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Sponsorship 
        
Platinum –  
♦ AgriLabs 

 
Gold –  
♦ Elanco 
♦ Merck 
♦ Zoetis 
♦ Ohio Veterinary Medical Association (OVMA) 
♦ COBA/Select Sires 
♦ Afimilk 

 
Silver –  
♦ TechMix 
♦ Multimin 
♦ Animal Profiling International (api) 
♦ SCR 
♦ Animal Health International 
♦ Bio-Vet 
♦ Boehringer Ingelheim Vetmedica, Inc. 
♦ Parnell 
♦ MWI Veterinary Supply 
♦ Y-Tex 
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Thank you for your business!   

We look forward to helping you make 2015 a successful year!  

 

 

 

 

Your local Representatives: 

          Jim Stefanak                     Dick Knight 
330-298-8113           419-651-0695 

 

Trademark statements: Elanco®, Rumensin®, Posilac®, Titanium®, Master Guard® and the diagonal bar are 
trademarks owned or licensed by Eli Lilly and Company, its subsidiaries or affiliates.© 2013 Elanco Animal Health. 
Keto-Test™ is a trademark of Elanco Animal Health. Manufactured by SKK, Japan. © 2013 Elanco Animal Health. 
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Thanks to 

 
Gold Sponsor of the  

Ohio Dairy 
Veterinarians 

 
 
Merck Animal Health is a global, research-driven company that develops, manufactures and 
markets abroad range of veterinary medicines and services. We offer one of the industry’s most 
innovative portfolios, spanning products for the prevention, treatment and control of disease in 
all major farm and companion animal species. 
 

http://www.merck-animal-health-usa.com/species/Cattle/index.aspx 
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Thanks to 
 
 
 
 

Gold Sponsor of the  
Ohio Dairy 

Veterinarians 
 
 
 

 

Zoetis provides a diverse portfolio of animal health products and services for dairy 
cattle. We also work with dairy farmers and veterinarians around the world to help them 
make informed decisions that contribute to improving the health of their herd and 
maximize the potential and profitability of their dairy operation under sustainable 
conditions. 

http://www.zoetis.com/dairy-cattle 
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Food Animal Externship 
For students studying veterinary medicine, the best way to learn is by firsthand experience. In an 
effort to encourage students who want to take their education to the next level, the Ohio 
Veterinary Medical Association will provide a total of $8,000 in matching grant funds to 
veterinarians willing to introduce students to food animal medicine. 

Purpose of the Program 

This externship opportunity has been established to facilitate the exploration of food animal 
medicine as a viable career path among veterinary medicine students. The program also 
encourages and supports OVMA food animal practitioners in developing mentorship 
opportunities and, potentially, future associate veterinarians. 

Approved Practices 

To be eligible to receive a grant, food animal medicine must make up at least 25 percent of your 
practice’s activity. This includes bovine, swine, ovine, poultry or aquaculture veterinary 
medicine. However, the Committee may approve other areas on a case-by-case basis. 

Only practices located in Ohio qualify for the program, and at least half of the practicing 
veterinarians must be members in good standing with the OVMA. Practices must also agree to 
engage students in food animal medicine for the majority of the externship, as well as match 
OVMA externship funds dollar for dollar. If your practice meets these criteria, you may be 
awarded up to $1,500 for the 2015 program. 

Participating practices also agree to be responsible and to hold harmless the OVMA from all 
employment responsibilities and liabilities. 

Determination of Grants 

In order to be considered for the externship program, interested practices must submit their 
applications by March 1, 2015. In requesting funds, practices are asked to indicate what portions 
of the grant will be used for compensation, lodging and food. Grant requests are subject to 
approval in form and amount, or disapproval, by a Committee that has been appointed by the 
OVMA President for such purposes. Any OVMA member whose practice has submitted an 
application for the program is not eligible to serve on this Committee. 

More Info: 

https://ohiovma.org/membership/externship.html  

Page 9

https://ohiovma.org/membership/externship.html


Page 10



• Most accurate system on the market

• Highly scalable, adaptable system

• Supports any herd size - up to tens  of 
thousands of cows

• Simple, easy installation

• Available as a stand-alone system

• Long range radio collects behavior data 
anywhere on the farm

• Accessible from the Web on any type  
of device - smartphone, tablet, laptop

  

Contact us: Afimilk USA, Inc. (608) 298-7566
afimilkUSA@afimilk.com | www.afimilk.com

 

 
 

AfiAct II™

The next-generation solution 
for the most accurate heat detection

afiact_2_ad_nov14_8.5inX11in.indd   1 12/10/14   3:49 PM
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740 Bowman Street, Stewart, MN 55385

To learn more about our fresh cow protocol, call 877-466-6455 or visit our website at techmixglobal.com

Our fresh cow protocol provides the nutrients required for post-freshening recovery into lactation.  
These three products have become the nutrition cornerstone for fresh cow groups around the world. Each is engineered to specifically address nutrition 

needs at very specific points during transition. This product grouping is considered the fresh cow protocol, and recommended for use on every fresh cow.

Description:  Contains 

yeast, magnesium, calcium, 

potassium, niacin, betaine 

and other key nutrients to 

help cows transition into 

lactation after freshening. Fresh Cow YMCP helps increase 

feed intake, speeds post-freshening recovery, helps to 

maximize milk production, and is proven to help reduce 

metabolic problems. 

 

Administration:  Use Fresh Cow YMCP immediately after 

freshening.

The Original YMCP Powder:  Mix 1 pound of YMCP Powder 

in 5 gallons of warm water. 

Available in:  2 lb bag, 25 lb pail, 40 lb bag, 50 lb box 

- OR - 

YMCP Paste:  Orally administer entire 375 g tube to cow 

Available in:  375 g single-dose tube, 12 tubes per display 

case, 48 tubes per shipper case 

- OR - 

YMCP Capsules:  Orally administer six capsules 

per cow 

Available in:  48-count jars (six jars per case)

Economic impact of fresh cow challenges

This table shows some of the key post-freshening challenges and 

associated treatment costs. By avoiding even a couple treatments, it 

would be easy to project how the savings add up.  

Calculate  your potential savings at techmixglobal.com/freshcow.

Description:  Contains 

30 billion colony forming 

units of live yeast, and the 

veterinary recommended dose 

of 6 grams of niacin which 

helps develop and maintain optimum rumen fermentation 

in high producing dairy cows. Rumen Yeast Caps helps 

stimulate appetite and dry matter intake, helps maintain peak 

production levels and helps to prevent ketosis. 

Administration:  Administer one Rumen Yeast Capsule the 

first and second day after freshening. If a cow goes off feed 

during lactation, administer one Rumen Yeast Cap for three 

days. 

Available in:  Jar of 25 capsules and box of 100 capsules

Description:  

A highly palatable electrolyte, 

vitamin and acidified energy 

product  formulated for 

dehydration. Field tested and time proven for more than 25 

years, Bovine BlueLite® helps guard against dehydration by 

maintaining body fluids and helps encourage water intake. 

Use during dehydration events - heat stress, winter dysentery, 

bacterial diarrhea, and pneumonia. Ideal for show cattle.

Administration:  Administer during the first two weeks of 

lactation. If a cow looks dehydrated or dry matter intake drops, 

drench cow with 4oz. of Bovine BlueLite®.

Available in:  1.25lb jar, 2lb bag (14 bags per case),  

6lb bag (8 bags per case), and a 50lb box

The Fresh Cow Protocol
Looking out for your production payback

Rehydrate. Recover. Perform.

*Chuck Guard DVM, PhD Cornell University Veterinary School

Metabolic Disease Cost ($) Die (%) Culled (%) Lost Milk (lbs) Extra Days Open

Milk Fever 275 4 5 286 13

Retained Placenta 315 1.5 6 550 15

Ketosis 232 0.5 5 506 10

Displaced Abomasum 494 2 8 840 12

Clinical Mastitis 224 1.1 7 125 3

0902702012
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ANIMAL PROFILING INTERNATIONAL, INC

REVIEW    SERVICESof

H E R D  H E A LT H  S E RV I C E S
•	 Bovine Viral Diarrhea (ELISA & PCR)
•	 Bovine Leukosis Virus (ELISA)
•	 Johne’s Disease (ELISA)
•	 Neospora (ELISA)
•	 Mastitis Pathogen DNA (PCR)
•	 Bulk Tank Disease Screen 

R E P R O D U C T I V E  TO O L S
•	 Early Preg28 – Blood-based pregnancy test 
•	 EasyPreg – Milk-based pregnancy test

FOR MORE INFORMATION, OR TO ORDER,  
CONTACT API CUSTOMER SERVICE:  
877.278.1344 or  
sales@animalprofiling.com

www.animalprofiling.com

Animal Profiling International, Inc. is an American company dedicated to the improvement of ani-
mal health management through risk-assessment technologies and advanced animal identification 
systems. API has tested over 2 million head of cattle for Bovine Viral Diarrhea (BVD) and currently 
services clients in over 40 U.S. states. 

API’s industry experts provide the products and services that operators in the beef, dairy and food 
supply industries need to make their jobs easier, more efficient, and more profitable while upholding 
the company’s goal of improving animal health, performance, and management techniques.

Animal Profiling International, Inc. 
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www.SCRdairy.com
Ben Wilson . 717.925.6440
ben.wilson@scrdairy.com

Health Monitoring
Use 24/7 data to identify sick cows before acute symptoms are seen using activity and rumination monitoring.•	
Reduce time spent watching cows to identify those that are sick or recovering slowly postpartum.•	
Follow rumination data to track treatment success, choose when not to treat animals, and avoid over-treatment.•	
Reduce lock up time and allows recently calved animals more rest and freedom.•	

Activity Monitoring
Identify more cows in heat and create a timeline for insemination.•	
Reduce hormone dependency by 40-80 percent depending on choice of monitoring program.•	
Employs proprietary algorithms that use activity, rumination, and other parameters to determine estrus, •	
resulting in superior heat detection accuracy compared to activity alone.
Identify anestrus cows and intervene sooner for more timely breeding and conception.•	

Rumination, Nutrition, and Ration Formulation
Use information as a tool to evaluate ration changes or how groups of cows respond to different feed •	
ingredients,	mold	and	toxin	presence,	or	fiber	sources.
Use individual data to detect potential health concerns, identify stressors and see feed change adjustments.•	
Within hours, identify issues with ingredient inclusion, mixing issues, or consistency of feed delivery.•	

Managing Cows as Individuals
Improve	operational	efficiency	through	early	detection	of	health	issues	and	by	eliminating	the	need	for	entire	•	
pen health checks during the transition period.
Use daily reports to identify cows that need individual attention. These reports identify cows with issues that •	
may go unnoticed because they reside in pens that may get less attention.
Easily identify and examine cows without walking pens to visually identify sick cows.•	
More effectively manage and treat cows with health challenges.•	

Using Data for Actionable Decision Making
The SCR Dairy computer software is easy to use with color-coded lists for actionable decision making and •	
allows for customizable reports and indicators.
Use data for individual cow management and immediate decision implementation related to breeding, cow •	
health, and ration formulation.
Allows reports to be emailed or texted automatically.•	

SCR Rumination and                        
Activity Monitoring Benefits 
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ORAL
CALCIUM

BLAST

Bio-Vet, Inc.
300 Ernie Drive

Barneveld, WI 
53507

800-246-8381
www.bio-vet.com

QuadriCal® MINI 
Calcium Bolus

January2015

  BIO ®

VET
Microbes
at Work™

Because one size doesn’t fit all
QuadriCal® benefits in a slender profile

Original QuadriCal®

QuadriCal® MINI

Size comparison only. 
Not actual sizes.

    FRESH
 COW
    C
    U
    S Generator™ ULTRA 

Direct Fed Microbial
Produces propionate (energy) from feed*

Start 21 days prior to calving and feed 
through 100 days of lactation

  
 

*Feed with quality forage

P169
• Propionate (energy) production from  
    multiple feed sources
• Feed efficiency

P5
• Feed intake
• Nitrate utilization

P63
• Rumen pH stability
• Lactic acid conversion to propionate

Hans Maybach
Regional Representative
440-212-1632
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myLEARNING:   
MULTI-LINGUAL TRAINING

Through multi-lingual educational 
videos, myLEARNING offers adult 
learning modules that are engaging 
and aimed at empowering farm 
workers, including topics such as:

• Introduction to the science  
of reproduction

• The physiology and pharmacology 
of reproduction programs

• Driving consistent compliance and 
reducing error

myDATA:   
SEAMLESSLY INTEGRATED

mySYNCH integrates seamlessly 
with your dairy herd management 
system, so that you can look 
at your data with new clarity. 
mySYNCH offers secure and 
confidential data analysis.

myREPORTS:  
REAL-TIME CLARITY

Too many reports can be 
overwhelming. That’s why 
mySYNCH focuses on the early 
drivers of reproduction efficiency, 
in real-time.

• Enables veterinarians and 
producers to review, analyze, 
and collaborate on data from 
your operation

• Easy-to-read graphic reports 
delivered straight to your device

• Benchmarking against 
comparative top-performing 
operations at a local, 
regional, and national level of 
insemination rates, cumulative 
pregnancy, and more.  
[FUTURE PHASE]

mySYNCH: 
FEATURES

At Parnell, we are totally focused 
on dairy reproduction, so that you 
can focus on improving your  
herd performance.

• Immediately integrate 
mySYNCH with your dairy herd 
management system

• View insemination and 
pregnancy rates 

• Track and predict reproduction 
for each cow on a daily basis 
[FUTURE PHASE]

• Get alerts to help you manage 
each cow more efficiently 
[FUTURE PHASE]

• Save valuable time with 
customized reports

THE FUTURE OF  
REPRODUCTION  
MANAGEMENT

mySYNCH FROM PARNELL 
THE LEADER IN APPLYING TECHNOLOGY TO ANIMAL HEALTH

There’s a new approach to reproduction management using new technology to enhance your 
trusted processes. Parnell developed the mySYNCH technology platform to help dairy producers and 
veterinarians focus on the activities that truly drive reproductive performance. By sharing your data 
with the mySYNCH technology, you can deliver in-field education, real-time predictive metrics, and 
nationwide benchmarking capabilities right to your desktop, laptop, tablet or mobile device.

It’s no longer about the way it’s always been done. It’s about the way it’s never been done.
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MWI 
is here for all 
your dairy needs. 

Phone: (800) 824-3703 
Online: www.mwivet.com

Call MWI today!
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Thanks to 
 
 
 
 

Silver Sponsor of the  
Ohio Dairy 

Veterinarians 
 
 
For more than 40 years, Y-TEX has employed extensive product research and testing to 
develop innovative, superior quality products that meet the demands of livestock 
producers around the world. This attention to detail, combined with skilled craftsmen 
and state of the art manufacturing facilities, assures superior product quality, 
reasonable prices, and superb customer satisfaction. These attributes have made Y-
TEX a world leader in the manufacture of quality livestock identification and pest control 
systems. 

http://www.ytex.com/  
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PRECISION DAIRY: 

 WHAT DOES THE FUTURE HOLD? 

Amanda Stone, Randi Black, Barbara Wadsworth, Di Liang, 

Karmella Dolecheck, Matthew Borchers, Lauren Mayo, Nicky 

Tsai, Maegan Weatherly,  Melissa Cornett, Samantha Smith, 

Megan Hardy, Jenna Klefot, Juha Hietaoja, Barbara Wolfger, 

Elizabeth Eckelkamp, Savannah Meade, Joey Clark, Denise Ray 

 

Jeffrey Bewley, PhD, Extension Dairy Specialist 

Precision Dairy Management 

Happy Cows via Technology? 
Fatness or 
Thinness 

Mobility Hoof 
Health 

Mastitis 

Respiration 

Rumination/pH 

Temperature 

Milk 
content 

Heart rate 

Animal 
position/location 

Chewing 
activity 

Lying/ 
standing 
behavior 

Methane 
emissions 

Feed 
intake 

Areas to 
Monitor a 
Dairy Cow 

Ideal Technology 

• Explains an underlying biological process 

• Can be translated to a meaningful action 

• Cost-effective 

• Flexible, robust, reliable 

• Simple and solution focused 

• Information readily available to farmer 

• Commercial demonstrations 

 

 

Cautious Optimism 

• Critics say it is too 
technical or challenging 

• We are just beginning 

• Precision Dairy won’t 

change cows or people 

• Will change how they 
work together 

• Improve farmer and cow 
well-being 
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Path to Success 

• Continue this rapid innovation 

• Maintain realistic expectations 

• Respond to farmer questions and 
feedback 

• Never lose sight of the cow 

• Educate, communicate, and collaborate 

 

Future Vision 

• New era in dairy management 

• Exciting technologies 

• New ways of monitoring and improving 
animal health, well-being, and reproduction 

• Analytics as competitive advantage 

• Economics and human factors are key 

 

 

 

 

 

Questions? 

Jeffrey Bewley, PhD, PAS 
407 W.P. Garrigus Building 
Lexington, KY  40546-0215 

Office: 859-257-7543 
Cell: 859-699-2998 
Fax: 859-257-7537 
jbewley@uky.edu 

www.bewleydairy.com 
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PRECISION DAIRY: LESSONS LEARNED 

Amanda Stone, Randi Black, Barbara Wadsworth, Di Liang, 

Karmella Dolecheck, Matthew Borchers, Lauren Mayo, Nicky 

Tsai, Maegan Weatherly,  Melissa Cornett, Samantha Smith, 

Megan Hardy, Jenna Klefot, Juha Hietaoja, Barbara Wolfger, 

Elizabeth Eckelkamp, Savannah Meade, Joey Clark, Denise Ray 

 

Jeffrey Bewley, PhD, Extension Dairy Specialist 

PDF Reality Check 

• Maybe not be #1 priority for commercial 

dairy producers (yet) 

• Many technologies are in infancy stage 

• Not all technologies are good 

investments 

• Economics must be examined 

• People factors must be considered 

 

 

 

Technology Pitfalls 

• “Plug and play,” “Plug and pray,” or  “Plug 

and pay” 

• Technologies go to market too quickly 

• Not fully-developed  

• Software not user-friendly 

• Developed independently without 
consideration of integration with other 
technologies and farmer work patterns 

 

 

 

 

 

 

 

Technology Pitfalls 

• Too many single measurement systems 

• Lack of large-scale commercial field trials 
and demonstrations 

• Technology marketed without adequate 
interpretation of biological significance of 
data 

• Information provided with no clear action 
plan 

 

 

 

 

 

• Be careful with early stage technologies 
• Need a few months to learn how to use data 

UK Herdsman Office 
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The Book of David: 
Cow People Benefit Most Economic Considerations 

• Need to do investment analysis 
• Not one size fits all 
• Economic benefits observed quickest for heat 

detection/reproduction 
• If you don’t do anything with the information, it was 

useless 

• Systems that measure multiple parameters make 
most sense 

• Systems with low fixed costs work best for small 
farms 

 

Customer Service is Key 

 More important than 
the gadget 

 Computer literacy 

 Not engineers 

 Time limits 

 Failure of hardware 
and software 

 
 
 

Questions? 

Jeffrey Bewley, PhD, PAS 
407 W.P. Garrigus Building 
Lexington, KY  40546-0215 

Office: 859-257-7543 
Cell: 859-699-2998 
Fax: 859-257-7537 
jbewley@uky.edu 

www.bewleydairy.com 
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Economics of 
Technology Use for 
Estrus Detection

KARMELLA DOLECHECK
DR. JEFFREY BEWLEY
UNIVERSITY OF KENTUCKY

Why economics?
Many technologies on the market

Not all are cost effective 

A major producer concern

What did/would you consider 
before purchasing a technology?

Borchers and Bewley, unpublished

Producers asked to rank 
consideration importance 

from 1 to 5

Consideration #1
Benefit to Cost ratio 

(4.57 ± 0.66)

Borchers and Bewley, unpublished
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Consideration #2
Total investment cost

(4.28 ± 0.83)

Borchers and Bewley, unpublished

Why haven’t 
you adopted 

technologies?

Russell and Bewley, 2013

Reason #2. Undesirable 
cost to benefit ratio

(42%)
Russell and Bewley, 2013

Reason #5. 
Lack of perceived  
economic value

(30%)

Russell and Bewley, 2013
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Economic Considerations
Herd is the biggest factor determining success

◦ Starting point

◦ Management

Systems that measure multiple parameters make 
most sense

Need to do investment analysis

Investment Analysis Tools
Useful for producers pre-purchase

Limitations

◦ Accuracy vs. useful

◦ Not everything has an economic value 
(producer quality of life)

Available Tools
Company developed

◦ Specific

◦ Biased?

University developed decision support tools

Why focus on estrus detection?
Highly adopted technology 

High satisfaction rate

Fastest, most noticeable 
economic impact
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Tool 1:
Purdue/UK Investment Model

Investment Decisions for PDF Technologies

Flexible, partial-budget, farm-specific

Simulates dairy for 10 years, including hundreds of 
random values

Measures benefits from improvements in 
productivity, animal health, and reproduction

Models both biology and economics

Tornado Diagram for Factors Affecting NPV

NPV 
establishes 

what the value 
of future 

earnings from 
a project is in 

today's money.

Tool 2:
UK Economics of Estrus      
Detection Dashboard
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Objective

Develop an economic, decision-making tool that 
can help individual farmers determine if investing 
in automated heat detection could be profitable

Calculations
Accounts for costs associated with:

◦ Reproductive management method

◦ Days open

◦ Labor use

◦ Semen use

◦ Pregnancy diagnosis

10 year investment period

Limitations
Investment analysis does not consider:

◦ Additional benefits of technologies

◦ Changes in heifer inventory

◦ Effect on quality of producer’s life

Outputs
Reproductive performance

◦ Days open

◦ Reproductive culls

Investment analysis

◦ Years to break even

◦ Net present value
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Tabs organize information

Dashboard available at: 
www2.ca.uky.edu/afsdairy/HeatDetectionTechnologies

Hover buttons 
explain inputs 
and results

Inputs 
adjustable in 
multiple ways 

Dashboard available at: 
www2.ca.uky.edu/afsdairy/HeatDetectionTechnologies

Dashboard available at: 
www2.ca.uky.edu/afsdairy/HeatDetectionTechnologies

Dashboard available at: 
www2.ca.uky.edu/afsdairy/HeatDetectionTechnologies

Dashboard available at: 
www2.ca.uky.edu/afsdairy/HeatDetectionTechnologies

Compare up to 3 
different technologies

Dashboard available at: 
www2.ca.uky.edu/afsdairy/HeatDetectionTechnologies

Dashboard available at: 
www2.ca.uky.edu/afsdairy/HeatDetectionTechnologies
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Net present 
value 
shown 
visibly as 
either good 
(green) or 
bad (red)  

Black box and 
“Best Option” 
indicate the 
highest net 
present value

Dashboard available at: 
www2.ca.uky.edu/afsdairy/HeatDetectionTechnologies

Dashboard available at: 
www2.ca.uky.edu/afsdairy/HeatDetectionTechnologies

Investment Analysis 
Demonstration

Investment Assumptions
Average United States Holstein dairy herd
◦ DairyMetrics (Dairy Records Management Systems, Raleigh, NC, 

USA)

◦ Food and Agricultural Policy Research Institute (Columbia, MO, USA)

◦ Published literature

Input Value Source

Herd size 313 DairyMetrics, July 2013

Milk price $19.50/cwt FAPRI, 2013

Milk yield 74.3 lbs/cow/d DairyMetrics, July 2013

Feed cost $0.09/lb DM FAPRI, 2013

Investment Assumptions
Beginning heat detection method

◦ Visual observation

Compare high vs. low

◦ Initial investment cost ($5,000 vs. $10,000)

◦ Tag cost ($50 vs. $100)

◦ Heat detection rate (60 vs. 80%)
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Initial Costs
System Start-Up Cost Unit Cost Total Initial

Investment
Low-50 $5,000 $50 $13,465

Low-100 $5,000 $100 $21,930

High-50 $10,000 $50 $18,465

High-100 $10,000 $100 $26,930

Low: $5,000 initial investment
High: $10,000 initial investment
50: $50 unit price
100: $100 unit price

Conclusions
Change in days open is affected by heat 
detection rate

Years to break even and net present value are 
affected by: 

◦ 1) Heat detection rate

◦ 2) Initial investment cost

◦ 3) Cow unit cost 

Conclusions
Starting point determines investment profitability

Accurate information is essential for accurate 
results

◦ Producer

◦ Technology manufacturers

Dairy producers considering purchasing an 
automated heat detection technology system can 
use this model as a decision support tool

Questions?
Karmella Dolecheck
411 W.P. Garrigus Building
Lexington, KY 40546-0215
208-410-9015
karmella.dolecheck@uky.edu

Dashboard available at:
www2.ca.uky.edu/afsdairy/HeatDetectionTechnologies

Jeffrey Bewley
407 WP Garrigus Building
Lexington, KY 40546
859-257-7543
jbewley@uky.edu
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PRECISION DAIRY TECHNOLOGIES FOR
EVALUATING COW COMFORT

B.A.Wadsworth, A.E. Sterrett, C.L. Wood, K.J. 
McQuerry, J.D. Clark, D.L. Ray, and J.M. Bewley

Introduction
Think of using Precision Dairy technologies to evaluate

Lameness
Mastitis
Estrus

What about using technologies to evaluate cow comfort?

 

Costs of Poor Cow Comfort
• Lost production

• Lost milk quality bonuses

• Increased lameness costs

• Decreased longevity (culling costs)

• Increased veterinary costs

• Decreased reproductive performance

• Increased labor costs

• Reduced animal well-being

What is Cow Comfort?

Minimizing all stress factors in order to maximize milk 
production
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Core 
Temperature 

Control 
Center 

Fan and 
Sprinkler 
Control 

Core

Dairy Facility Feedback Loop 

F
Sp

Research Objective

Milk yield

Lying time

Lying bouts

Rumination time

Compare cows housed in a barn with Dual Chamber Cow 
Waterbeds™ versus cows housed in a barn with rubber-filled 
mattresses
 

Materials and Methods
Two freestall barns at the 
University of Kentucky 
Coldstream Dairy

January 18, 2012 to             
May 3, 2013

Barn 1 included 50 Dual 
Chamber Cow Waterbeds™

Barn 2 included 50 Rubber-
filled mattresses

 

Materials and Methods
Dual Chamber Cow 
Waterbeds™

Rubber-filled 
Mattresses
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Materials and Methods
Milkline® Milpro P4CTM (Gariga di Podenzano, Italy)

milking system recorded daily milk yield
 

Materials and Methods
IceQube® (IceRobotics, Edinburgh, Scotland) sensors 

(accelerometers) recorded daily lying time
Lying bouts – number of bouts and length of bout

Important to show stall comfort
 

Materials and Methods
The HR Tag™ (SCR Engineers, Ltd., Israel) recorded daily 

rumination time

Statistical Analysis
All variables were classified for 97 cows 

Holsteins (n = 71), Jerseys (n = 10), and crossbreds (n = 
16)

Cows were balanced between barns for parity, cow volume, 
breed, and days in milk (DIM)
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Statistical Analysis
The GLM procedure of SAS®

All 2-way interactions were tested

Stepwise backward elimination was used to remove non-
significant interactions (P

All main effects were kept in the model

Milk Yield Results

Primiparous cows milk yield was lesser than multiparous cows
Holstein milk yield was greater than Jersey milk yield
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Milk Yield Discussion
Milk yield is complicated 
by stage of lactation, breed, 
ration, and ambient 
conditions

Difference in other 
predictors

Difficult to do side by side 
freestall base comparison of 
milk yield (Ruud and 
Osteras 2007)
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Lying Time Results
Lying times were 45 minutes higher for cows housed on 

Dual Chamber Cow Waterbeds™
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Lying Time Discussion
Cows desire a more 
comfortable resting surface

Dual Chamber Cow 
Waterbeds™ may be a more 
comfortable resting area

Compressible

Move with the cow

Lying Bout Results
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Lying Bout Results
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Lying Bout Discussion
Primiparous cows have low 
social rank

Displaced from their 
stall more

Getting used to 
surroundings (Vasseur et al., 
2012)
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Rumination Time Results
Daily rumination times were higher for cows housed on 

rubber-filled mattresses
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15 minute difference for cows housed on rubber-filled mattresses
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P = 0.03

Rumination Time Discussion
Cows housed on Dual 
Chamber Cow Waterbeds™ 
ruminated less but still 
produced same amount of 
milk

May be more efficient at 
converting feed into milk

Study did not record dry 
matter intake

Overall Discussion
• Precision Dairy Farming technologies are useful devices to 

evaluate the effect of different stall base on cow productivity 
and well-being

• Tri-axial accelerometers and rumination monitors are 
valuable tools for animal behaviorists (Mackay et al., 2012)

• These monitors are also a valuable on farm tool to track a 
cow’s behavior

• These monitoring devices open up many possibilities for 
ethologists to track cow behavior and well-being and the 
interaction of the cow to her physical environment

Conclusions
Lying time was greater for cows housed in freestalls with 
DCCW as a freestall base  

Dual Chamber Cow Waterbeds™ may provide a more 
comfortable resting surface for cows than rubber-filled 
mattresses  

Precision Dairy Farming technologies were useful in 
determining cow LT, MY, and RT for two different freestall 
base types 

Using PDF technologies to measure cow comfort is a more 
precise and objective way to differentiate among housing 
options than visual observation
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Evaluation of Dairy Cattle Lying Behavior in 
Commercial Freestall Barns

• 360 cows housed in 
freestalls

• 15 farms divided into three 
production categories
– High (> 9,318 kg)
– Medium (8,409 to 9,317 kg)
– Low (< 8,409 kg)

• Milk yield data 
– Dairy Herd Improvement 

Association (DHIA) Gravatte et al., 2010

Variable Mean SD Min. Max.
Lactation 1.9 1.2 1.0 7.0
Daily milk yield, kg/d 30.7 10.3 4.6 63.0
Days in milk 206.6 97.7 49.0 468.0
Lying, h/d 11.0 2.4 1.6 18.6
Lying bouts, number/d 10.2 7.4 1.0 117.0
Mean duration of lying 
bout, min

77.5 32.4 5.4 384.4

Steps, number/d 1805.5 597.6 296.0 10249.0

Study Means
Distribution of Lying Times for All 

Study Cows
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Raw Mean (±SD) Lying Times by 
Herd by Production Level

Lying Time per Day by Herd 
Production Level

Predicted Mean Daily Hours 
Lying by Daily Milk Yield

Predicted Mean Daily Hours 
Lying by Stage of Lactation
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Predicted Hours Lying by Cow Milk 
Yield for Varying Herd Production 

Levels
Questions?

Barbara Wadsworth
413 W.P. Garrigus Building 
Lexington, KY 40546
barbara.wadsworth@uky.edu
207-749-2766

Page 42



Barbara Wadsworth and Jeffrey Bewley

Precision Technologies to Detect 
Lameness: Putting our Best Foot Forward

Introduction
The most significant challenge facing the industry (Bicahlo
et al., 2009)

Highly regarded as a major welfare issue (von Keyserlingk 
et al., 2009)

Research lags behind other areas (i.e. mastitis and 
infertility; Huxley, 2012)

Second most costly disease after mastitis (Kossaibati and
Esslemont, 1997)

Introduction
Issue worldwide (Huxley, 2012)

Large transformation of the dairy industry worldwide

Lameness occurrence increased with change (Vermunt,
2007)

Worldwide, 60% of a herd may be lame at any time during 
the year (Vermunt, 2004)

Prevalence
Lameness prevalence is often underestimated on farms 
(Whay et al., 2003; Sarova et al., 2011)

Wisconsin lameness prevalence was 21.1% and 23.9% for 
the summer and winter, respectively (Cook, 2003)

Minnesota lameness prevalence was 24.6% with a range of 
3.3% to 57.3% (Espejo et al., 2006)
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Digital Dermatitis
Prevalence rates vary from herd to herd

Netherlands researchers discovered farms to have 
average prevalence rates of 22% (0% to 83%)

Canadian researchers discovered 
differences between facilities 

Tie-stall prevalence rates

Average 10% (0% to 60%)

Freestall prevalence rates

Average 24% (0% to 67%)

Prevention
Prevention is the most important step to minimize the 
negative effects of lameness (Mill and Ward, 1994)
Important preventative measures include 

keeping cows in a clean dry environment 
providing maximum cow comfort 
feeding balanced rations
trimming regularly

Footbaths with copper sulfate used for prevention (Manske
et al., 2002)

Footbath management could affect the spreading of DD
Such as infrequent refreshing of baths (Zemljic, 2004)

Costs
Producers may assume that the veterinarian bill is “the cost 
of the disease”

Main reasons for economic losses are: poor fertility, high 
culling rate, and lower milk sales (Kossaibati and
Esslemont, 1997) 

44% 

22% 

12% 

12% 

Milk Production

Culling

Increased Calving
Interval
Extra Labor

Costs
Economic consequences for each disorder per year 
(Bruijnis et al., 2010)

Item Foot
rot

Interdigital
dermatitis 
with heal 
erosion

Digital 
Dermatitis

Sole 
Hemorrhage

White 
Line

Sole 
Ulcer Corn

Sub
clinical - $441 $269 $667 $116 - $68

Clinical $479 $383 $1,249 $334 $159 $641 $93

Total $479 $825 $1,517 $1,001 $276 $641 $160
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Lameness Scoring
Most common way to determine lameness rate in herd is by 
visual locomotion scoring

Subjective and time consuming

Not performed on the whole herd

Portion of the herd (Main et al., 2011)

Performed while pushing cows to the milking parlor

Which leads to automatic lameness detection for 
continuous monitoring

Lying Behavior
Lying time has been shown to be correlated with lameness 
in multiple studies (Darr and Eperson, 2009)

Cows standing longer half in and half out of freestalls were 
shown to have increased lameness (Galindo et al., 2000)

Cows shown to have been standing loner had increased 
incidences of sole lesions and interdigital and heel lesions

Along with increased lesion incidences, overall lameness 
was higher for cows that stood longer (Galindo and Broom, 
2000)

Activity
Comparing lame cows to non lame cows, Van Hertem
(2013) discovered that lame cows had lower neck activity 
during the day using the HR tag 

Rumination time
Comparing lame cows to non lame cows, Van Hertem
(2013) discovered that lame cows had lower rumination 
times using the HR tag
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Milk Yield
Comparing lame cows to non lame cows, Van Hertem
(2013) discovered that lame cows had lower milk yields

Infrared
Thermography

Infrared thermography may be used as a noninvasive 
diagnostic tool for early detection of hoof lesions

May be used to detect differences in coronary band 
temperature (Alsaaod and Büshcer, 2012)

May be a useful tool to detect laminitis in early to mid 
lactation (Nikkhah et al., 2005)

Pressure Mats
Maertens (2011) developed a portable electronic walkway to 
measure temporal (timing) and spatial (dimensions) parameters 
of each cows stride

Discovered differences in step width and length,  stride length 
and width, stance time, and abduction

Chapinal (2010) used a weighing platform to determine lameness

Discovered a difference in gait score versus shifting of weight 
on rear legs

 

Video
Inexpensive method to capture locomotion

However, success rate of capturing locomotion depends on 
lighting, contrast of the image, how close cows are to the 
camera, and space between each cow (Maertens et al., 
2011) 

Flower (2005) was able to use video to detect differences in 
strides between cows with sole ulcers and cows without
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Automated Milking
System (AMS)

Lame cows had less visits to an AMS than sound cows 
(Bach et al., 2006)

Lame cows had 2.20 visits per day where sound cows 
had 3.24 visits per day

Some AMS have load cells in the systems that detect 
changes in body weight, currently the load cells do not 
report the different forces for each leg

However this could easily be accomplished with software 
management (Pastell et al., 2008)

Automated Footbaths
More expensive than manual footbaths

Solution will be changed automatically allowing it to be 
turned over more frequently than manual footbath solution 

Cows may be startled by noise created by sensors

May lead to traffic bottlenecks of cows or even injuries 
(Reiter and Bewley)

Current research
Using precision technologies to detect lameness

Afi Lab
Afi Weigh™ 
Afi Pedometer plus
Agis Cow Manager SensOor
DVM Systems Bolus
ENGS Track-a-cow
Gea CowScout™
IceRobotics IceQube
MWK Electronics Smartbow
SCR HR collars
Weekly gait and digital dermatitis scores
Bi-Weekly infrared thermography images
Bi-monthly lesion measurements

Current research
Investigating the efficacy of a footbath solution in an 
automated footbath compared to a cooper sulfate footbath 
solution

Weekly digital dermatitis scores
Weekly gait scores
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Conclusion
Lameness is the most significant challenge facing the dairy 
industry and is highly regarded as a major welfare issue

Most common way to detect lameness currently is by visual 
inspection, however, this is time consuming and subjective

Which leads to automatic lameness detection for 
continuous monitoring

Take Home Message
Research is still working to provide daily management 
solutions to monitor gait from individual cows (Maertens et 
al., 2011)

While adopting and using technologies, producers must 
stay vigilant about other diseases not specifically targeted 
by the technology (Wathes, 2008)

Need more research on whether or not sensors only locate 
severely lame cows which are easily detected by visual 
observation (Rutten et al., 2013)

Barbara Wadsworth
413 W.P. Garrigus Building 

Lexington, KY 40546
barbara.wadsworth@uky.edu

207-749-2766
 

 

Questions?

bbbbbbbbbbbbbbbbbbbbbbbbbbbb
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SUCCESS FACTORS FOR AUTOMATIC CALF FEEDING 
(PRESENTED AT OHIO DAIRY VETERINARIANS MEETING, JANUARY 2015) 

Jack Rodenburg 
DairyLogix,  

Woodstock, Ontario, Canada 
jack@dairylogix.com 

 

Introduction 
Although keeping milk fed calves healthy and growing is always challenging, most dairies have 
become very good at raising calves to weaning in individual hutches. But bringing milk, calf 
starter, and bedding to these calves individually demands a lot of labour. Most studies report that 
caring for pre weaned calves takes 6 to 10 minutes per calf per day. manual feeding also comes 
with a fairly inflexible schedule and since hutches are outside this can also be an unpleasant job 
in inclement weather. Traditionally, these calves were limit fed milk or equivalent milk replacer 
at 10 to 12 lbs. (4 to 5 litres) per calf per day and calves were weaned at 6 to 8 weeks of age or 
when starter intake reached 2 lbs. per day. This type of raising program typically lead to rates of 
gain of about 1.5 lbs per day. In recent years it has become very clear that higher levels of milk 
feeding in the first 6 weeks can support better calf health and results in growth rates of 2 to 2.5 
lbs per day, so that these calves more than double their birth weight by 56 days of age. This 
faster growth rate is associated with about 1500 lbs. more milk in first lactation per 1 lb. increase 
in daily gain in the first 12 weeks of life. To achieve these growth rates Holstein calves need to 
consume 20 to 25 lbs (9 to 11 litres) and perhaps 28 lbs. (12 litres) in cold housing during the 
winter months. Many calves will not drink this much in just two feedings per day, but hand 
feeding them more often adds even more labour. While individual housing is very effective in 
limiting the spread of disease from the calf to calf, calves raised in isolation for the first two 
months are stressed when they first go into group housing and this stress results in a period of 
slower growth. Research has shown that calves housed in groups bawl half as much at weaning 
then individual housed calves. They also eat more starter earlier and as a result, the dip in growth 
rate in the first few weeks after weaning is much smaller.  
Group housing can offer a good alternative to hutches or individual pens and can address many 
of the issues described above. Some herds house calves of similar age and size in group pens and 
use a "mob feeder" to limit feed a quantity of milk or replacer to the group twice per day. In large 
herds this saves a substantial amount of labour, but particularly when calves vary in size and age, 
there will be a lot of variation in growth rate. In this system there will be a percentage of calves 
that do not double their birth weight by 56 days and these calves will not have the production 
benefits of accelerated growth after calving.  Having more, smaller and more uniform groups can 
avoid this problem but increases labour to where there is no saving compared to hutches. Other 
herds use mob feeders to provide acidified milk or milk replacer free choice from two to three 
days of age until weaning but with unrestricted access to milk, calves eat little or no starter and 
are often set back quite severely at weaning. This system can give very satisfactory results to 4 to 
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5 weeks of age, but very high milk and water consumption in weeks 6 through 8 make it difficult 
to keep these pens dry resulting in high feed costs and bedding costs as well. In both of these 
systems managing calf health is complicated by the fact that individual feed intake cannot be 
monitored, and particularly with free choice feeding there is no way to tell if a calf is drinking.           
 
Benefits of Automatic Calf Feeding 
Automatic calf feeders can offer whole milk, waste milk or milk replacer in quantities that are 
programmed and monitored for each calf, delivered from one common nipple per pen. Studies 
from Europe have shown that this can reduce labour associated with calf management by 30% 
compared to feeding in hutches or pens. One New York herd reduced labour for pre weaned 
calves from 8.1 to 3.5 minutes per calf per day. For a 100 cow herd raising 50 heifers per year 
weaning at 8 weeks, this reduces labor by 214 hours per year. At $12 per hour that is $2580 
giving a 17 % return on investment on a $15000 feeding system. In terms of the potential to offer 
higher feeding levels to promote faster growth, Holstein calves will drink 8 to 12 liters per day 
from well managed automatic feeders, in 4 to 8 meals spread throughout the day and night. 
Calves can be fed as much as they want for the first 6 weeks to maximize growth, and can then 
be weaned gradually over 14 days. The socialization provided by the group housing also 
promotes early starter intake and teaches the social skills needed to compete with other calves. 
Hence weaning is much less stressful and the rapid growth continues uninterrupted. But the risk 
of calf to calf transmission of disease is definitely higher. Although there are many success 
stories with these feeders, there are also numerous complete and utter disasters. 
 
The Recipe 
Producers who are successful with automatic feeders generally follow a fairly standard recipe. 
Because there are greater disease risks in this system, it is essential that you start with a calf that 
has excellent immunity. That means clean well bedded calving pens, dipped navels, early feeding 
of good quality colostrum, etc. etc. for the newborn calf. Testing colostrum quality, and 
developing good protocols for handling and storing colostrum promote better health in all calf 
raising systems. Calves should be moved to the calf barn as soon as they are dry and housed in 
an individual pen for at least the first three feedings of a measured amount of colostrum. These 
calves should be fed with a nipple bottle and if they are sucking well they can go "on the robot" 
at two the three days of age. Starting them this early may mean the odd calf gets in trouble and 
ends up back in a single pen, but labour savings decline quickly if you feed them individually for 
longer than 3 to 4 days. There are herds in Ontario that put calves on the feeders at 1 week to 10 
days  but these farms are feeding 20% of their calves by hand and don't see much labour saving. 
Small herds should use one feeder with two independent nipples each of which can handle up to 
25 calves. Do not use a single nipple with a hinged separation panel, because older calves will 
push out smaller ones causing stress and limiting the intake of the youngest calves. Ideally the 
younger group should be smaller, and have a smaller age range. A group of up to 14 calves from 
3 days to 3 weeks  and a group of up to 26 calves from 3 weeks to 8 weeks seems to be about the 
limit for this approach. But adding new calves daily and moving them over and weaning weekly 
means these pens are in constant flux. For larger herds, all in all out systems that group all the 
calves born in one week and raise them to weaning together tend to work best. These pens can be 
cleaned with no calves present and rested and/or disinfected between groups. In either approach 
training the new calf to drink from the nipple, and careful monitoring of daily number of meals, 
number of unrewarded visits, meals and volume consumed. While stocking rates of up to 50 
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calves on a two nipple system are possible, fewer animals always means less competition for the 
nipple and less risk of disease and less work for the operator. As labour costs increase relative to 
the capital cost of these systems, it is likely that dairies will put fewer calves on each machine so 
that competition is less of an issue.   
In terms of feeding level, if you are not committed to accelerated growth rates then do not buy 
automatic calf feeders. Experience is very clear that calves receiving less than 8 to 10 liters of 
milk (18 to 22 lbs.) per day are hungry and hungry calves are the ruin of automatic feeders. 
Calves that have access to 10 to 12 liters of milk per day fed at 3 liters per feeding will drink and 
rest and groom with little interest in displacing other calves, and with little interest in cross 
sucking. Although actual drinking times are longer for calves fed more milk, access to the nipple 
for timid calves is better because the aggressive calves are satisfied and not causing stress with 
unrewarded visits. In older groups that are in the weaning stage, there will be more 
"displacements" and unrewarded visits but healthy calves in the older groups should be well 
equipped to deal with this competition. With high feeding levels and large meals you can also 
pick out sick calves because they are drinking less than they did yesterday, and/or visiting less 
often, whereas calves on low feeding levels don't decrease their intake until they are much sicker. 
For accelerated growth a strategy that allows calves to drink close to as much as they want up to 
6 weeks of age, followed by gradual weaning works quite well. For example you could start at 6 
liters, and program the feeder to increase it linearly to 12 liters over a two week period, then 
allow up to 12 liters consumption daily for the next 25 days, and then decrease it linearly to 0 at 
52 days on the system.   
A long trough (12 inches per calf) with fresh palatable calf starter and good access to potable 
water will also reduce stress at weaning. Using a plastic trough for starter feeding is preferable to 
floor feeding since it reduces the chances of manure contamination. Nipples and the surfaces 
around them should be cleaned daily and there needs to be a protocol in place to check the 
feeding line, and powder outlet daily for obstruction, and calibrate the feeder once a week. The 
area under and around the feeder should be designed to drain liquids away so moisture from 
cleaning does not increase humidity in the barn.  
 
Cross sucking 
Cross sucking is a cause for concern because it results in mastitis and blind quarters when heifers 
join the milking herd. Inadequate meal size, low total feeding levels, inadequate energy density, 
and poor access to starter and water contribute to this problem.  A good herdsman will be on the 
lookout for this on a daily basis, and while nose rings are not attractive they do work.   
    
The Environment.  
Good calf barns for group housing will provide a clean dry place to rest and lots of fresh air with 
no drafts. The minimum space per calf in these barns should be 30 square feet of bedded area. 
Summer bedding should promote a dry environment and avoid creating a breeding ground for 
flies. Shavings are the bedding of choice in hot weather, but when the temperature drops below 
50 degrees Fahrenheit for newborns, or 32 degrees for 1 month old calves, they need bedding for 
"nesting" and/or calf blankets to keep warm. Since milk fed calves produce a lot of urine and not 
much manure, clean looking bedding is often still so wet that it stresses calves. Sitting in the pen 
yourself can be a very good way to test this and become more responsive to it. Providing 
drainage below the bedding layer with tile drains under 18 inches of course gravel has been 
suggested as an aid to keeping pens dry.  
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Ventilating calf barns requires a different approach than ventilating barns for older cattle. 
Because calves produce very little heat "hot air rising" cannot be counted on the replace stale air 
efficiently. Natural ventilation still makes the most sense, but supplementing it with positive 
pressure tube systems that provide 4 air changes per hour is recommended.  
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Success Factors for Automatic 
Calf Feeding 

Jack Rodenburg 



- Lot’s of labour 
- Inflexible schedule 
 



- Lot’s of labour 
- Inflexible schedule 
- Poor working 
 conditions 



- Lot’s of labour 
- Inflexible schedule 
- Poor working 
 conditions 
 
Calves are healthy 
and don’t die 
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Traditional feeding 

• 4-5 liters (8 to 10 lbs.) . . . Keep them hungry 
to promote starter intake . . . . .ADG 1.5 lbs. 

• But with 10 -12 liters (23 – 27 lbs.) . . . .calves 
can gain 2.2 to 2.5 lbs per day and double 
their birth weight by 56 days 

• These calves grow up to give 1500 lbs more 
milk in first lactation 

• Invest 800 lbs milk and get 1500 lbs back  



Individual housing results in stress at weaning 
and poor social skills. 



Removable panels 
reduce weaning 

stress 



Limit feed milk 
2x daily in a 

“mob feeder” 

- Works with uniform calves. 
- May not save much labour 
- Can’t monitor intake 



40 nipples per trailer . . .   
   This is a “mob” feeder!! 



Free Choice Acidified Milk 

• Calves eat very little starter 

• And drink a lot of milk and water, especially 
from 6 to 8 weeks old 

• Takes a lot of milk . . . And a lot of straw 

• Can’t monitor intake 

• post weaning gains are very poor the first few 
weeks 



Automated Calf Feeders 
 

 

 

 



Minutes Per Calf Required for  
Individual Bucket Fed Calves  

vs. Computer Fed Calves 

 Allenwaite Farms, Schaghticoke, New York  
Period #1   

April 2000 to  
Sept 2000 

Period #2 
Oct. 2000 to  
March,  2001 

   
 
Group Size  

Individual 
Calves  

53 

Computer 
Fed Calves 

50 

Individual 
Calves 

41 

Computer 
Fed Calves 

41 

Feeding 213.8 75.4 268.5 93.3 

Wash up 61.5 25.5 101.0 32.2 

Cleaning 58.2 59.7 59.3 33.2 

Total  333.5 160.6 428.8 158.7 

Siciliano-Jones, Jones, and de Ondarza 



 
Labour Minutes per Calf per Day  
for Feeding, Cleaning, Wash up 

Allenwaite Farms   

Individually Bucket Fed       7.68 

Computer Fed   3.79 

In a 100 cow herd this 
saves 240 hours per 
year . . .@ $12/hr it 
returns + 17% on 
investment 





- Calves can drink 8 to 12 
liters (18-27 lbs. per day 
in 4 to 8 feedings) 
 
-Calves can socialize so 
they eat starter sooner, 
and are less stressed at 
weaning 
 
 - You can wean them gradually over 2 weeks . . Less stress 

 
- You have drinking speed (best early indicator) milk 
consumption, and number of visits (and body weight if 
you add scales) to monitor health and performance.  
 



But there are many failures!!! 

• Disease transmission is from calf to calf is 
difficult to control 

 

• YOU HAVE TO START WITH A HEALTHY CALF 

– Clean calving site, dip navel, good quality 
colostrum . . .(test it) 

 

 





Calf Feeder Management 
• Bottle feed in an individual pen for 3- 4 

feedings of colostrum. 

 

• Move them onto the robot if they are 
sucking well. 

 

• Many herds wait till 7 to 10 days but if you 
feed 20% of your calves individually the 
labour savings are minimal 

 

 



Most herds < 6 calves/week 
• 1 feeder with 

two separate 
nipples (no 
swivel gate) 

 

• Up to 14 calves from 3 days to 3 weeks in pen 1 

• Up to 26 calves from 3 weeks to 8 weeks in pen 2 

• Add daily, wean and move weekly 



Big herds > 6 calves/week 

• 2 or more 
feeders with 
two separate 
nipples each 

 

• Gradually fill a group all calves born in a 1 – 2 
week period 

• Keep the groups closed until after weaning 

• Clean and rest the pen before you use it again 

 



` 
Effect of Number of Calves Per Feeder 

                Calves Per Feeder 
    12          24        p= 
Duration (min/24 h)       
  All Visits 36.50 30.43 0.004 

  Rewarded Visits 22.84 18.51 <.001 

  Milk Consumed liters 5.53 5.17 <.001 

  Rate of Ingestion (l / min)  0.301 0.397 0.004 

Number (frequency per 24 h)       

  Rewarded Visits 6.45 5.86 NS 

  Unrewarded Visits 6.67 7.96 NS 

  With Access , no milk 5.58 4.31 NS 

Likelihood of being 
displaced  10% 50% <.001 

 

Jensen 



Feeder Occupancy: 

Feed Volume 

Vieira  



• Hungry calves cause automatic calf feeders to fail from 
to much fighting over the nipple 

• Fewer, bigger meals (2-3 liters) reduce competition 

• Example: 3 -17 days :build from 6 to 12 liters 

   18 – 42 days: allow 12 liters 

   43 – 56 days: decrease from 12 to 0 

Allow 2 to 2.5 liters per meal to 17 days, then increase 
from 2.5 to 3.5 to 42 days 

 

Mix 150 gms powder per liter 

 
 

 



Effect of Health Status on Feeding 
Behavior
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 Automatic Weaning with Linked Robotic Calf 
Milk and Grain Feeders  

- UBC research shows age at  
Weaning ranged from 22 to 75 
Days, with a saving in milk vs  
Conventional. 
 
- Not sure of cost, likely about  
$8000 extra for grain feeder 
 
 



Cross sucking is worse 
with: 
- inadequate meal size 
- hungry calves 
- poor starter access 
- poor water access 
 
 

Manage with nose rings 
 



Clean the nipple and stall and check powder 
outlet for blockage daily, calibrate weekly 



Unique Environment 

Fresh air 

Protection from drafts 

Clean, dry bedding 

Adequate space 

 

Key Housing Factors 



Combination System 

• Natural Ventilation 
• Positive pressure air tube system 

 



Solid Lying  

Surfaces 

• Solid panels 
 between pens 

• Provide fresh air 
  Without causing  

  drafts 

  Air speeds < 50 fpm 

 

 



• 12” of shade cloth for 
 windbreak 

Drafts from 

Opening 



Bedding 

• Shavings to reduce flies 
• Long straw when cold 
• 30 sq ft of bedded area per calf 

 



Drainage 

• Drain for washing 

• Weaner slats 

• Raised platform 

 

 



Drainage 

• Drain for washing 

• Weaner slats 

• Raised platform 

 

 



Thank you for listening 



What’s next in dairy automation? 

 



Feeding  Labor  
- Average 3.8 batches of TMR made daily 
- Time per batch:  
     park the mixer 3.0 minutes 
  add forage           12.1 minutes 
  add grain  5.1 minutes 
  add other  4.3 minutes 
  mix and deliver     11.4 minutes 
  Total per batch  35.9 minutes 
 Total per day          136.4 minutes 
 Pushing Feed  26.0 
 Total          162 min. (2 ¾ hrs/day)  



Torp Dairy, Sweden 
Feeding 420 cows plus heifers in under 1 
hour per day. 







  



 



Loading from tower silos solves a key problem for 
robotic feeding . . . . So don’t tear them down yet!!   

 



Economics of Automating Feeding 
• Replace 162 min/day feed prep and push up 

and clean up with 10 min/day kitchen 
management and 135 min. twice a week for 
kitchen filling is a net labour saving of 13.2 
hrs/week worth  $11822/yr. 
 

• New investment is + $280,000 ($210,000 
for system, $40,000 for building, $20,000 
for block cutter) vs a TMR mixer and 
dedicated tractor worth ???? 



Schuitemaker Innovado   
                  Robotic TMR Mixer 
 
  



After milking, feeding is is the next 
biggest single task! 

Robotic feeding will be the next major 
step in dairy farm automation! 



What lies ahead ?? 
With robotic milking, feeding and calf feeding a 

single operator can care for 150 – 250 cows. This 
herd will need support from a highly skilled relief 
service. 

 
Herds with 2 – 3 people and 300 to 500 cows offer 

more opportunities to organize labor effectively. 
 
The very large herds have less to gain, and will be 

slower to adapt, and their competitive advantage 
will decrease 

 
 



It's about time!! 

Time is Money   !!        Can You Save Time ?? 



Take Home Messages 
• Measure and compare your labor consumption, and 

work at decreasing it. 
 

• Look for robotics to reduce labor, improve productivity 
and narrow the gap between mega farms and 300 cow 
family run dairies. 
 

• Calf feeding, milking, feed pushing, pedometry are 
some of the things you need to consider now. 
 

• Robotic Feeding and in line milk analysis will be next 
to go mainstream. 
 

  



Thank You for Your Interest 

 

 

 

• Questions ?? 



SUCCESS FACTORS FOR ROBOTIC MILKING 
(PRESENTED AT OHIO DAIRY VETERINARIANS MEETING, JANUARY 2015) 

Jack Rodenburg 
DairyLogix,  

Woodstock, Ontario, Canada 
jack@dairylogix.com 

 

Introduction 
 
The first commercial robotic milking systems in North America were installed in Ontario, 
Canada in 1999, and there are close to 1000 farms,  predominantly in Canada and the north 
eastern USA milking with robots today. Although the majority of installations are Lely and 
DeLaval single box systems, Boumatic Robotics, GEA Farm Technologies, and Insentec also 
have AMS operating on commercial farms in North America today. 
 
When it is done right, automatic milking reduces labor requirements on dairy farms and 
improves the lifestyle of dairy farm families milking 40 to 400 cows. But field experience, shows 
that there is wide variation in the amount of labor saved and in the overall satisfaction of early 
North American adopters. This paper offers a practical overview of success factors contributing 
to labour efficiency, cow comfort and productivity in robotic milking herds. As a relatively new 
way of milking cows, this technology continues to improve, and has undergone many changes in 
the last ten years. Both the technology available today and the management and facilities 
producers place around it, are more reliable, more cow friendly and more efficient than what we 
experienced a few years ago.    
 
Defining Success with AMS 
 
Robotic milking is generally succeeding at changing the "lifestyle" of families operating dairies 
with 60 to 200 cows, and minimal non family labour. The technology offers more flexible hours, 
less physically demanding work, less need for hired labor, a safer workplace, and the challenge 
of working with new information and innovation. But it's impact on profitability varies widely 
from farm to farm and depends on labour costs, herd size and cost of capital. In a study of Dutch 
farms investing in either new robotic milking or a new parlor, reported that money available for 
rent, depreciation, interest, labor and profit, was greater "per farm" on conventional dairies by 
€15,566 but was greater "per full time employee" by €12,953 per year on robot farms. Labor on 
robot farms was 29% less. Labor saving is also an important objective of robotic milking but as 
with profitability, accurate comparable data is not readily available.  
 
The success of robotic milking is dependent on the cow and her willingness to visit the robot 
voluntarily at least 3 or 4 times per day. Since the milking herd never leaves the barn, stall 
maintenance, manure removal, and cattle handling require a different approach than with 
conventional milking. Capitalizing on the opportunities for labor saving hinges on the ability of 
robotic farms to achieve frequent voluntary milking and on  minimizing the work of cattle 
handling. The health and comfort of the cow is a major factor  in visiting behaviour, making it 
critical to the success of robotic milking.  
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Since data on profitability and labor saving are difficult to come by, the more common measures 
of success for comparing the performance of milking robots are such factors as milk production 
per robot and milk production per cow. For single box systems 4400 lbs per day, from 60 cows 
producing 73 lbs per day is often quoted as a reasonable goal. At the extreme of efficiency, JTP 
Farms in Wisconsin was recently recognized by DeLaval for recording a one week average daily 
production of  6453 lbs of milk per robot for 4 robots milking an average of 62 cows yielding 
104.5 lbs of milk.  
 
Another measure of success that is closely monitored by owners is the average milking 
frequency per cow. Because this average includes a wide range of results from individual cows, 
this value, typically ranging from 2.2 to 3.2 is  in no way comparable to 2x or 3x fixed interval 
milking. It is well understood and accepted that more frequent milking stimulates higher milk 
production, but with robots we do see that large variation in milking interval decreases milk 
yield. The goal in robotic milking should be both frequent milking and uniform milking 
intervals. Based on field experience herds switching from 2x timed milking to AMS need to 
achieve at least 2.3 to 2.4 milkings per cow per day to match their previous production. Since 
more frequent robotic milking also means more regular milking intervals producers who want 
high production per cow should aim for at least an average of 3 milkings per day.   
 
One of the new labor demands in robotic milking is fetching cows that do not attend voluntarily. 
Fetching one or two cows per robot generally requires minimal effort and in barns with logical 
cow routing and gating it can be combined with cleaning the freestalls. Fetching larger numbers 
requires labor and also disrupts the voluntary traffic to the robot. Minimizing the number of cows 
to be fetched is a criteria for successful automatic milking.    
 
Impact of Stocking Rate 
 
Since 2010, quota policies in Ontario have made it very difficult to expand and as a result there 
are a growing number of automatic milking farms with a lower number of cows per milking stall. 
In one recent study the number of cows per milking stall ranged from 34 to 71 among 13 herds. 
Higher stocking densities were associated with fewer milkings and less frequent milking is 
typically associated with lower production. The number of cows fetched because of long milking 
intervals increases when there are more than 60 cows per milking stall and when the milk per 
stall exceeds 3500 lbs. per day. While newer robots may have a higher capacity today, systems 
that are under capacity experience more visits and milkings per cow, higher production per cow 
and fewer fetch cows. More research is needed to quantify the impact of higher numbers of 
cows, or more accurately, higher occupation rate (OR), defined as the percentage of the day the 
robot is actually milking. Historically farmers and manufacturers have put a lot of emphasis on 
the production per robot. But in the current market place, robots are coming down in price, and 
interest rates are low. High production per cow has traditionally been associated with higher 
income over feed costs and higher returns to labor. With both feed costs and labor costs on the 
rise, perhaps a greater emphasis on production per cow and per unit of labor and lesser emphasis 
on production per robot is appropriate today. 
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Selecting and Managing the Cows 
 
Cows with higher milking speed permit more cows and more milk production per robot. 
Producers using robots now or considering them for the future can increase the capacity of their 
system by selecting cows with a higher milking speed. If the average "machine on time" can be 
reduced by 1 minute per cow, the capacity of a robotic milking stall can be increased by roughly 
12%.  Cows with poor udder conformation experience slower attachment and higher incidence of 
attachment failure and are highly likely to become fetch cows so selecting for udder 
conformation is also important. Although information on the genetic predisposition of cows to 
attend for voluntary milking is currently not recorded or published, the heritability of this "trait"  
ranges from of 0.16 when measured in early lactation to 0.22 measured in late lactation. With the 
growing popularity of robotic milking, individual cow  milking frequency data should be  
collected by milk recording agencies and included in sire proving schemes.  
 
Lame cows, even those only mildly affected visit the robot less often and are more likely to be 
fetch cows. Foot problems have many causes and are influenced by nutrition, cleanliness of the 
barn, resting behaviour, preventative and corrective treatment and a multitude of other factors 
including the cow herself. Maintaining excellent claw health should be a priority for robot farms.   
 
Feeding Management and Nutrition 
 
If robot owners in Canada are asked for their opinion on what factors influence voluntary 
milking frequency and fetch rates, the majority would rank the feeding program as their first and 
foremost concern. Feed, is the primary motivation for the cow to visit the robotic milking stall. 
Highly motivated cows will visit more frequently and regularly leading to higher milk 
production. Forced cow traffic makes it possible to use forage at the bunk to provide motivation 
and the merits of this system will be addressed later, but with free cow traffic the only reason 
cows come to the robot is the concentrate fed in the milking box. Hard, dust free pellets made of 
palatable ingredients such as barley and oats fed at a rate of 5 to 17 lbs per day result in the 
highest visit frequency and highest milk production. Limiting the energy density and starch level 
in the mixed ration fed at the bunk also increases the motivation provided by the concentrate. 
Feeding a partial mixed ration formulated for a production level 15 lbs below the average 
production of the group, combined with 5 to 17 lbs. of pelleted concentrate fed according to 
production in the robotic milking stall is the recommended feeding strategy. Farmers often 
express concern that the high cost of purchased pelleted concentrate increases feed costs, but a 
large portion of that extra cost is recouped by feeding grain according to production, so that 
lower producing cows eat less expensive grain and more less expensive forage.  
  
Forced vs. Free Cow Traffic  
Since the choice of forced vs. free traffic has an impact on both the labour required and cow 
comfort it is an important decision in the design of robotic milking barn. Since the two 
traditional robotic milking companies differ in their recommendations, this has become a 
controversial topic. Studies have shown that attendance, while no longer “voluntary” in the pure 
sense, can be improved by forcing the cow to enter the robotic milking stall or an associated 
selection gate en route from the resting area to the feed manger or on her return from the manger 
to the resting area. This is commonly referred to as “forced” cow traffic. There are at least four 
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common variations of “cow traffic” strategies used in robotic herds today. (1) Free cow traffic, 
where cows can access feeding and resting areas of the barn with no restriction. (2) Forced cow 
traffic with one way gates blocking the route from the resting area to the feeding area so cows 
leaving the resting area must enter the milking box, to be milked if the interval since the last 
milking makes them eligible, or “refused” if the milking interval is too short. After passing 
through the milking stall, the cow is released to the feeding area and can only return to the 
resting area through a one-way gate. (3) Forced cow traffic with “pre-selection” adds an entry 
lane where a sort gate directs cows eligible for milking to the holding area and ineligible cows to 
the feeding area. This reduces waiting times for milking and for feed because only cows eligible 
for milking pass through the milking stall. Pre-selection can also be provided by selection gates 
in crossovers away from the robot, which open only for cows ineligible for milking. (4) Feed 
first forced traffic is a reversal of (2) which allows cows access to the manger from the resting 
area via one way gates, but they can only return to the resting area through the robotic milking 
stall, or through pre-selection gates that direct cows ineligible for milking directly to the free 
stalls or bedding pack.    
research studies generally report slightly higher milking frequency and many fewer fetch cows 
with forced traffic. But forage intake and the number of meals consumed at the manger is higher 
for free traffic herds. In studies where the robot was used at or near capacity, forced traffic 
results in a situation where timid cows are forced into the commitment pen en route to feed or to 
free stalls , but higher ranking cows continually beat them into the robot, leaving them trapped in 
the pen for several hours. In one study the average time these cows waited for milking totalled 4 
hours per day. From a cow comfort perspective this is highly undesirable and may lead poor 
metabolic health and increased lameness, eventually leading to a further deterioration in visiting 
behaviour. Although there are more cows to fetch with free traffic, fetching a cow provide useful 
management information. A new fetch cow is often a cow is in pain from a clinical case of 
mastitis or a cow that is going lame. Fetching her in a free traffic situation alerts you to her 
plight, but faced with the choice of starvation or milking this cow is more likely to go unnoticed 
in a forced traffic setting.  
From a feeding standpoint forced traffic reduces the importance of providing a highly palatable 
feed in the robot. Although it will still be advisable to feed 4 to 7 lbs. of concentrate per day in 
the robot, perhaps a lower cost mash feed produced on the farm can be substituted for the 
commercial pellets because, as long as there is no alternative, most cows will go through the 
robot out of sheer need to get to the feed manger. But reduced number of meals, reduced feed 
intake, reduced resting time, and longer waiting times, especially for timid cows make this 
system less desirable from the stand point of cow welfare and long term productivity. 
With current technology there are numerous examples of robotic milking herds with free traffic 
that report over three milkings per day and very few fetch cows. There are also numerous 
examples of forced traffic herds that report high feed intake, good production and few health 
issues. This demonstrates that both systems can work well under ideal circumstances. But when 
less than ideal conditions prevail, with free traffic the dairyman suffers the consequences in the 
form of fewer milkings and more fetch cows. With forced traffic the cows suffer the 
consequences with lower feed intake, and longer waiting times. Since problems are much more 
likely to be resolved quickly when the dairyman suffers, from my perspective, free cow traffic is 
the preferred management system.  
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Barn Design Concepts for Robotic Milking 
Robotic milkers are compact modular units that require minimal barn space. They can work in 
almost any location of a freestall or bedding pack barn, and they can be easily moved to a new 
facility in a later phase of expansion. There is very little published research defining what is ideal 
in a robotic milking barn, so the recommendations made here rely heavily on field experience.  
 
One way gates are used at the entrance to the holding area in a free traffic barn, in the crossover 
between the resting and feeding areas in forced  traffic layouts. By placing a few one way gates 
in a heifer barn will train animals to use them before they calve. An “exit lane” one cow length 
long with a one way gate at the end, reduces the frequency of delayed exit by timid cows. The 
foot bath can be placed in this lane, but its main purpose is to let the cow exit completely before 
she has to deal with other cows in the barn.  
 
The design of a robot barn must recognize that milking cows never leave the barn. Hence it is 
never convenient to move cows through the space occupied by other groups, and it is important 
to locate groups strategically or provide lanes for cow movement. Since the logical labour 
organization of a robot barn should not require two people in the barn at the same time, cow 
movement from group to group and to the robot or handling area must be set up to be a one 
person job. Moving through the barn with equipment to scrape manure or bring in bedding is 
disruptive. Hence tractor scraping manure is not an option. Bedding delivery is done less 
frequently and is a less serious issue but automated bedding delivery systems may still be a wise 
choice. Gel Mats, waterbeds or mattresses that require minimal bedding are recommended. Use 
of sand bedding will require large equipment, so to minimize the time and disruption involved, 
layouts should offer straight lines through the barn with doors at each end. Free cow traffic, wide 
alleys and multiple crossovers that provide escape routes for cows when equipment passes 
through are recommended. 
 
Ensuring the area around the robots is free of stray voltage by slatting it, or by including an 
equipotential plane in the concrete is recommended. Ceiling fans over the cow in the AMS help 
to cool cows keep flies away during milking. Rubber on the floor both in the robot and beside it 
will improve cow comfort as will positioning the stall so that entry is level or elevated 4 inches 
or less. In AMS stalls that restrict the cow’s movement with a butt plate and adjustment of the 
feed manger, it is important to adjust these devices so the cow has adequate space in the stall and 
can stand comfortably. Since hoof health is critical to success in robotic milking the strategic use 
of an effective foot bathing routine is essential. Footbaths placed in the exit lanes of the milking 
stalls can discourage cows from visiting the AMS. In a "tollgate" layout (see figure 4) it may be 
possible to use a selection gate to send  only selected cows through the footbath to avoid extra 
passes for the frequent visiting cow. An alternative method of foot bathing uses a large bath that 
is 10 feet long and the full width of a cross over furthest from the AMS, ideally in a location that 
can be used by all the groups in the barn.  A hinged bath can be stored vertically at the end of the 
row of freestalls and lowered and filled when needed. Once filled, groups of cows are walked 
through the bath slowly once or twice in a row, once or twice a week. Although this does disturb 
the cows, it keeps harsh chemicals away from the milk and from the AMS. With less manure 
exposure, chemical work better and there is a uniform number of passes per cow. A third option 
for foot bathing  is to place the footbath in a lane beside the robot exit as illustrated in Figure  3. 
In this system the post milking separation gate diverts  cows that require foot bathing through the 
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footbath after milking while cows that do not require it are returned directly to the group. In 
many cases the lane used for this will also be the separation lane, and in that case a second sort 
gate is needed to send foot bathed cows back to the main herd and separation cows to the 
separation area. As shown in Figure 3, a single footbath can serve two robots in this "L" layout 
by directing cows from the robot with no footbath, into the fetch pen of the other robot. These 
cows will be refused milking in the second robot and then sent through the foot bath.         
 
Routing for fetching cows should be simple and logical, so that this task can be combined with 
cleaning freestalls. Gates at the robot and in crossovers should be designed to eliminate escape 
routes and it should be possible to close and open them along the fetch route without 
backtracking. Many popular barn layouts feature robot rooms that include more than one robot. 
While this is convenient for cleaning and servicing, air and vacuum leaks and straining bearings 
and joints are harder to hear than with one robot per room. Accessing the robot from more than 
one barn area and post milking separation are more difficult with more than one robot per room. 
Back to back robots on a single room are common with the mirrored two stall Insentec AMS and 
with the Boumatic Robotics double box. While post milking separation remains an option with 
this layout as well as with tail to tail robots, routing that allows further milking visits for the 
separated cow can be challenging.  
 
With free traffic layouts a fetch pen for fetched cows is required. An area of 80 to 100 square 
feet suitable for 4 or 5 cows is recommended for use with a single robot. The fetch pen should 
not have access to water, feed or freestalls. Gating is required to direct fetched cows into it with 
no escape routes. A permanent  commitment pen which all cows must access prior to milking 
creates additional stress on low ranking cows. For the GEA tandem multibox system this is the 
only option that permits and separation or voluntary milking of special groups, but it is possible 
to design for this system with a split entry fetch pen on the first stall and completely free access 
to the others. For all other systems, a temporary fetch pen is preferred to a fixed commitment 
pen, but the best option for holding and training fetched cows in a free traffic barn is the "split 
entry fetch pen" pioneered by DairyLogix. As shown in Figure 1 the fetch pen is used only for 
fetched cows who access the robot via a lane beside the milking stall. Cows from the main barn 
still access the robot via the split entry feature. Using this system, timid fetched cows are not 
stressed by boss cows coming through the fetch pen. Using the crowding gate attached to the 
corner of the robot room, one person can easily crowd a new heifer into the robot entry area and 
push her in for her first visit. Subsequently the heifer can be cornered by this same gate with a 
chain behind her to encourage her to go on her own. This can be followed by voluntary entry 
from the fetch pen which gives her a slight advantage since the robot gating opens to her first. 
With this stepwise training approach, the heifer will move to voluntary attendance quickly. In 
traditional forced traffic barns with pre-selection cows eligible for milking are directed into a 
commitment pen, which they can only leave via the robot, but if there is a split entry pen for 
fetch cows, there is no reason that other cows with milking permission should not have access to 
the entire "side" of the barn they are on.  
 
After calving it may be beneficial to keep the fresh cow separate from the main herd for 1 day to 
two weeks depending on her health and condition. Lame cows also benefit from separate housing 
to shorten their walking distances and permit greater rest in a lower stress environment. Ideally 
these cows should be housed in a well bedded pack area, close to the robot with voluntary 
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access. Many of the cows will not go on their own, but fetching them from this pen involves 
minimal time and walking distance. This is the first and most valuable use of the “second group”.  
Handling cows in a robot herd for breeding, pregnancy checking, vaccinations, treatment, 
clipping, hoof care, flaming udders etc. presents very unique challenges.  In parlor herds, cows 
receive close scrutiny in the parlor, and they can easily be identified and sorted from the herd 
over a short time span in the return lane. Since they are hungry after milking, when they return to 
the barn they lock themselves into headlocks for handling at the manger. In a robot herd, milking 
times cannot be predicted, so sorting at the robot will require up to 15 hours of lead time. Hence 
a good sort pen must provide feed, water, a place to rest, and the opportunity to return for 
additional milking. Headlocks for robot barns are problematic because many cows are not 
interested in going to the manger when fresh feed is delivered. Many robot herds do treatment 
work by crowding cows into freestalls, chasing them into headlocks, or fetching them into the 
holding area strictly for timely separation. This aspect of robotic herd management is poorly 
defined, in terms of what handling system minimizes operator labour and stress on the cows. 
Headlocks do offer a very efficient way to perform specific tasks, especially singing udders, 
which most robotic herds do 5 or 6 times per year to increase udder cleanliness and attachment 
success rate. Handling and treating  cows in the parlor or robot has long been discouraged 
because it gives cows a bad experience in what should be a good place. Although I have no 
research evidence for this, I believe handling in headlocks could also add stress to the feeding 
experience.  Since headlocks restrain many cows that are not needed for handling, these cows are 
stressed unnecessarily. Barn designs that include a large separation area offer the option of not 
using headlocks. Convenient access to a working chute, or two chutes side by side, or a palpation 
rail located near the separation area is an alternative. If dry cows are housed behind the robot, 
flexible gating can provide a lot of dry cow space and a small separation area when minimal 
sorting is taking place, and with the gates relocated, this same area could crowd the dry cows for 
12 to 15 hours on days when a large group is being sorted. Separation cows are a second 
valuable use of the “second group option”. A third use of robot access from a second group 
would be to allow voluntary lead feeding and training of heifers and inexperienced cows prior to 
calving.  In a barn with three or more robots in individual rooms surrounding a central handling 
area, all three applications can be included. Access by several groups to a central handling 
facility is easiest if cows do not have to cross a feed alley. Hence robot barns work best with 
perimeter feeding, which also keeps rain, sun and frost out of the cow areas further enhancing 
cow comfort. A 6 to 8  foot wide alley across at least one end of the barn permits crossing over 
inside the barn to push up feed.    
 
In a field survey of 11 herds in the Netherlands and 1 in Canada, where cows could access more 
than one robotic milking stall, it was found that with a variety of layouts, 39% of cows used both 
robots 40 to 60% of the time, defined as “cross use” and 20% of cows used either one or the 
other robot more than 90% of the time, defined as “selective use”. In a comparison of layouts it 
was found that selective use was lowest when all robots faced the same way (Gerlauf et. al. 
2009). We have also observed that when cows are moved from one group to another they adapt 
much easier if the robot in the receiving group is oriented the same as their previous experience. 
Hence we recommend that all robots on a dairy are oriented the same way if it is practical to do 
so. Back to back robots in the layout commonly described as a "tollgate" do exhibit reasonable 
cross use and can be a viable alternative that involves robots with opposite entry points. In a 4 
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robot barn using the "L" layout described later, using two left handed robots in one group and 
two rights in the other makes it easy to direct cows to a central handling area.     
 
Although a growing number of herds have experience with group sizes ranging from up to 60 
cows with one robot to up to 180 cows in a single group accessing three robots, there are no clear 
answers on what is ideal. Some herds opt for early and late lactation groups, or first and later 
lactation groups, but most include animals of all ages and stages of lactation. Benefits of keeping 
groups small and accessing a single robot include easier identification of fetch cows and easier 
fetching. Benefits of two robots in a group include shorter waiting times and less disruption from 
washing or maintenance work. Benefits of three robots include simple barn layouts in bigger six 
row barns. Benefits of grouping by stage of lactation include reduced grain feeding in the TMR 
to lower producers, allowing more feed in the robot and better attendance, and the ability to 
reduce feed cost and prevent over conditioning.  Benefits of grouping by age include more 
uniform cow size and the option to vary stall sizes accordingly. Flexible layouts that permit 
variation in grouping strategies is ideal since there are no clear answers to which strategy is best.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1. A six row two robot free traffic barn with perimeter feeding, a fresh cow pack and 
logical separation area. 
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Figure 1 presents a free traffic barn layout that includes many of the capabilities discussed above. 
In order to illustrate the handling areas in a larger scale the ends of the barn are not shown. As 
illustrated in Figure 2 and Figure 3, this basic two robot barn can be expanded to up to 4 robots 
while retaining its handling area at the left end. By mirroring this barn to the left 8 robots with 
central handling are possible. A number of barns have been built using this basic “DairyLogix” 
design for 2, 3 and 4 robots in Canada, the USA, the Netherlands, Denmark and Finland. It is our 
goal to learn from the experiences of these producers and to continue to refine the concept to 
further enhance labour efficiency and cow comfort as we continue our quest for the ideal robotic 
milking barn. 
  
 

 
 
Figure 2.  A 4 robot layout with handling and special needs on the left and two groups of 
120 milking cows on the right.  
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Figure 3. An illustration of two robots in one 120 cow group in an L formation. Cows from robot 1 can 

be separated through a lane below the fetch pen.  Separated cows have access to robot 1 for milking. 

For foot bathing sort the cow from robot 1 into the fetch pen with gates A and B. After she is refused 

in robot 2 sort her left at gate C though the bath and right at gate D back to the herd. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

D  foot bath↘ 

robot 1 

fetch 
pen 

robot 
2 

separation area 

 foot bath↘ 

A 

B 

C D 
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Figure 4. An illustration of two robots in a "tollgate layout"  
 
 
 
 
 
 
In the interest of saving paper and space, scientific references have not been included but are 
available on request.  
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HEAT DETECTION 
TECHNOLOGY IN PRACTICE 

Eric D. Gordon 



Heat detection systems 

• Kamar 
• Estrotect 
• Other patches 
• Chalk or Paint 
• Afi Act® - podometers 
• Ear Tag Systems 
• Heatwatch® 
• Bovine Beacon® 
• Select Synch® 



Select Detect ® 

Heat detection system utilizing the Dairymaster 
MooMonitors® 

 
Measures a cow’s activity via  
 a monitor on a neck collar 



Select Detect ® 

• Measures specific activity 24 hours a day at intervals that 
the user determines 



High Threshold 





FH Holsteins 

• 500 cow Holstein Dairy 
• Added Select Detect® in June 2010 
• Weekly Herd checks 
• All pre-synch, ovsynch, re-synch before MooMonitors® 
• Average DIM after 3years on Select Detect® = 180 



FH Holsteins – heat detection risk 



FH Holsteins 



FH Holsteins – one year later 



FH Holsteins – Preg Rate 



Four Henry Holsteins – Preg Rate – one year later 



Cow Manager ® 



DeLaval/ALPRO® 

• FH Holsteins  
• Switched to ALPRO in July 2014 
• Extended battery life vs. Select Detect® 
• Cheaper collars 
• Linking cows to parlor – session milk weights, etc. 





DeLaval ALPRO® 

• Monitors activity 24 hours a day 
• Each cow has an activity graph 
• Flags cows for high activity (estrous) and low activity 

(potential health event) 











High Activity List 

















Low Activity List 



4H Holsteins - Current 
  



Current 



Practical Use 

• Utilize several injections of prostaglandins  
• Works nice with Ultrasynch® 
• Wait for heat... 
• Utilize Ov-synch or CIDR-synch in combination with 

collars at some point (~ 150 DIM?) 
• Remove collars at P2 (P1 in heifers?) 



Using Ultrasound with 
Heat Detection Systems 

• If heat detection is good: 
    - give cows with good, dense, 
      large >20mm CL’s  PGF2α  
      and observe for heat. 
 
• If no heat detected in 7-14 
    days, then recheck or enroll  
    in ovsynch (may depend on 
    palpating schedule) 



“Downsides” 

• Costly for smaller farms? 
• Difficult to use on really large farms? 
• Specificity – dependent on threshold level set 
• Breeding needs to happen different hours of the day and 

all days of the week 



“Upsides” 

• Decreased injections (less synchronization) 
• Lower drug costs (reproductive hormones) 
• Increased conception risk? 
• Decreased services/conception 
• Increased pregnancy risk? 



Questions 
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Precision Technologies 
for Automated Estrus 

Detection in Dairy Cattle

Lauren Mayo
University of Kentucky

Dairy Systems Management

Graduate Research Assistant

What do you already know about 
estrus detection?

Why automate estrus detection in 
dairy cattle?

What are some of the precision 
dairy farming technologies used for 
estrus detection?

What should you keep in mind with 
automated estrus detection?
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What do you already know about 
estrus detection?

Why automate estrus detection in 
dairy cattle?

What are some of the precision 
dairy farming technologies used for 
estrus detection?

What should you keep in mind with 
automated estrus detection?

Main point of interest in a 21 day 
estrous cycle

Estrus: presence of ovulatory 
phase
Sexual receptivity

Peak estrogen 

LH surge

Ovulation

High yielding cows  
↑ metabolism of estradiol‐17β      
= decreased expression of estrus 
behaviors (Sangsritavong et al., 2002)

(Senger, 2005)
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vs.

Visual observation of estrus is 
subjective and tedious 

Larger herd sizes (Lucy, 2001)

Silent ovulation is one of most 
common reproductive dysfunctions in 
dairy cattle (Ranasinghe, 2009)
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Insemination to Ovulation Interval

THE AM‐PM Rule (Trimberger, 1948)

Estrus detection efficiency ≤ 50% 
(Senger, 1994; Barr, 1975; Esselmont, 1974)

Longer interbreeding interval 

= more days open = ↑ Input (French and Nebel, 2003)

 Records
 Heat expectancy chart
 Breeding wheel
 Computer action lists

 Prostaglandins
 Ovsynch
 Pre‐Synch

 Mount Detection Aids
 Kamar detectors
 Estrotect
 Tail head marking
 Videotape

 Heat Detector Animals
 Androgynous female
 Altered male
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(NAHMS, 2007)
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What do you already know about 
estrus detection?

Why automate estrus detection in 
dairy cattle?

What are some of the precision 
dairy farming technologies used for 
estrus detection?

What should you keep in mind with 
automated estrus detection?



6

Improve prediction of timing (Roelofs et al., 2006 and 
Stevenson et al., 2014)

Estrus detection to insemination interval

Insemination to ovulation Interval

Economic Goals

Lower inputs (Labor, semen, feed, etc.)

More time in period of highest and most 
profitable milk production

$3.00 ‐ $5.00 /cow/day open

Increased Reproductive Efficiency

More calves born per lifetime
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12 HOURS
AM/PM rule

(Silvia, 2012)

Artificial Insemination will be in optimal period of 12‐24h before 

ovulation >80% of the time (Roelofs, 2006)
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Continuous recording is needed 
to narrow interval for AI 
(Roelofs, 2004)

Activity monitors compared to 
traditional methods

Aid in prediction of ovulation time
Standing heat is only predictor for 
few animals

Labor & investment costs

from your computer or cell phone?

(DairyMaster, 2013)



8

What do you already know about 
estrus detection?

Why automate estrus detection in 
dairy cattle?

What are some of the precision dairy 
farming technologies used for estrus 
detection?

What should you keep in mind with 
automated estrus detection?

Measure physiological, behavioral, and 
production indicators
Physical activity 

Lying/rest bouts or time 

Standing behavior

Progesterone biosensors

Vaginal temperature

Ear surface temperature 

Real time location & movement

Rumination time & patterns

Reticulorumen temperature

Feeding behavior

Feeding time

Milk yield 
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System Company

AfiTag/Pedometer Plus AfiMilk, Ltd.

CowScout™ GEA Farm 
Technologies, Inc.

HeatPhone® Medria

Heatseeker™II BouMatic™

IceQube™ ICE Robotics™

Lactivator Nedap

MooMonitor Dairymaster

Ai24 Semex®

HR‐Tag™ SCR™

Select Detect™ Select Sires, Inc.

SensOor AGIS Automation

Track a Cow™ Animart™

Select Detect™ 
(Select Sires, 

Plain City, Ohio, USA and Dairymaster, 
Causeway, Co. Kerry, Ireland)

AccuBreed™ (Rockway 
Inc., Spring Valley, WI, 

USA)

HR‐Tag™ (SCR Engineers Ltd., 
Netanya, Israel)

HeatPhone®

(Medria, Châteaugiron, 
France)

ANEMON

(Anemon Animal Estrus Monitoring, Saint‐Imier, 
Switzerland)
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SensOor
(AGIS Automation/ 

CowManager, Harmelen, 
Netherlands)

SMARTBOW (MKW 
Electronics, Weibern, 

Austria)
Herd Navigator™ 

(DeLaval™, Tumba,Sweden)

DVM Systems (DVM Systems, LLC, 
Greeley, CO)

FeverTags® (FeverTags®, 
Amarillo, TX)
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How many times is the system correct in either alerting or not 
alerting estrus or non‐estrus? (Silvia et al., 2007)

Accuracy (%) = TP+TN/  TP+TN+FP+FN

Sensitivity (%) = TP/TP+FN

Specificity (%) = TN/TN+FP

Positive Predictive Value (%)  = TP/TP+FP

Negative Predictive Value (%)  = TN/TN+FN

Confirmed Non‐Estrus Confirmed Estrus

N
o
 

A
le
rt True Negative        

(TN)
False Negative         

(FN)

A
le
rt False Positive          

(FP)
True Positive           

(TP)

Detection 

Method

Total Cows 

Meeting 

Requirements

Accuracy      

(%)           

=             

TP+TN/  

TP+TN+FP+FN

Sensitivity  

(%)         

=           

TP/TP+FN

Specificity    

(%)          

=            

TN/TN+FP

Positive 

Predictive 

Value       

(%)          

=            

TP/TP+FP

Negative 

Predictive 

Value       

(%)          

=            

TN/TN+FN

Standing Heat & 

Progesterone 11 91% 91% N/A 100% 0.0%
Progesterone 

Assay (RIA) 23 87% 86% 100% 100% 40%

True Positive (TP): Confirmed Estrus & Activity Alert

True Negative (TN): Confirmed Non‐Estrus & No Activity Alert

False Positive (FP): Confirmed Non‐Estrus & Activity Alert

False Negative (FN): Confirmed Estrus & No Activity Alert
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What do you already know about 
estrus detection?

Why automate estrus detection in 
dairy cattle?

What are some of the precision 
dairy farming technologies used for 
estrus detection?

What should you keep in mind with 
automated estrus detection?

Reproductive management is KEY!

Herd dependent needs & results
Facilities
Breeding groups

Do YOUR research

Company’s customer service 

Records of herd events are crucial
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(DuPonte, 2007)

1. Individual animal identification

2. Recordkeeping – update frequently 

3. Establish standard operating 

procedures (Who, Why, What, How)

4. Visual heat detection minimum of 

30min 2‐3Xs a day

5. Heat detection in pasture if possible

6. Watch for animal grouping 
activity

7. Use heat detection aids  and 
technologies wisely

8. Synchronize with 
prostaglandins

9. Treat sore feet immediately

10. Always follow herd protocol 
and document all activities

(DuPonte, 2007)
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(Photo Coutesy of  S.Harmon, 2014)

Automated Estrus Detection Using Multiple Precision Dairy Farming 
Technologies in Partially Synchronized Dairy Cows

L.M. Mayo, W.J. Silvia, G. Heersche Jr., 
A.E. Stone, B.A. Wadsworth, I.C. Tsai, and J.M. Bewley

University of Kentucky Department of Animal and Food Sciences, Lexington, KY

• Vaginal temperature

• Ear surface Temperature 

• Physical activity 

• Lying/rest bouts or Time 

• Standing behavior

• Real Time Location 

• Rumination

• Reticulorumen temperature

• Feeding behavior

• Feeding time

• Milk yield 

• Milk conductivity and 
components
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Questions?

Lauren Mayo
413 W.P. Garrigus Building
Lexington, KY 40546‐0215
Phone: 813‐220‐2590
lauren.mayo@uky.edu

Jeffrey Bewley, PhD, PAS
407 W.P. Garrigus Building
Lexington, KY  40546‐0215
Phone: 859‐257‐7543
Fax: 859‐257‐7537
jbewley@uky.edu



What Defines Success ?? 

Lifestyle 
 

-More flexible hours 
-Less physically  
        demanding 
-Less hired labor, 
 more family 
-Safer workplace 
-Innovative  
 You can’t take lifestyle to the bank! 

 

 



What Defines Success ?? 

Profitability 
       Economics of Robots vs Parlors depends 
on: 
      - Cost of Capital 
      - Cost of Labor 
      - Milking Labor Efficiency 
 

 
Affected by Herd Size 
 
Impacts on Viability of the Family Farm 
     Socio Economics of Farm Community 



What Defines Success ?? 

Profitability and Labor Saving 
      (Bijl, 2007) 

    Conventional   Robots 
“Profit” per farm    + € 15,566       -- 
 “Profit” per labor unit   --         + € 12,953 
 
-29% fewer hours of labor on Dutch farms with AMS 
 
 Real data on labor  and profitability 

 is difficult to come by !  



What Defines Success ?? 

Production per robot: 
 

-   Standard ? – 4500 lbs milk/day  
                    from 60 cows @75  lbs/cow 
 

- 34 herds in Spain (Castro, 2012)  3300 lbs./day  
                     from 53 cows @63 lbs/cow 
 

- JTP Farms 6450 lbs./robot/day  
                     from 62 cows @104 lbs.  

 
 



It’s getting more complicated!! 

 
 



Both of the current market leaders achieve excellent results 
where good technical support is provided 



Insentec offers an industrial robot arm 
placed between two milking stalls 



Boumatic : self contained, milks between the 
rear legs, single box exits both sides, double 

box available as well 

Easy route with no turns for separation and 
milking special needs cows.  



 

GEA Multibox with up to 5 stalls in tandem  
- Preps  in the claw . . .a big time saver 



What Defines Success ?? 

Milking Frequency per cow: 
      
- goal is frequent, uniform intervals, strategic by 
stage of lactation. 
 
- With 4 hr. permission vs 8 hr., cows milked 3.2 vs 
2.1 times/day and produced 9% more milk (Melin 2005) 
 

 
   

 
 



Estimated Production Response to Irregular 
Robotic Milking compared to 2x…12/12  

Cow Milking 
intervals 

Milkings 
per day 

Production 
vs 2x 

A 5-6-6-7 4 +18% 

B 12-7-5 3 + 6% 

C 15 - 9 2 - 2 % 

D 15 - 15 1.6 - 6% 

Ave 9.3 hrs 2.65 + 4% 

It will take an average of 2.4 milkings/day to match 2x , and 
3.3 milkings/day to match 3x parlor milking. 



What Defines Success ?? 

Number of Cows that Require Fetching 
      
- Canadian owners reported fetching 4 to 25% of cows . . 
. . . large variation between herds (Rodenburg and House 2007) 

 
- Fetching 4% takes minimal effort . . . .  but more than 
10% adds to labour and is disruptive to the rest of the 
herd. 
 
 

   

 



The success of robot milking 

Every cow walks to the robot 4 times per day… 



? 
How do you make them walk to the robot? 



The cow has to go on her own . . . .you 
are the coach, the motivator that creates 
the positive environment 



Many successful dairy farmers are very 
“controlling” These people have difficulty 

adjusting to robotic milking 
  



Success Factors:  The People 
Can you be a “cow coach” and motivate cows to go to 
the robot voluntarily?? 
 



You don’t need to be a computer expert, 
but you have to be willing to explore 
and work with data 



3. cow gets reward  

1. cow is healhty  

2. cow has good access  
       and good claws  

Your cows will walk happily to the robot if: 



        Healthy feet are critical 



Success Factors:  Hoof Health 
Lameness decreases robot visits and increases fetch rates 

(Bach 2007) (Borderas 2008) . 
 

- Lameness is multi-factorial and influenced by: 
 

 Nutrition  Cleanliness of the Barn 
 Genetics  Cow Comfort/Resting Time 
 Foot Bathing Trimming and Treatment 
 
Excellent claw health is a priority for Robot farms  
   

 

  
 



How can your lame cow recover? 



Healthy claws:  4 success factors 
1. Good claw quality 

2. Low infection 

3. Low pressure 4. Early, effective treatment 



Healthy claws  + healthy cows: 
dry barn, good ventilation, no heat stress, clean floors 



Clean dry alleys 









Robot Farmers should learn how to trim 
cows themselves.  
 



Footbath at the robot exit discourages visits ? 



A footbath in a remote crossover  
– once a week walk all cows through it twice 

• Less disruptive to 
robot visits 

• All cows get 2 passes 
• Fresh chemical works 

better 
• Keeps chemical away 

from milk and 
delicate metal parts 

• Less work, especially 
in large groups 









 
Success Factors:  Stocking Rate 

 
-In 13 herds with 34 to 71 cows/robot (Deming 2013),  higher 
stocking densities  were associated with lower milking 
frequency. 
 

- When there are more than 
 60 cows per robot,  
the number of fetch cows  
increases. 
(Rodenburg and Wheeler, 2002) 
 
 

Fig.1.voluntary milking and cows per box
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-Traditionally the focus was on production per robot 
 to maximize return on investment 
 
 - When working under capacity, you get more 
visits/cow, fewer fetchings and perhaps more milk/cow, 
higher income over feed costs and higher returns to 
labour. 
 
-With low interest, rising labour costs and high feed 
costs perhaps more focus on production per cow and 
less on production per robot is needed today.  
 

- MORE RESEARCH IS NEEDED ON THESE 
RELATIONSHIPS 
 
 



Success Factors: The  Cow 

Higher milking speed increases robot capacity. Reduce 
machine on time by 1 min/cow and increase capacity by  

+ 12%.  
Select for milking speed . . . . You can start with this a 
few years before you install robots! 
 
-Poor udder conformation increases attachment failures 
which then become fetch cows (Jacobs and Siegfried, 2012).  
Select for good udders but also wide rear teat placement 
 
 

  



Success Factors: The Cow 
The heritability of voluntary milking frequency is 0.16 to 

0.22 depending on stage of lactation. The records are 
there both as AMS generated data and as milking 

intervals for DHI samples from AMS herds. 
 

 
 The AI Industry needs to prove bulls for their daughters 
voluntary milking frequency 
 



Cow gets a reward 



Cows must have lust for concentrate: 

> Structure as basis 

> Manure as checkpoint 

> 

Healthy 

rumen 



When milking is voluntary, the 
relationship between feed intake, 

production, health and behavior becomes 
more critical and complex. 

Frequent milking → production → feed intake  



Milking Frequency 

 

Milk   Production 

 

Feed and Water 
Intake 

 

Milking Frequency 

 
 

  

- Fixed interval milking 
is a uniform stimulus 
for milk production, 
feed consumption etc.  

 

- In robotic milking, an 
external stimulus that 
changes any variable 
sets off a chain 
reaction.  



Promote Factors that stimulate 
production, feed intake and 

activity 
• Minimize heat stress 
• Maintain foot health 
• Maintain udder health 
• Stimulate appetite …..body condition 

       transition feeding 
     avoid metabolic disorders 



What you feed in the robot is 
important 

• Fines are bad 
• Feed only hard 

pellets in the robot 
• 2 to 8 Kg per day 
• Flavour is not a big 

factor 
• Calibrate the feeder 

frequently 



 You need the best “cow candy” money can 
buy to encourage frequent voluntary 

milking.  



Success Factors:  The Ration 

-Hard pellets with no fines increase milkings(Rodenburg 2004) 
 

- Pellets made from barley and oats increased daily 
milkings per cow 0.35 vs a corn based standard while 
high fat pellets decreased visits 0.36 and grass pellets 
decreased visits 0.93. (Madsen 2010) 

 

- High grain, high starch diets decrease milking 
frequency (Rodenburg and Wheeler 2002) 
 

 



Feeding recommendations 

• Partial mixed ration (PMR) balanced at 7 
Kg below the group average, plus 2 – 8 Kg 
of commercial pelleted concentrate in the 
robot. 
 

• Forages only in the bunk, plus 2 - 6 kg of 
pellets in the robot and (for high producers) 
more pellets in a computer feeder, linked to 
the robot. 



Forced Traffic Avoids the Feeding Hassles ! 

- Using forced traffic allows greater use of home grown 
grain in a PMR balanced for a higher production level, 
and less grain in the robot. 

 

- This does result in a cost saving 
 

-But more grain in the robot fed according to production 
leads to better feed efficiency.  
 

-This negates most of the gains from using cheaper home 
grown grain with forced traffic.   



Robot 

Feed Alley 

Free Cow Traffic: Cows 
can access all areas 

Robot 

Feed Alley 

Forced Cow Traffic: Cows 
can only access feed after 
passing through the robot 

Commitment    
 pen 

Fetch 
pen 

   Feed in the robot must   
 attract cows    Feed in the bunk and robot both attract cows 



Robot 

Feed Alley 

Forced Traffic (with Pre-
selection): Eligible cows 
directed to robot and others 
to bunk 

Robot 

Feed Alley 

Feed First Forced Traffic: 
Free bunk access, Eligible 
cows directed to robot and 
others to freestalls 

Selection gate 
selection gate 

Smart gate 

Smart gate 





With forced traffic you get: Fewer Cows to fetch 
   Fewer meals at the manger 
   More time spent waiting in line 



Every cow waits the same amount, but in a very stressful place 



The problem is the 
commitment pen 
 



Free vs. Forced Cow Traffic 
(Thune 2002) 

    Free     Forced         Forced  with 
       Pre-selection 
No. Milkings             2.0        2.6       2.4 
No. of  Meals   12.1            3.9          6.5 
 
Ave. time waiting at robot (minutes/day) 
Dominant Cows 78        140        124  
Timid Cows  95        240        168  



Free vs. Forced Cow Traffic  
(Bach  2009)    per cow per day 

     Free     Forced          P-value 
No. milkings                 2.2        2.5     <0.001 
Fetched milkings      0.5            0.1        <0.001 
 
TMR intake (lbs. DM) 41.0       38.8        0.24 
No. of meals of TMR  10.1        6.6     <0.001  
Pellet intake (lbs.)    5.5        5.5         0.99   
 
Milk production (lbs.) 65.7       68.1        0.32 
Milk fat %   3.65       3.44        0.06 
Milk protein  %  3.38       3.31        0.05 



Free or Forced Cow Traffic  
- Both can work very well with good management.  
 

- When things go less than perfect:  
Forced traffic COWS  suffer fewer meals and longer 
standing times (and acidosis, lameness, etc.) 
 
Free traffic FARMERS  suffer increased fetching. 
 
- (some fetching provides management information) 
 
I design and consult for both but have a strong  
preference for free traffic! 
 



Success Factors:  Forced vs Free Traffic 

- With 34 cows per AMS there were no differences 
between forced and free traffic (Munksgaard 2011) 

 
 

- When a robotic milking system is operating below its 
capacity it will work very well regardless of the traffic 
system employed.  



Forced vs Free Traffic 
• Free cow traffic results in greater cow comfort 

especially for timid cows. New fetch cows are 
often new cases of mastitis or lameness so they 
offer management information. 
 

• Forced traffic decreases the emphasis on feeding 
in the robot and reduces the number of fetch cows. 
When there are very strong economic incentives to 
do so this may be justified but cow comfort will 
suffer  

 



Free or Forced Cow Traffic 
 -Both can work very well with good management 

 
- But when things go a little wrong:  
   
 -forced traffic COWS  suffer fewer meals and 
longer waiting times  (and foot health and rumen 
health issues) 
 
- Free traffic FARMERS  suffer increased fetching. 
( a warning to step up management) 
 
- I design for both but for me cow comfort is key, 
and I have a strong preference for free traffic! 
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DairyLogix/                      /Cowhomes 
Robotic Milking Barn 

Our long term 
objective is to design 
the perfect robotic 
milking barn.    

Success Factors:  Barn Design 
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120 Comfortable Freestalls 
for Milking Cows 

Robot 1 Robot 2 

30 freestalls with 
flexible gating for  far 
off dry cows or 
separation cows 

Bedding 
pack for 
fresh and 
lame cows 

Maternity 
pens 

Perimeter 
feeding 

Perimeter 
feeding 

Office  

Utility  

↓Tank 

↑Chute (s) 

Close ups 

Management rail→ 

  Heifers 



Cow comfort in a robot barn 
 = free traffic 



The Key to Making Free Traffic 
Work is…….. 

Space in front of the robots 
  



 

Timid cows are afraid to come near this robot  
because they cannot escape 



 Large open area in front of the 
milking stalls 

Robot 1 Robot 2 



 
 -  20 feet  from the milking box to the first freestall 
(also adds more manger and headlock space) 
-  Locate cow brushes, pasture selection gates, and computer  
feeders far away from this area to spread out barn activity  
 



What is the problem? 
How will you solve it? 

 



This is better !! 



 

Does robot orientation matter? 



Cows Choosing to be Milked in Stall 101 vs 102 
(average 52.9%)
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3 months of data from 12 herds  
1165 cows  

% of total milking visits to robot 1 

% of 
cows in 
this 
robot 
use 
group  

38.7 % Cross Use 

19.7 % 

selective 

use 



Robots facing the same way result in the least 
selective use  

Cows turn the same way to enter 
Good visibility from the resting area 
 
Cross use was high at 48.6 %  
                              (vs 38.7% in all herds) 
 
Selective use was lowest at 8.1 %  
     (vs  19.7 % in all herds) 



 All robots face the same way 

Robot 1 Robot 2 



In large herds, one room saves cost and service 
labour……but it is not my preference 

With one robot 
per room you can 
hear vacuum and 
air leaks, worn 
bearings etc. 



New labor demands with robotics 
• Fetching cows that don’t attend voluntarily 

– 2 to 10% need fetching on well run dairies 
– Up to 25% need fetching in older research  

 
 • Provide simple cow routing and low stress 

fetch pens to get these cows milked 
 

• Manage the herd and design housing systems 
to minimize the number of cows that require 
fetching   

 



Simple routing that makes all 
handling a one man job 
a. for fetching  

Robot 1 Robot 2 

↑Fetch pen 2 ↑Fetch pen 1 



b. Simple routing from group to group  
Milking 

Dry 
Close Up 

Calving 

Fresh and 
Lame 



c. Simple routing to the handling area  

Milking 

Dry 

Close Up 

Calving 

Milking 

Fresh and 
Lame 

One  man, working alone, 
should be able to move any 
cow to the handling area in 
one minute ! 



 Low stress handling of fetch 
cows in a learning environment  
with split entry fetch pens 



Split Entry Fetch Pen for Fetched 
Cows Only  



Advantages of split robot entry  
• Timid, fetched cows are not 

stressed by boss cows 
coming through the pen 

• Cows in the herd have robot 
access while fetched cows 
are in the pen 

• Fetched cows still have to 
compete a little, and are 
rewarded for positive 
behaviour. 

• The farmer can leave the 
barn  

• Potential for “automation” 



 

Progressive Teaching of 
voluntary milking 
1- push cow in 
2- chain the gate and leave her 
3- leave her in the fetch pen 
4- release her to the herd 



Maximum comfort for fresh 
and lame cows in a bedding 
pack with robot access 

Fresh and 
lame cows 



Fresh and 
lame cows 

A stress free calving line with 
close up, calving and fresh cows 
side by side in bedding packs 

Manure clean out  

Maternity pens 

Close up pen 



Calving area behind the robot 
brings the fresh cow back to 
the fetch pen 



 Flexible Milking Groups 
 - 2 small groups means easy 
fetching and the option to split 
by age or stage of lactation. 



 Flexible Milking Groups 
 - 1 larger group means less 
disruption with wash, 
maintenance, or alarms 



New labor demands with robotics 

- There is no fixed milking time so cow 
handling gets more complicated 

- Many herds create new work handling cows in 
free stalls 

-  A common conclusion is that all robot barns 
should have headlocks throughout 
 

 

 
 



I    Disagree 
• Just like handling in a parlor, handling at 

the manger gives cows a bad experience in 
a good place. 

• Locking up all cows to handle 20% creates 
unnecessary stress. Releasing 80% adds 
further stress to those remaining. 

• Bringing tools, drugs, etc. to cows spread 
along the entire manger makes it work for 
two people and more time consuming   
 
 



A handling system based on 
separation 

• Sort post milking over a 12 hour period to 
collect cows for handling 

• Provide a chute for hoof trimming and  
headlocks, a second chute, or a management 
rail for group handling. . . .like flaming 
udders  

• Design all gates, cow routing etc. so one 
person can work alone.  
 



Flexible separation area gated 
for 2 stalls 

Far off dry cows 



3 way sort at the robot exit 



Milking 

Dry 

Close Up 

Calving 

Milking 

Fresh and 
Lame 

 Direct access by all groups to 
central handling 



Handle individual cows in the chute 



Strategic Placement of Computer, 
equipment storage, water and hydro in the 
handling area. 





Flexible separation area gated 
for 16 stalls, including 14 
borrowed from far off dry cows 

Far off dry 
cows 



Handle groups in 
headlocks in the 
separation area, or 
in a management 
rail 



Far off dry 
cows 

←Management rail 



When not separating cows, 
train older heifers 3 weeks 
before calving 

  Heifers 



Train Cows and Heifers to use One Way Gates 
before calving 



Wide finger gates reduce congestion in forced 
traffic barns 



  

Wide finger gates reduce congestion when 
fetching in a large group 





 Perimeter feeding for central 
handling, flexible group sizes,  



6 - 8 feet wider than center drive through 

 
 

- No rain, sun or frost in the stalls or manure alleys 
 



Requires a 14 ft 
high sidewall for 
trailer mixers 



Perimeter feeding 

Automated feed 
delivery saves 
space 



www.outsidefeeding.com 



Cows don’t leave the barn….. 
   ....Big equipment is disruptive ! 
         
 
 
 
 
 
 
 
 Straight wide, drive through alleys,  
big crossovers and free traffic minimize 
disruption of the cows 
    



Open alleys through the  full 
length of the barn 



automate bedding delivery 



Flex augur runs in this barn are 
up to 180 feet long and drop 
sawdust at the common corner 
of four stalls 



 



Automatic Bedding Delivery  
- Artex and Jamesway are working together on belt systems 
 

 



Tractor scraping disturbs cows and is 
not an option (slats, scrapers or flush) 



A robot farmer spends more time in the 
office and less in the barn 

Is this a good farm office ?? 

  



Windows onto: 
 
1. Calving area 
2. Cows in 

front of the 
robot 

3. The 
approach to 
the barn 
outside 

High terminal for stand up access, bar stool for longer jobs 
 
Easy to clean surfaces …….or a separate stand up terminal 
in the hallway 





Office area with a good overview of 
the front of the robot, the calving pen 
and the yard.  

Office  



Office area with a good overview of 
the front of the robot, the calving pen 
and the yard.  

 and a spot to park the feed pusher 

Office  

Feed 
Pusher 
Park 
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Two or four groups, central handling 

Expandable to 4 robots, 240 milking cows 



In this “L” layout, robots are close together, highly visible,  and both 
are left entry. Cross use is excellent 



Fetch 
pen 



Four Robots, Two Groups  



Aaaaaa 
 
 
 
 
 
 
 

A Robot Barn for 240 cows expandable to 480  

Aaa 
 
 
 
 
 
 
 
 



Tollgate layout for Insentec and Boumatic 
double boxes 



120 Comfortable Freestalls 
for Milking Cows 

R
ob

ot
 1

 
R

ob
ot

 2
 

30 freestalls with 
flexible gating for  far 
off dry cows or 
separation cows 

Bedding 
pack for 
fresh and 
lame cows 

Maternity 
pens 

Perimeter 
feeding 

Perimeter 
feeding 

Office  

Utility  

↓Tank 

↑Chute (s) 

Close ups 

Management rail→ 

  Heifers 



How would I do forced traffic ??? 
The goal is to minimize waiting in the commitment pen, and 

avoid line ups at selection gates.  
- Feed first vs rest first is farmers choice 
- Four row tail to tail layout with perimeter feeding 
- At least two selection gates and  a pre-selection gate per 

group 
- At least three wide one way gates 
- Lots of open space around gates  
- One robot and 60 cows or 2 with 120 max 
- Option to leave the commitment pen back to the original 

side  
- Provide a priority lane for timid cows 
- Feed and/or push up feed frequently  



How would I do tandem multibox ??? 

The goal is to minimize waiting in the commitment pen, and 
avoid line ups at selection gates.  

 
Maybe all free traffic with no sort capability 
 

COMMITMENT PEN 



How would I do tandem multibox ??? 
 
 
- With no experience and very few examples to learn from 

specific recommendations are difficult 
 

- The first Ontario installation at Kie Farms has a very well 
thought out design for routing cows from one resting area 
to two separate manger areas, a separation pen and a 
special needs area. 



A Word of Advice 
Robotic milking systems operating below 

capacity result in totally different dynamics 
in the herd. Never assume that what works 
well with 40 cows per box will work 
equally well with 60 or 70! 

 
While the capacity expressed in cows, liters, 

or milking minutes will likely go up over 
time, experience is demonstrating that 
higher production per cow and lower labour 
input may favour fewer cows per box  



Thank You ! 

The End ............. 
       “Focus on cow comfort, and       
      convenient handling !”  

www.DairyLogix.com 



PRECISION DAIRY OPPORTUNITIES 

Amanda Stone, Randi Black, Barbara Wadsworth, Di Liang, 

Karmella Dolecheck, Matthew Borchers, Lauren Mayo, Nicky 

Tsai, Maegan Weatherly,  Melissa Cornett, Samantha Smith, 

Megan Hardy, Jenna Klefot, Juha Hietaoja, Barbara Wolfger, 

Elizabeth Eckelkamp, Savannah Meade, Joey Clark, Denise Ray 

 

Jeffrey Bewley, PhD, Extension Dairy Specialist 



 



Technological Transformation 

• Extension of other industries 

• New dairy industry demands 

– Animal well-being 

– Consumer demands 

– Environmental pressure 

– Labor challenges 

– Economic competition 



Precision Dairy Management 



Precision Dairy Monitoring 

• Technologies to monitor 

– Physiology 

– Behavior 

– Milk content 

• Focus on preventive health and 
performance at the cow level 

• Make more timely and informed 
decisions 

 

 



Precision Dairy Benefits 

• Improved animal health and well-being 

• Early detection 

• Increased efficiency 

• Improved product quality 

• Minimized adverse environmental impacts 

• More objective measures 



Happy Cows via Technology? 



Fatness or 
Thinness 

Mobility Hoof 
Health 

Mastitis 

Respiration 

Rumination/pH 

Temperature 

Milk 
content 

Heart rate 

Animal 
position/location 

Chewing 
activity 

Lying/ 
standing 
behavior 

Methane 
emissions 

Feed 
intake 

Areas to 
Monitor a 
Dairy Cow 



 

Gaitwise-Van Nuffel ,2014 



So Many Options!!!! 



Gartner Life Cycle 



Ideal Technology 

• Explains an underlying biological process 

• Can be translated to a meaningful action 

• Cost-effective 

• Flexible, robust, reliable 

• Simple and solution focused 

• Information readily available to farmer 

• Commercial demonstrations 

 

 



Cautious Optimism 

• Critics say it is too 
technical or challenging 

• We are just beginning 

• Precision Dairy won’t 

change cows or people 

• Will change how they 
work together 

• Improve farmer and cow 
well-being 



Path to Success 

• Continue this rapid innovation 

• Maintain realistic expectations 

• Respond to farmer questions and 
feedback 

• Never lose sight of the cow 

• Educate, communicate, and collaborate 

 



Future Vision 

• New era in dairy management 

• Exciting technologies 

• New ways of monitoring and improving 
animal health, well-being, and reproduction 

• Analytics as competitive advantage 

• Economics and human factors are key 
 

 

 

 

 



Questions? 

Jeffrey Bewley, PhD, PAS 
407 W.P. Garrigus Building 
Lexington, KY  40546-0215 

Office: 859-257-7543 
Cell: 859-699-2998 
Fax: 859-257-7537 
jbewley@uky.edu 

www.bewleydairy.com 



PRECISION DAIRY: LESSONS LEARNED 

Amanda Stone, Randi Black, Barbara Wadsworth, Di Liang, 

Karmella Dolecheck, Matthew Borchers, Lauren Mayo, Nicky 

Tsai, Maegan Weatherly,  Melissa Cornett, Samantha Smith, 

Megan Hardy, Jenna Klefot, Juha Hietaoja, Barbara Wolfger, 

Elizabeth Eckelkamp, Savannah Meade, Joey Clark, Denise Ray 

 

Jeffrey Bewley, PhD, Extension Dairy Specialist 



PDF Reality Check 

• Maybe not be #1 priority for commercial 

dairy producers (yet) 

• Many technologies are in infancy stage 

• Not all technologies are good 

investments 

• Economics must be examined 

• People factors must be considered 

 

 

 



Technology Pitfalls 

• “Plug and play,” “Plug and pray,” or  “Plug 

and pay” 

• Technologies go to market too quickly 

• Not fully-developed  

• Software not user-friendly 

• Developed independently without 
consideration of integration with other 
technologies and farmer work patterns 

 

 

 

 

 

 

 



Technology Pitfalls 

• Too many single measurement systems 

• Lack of large-scale commercial field trials 
and demonstrations 

• Technology marketed without adequate 
interpretation of biological significance of 
data 

• Information provided with no clear action 
plan 

 

 

 

 

 



• Be careful with early stage technologies 
• Need a few months to learn how to use data 



UK Herdsman Office 



  



The Book of David: 
Cow People Benefit Most 



Wrong College Degree 



How Many Cows With Condition Do We 

Find? 

Example:  100 estrus events 

80 Estrus Events Identified by Technology 
20 Estrus Events 

Missed by Technology 



How Many Alerts Coincide with an 

Actual Event? 

Example:  100 estrus events 

90 Alerts for Cows Actually in Heat 
10 Alerts for Cows Not 

in Heat 



What’s the Sweet Spot? 

• Cost of missed event 

– High for estrus 

– Lower for diseases? 

• Cost of false positive 

– Low for estrus 

– High for mastitis 

• Farm dependent 

 
 



Economic Considerations 

• Need to do investment analysis 
• Not one size fits all 
• Economic benefits observed quickest for heat 

detection/reproduction 
• If you don’t do anything with the information, it was 

useless 
• Systems that measure multiple parameters make 

most sense 
• Systems with low fixed costs work best for small 

farms 

 



Customer Service is Key 

 More important than 
the gadget 

 Computer literacy 

 Not engineers 

 Time limits 

 Failure of hardware 
and software 

 
 
 



Cautious Optimism 

• Critics say it is too 
technical or challenging 

• We are just beginning 

• Precision Dairy won’t 

change cows or people 

• Will change how they 
work together 

• Improve farmer and cow 
well-being 



Path to Success 

• Continue this rapid innovation 

• Maintain realistic expectations 

• Respond to farmer questions and 
feedback 

• Never lose sight of the cow 

• Educate, communicate, and collaborate 

 



Future Vision 

• New era in dairy management 

• Exciting technologies 

• New ways of monitoring and improving 
animal health, well-being, and reproduction 

• Analytics as competitive advantage 

• Economics and human factors are key 
 

 

 

 

 



Questions? 

Jeffrey Bewley, PhD, PAS 
407 W.P. Garrigus Building 
Lexington, KY  40546-0215 

Office: 859-257-7543 
Cell: 859-699-2998 
Fax: 859-257-7537 
jbewley@uky.edu 

www.bewleydairy.com 



Economics of 
Technology Use for 
Estrus Detection 

KARMELLA DOLECHECK 
DR. JEFFREY BEWLEY 
UNIVERSITY OF KENTUCKY 



Why economics? 

 There are many technologies on 
the market 

 Not all are cost effective  

 A major producer concern 



What did/would you consider 
before purchasing a technology? 

Borchers and Bewley, unpublished 

Producers asked to 
rank consideration 
importance from 1 to 5 



Consideration #1 
Benefit to Cost ratio  

(4.57 ± 0.66) 
 

Borchers and Bewley, unpublished 



Consideration #2 
Total investment cost 

(4.28 ± 0.83) 
 

Borchers and Bewley, unpublished 



Why haven’t 
you adopted 

technologies? 

Russell and Bewley, 2013 



Reason #2. 

Undesirable cost 

to benefit ratio 

(42%) 

 

Russell and Bewley, 2013 



Reason #5.  

Lack of perceived  

economic value 

(30%) 

 

Russell and Bewley, 2013 



Economic Considerations 

 Herd is the biggest factor determining success 

◦Starting point 

◦Management 

 Systems that measure multiple parameters make most sense 

 Need to do investment analysis 

  

  



Investment Analysis Tools 
 Useful for producers pre-purchase 

 Limitations 

◦Accuracy vs. useful 

◦Not everything has an economic 
value (producer quality of life) 



Available Tools 
 Company developed 

◦Specific 

◦Biased? 

 University developed decision support tools 

  



Why focus on estrus detection? 

 Highly adopted technology  

 High satisfaction rate 

 Fastest, most noticeable 
economic impact 



Tool 1: 
  Purdue/UK Investment Model 



  
 Flexible, partial-budget, farm-specific 
  
 Simulates dairy for 10 years, including hundreds of 
random values 
  
 Measures benefits from improvements in productivity, 
animal health, and reproduction 
  
 Models both biology and economics 

Investment Decisions for PDF Technologies 



Tornado Diagram for Factors Affecting NPV 

NPV 

establishes 

what the value 

of future 

earnings from 

a project is in 

today's money. 



Tool 2: 
           UK Economics of Estrus      
  Detection Dashboard 



Objective 

 Develop an economic, decision-making tool that  
 can help individual farmers determine if investing  
 in automated heat detection could be profitable. 



Calculations 
 Accounts for costs associated with: 

◦Reproductive management method 

◦Days open 

◦Labor use 

◦Semen use 

◦Pregnancy diagnosis 

 10 year investment period 

 



Limitations 

 Investment analysis does not consider: 

◦Additional benefits of technologies 

◦Changes in heifer inventory 

◦Effect on quality of producer’s life 

 

 



Outputs 

 Reproductive performance 

◦Days open 

◦Reproductive culls 

 Investment analysis 

◦Years to break even 

◦Net present value 



  

Tabs organize information 

Dashboard available at: 
www2.ca.uky.edu/afsdairy/HeatDetectionTechnologies 



Hover buttons 
explain inputs 
and results 

Inputs 
adjustable in 
multiple ways  

Dashboard available at: 
www2.ca.uky.edu/afsdairy/HeatDetectionTechnologies 

Dashboard available at: 
www2.ca.uky.edu/afsdairy/HeatDetectionTechnologies 



  

Dashboard available at: 
www2.ca.uky.edu/afsdairy/HeatDetectionTechnologies 

Dashboard available at: 
www2.ca.uky.edu/afsdairy/HeatDetectionTechnologies 



Compare up to 3 
different technologies 

Dashboard available at: 
www2.ca.uky.edu/afsdairy/HeatDetectionTechnologies 

Dashboard available at: 
www2.ca.uky.edu/afsdairy/HeatDetectionTechnologies 



Net present 
value 
shown 
visibly as 
either good 
(green) or 
bad (red)   

Black box 
and “Best 

Option” 

indicate 
the highest 
net 
present 
value 

Dashboard available at: 
www2.ca.uky.edu/afsdairy/HeatDetectionTechnologies 

Dashboard available at: 
www2.ca.uky.edu/afsdairy/HeatDetectionTechnologies 



Investment Analysis 
Demonstration 



Investment Assumptions 
 Average United States Holstein dairy herd 
◦ DairyMetrics (Dairy Records Management Systems, Raleigh, NC, 

USA) 

◦ Food and Agricultural Policy Research Institute (Columbia, MO, USA) 

◦ Published literature 

 
Input Value Source 

Herd size 316 DairyMetrics, August 2014 

Milk price $17.49/cwt FAPRI, 2014 

Milk yield  73.5 lbs/cow/d DairyMetrics, August 2014 

Feed cost $0.09/lb DM FAPRI, 2014 



Investment Assumptions 

 Beginning heat detection method 
◦ Visual observation 

◦ Timed artificial insemination 

 Compare high vs. low 
◦ Initial investment cost ($5,000 vs. $10,000) 

◦ Tag cost ($50 vs. $100) 

◦ Heat detection rate (60 vs. 80%) 



Initial Costs 

System Start-Up Cost Unit Cost Total Initial 

Investment 

Low-50 $5,000 $50 $13,465 

Low-100 $5,000 $100 $21,930 

High-50 $10,000 $50 $18,465 

High-100 $10,000 $100 $26,930 

Low: $5,000 initial investment 

High: $10,000 initial investment 

50: $50 unit price 

100: $100 unit price 



Results 

 Visual observation  

◦ NPV per cow per year: $33.50 to $65.70  

◦ Breakeven point: 0.43 to 1.35 years 

◦ Reduced labor 

◦ Improved estrus detection 

 



Results 

 Timed artificial insemination 

◦ NPV per cow per year: $1.53 to $29.26  

◦ Breakeven point: 0.84 to 7.2 years 

◦ Reduced service rate 

◦ Reduced service interval 



Conclusions 

 On an average US Holstein dairy 

◦NPV of investing after visual observation was positive 

◦NPV of investing after TAI was positive 

 Net present value is affected by service rate, service interval, and 
labor costs 



Overall Conclusions 
 Starting point determines investment profitability 

 Accurate information is essential for accurate results 

◦Producer 

◦Technology manufacturers 

 Dairy producers considering purchasing an automated heat 
detection technology system can use this model as a 
decision support tool 



Questions? 

Karmella Dolecheck 
411 W.P. Garrigus Building 
Lexington, KY 40546-0215 
208-410-9015 
karmella.dolecheck@uky.edu 

  

Dashboard available at: 
www2.ca.uky.edu/afsdairy/HeatDetectionTechnologies 

Jeffrey Bewley 
407 WP Garrigus Building 
Lexington, KY 40546 
859-257-7543 
jbewley@uky.edu 

 



CAN TECHNOLOGIES IMPROVE 

FRESH COW MANAGEMENT? 

 Amanda Stone 

Jeffrey Bewley 

University of Kentucky 



Fresh Cows 



Introduction 

 Most important period of a cow’s life 

 About 75% of disease occurs in the first month 

after calving (LeBlanc et al., 2006) 

 Metabolic diseases negatively affect reproduction 

and production 

Many fresh cow diseases decrease milk production 

while sick and for the rest of the lactation 



Potential Benefits 

Early 

Disease 

Detection 

Early 

Treatment 

Improved 

Treatment 

Outcome 

Less 

Economic 

Loss 

Improved 

Prevention 

Program 

Less 

Production 

Loss 

Improved 

Animal Well-

Being 



Health Event Present or 

Absent 

Proportion of 

RT > 0.8°C 

Odds Ratio P-Value 

Mastitis Present 67 6.73 < 0.01 

Absent 23 

Lameness Present 20 0.83 0.67 

Absent 23 

Metritis Present 67 2.20 0.18 

Absent 48 

Pneumonia Present 77 7.50 0.05 

Absent 31 



 



 



 



 



Objective 

Evaluate changes in 

rumination time, lying 

time, reticulorumen 

temperature, and neck 

activity around 

subclinical 

hypocalcemia  and 

ketosis events 



Subclinical Ketosis 

 Abnormal concentrations of circulating ketone 

bodies in the absence of clinical signs of ketosis 

(Andersson, 1988) 

 Prevalence is between 9% and 34% 

 $232 per case (Guard, 2008) 

 Subclinical ketosis costs are not completely 

understood 



Subclinical Hypocalcemia 

 Low blood calcium levels in the absence of clinical 

milk fever signs 

 Prevalence is 33% (Mulligan and Doherty, 2008)  

 Decreases productive life by 3.4 years (Horst et al., 

1997) 

 Decreases milk production (Rajala-Schultz et al., 

1999, Wilson et al., 2004) 

 $220 per case (Kossaibati and Esslemont, 1997) 

 



Materials and Methods 

 University of Kentucky Coldstream Dairy  

 September 15, 2011 to May 15, 2013 

 Fresh cows (≤ 14 DIM) 

 HR Tags, IceQubes, and DVM boluses were assigned ≥ 
14 days pre-partum   

 One hundred twenty cows (90 Holstein, 19 crossbred, 
and 11 Jersey cows) included in study 

 The Milpro P4C (Milkline, Gariga di Podenzano, Italy) 
system measured milk yield 



Materials and Methods 

 Cows housed in tie-stall barn for first 14 DIM 

 Fed lactating herd ration once daily 

 Evaluated once daily at 8 AM ± 2 hours 

 Treatments determined by herd manager and not 

considered in analysis 

 



Materials and Methods 

 Blood calcium was measured on 3, 7, and 

14 DIM  

 Subclinical hypocalcemia if ≤ 1.8 mmol/L 

 Milk KetoTest (Elanco, Greenfield, IN) and 

blood Precision Xtra (Abbott Laboratories, 

Abbott Park, IL) beta-hydroxybuterate 

tests were analyzed on 3, 7, and 14 DIM  

 Subclinical ketosis if both tests ≥ 1.2 mmol/L 



Statistical Analysis 

 Mean rumination time (2 h intervals), lying time (15 

min intervals), reticulorumen temperature (2X/d), 

neck activity (2 h intervals), and milk yield (2X/d) 

recorded and summarized for each cow day for the 

first 7 DIM 

 The GLM Procedure of SAS used to evaluate the 

relationship between ketosis or hypocalcemia 

presence and rumination time, lying time, 

reticulorumen temperature, neck activity, and milk 

yield 



Results and Discussion - Hypocalcemia 

 LSMeans neck activity less in hypocalcemia cows 

compared to non-hypocalcemia cows  

 210.30 and 253.81, respectively, P < 0.01 

 LSMeans lying time greater in hypocalcemia cows 

than non-hypocalcemia cows  

 10.66 and 9.97 h/d, respectively, P = 0.03 



Results and Discussion - Hypocalcemia 

 Subclinical hypocalcemia did not affect: 

 Rumination time  

 316.99 and 299.90 min/d for hypocalcemia and non-

hypocalcemia cows respectively, P = 0.08  

 Milk yield  

 48.57 and 50.83 lbs/d for hypocalcemia and non-

hypocalcemia cows respectively, P = 0.26 

 



LSMeans reticulorumen temperature by 

subclinical hypocalcemia status 

P < 0.01 
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LSMeans neck activity by breed and 

subclinical hypocalcemia status 

P < 0.05 
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LSMeans rumination time by breed and 

subclinical hypocalcemia status 

P < 0.02 
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Results and Discussion - Ketosis 

 LSMeans lying time greater for cows with ketosis 

compared to those without ketosis  

 10.26 and 9.58 h/d, respectively, P = 0.04 

 LSMeans neck activity greater for cows without 

ketosis compared to those with ketosis  

 258.86 and 236.73, respectively, P < 0.01 



Results and Discussion - Ketosis 

 No difference was observed for: 

 Reticulorumen temperature   

 38.91 and 38.93°C, for cows with and without ketosis 

respectively, P = 0.72 

  Rumination time  

 307.11 and 295.84 min/d, for cows with and without ketosis 

respectively, P = 0.24 

 Milk yield  

 51.64 and 49.03 lbs/d for cows with and without ketosis 

respectively, P = 0.19 

 



LSMeans milk yield and breed by 

subclinical ketosis status 

P < 0.01 
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LSMeans lying time and breed by 

subclinical ketosis status 

P < 0.05 
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LSMeans rumination time and breed by 

subclinical ketosis status 

P < 0.05 
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LSMeans neck activity and breed by 

subclinical ketosis status 

P < 0.01 
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Conclusions 

 The variables evaluated 

in this study may be useful 

for identifying fresh cow 

diseases   

 Early fresh cow disease 

detection may enhance 

treatment results and 

improve preventive 

management practices 

 



Study Additions and Limitations 

 Study involved both clinical and subclinical disease 
detection 

 Fresh cow  diseases monitored included: Displaced 
abomasum, endometritis, hypocalcemia, ketosis, 
mastitis, and retained placenta 

 How to handle cows with multiple diseases at the 
same time  

 Exact timing of subclinical diseases still only within a 
range 
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Precision Technologies 
for Automated Estrus 

Detection in Dairy Cattle 

Lauren Mayo 
University of Kentucky 

Dairy Systems Management 

Graduate Research Assistant 



 
What do you already know about 

estrus detection? 

 

Why automate estrus detection in 
dairy cattle? 

 

What are some of the precision 
dairy farming technologies used for 
estrus detection? 

 

What should you keep in mind with 
automated estrus detection? 

 



What do you already know about 
estrus detection? 

 

Why automate estrus detection in 
dairy cattle? 

 

What are some of the precision 
dairy farming technologies used for 
estrus detection? 

 

What should you keep in mind with 
automated estrus detection? 

 



Main point of interest in a 21 day 
estrous cycle 

Estrus: presence of ovulatory 
phase 
Sexual receptivity 

Peak estrogen  

LH surge 

Ovulation 

 

High yielding cows                          
↑ metabolism of estradiol-17β      
= decreased expression of estrus 
behaviors (Sangsritavong et al., 2002) 

 

 

(Senger, 2005) 



 

 

 

 

vs. 



Visual observation of estrus is 
subjective and tedious  

 

Larger herd sizes (Lucy, 2001) 

 

Silent ovulation is one of most 
common reproductive dysfunctions in 
dairy cattle (Ranasinghe, 2009) 

 

 



Insemination to Ovulation Interval 

THE AM-PM Rule (Trimberger, 1948) 

 

Estrus detection efficiency ≤ 50%                    
(Senger, 1994; Barr, 1975; Esselmont, 1974) 

 

Longer interbreeding interval  

     = more days open = ↑ Input (French and Nebel, 2003) 

 



 Records 
 Heat expectancy chart 
 Breeding wheel 
 Computer action lists 
 

 Prostaglandins 
 Ovsynch 
 Pre-Synch 
 
 
 
 
 
 
 
 
 
 
 

 Mount Detection Aids 
 Kamar detectors 
 Estrotect 
 Tail head marking 
 Videotape 
 

 Heat Detector Animals 
 Androgynous female 
 Altered male 



(NAHMS, 2007) 
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What do you already know about 
estrus detection? 

 

Why automate estrus detection in 
dairy cattle? 

 

What are some of the precision 
dairy farming technologies used for 
estrus detection? 

 

What should you keep in mind with 
automated estrus detection? 

 



Improve prediction of timing (Roelofs et al., 2006 and 
Stevenson et al., 2014) 

Estrus detection to insemination interval 

Insemination to ovulation Interval 

Economic Goals 

Lower inputs (Labor, semen, feed, etc.) 

More time in period of highest and most 
profitable milk production 

$3.00 - $5.00 /cow/day open 

Increased Reproductive Efficiency 

More calves born per lifetime 



CONCEPTION 

O
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12 HOURS 
AM/PM rule 

(Silvia, 2012) 

Artificial Insemination will be in optimal period of 12-24h before 

ovulation >80% of the time (Roelofs, 2006) 

 



Continuous recording is needed 
to narrow interval for AI            
(Roelofs, 2004) 

 

Activity monitors compared to 
traditional methods 

 

Aid in prediction of ovulation time 
Standing heat is only predictor for 

few animals 

 

Labor & investment costs 

 

 

 



from your computer or cell phone? 

(DairyMaster, 2013) 



What do you already know about 
estrus detection? 

 

Why automate estrus detection in 
dairy cattle? 

 

What are some of the precision dairy 
farming technologies used for estrus 
detection? 

 

What should you keep in mind with 
automated estrus detection? 

 



 Measure physiological, behavioral, and 
production indicators 
Physical activity  

Lying/rest bouts or time  

Standing behavior 

Progesterone biosensors 

Vaginal temperature 

Ear surface temperature  

Real time location & movement 

Rumination time & patterns 

Reticulorumen temperature 

Feeding behavior 

Feeding time 

Milk yield  



System Company 

AfiTag/Pedometer Plus AfiMilk, Ltd. 

CowScout™ GEA Farm 
Technologies, Inc. 

HeatPhone® Medria 

Heatseeker™II BouMatic™ 

IceQube™ ICE Robotics™ 

Lactivator Nedap 

MooMonitor Dairymaster 

Ai24 Semex® 

HR-Tag™ SCR™ 

Select Detect™ Select Sires, Inc. 

SensOor AGIS Automation 

Track a Cow™ Animart™ 



Select Detect™  
(Select Sires,  

Plain City, Ohio, USA and Dairymaster, 
Causeway, Co. Kerry, Ireland) 

AccuBreed™ (Rockway 
Inc., Spring Valley, WI, 

USA) 

HR-Tag™ (SCR Engineers Ltd., 
Netanya, Israel) 

HeatPhone® 

(Medria, Châteaugiron, 
France) 

ANEMON 

(Anemon Animal Estrus Monitoring, Saint-Imier, 
Switzerland) 



SensOor 
(AGIS Automation/ 

CowManager, Harmelen, 
Netherlands) 

SMARTBOW (MKW 
Electronics, Weibern, 

Austria) 
Herd Navigator™ 

(DeLaval™, Tumba,Sweden) 

DVM Systems (DVM Systems, LLC, 
Greeley, CO) 

FeverTags® (FeverTags®, 
Amarillo, TX) 

http://www.dvmsystems.com/dvm-products


 



How many times is the system correct in either alerting or not 
alerting estrus or non-estrus? (Silvia et al., 2007) 

 

 

 

 

 

 

 

Accuracy (%) = TP+TN/  TP+TN+FP+FN 

Sensitivity (%) = TP/TP+FN 

Specificity (%) = TN/TN+FP 

Positive Predictive Value (%)  = TP/TP+FP 

Negative Predictive Value (%)  = TN/TN+FN 

 

 

 

Confirmed Non-Estrus Confirmed Estrus 

N
o

 
A

le
rt

 

True Negative        
(TN) 

False Negative         
(FN) 

A
le

rt
 

False Positive          
(FP) 

True Positive             
(TP) 



Detection 

Method 

Total Cows 

Meeting 

Requirements 

Accuracy                     

(%)                                     

=                        

TP+TN/  

TP+TN+FP+FN 

Sensitivity    

(%)                       

=                        

TP/TP+FN 

Specificity    

(%)                       

=                

TN/TN+FP 

Positive 

Predictive 

Value       

(%)                 

=                

TP/TP+FP 

Negative 

Predictive 

Value       

(%)                

=                

TN/TN+FN 

Standing Heat & 

Progesterone 11 91% 91% N/A 100% 0.0% 
Progesterone 

Assay (RIA) 23 87% 86% 100% 100% 40% 

True Positive (TP): Confirmed Estrus & Activity Alert 

True Negative (TN): Confirmed Non-Estrus & No Activity Alert 

False Positive (FP): Confirmed Non-Estrus & Activity Alert 

False Negative (FN): Confirmed Estrus & No Activity Alert 

 

 



What do you already know about 
estrus detection? 

 

Why automate estrus detection in 
dairy cattle? 

 

What are some of the precision 
dairy farming technologies used for 
estrus detection? 

 

What should you keep in mind with 
automated estrus detection? 

 



Reproductive management is KEY! 

 

Herd dependent needs & results 
Facilities 
Breeding groups 

 

Do YOUR research 

 

Company’s customer service  

 

Records of herd events are crucial 



 
(DuPonte, 2007) 

1. Individual animal identification 

2. Recordkeeping – update frequently  

3. Establish standard operating 

procedures (Who, Why, What, How) 

4. Visual heat detection minimum of 

30min 2-3Xs a day 

5. Heat detection in pasture if possible 
 



6. Watch for animal grouping 
activity 

7. Use heat detection aids  and 
technologies wisely 

8. Synchronize with 
prostaglandins 

9. Treat sore feet immediately 

10.  Always follow herd protocol   
and document all activities 

 

 
(DuPonte, 2007) 



(Photo Coutesy of  S.Harmon, 2014) 



Automated Estrus Detection Using Multiple Precision Dairy Farming 
Technologies in Partially Synchronized Dairy Cows 

L.M. Mayo, W.J. Silvia, G. Heersche Jr.,  
A.E. Stone, B.A. Wadsworth, I.C. Tsai, and J.M. Bewley 

University of Kentucky Department of Animal and Food Sciences, Lexington, KY 
 

• Vaginal temperature 

• Ear surface Temperature  

• Physical activity  

• Lying/rest bouts or Time  

• Standing behavior 

• Real Time Location  

 

• Rumination 

• Reticulorumen temperature 

• Feeding behavior 

• Feeding time 

• Milk yield  

• Milk conductivity and 
components 



Questions? 

Lauren Mayo 
413 W.P. Garrigus Building 
Lexington, KY 40546-0215 

Phone: 813-220-2590 
lauren.mayo@uky.edu 

 
 

Jeffrey Bewley, PhD, PAS 
407 W.P. Garrigus Building 
Lexington, KY  40546-0215 

Phone: 859-257-7543 
Fax: 859-257-7537 
jbewley@uky.edu 



PRECISION DAIRY TECHNOLOGIES FOR 
EVALUATING COW COMFORT 

B.A.Wadsworth, A.E. Sterrett, C.L. Wood, K.J. 
McQuerry,  J.D. Clark, D.L. Ray, and J.M. Bewley 



Introduction 
 Think of using Precision Dairy technologies to evaluate 

Lameness 
Mastitis 
Estrus 

 What about using technologies to evaluate cow comfort? 

 



Costs of Poor Cow Comfort 
• Lost production 

• Lost milk quality bonuses 

• Increased lameness costs 

• Decreased longevity (culling costs) 

• Increased veterinary costs 

• Decreased reproductive performance 

• Increased labor costs 

• Reduced animal well-being 
 



What is Cow Comfort? 

Minimizing all stress factors in order to maximize milk 
production 

 



Core 
Temperature 

Control 
Center 

Fan and 
Sprinkler 
Control 

Dairy Facility Feedback Loop 



Research Objective 

 Milk yield 

 Lying time 

 Lying bouts 

 Rumination time 

Compare cows housed in a barn with Dual Chamber Cow  
Waterbeds™ versus cows housed in a barn with rubber-filled 
mattresses 
 



Materials and Methods 
 Two freestall barns at the 

University of Kentucky 
Coldstream Dairy 

 January 18, 2012 to             
May 3, 2013 

 Barn 1 included 50 Dual 
Chamber Cow Waterbeds™ 

 Barn 2 included 50 Rubber-
filled mattresses 

 

 



Materials and Methods 
Dual Chamber Cow 
Waterbeds™ 

Rubber-filled 
Mattresses 

 



Materials and Methods 
 Milkline® Milpro P4CTM (Gariga di Podenzano, Italy) 

milking system recorded daily milk yield 
 



Materials and Methods 
 IceQube® (IceRobotics, Edinburgh, Scotland) sensors 

(accelerometers) recorded daily lying time 
 Lying bouts – number of bouts and length of bout 

 Important to show stall comfort 
 



Materials and Methods 
 The HR Tag™ (SCR Engineers, Ltd., Israel) recorded daily 

rumination time 



Statistical Analysis 
 All variables were classified for 97 cows  

Holsteins (n = 71), Jerseys (n = 10), and crossbreds (n = 
16) 

 Cows were balanced between barns for parity, cow volume, 
breed, and days in milk (DIM) 

 



Statistical Analysis 
 The GLM procedure of SAS® 

 All 2-way interactions were tested 

 Stepwise backward elimination was used to remove non-
significant interactions (P ≥ 0.05)   

 All main effects were kept in the model 

 



Milk Yield Results 
 
 
 
 
 
 
 
 
 
 

 Primiparous cows milk yield was lesser than multiparous cows 
 Holstein milk yield was greater than Jersey milk yield 
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Milk Yield Discussion 
 Milk yield is complicated 

by stage of lactation, breed, 
ration, and ambient 
conditions 

 Difference in other 
predictors 

 Difficult to do side by side 
freestall base comparison of 
milk yield (Ruud and 
Osteras 2007) 

 

 



Lying Time Results 
 Lying times were 45 minutes higher for cows housed on 

Dual Chamber Cow Waterbeds™ 
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Lying Time Discussion 
 Cows desire a more 

comfortable resting surface 

 Dual Chamber Cow 
Waterbeds™ may be a more 
comfortable resting area 

 Compressible 

 Move with the cow 



Lying Bout Results 
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Lying Bout Results 
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Lying Bout Discussion 
 Primiparous cows have low 

social rank 

 Displaced from their 
stall more 

 Getting used to 
surroundings (Vasseur et al., 
2012) 

 



Rumination Time Results 
 Daily rumination times were higher for cows housed on 

rubber-filled mattresses 
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 15 minute difference for cows housed on rubber-filled mattresses 
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P = 0.03 



Rumination Time Discussion 
 Cows housed on Dual 

Chamber Cow Waterbeds™ 
ruminated less but still 
produced same amount of 
milk 

May be more efficient at 
converting feed into milk 

 Study did not record dry 
matter intake 

 



Overall Discussion 
• Precision Dairy Farming technologies are useful devices to 

evaluate the effect of different stall base on cow productivity 
and well-being 

• Tri-axial accelerometers and rumination monitors are 
valuable tools for animal behaviorists (Mackay et al., 2012) 

• These monitors are also a valuable on farm tool to track a 
cow’s behavior 

• These monitoring devices open up many possibilities for 
ethologists to track cow behavior and well-being and the 
interaction of the cow to her physical environment 



Conclusions 
 Lying time was greater for cows housed in freestalls with 

DCCW as a freestall base   

 Dual Chamber Cow Waterbeds™ may provide a more 
comfortable resting surface for cows than rubber-filled 
mattresses   

 Precision Dairy Farming technologies were useful in 
determining cow LT, MY, and RT for two different freestall 
base types  

 Using PDF technologies to measure cow comfort is a more 
precise and objective way to differentiate among housing 
options than visual observation 
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Evaluation of Dairy Cattle Lying Behavior in 

Commercial Freestall Barns 

• 360 cows housed in 
freestalls 

• 15 farms divided into three 
production categories 
– High (> 9,318 kg) 
– Medium (8,409 to 9,317 kg) 
– Low (< 8,409 kg) 

• Milk yield data  
– Dairy Herd Improvement 

Association (DHIA) 

 

Gravatte et al., 2010 



Variable Mean SD Min. Max. 

Lactation 1.9 1.2 1.0 7.0 

Daily milk yield, kg/d 30.7 10.3 4.6 63.0 

Days in milk 206.6 97.7 49.0 468.0 

Lying, h/d 11.0 2.4 1.6 18.6 

Lying bouts, number/d 10.2 7.4 1.0 117.0 

Mean duration of lying 
bout, min 

77.5 32.4 5.4 384.4 

Steps, number/d 1805.5 597.6 296.0 10249.0 

Study Means 



Distribution of Lying Times for All 

Study Cows 



Raw Mean (±SD) Lying Times by 

Herd by Production Level 



Lying Time per Day by Herd 

Production Level 



Predicted Mean Daily Hours 

Lying by Daily Milk Yield 



Predicted Mean Daily Hours 

Lying by Stage of Lactation 



Predicted Hours Lying by Cow Milk 

Yield for Varying Herd Production 

Levels 



Questions? 
 
Barbara Wadsworth 
413 W.P. Garrigus Building  
Lexington, KY 40546 
barbara.wadsworth@uky.edu 
207-749-2766 

 



Matthew R. Borchers, Amanda E. Sterrett, Barbara A. 
Wadsworth, and Jeffrey M. Bewley 
 
 University of Kentucky, Lexington, KY 



 Physiological and behavioral changes before calving 
 

 Current and potential methods of calving prediction 
 
 Predicting calving using automated behavioral 

monitors 



Tail 
raising 

Vaginal 
secretions 

Respiration 
changes 

Vulva 
swells 

Pelvic 
ligaments 

relax 

Straining or 
pushing 

Mammary 
tissue 

development 

Changes in 
lying and 
standing 
behavior 

Decreased 
eating and 
rumination 

Distended 
abdomen 

General 
restlessness 



 Preparation 

 Pen movement 

 Knowledgeable staff on hand 
 
 Need for assistance/intervention 

 Improper presentation 

 Progression stops 

 Prevent or reduce Dystocia effects 

 

 
 



 Blood hormone concentrations change before 
calving 

 

(Senger, 1997) 
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 Blood Progesterone (Matsas et al., 1992) 

 Enzymeimmunoassay 

▪ Correctly predicted day of calving- 86.7% 

▪ Correctly predicted days not calving- 90.8% 
 

 Drawbacks 

 Labor intensive 

▪ Requires daily sampling 

 Tests require training to perform and interpret 

 



 Temperature drops around 48 hours before calving 
(Lammoglia et al., 1997) 

 



 Multiple places to monitor temperature 

 Skin 

 Reticulorumen 

 Rectal 

 Vaginal 
 

 Several approaches commercially marketed 
 

 Difficult to quantify unless temperature probe is 
automatic and indwelling (Burfeind et al., 2011) 
 



 Reticulorumen bolus 
 

 Changes in reticulorumen temperature 
 

 Other uses 

 Detect illness 

 Estrus and ovulation 

 
 



 Vaginal temperature monitor 
 

 Text message notifications 
 48 hours before calving 
 Bolus expulsion (2nd calving stage) 
 

 Insert one week before calving date 
 

 Different sizes for heifers and cows 
 
 



 Determine usefulness of the Medria Vel’phone calving 
detection system 

 Cows equipped with Vel’phone device 10 to 13 days before 
anticipated due date 

 95- primiparous and multiparous cows enrolled in study 
between May 15, 2013 and August 11, 2014 



 



31% 

26% 

43% 

Alert Within 48 Hours Before Bolus Expulsion

No Alert Provided

Alert Greater than 48 Hours Before Bolus Expulsion

n = 68 



87% 

7% 6% 

Bolus Alert Before Calving

No Alert Provided

Bolus Alert After Calving

n = 63 



• Increasingly affordable 

• Security cameras 

 

• Viewable on closed circuit or 
smartphone 

 

• Technically not a precision 
technology 

• Can be used in conjunction 



 Behavior-based technologies traditionally used for: 
 Estrus detection 
 Health monitoring 
 

 Calving detection provides an additional use at no 
additional cost 

 Some technologies in development 

 None validated for accuracy 



 Significant differences exist before calving in: 

 Rumination (Schirmann et al., 2013) 

 Feeding behavior (Huzzey et al., 2005; Schirmann et al., 2013) 

 Activity (Miedema et al., 2011) 

 Standing behavior (Miedema et al., 2011; Huzzey et al., 2005) 

 

 Potential for use in calving prediction? 
 

GEA 
Rescounter II 

Afi Pedometer 
Plus 

SCR HR 
Tag/AI24 SelectDetect 

Track a Cow BouMatic 
HeatSeeker II 



 Use two commercially marketed technologies to 
monitor behavioral changes around calving 
 

 HR Tag (SCR Engineers Ltd., Netanya, Israel) 
 Rumination 
 Activity 

 
 IceQube (IceRobotics Ltd., Edinburgh, Scotland)  

 Hours standing 
 Lying bouts 
 Step number 
 Total motion 
 
 
 



 Show parameter differences by day relative to 
calving 
 

 Select best parameters for alert creation 
 

 Use individual technologies or a combination of 
parameters to predict calving events from collected 
data 

 



 Data collected at the University of Kentucky 
Coldstream Dairy  

 September, 2011 through May, 2013 

 46 calvings (15, primiparous ; 31, multiparous) 
 

 Cattle housed in bedded-pack barn with continuous 
access to pasture 
 



Daily 
Least-squares Means 



1 Columns displaying differing letters are significantly different (P < 0.05). 

Least-squares means by day relative to calving (n = 46) on rumination measured 
by the HR Tag.1 
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1 Columns displaying differing letters are significantly different (P < 0.05). 

Least-squares means by day relative to calving (n = 46) on activity measured by 
the HR Tag.1 
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1 Columns displaying differing letters are significantly different (P < 0.05). 

Least-squares means by day relative to calving (n = 46) on lying bouts 
measured by the IceQube Sensor. 1 
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1 Columns displaying differing letters are significantly different (P < 0.05). 

Least-squares means by day relative to calving (n = 46) on hours standing 
measured by the IceQube Sensor. 1 
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1 Columns displaying differing letters are significantly different (P < 0.05). 

Least-squares means by day relative to calving (n = 46) on step number 
measured by the IceQube Sensor. 1 
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1 Columns displaying differing letters are significantly different (P < 0.05). 

Least-squares means by day relative to calving (n = 46) on total motion 
measured by the IceQube Sensor. 1 
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 Alerts created from z-scores beyond a set cutoff 
level 
 

 
  

 
 Z-scores deviating beyond an established amount 

dictate alert creation 
 

Z-score > Cutoff Level                                Calving Alert 
 
 

 

Parameter Z-score = 
(Daily Mean – Backward Moving Average) 

Backward Moving Standard Deviation 



Calved Did Not Calve 

 Alert 
True 

Positive 

False 
Positive 

(Type I Error) 

Positive Predictive Value 
(PPV)  

TP 
(TP+FP)  

No Alert 
False 

Negative 
(Type II Error) 

True 
Negative 

Negative Predictive 
Value (NPV) 

TN 
(TN+FN) 

Sensitivity  
TP 

(TP+FN) 

Specificity 
TN 

(TN+FP) 

Accuracy 
(TP+TN)  

(TP+TN+FP+FN) 



Sensitivity (%) 89.1 

Specificity (%) 82.5 

Positive Predictive Value (%) 13.7 

Negative Predictive Value (%) 99.6 

Accuracy (%) 82.7 

Weighted Parameter Z-scores 

Lying bouts  + Rumination + Hours standing + Step number 

53.30% 26.70% 13.30% 6.70% 

Results of alerts determined by a Z-score of 1.06 for combined parameters 
from the HR Tag and IceQube sensor (n = 46). 





 Techniques developed in R Statistical Software to 
predict calving from both technologies and each 
individual technology 

 Random Forest 

 Linear Discriminant Analysis 

 Neural Network 
 

 Analyses look for patterns in data to predict calving 



Result Sensitivity Specificity 
Positive 

Predictive 
Value 

Negative 
Predictive 

Value 

HR Tag 44.4% 95.3% 33.3% 97.0% 

IceQube 88.9% 98.2% 72.7% 99.4% 

Combination 88.9% 98.2% 72.7% 99.4% 

Results of random forest analysis to predict calving using the IceQube and HR 
Tag separately, and in combination (n = 46). 



Result Sensitivity Specificity 
Positive 

Predictive 
Value 

Negative 
Predictive 

Value 

HR Tag 77.8% 88.8% 26.9% 98.7% 

IceQube 77.8% 98.2% 70.0% 98.8% 

Combination 77.8% 97.6% 63.6% 98.8% 

Results of a linear discriminant analysis to predict calving using the IceQube and 
HR Tag separately, and in combination (n = 46). 



Results of a neural network analysis to predict calving using the IceQube and HR 
Tag separately, and in combination (n = 46). 

Result Sensitivity Specificity 
Positive 

Predictive 
Value 

Negative 
Predictive 

Value 

HR Tag 55.6% 91.8% 26.3% 97.5% 

IceQube 88.9% 93.5% 42.1% 99.4% 

Combination 100.0% 96.5% 60.0% 100.0% 



 Parameters measured by neck and ankle mounted 
precision dairy technologies show significant 
differences by day relative to calving 

 Lying bouts 

 Rumination 

 Standing time 

 
 Few technologies monitor standing behavior, 

rumination, and activity in combination 

 Multivariate approach is best 

 

 



 Look at effects of: 

 Calf size/gender 

 Calving ease 

 Include breed 

 
 Look at parameter changes across smaller blocks 

of time 

 Improve timeliness of alerts relative to calving 



 Many existing technologies have calving prediction 
potential 

 Some have capitalized on this potential 
 

 Calving prediction is only a tool 

 Knowledgeable staff and veterinarians will still be 
needed 

 
 Future research needs to establish technology 

calving prediction performance 



Matthew Borchers 
413 W.P. Garrigus Building 
Lexington, KY 40546 
matthew.borchers@uky.edu 
 
Jeffrey Bewley 
407 W.P. Garrigus Building 
Lexington, KY 40546 
jeffrey.bewley@uky.edu  
 



 Constant monitoring will provide real-time alerts 

 Not all monitors automatically transmit data 

▪ HR Tag and IceQube systems used in this study 
did not (had to pass through a reader) 

▪ Newer versions transmit data 



Least-squares means by hour relative to calving (n = 46) on rumination 
measured by the HR Tag.  
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Hours Before Calving Event 

Least-squares means by hour relative to calving (n = 46) on activity measured 
by the HR Tag.  
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Hours Before Calving Event 

Least-squares means by hour relative to calving (n = 46) on lying bouts 
measured by the IceQube Sensor.  
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Hours Before Calving Event 

Least-squares means by hour relative to calving (n = 46) on hours standing 
measured by the IceQube Sensor.  
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Total Motion

Step Number

Least-squares means by hour relative to calving (n = 57) on step number and 
total motion measured by the IceQube Sensor.  



 Dramatic changes taking place in some parameters 
around 24-hours or 4 to 8 hours before calving 
 

 Diurnal rhythm washes out the magnitude of this 
variation 

 Future models will need to account for this 
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