Introduction to Precision Livestock Farming

Using multi-functional technology to reduce costs and create value for the farmer
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Challenges for livestock production

» Over 60 billion animals are slaughtered every year: continues

to increase?
» Health: Relationship between animal health and healthy food
» Animal welfare (e.g. EU)
» Environmental Issues
» Social importance

weore, > Economic importance including Valorisation of knowledge
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Problem of monitoring animals

0 Livestock farming in the past ...
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Resulting In

-
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b High number of animals per farm i
b Less available time per |nd|V|duaI animal
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3 approaches in Europe with focus on
assessing welfare of the animal
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First approach: Iceberg Indicator (1)
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Second approach: Welfare Quality (2)
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Europe has invested in a methodology to quantify

Animal Welfare
“Welfare Quality”

Procedure: Experts do audio-visual scoring by visiting
farms and looking to (behaviour) of animal.
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Tomorrow...Automated Systems (3)

Technology can help to quantitatively measure behaviour,
health and performance of animals.
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Welfare Scoring/Monitoring

Iceberg
indicators (1)

Welfare Quality (2) l

once a year
slaughterhouse

3
o i, i
| |

<= PLF-Continuous animal based —
management during growth
period (3)
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What is Precision Livestock
Farming (PLF)?
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Precision Livestock Farming
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Internationalisation

7 European PLF Conferences 4 Smart Sensors Workshops
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The basic principles of PLF




Model-based Monitoring/Improvement of
Bioresponses (1991)
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A living organism is a CITD system




A living organism:

Complex

A
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A living organism:

Identical Individually different
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A living organism:
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A living organism:
| individual
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A living organism:
_ complex [ individual _

‘ Living organism = CITD - system

1. Measure \

2. Model > |n an on-line way
3. Manage & /
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Examples of PLF
Technology:
What is possible today?

Fully automated monitoring
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Continuous automated monitoring
of pig growth, welfare and health




Weight estimation for pigs using body
dl'éa (i.c.w.UGhent)

Body ellipse

Corpus ellipse

Head ellipse
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Model-based weight estimation

Dynamic Data based (transfer function) modelling

Numerator
polynomial

Transfer Function Model

Input (contour 1 Output
B (Z ) (Estimated

size of pigs in _
pixels): u(t) W(t) — A(Z_l) u(t — n. t.T) weight): w(t)
) e

W(t):
Estimated

hourly water
use Denominator

polynomial

n.t; is the number
of the time delays
between each
input i and their
first effects on the

output
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Individual weight estimation
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Labelling Aggression

Labelled variables:

e Duration of aggression (start-finish time)
e Time of feeder activation

e Aggression interrupted/not interrupted

Type of aggressive interaction
Aggression initiator and receiver
Individual reaction to feeder activation

NO_Stop -

STOP -

T Feed -

Interact —

Fight |-

20-0ct-2011 4
10:13:37

»

l Rotate Zoom In Zoom Out

Fast

Slow Play Stop
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Results
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Monitoring of drinking behaviour in pigs
(health)

(i.c.w. Ughent, Fancom BV)

* Monitoring water usage as indicator for health status

e Estimate hourly water use in a pig pen by analysing
hourly duration of drink nipple visits
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Model-based monitoring of water use

Water flow
measured

: /?;9 D o .
ﬁl:s _— ’ 3 / Detection of
/) ’jﬁy . visits

Water use

from water
meters

Water use Transfer

Com pare estimated function
from image modelling

Duration of
visits
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Results
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Hourly water use can be estimated with an accuracy of

92% or 200 ml over 13 days
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Example: Infection Monitoring by
On-line Pig Sound Analysis

I.c.w. University of Milan, SoundTalks NV, Fancom BV
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83%
success
rate

Health monitoring by on-line sound analysis:

On-line cough recognition algorithm in pig stables

Sound energy (dB)
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PCM: Results Pigs ill again

Pigs ill upon entering /
S/ | |

Animals again ill
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MAIN FUTURE APPLICATIONS
REDUCING THE USE OF ANTIBIOTICS
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Continuous automated monitoring
of bird production and welfare




ON-LINE PREDICTION improves SENSING TECHNIQUES

Sensor accuracy: +/- 1qgr.

But
EXP 24
pecking 2 legs
20% 25%

Walking over
5%

Problem at end of fattening
period: heavy birds are not
jumping on the weighing 1leg
scale.
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Existing solution: Weighing scales with Predefined statistical curves

PLF ON-LINE solution: Hourly prediction of acceptance limits
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Algorithm versus manual weights
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Welfare monitoring

Image
pre-processing
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Purpose of solution

&)
1 B e Detecting malfunctioning in broiler houses
“i \ 4 . .
- e Produce alarms in real-time
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Problem detection

Feeder line Defect Feeder line
Measured values R
WLl Smoothed values within 25% range —Ir
B2 Smoothed values out of 25% ranNQe s o5

Predicted values __ 3%

100 —

Normal situation
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Detected events in the validation
experiment over 42 days

Feeding system
problems

=)
]

M True positive

9]

1Electricity
failure

M False Positive

Light False Negative

problems

N
L

Water supply
problems

Climate control
system problems

Number of events
A

3]

Farmer’s
mspectlon Unloading

-1 (1 event)
N T
-

o Conclusion: Events in a broiler house
<‘hs N > could be detected using top-view image

Vaccination

=

o

analysis with an accuracy of 95.24 %
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Refining warnings for welfare monitoring using
differences between cameras

s .
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Real Time Stress Monitoring for alli
species
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“Stress@work”: positive — negative stress

Performance

Mental energy

o

~\\\\\\\\\
\\\\k\mm\%x
Under-
motivation
Relax Distress
=USIESS .
% Stress

M3-BIORES KU Leuven

KU LEUVEN




\'\S'B‘ORES

kU Leuve®

How do we make PLF work in practice?:
The PLF Business Model

Cost of PLF investment & operation shared along the value creation chain by
payment for access to data pool

PLF Service Provider

(funding, set-up, service, data)

THRS

M3-BIORES KU Leuven




‘I\yBiO REg

kU Leuve®

Vision for PLF in the worldwide
livestock sector

PLF offers fully automated continuous real time detailed monitoring
and management of animals in the livestock sector.

PLF enables the quantification of sustainable livestock production
(including welfare)

Can implement monitoring and management to agreed welfare
standards (across different countries?)

Will make production chain more transparent and fair to
stakeholders
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Measure, Model & Manage BioResponses

ol -
| -

-

o

273 A-Publications 17 products 15 patents
389 Conference papers 2 spin-off companies
48 contracts with international research partners
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Real-time modelling of
individuals

- 3 professors, 3 Post Docs
- 15-20 Ph d students
- 20 — 25 Mastertheses/year




Thanks for your attention!

tomas.norton@kuleuven.be

WWwWw.m3-biores.com

The EU-PLF project has received funding from the European
Union’s Seventh Framework Programme for research,
technological development and demonstration under grant
agreement n® 311825

The views expressed in this presentation are the sole
responsibility of the author(s) and do not necessarily reflect the
views of the European Commission.
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