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Objectives 
To demonstrate the use of custom electronic sensor boards with software stack to automatically 
collect real-time movement data from multiple cows and to develop a machine learning model to 
process the collected data for the identification of early signs of lameness. 
 
Materials and methods 
We developed an electronic sensor board incorporating state-of-art sensors, including 3-axis 
accelerometer and gyroscope, electret microphone and infrared temperature sensor. Each sensor 
board was controlled by an on-chip, Bluetooth-enabled 2.4 GHz Nordic Semiconductor 
microprocessor and powered by a 3.3 volts, 800 mAh coin cell battery. A software stack was 
built in Python and included modules to wake up specific sensor boards, activate the desired 
sensors, collect the data for a pre- specified time duration, and store the recorded data in user-
defined file formats. The performance of each sensor, the sensor boards, and the software stack 
was characterized in an Electrical Measurement Laboratory over several days to evaluate 
different performance metrics, such as sensitivity, resolution, temperature range, amplitude 
range, frequency and range of operation, power consumption, and battery life. The sensor boards 
were attached to both ear pinnae of individual cows to record multimodal sensor parameters, 
such as head acceleration, head rotation, head tilt, vocalization, ear skin temperature, and 
ambient temperature. A local server communicated with the sensor boards on ten cows to collect 
data from individual sensors every one second within an operating range of 50 to 100 feet. Video 
recordings from portable camcorders were collected for select time durations to externally 
validate the data recorded from sensor boards. 
 
Results 
The sensors’ data stored in the local server were preprocessed and sorted according to the 
individual cows being monitored. Data labelling was performed in the presence of an expert. The 
training data set was fed into a machine learning model to train the model to identify instances of 
abnormal movement and head raising. The importance of the different sensor parameters was 
ranked based on their role in predicting instances of abnormal movement and head raising. Other 
behavioral indicators of interest being investigated for training the model include the instances of 
faster breathing, distress vocalization, and elevated skin temperature. The sensor boards were 
modified to focus on the more informative parameters for detecting early signs of lameness, 
including changes in the data resolution, frequency of data collection, and data processing 
algorithm. A web-based software app is being developed to display the model predictions as an 
automated decision support tool for farm caretakers and users. 
 
Conclusions 
Movement-based data was collected remotely from multiple cows using the Bluetooth Low 
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Energy communication protocol implemented in custom electronic sensor boards and Python-
based software stack. We developed a machine learning training model and identified the 
informative parameters indicative of early lameness. This allowed us to tune the data collection 
and modelling steps towards developing a farm-deployable, non-invasive, continuous monitoring 
tool for health and welfare risks of individual cows. 
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