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Animal Welfare Indicators

• Risk factors

• Easy to measure

o Require less time / resources
o Require less training

• May not reflect the welfare

• Response of the animal

• More time and resources

• Higher specificity and 

sensitivity

Environment Phenotype



− Abnormal behaviour(e.g. stereotipies)

− Natural Behaviour (foraging in pigs)

− Patterns of normality(e.g. feeding)

Behavioural indicators



The organic response

• The phenotype informs on how an animal adapts to environment

− Physiologic and metabolic status

− Animal Health (ruminal acidosis)

− Environemntal challenge(body temperature)



Performance indicators

• Milk yield (kg/día)

• % protein and fat

• Growth (GMD)

• Performance is likely the dimension that has been mostly 

phenotyped in Livestock animals

• It allows inferring the adaptability to the environment, based 

on the principle that a healthy animal produce more. 



Rhoads et al., 2009

Performance indicators
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• Behaviour is a very elastic trait

Behaviour as a phenotypical trait

• Very sensitive to changes on the environment

• … but also to intrinsic changes of the animal

− Health

− Reproductive status

− Emotional status



Dimensions of behaviour

Feeding behaviour Social behaviour

Activity Reproductive behaviour



How is Behaviour traditionally measured?

• Continuous assessment

• Focal sampling

• Scan sampling

Observation methods



• Frequency

• Latency

• Duration

Variables

How is Behaviour traditionally measured?



Limitations of traditional observation

• Limited picture of the behaviour

• Costly (time y resources)

• Anticipation is not possible

• Some degree of subjectivity



Advantages of PLF vs traditional methods

• Continuous information 24/7

• Less time and (human) resources

• Allows anticipation (together with IA)

• Objective evaluation
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Stygar et al., 2021

Sensors in cattle

Available sensors on 
the market



GPSCameraAccelerometer Scale Thermometer

37 10 8 5 4 2

Microphone

Sensors in cattle



Sensors in cattle

Vázquez-Disodado et al., 2019



1. Electronic eartag

2. Collar
3. Ruminal bolus
4. Podometer

5. Rectal bolus

Sensors in cattle



Sensors in cattle: accelerometer

• Number of steps

• Laying and standing time

• Estimate other behaviours

─ Feeding

─ Ruminating



• Activity and behaviour

• Posture

• Localisation in the pen

Sensors in cattle: computer vision



Sensors in cattle: ruminal bolus

• Ruminal thermometer

• Accelerometer

• pH meter



Sensors in cattle: ruminal bolus
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• Early detection of negative emotions (pain, hunger)

• Advantages: Non-invasive, group análisis (low cost)

• Disadvantages: Individual assessment not possible

Microphone: predicting emotional status



83

Commercially 
available sensors

Gomez et al., 2021

Sensors in pigs



Sensors in pigs

Cameras
Activity 

sensorScales
Thermal 

camera

545 28 1014

Microphone

14

Accelerom.



1. Computer vision
2. Thermal camera
3. Microphone
4. Scale
5. Feed inatke
6. Water intake

Sensors in pigs

1 3

4 5

2



Sensors in pigs: computer vision

• Activity (total distance)

• Animal posture

• Position inside the pen



Sensors in pigs: microphone

Animals are healthy.

Potential respiratory health problems.

High risk of respiratory health problems.



Sensors in pigs: electronic feeders

• To identify feeding patterns, feeding time, 
frequency, duration, etc.

• Feeding patterns allow identifying changes in 
the Health status and productivity



Sensors at the slaughterhouse

• Stunning effectiveness
• Killing effectiveness

• Nutrition

• Health

• Behaviour

• Environment

• Mental



Sensors at the slaughterhouse

Stunning effectiveness

Description
This is a monitoring process to ensure that animals are properly stunned, focusing on the
stage of animal consciousness. Loss of consciousness occurs when the pig experiences
temporary or permanent brain damage blocking the perception of external stimuli. This
can be assessed by monitoring the brain stem reflexes, such as the corneal reflex,
rhythmic breathing, attempt to regain posture, etc.

Methodology

• Computer vision • Pig Automatique’
• Monitoring of the CO2 Stunning



Sensors at the slaughterhouse

Monitoring of the CO2 Stunning

Automated visual assessment of stunning quality, detecting signs such
as mouth opening and carcass movements to verify if the animal is
properly stunned.

Provider Genba Solutions

Specifications: Real-time alerts

Data is recorded to track the stunning 
accuracy historically

Monitoring of up to five pigs per 
system

A visual and acoustic alarm emerges 
when movement is detected, and short 
video is recorded

Website link

Source: Genba Solutions website

https://www.genbasolutions.com/stunmonitoring.html


GPS Accelerometer

Feeding

Drinking

Sleep

Activity

EEG

microphone

Cameras

Kumpulainen et al. 2021; 
I den Uijl et al., 2017;
 Cleghern et al., 2021

In development…

Sensors in companion animals
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Potential of PLF

• Data coming from PLF sensors gives a lot of data with a LOT 

of potential

• They must be analyzed with appropriate mathematical tools, 

especially based on artificial intelligence algorithms.

• They allow not only to know how the animals are at all times, 

but also have predictive power about what may happen in 

the future, based on changes in the present.



Potential of PLF: data analysis



Bao & Xie et al., 2022

Behaviour recognition Disease detection

Potential of PLF: data analysis



Descriptive analytics



Descriptive analytics



ReferenceDisease

Predictive analytics



Predictive analytics

Rushen et al., 2012

Comparing the eating time of metritic vs. Healthy cows, days before its clinical detection



• Water intake

• Estimating gastrointestinal 

disease(e.g. diarrhoea)

Predictive analytics



Calf Adult cow

Prescriptive analytics



Lying time of cows with mastitis (red) vs healthy (blue) before its 
clinical detection 

Hervé et al., 2023

Prescriptive analytics



Limitations of PLF

Available sensors in the market
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Stygar et al., 
2021

83

Gomez et al., 
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Externally validated sensors

18 8



Limitations of PLF



Limitations 
of PLF

• PLF can directly harm the animals because of 

• technical failures

• harmful effects of exposure, adaptation or wearing of hardware components

• inaccurate predictions and decisions due to poor external validation, and 

• lack of uptake of the most meaningful indicators for animal welfare

• PLF may create indirect effects on animal welfare if the farmer or stockperson 

• (5) becomes under- or over-reliant on PLF technology

• (6) spends less (quality) time with the animals, and 

• (7) loses animal-oriented husbandry skills

• PLF may also compromise the interests of the animals by creating transformations in

• animal farming so that the housing and management are 

• (8) adapted to optimize PLF performance or 

• (9) become more industrialized

• Finally, PLF may affect the moral status of farm animals in society by leading to 

• (10) increased speciesism

• (11) further animal instrumentalization, and 

• (12) increased animal consumption and harm



In summary…

PLF sensors open a new paradigm for animal control

Animal sensors(livestock and companion) presents 
upward growth prospects in the coming years

This will increase the demand for personnel 
specialized in data analysis and management

There is great potential for research and innovation 
in the development of new sensors

… but still many challenges
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