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ABSTRACT

Broiler production is an essential segment of the agro-industrial chain, responsible for
supplying the global market with accessible animal protein. Productive performance and
animal welfare depend on the effective control of critical environmental variables such as
temperature, humidity, ventilation, carbon dioxide concentration, and ammonia levels.
Fluctuations in these parameters affect feed conversion, growth, and mortality, making
environmental monitoring crucial for the efficiency and sustainability of poultry production.
However, conventional data-analysis systems show limitations when confronted with
conflicting, imprecise, or incomplete information, thereby compromising decision-making
processes. In this context, this dissertation proposes the development and validation of an
expert system based on Paraconsistent Annotated Evidential Logic Et (Logic Et), capable of
classifying environmental conditions in poultry houses even under uncertainty and
contradiction. The research adopts the Design Science Research (DSR) methodology,
structured in three stages: (1) a systematic literature review on intelligent technologies applied
to precision poultry farming; (2) the construction of a logical model applied to real data from
three types of poultry houses (Blue House, Dark House, and Solid Wall); and (3) the
development of a functional environmental classification application, implemented on a low-
code development platform and supported by inferences derived from Logic Et. As scientific
outputs of the research, three academic articles were produced in alignment with the DSR
stages, and the Parabroiler Intelligent Environmental Classifier system was officially registered
with the Brazilian National Institute of Industrial Property (INPI), confirming its originality
and practical applicability. The results show that the proposed system performs robust and
consistent inferences, providing logical classifications and operational recommendations for
adjusting environmental conditions. The developed artifact constitutes a decision-support tool
capable of promoting stability, reducing losses, and increasing zootechnical efficiency. It is
concluded that the application of Logic Et to poultry environmental monitoring represents an
innovative, replicable, and scientifically grounded solution with the potential to drive

technological and sustainable advances in the poultry industry.

Keywords: Paraconsistent Logic; Environmental Monitoring; Broiler Production; Animal
Welfare; Data Analysis; Sustainable Innovation.



RESUMO

A producdo de frangos de corte € um segmento essencial da cadeia agroindustrial, responsavel
por abastecer o mercado global com proteina animal de forma acessivel. O desempenho
produtivo e o bem-estar das aves dependem do controle eficaz de varidveis ambientais criticas,
como temperatura, umidade, ventilacdo, concentracdo de dioxido de carbono e aménia.
Flutuacdes nesses parametros afetam a conversdo alimentar, o crescimento e a mortalidade,
tornando o monitoramento ambiental determinante para a eficiéncia e sustentabilidade da
atividade. Contudo, sistemas convencionais de analise de dados apresentam limitacfes diante
de informacdes conflitantes, imprecisas e incompletas, comprometendo a tomada de decis&o.
Diante desse cenario, esta dissertacdo propde o desenvolvimento e validacdo de um sistema
especialista baseado na Logica Paraconsistente Anotada Evidencial Et (Logica Et), capaz de
classificar condigdes ambientais em aviarios mesmo sob incerteza e contradicdo. A pesquisa
adota a metodologia Design Science Research (DSR), estruturada em trés etapas: (1) revisao
sistematica da literatura sobre tecnologias inteligentes aplicadas a avicultura de precisao; (2)
construcdo de um modelo l6gico aplicado a dados reais de trés tipos de galpdes (Blue House,
Dark House e Solid Wall); e (3) desenvolvimento de um aplicativo classificador ambiental
funcional, implementado em plataforma de desenvolvimento sem codificacdo (low code), com
inferéncias baseadas na Logica Et. Como resultados cientificos da pesquisa, foram
desenvolvidos trés artigos académicos alinhados as etapas da DSR, e o sistema Parabroiler
Classificador Ambiental Inteligente foi oficialmente registrado no Instituto Nacional da
Propriedade Industrial (INPI), comprovando sua originalidade e potencial de aplicacdo pratica.
Os resultados indicam que o sistema proposto realiza inferéncias robustas e consistentes,
oferecendo classificacdes logicas e recomendacBes operacionais para correcdo das condi¢bes
ambientais. O artefato desenvolvido configura-se como ferramenta de apoio a decisao, capaz
de promover estabilidade, reduzir perdas e aumentar a eficiéncia zootécnica. Conclui-se que a
aplicacdo da Logica Et no monitoramento ambiental avicola representa uma solugdo
inovadora, replicavel e cientificamente fundamentada, com potencial para impulsionar o

avanco tecnologico e sustentavel da indudstria avicola.

Palavras-chave: Logica Paraconsistente, Monitoramento Ambiental, Producdo de Aves de
Corte, Bem-Estar Animal, Anélise de Dados, Otimizagdo Agricola.



UTILITY

This dissertation underscores the strategic importance of poultry farming for global
food security, particularly given the continuous growth in food demand and the necessity of
adopting sustainable production practices. Within this framework, the study proposes the
application of an expert system based on Paraconsistent Annotated Evidential Logic Et for the
environmental monitoring of poultry houses. The objective is to address challenges related to
climate control and the interpretation of conflicting, inaccurate, and incomplete data.
Developed according to Design Science Research (DSR) methodology principles, this research
integrates intelligent technologies applied to production efficiency, animal welfare, and
environmental impact mitigation, aligning with the Sustainable Development Goals (SDGs)
established by the United Nations.

This analysis contributes significantly to scientific advancement by applying Logic Er,
to propose a new theoretical and methodological model for environmental control in production
environments. Regarding professional practice, it offers a functional decision support artifact
capable of optimizing poultry house environments, reducing waste, and increasing
profitability. For public policy, the results suggest a need for regulations that encourage the use
of sustainable technologies and investment in environmental monitoring infrastructure. Despite
literature advancements in intelligent systems for poultry farming, significant gaps persist
regarding the use of non-classical logical approaches, such as Logic Et, for processing
environmental information subject to uncertainty. This dissertation seeks to bridge this gap by
proposing an inference model capable of operating under conditions of uncertainty, with
potential for replicability in other precision agriculture contexts.

The motivation for this work stems from the urgent need for sustainable and efficient
solutions in the poultry sector. A background in Production Engineering combined with an
interest in emerging technologies drove the formulation of this innovative approach, which
integrates paraconsistent logic with environmental monitoring. The study's contribution is
twofold: theoretical, by advancing the application of Logic Et; and practical, by providing a
scalable operational artifact. In conclusion, this research offers a significant impactful

contribution to both academia and the productive sector.
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1 INTRODUCTION

1.1 Initial Considerations

Poultry production is a vital component of the global food industry, providing a
significant portion of animal protein essential for human consumption. However, the efficiency
and sustainability of this sector face complex obstacles, a primary challenge being the dynamic
interaction between environmental conditions and bird welfare (Tuyttens et al., 2022; Brasso
et al., 2025).

In poultry farming, ensuring optimal environmental conditions in housing facilities is
critical to maintaining the health, performance, and well-being of birds. Factors such as
temperature, humidity, and air quality exert a substantial influence on important metrics,
including growth rates, feed conversion efficiency, and mortality rates among broilers.
Fluctuations or deviations in these parameters can significantly affect both the economic
viability and ethical standards of poultry production (Oliveira et al., 2006; Sousa et al., 2016).

Despite the recognized importance of environmental monitoring in poultry farming,
conventional methodologies are often insufficient to address the complexities associated with
data acquisition and analysis. The prevalence of uncertainties, contradictions, and
inconsistencies in environmental data represents a significant hurdle for traditional monitoring
systems, necessitating a more robust approach (Gupchup et al., 2019; Erhan et al., 2020).

In response to these concerns, this research explores the potential of an expert system
based on the Paraconsistent Annotated Evidential Logic Et (Logic Et) for monitoring
environmental conditions to optimize broiler production. By integrating Logic Et, this
framework manages inconsistent or contradictory information that may arise in environmental
monitoring systems, aiming to transform how poultry farmers perceive, interpret, and respond
to dynamic environmental conditions (Martinez et al., 2024). The research was conducted
according to the principles of Design Science Research (DSR) methodology, which guides the
development of technological artifacts applied to the solution of complex problems.

This leads to the central research question: How can an expert system based on Logic
Et contribute to the optimization of broiler production, considering the environmental
variability of poultry houses and its effects on performance and animal welfare?

This question encapsulates the intersection of productivity, environmental monitoring,
and animal welfare in poultry farming. By exploring the synergies between Logic Et and

environmental monitoring, this study seeks to offer practical insights and solutions to improve

16



the efficiency, sustainability, and ethical standards of poultry production (Martinez et al.,
2024).

The significance of this research extends beyond academia, impacting poultry farmers,
industry stakeholders, and consumers. By promoting a deeper understanding of the
relationships between environmental variables, bird performance, and welfare outcomes, this
study has the potential to promote more resilient, humane, and environmentally conscious
poultry production (Sevegnani et al., 2017; Santos et al., 2020).

The subsequent sections of this dissertation present a comprehensive review of the
existing literature, the investigation objectives, the proposed methodology, and a discussion of
the expected results and their implications. Through rigorous analysis and innovative thinking,
this work seeks to contribute to a more sustainable and ethical future in poultry farming.

This research has also yielded three scientific articles: a bibliometric review accepted for
presentation at KES 2025; a paper detailing the logical model and Et-based inference structure; and
a full paper accepted for publication at AISS 2025, demonstrating both academic relevance and

international impact.

1.2 Justification

Bird health and welfare are pivotal factors for the efficiency of poultry production, as
environmental variables such as temperature, humidity, and air velocity directly influence
growth, feed conversion, and mortality. Fluctuations or inadequate conditions in these
parameters can cause heat stress, respiratory problems, and other diseases, thereby
compromising zootechnical performance and production profitability. Adequate environmental
monitoring and control minimize the birds' energy expenditure on thermoregulation, favoring
growth, feed efficiency, and the overall sustainability of the production system (Medeiros et
al., 2006; Oliveira et al., 2006; Navarini, 2014).

Conventional environmental monitoring systems often fail to capture fluctuations and
inconsistencies, leading to delayed responses and suboptimal management decisions.

Consequently, the inability to detect and respond quickly to changing environmental
conditions can result in prolonged exposure of birds to suboptimal environments,
compromising their welfare and performance. This limitation highlights the need for advanced
monitoring systems capable of providing accurate data for efficient decision-making (Silva et
al., 2020; George; George, 2023; Krause et al., 2023).
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The application of Logic Et offers an innovative solution to the challenges of
environmental monitoring in poultry houses. This approach enables the effective handling of
inconsistent or contradictory data, which is common in real-world sensing environments. Such
inconsistencies can occur, for example, when two temperature sensors record divergent values
at the same location, when momentary reading failures occur due to condensation or dust on
sensors, or when humidity and ventilation measurements indicate conditions opposite to those
observed empirically. Logic Et makes it possible to interpret these ambiguous scenarios in a
controlled manner, offering a more robust and reliable analysis of environmental conditions.
This ability to integrate and interpret complex information contributes to overcoming the
limitations of conventional monitoring systems, allowing for more accurate and efficient
management of the poultry environment (Abe; Silva Filho; Costa Neto, 2022; Martinez et al.,
2024).

The development of an artifact based on Logic Et, facilitates environmental monitoring
and decision support. This system can generate timely alerts and specific recommendations,
assisting poultry farmers in making informed decisions promptly. By optimizing
environmental conditions, the system promotes more efficient and sustainable poultry
production. The use of advanced technology for monitoring and analysis enables a rapid
response to environmental changes, minimizing negative impacts on birds, and improving

production efficiency (Liu et al., 2024).

1.3 Objectives

1.3.1 General Objective

The overall objective of this dissertation is to develop a Paraconsistent Expert System
for the monitoring of environmental conditions in poultry houses, using Logic Et. This system
aims to optimize broiler production by constructing an artifact that captures data, applies to the

model, and efficiently classifies environmental conditions.

1.3.2 Specific Objectives

To achieve the general objective, the research was divided into the following specific

objectives:
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o SO1: To identify the challenges faced by broiler producers in the use of smart
technologies in precision poultry farming.

o SO2: To develop an expert system using Paraconsistent Annotated Evidential
Logic Er, that addresses the challenges identified in the first objective, qualitatively classifying
the analyzed parameters: temperature, relative humidity, air velocity, carbon dioxide, and
ammonia.

o SO3: To develop an application based on the Logic Et expert system to assist

poultry farmers in decision-making.

1.4 Structure of the Work

This Master's dissertation adopts a mixed-methods (quantitative—qualitative) design
within an article-based format and is composed of three scientific articles. The first article
examines emerging technologies applied to precision poultry farming. The second article
proposes and validates a logical model for environmental control based on Paraconsistent
Annotated Evidential Logic Et. The third article presents the functional environmental
classification application developed as a technological artifact of this research in detail.

The dissertation is organized into six interdependent chapters.

Chapter | presents the initial considerations, including an introduction to the research
topic, its justification, objectives, and the delimitation of the scope of the study’s scope.

Chapter 11 contextualizes the research problem by addressing the challenges of
environmental control in poultry houses and the limitations of conventional approaches.

Chapter 111 comprises the theoretical framework, synthesizing the scientific foundations
on precision poultry farming, the Internet of Things (IoT), Logic Et, and critical environmental
variables.

Chapter IV describes the methodology adopted, based on the Design Science Research
(DSR) approach, structured in three stages that guide the development and validation of the
proposed artifact.

Chapter V presents the results and discussion, highlighting the scientific and practical
contributions of the research.

Finally, Chapter VI outlines the final considerations and indicates avenues for future
work, consolidating the contributions of this study to both the scientific advancement and

practical application of precision poultry farming.
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CHAPTER II

2 CONTEXTUALIZATION OF THE PROBLEM

In the context of modern poultry farming, particularly in broiler production,
environmental management has emerged as a primary factor in ensuring production efficiency
and animal welfare. Furthermore, the growing global demand for chicken meat and the
advancement of sector technologies require new approaches to environmental control within
poultry houses. Factors such as temperature, relative humidity, air velocity, carbon dioxide,
and ammonia have a profound impact on the health and growth of birds (N&as et al., 2010;
Oliveira et al., 2006). Consequently, this chapter aims to contextualize the challenges faced by
poultry farmers in environmental control, focusing on the utilization of emerging technologies
such as the Internet of Things (loT), Artificial Intelligence (Al), Big Data, and Cloud
Computing. Following this, the limitations of current technologies and existing gaps in data
processing and analysis will be discussed, with specific emphasis on the shortcomings of
classical logic for environmental control (Rasheed et al., 2022; Lashari et al., 2023; Silvaet al.,
2024).

2.1  Technological Growth and Global Demand

In recent years, the poultry sector has experienced significant growth, driven by the
increasing global demand for chicken meat. This surge in demand necessitates greater
productivity and efficiency in poultry breeding and management processes, placing pressure
on producers to meet these requirements sustainably. To address this challenge, emerging
technologies such as 10T, Al, Big Data, Cloud Computing, and Automation have played a
pivotal role in the digital transformation of poultry farming (Rasheed et al., 2022; Lashari et
al., 2023; Silva et al., 2024).

Consequently, these technological innovations facilitate the optimization of processes,
improve product quality, and reduce the consumption of resources such as water and energy.
Among these technologies, 10T has emerged as one of the most widely adopted in poultry
houses, as it enables the monitoring of environmental and operational variables, such as
temperature, humidity, air velocity, and air quality, using high-precision sensors. The
integration of loT and Al has empowered producers to precisely adjust environmental
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conditions, increasing production efficiency and avian health, while simultaneously meeting

global demand in a more sustainable manner (Malika et al., 2022).

2.2 Key Emerging Technologies in Poultry Farming

Among the innovations applied to precision poultry farming, emerging technologies in
environmental control in poultry houses stand out. The following are some technological
solutions used in the sector.

2.2.1 Internet of Things (10T)

The Internet of Things (l1oT) is widely recognized as a critical tool for monitoring
environmental variables in poultry houses, including temperature, relative humidity, air
velocity, carbon dioxide, and ammonia. High-precision sensors provide the foundation for
effective environmental control, generating data essential for preventing heat stress in birds, a
factor that directly impacts performance and health. Furthermore, 10T systems facilitate the
prediction of failures in ventilation and climate control equipment, enabling proactive
adjustments before critical issues arise. Practical applications of 10T in poultry houses include
systems that automatically modulate ventilation based on real-time humidity or temperature
readings, thereby ensuring a stable environment for the birds (Kim; Lee, 2022).

2.2.2 Big Data and Cloud Computing

The utilization of Big Data in environmental monitoring enables the large-scale analysis
of sensor-generated data. Concurrently, Cloud Computing facilitates the real-time processing,
storage, and accessibility of this data, ensuring that vital information regarding poultry house
conditions can be accessed remotely at any time. These technologies are essential for analyzing
vast volumes of production data, empowering poultry farmers to identify patterns and trends,
such as temperature and humidity fluctuations, that directly impact production performance
and bird health (Astill et al., 2020; Selle et al., 2023).
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2.2.3 Automation and Robotics

Automated systems for feeding, ventilation, and temperature control are established
contributors to improved operational efficiency. Robotics, specifically, can be utilized to
perform repetitive tasks, such as regulating environmental conditions in production facilities,
with greater precision and reduced reliance on manual intervention. Additionally, automation
enables poultry farmers to monitor poultry house conditions more effectively, ensuring the

maintenance of an optimal environment for bird development (Ozenturk et al., 2023).

2.3  Challenges in Environmental Control of Poultry Houses

Despite the advantages offered by emerging technologies, environmental control in
poultry houses faces several challenges. The following sections discuss the primary difficulties

encountered in the collection and analysis of environmental data:

2.3.1 Variability and Complexity of Variables

The interaction of factors such as temperature, humidity, gas concentrations, and feed
intake can significantly impact the thermal comfort and health of the birds, necessitating
continuous monitoring and constant adjustments. Furthermore, spatial variability within
poultry houses presents a significant challenge, as it creates microclimatic zones where
environmental conditions may differ substantially, thereby affecting bird welfare. These
microclimatic zones can be identified and monitored with greater precision using technologies
such as 10T, which enables real-time data collection from distributed points within the poultry
house, ensuring that all environmental aspects are effectively controlled (Liu et al., 2024).

2.3.2 Data Volume and Management:

The vast amount of data collected by 10T sensors presents challenges regarding efficient
management and analysis. In poultry houses, real-time data collection generates massive
volumes of information that, if not processed adequately, can overwhelm traditional data

processing systems. This data overload impedes rapid and effective decision-making,
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particularly in critical situations requiring immediate response. The implementation of
solutions based on Big Data and Cloud Computing offers a method to address this growing
volume, enabling the processing and analysis of large datasets with greater efficiency and
effectiveness (Franzo et al., 2023).

2.3.3 Data Reliability and Quality Issues

One of the primary challenges in precision poultry farming is the reliability of data
collected by sensors. Over time, sensors can experience drift or lose accuracy due to hardware
failures, environmental fouling (dirt accumulation), or component wear, all of which
compromise measurement integrity. This degradation results in conflicting, inaccurate, or
incomplete data, hindering environmental analysis and, consequently, impeding appropriate
decision-making. Furthermore, traditional monitoring systems relying on analog sensors or
manual methods often fail to detect anomalies with the precision offered by emerging
technologies. The deployment of advanced digital sensors, integrated with automated
calibration protocols, can mitigate these failures, ensuring more accurate and reliable

measurements.

2.3.4 Conflicting, Inaccurate, and Incomplete Data

In many instances, sensor-collected data is incomplete, lacking crucial information
required for effective environmental control. Moreover, the presence of conflicting and
contradictory data, often resulting from sensor malfunction or extreme environmental
conditions, generates uncertainties that degrade the quality of analysis. These inconsistencies
obstruct the implementation of effective solutions for improving environmental conditions.
The application of Paraconsistent Annotated Evidential Logic Et and data fusion methods,
which can process uncertainties and contradictions, presents an effective solution to resolve

these issues and ensure robust data analysis.

2.3.5 Impact of External Variables

External factors, such as extreme weather conditions, power supply interruptions, and

connectivity instability, also complicate environmental control. These unpredictable events
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render monitoring systems vulnerable and less effective by interfering with sensor functionality
and data transmission. The implementation of power backup systems and the utilization of real-
time monitoring technologies designed for robustness against external failures can minimize

the impact of these variables, ensuring stable environmental control.

2.4  Limitations of Classical Logic in Data Processing

Classical logic, which is widely utilized in the processing of environmental data,
adheres to strict principles based on binary truth—specifically, the Principle of Bivalence,
where a proposition is considered exclusively true or false. This framework operates without
accounting for uncertainties, ambiguities, or contradictions inherent in real-world data. While
effective in deterministic scenarios, classical logic exhibits serious limitations when processing
the conflicting, inaccurate, and incomplete data characteristic of the dynamic environment
within poultry houses.

In the context of environmental control, classical logic struggles to effectively analyze
these inconsistencies. For instance, when temperature or humidity measurements display slight
variations or temporary sensor flaws, a classical system may force a binary decision based on
a rigid threshold. This inability to process nuance can lead to erroneous decisions, such as
inappropriate adjustments to ventilation or feeding systems. In a sensitive environment like a
poultry house, such rigid responses can result in critical failures in temperature control or bird

management.

2.4.1 Stressin Birds

Heat stress and discomfort resulting from environmental control failures are
exacerbated by the inefficiency of classical logic in analyzing imprecise data. Consequently,
the system's inability to adapt to ambiguous data can sustain suboptimal production conditions,
causing severe physiological and behavioral stress in the birds. This negatively impacts growth
rates and immune health. The direct consequence is significant economic loss, manifested

through reduced productivity and increased mortality rates (Lashari et al., 2023).
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2.4.2 Financial and Environmental Impacts

Classical logic can lead to inefficiencies in environmental control, such as excessive
energy and water consumption, due to its inability to process data representing natural
environmental variations. This rigidity can result in elevated operating costs, including
increased energy expenditures and suboptimal water resource utilization, as well as broader

environmental impacts, as control systems fail to adjust efficiently to dynamic conditions.

2.4.3 The Limitation of Classical Logic

A fundamental limitation of classical logic is its requirement for clear, non-
contradictory data to function correctly. When applied to dynamic and complex environments
like poultry houses, where environmental variables are in constant flux and measurements often
contain margins of error, classical logic fails to provide robust analysis. Furthermore, it is
unable to adequately address uncertainties arising from missing or contradictory data, often

resulting in environmental control decisions based on erroneous assumptions.

2.4.4 The Solution: Paraconsistent Annotated Evidential Logic Et

Logic Et offers an approach that resolves these issues by enabling the flexible and
effective processing of conflicting, inaccurate, and incomplete data. Unlike classical logic,
Logic Et permits the coexistence of contradictory evidence and the evaluation of the degrees
of evidence associated with each data point, providing a more accurate analysis in uncertain

situations.

2.4.5 Inconsistency Management

Logic Et can handle contradictory and inaccurate data, such as fluctuations in
temperature or humidity readings, without compromising the overall quality of the analysis. It
enables the system to make decisions based on partial evidence by weighing the favorable and
unfavorable evidence for each proposition. This improves the precision of corrective actions,

such as adjustments to ventilation systems or thermal control protocols (Abe, 2015).
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2.4.6 Improving Data Reliability

Logic Et facilitates the fusion of diverse data sources, even if some are contradictory
or incomplete, by attributing a degree of reliability to each input. This capability allows for
more informed and reliable decision-making, which is particularly critical in environments like
poultry houses where precise monitoring of environmental variables is essential for ensuring
bird welfare (Abe, 2015).

2.4.7 Environmental Control Optimization

By handling inconsistent data with greater robustness, Logic Ez facilitates the automatic
adjustment of control systems, such as ventilation and temperature regulation, ensuring that
optimal conditions are maintained. This results in a more stable environment for the birds,

characterized by a lower risk of stress and greater efficiency in resource utilization (Abe, 2015).

2.5  Spatial Variability in Poultry Houses

Spatial variability within poultry houses presents a significant challenge to
environmental control and bird welfare. In many cases, environmental conditions vary
considerably from one point to another within the facility. This variability can lead to the
formation of microclimatic zones, such as hot or humid spots, that are not easily detected by
conventional sensors. The lack of uniformity in environmental conditions can induce stress in
birds located in specific areas, negatively impacting their health, growth, and productivity (Curi
etal., 2014).

2.5.1 Impact on Animal Welfare

Broiler chickens exposed to unfavorable microclimates can suffer from heat stress,
which impairs their growth and health. This stress can result in a suboptimal feed conversion
ratio, increased mortality rates, and lower weight gain, directly affecting productivity and
production efficiency. Furthermore, heat stress can lead to increased water consumption and

reduced appetite, impacting the overall performance of the birds (Faria et al., 2008).
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2.5.2 Monitoring Challenge

Detecting these microclimatic zones is challenging, as variations in environmental
conditions can be localized rather than uniform. Accurate detection requires advanced
monitoring technologies capable of measuring environmental variables at distinct points within
the facility. Temperature, humidity, air velocity, and gas concentration sensors must be
strategically distributed throughout the house to ensure that all zones are adequately monitored.
Additionally, these sensors must provide data to enable a rapid response to changing

environmental conditions.

2.5.3 Application of Sensor Technology to Map Spatial Variability

Distributed sensor technologies can be applied to map spatial variability within poultry
houses and identify critical microclimate zones. Through a network of 10T sensors installed at
strategic points in the poultry house, it is possible to collect detailed data on environmental
conditions. This sensor network enables the identification of areas with hot or humid spots, as
well as variability in temperature and relative humidity throughout the space. Continuous data
collection facilitates the generation of temperature and humidity maps that help producers

visualize microclimate zones and rapidly identify any zones of concern.

2.5.4 Logic Et and Environmental Variables

Logic Et offers an effective solution for managing these spatial variations. By enabling
the processing of contradictory or inaccurate data, Logic Et can be applied to environmental
control systems; such as ventilation, heating, and cooling, to efficiently correct microclimatic
variations. For example, if sensors indicate a hot zone in a specific part of the house, Logic Et
can facilitate a paraconsistent analysis of the data to adjust ventilation specifically for the
affected area, without disrupting zones that are already within ideal conditions. This ensures
that the environment is maintained in a constant and optimal state for the birds, promoting

improved animal welfare and operational efficiency (Abe, 2015).
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2.6 Air Quality Impact

Air quality within poultry houses is a primary determinant of broiler performance. High
concentrations of gases such as ammonia (NHs) and carbon dioxide (CO2) can be detrimental
to bird health, compromising respiratory function and increasing susceptibility to disease.
Furthermore, airborne dust particles can negatively impact bird health, causing airway irritation

and exacerbating long-term health issues (N&és et al., 2007).

2.6.1 Monitoring Ammonia and Other Gases

The presence of ammonia (NHs) constitutes a primary challenge in the environmental
control of poultry houses. Elevated levels of ammonia can irritate the respiratory tract of
chickens, resulting in reduced feed efficiency, decreased growth rates, and increased
susceptibility to respiratory illness. These factors not only compromise bird welfare but also
diminish productivity and increase operating costs due to the necessity for increased veterinary
medications and interventions. Furthermore, carbon dioxide (CO-), although present in lower
concentrations, can adversely affect bird well-being, particularly in environments with

inadequate ventilation, by reducing air quality and contributing to physiological stress.

2.6.2 Air Quality Technology

The utilization of gas sensors has proven effective for monitoring ammonia and CO-
levels in poultry houses. Specialized sensors are capable of accurately measuring the
concentration of these gases, enabling producers to adjust ventilation systems and control
airflow with greater efficiency. The installation of these sensors at strategic points within the
poultry house, specifically at bird level, ensures that measurements are representative of the
actual environmental conditions experienced by the flock. Moreover, continuous monitoring
allows for the detection of fluctuations in gas levels, aiding in the prevention of respiratory
issues before they reach critical stages. However, the challenge lies in maintaining
measurement accuracy and ensuring a rapid response to critical gas concentrations to prevent

the exposure of birds to harmful conditions.
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2.6.3 The Application of Logic Et in Gas Monitoring

Logic Et can be applied to enhance air quality monitoring, particularly regarding
ammonia and carbon dioxide. By analyzing data from gas sensors, Logic Et is able to process
uncertainty and rapid fluctuations in gas levels, such as the temporary variations that occur in
poultry houses with variable ventilation or less efficient control systems. Logic Et can analyze
the data to quickly identify oscillations in ammonia or CO- concentrations that may approach
critical thresholds.

2.6.4 Generate Immediate Alerts

By identifying these peaks or variations, Logic Et can generate automatic alerts for
poultry farmers, allowing adjustments to be made immediately to ventilation systems or other
environmental control systems, such as humidification or air replacement.

On the other hand, improving data reliability: by dealing with contradictory or
inaccurate data, Logic Et ensures that decisions are made with greater confidence, even in
environments with partially inconsistent data.

By integrating Logic Et into air quality monitoring, poultry farmers can significantly
improve environmental management, preventing respiratory problems in birds, reducing the
risk of disease, and increasing production efficiency, while ensuring a healthier and more

controlled environment.

2.7 Monitoring and Maintenance System Failures

The sensor and automation systems utilized in poultry houses depend on a robust and
reliable infrastructure to ensure continuous and effective environmental monitoring. However,
failures in these systems, such as loss of network connectivity, sensor malfunctions, or human
error during maintenance, can compromise the collection of essential data and impede decision-
making. These failures can have severe consequences, negatively affecting environmental

control and bird health.
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2.7.1 Sensor Reliability Challenges

The degradation of sensors over time, due to operational wear or technical faults,
constitutes one of the primary challenges in environmental monitoring. Inaccurate or outdated
sensors can yield erroneous data, directly affecting the performance of the environmental
control system. Furthermore, improper maintenance of systems and sensors can lead to
complete monitoring failure, compromising both the data collection process and the accuracy
of subsequent decisions. For instance, temperature or relative humidity sensors may fail to
detect a critical variation, resulting in an unsuitable environment for birds, thereby increasing

the risk of heat stress and disease.

2.7.2 Impact on Operation

Frequent failures in monitoring systems can disrupt environmental control and
compromise bird welfare. If ventilation or heating systems are improperly adjusted based on
erroneous data, extreme fluctuations in temperature and humidity can occur, negatively
affecting bird health and productivity. Additionally, data collection failures prevent poultry
farmers from making rapid, accurate decisions, thereby increasing operational inefficiencies

and incurring additional costs for veterinary interventions and treatments.

2.8 Challenges in the environmental management of poultry houses

Effective environmental management in poultry houses is crucial for ensuring the
optimal health, productivity, and well-being of the birds. Key challenges include controlling
temperature, humidity, and air quality within the facilities, as well as managing waste and
minimizing environmental pollution.

Temperature control is essential to prevent heat stress, which can negatively affect broiler
performance and welfare. Modern poultry houses are equipped with ventilation systems,
evaporative coolers, and other climate control technologies to maintain optimal thermal
conditions. However, these systems require proper maintenance and management to function
effectively, and energy costs remain a significant concern (Deaton et al., 1978; Damasceno et
al., 2010; Abreu; Abreu, 2011; Baxevanou et al., 2017).

Moisture management is another critical aspect, as high humidity levels can exacerbate

the effects of heat stress and promote pathogen growth. Proper ventilation and litter

30



management practices are necessary to control humidity levels and maintain a healthy
environment for the birds.

Air quality is influenced by factors such as dust, airborne particles, and ammonia
emissions from manure. High levels of ammonia can impair respiratory health and immune
function in broilers, leading to reduced performance and increased susceptibility to disease.
Strategies to mitigate ammonia emissions include regular litter removal, the use of air purifiers,
and dietary adjustments to reduce nitrogen excretion (Blake; Hess, 2001; Banhazi et al., 2008;
Wei et al., 2015).

Finally, waste management presents a significant challenge in poultry production, as
substantial volumes of manure must be handled and disposed of properly. If managed correctly,
manure serves as a valuable resource, functioning as a fertilizer or a renewable energy source
through biogas production. However, inadequate management can lead to environmental
pollution and public health concerns.

Implementing effective environmental management practices requires a comprehensive
approach that considers the specific needs and operational conditions of each poultry house.
Continuous research and technological innovation are essential to develop sustainable solutions
that balance productivity, animal welfare, and environmental stewardship (Yahav, S.; Hurwitz,
1996; Williams; Barker; Sims, 1999).
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CHAPTER Il

3 THEORETICAL FRAMEWORK

In this chapter, the theoretical framework that underlies the study is presented.

3.1 Broiler Production Chain

The broiler production chain encompasses all stages, from rearing to processing and
distribution, with each stage playing a crucial role in ensuring the quality and efficiency of
poultry production. The chain begins with the management of breeder flocks, followed by
hatcheries where eggs are incubated and hatched. Day-old chicks are then transferred to broiler
farms, where they are reared until they reach market weight. The final stages involve processing
plants where chickens are slaughtered, processed, and packaged for distribution to retailers and
consumers (Naas et al., 2015).

Key elements in the broiler production chain include feed mills, which provide diets
specially formulated to meet the nutritional needs of broilers at different growth stages, and
veterinary services, which ensure the health and welfare of the birds. Efficient management
practices and advanced technologies are crucial to optimize production, reduce costs, and
maintain high standards of food safety and animal welfare (Branco, et al. 2020).

Environmental factors such as temperature, humidity, and ventilation significantly
impact the performance and welfare of broilers. Modern broiler houses are equipped with
climate control systems to maintain optimal conditions, minimizing heat stress and promoting
efficient growth (Sartor, R. et al., 2001; Barbosa, et al., 2012). Proper litter and waste
management are also essential to control ammonia levels and reduce environmental pollution
(Bjerg, et al., 2002).

Furthermore, the vertical integration of the broiler production chain ensures traceability
and quality control from farm to table. This integration is achieved through close collaboration
between growers, processors, and retailers, supported by comprehensive data management
systems that monitor and analyze production parameters to improve efficiency and
sustainability (Naas et al., 2015).
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3.2  Brazilian Poultry Production

Brazil is indisputably one of the world's leading poultry producers and exporters,
boasting a highly developed and competitive industry. The country's favorable climate,
abundant natural resources, and advanced production technologies contribute to its dominance
in the global market (Oliveira et al., 2021).

The Brazilian poultry industry is characterized by large-scale, vertically integrated
operations that cover all stages of production, from breeding and incubation to grow-out farms
and processing plants. This vertical integration ensures efficiency, cost control, and consistent
product quality, allowing Brazilian producers to compete effectively in international markets
(Marmelstein et al., 2024).

In recent years, the industry has focused on improving sustainability and environmental
management practices. Efforts include adopting renewable energy sources, such as biogas and
solar power, and implementing advanced waste management systems to reduce environmental
impact (Choi, 2025). Moreover, ongoing research and development in genetics, nutrition, and
health management continue to drive improvements in productivity and animal welfare (Zhang
etal., 2023).

The Brazilian poultry sector also benefits significantly from the strong support of
industry associations and government agencies, which provide technical assistance, market
intelligence, and advocacy. These organizations play a key role in promoting best practices,
ensuring compliance with regulatory standards, and facilitating access to export markets (Atti
etal., 2022).

Despite its successes, the Brazilian poultry industry faces challenges such as fluctuating
feed costs, disease outbreaks, and trade barriers. Addressing these challenges requires
continuous innovation, investment in biosecurity measures, and strategic market diversification

to sustain growth and competitiveness in the global arena (Yahav et al., 2004).

3.3 Precision Poultry Farming

Precision Poultry Farming (PPF) refers to the use of advanced technologies and data-
driven approaches to improve the management and productivity of poultry farms. PPF
technologies include sensors, automation systems, and data analysis tools that monitor and
control various aspects of the production environment, such as temperature, humidity, feed

intake, and poultry health (Rowe, et al., 2019).
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One of the main goals of PPF is to optimize the use of resources and improve animal
welfare by providing insights into the production process. For example, sensors can detect
deviations in environmental conditions or bird behavior, allowing for immediate corrective
action to prevent stress and disease. Automation systems, such as automated feeders and
drinkers, ensure accurate delivery of feed and water, reduce waste, and improve efficiency.

Data analytics and machine learning algorithms play a fundamental role in PPF by
analyzing large volumes of data to identify patterns and predict outcomes. These insights
enable farmers to make informed decisions, such as adjusting feeding schedules, optimizing
stocking densities, and implementing preventive health measures. Additionally, mobile apps
and cloud-based platforms facilitate remote monitoring and management, providing farmers
with greater flexibility and control over their operations (Liakos et al., 2018; Benos et al., 2021;
Aragjo et al., 2021).

The adoption of PPF technologies has the potential to significantly increase the
sustainability of poultry production by reducing resource consumption, minimizing
environmental impact, and improving animal welfare. However, the implementation of these
technologies requires substantial investment and technical expertise, presenting challenges for
small-scale farmers with limited resources (Van Hertem et al., 2017; Lovarelli et al., 2020).

Despite these challenges, the future of PPF appears promising, with continued
advancements in technology and growing awareness of the benefits of precision agriculture.
Collaborative efforts among researchers, industry stakeholders, and policymakers are essential
to promote PPF adoption and support the development of scalable and cost-effective solutions
(Barbosa Filho et al., 2009; Wang et al., 2009).

3.4 Internet of Things (l1oT)

loT refers to the interconnection of devices through the internet, allowing for the
collection and exchange of data. Equipped with sensors and software, these devices
communicate with each other and with central systems, offering insights and automating
processes. In poultry farming, loT has provided precise control over various aspects of
production (Porter; Heppelmann, 2014). The application of 10T in animal production systems,
including poultry farming, improves the monitoring and control of environmental conditions
in poultry houses (Garcia; Martinez, 2019).

Sensors and monitoring are essential components for the application of 10T in poultry

farming, offering efficiency in controlling environmental conditions within poultry houses
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(Martinez et al., 2021). Their main functions are the detection of critical variations and the
transmission of immediate alerts, allowing adjustments to maintain an ideal environment for
bird development (Garcia; Martinez, 2019). Thus, temperature, humidity, and air quality
sensors, which monitor parameters such as ammonia and carbon dioxide levels, prevent issues
related to heat stress and respiratory problems, thereby improving productivity and reducing
mortality. Furthermore, sensors installed in drinkers and feeders detect changes in consumption
patterns, indicating possible health problems or stress, helping to optimize the feeding and
management of birds (Porter; Heppelmann, 2014).

While the benefits of 10T in poultry farming are widely recognized, its implementation
faces significant challenges. In rural areas, the lack of adequate communication infrastructure
and harsh environmental conditions complicate the installation and efficient operation of these
systems. Distance from urban centers also hinders quick and efficient equipment maintenance,
potentially affecting bird welfare. Additionally, reliance on a consistent electrical power supply
in remote areas constitutes a significant obstacle to the continuous operation of automated
systems. Device connectivity also increases vulnerability to cyberattacks, compromising
sensitive data and farm operations. Therefore, the adoption of 10T for monitoring requires high
upfront investments, making implementation difficult for smallholders.

Ultimately, loT offers significant potential to optimize poultry production through
monitoring and control, improving operational efficiency and animal welfare. However, for
these benefits to be fully realized, it is imperative to overcome infrastructure-related challenges
and high upfront costs (Friha et al., 2021; Balaji; Rao; Ranganathan, 2023).

3.5  Fundamentals of Paraconsistent Logic

Classical logic is founded on two mutually exclusive states, true and false, which limits
its capacity to represent situations where uncertainties, contradictions, or incomplete
information coexist. However, a large portion of real-world phenomena does not fit into this
rigid dichotomy, as they present varying degrees of imprecision and conflicting evidence. In
this context, annotated paraconsistent logics emerge as a family of non-classical logics
developed to allow the formal treatment of inconsistencies without leading to inferential
collapse, thereby expanding the possibilities for representation and reasoning in computational
systems (SUBRAHMANIAN, 1987).
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Paraconsistent Annotated Evidential Logic Et was structured based on studies
conducted by various authors, including da Costa, Abe, and Akama. The formal foundations
of this logic include contributions to predicate logic, model theory, annotated set theory, and
modal systems. Among the most significant advancements are the meta-theorems of strong and
weak completeness for a subclass of first-order annotated logic, as well as the systematization
of an annotated model theory capable of generalizing classical results to evidential structures
(Abe, 1992).

Beginning in the 1990s, different computational applications began to be developed
based on Logic Et. Abe and his collaborators implemented the paraconsistent programming
language Paralog, conceived independently of previous work on annotated programming (Da
Costa et al., 1999). The formalism of Logic Et was also applied to the construction of complex
computational architectures, including manufacturing cells integrated by planners, databases,
and vision systems, as well as in frame-based knowledge representation models, allowing for
the explicit treatment of inconsistencies and exceptions (Prado, 1996; Avila, 1996).

In the field of hardware, Da Silva Filho developed digital circuits based on Logic Er,
including the implementation of Complement, AND, and OR logic gates capable of processing
conflicting signals in a structured manner (Da Silva Filho, 1999). This advancement opened
new perspectives for the use of paraconsistent logics in electronics, culminating in the creation
of logic analyzers (Para-analyzer), controllers (Paracontrol), simulators (Parasim), and signal
processing systems (Parasonic). As a practical demonstration of the potential of this field,
paraconsistent robots were constructed, such as Emmy, equipped with hardware grounded in
Logic Er, and Sofya, developed with software based on Logic Et, followed by other subsequent
prototypes (Da Silva Filho; Abe, 2001).

Beyond computational and engineering applications, annotated logics also encompass
aspects associated with non-monotonic, defeasible, deontic, and default reasoning. The
relationship between Logic Et and Fuzzy logic is also significant. Specifically, annotated set
theory generalizes fuzzy set theory, enabling hybrid interpretations and combined controllers,
such as those developed by da Costa and collaborators (Abe, 1992; Da Costa et al., 1999).

3.5.1 Annotated Propositions and Evidential Pairs (p, A)

In Logic Er, a proposition is represented in the form p, »), where p and A, belonging to
the interval [0,1], indicate the degree of favorable evidence and the degree of contrary evidence

associated with the proposition, respectively. This structure expands the possibilities of
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classical logic by allowing favorable and unfavorable information to coexist simultaneously.
Consequently, this enables the formal analysis of situations involving uncertainty, conflict, or
incompleteness without compromising the inferential process. The evidential pair (u, A)
constitutes the basic unit of representation in Logic Et and can assume different interpretations
depending on the application context, such as degrees of confidence, measurement intensities,
or levels of certainty.

Each annotated proposition corresponds to a point on the unit square [0,1] x [0,1], This
space serves as the foundation for defining the degrees of certainty, contradiction, and
paracompleteness, as well as for classifying propositions into extreme and non-extreme states.
Thus, annotated propositions establish the mathematical framework necessary for utilizing
Logic Et in monitoring, inference, and decision-making systems that operate under conditions
of uncertainty and informational conflict (Abe, 1992).

3.5.2 Negation in Logic Et

Negation in Logic Et exhibits behavior distinct from that found in classical logic.
Rather than simply inverting the logical value of a proposition, Logic Et performs negation by
inverting the degrees of evidence that constitute the annotation. Thus, given an annotated

proposition p(u, A), its negation is represented by:

P 1) = P ).

This implies that the degree of favorable evidence for the proposition assumes the
position of the degree of contrary evidence, and vice-versa. This operation is fundamental
because it enables the formal representation of situations where the negation of a proposition
does not eliminate the possibility of existing conflicting evidence.

An illustrative example is the case where the evidential values are identical, such as
p(0,5, 0,5). In this scenario, both the proposition and its negation exhibit the same evidential
pair, implying that both are simultaneously supported by equivalent quantities of favorable and
contrary evidence. This behavior expresses one of the primary characteristics of Logic Et the
possibility of coexistence between affirmation and negation without the system suffering
inferential collapse, a condition that would be inadmissible in classical logic.

Defining negation as the inversion of evidential pairs grants Logic Et the capacity to

operate in environments characterized by uncertainty, imprecision, and contradiction, offering
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a robust mechanism for the formal processing of inconsistent information. This property is
essential for applications in monitoring, diagnostic, control, and decision-making systems,

where contradictions are frequently inevitable (Abe, 1992).

3.5.3 Logical Connectives in Logic Et

The logical connectives of Paraconsistent Annotated Evidential Logic Et play an
essential role in the processing of inconsistent and incomplete information. They permit the
combination of annotated propositions without the system suffering inferential collapse, as
would occur in classical logic. Similar to traditional formalism, the connectives of conjunction,
disjunction, implication, and bi-implication are utilized. However, in Logic Et, each operation
is applied directly to propositions of the type pq, » € e, p), Preserving the evidential pairs that

constitute each annotation.

Table 1 - Connectors

Connectors Read
Pan, ) A o, p) a conjunction of p,,») and g, p)
Pan. 2y V 0o, p) a disjunction of p¢., » and g, p)
P ) — G0, p) an implication of g, o) by P »)

Source: Abe (2010).

Conjunction combines two propositions such that the result simultaneously reflects

their favorable and contrary evidence. It is expressed as:

P, ») A G, p).

Disjunction represents the informational union between the propositions and is written

as.:

P 1) V de, p).
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Implication establishes a directional relationship between the evidential pairs of p and
g, enabling the evaluation of the extent to which the evidence of one proposition contributes to

supporting the other. Its general form is given by:

P 2) — qg. p).

Bi-implication reflects logical equivalence between the propositions and is defined as

the conjunction of two implications:

PG ) <> 4, p) = (P ») — g, ») A (A, p) — P, »)-

These connectives operate by preserving the degrees of evidence associated with each
proposition, allowing for the construction of robust inference systems even when facing
contradictory or insufficient data. In practice, their utilization provides the formal foundation
for decision-making algorithms, paraconsistent classifiers, and computational models that

depend on flexible, inconsistency-tolerant logical relations. (Abe, 1992)

3.5.4 The Unit Square in the Cartesian Plane (USCP)

The Unit Square in the Cartesian Plane (USCP) constitutes the fundamental geometric
structure of Paraconsistent Annotated Evidential Logic Et. Each annotated proposition p., ) is
represented as a point in the two-dimensional space defined by the Cartesian product [0, 1] x
[0, 1], where p e A correspond, respectively, to the degrees of favorable and unfavorable

evidence.
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Table 2 — Lattice Properties

Expression Property
ViLAET, (L A) < (W A) Reflexivity
Vi, Ay, p2, A2 € T, (M, M) < (Hz, A2) and (pz, A2) < (pa, ), Antisymmetry
imply (p1, M) = (p2, A2)
Vi, A, p2, Az, ps, A€ T, (M, A1) < (p2, A2) and (pz, A2) < (ps, As), Transitivity
imply (p, A1) < (ps, As)

Vi, M, 2, 22 € 7, the supremum of {(u, A1), (2, A2)} exists, denoted by (1, 21) V (uz,
A2) = (Max{us, A2}, Min{As, A2})

Vi, M, p2, A2 € 1, the infimum of {(u, A1), (2, A2)} exists, denoted by (p, A1) A (12, A2) =

(Min{p1, A2}, Max{A1, 12})
Source: Abe (2010).

Within the USCP, four special points, designated as cardinal points, play a central role
in the interpretation of evidential logic: point (1, 0) represents the True state; (0, 1) represents
the False state; (1, 1) corresponds to the Inconsistent state; and (0, 0) corresponds to the
Paracomplete state. These points define the extremities of logical behavior and serve as a

reference for the positioning of annotated propositions within the plane.

Figure 1 - Unit Square in the Cartesian Plane
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In addition to the cardinal points, two notable segments structure the dynamics of the
USCP. The perfectly defined segment, described by the equation p + A = 1, characterizes
situations where favorable evidence is exactly complementary to unfavorable evidence,
approximating the binary behavior of classical logic. Conversely, the perfectly undefined
segment, defined by the relation p = A, groups propositions where favorable and unfavorable
evidence possess the same intensity, representing states of indefiniteness that vary continuously
between paracompleteness and inconsistency.

Based on this geometric configuration, it becomes possible to calculate numerical
measures that express the degree of certainty, contradiction, or indefiniteness associated with
each annotation. These degrees, in turn, allow for the classification of propositions into extreme
or non-extreme logical states, constituting the basis for the inference mechanisms employed by
Logic Et. Thus, the USCP provides a visual and mathematical representation that facilitates
the analysis of situations characterized by uncertainty, information conflict, and evidence
variability (Abe, 2010).

3.5.5 Degrees of Logic Et

The degrees defined in Paraconsistent Annotated Evidential Logic Et epresent
numerical measures that allow for the interpretation of the intensity of the evidence associated
with an annotated proposition p(u, A). These degrees are fundamental for analysis and decision-
making, as they enable the structured quantification of aspects such as certainty, contradiction,
inconsistency, and paracompleteness. Based on the position of the evidential pair within the
USCP, it is possible to derive indicators that express the logical behavior of the proposition.

The degree of certainty, represented by Gee, is calculated by the difference between

favorable and unfavorable evidence:

Gce:lyl'x.

This degree reflects the extent to which a proposition approximates the True or False
states within the USCP. Positive values indicate a predominance of favorable evidence,
whereas negative values reveal a higher intensity of contrary evidence.

The degree of contradiction, denoted by Gct, is obtained by summing the evidence
values minus one:

Get=p+A-1
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This degree expresses the deviation of the proposition relative to the perfectly defined
segment. When both evidence values are high, the degree of contradiction approaches 1,
representing strong informational conflict typical of the Inconsistent state. Conversely, when
both values are low, it approaches —1, characterizing the Paracomplete state.

From these two primary degrees, it is possible to derive further measures of truth,
falsity, inconsistency, and paracompleteness, which represent intermediate regions within the
USCP. Truth is related to the predominance of p over A; conversely, falsity reflects the inverse
relationship. Inconsistency and paracompleteness reflect situations where p and A are
simultaneously high or low, indicating extreme uncertainty or a significant absence of
evidence, respectively.

These degrees provide a quantitative foundation for classifying propositions into
extreme and non-extreme states, which will be discussed in the next section. Their utilization
enables Logic Ez to operate robustly even when facing contradictory, incomplete, or uncertain
information. This characteristic is essential for applications in computational systems that rely
on decisions based on imprecise data (Abe, 2010).

3.5.6 Decision States: Extreme and Non-Extreme

Decision states in Paraconsistent Annotated Evidential Logic Et represent qualitative
interpretations of the evidential pairs associated with an annotated proposition pg, »). These
states are determined based on the degrees of certainty and contradiction, as well as the position
of the point (u, 1) at the Unit Square in the Cartesian Plane (USCP). Classification into extreme
and non-extreme states allows for a more precise understanding of the logical behavior of the
proposition, especially in situations involving conflict, indefiniteness, or the absence of
evidence.

The extreme states correspond to the four cardinal points of the USCP and express well-
defined logical behaviors. The point (1, 0) represents the True state, where there is a total
predominance of favorable evidence. The point (0, 1) characterizes the False state, marked by
a complete prevalence of contrary evidence. The point (1, 1) indicates the Inconsistent state,
where favorable and contrary evidences are simultaneously at maximum intensity. Finally, the
point (0, 0) corresponds to the Paracomplete state, characterized by the absence or significant

insufficiency of evidence to support any conclusion.

42



Table 3 - Symbology of Extreme States.

Extreme States Symbol
True Vv
False =
Inconsistent T
Paracomplete 1

Source: Abe (2011).

In addition to these extreme states, Logic Et contemplates non-extreme states, which
represent intermediate regions within the USCP. These states express nuances that are not
captured by the cardinal points, allowing for a refinement of logical interpretation. Among the
non-extreme states are, for instance, those describing situations of quasi-true tending toward
inconsistency, quasi-true tending toward paracompleteness, quasi-false tending toward
inconsistency or paracompleteness, and states near inconsistency or paracompleteness that
approximate the poles of truth or falsity. These intermediate states provide greater flexibility
to the inferential process, enabling the evaluation of propositions in a manner compatible with

phenomena that exhibit gradual variation of evidence and transitional behaviors.

Table 4 - Symbology of Non-Extreme States.

Non-Extreme States Symbol
Quasi-true tending to Inconsistent QV-T
Quasi-true tending to Paracomplete QV—-l
Quasi-false tending to Inconsistent QF-T
Quasi-false tending to Paracomplete QF—1
Quasi-inconsistent tending to the True QT—-V
Quasi-Inconsistent tending to False QT—F
Quasi-paracomplete tending to the True QL-V
Quasi-paracomplete tending to False QL—F

Source: Abe (2010).

The distinction between extreme and non-extreme states is fundamental to Logic Et, as
it provides the semantic foundation for decision-making in environments with imperfect

information. This structure enables a system based on Logic Et to differentiate between
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situations of strong certainty, high uncertainty, explicit contradiction, or data insufficiency,
allowing for the adequate evaluation of scenarios where classical logic would be unable to

provide consistent answers (Abe, 2010).
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CHAPTER IV

4 METHODOLOGY

This section presents the methodological procedures adopted in the research, ranging
from the definition of the study design and approach to the development and validation of the
proposed artifact. The methodological path was structured according to Design Science
Research (DSR), a methodology that guides the development of scientific and technological
artifacts aimed at solving complex problems.

In this dissertation, DSR served as a structuring reference, aligning the research stages
with the specific objectives and the generated products, including scientific articles and the
developed computational artifact. This approach ensures coherence between theory, method,
and practical application, consolidating an investigative process of a constructive and
empirically validated nature.

Finally, the communication phase of the DSR cycle was completed through the
publication of three scientific articles derived from this research: a bibliometric review
accepted for presentation at KES 2025; a logical-model paper based on Logic Et; and a full

paper accepted for presentation and publication at AISS 2025.

4.1  Type and Approach of Research

This thesis is characterized as applied research with a qualitative-quantitative approach,
focused on the development of a computational artifact. The adopted methodological
framework is Design Science Research (DSR) due to its suitability for studies aiming to
propose, build, and evaluate innovative solutions to real and complex problems through the
creation of models, methods, or systems. The DSR methodology grounds the investigation
process in scientific evidence and provides a systematic framework for identifying the problem,
defining requirements, developing the artifact, illustrating its applicability, and evaluating its
effectiveness. This approach was selected as it aligns with the nature of this research, which
aims to develop an intelligent environmental classification system for poultry farming based

on Logic Ex.

4.2  Methodological reference: Design Science Research
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This research was conducted based on Design Science Research (DSR), an approach
initially proposed and later consolidated through updates (Peffers et al., 2020). DSR guides
researchers in the development of innovative artifacts, such as models, methods, or systems,
aimed at solving complex real-world problems through a systematic and iterative process of
construction and evaluation.

Figure 6 (based on Peffers et al., 2007) presents the conceptual structure of the DSR
method, illustrating the flow from the initial problem to the evaluated artifact. The process
begins with the identification of the problem and the definition of requirements, followed by

the design, development, demonstration, and evaluation of the resulting artifact.
Figure 2 — Theoretical stages of Design Science Research (DSR)

Initial Explicate Explicated
problem | problem problem
Define

require- Requirements
meision Design and
artefact

develop Artefact
artefact D
o Demonstrated
strate artefact
artefact
Evaluate | Evaluated

—_
artefact | ortefact

Fonte: Adapted from Peffers et al. (2007; 2020)

The application of Design Science Research (DSR) in this dissertation was organized
into three main stages, structured to integrate the theory, development, and validation of the
proposed artifact. This methodological structure aimed to ensure coherence between the
research objectives, the methods adopted, and the results obtained, allowing each stage to
contribute progressively to the construction of knowledge and the consolidation of the
proposed solution.

Stage 1 focused on identifying the problem and analyzing the technological landscape
of poultry farming through a Systematic Literature Review (SLR) carried out in international
databases, specifically Scopus and Web of Science, covering the period from 2018 to 2024.
This review made it possible to map emerging technologies, adoption barriers, and scientific
gaps related to the use of intelligent systems in poultry farming, highlighting the need for
methods capable of managing conflicting, inaccurate, and incomplete data.

Subsequently, Stage 2 consisted of the construction and validation of a logical model
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based on Paraconsistent Annotated Evidential Logic Et, designed to interpret environmental
variables under conditions of uncertainty and contradiction. This phase involved the
development of a mathematical-logical model and its validation through simulations and tests
with real data, ensuring robustness and applicability to the proposal.

Finally, Stage 3 corresponded to the development and demonstration of the
computational artifact, resulting in the Parabroiler application, which operationalizes the
logical model developed in the previous stage. This phase involved implementation, testing,
and usability evaluation, culminating in the registration of the software and the consolidation
of a functional technological product aimed at decision-making in precision poultry farming.

Figure 3 presents the integration between the theoretical framework of Design Science

Research (DSR) and the practical steps developed in this dissertation.

Figure 3 — Integration between DSR activities and research stages
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and dul'c'pcs n gnadupxm of Cortral Using Logic Er e
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Source: author, 2025

The diagram illustrates the alignment between the six activities of DSR, as established

by Peffers et al. (2007; 2020), and the three empirical phases of the research: diagnosis,
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construction of the logical model, and development of the computational artifact.

This graphic representation demonstrates the coherence between the specific
objectives, the methods applied, and the products generated, facilitating an understanding of
the study's methodological progression, from problem identification to the validation of the

final artifact.

4.3  Stages of the Application of DSR in the Dissertation

In the context of this dissertation, the DSR method was adapted and aligned with the
three empirical stages presented, mapping each stage to a specific set of the six theoretical
activities proposed by Peffers et al. (2007). This integration ensures the methodological
coherence of the research process, where each step results in a scientific or technical product,
forming a complete cycle of construction, demonstration, and evaluation of the artifact.

4.3.1 Stage 1 - Diagnosis and Problem Definition

Stage 1, diagnosis, corresponds to activities 1 and 2 of Design Science Research (DSR),
which involve identifying the problem and defining the solution requirements. This phase
aligns with Specific Objective 1 (SO1) of the dissertation: "To identify the challenges faced by
broiler producers in the use of smart technologies in precision poultry farming."”

The main purpose of this stage was to identify the problem and understand the
technological landscape of poultry farming through a Systematic Literature Review (SLR). The
survey was carried out in the Scopus and Web of Science databases, covering the period from
2018 to 2024, using the descriptors: "Precision Poultry Farming,” "loT," "Smart Farming,"
"Environmental Control,” and "Decision Support Systems”.

The SLR enabled the mapping of emerging technologies applied to poultry farming and
the identification of main adoption barriers, such as infrastructure limitations, high sensor costs,
connectivity restrictions, lack of standardization, and lack of technical qualification. The
studies also revealed recurring gaps related to the inconsistency and incompleteness of
environmental data, as well as the poor interpretability of conventional decision support
systems.

These findings supported the need for a logical model capable of managing
contradictions and uncertainties, justifying the adoption of Paraconsistent Annotated Evidential

Logic Et as the conceptual basis of this work.
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This stage resulted in Article 1, "Smart Technologies in Poultry Production: Trends and
Innovations," which presented the main technological trends, challenges, and gaps identified,
in addition to defining the theoretical and practical requirements for the development of the

proposed artifact.

4.3.2 Stage 2 — Construction and Validation of the Logical Model Based on

The Stage 2 is about the Construction and validation of the logical model that
corresponds to activities 3 and 4 of Design Science Research (DSR), which involve
designing, developing and proposing an artifact. This stage is aligned with Specific
Objective 2 (OE2) of the dissertation: "To develop an expert system using the
Paraconsistent Annotated Evidential Logic Et, capable of qualitatively classifying the
analyzed environmental parameters — temperature, relative humidity, air velocity, carbon
dioxide and ammonia."

In this phase, a mathematical-logical model based on Logic Et was developed and
validated, designed to classify the environmental conditions of poultry houses in the face
of conflicting, imprecise and incomplete data. The model was developed from the
principles of Logic Er, allowing to simultaneously represent degrees of evidence favorable
(1) and unfavorable (L) to a proposition, in order to maintain inferential coherence even
under contradiction.

Conversion of variables into paraconsistent evidence: The environmental
variables — temperature (T), relative humidity (H), air velocity (V), carbon dioxide (CO-)
and ammonia (NHs) — were converted into pairs of evidence (u, A) based on the ideal
ranges of thermal comfort defined for each age of the birds. When necessary, an
exponential decay function was applied to weigh the reliability of old measurements,
ensuring temporal coherence in the inferences.

Operators and logical indicators: From the evidence (u, A), the model calculates
the indicators of Degree of Certainty (Ge) and Degree of Uncertainty (Gin), used to
determine the logical state of each elementary proposition. The variables were combined

according to Logic Ert, resulting in the compound proposition:

P=TAHAVACO2ANH3
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The position of this proposition in the Unit Square of the Cartesian Plane (USCP)
defines the inferred environmental state. This logical structure allows for explainable,
transparent and reproducible interpretations, an essential feature for intelligent systems
applied to precision poultry farming.

Classification and Inference in USCP: The model classifies the environment into
two categories — Excellent or Critical — based on the position of the pairs (u, A) in the
USCP and the values obtained for Gce and Gin. This approach provides explicit logical
justifications for each classification, making the inference process auditable and
interpretable.

Model Validation: The validation was conducted through controlled simulations
and experiments with real data, with the objective of evaluating the logical robustness,
inferential stability and consistency of the classifications in scenarios with noise,
contradiction or sensor failures. The results showed that the model have maintained
coherence and accuracy even in the face of uncertainties, proving its effectiveness and
practical applicability.

This stage resulted in the publication of Article 2 — "Improving Decision-Making
in Broiler Production Using Paraconsistent Annotated Evidential Logic Et", in which the

developed model, the validation procedure and the results obtained are described in detail.

4.3.3 Stage 3 — Development, Demonstration and Registration of the

Computational Artifact

Stage 3 — Development, demonstration and registration of the computational artifact
correspond to activities 5 and 6 of Design Science Research (DSR), which involve
demonstrating, evaluating and communicating the developed artifact. This step is aligned with
Specific Objective 3 (SO3) of the dissertation: "To develop the Parabroiler application with
Logic Et to assist in poultry farmers' decision-making."

This phase comprised the development, demonstration and registration of the
computational artifact called Parabroiler, elaborated based on the logical model developed in
Stage 2. The app is designed to classify the environmental conditions of poultry houses and

support the decision-making of precision poultry producers and researchers.
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4.3.4 System Architecture

The Parabroiler artifact is built with multi-layered functional architecture, integrating
accessible and open-source technologies:

Mobile frontend: responsible for the user interaction interface, allowing to insert
environmental variables and view classification results, history and management
recommendations, this layer uses Thunkable as the low-code development platform
(Thunkable, 2025).

Backend: performs the logical processing based on Logic Et, applying the developed
model and performing the environmental inferences. This layer was developed using
Python/Flask in PythonAnywhere (Grinberg, 2018; Pythonanywhere, 2025).

Persistence: performs the automatic storage of inputs and outputs, ensuring traceability
of the data and results processed.

Each version of the application generates a cryptographic hash for integrity control,
according to digital traceability best practices (Li et al., 2025), and has been registered with the
National Institute of Industrial Property (INPI, 2025), ensuring authenticity and intellectual

protection.

4.3.5 Data and Application Context

The artifact validation was conducted with real data from commercial farms and
simulated scenarios. The measurements were carried out in three types of sheds — Blue House,
Dark House and Solid Wall — at four different ages of the production cycle (21, 28, 35 and 42
days), at two daily times (9 am and 2 pm).

The monitored variables included: Temperature (°C), Relative Humidity (%), Air
Velocity (m/s), Carbon Dioxide (COz, ppm) and Ammonia (NHs, ppm).

This data was used to test and validate the logical model implemented in the application,
ensuring compatibility with real operating conditions.

4.3.6 Parabroiler Operation Flow

The system works in four sequential steps, as described below:
The user enters the environmental variables and metadata (type of aviary, age of the

birds, date and time of collection). The backend processes the information using Logic Et,
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performing environmental classification. The application returns the result of the inference,
indicating the classification category (Excellent or Critical) and management
recommendations. Finally, all data and results are stored automatically, ensuring complete

history and traceability of operations.

4.4  Parabroiler Application Usability Evaluation

The usability evaluation stage of the Parabroiler — Intelligent Environmental
Classifier application was conducted through a structured form developed on the Google
Forms platform, based on consolidated methodologies of Usability Engineering and
Human-Computer Interaction (HCI). Recent studies reinforce the importance of
systematic and methodological approaches to evaluating the usability of digital
applications, highlighting updated frameworks and methods for testing on mobile devices
and web interfaces (Weichbroth et al., 2024; Drungilas; Ramasauskas; Kurmis, 2024).

The instrument was developed with the objective of collecting perceptions of
specialists and potential users about the efficiency, effectiveness and satisfaction in the use
of the application, and fundamental dimensions of usability. The questionnaire was
adapted from consolidated models for evaluating human-computer interaction and
complemented with indicators from the System Usability Scale (SUS), widely applied in
usability analysis of digital systems and technological applications (Setiyawati;
Bangkalang, 2022).

The digital form was structured in eight interdependent sections. The first section
corresponded to the identification of the evaluator, addressing profile, training and
experience in technology. The second section contemplated the initial tasks, allowing free
exploration of the application before the formal evaluation. In the third section, the
usability evaluation was carried out, using a Likert scale from 0 to 5, which analyzed
aspects such as ease of use, clarity, consistency and visual organization. The fourth section
presented open questions for collecting qualitative impressions about difficulties and
suggestions for improvement. Next, the fifth section used a simplified version of the SUS
Scale, composed of ten adapted items, aimed at measuring the general perception of use
and confidence of the participants. After that, the sixth section dealt with general
satisfaction, with an indication of the level of approval of the application. Subsequently,
the seventh section presented the Informed Consent Form, ensuring the ethical and

voluntary participation of respondents (Weichbroth et al., 2024).

52



The SUS Scale was used due to its validity and reliability in measuring subjective
perceptions of usability, even in small samples. The overall structure of the instrument was
based on an empirical model that combines qualitative and quantitative data to identify
interaction problems and support interface improvements (De Dios Lopez et al., 2024).

Usability testing aims to observe real users using the product to identify problems
and possibilities for improvement, configuring itself as an essential technique in the
validation stages of prototypes and digital systems. Thus, the instrument was applied after
the completion of the functional development of the application in the low-code
environment, and the access link was made available to the participants for remote

completion.

4.5  Ethical aspects, reproducibility and availability

The research was conducted in accordance with ethical principles and responsible
use of data, with all records obtained exclusively for academic purposes and treated
anonymously. The reproducibility protocol describes the backend versions, the structure
of the data sheets (column names) and examples of requests, ensuring the transparency of
the process and the traceability of the development stages.

The technical documentation of the Parabroiler application, including the
validation hash, the software registration with the National Institute of Industrial Property
(INPI).
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CHAPTER V

5 RESULTS AND DISCUSSIONS

The results of this dissertation are presented in the format of scientific articles,
elaborated in line with the specific objectives and methodological steps described in Chapter
4. Each article represents a distinct phase of the research process, articulating the theoretical
basis, the development of the logical model and the practical application of the computational
artifact.

5.1 Article 1 — KES 2025 Bibliometric Review

As a key result of this stage, the article entitled "Smart Technologies in Poultry
Production: Trends and Innovations™ is presented. It has been approved for publication in the
international journal Procedia Computer Science (May 2025), a highly indexed publication
recognized for its academic rigor. The manuscript was prepared according to the journal's
editorial guidelines and submitted to a rigorous peer review process, ensuring the
methodological quality and scientific relevance of the study for the areas of Production
Engineering and Computer Science.

The article presents a bibliometric and systematic analysis of the use of emerging
technologies in modern poultry farming, focusing on the Internet of Things (loT), Big Data,
and Artificial Intelligence (Al). The adopted methodology included the mapping of relevant
publications between 2018 and 2023 in international scientific databases, with inclusion criteria
aimed at studies applying digital solutions for environmental monitoring, animal health, and
production management.

The results revealed a significant gap in the literature regarding the integration of these
technologies with non-classical logical approaches capable of processing conflicting,
inaccurate, and incomplete data, particularly in small and medium-sized rural properties.

The study concludes that, although technologies such as 10T and Al are expanding
within the poultry sector, challenges persist related to practical implementation and the efficient
analysis of generated data. Thus, the findings reinforce the need for robust logical decision-
making models, such as the one proposed in Article 2, which continues the development of the

mathematical-logical model based on Paraconsistent Annotated Evidential Logic Ex.
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The full version of this report in is found bellow, as published in the proceedings of the
29th International Conference on Knowledge-Based and Intelligent Information & Engineering
Systems (KES 2025):
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Abstract

Poultry fanming faces significant challenges, including increasing productivity, improving animal welfare, and promoting
sustainability. Smart techuologies, such as the Internet of Things (1oT), Artificial Intelligence (Al), Big Data, cloud computing,
and robotics, offer transformative potential for this sector. However, implementing these technologies involves challenges, such as
high initial costs, proper infrastructure, and adapiation to adverse environmental copditions. Tnnovative approaches, including
govemment subsidies, cooperative models, and adaptive technologles, are being explored to reduce costs and improve accessibility,
Furthermore, there is a fack of comprelensive research on the applicability of these technologies in poultry fanming. This study
als to provide an overview of the applications of smart technologies in optimizing productivity, inproving animal welfare, and
promoting sustainability across various stages of poultry production, including feeding. health monitoring, and eavironmental
control. The study details key use cases and challenges encountered using methods such as systematic literature review and
bibliometric analysis in databases like Web of Science and Scopus. The results highlight a significant increase in global interest in
research. The study offers a global overview of scientific production and significant contributions to the advancement of scientific
research, specifically in integrating smart teclmologies across different stages of poultry fanming and introducing new approaches,
such as non-classical logic, to handle inconsistent and incomplete data. The study provides a batter understanding of the potential
of smart technologies in poultry fanming and critically evaluates their unpact on productivity, animal welfare, and sustainability.
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1. Introduction

The poultry industry faces complex challenges m meeting the growing demand for meat, eggs. and other poultry
products sustainably, with strict quality control standards and increasing ethical concemns. To address these pressures,
the sector is undergoing a digital transformation marked by the adoption of data-dnven technologies that are reshaping
production practices. From precision monitoring to automated decision-making. these innovations are redefining
efficiency, sustainability, and animal welfare in poultry farming [1].

Smart Technologies are high-impact innovations in various economic sectors, encompassing IoT, Al, Big Data,
Cloud Computing, Automation, and Robotics. With advanced capabilities, these technologies quickly adapt to ever-
changing production environments, processing large volumes of information in real- time. Data collected by IoT
sensors is distributed via Cloud Computing and analyzed by Al systems in Big Data applications to support decision-
making [2]. In poultry farming, the adoption of these technologies is rapidly expanding, with applications at all stages
of the production process aimed at increasing efficiency, productivity, and sustainability [3]. However, scientific
production on the topic tends to focus on specific technologies, and there is a lack of comprehensive and integrated
studies on specific applications and the identification of the most suitable technologies for different stages of
production [4].

This paper aims to provide an overview of the applications of Smart Technologies in optimizing productivity,
improving animal welfare, and promoting sustainability m poultry production. The aim s to discuss the benefits of
these implementations, highlighting their potential to increase cfficiency, productivity, and sustainability. Finally, the
paper seeks to identify the challenges and oppormunities for wider adoption [5]. This paper conducts a systematic
literature review using scientific and technical databases from Web of Science and Scopus to achieve this. Relevant
scientific papers related to the topic are collected and subjected to bibliometric analysis for a better understanding of
the field's current state.

The study is structured into four sections: "Development.” which presents the theoretical framework:
"Methodology.” which discusses the research methods and procedures: "Results and Discussions." which present and
analyzes the mam findings: and "Conclusions," which consolidate the results and provides recommendations for future
research.

Thus, this paper offers a comprehensive view of the applications of Smart Technology in Poultry Farming,
identifying promising technologies for each stage of production and discussing the benefits and challenges of their
implementation, contributing to the advancement of scientific research and a better understanding of the use of these
technologies in poultry farming.

2. Background

This section presents a theoretical framework related to the use of Smart Technology in Poultry Farming. The
applications of IoT, Al Big Data, Cloud Computing, and Robotics in poultry farming are discussed. Trends and
innovations. use cases, and the challenges of implementation are analyzed.

2.1. Intevnet das Coisas (IoT)

IoT interconnects devices via the intemet, enabling real-time data collection and exchange. These devices
communicate with each other and central systems, optimizing processes and providing insights. In poultry farming,
IoT allows precise control of conditions within poultry houses, Its application enhances environmental monitormg
and control, benefiting the well-being of the birds [6].

Realtime sensors and monitoring are essential, detecting critical variations and sending alerts, facilitating
adjustments to maintain an ideal environment [8]. Temperature, humidity, and air quality sensors help prevent heat
stress and respiratory issues, improving productivity and reducing mortality [9]. Sensors in drinkers and feeders detect
changes in consumption, assisting in optimizing feeding and management [8].

Despite the benefits, the implementation of loT faces challenges, such as the lack of communication infrastructure
in rural areas and adverse environmental conditions, which hinder the operation of systems. The distance from urban
centers and unreliable electricity supply aiso impact device maintenance, affecting the well-being of the birds [11].
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Additionally. increased connectivity raises vulnerability to cyberattacks, compromising data and farm operations [12).
The high initial cost is another obstacle, especially for small producers [13].

loT has great potential to optimize poultry production and improve ammal welfare, but overcoming challenges
related to infrastructure and high initial costs is crucial,

2.2 Antifictal Intelligence (Al) and Machine Learning (ML)

Al refers to the ability of systems to perform tasks that require human intelligence, such as pattern recognition and
decision-making. ML, a subfield of Al involves algorithms that allow computers to leam from data and improve their
performance without explicit programming for each task In poultry farming, Al and ML can optimize feeding, health
monitoring, and environmental control processes, improving animal welfare and productivity [14, 33].

Despite the benefits, the implementation of these technologies faces challenges. The need for large volumes of
high-quality data can be an obstacke for small producers. Additionally, the lack of infrastructure and high initial costs
limit large-scale adoption. Establishing clear regulations to ensure responsible use. protect data privacy, and
operational security is also crucial [15]. While Al and ML have great potential to optimize poultry production,
overcoming obstacles related to data, infrastructure, and regulation is necessary to realize these benefits, especially
for small producers. Future studies should focus on making these technologies more accessible and secure.

2.3, Big Data and Advanced Analytics

Big Data refers to the large volume of rapidly generated data in various forms, requiring specific capture, storage,
and analysis technologies. This data comes from environmental sensors, health monitoring, and productivity records
in poultry farming, Advanced Analytics, using machine learming and predictive algorithms, extracts msights from this
data, optimizing management and productivity and improving the birds' genetic sefection [16].

However, the implementation of Big Data faces challenges such as poor communication infrastructure and the lack
of connectivity in rural areas, hindering the capture and transmission of data. Additionally, the reliability of the power
supply and the need for advanced technical skills limit adoption, especially among small producers. Inaccurate or
inconsistent data can also lead to erroneous analyses, requiring methods to handle incomplete and ambiguous
information [17,18].

In summary, Big Data can improve efficiency and accuracy m poultry farming, promoting more informed and
sustainable management. However, it is necessary to overcome technical and infrastructure challenges and create clear
policies to ensure the ethical use of data, Future studies should focus on making these rechnologies more accessible,
especially for small producers [19].

2.4, Cloud Computing

Cloud computing refers to delivering computing services over the intemnet, enabling on-demand access, scalability,
and pay-as-you-go pricing. Smart poultry farming provides a robust infrastructure for processing large volumes of
data from sensors, cameras, and other sources, enabling secure storage and data analysis through intuitive dashboards
[20]. Despite its advantages, it faces obstacles such as connectivity and infrastructure issues, particularly in rural areas,
and high initial and operational costs, making adoption difficult [19]. Cloud computing holds promise for optimizing
dat processing in poultry farming, but overcoming technical and financial challenges is crucial to making its benefits
accessible to all producers [21].

2.5. Automation and Robotics

Automation and robotics invoive the design, construction, operation, and use of robots for automated tasks in
poultry farming, such as feeding, cleaning, egg collection, and bird monitoring, enabling more efficient farm
management and reducing manual labor [22]. This strategy improves the birds' nutrition and reduces feed waste,
contnbuting to sustainability [23].
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Additionally, the automation of repetitive tasks improves working conditions, reducing the risk of worker injuries.
However, challenges related to high initial costs and the need for specialized skills hinder the adoption of these
technologies [24].

3. Methodology

This research was based on a theoretical analysis investigating Sman Technologies' impact on Poultry Farming. A
systematic literature review imitially focused on the leading Sman Technologies, following rescarch lines from
[23.25]. We agree that these technologies relate to poultry farming. The technologies analyzed include IoT, Al Big
Data, Cloud Computing, Automation, and Robotics. This combined approach is widely recognized as a modern and
robust methodology to capture both conceptual developments and emerging research trends in mpidly evolving fields.
Subsequently, a bibliometric analysis was performed to quantify and examine scientific publications discussing the
use of these technologies i poultry farming. By integrating these complementary methods, the study ensures both
analytical depth and methodological reliability. The methods applied in this study provided an in-depth understanding
of current and emerging trends related to the topic [1,23].

This research was based on a theoretical analysis of the impact of Smart Technologies in Poultry Famming, starting
with a systematic literature review of the main technologies and relating these technologies to poultry farming [14,26].
The technologies analyzed include IoT. Al Big Data. Cloud Computing. Automation. and Robotics. Then, a
bibliometric analysis was conducted to quantify publications on the use of these technologies in poultry farming,
providing an understanding of current and emerging trends [27].

3.1. Bibliometric Analysis

The bibliometric analysis was conducted to understand the current landscape of Smart Technologies applications
in Poultry Farming, using the Scopus database. operated by Elsevier, and Web of Science (WoS). operated by
Clanvate Analytics. due to their academic recognition and reliability. Both databases are recognized for including
high-quality, peer-reviewed publications, which is essential for ensuring the validity of the analyzed data. The
continuous update with the latest scientific publications and the extensive coverage of literature were key factors in
choosing these platforms. The user interfaces and advanced search and citation analysis features enabled detailed
searches per the proposed methodology. Two searches were conducted: the first, more restricted, using only the terms
"Poultry Farming" and "Smart Technologics,” and the second, with specific terms for each of the technologics
involved (Table 1).

Table | ~ Full search terms for WoS and Scopus databases

Search Base Full ssarch tenn
Restricted Wo$ ALL= ("poultry farmung™) AND (ALL = (*smart technology”) OR ALL= (“usellgent sechoology™))
Scopes ALL (“poultry famung”) AND (ALL ("=mast technology”) OR ALL ("mtelligent technology”))
Broad Wos ALL= ("poultry farming”) AND ((ALL=~ ("smart technology®) OR ALL~ ("meelligens technology™))
OR (ALL~("IoT™) OR ALL~ (“Inteset of things”) OR ALL~{"sensor™)) OR ALL= ("Big Dats”) OR
ALL= ("sruficial mtelligence”) OR (ALL=("robotics”) or ALL={ wn*)) OR ALL= ("cloud
computag”))
Scop ALL ("poultry famung”) AND ((ALL ("smart technology™) OR ALL ("wtelligent techuology')) OR
(ALL("1oT") OR ALL ("Intemet of thmgs®) OR ALL("semocr™)) OR ALL ("Big Data™) OR ALL
(arficss] wtelligence”) OR (ALL(‘robotics”) of ALL{"mitamation”)) OR ALL (“cloud computing”))

The searches were conducted on July 26, 2024, and the results, exported in CSV format, were consolidated info a
unified dataset. Duplicates were removed. and author names were adjusted to avoid incorrect analyses due to different
spellings. With the cleaned data, bibliometric analysis began by visualizing co-authorship networks, citations, and
keywords,

The VOSviewer software, developed by Leiden University. was chosen due to its wide acceptance and recognized
ability to handle large datasets, providing interactive and detailed visualizations [28]. These techniques provided a
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structured approach to identify search trends, technology adoption dynamics, and interdisciplinary connections—
elements that are crucial for mapping innovation trajectories in smart poultry farming.

4. Results and Discussion

This section presents the results of the research conducted in the scientific and technical literature databases and
the bibliometric analyses carried out based on these results, The search date was June 26, 2024,

4.1, Growing interest in the topic of Smart Technologies and Poulny Farming

The research confimmed the scarcity of comprehensive studies on the topic, as evidenced by the small number of
documents found in the restricted search compared to the broad search (Table 2).

Table 2 — Results of restracted and broad searches 1o WoS and Scopus databases
Documents Found Exclusively m Documents Fouod in - Documents Found Exclusively m

Type of Research  WoS Both Datnbases Scopun Total
Restmcted Q 0 3 i3
Broad 13 57 693 763

The research confirmed the scarcity of comprehensive studies on the topic, as evidenced by the limited number of
documents in the restricted search. The research also revealed a notable increase in interest in the topic in recent years
(Figure 1), as reflected by the growing number of publications, especially since 2020, with an average year-over-year
growth of 60% in the number of publications.
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Figure 1 - Anomal Growth Publications oo Pealtry Fanmng and Smast Techoologes
4.2, Leading Researchers on Smart Technologies and Poultry Farming

The analysis revealed that the countries leading research on Smart Technologies for Poultry Farming are China,
India, the United States, the United Kingdom, and Brazil, accounting for about 50% of all publications on the topic.
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Scientific production on Smart Technologies and Poultry (by country)

Figure 2 - Leading Countnes in Scientfic Ressarch oo Smart Teclmologes and Poultry Fanmng

The analysis also showed that although this group of five countnies leads research on the subject. it is a globally
discussed topic, with 90 countries across all continents having significant contributions. Globally, Asia stands out
with about 51%6 of the rotal scientific production on the topic, followed by Europe with 27%, North America with
10%, South America and Africa with 5%, and Oceania with 2% of the published articles (Figure 2).

Table 3 - Ranlang of the Top 10 Publask Table 4 — Ranking of the Top 10 Jotruals
Publisher Number of Publications 1 | Nuamber of Publicatioas
Institute of Electrical and 120 Ammals ES
Electronics Engsneers Inc
= Computers and Electronics m 23
Elsevier BV 65 Agneculture
MDPL 58 Semsony 12
Elsevier Ltd 43 Sunimhihly (Swatzerland) n
Multidisciplnary Digital 0 1EEE Access 9
Publuhing Institute (MDPI) Poultry Scrence 9
Spruger Science and Busmess 30
Medss Deutschland GanbH Agriculture (Switzerhind) b
Sprnger 2% 10P Confirrence Senes Earth and 8
Environmental Science
MDPL AG 18
Transactoas of the Cheness Socwety s
Elsevier Inc 13 of Agricultural Engmeenug
Jols Wiley nud Sous Ine 1 Tranzactons of the Clatiess Society 7
for Agneultural Maclunery

From the perspective of research organizations, the study revealed 177 publishers involved, with 7 of them
responsible for more than 50% of the publications. Regarding journals, a total of 478 were identified, with 20%
responsible for 50% of the publications. Tables 3 and 4 highlight the main contributors to the published articles,
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4.3, Search trends identified in the main associated keywords

The bibliometric analysis revealed the predominance of research in the field of Internet of Things applications,
emphasizing the crucial role of data collection automation and real-time monitoring in poultry farming. Also notable
15 the interest in research on Al and its subdivisions, including machine learning. deep leaming, and artificial neural
networks (Figure 3).

Figure 3 — Keywords clusters - Number of articles per techuology group

The analysis of keyword co-occurrences revealed five clusters, highlighting the mierdisciplinary nature of research
on Smart Technologies in Poultry Farming, mvolving Al machine learning, computer vision, IoT, and cloud
computing. The first chuster (Figure 4) red focuses on technologies such as IoT and Cloud Computing applied to
poultry farming, emphasizing sustainability. The second (green) addresses computer vision and image processing
using deep learning and convolutional neural networks. The third cluster (blue) focuses on animal welfare and
environmental monitorng, utilizing Al and Robetics, with references to "broiler™ and "PLF” for poultry farming and
livestock breeding.

The fourth cluster (yellow) highlights food safety and antimicrobial resistance, employing techniques such as
“random forest." Big Data, and cloud computing. focusing on public health and productive efficiency. The fifih cluster
(purple) 1s related to environmental momtoring, including ammonia and temperature, aiming to maintain optimal
animal weifare and productivity conditions.

The research revealed a strong interconnection between poultry farming and the Internet of Things (IoT).
highlighting the growmg adoption of loT technologies in poultry practices and signaling a trend toward connected
and data-driven poultry farming. Additionally, it highlighted the increasing application of Smart Technologies in
poultry farming, indicating a rise in demand for operational efficiency using predictive monitoring, pattern
recognition, and anomaly detection in the supply chain,
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5. Conclusions

This research provided a comprehensive overview of the impact of Smart Technologies in Poultry Farming,
detailing innovations, benefits, and challenges. with a focus on optimizing productivity. animal welfare, and
sustainability. Beyond offering a descriptive analysis, the study provides a theoretical foundation for understanding
how digital technologies can reshape production models, while also highlighting concrete implications for producers,
researchers, and policymakers,

Although Smart Technologies brings significant benefits, it faces considerable challenges. Using sensors and real-
fime monitoring can be costly and prone to connectivity and accuracy issues, especially in rural areas. IoT requires
high initial investments, making it difficult for small producers to adopt [29]. Big Data analysis deals with data quality
and consistency issues and requires advanced technical skills and robust infrastructure. Al and ML require large
volumes of high-quality data and substantial investments, limiting their adoption [19.30,33]. Cloud computing faces
challenges related to connectivity, security, and high costs, particularly in rural areas. Automation and robotics, while
effective, require high imtial investments and specialized maintenance [19,30].

The bibliometric analysis revealed that IoT and Al are the leading technologies in research, highlighting their role
in sutomation and real-time monitoring in poultry farming, with Asia's leading scientific production. The growing
interconnection between Smart Technologics and their applications in poultry farming indicates a rising demand for
operational efficiency, predictive monitoring, pattern recognition, and anomaly detection, emphasizing the importance
of antomation.
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The keyword co-occumrence analysis showed clusters focused on IoT and Cloud Computing with an emphasis on
sustainability; computer vision and image processing with deep learning: animal welfare and environmental
monitoring with Al and Robotics: food safety and antimicrobal resistance with Machine Leamning; and environmental
condition monitoring with IoT, These clusters highlight that the scientific production of Smart Technologies in Poultry
Farming is highly interdisciplinary, suggesting a growing trend toward connected and data-driven poultry farming,

This study provides insights into Smart Technologies in Poultry Farming but presents limitations. The bibliometric
analysis, with data up to June 26, 2024, may not reflect more recent publications, and the search strings in the WoS
and Scopus databases, focused on the most common terms, may not cover relevant variations.

Future studies could explore solutions to enable the adoption of Smart Technologies by small producers at reduced
costs, including designing applications to optimize real-time environmental monitoring, considering infrastructure
limitations. Non-classical logic, such as fuzzy logic and annotated evidential paraconsistent logic, is recommended to
handle incomplete and conflicting data [31,32]. New business models, government subsidies, and cooperatives could
address the reduction of Smart Technology costs,

This study achieved its objectives by providing a comprehensive view of Smart Technologies in Poultry Farming,
highlighting innovations, benefits, and challenges, and contnibuting to future research and developments in the field.
As the sector evolves toward data-driven and automated production models, the integration of Smart Technologies is
no longer optional—it is essential to meet the demands of scalability, welfare, and resilience. This transformation
reflects a broader shift in agriculture, where digital tools redefine how value 15 created and sustained across the
production chain.
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5.2  Article 2 - KES - The Model Based on Logic Et

As part of the results of this dissertation, the article entitled "Improving Decision-Making
in Broiler Production: A Novel Model Using Paraconsistent Annotated Evidential Logic Et for
Environmental Control" is presented, approved for publication in the international journal
Procedia Computer Science (May 2025), a journal widely indexed and recognized for its
academic rigor. The manuscript was prepared according to the journal's editorial guidelines
and submitted to a rigorous peer review process, ensuring the methodological quality and
scientific relevance of the study for the areas of Production Engineering and Computer Science.

The article proposes an innovative model for environmental control in broiler production,
based on the application of the Evidential Annotated Paraconsistent Logic Et. The model seeks
to improve the monitoring of commercial aviaries, directly addressing the challenges arising
from conflicting, inaccurate, incomplete data, often present in conventional control systems.

The methodology was structured in three main steps:

(i) Data collection — carried out through loT sensors, covering critical environmental
variables such as temperature, relative humidity, air velocity, carbon dioxide and ammonia;

(ii) Logical processing — using Logic Et to assign favorable and unfavorable degrees of
evidence (p and A) to each variable, allowing inferences under conditions of uncertainty;

(ili) Model validation — conducted with simulations and robustness tests under
controlled disturbances, evaluating the stability and logical performance of the system in the
face of contradictory and noisy data.

The results indicated that the model based on Logic Et maintains high inferential
reliability even in the face of inconsistent information, overcoming the limitations of traditional
methods of environmental monitoring. It is concluded that the application of Logic Et
represents an innovative and effective approach to environmental control in poultry production
systems, contributing to more accurate decisions, improved animal welfare conditions and
greater operational efficiency in precision poultry farming.

The full article is presented below, as published in the proceedings of the 29th
International Conference on Knowledge-Based and Intelligent Information & Engineering
Systems (KES 2025).

66



Available onfine at www sciencedirect com

PENT Procedia

Computer Science

CrosaMark

Fl SEVIER Procedia Computer Science 270 (2025) 2463-2472

www elsevier.comvlocase/procedia

29th International Conference on Knowledge-Based and Intelligent Information & Engineering
Systems (KES 2025)

Improving Decision-Making in Broiler Production: A Novel Model
Using Paraconsistent Annotated Evidential Logic Et for
Environmental Control

Leandro Cigano de Souza Thomas* *, Jair Minoro Abe®, Marcus Vinicius Leite®,
Irenilza de Alencar Nais"

* Graduaote Program in Production Engineering- Pawlarta University-UNIP, Rua Dv. Bacelar, 1212.530 Paulo.SP.0$026002, Braxl

Abstract

As the poultry industry grows, maintaining effective environmental control presents Increasing challenges, particularly in tropical
climates where vanability undermines data reliability. Temperature, relative bumidity. air velocity, and gas concentrations directly
affect beoller health, productivity, and welfare. Although IoT-based monitoring technologies have enhanced data collection,
conveational systems remain limited in managing inconsistent, incomplete, or contradictory sensor readings caused by abrupt
fluctuations, equipment failures, or animal Interference. This study presents a povel, mathematically grounded model for
environmental monitoring in broiler production, leveraging Paraconsistent Annotated Evidential Logic Et to process coaflicting
data without discarding potentially valuable information. The model assigns dysamic degrees of favorable and unfavorable
evidence to each reading and integrates a temporal decay function to reduce the influence of outdated data. This approach enables
consistent inference even when faced with contradictory or delayed seasor data inputs. The results demonstrate that the proposed
model effectively manages inconsistent sensor data, enbancing decision-making in dynamic and uncertainty-prone production
environments. The approach improves the robustness and accumncy of eavironmental assessments, supports timely interventions,
and contributes to better animal welfare, productivity. and operational efficiency. Beyond its practical contributions, the model
illustrates the applicability of non-classical logic in smart agriculture, offening a flexible framework for decision support in farming
contexts, The research also supports SDGs 3, 9, and 12, promoting sustainable, imnovative, and welfare-focused pouliry production.
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1. Introduction

Economic growth and changing diets—especially in developing countries across Asia and South America—have
driven a global rise in animal protein consumption, with poultry meat projected to grow by up to 70% by 2050. In this
scenario, broiler production has become central to Brazilian agribusiness, making the country the top global exporter
[1]. Maintaining this performance requires effective environmental control in poultry houses, particularly in tropical
climates where vanability demands precise, technology-driven management to optimize feed conversion. reduce
losses, and improve competitiveness [2].

Environmental variables such as temperature, relative bumidity, and air velocity directly impact broiler
performance and welfare, especially under tropical conditions. Their complex interactions and rapid fluctuations
challenge interpretation and control, even with the adoption of automated systems for ventilation and evaporative
cooling [3,14,19]. Although IoT-based monitoring has improved the tracking of environmental vaniables, issues such
as sensor failures, wear, dust accumulation. desynchronization, and bird behavior (e.g., clustering), combined with
external factors like climate variability and power outages, sull frequently lead to inconsistent or missing data and
further compromise data quality [4,17]. Conventional systems cannot handle mcomplete or contradictory inputs, which
limits dynamic adaptation and leads to suboptimal conditions [5]. Various techniques have been proposed to mitigate
data inconsistencies—such as outlier removal, interpolation, cross-calibration. and noise filtening—but each has
limitations: they may discard relevant information, smooth over critical events, require significant resources, or delay
response times [6]. In this context, restoring data reliability under such adverse conditions becomes essential for
maintaining control precision i animal production systems. Given these challenges, adaptive control systems that
account for environmental dynamics and the birds" physiological needs are increasingly necessary [7.18].

In this context, Paraconsistent Annotated Evidential Logic Et (Logic Et) offers a practical approach for managing
inconsistencies in sensor data—especially in highly vanable environments like poultry houses. Its strength lies in
integrating contradictory inputs without invalidating inferences, supporting reliable decisions even amid failures or
imprecise data. By allowing contradictions to coexist in a controlled way. Logic Etr enables more accurate
environmental control, benefiting both productivity and welfare. While its application 1s still emerging, it has shown
promise in complex agricultural contexts, including some poultry production cases [15,16].

The main objective of this study is to propose a model—based on Logic Et and supported by a formal mathematical
framework—for inferring the adequacy of environmental conditions in poultry houses and identifying the need for
corrective adjustments, even when sensor data is inconsistent or incomplete.

By incorporating Logic Et, we aim to address the limitations of conventional systems, which cannot unable to
adequately handle inconsistent, incomplete, or contradictory information—a recurring challenge in dynamic
environments such as poultry houses, where unstable data is frequently generated. Through this model. we seek to
mitigate these inconsistencies, enhance environmental monitoring, and ultimately improve the conditions that directly
influence animal welfare and productivity [9,13],

We hypothesize that the proposed model enhances the reliability of sensor data in poultry houses, even in the
presence of inconsistencies and missing information, thereby strengthening decision-making processes. The solution
15 designed to process contradictory information and generate more accurate assessments of environmental conditions.
This, in turn, enables more efficient adjustments in control systems, positively impacting on productivity and bird
health [10].

This study contributes to scientific progress by applying Logic Er to environmental control in tropical poultry
houses, offering a mode! that addresses data inconsistencies, improves productivity, and reduces costs. Its non-classical
logic foundation enhances flexibility for automation and control, opening avenues for future research in smart
agriculture. The results also support sustainable practices and public policies aligned with UN SDGs 9, 12, and 3.

The article is structured into four sections: Background introduces Logic Et and environmental control challenges
m poultry houses; Materials and Methods details our approach and mathematical application of Logic Ex to 1oT data;
Results and Discussion presents model outcomes; and Conclusion summarizes findings, contributions, and future
research directions [11].
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2. Background

This section outlines the theoretical basis for the model, introducing the Logic Et as a tool for handling inconsistent
sensor data,

2.1, Paraconsistent Annotated Evidential Logic Er

Non-classical logic is a field of formal logic that seeks to overcome the limitations of traditional classical logic,
particularly in contexts where conventional rules of truth and falsity are insufficient to describe the complexity of
specific systems. Different approaches within non-classical logic have been developed to handle uncertainty,
ambiguity, and contradiction in dynamic environments with imperfect information [8].

In this context, Paraconsistent Logic (PL) was developed to handle contradictions without leading to triviality—a
condition in which all propositions are considered true, rendering the system useless [4.5]. The ability to tolerate and
process inconsistencies in a controlled manner allows systems based on PL to operate effectively even with conflicting
information. This makes it particularly valuable in domains where data inconsistencies are inevitable, such as artificial
intelligence, robotics, and environmental monitoring, Unlike ciassical logic, which fails to process contradictory
information, PL offers a robust foundation for complex systems that rely on uncertain or conflicting data sources {4].

The Paraconsistent Annotated Evidential Logic (Logic Et) extends the capabilities of Paraconsistent Logic by
introducing annotations that represent levels of evidence—both favorable (1) and unfavorable (A)—associated with
each piece of information. The resulting logical states tend to converge toward four extreme states: True, False,
Inconsistent. and Paracomplete [5.8].

This process can be visually interpreted through a two-dimensional graph that illustrates the resulting propositions.
as shown m Figure 1. The vertices of the lattice correspond to the four extreme logical states. Logical states located
within the internal regions of the lattice—those that do not match the extreme states—are referred to as non-extreme
logical states.
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Fig 1 Latice of decision-malang

Thus evidential approach enables refined decision-making in systems where data are mconsistent and vary in
reliability and precision. Logic Ev can prioritize data quality even in the presence of contradictions by assigning
degrees of certainty to each input, which is particularly valuable for decision-making in dynamic environments [6].

3. Materials and Methods

This research is applied in nature, follows a quantitative approach, and adopts an experimental design, focusing on
the technological validation of a model for environmental control in poultry houses. This section presents the proposed
model as well as the experimental procedures used to evaluate its performance,
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3.1 Description of the Proposed Model

The proposed model applies Logic Et to data collected by loT sensors in broiker production, enabling inference on
whether environmental conditions in the poultry house support bird welfare and productivity-—even under inconsistent
or missing data. It evaluates a central proposition of environmental adequacy by analyzing five vanables—
temperature, humidity, air velocity, carbon dioxide, and ammonia—whose favorable and unfavorable evidential
degrees are computed using exponential decay. These values are compared with animal welfare standards and
aggregated to support the final inference. The model operates in four stages: Data Acquisition, Evidence Annotation,
Processing, and Inference. It was implemented in Python (3.13.2) using NumPy (1.26.0), Pandas (2.2.3), Matplotlib
(3.10.1), and Seabom (0.13.2) for data handling and visualization.

3.1.1. Data Acquisition.

In the data acquisition stage, the model receives as input a set of measurements obtained from IoT sensors installed
mn poultry houses, which monitor critical variables for environmental control. These measurements are collected as
time series, with vanable update rates depending on sensor characteristics and without synchronization across sources.
As aresult, data gaps or inconsistencies may occur—scenarios for which the model is specifically designed.

The model thus enables the acquisition and processing of environmental vaniables over time: temperature (1),
relative humidity (H). air velocity (V). carbon dioxide concentration (CCO;), and ammonia concentration (CNH3).
Each variable is recorded as an annotated time series according to Logic Et, in which cach measurement X7 is
represented by the quadruple (ti, xi, pr, Af). In this representation, fi denotes the timestamp of the observation, 7 is the
measured valve, uf is the degree of favorable evidence, and /1 is the degree of unfavorable evidence associated with
the measurement [2].

The raw data sets are defined as follows: 7; Ambient temperature, : Relative hunudity, ¥: Air velocity, CCOXC:
Carbon dioxide concentration, CNH:C: Ammonia concentration

Each dataset X € [T H, V. CCO;, CNH;) is formally defined as:

X o= (£, 2y, 00, A, (0, 5, 2, A7)0 wovs (80 X e An)) (1)

These annotations enable the identification and handling of contradictions and inconsistencies within the time
series.

3.1.2. Evidence Annotation: Applving Logic Et to Handle Inconsistencies in Sensor Measurements.

One of the key strengths of the proposed model is its robustness against IoT sensor limitations in poultry houses,
where irregular update rates and lack of synchronization hinder accurate readings. The model assumes measurement
reliability is highest at the time of collection but gradually decreases due to environmental dynamics such as thermal
fluctuations, gas emussions, and bird metabolism.

The model applics an exponential decay mechanism that adjusts the degrees of favorable (j1) and unfavorable ()
evidence based on temporal lag to address this. This process penalizes older data and prioritizes more recent
information, ensuring that inferences more accurately reflect real conditions. The decay equation is parameterized by
At (the time elapsed since collection), a sensitivity factor @, and a minimum reliability threshold Cun, ensuring that
measurements do not completely lose their relevance.

C(At) = Cmin + (1 % le'n) e—adl &= ':L:,) %
12

The sensitivity factor @ represents the decay rate and can be adjusted according to the chamctenstics of the
environment and the sensors. This parameter may be defined based on historical data or by using the half-life (r12),
which represents the time required for reliability to be reduced by half. In poultry houses, this half-life depends on
factors such as ventilation, animal density. and gas release dynamics, which determine how quickly a measurement
loses its representativencss. Since the model assumes asymptotic decay, reliability never reaches zero but decreases
progressively. preserving traces of relevance even in older data [12).
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Finally, each measurement is annotated with pi and Ai, which are calculated based on the exponential decay
equation for reliability, as follows:

= C(4r) A=1-p (3

This approach effectively models natural phenomena m which time plays a critical role, allowing for a smooth
transition from full reliability to minimum reliability, It continuously assigns greater weight to recent measurements
and progressively reduces the relevance of older ones. without abrupt changes.

3.1.3. Model Parameterization

Since the model allows for the definition of a minimum reliability threshold—ensuring that a measurement never
becomes completely irrelevant—a minimum reliability of 10% was adopted for the experiments (Cmin = 0.1). In
addition, considering that the parameter f12 can be configured to reflect the impact of structural features that directly
influence the internal environmental behavior in different types of poultry houses, the experimental tests included
three main configurations: Blue House (BH). Dark House (DH), and Solid Wall (SW). Table 1 describes each poultry
house type and its corresponding mfluence on environmental control. highlighting the values used for 112 and a [7].

Table 1 Poukry Houss Types and Parameter Coafiguration for Enviroamental Control Modeling

Poultry  Desmgtion & Impact oo Ermuronmental Control Sensitivity L @

House

BH Uses postive-presaire ventilation with coolmg pads and bloe plastic curtains, offenng High 19mun 00452
moderste msulaton and mtemadate mviroamental control—commen n mald clanates

DH Fully enclosed, with ventilation, tempersture, and hghting controlied by mechanical Medwum  30min 00231

exhaust and evaporstve cooling Creses a stabla macrochmate and enables precise light
cycle mara gament 1o oplinuze feed convasion and weaght gain
aw Built with schd masonry or msulating walls, offarng high thenmal stabiity snd sound Low 4smin - 00154
msulatson Like Dark Houses, they use machamcal venthilshion and eyaporative coolng,
with supariar protection from extemal clumste vanations

Tlus yields a decay equation with a 10% munimum reliability threshold, used to calculate yui and Ai for each
measurement. The decay rate a varies by poultry house type. as shown in Table 1.

i =01+09e 4 Ay =1- )

3.1.4. Processing: Applving Logic Et to Anahze Evidence in Sensor Measurements

In the processing stage, the model evaluates the environmental conditions of the poultry house based on the
annotated sets 7, H, ¥, CCO., and CNH,. Table 2 presents the inferential thresholds used as proposed by [9]. In this
case, Xmin and Xmax generally represents the set of acceptable environmental conditions for:

Table 2 Inferential Thresholds for Erwwronmental Varables [3)

Vanable Xinen Xmay
Temperstire (*C) Toun=19 Dmay =25
Rehuyve Humudity &4) FHimin=40 Hmay =59

Aar Velocity (mvs) Frun=0 &0 Vmax=3

Carbon Dicxide Concentration (ppm) CCOyun=0 CO0xmax =3000
Ammeon i Concentration (ppm) CNHamire=) CNHmax=150

Thus, the model assesses whether its value falls within the predefined minimum and maximum thresholds for each
annotated measurement in the environmental variable sets. Measurements that fall within these inferential limits are
counted as favorable evidence uy in the group total. Conversely, those that exceed the thresholds are counted as
unfavorable evidence Ay.
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n
_ Z W At Xmar) 0 — D e )
ny X ny

y (5)

The flexibility of these parameters, combined with their adaptability to different poultry house types and structural
characteristics, allows the model to be applied across various production contexts, ensuring a more accurate
assessment of environmental conditions.

3.1.5. Inference: Deriving Environmental Conditions from Evidential Data

In this stage, the model eviluates the logical status of a central proposition using Logic Et, based on the aggregated
evidential values (p. 1),

Let P be the proposition:

P = "The environmental conditions of the poultry house are adequate for bird welfare and productivity."

This proposition is constructed through the paraconsistent conjunction of the monitored environmental vanables,
enabling the combination of multiple pieces of evidence——even in the presence of uncertainty or contradiction in the
sensor data [9].

P=TAHAVACCO, ACNH, (6)

Each variable X € |7, H, ¥V, CCO; CNH;| already has its respective annotations derived from the processing of
sensor measurements. To determine the inference regarding proposition P, the model applies Logic Et operators to
compute the degrees of evidence pp, Ap, which are given by:

b= gl =y ?
The mode! performs inference based on the favorable (pp) and unfavorable (Ap) degrees of evidence for proposition
P, positioning them within the Logic Et lattice to classify the environmental condition into one of the four logical
states: True, False, Inconsistent, or Paracomplete,
This framework enables paraconsistent reasoning under uncertainty, ensuring logical interpretation of
environmental data_ It supports management, assesses animal welfare impacts, and validates robustness. Proposition
P 15 only classified as True when all variables show strong favorable evidence.

3.2. Model Validation

We validated the model through robustness tests to assess its stability under vanations in environmental data. The
goal was to determine whether the Logic Et-based system preserves inferential consistency under subtle changes.
without abrupt oscillations. Sensor data from a test dataset—real poultry house monitoring records—were first
processed to establish a reference benchmark [11]. The test set was then generated from this oniginal dataset, reflecting
typical poultry house conditions.

The dataset used for model validation was collected in 2013 from three commercial broiler poultry houses (BH,
DH and SW) in Amparo, Sio Paulo, Brazil (22°42'04" S, 46°45'52" W, 674 m), under a Cwa climate with hot, humid
summers and dry winters, The houses varied in ventilation, insulation, and lighting, offering environmental diversity
for evaluation. Mobile sensors measured temperature, humidity. air velocity, ammonia, and CO: at 21 equidistant
points, 0,30 m above the floor, across four production stages (21, 28, 35, and 42 days). The dataset includes real
inconsistencies, such as faults and contradictions, ideal for testing model robustness [1,10].

Since the dataset lacked labeled data, supervised validation was not feasible. We therefore adopted a robustness
test to assess model reliability under controlled perturbations [11]. A modified dataset introduced small random
variations to simulate natural fluctuations (e.g.. diumal cycles, bird movement, ventilation, air quality), with
magnitudes based on IoT sensor accuracy and real poultry house conditions: +0.5 °C (T), £2% (H), £0.1 m/s (V), 220
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ppm (CCO:), and 1 ppm (CNH,) [32,33,34]. A 50% perturbation rate per group balanced statistical representation
and computational feasibility [35]). Rather than induce significant changes, the goal was to verify whether the model
maintained inferential consistency under minor variations [11]. Comparing (up, k2) vectors between original (N) and
perturbed (P) data confirmed system stability.

Robustness was assessed by computing Euclidean distances i the [0,1] evidential space of Logic Et berween
inferences before and after perturbation, across combinations of poultry house, bird age, time, and variable.
Aggregated averages enabled the creation of a heatmap highlighting sensitivity regions. We also generated (1, 2)
vector plots connecting onginal and perturbed inferences, with vanable-specific color coding to reveal displacement
patterns within each poultry house,

4. Results and Discussion

This section presents the results obtained from applying the proposed model to the test dataset. We first analyze
the outputs generated under the original environmental conditions (N), followed by a comparison with the perturbed
dataset (P) to assess the model's robustness.

Applying the model to the original dataset (N), without perturbations, allowed us to evaluate its inferential
capability under real environmental conditions. The results reflect the system’s response to the monitored vanables
across differeat poultry house types. bird ages. and times of day throughout the production cycle [1].

Table 3 summarizes the model’s paraconsistent inferences for BH, DH, and SW at 21 days of age, evaluated at 9
am, and 2 p.m. Although most environmental indicators present favorable evidence, their values remain near the
boundary of logical indefiniteness, trending toward the paracomplete region. This pattern suggests that, while
conditions are not explicitly contradictory. the evidence is weak or incomplete—limiting confidence in decision-
making. Air velocity stands out as the most critical variable, consistently operating far from the ideal range. This may
indicate either mechanical deficiencies in the ventilation systemns or the need to revisit the current reference thresholds

[2].

Table 5 Paraconsstent Inference Results for Envoonmental Conditions n Poulry Houses
Poultry (pz. Ap) Paraconsistent Reascang

Houss Inference

BH-9h 00004 F ‘The model mters that the cond faons are inadequate for welfare and productwity

BH-14h ©13,043) QL-F Avmloble evidence 15 msufficient for 3 oonfidert udgment, but suggests conchitions tend
to be madoquate for welfare and productivity

DE-%h (026,034 QI-F The svidence 15 tnsulficient for 2 confident pudgnent on envircmental adequacy, but £
suggests condtions Ikely fall short for welzre md productvity

DE-14h 038019 QI-T The evidence 15 insufficient for a confident pidgment, but it aiggests condshons we
likely adequake for welfare and productvity

SW-ch 000 048) QL—F The evidence 13 mufficient for a confident pdgment, but it trongly suggeds conddions
are [ikely madequate for welfare and productivity

gw-lak (D08 046) QL-F The evidence 12 ioufficient for & confident pdgment, but strongly suggests ceaditymns

tend 1o be nadequate forw elfare and prochictvidy

Notably, applying the temporal decay function was essential in revealing a structural trend: under the curreat
configuration, all poultry houses tend to be inferred as environmentally unsuitable, reinforcing the importance of
timely and high-reliability sensor data for maintaining animal welfare.

Figure 2 illustrates the use of Logic Et in analyzing of environmental data collected from the poultry houses. The
lattices display the evidential positions of each environmental vanable and the resulting inference for proposition P
for BH, DH. and SW, considering broilers at 21 days of age. with data collected at 9:00 and 14:00 [4].

In the different poultry house types, environmental control was most effective m SW, which showed greater
stability in the monitored variables and lower uncertainty in the measurements. BH performed reasonably well but
exhibited some fluctuations in temperature and humidity, along with a lack of data on carbon dioxide concentration,
suggesting that its positive-pressure ventilation system could be improved. DH demonstrated efficient environmental
control overall. except for temperature, where a lack of reliable evidence may hinder informed decision-making. Air
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velocity was the most critical variable, with elevated uncertainty levels, indicating that ventilation systems couid
benefit from further optimization [5].
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The resulting heatmap (Fig. 3a) introduces the robustness test results (N vs, P) and provides a concise visualization
of the model’s response to subtle variations in input data. Particular poultry house and variable pairs—such as DH-V,
BH-V, and SW-V—exhibited more pronounced distances between the original and perturbed scenarios, suggesting
greater local sensitivity of the model, This local sensitivity refers to the moxel’s capacity to react significantly to small
changes in observational data, shifting its favorable (1) or unfavorable (/) evidence levels. On the other hand, areas
with lower distance values—such as SW-H, DH-CCO:, and BH-T—indicate more stable inferences. even in the
presence of input perturbations. This uncven sensitivity distribution may reflect both intrinsic characteristics of the
environmental variables and specific aspects of how the model operates within the evidential space of Logic Et [6].

The observed behavior suggests that, although the model demonstrates robustness in most cases, it is selectively
sensitive to specific variables—particularly to air velocity (V), which accounts for the largest displacements in the
cevidential plane. This sensitivity may be related to the strict inferential thresholds defined for this variable during the
inference process. However, such selectivity may represent a desirable feature in applications where vanations in
certain variables are more critical than others [7].

In Figure 3b, each arrow in the plots represents the transition of an instance before (N) and after (P) the application
of perturbations, mdicating the model’s sensitivity (through vector length) and the predominance of favorable
evidence (), unfavorable evidence (i), or both (through direction). Variables ¥ and T exhibited more intense
displacements in 4, while H, CCOx, and CNH: showed more subtle changes—suggesting that the model responds
differently depending on the type and range of variation. The pronounced sensitivity of ¥ and I may be linked to
stricter inferential thresholds, which amplify the model’s response even under small changes—consistent with the
sensitivity patterns observed in the heatmaps, especially for V' [8]. In this context. the heatmaps and vector plots offer
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an intuitive yet technically grounded visualization of local sensitivities, enabling informed operational adjustments
based on the evidential dynamics of each environmental factor.
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The results demonstrate that the model based on Logic Et responds coherently and predictably to the introduction
of perturbations in the data. particularly for vanables with more restrictive operational ranges, No erratic or
disconnected behaviors were observed between the original and perturbed scenarnios; on the contrary, the displacement
vectors followed directions consistent with the tvpe of alteration applied, preserving the system’s internal logic.

Despite perturbations, most transitions remained within stable or logically valid regions, underscoring the model's
resilience. However, selective response pattems indicate that the calibration of inferential parameters strongly
influences the model's robustness. This factor should be carefully considered in operational deployments [9].

Overall, the robustness test confinms the model’s logical stability and selective responsiveness, supporting its
suitability for real-world applications subject to variability and uncertainty. Among its main advantages, the model
offers logical resilience, adaptability to vanous poultry house types, and clear interpretability through evidential
visualizations. However, its performance remains sensitive to the calibration of inferential thresholds and may vary
depending on the operational significance of each variable, which should be considered in deployment.

5. Conclusions

Thus study proposed a model based on Paraconsistent Annotated Evidential Logic Er — logically driven and
mathematically grounded — to classify and analyze environmental conditions in poultry houses, using data collected
by IoT sensors that are often subject to inconsistencies. contradictions, and inaccuracies, especially in tropical
environments. Its use demonstrates the viability of non-classical logic as a foundation for adaptive, decision-making
in complex agricultural systems.

The results confirm our initial hypothesis: the proposed model, grounded in Logic Et, improves inferential
reliability even with conflicting data, mamtaming logical stability under uncertainty and controlled vanation. This
supports more accurate environmental control decisions. The model produced stable, coherent inferences by
processing contradictions without discarding data — even with inconsistent or incomplete inputs. Robustness tests
confinmed its logical consistency, selective responsiveness, and resilience, reinforcmg applicability to real-world
scenarios with variability and sensor faults. A key observation is that model response depends on inferential threshold
calibration, which may require adjustment across contexts. Still, the Logic Et-based model proved robust,
interpretable, and effective in handling inconsistencies in poultry house data, enabling reliable inferences under
uncertainty.

The main scientific contnbution of this work lies in the innovative application of Logic Et to environmental control
in poultry farming, with particular emphasis on the use of decay functions to adjust reliability, the construction of a
replicable robustness test, and the mtegration of logical inference with graphical representation in the evidential space.
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By tolerating asvnchronous data streams, contradictory readings, and sensor imperfections, the model demonstrates
resilience under practical limitations commonly found in field applications. The proposed approach aligns with smart
agriculture and the United Nations Sustamable Development Goals —particularly SDGs 9, 12, and 3 — by promoting
more accurate, sustainable, and technologically grounded decision-making.

This study has limitations, including the lack of labeled data, which prevented supervised validation, and the use
of controlled perturbations that do not simulate severe faults or extreme events. The dataset is also not recent,
potentially limiting its relevance to current conditions. Furthermore, limited technical literature constrained the
rigorous calibration of inferential thresholds, requiring reliance on partial or adapted references,

For future research. we propose: (1) implementing the model in real-time control systems: (ii) adapting it to other
agricultural or industrial environments with uncertain data: and (iii) developing visuval interfaces that translate logical
states into accessible operational recommendations.
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5.3  Article 3 - Full Paper Accepted at AISS 2025

As a direct outcome of this dissertation, a full paper derived from the Parabroiler
logical-computational model, entitled "Parabroiler: An Intelligent Environmental Classifier
powered by Paraconsistent Annotated Evidential Logic Et”, was accepted for presentation at
the 1st International Conference on Artificial Intelligence for Sustainable Society (AISS 2025),
to be held in Kobe, Japan. The paper will be published in the Springer conference proceedings
and indexed in major scientific databases such as Scopus and EI Compendex. This acceptance
provides strong international validation of the scientific relevance, originality, and
methodological rigor of the proposed model, reinforcing the dissertation’s contribution to the
fields of Artificial Intelligence, sustainable technologies, and precision livestock farming.

To formalize the development of the artifact, the Parabroiler system was officially
registered as a computer program at the Brazilian National Institute of Industrial Property
(INPT), under process number BR512025005223-5. This certification validates the originality,
authenticity, and intellectual property of the system, reinforcing its status as a technological
product derived from this dissertation. The registration strengthens the scientific, technical, and
legal integrity of the artifact and establishes formal recognition of its innovative contribution.
The official INPI registration certificate is provided in Appendix A as supporting

documentation for verification and archival purposes.
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Parabroiler: An Intelligent Environmental
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Evidential Logic ET
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Abstract, Broiler chicken production s an esentind segment of the
agriculture and food production sector, responsible for providing wnimal
protein to the global market in o widedy accessible mannor, The peodisc-
tive performance and wellare of the poaltyy flocks depend on contimsous
monitoring and elective contral of critical environmental varables o e
pomdtry bouses, such as temperature, bhumidity, gas concentration, and
ventibation, However, conventonal data-analysis systems face mitations
when hood with conflicting, mnprecise, and incomplete information gen-
erated by 10T devices, particularly doe to the adverse conditions typi-
cally found i pooltry envitomments, which compromises assertiveness in
dociston-making

In this context, this stody presents Parabroiler |, an exper! system de-
veloped 26 an intelligent environmental classifler powered by Parsconsis-
tent Anmotated Evidential Logie E7, designad to support the evaluation
of envicompental conditions in poultry houses. The systemn (ntegrates
smsor-based evidence and maps i into favorable und unfavorahle de-
groes of evidence, enabling consistent inferences even i the presence of
Incomplote or conteadictory data.

The results obtalued from real poultry-hose data demonstented higher
rosilienos, coberonce, and interpretabality compared to traditional thre-
shold-based appeoachies.

This stidy contributes to the seientific fiekl by applving wnd sdidating
o logical-evidential frmmework capable of enhancing automnted reason-
ing under uncertaioty and comtradiction. For the productive sector, it
provides woee reliable support for enviroamental manngement dectsions,
roducing lesses and optimizing zootechuical porformance, From s sockal
perspective, it contributes to the achiovenumt of the UN Sustainable
Developmest Gouls, including SDG 2 (Zero Hunger), SDG 9 (Industry,
Inpovation and Infrastructure}, snd SDXG 12 [Responsible Conswnption
and Prodoction ).

Keywords: Smart Poultry Fanning « Expert Systoms - Docision Sup-
port Systerns - Environmental Monitoring - 10T Sensor Data - Parscon-
sstent Annotated Evidential Logic E7 + Broiler Production.
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1 Introduction

Broiler production constitutes one of te main segments of the global food duin,
playing a strategic role in the supply of low-cost animal protein and contribut-
ing significantly to food security and the global econony, However. technologicnl
wvanees and an mererse in the production seake ave intensibed environmental
challenges within poultry houses. particularly with respect to microclimate con-
trol, the mitigation of noxious gasses and the adequacy of ventilation, which are
fnctors directly mssocinted with bird health, welfare and productive performance,
This scenario highlights the need for ntelligent monitoring svatems capuble of
optimizing internal facility conditions snd redieing losses In intersive systems
120,30, 8],

The varinbles of temperature, relative bamidity, air velocity, ammonia, and
carbon dioxide exert o direct influence on bird welfare ind zootechnical i
eators, serving as determinants for malntaining adequate conditions of thermnl
comfort and bealthe Fluctuations in these parameters can generate heat stress,
respiratory problems, and a neduction in the feed conversion matio, compronis-
iy animal health, productivity, and the final quality of the product, Thus, en-
vironmental control has become an essential element for reconciling productive
efficiency, sustainebility, and animal welfare [14,23, 32],

With the advancernent of digital techuologies and Tndustry 4.0 principles,
ponltry fnrming has hegun to incorporste sutomated environmental monitoring
und control systems. Sensors, wireless networks, Internet of Things (loT') based
npplications, and Artificial Intelligence techniques have enabled real-time data
collection, integration, and analvsis, allowing for sutomatic adjustments of in-
ternal poultry honse conditbons. These mechanisms constitute what s known
s Precision Poultry Farming (PPF), the purpose of which is to reduee Josses,
optimize energy nse, and improve the thermal comfort of the hinds [29.

Despito these advimees, technical and operational challenges persist that hin-
der the widespread adoption of these technologies. Many producers face barriers
related to high iplementation costs, conncctivity ipstability in rural areas, and
w lack of standardizistion smong different dagital platforms, Small and medhnm-
sized producers, who tepresent o significant portion of poultry production, en-
counter additbonal difficulties in boplementing complex and high-cost soluthons.
Furthermore, even in more developed systems, data captured by somsors may
present failures, gaps, or contradictions resulting from dust, thermal variations,
humidity, nnd electrical interference, compromising mensurement relinbility and
the quality of environmental decisions |16, 10,29],

Most control systems utilize elassical Boolean logie models, based on dichoto-
mons relationships of true or false, or fixed statistical averages, Although simple,
these approaches are imadegquate in contexts where dita s incomplete, contradie-
tory. or imprecise, which & & cotnrnon situation in animal breeding envirouments
[18]. Faced with inconsistent measnrements, such systems tend to genernte in-
correct wlorts or discard relevant information withont offering the operator
logieal and reliable explanation of the environmental situation.

79




The Paraleciler Environmental Classifber 3

To overcome these limitations, it becomes nocessary to nse more flexible
logical models capable of representing uncertamty and contradiction withomnt
invalidating the rusoning process. To this context, Parnconsistont Annotated
Evidential Logic Er {Logic Er) presents itself as o robust alternative. Unlike
clissical logic. Logie Er allows for the simultieons processing of favorsble and
unfavorable evidence, geoerating inferences that reflect degrees of confidence
and doubt, This chimcteristic mades it especially suitable for applications
environnental decision support systems, where variables change rapidly and
data may contiin noise (3, 2.

The application of this logic in computational systems ennbles more consis-
rent results, allowlng the mwanager to better comprehend the state of the envi-
vonment, identify risks, and adopt corrective measures with greater safety and
efficiency [9,21],

The environmental data n poultry howses are collected continuonsly, which
entails o gradual loss of relinbility over time. Readings are subject to oscilladions
cansed by lnternal and external factors. such as dust, heat, hambdity, gases,
nnd bird movement, that affoct sensor performance. lo rural regions, internet
instability and communication failnrnes also affect data Bow, resulting n outduted
or contradictory measurements [23, 27].

Conventional environmental control models, based on fixed rules or nvernges,
do not contemnplate this complexity, When divergent data arises, these systoms
wither disregand the information of generale erroneous diagnoses, compromising
dectsion reliability [15]. Althongh Logic Ex bas alvesdy boen applied in aveas such
ws electrical engineering, medicine, snd industrial sutomation, its utilization in
intelligent enviconmental systens aimed at poultry farming is still incipient,

Despite advances in environmental modeling and the use of digital technolo-
gies in poultry farming, there are currently no systems capable of integrating n
paraconsistent logical model, mechanisins for hundling contradictory data, and
accessible computationsl resources into o sangle operational solution. The liter-
ature lucks tools that reconcile logheal robustness, interprotabilicy, low cost, aud
practical applicahility in intensive production environments. This gap becomes
even more relevant given the growing need for systoms resilient to noise, sensor
fuilures, and datn inconsistencies, which are chamcteristics common in modern
poultry howses. Thus, there is an explicit demand for innovative spproaches that
offer more reliable and explainable envivonmental anlyses, especially for saall
nnd medinm-sized producers.

This scientific gap highlights the need for new approaches capable of inte-
grating paraconsistent logical modeling, envirommental analyss, nnd accessible
ligital techinologies. This resarch secks o fill this gap through the developroent
of an intelligent environmental dassifier application, nsmed Parabroiler, founded
un Logic Ex [3].

The central objective of this study 5 1o develop the Parabeoller application,
un eovironmental decision support tool for brofer poultry farming capable of
interpreting inconsistent, contradictory, and improcise data, The svstem was de-
sigmerd to simultaneonusly nnalyze the viahles of tomperature, relative humidity,
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air velocity, ammonia, and carbon dioxide, classifying the environment as excel-
lent or eritical necording to the Logic Er model 19, 21),

Clomsidering this context, the present stucly addopts n Proof of Concept (PoC?)
approach, foasing on demonstrating the logical, cotnputational, and operational
vinbility of the proposed model. The objective is not to performs comparative
unalyses with other platforms or present Loge-seale empirical metrics, but to
eatublish formal foundations and experiment with the practical spplication of
paraconsistent reasoning in a controlled environment. This approach is consistent
with exploratory Design Science research aimed at introducing new thooretical-
computational models

The cholce of this approach is justifisd by its potentinl to tramslate com-
plex datn into practical and understandable information, promoting safer and
more sustainable decisions. Furthermore, the application wis developed on
no-¢ode/low-code platform with clowd hesting, ensuring Jow cost and broad
wecessibility, even for properties with Bmited infrastructure (23] Tn this way,
Parabroller contributes to democratizing the use of digital technologies in the
field and strengthoning the productive sustainability of the poultry chain.

The rescarch was conducted according to the Destgn Seience Research (DSR)
paradigm, ariented toward the creation and demonstration of technological arti-
fnets. The process involved three main stages: (i) theoretical review and survey
of environmental thermal comfort parnmeters; (i) logical modeling based on
Logle Er, incorporating the exponentinl decisy of mensuwrement confidence; and
(iil) constrnction and testing of the computational prototype 151 Studations
were performed in a controlled environment, considering diffevent ponltry house
types (Blue Howse, Dark House, and Solid Wall) and different combinations of
environmental varinbles,

This approach ensured colierenes botween theory, muthematical modeling,
und practical application, uniting scientific rigor and techinleal applicability.
Based on this set of objectives and identifiod gaps. ths study presents four orig-
nnl contributions to the field of precision poultry Gwming and the development
of intelligent envirommental decision support systems:

Scientific Contribution: Expands lmowledge on the we of non-classicnl
logics in environmental classifeation systems and proposes the unprecedented
application of Logic Er in the context of precision poultry fsrming.

Technological Contribution: Preseats o funetional. accessible, aud -
itive application, integrating data colloction, logicsl processing, nnd result visn-
ulization on mobile devices and browsers,

Methodological Contribution: Propeses a logical-computationn] model
rapable of handling lncomplete, contradietory. or uncertain data, ensiring greater
robustuess m inference.

Social Contribution: Expands access for rural producers o sample and
bow-cost digital technologies, fostering sustalnable practices aligned with the
Sustainable Development Goals {(SDGs 2, 9, and 12).

The remainder of this article is organized as follows: Section 2 presents the
theoretical foundation on poultry mubience, logical nncertainty, and applications
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of Logic Er. Section 3 describes the methodology adopted amd the development
process of the computational artifasct. Section 4 disceses the demonstration,
potential impact, and application scemarios of the system. Finally, Section 5
gathers conclustons, limitations, and recommendations for fture research.

2 Related Work

2.1 Poultry Farming and Environmental Control

Poultry farming represents one of the pillars of animal protem production in
Brazil nmd worldwide, plaving a strategie role b food security and the globul
cconomy, The productive success of the sector is intimately linked to the con-
trol of environmental conditions, which directly influence welfare, zootochnical
performance, and the sustainnbility of the broeding system. Temperature, rela-
tive humnidity, air velocity, wd the concentrations of carbon dicxide {(C'04) und
wnonin (N Hy) wee determdnant vasinbies 1o bivd productive efficiency. Fluctu-
ations in these factors can cawse beat stress, a reduction in the feed conversion
ritio, and an ineresse i wortality, compromising profitubility and the quality
of the fimal product. Furthermore, the wvian microckimate is highly dynamic
und depends on the age, density, and strsdn of the binds, making envitonmental
management s complex and variable tesk throughout the production evele (23]

Among the environmental variables, temperature is considered the most erit-
teal, It affects metabolism, growth, and feed consumption, serving as o determi-
nant for thermal comfort. Temperatures nbove ideal limits provoke eat stress,
leading to hyperthermia and n drop in productivity. On the other hand, values
below the recommended rsnge redoce weight gain and olovate energy expen-
ditnre for the maimtenance of body terperature. In broiler chickens, the ideal
therual range vares secording to age, starting at 32-34 °C on the first day of
life and roducing gradually to 2224 °C in the final phase. Ventilation acts as a
cotnplementary varinble, #s modernte temperstures can become stressful when
wesockated with low iy movement. Clussies] studies demonstrate that sdequate
temperature control promotes a better foed conversion ratio and lower produe-
tiom costs, evidencing that the microclimate is a decisive factor for sootechmical
efficioncy [19].

The relative humddity of the abr sssnmes o critieal role in the thernml com-
fort of the bivds, given that it directly affects their capacity to dissipate heat
throngh evaporation, When humidity exceeds 70 percent, the efficiency of ther-
mnl exchange is compromised, exacerbating heat stress, Conversely, levels below
) pereent foster dust aceumulation ad fiavor the emergence of respiratoey prols
lems, Consequently. mnintaining humidity within an ddeal range {approximately
between 50 percent and 70 percent) reveals itself to be fundumental not only
for ensuring the physiological welfare of the birds bt also for preventing the
proliferation of pathogenic microorganisms in the poultry litter, High humidity
reduces the rate of body heat cvaparation, intensifying heat stress, while also
favoring maoisture acenmmlation in the litter, which elevates ammonia production
and prdaposes bivds to respirstory problems [13)
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Air velocity pliws a fundamental role in thermal regulation in broiler pro-
duction houses by promoting convection and wssisting in the removal of both
resicdual heat from the birds and produced humidity. Tn conditions of heat stress,
studies indicate that alr velocities around L3 to 2.0 m/s provide significant gains
in weight wd feed conversion compared to lower velocities (0.8 or LOm/s) or en-
virommients without adequate ventilation (32 The atwence of efficient ventilation
ran lead to gas aceumulation, increased thermal load, and o drop in productive
performance. In the final stages of the evcle, when birds present greater body
miss and Jower heat disspation capacity, adequate ventilstion bhecomes even
more erucial to avoild hyperthermin.

In addition to these pliysical varlsbles, the concentration of gases, especially
ammonia (N Hy) and carbon dicxide (€0, ), constitutes an essential parameter
for evalusting wir quality in poultry houses, Levels of NHy abow 1520 ppm
provoke irmtation in the respirstory tract, increased susceptibility to infoctions,
nod o decline in productive pedfocmanee. Sumbarly, high concententions of COy,
often exceeding 3,000 ppm, compromlse tissue oxygenntion, affect metabolbsm,
nnd indicate insafficient ventilation [14]. Thus, the efficient control of ventilation
and abe renewal s indisg ble for maintadning envire tal cosufort aad bird
healt.

Tl set of these varinbles defines the so-called ideal thermal eovironment,
charncterized by conditions that allow birds to express their maximum genetic
potentinl without encrgy waste on physiological adaptation. Thermal comfort
i aclibeved when the bplance between temperature, hinidity, and ventilation
minintains the birds” body tempersture within physiological limits, promotiog
optimunl performance mnd a low mortality rate. It is important to highlight that
environnwntal varables do not act independently; tempersture increases can
be partially compersated by greater alr velocity, while high humidity potenti-
ute= the impoaet of heat. This interdependence reinforecs the need for ntegrated
microclimnte analyses [19),

The internction between temperature, humidity, and alr velocity forms the
basis of microclimatic managenwnt and must be constantly adjusted according
to the age and development phase of the birds. In the first days of life, birds
require higher tempesatures (32-84 "C) and litthe air movement, whereas in the
final phiswes {3642 diys), they roguire cooler environments (22-24 °C) wnd more
lutense ventilation. This dynamde adjustisent guarantees homeotheety, reduees
energy losses, and ensires balanced growth [11).

Buosixd on these principles, sutomated envirommental control has been gaining
prominence i medern poultry farming, enabling the continuens monitoring of
eritieal varfables and the sutomntie sctivation of ventilation. heating, and cool-
ing systems. However, the offectiveness of these systems depends on the quality
nnd consistency of the collected data. which i a frequent chinllenge in ruml envi-
ronmients where pliysbeal nterference and sensor failures can generate incomplete
or comtradictory information [27].

Thereforo, understunding the intesetions between environmental variables
and maintaining the balance wmong temperature, humidity, ventilation, and
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gises is essentinl for the welfire and productive performance of brodler chickens,
This understanding serves as the basis for the devolopment of logical models and
decision support systetns, such as Parabroiler, which ace capable of interpreting
envirotmental datu and asststing the producer in the efficiont managenswnt of the
wyian enviroument, ¢ven in the face of imperfect information, This complexity
reinforces the nead for models capable of interpreting contradictions and unces-
tauintics, since conventional spproaches often fail when confronted with divesgent
measirements [33],

2.2 Precision Poultry Farming and Digital Technologies

The advancement of digital technologies has driven a profound transformation
in how productive systems are managed, innugurating the era of Industry 4.0,
which 1% marked by the integration of the physical and digital worlds through
sensors, intelligent devices, communication networks, ad artificial intelligence
wlgorithms. In the agricultural seetor, this evolution gave rise to the concept of
Agriculture 4.0, the purpeee of which is to connect machines, processes, and
people, thereby optimizing resonrce utilization and improving decision-making
(33,

In poultry farming, the meorporation of these principles gave rise to Precision
Poultry Farming (PPF), o branch of modemn amimal science that atilmes digtal
technologies to monitor, assess, amd control i real time the factors affecting
bird productive performunce and welfare, Thi= approach allows for the contin-
nows collection of duta regarding temperature, humidity, ventilation, lghting,
feed consumption, and animal behavior, ensbling awtomatic adjustments and
evidenoe-based decisions, Consequently, the producer censes to et reactively
and begins to munnge the enviromnent in a predictive and intelligent manner,
aligning economic efficiency, sustainability, and animal welfare [24].

Among the main enabling technologies of precision poultry farming the In-
ternet of Things (loT), Artificial lutelligence (Al), and Big Dats Aunalytics stand
out. IoT connects sensors and nctuators installed at different points in the poul-
try howse to digital platforms that stare sl process the collected data, This
continuows connection pormits reaktime reading of environmental variables and
the sending of automatie communds to ventilation. heating, or cooling systems.
Al in turn. acts on the interpretation of data and the generation of predic-
tive patterns, identifying correlations betwoen environmental conditions and the
productive behavior of the birds, Meanwhile, Big Data contributes to organizing
Tunge volumes of historten] data, offestng support for the formmlation of more
precise and individualized management policies (24).

These technologics enable the development of Decision Support Svstems
(DSS). which integrate data coming from eaviroamental sensors, production
histories, and computational models to assist the manager in cioosing the best
metion to take. In poultry farming, DSS allow for the identification of environ-
mental anamalies, the prodiction of equipment fatlures. and the recommendation
of operationnl ndjustments that redice heat stress snd baprove zootechnieal per-
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formance, The integeation of machine kearning algorithms and logical reasoning
techniques makes it possible not anly to monitor the environment but also to
brterpret the meaning of observed variatjons inan intelligent wmwd contextundized
manner. contributing to more effickent and predictive management [33,25)

Despite its potential, the fnll sdoption of these technologies faces stractural
und operational barriers, The first challenge refers to the high cost of implement-
ing antomiated systems, especially for small and medinnesized properties, which
cornprise the majority of Brazilian poaltry production. The second is the limita-
tion of conmectivity in rarl areas, which hinders the continnons transmisson of
dinta between sensors and servers. [nteroperability between deviees from different
manufacturess nlso constitutes an obstacle, given that many pheces of equipment
do not follow unified comumnication standards. Furthermore, datn inconsistency
and mcompletoness (resulting from sensor failures, environmental interforence,
and interruptions in mformation flow) can compromise the relinbility of decisions
based on convertionnl systems [27,24)

Faced with these hmitations, there & a clear need for flexible, accessible,
nnd robust solutions capable of offering annlytical intelligence even in contexts
of limited feastrnceure. In this senario, no-code and low-code platforns
emerge as proudsing alternatives for the development of applications aimed at
the ficld, These technologies ullow professionals without advanced truining in
programming to create and maintain digital svstems through graphical interfiuoes
und pre-configired modules. Such o charscterstic reduces development cost and
timwe, b addition to facilitating the adaptation of selutions to the local needs of
producers [17],

The combined use of no-code/low-code platforms with cloud computing ser-
viees enhances the portability aml scalabality of digital solutions, The clond
provides remote storage and processing infeastrwcture, dispensing with the need
for local server installation and allowing access to data via mobile devices or
web browsers. This architecture s particulardy refeviat for ponltry fanming, ws
it guarnutees that eavironmentad data is stored securedy mnd is avadlable for sl
ysis at any time and place. Additionally, clond services favor integration with
APls and logical intelligence systems, expanding the possibilities for using ad-
vinwed compatational models, such as Logic Er, emploved in this study (27,
28]

Thus, precision poultry farming s i a process of consolidation s an intercon-
nected digital ecosystom, in which sensors, algorithes, and interfaces converge to
generate high-value information for enviroumental and productive management,
However, for these technologies to reach the entire sector, it is indispensable to
tovest in solutions thist are adisptable, accessible, and resistant to data mpes-
fections. In this context, the development of decision support systems based on
robust logieal models, such nx the one proposed by the Parabroiler application,
represants a relevant step toward democtatizing access 1o technology, reducing
digital inequalities, and promoting smarter, more efficient, and sustainable pro-
duction [29, 33].
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2.3 Fundamentals of Paraconsistent Annotated Evidential Logic E7
Nonechusical logies emerged to formally represent situations involving ancer-
tuinty, incompleteness, or contradiction. Classical logic & ncapable of handling
these soonarios without collupsing due to the principie of explosion. The para-
consistent tradition, initisted by Newton da Costa, breaks this limitation by
wllowing the presence of contradictions without rendering the system trivial,
Thiv advancememt enabled the development of applicstions in artificinl intelli-
geace, control, wod intelligent systems that require models capable of reasoning
vven o the face of conflices or datw gaps, Unlike Fuzzy Logic, which smootls
uncertaintios by assigning continuons degrees of membership, Logie Er explic-
itly preserves contradictions and the absence of information, allowing for the
trentment of inconsistont meassrotents without discarding them, This aspoct is
easentin in environments where sensors present noise, divergence, or signal ks
i3],

The graphical representation of these ordered paies is fundamentad for un-
derstanding the dynamics of Logic E7. In the Unit Square of the Cartesian
Plane (USCP), each point defined by the pair (5, A) ocoupies a specific position
that indicates the logical state of the aonlyzed proposition, Figure T ilhsstrates
this grometoc stracture, highlighting the four extrome states ot the vertices of
the square and the internal regions corresponding to non-extreme states. The
spatial arrangement shown in the figure demonstrates bow small variations in
the vadues of p and A shift the point between regions of truth, falsity, inconsis-
teney, and prrmcompleteness, in addition to the gradoal transitions represented
by quasi-logical states, This visualization facilitates the interpretation of the log-
ieal results produced by the system and demonstrates the capacity of Logk Er
to operate even 1 the face of contradictory or incomplete data In the context of
the present study, this geotsetric struehure is essentinl, as it enables the graphi-
cal representation of the environmental classification performed by Parsbroiler,
otfering the user an intuitive visaalization of the logical states resulting from
environmental measnrements (4],
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Fig. 1. Unit Square of the Cartesian Plane (USCP),

When the Degree of Uncertalnty s positive, the system recognizes that there
i5 a contradiction between the evidenees, yet it is still capable of produocing valid
inferences. When the Degroe of Uncertidnty i3 negative. the available informa-
tiom is insufficient, charscterizing the pamcompldete state. In this way, Logic Er
preserves deductive capacity in environments with imperfect duta and svoids
the Jogieal collapse present in traditional systens, In o poultry house, this oc-
rurs, for instance, when differemt sensors simmltaneously regster 26 °C and 30
*C due to fallures or interfesence: even so, Logic Er ks capabile of producing o
valid inference reganding the global thermal state (5,20

The structure of the USCP distinguishes two main sets of logical states: the
extreme states and the non-extreme states, The extrome states correspomd to the
vertices of the squire and represent fully defined situations. For coaumnple, when
g = 0,92 and A = 0.05, the point is located very close to the True state, indicating
high favorable evidence and low contrary evidence, The Troe state ooours when
g npproaches 1 and X approsches 0; the False state when o tonds to 0 and A tends
to 15 the Inconsistent state when both waluwes are high; and the Paracomplete
state when both are low. These four fundanwntal states are synthesized in Table
1, which presents the svmbalogy utilized for cach logical condition. Situsted
betwoen these vertices are the intermediate regions that characterize the none
extreme states. which are responsible for expressing graduntions, tendencies,
and approximations towand the extreme states, such as quasi-true, quasi-false,
quasi-ineonsistent, and quasi-parscomplete (5],

87




The Paraleciler Environmental Classifber 11

Table 1. Svmbology of the Extreme States

Extreme states Symbol
Trow v
Fuls F
Iucons=teatl T
Paracomplets 1

Fonte: Abe [2015)

Following the charncterization of the extrete states, it is also necessary to
vonsider the intermediate regions of the USCP, which represent non-extreme
states, These states desceribe situitions where the values of goand A are not suf-
ficiontly high or low to define nn absolute logical condition, They mdicate ten-
dencies and approxcimstions townrd the extreme stites and contribute to a more
refined interpretation of the evidence. This detailed classitication is presented in
Tuble 2, which gathers the muin non-extreme states and their respective svin-
bols. allowing for annlyses that are more sensitive to the informational nuances
present in the data [7],

Table 2. Svmbology of the Non-Extreme States

Non-extreme states Symbol
Quasi-true tending to nconsistent QV =T
Quasi-true tending to Panscomplete QV — L
Quasi-inlse lending 16 Inconsistent QF + T
Quasi-lalse tending 16 Paracomplele QF = L
Quasi-inconsstent tending to True QT -+ V
Quasi-inconsatont tending to Falso QT + F
Quusi-paraconiplete teding to Trae QL =V
Quasi-paracomplete tending to Filse QL—F

Fonte: Abe (2015)

In sumumary, Logic Ev constitutes a solid formulation among non-classical
logics. By integrating gualitative and quantitative dimensions of reasoning, it
offers u robust model for the treatment of contrdiction, ancortainty, and in-
cutnpleteness in real systems, Ity structure based on the USCP mnkes infier-
ence transparent and coberent, allowing for npplications i intelligent systems,
docision-making, snd technologies that need to interpret imprecise data in sn
explainable and reliable munner (5]

24 Decision Support Systems in Agriculture
Decision Support Systems (DSS) are computational tools designed to assist man-
mgers and producers in the unalysis of complex informntion and the selection of
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alternatives most. suitable to production conditions. In agriculture, DSS hawe
estabiished themselves as essentinl instroments for the intelligent moanagement
of tatural resonroes, crop planning, and envitonmental control, fivoring data-
driven snd evidence-based decisions rathier than isolated experiences [33. 6],

These systems combine mathematien] models, databases, and user interfaces,
ullowing the interpretation of environmental, economic, and productive variables
in an integrsted manner, For example, in poultry rming, a DSS can correlate
data on temperature, humidity and ventilation with growth rates and feed con-
wersion ratios, recommmeniding automatic adjustments to optimize the thermal
comfort of birds and reduce Jossas. This, the DSS acts as o bridge between data
collection and strategie dedston-making, transbuting technical information uto
practical actions [32],

With the spread of the Internet of Things (loT) and Artificial Intelligrmee
(AT, decaion support systems bave evolved into connected digital environments
capable of processing Inrge volumes of data (Big Data) and geneeating real-time
predictions. These systets are applied not only to animal production but also to
strt irvigation, crop management, and climate risk forecasting, Homever, chal-
lenges remadn regarding dita quality and consstency, interoperability between
platforms, and the intuitive comperehension of nformation by rural users [1, 12},

To avercome these limitations, recent research his sought to incorporute more
robust and transparent logical models eapable of handling uncertainties and con-
tradictions in eovivonmental dita. Tn this context, the integration of non-classicnl
fogies. such as Loghe Ev. represents a conceptual advance by allowing the rational
interpretation of incomplete or contradictory information. The adoption of this
npproach in decision support systoms can enhamee the relinbility of analyses and
offer the producer clear, interpretable, amd contestualized information, thereby
strengthening precision agricudture and productive sistainalility (3, 7]

3 Materials and Methods

3.1 Research Design and Logical-Computational Structure

This is spplicd resenrch developed under the Design Science: Research (DSR)
parndigi, the purpese of which is the development and demonstration of o
cotnputations] artifact muned Parabroiler, abmed st covirommental elassificatlon
in broiler ponltry houses. This methodologicnl approach was chosen because it
integrates seientific rigor and technological relevanes, favoring the creation of
irmenative systems founded on theoretical snd empirical knowledge [15,26]. The
chotee of the DSR paradigm s justified by the nature of the problem, which
involves informational uneertainty and the need to construct o declsion support
urtifict, charncteristics that align with the scope of this wethodology.

The decision core of the anifact utilizes mathemationl modeling based on
Logic Er, incorporating the exponential confidence decay model to weight the
temporal validity of environmental readings. This formulation allows for the
processing of mconsistent, incomplete, or contradictory data while preserving
the logical coherence of the generated inferences, The use of the temporal decay
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coofficient is essentinl beeanse it ensures thint old measurements Jose influence
over the inference, preventing outdated data from hanming the consistency of
the environmentnl clussification.

Inn this phase, thoere was no participation of end-users, such as poultry famers
or specialists, nor were nsability tests performed, The foeus wis ¢oncentrnted
exchsively on the logical and computational validation of the model: thus, the
study is characterized us i proof of concept, prioritizing the demonstration of the
teclmical consistency and theoretical vinbility of the artifact. This methodologi-
enl decision characterizes the artifiuet as being st an carly stage of technologicnl
minturity (proof of concept level), focused on logical consistency before ndvancing
to empliical evaluations and validation with specialists,

Figure 2 presents the methodobogical structure adopted for the development
of the spplication, founded on the Design Scienee Research (DSR) eycle. To guide
the construction of the artifact and ensure alignment among problem, solution,
nnd evaluntion, the DSR methodological eyvele was adopted as presented helow.
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Fig. 2. Dewlopment process of Parabroiler hased on Design Sconce Research (DSR),

As illusteated in Figure 2, the stady was organized into four main stages: the
first consisted of problem identifieation and the definition of the objectives of
the proposed solution. The second involved the design and construction of the
computationnl artifact, The third stage corresponded to the demonstration of
the system's Munctionality in a simulated enviromment. Finally, the fourth stage
dealt with the evaluation of the logical robustness of the model in the face of
incorsistent data, ensuring its operational eapacity even in soenarios of informa-
tional uncertainty. In the context of this artifact, these stages allowed for the
operstionadization of Logic Er modeling, the structuring of the computational
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architecture, and the simulation of envirenmental readings nnder different com-
binutions of critical varables [26],

The study s therefore configured s a compuatational Proof of Concept (PoC),
intended to demonstrate the logical. mathematical, and operational viability
of the model based on Paraconsistent Annotated Evidential Logic E7 in envi-
ronmiental classification. The scope does not contemplate empirical validation
in ponltry farms, statistical performance analyscs, or divect comparisons with
comnmercial svstems, which generally utilize proprictary architectures and do
not miake equivalent datibases ailable for evaluation. Thus, the emphisis falls
on the formal coherence of the model, the inferentind robustness regarding con-
tradiction. and the potentinl for application in the covirommental muanngement
of peecision poultry farming, Future studies shonld incorporate fiekd experimen-
tution, specialist esnduation, snd comparisons with technologics already wtilized
in the sector [22],

3.2 Application Context and Critical Environmental Varfables

The Parabroiler application was designed for the monitoring and elassification of
environmental conditions in different types of broiler rearing facilities, covering
three productive configurations with distinet lovels of msulation snd elimate
vontrol: Blue House. Dark House, and Solid Wall.

Each type of ponltry house presents its own thermal and structural behavior,
requiring specific parameters for the interpretation of environmental variables,
Thas, the systemn was configured to adapt the confidence decay factors acconding
to the type of facility. ensuring greaters precision in elassification,

The age range considered was from 21 to 42 days, which is the phaso in
which eovironmental conditions exert the greatest influence on bird welfare and
zootechuical performunce. During this period, variations in temperature, humbd-
ity, alr velocity, and gases (N Hy and C'Oy) directly impsct the feed conversion
ratio and growth, justifving the focus of the model on this developmental range.

3.3  System Development and Operational Architecture

Parabroiler was deweloped accanding to the principles of precision poultry
forming and Logic Er, within the methodologieal paradign of Design Science
Resenrch (DSR), which guides the creation of technological artifacts aimed at
solving real problems.

The development utilized no-code/ low-code visual prograsuming platforms,
allowing for the implementation of computational solutions with minimal need
for manual coding. The system possesses o mobile interface and business rules
integrated dicectly into the application, dispensing with complex termediate
SEVeLs,

The wrchiteeture of Parabroiler is composed of three main layers

(a) Frontend: responsible for the data entry of covironmental varables
(nir tempesature, relative humidity, air veloeity, ammonin (N Hy), and carbon
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dioxide (('0O3)), allowing the operator to register sensor readings manually to
enstre systemn acoessibility even in facilities withont mtegrated 0T tedemetry, in
wdddition to metidata such ns bird age and ponltey house type:

(b) Logic: executes information provessing wsing Logic Ev and the oxpo-
vential confidence decay model, implmented in o REST API (requests and
responses in JSON format);

(c) Data: performs the tabular storsge of collections and elassfications m
clond computing infrastructure, composing the eovironmental history of the
poultry honse,

The operational flow follows the sequence: Inpat = Logio £7 Processing —
Classifiention — JSON Response — Display.

The parameters of thermal comfort and bird welfare, such as temperature,
relotive humidity, air velocity, and was concentration, are widely estublished in
technienl literature, These ideal ranges were incorporated into the model as refer-
ence lmits, serving as the basts for the antomatic evaluntion of the poultry house
environmental conditions and for the classification performed by the system {13,
32].
Duting development, these vardables were tegrated fgo the logieal mwodel s
system inputs, allowing for the automatic comparison between collected valies
und ideal mnges. Logical reasoning based on Logic Er interprets measurements
urder different levels of consistency and contradiction, generating an antomatic
ravironmental classifeation interpretable by the user, without the need for com-
plex caloudations.

The application was implemented in a Low Code platform (responsible for the
interfaco and data collection) and the Python/Flask framework (logic engine and
server communiention), Information & stored in Google Shects, which enables
the recording and historieal consaltation of measurements, ensuring portability,
transparency, and ense of use, even in raral properties with limited internet
eSS,

The adopted methodology combines s solid theoretical bisis, applied logicul
structure, and practical implementation. resulting in an accessible and robust
digital tool that contributes to intelligent environmental management and the
strengthening of sustamahbility in broiler production {Banhazi et al., 2018).

Figure 3 illustrates the general systom architecture, composed of four muin
modules: Cloud Infrastructure, No-Code/Low-Code Platforus, Mobile Interface,
and Logic Model £7. Each module plays an essential role in the application’s
operistion: the clond infrastructure gunrantecs portability and sealability; the
no-code /low-code platforms allow rapid implementation with minimed coding;
the mobile interface performs manuad dati colleetion and astomatie classifica-
tion: nnd the Logic Ev model processes favorable and wnfivorable evidence for
environmental inference,
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Fig. 3. Architecture and hinctaonalities of the Parabrother appbcation.

3.4 Integration of Components and Database

Integration nmong Parabroiler components was structured m o three-tier ar-
chitecture, composed of the interface (front end), logic service (lack end), and
clond storage {datastore). This structure guarantee interoperability, scalability,
und consistency in the exchange of information between modules, maintaining
simplicity and low operstionnl cost,

Comummication between the interface laver ad the Jogic engine ocours vin
a REST API, developed in Pythan with the Flask framewock. ntilizmyg requests
and resporses in JSON format. This architecture allows for direct and Hghtweiglit
interaction between the mobile application and the logical processing service,
ensuring dynamic response nud system stability,

The collected data (temperature, relative bumidity, alr velocity, sumonia
(N Hy), and carbon dioxide (C'O,)) are sent via the interface and processed by
the model bised on Logic Ex. which applies temporal weighting vin exponen-
tinl confidence decny nnd performs puraconsistent inference to determine the
vavironmental state

Storage is performed on the clond computing infrastructure using a simplified
tabular structure, which is sufficient to record. track, and consult messurements
without the need for n complex relational database. Each entry is recorded with
the dite, time, poultey houwse type, and classification result, making o history of
environmental conditions secessible to the user.

This design characterizes Parabroiler a= o frugsl spplication, as it combines
low cost, acorssibility, and computational efficiency with practical relevance for
cavironmental management in ponltry houses. The use of no-code/low-code plat-
forms, low-cost eloud stornge, and optimized mathematical modeling transiates
the principhe of frugal innovation, that i, creating technologicnl solutions of high
functional impact aixd low resource corsumption 1)
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Thus, the svstem adopes . sustainable, sealable, and replicable technologi-
eal integration capable of functioning even in rural environments with limited
connectivity, reinforcing its alignment with the Sustuinnble Development Goals
(SDGs 9 and 12).

3.5 Tools and Documentation

The development of the system was condueted entirely in s no-code/ low-code
vavironnwent, which eliminated the need for external tools for prototyping, doc-
wmentation, or version control. The platforms utilized antomatically generated
the dorumentation of the exeention How and application interfaces. Data collec.
tons and results were stored in tabolae format in the clowl, with timestumping
(date and time) 1o ensure teaceability and transpacency n all stages of the pro-
cess, Since the study did not involve empirical data, animals, or himan subjects,
approvid by an ethies committee or institutional authorization was not reguired,

3.6 Computational Logic and Modeling

The core of Parabroiler’s decision implements the operations of Logic Er. emn-
ploying the exponential confidence decay model to weight the temporal validity
of environmental readings. Parabroller recelves as input a structured set of
vavironmental and operationnl variables, meluding! poultry hoase type (Bhue
Howse. Durk House, or Solid Wall), bird age, date and time of colloction, tempo-
il mterval betwoeon collection and classification (A1), decay model parameters
(o and C(A)), amd the envirommental variables themselves: air temperature
(1), velative humibdivy (M), air veloclty (V). carbon dloxide (C0O;), and ammeo-
nin (N Hy). For each environment al varinble, the system automatically calenlates
the degrees of favorable (3¢) nod unfavorable (A) evidence, weightod by the tom-
peral reliability decived from the exponential decay funetion. Based on these
values, the moded applies the operators of Logic Er, inferring logical states that
can vary between the extreme regions (True und False) and the nop-extreme
regions (Parncomplete and Inconsistent) of the Unit Squaro of the Cartesinn
Plane (USCP). The global Jogieal result (up. Ap) combines the evidence from
all monitored varisbicz. nllowing tle system to classify the environment as excel-
lent, wdequate, quasi-critical, or eritical, in sn explainable and consistent wanmer
even in the face of incomplete, nnprecise, or contradictory data,

This modeling allows the system to isterpeet contrvdictory, mcomplete, or
nncertain values, while mnintaining logical coherence in the finad classification
of the enviromment.

The envirommental variables: temperature (T} relative bumidity (H), abr
velocity (V), carbon dioxide concentration (C'04), and ammonia (NHy). are
treated as evidenee inputs, Ench dataset is represented by time series annotated
wecording to Logke Ex, in which cach measurement is expressed by the quadn-
ple (f a0, A T this format, f indieates the instant of mesurement, x,
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the observed value, g the degree of favorable cvidenoe, and A, the degree of
unfavorabile evidence,

During processing, the logic engine applics temporad weighting vin expaonen-
tial deeay, where the decay factor (o) and the half-life time (1) ,,) ave adjusted
wecording to the type of ponltry house type. This stage reduces the influence
of old measurements and pricritizes recent data, making the system's reasoning
more stable and representative of enment conditions (9.

X = ':“I-J‘I-I'h A (B2vea 2 A2)s oo (b e i Au)) (1)

T bese anuotations allow the identification and treatment of the contradictions
and inconsistencies present i the time series of environmental warables. One
of the main advantages of the nse of this model & s robustnes rogarding
the Bmltations of messrements obtaised by 10T sensors, which are comnon
in poultry honses where readings muny ocour at irregnlar intervals and without
synchronization between device.

The model considers that the reliability of measurements is maximum at the
instunt of colleetion but decreases progressively over time due to environmental
factors such ns thermal fluctuations, gas emissions, and bird metabolism. To
deal with this informational obsolesconce, an exponentinl deeny mechanisin is
applicd, which adjusts the degrees of favorable () and nafavoeable (A) evidence
wecording to the elapsed tine interwl (At).

This process penalizes old data and prioritizes recent information, ensuring
that inferences reflect the real state of the enviromment with greater precision,
The decay oxpuntion is purametesized by At (e snce collection ), s sensitivity
factor a. and a minimum relability theeshold (O, ), ensuring that, messiure-
menits never completely lose their relevance [9)

C(AL) = Crrin + (1 = Cinin e =Y (2)
o= D02 (3)
fy/2

F ar cach snnotation (p,, A ), the conjunction sggregites favorable and unfavor-
able evidenee, producing (up, Ap) for the propesitbon. The resalting pair bs then
mapped to the Unit Square of the Cartesian Plane, classifying the globul logi-
cal state {troe, false, paracomplete, inconsistent). This compositional coupling
mukes Logic Ex suitable for decision support svstems with nultiple mdicators,
e locad conflict does ot invalidate the global decision.

The inmovation introduced by the operator E. consists in webghting the tem-
poral validity of the evidence, assigning a lower weight to the old information
and a greater weight to the more recent information. This temporal weighting is
necessary in dynamic systetns, such as poultry environments, where conditions
viry continnously axd sensor readings rapidly become obsolete (100

The exponential decay function & utilized to model the gradual loss of con-
fidence in information over Hme:
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Where 7(f) represents the temporal confidence coefficient, ¢ s the time in-
tervad elopsed sinee the last measaroment, and o s the decay factor, adjusted
according to the sensitivity of the variahle and the stability of the environment,
Larger values of o indicate more unstable environments, where data Jose validity
quickly: smuller yalises of o correspond to mare stable envivonments, in which
measiemnets remain rediable for longer (9],

Basxd on this principle, the model updites the degrees of fivorable evidence
(1) and unfavarable evidence {A) for ench piece of evidence through the expres-
slona:

py = 0.1 + 0.0 (5

A =1 (6)

The computational ressoning of Parabroiler was deseloped based on Logc
Er, applied to the dessification of environmental conditions in broiler poultry
howses, This logic allows for consistent inferences even in the face of improcise,
incomplete, or comtrdictory information, preserving the colerence of the finnd
decision.

The wodel simultanconsly analyzes the variables of air temperature, mola-
tive humidity, nir velocity, smmonia concentration (N Hy), snd carbon dioxide
(CO3), determining the general state of the environment according to the degres
of bird thermal comfort,

The first step of processing consists of evaluating the temporal relinbility of
measiremnents, For this, an exponential decay equation is applied, which caleu-
lntes the gradual kees of validity of readings over time. This temporal confidence
coeflicient guarantees that inferences are based primarily on recent data, redoe-
ing the influence of outdated messnrements, Figare 3 illustrates the hehavior of
this decay function for different ponltry house types, evidencing how confidence
decrenses at distinet rates sccording to the a value sdopted in each environment,
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Fig. 4. Behavioe of tho exponential temporal confidence docay eqquation.

The decay equation incorpomtes two pacuneters: the halflife (8 ) and the
decay factor (o), both adjusted according to the type of poultry house, Each
structure presents a distinet thermal behavior more nsulated environments
(s as Solid Wall Houses ) possess higher 14 and lower o, reflecting greater
thermad stability; conversely, less protected environments peesent lower ¢ 4 and
higher o, indicating greator environmentnl variability.

Table § presents the parmmeters adopted for each type of poultry honss,
celuting the half-Hfe (2 )4) and the decay fuctor (o) used in systemn modeling.
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Table 3. Poultry House Types and Parmneter Configuration for Exvicomnental Con-
trod Modeling

Type Description & Impact on Environ- Sensitivity ¢,,; ao
mental Control
BH  Uses positiveepresiure veatilaton with High 15 mun 0,0462
cooling pnds and o plastic curtains, of
fering moderate fusalation und mterme-
diate envir al comtrol [ex in
mild climntes).
DH  Fully enclosed, with ventilation, tempera-  Medium 30 min 0.0231
ture, wad Bghtlng conteotied by mechunicsd
oxbaust and evaparative cooling. Creates
a stable microclimate and enables procise
lHght cycle manageawnt to optimize feed
conversion md weight gakn
SW  Built with solid mwsonry or lnsulating Low 4% min 00154
walls, offeving high thermal stability and
sound iusulation, Like Dark Houses, they
e mechinnicnd ventilation and evaporative
cooling, with superior protection from ex-
termid elimate vitiations.
Sonree: Do Souza Thomes (2025)

After caleulating the temporal relinbility, the systom verifics whethor each
environmental variable is within or outside the thermal comfort range corre-
sponding to the age of the binds, This verification is performed individuadly,
cotnparing the colkectod vadues with the ideal intervals. For each varinble, the
model assigns a degree of adequacy, indicating how clsely the environment ap-
pronches the recommended conditions for bird welfare,

These equutions descritw the evolution of the reliability of & reading over time
At When the interval between meastrements {¢) is small, the exponential term
=4 approaches 1, and the value of py tends to 1, indicating high confidence in
the information. As time passes and Af increases, the valoe of ¢~ "3 decronses,
cansing gy to gradually decresse towaed 0.1, while A; nereases o the opposite
direction. expressing the increase of nnfavorable evidence,

Iu operational terms, the system applies this temporal weighting in each datg
update cyele, 5o that older evidence begins to exert reduced influence on the
calenlationy of the degrees of fvorable (p) and unfavorable (A) evidence. This
technigque of exponential confidence decay stabilizes the logheal beluvior of the
model, reduces the impact of mconsistent, delayed, or noisy measurements, and
Iproves the coherence of the inferences produced by the application, reflecting
informntional olsolescence.

During processing, the model ewaluntes the environmental conditions of the
poultry house based on the anpotated sets T, H, V', C Oz, and N Hz, venifying
if the messured values are within the hmits of thermal comfort defined for each
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growth phase, Table 4 presents the ideal ranges for ench environmental virinble
wecording to the age of the birds and the recommendations of the technical
literature,

Table 4. ldeal Runges of Envirommoental Viriables in Brotler Poultey Houses

Varlablo Unit 0714 days 15 28 days 29 42 days _ Toechinieal Source
Teigperatae T o m PLEvE] o A 32
Helative Humidity ® 070 w07 - (1)

Alr Vebxity m LR 125 10-20 Fidnros ot al, (2018)
Ammania (N Hs) ppm <15 <15 < Ih Olivedra of al. (2021)

Carbon Diceide (CO4) ppon < 3000 < N0 < 4000 13] Costa et al. (2020)
Source: Martines i al, (2024)

Thus, the model evaluates whether each measired value is within the prede
fined minimoum and maximom limies for each amnctated eavironmental variable,
Measurements that remain within these limits are recorded as favorable evidence
(112 ), while those that excond the comfort intervals are recorded as unfavorable
evidenee (A (9.

px = z::-‘l [N lltﬁv:nna\.mw‘!(.\'() ‘7)

N S:.:l o, -1 - ls-\-mm--rrmu}(-\’r))
nx

(8)

The flexibility of the model parnmeters, combined with its adaptability to
differemt types of poultry howe and structures, allows its application in viared
production contexts. ensuring more precise envitontmental evaluntions. In this
stage, the system utilines Logic E7 to cviduate the central proposition: " The
envirommental conditions of the poultry house are adequate for bind welfare and
productiity”, which s constructed by the paraconsistent conjunctjon of the mon-
itored variables, This formnlation makes it possible to combine multiple picees of
evidenoe, even in the face of uncertainties or contradictions in the environmental
data.

Each variable X & {7, H.V.COy, N Hy} possesses ity respective annotations
derived from the processing of environmental messurements. To determine the
inference sssociated with the propesition f7, the model applies the operators of
Logic E'r, calenlating the corresponding degrees of favorable (g0} and unfavor-
uble (Ap) evidonee [9].

up = ll':p’lg" I (9)
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Ap = lxy‘t!:x" A (1)

The model performs paraconsistent inference based on the degrees of favor-
able {pp) and unfavorable (Ap) evidence sssocinted with the proposition (),
which integrates all enviromuentad variables into o nnigue representation of the
poultry house state. These values are positioned within the Logic E7 structure,
on the Unit Square of the Cartesian Plane (USCP), whese axes correspond to
the degroes of bedief () and disbelief {A) |49

P=TAHAVACgo, ACNs (11)

B ased on the location of the polnt (pp, Ap) in the USCP, the system clussifies
the environment into one of the four fundamental logical states: True, False,
Inconsistent, or Paracomplete, or into intermediate regions that express tran-
sitional situations between environmental conditions. This approach allows for
ressoning under uncertainty, ensuring coberent interpretations even in the fee
of contendictory data.

Finally, the application converts the logical vesult into an mterprotablo en-
vironmental elussifieation, informing whether the environment s excellent or
critieal, and indicating which varisblies are outside the comfbort range. In this
wiy, Parabroiler transfonus complex duti into practical and actionable infor-
mantion, allowing the producer to make rapid, well-founded, and safe decisions,

3.7 Frontend Development (User Interface)

The Parabroiler interface was designed according to the principles of acces-
sibility, clarity, and simplicity, prioritizing intuitive use on mobile devices and
enwvironments with varying levels of technological infrastructure.

The design allows for the rapid and organized collection of cuvironmsental
vaurinhles, such as temperatwre, hamidity, air velocity, ammonia, and carbon
dioxide, i addition to complementary information such as baed age and type of
poultry house.

The application structure features screens for data collection, resnit visual-
ization, und data history, presented directly and in s langnage that s under-
standable to the user, The results of environmental clissification are displyed
o an interpretable format, accompanied by mtomatic munngement recommen-
dathons.

This npproach ensures usability, traceability, and operagionnl practicality,
Integrating with the system's logical environmental classilication process.

Figure 7 presents the Honw Screen and the Final Result sereen of the
Parabroiler application, where the nser can start a new collection, view previ-
ous data, Annlize collections, and access the history. This screen synthesizes the
wecessibility and shnplicity principles adopted in the interface design,
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Final Result
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Fig. 5. Home Screen and Final Result seroen of the Parahroiles application

3.8 Backend Development

The backend of the Parabroiler application was devoloped in Python, utilizing
the Flisk microfrmnework to manage communication betwoen the application
and the logic engine, which is based on Logic Er. This layver is responsible for
processing the envirommental varinbles sent by the application and generating
the ponitry house environmental classification,

Requests are trats=mitted vis HTTP POST in JSON format, containing read-
ings for temperature, relative humidity, sir velocity, ammonia (N Hy), nod car-
bems dicide (€O2), in addition to complementary information such as poultry
howsa type and bird age. The server interprets tho data, applies the exponentinl
cotlidence decay model, snd performs the parsconsistent Inference, resulting in
the degrees of favorable (i) and unfavorsble (A) evidence

Basexd on these values, the svetem determines the global logical state of the
envitorment —true, false, inconsistent, or puracomplete, and returns » response
in JSON format, whidh is displayed in the appllcation with interpretable mes-
sages, such as " Excellent envitonment”™ or 7 Cratvead situation”™ .,

The server was hosted on the PythonAnywhere platform, cosuring stable ex-
vention, secure conmunieation (HTTPS), and low resonurce consunption, which
allows for adequate functioning even in enviromuents with lmited conuectivity.
Thus, the backend constitutes the inteligent core of Parabroiler, responsi-
Be for converting envirommental dista tnto useful and secessiblo information for
msnagement in poultry sysbes. Figure 8 fllustrates this processing Bow, high-
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lighting how data collected in the frontemd are submitted to the Jogicnl model,
trented by the decay mechanism, amd transformed into explaimable ontputs that
ground the environmental elussdfication,

3.9 Tests and Validation

Logieal robustuess and functional tests were pesformed in o ssnlated environ-
ment, conducted by the developers themselves. The objective was to verify the
model’s capacity to deal with inconsistent and mcomplete data, ensuring the
stability of responses and the coherence of the clussifications produced [9],

Quantitative perfornumee metrios, such s response tme or comparative e
curacy. were not applied, since the focus of the present study was the concept uul
and functional proof of the artifact.

It is dmportant to highlight that, as this s o proof of concept structured
within the Design Science Research paradigu. the vialidation perforned o this
study concentrates on logical robnstness and the functional demonstration of the
urtifact, not requiring the use of real large-scale data, The explanatory natune
of Logic Er and its independence from statistical samples make this approach
wdeguunte in this phase, Quantitative evaluations, comparative stodies, and Beld
tests will be incorporatad in future research phases.

3.10  Validation Protocol

The validation of Parabroiler was conducted in a simubated environnwent, with
the objective of verifving the Jogical robustness and computationnl consisteney
of the model based on Logie Er. In this stage, the system was submitted to
different combinations of environmental valoes, including scenarios with incon-
sistent, incomplete, and contradictory data, to evaluate its ability to malmain
cohetence in nferences,

Variations in environmental variables (temperature, Inunidity, air velocity,
ammonis snd carbon dioxkde) were simnlisted, considering the ideal ranges for
broiler chickens botween 21 and 12 days of age, The svstem responded as ox-
pected, grnerating clissifications compatible with the logical behavior defined in
the model.

The validition was conceptunl and technical in nature, not bwvolving empis-
ical data or user tests. The results of the model based on Logic E'r confirmed
the stability of the logic engine, the adequacy of the confidence decay modeling
and the consistency of the genersted environmental classifications, demonserat-
iny the vanhility of the application as an environmental decision support tool in
ponltry systems.

4  Operational Impact and Scientific Contribution

Parabroiler represents a lightweight solution based on formal evidence to mit-
igate operntional risks associnted with environmental management in ponltry
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howses, The system translates the technical liternture and the thermal com-
fort parameters into logieal judgments, supported by Logic Er, allowing for the
interpretation of incomplete, contradictory or nobsy datn without loss of inferen-
tial colwsence. This mechanisin reduees incorrect diagnoses, which are cotmmon
in systoms based exelosively on fixed thresholds, and favors more eutional and
transparent environmental docisions,

As an earlystage conceptual artifact, the present study prioritizes the pree
sentution of logical reasoning and operational architecture, hkighlighting its truns-
formative potential for the productive sectar. The absence of empirical data does
not limit the scentific contribution, as the objective of this phase is to establish o
new expluinable nud theovetically sound model for environmental clissification,
capable of subsidizing future applications on & commercial scale.

By svnthesizing multiple critical wariables, such as temperature, umidity,
ventilation, N Hs, and OOy, into degrees of evidenoe (p, A) and logicnl states,
Parabroiler provides a clear, imterpeetable, and actionable environmental clissi-
fication. This allows rapld identification of risk situations. minimization of in-
terventions based on trial nod error, and reduction of losses resulting from heat
stress, contributing to bisd welfare nod prodoctive stability,

Itz frngal architecture, built with no-code/low-vode platforms and cloud in-
frastracture, ensures low implementation and masintennnes costs. This combina-
tion expands secess to techinology for small and moedivm-sized producers, who
penerally face infrastructure lmitstions and high eosts regarding antomatlon
equipment (31 In this way, Parabroiler democratizes the wse of intelligent
decision support tooks, prometing greater operationsl efficieney, environmental
sustainability, and alignment with the Sustainable Developmemt Goals (SDGs 2,
9 and 12),

4.1 Technical Innovation

Eovironmental management routines based solely on fixed limits, simple aver-
nges, or wanual inspections face sevoral challenges: (i) lack of mtegration smong
eritical varinbles (i) low decision trnnspiaency in the face of conflicting read-
ings: (i) dependence on connectivity and Infrastrueture for heavy automntion;
and (iv) implementation and maintenance costs that hinder adoption by smaller
furms,

Existing digital platforms frequently present “raw” data to the operator (ta-
blest und graphs) and require tochnical iterpretation under time pressure. Fure
thermese, sensor inconsistencies (delay, fadlure, notse) tend (o generate spurions
alwrms or concenl relevant situations. The result is o decision spuce with Jow
pxplainability and o risk of delayed or erroncous actions,

Table & synthesizes the main differences between conventional environmental
monitoring approaches aml the =olution proposed by Parabroiler, highlight-
ing advances in varinble integration, contradiction handling, explamability, and
operational cost.
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Table 5. Comparison between current approschies and Parabroiler

Criterion Current Approaches Parabroiler

Variable Integration Low High (T, H. V, Cty, NHy
vombined)

Conteadiction Handling Does not suppart Supports via Logic Er

Time Sensitivity Does not consider Exponential decay rif)

Decision Transparency Low High (USCP explamability)

Implecnontat ion Cost High Low (no-code/ low-cade)

lufrastructure Dependence  High Low (frugal architecture)

Productive Profile Coverage Limited Blue Howse / Durk House /

Solid Wall

Source: Aathor [2025)

Parabroiler addreses these Himitations with a logic engine based on Logic
Er, which:

Reasons in contradiction: Combines favorable and imfavorable evidence
without trivializing the decision, positioning (¢, A).

Weights time: Apply exponentinl decay to veduce the influence of obsalete
resslings and stabilize the clussification

Explains the result: Presents the final classification of the environment
(¢, “excellent™ or Teritienl™) accompanied by an indicstion of the variables
that directly influenced this decision,

4.2 Data Protection

Architectnrally, the application utilizes a REST API with minimal payloads
(containing no seusitive personsl data), tabalar clond storage, and no-code/low-
code components, which simplifies deployiment, reduces costs, and facilitates ao-
diting. There is no need for user accounts; the solution mvoids collecting unnecss-
sarv identifiers, concentrating only on envirommental messurements amd strictly
useful operational metadata,

4.3 Implications, Future Directions, and Limitations

As a proof of concept, Parabroiler demonstrates the viahility of a fragal and
explainable DSS for poultry ambience. Promising paths include: (i) external val-
Wlation studies comparing classtficntions with specialist decsions and rootechnl-
eal lndicatoes; (i) integration with 1oT networks and interoperability peotocols;
(iii) wsability tests with different producer profiles (digital literacy); und {iv)
terminofogical localizations and contextunl recommendations by poultry house
type /elimate, The current version does not cover all exception seenarios nor
perform sutomatic cquipment control; in complex situations, » complementary
technical evaluation is recommended. Even so, by complomenting existing sys-
teans with o robust and transparent logic core, Parabroiler has the potentinl
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ta elevite decision quality in the fiekd, expand the adoption of digital tools, and
vontribute to sustainability amd animal welfare goals,

A direct comparison with other digital platforms wis not performed. since
there are no equivadent systews that integrate Logie Ev. temporal confidence
decay, and low-cost frugal architecture for poultry smbience. Thus, Parabroiler
insngurates o new eategory of explainable svstems based on logical-evidentinl
ressoning. This absence of benchmarking does not compromise the whidity of
the study, as the foens of this phase lies in establishing the theoretical, com-
putational, and conceptual foundations that will allow for broader empirieal
cviluntions i future works.

5 Conclusions

This study preseatesd Parabroiler. u decision support system for enviconsentul
vontrol in ponltry farming based on Logic £t incorporating temporal confi-
denee decay to interpret envirommental messurements ander nneertainty, noise,
and contrivdiction. The results demonstrate that the approach allows for the in-
tegration of multiple eritical varables (T H, V', NHy. €0y) into o coberent
and mterpretable judgment, overcoming the recurrent limitations of statisticnl,
und fixed-thresdold models, especially in contexts where sensors present ltency,
ttesmittent fatlures, or divergence amony measiretnents.

The system represests o relevant scientific contribution by explicitly formaliz-
ing a robust reasoning mechanism for inconsistent, contradictory, and imprecise
data, which 15 an essentinl characteristio i connected agricultural svstems. By
applying tempornl weighting mechanisms, the system offers stable and explain-
able inferences, an aspect thnt s still e explosed 1o decision systems aimed ot
agriculture/livestock, which traditionally lack logical transparency and remain
vitlnerable when confronted with contradictions,

From s technological point of view, the artifict has consolidated itself as o
frugal, scalable, and low-cost solution. The simplified srchitecture reduces ac-
crss barrers and favors adoption by smsll and medinm-sizd prodocers, i demo-
graphic that s frequently exeluded from more complex and costly antomation
technologies, Furthermore, the system makes the envin tal classification
explicit and identifies the variables responsible for the result, expanding opera-
tional relisbility and favoring more procise proventive decisions regarding heat
stress control and the reduction of productive loswes,

The reswearch, howeyver, presents Imitations. The validation focused on simu-
lated environments. covering neither real microclimatie variability nor quantita-
tive comparisons with existing solntions. Furthermore, manual data entry may
it roduce operational variability, and the alsence of native integration with IoT
restricts the capacity for continuons monitoring. Such lhmitations do not com-
promise the conoeptual soundness of the model but indicate that its maturation
requires applied studies, dynnmic calibration, and performance evaloations un-
der real field conditions,
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As future directions, the following are recomumended: (i} the integration of
Parabroiler with on fine ToT sensors for automatic collection; (i) the cvalua-
tion of the model in commercial farms, comparing its inferences with spectalists
and zootechnical performance indicators; (i) the expansion of the logic for an-
tomated or semi-antomsted recommendations, moving the system closer to un
inteligent controfler; and (iv) the extension of the logical framework to other
peoductive chisins, such as swine farming, dairy farming, fish farming, and envi
ronmental monitoring in agricaltural greenhouses. (v) Additional research may
wlso explore integration with physical ventilation models, expanding the robast-
ness and antonomy of the system,

Therefore, Parabroiler demonstrates that Logic Er models constitute o
consistent alternative for the development of officient, resilient, and accessi-
ble environmental classifiors in precision agricufture. The integration between
misthematical rigor and operational simplicity positions the systom strategicnlly,
paving the way for future applications of Logic Er o intelligent technologies for
agribisiness.
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54  Cross-Study Discussion

This dissertation established the primary objective of developing a Paraconsistent
Expert System for environmental monitoring in poultry houses using Logic Et. The central
justification for this objective is grounded in the limitation of conventional analysis methods,
based on binary classical logic, to address the complexity and imperfect nature of
environmental data collected by sensors in poultry houses. These data frequently present
inconsistencies, inaccuracies, and instances of incompleteness. Logic Et is considered well-
suited for this scenario as it allows the formal processing of contradictory evidence without
compromising inferential coherence and enables the attribution of degrees of confidence to
decisions.

The first stage of the research, presented in the article "Smart Technologies in Poultry
Production: Trends and Innovations” and corresponding to SO1, conducted a systematic
literature review and a bibliometric analysis. This study identified the main trends in Precision
Poultry Farming and confirmed that technologies such as 10T and Artificial Intelligence,
including Machine Learning and Deep Learning, are fundamental to the sector. However, it
was found that the low quality of data generated by sensors, influenced by abrupt fluctuations,
equipment failures, dust accumulation, and synchronization mismatches, compromises the
direct applicability of these technologies. Obstacles related to high implementation costs and
the need for robust infrastructure were also identified, factors that hinder the adoption of
advanced solutions by small and medium-sized producers. Furthermore, the study revealed a
gap in the literature regarding the use of non-classical logics, such as Logic Et, to handle
environmental data inconsistencies in a structured manner. This result reinforced the relevance
of developing a model based on Logic Et, which aligned with SO2, since traditional statistical
approaches and classical logic do not adequately address this type of problem.

The second article addressed SO2 and presented the development of the system's logical
model. This model introduces the possibility of simultaneously representing favorable and
contrary evidence through annotations and incorporates an exponential confidence decay
function that adjusts the temporal validity of measurements. This mechanism considers that, in
environments with rapidly changing dynamics, older measurements should carry lower
inferential weight, thereby allowing for a more accurate representation of the current state of

the environment. Robustness tests with controlled perturbations demonstrated that the model
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maintains logical coherence even under noise. A relevant result was the identification of
differentiated sensitivity among environmental variables. Experiments showed that certain
variables exhibited a greater impact on inferences when perturbed, indicating the necessity of
calibrating specific thresholds according to the zootechnical importance of each variable.

The analysis of the position of inferences within the USCP demonstrated that, under
normal operating conditions, conclusions frequently cluster in the quasi-paracomplete region,
particularly in poultry houses BH and DH. This indicates that, even without explicit
contradictions, many situations present insufficient evidence for highly reliable decisions.
This behavior highlights the relevance of Logic Et by enabling the identification and
quantification of uncertainties that would be disregarded by classical logic, which tends to
reduce the absence of evidence to a condition of falsehood.

The third article, corresponding to SO3, presented the development and practical
demonstration of the functional artifact, the Parabroiler application. The system was
implemented using a low-cost, scalable architecture compatible with no-code platforms and
cloud services, directly addressing the limitations identified in SO1. This approach enables
expanded access to decision support technologies in farms with limited technological
resources.

Parabroiler stands out for its capability to process inconsistent, incomplete, and
contradictory data. In addition to classifying the environment into categories such as
"Excellent” or "Critical,” the system indicates which variables influenced the decision and to
what intensity.

This transparency allows the user to understand the origin of each classification and
facilitates precise interventions in environmental management.

The integration of results obtained across the three studies confirms the suitability of
the approaches and methodology adopted to address the problem proposed in this dissertation.
Each stage of the process fulfilled a specific and complementary role: the first study
characterized the context and highlighted real challenges in poultry environmental monitoring;
the second presented the logical structure capable of responding to these limitations; and the
third demonstrated the practical viability of the solution by implementing it in a functional
artifact.

This progressive articulation evidences that the model based on Logic Et offers a
consistent alternative for managing uncertainties and variations in environmental data, while
the implementation of the artifact demonstrates that this approach can be applied in a simple

and accessible manner. The convergence between diagnosis, logical foundation, and practical

111



application reinforces that the proposed solution meets the general objective of the research
and presents itself as a promising path for decision support systems in rural environments
operating under infrastructure constraints.

In general, the implications of this integration point to the potential of Logic Et as a
foundation for intelligent technologies in agribusiness and show that formal methods, when
allied with accessible architectures, can significantly expand the reach and utility of

environmental monitoring systems.

55 Contributions

From a scientific perspective, this dissertation proposes and validates a novel
theoretical-methodological model for environmental control in productive environments,
grounded in Paraconsistent Annotated Evidential Logic Et and applied to Precision Poultry
Farming. This application expands the field of study of non-classical logics in decision support
systems and fills a gap in the literature regarding the use of logical-evidential structures to treat
environmental information subject to uncertainty. Logic Et proves capable of formally
handling contradictory, incomplete, and imprecise data, allowing for the controlled coexistence
of favorable (u) and unfavorable (L) evidence without logical collapse. This results in more
consistent environmental assessments compared to approaches based on fixed thresholds or
statistical averages, especially in scenarios with noise, sensor failures, or reading
desynchronization. Additionally, the incorporation of a temporal confidence decay mechanism,
modeled by an exponential decay function, updates the validity of measurements according to
environmental dynamics and prioritizes more recent information in contexts of rapid data
obsolescence, such as poultry houses. Finally, the use of the Unit Square of the Cartesian Plane
as an instrument for representing inferences confers transparency and explainability to the
model, allowing each classification to be accompanied by explicit logical justifications and
consolidating an explainable approach to logical-evidential reasoning in the agricultural sector.

In the practical and technological realm, the primary materialization of these
contributions is the development and registration, with the National Institute of Industrial
Property (INP1), of Parabroiler, a functional decision support system aimed at environmental
monitoring in poultry houses. This artifact converts complex environmental variables, such as
temperature, humidity, ventilation, and concentrations of CO. and NHs, into operational

information synthesized in classifications such as "Excellent™ or "Critical,” accompanied by
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management recommendations that support rapid and well-founded interventions. The system
was conceived with a frugal architecture based on no-code/low-code platforms and simplified
cloud infrastructure, reducing implementation and maintenance costs and making the solution
accessible to producers facing connectivity and financial resource limitations. The research
further demonstrates the logical, mathematical, and operational viability of the model in
different types of poultry houses, such as Blue House, Dark House, and Solid Wall, evidencing
its potential for adaptation to distinct productive contexts and its replicability for other
precision agriculture chains, such as fish farming, swine farming, or agricultural greenhouses.
By providing robust inferences in a timely manner, Parabroiler contributes directly to
optimizing operational efficiency, reducing losses associated with heat stress and respiratory
problems, and improving bird welfare, thereby bridging the gap between paraconsistent logic
and daily field management practices.

From a social, socioeconomic, and sustainability perspective, the proposed solution
reinforces the strategic role of poultry farming in food security by promoting more stable,
efficient, and safe production, mitigating losses resulting from inadequate environmental
conditions, and strengthening the resilience of the production chain. The model aligns with
several UN Sustainable Development Goals (SDGs), notably SDG 2, by favoring more
productive and sustainable agriculture; SDG 9, by encouraging the incorporation of intelligent
and digital systems in a traditional sector; and SDG 12, by contributing to responsible
consumption and production through the optimized use of natural resources, such as energy
and water, in poultry management. The adoption of a low-cost, highly accessible architecture
favors the democratization of access to technology, expanding digital inclusion in rural areas
and empowering small and medium-sized producers to adopt smarter management practices
based on data and more rigorous environmental criteria. By combining logical rigor,
technological applicability, and social impact, this dissertation offers an integrated contribution

to responsible innovation in Precision Poultry Farming.

5.6 Limitations

The limitations of this research stem primarily from the exploratory nature and proof-
of-concept status of Parabroiler in applying Logic Ezt to environmental monitoring in poultry
houses. The validation focused on the logical robustness and functional demonstration of the
model, seeking to establish its theoretical, computational, and conceptual foundations.
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However, it does not yet include large-scale empirical tests in commercial farms or systematic
performance analyses, such as response time metrics or accuracy comparisons with statistical
systems or existing commercial platforms.

The dataset utilized for validation was collected in 2013 and does not encompass
extreme events, which limits the evaluation of the model's behavior in critical situations, such
as severe equipment failures, extreme climatic variations, or sudden environmental shifts
resulting from disease outbreak.

Another relevant limitation is associated with the absence of labeled data, which
precluded supervised validation and restricted the direct comparison of Parabroiler's predictive
performance relative to other models.

Environmental classification thresholds were defined based on preliminary studies and
available technical literature without finer calibration anchored in large annotated databases.
This suggests a need for contextual adjustments according to the type of poultry house and the
operational relevance of each environmental variable.

On the operational level, the current version of the system requires manual data entry,
lacks native integration with sensors and loT networks, and does not perform automatic
equipment control. This limits continuous monitoring and fully autonomous field operation. In
more complex scenarios, the utilization of the system must therefore be complemented by
specialized technical evaluation. These limitations, typical of studies in the proof-of-concept
phase within the scope of Design Science Research, indicate clear paths for future work. These
include expanding databases, obtaining reference labels, refining the calibration of inferential
parameters, integrating with loT infrastructure, and evolving toward more automated modes of

operation.
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CHAPTER VI

6 FINAL CONSIDERATIONS

This dissertation investigated how an expert system based on Paraconsistent Annotated
Evidential Logic Et can support environmental monitoring and decision-making in broiler
production. The starting point was the problem of high variability in environmental conditions
within poultry houses and the low quality of sensor data, which is often inconsistent,
incomplete, or imprecise. In such situations, classical logic proves limited in adequately
representing reality and supporting reliable decisions.

Based on the Design Science Research methodology, the work was structured into three
integrated stages. Initially, a diagnosis of the state of the art regarding intelligent technologies
in poultry farming was conducted through a systematic and bibliometric review, allowing for
the mapping of trends, challenges, and gaps. Subsequently, a logical model based on Logic Er,
was developed, aimed at the qualitative classification of environmental conditions under
uncertainty. Finally, this model was operationalized in the computational artifact Parabroiler,
a functional decision support system for Precision Poultry Farming.

In response to the research question, the results indicate that an expert system based on
Logic Et can contribute to the optimization of broiler production by formally processing
conflicting, incomplete, and imprecise data without logical collapse, maintaining inferential
coherence even in the presence of divergent information. Furthermore, the model produces
environmental classifications grounded in degrees of evidence and their position in the Unit
Square of the Cartesian Plane, which enables the tracking of each decision back to the
informational configuration that originated it. By translating complex environmental
information into simple operational categories accompanied by management
recommendations, the system facilitates faster and well-founded interventions in the
production environment, with positive reflections on animal welfare and productive efficiency.

The general objective of developing a Paraconsistent Expert System for environmental
monitoring in poultry houses was achieved through the construction of the Logic Et model and
its implementation in Parabroiler. The specific objectives were also addressed: the systematic
and bibliometric review enabled the identification of trends, challenges, and the absence of
non-classical logical approaches applied to Precision Poultry Farming; the proposed logical
model proved capable of qualitatively classifying variables such as temperature, humidity, air
velocity, CO- and NHs in uncertainty scenarios; and the development, demonstration, and
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registration of Parabroiler consolidated these results into a functional system accessible to
producers and researchers.
The contributions of this research can be synthesized into three main dimensions. On the
scientific level, the dissertation expands the application of Logic Et in decision support systems
for productive environments, demonstrating its viability in the environmental control of poultry
houses and its capacity to provide consistent classifications even in the face of uncertainties.

On the technological level, Parabroiler materializes this model in a low-cost
architecture based on accessible technologies, bridging advanced logical models with daily
environmental management practices. On the socioeconomic and sustainability level, the
proposed solution favors more efficient resource use, contributes to reducing losses associated
with heat stress and respiratory problems, and supports the improvement of bird welfare, with
significant adoption potential for small and medium-sized producers.

The limitations of the study stem primarily from its proof-of-concept nature. The
validation of the model and system utilized a finite and unlabeled dataset without coverage of
extreme environmental events. Additionally, classification thresholds were defined based on
literature and preliminary analyses, which restricts the generalization of results. Furthermore,
the current version of Parabroiler requires manual entry of measurements and is not yet
integrated into 10T infrastructures or automatic equipment control, limiting its operation in a
fully autonomous mode. Such limitations do not compromise the logical and conceptual
validity of the model, but they delimit the scope of application and point to the need for

additional studies to expand and deepen the proposal.

6.1 Future Works

Based on the identified limitations and the viability demonstrated by Logic Ez, future
works aim to advance Parabroiler from a proof-of-concept to a robust and automated
operational system. The priorities are to integrate the model with 10T sensors for automatic
collection and continuous monitoring, eliminate manual data entry, and connect it to embedded
systems, mobile applications, and cloud platforms. This will enable not only real-time
environmental classification but also support for automated or semi-automated actions
regarding equipment, in addition to centralizing and comparing data from different production
units. In this process, it is anticipated that the set of monitored variables will be expanded
(including luminosity, noise, and suspended particles) and that integration with physical

ventilation models will be explored to enhance the robustness of environmental control.
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Another important axis involves methodological refinement and validation under real
production conditions. Studies in commercial farms are necessary to compare Parabroiler
classifications with expert decisions and zootechnical indicators, as well as to utilize new
databases that encompass extreme events. Classification thresholds and inferential parameters
must be refined and adjusted to different poultry house types, climates, and management
practices, ensuring recommendations that are more suitable to each producer's context. The
logical framework can also be replicated in other precision agriculture chains, such as swine
farming, fish farming, and greenhouse horticulture, provided that more intuitive dashboards
and interfaces are developed and validated with producers possessing varying levels of
technological familiarity. In a subsequent stage, integration with generative Artificial
Intelligence models could support automatic and personalized corrective recommendations,
expanding the system's role from an essentially diagnostic tool to a more prescriptive support

for decision-making.

6.2  Final Thoughts

It is concluded that this research achieved its main objectives with consistency,
originality, and scientific relevance by proposing and validating an innovative logical approach
for environmental monitoring in poultry production systems. The application of Paraconsistent
Annotated Evidential Logic Et proved not only viable but particularly suitable for contexts of
high informational complexity, favoring safer, more efficient, and sustainable decisions.

The developed model and the artifact derived from it contribute significantly to the
United Nations Sustainable Development Goals (SDGs), especially SDG 2 (Zero Hunger and
Sustainable Agriculture), SDG 9 (Industry, Innovation, and Infrastructure), and SDG 12
(Responsible Consumption and Production). Thus, this dissertation consolidates a consistent
theoretical-methodological foundation for the advancement of applied research in
Paraconsistent Logic and Agriculture 4.0, establishing itself as a relevant milestone in the

development of digital solutions aimed at sustainability, innovation, and animal welfare.
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ANNEXES
Appendix A — INPI Software Registration Certificate
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REPUBLICA FEDERATIVA DO BRASIL
MINISTERIO DO DESENVOLVIMENTO, INDUSTRIA, COMERCIO E SERVICOS
INSTITUTO NACIONAL DA PROPRIEDADE INDUSTRIAL
DIRETORIA DE PATENTES, PROGRAMAS DE COMPUTADOR E TOPOGRAFIAS DE CIRCUITOS

Certificado de Registro de Programa de Computador

Processo N°% BR512025005223-5

O Instituto Nacional da Propriedade Industrial expede o presente certificado de registro de programa de
computador, valido por 50 anos a partir de 1° de janelro subsequente & data de 28/09/2025, em conformidade com o
§2°, an, 2" da Lei 9.608, de 19 de Fevereiro de 1998,

Titulo: ParaBroser SISTEMA INTELIGENTE DE CLASSIFICACAD AMBIENTAL PARA AVICULTURA BASEADO NA
LOGICA PARACONSISTENTE ANOTADA EVIDENCIAL Et

Data de publicagiio: 280%/2025

Data de criagdo: 28/05/2025

Titular{es): ASSUPERO ENSINO SUPERIOR LTDA.

Autor(es): JAIR MINORO ABE; LEANDRO CIGANO DE SOUZA THOMAS
Linguagem: PYTHON

Campo de aplicagio: AG-10

Tipo de programa: (A-02

Algoritmo hash: OUTROS

Resumo digital hash: 6ad5cdeBeddd034de0ali7ize9ae5ecd

Expedido em: 28/10/2025

Aprovado por:
Alexandre Gomes Ciancio
Coordenador Geral da COGTI
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