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Objectives 
Lameness is a prevalent issue within the dairy industry that has serious financial and welfare 
implications. Traditional locomotion scoring systems conducted by a visual observer, such as a 
numeric rating system (NRS), provide a simple way to assess dairy cow gait; however, this 
method is prone to low reliability and is relatively subjective when compared to more automated 
approaches for assessing lameness. The objective of this validation study was to determine if 
kinematic data acquired for 20 specific joints on a cow when walking could be used with 
machine learning approaches to predict a locomotion score with high accuracy. Specifically, in 
continuation of previous work using similar kinematic data with a Convolutional Neural 
Network (CNN), we aimed to develop a model with Long Short-Term Memory (LSTM) 
architecture that could predict locomotion scores of dairy cows from kinematic data. The 
hypothesis was that kinematic data would reflect the gait quality of cows that was visually 
observed through locomotion scoring.  
 
Materials and methods 
The 3D-scaled coordinates of 20 specific marked joints on the cow were acquired through a 
kinematic system consisting of six video cameras and a motion tracking software. Seventy-four 
recorded passages, in which a cow walked the duration of a 7m designated walkway, from 
among 12 cows were retained for analysis and processed. Locomotion scoring was conducted 
according to a 5-point NRS scale with 0.5 intervals (9 gait classes) in which a score of 1 
represented the highest quality locomotion, a score of 3 or higher represented clinical lameness, 
and a score of 5 represented severe lameness. A trained observer assigned scores for individual 
passages using corresponding video recorded through the kinematic system. Ultimately, across 
all passages, assigned scores represented 4 consecutive classes of gait quality ranging from 
scores of 2 to 3.5. 
 
For model validation and testing, kinematic data for 25% (n = 19) of the total passages were held 
aside to create a validation set, with the remaining 75% (n = 55) used as a training set. A data 
augmentation strategy was implemented to generate synthetic samples to expand the training 
dataset; random noise was added to motion trajectories from the training set with varying 
magnitudes of 1 % or 5% of the original value to stochastically determined rows. The number of 
artificially created passages varied for each NRS class to create two balanced final training 
datasets with 2,500 samples of each gait category, resulting in a total of 10,000 training passages 
with either 1% or 5% added random noise. Two overall types of models, CNN and LSTM, were 
tested, with each having 4 versions tested: 1 layer in the model architecture with 1% variation in 
the augmented data, 1 layer with 5% variation, 2 layers with1% variation, and 2 layers with 5% 
variation. Performance metrics including accuracy, precision, recall, and F1-score were used to 
evaluate the models.  
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Results 
All tested models performed well on the training data accuracy but poorly on the validation data. 
The LSTM (2 layer, 5% var) model performed best on the performance metrics of precision 
(0.378 ± 0.106) and F1-score (0.299 ± 0.067). The LSTM (2 layer, 5% var) and the CNN (1 
layer, 5% var) models had the best accuracy (0.403 ± 0.109 and 0.403 ± 0.031, respectively) of 
all the models. The CNN (1 layer, 5% var) model had the highest recall (0.327 ± 0.029) out of all 
models.  
 
Conclusions 
In this validation study, 3D kinematic data did not reflect what was visually observable by the 
individual conducting locomotion scoring to the extent that specific locomotion scores could be 
predicted with a high accuracy using CNN and LSTM models. Kinematic data provides an ideal 
starting point for the development of a model that could predict dairy cow locomotor ability, but 
more research is needed to use this data to its fullest potential. Such models would be beneficial 
for both on-farm and research purposes, as it would allow for earlier detection of locomotor 
impairment and would not involve the time commitment, training, and low reliability that is 
often associated with visual locomotion scoring.  
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