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PiglT project

Improving welfare and productivity in growing pigs using advanced ICT

methods (PiglIT)

Developing model based production and welfare Developing decision support systems <
monitoring systems

PhD Project 1: Automatic learning and pattern recognition using
sensor data (Department of Large Animal Sciences at University of
Copenhagen)

PhD Project 2: Methods for prioritization of alarms and
intervention (Department of Large Animal Sciencesat University of
Copenhagen

PhD Project 3 : Optimization Methods in a Stochastic
Production environment (Department of Economics and
Business at Aarhus University)

Postdoc Project L:Evolutionary operations asa tool for
improving welfare and productivity (Department of Animal
Science at Aarhus University)
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Work packages

Work Packages

B1. Monitoring B2 Detectionof | B3. Detection of B4. Detection of

and Forecasting of | tail bite, diarrheaand undesired

growthandfeed | interventionand | intervention excretory behavior

consumption decision about tail and intervention
docking

BS. Detection of
the duration of
different
production phases

86. Optimal
feeding and
marketing policy
in growing pigs

PhD 1. Automatic learning and pattern recognition using sensor data
- Modeling of ‘iormal’ behavior
- Identification af indicatars for behavioral prablems

PhD 2. Methods for prioritization of alarms and intervention
- Causal models for alarms
- Integration of causal models to full data and management structure

postdoc 1. Evolutionary operations as a tool for improving welfare and productivity
- Evaluate the potential of EVOP

- Comparethe use of FVOP withaut sensor infarmat on at section, pen and individual level

PhD 3. Opti
- Estimate herd specific production function
- Optimize intervention at section, pen and individual level

ization methods in a stachastic production environment

‘Source: http://pigit.ku.dk/
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Initial results
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A sub-project in the work package Bé

A hierarchical Markov decision process modelling feeding and
marketing decisions of growing pigs

Contributions:

» Combination of feeding and marketing decisions by a
hierarchical Markov decision process (HMDP).

» Embedding a dynamic linear model (DLM) and a dynamic
generalised linear model (DGLM) into the proposed HMDP.
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Problem definition

Finishing unit

Weaning unit

Sow unit

Source: hutp:iwwsw.bigdutchmn.de/
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Problem definition

Finishing unit

Weaning unit

Sow unit

Different levels of grouping:
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Problem definition

Different levels of grouping:

Animal
Finishing unit

Weaning unit
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Problem definition

Different levels of grouping:

N . Animal
Finishing unit
Pen

Weaning unit

Sow unit

Source: hutp:iwwaw.bigdutchnan.de/
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Problem definition

Different levels of grouping:
Animal

Finishing unit

Pen

Section

Weaning unit

Sow unit

Source: hutp:iwwaw.bigdutchnan.de/
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Problem definition

Different levels of grouping:
Animal
Finishing unit
Pen
Section
Herd

Weaning unit

Sow unit

Source: hutp:iwwaw.bigdutchnan.de/
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Problem definition

- R \
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Finishing uni \ \
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Cleaning

Source: hitp:i/www bigdutchman.de
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Problem definition

Maving pigs, wth 182 days o life tn -he :\aJEMErhcnss

Finishing |mit|

Source: hitp:i/www bigdutchman.de
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Problem definition

Maving pigs, wth 182 days o life tn <he :\aJEMErhcnss

- o ~ - 0 © ~ © @

Finishing wnic [ ‘Et*ﬁs wwwwwww | —

We focus on marketing and feeding decisions in the finishing unit

Source: hitp:i/www.bigdutchman.de
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Problem definition - Marketing decisions

Saughterouse | | |

- - -
|Finishinq | | | |
oppolsonazagkaseuale

Fattening Farm t
feeding decisions are made in all of the life cycle : E =il i

s T Marketing decisions
N
S
A - TR KOO Y T o e
o - P i Aomalleed Y
aavulorcaoocalwroormalorocy !
S83885833[eTE85 2985858 i
& Iy Penleel
N
. S . — e pes v
s i o

Sorez: bitp:/jwww, tigduchman.de

» Pen (or section) level: decision about when to terminate a pen
and insert a new group of piglets to the pen.
» Individual (Animal) level: decisions about how to select and

when to market individual animals for slaughter.
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Problem definition - Feeding decisions

Phase feeding

Mavine pigs, with 182 days of life tc the slaughterhouss
- « o « » © ~ © o g b ¢ I
Phase 1 Phase 2 Phase 3 Phase 4

» Decision about the time that the current ration (in the current
phase) should be changed.

» Decision about finding the best new ration in the next phase.

Q/37
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Modelling approach - framework (pen level)

Updating

" System stat

v True mean of the live weight

v True variance of the live weight

h ~._¥ True mean of the growth rate

Bayesian updating with;

+ Dynamic Linear Model (DLM]

+ Dynamic Generalized Linear Model (DGLM)
| i

Weekly data:

v Weight
¥ Feed intake

Optimal decisions:
Feeding decisions:

v’ Keep the current ration

v’ change the current ration

v' If change, an appropriate ration for
new phase

Marketing decisions:

v Send the pigs more than the
optimal threshold weight to the
slaughterhouse

v Terminate the pen and send all of
the pigs to slaughterhouse

Optimization

v
v
v
v

HMDP optimization

model

State space

Action space
Transition probabilities
Rewards

1

Initial parameters:

v Selling price
v’ Feeding unit cost
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Updating model - Observations

The observations in the pen for each week (or day):
» Average live weight
» Sample variance of the live weight
» Average feed intake

v Average live weight
B 8 v' Sample variance of live weight

v' Average feed intake

| 1

DLM model DGLM model
v True mean of live weight ¥ True variance of live weight

¥' True mean of growth rate

11/37



/ DEPARTMENT OF ECONOMICS AND BUSINESS
AARHUS UNIVERSITY

Updating model - DLM

» DLMis a statistical model to analyse the time series and extract
the true trend of latent variables (8;) based on the observed
data:

»(0) w0 NCD ,

> A system equation describes the extension of the latent variable
against time t:

0 = GOi_1 +wt, we~ N(O, V)
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Updating model - DLM

» DLMis a statistical model to analyse the time series and extract
the true trend of latent variables (8;) based on the observed

data: @ @

>0 (O >Ou) >

> A system equation describes the extension of the latent variable
against time t:
9[ = GH{,] ‘|‘UJ[, Wt ~ I\I(O7 V[)
> An observation equation indicates the relation between the
observable (Y;) and latent (8;) variables:
Y[ = F/H[ + Vi, Vg rv I\I(O7 W[)
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Updating model - DLM

(o ) (2)

ST LY Zi¢

System equation: <TWt’f> = <-I 1) <TWt_1»f> +w
Zuf 0 1 Zia g

W, - Average live weight at time t

. . (Wt
Observation equation:

FE: ¢ : Average feed intake in interval [t, t 4 1]

TW4 - True live weight at week t

Z; ¢ - True growth rate at time t

V : System variances (constant) - estimated by EM algorithm

W : Observation variances (constant) - estimated by EM algorithm

vVvvyVvyYyvyy
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Updotinq model - Applying Bayesian updating in the DLM

Datauptotimet — 1: D;_;
Posterioratt — 1: (6:—7 | Di_1) ~ N(m:i_1.Ci_1)
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Weeks after insertion into the pen
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Updotinq model - Applying Bayesian updating in the DLM

Given (6:—1 | Di—_1) ~ N(m¢_1, Ci—1) we have that
(Yl | D[,]) ~ I\l(f[7 O[) Where, f[ = F{G[m[,]

o Data + Yest. A Qest.
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Updotinq model - Applying Bayesian updating in the DLM

Attime t we see an observation y;:

o Data + Yest. A Best.
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Updotinq model - Applying Bayesian updating in the DLM

Given fi and y; we have that
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Updotinq model - Applying Bayesian updating in the DLM

Given fi and y; we have that

(Hr | Dr) ~ I\l(rnr7 Cr) Where, my = Grmt,] + RrFrOt()/r — fr)
o Data + Yest. A Oest.
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Updating model - DGLM

Observation equations:

ng—1 ng—3
exp(—L)(20) 7 ()T

f(s2hne) = o

g(ne) =

1
where g(x) = —
System equations:
2 2
o; = Giop_,

st2 : Sample variance of the live weights in pen.

o2 : True variance of the live weight in the pen.
t

T

nt - Number of pigs in the sample for st2

vV v VY
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Updating model - Validating the DLM

Weight (kg)

» To validate the DLM model, the observations were generated by a simulation
approach and we supposed the true means are given in this step.

> The filtered data (output of the DLM model) show a good prediction of the true
means of the live weight and the true means of the growth rate in the pen.

» Initial results indicate a good learning capability of the suggested DLM model.
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- — Average weight (obsenvations) A2 |n — Average feed intake (obsenations)
o — Filtered mean {based on o s 2] — Filtered mean of growth rate (based on DLM)
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