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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.
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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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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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Data entry ASPNET MVC
(Production lines) (Admin interface)

MS SQL Server

‘WinForms
(Periodically updated
chart)

Windows Serv
{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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