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   Agenda

• Introduction to Precision Livestock Farming (PLF)

• Work from my PhD and postdoc

• Current PLF projects in SEGES

• Implementation in commercial herds

• Future PLF projects in SEGES

• Trends and research within automatic monitoring and Decision 
Support Systems 



  

     
    

   The vision behind PLF

It is possible to increase

• Animal welfare
• Productivity
• Sustainability

by letting the animals themselves tell us how they are
- and then listen to what they say



  

     
    

   Background

• Modern livestock production is
centralized and intensively driven

• Shorter time per animal in 
everyday routines

• Changing employees with varying
degrees of production related knowledge

• Increasing need for centralized overview

• Increasing need for timely interventions and high-level risk management



  

     
    

   General approach

either directly:
• Behaviour (accelerometer, video)

• Locomotion (accelerometer, video)

• Body temperature (thermometer)

or indirectly:
• Water consumption (stress, diseases, growth)

• Feed consumption (stress, diseases, growth)

• Environment (pen fouling, productivity)

Systematic deviations from normal are identificed

The animals are monitored by sensors



  

     
    

   Data – data - data
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   Interpretation of data = value for the producer

Data lay ground for dynamic tools for 
decision support in the every day
management

preventive interventions

targetet treatments Pastell et al 2013

8

8 hours



  

     
    

   Sensor based decision support system (DSS)

Data from sensors Mathematic models

Modelled data exceeds a threshold 

Alarm/early warning

Informed choice of
treatment or preventive intervention

Outbreaks of diseases and productivity 
losses are prevented 

or consequences are reduced

Knowledge of 
biology and of 
concrete preventive
interventions

9



  

     
    

   Why PLF is interesting for modern pig producers

• Dynamic information on productivity at pen 
level and section level

• Early warnings for productivity and health are
communicated in real time so the manager 
can react proactively

• Treatments and preventive actions can be
implemented immediately

• Timely interventions lead to reduced use of 
antibiotics

Dynamic

10

Static



Examples of PLF

Nasirahmadi et al 2018
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PhD study



  

     
    

   Management support through water monitoring

• Pigs’ drinking patterns contain high level of information on their
health, welbeing and productivity

• Develop a dynamic model which can predict outbreaks of diseases
and point out high-risk pens or sections in a herd of growing pigs



  

     
    

   Spatial modeling of water data
14

Modeled simultaneously monitored water consumption across multiple pens 
in multiple sections of a weaner herd and a finisher herd

Correlations between drinking patterns in pens and sections were included

The detection model predicted 
outbreaks of diarrhea or pen fouling

And pointed out specific pens or 
sections with abnormal 
drinking patterns leading to outbreaks

Pointed areas are 
FOCUS AREAS for management



Sensors were installed in both 
weaner herds and finisher herds

All sensors monitored water 
consumption simultaneously

Data was aggregated to liter/hour

Herd C Finishers

Herd C Weaners

Herd C Weaners

Herd A Finishers



Drinking patterns of both weaners and 
finishers show clear diurnal pattern

Which can be described by the sum of 
three harmonic waves

Pigs drink more water as they grow

So the full drinking pattern can be described 
through three harmonic waves and a linear 
growth thrend in one Dynamic Linear Model 
(DLM)

Finishers

Weaners



17Generating alarms

Time windows are related to an event 
All alarms within a time window identify the event correctly (TP)

48 hours
TN TN TN TNFP FP

TPTPTP

Forecast errors



Performance evaluation – how good is the model?

Pastell et al 2013

Too high threshold – no 
alarms for farrowing

Too low threshold – alarms 
for farrowing every hour

Based on true and false alarms 
Sensitivity and  Specificity are calculated



Area Under the (ROC) Curve - AUC
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1 - specificity

Performance evaluation – how good is the model?



  

     
    

   Changes in water consumption are excellent predictors

AUC Event Method Reference

0.80 Diarrhéa or 
pen fouling MDLM Jensen et al. 2017

0.87 Diarrhéa or 
pen fouling Spatial MDLM Dominiak et al. 2018

0.81 Diarrhéa or 
tail biting Spatial MDLM Dominiak et al. 2019

0.77 Tail biting DLM + ANN Larsen et al. 2019

AUC    =   Area Under the ROC Curve
DLM    =   Dynamic Linear Model
MDLM =   Multivariate Dynamic Linear Model
ANN    =   Artificial Neural Network



  

     
    

   A major challenge – ‘false’ alarms

• One alarm can have multiple causes

General welbeing

Respiratory diseasesPen fouling

Diarrhea

Tail biting

Change of feed

Other causes?

Stress-related behaviour

21

Subclinical conditions



  

     
    

   Area-specific alarms reduce ‘false’ alarms
22

In Out
Weeks

0 1 2 3 4 5 6 7

Diarrhea (coli)
New 
feed

Diarrhea (lawsonia/coli)

Pen fouling 

0-1 week 2-3 weeks 4-5 weeks 6-7 weeksTime after insertion

Herd-specific periods

Alarms for 
specific pens can 
be added as 
additional 
information



Postdoc



  

     
    

   

Water consumption
liter/hour

Drinking frequency
bouts/hourvs

when predicting tail biting and diarrhea



25Methods and materials

Forecast errors
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   Results - weaners

• Liters > Bouts
for prediction of tail biting 

• Liters > Bouts
for short time windows predictions

• Bouts > Liters
for long time windows predictions
of diarrhéa or either event

L L L B L B



  

     
    

   Results – finishers

• Bouts > Liters
for all events and both time windows

B BB BBB



  

     
    

   Conclusion

• Bouts tend to be a better predictor
amongst finishers than volume

• Results are less clear amongst
weaners, although volume tend to 
predict better than bouts in the 
majority of modelled setups

• Differences in predictive performances are
numerical and not significant

• Results from weaners may reflect naturally high 
explorative activity

• Results from finishers indicate increased
activity level in pens with tail biting or diarrhea

• Increased activity level may reflect a 
stress-related coping mechanism



Current PLF projects
SEGES



  

     
    

   

ERA-NET SusAn project PigSys



  

     
    

   Sensors Fynen Farm
31

AgriSys
Feed computer



  

     
    

   Sensors Sealand farm



  

     
    

   Manual registrations in the herds
33

• Pigs are weighed at insertion

• Dead or removed pigs are weighed

• Events affecting productivity is 
registered in a logbook



  

     
    

   3D weight at animal level and pen level



  

     
    

   Data in PigSys
35

Data Animal Pen Section
Water 
consumption

X X

Feed 
consumption

X X

Temperature
- Resting area
- Manuring area
- Room temperature

X
X

X

Daily gain
- Estimates from raw

pictures
- Pen average/day

X
X

X
X

X
X

Stiview 
- Behaviour X

Events
- Medication
- Registration

schedule

X
(X)

(X)
X



  

     
    

   Data from PigSys lay ground for another project
‘Produktions monitoring and –optimizing’

Can we predict reduced daily gain
at section-, pen- and individual
level?

• Multiple daily weight estimates

• Water consumption

• Feed consumption

• Barn environment



  

     
    

   IQinAbox
37

• IoT boxes installed in five test herds (finishers)

• Farmer register all sections’ health status every day
• Is everything OK?
• Are any pigs sick or changing behaviour (tail biting/pen fouling)?

• Water consumption (and feed consumption) at section level



  

     
    

   Categories for health status
38

More animals/pens affected

D
eg

re
e/

sy
m

pt
om

s 
in

cr
ea

se
s

FEW+MILD Degree 1 MANY+MILD Degree 3

FEW+SEVERE Degree 2 MANY+SEVERE Degree 4



  

     
    

   IQinAbox – feedback loop
39

Alarm/early warning
in an app

‘Alarm seen’

‘Animal seen’

Event type and degree
registred in app

Algorithm learns
event specific

drinking patterns

Algorithm learns
farmers threshold

Algorithm learns of 
the health status of 

the herd

Alarm/early warning in 
app adjusts to farmer’s

and herd’s level



Implementation



  

     
    

   Collaboration with commercial companies

• SKOV

• DOL-sensors

• Scio+

• Agrosoft

• Cloud Farms

• IQinAbox



Future research
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Counting pigs (image regression)



Recognizing tail-oriented behaviour
44...

Object 
detection



Nasirahmadi et al 2018

45

Individual weighing

Biological variation within pen and section

More specific alarms



TAK og husk! 
Vær altid opdateret på den seneste faglige 
viden 

Tilmeld dig Nyhedsmail fra 
SEGES Svineproduktion på
www.svineproduktion.dk

facebook.com/SegesSvineproduktion

This research was funded by the Danish Council for Strategic Research (The PigIT project, Grant number 11-116191)

Stay updated on the latest professional 
knowledge on pig production

www.svineproduktion.dk

facebook.com/SegesSvineproduktion

Thank you! 


