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How to fill 

the gap? 

The dairy 

cow 

 on-line 

Hello Doc, 

Iôm standing here with Daisy, 

and I havenôt got the faintest  

clue whatôs wrong with her! 
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Å 50:50 Partnership between Foss and DeLaval established in 2001  

Å R&D: Technical (Hardware, Software, Mechanics) and Biological 

Å Technical and Biological support  

Å Manufacturing and operations 

Å Business development 

Å Sales and Marketing through owners 

Å Situated in Hillerød (FOSS), ~28 people 



2 

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 measured in -line to -day?  
 

5.        Additional data for precise diagnosis  
 

6.        Herd NavigatorÊ as an example of a complete system 
 

7.        Perspectives for the future  
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Why will  TomorrowĴs Cow be On- line? 
Low input/low output vs High input/high output systems 

Á Dairy  herds grow  larger  

Á More cows to monitor  

Á Milk yields  increase  

Á Higher  risk  of disease  and 

reproductive   disorders  

Á Automated  milking  decreases   

     cow - man interaction  

Á Hired  milkers  milk  cows ð and do 

nothing  else! 

Á Income  margins growing  smaller  

Á Consumers õ perception of animal  

welfare  and health   

Á On-line  systems can be 

automated ! 

 

Milk production  goes up  

- and fertility  goes down ! 
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How to Obtain Non- invasive  
Cow Signals? 

 

Cow ID Milk: 
Changes in milk yield 

Flow rate 

temperature 

Electrical conductivity 

Specific substances 

Behaviour: 

Activity meter 

Positioning in 

barn  Expiration: 
Smell 

Specific substances  

Rumen pH 

Temperature 

Feed intake: 
Amount 

Type 

Faeces/urine 

Udder  
Surface temperature 

Sounds: 
Rumination 

(coughing) 

Saliva 

Sweat 

Lameness 

 detection 
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The Ideal Automated Monitoring System: 

ÁShould explain underlying biological process  

ÁTranslated to management action (SOPõs) 

ÁCost effective  

ÁFlexible, robust and reliable  

ÁInformation readily accessible to farmer  

ÁCommercial demonstration (works in real life)  

ÁContinuous improvement and feedback loops  

 
Dr. Jeff Bewley (Kentucky State University),  

Precision Dairy Conference 2013, Rochester, MN 
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Automated Systems Available on the Market 
ÁMASTITIS DETECTION  

In -line  electrical  conductivity  in milk  

In -line  Somatic  Cell  Count measurements  

IR cameras  to detect  increase  temperature  in udder  quarters  

 

ÁHEAT DETECTION  

Activity  meters  

 

ÁMORE PARAMETERS MONITORED  

ÁIn -line  Fat, Protein, Lactose , SCC  

ÅAt -line : Herd NavigatorÊ: Mastitis , Reproduction , Ketosis , Feed  

composition   
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Which Alarms does the Farmer  
Need to Have? 

ÁTrue alarms!  

Á The reality: Muddy   

ÁHeat alarm ð true heat or  just a ófollower ó 

ÁMastitis  alarm ð really  true mastitis ? ð and should  I 

treat  the cow? 

ÁThe no -alarms ! 

ÁEven  worse  ð did I miss something ? 

Á The lame cow in heat, the silent  heat  

Á The Post Partum  Anestrus/follicular  cyst/luteal  cyst  

cow showing  no heat  

 

 
Next step ï From the basic sensing to farm management 
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Alarms that DonĴt Feel Right WonĴt be 
Considered! 

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

Management with Sensors 

Level 1: 
 

Sensor 

 & Data 

algorithm 

Level 2: 
 

Detection 

Algorithm 

Level 3: 
 

Decision 

Support Model 

& Monitoring 

Algorithm 

Level 4: 
 

Advice to 

farmer or 

Autonomous 

action 
Non-sensor data 

Cow history 

Information Advice 

After Rutten et al. 2013 
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Level 1: 
 

Sensor 

 & Data algorithm 

Level 2: 
 

Detection 

Algorithm 

Level 3: 
 

Decision Support 

Model & 

Monitoring 

Algorithm 

Level 4: 
 

Advice to farmer 

or Autonomous 

action 

Non-sensor data 

Cow history 

Information Advice 

The Four Stages of Meaningful Herd 
Management with Sensors 

-  It Must be a System! 

4. Decision 
making  

After Rutten et al. 2013 
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Cow physiology/Behaviour Health management 

- an off-agriculture example!: 
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Level 1: 
 

Sensor 

 & Data 

algorithm 

Level 2: 
 

Detection 

Algorithm 

Level 3: 
 

Decision 

Support Model 

& Monitoring 

Algorithm 

Level 4: 
 

Advice to 

farmer or 

Autonomous 

action 
Non-sensor data 

Cow history 

Information Advice 

The Four Stages of Meaningful Herd 
Management with Sensors 
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The Four Stages of Meaningful Herd 

Management with Sensors 

ÁSensing technologies 

ÁElectrical conductivity (milk) 

ÁRumen pH 

Á Temperature 

ÁActivity meters 

ÁCow positioning 

Á IR-Cameras 

ÁAuditive sensors 

ÁStep plates for lameness 

ÁBIOSENSORS 

Á etcé.. 

 

Level 1: 
 

Sensor 

 & Data algorithm 

Information 
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The Principle of Operation of a 

Biosensor 

Sample Bioreceptor Transducer 

BIOSENSOR 

Signal Data processing 

Enzymes 

Antibodies 

Nucleic acids 

Micro organisms 

Tissue cells 
Chemo receptors 

Electrodes 

Transistors 

Thermistors 

Optical fibres 

Piezoelectric 

crystals 

Amplifier 

Adapted from Valasco-Garcia & Mottram, 2003 
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The Four Stages of Meaningful Herd 
Management with Sensors 

ÁOne measurement  or  several  

make  no advice  - just 

another  data source  

 

óWe drown  in data, but lack  informationó 

Level 1: 
 

Sensor 

 & Data algorithm 

Information 

Electrical conductivity 

 profiles 
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The Four Stages of Meaningful Herd 
Management with Sensors 

ÁOne measurement  or  several  

make  no advice  - just 

another  data source  

 

òThresholdò 

time 

C
o
n

c
e
n
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a
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o
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óWe drown  in data, but lack  informationó 

Level 1: 
 

Sensor 

 & Data algorithm 

Information 
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The Four Stages of Meaningful Herd 
Management with Sensors 

 

ÁòMaking sense of dataò 

Á Algorithms to process time series of 

data 

Á Sensitivity of sensor 

Á The ability of the system to detect 

the true condition 

Á Specificity of sensor 

Á The ability of the system to classify 

the truly healthy animal as healthy 

Á Sensitivity/specificity not adequate for 

time series analyses 

Á THEN WHAT? 

Level 1: 
 

Sensor 

 & Data algorithm 

Information 
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The Four Stages of Meaningful Herd 
Management with Sensors 

 

Á Sensitivity  & Specificity  for 

mastitis  detection  based  on  

electrical  conductivity : 

Á Milking  robot 1:  

Á Sensitivity  47 %, Specificity  99 

%  (Rasmussen et al., 2007)  

Á Milking  robot 2:  

Á 74 % clinical  cases missed  

Á 60 % false positive alerts  

Á 3 % of alerts  checked  by farmer  

    (Buma  et. al., 2013)  

 

 

 

Level 2: 
 

Detection Algorithm 

Information 
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The Four Stages of Meaningful Herd 
Management with Sensors 

ÁA. Sensor data  

ÁB. Cow  specific    information 

 (local/central  database)  

ÁBreed  

Á Lactation  number  

Á Lactation  stage 

ÁMilk yield  

ÁExternal  heat/pregnancy   

check  

ÁBody  condition  

ÁEconomic  considerations  

Level 3: 
 

Decision Support Model & 

Monitoring Algorithm 

Advice 
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The BIOSENS Project: Development of the 
Biomodels for Herd Navigatorŀ 

ÁDeveloped by the Faculty of 
Agricultural Sciences, 
Aarhus University, 
Denmark and tested in the 
research farm (150 cows) 

ÁMore than 60 international 
scientific publications ı 25 
employees 

Á Testing in 6 commercial 
dairy farms in Denmark 
(1,660 cows) 

Á Today servicing >28,000 
cows in 16 countries 

Lattec 
I/S 

KFC Aarhus 
University 

BIOSENS 
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The Biomodels for Herd Navigatorŀ 
 -  Time Series Models 

ÁPrimary  input:  

Á Lactate  Dehydrogenase  (mastitis ) 

ÁBeta Hydroxy  Butyrate  (ketosis ) 

ÁProgesterone  (reproduction ) 

Á Urea  

ÁAvailable  other  data:  

Á Cow specific  data  

ÁMilk yield  

Á Stage of lactation  

Á Breeding  data  

ÁObservational  data  
 Model output: Risk  of conditions  in question  


