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Digital Phenotypes

Cost reduction Massive 
data collection Reduce the subjectivity New biological insights



AI, ML and DL

https://analyticsindiamag.com/comprehensive-guide-to-different-pooling-layers-in-deep-learning/



Different ways to capture DP

Redução de custos Coleta massiva Redução de subjetividade

Descoberta de 
novos 

fenômenos 
biológicos em 

relação ao 
animal e meio 

onde está 
sendo criado
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Zhu et al., 2015
Respiratory Frequency Detection of Pigs Based on Area Feature Operator

Kim & Hidaka, 2021
Breathing Pattern Analysis in Cattle Using Infrared Thermography and Computer Vision

Te
m

pe
ra

tu
re

 
(°

C)



Monitoring the respiratory behavior of multiple cows based on computer vision and deep learning
Wu et al., 2020
Detection of the respiratory rate of standing cows by combining the Deeplab V3þ semantic 
segmentation model with the phase-based video magnification algorithm

Wu et al., 2023



15/30/60 seconds

Subjetivity among techinicians

Very hard to measure in large herds 
(Considering all animals and 24/7)

Measuring Respiratory Rate (RR)



RR pattern in cattle 24 x 7 x 12 monthsObjectives
Low cost cameras

GPU x computational cost

Tool to classify frames prior to 
computer RR



304,4 GB
Transformed to segments of 30s

CEUA: #3621310323

LPBL - FMVZ USP

Microsoft Livecam Studio USB e 
Intelbras VIP 1430 B G2

March/2023, December/2023, January/2024



400+ hours 

688 annotated files

MANUAL LABELING



20 frames per sec

NVIDIA A100 40GB GPU

5 frames per sec
(Classification and Prediction)

1 second 1 second 1 second 1 second

1 segment
( and a hop of 8 frames between segments)

1,000 segments for training/evaluating

128 x 171 112 x 112
Spatiotemporal Conv:

Deep Residual Neural Network

Classifying frames : Predicting RR



Classifying frames
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Classifying frames
RR (30s) – True annotated value
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1. 2. 3.
Labelling for classification purposes

(at the frame level)
Keep

Discard

1 2 3
Bounding box



FREQUÊNCIA RESPIRATÓRIA: 
ABORDAGENS DE EXTRAÇÃO DA ROI
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Prediction
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FREQUÊNCIA RESPIRATÓRIA: 
SEGMENTOS X ANIMAL
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RESULTADOS: 
PERÍODO DE ORDENHA



RESULTADOS: 
PERÍODO DE ORDENHA

MAPE e RMSE: 
the 3 models accurately predicted RR in real milking situations

CBB:
Better performance (smaller size and location) 
Best results for the extremes (low and high FR)

CC:
No need for the bounding box operation

GPUs 
High resolution and video (.mp4): 

waiting for further prices and memory improvements



Feature extraction + Models 
CNN and traditional ML methods



Accuracy values obtained with different algorithms (RF, Random Forest; SVM, Support Vector Machine; MLP, Multilayer Perceptron Neural Networks; CNN, Convolutional Neural Networks) 

Audio-feature dataset used as input information (A—Mel-frequency Cepstral Coefficients, B—Onset Strength and C—Tempogram).

Feature extraction + Models 
CNN and traditional ML methods



Classifying handling operations via 
sound and Deep Learning



Fonte: Qualifying exam: Souza (2023)

Classifying handling operations via 
sound and Deep Learning



Fonte: Qualifying exam: Souza (2023)

Classifying handling operations via 
sound and Deep Learning





LBP



Non traditional methods to explore features related to IMF patterns
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