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Abstract

An inventory system was implemented through the use of an Excel program format,
which allows you to monitor and manage your stock effectively, and also provides
an easy-to-use interface to track inventory levels, monitor replenishment needs. and
forecast demand accurately.
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Resumen

Se implementd un sistema de inventario mediante el uso de un programa en formato
Excel, el cual permite monitorear y administrar su stock de manera efectiva, ademas
proporciona una interfaz facil de usar para rastrear los niveles de inventario,
monitorear las necesidades de reposicién y pronosticar la demanda con precision.
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Introduction

The objective of having inventory control within
an organization is to allow the stock of
merchandise in the company, since, in its
absence, the effectiveness of material
management can be lost. (Ching-Wu, Gin-Shuh
, & Chien-Tseng, 2008).

According to Rodriguez Garcia (2022),
Implementing an inventory method for a
company provides financial security and
improves profitability, such as the First In, First
Out (FIFO) method, which offers better
efficiency in inventory control, especially in
SMEs, since they do not apply a method to
control their products and avoid financial losses.
The Circulo Polar company dedicated to the
production of ice, located in the city of
Aguascalientes, Mexico. It currently has 14
people and produces between 4.5 and 4.7 tons of
ice in two and a half shifts. Ice is manufactured
in bag and stick packages.

e @ 0 S it Rudos Gotc 9

San José

(eg)

LA SOLEDAD

Laura
lica

Figure 1
Location of the Circulo Polar company
Source: Google maps

Similarly, ice is bagged in presentations
of 3.5 and 15 kg. (jError! No se encuentra el o
rigen de la referencia.). The company also has
three vans for the distribution of this product.
The current market has more than 100 customers
spread throughout the city, and in nearby
municipalities and towns such as Pabellon, El
Taray, Pafiuelas del Refugio and parts of the
south of San Francisco de los Romo. The main
suppliers are located in Guadalajara (Bolsa),
Monterrey (Grapa) and San Luis Potosi (inlets
and osmosis filters for water purification
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Bolsa de hielo (5kg).

Figure 2
Products ofered the Polar Circle
Source: Own elaboration

It currently has two warehouses: raw
materials and finished products (cold room); In
addition to this, there is a shelf in the production
area which has raw materials that supply the
operator when the material is finished; They
have one manager per shift and a machine.

In the production area, the activity of
bagging and stapling is carried out, in addition to
stacking the bags on a conveyor cart so they can
be taken to the warehouse. In the warehouse, the
only task is to unload the raw product and load
the finished product to the distribution trucks.

There are two processes that the
company carries out to make ice: Water
purification and the bagging process. In the first
process, 7 operations are carried out, two
transfers of 10 meters in total and one storage.

Diagrama de flujo del proceso de purificacion de agua.

Diagrama no. 1 Hoja: 1 de .1

Método: Actual / Propuesto.

Lugar: Area de produccion
Operario (s) Ficha o

Elaborado por: Ashley Arcos Fernandez. Fecha: 17/05/2023.
Aprobado por Fecha

Descripcion Distancia | Tiempo

Llenado de cisterna. 20
Bombear agua al filtro de sedimentos. 2 0.03

Filtrar en equipo de sedimentos. 0.16

Filtro de carbono activado. 0.08
Proceso de suavizado. 05
Proceso de osmosis. 05

Bombear a la lampara ultravioleta, 8 006

T

Exposicion a lampara ultravioleta. 0.08
Esterilizar el agua mediante filtro pulidor 025

Almacenar en tanque especial. 033 e

TOTAL 22

Figure 3
Flow chart of water purification process
Source: Own elaboration
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In the bagging process the same number
of operations, transfers and storage were
obtained.

Diagram No. 1 Hojaldel

Product: Ice bag

Activity: Manufacture, bagging Actual
and storage of ice bags Actividad |Propuesto
Location: Production area Operation 7
Produced Asley Arcos Inspection 0

by: Fernandez Wait 0
Date: 17/05/2023|transport 2

Transfer of purifying water

25min.
Receiving purifying water from freezing water
1.5min
Reception and freezing process of water
5min.
Supply pressurized water for ice separation
6min.
Ice cutting by ramp 3 min.
Filling ice bags 2 min.
Stapling ice packs 2 min.
Apply ice packs on conveyor cart 5 min.
Transport to warehouse
Store

Figure 4
Flow diagramof the bagging process
Source: Own elaboration

In PYMES, as mentioned Rodriguez
Garcia, (2022) they do not have the development
and tools necessary to apply an inventory system
and normally make errors in the recognition of
parts and products, their measurement, sales
control (Alania Chavez & Villugas Calzado,
2020).

Description of the problem

Since its beginning of activities, it has presented
an area of opportunity in inventory controls, both
on what is produced and what is sold, as well as
on inputs and outputs of the product, at the same
time there is shrinkage (approximately $342 per
route to the day), since sometimes a product is
released that is not yet ready for distribution, and
the ice thaws, aggravating the problem, due to
the climate of the region.

ISSN: 2531-2200
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Previously, a system had been applied
where everything the worker had produced
during his day was recorded in a format, but as
time went by the operators forgot to continue
with this format, thus losing control of what was
produced.

General objective

Determine a new inventory system to improve
inventory control by 15%.

One of the reasons why inventory is
required to be maintained is to reduce ordering
costs, shortage costs, and acquisition costs
(Trujillo Ledn, 2020).

If the company implemented an
inventory control system, it will allow indirect
costs to be allocated to improve processes,
resulting in the company's profit, it will allow for
a reduction in costs for order processing, that is,
better daily production (Trujillo Leon, 2020).

Another objective is to reduce costs due
to shortages (Trujillo Ledn, 2020), such as theft,
loss or unrecorded sales and reduce the loss from
$342 pesos per route per day to $0,
implementing inventory control within the
warehouse, in addition to implementing a
standard operation sheet to reduce defective
products due to bagging errors.

The application of this project will favor
the workers in the production area (bag carriers)
and those in charge of the route will be the most
involved, since they are the ones who have direct
contact in the warehouse so that the new control
method is complied with within the same.

This study offers an overview of the
inventory management that sells ice, designing
an Excel tool for the control and administration
of the product through the FIFO method (Vito
Hernandez, 2022), since it is crucial to maintain
an efficient inventory rotation to ensure that the
product does not affect it, resulting in the
improvement of the inventory procedure and
reducing monetary losses. The methodology to
work refers to the solution of failures or
problems in the company that affect economic
resources.
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Methodology to apply

In this project, the PDCA methodology will be
applied, which consists of an iterative cycle of
four steps: plan, do, check and act. (Pecas,
Encarnacdo, Gambda, Sampayo, & Jorge, 2021);
in which it seeks to eliminate the root cause of a
problem, seeking consistency of habits within
the organization. With this, we not only
eliminate the origin of the incident, but we also
avoid the problem, through the adoption of
innovative processes and planning. This
methodology will be applied, complementing it
with quality tools and strategies for its use. To
implement this methodology, others are needed
to complement each other.

Plan.- A general evaluation of the
company will be carried out where the
production process until storage will be observed
in order to identify the main problems that affect
the company.

Once the data is obtained, it will be
evaluated using the tools: Pareto, Ishikawa and
5W2H diagrams.

The Pareto diagram will help to represent
in an orderly manner in terms of importance and
the frequency of occurrence of the different
causes of the problem (Burgasi Delgado, Cobo
Panchi, Pérez Salazar , Pilacuan Pinos , & Rocha
Guano, 2021), the Ishikawa diagram, which is
used to interpret and analyze data within a
process, observing the causes according to a
problem through brainstorming (Burgasi
Delgado, Cobo Panchi, Pérez Salazar , Pilacuan
Pinos , & Rocha Guano, 2021) and the 5W 2H
that describe the problem in writing, showing
how it affects the process, who is involved and
the causes of the problem (Vidoso Flores, 2023).

Do. Experiment and test different
solution options, selecting the best alternatives
using a SCAMPER for an approach at different
angles. The improvement will be applied that
will solve the problem and then seek to eliminate
the real causes.

Do. Experiment and try different solution
options, selecting the best alternatives using a
SCAMPER for an approach at different angles.
The improvement will be applied that will solve
the problem and then seek to eliminate the real
causes.
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Act. In this phase, we will seek to
standardize and control permanent corrective
actions, monitoring the results once the project
has been applied, in addition to applying
improvements in other areas.

Development

A Gemba tour was carried out between the
month of May-June| 2024 considering only four
weeks, to identify the problems that arise in the
process, identifying errors in deliveries, which
refer to the fact that the delivery people do not
agree on the delivery and the customer does not
receive their product or even two delivery people
arrive for the same delivery, for this records and
interviews were taken between two workers to
obtain the frequency, because in the three weeks
of observation there was no error in delivery.

Table 1
Frecuency table per week for problema identification

Inssues Week | Week | Week | Frecuency
1 2 3
Delivery error 5 5 5 15
Delays in deliveries 3 6 1 10
Machine failures 2 3 2 7
Custormer’s complaints | 2 0 1 3
Obstruction of ice outlet | 1 0 1 2
in the machine
Lack of inventory 1 1 0 2
Detective bags 1 0 0 1
Accidents due to unsafe | 1 0 0 1
conditions
Source: Own elaboration
Having the corresponding  data,

calculations were made, for the percentage the
following formula was used

% = ( magnitud del factor )XlOO [1]

magnitud total de los factores

Having the corresponding  data,
calculations were made, for the percentage the
following formula was used.

As shown in the following graph 1, you
can see that those that are close to the top 20%
were  prioritized, which are; customer
complaints, machine failures, delivery delays
and delivery errors, this in order to implement a
solution that affects the other 80% of the
consequences.
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Figure 5

Pareto chart of the problems presented by the company
Circulo Polar
Source: Own elaboration

After having identified the one that
presents the biggest problem: errors and delays
in deliveries, the root cause will now be
identified to look for the cause, which in this
case was the lack of strategy in inventory
control.

Machines Manpower Management
e T
e Oper:

s and delays
in deliveries
Thec

Measurement

Figure 6
Diagrama Ishikawa

Source: Own elaboration

Once the potential cause was identified,
the 5W 2H was used which is considered a
planning tool used in business management, to
have a better understanding of the problem since
it eliminates doubts that may arise about the
process or activity (Duy Hurtado , 2023).
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Table 2
5W2H of the problem

What | There is a lack of strategy in inventory
control.

When | When the product enters or leaves.
Where | Inside the raw material and finished
product warehouse.

Who | The operators.

Why Due to the fact that the previous methods
and formats were no longer applied.
How Each operator did his work as he wanted,
without filling out the records.

Source: Own elaboration

With the analyzes seen above, it is
observed that the problem on which the project
will focus will be the lack of strategy in
inventory control, this oriented to the
registration carried out by the operators when
entering or leaving the warehouse, whether raw
material or finished product.

Elementos del formato utilizado actualmente.

Fecha
— .
Clave para la boksa que s llna. i
| l 10/ chiol 28] A

Yor 1006 haWe |
- 2h e g R
70 | 5% | Blan 11282 ah\u
0 | Sk | Redac i\\zég h
= lzcgi sy : %m\g: ol ek
5l

i
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[Votar, 1239 Kbk

Numero de boksas que se lenaron. Nombre del operador.

Tamaiio de la bolsa

Figure 7
Example of the format currently used with its elements
Source: Own elaboration

SCAMPER application

For the implementation of this methodology, the
following stages were carried out, the first
consists of defining the problem, which is
already defined by the Pareto and Ishikawa
diagram, after which a brainstorming session
was carried out using the initials; Replace,
Combine, Adapt, Modify, Put to other uses,
Delete and Rearrange. Taking this into account,
the best five ideas were selected.

- Implementation of new formats prepared
in Excel.

- To make an identification by colors in the
warehouse.
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- Reorganize the warehouse strategically.
- Train personnel to fill out the forms.

- Establish a weekly count of raw materials
in the warehouse.

Proposed format for inventory control

A format will be implemented through Excel,
this to implement the new technologies to which
we have access, as indicated by the logistics
company Logystec “The lack of technological
tools exposes a number of serious faults that can
bring terrible consequences for companies”
(Vito Hernandez, 2022) (Logystec 2021), this to
avoid possible mistakes that employees could
make when handling inventory.

The Excel document has three sheets, the
first one showing the inventory and stock, the
second one where the inputs are recorded and the
last one where the outputs are recorded.

Operation of the inventory control format

As mentioned above, there are three different
sheets within Excel, as can be seen in the
following image.

Figure 8
Tab titles in Excel format

| Inventary | Input | Output |

Source: Own elaboration

The characteristics that can be observed
from the first sheet are that it has the product
code, the name of the product, the initial
existence, the inputs and outputs, the stock and
finally there is a column that indicates whether
they are available or not. In addition to this, a
staff of workers will be developed which will be
linked to the two remaining sheets to be able to
see who is in charge of each entry and exit. It is
important to mention that this Excel sheet is
designed only to visualize the correction of data.
has to be done on the other sheets (ver ilustracion
10).
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Table 3
Format-inventory sheet of Excel

Inventary

Overall Product View
worker 1
Product Initial
code Description stock  Input Output  Stock Disponible worker 2
Ice bags 3 kg worker 3
BH3001 (finished product). 0 0 0 X
Ice bags 5 kg worker 4
BH5002  (finished product). 50 0 50 v
Ice bags 15 kg worker 5
BH1503 (finished product). 0 0 0 X
Bars (finished worker 6
BAR004  product). 0 0 0 X
worker 7
BI3005 3 kg bags (input). 0 0 0 X
worker 8
BIS006  5kg bag (insuno). 0 0 0 X
worker 9
BI1507  15kg bag (input). 0 0 0 X
GRA08  Staples. 0 0 0 X

Source: Own elaboration

The entry sheet has the following
characteristics; There are six cells to fill out, the
first is the entry number, the section to indicate
the date, the cell to select the code and
description of the product, the quantity entered
and the person in charge of the entry, the code
cells and manager has a predetermined list for
filling, as can be seen in the following.

Table 4
Excel format entry sheet

Purchase of products

No.
Purchase Date  Code Description Quantity
Ice bags 5
kg (finished
BH5002 | product) 50 !

Source: Own elaboration

The output sheet is similar to the input
sheet, it only changes in the input number
format.
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Table 5 Table 6
Excell format output sheet Identification of colors for fillingo ut the format
Output —
Product sales Purchase of products

Purschase Purchase/

No. Date Code Description ‘Cuantity Ma production Date Code Description Quantity Ma

Source: Own elaboration

Once the form is filled out with the types
of products requested by the client, it will look

Source: Own elaboration like this:

Filling form

Table 7
Ejemple of fillingo ut an entry sheet

In order to have the information in real time, this
format will be located in Google Drive, so that
all operators can modify it and save it at the time,

for this, devices such as cell phones or Purchase of products
computers will be used. Once this is clarified, the
steps for filling it out are the following: Purchase/
production | Date Code Description Quantity Manager
. Worker
Check-in C-001 | 25/07/2023 | BH3001 40 1

3

- Enter the Google Drive folder where the

document is located.

- Once you load the format, it will open on Source: Own elaboration

the first sheet (inventory sheet), move to

the entry sheet and only the columns - To confirm if they were recorded
marked in red will be filled (the Purchase Correcﬂy, you can check the first sheet
No. column will be filled only with (inventory sheet) to see if the format was
numbers), for the blue columns (Code and updated.

Manager) only the options given to us will
be selected. What is in black (Description)
will be automatically filled with the full
name of the product, it is important not to
fill these cells because the format will be

altered.
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Box 16

Table 8
Inventory sheet update example

Inventar

Overall Product View workerers

worker 1

Product Initial
code Description stock Input Output Stock Disponible worker 2
Ice bags 3 kg (finished worker 3
BH3001 product). 340 0 340 v
Ice bags 5 kg (finished worker 4
BH5002 product). 0
Ice bags 15 kg (finished
BH1503 product).

worker 5

worker 6
BAR004  Bars (finished product).
worker 7

worker 8
BI5006 5kg bag (insuno).

worker 9
BI11507 15kg bag (input).

GRA08 Staples.

XX X X X X X

0 0
0 0 0
0 0 0
BI3005 3 kg bags (input). 0 0 0
0 0 0
0 0 0
0 0 0
Source: Own elaboration

Check out

1.  The document will be entered into the
Google Drive folder.

N

Once the format is loaded, it will open on
the first sheet (inventory sheet), it will
move to the third sheet which is the output
sheet, the columns that will be filled are
the green ones (the “Purchase No.” column
will be filled only with numbers), the blue
ones (“Code” and “Responsible”) will
only be selected from the list of options,
just like the input record, the black column
(“Description”) will not be filled, it is
automatically filled with the full name of
the product.

Table 9
Identification of colors for output filling

Purchase of products

Purchase/
production | Date Code Description Quantity Manager

Source: Own elaboration

3. Once the columns are filled in, it will look
like this.
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Table 10

Example of output filling

Purchase of products

Source: Own elaboration

4. To confirm if they were registered
correctly, you can check the first sheet
(inventory sheet) to see if the format was
updated. If we have registered entries, the
stock calculation will be performed
automatically.

Box 19

Table 11
Outbound inventory sheet update example

Invental

Overall Product View

Product Initial
code Description stock Input  Output Stock Disponible

Ice bags 3 kg (finished

BH3001 product). 340 150 190 v
Ice bags 5 kg (finished

BH5002 product). 0 0 0 X
Ice bags 15 kg (finished

BH1503 product). 0 0 0 X

BAR004 Bars (finished product). 0 0 0 X

BI3005 3 kg bags (input). 0 0 0 X

BI5006 5kg bag (insuno). 0 0 0 X

BI1507 15kg bag (input). 0 0 0 X

GRA08 Staples. 0 0 0 X

Source: Own elaboration
Implementation of visual controls

Within this project, the aim is to apply first in,
first out. A color identification will be applied
within the finished product inventory for its
correct rotation. In addition to this, a loading and
unloading aisle will be identified to maintain
order within the warehouse.
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Identification and delimitation cards

For the identification of pre-finished and
finished products, color-coded identification
cards will be implemented. The colors that will
be applied are red and green, red for the product
that is not yet ready for distribution and green for
the finished product. All of this will be
implemented within the finished product
warehouse (Table 8).

Figure 8
Tag card

Source: Own elaboration

The warehouse has an area of 10x4
meters, this area will be divided into three parts
with preventive tape, so that there are aisles for
easy access to the product. As shown in the
image, there are two red dots. These dots are the
places where the identification cards will be
placed on the walls. (Figure 9).

4 metros

" r
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Area de H : Area de
producto a Pasillo de! producto.
= cargay J
B descarga. m
-
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u Ll
] n
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@ 1 10 metros
Area de barras.
\
Figure 9

Delimitation of the cold room (warehouse)
Source: Own elaboration
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The handling of the cards is as follows;
mainly the operators will have to fill out the
Excel form as soon as they finish the production
load, after this the product will be taken to the
warehouse, if it is empty, the right side will be
filled first (where the exit is located), once the
first side is filled the card will be placed in red,
this is because the product has to spend 24 hours
inside the cold room to be ready for distribution.
After these hours the label will have to be
changed to green so that the distributors only
take this product.

Standard operation sheet

The implementation of the standard operation
sheet is an essential process for the
standardization of procedures in any project or
company. This tool is used to document and
communicate in a clear and concise manner the
steps to be followed in a specific task, with the
aim of achieving greater efficiency and
consistency in the results.

For the implemented improvements to be
maintained, the following standard operation
sheet is proposed, in case of staff rotation, it is
known how the process is carried out from
receiving raw materials to the distribution of the
product.

Hoja de operacion estandar.

Método: Propuesto. Elaborado por: Ashley Arcos Fernandez. Resumen.

No. De hojas: 1/1. Proceso: Embolsado. No. De actividades. 10

Aprobado por: Fecha de elaboracion: 27/07/2023.

Tiempo (min). 24.26

No. Actividad. Descripcion. Tiempo
(min).
El operador tiene que esperar en la rampa el hielo hasta 15

que salga completamente.
Se toma la bolsa y se llena con la ayuda de una pala. 3.0

L+ :
Se colocan las bolsas llenadas en la mesa. 3.0
4 Engrapado, Se toma la pistola y se engrapa la bolsa

x>

5 Apilado de bolsas en carro Una vez engrapada la bolsa se coloca en un carro 20
transportador. transportador.

1 Recepcion del hielo.

2 Llenado de bolsas.

3 Apilado de bolsas en mesa.

o ]

Una vez lleno el carro transportador se lleva al 20
almacén (cuarto frio).

6 | Transporte a almacén.

Figure 10
Standard operation sheet (1/2).
Note: The company only authorized photo
Source: Own elaboration
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7 Entrada aalmacén Se colocan 1as boksas de hisl en el fugar 40
= v

8 Canbio de s de identfficacion

9 Lienado de formam.

10| Salits G almacin Tos repartidorss Bndran que tomar 135 bolsss qua o2
encuentren con s tarjeta d identificacion verde y
{lenara el formato en formato de salida.

e

Figure 11
Standard operation sheet (2/2)
Note: The company only authorized photo
Source: Own elaboration

Results and conclusions

The implementation of the specific objectives to
achieve the main one was a success. Although
the initial objective was to reduce waste by 15%,
equivalent to $1,795.5 per week, we only
managed to achieve 10% of the objective,
equivalent to $1,197 pesos per week by applying
the Excel format and the other improvements
mentioned above.

Although we did not fully achieve the
desired result, it is important to recognize the
progress in reducing waste (Graphic 2).

Despite not achieving the original goal,
the new control measures implemented in the
warehouse have laid a solid foundation for
continuous improvement.

Employees and management can provide
valuable insights and suggestions for future
improvements. This collaborative approach is
crucial to ensuring the sustainability and
effectiveness of waste reduction efforts.
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Box

Before/After

$1,795.00
$1,801.00

$1,601.00
$1,401.00
$1,201.00
$1,001.00
$801.00
$601.00
$401.00
$201.00
$1.00

$1,197.00

Antes Después

Figure 12
Results obtained

Source: Own elaboration

Conclusions

The authors mentioned throughout the document
show that all their approaches are correct,
regarding the importance of good inventory
control management, this project is a clear
example, because by observing the percentages
with the monetary value you can see the savings
that the company was helped to achieve,
therefore a benefit of an inventory control
system (Ria, A. & Rifky, 2024), Of course, it is
important to mention that these can continue to
grow by applying continuous improvement
within the company.

Achieving a project implemented within
a company is not just about obtaining
verification data for a few months, even if the
result obtained showed a great improvement, it
has to be reviewed or followed up constantly to
verify new areas of opportunity or eliminate
elements that do not add anything to the process
or product, which is why it is important to
maintain the implementation formats and give a
routine evaluation to the implementations seen
before.
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Obtaining the transfer function using MATLAB’s System Identification and PID
controller for a temperature plant of an USP-type reactor
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Abstract

The MATLAB System Identification Toolbox optimizes experimental developments and
accurately models physical systems using experimental data. Valued for their simplicity and
robustness, PID controllers are crucial in industries such as food, pharmaceutical, and chemical.
USP reactors are key in the synthesis of nanomaterials and coating of substrates with thin films,
as well as in ultrasonic spraying and atomization. In this process, the substrate temperature is
critical to ensure material.

Resumen

El MATLAB System identification Toolbox optimiza los desarrollos experimentales y modela
sistemas fisicos con precision usando datos experimentales. Los controladores PID, valorados
por su simplicidad y robustez, son cruciales en industrias como la alimentaria, farmacéutica y
quimica. Los reactores USP son clave en la sintesis de nanomateriales y recubrimiento de
sustratos con peliculas delgadas, asi como en pulverizacion y atomizacion ultrasonicas. En este
proceso la temperatura del sustrato es fundamental para asegurar la calidad del material.
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Introduction

Currently, research in the development of new
materials is experiencing impressive growth, this
means that obtaining techniques are modified
and new technologies and methodologies are
developed, one of them is the ultrasonic spray
pyrolytic (USP) technique (Amador et al., 2020),
the industrial models to implement this
technique are costly, which is why the
development of new low-cost technologies is a
field of research with great opportunity, in the
same way as the development of controllers for
these systems. They have not been widely
studied.

When designing a controller for a real
physical system, information about its transfer
function is often lacking, which is crucial for
proper design. Therefore, it is necessary to
identify this transfer function through a
mathematical modeling process that represents
the behavior of the real system as closely as
possible (Poot, 2021).

There are different methods to obtain the
transfer function of a system, one of them is
Matlab's System Identification toolbox, which
allows to approximate a system transfer model
with a first-order transfer function with delay to
the real plant through experimental data, a
function that has the following form:

ke~Ls
G(S) = res+1 [1]
Where

- k: Process gain.

- L: Delay.

- 7: Time constant.
USP-type reactors

USP-type reactors are used in synthesizing
nanomaterials, and the coating of substrates with
thin films is ultrasonic spraying and atomization.
These techniques offer complete control of the
process, guaranteeing  high-quality  and
homogeneous results.
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There are various parameters to consider,
for example, chemical compounds, carrier gas
pressure, droplet size, distance from the nozzle
to the substrate, tank temperature, and extraction
hood (Amador et al., 2020). Of which
temperature is the most important parameter in
the ultrasonic spray pyrolysis technique and
different morphologies can be obtained at
various temperatures (Ardekani et al., 2019).

The formation of nanoparticles and the
deposition of thin films by the USP system will
be directly influenced by the spray speed, the
environmental conditions, the gas used for
transport, the size of the droplets, and the cooling
rate after the deposition process, but above all
due to the temperature of the substrate.

Gas Director

Campana de
flujo laminar

Controladar de
Temperatura

C=+——o0

Reactor

Figure 1
General diagram of a USP-type reactor

Temperature is a parameter that must be
controlled if optimal results are to be obtained;
for this purpose, control schemes are developed
that allow the system to be automated. Usually,
the works do not focus on that aspect, they are
oriented towards the design and construction of
the system, as well as experimentation with
different deposited materials, such as NaCl
(Sodium Chloride) and ZnO (Zinc Oxide), as
shown in (Rodriguez, 2013).

PID controller

PID regulators are widely used in industry due to
their efficiency and low cost, but their
implementation requires extensive engineering
work. The operation of a PID controller is based
on three essential elements: the proportional
component (P), the integral component (1), and
the derivative component (D). These parts
collaborate to calculate and modify the control
signal that will impact the variable intended to
be regulated.
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Methods such as Ziegler Nichols and
Cohen-Coon are applied to calculate profits, and
an example is used to illustrate the design of a
control system based on specific design
specifications (Gavifio, 2010).

Within the controller, the error signal (e)
is determined as the difference between the
reference value and the process variable (e =
r — vp), where r is the desired value of the
process variable and vp is the variable that you
want to control. This error signal is used as input
for the PID algorithm, which is summarized by
solving the following equation:

ve = kye +k; [ edt + kg5 [2]

The objective of this paper is to
document the advantages and usefulness of
using Matlab's System Identification Toolbox,
as well as the application of a PID control in a
real system such as a temperature plant, in this
case, oriented to a USP-type reactor.

Methodology

The physical system for which a PID control is
intended is shown in Figure 2, it is composed of
a grill brick, capable of withstanding
temperatures of up to 900°C, and contains 980
W resistors.

Figure 2
Temperature plant prototype.
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The elements that were used to carry out
the control action on the plant are the Arduino
DUE which is used as a microcontroller, it also
has enough analog and digital pins, and it also
has specific pins to carry out I2C communication
and thus has an simplest connection with the
LCD screen, we connect the JDB2CH-V1.0
dimmer module to one of the pins that can emit
a PWM signal, and thus be able to generate a
control signal.

The respective connections can be seen
in Figure 2. The hardware was introduced in an
electrical control box, in this way the user will
be able to have a more pleasant interaction, in
addition to protecting and isolating the
components from particles of dust, water, or
some other, future disconnections or even
damage due to mishandling or accidents are also
avoided.

Figure 3
Connection diagram for Arduino DUE

Obtaining the transfer function by System
Identification

To obtain the transfer function of the system, the
reaction curve identification method was used. It
was collected the experimental data generated by
the system at a step input of 40%. For this, it was
developed a code in Arduino IDE and serial
communication with Matlab, the advantage of
using serial communication is that in addition to
graph the data, it can also save it in vectors in the
following way, in this case, a total of 800
samples were taken, in this way it ensures that
the system's temperature stabilizes.
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System response to a step input is equivalent to 40% of
the PWM signal

Inside a for loop, the graph is plotted in
real-time while storing the data within the
reading vector and sending a reference signal
which is stored in the reference signal vector,
which is the system's input, and the measured
temperature values are the output. To send this
reference signal to the system, a PWM (Pulse
Width Modulated) signal is used which allows
the Dimmer JDB2CH-V1.0 module to be told
how much power to supply to the resistors, this
is part of the code in Arduino IDE.

Now the data obtained is entered into the
toolbox found in the APPS section, as shown in
Figure 4.
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Figure 5
Steps to follow. a) Logo b) Selection of the type of data
c) Selection of what you want to estimate with that data
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With this, the first-order transfer function
with delay is obtained, the same toolbox shows
the affinity of the transfer function with the data
obtained from the real system, which is the best
fit of 94.27, which is quite acceptable, as shown
in Figure 5.

10.224 e~30s [3]
1012.955+1

Measured and simulated model output

G(s) =

250

—— Simulated output

——Measured output

150 -

50 -

Figure 6
Comparison between the real model and the simulated
one

A block diagram was developed in
Simulink applying a PID controller, shown in
Figure 7, the gains applied are shown in table 1.

Table 1
Calculated gains

PID GAINS
k, 1

k; 0.005
kg 1

Source: Own elaboration

Function obtained from system identification

Transfer function

oy fiEtaie

Scope
Delay

Figure 7
Simulink block diagram of PID control scheme
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Results
Below is the graph obtained by applying PID

control to the system, with a step input of 40%
of the PWM signal as a reference.

——PWM 40%

——Respuesta del sistema

I I L L I
0 200 400 600 800 1000 1200 1400 1600 1800 2000
Tiempo (s)

Figure 8
System output when applying PID control.

It can be seen how the system’s output
satisfactorily follows the reference signal, with a
sub-cushioned behavior. This shows that the
profits are adequate and it could apply this same
control to the real plant and observe its behavior.

The calculation of gains was developed
using the Ziegler and Nichols technique,
however, the results were not satisfactory, so it
was decided to calculate the profits
experimentally.

Conclusions

The use of System Identification Toolbox is
quite convenient to obtain the transfer function,
it is a very simple to use and reliable tool, but
when system parameters are unknown, since it is
experimental data, a result is obtained that is
closer to reality, since although have the same
elements in a system, in practice there will be
differences, perhaps not as significant but there
will be.

For the control part, something
significant is that the electronic components are
well selected since the current demanded by the
resistors is high and can damage the
components, it is a point where problems arise
because it is complicated. Obtain those
components with the requirements.
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The PID control gave positive results,
although it still needs to be tested
experimentally, it allows us to see the system's
behavior and if it is possible to control it.
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Abstract

Globally, a common trouble is the inefficiency of security systems in cars, several vehicles are
stolen for this reason every year. The purpose on this paper is to make an embedded system for
vehicular security. This system has direct communication with a smartphone, adding some
control systems manipulated by user. It has an electronic card, as embedded system, that makes
communication work, control, data process and voltage source. The system has microcontrollers
and satellite communication modules to improve its communication characteristics, making high
efficiency. This way, we look to do a social work in the local area to prevent and recover vehicles

with this trouble.
B
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Resumen

Uno de los principales problemas a nivel mundial es el hurto de vehiculos particulares y la
incapacidad, por sistemas de seguridad, para otorgar soluciones dentro de la misma. El objetivo
de este trabajo es disefiar e implementar un sistema embebido de alarmas de seguridad vehicular
por medio de tecnologia GPS, GSM y Bluetooth para evitar el robo de vehiculos. Se emplea un
sistema embebido, para realizar las labores de comunicacion, control, procesamiento de datos y
alimentacion requerida por el prototipo.
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Introduction

The continent with the highest number of vehicle
thefts is America. México has a high rate of
thefts, mainly involving mid-range vehicles,
which often do not have integrated alarms. To
prevent vehicle theft, it is recommended to
install an alarm, where a highly desired feature
is real-time location tracking. Another highly
desired feature is a low-cost alarm, which most
agencies do not offer as a viable option. These
features provide greater confidence to the user to
prevent their vehicle from being stolen.

Wirarespati and Rasjid (2019) presented
their system, which primarily operates with
microcontrollers based on the Arduino platform
and the use of a low-cost GPS, along with the use
of the Android Studio Software Development
Kit (SDK) for a mobile application. According
to M’hand et al. (2019) the implementation of
RFID technologies and GPS is more reliable.
Therefore, the use of other architectures such as
auto-ID technologies, QR code, Barcode,
magnetic, etc., is proposed.

Kiruthiga et al. (2015) created a security
system capable of protecting a vehicle through
fingerprint recognition, while simultaneously
communicating the vehicle's location to the
owner using GPS and GSM technology. All of
this is achieved using embedded systems for a
lower cost. William (2013) designed a system
with GPS and GSM which can be installed in any
vehicle, including motorcycles, due to its
reduced size and portability.

Ahmed (2024)  joined  similar
technologies using Arduino and a GPS/GSM
communication module to send the real time
ubication via SMS to wuser. It is a new
implementation using commercial devices to
develop technology. Kristianto et al. (2023) used
machine learning and IDSs to analize the in-
vehicle  network to avoid  attackers
compromising the vehicle.

Antonio et al. (2022) developed a low-
cost system implementing the technologies
desired by users (GPS and GSM). Using these
modules  independently, they  achieved
satisfactory results without the need for a
portable system.
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Other works have opted to use two
microcontrollers  together  with  low-cost
commercial GPS and GSM  modules.
Satisfaction surveys show a low acceptance rate
from users (Luis, et al., 2018).

Some works implemented various types
of embedded systems, as done by Danilo (2015),
who used a Raspberry Pi with an Arduino Uno
and communication modules. Although it has an
attractive user interface, it significantly increases
the cost of the vehicle alarm. Another project
using two embedded systems is by Javier (2004),
which implemented two commercial smartphone
as embedded systems for a vehicle alarm.
Despite having extensive coverage, it limits the
capabilities to those of the cellphone used.

This project anticipates a positive social
impact on vehicles whose security is insufficient
for users, providing an economically achievable
solution. It supports society in addressing one of
the main incidents occurring within the country
by using electronic devices commonly used by
the majority of the population and providing
specific real-time information for vehicle
recovery.

Materials and Methods
Embedded System

The first step in creating an embedded system,
practical,  well-informed and accessible
embedded system for prototype development
was established, aiming to be robust and cost-
effective. The purpose of this system is to
control the information received through
communication modules, as well as to manage
the actuators within the vehicle.
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Table 1
Features of Microcontroller 18F4550

Characteristics Value
Operative Voltage | 3.7-6.5[V]
Digital Pin 40 pins
Analogic Pins 16 pins

PWM 15 PWM pins
Voltage 1/0 5[V]

Clock 8[MHz]
EEPROM 4[kB]

Communication Modules

Regarding communication equipment, it is
important to understand that WiFi or Ethernet
communication is not feasible. Therefore, a
system that could be accessible in different
locations and connect to a smartphone network
was analyzed. SIM800 module was considered
for this purpose; however, among commercial
components, the SIM808 was found, which
includes encapsulated GPS and GSM modules.
This module would provide the microcontroller
a real-time location from the GPS. It would also
handle receiving GSM communication and
transferring it to the microcontroller, with the
main advantage of being the serial
communication used by the module.

Test Vehicle

For the selection of the vehicle, an example was
chosen from those with a high percentage in theft
statistics and one that could be used for testing,
selecting a 2017 Aveo. Based on the study by
Antonio (2022), the following points of low
security were identified:

- Low inherent factory security.
- Electric locks.

For the preliminary tests, the glove
compartment was considered as the storage
space. The temperature of the space was also
measured at different times to understand the
operating capabilities of the system (Table 1).

Installation Location

Based on the analysis, the location is considered
appropriate for the placement of the embedded
system, as the internal temperatures of the
vehicle do not exceed the maximum operating
temperatures of the electronic components used
in the system.
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Table 2 shows the temperatures of the
installation location taken at different times a
day, it is worth mentioning that this was
conducted in summer.

Table 2
Internal temperatures

Time (minuts) | Temperature

09:00 20°C
12:00 29.4°C
14:00 31.1°C
16:00 29.0°C
18:00 23.9°C

One more feature for which the space
was selected is the material of the site. To avoid
electronic damage, proximity to any metal that
could cause a short circuit or interfere with the
signal required for the GPS and GSM modules
was avoided. The glove compartment is entirely
made of plastic materials, which provides direct
insulation for the components of the embedded
system, making it one of the most convenient
locations for installation.

As a test feature, the integration of a 16x2
LCD screen is considered to visualize steps and
operating stages, as well as to evaluate
functionality and provide a display for the user.

Actuators and Power Stage

The vehicle has electronic door locks, which
were modified and replaced to enable their
activation. These locks are commonly used in
vehicles that have modifications, as their
characteristics and similarities in piston stroke
and size allow them to easily replace those
installed by the manufacturer, which was
convenient for the system.

a) b)

Figure 1
a) Actuator. b) Relay module
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For the use and implementation of the
actuators, an ON/OFF control was designed to
monitor the corresponding actuators. This was
achieved using a bank of 4 relays with the
specifications shown in Figure 1 b).

Android Studio was used to develop the
mobile application because it allows selecting
the Android versions compatible with the
vehicle alarm, providing a more limited range of
available devices, which in turn increases the
security of the alarm.

Methdology

To conduct preliminary tests and debug any
connection issues, a development board
(protoboard)  was  used.  Additionally,
communication tests were performed with the
SIM808 module and the voltage regulator. At
this point, the embedded system worked
correctly, making it feasible to install it in the
selected vehicle using the same power source, as
shown in the Figure 2.

Figure 2
Diagram conections of vehicular system

Additionally, the necessary connections
were made with the corresponding actuators of
the system. This way, the vehicle is equipped
with a functional alarm capable of tracking its
location in real time.

The system is powered by the battery
vehicle, with the system's operational
consumption measured at 24mV, ensuring that
the system will not be affected nor impact the
vehicle's  operation or  control  panel
characteristics.

ISSN: 2531-2200
RENIECYT-CONAHCYT: 1702902
ECORFAN® All rights reserved.

With the developed system application,
some characters were selected to perform the
activations, which were displayed if received the
information by the system (Table 3).

Table 3
Message from mobile App

Action Message
Ubication *

Down window @

Up window %
Unlock doors &

Lock doors i

As the first functionality test, the
SIM808 module was used along witha TTL as a
means of communication between the SIM808
module and the computer. In this way, AT
commands were sent to observe the module's
response. As shown in Table 4, the module sends
a response to any AT command.

Table 4
AT commands and actions from comunication module
SIM808

Comando AT Funcion

AT+CMGF=1 Activate GSM

AT+CMGS=\"+524424501556\" | Number to send
SMS

AT Verify connection

AT+CGPSPWR=1 Activate GPS

AT+CGPSSTATUS? Verify GPS
conection

AT+CGPSINF=0
AT+CGPSPWR=0

Take ubication
Deactivate GPS

AT+CMGD=1 Errase SMS
AT+CMGR=1 Verify available
message

With these commands sent manually
through the TTL and with the application, the
successful sending of messages with the
vehicle's coordinates was observed (Figure 3).
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Figure 3
Results from embedded system.

The next step is to test the application's
responses where it can graphically display the
locations. This is achieved through another
activity of the application. As shown in Figure 4,
we can see the location of the embedded system
on a map with a pin placed to better appreciate
the details.

Google

Figure 4
Ubication in mobile App.

With the tests performed and the
functionality results, the prototype was
improved by developing a user-friendly
interface with versatile features, as well as using
a system soldered on a board.
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Results

The final connection diagram can be seen in
Figure 5, which includes the components used.

Figure 5
Final conectios of embedded system.

Figure 6 shows the embedded system
with the corresponding connections to the
vehicle, the communication modules, the power
stage for the actuators, the microcontroller, and
the main power supply of the embedded system.

Figure 6

Embedded system in vehicle.

Once the embedded system was
installed, it must follow a startup sequence. This
sequence is illustrated in Figure 7, indicating that
a message is sent to the user upon completion of
the startup sequence, afterwards it waits for a
message to perform an action.

Népoles, Elias, Rojas, Rafael, Sesefia, Hiram and Martinez, Moisés.
[2024]. Development and desing for a vehicular care based on a
embedded system to prevent car heist. Journal of Information
Technologies and Communications. 8[19]-1-8: e30819108.

DOI: https://doi.org/10.35429/JITC.2024.8.19.1.8


https://doi.org/10.35429/JITC.2024.8.19.1.8

Journal of Information Technologies and Communications

6
8[19]1-8: £30819108

Article

Check connection with
GPS module

Figura 7
Boot sequence flowchart

One of the most important steps in the
flowchart is to connect with the satellites to
obtain the vehicle's location. For this,
synchronization time tests were conducted, as
reported in Table 5.

Table 5
Connection time with satellites.

Times connected | Connection time with satellites
23 min
13 min
17 min
13 min
15 min
15 min
16 min
14 min
21 min
16 min

QWO ~NOOOUOITEE WN P

[N

Subsequently, tests were conducted with
additional actions for the vehicle alarm (Table
6). Average response times for each action were
also recorded in Table 6, identifying positioning
as the task with the longest time.

Table 6
Answer time in action.

Action Mean answer time
Unlock doors 2.5 min
Look doors 2.5 min
Up windows 2.3 min
Down windows 2.1 min
Ubication 4.7 min
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By comparing the embedded system, a
commercial vehicle alarm, and the location
obtained by a mobile device, the results shown
in Figure 8 were obtained. It can be seen initially,
it has lower accuracy because it starts sending
location data connected to only 4 satellites, but
its accuracy increases over time.

Obtained location accuracy graph

20.551344
TX

20.551344
20.551344

20.551344 /

20.551344

Latitud

20.551344

20.551344
1 2 3 45 6 7 8 9 10

Requirement iterations

e fFmbedded System e Proficiency

Mobile device

Figure 8
Ubication comparison.

You can see the first level of security and the
main menu of the mobile App in Figure 9,
highlighting a user-friendly interface.

SUBIR VENTANAS
BAJAR VENTANAS
SUBIR SEGUROS
BAJAR SEGURDS

Usuario Gabo OBTENER LA UBICACION

MAPA DE UBICACION

Contrasefia ;34

ENTRAR

Figure 9
a) Initialized mobile App. b) Main menu mobile App
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Conclusions

The embedded system, together with the
developed application, reduces the price by 20%
compared to vehicle alarms with similar
features.

The embedded system provides great
accuracy in its location, with an error margin of
5 meters. Despite, there are opportunities for
improvement, such as reducing the size of the
embedded system by using surface-mount
components. Similarly, the response time can be
reduced by using the full information frame
provided by the SIM808 module.
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Abstract

The article highlights a mobile application that combines augmented reality and geolocation to
preserve the Chatino culture in Santa Cruz Zenzontepec, Oaxaca. The application offers virtual
reconstructions of historical events, audios and writings in Chatino and Spanish, connecting the
user with the past and revitalizing culture. Its objective is to show the tourist places of the
municipality, guiding visitors with geolocation. Developed with various technological tools and
an agile methodology, it seeks to provide an immersive experience that not only preserves the
Chatino culture, but also invites you to explore tourist places. In summary, this application
represents a valuable tool to counteract the loss of cultural identity, offering an educational and
exciting experience that connects the user with the history and beauty of Santa Cruz Zenzontepe..

Mobile application, Chatino culture, Augmented
reality

Resumen

El articulo destaca una aplicacion movil que combina realidad aumentada y geolocalizacion para
preservar la cultura Chatina en el municipio de Santa Cruz Zenzontepec, Oaxaca. La aplicacion
ofrece reconstrucciones virtuales de eventos histéricos, audios y escrituras en Chatino y Espafiol,
conectando al usuario con el pasado y revitalizando la cultura. Su objetivo es mostrar los lugares
turisticos del municipio guiando a los visitantes con geolocalizacion. Desarrollada con diversas
herramientas tecnoldgicas y una metodologia agil, busca proporcionar una experiencia inmersiva
que no solo preserve la cultura chatina, sino también invite a explorar los lugares turisticos. En
resumen, esta aplicacion representa una valiosa herramienta para contrarrestar la pérdida de
identidad cultural, ofreciendo una experiencia educativa y emocionante que conecta al usuario
con la historia y la belleza de Santa Cruz Zenzontepec.

Santa Cruz Zenzontepec

Aplicacion  movil, Cultura chatina, Realidad
aumentada
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Introduction

Today, mobile application development has
reached an  unprecedented level  of
sophistication, thanks to the incorporation of
technological advances and innovative tools.
This process has been influenced by agile
methodologies such as Extreme Programming
(XP), which have revolutionised the way digital
products are built and delivered. In this context,
phases 3, 4 and 5 of the XP methodology are
highlighted, which focus on pair programming,
continuous integration and testing, respectively.
It is important to mention that this study is
developed in the framework of the journal
‘100Cia Tec’, with the title "Web page of tourist
attractions, history, culture and traditions of
Acatlan de Osorio, Puebla, with location in
google maps using augmented reality. Journal
Computational Simulation, 1-5". (ROJAS-
NANDO, J. C.-R.-C.-S. (2022)), in which the
initial elements of the XP methodology have
been addressed.

In phases 1 and 2, planning and design
respectively, contained in this source of
dissemination, where fundamental aspects of
project planning and the definition of user
requirements were explored, thus laying the
foundations for subsequent development.

The analysis focuses on the intermediate
and advanced phases of XP, where the
implementation of collaborative practices and
development techniques that enhance the quality
and efficiency of the final product is explored in
depth. Through these phases, the aim is to
maximise the value delivered to project
stakeholders and to adapt in an agile manner to
emerging changes and requirements.

In this study, the practical implications of
the coding, testing and release phases of the XP
methodology in the context of mobile
application development will be explored,
drawing on lessons learned from the previous
stages of the ‘100 Cia Tec’ magazine.
Challenges, best practices and strategies to
ensure the successful implementation of these
phases will be analysed, with the aim of
delivering a high quality project that meets user
needs and expectations in a constantly evolving
technological environment.
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Development of headings and subheadings of the
article with subsequent numbers

For the development of the mobile application,
the Extreme Programming Methodology (XP) is
used, which was described by Kent Beck in his
book ‘Extreme Programming Explained:
Embrace Change’, published in 1999 (Kent
Beck, 1999).

This methodology is considered suitable
for the project, as it focuses on speed and
simplicity through short development cycles.

“Extreme programming is an agile project
management methodology that focuses on
speed and simplicity with short development

cycles and less documentation.”
(asana,2022)
Planificacién

Disefio

Codificacion
Prueba
Lanzamierto
Figure 1

Outline of the XP-extreme programming methodology
Source: (Raeburn, 2022)

In this second stage, three important
development cycles take place: Coding, Testing
and Release.

Coding phase

The coding phase was a crucial step in the
development of the mobile application, where
previous concepts and designs were translated
into a functional and robust product. Databases
were also used, as Elisa Sanchez Godinez
mentions.
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‘Information systems represent a tool that
supports decision making in any organisation,
for this reason it is necessary to ensure its
content and pay attention to the controls that
are  established to generate quality
information’, (Godinez, E. S., & Segura, L. Z.,
2011).

The use of technologies such as Java
programming language and SQL ite as a database
management system to store the information in
the information system, combined with software
development practices, made it possible to
achieve the established objectives and provide
an optimal solution for the objectives of the
project.

Figure 2
Login

In Figure 2, the main template of the login form
is elaborated, together with its corresponding
interface.

Nombre del lugar Turistico
Desipet

Figure 3
Result interface

In the following Figure 3, the data of a
tourist site is visualised as the end user will see
it when accessing the application.
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Figure 4
Customer module

In Figure 4, the different modules are
displayed where the user can view four main sets
of information, each organised according to the
corresponding category.

Figure 5

Administrator Module

In Figure 5, the administrator module is
presented, where you will be able to add various
categories and relevant information about the
tourist attractions and customs of the region,
including images, names, descriptions and
locations. This data will be displayed as a result
in the interface illustrated in Figure 3, which is
the interface used to visualise the information.
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Figure 6

Adding records

Figure 6 shows how the interface was
created for the administrator to make records of
the different categories with their respective
information. It was designed in an intuitive way
for the user to use it easily.

Testing phase

The testing phase was essential to ensure the
quality and performance of the mobile
application by conducting extensive tests at all
stages of development. This allowed for the
detection and correction of possible bugs before
the launch to the public, thus ensuring an optimal
and satisfactory user experience. Testing was
performed on the mobile device, as shown
below:

Figure 7

AR testing of the bule

Figure 7 shows the tests carried out on
the bule with augmented reality. As well as in the
following images, the corresponding tests are
carried out, as shown below: in Illustration 8 the
wooden cup, Hlustration 9 the chichihuite, and in
Illustration 10 the flag.
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Figure 8
Wooden cup AR

Figure 9
Chichihuite with RA

Figure 10
Flag with AR
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In these figures involving augmented
reality, a description is provided in both English
and Chatino. In addition, an audio is included in
both languages so that those interested in
knowing the writing and pronunciation can learn
about the culture present in the town of Santa
Cruz Zenzontepec.

135 2 SN AR

Inicio de Sesién

INGRESE A SU CUENTA

REGISTARSE

1
—
ACEETD

Figure 11
Login

Figure 11 shows the login form for the
administrator to log in using a username and
password. If you do not have an account, you can
easily register, as shown in Figure 12. In
addition, the option to retrieve your password in
case you forget it is provided.

Registro de Usuarios

Figure 12
User registration
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Santa Cruz Zenzontepec

Figure 13
Main screen

Figure 13 shows the final result of how
the relevant information about a product in a
specific category is displayed. The same layout
will be followed for the other categories, thus
ensuring a uniform and consistent presentation
of information throughout the application.

<

Taza

Figure 14
Register detail

Figure 14 shows the home screen, where
the main categories that the user will be able to
visualise are presented.
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107 &9

INFORMACION

Parroquia de Santa Cruz
Zenzontepec

Figure 15
Information

Figure 15 shows a section dedicated to
providing information about the community and
how to use the application with augmented
reality and the available bookmarks.

Launch phase

In the final launch phase of the project, it is
essential to highlight several key aspects of the
successful completion of the mobile application,
which involved careful planning and execution
of various activities to ensure a successful
launch and a positive user experience.

‘Given the trend towards the use of
technologies that enable greater user
interaction and immersion with computer
systems and mobile applications, augmented
reality 2 technology is increasingly present in
popular systems in various application
domains.” (Gabriel, 2020)

Conclusions

In conclusion, the development of the mobile
application with augmented reality and
geolocation to promote the tourist attractions of
Santa Cruz Zenzontepec, Sola de Vega, Oaxaca,
has been a resounding success. This project,
executed under the XP methodology, focused
especially on phases 3, 4 and 5, which played
critical roles in its implementation and launch.
During the detailed programming phase (phase
3), meticulous work was done on the coding of
the planned modules, ensuring functionalities
such as the visualisation of tourist information,
the integration of augmented reality and the
interaction with the database.
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Testing during the testing phase (phase
4) ensured the functionality and accuracy of the
application, including specific testing of the
audio and information displayed, to guarantee a
smooth experience for users.

In the launch process (phase 5),
complementary information was added to
further enrich the user experience, including
additional content on tourist attractions and
relevant historical data.

These combined phases ensure a high
quality final product that not only promotes local
tourism, but also contributes to the cultural
preservation of the region. The application
represents an advanced technological tool that
boosts tourism and local economic development,
marking a significant milestone in the promotion
of cultural heritage and local identity.
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Abstract

This paper presents an automated system for monitoring production lines, managing key
indicators like production rate, rejection rate, and downtime. Integrated with a Manufacturing
Execution System (MES), it collects essential data such as part numbers and production figures,
enabling periodic queries and minute-by-minute chart updates. At the end of each shift, it
generates automatic PDF reports. Built using a distributed database architecture with MS SQL
Server, the system integrates production data, downtime, and rejection rates. Users manage
settings and access through ASP.NET MVC, with ASP.NET Identity for authentication and
authorization. Scalable and efficient, it supports adding new production lines without
performance issues and has been implemented across multiple plants. Statistical tests revealed
significant improvements in production (-1923.80), rejection (-210.87), and downtime (-2.87),
with p-values < 0.001. Future enhancements include early detection rules for process failures,
enabling preventive alerts to further improve quality and efficiency.

Scalable real-time monitoring and reporting system for production lines
using distributed databases
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Resumen

Este articulo presenta un sistema automatizado para monitorear lineas de produccion, gestionando
indicadores clave como tasa de produccion, tasa de rechazo y tiempos de inactividad. Integrado
con un Sistema de Ejecucion de Manufactura (MES), recopila datos esenciales como niimeros de
piezas y cifras de produccion, permitiendo consultas periddicas y actualizaciones de gréficos cada
minuto. Al final de cada turno, genera reportes automaticos en PDF. Basado en una arquitectura
de bases de datos distribuidas con MS SQL Server, integra datos de produccion, inactividad y
rechazo. Los usuarios gestionan configuraciones y accesos mediante ASP.NET MVC e Identity
para autenticacién. Escalable y eficiente, soporta la incorporacion de nuevas lineas sin afectar el
rendimiento, estando implementado en varias plantas. Pruebas estadisticas mostraron mejoras
significativas en produccion (-1923.80), rechazo (-210.87) e inactividad (-2.87), con p < 0.001.
Futuras mejoras incluiran reglas de deteccion temprana de fallos para alertas preventivas y mayor
eficiencia.
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Introduction

The modern production environment is
characterized by the increasing demand for high-
quality products and the need to improve
operational efficiency to remain competitive.
Automation emerges as a key strategy to achieve
these goals. Accordingly, it results in greater
competitiveness and long-term cost and
productivity benefits.

To remain competitive today, companies
require industrial automation, which involves
the use of various technologies to enable
industrial processes to perform operations with
minimal human intervention to deliver a service
or manufacture a product, while also addressing
ergonomic issues for operators (Quinteros et al.,
2020).

The ability to monitor and control
production in real-time has become a key factor
for manufacturing companies. Real-time
monitoring systems allow operators and
managers to gain a clear and up-to-date view of
production performance, facilitating the early
detection of issues and enabling informed
decision-making. These systems are essential for
identifying and correcting deviations in the
production process before they significantly
affect performance and the quality of the final
product.

According to Quinteros et al. (2020), the
automation of operations offers future benefits
such as reducing manufacturing costs and
improving product quality, freeing workers from
monotonous, dangerous, or unhealthy tasks. The
authors mention that, to automate any machine
or process, it is essential to ensure successful
implementation, which can be evaluated through
the simulation of programming designs in
software applied to the industrial process. This
demonstrates the ability of automation to adapt
to changes in production, manufacturing times,
and its impact on productivity.

Notwithstanding, the need for more
accessible and customized systems that can be
easily integrated into daily operations is
becoming increasingly evident. Many existing
solutions are costly and complex, limiting their
accessibility for small and medium-sized
enterprises.
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Additionally, these solutions often lack
customization to meet the specific needs of
different production lines, highlighting the
demand for systems that provide tangible value
to end users.

Manufacturing companies have adopted
systems that not only monitor production in real
time but also integrate key information to
facilitate decision-making. These systems
enable the centralization and efficient
management of data generated on the production
floor, connecting it with the company's strategic
areas. In this way, operational and business
decisions are ensured to be aligned with the
actual production performance.

The Manufacturing Execution System
(MES) serves as an information hub that
enhances manufacturing transparency by
connecting shop floor processes with Enterprise
Resource Planning (ERP) systems. It translates
general production plans into detailed operations
and provides key performance indicators (KPIs)
to support business decisions. MES also aids in
production planning, performance analysis, and
product tracking, improving efficiency and
competitiveness in the global market (Chen and
Voigt, 2020). As businesses, particularly SMEs,
increasingly invest in advanced technologies
like the Internet of Things (loT) and data
analytics, MES plays an important role in
integrating these innovations with
manufacturing processes. By aligning loT
investments with the product lifecycle, MES
helps orchestrate operations to meet customer
demands more effectively (Dutta et al., 2022).

The automated system presented in this
article is based on integration with a
Manufacturing Execution System (MES), which
enables the retrieval of production data and
synchronization of information between the
production area and management levels. This
facilitates informed decision-making and
improves operational transparency within the
company. Additionally, the system uses
scheduled queries, ensuring that the data is
always up to date without the need for
continuous monitoring. These scheduled queries
optimize resource usage, allowing operators to
focus on key tasks while the system
automatically collects the necessary
information.
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Another important component is the use
of autonomous services, which manage critical
tasks such as report generation and quality alert
handling without human intervention. This not
only reduces the possibility of errors but also
improves operational efficiency by maintaining
the continuity of monitoring and quality control
processes. In this way, the system contributes to
the automation of industrial processes, helping
to reduce downtime, manage product rejections,
and increase the overall productivity of
production lines.

Autonomous services are those that can
automatically adjust when there is a deviation
from normal conditions or when they encounter
an unexpected situation during their operation
(Benazzouz, 2011).

The system was designed to be an
accessible and efficient tool that integrates all
these functionalities, delivering tangible results
in improving operational efficiency and product
quality.

Related works

The increasing adoption of advanced
technologies in manufacturing has led to the
development of systems that optimize
production processes and improve efficiency.
This section reviews key studies and
technologies related to the integration of
automation.

According to Dutta et al. (2022), the
Manufacturing Execution System (MES) has
emerged as the intelligence hub in production,
integrating the product lifecycle with
manufacturing and improving operational
efficiency. This system, when combined with
10T, helps production facilities better align with
customer demands, making investments in
technology more effective. MES's ability to
integrate data from various sources allows
manufacturing processes to be more flexible and
dynamic, responding quickly to changes in
demand and reducing downtime.

The evolution towards more integrated
systems within industrial production reflects a
trend towards data centralization, where real-
time information is important for decision-
making and resource optimization.
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Won et al. (2021), presented a case study
of improving productivity in an automotive parts
production line using Internet of Everything
(IoE) data for fault monitoring. It focuses on
how data from conventional fault monitoring
systems can be used to support continuous
improvement efforts. The study models the
production line based on the collected data and
demonstrates two improvement scenarios, one of
which shows a potential 9% productivity
increase by reducing cycle times for two
machines. The paper highlights the method for
converting existing fault monitoring data into
actionable insights for continuous improvement.

Shojaeinasab et al. (2022) in their paper,
conducted a systematic review of relevant fields
to identify key research topics with significant
potential for further investigation. MESs will
continue to play an important role in the
production sector, where optimizing processes
and supporting real-time decision-making are
essential tasks. This is accomplished by
monitoring and ensuring that the appropriate
resources and processes are in place, which is
made possible through a fully integrated central
MES.

As MES systems integrate more deeply
with manufacturing operations, the need for
technologies that can manage the increasing
complexity of production processes, such as
SCADA systems and digital twins, arises.

Vyskocil et al. (2023) present a MES
architecture that leverages digital twins and
symbolic planning methods to autonomously
create, verify, and execute production plans. The
proposed system enables manufacturing to begin
with an Al-generated initial plan, which,
although potentially less efficient at first, allows
for rapid adjustments. This architecture supports
real-time planning and re-planning, ensuring that
production can start promptly  while
continuously refining the plan for optimal
efficiency.

The increase in data processing
capabilities and the availability of tools such as
digital twins and artificial intelligence offer new
opportunities to improve production efficiency.
However, these technologies also bring
challenges in managing large volumes of
information.
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Sioulas and Ailamaki (2021), mention
the need for high throughput challenges
traditional databases that process queries one at
a time for efficient execution. Sharing work
across queries can reduce processing costs and
improve throughput, but current methods either
pre-optimize batches of queries, which don’t
scale well, or inspect individual queries in real-
time, capturing only limited opportunities. Both
approaches struggle with large and dynamic
workloads. To address these issues, they
introduced RoulLette, an intelligent engine for
multi-query execution that adapts in real-time to
overcome the limitations of traditional work-
sharing strategies.

The integration of advanced technologies
like RouLette reflects the need to automate not
only operational tasks but also the management
of large amounts of data. This ability to process
real-time data significantly contributes to
companies' agility and efficiency.

To effectively manage and scale modern
applications, the use of service patterns has
become essential. These patterns provide a
structured approach to organizing autonomous
services, ensuring that each service can operate
independently while contributing to the larger
system.

According to Gilbert (2021), each
autonomous service follows one of three main
patterns: backend for frontend (BFF), External
Service Gateway (ESG), or Control Service.
These patterns are simple, repeatable, and
independent, allowing developers to build
complex systems using easily understandable
services. This structure enables developers to
work on individual services without needing to
interact with others.

Automation not only reduces human
intervention but also allows for the continuous
optimization of industrial processes. This is
particularly relevant in production environments
that require quick and precise adjustments to
meet changing demand.

A case study by Quinteros et al. (2020)
showed that automation not only optimizes
product quality but also reduces costs and
increases productivity.
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Automated systems, by making real-time
adjustments, enhance operational flexibility,
resulting in a greater ability to meet customer
expectations in a competitive environment.

As automation continues to advance, the
concept of Industry 4.0 has become increasingly
relevant in industrial transformation. This new
era of industrial production relies on the
integration of emerging technologies that
fundamentally change how factories operate.

According to Tambare et al. (2022), the
concept of Industry 4.0 introduces new
technologies, manufacturing methods, and
workforce organization to create a more efficient
production  system, reducing costs and
improving quality. However, as a relatively new
concept, there remains significant uncertainty,
lack of knowledge, and limited research on its
performance  measurement and  quality
management.

The Industry 4.0 concept is not the only
approach to improving production efficiency.
Lean manufacturing has proven to be an equally
valuable strategy, especially for reducing waste
and optimizing production time.

The two pillars on which the Lean
manufacturing theory is built are product quality
at low cost and customer happiness. It is
regarded as a technique for reducing waste to the
bare minimum (Kumar et at., 2022).

According to Palange and Dhatrak
(2021), Lean manufacturing has become an
essential tool across various sectors, including
automotive, electronics, plastic, textile, food,
and maintenance. Its implementation, whether
individually or combined, leads to reduced cycle
times, elimination of non-value-added activities,
and a cleaner, more organized workplace. Their
review examines the impact of lean
manufacturing techniques in different sectors,
focusing on process improvement and waste
reduction.

While lean manufacturing has proven
effective, its adoption presents barriers,
especially for SMEs, which often lack the
resources necessary to implement these
techniques efficiently.
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Deshmukh et al. (2022) mentioned that
industries are facing challenges in an evolving
business environment that requires agile
elevation, and in their paper present a critical
review focused on lean manufacturing and
reverse engineering for joint propeller shafts,
categorizing key aspects such as definitions,
design, organization, materials, and tool usage
while also evaluating work process quality
across  manufacturing  organizations by
analyzing lean manufacturing concepts, waste
reduction strategies, obstacles to lean, and its
implementation, with an emphasis on tools and
techniques of lean manufacturing, highlighting
various outcomes that help maintain a
company's strong reputation in the market.

In their research Maware et al. (2022),
found that lean manufacturing improves
operational performance in both developing and
developed countries. However, small and
medium-sized enterprises (SMEs) face greater
challenges in adopting LM compared to larger
companies. Additionally, no studies reported
negative impacts from implementing LM in
manufacturing industries between 2015 and
March 2020.

In addition, Khalfallah and Lakhal
(2021) in their empirical study investigates the
relationship  between lean manufacturing
practices, agile manufacturing, and operational
and financial performance. The findings show
that (1) lean manufacturing positively relates to
agile manufacturing, except for just-in-time
production, (2) agile manufacturing positively
impacts operational performance, and (3) lean
manufacturing does not directly influence
operational performance. However, this effect
becomes significant when mediated by agile
manufacturing.

Methodology
General description of the system

The developed system allows for monitoring the
production of multiple lines through automatic
data queries and updates every minute. The
charts are periodically refreshed, providing a
clear and visual representation of the production
status.

Additionally, at the end of each shift, the
system generates automatic PDF reports that are
emailed to the designated persons.
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To ensure efficient information
integration, the system uses distributed
databases, connecting multiple data sources,
enabling proper management of downtime,
quality alerts, and production rates. Through the
administration interface, administrators can
centrally manage configurations and users using
ASP.NET MVC.

Technical implementation

The system is based on an architecture with
multiple databases, including the production
MES system database, which records the part
number of each product, the production line
number, and the current production data. It is
also integrated with an internally developed
downtime database, which stores the cause, line,
and downtime minutes per incident.

Additionally, a database was created to
log information on schedules, special production
rates, and email lists for reports. All these
databases are integrated through linked servers
in MS SQL Server, allowing distributed queries
and information updates every minute.

The use of colors in the production
dashboards facilitates the visual interpretation of
data, enabling operators and managers to quickly
identify critical situations without the need to
analyze detailed numerical values. This is based
on the principles of visual perception from
Gestalt theory, where colors like red, yellow, and
green are easily recognizable and intuitively
associated with states of alert, warning, or
normalcy. Geremek et al. (2014) mention that
Gestalt principles are used in media, web design
and art. Moreover, the proper use of color
reduces cognitive load, allowing users to make
quick decisions without having to interpret
detailed figures.

The manipulation of axes in the graphs,
as suggested by Edward Tufte, allows for
emphasizing or softening data variations to
improve understanding, but it must always be
used with caution to avoid distortions that could
lead to erroneous conclusions. Tufte (1983)
mentions that visually attractive graphics also
gather power from content and interpretations
beyond the immediate display of some numbers.
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I I I I I I Reected products 4

Downtime

Figure 1
Near real time production monitoring and downtime
tracking

Source: own elaboration
Security and access control

The system implements access control using
ASP.NET Identity, which manages both user
authentication and authorization. ASP.NET
Identity automatically generates tables such as
AspNetUsers, AspNetRoles, and
AspNetUserRoles, which store the necessary
information to authenticate users and assign
them specific roles. The controllers are
decorated with [Authorize] attributes, allowing
access to certain functions to be restricted based
on the user's roles.

Additionally, action filters are employed,
which automatically execute when a controller is
called, validating the user's credentials and roles
before permitting the execution of any action.
This process ensures that only authorized users
can access administrative areas or perform
sensitive actions within the system.

Layered architecture diagram

The system is organized into three layers, as
shown in Fig. 2, presentation, service, and data.

- The  presentation  layer  includes
WinForms, which displays automatically
updated charts every minute, and
ASP.NET MVC, which provides the
administrative interface for managing
users and settings.

- The service layer features a Windows
Service, which generates PDF reports at
the end of each shift and logs events in
Windows Events.
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- The data layer is composed of MS SQL
Server and  distributed  databases

connected via linked servers, allowing for
the management of information from
multiple sources.

_________

Windows Forms (Charts)
Layer ASPNET MVC (Admin)

Windows Service (Automated
Service Layer reports)
Windows Lvents(Logging)

_________

_________

MS SQL Server (Central database)
Data Laycr Linked servers (Distributed
databases)

~

Figure 2
Layered architecture diagram.
Source: own elaboration

Data flow diagram

This diagram shows the flow of information
between the different components of the system.
Data is entered from the production lines and
stored in MS SQL Server, which serves as the
central database.

The charts in  WinForms are
automatically updated every minute by querying
the database, allowing near real-time monitoring
of production.

ASP.NET MVC accesses this database
for administrative queries and updates.
Additionally, a Windows Service also queries
the database to generate PDF reports at the end
of each shift. Moreover, MS SQL Server
communicates with distributed databases
through linked servers, allowing access to
additional information, ensuring that relevant
data is always up-to-date and available. This is
illustrated in Fig. 3.
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(Production lines) (Admin interface)

MS SQL Server
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{Report generation)

Figure 3
Data flow diagram.

Source: own elaboration
Workflow diagram

Fig. 4 shows the workflow diagram, following a
clear sequence from the data input on the
production lines, which is then stored in MS
SQL Server. Every minute, WinForms queries
the database to update the production charts.

Data cntry
(Production lines)

ASPNET MVC
(Admin interface)

Windows Service
(Report generation)

MS SQL Server

WinForms
(Periodically updated
chart)

Report
(PDF generated)

Figure 4
Workflow diagram.

Source: own elaboration

At the end of each shift, the Windows
Service generates PDF reports, as shown in Fig.
5, automatically sending them via email. An
important benefit of replacing printed reports
with digital versions in PDF format is the
significant cost savings it represents by
eliminating the expenses associated with paper,
ink, and printer maintenance.
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LINE: CHEF PANTS L1

Start  2024-04-08 07:00:00 End  2024-04-08 15:00:00
Quality Alerts? No

HOURLY PRODUCTION PRODUCTION PER MODEL PACKED MASTERS

HOUR RATE PRODUCTION MODEL QUANTITY SERIAL MODEL
o7 86 24 2558375-CHP2 527 1548373 2558375-CHP2

TOTAL PRODUCTION: 527
REJECTED PRODUCTS: 4

TOTAL MINUTES CAUSE AREA
86 Low Air Pressure Facility

LINE LEADER

AUDIT

MAINTENANCE

Figure 5
End of shift report

Source: own elaboration

Additionally, this transition contributes
to environmental protection by reducing the use
of natural resources and decreasing waste
generation, aligning with more sustainable and
responsible practices.

The code snippet presented in Fig. 6 is
responsible for processing unsent production
reports and generating PDF files with the results
of each production line. First, the production
lines pending reports are obtained through the
GetChartsinfoNotEmailed method. For each
line, an event is initialized to log the start of the
report creation process. Then, a string is
generated with the URL to access the temporary
production files of the corresponding line.

An SQL query is performed to count the
number of reports within a specific time interval,
considering both the start and end of each
production line. If no existing record is found,
the code continues executing to add the report to
the database, ensuring that each production line
has its report created and stored correctly.
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BER == 1i.LineNumber))
PACKOUT) )

Figure 6
Code snippet for automatic PDF creation service
Source: own elaboration

The provided code in Fig. 7. is part of a
C# ASP.NET MVC controller (LineController)
responsible for managing actions related to
production lines. It includes several actions that
interact with production data. The Index()
method renders a view, passing a list of
production lines using the GetLines() method.

The  ShowScheduleByLineAndDate()
method processes production schedules for a
specific line and date. It converts the string input
to a DateTime object and defines a start and end
date range. It calls the
GetSchedulesByLineAndDate() method from a
new instance of the MLine() class to retrieve the
schedules. If no schedules are found, an error
message is displayed, and the user is redirected
to a "ChangeDay" action. If records are found,
the method passes the relevant data (line, start,
and end dates) to the view for display.

eAndDate(line, start, en

Figure 7

Code snippet for production line schedule display
Source: own elaboration
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Component diagram

The main components of the system include
WinForms, responsible for periodically updated
charts, ASP.NET MVC, which manages system
administration, and the Windows Service, which
generates PDF reports at the end of each shift.

All these components rely on MS SQL
Server as the central database, which is
connected to distributed databases through
linked servers to ensure data integrity, as shown
in Fig. 8

WinForms
(Periodically updated
chart)

Windows Service
(Report generation)

ASPNET MVC
{Admin interface)

MS SQL Server

Linked servers
(Distributed databases)

Figure 8
Component diagram

Source: own elaboration
Results
Scalability potential

Since its initial implementation, the system has
proven to be highly scalable, as numerous new
production lines have been added without
affecting its performance.

Additionally, due to its efficiency and
flexibility, this same system has been requested
and installed in several company plants,
allowing for centralized and standardized
production management across different
locations.

This scalability ensures that the system
can continue to grow and adapt to the company’s
evolving needs, providing a robust and adaptable
solution for production monitoring and
optimization.
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System evaluation and preference

On one occasion, the system was temporarily
replaced by a solution developed by the IT
department of a subsidiary. However,
production staff requested the return of the
original system, as it offered better performance
and provided the necessary information more
effectively.

As a result, the original system was
reinstalled, reaffirming its value and the staff’s
confidence in its ability to meet production
demands. This incident highlights the system's
effectiveness compared to other alternatives and
its capacity to adapt to the real needs of its users.

To evaluate the differences between the
previous and current indicators of production,
rejection rate, and downtime, a paired samples t-
test was conducted. This statistical test allowed
for comparing the means of the two periods and
determining if the observed improvements were
significant. The results are mentioned in Table 1.

Pair 1: Previous_rate - Current_rate. The
mean difference of -1923.80 indicates that the
current rate is significantly lower than the
previous rate. The negative value reflects a
decrease in the average production rate between
the two periods evaluated. The t-value of -6.820
and p-value of 0.000 show that this difference is
statistically significant, with a 99.9% confidence
level. The 95% confidence interval (from -
2528.80 to -1318.80) confirms that the reduction
is consistent and significant.

Altogether, these results suggest that the
production rate has notably improved in the
current period.

Pair 2: Prev_rejection_rate -
Current_rejection_rate. The mean difference of
210.87 indicates that the current rejection rate
has decreased compared to the previous rejection
rate. With a t-value of 5.399 and a p-value of
0.000, this reduction is statistically significant.
The 95% confidence interval (from 127.09 to
294.64) shows that the decrease in the rejection
rate is clearly defined and falls within a reliable
range.

This improvement suggests that the
changes made to the process have significantly
reduced the rejection rate, which could have
positively impacted product quality.
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Pair  3: Prev_downtime_rate -
Current_downtime_rate. The mean difference of
2.87 suggests a significant reduction in
downtime in the current period compared to the
previous period. The t-value of 11.415 and the p-
value of 0.000 indicate that this decrease is
highly statistically significant. The 95%
confidence interval (from 2.33 to 3.41) supports
this conclusion, showing that downtime has been
consistently reduced.

This suggests a considerable
improvement in operational efficiency, as less
downtime implies greater productivity and
resource utilization.

Table 1

Paired differences
95% confidence Sig.
interval of the t gl [(two-
difference tailed)|
Lower | Upper

-1923.80| 1092.49 [282.08|-2528.80|-1318.80 (-6.82| 14 [0.000

Avg.
Mean IStandard std.

Dev. Error

Pair| Previous_rate -
1 Current_rate
Pair| Prev_rejection_rate -
2 | Current_rejection_rate|
Pair| Prev_downtime_rate -
3 |Current_downtime_ratf

210.87 | 151.27 (39.06 | 127.09 | 294.64 |5.40 [ 14 |0.000

2.87 097 |025| 233 3.41 |[11.42| 14 |0.000

Source: own elaboration

Presents a comparison of the previous
and current production rates across 15
production lines. The data reveals that the
current production rate (red line) consistently
surpasses the previous rate (blue line),
demonstrating a clear overall improvement in
production performance.

Notwithstanding, the most notable
increases are observed in lines 3, 9, and 15,
where the differences between the two rates are
significantly larger. In contrast, lines 7 and 12
show minimal or no improvement, as the rates
converge. Despite these variations, the system
has successfully enhanced production efficiency
across the majority of the lines.
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Figure 9
Comparative graph of Previous rate and Current rate.
Source: own elaboration

As a future improvement, a system based
on early detection rules, like Norman's rules,
could be implemented to monitor individual
production processes and anticipate potential
failures. This approach would allow for the
identification of anomalies in critical
parameters, such as production rate per product,
an increase in rejected products, or recurrent
downtime in a specific production line.

By applying control charts and pattern
detection rules to these processes, the system
could generate early alerts when data begins to
deviate from expected levels, facilitating
preventive actions, optimizing production, and
minimizing downtime. This would significantly
improve the management of quality and the
performance of each product.

Conclusions

The implementation of the automated system
represents a significant advancement in
production management and reflects a modern
approach to operational efficiency. Companies
can optimize the flow of information and
achieve greater accuracy in controlling their
production processes by integrating multiple
functionalities into a single platform.

Additionally, the transition from printed
reports to digital PDF formats not only reduces
costs associated with paper, ink, and printer
maintenance  but also  contributes to
environmental sustainability. Accordingly, this
shift aligns with global trends toward more
sustainable and responsible practices.
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The developed system provided a solid
foundation for future improvements, allowing
the company to continue innovating and
adapting to the changing demands of the
industrial environment. With the ongoing use of
automated tools and the potential for capacity
expansion, the company is well-positioned to
face future challenges and maintain its
competitive advantage in the market.
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Abstract

This article presents the results of a survey of students at a public educational
institution to identify and analyze transportation trends, distance traveled, and
associated costs in their commute to school. From the data collected, mobility
patterns were identified highlighting the main modes of transportation used, the
average distances traveled by students, and the economic impact represented by the
cost of transportation each time they attend school. The results reveal important
differences in the use of transportation based on factors such as distance traveled
and cost, which raises the need for more inclusive and sustainable mobility policies
for the average economy of public-school students.

‘ Analysis of Transportation, Distance, and Cost Trends in Students ‘

l‘ Objetives ] [ Methodology | l Contribution I

Mobility, school, analysis data collected

Resumen

Este trabajo presenta los resultados de una encuesta realizada a estudiantes de una
institucion educativa pablica para identificar y analizar las tendencias de transporte,
la distancia recorrida y los costos asociados en su traslado hacia la escuela. A partir
de los datos recopilados, se identificaron patrones de movilidad que destacan las
principales modalidades de transporte utilizadas, las distancias promedio que
recorren los estudiantes y el impacto econémico que representa el costo del
transporte en cada ocasion que asisten a la escuela. Los resultados revelan
importantes diferencias en el uso del transporte con base en factores como la
distancia recorrida y el costo, lo que plantea la necesidad de politicas de movilidad
maés inclusivas y sostenibles para la economia promedio de los estudiantes de
escuelas publicas.
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Introduction

Student mobility is a key issue in ensuring
equitable access to public education. The type of
transportation used, the distance traveled and the
cost associated with travel can have a significant
impact on students' quality of life and academic
performance. It is evident that students face
difficulties related to access to public
transportation, long travel times, and high costs,
which affect their ability to attend school in a
timely and regular manner (Litman, T. 2016).

This  study seeks to identify
transportation trends among students at a public
educational institution in order to better
understand the challenges they face on a daily
basis. The results are expected to provide a solid
basis for the formulation of mobility policies that
benefit the student population, promoting more
inclusive and efficient access to the education
provided in public schools.

Objectives

The main objective of this study is to identify
and analyze trends in transportation use, distance
traveled, and cost of transportation among public
institution students. Specifically, it seeks to:

Identify the type of transportation most
used by students.

- To measure the average distance they
travel from their homes to school.

3.Estimate the weekly cost that students
spend on transportation.

- 4. Evaluate the level of student satisfaction
with transportation conditions.

Methodology

An online survey was designed using Google
Forms, targeting students of various academic
levels in a public school. The survey included
questions about the type of transportation used,
distance traveled, average weekly cost of
transportation, and satisfaction with travel time
and conditions. It was distributed through e-
mails and communication platforms used by the
institution  (Apriandy, F., etal., 2024),
(Kriswardhana, W., et.al, 2024).
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The survey was sent to 500 students who
are students of the Instituto Tecnoldgico de
Ciudad Madero, this institution was selected
because it is located within the territorial area of
the municipality of Ciudad Madero, which at the
same time is located in the southern part of the
State of Tamaulipas, bordering the northern part
of the State of Veracruz; It is also a public school
that is part of the Tecnologico Nacional de
México, a decentralized organ of the Secretaria
de Educacion Publica of the federal government,
which for several years has been offering mainly
8 different engineering careers, which makes it a
center of opportunities for young students from
the metropolitan area to have access to
professional studies in a low-cost school that
provides higher education with official validity.

This allowed the survey to be applied to
students of Computer Systems Engineering,
Electrical Engineering, Chemical Engineering,
Mechanical Engineering and  Electronic
Engineering, who travel to the institution on a
daily or weekly basis, most of them from the
municipalities of Cd. Madero, Tamps., Tampico,
Tamps., Altamira, Tamps., Pueblo Viejo, Ver.,
Tampico Alto, Ver., Panuco, Ver. and Ciudad
Valles, SLP.

This broad spectrum of points of origin
allows us to have a case study of young people
who are located in different parts of the region
and face their commute to reach a school they
have in common, in this case the Instituto
Tecnolégico de Ciudad Madero. A total of 350
complete responses were received, which
constitute the sample used for the analysis.

Key variables

Type of transportation: main means of
transportation used (bus, bicycle, car, walking,
etc.).

Distance  traveled:  Measured in
kilometers or minutes of travel.

Weekly cost: Estimate in Mexican pesos
of the weekly cost of transportation.

Satisfaction with transportation: Level of
satisfaction measured on a scale of 1 to 5 (1 =
very dissatisfied, 5 = very satisfied).

Orddfiez-Pacheco, Luis Daniel, Elizondo-Ong, Noriney Sayuri, Herndndez-
Populos, Ricardo and Alarcon-Ruiz, Erika. [2024]. Analysis of transportation,
distance, and cost trends in students: a study on student mobility on the way to
school. Journal of Information Technologies and Communications. 8[19]-1-6:
€60819106.

DOI: https://doi.org/10.35429/J1TC.2024.8.19.6.6


https://doi.org/10.35429/JITC.2024.8.19.6.6

Journal of Information Technologies and Communications

3
8[19]1-6: 60819106

Article
Results

The data were compiled in Google Sheets to
perform a descriptive trend analysis. Bar charts
and pie charts were used to visualize the
frequencies of transport types, as well as tables
to show the distribution of costs and distances.

Type of transportation used

The results show that most students use public
transportation to get to school. The bus is the
most used means of transportation, with 45% of
respondents opting for this mode, followed by
motorcycles with 25%. Private transportation
(own or shared car) was used by 15%, while
walking was chosen by 10% of the students and
bicycles by the remaining 5%.

Distance traveled

In terms of distance, it was found that 30% of the
students travel less than 5 km to school. Forty
percent traveled between 5 and 10 km, while
20% traveled between 10 and 20 km. The
remaining 10% travel more than 20 km,
reflecting the importance of time and distance in
the students' mobility experience.

Weekly cost of transportation

60% of the students spend between $50 and $100
pesos per week on transportation, while 25%
spend less than $50 pesos. However, 15% of
students reported spending more than $200
pesos per week, suggesting a significant
economic burden for certain groups, especially
those who rely on private transportation or live
in remote areas.

Satisfaction with transportation

In terms of satisfaction, 55% of students were
neutral or satisfied with travel time, while 30%
were dissatisfied or very dissatisfied. Students
using public transportation expressed greater
dissatisfaction due to the lack of regularity of
services and long waiting time, especially during
rush hours.

The results indicate that most students
rely on public transportation to get to school,
which is common in urban areas.
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However, overall satisfaction with
transportation is moderate, and the weekly cost
of transportation poses a significant burden for
some students, especially those residing in
outlying areas or using private transportation.
The survey also highlights the importance of
addressing student mobility from an inclusive
approach, considering both affordability and the
efficiency of transportation systems. Education
and transportation policies must work together to
provide mobility solutions that are not only
efficient, but also affordable for all students
(Turay, S. S., etal, 2024), (Ellegood, W. A.,
et.al, 2024).

The transportation trends of the surveyed
students are presented below, examining the
distances they travel, transportation costs, and
their satisfaction with travel conditions.

1. Representation of the different types of
transportation used by students.

- X-axis: Types of transportation (bus,
motorcycle, automobile, walking,
bicycle).

- Y-axis: Percentage of use (%).

Types of Transport Used

40

30

Students %

20

Bus  Motorcycle Automobile Walk Bicycle

Figure 1
Different types of transportation used by students

2. Distribution of distances traveled by
students.

- Sections: Distances (less than 5 km,
between 5 and 10 km, between 10 and 20
km, more than 20 km).

- Each segment will show the percentage
corresponding to each distance range.
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Distances traveled

<5 km

30.0%
5-10 km 40.0%
10.0
>20 km
20.0%
10-20 km

Figure 2

Distance traveled

3. Representation of weekly transportation

Costs.

X-axis: Cost ranges (less than $50,
between $50 and $100, more than $200).

- Y Axis: Percentage of students (%).

4. Satisfaction with transportation on a
scale of 1 to 5.

X-axis: Level of satisfaction (1 very
dissatisfied - 5 very satisfied).

- Y-axis: Percentage of students.

Transportation Costs per Week
60t

50¢

4071

Students %

30¢

201

10f

< %50 50— 100 > $200
weekly cost (MXN)

Figure 3
Transportation Cost Per Week
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Mexico's New Mobility Law

The investigation of transportation trends among
students aligns closely with the goals of
Mexico's New Mobility and Road Safety Law
(Ley General de Movilidad y Seguridad Vial),
which emphasizes sustainable, inclusive, and
safe mobility (Government of Mexico, 2022),
(International Transport Forum, 2023), (IEA,
2023)

Equity in Transportation: The study identifies
disparities in transportation modes, costs, and
accessibility among students. These findings can
support the law's objectives to promote equal
access to mobility for all sectors of the
population, including vulnerable groups such as
students.

Relevance: The research highlights the need for
more affordable and inclusive transportation
systems, reflecting the law's focus on ensuring
equity in mobility.

Environmental Sustainability: The study's
analysis of transportation modes (e.g., public
transport vs. private vehicles) contributes to
understanding how to shift toward more
sustainable mobility systems, aligning with the
law’s emphasis on reducing emissions through
public and non-motorized transport options.

Road Safety and Student Mobility: By
documenting trends in transportation distances
and modes, the study indirectly addresses road
safety, a core priority of the law. For example,
promoting public transport and reducing reliance
on motorcycles could lead to fewer accidents
involving students.

Conclusions

This study has identified trends in the use of
transportation by students, highlighting the
predominance of public transportation and the
associated moderate costs. However, difficulties
related to travel time and dissatisfaction with the
transportation  experience  indicate  that
improvements in mobility options are needed
(Rahayu, L., et.al, 2024).
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It is crucial that public school
administrators, state and municipal
transportation authority’s take these trends into
account when designing policies to improve
student mobility, promoting sustainable,
affordable and efficient alternatives in the
conurbation, in order to facilitate access to
education for students attending public schools.

According to the IPCC, urban transport
can play a key role in climate change mitigation.
Cities that invest in public transport, cycling
infrastructure and sustainable mobility strategies
can significantly reduce their transport-related
emissions (IPCC, 2023).

This research on student mobility trends
directly supports the New Mobility Law by
providing insights into the current challenges
and opportunities in transportation systems. The
findings can inform targeted interventions that
align with the law’s priorities of safety,
sustainability, and accessibility, particularly for
younger populations.
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