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Poultry farming is an important sector in agriculture that requires continuous monitoring of environmental conditions to maintain
poultry health and productivity. Traditional poultry farming methods mainly depend on manual supervision, which can result in improper
environmental control, feed wastage, delayed hazard detection, and increased labor requirements. This paper presents the design and
implementation of an loT-enabled poultry farm monitoring and control system using smart sensors, automation, and cloud connectivity. The
proposed system integrates temperature and humidity monitoring, ammonia gas detection, water level monitoring, lighting control, automated
feed dispensing, and visual monitoring through a camera module. An ESP32 microcontroller is used as the central processing unit to collect
sensor data and control farm devices automatically. The collected data are transmitted to a cloud-based dashboard using Wi-Fi for real-time
monitoring and remote access. The system activates fans, lights, feeders, and alerts whenever abnormal environmental conditions are detected.
The proposed solution reduces manual effort, improves poultry welfare, increases farm efficiency, and supports smart farming applications.
Experimental results demonstrate reliable monitoring and automation suitable for both small-scale and commercial poultry farms.

10T, Poultry Farm, ESP32, Smart Farming, Automation, Environmental Monitoring, Sensors, Cloud Dashboard

Poultry farming is one of the major agricultural sectors that contributes significantly to food production and economic
development. Proper monitoring of environmental conditions such as temperature, humidity, lighting, ventilation, feed supply,
and water availability is essential to maintain poultry health and improve farm productivity. Traditional poultry farming methods
mainly depend on manual monitoring and control systems, which are labor-intensive, time-consuming, and less efficient in
maintaining suitable environmental conditions for poultry growth.

Improper environmental monitoring inside poultry farms can result in bird stress, disease spread, feed wastage, water
shortages, and increased mortality rates. Harmful gases such as ammonia produced from poultry waste may also affect poultry
health and reduce farm efficiency. Continuous monitoring of environmental parameters is therefore necessary for maintaining
optimal poultry farm conditions.

Recent advancements in Internet of Things (IoT) technologies have enabled the development of smart agriculture systems
capable of real-time monitoring and automated control. loT-based poultry monitoring systems use sensors, wireless
communication technologies, and cloud platforms to monitor environmental conditions continuously and automatically control
farm equipment. These systems reduce manual intervention and improve operational efficiency.

ESP32 microcontrollers have become widely used in 10T applications because of their built-in Wi-Fi capability, low
power consumption, and efficient real-time processing performance. Environmental sensors such as DHT11, MQ135, LDR
sensors, and water level sensors can be interfaced with ESP32 for continuous poultry farm monitoring. The collected sensor data
can be transmitted to cloud platforms for remote monitoring and analysis.

The proposed loT-enabled poultry farm monitoring and control system integrates temperature and humidity monitoring,
ammonia gas detection, automatic lighting control, automated feed dispensing, water level monitoring, and camera-based visual
monitoring into a single smart farming platform. The system automatically controls fans, lighting systems, and feeding
mechanisms based on predefined threshold values. The environmental data are transmitted to a cloud dashboard through Wi-Fi
communication for real-time monitoring and remote access.
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The main objective of the proposed system is to develop a low-cost, intelligent, and automated poultry farm monitoring system
that improves poultry welfare, reduces labor requirements, enhances productivity, and supports modern smart farming
applications.

The rapid growth of poultry farming has increased the need for efficient environmental monitoring and automated farm
management systems. Traditional poultry farms mainly depend on manual supervision for monitoring temperature, humidity,
lighting conditions, feed supply, water availability, and ventilation. These conventional monitoring methods are time-consuming,
labor-intensive, and often fail to maintain suitable environmental conditions continuously inside the poultry farm.

Improper environmental conditions may negatively affect poultry health, growth rate, and overall productivity. High
temperature and humidity levels can create stress among birds and increase the possibility of disease spread. In addition, harmful
gases such as ammonia released from poultry waste can affect bird health and create an unhealthy farm environment. Lack of
continuous monitoring may also result in delayed detection of abnormal environmental conditions, feed shortages, water supply
issues, and poor ventilation management.

Existing poultry monitoring systems are often limited in terms of automation, real-time monitoring, remote accessibility,
and integrated environmental control. Many conventional systems require continuous human intervention and are unable to
provide real-time cloud-based monitoring facilities. Some systems also lack visual monitoring and automatic alert generation
capabilities.

Although recent advancements in Internet of Things (10T) and embedded systems have enabled the development of smart
farming technologies, many existing poultry farm monitoring systems still suffer from limitations such as high implementation
cost, low scalability, and limited sensor integration. The absence of intelligent automated control systems can reduce poultry
productivity and increase operational expenses.

Therefore, there is a need to develop an efficient, low-cost, and loT-enabled poultry farm monitoring and control system
capable of continuously monitoring environmental parameters, automating farm operations, providing real-time cloud-based
monitoring, and improving poultry farm management efficiency. The proposed system aims to overcome these limitations by
integrating smart sensors, automation technologies, cloud communication, and visual monitoring into a single intelligent poultry
farming platform.

Traditional poultry farms rely heavily on manual monitoring and control, which often leads to inconsistent environmental
conditions, delayed response to hazards (temperature rise, high ammonia levels, water/feed shortage), and reduced productivity.
Manual practices are also labor-intensive, error-prone, and inefficient in large-scale operations. There is a need for an 1oT-
enabled automated system that can continuously monitor key farm parameters, provide real-time alerts and cloud access, and
control actuators intelligently to maintain optimal conditions for poultry health and productivity while reducing human effort.

e To design an loT-based system for real-time monitoring of poultry farm parameters and cloud data access.
e To develop an automated control system for regulating farm conditions using sensor feedback.

Due to the rapid advancement of Internet of Things (10T) technologies and smart agriculture systems, several researchers
have developed automated poultry farm monitoring systems using embedded systems, environmental sensors, wireless
communication, and cloud-based platforms. These systems help in improving poultry health, farm productivity, and
environmental management through automation and real-time monitoring.

P. Prem Kumar and M. Deepankumar [1] proposed the design and development of an loT-based smart poultry farm
monitoring system for efficient poultry farm management. Their work focused on real-time environmental monitoring and
automated control of farm conditions using 10T technologies. The developed system improved poultry productivity and reduced
manual intervention.

S. S. S. Kumar [2] developed an loT-based smart poultry farm monitoring system capable of continuously monitoring
environmental conditions such as temperature and humidity. The proposed system utilized wireless communication and cloud-
based monitoring techniques to improve poultry farm management efficiency and environmental control.

M. S. Prasad and R. S. Reddy [3] presented an loT-based poultry farm temperature and humidity monitoring system.
Their research mainly focused on maintaining suitable environmental conditions for poultry growth by continuously monitoring
environmental parameters using sensor technologies and embedded systems.

S. S. Kumar and R. R. Kumar [4] proposed an loT-based automated poultry farm system for layer chicken management
applications. The developed system automated feeding, environmental monitoring, and farm management processes using loT
technologies and embedded control systems.

A. A. Shaikh and M. M. Shaikh [5] developed a smart poultry farm system using loT technologies and wireless
communication systems. Their research concentrated on improving poultry farm automation and environmental monitoring using
sensor networks and cloud communication techniques.

S. Kumar, P. K. et al. [6] proposed an loT-based automated poultry farm system integrated with artificial intelligence
techniques for advanced poultry management applications. Their work emphasized intelligent automation, environmental
monitoring, and Al-based poultry farm analysis for improving operational efficiency and poultry health management.
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R. Reddy and K. K. Kumar [7] developed an loT-based poultry farm automation system capable of monitoring
environmental conditions and automatically controlling farm equipment. Their proposed system improved automation efficiency
and reduced the need for continuous human supervision inside poultry farms.

A. N. Singh [8] presented a wireless sensor network-based precision poultry farming system for smart agricultural
applications. The study highlighted the importance of wireless sensor networks in monitoring poultry farm environmental
conditions and improving precision farming capabilities.

L. Zhang and H. Li [9] proposed a cloud-centric loT platform for livestock monitoring and control applications. Their
work focused on cloud-based environmental monitoring, remote accessibility, real-time data visualization, and intelligent farm
management using loT communication technologies.

Although several 1oT-based poultry farm monitoring systems have been developed, many existing systems still suffer
from limitations such as lack of integrated ammonia gas detection, limited cloud-based monitoring capability, absence of camera-
based visual surveillance, and higher implementation cost. Therefore, the proposed 10T -enabled poultry farm monitoring and
control system aims to overcome these limitations by integrating environmental sensors, automation technologies, wireless
communication, cloud-based monitoring, and visual surveillance into a single intelligent smart farming platform.

The proposed loT-enabled poultry farm monitoring and control system follows a systematic methodology for monitoring
environmental conditions, automating poultry farm operations, and providing real-time cloud-based monitoring using embedded
systems and wireless communication technologies. The system integrates environmental sensors, ESP32 microcontroller,
automated control devices, cloud communication, and visual monitoring to improve poultry farm management efficiency.

The methodology begins with environmental data acquisition using multiple sensors installed inside the poultry farm.
The DHT11 sensor continuously monitors temperature and humidity conditions, while the MQ135 sensor detects harmful
ammonia gas concentration generated from poultry waste. The LDR sensor measures light intensity inside the poultry shed, and
the water level sensor monitors water availability in the storage tank. These sensors continuously provide real-time environmental
data to the ESP32 microcontroller.
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Figure 1: Block diagram of 10T enabled poultry form monitoring and control system

Figure 1 illustrates the structural block diagram of the proposed IoT-enabled poultry farm monitoring system. The
architecture is centered around an ESP32 microcontroller, which serves as the primary processing hub. The input module consists
of various specialized sensors, including a DHT11 sensor for ambient temperature and humidity tracking, an MQ135 sensor for
hazardous ammonia ($\text{NH}_3$) gas detection, an LDR module to gauge light intensity, and an ultrasonic sensor to monitor
water and feed resource levels. Based on the processed sensor thresholds, the ESP32 dynamically issues commands to the output
module via a multi-channel relay interface, automatically regulating physical appliances such as exhaust fans, space heaters,
water pumps, and automated feeding mechanisms.

The proposed methodology also incorporates a closed-loop environmental control mechanism for maintaining optimal
poultry farm conditions continuously. The ESP32 controller periodically analyzes incoming sensor readings and dynamically
adjusts connected actuators according to environmental variations detected inside the poultry shed. This intelligent monitoring
mechanism helps in reducing environmental fluctuations and improves overall poultry health management efficiency.

The integrated relay control unit provides electrical isolation between low-power sensing circuits and high-power farm
equipment. The relay module automatically switches devices such as ventilation fans, lighting systems, and water pumps based
on real-time environmental conditions. This automated regulation mechanism minimizes manual supervision and ensures stable
environmental operation throughout the poultry farming process.

In addition, the proposed system supports cloud-based data storage and remote accessibility through wireless
communication technologies. The collected sensor data are periodically uploaded to the cloud platform for real-time
visualization, long-term environmental analysis, and remote monitoring applications.
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Figure 2: Flowchart 10T enabled poultry form monitoring and control system

Figure 2 depicts the operational flowchart outlining the step-by-step firmware logic executed by the microcontroller
system. Upon initialization, the system routinely captures raw inputs from all deployed environmental sensors and routes the
signals through a pre-processing phase to filter out environmental noise. The system then evaluates these real-time values against
predefined threshold limits optimized for poultry health and safety. If the parameters are within a stable range, the program loops
back to continue monitoring. However, if any threshold is violated, the program enters a correction routine—systematically
activating the corresponding physical relays and actuators until environmental equilibrium is restored.
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Figure 3: Poultry farm Monitoring Dashboard Output

Figure 3 shows the network data flow and visualization architecture are mapped out in Figure 3. After sensor data is
collected and verified locally by the ESP32, the onboard Wi-Fi module packages this information and transmits it to the cloud
layer using standard 10T communication protocols. The cloud platform acts as a centralized data repository, instantly updating
the connected database channels. This cloud layer acts as a bridge to the user end, populating an interactive mobile or web
dashboard with real-time telemetry analytics. This allows farm operators to remotely supervise environmental conditions from
any location and receive instantaneous emergency push notifications if critical thresholds are breached.

The proposed loT-enabled poultry farm monitoring and control system is designed as an integrated smart farming
architecture that combines environmental sensing, embedded processing, automated control, cloud communication, and visual
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monitoring into a single intelligent platform. The developed architecture enables continuous monitoring of poultry farm
environmental conditions and automatic control of farm equipment for maintaining a healthy poultry environment.

The overall system architecture is centered on the ESP32 microcontroller, which acts as the main processing and control
unit of the system. Multiple environmental sensors such as DHT11 temperature and humidity sensor, MQ135 ammonia gas
sensor, LDR sensor, and water level sensor are connected to the ESP32 controller for continuous environmental monitoring.
These sensors continuously collect environmental data from the poultry farm and transmit the sensor readings to the processing
unit for analysis and control operations.
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Figure 4: System Architecture of loT-Enabled Poultry Farm Monitoring and Control System

Figure 4 shows the Architecture of lot-Enabled poultry farm monitoring and control system,the DHT11 sensor
continuously monitors temperature and humidity conditions inside the poultry farm. The MQ135 gas sensor is used to detect
harmful ammonia gas concentration generated from poultry waste. The LDR sensor measures light intensity levels, while the
water level sensor monitors water availability inside the water storage tank. The collected sensor data are processed by the ESP32
microcontroller in real time.

The ESP32 microcontroller performs threshold comparison and decision-making operations based on the received sensor
values. Whenever the temperature exceeds the predefined safe limit, the controller automatically activates the exhaust fan
through relay modules to maintain proper ventilation. Similarly, when light intensity decreases below the required level, the
LED lighting system is automatically turned on. The water pump and automatic feed dispensing mechanism are also controlled
automatically based on environmental conditions and predefined operational requirements.

The automatic feed dispensing system uses a servo motor mechanism for controlled feed distribution inside the poultry
farm. The proposed system also includes a camera module for continuous visual monitoring of poultry activity and environmental
conditions. The camera captures real-time images and video streams, enabling farmers to remotely monitor poultry farm
operations and bird behavior.

The ESP32 microcontroller utilizes its built-in Wi-Fi communication capability to transmit environmental data to cloud-
based platforms such as Thing Speak or Firebase. The cloud platform stores environmental data, provides graphical visualization,
and enables remote monitoring through smartphones, laptops, or web-based applications connected to the internet. Real-time
alerts and notifications can also be generated whenever abnormal environmental conditions are detected inside the poultry farm.

The proposed architecture follows an automatic threshold-based control mechanism in which environmental parameters
are continuously monitored and compared with predefined threshold values. Whenever abnormal environmental conditions are
detected, the system automatically activates corresponding devices such as exhaust fans, LED lights, water pumps, and feed
dispensers without requiring manual intervention.

The developed system architecture provides real-time environmental monitoring, automated farm control, remote
accessibility, cloud-based data visualization, and efficient poultry farm management. The integration of IoT technologies,
wireless communication systems, cloud computing, sensor networks, and automation techniques makes the proposed architecture
suitable for modern smart poultry farming and precision agriculture applications.

The proposed loT-enabled poultry farm monitoring and control system was developed successfully for real-time
environmental monitoring and automation inside the poultry farm. The developed prototype consists of ESP32 microcontroller,
DHT11 temperature and humidity sensor, MQ135 ammonia gas sensor, LDR sensor, water level sensor, relay module, servo
motor, exhaust fan, LED lighting system, and cloud monitoring platform.

The developed system was capable of continuously monitoring environmental parameters such as temperature, humidity,
ammonia gas concentration, light intensity, and water level inside the poultry farm. The ESP32 microcontroller successfully
collected environmental data from sensors and uploaded the data to the ThingSpeak cloud platform through Wi-Fi
communication.
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Figure 5: prototype model of the loT-Enabled Poultry Farm Monitoring

The figure 5 represents the developed hardware prototype of the proposed poultry farm monitoring system. The prototype

includes environmental sensors, ESP32 controller, relay modules, exhaust fan, lighting system, and automatic feeding mechanism
used for smart poultry farm automation and monitoring applications.
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Figure 6: Real-time monitoring dashboard of the loT-Enabled Poultry Farm

The figure 6 represents the graphical visualization of real-time temperature and humidity monitoring using the ThingSpeak

cloud platform. The ESP32 controller continuously collected sensor readings and transmitted the environmental data to the cloud
platform through wireless communication.
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Figure 7: Al-based visual monitoring and detection interface of the loT-Enabled Poultry Farm
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The figure 7 shows the real-time ammonia gas monitoring performed using the MQ135 gas sensor integrated with the
loT monitoring system. The developed system effectively monitored harmful gas concentration and uploaded environmental
data to the cloud platform for remote monitoring applications.

The developed loT-enabled poultry farm monitoring system operated successfully without significant delay in data
acquisition, processing, and wireless communication. The integration of environmental sensors, automation devices, cloud
communication, and real-time monitoring technologies improved poultry farm management efficiency and reduced manual
intervention.

The proposed loT-enabled poultry farm monitoring and control architecture provides several advantages over
conventional farm management techniques. The optimized closed-loop feedback systems and automated regulation networks
improve overall environmental stability while reducing manual human supervision.

e High operational automation

Real-time hazardous gas mitigation

Reduced resource and feed wastage

Lower reliance on manual labor

Ubiquitous cloud data logging

Non-invasive visual mortality detection
Energy-efficient and low-cost hardware implementation

The proposed loT-enabled poultry farm monitoring and control architecture provides several applications across different
livestock and agricultural domains. The scalable sensor integration and automated feedback networks improve overall farm
management efficiency while minimizing real-time operational risks.

Automated climate management in broiler houses
Real-time environmental tracking for layer farming
Autonomous threshold regulation in hatcheries
Intelligent safety alerting during ammonia spikes
Remote cloud-based telemetry inventory monitoring
Non-invasive visual surveillance for disease control
Low-cost automated resource and feed dispensing

The future scope of the 10T-Enabled Poultry Farm Monitoring and Control System is very promising in the field of smart
agriculture and automation. The system can be further enhanced by integrating advanced artificial intelligence and machine
learning algorithms for predicting poultry diseases, analyzing bird behavior, and optimizing environmental conditions
automatically. Cloud computing and big data analytics can be used to store and analyze long-term farm data for improving
productivity and decision-making. The project can also be expanded with mobile application support for easier remote
monitoring and control from anywhere. Integration of solar power systems and battery backup can improve energy efficiency
and ensure uninterrupted operation during power failures. Advanced sensors for air quality, feed quality, and bird weight
monitoring can be added to achieve more accurate farm management. GPS and wireless communication technologies such as
LoRa and 5G can be implemented for large-scale poultry farms to provide wider connectivity and faster data transmission. In
the future, robotic systems and automated cleaning mechanisms can also be integrated to reduce human intervention completely
and make poultry farming more efficient, sustainable, and intelligent.

The proposed loT-enabled poultry farm monitoring and control system was successfully developed for smart poultry
farming applications. The system integrated ESP32 microcontroller, environmental sensors, automation devices, cloud
communication, and monitoring technologies for real-time poultry farm management.

The developed prototype continuously monitored important environmental parameters such as temperature, humidity,
ammonia gas concentration, light intensity, and water level inside the poultry farm. The ESP32 controller successfully collected
sensor data and automatically controlled devices such as exhaust fans, lighting systems, and automatic feeding mechanisms
based on predefined environmental conditions.

The environmental data were successfully uploaded to the ThingSpeak cloud platform through Wi-Fi communication for
real-time monitoring and remote access. The developed system reduced manual labor, improved poultry farm management
efficiency, maintained suitable environmental conditions, and enhanced poultry health and productivity.

The proposed system operated effectively without significant delay in environmental monitoring, data processing, and
cloud communication. The integration of automation technologies and cloud-based monitoring systems makes the proposed
system suitable for smart poultry farming and modern agricultural applications.

Thus, it can be concluded that the developed loT-enabled poultry farm monitoring and control system provides a low-
cost, reliable, and efficient solution for automated poultry farm management and supports the advancement of smart agriculture
technologies.
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