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Hello Doc, Lattec, Hillerad, Denmar
| 6standing here with Daisy,
and | h a v e gobthe faintest
clue w h a twoosg with her!

How to fill
the gap?
The dairy
cow
on-line
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A 50:50 Partnership between Foss and DelLaval established in 2001
A R&D: Technical (Hardware, Software, Mechanics) and Biological
A Technical and Biological support
A Manufacturing and operations
A Business development
A Sales and Marketing through owners
A Situated in Hillergd (FOSS), ~28 people




My Agenda

1.. Purpose of in  -line milk analysis on -farm

Early and precise diagnoses for decision making
Welfare aspects of early diagnoses

2. Moving from data to usable decision making on -farm

3. Which alarms does the farmer need to have?

4. What can be measuredin  -lineto -day?

5. Additional data for precise diagnosis

6. Herd NavigatorE as an example of

/. Perspectives for the future
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Why willl Toommow’siIConbaOn-line?

Lowinput/low outputvs High input/high output systems

A Dairy herds grow larger
A More cows to monitor
A Milk yields increase

A Higher risk of disease and
reproductive disorders 110

A Automated milking decreases 105
COW - man interaction

A Hired milkers milk cows & and do
nothing else!

A Income margins growing smaller

A Consumers & per c e primalo n
welfare and health -

A On-line systems can be 1970 1980 1990 2000
automated !

115

100

95

Milk production goes up
- and fertility goes down'!

Productie
Vruchtbaarheid

2010 2020
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How to Obtain Non-invasive
Cow Siigndis?

Sounds:
Rumig ey Behaviour:
(coughing) Activity meter
Positioning in
Expiration: barn Sweat
Smell |
Specific substances Eacces i
Saliva - _RumenpH
Temperature
CowlID Milk:
Changesin milk yield
Feed intake: g,:low e :
Amount temperature
Type Electrical conductivity
| ameness Udder Specific substances

detection Surfacetemperature
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ThelldeaAutomatetMonitoring System:

A Should explain underlying biological process
ATransl ated to management a
A Cost effective

A Flexible, robust and reliable

A Information readily accessible to farmer

A Commercial demonstration (works in real life)

A Continuous improvement and feedback loops

Dr. Jeff Bewley (Kentucky State University),
Precision Dairy Conference 2013, Rochester, MN
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AutomatetSystemavailableon the Market

A MASTITIS DETECTION
In -line electrical conductivity In milk
In -line Somatic Cell Count measurements
IR cameras to detect increase temperature in udder quarters

HEAT DETECTION
Activity meters

MORE PARAMETERS MONITORED
In -line Fat, Protein, Lactose ,SCC

At-line :Herd Na v i g atMastitts , Reproduction , Ketosis , Feed
composition
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Which Alarmsdoeshe Farmer
Neetio Have?

A True alarms!
A The reality: Muddy
A Heatalarm &true heat orj u s tfollawer®

A Mastitis alarm & really true mastitis ? 8 and should |
treat the cow?

A The no-alarms !
A Even worse & did | miss something ?
A The lame cow in heat, the silent heat

A The Post Partum Anestrus/follicular  cyst/luteal cyst
cow showing no heat

Next step i From the basic sensing to farm management
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Alarmsthat D o nF&dRightWo n et
Considered

0 —— Check alert in the barn

= Only 3,5% of the alerts are checked by the

Buma et. al., 2013
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The Four Stages of Meaningful Herd
Management with Sensors

Level 1: Level 2: Level 3: Level 4.
Sensor Detection Decision Advice to
& Data Algorithm Support Model farmer or
algorithm NS (kT & Monitoring Autonomous
» Cow history ’ Algorithm ’ action
Information | Advice I

After Rutten et al. 2013

gl

FlaJe




TheFourStages Oeaningful Herd
Managemenwitih Sensofs
- It Must beasSystem!

Health mapagement

After Rutten et al. 2013 .
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TheFourStages Oeaningful Herd
Managemenwithh Sensors

Level 1:

Sensor
& Data

algorithm l N

Level 2:

Detection
Algorithm

on-sensor data
Cow history

Information

Level 3:

Decision

Support Model

& Monitoring
Algorithm

>

Level 4:

Advice to
farmer or
Autonomous
action

Advice




The Four Stages of Meaningful Herd
Management with Sensors

A Sensing technologies
A Electrical conductivity (milk)
Rumen pH
Temperature
Activity meters
Cow positioning
IR-Cameras
Auditive sensors
Step plates for lameness
BIOSENSORS
etce . . B

FlaJe

Level 1:

Sensor
& Data algorithm

)

Information ‘
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The Principle of Operation of a
Biosensor

BIOSENSOR

Bioreceptor Transducer

Enzymes Electrodes

Antibodies Transistors
Nucleic acids Thermistors I ' E l
Micro organisms  Optical fibres L g i

Tissue cells Piezoelectric
Chemo receptors crystals

Adapted from Valasco-Garcia & Mottram, 2003
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TheFourStages tiMeaningful Herd
Managemenwitih Sensoss

A One measurement or several
make no advice - just
another data source

Level 1:

Sensor
& Data algorithm

oy Electrical conductivity
i N profiles

Information ‘

OWe drown Indata, but lack 1 nf or mat I o
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TheFourStages Oeaningful Herd
Managemenwith Sensors

Level 1- A One measurement or several
make no advice - just
Sensor
& Data algorithm another data source
A
S
© X SThresholdo
C >
2l & ) ¢
) -
Information e
O
>

, . . t] :
OWe drown Indata, but lack 1 nf or rhméet | O
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TheFourStages Oieaningful Herd
Managemenwith Sensors

Level 1: A dMaking senseof dat ao
A Algorithms to process time series of
Sensor data

& Data algorithm , ’ a4
A Sensitivity of sensor

A The ability of the system to detect
the true condition

A Specificity of sensor
A The ability of the system to classify
the truly healthy animal as healthy

A Sensitivity/specificity not adequate for
time series analyses

A THEN WHAT?

FlaJe
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TheFourStages Oieaningful Herd
Managemenwithh Sensors

A Sensitivity & Specificity  for
mastitis detection based on
Level 2: electrical  conductivity

Detection Algorithm A Milking robot 1:
A Sensitivity 47 %, Specificity 99
% (Rasmussen et al., 2007)

A Milking robot 2:
A 74 % clinical cases missed

A 60 % false positive alerts

Information | A 3% of alerts checked by farmer
(Buma et. al., 2013)

>
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TheFourStages OMeaningful Herd
Managemenwith Sensors

Level 3: A A. Sensor data

>\ >\ >\ >\ >\

T\

Breed
. ’ Milk vyield
Body condition

Dl SupaeiEeE) @ A B. Cow specific Iinformation
Lactation number
Advice ‘ External heat/pregnancy
Economic considerations

Monitoring Algorithm (local/central database)
Lactation stage
o check
Eladle
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The  BIOSENS Brojdoevelopmendf the
Biomodeidor Herd Naiyatorgat or |

A Developedy theFacultyof |
Agricultural Sciences, <
AarhusUniversity,

Denmark andtestedn the
research farm (15Gows

A MOre than 60 Intemathnal Indicator-Based Risk I l ﬁdditianal Risk Factor /
scientificpublicationsi 25 On-Line Biomatric] o [ Additive /
Signal Model ‘ ™ f(Time)
employees BIOSENS -

A Testingin 6 commercial
dairy farms in Denmark

- (1,660cowy Aarhus
A Todayservicing >28,000 University
cowsin 16 countries

cator-Based Risk + Ada)
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TheBiomotiéidorHerdNa vi gat o
- Time Series Models

A Primary input:
A Lactate Dehydrogenase (mastitis )
A Beta Hydroxy Butyrate (ketosis)
A Progesterone (reproduction )
A Urea
A Available other data:
A Cow specific data
A Milk yield
A Stage of lactation
A Breeding data
A Observational data y

Model output:  Risk of conditions In question
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