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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 Eτ (Logic Eτ), 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 Eτ. 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 Eτ 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 produção de frangos de corte é um segmento essencial da cadeia agroindustrial, responsável 

por abastecer o mercado global com proteína animal de forma acessível. O desempenho 

produtivo e o bem-estar das aves dependem do controle eficaz de variáveis ambientais críticas, 

como temperatura, umidade, ventilação, concentração de dióxido de carbono e amônia. 

Flutuações nesses parâmetros afetam a conversão alimentar, o crescimento e a mortalidade, 

tornando o monitoramento ambiental determinante para a eficiência e sustentabilidade da 

atividade. Contudo, sistemas convencionais de análise de dados apresentam limitações diante 

de informações conflitantes, imprecisas e incompletas, comprometendo a tomada de decisão. 

Diante desse cenário, esta dissertação propõe o desenvolvimento e validação de um sistema 

especialista baseado na Lógica Paraconsistente Anotada Evidencial Eτ (Lógica Eτ), capaz de 

classificar condições ambientais em aviários mesmo sob incerteza e contradição. A pesquisa 

adota a metodologia Design Science Research (DSR), estruturada em três etapas: (1) revisão 

sistemática da literatura sobre tecnologias inteligentes aplicadas à avicultura de precisão; (2) 

construção de um modelo lógico aplicado a dados reais de três tipos de galpões (Blue House, 

Dark House e Solid Wall); e (3) desenvolvimento de um aplicativo classificador ambiental 

funcional, implementado em plataforma de desenvolvimento sem codificação (low code), com 

inferências baseadas na Lógica Eτ. Como resultados científicos da pesquisa, foram 

desenvolvidos três artigos acadêmicos alinhados às 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 aplicação prática. 

Os resultados indicam que o sistema proposto realiza inferências robustas e consistentes, 

oferecendo classificações lógicas e recomendações operacionais para correção das condições 

ambientais. O artefato desenvolvido configura-se como ferramenta de apoio à decisão, capaz 

de promover estabilidade, reduzir perdas e aumentar a eficiência zootécnica. Conclui-se que a 

aplicação da Lógica Eτ no monitoramento ambiental avícola representa uma solução 

inovadora, replicável e cientificamente fundamentada, com potencial para impulsionar o 

avanço tecnológico e sustentável da indústria avícola. 

  

Palavras-chave: Lógica Paraconsistente, Monitoramento Ambiental, Produção de Aves de 

Corte, Bem-Estar Animal, Análise de Dados, Otimização Agrícola. 

  



 

 
 

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 Eτ 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 Eτ, 

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 Eτ, 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 Eτ; 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; Brassó 

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 Eτ (Logic Eτ) for monitoring 

environmental conditions to optimize broiler production. By integrating Logic Eτ, 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 

Eτ 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 Eτ and 

environmental monitoring, this study seeks to offer practical insights and solutions to improve 
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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 Eτ-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 Eτ 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 Eτ 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 Eτ, 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 Eτ. 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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•  SO1: To identify the challenges faced by broiler producers in the use of smart 

technologies in precision poultry farming. 

• SO2: To develop an expert system using Paraconsistent Annotated Evidential 

Logic Eτ, that addresses the challenges identified in the first objective, qualitatively classifying 

the analyzed parameters: temperature, relative humidity, air velocity, carbon dioxide, and 

ammonia. 

• SO3: To develop an application based on the Logic Eτ 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 Eτ. 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 I 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 II contextualizes the research problem by addressing the challenges of 

environmental control in poultry houses and the limitations of conventional approaches. 

Chapter III comprises the theoretical framework, synthesizing the scientific foundations 

on precision poultry farming, the Internet of Things (IoT), Logic Eτ, 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 (Nääs 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 (IoT), Artificial Intelligence (AI), 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; Silva et 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 IoT, AI, 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, IoT 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 IoT and AI 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 (IoT) 

 

The Internet of Things (IoT) 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, IoT systems facilitate the 

prediction of failures in ventilation and climate control equipment, enabling proactive 

adjustments before critical issues arise. Practical applications of IoT 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 IoT, 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 IoT 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 Eτ 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 Stress in 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 Eτ 

 

Logic Eτ offers an approach that resolves these issues by enabling the flexible and 

effective processing of conflicting, inaccurate, and incomplete data. Unlike classical logic, 

Logic Eτ 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 Eτ 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 Eτ 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 Eτ 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 

et al., 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 IoT 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 Eτ and Environmental Variables 

 

Logic Eτ offers an effective solution for managing these spatial variations. By enabling 

the processing of contradictory or inaccurate data, Logic Eτ 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 Eτ 

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 (NH₃) 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 (Nääs et al., 2007). 

 

2.6.1 Monitoring Ammonia and Other Gases 

 

The presence of ammonia (NH₃) 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 (CO₂), 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 CO₂ 

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 Eτ in Gas Monitoring 

 

Logic Eτ can be applied to enhance air quality monitoring, particularly regarding 

ammonia and carbon dioxide. By analyzing data from gas sensors, Logic Eτ 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 Eτ can analyze 

the data to quickly identify oscillations in ammonia or CO₂ concentrations that may approach 

critical thresholds. 

 

2.6.4 Generate Immediate Alerts 

 

By identifying these peaks or variations, Logic Eτ 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 Eτ ensures that decisions are made with greater confidence, even in 

environments with partially inconsistent data. 

By integrating Logic Eτ 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 
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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 III 

 

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 (Nääs 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 (Nääs 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 

et al., 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 

et al., 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; 

Araújo 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 (IoT) 

 

IoT 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, IoT has provided precise control over various aspects of 

production (Porter; Heppelmann, 2014). The application of IoT in animal production systems, 

including poultry farming, improves the monitoring and control of environmental conditions 

in poultry houses (García; Martínez, 2019).  

Sensors and monitoring are essential components for the application of IoT 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 (García; Martínez, 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 IoT 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 IoT for monitoring requires high 

upfront investments, making implementation difficult for smallholders. 

Ultimately, IoT 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 Eτ 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 Eτ. 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 Eτ 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; Ávila, 1996). 

In the field of hardware, Da Silva Filho developed digital circuits based on Logic Eτ, 

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 Eτ, and Sofya, developed with software based on Logic Eτ, 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 Eτ 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 (μ, λ) 

 

In Logic Eτ, a proposition is represented in the form p(μ, λ), where μ and λ, 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 (μ, λ) 

constitutes the basic unit of representation in Logic Eτ 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] × [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 Eτ in monitoring, inference, and decision-making systems that operate under conditions 

of uncertainty and informational conflict (Abe, 1992). 

 

3.5.2 Negation in Logic Eτ 

 

Negation in Logic Eτ exhibits behavior distinct from that found in classical logic. 

Rather than simply inverting the logical value of a proposition, Logic Eτ performs negation by 

inverting the degrees of evidence that constitute the annotation. Thus, given an annotated 

proposition p(μ, λ), its negation is represented by: 

 

¬p(μ, λ) = p(λ, μ). 

 

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 Eτ 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 Eτ 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 Eτ 

 

The logical connectives of Paraconsistent Annotated Evidential Logic Eτ 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 Eτ, each operation 

is applied directly to propositions of the type p(μ, λ) e q(θ, ρ), preserving the evidential pairs that 

constitute each annotation. 

. 

 

Table 1 - Connectors 

Connectors Read 

p(m, λ) ∧ q(θ, ρ) a conjunction of p(μ, λ) and q(θ, ρ) 

p(m, λ) ∨ q(θ, ρ) a disjunction of p(μ, λ) and q(θ, ρ) 

p(m, λ) → q(θ, ρ) an implication of q(θ, ρ) by p(μ, λ) 

Source: Abe (2010). 

 

Conjunction combines two propositions such that the result simultaneously reflects 

their favorable and contrary evidence. It is expressed as: 

 

p(μ, λ) ∧ q(θ, ρ). 

 

Disjunction represents the informational union between the propositions and is written 

as: 

 

p(μ, λ) ∨ q(θ, ρ). 
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Implication establishes a directional relationship between the evidential pairs of p and 

q, 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(μ, λ) → q(θ, ρ). 

 

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

the conjunction of two implications: 

 

p(μ, λ) ↔ q(θ, ρ) = (p(μ, λ) → q(θ, ρ)) ∧ (q(θ, ρ) → p(μ, λ)). 

 

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 Eτ. Each annotated proposition p(μ, λ) is 

represented as a point in the two-dimensional space defined by the Cartesian product [0, 1] × 

[0, 1], where μ e λ correspond, respectively, to the degrees of favorable and unfavorable 

evidence. 
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Table 2 – Lattice Properties 

Expression Property 

∀μ, λ ∈ τ, (μ, λ) ≤ (μ, λ) Reflexivity 

∀μ1, λ1, μ2, λ2 ∈ τ, (μ1, λ1) ≤ (μ2, λ2) and (μ2, λ2) ≤ (μ1, λ1), 

imply (μ1, λ1) = (μ2, λ2) 
Antisymmetry 

∀μ1, λ1, μ2, λ2, μ3, λ3∈ τ, (μ1, λ1) ≤ (μ2, λ2) and (μ2, λ2) ≤ (μ3, λ3), 

imply (μ1, λ1) ≤ (μ3, λ3) 
Transitivity 

∀μ1, λ1, μ2, λ2 ∈ τ, the supremum of {(μ1, λ1), (μ2, λ2)} exists, denoted by (μ1, λ1) ∨ (μ2, 

λ2) = (Max{μ1, λ2}, Min{λ1, λ2}) 

∀μ1, λ1, μ2, λ2 ∈ τ, the infimum of {(μ1, λ1), (μ2, λ2)} exists, denoted by (μ1, λ1) ∧ (μ2, λ2) = 

(Min{μ1, λ2}, Max{λ1, λ2}) 

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 

  

Source: ABE (2010). 
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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 μ + λ = 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 μ = λ, 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 Eτ. 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 Eτ 

 

The degrees defined in Paraconsistent Annotated Evidential Logic Eτ epresent 

numerical measures that allow for the interpretation of the intensity of the evidence associated 

with an annotated proposition p(μ, λ). 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 Gce, is calculated by the difference between 

favorable and unfavorable evidence: 

 

Gce = μ - λ. 

 

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: 

Gct = μ + λ - 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 μ over λ; conversely, falsity reflects the inverse 

relationship. Inconsistency and paracompleteness reflect situations where μ and λ 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 Eτ 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 Eτ represent qualitative 

interpretations of the evidential pairs associated with an annotated proposition p(μ, λ). These 

states are determined based on the degrees of certainty and contradiction, as well as the position 

of the point (μ, λ) 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. 
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Table 3 - Symbology of Extreme States. 

Extreme States Symbol 

True V 

False F 

Inconsistent T 

Paracomplete ⊥ 

Source: Abe (2011). 

 

In addition to these extreme states, Logic Eτ 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→⊥ 

Quasi-false tending to Inconsistent QF→T 

Quasi-false tending to Paracomplete QF→⊥ 

Quasi-inconsistent tending to the True QT→V 

Quasi-Inconsistent tending to False QT→F 

Quasi-paracomplete tending to the True Q⊥→V 

Quasi-paracomplete tending to False Q⊥→F 

Source: Abe (2010). 

 

The distinction between extreme and non-extreme states is fundamental to Logic Eτ, as 

it provides the semantic foundation for decision-making in environments with imperfect 

information. This structure enables a system based on Logic Eτ 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 Eτ; 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 Eτ.  

 

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) 

 

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 Eτ, 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 

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," "IoT," "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 Eτ 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 Eτ, 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 Eτ 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 Eτ, allowing to simultaneously represent degrees of evidence favorable 

(μ) and unfavorable (λ) 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 (CO₂) 

and ammonia (NH₃) — were converted into pairs of evidence (μ, λ) 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 (μ, λ), the model calculates 

the indicators of Degree of Certainty (Gce) and Degree of Uncertainty (Gin), used to 

determine the logical state of each elementary proposition. The variables were combined 

according to Logic Eτ, resulting in the compound proposition: 

 

P = T ∧ H ∧ V ∧ CO2 ∧ NH3  
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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 (μ, λ) 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 Eτ", 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 Eτ 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 Eτ, 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 (CO₂, ppm) and Ammonia (NH₃, 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 Eτ, 
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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; Ramašauskas; 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). 
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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 López 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 (IoT), Big Data, 

and Artificial Intelligence (AI). 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 IoT and AI 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 Eτ. 
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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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5.2 Article 2 – KES - The Model Based on Logic Eτ 

 

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 Eτ 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 Eτ. 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 IoT sensors, covering critical environmental 

variables such as temperature, relative humidity, air velocity, carbon dioxide and ammonia; 

(ii) Logical processing — using Logic Eτ to assign favorable and unfavorable degrees of 

evidence (μ and λ) to each variable, allowing inferences under conditions of uncertainty;  

(iii) 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 Eτ 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 Eτ 

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). 
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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 Eτ”, 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 

(INPI), 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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5.4 Cross-Study Discussion  

 

This dissertation established the primary objective of developing a Paraconsistent 

Expert System for environmental monitoring in poultry houses using Logic Eτ. 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 Eτ 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 IoT 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 Eτ, to handle 

environmental data inconsistencies in a structured manner. This result reinforced the relevance 

of developing a model based on Logic Eτ, 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 Eτ 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 Eτ 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 
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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 Eτ 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. 

 

5.5 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 Eτ 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 Eτ proves capable of formally 

handling contradictory, incomplete, and imprecise data, allowing for the controlled coexistence 

of favorable (μ) and unfavorable (λ) 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 (INPI), 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 CO₂ and NH₃, 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 Eτ 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 IoT 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 IoT 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 Eτ 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 Eτ, 

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 Eτ 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 Eτ 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, CO₂ and NH₃ 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 Eτ 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 IoT 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 Eτ, 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 IoT 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 Eτ 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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