SEMANTICS IN DAIRY FARMING

Jacco Spek

Running presentation of the semantics work in dairy farming
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Collaboration project
3 Cooperations

7 SME'’s

5 Research institutes
7 Real farmers

Timeline:

SDF1: 2011 - 2014
Nothern part of the Netherlands
Website (in Dutch):
http://www.smartdairyfarming.nl/nl/

Goal of SDF:
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to support dairy farmers in the care of individual animals.
with the specific goal of a longer productive stay at the farm due to

improvement of individual health.

Challenge SDF2:
more farmers: from 7 to 60 (and prepare for 2500)

Numbers for the Dutch situation:
15000+ farmers

* in total more then 1.5 million milk cows
+ 20 to 200+ datafields per cow

* many different stakeholders in the

more sensor suppliers and more data consumers chain

incorporate semantics and big data analysis



Data sharing in the dairy chain

Other data sources,
CRV, FC, AgriFirm,
Weather, Satellite
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[ Cow specifics

Workinstructions (SOP) ‘\
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Think big,
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1 12GB sensordata per year for

Start Sma” 'q 7 farms => 310 GB triples

From 7 to 50 farms
of 15.000 in NL

InfoBroker: Open platform | |
for sharing (sensor) data ii-l.l-smar@a'WFarm'ng

producers and consumers

Real time analysis models
(at different organisations)

Starting point:
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Farmer in control
“De boer aan het roer”
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Starting point:
Cow centric thinking
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Sensors from
different suppliers:
Lely, Delaval,
Agis, Gallagher,...
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InfoBroker concept

Prioriteit

Dashboard

cow specific work
instructions (SOPs)

I Modal

I NModal
Model

T T cow centric data

InfoBroker
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cow centric
data
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InfoBroker functionalities:

Open interfaces for data exchange (API)
Authentication
= who are you (are you allowed to login)
Permissions

which data may be used by whom

to be set by the farmers

Namingservice

location where the data can be found
— static data
— cow-centric sensor data

Integration

combining info from different sources
Pay-per-use

fixed costs (connections)

variable costs (used data)

no central datastore for (sensor)data!
but indeed a broker

and reduces/prevents duplication



Farmer: Dairy Campus

Gebruikersnaar CRD00289728

Wachtwoord

UBN 289724

Log in

Speenschema aanpassen
Krachtvoer aanpassen
Ruwvoer aanpassen

Pink insemineren
Kalf/pink behandelen

SmartDairyFarming

0Soberon etal., 2012

200

1000 //
O -

-1000 70 900 1000 1100

~2000
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Selecteren voor afvoer
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SOP-application

Model
Young cattle
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life_number, sensor,date_time,wcorr,wstable,wzero,wavg,wavgmin, wavgmax, werrors,wnousecounter, wnousetime, wusetime

NL 916075572,dc_roostervloerhokl weegschaall,2013-11-04 04:
NL 916075572,dc_roostervloerhokl weegschaall,2013-11-04 04:
NL 916075572,dc_roostervloerhokl weegschaall,2013-11-04 04:

NL 916075572,dc_roostervloerhokl weegschaall,2013-11-04 04:

FQ%S¥EE{HNIK_ Milk intake Forster.csv
RFID 2x ¢'
Weight | pass Match &
ghuactir 4x OQGQXerS trougth:O> Merg
RFID 4x

Water intake
4x

S8 Systems @ & rovecom

milkintake.csv
weight.csv
waterintake.cs

18:35 UTC,129.0,129.0,0.0,102.3,30.8,129.0,0,0,470,18590
18:40 UTC,129.5,129.5,0.0,129.6,129.5,130.0,0,0,475,18590
18:45 UTC,130.0,130.0,0.0,129.5,129.0,130.0,0,0,480,18590
18:50 uTC,130.0,130.0,0.0,129.8,129.5,130.0,0,0,485,18590

Realtime cow Static data

centric sensor data
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CRV_Diagnosys
CRV_Treatment
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SDF

Farmer: D¢

SOP per type

Prioriteit

£2 Kalf behandelen

&) Speenschema aanpassen

Dashboard = "™

Ga over op speenschema 6

€2 Vruchtbaarheidsonderzoel

s ‘SmartDairyFarm

Datacollection on the farm

Details

SmartDairyFarming
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Water intake
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Toelichting: Dag 42: gewicht (50 kg; afwijking -15 kg) en Soberon et a|_, 2012
groei (0.4 g/dag; afwijking 0.2 g/dag) 2000
Melding: Speenschema aanpassen 1000 /
Instructie: Ga over op speenschema 65 dagen o /
Diernr: 487
Naam: Theuntje Ode|S -1000 74 90010001100
Werknr: 3411 -2000
Levensnr: NL 423534117
Prioriteit: 2
Databron: Stallijst CRV
Geldig tot: 15-6; 13 uur - -
slication
Status: Open
bg Model
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In SDF 1.0 a temporary route and storage

to make it possible with existing/new sensor systems

storage at the sensor system/provider
and registration at the InfoBroker

Direct coupling with InfoBroker in SDF 2.0

),0,470,18590

0,0,475,18590
0,0,480,18590
0,0,485,18590
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InfoBroker — Facts & Figures
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I ) el e el [ i) i
186 315 239 706 202 351

# cows/calves 459

x
Temperature X
Activity X X X X
Milk production X X
Food intake X
X X X X
Water intake X X
X X

Date: february 2015
NB1: this are “sensor data categories” at a farm
. NB2: not all animals are monitored for SDF (e.g. 3 and 4 only calves)
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InfoBroker — Facts & Figures
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Number of sensorfields

Number of cows

vs time

vs time
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1. To make the various data sets accessible in an
automatically linkable manner for easier integration

2. To enrich the semantics of the datasets in isolation
as well as in combination using ontologies

3. To enable any possible question to be queried on
the datasets for better analysis
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WHAT IS LINKED DATA?

Y “Linked data is a set of design principles for sharing machine-

readable data on the Web for use by public administrations, business

and citizens.” 2

The four design principles of Linked Data (by Tim Berners Lee):

1.
2.
3.

10

Use Uniform Resource Identifiers (URIs) as names for things.
Use HTTP URIs so that people can look up those names.

When someone looks up a URI, provide useful information, using
the standards (RDF*, SPARQL).

Include links to other URIs so that they can discover more things.



m innovation
for life o —

5 STAR MODEL
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SIMPLE EXAMPLE OF LINKED DATA
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is a
(type)
has surface

o e e
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(type)
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“How much feed did a group of cows at a dairy
farm take in a certain feeding period at a
specific parcel?”

“What was the average weight per day over the
last lactation period of a cow and what was the
weight in/decrease over that period?
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STEP 1: ONTOLOGY MODELING

14

Analysis tools

—
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MS-ontology :

=
—~~
—

ST-ontology :

Measurements TS

Static TS

Cow centric
Cow experiment data
Sensor data

Static data
(e.g. date of birth)

Cow specific data per farm per Cow specific data per farm

sensor equipment
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STEP 2: COMMON ONTOLOGY

@ Miyield @ Grass_Amount
B =ndTime - dateTime[1.1] I timePoint - dateTime[1_1]
M startTime - dateTime[1.1] Wl hasWeight
B Milsystem Bl hasWeight =

@ Parcel
Il centerPoint: [1.1]
Il surface integer[1_1]

@ reed Parameters

M contzinzA
=
@ Cow ) @ Feeding_Period
Il eatsDuring ~.| Il endTime: dateTime[1.1]
8 Feed intake ~,| WM grazesOn “| mm startTime: dateTime[1.1]
® feed Il encTime : dateTime[1_1] o N\C | hasweight
[ | hasParameters 't';—-_,_ = StartTime:dateﬁme[Lﬂ i
MW consistsOf
Il =3tenBy
Il haz\Weight
“What was the average S [Perp— & Experiment
g . Lactating_cow Ml endTime - dateTime[1_1]
. W i=ParOf W startTime - gateTime[1.1]
weight per day and

@ Grazing_experiment

e Group
I tzk=:zPartin

weight in/decrease over

the last lactation period

of a cow in a group ?”

15
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STEP 3: ONTOLOGY MAPPING

@ cm:Cow
Il cm:eatsDuring
Il cm:givesMilkyield
Common ontology BN cm:grazesOn
Bl cm:hasActivity
Il cm:hasTemperature

Il cm:hasWeight \._\
O cm:Activity @ cm:Body_Weight
I cm:eatingActivity : integer(1..1]
B cm:highActivity : boolean(1..1] ‘|7

B cm:highActivityMinutes : integer[1..1]
I cm:measuredHour : dateTime[1..1]

I cm:numberOfMovements : integer[1..1]
I cm:ruminationActivity : integer{1..1]

o cm:Weight
I cm:timePoint : dateTime[1..1]
D@l cm:weight : integer(1..1]

rdfs:label = “Activity2hours” rdfs:label = “BodyWeight”

S — @ sdf:Sensor

B scf:fabrikant : string " - ® sarioe
I scf:gemetenEigenschap : {"Gewicht_Lely.BodyWeight" , "Activiteit_Lely.Activity2hours"}
I sdf:groep : {"Activiteit" , “Gewicht" , "IDvisit" , “Melkgift" , “"Voer"}

Il scf:infobrokerProperty sdf:gemetenKoe

W
[ sdf:Meting

[ scf:gemetenKoe : sdf:Koe (exactly 1 scf:Koe)
[ sdf:sensor : sdf:Sensor (exactly 1 sdf:Sensor)
Measurement ontology BN scf:gemetenWaarde : string

I sdf:levensnummer : string

Il sdf:timestamp : xsd:dateTimeStamp

I scf:levensnummer : string

16
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« Server: 128GB memory, 5TB HDD
* Marmotta Triplestore with RDB

» Jena Fuseki Triplestore with TDBVirtuoso RDB
+TDB

* OpenRefine with RDF extension



(E] minion02.sensorlab.tno.nl:8080/fuseki/dataset.html| ] ﬂ]
Apache Server
Y il:zt;ae i @ £ dataset % manage datasets O help S
Dataset: /SDF -
© query X, upload files (# edit @ info
SPARQL query
To try out some SPARQL queries against the selected dataset, enter your query here.
EXAMPLE QUERIES
Selection of triples Selection of classes
PREFIXES
rdf rdfs owl xsd
SPARQL ENDPOINT CONTENT TYPE (SELECT) CONTENT TYPE (GRAPH)
http://minion02.sensorlab.tno.nl:8080/fuseki/SDF/query JSON s  Turtle s
1 #SPARQL query to retrieve information on body weight : :
2
3 PREFIX xsd: <http://www.w3.o0rg/2001/XMLSchema#>
4 PREFIX minion: <http://minion02.sensorlab.tno.nl:8080/fuseki/SDF/data/>
5 PREFIX sdf: <http://minion02.sensorlab.tno.nl/ontologies/SDF.ttl#>
6 PREFIX res: <http://minion02.sensorlab.tno.nl/resources/>
7 SELECT ?nr ?timestamp ?gewicht
8 FROM minion:Antonides_Lely
9 v WHERE {
10 ?meting a sdf:Meting .
11 ?meting sdf:sensor ?sensor .
12 ?sensor sdf:gemetenEigenschap ?eigenschap .
13 FILTER regex(?eigenschap, 'BodyWeight') .
14 ?meting sdf:gemetenKoe ?koe .
QUERY RESULTS
22 RawResponse BRELEE * Search: Show  so entries
nr % timestamp % gewicht 3
1 “NL 334505435" 2014-01-01T01:02:02 715
2 “NL 334505435" 2014-01-01T07:44:28 712"




minion02.sensorlab.tno.nl:8080/fuseki/dataset.html| ] ﬂ]
6 PREFIX res: <http://minion02.sensorlab.tno.nl/resources/> [ & ]
7 SELECT ?nr ?timestamp ?gewicht X D
8 FROM minion:Antonides_Lely
9 v WHERE {
10 ?meting a sdf:Meting .
11 ?meting sdf:sensor ?sensor .
12 ?sensor sdf:gemetenEigenschap ?eigenschap .
13 FILTER regex(?eigenschap, 'BodyWeight')
14 ?meting sdf:gemetenKoe ?koe .
15 ?meting sdf:timestamp ?timestamp .
16 ?meting sdf:gemetenWaarde ?gewicht .
17 ?koe sdf:levensnummer ?nr
18 '}
19 LIMIT 100
QUERY RESULTS
=2 Raw Response . Search: Show so [ entries
nr timestamp e gewicht %
1 “NL 334505435" 2014-01-01T01:02:02 715
2 “NL 334505435" 2014-01-01T07:44:28 712"
3 “NL 334505435" 2014-01-01T14:34:21 "693"
4 “NL 334505435" 2014-01-01T719:58:32 "736"
5 “NL 334505435" 2014-01-02T04:14:39 “708"
6 “NL 334505435" 2014-01-02T09:59:15 714"
7 “NL 334505435" 2014-01-02T15:46:39 715"
8 “NL 334505435" 2014-01-03T00:38:08 707"
9 “NL 334505435" 2014-01-03T07:12:51 "708"
10  "NL 334505435" 2014-01-03T12:33:23 701"
1 “NL 334505435" 2014-01-03T18:38:00 "723"
12 "NL 334505435" 2014-01-04T02:20:28 718"
13  "NL 334505435" 2014-01-04T08:12:15 "687"
14  "NL 334505435" 2014-01-04T13:47:00 712"
15 "NL 334505435" 2014-01-04T19:44:03 717"
16 "NL 334505435" 2014-01-05T02:16:01 713"

&
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Large amount of sensor-data: Inefficient data-storage of RDF
12GB of CSV data turned into +/- 310 GB of RDF (in fuseki TDB)
Performance issues
Our relatively powerful setup is not able to answer more complex

questions in acceptable time,
traditional datastorage (RDB) is able to answer these questions in

acceptable time.
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Openlink virtuoso:
Has both a relational database and a triplestore
Efficiently stores RDB data
Ability to define a mapping between DB schema and ontology
Query Relational DB using SPARQL
Provides a SPARQL endpoint
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Hypothesis:
Because the data is stored more efficiently, and SQL can query this

data more efficiently than a complete RDF+SPARQL
implementeation; the performance of a hybrid solution will be faster

than pure RDF storage.

Open questions:
How efficient is the Virtuoso translation from SPARQL to SQL?

How will this setup perform with more complex ontologies or

database schemas?
Are there any unforeseen limitations of this setup?



