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A Smart IOT-Based Cattle Health Monitoring System with Machine 

Learning Integration 

Abstract— Efficient livestock health monitoring is essential 

for improving productivity and reducing losses caused by 

diseases. This paper presents an IoT-based cattle health 

monitoring system integrated with machine learning to predict 

cattle health status and identify potential diseases. By 

leveraging real-time sensor data, Firebase cloud storage, 

predictive models, and a web-based interface for health 

visualization, the system enables precise, data-driven 

interventions. Key diseases addressed include Bovine 

Respiratory Disease (BRD), Mastitis, Heat Stress, Foot and 

Mouth Disease (FMD), Ketosis and Lameness. The system's 

user-friendly design provides medical insights, making it a 

valuable tool for farmers and veterinarians. 
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(BRD), Mastitis, Heat Stress, Foot and Mouth Disease 
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I. INTRODUCTION 

The health and well-being of livestock are essential not only 

for the economic sustainability of farms but also for food 

security and animal welfare. Common diseases in cattle, such 

as Bovine Respiratory Disease (BRD), Mastitis, and metabolic 

disorders like Ketosis, can result in significant financial losses 

due to reduced milk production, weight loss, and, in extreme 

cases, mortality. Early detection and accurate diagnosis are 

critical to minimizing these losses. Traditional cattle health 

monitoring relies heavily on manual observations, which are 

subjective and often delayed, leading to late interventions. 

This paper presents a state-of-the-art IoT-based cattle health 

monitoring system, augmented by machine learning models, 

to provide early detection and diagnosis of cattle diseases in 

real-time. By leveraging IoT sensors to collect vital health data 

and utilizing machine learning to analyze this data, the system 

offers predictive capabilities that can identify emerging health 

issues before they escalate. Furthermore, the system’s 

multilingual interface makes it accessible to farmers in diverse 

regions, supporting agricultural communities that may 

otherwise lack technological tools for effective livestock 

management. 

II. SYSTEM ARCHITECTURE 

A. Health Track IoT Sensors 

The system integrates an array of IoT sensors to enable 

continuous and precise monitoring of critical cattle health 

parameters. These sensors provide a comprehensive real-time 

analysis of both physiological and environmental conditions: 

 

➢ Skin Temperature Sensor (MLX90614) 

The MLX90614 is a high-precision infrared sensor used 

to measure the cattle's skin temperature. By detecting 

infrared radiation emitted from the animal's body, the 

sensor provides accurate temperature readings. These 

measurements are crucial for identifying health issues 

such as fever, often a symptom of infections like Mastitis, 

or heat stress caused by elevated environmental 

temperatures. Furthermore, elevated skin temperature can 

indicate internal inflammation, making this sensor a vital 

component of the system. The sensor communicates with 

the ESP32 via I2C, ensuring reliable and real-time data 

transmission. 

➢ Heart Rate Sensor (Pulse Sensor) 

Heart rate is a key indicator of cattle health, and this 

system employs an optical pulse sensor to measure it. 

Using photoplethysmography (PPG) technology, the 

sensor detects changes in blood flow and converts these 
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into beats-per-minute (BPM) data. Monitoring heart rate 

helps identify conditions such as Bovine Respiratory 

Disease (BRD) or Ketosis, as well as stress and fatigue. 

The sensor is connected to an analog pin on the ESP32, 

which processes the data and transmits it to the cloud. 

Early detection of cardiovascular anomalies is made 

possible through this continuous monitoring. 

➢ Motion Sensor (MPU6050) 

The MPU6050 is an accelerometer and gyroscope sensor 

used to track the cattle's activity and posture. It captures 

motion data along the X, Y, and Z axes, enabling the 

system to assess mobility and detect inactivity. These 

insights are essential for identifying mobility-related 

issues such as Lameness, as well as general illness. By 

analyzing movement patterns, the system provides a 

comprehensive view of the cattle's physical condition. 

The motion sensor is connected to the ESP32 via I2C, 

ensuring seamless data acquisition and processing. 

➢ Surrounding Temperature Sensor (MLX90614) 

In addition to monitoring skin temperature, the 

MLX90614 sensor is used to measure the surrounding 

environmental temperature. This data is crucial for 

assessing the impact of external conditions on cattle 

health. High ambient temperatures can cause heat stress, 

affecting cattle behavior and productivity. By 

continuously monitoring the environment, the system 

helps optimize livestock management practices and 

provides insights into the effects of weather conditions on 

cattle health. The sensor communicates with the ESP32 

via I2C, ensuring real-time data updates 

➢ Role of ESP32 in Real-Time Monitoring 

1. Data Acquisition 

The ESP32 microcontroller serves as the central hub for 

collecting data from all connected sensors. It processes 

analog signals from the heart rate sensor and digital 

signals from the I2C-based temperature and motion 

sensors. This ensures synchronized data acquisition for 

all health parameters. 

2. Data Processing 

The ESP32 processes the raw data collected from the 

sensors, converting it into meaningful information. For 

example, the heart rate sensor's analog signals are 

processed into BPM values, while motion data from the 

MPU6050 is analyzed for activity patterns. This 

processing ensures that the data is ready for transmission 

to the cloud. 

3. Wireless Connectivity 

The ESP32 features built-in Wi-Fi, allowing it to transmit 

processed data to the Firebase database in real-time. This 

wireless connectivity enables remote monitoring of cattle 

health and ensures that stakeholders can access the data 

from any location. 

.B. Cloud Storage and Data Processing 

Data collected from the IoT sensors is transmitted to Firebase 

Cloud, where it is securely stored and timestamped. Firebase's 

real-time database ensures continuous data flow and instant 

updates for efficient decision-making. The data is processed 

and analyzed using machine learning algorithms to predict 

health statuses and detect potential diseases in real-time. 

C. Machine Learning Models 

The cattle health monitoring system employs two primary 

machine learning models—Random Forest and XGBoost—

to analyze sensor data and predict cattle health conditions. 

These models, trained on historical data, effectively identify 

patterns that indicate the onset of various diseases, enabling 

early detection and intervention. 

➢ Random Forest Model 

The Random Forest algorithm is a robust ensemble 

learning method used to classify the overall health status 

of cattle as "healthy" or "unhealthy." This model works 

by constructing multiple decision trees during training 

and combining their outputs to make predictions. It uses 

vital features such as heart rate, activity levels, and skin 

temperature to identify abnormal patterns in the cattle's 

health. Random Forest is particularly effective for 

handling complex datasets with many features, ensuring 

accuracy and resilience to noise or missing data. Within 

this system, Random Forest primarily determines whether 

a cow's health metrics deviate from normal conditions. 

When flagged as "unhealthy," these data are sent to the 

XGBoost model for further analysis and disease-specific 

predictions. 

➢ XGBoost Model 

XGBoost is a high-performance gradient boosting 

algorithm utilized for detailed disease predictions. Unlike 

Random Forest, XGBoost is designed to optimize 

prediction accuracy by sequentially building an ensemble 

of decision trees, each correcting errors from the previous 

iteration. This model excels in identifying non-linear 

relationships among features like heart rate irregularities, 

elevated skin temperature, and activity level changes. In 

the health monitoring system, XGBoost evaluates flagged 

data and predicts the likelihood of specific diseases such 

as Bovine Respiratory Disease (BRD), Mastitis, Heat 

Stress, Foot and Mouth Disease (FMD), Ketosis, and 

Lameness. Its scalability and efficiency make it suitable 

for processing real-time sensor data while maintaining 

high diagnostic precision. 

Disease-Specific Detection 

The system utilizes advanced sensor data and machine 

learning models to detect specific diseases in cattle by 

analyzing unique health indicators. 

➢ Bovine Respiratory Disease (BRD) is identified 

through abnormal heart rate patterns and respiratory 

irregularities such as coughing or labored breathing. 

These symptoms are detected using data from heart rate 

monitors and motion sensors, which capture the subtle 

signs of respiratory distress. Early detection is crucial as 

BRD can lead to severe health issues if left untreated. 

 

➢ Mastitis is characterized by high localized skin 

temperatures near the udder and a significant reduction in 

the cow's activity levels. This condition, caused by 

bacterial infection leading to udder inflammation, is 

detected using temperature sensors and activity trackers. 

http://www.ijsrem.com/
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Early identification allows for timely treatment, 

preventing further complications. 

 

➢ Heat Stress occurs when cattle struggle to regulate 

their body temperature in hot environmental conditions. It 

is identified by elevated skin temperatures and altered 

activity patterns, as the cow's behavior changes to cope 

with the heat. This detection ensures preventive measures 

can be implemented to minimize heat-related health 

impacts. 

➢ Foot and Mouth Disease (FMD) is detected when 

severe deviations occur across multiple parameters, 

including heart rate, skin temperature, and activity levels. 

These widespread health changes indicate significant 

health deterioration, making FMD a priority for rapid 

intervention. 

 

➢ Ketosis is typically observed post-calving and 

manifests through irregular heart rates and reduced 

activity, reflecting symptoms of energy imbalance. By 

analyzing these indicators, the system provides insights 

that help farmers manage the cow's diet and energy needs 

during critical periods. 

 

➢ Lameness is identified through significantly low 

activity levels caused by leg discomfort and mobility 

challenges. Motion sensors track reduced movement, 

enabling early intervention to alleviate the cow's 

discomfort and prevent further complications. 

D. User Interface Design 

The system features a user-friendly web-based interface that 

allows users to access real-time health data and predictions 

with ease. The interface has been designed to ensure 

accessibility, security, and functionality for users managing 

cattle health. 

➢ Sign-Up, Login, and Forgot Password Pages 

The interface includes secure authentication mechanisms 

for user access. The sign-up page allows new users to 

create accounts, while the login page provides existing 

users with secure access to their dashboard. Additionally, 

the forgot password page offers users the option to reset 

their password in case they forget it. This ensures easy 

account recovery while maintaining security and user 

convenience. 

 

 

 

 

➢ Home Page 

The home page serves as the primary dashboard, 

displaying real-time health information collected from 

the IoT sensors. Users can view key metrics, including 

cattle behavior, heart rate, skin temperature, and overall 

health status (healthy or unhealthy). Additionally, the 

page shows predictions for potential diseases, helping 

users take timely actions to mitigate risks. 

 

➢ Information Page 

This page provides detailed descriptions of various cattle 

diseases and includes links to trusted resources such as 

NCBI and Wikipedia for further reading. This feature 

helps users understand disease causes, symptoms, and 

potential treatments, empowering them with knowledge 

for better decision-making. 
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➢ Language Selection 

To accommodate a diverse user base, the interface 

supports multiple languages, including Tamil, English, 

Malayalam, Kannada, Hindi, and Telugu. This 

multilingual support ensures that users across different 

regions can interact with the system effortlessly. 

 

➢ Logout Page 

A dedicated logout page ensures the secure termination of 

user sessions. This feature protects sensitive health data 

and maintains user privacy, reinforcing the system’s 

security standards. 

III. METHODOLOGY 

A. Data Preprocessing 

Before the sensor data is analyzed by the machine learning 

models, it undergoes a thorough preprocessing stage to ensure 

reliability and accuracy. 

Handling Missing Data is a critical step in the preprocessing 

pipeline. Sensor data can sometimes be incomplete or 

corrupted due to transmission issues or device malfunctions. 

To address this, interpolation techniques are employed to 

estimate and fill in the missing values, ensuring that the dataset 

remains comprehensive and usable for analysis. 

Feature Scaling is applied to normalize the data, aligning it 

with the input requirements of the machine learning models. 

Sensors often produce data with varying scales, such as heart 

rate measured in beats per minute and skin temperature 

measured in degrees. Normalization ensures that all features 

are scaled uniformly, improving the performance and stability 

of the predictive models. 

Pattern Identification involves analyzing the data to 

recognize key trends and anomalies that could enhance model 

accuracy. By identifying meaningful patterns in the sensor 

readings, the system can better distinguish between normal and 

abnormal health conditions, leading to more precise 

predictions. 

B. Disease Prediction Logic 

The machine learning models process the data by analyzing 

key features (e.g., heart rate, skin temperature, and activity 

levels) and applying pre-trained classifiers to predict disease 

probabilities. Disease predictions are displayed to the user with 

accompanying symptoms for better decision-making. 

IV. RESULTS AND DISCUSSION 

A. Real-Time Monitoring and Visualization 

The system provides real-time monitoring of cattle health 

through status indicators displayed on the home page. These 

indicators offer users a clear and immediate understanding of 

cattle health trends. By tracking metrics like heart rate, skin 

temperature, and activity levels, users can easily identify any 

health anomalies or potential risks. This real-time data is vital 

for making quick decisions, allowing farmers to take prompt 

action when abnormalities are detected. The user interface 

ensures that even complex data is presented in a simple, 

accessible way, enhancing the user experience.  

 

B. User Accessibility 

A key feature of the system is its multilingual support, which 

ensures that farmers in rural areas, who may have limited 

exposure to technology, can still access and benefit from the 

health monitoring system. By offering translations in 

languages such as Tamil, English, Malayalam, Kannada, 

Hindi, and Telugu, the system breaks down language barriers, 

making it accessible to a broad user base. Additionally, the 

educational resources provided on the Information Page serve 

as valuable tools for farmers to learn more about disease 

management and health conditions. These resources help users 

gain a better understanding of the system’s predictions and 

how to manage cattle health effectively. 
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C. Impact on Livestock Management 

This IoT-driven cattle health monitoring system has a 

significant impact on livestock management. By empowering 

farmers and veterinarians with data-driven insights, the system 

facilitates more informed decision-making. Early disease 

detection and continuous monitoring improve cattle welfare by 

preventing diseases from escalating. This proactive approach 

not only reduces financial losses by addressing health issues 

before they become critical but also enhances overall farm 

productivity and sustainability. As farmers become more 

equipped to manage herd health effectively, the system 

contributes to long-term improvements in farm operations, 

helping maintain healthy livestock and optimized farm 

management. 

V. KEY FEATURES 

IoT-Driven Data Collection The system employs IoT 

technology to enable continuous, real-time monitoring of vital 

health parameters, including heart rate, activity levels, skin 

temperature, and environmental factors. This ensures a steady 

flow of accurate and up-to-date information for health 

assessment. 

Machine Learning for Disease Prediction Advanced 

machine learning algorithms analyze the collected data to 

predict the health status of cattle. The system leverages models 

like Random Forest and XGBoost to identify patterns and 

detect diseases with high accuracy, providing farmers with 

actionable insights. 

Real-Time Data Visualization Health metrics and disease 

predictions are displayed on a user-friendly web interface. The 

intuitive dashboard presents information in an easy-to-

understand format, allowing farmers to monitor their cattle's 

health and take timely actions when issues are detected. 

Multilingual Interface The system supports multiple 

languages, making it accessible to a diverse user base. This 

ensures that farmers from different linguistic backgrounds can 

easily use the platform without language barriers. 

Secure Cloud Storage All data collected from IoT devices is 

stored in Firebase, a secure and scalable cloud-based platform. 

This guarantees reliable data storage and retrieval while 

safeguarding user information against unauthorized access. 

VI. CONCLUSION AND FUTURE SCOPE 

The IoT-based cattle health monitoring system offers a 

transformative solution for livestock management. By 

combining real-time monitoring, disease prediction, and 

multilingual support, it addresses key challenges in animal 

health management. 

Future work will focus on mobile application integration for 

on-the-go monitoring, expanding disease prediction models, 

and adding voice-assisted features for further usability 

improvements. The deployment of this system on a larger scale 

will help validate its effectiveness and adaptability in diverse 

agricultural settings, ultimately contributing to the 

advancement of smart farming technologies. 
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