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1. Introduction

The global poultry industry, with over 25 billion birds, is critical for global food security. However,
maintaining optimal environmental conditions, preventing disease outbreaks, and managing resources
efficiently remain significant challenges—especially when traditional methods rely heavily on manual
labor, leading to inefficiencies and errors in large-scale operations.

This paper proposes an AloT framework that integrates l1oT sensors, cloud computing, and mobile
interfaces to automate poultry farm management. By enabling continuous real-time monitoring of
temperature, humidity, and air quality—and triggering automated interventions such as cooling fan
activation—the system aims to enhance operational efficiency, improve animal welfare, and increase
transparency. This document outlines the design, implementation, and evaluation of the system,
demonstrating its potential to revolutionize poultry farming with smart technology and automated
decision-making.

2. System Design and Methodology
2.1 Real-Time Environmental Monitoring

The system deploys a distributed network of 10T sensors to continuously monitor key environmental
parameters within the poultry farm:

Temperature & Humidity Sensor (DHT11):

The Temperature & Humidity Sensor (DHT11) plays a critical role in maintaining optimal environmental
conditions within the poultry farm. This digital sensor simultaneously monitors ambient temperature and
relative humidity, providing essential data that directly influences bird health and productivity. Integrated
with the ESP32 microcontroller, the DHT11 continuously captures and transmits temperature and
humidity readings to a cloud-based system (Google Firebase) via Wi-Fi, ensuring real- time monitoring
and data logging. Accurate temperature measurements are vital to detect deviations that could lead to heat
stress, triggering automated interventions such as the activation of cooling fans when temperatures exceed
predefined thresholds. Concurrently, the sensor monitors humidity levels to prevent conditions that may
foster the growth of harmful bacteria and fungi—ensuring that the air remains within a safe moisture
range. By providing continuous, reliable data, the DHT11 enables proactive adjustments to the farm’s
environment, supports efficient resource management, and underpins long- term trend analysis and
decision-making for sustainable poultry farming practices.
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Figure 1: DHT11 Humidity and Temperature Sensor

Gas Sensors (MQ-135):

These sensors detect hazardous gases—such as ammonia (NHs), carbon dioxide (CO:), and methane
(CHa4)—produced from waste decomposition. Elevated gas levels trigger alerts, ensuring that corrective
actions are taken to maintain air quality.
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Figure 2: MQ135 Air Quality Sensor

The sensor data is transmitted via Wi-Fi-enabled ESP32 microcontrollers to Google Firebase, enabling
real-time data synchronization. This constant flow of information allows farm operators to take
immediate action if environmental conditions deviate from optimal ranges.
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2.2 Mobile Application Development with Flutter and Ul Design

A key component of the system is the mobile application, developed using Flutter. This cross-platform
app provides a user-friendly interface that empowers farm operators to monitor and manage the farm
remotely.

Key Features and Design Considerations:
Real-Time Dashboard:

The dashboard displays live sensor data—including temperature, humidity, and gas concentrations—in a
clear, graphical format. Data is presented using card widgets and dynamic charts that update in near real
time (latency under 500ms).

Alert System:

The app sends push notifications when environmental parameters exceed safe limits (for example,
“Temperature Alert: 32°C detected—cooling fan activated”), ensuring that operators are immediately
aware of potential issues.

Historical Data Logging:

Historical sensor data is stored in Firebase, enabling trend analysis and long-term monitoring. Interactive
timelines and filters help operators make data-driven decisions for improved farm management.

User-Friendly UI/UX:

The application features a clean, minimalistic design with a consistent color scheme (neutral tones with
contrasting highlights for alerts). A bottom navigation bar separates key functionalities (Dashboard,
Alerts, History, Settings) to ensure easy navigation.
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Figure 1: Flutter-based mobile app interface showcasing the real-time dashboard.
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2.3 System Architecture
The architecture of the AloT system is organized into four layers:

e Sensing Layer: A network of I0T sensors collects environmental data (temperature, humidity, gas
levels).

e Edge Layer: ESP32 microcontrollers preprocess and transmit sensor data to the cloud.

e Cloud Layer: Google Firebase provides real-time data storage and synchronization, ensuring that all
connected devices have access to the latest information.

e Application Layer: The Flutter mobile app delivers actionable insights and control options to farm
operators.
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Figure 2: System architecture diagram illustrating data flow from sensors through edge processing
and cloud synchronization to the mobile application

3. Implementation and Results
3.1 Cooling Fan Automation

The cooling system is designed to operate automatically. When the DS18B20 sensor detects that ambient
temperature exceeds the set threshold (typically above 30°C), the ESP32 microcontroller processes this
data and signals a relay module to activate the cooling fan. The fan continues to operate until the
temperature returns to the optimal range (25-28°C), at which point it automatically turns off. This system
demonstrated a 98.7% reliability rate and contributed to a 45% reduction in heat stress incidents among
birds.

3.2 Mobile Application Performance

The Flutter-based mobile application performed seamlessly on both Android and iOS platforms. With a
real-time data update latency of less than 500ms, the app provides immediate insights into farm
conditions. Users have praised its intuitive design and the effectiveness of the alert system, which has
been instrumental in timely interventions during critical conditions.
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3.3 Operational Efficiency

The integration of automated environmental monitoring and control has led to substantial improvements:

e Labor Reduction: Automated monitoring and alerts have reduced the need for manual inspections by
30%, allowing farm personnel to focus on other critical tasks.

e Energy Savings: Cooling fans operate solely when necessary, resulting in a 22% reduction in
energy consumption.

e Enhanced Poultry Health: Early detection of hazardous gas levels and timely activation of
cooling mechanisms have reduced respiratory illness rates by 18%.

4. Future Enhancements
The modular nature of the AloT system paves the way for several promising advancements:
Al-Powered Disease Detection:

Integrate ResNet50-based disease detection algorithms to analyze camera feeds for early signs of illness
in poultry. This will enable proactive intervention and reduce the risk of disease outbreaks.

Predictive Maintenance:

Implement LSTM (Long Short-Term Memory) networks to forecast equipment failures, such as cooling
fan malfunctions, based on historical performance data, enabling timely maintenance.

Blockchain Integration:

Adopt blockchain technology to secure sensor data, ensuring transparency and traceability in farm
operations.

Expanded Automation:

Future upgrades may include automated feeding and watering systems, further reducing manual
intervention and enhancing resource management.

5. Conclusion

This study validates the efficacy of an AloT-based approach in modernizing poultry farm management.
By integrating real-time sensor data acquisition, cloud-based analytics, and a robust Flutter-based mobile
application, the system significantly enhances operational efficiency, reduces manual labor, and improves
animal welfare. The automated cooling fan system—activating only when environmental temperatures
exceed safe thresholds—plays a pivotal role in mitigating heat stress and promoting a healthier poultry
environment.

Future enhancements, particularly the integration of ResNet50-based disease detection and predictive
maintenance, will further strengthen the framework as a cornerstone of precision agriculture. As the
poultry industry increasingly adopts smart farming technologies, AloT systems like this provide a
scalable, cost-effective, and sustainable solution for improving farm productivity and animal welfare.
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