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Abstract: Through the introduction of an affordable, wearable neck belt that enables real-time health monitoring of dairy 

calves, this initiative seeks to revolutionize the dairy industry. The gadget tracks vital health indicators including temperature, 

heart rate, and feeding habits by integrating cutting-edge sensors and communication components. Farmers will receive real-

time insights through a specialized smartphone application, facilitating effective herd management and early disease diagnosis. 

To guarantee accuracy and dependability, the prototype will go through extensive testing in a variety of dairy conditions. 

Following a successful validation process, the technology will be marketed as a cost-effective way to increase dairy productivity 

and reduce financial losses brought on by cattle health problems. In addition to improving animal comfort, this invention gives 

farmers access to cutting-edge equipment for accurate livestock management. 
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Introduction 

 

Milk and other dairy products provide vital nutrients, making dairy production an important part of world agriculture. 

In addition to being a major source of foods high in protein, cattle also help with agricultural tasks like transportation and 

plowing. The demand for animal-derived products is predicted to increase by 71% in the upcoming years because to a growing 

worldwide population and shifting dietary preferences, especially in nations like Brazil, China, India, and parts of Africa 

(Neethirajan and Kemp, 2021). Despite having 16.5% of the world's dairy cattle population, India produces 8.4% of the world's 

milk, with an industry worth over 48 billion US dollars.  

In order to guarantee early disease identification, prompt treatment, and general animal welfare, the move to 

intensive dairy production has raised the demand for efficient health monitoring. Dairy calves are at serious risk from diseases 

including Foot-and-Mouth Disease (FMD) and Lumpy Skin Disease (LSD), which can result in decreased milk output, problems 

with reproduction, and monetary losses. Ruminants are the main victims of LSD, a viral disease that causes fever, skin lesions, 

and decreased productivity. LSD has killed around 70,000 livestock in India and Pakistan alone. Similarly, fever, mouth blisters, 

and excessive salivation are the symptoms of FMD, a highly contagious viral infection that affects animals with cloven hooves 

and costs India some 60 million US dollars a year in lost revenue (Tiwari et al., 2013). All together, cattle illnesses are thought to 

cause an estimated loss per year. Conventional health monitoring techniques need a lot of work and effort. A solution is 

provided by Precision Dairy Farming (PDF), which uses technology breakthroughs to monitor critical behavioral and 

physiological trends in real time. Important health indicators that give important information about the health of cattle are 

body temperature, heart rate, respiration rate, and feeding activity. A healthier and more productive herd can be ensured by 

preventing disease outbreaks and drastically lowering mortality rates by early anomaly identification.  

 

Related work 

IoT-based systems for tracking the health of cattle have been the subject of numerous studies. Anuj Kumar and G.P. 

Hancke created a system that uses the PIC18F4550 microcontroller and ZigBee technology to track variables including 

temperature, humidity, and heart rate. Despite its ability to facilitate long-distance communication over a mesh network, 

ZigBee has limitations, such as higher power consumption and less security than Wi-Fi. Furthermore, it is less appropriate for 

high-frequency monitoring applications because to its low data transmission rate. Other studies have concentrated on Arduino 

Uno-based monitoring systems that measure animal health metrics by integrating many sensors. Sensor data is gathered by 

these systems, processed by the microcontroller, and wirelessly sent to cloud-based platforms for real-time analysis. It is 

possible to program alarms and notifications to notify caregivers of anomalous readings so that prompt action can be taken.  

In veterinary medicine, electrocardiography (ECG) is essential for identifying cardiovascular diseases in animals. 

Research examining ECG data highlights how crucial it is to identify heart rate anomalies, which may be early warning signs of 
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underlying medical conditions. Modern cow monitoring systems that use ECG analysis can increase diagnostic precision and 

support better livestock management. 

 

Proposed System Design 

The NodeMCU ESP32 is a versatile microcontroller with built-in Wi-Fi and Bluetooth capabilities, making it ideal for 

IoT applications. In this project, it acts as the central processing unit, interfacing with multiple sensors to collect data, process it, 

and transmit it to a cloud platform over Wi-Fi for real-time monitoring and analysis via a user interface. The ESP32’s multiple 

GPIO pins, ADCs, I2C, UART, and SPI support allow seamless integration of diverse sensors. The max30100 Heart rate sensor 

communicates with the ESP32 using I2C (SDA and SCL pins). These I2C pins are connected to the digital pins of the ESP32, which 

allows the sensor to send real-time health data to the microcontroller for further processing and transmission. The ADXL335 

accelerometer is responsible for capturing acceleration data in three axes (X, Y, Z). It is connected to the analog pins of the 

ESP32 for reading the raw analog signals. The ESP32 processes these analog signals to detect motion, orientation, and vibration. 

The DS18B20 is a digital temperature sensor that communicates with the ESP32 via one-wire protocol. It connects to a digital 

pin on the ESP32 (with a pull-up resistor). 

 
Fig 1 Block diagram of proposed system. 

 

The GSR (Galvanic Skin Response) sensor connected to the analog input pin of the ESP32 to capture the analog voltage 

corresponding to skin conductance. The BME680 sensor communicates with the ESP32 using I2C (SDA and SCL pins). These I2C 

pins are connected to the digital pins of the ESP32 for efficient data exchange.The NEO-6M GPS module communicates with the 

ESP32 via UART. Specifically, the GPS module's TX pin is connected to the RX pin of the ESP32, and the GPS module's RX pin is 

connected to the TX pin of the ESP32. This allows bidirectional communication between the two devices for transmitting real-

time geolocation data. The Battery provides the necessary power supply to the NodeMCU ESP32 and all connected sensors. It 

ensures uninterrupted operation of the system, making it suitable for portable and remote monitoring applications. 

 

Hardware Components: 
MAX30100 Heart Rate Sensor: Measures heart rate and blood oxygen levels, providing vital insights into cardiovascular health. 
ADXL335 Accelerometer: Captures movement and orientation data to monitor activity levels and detect anomalies such as 
injuries or inactivity. 
DS18B20 Temperature Sensor: Tracks body temperature, detecting fever or hypothermia as indicators of illness. 
GSR Sensor: Measures skin conductivity to assess stress levels and detect physiological changes. 
BME680 Environmental Sensor: Monitors ambient temperature, humidity, air pressure, and air quality to ensure optimal living 
conditions. 
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NEO-6M GPS Module: Enables real-time location tracking to prevent cattle loss and ensure security. 
Battery Module: Provides a stable power source for the wearable device, ensuring uninterrupted operation. 
The IoT-based system transmits collected data to a cloud platform, where farmers can access real-time health metrics via a 
mobile app. This allows proactive decision-making and timely medical intervention. 
 
Results and Observations 
The system was tested on multiple cows, continuously tracking their health parameters and environmental conditions. A 
sample dataset collected from one cow is shown below: 
 

 
Fig 2 : Cow with Monitoring Belt 

 

 
 

Fig 3: Real-time monitoring of health parameters using ThingSpeak 

 
Table 1. Health Monitoring Data for Cow 

Time Temperature (°C) 
Heart Rate 
(BPM) 

Activity 
(Voltage) 

GSR 
Value 

Location 

6:00 AM 37.5 60 2.5 50 18.5092N, 79.9769E 

12:30 PM 39.0 65 2.3 45 18.5091N, 78.9767E 

6:00 PM 38.5 62 2.4 48 18.5092N, 78.9763E 
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Table2 .Environmental Monitoring Data 

Time 
Temperature 
(°C) 

Humidity 
(%) 

Pressure 
(hPa) 

Gas Resistance 
(Ohm) 

6:00 AM 25.77 73.45 985.57 53.82 

12:30 PM 38.95 50.38 959.69 50.13 

6:00 PM 23.14 77.64 990.44 59.58 

 
The data confirmed the system's capability to monitor cattle health effectively. Heart rate and body temperature variations 
were observed throughout the day, while GPS tracking ensured the cattle remained within designated grazing areas. 
 
Conclusion 
Vital health indices and environmental factors can be tracked in real time with the proposed IoT-based cattle health monitoring 
system. Farmers may proactively control the health of their cattle and lower death rates and financial losses by combining a 
number of sensors with a cloud-based platform. The method is appropriate for large-scale dairy farming operations because to 
its cost-effectiveness and scalability. Future advancements will concentrate on boosting AI-powered analytics for prognostic 
health evaluations and increasing device power efficiency for extended use. 
 

References 

1. K. A, H. H. M, J. V. Reddy, K. Praveen and A. R. Mulumudi, "IoT and AI based Forest Fire Prediction and Animal 

Monitoring System," 2023 9th International Conference on Advanced Computing and Communication Systems 

(ICACCS), Coimbatore, India, 2023, pp. 1590-1594, doi: 10.1109/ICACCS57279.2023.10112804. 

2. I. Valova and T. Mladenova, "An Information System for Livestock and Pasture Surveillance," 2022 13th National 

Conference with International Participation (ELECTRONICA), Sofia, Bulgaria, 2022, pp. 1-4, doi: 

10.1109/ELECTRONICA55578.2022.9874425. 

3. A. Jaya Lakshmi, M. Akshitha, K. Sathwik and G. V. Koushik, "Tracking and Monitoring Cattle's Health using Wireless 

Sensor Networks," 2024 2nd International Conference on Intelligent Data Communication Technologies and Internet 

of Things (IDCIoT), Bengaluru, India, 2024, pp. 336-341, doi: 10.1109/IDCIoT59759.2024.10467921. 

4. K. S. Burman, S. Schmidt, D. E. Houssaini and O. Kanoun, "Design and Evaluation of a Low Energy Bluetooth Sensor 

Node for Animal Monitoring," 2021 18th International Multi-Conference on Systems, Signals & Devices (SSD), 

Monastir, Tunisia, 2021, pp. 971-978, doi: 10.1109/SSD52085.2021.9429390. 

5. A. N. Manikanta, A. F. Baba, D. S. Vyshnavi, D. K. Paul and S. S. Sreedhar P, "Cloud IoT Based Surveillance System for 

Tracking and Monitoring of Domestic Animals," 2024 International Conference on Integrated Circuits and 

Communication Systems (ICICACS), Raichur, India, 2024, pp. 1-5, doi: 10.1109/ICICACS60521.2024.10498549. 

6. P. K. R, K. P and N. M, "Global Positioning System Based Wildlife Animal Tracking System," 2023 4th International 

Conference on Intelligent Engineering and Management (ICIEM), London, United Kingdom, 2023, pp. 1-4, doi: 

10.1109/ICIEM59379.2023.10167080. 

7. A. Dombale, Z. Jasdanwala, K. Vyas, Y. Niwshekar, V. Warghane and P. Wagh, "Stray Animal Tracking, Heart Rate and 

Vaccination Status Monitoring Smart Collar," 2024 Second International Conference on Advances in Information 

Technology (ICAIT), Chikkamagaluru, Karnataka, India, 2024, pp. 1-6, doi: 10.1109/ICAIT61638.2024.10690779. 

8. J. A. Anand, K. Pawan, M. Narendran, M. Johnson and S. Rakesh, "Real Time Livestock Rearing," 2022 International 

Conference on Computer, Power and Communications (ICCPC), Chennai, India, 2022, pp. 603-606, doi: 

10.1109/ICCPC55978.2022.10072153. 

9. H. E. Kocer and B. Kocak, "LoRa Based Stray Animals Tracking System," 2024 59th International Scientific Conference 

on Information, Communication and Energy Systems and Technologies (ICEST), Sozopol, Bulgaria, 2024, pp. 1-4, doi: 

10.1109/ICEST62335.2024.10639719. 

10. C. Rangaswamy, K. Monisha, H. S. Rajini and B. A. Rakshitha, "Automation of cattle livestock," 2024 International 

Conference on Knowledge Engineering and Communication Systems (ICKECS), Chikkaballapur, India, 2024, pp. 1-6, 

doi: 10.1109/ICKECS61492.2024.10616665. 

11. M. R. Bhuiyan and P. Wree, "Animal Behavior for Chicken Identification and Monitoring the Health Condition Using 

Computer Vision: A Systematic Review," in IEEE Access, vol. 11, pp. 126601-126610, 2023, doi: 

10.1109/ACCESS.2023.3331092. 

https://spast.org/index.php/techrep/index


  

SGS Engineering & Sciences, VOL. 1 NO .1 (2025): LGPR 
https://spast.org/index.php/techrep/index  

12. A. Kumar and G. P. Hancke, "A Zigbee-Based Animal Health Monitoring System," in IEEE Sensors Journal, vol. 15, no. 1, 

pp. 610-617, Jan. 2015, doi: 10.1109/JSEN.2014.2349073. 

13. Umapathi, N., Suganthi, S. U., & Divyasri, A. (2024). Design and Development of Indoor Air Quality Monitoring System 

using Environmental Digital Sensor-BME680. Grenze International Journal of Engineering & Technology (GIJET), 10(1). 

14. Umapathi N., Sabbani S., Poovarasan S. (2022) Person Location Tracking Using Global Positioning System and ESP8266 

with Internet of Things. In: Sivasubramanian A., Shastry P.N., Hong P.C. (eds) Futuristic Communication and Network 

Technologies. Lecture Notes in Electrical Engineering, vol 792. Springer, Singapore. https://doi.org/10.1007/978-981-

16-4625-6_21  

15. N.Umapathi and Saiteja Sabbani, Roshini, SaiKiran., (2020),  Design and Implementation of Prevent Gas Poisoning 

from Sewage Workers using Arduino., 2020 IEEE International Symposium on Sustainable Energy, Signal Processing 

and Cyber Security (IEEE-iSSSC 2020), at GIET University, Gunupur, India from Dec 16-17, 2020., 

10.1109/iSSSC50941.2020.9358841 

 Zhang, X. Zhang and L. Han, "An energy efficient Internet of Things network using restart artificial bee colony and 

wireless power transfer", IEEE Access, vol. 7, pp. 12686-12695, 2019. 

https://doi.org/10.1109/ACCESS.2019.2892798  

  

 

https://spast.org/index.php/techrep/index
https://doi.org/10.1109/iSSSC50941.2020.9358841
https://doi.org/10.1109/ACCESS.2019.2892798

