontroller or Single Board Computer (SBC) serves as the brain of the
monitoring system. It controls various hardware components, processes data, and executes the
software logic. The choice between a microcontroller and an SBC depends on the computational
requirements of the system and the form factor.

Server (APl + DB) — The server component is the backbone of our system. It manages data storage,
communication with the device, and database operations. It is used for storing and retrieving vital data
collected by the monitoring device.

Enclosure —the enclosure is the physical shell that houses the electronic components of the monitoring
device. It is designed to be durable and comfortable for the wearer, ensuring the safety of the
components.

GSM/GPRS SIM800L 2.0 module — this module enables communication between the device and the
backend server of the application. It also allows real-time data transmission and remote control
functionalities.

GPS NEO-6M module with antenna - Provides location tracking capabilities for the monitoring
device. It assists caregivers and users in keeping track of the wearer's position.

3.7V Li-lon batteries — These batteries are the power source for the monitoring device. They supply
the energy required to maintain the device's operation for extended periods.

Fig. 1 Physical components for the monitoring and localization device

B. The technological package for the WEB application includes the following components:

a. Frontend technologies:
VITE: Our choice for building the web application, VITE enables rapid development and generation
of optimized builds for production, ensuring efficient application loading.
VUE - The main framework for developing the user interface of our web application, Vue.js, provides
us with the ability to easily create dynamic and interactive components.
VUE ROUTER - Used for client-side routing in our web application, Vue Router facilitates seamless
navigation between different views and pages.
PINIA - Our state management library for Vue.js - Pinia helps us manage and share state across
various components at the application level.
AXIOS - used to make HTTP requests from our web application to the backend server, allowing
retrieval and updating of data.
TAILWIND CSS: provides a utility-first CSS framework that optimizes styling and ensures
consistent design throughout the web application.

b. Backend technologies:
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e ASP.NET Core API: the framework of choice for building the backend API of the application,
ASP.NET Core provides a robust and scalable platform for web API development.

o SignalR: a real-time web communication library for ASP.NET, SignalR facilitates two-way
communication between client and server in real time, allowing code on the server to send content
instantly to connected clients.

e  Microsoft Azure: the cloud computing platform offered by Microsoft, used to deploy the
application frontend and API.

e  Entity Framework: an object-relational mapping (ORM) framework used in .NET applications
that allows developers to work with databases using .NET objects, eliminating the need to write raw
SQL queries.

o  PostgreSQL.: the relational database management system (RDBMS) of choice for storing and
managing the data used in our application.

o  Amazon Web Services (AWS): the cloud computing service offered by Amazon Web Services
(AWS) used for the database.

3.2. Work steps. The functional prototype development process.

The development of the project included several key steps. In the first stage, component selection
involved a rigorous analysis of the market and technologies used in similar monitoring and tracking
projects. Based on this research, the following components were chosen: the Arduino Uno R3 board, the
SIM800L GSM module, and the Neo-6M GPS module.

1. GPS module soldering 2. GSM module soldering

Fig. 6-10 Arduino board soldering steps

The next step was to test and evaluate the compatibility of the components, which we present in
detail in the next section of the material.
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3.3. Prototype testing and validation. Test results and feedback obtained during validation.

In this section, we present the testing and validation process of the prototype developed for the
monitoring and location device for people with special needs. This device incorporates key technologies
such as GPS, GSM and power supply systems, which are fundamental for the optimal and efficient
functioning of the device in its specific context of use.

1. GPS module testing

-

B

S B
Fig. 11-15 GPS module test steps

2. GSM module testing

o G

\.

|

Fig. 18-19 New GSM module test steps

Battery testing

| SR )‘.'M‘ “ 4
Fig. 20-21 Battery testing steps

The purpose of testing and validation is to evaluate the performance and functionality of the device
in real-world situations to ensure that it meets the requirements and expectations of end users. As part of
this process, we have carefully investigated how GPS and GSM are integrated and work in tandem to
provide accurate location and communication information. We also paid particular attention to testing the
batteries, as they are a key element in ensuring the autonomy and reliability of the device in everyday use.
The feedback obtained during the validation process is essential for identify any problems or improvements
needed and for adjusting the device's functionality according to end-users' needs and requirements.
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During testing, we found that the GSM module has difficulty connecting to the network, and the
GPS module sometimes takes a longer time to connect to the satellites, influenced by weather and
environmental conditions. To remedy the problems identified, we decided to replace the faulty components.
So the SIM800OL GSM module was replaced with an improved version, SIM800OL 2.0, equipped with a
high-performance antenna, and the Arduino Uno R3 board was replaced with a smaller version, the Arduino
Nano V3. However, re-testing the replaced components revealed new problems. The Arduino Nano V3
board was not supplying enough voltage to ensure proper operation of the GPS module. Thus, we had to
revert to the Arduino Uno R3 board, which provided the necessary compatibility for both components. This
decision was also motivated by the fact that the new GSM module requires a voltage of 5V to work properly.

Despite the difficulties encountered in the process of testing and evaluating the components, we
approached each problem with determination and found appropriate solutions to ensure optimal functioning
of the device. By replacing the incorrect components and adapting the configuration, we were able to
overcome the obstacles encountered and identify the necessary remedial paths. This proactive approach and
the solutions found have strengthened our confidence in the viability of the project and prepared us for the
next stages of development.

4. Economic and commercial aspects

Analysis of the market and demand for the monitoring and tracking device for people with special
needs reveals a changing landscape characterised by a significant increase in concern for the care and safety
of this vulnerable segment of the population. Although the Romanian market is still in its infancy in terms
of advanced monitoring and tracking solutions for people with special needs, there is significant potential
for growth. By introducing this new device to the local market, we aim to respond to the emerging needs
of the community by offering a product that not only adds significant value but also redefines the standards
of care and safety for people with special needs.

4.1. Market and demand analysis for monitoring and tracking devices for people with
special needs. Trends, competition and opportunities in the field

In our quest to develop an innovative and end-user-driven product, it was essential to identify and
understand customer requirements in depth. Conducting interviews was a key step in this process. The
interview guide used was designed to explore the needs, expectations and preferences of potential users,
addressing a wide range of issues from technical product functionality to user interaction and ergonomic
aspects.

Conducting an effective interview requires a systematic approach and a thorough understanding of
the specific area in which the product is intended to be used. Interviews are not just a simple data collection,
but a strategic tool for shaping a solution that perfectly aligns with market requirements and delivers an
optimal end-user experience. In this context, the analysis of the results obtained from the interviews has
given us a clearer understanding of customer needs and preferences, guiding us further in our efforts to
develop and improve the product in order to
respond effectively to market requirements.

In the market research process, we also focused on identifying and evaluating competing products
in the field of monitoring and locating people with special needs. We analysed various products on the
market that offer similar or comparable solutions to our product. This analysis included studying the main
functions and features of competing products, as well as evaluating their ergonomic design and user
interface. We collected the relevant data and performed a detailed analysis of the information found, in
order to get a clear and comparable picture of each product.

The purpose of this analysis was to gain an in-depth understanding of the current landscape of
similar products and to identify opportunities for product improvement and innovation. This information
has helped us to assess our market positioning, and in the future will help us to develop effective strategies
to differentiate and promote our device.
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4.2. Business model and marketing strategy. Ways to promote the product and attract
potential customers.

We are based on a simple and transparent business model with a focus on accessibility and quality
service. Our marketing strategy focuses on educating and raising public awareness of the benefits and
usefulness of the developed device to ensure that the product is precisely tailored to the needs and
expectations of the local market. The development and promotion strategy will focus on careful analysis of
the requirements and preferences of potential beneficiaries, using effective communication and promotion
channels to reach customers. We have chosen to name the product FIND-ER®, and the solgan is: Protect.
Assist. Take care.

By providing a fully integrated, efficient and affordable solution, we aim to become a key player
in the market segment dedicated to the assistance and care of people with special needs in Romania.

4.3. Cost and sustainability aspects. How the need for affordability of the device and
its environmental impact is addressed.

In recent years, Romania's economy has been under significant pressure, with slowing growth and
currency fluctuations. The living standards of the population have been affected by inflation and a decrease
in purchasing power, and the impact has also been felt on the accessibility of products and services [6].
Despite the economic difficulties, there is an increased need in the market for innovative, state-of-the-art
care and support solutions, especially for vulnerable groups. Their safety and that of their families is a
priority, and an effective and affordable solution can have a significant impact in this regard.

As outlined in the first article, the costs involved in the search and recovery of persons with special
needs, together with the financial and social impact on families and society, underline the need for effective
and affordable solutions for monitoring and locating those at high risk of going missing. In the case of
persons with special needs, disappearances generate not only increased emotional concern but also an
additional economic burden. These alarming figures underline the importance of continued efforts to
develop effective tracking and tracing technologies to prevent unfortunate situations and increase the
chances of finding those at high risk with little effort and minimal cost.

For the development of the cost model, we performed two separate analyses to estimate the
minimum and maximum costs for each product element, subassembly and finally for the total product cost.
The result was a maximum price of 2051.25 RON (about 400 EUR) and a minimum price of 1306.25 RON
(about 280 EUR). To assess the positioning of the product in relation to competitors on the market, we
developed maps of competing products, using performance and cost as benchmarks. Within these
comparative maps, both ideal value ranges and acceptable limits were outlined, with the aim of positioning
the developed product advantageously compared to the competition.

We want to make the device financially accessible for all user groups without compromising quality
or functionality. Additionally, we are committed to using sustainable materials and technologies in our
production and operations to reduce environmental impact and promote a healthier and more sustainable
climate for all.

5. Conclusions and future research directions

In the current context of increasing numbers of people with special needs and heightened concerns
regarding their security, the development and implementation of a monitoring and tracking device, in the
form of a wristband, becomes imperative. The proposed product represents not only an innovative technical
solution, but also a response to an urgent social need, offering a necessary and effective alternative in the
absence of similar solutions on the market, as well as considering the significant difficulties that the national
112 emergency system encounters in managing missing persons situations [7]. As previously mentioned,
difficulties may include additional delays in locating and intervening quickly in the case of people with
special needs, such as people with dementia or young children, where time may be of the essence for their
safety.
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In order to better meet the needs of people with Alzheimer's or other forms of dementia, it is
recommended to integrate artificial intelligence and behavioural prediction algorithms into the monitoring
and tracking device for future research and product improvements. This approach could provide an
advanced and adaptable solution capable of quickly identifying and responding to the individual behaviours
and needs of vulnerable users, thus enhancing effectiveness and market acceptability.

In conclusion, bringing specialised and efficient technology to the forefront is a solution that
complements and enhances existing infrastructures, ensuring a faster and more accurate approach to
managing critical situations related to persons at risk of disappearance.
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