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Welcome to the Precision Dairy 2015 Conference and Expo! 

 
On behalf of the organizing committee, we welcome you to the second U.S. Precision Dairy 

Conference and Expo in Rochester, Minnesota. 

 

Adoption of precision technology is really picking up in the U.S. We see quite a bit of growth on 

cow sensor technologies for disease and heat detection. There is also a lot of interest in data 

management, precision feeding, automatic milking, inline sensors, calf feeders, and more! 

tǊŜŎƛǎƛƻƴ ŘŀƛǊȅ ƳŀƴŀƎŜƳŜƴǘ ƛǎ ǘƘŜ ǿŀǾŜ ƻŦ ǘƻŘŀȅ ŀƴŘ ǘƘŜ ǿŀǾŜ ƻŦ ǘƘŜ ŦǳǘǳǊŜΦ [ŜǘΩǎ ƘŀǾŜ ŀ ƎǊŜŀǘ 

time while learning more about it.  

 

Please visit with our sponsors and speakers while you are here. They have much to share with 

us. Some came from a long distance to tell us about their research, their farm, or their 

products. I know some of our attendees have also traveled many hours to get here. Thanks to 

all of you, near and far, for attending our event. Enjoy the networking opportunities. 

 

Best wishes for an enjoyable and educational time at the Precision Dairy 2015! 

 

Sincerely, 

 

 

Marcia Endres, Chair Jeffrey Bewley, Co-Chair 

Department of Animal Science Department of Animal and Food Sciences 

University of Minnesota University of Kentucky 
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Agenda 
 

June 24  Speaker Location 
    

7:30 AM Continental Breakfast, Check-in, Registration & 
Trade Show 

 Exhibit Hall 
(EH) 

    

    

8:30 AM Opening & Welcome Marcia Endres; 
Jeffrey Bewley 

Presentation 
Hall 

    

    

8:40 AM Precision Dairy Farming Overseas: Experiences 
and Developments from The Netherlands 

Henk Hogeveen Presentation 
Hall 

    

    

9:15 AM Producer Showcase ï Using Technology to Make 
Decisions 

Homestead Dairy, Plymouth, IN: 3,500 cows in 4 
locations; animal monitoring and tracking 

Brian Houin Presentation 
Hall 

    

    

9:45 AM Producer Showcase ï Inline Sensor Technology in 
Voluntary Milking System 

Ritzema Dairy, Seaforth, Ontario: DeLaval Herd 
Navigator; 6 milking robots 

Gerhard Ritzema Presentation 
Hall 

    

    

10:15 AM Break   Exhibit Hall 
    

    

10.30 AM North American Application of Automatic Teat 
Spray Robots for External Rotary Parlors 

Mark Futcher EH Breakout 
Room 1 

    

    

10:30 AM How to Use PRECISION in Day-to-Day 
Management 

Aurora Villarroel EH Breakout 
Room 2 

    

    

11:00 AM DeLaval Body Condition Scoring BCS Daily, 
Automatic and Consistent Scoring of Cows; 
Automated Body Condition Scoring Economics 

Fernando Mazeris;  
Carissa Truman 

EH Breakout 
Room 1 

    

    

11:00 AM Improving Health, Welfare and Fertility Using the 
Latest in Cow Monitoring Technologies 

Conor Beirne EH Breakout 
Room 2 

    

    

11:30 AM Break, Trade Show  Exhibit Hall 
    

    

12:00 PM Buffet Lunch  Exhibit Hall 
    

    

1:10 PM Precision Dairy Monitoring: Making Sense of 
Sensors 

Jeffrey Bewley Presentation 
Hall 

    

    

1:45 PM Producer Showcase ï Cow Sensor Technologies 
and Calf Feeders 

Ashwood Dairy, Amsterdam, NY: Freestall dairy with 
200 cows; Medria software; Förster-Technik 
automated calf feeder 

John Balbian Presentation 
Hall 

    

    

2:15 PM Producer Showcase ï Dairy Farming in the 
Technology World 

Dutch Dairy, LLC, Thorp, WI: 850 cows; CowManager 
to monitor ear tags; automated calf feeder barn 

Sander 
Penterman 

Presentation 
Hall 

    

    

2:45 PM Break   Exhibit Hall 
    

  



June 24 
(continued) 

 Speaker Location 
    

    

3:00 PM Managing the Profit Centers within a Precision 
Feeding System 

Keith Sather EH Breakout 
Room 1 

    

    

3:00 PM Semantic Technologies in the Information 

Management for Precision Dairy Farming: The 

Showcase of agriOpenLink Project 

Dana Kathryn 
Tomic 

EH Breakout 
Room 2 

    

    

3:30 PM Data Driven Decisions to Maximize Herd Health 
and Profits 

Ray Nebel EH Breakout 
Room 1 

    

    

3:30 PM Automation in Ventilation and Cooling Brent Hershey EH Breakout 
Room 2 

    

    

4:00 PM Break  Exhibit Hall 
    

    

4:15 PM Producer Showcase ï Rumination Monitoring 
Technology: How it has Helped Improve Cow 
Comfort, Health and Reproduction Performance at 
our Dairy 

T&C Louters Dairy, Merced, CA: SCR rumination 
sensors  

Tony Louters Presentation 
Hall 

    

    

4:45 PM Producer Showcase ï Ways to Become Success-
ful with Robots and Achieve High Production 

Kiefland Holsteins, Utica, MN: 300-cow robotic dairy 
with 5 Lely A3 robots 

Chad Kieffer Presentation 
Hall 

    

    

5:15 PM Adjourn    
    

    

5:30 PM Reception & Cash Bar at Trade Show 
(ends at 7:00 PM) 

 
Exhibit Hall 

    

June 25  Speaker Location 
    

7:30 AM Full Breakfast, Trade Show  Exhibit Hall 
    

    

8:15 AM Robotic Milking Systems Data Analysis: Factors 

Associated with Increased Production per Cow 

per Day and Production per Robot per Day 

Ben Smink EH Breakout 
Room 1 

    

    

8:15 AM Producer Showcase ï Managing my Dairy with 
Technology and Afi 

Daybreak Dairy LLC, Zeeland, MI: 220 cows, Afimilkôs 
herd management software  

Nate Elzinga Presentation 
Hall 

    

    

8:45 AM Individualized Recommendations Using 
Clustering of Robotic Milking Systems 

Marlene 
Tremblay 

EH Breakout 
Room 1 

    

    

8:45 AM Producer Showcase  ï How Our Dairy is Using 
Automated Calf Feeders 

Carlson Dairy, LLP, Pennock, MN: 1,250-cow dairy, 
Urban automated calf feeders 

Chad Carlson 
 

Presentation 
Hall 

    

    

9:15 AM Break  Exhibit Hall 
    

 



June 25 
(continued) 

 Speaker Location 
    

    

9:30 AM Automated Calf Feeders and Robotic Milking: 
What are Keys to Success? 

Marcia Endres Presentation 
Hall 

    

    

10:05 AM Producer Showcase  ï Automation has Changed 
the Way We Dairy 

Finke Farm, Nashville, IL: Robotic milking system, 
automated TMR feeder, automated ventilation, 
curtains, etc. 

Craig Finke Presentation 
Hall 

    

    

10:35 AM Producer Showcase ï Using an Automated 
Milking System 

Westvale View Dairy, Nashville, MI: Robotic milking, 
220 cows, ~100 lb/cow/day 

Carlyle 
Westendorp 

Presentation 
Hall 

    

    

11:05 AM Conference & Trade Show End   
    

 
 
 
 
 



Plenary Session Speakers 
 
Jeffrey Bewley, University of Kentucky 

Dr. Jeffrey Bewley is from Rineyville, Kentucky where he grew up working on his grandfatherôs 
dairy farm. He received his B.S. degree in Animal Sciences from the University of Kentucky in 
1998, his M.S. in Dairy Science at the University of Wisconsin-Madison in 2000, and his Ph.D. 
from Purdue University in 2008. Jeffreyôs primary interests are the application of precision dairy 
farming technologies, economics of decisions on dairy farms, milk quality management, dairy 
cow comfort and well-being, records management and benchmarking, systems troubleshooting, 
and strategic dairy business management. Jeffreyôs team of graduate and undergraduate 
research assistants manage multiple precision dairy research projects. Jeffrey will provide an 
overview of parlor-based, wearable, and internal precision dairy monitoring systems around the 
world. This presentation will provide an overview of questions that farmers should ask before 
purchasing these sensor systems and how to set realistic goals for how they can help with dairy 
management. 
 
Marcia Endres, University of Minnesota 

Dr. Marcia Endres is a professor and extension dairy scientist in the Department of Animal 
Science at the University of Minnesota. Her research interests include dairy management, 
welfare and behavior. She has investigated how various types of housing and management 
systems can influence health, welfare and performance of dairy cattle. She currently leads a 
USDA-funded project investigating the welfare of dairy calves when using automated calf 
feeders and is co-investigator on a large on-farm survey of robotic milking systems in the upper 
Midwest U.S. Marcia received her Ph.D. from the University of Minnesota, M.Sc. from Iowa 
State University, and a Veterinary Medicine degree from University Federal of Parana, Brazil. 
Marcia will discuss factors that are associated with effective use of precision technologies based 
on results of on farm studies conducted at the University of Minnesota. 
 
Henk Hogeveen, Utrecht University 

Dr. Henk Hogeveen graduated with a M.Sc. from Wageningen Agricultural University in 1989. 
His M.Sc. thesis was on the field of epidemiology (cystic ovarian disease) and animal health 
economics (economics of herd health programs). From 1989 until 1994 he worked as 
associated researcher at the Department of Herd Health and Reproduction of the Faculty of 
Veterinary Medicine of Utrecht University, where he received a Ph.D. in the field of mastitis 
diagnosis. After a short employment at the former Institute for Agricultural and Environmental 
Engineering in Wageningen, he began working as a scientific researcher in the field of herd 
health and management at the Applied Cattle Research Institute in Lelystad (nowadays part of 
the Animal Sciences Group of Wageningen UR), followed by a position as cluster manager 
welfare, health and milk quality at that institute. Since 2001, Henk has been working in 
academia, currently as associate professor at the chair group Business Economics of 
Wageningen University and the Department of Farm Animal Health of the Faculty of Veterinary 
Medicine of Utrecht University. His teaching activities are mainly directed at economics of 
animal health, agricultural business and veterinary business in B.Sc., M.Sc. and Ph.D. courses. 
His research activities are focused on economics of animal health, focusing mainly on endemic 
diseases. Within that field, he has developed a special interest in the use of sensors and 
detection models to support decisions on animal health and animal welfare. Besides other 
memberships of national and international committees, he is chairman of the IDF Standing 
Committee of Animal Health. Henk has more than 100 scientific publications (peer reviewed 
journals and books) as well as many publications in scientific proceedings and trade journals. 

  



Industry Update Speakers 
 
Conor Beirne 

Sponsored by Dairymaster 

Dr. Conor Beirne, MVB MBA DHHC, is an Irish dairy vet with nearly 20 years of experience in 
practice in Ireland, UK and Saudi Arabia. His main interests include the development and 
implementation of advanced technologies onto farms to assist in the day-to-day management 
with a goal of improving overall herd health, production and welfare. Heôs now senior 
veterinarian for Dairymaster. His responsibilities for Dairymaster include technical support for 
sales and marketing as well as research and development. He also trains Dairymasterôs staff 
and clients on new products and new developments within the dairy industry. Before joining 
Dairymaster he was Senior Veterinarian for a herd of 80,000 high yielding Holsteins for Almarai 
Company in Saudi Arabia. That meant establishing performance targets, monitoring them 
continuously, and intervening immediately when performance started to deviate while 
supervising a team of 9 veterinarians and over 60 trained health and breeding staff. Conor will 
discuss improving health, welfare and fertility using the latest in cow monitoring technologies. 
 
Mark Futcher, DeLaval 

Sponsored by DeLaval 

Mark Futcher is the North American Market Development Manager-Capital Goods for DeLaval 
Inc. Mark was raised on a mixed farm, including a dairy herd, in Southwestern Ontario. He is a 
graduate of the University of Guelph and Oenkerk Practical School for Dairy and Grassland 
Management (Friesland, Holland). Mark has been involved with DeLaval in varied roles and 
alliances for over 25 years and in the dairy industry his entire life. Mark has played a role in a 
number of innovations related to dairy equipment and dairy facility design which continue to be 
utilized throughout the world today. With experience working on projects and supporting dairy 
herds of all sizes in more than 26 countries around the world, he has been witness to the 
increased adoption of automation within the dairy industry at the farm level for a wide array of 
tasks. 
 
Brent Hershey, Hershey Ag 

Sponsored by CowKühlerZ 

Brent Hershey of Hershey Ag, Marietta, PA, resides in Lancaster County, PA, with his wife and 
three children. He grew up on beef and chicken (layer) operation, which was turned into a small 
dairy concentrates feed mill in 1980. In addition to owning the mill, Brent owns a swine 
production business that he has operated since 1984. In his latest venture, Brent is a principle in 
CowKühlerZ, specializing in dairy barn ventilation and cooling. Brent has a passion for animal 
production systems and will share his insights into whatôs coming in automation for dairy barns. 
 
Fernando Mazeris, DeLaval International AB;  
Carissa Truman, University of Kentucky 

Sponsored by DeLaval 

Fernando Mazeris is the Vice President Farm Management Support Systems at DeLaval 
International AB. Having a Veterinary degree background (National University of Buenos Aires, 
Argentina), Fernando has been working for more than 20 years in the dairy industry. From 
researcher at the Argentinean National Research Institute in Agriculture, as an udder health 
private advisor, to different positions at DeLaval Argentina and DeLaval International. During the 
last 15 years at DeLaval International, Fernando has been leading teams always connected to 
herd management and feeding related solutions, from product development to marketing and 
sales. 
 



Carissa Truman is originally from Lynchburg, Ohio, and a graduate of Lynchburg-Clay High 
School. While in high school she was actively involved in FFA receiving her state degree and 
becoming chapter president. Carissa currently attends the University of Kentucky and is 
pursuing a Bachelor of Science degree in Animal Sciences with a minor in Agricultral 
Economics. During her sophomore year Carissa became interested in the dairy field when she 
began assisting with graduate research projects within the dairy department. In her junior year 
she started working at UKYôs Poultry Research Facility and later that year began dairy 
undergraduate research. Carissa is currently on track to obtain her degree in May of 2016. 
 
Ray Nebel, Select Sires 

Sponsored by Select Sires 

Dr. Ray Nebel is Vice President of Technical Services for Select Sires Inc. in Plain City, Ohio. 
He received a B.S. in Animal Science from Northeast Louisiana University, a M.S. from 
University of Maryland, and a Ph.D. from Virginia Polytechnic Institute and State University. 
Between his M.S. and Ph.D. he was a Research Associate at Louisiana Animal Breeders 
Cooperative where he gained experience in various aspects of the A.I. industry from semen 
collection and evaluation to insemination training. His current major responsibility is to 
coordinate the Select Reproductive SolutionsÊ program for Select Sires Inc. and its nine-
member organizations. Activities range from conducting training seminars covering the entire 
gamut from basic bovine reproduction and A.I. to advanced reproductive management. He was 
a Professor and a Dairy Extension Specialist in the Department of Dairy Science at Virginia 
Polytechnic Institute and State University from 1985 to 2005 and received Professor Emeritus 
status in 2006. Rayôs presentation will cover data driven decisions to maximize herd health and 
profits. 
 
Keith Sather, K.S. Dairy Consulting, Inc. 

Sponsored by Feed Supervisor  

Keith Sather is President of K.S. Dairy Consulting, Inc., a diversified corporation that works with 
consultants, dairy farmers and hoof trimmers around the world. Keith is a graduate of the 
University of Wisconsin River Falls and has served the dairy industry as a nutrition consultant 
for over thirty years. Keith developed Feed Supervisor®, Hoof SupervisorÊ, and Truck 
SupervisorÊ software products which he markets under the brand Supervisor Systems. Keith 
will address effectively managing the profit centers within a precision feeding system. 
 
Ben Smink, Lely North America 

Sponsored by Lely North America 

Ben Smink is the manager of farm support for Lely North America. Ben was raised on a dairy 
farm in the Netherlands. He worked for 26 years at various dairy equipment positions in Europe. 
In 2008, Ben moved to Madison, WI, with Lely to bring the experience regarding herd 
management systems and robotic systems management to North America. Ben currently trains 
Lely dealers and independent consultants to improve the management Lely milking systems. 
Ben will discuss factors associated with increased production per cow per day, and production 
per robot per day for Robotic Milking. 
 
Dana Kathrin Tomic, FTW 

Sponsored by MKW Electronics 

Dr. Dana Kathrin Tomic, PhD, is a Senior Researcher at FTW, a Competence Centre for 
Information and Communication Technology in Vienna, Austria, and is a coordinator of the 
project agriOpenLink (Adaptive Agricultural Processes via Linked Data and Services, 
www.agriopenlink.com) focusing information management in the precision agriculture. Dana 
studied electrical engineering and computer science, and received her PhD in 2007 from the 
Vienna University of Technology. Her recent research includes methods and technologies for 



data management, data analysis and integration in knowledge-based decision and 
recommendation systems, focusing on semantic, service-oriented and context based solutions 
for the Internet of Things scenarios in general, and precision dairy farming in particular. Dana 
has acquired industrial and academic experience in her previous working affiliations, and has 
(co-) authored more than 50 refereed papers in international journals, conference and workshop 
proceedings. 
 
Marlene Tremblay, University of Wisconsin 

Sponsored by Lely 

Dr. Marlene Tremblay, DVM, received her BS degree in Animal Sciences from the University of 
Kentucky in 2009 and her DVM from the University of Wisconsin-Madison in 2013. She is 
currently an epidemiology and public health research intern in the Food Animal Production 
Medicine Department at the University of Wisconsin-Madison. Her interests range from applied 
mathematical models of infectious diseases and bioinformatics to techniques for large data 
analytics. Current projects focus on digital dermatitis, malaria, and foodborne diseases such as 
STEC 0157 and Campylobacter. 
 
Aurora Villarroel, Americas West, Afimilk, Ltd. 

Sponsored by Afimilk, Ltd.  

Dr. Aurora Villarroel, DVM, MVPM, PhD, DACVPM, CVA, CTP Application Support Manager for 
Americas West, Afimilk, Ltd. Dr. V (as most people call her) grew up on a small Holstein dairy in 
Leon, Spain. She received her DVM from the University of Las Palmas de Gran Canaria (Spain) 
in 1996. After graduation she was Director of Animal Operations at Tauste Ganadera, S.A. in 
Zaragoza (Spain), an integrated farm with its own cheese production plant that still milks 1,500 
cows today. There she first worked with the Afimilk system using activity, production and 
conductivity information to diagnose individual cow health problems as well as monitoring herd 
health. From 2000 to 2003 she completed a residency in Food Animal Reproduction and Herd 
Health at UC Davis, California, where she also obtained a Masterôs in Preventive Veterinary 
Medicine (MPVM). After receiving her PhD in Epidemiology at Colorado State University, she 
joined the College of Veterinary Medicine at Oregon State University in 2006 as Assistant 
Professor in the Department of Clinical Sciences, and as Extension Veterinarian in the 
Department of Animal Sciences. As a complement to her long-lasting medical education, Dr. V 
became a Certified Veterinary Acupuncturist and Tui-Na practitioner. In 2013 she joined the 
industry as Global Director for Dairy and Udder Health for Merck, Inc. Since October 2014 she 
has worked at Afimilk, Ltd., where her main focus is training farmers, veterinarians, nutritionists 
and other industry partners to use the Afimilk solutions to make the best management decisions 
for a health dairy herd. 
  



Producer Showcase Speakers 
 
John Balbian, Ashwood Dairy, Amsterdam, NY 

Sponsored by Medria 

John Balbian uses precision technology on his freestall dairy to monitor 200 cows. Currently, 
John uses Medria HeatPhone, FeedPhone, VelôPhone and SanôPhone, and a Fºrster-Technik 
automatic calf feeder. John feels that the technology is a good way for him to stay on top of 
things. In addition, day-to-day operations are much easier, and decisions are much more 
transparent and objective. Although they are still in the implementation phase of some of the 
technology, it has already brought about consistently better results. The technology is cost-
neutral based on labor saving or reduced inputs. 
 
Chad Carlson, Carlson Dairy, LLP, Pennock, MN 

Sponsored by Purina 

Carlson Dairy, LLP, a 1250-cow dairy farm near Willmar, MN (approximately 100 miles west of 
Minneapolis), is run by 3 Carlson families: Curtney and Louise Carlson with their two sons and 
wives, Chad and Kindra Carlson, and Carl and Kellie Carlson. They have been dairying in 
partnership as Carlson Dairy, LLP since 1999. Their milking herd is housed in a 10-row, cross-
ventilated, sand-bedded freestall facility, and their sand is continuously recycled through sand 
settling lanes. The Carlsons recently built a cross-ventilated automated calf feeder (Urban calf 
feeders). These feeders can provide a milk meal to four calves simultaneously. 
 
Nate Elzinga, Daybreak Dairy LLC, Zeeland, MI 

Sponsored by Afimilk 

Nate Elizinga and his wife along with their 4 children live and work on the farm he grew up on as 
a child. Nate graduated high school in 2004 and then attended Michigan State University 
completing the 2-year dairy program. After college he returned home and became a partner with 
his father (Dan Elzinga) and his brother (Paul Elzinga). Nateôs responsibilities include animal 
health, repro management, nutrition, genetics and employee management. Daybreak Dairy was 
started by Dan Elzinga in 1976 milking 60 cows in tie-stalls. In 1994 they expanded to 150 cows 
and moved to a parlor and free-stalls. Afimilk equipment was installed in 2009 and last year they 
started using Afimilk as their primary herd management software. Today Daybreak Dairy is 
milking 220 registered Holsteins and raising all their replacements. Some of their herd stats 
include 31,000 lb RHA, 20-month age at first calving, 25-30 pregnancy rate, and 40-60 fresh 
cows marketed annually for dairy. They use AfiFarm herd management software, milk meters, 
and a combination of AfiAct and AfiAct II heat detection system. 
 
Craig Finke, Finke Farm, Nashville, IL 

Sponsored by AMS-Galaxy-USA 

Craig Finke is a producer from Nashville, Illinois. His dairy farm features a 5-row free flow barn 
with dry cow and heifer rows, GreenStalls (dividers), 133-stalls for milk cows, and 45 stalls for 
dry cows. They also use the Galaxy Astrea 20.20 Robotic Milking system with one robot arm 
and two milking boxes; a Trioliet TMR robot feeder; a flush system with sand-bedding; three 24ǋ 
Big Ass Fans, two grooming brushes, and thermostat sensor-controlled sidewall curtains. 
 
Brian Houin, Homestead Dairy, Plymouth, IN 

Sponsored by Afimilk Ltd. 

Brian Houin was born and raised on the dairy farm in north central Indiana. He attended Purdue 
University for 3 years to study meteorology with a minor in Spanish. During his senior year, he 
realized he was more interested in dairy management and soon he was back on the farm. 
Today Brian is co-owner of Homestead Dairy, Plymouth, Indiana, with his brother-in-law, cousin, 



and his cousinôs brother-in-law. They milk 3,500 cows in four locations and have a grower unit 
about 30 miles away from the main farm. Brian heads the heifers operation and manages the 
milkers.The farm monitors and tracks calf weight and performance history using computers 
including three hand-held systems which allows them to monitor the performance of every 
animal in real time and manage every animal individually. Genomic net merit scores allows 
them to focus on the traits they want with much greater reliability and enables them to improve  
herd performance much faster than using traditional systems. In addition, Brian has developed 
several of his own monthly management Excel reports that he follows closely.Brian is very 
active in the industry; he is on the Indiana Dairy Producers Board and active in Farm Bureau. 
 
Chad Kieffer, Kiefland Holsteins  

Sponsored by Grandview Concrete Grooving Inc. 

Chad Kieffer is part owner of their family 300-cow robotic dairy in Utica, MN. They have 5 Lely 
A3 robots and use all the information from the software such as rumination, daily activity, daily 
weights, milk fat, protein, and conductivity to help optimize milk production on the farm. They 
complement their use of Lely software with Dairy Comp 305 and DHIA monthly test. They also 
have a Lely Juno feed pusher and a concentrate feeder. Chad graduated with a dairy science 
degree from UW-River Falls in 2002 and for the last 13 years has worked as a dairy nutritionist 
for a cooperative in Lewiston, MN. He consults with robotic milking dairies throughout the U.S.  
 
Tony Louters, T&C Louters Dairy, Merced, CA 

Sponsored by SCR-Dairy 

T&C Louters Dairy is a family owned and operated Holstein dairy herd located in Merced, CA, 
managed by Tony Louters since 2003, and owned by him and his wife Colina Louters. They are 
currently milking 600 Holstein cows averaging 90 pounds of milk per per day. Louters changed 
the way they manage the dairy after acquiring the SCR Heatime® activity and rumination 
monitoring system. With insights during the dry period and early lactation performance, they 
were able to improve fresh cow management by diagnosing diseases before clinical signs and 
by monitoring closely the evolution of veterinary treatments. The improvement during the 
transition period - driven by better animal care and well-being, less lockup times, and accuracy 
of treatments - along with a solid tool used to identify animals in estrus also boosted the herdôs 
reproductive performance. 
 
Sander Penterman, Dutch Dairy, LLC, Thorp, WI  

Sponsored by AgStar 

Dutch Dairy, LLC is a family owned and operated dairy farm in Thorp, WI, owned by Sander and 
Amy Penterman. Dutch Dairy started as a 300-cow operation in 2002 and has grown to 850 
cows currently. They have implemented CowManager which is a web application utilizing 
SensOor monitoring ear tags. In early 2015, they finished the construction of their automatic calf 
feeding barn. 
 
Gerhard Ritzema, Ritzema Dairy, Seaforth, ON 

Sponsored by DeLaval 

For Heather and Gerhard Ritzema of Seaforth, Ontario, caring for their robotic milking herd is 
just like training athletes. They want their herd to operate at peak performance and just like elite 
athletes, they need to be at the top of their game, stay focused and be able to reduce illness 
and achieve optimum health. For the Ritzemas, DeLavalôs automated on-farm lab, Herd 
Navigator, is fundamental to their ability to manage their herd to realize these goals. Prior to 
installing Herd Navigator in July, 2014, Heather and Gerhard drew the analogy of functioning in 
life without proper prescription glasses, unable to see clearly, without the data and tools to be 
decisive. Now by incorporating Herd Navigator in their business model, their training program is 
extraordinary. The innovative proactive tool allows the couple to understand key indicators for 



potential biological imbalances within the cowôs uterus, understand her heat cycle and when she 
is pregnant. They also know whether she is developing mastitis before she shows clinical signs 
and can evaluate her energy balance status by knowing her level of ketosis. Herd Navigator 
does this by measuring milk constituents automatically and providing the Ritzemas with agreed-
upon standard recommendations for dealing with the test results. The result is that with Herd 
Navigator they are able to achieve successful pregnancies and make suitable cow longevity 
decisions relating to production and reproduction. 
 
Carlyle Westendorp, Westvale View Dairy LLC, Nashville, MI 

Sponsored by Lely 

Westvale View Dairy LLC is a family operation run by Doug Westendorp, his wife Louisa and 
their sons, Carlyle, Troy, Eric and Levi. The Westendorps changed the way they milk when they 
transitioned from a parlor to a robotic system anchored by four Lely Astronaut A4 robotic milking 
machines in September of 2012. The change allowed the family to double their herd of 
registered Holsteins to 220 without additional labor and freed them from milking three times a 
day. The Westendorps appreciate the information the robots provide on their herd. With more 
than 120 points of information provided for each cow every time she visits the robots, Doug and 
his family are able to identify sick cows more quickly and make more informed decisions about 
their herd. They also appreciate the flexibility their Lely robots provide. Located in Nashville, MI, 
the Westendorps also operate a creamery, Mooville Creamery. 
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Introduction 
 
A sensor system can be defined as a device that measures a physiological or behavioural 
parameter of an individual cow and enables automated, on-farm detection of changes in this 
condition that is related to a health event and requires action by the farmer (Rutten et al., 2013). 
So far, research on sensor systems mostly focused on the development of the sensors and the 
detection performance (see for a review Rutten et al., 2013).  
 
It was found that the use of sensor systems can improve oestrus and disease detection 
performance. It is, however, not known whether using sensor systems also improve measures 
of health, reproduction and production such as the average days to first service and the average 
SCC. So, it is not known whether the use of SCC sensors improve the average SCC of the 
herd, and whether the use of sensor systems for oestrus detection result in a lower average 
days to first service of the herd. Probably, the use of sensor systems is associated with  an 
increase in the milk production level of the herd as well as it is known that a shorter calving 
interval results in a higher milk production (Auldist et al., 2007) and that a high SCC is 
associated with milk production losses (e.g., Halasa et al., 2009).  
 
Farmers mentioned that reducing labour and easing management were important reasons for 
investing (Steeneveld and Hogeveen, 2015). This would mean that the dairy farmers who 
invested in sensor systems use their labour more efficiently after the investment in sensor 
systems. Therefore, probably a change in labour costs can be observed. The economic effects 
of investing in sensor systems was only investigated in normative studies (Bewley et al., 2010; 
Rutten et al., 2014), and no empirical studies were performed yet on the economic effect of 
investing in sensor systems.  
 
The first objective of this study is to investigate the effect of sensor systems on milk production, 
days to first service and SCC of the herd. The second objective is to investigate the impact of 
investment in sensor systems on several cost components and revenues.  
 
Material and Methods 
 
Data: 
In the Netherlands, in 2013 a survey was conducted about the use of sensor systems at dairy 
farms. A link to the survey was sent by email to 1,672 Dutch dairy farmers. The list with email 
addresses was provided by a Dutch accounting agency (Accon AVM, Leeuwarden, The 
Netherlands). The farms were located all over the Netherlands, but the majority was located in 
the north of the country. In total, 512 farms completed the survey (response rate of 30.6%), 202  
 

                                                           
1This paper is a copy of a paper entitled ñEffect of sensor systems on production, health, reproduction and economics 
on Dutch dairy farmsò to be published in the Proceedings of the 7th European Conference on Precision Livestock 
Farming, Milan, Italy, 2015. 
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farms indicated that they have sensor systems and 310 farms indicated that they did not have 
sensor systems. For the farms with sensor systems information was available on the type of 
sensor system, whether the sensor system was part of an AMS and the year of investment. 
More information about the data collection is described by Steeneveld and Hogeveen (2015).  
 
In total, 414 farms (152 with sensor systems and 262 without sensor systems) gave permission 
to use the measures of health, reproduction and production that CRV (Cattle Improvement 
Cooperative, Arnhem, the Netherlands) has about their farms. CRV provided information about 
yearly averages for milk production, SCC and reproduction of those 414 farms for the years 
2003 to 2013. An overview of the sensor systems available at the 152 farms with sensor 
systems is provided in Table 1. 
 
In addition, for 217 out of the 512 dairy farms Accon AVM provided accounting data for the 
years 2008 to 2013. Data of 54 farms with sensor systems on an automatic milking system, 36 
farms with sensor systems on a conventional milking system (CMS) and 127 farms without 
sensor systems was available The accounting data included information on revenues (e.g., 
revenues from milk and other farm activities), depreciation (e.g., on buildings and machinery), 
fixed costs (e.g., costs for maintenance of buildings and machinery), variable costs (e.g., costs 
for feed, breeding and energy and water) and general farm information such as the number of 
cows, number of hectares, amount of milk quota and the available full-time equivalent (FTE).  

 
Table 1: Overview of sensor systems present at farms with an automatic milking system 
(AMS) and a conventional milking system (CMS). 

Type of sensor system at the farm 
No. of AMS farms 

(n=103) 
No. of CMS farms 

(n=49) 

Electrical conductivity sensor 101 20 

Colour sensor 64 1 

Somatic cell count sensor 15 0 

Lactate dehydrogenase (LDH) sensor 2 1 

Activity meters or pedometers for dairy cows 47 46 

Progesterone sensor 1 1 

Milk temperature sensor 52 3 

Weighing platform 32 3 

Fat and protein sensor 23 0 

Rumination activity sensor 11 10 

Temperature sensor 6 9 

Beta-hydroxybutyrate (BHB) sensor 2 1 

Urea sensor 1 1 

Other sensor systems 4 4 

Activity meters or pedometers for young stock 13 17 

 
Analyses on effect on production, reproduction and health: 
In total 3 statistical analyses were performed to investigate the effect of sensor systems on 
production (milk production per cow), reproduction (days to first service) and health (somatic cell 
count). In the first analysis, average yearly production per cow was the dependent variable and 
year, percentage growth in herd size and whether the farm have sensor system were included 
as independent variables. In the second analysis, average SCC was the dependent variable,  
  



and year, percentage growth in herd size, and whether the farm has a sensor system for 
mastitis detection were included as independent variables. In the third analysis, the average 
days to first service was the dependent variable and year, percentage growth in herd size and 
whether the farm has a sensor system for oestrus detection for dairy cows were included as 
independent variables. In all analyses, growth in herd size was defined as the percentage 
increase or decrease in number of cows in comparison with two years earlier. Whether the farm 
has a sensor system for the years in the data was defined as follows: 0=years without sensor 
system for farms who never invest in sensor systems, 1=years before the investment in sensor 
system on AMS farms, 2=years after the investment in sensor system on AMS farms, 3=years 
before the investment in sensor system on CMS farms, 4=years after the investment in sensor 
system on CMS farms. Herd was included as a random effect. 
 
Analyses on costs and revenues: 
Average values for all costs and revenues over the years 2008 to 2013 were determined for 
farms that never invested in sensor systems, for AMS farms before and after the investment in 
sensor systems and for CMS farms before and after the investment. Total capital costs included 
fuel costs, expenses and depreciation on buildings, expenses and depreciation on machinery 
and equipment, and miscellaneous costs. Total variable costs included costs for roughage, 
concentrates, substitutes for concentrates, milk products, minerals, fertilizer, pesticides, 
breeding, health care, energy and water, manure removal and miscellaneous costs. Total labour 
costs included costs for contract work, paid labour and calculated costs for own labour, which 
was calculated by using the available FTE and assuming 52 weeks, 40 hours a week and a 
hourly rate. The hourly rate was different for the years 2008 to 2013, and varied between ú19.80 
and ú21.89 (CBS, 2014a). Total revenues included milk revenues, livestock revenues, revenues 
from other farm activities and miscellaneous revenues. To compare costs and revenues of the 
years 2008 to 2013 it was necessary to recalculate the variables on costs (total labour costs, 
total capital costs and total variable costs) and revenues. For that purpose, price indices 
obtained from Dutch economic institutes (CBS, 2014b; LEI, 2014) were used and the year 2008 
was defined as the base year.  
 
Results and Discussion 
 
Having sensor systems was associated with the average yearly production per cow. AMS farms 
with sensor systems had a 189 kg higher average production per cow after the investment, 
while CMS farms with sensor systems had a 428 kg lower average milk production per cow after 
the investment in sensor systems. These results are consistent with previous research that 
found that milk production increased with an AMS. The increase is due to a higher milking 
frequency (e.g., Kruip et al., 2002). It was, therefore, hard to determine whether the increased 
milk production was caused by the increased milking frequency or by the use of sensor 
systems.  
 
CMS farms with sensor systems had a lower milk production in the years after investment in 
sensor systems. This is an unexpected observation. Most likely, the reason behind the 
decreased milk production is that 96% of the farmers with sensor systems and a CMS indicated 
that the investment in sensor systems went together with another major change at the farm, 
such as a new barn and/or a new milking system (Steeneveld and Hogeveen, 2015). Most 
likely, these changes have led to a drop in milk production which could not be compensated by 
the use of sensor systems. Because almost all farmers indicated that there was a major change 
at the farm in the year of investment in sensor systems it was not possible to separate the effect 
of the sensor system and the effect of the other major change. It might be expected that at the 
longer term, the milk production will be increasing again, but we do not have enough long-term 
data to confirm or reject such a hypothesis. 
 



Having a mastitis detection sensor system, year and growth in herd size were associated with 
the average SCC of the herd. AMS farms had, on average, an increase in SCC of 12,000 
cells/ml after the investment. CMS farms with a mastitis detection system had, on average, a 
decrease in SCC of 10,000 cells/ml in the years after the investment (Figure 1). Because all 
AMS farms have mastitis detection sensor systems, results of our study can be directly 
compared with earlier studies on the effect of the introduction of AMS on SCC. Many aspects 
change when farms start milking with an AMS, and one of the changes is that farmers are not 
present anymore during the milking process and have to use the mastitis detection sensor 
systems to detect clinical mastitis. These detection models are not perfect (e.g., Rutten et al., 
2013). It is interesting to see that CMS farms with mastitis detection sensor systems have a 
lower SCC after the investment. When using mastitis detection sensors in a CMS, the farmer is 
present to check the alerted cows immediately. Moreover, also non-alerted cows with mastitis 
can be found as the farmer still can visually inspect the cows before milking. In addition, on 
CMS farms the investment in mastitis detection sensor systems is made deliberately, and, most 
likely, farmers use it therefore intensively (Steeneveld and Hogeveen, 2015) resulting in more 
attention for mastitis detection and, therefore, a lower average SCC. 

 

 
 

Figure 1: Estimated average SCC for farms who never invested in mastitis 
detection sensor systems, for farms with an automatic milking system (AMS) 
before and after the investment in mastitis detection sensor systems and for 
farms with a conventional milking system (CMS) before and after the 
investment in mastitis detection sensor systems. Values represent model 
predictions, and bars represent SE. 

 
Having oestrus detection sensor systems did not have an effect on the days to first service. It is 
frequently mentioned that using oestrus detection sensor systems results in an improved 
oestrus detection (e.g., Kamphuis et al., 2012), but current results show that the dairy cows are 
not inseminated earlier. It is possible that the farmers detect the oestrus better but still use the 
same rules on when to start inseminating as without oestrus detection sensor systems, which 
results in equal days to first service. For instance, starting to inseminate cows after a voluntary 
waiting period is such a rule. Another reason for a lack of effect might be the motivation to 
invest. Most farmers invested in sensor systems for oestrus detection to improve the oestrus 
detection rate as well as to reduce labour (Steeneveld and Hogeveen, 2015). This means that 
the farmers are investing in sensor systems to ease management at the farms, and are thus 
less focused on improving reproduction measures of the herd. A final reason for not finding an 
effect on days to first service can be that the majority of the investments in oestrus detection 

190

195

200

205

210

215

220

225

230

235

240

No sensor
system

AMS farms
before

investment

AMS farms
after

investment

CMS farms
before

investment

CMS farms
after

investment

S
o

m
a

tic
 c

e
ll 

co
u

n
t 
(*

1
,0

0
0

 c
e

lls
/m

l)



sensor systems was in recent years (Steeneveld and Hogeveen, 2015), which means that the 
positive effect of improved oestrus detection has yet to come. 
 
During the years 2003 to 2013 the average number of cows on farms that never invested in 
sensor systems was 95. In the years before investment in sensor systems on AMS farms the 
average number of cows was 91, and this number increased to 104 cows in the years after 
investment. In the years before investment in sensor systems on CMS farms the average 
number of cows was 123, and this number increased to an average of 126 cows in the years 
after investment. An overview of the costs, revenues and profit on farms without sensor 
systems, on farms with sensor systems at an AMS and on CMS farms with sensor systems is 
provided in Table 2. A separation is made on the costs, revenues and profit in the years before 
and after the investment in sensor systems on both AMS and CMS farms. Total capital costs, 
total labour costs, total variable costs and total revenues were ú11.28, ú12.38, ú18.55, and 
ú46.28 per 100 kg of milk on farms without sensor systems. After investment in a sensor 
systems at AMS farms the total capital costs increased significantly from ú10.49 to ú15.08 per 
100 kg of milk. This increase was due to the significant increase in depreciation on buildings, 
expenses on machinery and equipment and fuel costs. Labour costs (contract work, paid labour 
and own labour) and variable costs did not significantly change after investment in sensor 
systems on AMS farms. Total revenues were higher after the investment in sensor systems on 
AMS farms, especially due to higher milk revenues. On CMS farms there were no differences in 
costs, revenues and profit between the years before and after the investment in sensor 
systems.  
 
A decrease in labour costs was expected after investment in sensor systems. The results show, 
however, no decrease in labour costs after investment in sensor systems on both AMS and 
CMS farms (Table 2). The costs for own labour were determined by using the FTE, and not 
finding a decrease in FTE might have several reasons. First, farms in the current dataset may 
be more focused on increasing in size than on having more free time thus showing no decrease 
in FTE as they plan a transition to more cows. This movement to an increased size probably 
means that the released labour when starting using sensor systems is put into other farm 
activities that coincides with increasing in size. Another explanation for no change in FTE, could 
be that labour savings after investment in sensor systems are not as large as first expected. It is 
clear that some labour requirements are reduced, but those may be replaced with other labour 
requirements (interpreting sensor data and checking alerts), which results in the net labour 
change being ambiguous. There are no studies that investigated the change in labour time after 
investment in sensor systems. Finally, we used a very rough measurement to evaluate the 
changes in labour use. The FTE data were provided by the farmers themselves and they may 
record a full FTE regardless of the actual hours worked each year, which may be reduced by 
using sensor systems but still considered full time by most. A significant increase in total capital 
costs was observed after investment in an AMS (Table 2). Other studies evaluating investing in 
an AMS reported an increase in capital costs as well (e.g., Steeneveld et al., 2012). Also a 
significant increase in milk revenues was observed after investment in an AMS (Table 2), and 
this may be due to more than two milkings per day (e.g., Kruip et al., 2002). Milk revenues were 
higher in the years after investment in an AMS. Because of higher capital costs as well, the 
profit was lower in the years after investment in an AMS.  
 
 
 



Table 2: Average values1 for the costs, revenues and profit (ú/100 kg milk) over the years 2008 to 2013 for farms without sensor 
systems, for farms with an automatic milking system (AMS) before and after the investment in sensor systems, and for farms with a 
conventional milking system (CMS) before and after the investment in sensor systems. 

 Å Included farm accounting data 
No sensor 
systems 

Sensor system 
at AMS 

Sensor system 
at CMS 

Before After Before After 

Capital costs  
 

Expenses on buildings 
Depreciation on buildings 
Expenses on machinery and equipment 
Depreciation on machinery and equipment 
Fuel costs 
Miscellaneous 
Total capital costs 

1.37 
2.10 
4.55 
2.14 
0.90 
0.22 

11.28 
 

3.06 
0.36 
8.96 

12.38 
 

18.55 
 

40.52 
4.04 
1.03 
0.69 

46.28 
 

4.07 

1.57a 

1.15a 

4.33a 

2.44a 

0.77a 

0.23a 

10.49a 

1.33a 

3.36b 

5.98b 

3.09a 

1.11b 

0.21a 

15.08b 

1.60c 

2.44c 

4.62c 

2.26c 

0.89c 

0.16c 

11.97c 

1.76c 

2.84c 

4.60c 

2.01c 

0.99c 

0.14c 

12.34c 

 
Labour costs  
 

Contract work 
Paid labour  
Own labour 

Total labour costs 

2.53a 

0.89a 

8.27a 

11.69a 

 

2.93a 

0.70a 

7.67a 

11.30a 

3.28c 

0.94c 

7.08c 

11.30c 

 

3.08c 

0.94c 

6.41c 

10.43c 

Variable costs 
 

Total variable costs 
 

17.89a 18.69a 17.39c 18.25c 

Revenues  
 

Milk  
Livestock  
Other farm activities  
Miscellaneous  
Total revenues 

39.21a 

3.35a 
0.89a 

0.48a 
43.93a 

40.80b 

3.33a 
1.55a 

0.70a 
46.38b 

40.52c 

3.52c 

1.26c 

0.47c 

45.77c 

41.40c 

3.66c 

1.40c 

0.72c 

47.18c 

 
Profit 

 
Total revenues ï total costs 

 
3.86a 

 
1.31b 

 
5.11c 

 
6.16c 

1 Corrected for price indices with year 2008 as base year.  
a ï b Averages with different superscript in the columns before and after investment in sensor systems on AMS farms are significantly 

different (P<0.05).  
c ï d Averages with different superscript in the columns before and after investment in sensor systems on CMS farms are significantly 

different (P<0.05). 
  



Conclusions 
 
Having mastitis detection sensor systems are associated with a decreased average SCC on 
CMS farms and with an increased average SCC on AMS farms in the years after the 
investment. Having sensor systems was associated with a higher average production per cow 
on AMS farms, and with a lower average production per cow on CMS farms in the years after 
investment. Having oestrus detection sensor systems did not improve the reproduction 
performance. Total capital costs and milk revenues increased after investment in sensor 
systems on AMS farms. A decrease in costs for own labour after investment in sensor systems 
was observed, but this decrease was not significant on both AMS and CMS farms. 
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Introduction 
 
Throughout the past 50 years, significant gains have been realized as related to milk quality and 
animal health (MQAH) within the dairy industry.  These improvements stem from a focused 
effort by all involved including, but not limited to- 
 

¶ Dairy Producers 

¶ Academia 

¶ Extension 

¶ Advisors and Advisory Councils 

¶ Manufacturers of Dairy Equipment and Supplies 
 
It is commonly accepted that a wide array of variables impact MQAH at any given moment in 
time.  Pre- and post-milking teat disinfection are proven tools for management of milk quality.  
But certainly, an adherence to a proven Standard Operating Procedure (SOP) each and every 
milking of each and every cow, optimizes the benefit of these tools.  The dairy industry and 
individual dairy producer alike are not immune to leveraging technology(s) in attempts to 
become more efficient. Today we are beginning to realize a greater adaptation of robots to 
perform tasks related to milk extraction:  what may have once been considered a novel 
technology is sure to become the norm going forward. 
 
The same can be said for rotary parlors- these are not something new.  In fact, the first rotary 
parlor was commissioned commercially in 1930 at the Walker-Gordon Farm in Plainsboro, NJ.  
While rotary parlors throughout the 20th century fell in and out of favor, today they have evolved, 
or órevolvedô to a point where they have clearly demonstrated the possibility of increased 
efficiencies.  Perhaps this alone is the reason why a growing number of large(r) dairy 
operations, those intending to milk in excess of 1000 cows, are utilizing external rotary parlors 
in North America, or aspire to do so in the future when replacing existing milking systems. 
 
As such, the industry is actively seeking to combine robotic solutions with external rotary 
parlors. 
 
History of Automatic Teat Sanitation 
 
It is appropriate to look backward to understand the benefits of and need for robotics to 
standardize operating procedures.  
 
Wash Pens-  
 
The advent of wash pens could be considered the first semi-automatic or automatic teat spray 
use with milking parlors.  They were first introduced predominantly in arid climates and with dry-
lot style dairies.   Wash pens followed by a drip or drying pen, utilize(d) sprayers at defined 
spacing in a holding area or collection yard where cows are corralled prior to milking, to deliver 
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potable water with a cleaning or sanitizing addition.  For a defined period of time, the wash pens 
rinse and remove organic matter from the mammary system, udders and teats of cows.  
Teats/udders were visibly cleaner and published research showed while teats were by no 
means sterile, bacteria counts could be reduced by 90-95%. By default this system also may 
serve to provide some cooling of the cows as a means of heat stress abatement.  This was, and 
remains, a pre-milking practice only. 
 
Mechanical Teat Sanitation with Milking Parlors-  
 
This type of system incorporated a nozzle or multiple nozzles connected to a pump, to spray a 
disinfectant such as iodine, in the direction of the teats and udder. These systems spray blindly, 
meaning without a teat recognition device, coverage of the receiving teats realize marginal hit 
rates under the best circumstances.  These mechanical devices may have been located within 
or on an extension from the milking parlor platform, or floor-mounted within the entrance and 
exit (return) lane(s) of the parlor.   
 
Mechanical devices typically would be configured with a type of cow sensing device, such as a 
simple wand or photo-cell that would trigger the spray of the product upward for a defined 
period of time.  Whether an adequate hit rate with a disinfectant is achieved will vary due to cow 
gait, speed, nozzle type and cleanliness, pattern of spray cone/fan, ambient air velocity, nozzle 
distance from teat, and so on.  Underbellies, navels, feet and legs, maybe even the sides of 
cows could also be sprayed, but not necessarily the teats of the same cow. 
 
Automatic Milking System (AMS)- 
 
Although the first patents involving automatic teat sensing/recognition date back to the mid 
1970s, it was not until the early 1990s when the first AMS were installed at both university 
research facilities and commercial dairies in both Europe and North America.  An AMS, often 
referred to as a robot or robotic milker, performs most all of the milk extraction functions that are 
completed manually in a conventional system such as a parlor.  Of course, successfully 
identifying teats is paramount for pre-milking cleaning/disinfection, cluster attachment and post-
milking teat disinfection. 
 
An AMS ideally mirrors the industry-proven SOPs for teat sanitation both pre and post milking, 
though these may be achieved in a number of ways.  Some robotic milkers utilize the milk cup 
attached to a teat to also perform pre-milking sanitation. Some utilize brushes, while others 
utilize a fifth cup, or pre-milking cup, to perform pre-milking sanitation on each teat as well as 
stimulation and foremilking.  In addition, some robots have the ability to pre-spray teats via a 
nozzle located on the arm before the steps noted above occur.  
 
For post-milking, the application of a post-milking sanitary product varies depending on the 
manufacturer. Some may have a nozzle located in the floor of the robot beneath the udder, 
operating much like a mechanical teat sprayer noted earlier.  Some may apply product within 
the milk cup, while others may spray the teats with a nozzle located on the arm performing a 
defined path of movement which is ósmartô. This means that it knows the location of teats based 
on the last series of milk cup attachments. 
 
Automatic Application of Post Milking Disinfectant Product within Milk Cup (Liner)- 
 
This type of system is used for both conventional and automatic milking parlors.  Market 
adaptation to this point has been somewhat limited, perhaps due to several perceptions and/or 
realities- 
 

i. Limited choice of associated inflation/liner and/or milking unit 



ii. Weight of milking unit 

iii. Ergonomics of milking unit 

iv. Concern of milk safety/contamination risk if system (valve) failure and/or residue on milk 
contact surfaces 

v. Inconsistent teat coverage and hit rate 
 

Automatic Teat Spray Robots in External Rotary Parlors- 
 
Over the past 6 years we have witnessed the first entries of automatic teat spray robots 
incorporated with rotary parlors. These robots perform only the function of automated teat 
disinfection application. They can be employed for pre- or post-milking teat dip application and 
have the potential to provide consistent teat coverage and hit rate while reducing labor cost.  
Today they are suitable for external rotaries but not in-line or batch parlors such as 
herringbones and parallel parlors.  There are several reasons for this, namely- 
 

i. The cows come to the robot- meaning the robot must not travel considerable distance to 
perform the task on individual cows 

ii. Safety- per above, the robot is fixed in place allowing for a defined space of operation 
and barrier from contact with people 

iii. Cost effectiveness 
 
Automatic teat spray robots were a natural progression stemming from the experience gained 
with AMS and use of a teat recognition/sensing device. The sensing device may include lasers, 
or various types of cameras- 3-D, Time Of Flight (TOF) and/or a combination.  The 
effectiveness of this technology requires a diligent management routine to maintain the 
consistent function of the robot as there is often not a human present to see if the robot 
performance is becoming less consistent.  
 
Teat Candidates-  
 
As indicated, teat position identification accuracy is critical for these robots, but in reality the 
technology is identifying teat candidates.  
 
What is a teat candidate?  A teat candidate is an object the robot could potentially misidentify as 
a teat.  For example, organic material clinging to udder hair ómayô present as a teat candidate.  
For this reason, it is critical the dairy management have a strict SOP for monitoring and 
maintaining udder hair at a minimal length. 
Similarly, a long switch (the hair at the end of the tail) of a cow may present itself as a teat 
candidate.  As with udder hair, it is important this too is routinely maintained at a short length, 
preferably at the end of the tail bone.  It should be noted this practice is not considered tail 
docking, nor is absolute tail docking a requirement for use of automatic teat spray systems. 
 
Teat spray robots when used with external rotary parlors have a tool, or end effecter, attached 
to the robotic arm which gains proximal access to the udder and teats by means of entry 
between the rear legs of the presented cow. In most cases, it is mandatory that a device is 
strategically positioned on the floor or deck of each stall of the rotary platform to effectively 
widen the stance/position of the cowôs rear feet and legs and help fix the cow location.  Such a 
device is referred to as a cow locater, cow positioner, or at times, leg spreader.  Without the use 
of a cow locater, a cow which is genetically somewhat sickled in the rear legs (inside of hocks 
touching or close together), a smaller framed cow having an abundant amount of lateral space 
in the stall, or perhaps a somewhat lame cow  may not present a broad enough opening for the 
end effecter to enter.  In addition, when using a robot to perform the post milking application of a 



sanitary solution to teats, a milking unit remaining attached to a cow would obviously eliminate 
any possibility for access to teats. 
 
Teat Hit Rate and Coverage- 
 
We should note, as an industry our mandate is to ensure all teats are properly covered with a 
pre and post milking solution 100% of the time.  This goal MUST remain.  Teat disinfectant 
application can be measured by the hit rate, percent of teats with a droplet of product (dip) on 
the teat tip, and coverage, the percent area of the sides of the teat that are covered. In a 
conventional system with manual (human) application of hygienic solutions (dip) to teats, both 
pre- and post-milking, the hit rate, and coverage of the entire barrel of a teat is rarely 100%.  
While a 100% hit rate of dip on teats is possible when manually applied, it has been suggested, 
based on unbiased real-time observation, this hit rate and coverage at a given moment in time 
varies from 50 to 100% for dipping, but is often not greater than 50% for manual spraying. 
 
There are a number of reasons for this deviation- 
 

i. Dip Cups- Is the teat properly immersed in the dip?  Secondly, was the dip cup 
physically held and oriented parallel to a particular teatôs angle? 

ii. Dip Sprayers- If a sprayer is used, is the sprayer properly held and moved around a teat 
at the time of dip application? 

iii. Individual responsible for teat dipping/spraying is focused on another task and/or misses 
some teats/cows. 

iv. Product (dip) limitations and/or same for device utilized for delivery to teats. 

v. A nervous or flighty cow makes it unsafe for an individual to put their arm and hand 
beneath udder. 

vi. Compromised adherence to defined SOP by a particular individual (parlor operator). 

vii. Others 
 

Some automatic teat spray robots, when properly installed, maintained and operated can 
certainly achieve hit rates approaching or consistent with industry norms.  
 
Rationale of Applying Automatic Teat Spray Robots for External Rotary Parlors- 
 
From dialogue with dairy producers exploring the possibility of incorporating an automatic teat 
spray robot in conjunction with their external rotary, it seems the reasons for doing so may 
include one or all of the possible benefits listed- 
 

i. Efficiency- most often expressed as a reduction in labor demands associated with the 
task of dipping/spraying teats both pre and post milking. 

ii. Consistency- cows thrive on routine and consistency.  A properly designed and 
maintained automatic teat spray robot can be remarkably consistent in performing a task. 

iii. Safety- for both cow and operator.  A properly designed and maintained automatic teat 
spray robot should be quiet and not pose any risk of injury to the cow.  Further, the risk of 
human injury from a flighty cow is decreased proportionately to the elimination of a 
manually performed task. 

iv. Accuracy- Achieve status-quo or enhance due to consistency. 

v. Return On Investment- ROI often measured by the reduction of labor and associated 
wage(s) and benefit(s) per annum in addition to possible operational savings from a 
reduction in disinfectant (dip) use. 

 



The óBig 3ô- 
 
In many cases, three (3) demands are placed on an automatic teat spray robot for external 
rotary parlors- 
 

1. Speed- fast operation or ability to function and perform the task at a given rotation speed 
is often expressed on the basis of seconds per stall rotation speed of the rotary platform. 

2. Accuracy- apply product (dip) to the teats presented. 

3. Consistent product (dip) use. 
 

The óBig 3ô exhibit direct co-relations.  As illustrated in Figure 1, a high speed may be possible 
while sacrificing accuracy or using a lot of product to achieve accuracy; or, little product may be 
used but accuracy will suffer. 
 

 

 
 
 
 
 
 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Figure 1. 
 
Some automatic teat spray robots when used with external rotary parlors are able to achieve a 
speed of 9 seconds per stall (400 cows per hour) while utilizing between 9-15ml of product and 
achieving a hit rate of 90-95%.  This productivity is acceptable in many cases, but not all as- 
 

i. Some external rotary parlors have a faster rotation speed 

ii. Some dairy producers are not willing to accept decreased accuracy 

iii. Some dairy producers are not willing to accept greater product use 
 
Anecdotal evidence and numerous studies indicate when teats are manually applied with 
disinfectant consumption of the product can range from as little as 5ml to as much as 30ml on a 
per cow basis.  At all times, the waste of product should be minimized.  Product waste may be 
defined as the amount of product consumed which was not applied to teats. 
 
The óBig 3ô are the key aspects to evaluate when considering the investment of an automatic 
teat spray robot, or some number of them for use with an external rotary parlor.  Of course, 
dependent on a particular technology, the initial capital expenditure combined with associated 
maintenance costs will have a direct impact on the ROI. 
 

Speed

AccuracyProduct

Robotic moment of 

operating as fast as 

possible, applying product 

to teats as accurate as 

possible, while using as 

little product as possible 



Summary 
 
The performance of robots within the dairy industry has improved steadily over time.  Together, 
we will adapt and refine robotic technology at the millisecond level; this is a process that had a 
beginning but will have no end.  It is reasonable to assume additional tasks related to the 
milking process will one day be performed in external rotary parlors by robotic solutions beyond 
automatic teat spray.  These improvements will stem from a focused effort by all involved 
including, but not limited to- 
 

¶ Dairy Producers 

¶ Academia 

¶ Extension 

¶ Advisors and Advisory Councils 

¶ Manufacturers of Dairy Equipment and Supplies 
 
There are several manufacturers with automatic teat spray robots and other products mentioned 
within this paper, available for use with external rotary parlors.  Please contact applicable 
manufacturers for further detail and explanation. 
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This conference focuses on precision dairy management, defined as the use of automation for 
information collection and process management to improve productivity and profitability. 
However, information is not collected per se, but in the form of data that then needs to be 
transformed into information. There are many data options to be collected on a farm: calving 
dates, insemination dates, whether the breeding was successful or not, dry-off dates, etc. Then, 
certain calculations and data combinations give us the information we need to evaluate certain 
areas of the farm, as in this case, reproduction. The main issue becomes in establishing what 
data we need to collect on each farm that will give us the required information to best manage it 
within the confines economic viability. 
 
There are many areas on the dairy farm that need to be evaluated for optimal performance, but 
today we will concentrate specifically on reproductive management and sick cow detection and 
monitoring.  
 
Reproduction 
 
The eternal question for reproduction in dairy cattle is ówhat breeding protocol do I need to 
follow to get cows pregnant?ô However, this is not the real question, because, what do we get 
by getting every single cow pregnant if later every single one of them aborts? Will be happy if 
we get them all pregnant after 200 DIM? So, in keeping with the focus of this conference, letôs 
make this question more precise: ówhat breeding protocol do I need to follow to get all cows 
pregnant in time so they calve again within 12-14 months?ô To figure out this protocol, there 
are two different things that need to happen in series: 
 

1. Cows needs to conceive 
2. Cows need to stay pregnant 

 
This means that we need to monitor two separate metrics to evaluate these two separate 
events. First we need to know how many cows of those we inseminate do conceive. This metric 
is called conception risk (CR) and is calculated dividing the total number of cows diagnosed 
pregnant at fist preg check by the total number of cows inseminated. Most people are used to 
hear the term conception rate, which only applies when it is calculated for a specific timeframe, 
such as for example a 21-day period.  
 

ὅέὲὧὩὴὸὭέὲ ὶὭίὯ ὅὙ  
ὲόάὦὩὶ έὪ ὧέύί ὸὬὥὸ ὧέὲὧὩὭὺὩὨ

ὲόάὦὩὶ έὪ ὧέύί ὭὲίὩάὭὲὥὸὩὨ
 

 

The second thing we need to know is how many cows abort. This metric is called the abortion 
risk, and it is calculated by dividing the total number of abortions by the sum of the total number 
of pregnant cows and the cows that aborted.  
 

ὃὦέὶὸὭέὲ ὶὭίὯ  
ὲόάὦὩὶ έὪ ὧέύί ὸὬὥὸ ὥὦέὶὸὩὨ

ὲόάὦὩὶ έὪ ὴὶὩὫὲὥὲὸ ὧέύίὲόάὦὩὶ έὪ ὧέύί ὸὬὥὸ ὥὦέὶὸὩὨ
 

 

The rationale behind this is that, epidemiologically speaking, a risk is calculated as animals with 
a specific event in the numerator, divided by animals eligible to see that event in the  
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denominator. The cows that have aborted were eligible to abort only because they were 
pregnant, so they need to be included in the denominator. For comparison, think for example of 
the following metric: if we say 15% of the people attending this conference drove to the meeting 
(as opposed to 85% flew in), the calculation takes into account in the numerator only those that 
drove, but in the denominator are all of the attendees to the conference, those that drove and 
those that flew in. 
 
To complicate matters further, we know that some cows do indeed conceive, but they lose the 
embryo before preg check. These cows fall into a grey category called early embryonic death 
(EED), also called embryonic absorption. These are commonly evaluated by assuming that 
normal heat cycles have 18-25 days intervals, and that anything beyond 25 days is early 
embryonic death. This then begs the use of another metric to evaluate these cows, and that is 
the proportion of insemination intervals that are greater than 25 days. It is very important to 
stress that this is an assumption, and that not all cows that have insemination intervals greater 
than 25 days have indeed absorbed the pregnancy, but they could have had bad heat detection 
as seen in Figure 1. The counter part of this situation is in situations where cows are bred 
without being in heat but within a normal interval. This will make the metric look OK, effectively 
hiding the real problem on the farm (Figure 2). 
 
Although EED and abortions can be due to infectious diseases such as BVD, IBR and 
leptospirosis, a weak embryo can die early without any other external factors influencing it. Part 
of the viability of the embryo is derived from an on-time conception with a mature oocyte and 
vigorous well-capacitated sperm. Other factors include genetic abnormalities and environmental 
conditions affecting the utero (e.g. fever and prostaglandin release due to inflammation in the 
cow). Therefore, correct insemination timing is important in making sure that conception 
happens, but also to make sure that the embryo has the best conditions to survive long-term. 
But how do we determine when is the best time to breed a cow? To answer this question 
we need information about reproductive physiology, specifically, the duration of certain intervals 
that have been evaluated with research and are presented in Table 1. Using these ranges, it 
becomes obvious that the largest variability is in the duration of the actual heat, which is likely 
the determinant for fertility, and yet it is not something that most heat detection systems are 
measuring. 
 
Å If we only know that the cow óis in heatô (i.e. rubbed off or standing), we need to guess at 

which point of the heat she is. Timing to ovulation could be anywhere between 10-30 
hours; obviously a very large range to determine when to breed. 

 
Å If we know when the cow started to become in heat (i.e. increased activity), we need to 

guess how long she is going to be in heat. Timing to ovulation could be anywhere 
between 24-42 hours. A narrower range to determine when to breed, but with too much 
lag time (although this may help farmers that can only breed once a day). 

 
Å If we know when she stopped being in heat, we need to guess how long it will be until 
ovulation. Narrow range of breeding time and short lag time, which doesnôt leave much 
time for decision making, but provides the best breeding time. 

 
Therefore, if we have a method to determine how long a cow is in heat, we can optimize 
insemination time. With the advancement of activity monitors over the past recent years, it has 
become possible to collect data on cow activity every hour of the day, so that decisions can be 
made almost immediately. For example, with the new AfiAct II system from Afimilk Ltd. it is 
possible to, not only determine when a cow starts coming in heat (increase in activity to over 
twice the baseline), but it is also possible to determine when the peak of that activity happens, 
as well as when it ends (Figure 4). This leads to much more precise decisions on when the best  
  



time to breed a cow is. To fine-tune the best insemination time for each cow the farm can use 
automatic sorting gates that will place the cows in an accessible area without having to disturb 
the entire pen. Another viable option is to determine what the pattern of the majority of the cows 
is, and then adequate insemination times to the average cow in that farm. Collecting data on 
each cow on the farm will produce enough information to be able to customize the day-to-day 
management based on results on that specific farm, as opposed to basing decisions on 
research performed in different farms and under different conditions. 
 

Table 1. Critical timings for fertilization in cattle. 

Event Avg time (hrs) Range (hrs) 

Pro-estrus duration (start of activity) 6  

Estrus duration (standing heat) 12 6 - 24 

Estrus to ovulation 28 24 - 42 

Oocyte life span  10 - 12 

Oocyte migration to fertilization site 6  

Sperm life span  8 - 24 
 

Sources:  

- Senger PL. Pathways to pregnancy and parturition. 1999. Current Conceptions, Inc. Pullman, 
WA. 1st Rev Ed. 281 pages. 

- Saumande J and Humblot P. The variability in the interval between estrus and ovulation in 
cattle and its determinants. Anim Reprod Sci. 2005 Feb;85(3-4):171-82. 

- Hawk HW. Sperm survival and transport in the female reproductive tract. J Dairy Sci. 1983 
Dec;66(12):2645-60. 

 

 
 

Figure 1. Cow inseminated 56 days after previous insemination that had a normal heat 25 days 
after previous insemination. Notice the heats indicated by high activity in the graph at 14, 37, 65, 
90, 119 and 141 DIM. Inseminations are indicated by lime green boxes next to the X axis, at 65, 
130, 121 and 141 DIM. The rugged activity past 180 DIM likely indicates lameness. Notice that 
she was in heat at 90 DIM but was not bred. Therefore, she will count in the metric as a long 
interval between breedings, which will be assumed an EED, when in fact she was in heat but was 
not bred (breeders in this farm were not following instructions correctly). This cow conceived to 
the breeding at 141 DIM, as indicated by the blue box next to the X axis at 178 DIM 9day of preg 
check).   

 

Source: AfiFarm software, Afimilk Ltd. 
 



 
 

Figure 2. Cow that has been in heat 3 times and has been bred 3 times, but not at the 
appropriate times. Heats are indicated by high activity days at 63, 86 and 119 DIM. However, she 
was not bred at 63 DIM (before VWP). Instead she was bred at 86, 107 and 119 DIM, indicated 
by the lime green boxes (the breeders on this farm were still detecting heats visually and 
estimated that this cow was rubbed off). This cow will count as a normal breeding interval of 21 
days (107-86) and a short breeding interval of 12 days (119-107), when in fact her real interval as 
determined by the high activity measured by the pedometers is 33 days (119-86), indicating a 
problems of early embryonic death (EED) that will be hidden from the evaluation if only numbers 
are being evaluated. This cow conceived to that last insemination, as indicated by the blue box at 
156 DIM.   

 

Source: AfiFarm software, Afimilk Ltd. 

 
Farm A 

 

 
 

Farm B 
 

 
 

Figure 3. Comparison of interval between breedings in two farms. Farm A has a normal profile (5-17 
days <10%, 18-25 days >60%, 26-35 days <15% and 36-60 days <15%), Farm B has a problem with 
early embryonic death (EED) evidenced by the large proportion of cows with long intervals between 
breedings (target in our farms is <15%).  
 

Source: AfiFarm software, Afimilk Ltd. 



 

 
 

Figure 4. Hourly graphs of activity. The cow on the left was in heat for 16 hours, while the cow on the 
right was in heat only for 6 hours. Both belong to the same farm.  
 

Source: AfiAct II software, Afimilk. Ltd. 

 
Sick Cow Detection 
 
As any living being, cows will encounter health issues along the way, and therefore, we must 
maintain vigilant every day to detect which cows may be having issues, so they can be treated 
promptly and effectively to ensure prompt recovery. Then we need to monitor them until they 
recover, so we can make sure that our treatment protocols are appropriate and, if not, we have 
the ability to make an informed decision to change those protocols. 
 
When evaluating sick cows, typically most farmers look at milk production. Although it is a good 
indicator, it is not very specific, so we can see milk drops in cows that have changed pens or 
cows that are in heat. This means that, in addition to milk information, we now need event 
information and activity (for heat detection). Compare for example the cow in Figure 5 and 
Figure 6; both have dropped milk by more than 30% in the last 1-2 milkings. The difference is 
that the cow in Figure 5 is in heat, so that the drop in milk can be explained by the increased 
activity and lack of resting /eating times, while the cow in Figure 6 has mastitis, as evidenced by 
the increased conductivity. Figure 7 shows a cow that has dropped in milk, but is not in heat and 
does not have mastitis; she is likely off-feed, which can be due to a digestive issue or 
pneumonia (canôt eat well because she canôt breathe well). Finally, Figure 8 shows a cow that is 
lame, as evidenced by the ragged activity graph. It is not affecting her milk production much as 
of now, but it is severe enough to cause a slight drop. Therefore, with a milk meter that provided 
information on milk production and conductivity, and a pedometer that measures activity, we 
can now detect not only that a cow is sick in general, but actually hone into what the likely 
diagnosis is. The addition of other sensors that can measure milk components such as butterfat, 
protein and lactose, can help fine-tune the diagnosis even further. 
 
 
 
 
 
 
 
 
 
 
 



 
Figure 5. Graph showing milk 
production (blue) at each milking 
(2x) and activity (green) for a cow 
that has dropped in milk 
production because she is in 
heat. Conductivity (red) shows a 
small rise typical of cows that 
retain their milk (heat).  
 

Source: AfiFarm software, 
Afimilk, Ltd. 
 
 
 
 

 
 
 
 

 
Figure 6. Graph showing milk 
production (blue), activity (green) 
and conductivity (red) at each 
milking (2x) for a cow that has 
dropped in milk production 
because she has mastitis. 
Conductivity shows a sharp rise 
and activity is flat or slightly 
decreased.  
 

Source: AfiFarm software, 
Afimilk, Ltd.  
 
 
 
 

 
 
 
 

 
Figure 7. Graph showing milk 
production (blue), activity (green) 
and conductivity (red) at each 
milking (2x) for a cow that has 
dropped in milk production 
because she has digestive 
issues. Conductivity and activity 
are flat, while milk production 
dropped over a span of at least 2 
days (-4 to -2). After treatment 
the cow regained milk production 
quickly.  
 

Source: AfiFarm software, 
Afimilk, Ltd. 

 
 

 



 
Figure 8. Graph showing milk 
production (blue), activity (green) 
and conductivity (red) at each 
milking (2x) for a cow that has 
dropped milk production because 
she is lame. Activity has a ragged 
graph as opposed to a consistent 
pattern as the other graphs.  
 

Source: AfiFarm software, 
Afimilk, Ltd. 
 
 
 
 
 

 
 

In conclusion, the use of automatic data collection tools and the evaluation of specific 
combinations of the data provided by these tools can give us the necessary information to 
manage a farm on a day-to-day basis. Having more sensors and more data, however, is not 
useful if the data provided by these technologies is not integrated to provide information on 
which one can base decisions such as when to breed a cow to optimize pregnancy to term, or 
how to optimize the ability to provide an accurate diagnosis for a sick cow within 1 or 2 milkings 
so the cow can be adequately treated and promptly recover.  
 
There are many options of technology available to dairy farmers nowadays, anywhere from 
automatic calf feeders to automatic in-line milk components sensors. To determine what fits 
within a farm, all technology needs to be evaluated trying to answer the question of ówhat 
information will we get from the data provided by this tool and how will we change the 
management in response to that information?ô That is what provides precision in day-to-day 
management. 
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Introduction 
 
Body condition scoring is the most accepted and used methods for assessment of the nutritional 
status of dairy cows. A herd with an unfavorable distribution of body condition scores (BCS) 
over the lactation cycle will display reduced milk production, decreased feed efficiency, impaired 
reproduction performance and an increased number of post partum diseases with significant 
negative impact on farm profitability. 
 
Milk yield is greatly influenced by the body condition score. Difference in milk yield between a 
too lean cow compared to one in an optimal body condition score could be as high as 545 kg 
(1200 lbs) during the first 120 days of lactation2. Moreover, a cow will not resume cyclic ovarian 
activity until she has regained a positive energy balance. The key to optimizing the resumption 
of ovulation is an appropriate pre-calving nutrition and management so that cows calve in 
optimal BCS (2.75 to 3.0) with postpartum body condition loss restricted to <0.5 BCS units. An 
over conditioned cow could take more than 100 days to return to regular cyclicity compared to 
an average around 60 days. Also, very lean cows will exhibit a delay in regained sexual 
functions. An extended calving interval is associated with a cost of about 2.5 USD per day. A 
high BCS at dry-off and calving is one of the most important risk factor for metritis, milk fever, 
displaced abomasums, fat cow syndrome ketosis and other metabolic diseases. All findings 
demonstrating the urgency of keeping the body condition of each cow in the herd under control 
over the whole lactation cycle. 
 
Despite the huge potential in an improved profitability as a result of close management of body 
condition scores, few farmers score their cows frequently enough, if at all. This is mainly due to 
lack of either specific knowledge or time, or alternatively hesitance to spend money on a 
professional scorer. Further on, the subjective nature of manual body condition may result in a 
too low precision of the method. 
 
As an alternative, body weight is often used to monitor the  the nutritional status of dairy cows 
However, body weight will vary in relation to recent feed and water intake, milkings, urination 
and defecation. Compared with weighing the body condition therefore better reflects the 
nutritional status of the cow.  
 
This paper describes the recently launched body condition scoring system, DeLaval body 
condition scoring BCS, which overcomes the hurdles hampering the wide spread 
implementation and systematic use of body condition scoring for optimizing herd performance. 
 
Description of the Solution 
 
The technology is based on a 3D camera, linked to an RFID system which is continuously 
running. Anytime a cow passes under the camera, the system recognizes the movement and 
selects the best image of the cow in the video sequence.  

                                                           
2 Relationship Between Body Condition Scores and Milk Yield in a Large Dairy Herd of High Yielding Holstein Cows, 
J.J. Domecq, A.L. Skidmore, J.W. Lloyd and J.B. Kaneene, Michigan State University. 
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The 3D camera uses light coding technology, which works by projecting a pattern of IR dots on 
the back of the cow. The DeLaval BCS then measures the distance between these dots to 
create a 3D image of the back. With an accurate 3D image, the system uses an algorithm to 
convert that information into a body condition score. The scale used is the 1 to 5 scale, where 1 
corresponds to the lowest and 5 to the highest condition score. 

 
 

The system is fully automatic. It provides daily scoring of all cows that pass under the camera. 
Depending on the camera location, it can score a cow 2-10 times per day. Average daily scores 
are recorded and 7-day averages are used for tracking body condition increase or decrease. 
The system is capable of scoring cows walking at a speed of up to 1 m/s (3.3 feet/s). Since the 
system has its own source of IR light, it is not dependent of ambient light. On the contrary, in 
daylight condition shade has to be created. 
 
DeLaval BCS can be mounted on a DeLaval VMS (milking robot) or sort gate. The system is 
integrated with DelPro, DeLavalôs farm management system. The body condition scores of cows 
in the herd are displayed as a function of Days Since Last Calving (DSLC) and each cow is 
represented by a small green triangle (see below). On herd level the desired body condition 
score can be set by the user defining the min, max and optimum levels related to DSLC. This 
facilitates the judgment of the herd as being under-, over- or accurately -conditioned.  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Stochastic pattern 
32 000 dots 



Individual cows can be monitored with their body condition score developed over time. Events 
such as calving, insemination and confirmed pregnancy are displayed. Also, individual cows 
increasing or decreasing their body condition scores > 0.25 or > 0.5 respectively over the last 
two and four weeks are highlighted. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Moreover, milk yield and concentrate intake can be shown in the same graph. Additionally 
customized reports can be generated, to help sorting out cows in need of special attention. 
 
Intervention 
 
The procedures for adjusting feed rations in order to optimize body condition will be different 
depending on the feeding system applied in the herd. In larger farms with different feed groups 
cows could, based on body condition, be moved to the next feed group or kept longer in the old 
feed group. The feed ration of an entire feed group could of course also be adjusted. Smaller 
farms with feeding stations and VMS farms using different PMR groups have the option to fine 
tune the feed ration on individual cow level in the feeding stations. At VMS farms with controlled 
cow traffic and multiple groups, cows could be moved to groups with higher/lower energy PMR. 
 
Performance Testing 
 
The performance of the DeLaval BCS has been verified through comparison with a professional 
scorer. Currently there are algorithms available for scoring Holsteins including similar breeds 
and Fleckvieh. Scoring has been performed at several farms of different types and sizes in 
Europe and North America from 60 ï 1600 cows by comparing 5 day averages. 
 
The graph below is an example from a farm with 1 022 cows. The manual scores of individual 
cows are represented by blue crosses. The scores generated by DeLaval BCS are represented 
by the green line. The blue and red lines define a ± 0.25 score interval from the system scores, 
which is a generally accepted precision in manual scoring. DeLaval research shows that a 
manual scorer scores within ± 0.25 scores in 60% of all scoring events, compared to his/her 
own multiple scoring of the same cow. 98% of the manual scores are within the ±0.25 interval. 
 
 



 
 

Manual scoring compared to scoring of DeLaval BCS. Unit of x-axis is cow individuals. Unit of y-
axis is body condition scores 
 
Repeatability 
 
The standard deviations of the scores generated by the DeLaval BCS at the tests above were 
calculated. The graph below is an example of standard deviations for individual cows at a farm 
with 139 cows. In general the standard deviation is less than 0.1 scores. 
 

 
 

Standard deviation of body condition scores at a specific farm. Unit of x-axis is cow individuals. 
Unit of y-axis is standard deviation. 
 
Summary 
 
DeLaval BCS provides a fully automatic daily body condition scoring of dairy cows. In 
comparison with a human professional scorer, 98% of all assessments from the system range 
within ±0.25 scores. Cows are scored with a standard deviation of less than 0.1 scores. The 
system is able to score cows that walk with a speed of up to 1 m/s (3.3 feet/s). 
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1    Introduction 
 

Technology is revolutionising our lives on a daily basis. Everyone is connected through the 
internet, social media, smartphones, Twitter, YouTube, and so on. Technology can also change 
the lives of cows. What does every farmer want? Easy, accurate heat detection, more calves at 
the right time, healthy cows and the best genetics possible. 
 

Can you remember when you got your first mobile phone and what it looked like? Do you 
remember receiving your first SMS or text message and who it was from? If I told you back then 
that someday your cows or your clientôs cows would be text messaging you would definitely 
think I was crazy. Well this is what is happening on a daily basis on many farms all over the 
world. People involved donôt just receive text messages, they receive fertility and behaviour 
alerts from cows. 
 

Careful observation of cattle is very time consuming and labour intensive. Cows need to be 
Iobserved several times during the day and night to avoid missing heats and health events. No 
matter how big farms become they will always be comprised of individual cows. A herd can only 
operate efficiently if great attention is given to the health of individual animals within that herd, 
regardless of the number of cows. In countries where labour is less expensive this requires a 
management system that observes cattle. In countries where labour is expensive this can only 
be achieved through the use of technology.  
 

Cows will always tell us the truth about their health status but we need to learn to listen. If cows 
are dirty ï their environment is not clean. If they have hock lesions ï beds are not comfortable 
or the animals are agitated. If cows have loose manure and poor dry matter intakes then the 
TMR is upsetting their rumens or the animals are sick. Cows will not deliberately get mastitis nor 
will they get lame on purpose. Itôs up to the farmers, the farm staff, farm advisors, vets and 
nutritionists to be able to see the signs the cows are telling us and make accordingly the right 
decisions for the mutual benefit of all concerned.  
 

One very real challenge that affects the dairy industry worldwide is the availability of enough 
well trained and motivated staff to detect cows in heat and cows that are sick and look after 
them. Sensors can play a major role here in helping farm management and staff by doing the 
work of heat detection and health monitoring for them and consequently improving health, 
welfare and fertility of individual herds. 
 

Sensing technology has been in use in the form of auto-identification (RFID-eartags were in use 
in Dairymaster milking parlours since 1993), accelerometers, and automated voice commands 
for milking parlours, GIS systems, smart feeding software, hyper spectral imaging, automatic 
drafting and weighing scales and so on. With these revolutionary technologies herd owners can 
help manage their farms from anywhere on the planet. Profitability, productivity and the need to 
have a more effective use of labour are the main drivers to developing these technologies. 
Attention to detail is key in optimising farm performance. Now the focus can be put back again 
on the performance of each individual animal. 
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2    Importance of Reproductive Performance 
 

2.1   Increase productivity at farm level 
If we increase herd fertility we can increase farm profitability. We can improve reproductive 
performance by reducing the calving to conception interval, the number of straws used per 
conception and the number of cows culled for infertility. Heat detection is the first vital area 
where sensors can improve reproductive performance. Without sensor technology heat 
detection can get very labour intensive and requires a skilled observer. If heat detection is poor 
healthy cows will be leaving the herd unnecessarily and milk production is reduced. 
 

Accurately detecting cows that are in heat has been made even more difficult by the fact that 
selection for óhigh productionô traits has caused fertility to decrease in the last decade (Boichard 
& Brochard, 2012). This is why heat detection sensors are becoming essential as part of 
modern dairy farm management.  
 

2.2   Introducing the MooMonitor+ 
The MooMonitor+ is a wireless wearable sensor that allows farmers detect individual cow heats 
and health events with ease through advanced data analysis. It monitors cows on a daily basis 
and identifies specific types of behaviour such as feeding, rumination, resting time and different 
types of activity intensity. These features can aid in detecting heats, monitoring feeding and 
rumination patterns, monitoring cow welfare and managing the health status of your farm.  
 

The system is designed for both indoors and outdoors and with a range of 1,000 meters by line 
of sight so the majority of cows can be monitored anywhere around the farm. Every 15 minutes 
the system sends back information about each individual cow. Shorter feedback intervals give 
more precise information about the onset of heat allowing more timely inseminations (AI). To 
assign or alter records of your cow, simply swipe a compatible smartphone over the tag and you 
can immediately update records so there is no paperwork involved. The system is accessible 
from anywhere in the world is accessible on an unlimited number of devices (mobile, tablet, 
desktop) connected to the internet via a secure login. The battery life has been extended lasting 
up to and above 2 average cow lifetimes.  
 

2.3   Problem breeders 
The identification of non-pregnant cows through accurate heat detection of repeats is another 
vital function of the system.  In order to get more cowôs pregnant farm staff need to know what 
type of heat the cows are having (e.g. repeat breeder) and what cows are not coming in heat. 
This allows for action to maximise the pregnancy rates for each expressed heat, optimising 
conception rates on farm level. Cows that require a veterinary inspection ï such as cows that 
have not been in heat before the end of the voluntary waiting period or cows that have health 
events entered during the transition period ï can be listed under farm records or can be 
individually drafted to coincide with the next veterinary visit. Identification of problems allow staff 
to follow pre-set protocols for each individual cows requirements.  
 

3    How Fertility is Linked to Health 
 

3.1   Health issues in the transition period 
Most diseases of dairy cows happen around the time of calving making proper dry cow and 
fresh cow management vitally important. High producing cows are prone to typical production 
related problems such as ketosis, (sub-acute) ruminal acidosis, (sub)clinical ketosis, retained 
foetal membranes, abomasal displacement, endometritis and (sub)clinical milk fever (Mulligan & 
Doherty, 2008) Any issues that influence the health of cows will have an unfavourable effect on 
fertility.  
 
  



3.1.1   Negative energy balance and disease 
Ketosis is the one of the most common diseases of the modern dairy cow worldwide. It is a 
result of fat tissue being mobilised about two weeks before to four weeks after calving. This 
phenomenon occurs to compensate for decreased energy intakes in that period at a time when 
energy demands are high (milk production). At this time the cow is said to be in negative energy 
balance (NEB). A cow with ketosis will suffer from anorexia, causing further decrease in dry 
matter intakes (DMI) which leads to a more profound negative energy balance and more severe 
ketosis ï the cow enters a vicious cycle.  
 

Negative energy balance pre and post calving has a major impact on the fertility of dairy herds 
either as a primary cause through lack of energy in the diet or as a secondary cause through 
illness and reduced energy intake. Excess or prolonged NEB is more likely to occur in higher 
yielding cows. This can cause reduced fertility and digestive, metabolic and infectious disease 
especially mastitis (Roche et al, 2000, Leroy et al, 2006, EFSA 2009). Negative energy balance 
also has implications for body condition score loss and immune function leading to higher levels 
of retained foetal membranes and endometritis post calving (Walsh et al 2011). 
 

3.1.2   Happy and healthy cows ruminate more 
A cowôs digestive tract is designed to digest plant components through the act of rumination. If 
you look at a cow from the inside, the size of her rumen takes in a large part of her digestive 
tract. Likewise is the vast majority of the cowôs time is spend on digesting food (Brown, et al., 
2013). If you look at a cowôs body a large percentage of it is taken up by the reticulorumen and 
a cow spends the majority of her time eating or ruminating. The rumen functions to store food, 
mix food, ferment food and break food down into smaller particles. If this reticulorumen is 
functioning properly then the cow will be happy and will chew her cud.  
 

Usually when a cowôs health is compromised she will stop or reduce the time spent chewing her 
cud, therefore decreased rumination is an excellent indicator of early sickness ï especially for 
fresh cows. A sick cow might continue to eat and drink but her rumination levels will change at 
an early stage. This is valuable information to have for sick cows, because not all cows that are 
under the weather will have a fever. For example: in the case of primary ketosis there is no 
infection or inflammation present and the cowôs temperature remains unchanged. However her 
rumination and feeding patterns will be altered. On the other side: good rumination and feeding 
indicates proper food digestion and conversion into milk.  
 

Returning sick cows to healthy production levels requires early detection of illness in 
combination with correct diagnosis, correct treatment and correct follow up. The goal is to 
identify the disorder early enough so that milk production is less affected. It is therefore 
important to monitor the time of rumination to look for changes that could indicate sickness. 
 

3.2   High performance sensors for the individual animal and the entire herd 
It is important to remember that herds are made up of individual animals. And for the reasons 
mentioned above it make sense to continuously measure the animalôs behaviour. If normal 
behaviour is known, data of cows showing abnormal signs can be identified and action can be 
taken much sooner (Lindgren, 2009; Fregonesi & Leaver, 2001). Early identification of the onset 
of disease is often first identified by sensing technologies, whereas visual observation alone is 
often inadequate. Sensing technology is proven to have a positive impact on calving interval 
(Stevenson, et al., 2014). Using the sensing device as a heat detector, more heats can be 
picked up and more animals can be submitted for insemination. This leads to more pregnancies 
and calvings per year and an overall greater life production due to more peak lactations in this 
period. Watching parameters such as rumination, feeding and resting time increases the 
knowledge about the individual animal. It also gives indications when she is sick or recovering 
from a certain problem. It identifies problems in early stages due to due to a continuous 
information flow. 



4    Monitoring Dairy Cow Welfare  
 

The new Lisbon Treaty that has been in force since December 1st 2009 states that animals are 
sentient beings. Therefore animal welfare and in particular dairy cow welfare will carry 
considerably more weight in the future. It is very likely that advanced smart sensor technology 
will play a pivotal role in future in assessing animal welfare on farms by monitoring behavioural 
characteristics of cows.  Any metric that can be used as an indicator of welfare and health can 
assist to enforce this. Monitoring daily resting time is an excellent example ï Increased resting 
allows up to 30% greater blood flow through the udder which can increase milk yield,  because 
400-500 litres of blood need to pass through the udder to produce 1 litre of milk. Resting also 
relieves pressure on the cowôs feet resulting in less lameness and better claw health. However 
excessive resting time can indicate that there might be health issues present such as lameness. 
A recent trial carried out by Roessen analysed daily resting time for 172 cows from one herd 
over a 4 month period. It was found that daily resting times play an important role in expressing 
a cows emotional and physical health status. It can be used as a key indicator for monitoring 
cow welfare on farm. In this study one aspect of animal welfare ï namely health ï was observed 
to find out what effect a health event has on the daily resting time of an individual animal. It was 
concluded that animals experiencing a health event rest on average 101 minutes longer (CI: 92 
to 110 minutes) than animals that are not experiencing a health event (Roessen, 2015).  
 

Sensors will be able to show that the cow is provided with the five freedoms through 
assessment of her behaviours. Freedom from thirst, hunger and malnutrition, freedom from 
discomfort, pain, injury, disease and distress and finally freedom to express normal behaviour. 
This can serve to reduce public concern of the welfare of cows kept in high input production 
systems. For example reduction in resting times for groups such as high yielding cows can 
indicate deficiencies in adequate provision of cubicle space. Housing design could then be 
assessed to see where improvements can be made. (Nicole, 2011) describes the role of animal 
behaviour in welfare ï by identifying the behavioural needs of animals which can help to 
develop housing and management systems to improve welfare. A knowledge of animal 
behaviour can be used in troubleshooting to identify problems. Equally it can be used to provide 
assurances that animals are content and in good health. 
 

5    Sustainability 
 

As the milk markets become globalised and consumers look for products that are of higher 
quality processing companies need to differentiate themselves in terms of quality and 
sustainability. Suppliers of milk will need to be able to demonstrate that these consumer needs 
are being meet. Sensors such as the MooMonitor+ provide real time indicators of health and 
welfare that can be used to build consumer confidence in individual farms that have invested in 
this advanced cow monitoring technology.  
 

Since the year 2012 less than 38% of the land available can be used as agricultural land and 
with this we are facing considerable challenges in the decades to come considering food 
production (World Bank, 2012). Thus, there is a high need to get the most out of our land, 
animals, water and people in the most efficient and environmentally friendly way possible. The 
use of new technologies has become indispensable in this picture. It diminishes workload and 
physical effort for both operator and manager. This increases work efficiency, reduces the risk 
of farm related injuries and at the same time facilitates working processes. It will also mean a 
better work environment for employees, making the whole farming processes more profitable, 
enjoyable and sustainable.     
 

  



6    Reducing Costs and Expenses 
 

The MooMonitor+ system offers excellent return on investment through reduced labour 
requirements for heat detection and detecting sick cows. Synchronisation of oestrus and fixed 
timing of AI are no longer necessary so hormone usage is almost eliminated except for problem 
breeders. Greater reproductive efficiency and higher conception rates reduce straws used per 
conception and cow culls. Factors such as increasing replacement rates can have a detrimental 
effect on farm profitability. By detecting sick cows earlier more cows can simply be treated with 
supportive therapy decreasing the amount of milk withheld for antibiotics. By using group 
analytics tools we can compare the average rumination and feeding times for different diets and 
different groups giving an indication of the consistency of the TMR management and its 
effectiveness for feed conversion into milk. 
 

7    Conclusion 
 

The health and fertility of dairy cows are fundamental to farm profitability. Sensors can help farm 
management treat every cow as an individual by monitoring behavioural characteristics for each 
individual cow and sending these notifications to farm management to alert them that a cow 
may be in heat or be a problem breeder, may be sick or may be underperforming relative to 
other cows within the group. We can use sensors to assess the numbers of animals affected, 
the severity and duration of the problem. Once problems have been recognised then they can 
be assessed using activity, rumination time, feeding time and resting time data, allowing 
decisions to be made to achieve a successful outcome. All this contributes to improved health, 
reproduction and cow welfare. 
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