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Sustainability

Sustainability

Tim Taylor, CEO, Vyla

“Acceleration”
Definition and Framework for Sustainability
Seven Zones of Acceleration for Dairy Technology

Call to Action for the Precision Dairy Community

...share a few stories, books, and an outsider journey

An Ag Valley

—
FAIRCHILD

SEMICONDUCTOR

intel < nvibia

Go

gle

Steve Jobs

8th Grade Assembly




The Entrepreneurial Thing - Manufacturing

The Entrepreneurial Thing - Software

My First Dairy Farm Visit

Sustainability Performance Platform - Connecting the Dairy Supply Chain

=z Link to on-farm systems, audits

Nestle

Flexible audits

RuFaS model, audits

10

Sustainability

“meeting the needs of the present
without compromising the ability of future generations

to meet their needs”

Colorado School of Mines

Environmental

Socio-Cultural
Agricultural

Consumers

Geopolitical

Scientific/Academic
Economic

Technological
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‘A hopeful book about the potential for human progress when
we work off facts rather than our inherent biases.”

FAC*
FUL

Underlying the discussion of

Sustainability is data-driven truth

7 Zones of Acceleration

for

Sustainability Technology in Dairy

14

15

1. The Internet of Things

 loTis the Foundation of Technological Transformation
* Ground Truth for Data-driven Decisions

* “Measure it / Manage it”

2. Genomics

* Healthier, Higher-Output Cows
* Improved Milk Quality and Farm Profitability

¢ Matching Animal Traits to Sustainability Priorities

Milk output (right axi

is)

Number of

Milk output per cow (pounds)
25,000

20,000

15,000
10,000

cows (left axis) 5400

2005

2010

2015 2020
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Sustainability

“meeting the needs of the present
without compromising the ability of future generations

to meet their needs”

Colorado School of Mines

Environmental
Socio-Cultural
Agricultural

Consumers

Geopolitical

Scientific/Academic
Economic

Technological




5. Soil and Water

“Regenerative Agriculture is a restorative form of
farming that promotes biodiversity with a focus

. . healthy, livi ir”
* Regenerative Agriculture on healy, fving sof

* Water Efficiency and Management

“Whiskey’s for drinking.
Water’s for Fightin’ Over”

Gabe Brown '

3 6. Generative Al
SOLUTION

FOR A
WATER-STARVED
WORLD

LET =
THERE
BE ==

“you won’t be replaced by Al,
but you will be replaced
by someone who is using Al”

ing
—MICHAEL BLOOMBERG

SETH'M. SIEGEL

21 22

7. Integration and Collaboration in the Ecosystem salesforce

! ENANGA

Integration Verizon‘/

S\/ SCO ' connect

* Integration between

platforms is mission critical
* $75 billion in revenue

. illion i Outcome:
SolL+ CRoPMGHT mwurzmz \ i w

* 14,000 delivery trucks Increase from 14 deliveries/day

for technology acceleration

23

The foundation of :

collaboration is data privacy 9
and security for the farmer
and trust between entities

in the ecosystem

\ Mlumm\urv

@D

@ @

-mmumm
BESTPRACTICES

Gb Ny

* Challenge: Driver workflow inefficiency /
disconnected legacy systems

to 16 deliveries/day per truck
(+14%)




VOL. LV..NO. 17617,  **°*°°

ror 19, 1906 IVR 500 06D, 200000000 LOST
e IV SAN FRARGSED EATHOUME

Nearly Half the City Is in Ruins and
50,000 Are Homeless.

"The great earthquake and fire Disrurtion
of 1906 was a turning point for o
dairies and milk dealers that CollabcTratlon

. |
served San Francisco. Transformation

Ken Morrill, Arrowhead Farms

George L. Perham

The Dairy Delivery Company Tim’s Weekend Transportation

26
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Call to Action

Pursue Collaboration  ——— Lift for Farmers AND Suppliers

Accelerate Integration

Between Platforms ——— Create Decision Intelligence, Efficiency

Accelerate Technology

forlShsiNAbIEhine ——— Feed a World of Worthy People




Dairy Methane Emission Reductions

Mike Jerred, Cargill

Cargill ==

Dairy Methane Emission Reductions

111 Sutanbity: Oy Etor Nthan Emission Rcuctions " H o o i

Cargill ==

Agriculture Is How We Will Address Climate Change

Cargill
Ambition

Uncover the power of farmers & nutrition by doing more with less to feed the
world & protect the planet

@1 9| =

Land & Water People Animal

Climate

+ Enhance farm livelihood
* Make food affordable for
all

+ Meet 2030 pathway + Land use, deforestation &
commitments conversion free
(scope 1, 2:and 3) « N,P emissions reduction
on carbon emissions .

« Lowering water use &

* Reduce GHG gas improve water quality,
emissions priority watersheds &

+ Operation & transportation - water stress areas
efficiency, portion of
renewable energy

« I our supply chain

211 Sustsnainy: Doy Entac ethae Eson Reductons

+ Increase efficiency
+ Enhance Welfare

« Promote & Respect
Human Rights

2

Cargill ==

The Sustainability Story

A gallon of milk in 2007 Today, 2/3 of all
had a 63% smaller
carbon footprint
than in 1944

A gallon of milk in 2017

had a 19% smaller consumers will pay

carbon footprint more for sustainable
than in 2007 products

1944 2007 2017 I, Present
[ P

Cargill ==

A Breakdown of Dairy Greenhouse Gas Emissions

Total U.S. Greenhouse Gas Emissions by
Economic Sector in 2020

souf

Il Tensporiaton
B oty
ndusty

Commercial &
Residential

[

11 Sussinabity: Dy Enoc Mot Esion Reductns

4

Charts here

Sources of U.S. Agriculture
Greenhouse Gas Emissions in 2019

I crop and Soi Management
[ vanure Management

I Eteric Fermentaton
Dairy
contributes
. 46%
28%

> Beef & Dairy
contribute
96%
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Enteric Methane: A Natural Occurrence

Methane Gas

Cattle Eat

Primary ways to influence the animal’s natural process and reduce methane output

Inhibit growth or Feed additives Utilize hydrogen
activity of microbes that use or to alleviate
that produce convert methane methane output

Digestion

Change
fermentation
pattern

711 Sttty sy Entorc Methan Eision Rt

methane

Cargill’s Investment in Industry Research

Cornell Research

Idaho CAFE'’s research dairy

Internal R&D Initiatives

11 Sussinabity: Dy Enoc Metho Esion Reductins

8
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Know Your Numbers

Predict

f\ \ Understand existing enteric meth:

utilizing our expected outcomes

and efficiency

Identify
Discover enteric methane reduction and efficiency opportunities,
and create an action plan for further improvement

Validate

Utilize dairy MAX to validate predicted performance to actual
performance to optimize for profitability and sustainability

Report

Captures quantitative data on key performance indicators to
manage to your sustainability program goals

Supply Chain and Consumers

Cargill is using our position in the
industry to connect stakeholders in
the supply chain to consumers.

Consumers needs and opinions
affect the supply chains decisions, —

this is why sustainability is f \
important.

10

11

Cargill

Helping the world thrive




Using Tech to Improve Sustainability

Dennis Haubenschild, Haubenschild Farm

' M'yﬁle and Donald Haubenschild, 1952 Founders

Farm Objectives
Sustainable - environment-friendly farm

Milk production Recycled water
Energy production mproved nutrients

Heat recovery Family-oriented
Minimized odors Fair profit

Soil preservation
Effective feed program

Mllk Production

no human handling
closed sterile system
minimal agitation

1600 cows in productio

250 in dry barn

milking 3X per day i g

137,600 pounds per day~_
or 16,200 gallons ‘j 1)
8l o J 98F to 36F mstantly

3 - 6,000 gallon tankers




- Feed Management

p—

E Computer generated TMR
Minimal shrinkage

Once a day
feeding

Recovery of )
unused portion

Cost effective
program

Using that nondepleteable renewable resource

Methane production

via anaerobic decay g

130'LX30'WX14'D
1/2 million gallons |
20,000 gallons each day 72500 cf of biogas per day

constant 100F degrees ~ Biogas is 60% methane
1,800' of piping & 35% CO2 50 cfimin
23 cflkWh

Electrical Transfer

.

Mi\mii !

E'ﬁb t )t

i NG —

connection to power company

Nutrient Management

Soil Preservation

Increased nutrient value of the processed
manure

More readily available to crops

Estimated $60,000 savings in fertilizer
Manure is a commodity

Digestate is a soil amendment

90+ % odor reduction

One cow supplies the nutrients for one acre of
land — One acre supplies the forage for one cow

Methane Powered Co-gen
Electricity Production

Started project June 1999

Fully operational Oct 1999

150Kw generator

Waste heat recovery for digester
operation and building heat

L
< el |

As of 11/20/2009

The system has been running for almost 24
years

Been running 95% of the time producing
130 kWh 24/7since 9/20/99




Biogas produced from one
day’s manure from 100 cows
has about the same energy
content as 1 barrel of oil

Ammonia From Biomass

Three
Possible
Pathways

1
Anaerobic
Digestion Crack CH4 N2 from

to give Air
CO and H2

Solids
and Combine CO|
- Liquids Streams and
Corn Silagel 7 apply Water
or N Gases Shift to give
Other Blc_)r_nas_s co2 €02 and H2
Biomass H20

[Trace Othe

Combine H2
Streams

Solids
) Sequest
Liquids er, Treat,| " cop
3 or Sell 3
Destructive| Gases Co2,
Distillati H20 and
Pyrolysis| Trace
i )_l Other Anhydrous
Ammonia

Solids and
Liquids

Sustainability: in'agriculture is achieved by usingall of;
mother natures: tools.

\We have shown! thattwe cani preoduce hydregen from
bic-gas:

Whenicogeneration and tri-generationapplications  are
used, overall energy/efficiencies of 70+ %) are
possible.

Thank You, Dennis Haubenschild

Research Lab

=University of Minnesota,Biosystems and Agriculture Engineering
=Legislative Commission on Minnesota Resources

=The Minnesota Project

=John Deere

=Electric Power Research Institute




Labor Challenges and Tech Intro Talk

Matt Lange

int@ral

Financial

Dairy Labor and Tech
— A Proposal for a Standardized Approach

June 30, 2023

Matthew Lange,
Dairy Business Consultant

Global Approach to Labor and Tech

* Garbage Collection = Changing Profile of Labor + Productivity
* Wausau Foundry = Integration with Labor
* ChatGPT = Replacing Labor

@OpenAI

Dairy Labor

* What we know about labor on dairy farms today.
« Continual challenges with limited improvements...we are still talking
about labor and labor issues from the early 2000’s.
* Accessibility & Retention
* Routine gaps in payroll
« Turnover rate: 2.5 w-2’s / Full-time Equivalent
-$
* Wages are continually rising: 10% to 30% increases
+ Cost has stayed the same for last 5 years: $3.35/cwt. today.
* Wages offset by higher productivity.
« Ironically: Little correlation to dairy farm profitability. We'll get to

this later. G g

Dairy Technology

Automation

Sensory

Enhancements. Biometrics

Technology is Labor
in a different form

IT Management o

Communications

A-E-I1-0-U

¢ Assessment — Does it fit?

* Economics — How does it pay?

* Implementation — How do we make it happen?
* Output — Is it achieving expectations?

¢ “U” —Where am | in this?

11

1. Assessment

* Healthy Skepticism
* What is it really going to do for MY business?
¢ Am | ready for it?
Labor Management
Profile Change Time
Productivity and/or Skill Increases Understanding & Learning
Replacing Activities Actions

* Decision-Tree...If “x” happens | do “y”



2. Economics

* Lowest labor cost does not correlate to profitability, but it has the
potential.
* Replacing labor with technology will be offset by depreciation and
interest of capital...therefore...
* What are we getting for what we are paying for and ...
* Can technology provide an improvement on margin through output and

consistency.

* What other capital needs to support technology?

2. Economics

* Return on Investment
* Productivity vs. Efficiency
* Timeline & Impact to Cost of Production

¢ Debt Structuring
* Working Capital = HOLY WATER!!!
* $35 to $45/cwt. Total debt load. Standard is about $20/cwt.
* Robots — 7 to 10 years. Construction — 15 to 20 years. Blend of 12.5 usuallv.
* P&I payments/cwt. at $4.50/cwt. approximately, standard is < $3.50 G g

Process Gantt Chartt

WEEKLY GOAL

3. Implementation

« Integration from setup to ongoing/daily
activities.
« Shifting for time.
+ 15 minute increments of the day.

* Accountability & Training

* Personnel responsibility

* Adoption rates are dependent upon retraining
* Learning and Troubleshooting

* Reducing frustration and limited utilization

ag

4. Output

* Technology is Knowledge & Benefit is Application
* Data interpretation and response
* Adaptation to new reality

* Measuring progress.
* Maximize tools.

10

5. “U” =You

* Management must shift as tech changes
labor.
* A new language: data understanding
* A new oversight: same responsibility
* Success is dependent upon a planned and
actionable strategy.
* Understanding the common denominator.
* Time

11

12

Define Our Understanding of Labor & Tech
Labor and technology are valuable assets & investments.

Technology can replace labor, enhance labor output, provide task
consistency, and even reduce overall labor cost over time.

Successfully achieving these outcomes however, depends on a clear
understanding of needs, application, and management.

12



int@ral

Financial

Matthew Lange

Dairy Business Consultant

P.O. Box 45

Menomonie, WI 54751
715-308-1335
Matt.Lange@IntAGralFinancial.com

13

13



Using Equipment & Cow Data
to improve parlor/robot performance

Andy Lenkaitis, PE, MSc
Herd Management Systems Engineer

Driving Factors

® It’s all about the cow & Labor and automation & Data driven decision making

Using Equipment
& Cow Data

to improve parlor/
robot performance

Andy Lenkaitis, PE, MSc
Herd Management Systems Engineer

Milking Cows the Way -
We Know is Best... i

. & -
Milking Cows theWay |
We Knowis Best...

: | -
) = *
_imii L

Better, Smarter
Cow Data

14



Cattle Info Page: Animal no 879

Partners in Success

| Engineering
for a better
world.

11
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Automation to Improve Labor

Nathan Brandt
Four Cubs Farm — Grantsburg, WI

Four Cubs Farm — Grantsburg, WI

.
Automation to Improve Labor
* Milking 975 cows with 16 Lely Robots
« 8employees on Cow-Side (with Robots)
- 13 employees on Cow-Side (Pre-Robots)
* 5employees on Agronomy and Shop Crew

Parlor Fire Occurred on 11/1/17

3

] | GEREEED 0|6 |ummmJ

e | s B, |

16



Most Important for our Labor

* Rumination and Activity Collars
o Directing Employees to the cows they need to take care of.

* Fresh Pen

* Sort Gates

o Separating cows for certain tasks saves time and less disturbance to
the main group.

* Fetching Fresh Heifers - 4 times in the first 10 days.
* Cross-training
* Labor Flexibility

ThankYou

17




Carlson Dairy, LLP

Chad Carlson

Carlson Dairy, LLP Partners

Carl & Kellie Carlson

) \g i

\\\'K‘ ) > ;5,

Our Mission

To Operate a HIGH-PRODUCING,
well-managed, INNOVATIVE,
d nd (i/'//d/(////(/é/(‘ e%ﬂ///y ~owned da | I’y.

Today’s Farm Facts

Century Farm ~ 31, 4th, 5t Generation
1,900 Milk Cows

GEA Dairy ProQ 60 Stall Robotic Rotary Parlor
1,200 crop acres
Corn & Alfalfa

25 employees




Words to Live By.....

A favorite Mark Twain Quote:

*“Twenty years from now yov will be
more dirappointed by the things that you
didn’t do than by the oners you did do.”

Haylage Harvest

Baby Calf Barn

(@{(e]¢)

Land

* 100% for Feed Use

e 2023 Crop Acres
+ 500 Alfalfa Acres
+ Haylage (Mdjority)
- Baylage
+ 700 Com Acres

»  Comsilage
+ High Moisture Com/E

¢ Harvest Timing

arlage

+ Haylage: Chop 4-5 crops Annually (May - Sept)
+ Com Silage: Early Fall Harvest
+ Earlage: Mid Fall Harvest

Corn Silage Harvest

Baby Calves

| dmmmmu-w ‘WWMNMJ' .

s il s




Automated Calf Feeder
Automated Calf Feeders CALFMOM

- wiesn

Home to 1000 Heifers

Storm’s Silver Lining

It was the push we probably needed...

New Robotic Rotary Parlor Summer 2018




GEA 60-stall Robotic Rotary Parlor

Stalls

CARLSON DAIRY

. Est. 1891

21 22

21



Feltz Family Farms

Jared Feltz

Jared Feltz- Feltz Family Farms :
- - FELTZ'S DAIRY STORE

Food Family & Fun

Date
and time
Cows/robot 52-56 0758 361 6 57 -
0239 381 6 62 -
- 14/11954 287 5 55 S
Milkings/cow/day | >3 14/11506 365 5 65 -
14/10935 505 7 7.0 -
§ 14/10133 267 5 51 -
Milk/cow/day 100# 13/12103 309 5 61 -
13/11605 394 6 65 S
13/10957 446 6 7.0 -
scc 100 13/10311 259 4 53 2
160
Milking Duration | 6:30 e ——————————

Yield/robot/day 5,000#

%02 1 21 31 41 S/ 6 7L B S/ 1o 121131 1571
Id: 2016 Group: 1 Milk in cow (b} 44.7 7d (Ib/day): 145.9
ce.. Lactation: 3 No.of days: 91  Arear VMS 2 Holding

22



Speed Dating in WI

Don Niles, DVM
Pagel’s Family Businesses

Precision Dairy
Conference
”Speed Dat'”g in Wl” Does it make sense to us?

Does it make sense to the cows?

PFB Philosophy Regarding New Tech

Don Niles, DVM Where is the system in its development process?
Pagel’s Family Businesses Our ideal point is ready but room to modify

We are very willing to offer feedback and work with design/support

Cainthus Cattle Eye

Camera Based system to monitor in-pen behavior
Focused on feeding/feed-bunk behavior
Installation a bit cumbersome B P .

Drop in place Monitoring System to access individual cows as they pass through a camera’s vision
Uses its own cell system (Cost vs reliability) Current uses include lameness detection
Cost $3.50/head/month

Provides some alerts (feedbunk empty, herd lockups too long)

Potential uses include body condition scoring
Some useful graphs (Cow comfort Index, laying time by pen) Only in use for two months
Cows selected for lameness similar to what we are already identifying
Tremendous potential for advanced herd management Body condition application in process
Requirement for dedicated user(s) on staff . . P .
Great tool for making very good herd even better High potential system but needs work to add cost justifying value in our hands

Intriguing potential synergy with feed push robots

Cattle Care Cow Activity Systems

Camera based Al system to monitor parlor protocols and behavior Currently using Alta Cow Watch (Nedap) and SCR
Uses the dairy’s existing cameras which greatly reduces overhead cost

List of reports available very large and can be adjusted to parlor Both systems now fit into “Wouldn’t dairy without it” category

Provide a weekly conf call to continually improve product value Significantly improved detection of estrous and sick

. o . Allows us to assess cows without them knowing it (let cows be cows)
Very active support and continuing innovation
Cost $1300/mo parallel, $2000/mo rotary

Daily reports on previous day’s findings

Relative advantages very close
ACW accessible remotely
SCR also offers sort gate system

New “quick alerts Best choice basically comes down to relative strength of support

23



Pulse Needle-Free Injection

System uses compressed gas to project medications through the skin
Originally adopted for BLV control to support surrogate ET program

Can set up for 1-5 cc injections
Can be set up for IM, SQ or ID injection
Convenient and comfortable enough to use in parlor while milking

11

12

24
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DD MCM per Cow

5 5
o « K & & o & &

—e-2022 —e-2021 —+-2020 —e-2019 —%-2018 -e-2017

16

17

Valuable Synergies

By combining different new technologies, we create valuable synergies
Remote estrous and sick cow detection
Comfortable treatment system used while milking
Automatic sort gate to sort animals in need of attention

Use of the combined systems above preclude the need to lock cows

In our experience on two sites, it appears that discontinuation of daily
lock-ups have resulted in significant production increases of around
10 Ibs/cow/day

25



Abel Dairy Farms
Steve Abel

Steve Abel

26



= Abel DairvFarm 'sA

X

Chores ‘Enter
Event

@

Pen Vet Check
Scoring

Abel Dairy Farm - 17896

= Abel Dairy Farms, LLC

Total AF needed today
376,225 of 509,338 Ib

Lactating34,480 of 468,131 Ib
7%

Dry 41,745 of 41,207 Ib
101 %

Ingredients  Recipes

(=)
Feeding

Inventol
history e
—

11

27

Live View e
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Labor’s Lamentation, Technology’s Waltz
Digitizing Dairy’s Dance from Hooves to Harvest

Ryan Braun, Ever.Ag

% . > Ale N\ =y k. Missing Labor )\

EverAg

Labor's Lamentation,
Technology's Waltz

Digitizing Dairy's Dance from
Hooves to Harvest

PROPRIETARY AND CONFIDENTIAL

Computer vision enables dairy farms
to automate tasks, monitor cow
behavior, and detect labor issues
promptly, improving well-being of
livestock and employees while
reducing reliance on middle

management.

Feed Bunk Management People and Protocols S i i

V Increase Intakes with More Feed Availability + Improve Team Efficiency S \ ‘1\\& . M
+/ Optimize Refusals Knowing Low Feed Time 7 Identify Protocol Drift s » ' = ¥
 Get Real-time Alerts for Immediate Action  Peace of Mind knowing the the job is done. . e S S ,A m- -~
TR SEverAg - SEverAg -
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Connected Farm Data " Doubling Labor with Tech

Sensors,
Cameras, and
Meters.

Weather & CO2
Emissions.

Feed Producer
Management Payroll
) Pickup

Feed Mill Schedule &
Ingredients Manifests.

Market Prices
(Feed + Milk)

Management

Financial
Statements

Z2EverAg

K. Doubling Lal:;or withzTet‘:h X

SEverAg ©

10

e
EverAg

Thank You!

Charlie Hoffman
charlie.hoffman@ever.ag

Ryne Braun
ryne.braun@

SEverAg 1

30



SAINABLE LIVESTOCK SYSTEMS
Join the Herd or Get Left in the Dust

Corey Ramsden, Athian

@ Athian

NABLE LIVESTOCK SYSTEM

the Herd or Get Left in the Dust

USTRY COMMITMENTS

Expectations From Consumers & Investors
Drive Climate Commitments

THE VALUE OF PRODUCERS

Focusing Solely On Climate Issues Ignores The Crucial Roles
That Livestock Producers Fill

Significance ing Food Waste
ource of high-quality ird of a U.S. dairy cow's diet
nts, S de up of food waste and
ducts that would otherwise end
upina landfil.

THIAN PLATFORN

Athian Connects The Value Chain

Athian Carbon Marketplace

CPG & Retail Companies Industry Processors Livestock Operators

Visibility to current and potential Pivotal role connecting data and Lowfriction, real- i
suppliers' GHG footprint and access to a sustainability incentives to fund
s og practices
Scope 3 insetting assets chain, driv
in real-time

ATHIAN Industry & Scientific Collaboration
Industry convener & consensus builder for scientifically

Delivering Industry- based and iabe
Wide Sustainability

Interventions At Scale
Producers have access to a scalable, low-friction
sustainability ecosystem

Benchmarking
Defensible, actionable, realtime measurement tools

Data Aggregation

Single, transparent source of aggregated data & supply chain
visibility to support Scope 3 targets.

Compensation
Financial incentives at the speed of business

31

ATHIAN APPROACH

A Low Friction Platform for the Entire Supply Chain

N Producer Access to Company Access To
Primary Data Sources Interventions Scope 3 Credits




The Opportunity

Act now to leverage the voluntary sustainability
marketplace

« Record, Record, Record

« Engage with Elanco (Uplook) and other
benchmarking tools

« Evaluate opportunities for your operation
based on the data

VW Athian

Sustainable Livestock Systems
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Labor Insight SCALE Control
Dr. David Cook

Labor
Insight

66

OUR INSPIRATION

BoviSync improves decision
making by increasing clarity into
herd activities with information
recorded cow side

DR. DAVID COOK

FOUNDING
PARTNER
C—CT—
What We PROVIDE
Business Scaling . . .
Provide Insight and Wisdom

PEOPLE v PROCESSES (4 Standardize information in a system thatimplements herd
Easy to learn/train Turn SOPs into checklists management by mapping out herd protocols
Training identification Enforce processes

Prevent protocol drift Improve workflows

Efficiently collect data through effective processes delivered
Lower Labor Costs $0.02-0.10/cow/d

cow side using chores and event sets.

Gain wisdom using powerful tools like Bovi-Insights for
interactive reporting with the ability to drill down

METRICS v SOFTWARE v
Bovi-Insights: herd and people Robust
Monitor compliance Complete
Identify process breakdown Efficient
BoviSync | SCALING | LABOR | INSIGHT BoviSync | INSIGHT for DECISIONS

3 4

Search for: Transition Report Card Report On First Service — Search for Concept by Transition, Reason, and Lact Group Report

& Transition Report Card Oct14,2021t00ct 14,2022 & - dd Colu +

FreshiWeek v¢ LaGr +z Count™ MikWk~ MIKWKE~ MIKWK12~ DiCloseupPlL ShricsUpté SoldDied30 Died30 SoldDied60 Diedsd TrmsCnt v

2022-10-09 20 24 0% 0% 0% 0% 0% 0% Concept by TranSItlon' Reason' Oct 14, 2022 to Apr 12, 2023 for May 17, 2023 < View/Edit Events v

2100 s u T aw o aw o am and Lact Group .,

20220925 4“4 2 0% 68% 23%  68% 23%  23% TransitionPeriod «i- BredReas =, LaGr ;v %Conc - #Openv #Pregv Total - %Total ¥ %Abort~ UnkRes~ EvNum

L] 2022-09-18 49 105 24 36% 0% 0% 0% 0% 0% D

20220011 s & 2 as% 36% o ae% o s%

2- 56 12 73 24 2.5% 36% 0% 36% 0% 0% e healthy (1457) 41.3% 808 602 1457 45.82% 0.7% 47 1

o 2022-08-28 53 102 87 26 3% 5.7% 0% 5.7% 0% 5.7% 4s) 100% o 45 45 1.415% 0% o 1

2022-08-21 52 102 108 23 2.9% 7.7% 0% 9.6% 0% 0% Chalk (137) 43.1% 74 59 137 4.308% 0.7% 4 1

20220814 a3 104 14 105 2 0% 7% 0% 7% 0% 23% Cidr/Ovsynch... 34.8% 39 23 66 2075% 0% 4 1

20220807 38 102 12 109 2 42% 26% 0% 26% 0% % Double Ovsyn... 39.9% 629 438 1098 3453%  0.8% 3 1

e = e b - = bt el el . e o [:] 76 (sm Follic.. 347% 58 35 101 3176% 0% 8 1

2 1 || !

e 20220717 36 101 108 119 20 0% 28% 28% 56% 28% 28% mchs (10) 20% 8 2 o 0:3145% o% o !
1016) 16 73 78 95 12 0% 0% 0% 63% 0% 63% e peksue ) 251 1z 5 = 0.7235% %) 0 i
209 9 121 124 134 26 0% 0% 0% 0% 0% 0% Cidr/Ovsynch... 50% 1 1 2 0.06289% 0% 0 1
3an " 129 140 14 27 0% 9.1% 9.1% 91% 9.1% 0% Double Ovsyn... 25% 15 5 20 0.6289% 0% o 1

e 2022-07-10 48 105 m 17 23 0% 0% 0% 0% 0% 0% Pyo G7G (1) 0% 1 o 1 0.03145% 0% o 1
1018) 18 74 81 95 17 0% 0% 0% 0% 0% 0%

2(13) 13 120 124 123 25 0% 0% 0% 0% 0% 0%
307 17 123 134 136 27 0% 0% 0% 0% 0% 0%
o o200 s 0 "3 4 P 20% 18% o5 ae% o% 3%
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("/'ZB) Feed Intake by Pen Report- BoviSync

| @Feed Intake by Pen

‘Week ~ Pen ~  Date ~ Total Count ~ Average DIM~ Average Lacatio PregCount ~ LMILK ~  Total Dropped Avg DMI Per €0\ Feed Efficiency Feed Cost |
.

- e [ o Alli
— e o o o5 |

ey T — T —

2023-01-29 2288 180 187 1283 9.71 1943263 54 185 9.44

2023-02-05 2325 183 184 1327 98.25 1966819 53 185 941

. = . — ndus

S T — S —

2023-02:26 3228 179 18 1784 98.07 2830739 51 192 858

2023-03-05 3788 178 178 2087 98.09 3117450 48 204 828 Ll

S Flaes o T S o s s s Ero S S o) I u tl ons
. T T ——

o e ey e e s ——

e O  — .

s e 17 b s e 206 7 BoviSync Herd Management

S T — —— - — —

s P TR . R N N .. e

i S —

2023-0507 4085 191 178 2235 96.32 3435168 52 185 772

o 2023-05-14 4067 191 179 2226 9583 3418071 52 184 776

vl i o b s i s L

HIvs: Reports
Api Access
DC 305
PC Dart Data Client Data Dumps
! Data Lakes
DairyPlan
DelPro Custom apps
Afe' ik Mobile App
imi * Data capture
* Guidance

Data sources:
Parlor
Processors
Feed

Data owned by farms
Sensors

Access is based on permissions
to team/user accounts.
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Computer Vision to dairy farms
to optimize labor efficiency and eliminate animal abuse

Artem Timanov, Cattle Care
Key metrics:

* 44 customers

Cattle Care

Computer Vision to dairy farms
to optimize labor efficiency and

eliminate animal abuse

iy
1 2
Key metrics: Key metrics:
* 44 customers * 44 customers
* 68 farms * 68 farms
* 220k cows are under monitoring
3 4

Key metrics:

* 44 customers
* 68 farms
* 220k cows are under monitoring

* We've been on the market for 2 years and have only lost 4
customers
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Why a milking parlor is the most important and
problematic place on a dairy farm?

Why a milking parlor is the most important and
problematic place on a dairy farm?
» Milking parlor is a harvesting point of a dairy farm

environment

» Milking parlor is a harvesting point of a dairy farm
« It’s the most labor intensive part and it’s a tough
7

Why a milking parlor is the most important and
problematic place on a dairy farm?

Why a milking parlor is the most important and
problematic place on a dairy farm?

* Milking parlor is a harvesting point of a dairy farm

« It’s the most labor intensive part and it’s a tough

environment

* Very hard to measure performance of individuals

» Milking parlor is a harvesting point of a dairy farm

« It’s the most labor intensive part and it’s a tough
environment

* Very hard to measure performance of individuals
* Majority of interactions between cows and people
happens in a parlor

10

Total issues: Jun 8th -Jun 14th
Weekly average | Cows affected S orcons Ydrcols
Guring last 2 months this week afected sfeated Weekly change
previous week his week
One towel for several cows. 17690 2210 199% 167% 32%
Manual detach 7505 202 662% 682% +020%

12
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‘Select multiple Average number of issues per hour for each shift
(e ) (v o) T ) (issivions) ) (vrors )
e D T ) omee)

( ) )C (@
(Missed attach ) (Short postip ) (Short sripping ) (Late reattach ) (No reattach ) (Good postaip ) (Good stripping ) (‘Stimutation time )

Bacteria kil time

From Jun3d

To Juntetn
e days

pitl pit2

Time It Quantity It Issue Video Comment It
One towel for several cows
053un 8 pitl
0478:42 pm
One towel for several cows (8)
H5un One towel for several cows
04:00:44 8 i
pm One towel for several cows (8)
One towel for several cows
£n 7 pitl
051850 pm
One towel for several cows (q)
One towel for several cows
123un 6 pit
030216 pm
One towel for several cows (6)

14
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All these leads to:

* The first results in the first 3-4 weeks

16

All these leads to:

17

« The first results in the first 3-4 weeks
* More milk (2-5 Ib per cow per day)

37

Allthese leads to:

* The first results in the first 3-4 weeks

* More milk 2-5 Ib per cow per day)

* Better milk quality (drop in SCC, 50k decrease is
common)

18



All these leads to: All these leads to:

* The first results in the first 3-4 weeks * The first results in the first 3-4 weeks

* More milk (2-5 Ib per cow per day) * More milk (2-5 Ib per cow per day)

* Better milk quality (drop in SCC, 50k decrease is * Better milk quality (drop in SCC, 50k decrease is
common) common)

* Less mastitis cases (-25%) * Less mastitis cases (-25%)

* Eliminating animal welfare challenges

19 20

All these leads to: All these leads to:

* The first results in the first 3-4 weeks

* More milk (2-5 Ib per cow per day)

* Better milk quality (drop in SCC, 50k decrease is
common)

* Less mastitis cases (-25%)

* Eliminating animal welfare challenges

* Better team morale

* Lower employees turnover (-20%)

« The first results in the first 3-4 weeks

* More milk (2-5 Ib per cow per day)

« Better milk quality (drop in SCC, 50k decrease is
common)

« Less mastitis cases (-25%)

« Eliminating animal welfare challenges

* Better team morale

21 22

A
Anton Slesarev Christian Hockstra Artem Timanov Oleg Akimov George Serebrennikov
Co-founder, Technology Co-founder, Sales and Customer Co-founder, CEO Head of Engineering oo
Success
Deep learning experience for Fourth generation dairyman, Co-founded, headed up and Built the largest online cinema Built globally-distributed
10+ years, content-based Cal Poly degree, milking parlor sokd Computer Vision based in Easter Europe with 60M remote teams with hundreds
image clasifiers, the first manager at 4,500 cows dairy startup for retail MAU of employees, ex CTO, ex
content-based image search cro
Cattle Care Clients cngme
m
N AK 2 .
5 Computer Vision and software Leading dairy experts in
= engineers and Dairy scientists the US as advisors
& HI
—

23 24
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Contact Us

Artem Timanov, CEO
+1 (628)202-6500

at(@cattle-care.com
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Terry Canning, Cattle Eye

The Problem Dairy industry inefficiencies

Major problem - poor farm productivity

CATTLE

E Y E Inefficient use of feed resource
¢ Over/under feeding
* Metabolic Disease Potential (£100 per case)

Lameness

¢ Painful condition; ~30% of cows

¢ Severe economic impact: £142m UK loss

¢ Premature culling- Additional GHG emission

Precision Dairy Presentation

Poor welfare standards damage consumer
confidence in dairy

CATTLE
EYE

The Product
Video Analytics Platform
Cow Scorer1  Scorer2  CattleEye
5087 1 3 53
5723 0 1 48
5906 0 0 11
—_ 1373 2 3 63
5716 1 0 21
5741 0 0 25
i ge'lE' TLE . L -
4
Validation Lameness Validation Body Condition Scoring
@ LIVERFOOL  initial vaidation of an intelligent video ol 12 week blind study of prototype accuracy - Results: Higher accuracy levels than any camera vision technology*
]Cl;?tUI:EOyV;Sis performing mobility scoring * Feb-March 2023 — >
Department similarly to a trained scorer © 1K BCS. Scores
Out performing expert human in lameness * 4UKDairies
lesion detection « 8 whole herd BCS

* BKcows

12 week study on 3500 cow dairy in South Dakota m" o
Test group early indication sent to foot trimmer s 0%

ﬂ@ 20% improved outcome in 14 days after treatment § E 0%
'UNIVERSITY OF MINNESOTA Test Vs Control in -
Driven to Discover* L. . - |

H oy I
e o || 1
N ~500K CE locomotion scores analysed by CDCB UNIVERSITY OF §‘° = ‘II |
b geneticists report average 12 pt higher scores for LIVERPOOL i oot Witin025l

R ON BT CATRT BRETORE. cows with lesions on 100pt CE score % % Eo e, RIGRE RS mAGAT SAN
CATTLE
EYE

5 6

5o
oaysimwk

CATTLE
EYE

* Based on data contained in multiple published validation studies
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Commercial

Traction

Rapid adoption
m—* Bahrain Dg'“

. Qatar. Gy,
 United Arab .
NEmites Muscat
A hew

" & Dairy One_

GEA 5,
100K cows across UK/ USand GCC

CATTLE
EYE

Returnon
Investment

CATTLE
EYE

Highfields farm - Case Study

Lameness Prevalence
90
kil w70
o 5o
o
®
Lactation =1 Lactation = 2

s
0]~

ChangsnROMS.

*

o R

Lactation = 3+

=2

§R&RSA8 RRREAIRE SRR

k 08/2022 - Farm disengaged - Negative impact on Mobility/Yield
% 11/2022 - Farm re-engaged - Positive impact on Mobility/Yield

|4
a0

Fa02211

22301

202303

— Yeld
—— Energy.comrected Yield
— Mobilty Score

41



A clear picture of udder health

Tamara Leigh

elo

picture of udder health

ANIMAL HEALTH FOCUSED

A thriving
dairy sector
relies on
healthy cows.

A WORLDWIDE PRODUCTION DISEASE

Mastitis is a persistent & costly
dairy health issue.

K~
$248

Annual cost per
cow, sick or not

20%

Individual
production loss

~10%

Annual farm
production loss

Increase in GHG
emissions

IMPACT OF MANUAL DETECTION

Manual screening costs farmers
time & money.

o () %,

Error-Prone Expensive Dangerous
. = Repetitive strain injuries
* Repetitive = Salary, benefits, management
= Kicked or stepped on
= 3-6 secs per cow = Recruitment & training costs
= “The worst job on the
= Low accuracy = High turn-over

farm.”

ADVANCED IMAGING & MACHINE LEARNING

EIO automates mastitis detection

= Sensor installed on pole between cleaning & attachment
= RFID reader at head of cow opposite sensor

= Processes in the barn - limited connectivity requirements
= Marks cows in real-time so workers can follow up

= Integrates with herd management software and sorting gates

42

= Sensor with air blade = Camera view of udder



®

Captures images as Cows pass Isolates udder, pairs image with RFID

Al Model determines mastitis status

EXTENSIBLE SOLUTION

Automated Cow Marker:

Sensor sends ID of sick cow

Sprays paint when cow passes
Allows easy sorting and follow-up
Can pull signal from other software

to mark for other issues

FASTER, MORE ACCURATE & CONSISTENT

A better way of detection.

Time to assess
Accuracy

Variability

Milking Staff Turnover

Early Detection

Manual EIO Automated
Screening Detection
>6 secs 1sec
65% 80%
High Low
High N/A
No Coming Soon

INNOVATING FOR MORE SUSTAINABLE, PROFITABLE AGRICULTURE

We reimagine the future of livestock health.

Now scheduling installations with early adopters.
Rotary parlor Interested?
RFID Let's Talk.

Open to a new approach

10

11

Tamara Leigh
CEO & Founder

tamara@ IOd\aV“IOStICS om

www.eiodiagnostics.com
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Transform How You Feed Your Herd

Sam Vorpahl, FeedLync

*< Feedlync R

By Cowcon nect @ ACCURACY

[\,
By
TRANSFORM HOW YOU
FEED YOUR HERD

5 Feedlync

By Cowconnect

ABOUT US

cow X A g WORLD
CONNECT GQ >ogr| % Feedlync

Founded in 2017 Became part of Launched in USA 1500 farmer
in Denmark AB Agri in 2020 2021 users to date
globally

HOW IT Key Benefits of Feedlync
WORKS - Simple Refusal Tracking — Accurate DMIs
HARDWARE

oFits all mixer wagons - any age, any

Precise Inventory Management - Reduce

brand .
S Feedl ncC | e Running out of Feed
=3% Cowconnect ‘ oExternal weight input from mixer wagon
load cells
WL T \u — g oWorks together wirelessly through the Improved Efficiency and Labor Savings
| cloud
L J
XEaudiyve XEaudiyve
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Refusal Recording and Tracking

Refusal
Refusal Entry

Historical Feeding w/ refusal tracking | —

Refusal History
e wee
etz e
Poats 29es
Pt e
o o
-~ o
-— soves
— o

Canola Bay Dry Com Bin

Inventory Management

Data can be entered from any

device. :
ey P ;e 4 ;e 4
°o 4

Simple management of a tedious
task.

Jbaage  T7SBIons >
Grass Hay Bay

C

s e . s/ o . ’

HMSC Silo
Cancla gy 7o >
oycomen  2atom >
Gheny 2 >
Gosstayey  2tons >
Hojogerod  9310ms >

Hitopgarm

T2s2ons >

X Eeediyme

Automation Controls

Silolync allows you to Auto-Load your feed

Our simple setup even has intelligence
built in to protect against failures

Save time and do other tasks while the
mixer is filled automatically

B YOUR GRAIN BINS
AND LIQUID TAN

sitorvne [ORAA]
IN ACTION %gs-gﬂ
P ] =5

esdipne

10

More Information

www.feedlync.com

X Eeediyme

11
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Connecting Data in New Ways to Help Dairy
Operations Produce More with Less

Kari Spaan, iYotah Solutions

I The Challenge

Y : AH=+= ; ADisconnected Ecosystem
L UNJT 4 8

Inputs Producer Processor Retailer Consumer

Major technology advancements happening within the industry

Connecting Data'in New*

Ways to Help Dairy
Operations Produce
More with Less

Dairy operations today face an overwhelming amount of disconnected,
siloed and unused data

This makes it difficult to recognize what is important and actionable and
can lead to inefficiencies and missed opportunities

On top of that, margin pressures and increased demand for traceability
Precision Dairy Conference| June 2023 and sustainability are driving an immediate need for change

I The Solution The Challenge Py

At iYOTAH, our mission is to solve these complex challenges by

providing cutting -edge software technology that unlocks the
potential of data by connecting data, people and business : oo L
across the value chain What would it be like if

‘/' Monogement |
Pl
\ ey )

you could access all =
. | Setetety |
your data in one place? A~

PR
v Built from the ground up with producers \
g 1 v Platform provides advanced analytics focused on economic
nTELL st
iYOTAH UTION: S v Presents data trends that unleash new opportunities to \ )

timi; I —_
optimize your operation o nTELL

Enables you to visualize and utilize
the data that matters most to you
from one location on any device

dets )
\

The Solution \ : I Innovative user configurable visualizations and tools

Saves time by automating data ingestion and
aggregation

10 Key Performance
Areas

. Herd Demographics
. Feed
. Animal Health

Verifies and validates data by overlaying multiple
sources
Integrates data into decision making . Reproduction

Generates economic-driven business intelligence
. Labor

Automates, permission-based data sharing for

FOCused On . enhanced collaboration

Improves data flow to support your compliance,

Producer traceability and sustainability objectives

Sets your business up for the critical thinking

Value First necessary for continuous improvement

. Geno/Pheno

. Financial

1
2
3
4
5. Production
6
7
8
9. Risk Management
1

0.Environmental Stewardship
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Proven Product Results I Proven Product Results — Driven by Economics

2022 Dairy Producer of the Year
Using nTELL to Improve Performance of Dairy

Rl.&edinger Farms
| N

Proven Results Driven by Economics

Dave Zappa, the GM of the dairy, meets weekly with the

Goal-Feed Optimization Our Winning Solution Results - Optimized Margins
herd managers and feeders to utilize nTELL to look for
- Improve Feed Efficiency | & @ NT 2 & ¥ | « $800,000 in annual ways to improve the performance of the diary.
by 1% Pator  Feod  Herd  AnmalSensor Weather GPS Tracor economic value
+ 4000 cow dairy with 40 hd .
employees $GD:K tl}ncreased annual "By having employees engaged and committed to
production revenue reducing overfeeding, we are saving thousands of

. dollars over the course of each month using nTELL"
+ $200K yearly feed savings

A4

Actionable solutions
it optimized margins

I Proven Product Results - Driven by Economics iYOTAH's Vision
IYOTAH'’S VISION
To Help Our Users Transform Their Operations
Blumenfeld Holsteins Reactive M) Proactive
Hawley, MN
REPORTS INTERACTIVE DASHBOARDS  MACHINE LEARNING  ARTIFICIALINTELUGENCE _ ECONOMIC DRIVEN. _ CONTINUOUS IMPROVEMIENT
i — —
« “IYOTAH has been extremely helpful in identifying which [ what Why did it When willit What should °
calves we should cull to help us achieve our desired heifer a e . happen? . [ . e . % .
raising rate g
=
=
" By not raising a calf to a heifer that has less-than-ideal l COMPETITORS IYOTAH SOLUTIONS ,
genomics for the farm, we are saving approximately $2,000
per animal.”

We would love the opportunity to work with you. If any of this
sounds interesting to you let’s talk about how together we can help
you unlock a whole new world of possibilities!

Blumenfeld Holsteins, Hawley, MN

9 10

utions.com

(605) 270-1883

11
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Powering Mastitis Decisions

Matias Stangaferro, Mastaplex

On-farm culture made easy with i: Maslalesl

Powering

Mastitis
Decision

Matias Stangaferro % DAIRYHEALTH . Maslalest
1 2
@ Easy-to-use cartridge system © Lapbox: automated analysis and interpretation

Easy-to-use interface

Automated data processing

Automated interpretation

Cartridge options:
_~_ Decision Point: Treat or not /; Decision Point: Treat or not, and how
F = Cartridge: MAST1 ~ Cartridge: USP2

ﬁﬁj 6. Tests: 2 samples per cartridge ﬁ / " Tests: 1 sample per cartridge
fifi] H f [
li] i° \til ;

IEI)AIRgY HEALTH

Management T Services

Results by email

Syncs with farm software

- Maslalest DAIRYHEALTH

aaaaaaaaaaaaaa

Maslalest

© Fully interpreted results: Bacterial ID O Data capture and analysis over time

= s s Bacteria identified

* No bacteria identified

OR

» E.coli/ unspecified gram-negative
» Klebsiella / Serratia

Q [wwwmasatessytemaom

+ Strep. spp B ‘ _—
E I + Staph. aureus - =]
o - + Non-aureus Staph. /| g St
> « Other gram-positive T
- —_— Automated data capture Shared access results
Review cow history Review herd trends
DHA MRS . Maslalest DIERARHEALTH
5 6
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What our customers say:

“The Mastatest Lapbox is easy to use, and starting a test is
straight forward.

| like this system because | don’t have to do any culture plate
interpretation”

Luis, Dairy manager, US

[RIEIPAIRYHEALTH & Mastalest
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Michael Goeldim SmaXtec

SMa. teC

smaXtec animal care GmbH
Belgiergasse 3 * 8020 Graz - Austria

+43 316 46 15 88 + info@smaXtec.com * www.smaXtec.com

ONLY THE MOST ACCURATE SYSTEM
BRINGS REAL SUCCESS.

Therefore:

MEASUREMENT OF
PARAMETERS INSIDE.

* Bolus is administered once
and reliably stays in the rumen

* No risk of loss

 No risk of injury

* Most precise data

SUCCESSFUL THROUGH HOLISTIC
MEASUREMENT.

INNER BODY
TEMPERATURE

+ MOVEMENT ACTIVITY

+ RUMINATION with
smaXtec TruRumi™

The unrivalled precise*, robust and
reliable technology.

+ OPTIONAL
RUMEN pH

formance study Raumberg-Gumpenstein, 2020

SIMPLE ) /i
ROBUST - 7
DEPENDABLE &

oo
Tr_u_DTm

)
o;; ,@ —
% SAFE.
v\ EASY.
ny BETTER.

WATER INTAKE AFTER CALVING

X

FEEDING AND
From [ 06/00/2023T0 (3 06202023 @ gy -

WATER INTAKE

v 8 P o
Ak »
IR 13

I WVW"VWW* WWWJ\V“W .
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SARA Risk

MESSENGER smaj{tec
R — & B redmangmen s @n M s
< % Weekly rumination time and daily devation © s - &
Q a @ o - MONTH  From (3 06/09/2023 To (3 06202023 o5 - e N
S, g 9 ¥ S == W -
| “m R RO\ ow
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Using Data to Improve Animal Health & Welfare
Mark J Thomas, DVM, DABVP

. . Low Quality Evidence: Rock Paper Scissors

Using Data to Improve Animal Health & Welfare el , 2

PRECISION DAIRY CONFERENCE
JUNE 20-21, 2023
MARK J THOMAS, DVM, DABVP

. Common problems with on-farm evaluations l Comparing before and after
e . . Usual variation might be greater than the expected response of a product or strate
* Free product: “put it in and you will see the difference” g g P P fap 4
* Comparing “before and after” 00 T w0 ol Ener Comectd Wik e Cow by Morth
. %0 550
* Comparing unbalanced groups s e B s
* Incorrect implementation: no oversight 40 40 2 B o .
. 20 20
* Data issues: oo s - -
’ . ; g
« Data losses (e.g., software down, missing RFID or tags) ey o Ll =4 . me
+ Data overwritten (e.g., items vs. events in DC305, lack of track of pen moves) 860 % 2o 860
« Results evaluated directly in management software (e.g., inclusion vs. exclusion criteria) wo |X=880 s R
. . . e - STD =1.45 o STD=1.77
* Numerical differences: random chance or significant? | Range = 4.6 (s5.050) | Range = 5.2 91.396)
. =2 Jan  Feb  Mar  Apr  May Jun  Jul  Aug  Sep Ot  Nov  Dec o0 Jan Feb  Mar  Apr  May  Jun Jul Aug  Sep Ot Nov  Dec
* No sample size

l Comparing before and after . Comparing before and after

Usual variation might be greater than the expected response of a product or strategy Usual variation might be greater than the expected response of a product or strategy
1008 Daily Milk Per Cow, by Month 1000 Daily Energy-Corrected Milk Per Cow, by Month 100 Daily Milk Per Cow, by Month 1000 Daily Energy-Corrected Milk Per Cow, by Month
seo 80 _ 50 8o
96.0 96.0 LB Lo m sse 'Sl e 96.0 96.0
a0 a0 @2 4o a0
%00 %00 1. %00 83 0.1 %00

X 0 80 0
Hypothetical Intervention Hypothetical Intervention Hypothetical Intervention Hypothetical Intervention
820 Aug 14 820 Aug 1 29 Oct 1 4, Oct 1

o s o
e e e e ) o= e = T e e ey m B GAD e o v e R e e e o e e D = o T e e ey B W e o o) o i
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l Comparing before and after

Usual variation might be greater than the expected response of a product or strategy

1000 Daily Milk Per Cow, by Month 1000 Daily Energy-Corrected Milk Per Cow, by Month
580 80
%0 | 2021:X=85.9 o
%0 .1 Lbs. %40
20 920
%00 %0
880 80 =201
80 80 o
. 0 | 2021:x=94.4
£ 820 | Diff =2.7 Lbs.
500 200
Bn Rb M A Mw o kn o M A Se Oa e Ow n b Ma A My ke A S O Nov  Dac

l No sample size calculation

Experimental week

ACCUMULATED CR| DIFF

e e Teaet cows |

Aerumulated Bl TisE021| 1 | 643 | 700 | 57 | 24

70 1102212021 | 2 54.2 489 52 95
& ——TAI72 —+-DTA% et gt
12/13/2021 5 430

60 12/20/2021 5 560
£ ] (122712021 720
5 132022 | 8 | X 25 856
,—«W 1102022 5 513 2 952
50 =1 1772022 4| 508 El 1080
112412022 o 0 1200
45 1/31/2022. 7 0. 1307
123456 7|8 9/1011121314 1516 17 18 19 20 21 22 23 24 25 26 27 28 2712022 5 1. 1423
Experimental week 21412022 1 1. 1536
212112022 | 15_| 7 2. 1644
Difference in accumulated P/AI 2/28/2022 1745
6 3/7/2022 1862
3142022 1971
| ¢ 2112022 2001
=3 | 8/28/2022 | 20 | 501 | 522 | 21 2230
g2 /\ YT o
' v ani/2022 2503
f, e torfslplinnusnrnonnnnunnys R ozt
5 51212022 847
" 5/9/2022 951
e 5/16/2022 041
6 5/23/2022 103

Laplacette et al., 2022. Unpublished

- High Quality Evidence
™ More repeatable
Minimizes risk
Maximizes profitability

[rRe—
Blindod randomized contralled triae
Conort studios

[E———
[Ee——

Gaso sorios

Low Quality Evidence

Inviro test tube” research

.Thank Youl!

10
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Animal Health and Well-being

Tara Bohnert

Animal Health

Tara Bohnert | Precision Dairy Conference
June 21, 2023

o Pioneering
FarmControl A : £© in RFID

Identification
Precision dairy farming simply made

possible by the world’s most trusted
electronic identification solutions.

First to apply  a AN

RFID on ' Advanced ID and

COWS « : activity :
' monitoring tags
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FarmControl

Traffic

Optimal farm and labor efficiency
through fast and smooth cow
traffic with the most flawless
sorting and routing solutions.

CowControl
Health

Proactive health management for
early detection of health issues
and intensive monitoring of
transition cows and post-
treatment recovery.

Fresh cow recovery

monitoring

Herd analytics

Health and management

sahors

| 85% 11012017 1185

- . Number of animals 151 : .

Group Eating Patteniractical)

+ Feeding moments

« Frequency of pushing up the feed
+ Feeding space availability

10

nedap

OLegene mEstng

Herd analytics

Group Behavior InsightéOperational)

ays that external feed
company fed the cows

L]

11

LT R PR EERE L] [ e e L]

From barn to pasture

Insufficient feed quality

nedap

55

MilkingControl

Milk flow monitoring

Groundbreaking care for cow health,
milk quality and milking speed with
the freeflow and wireless SmartFlow
milk meter.

12
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Using Precision Ag to Improve Efficiency and Productivity

Mark Murray
Murcrest Farms LLC

Using Precision Ag to i o
Improve Efficiency and -
Productivity

3600 acres crop land

4 family owners (adding 2 non-family
partners by end of 2023)

18 full time employees

Mark Murray

Murcrest Farms LLC

Technology 21 Day Preg Rate

Utilized

Before SCR After...
* MR Tracker Date [BrEig [Bred [pct [Pgig [Preg [pet |
X Do ot [Po g [preg | e lﬁ re reg
DE305/Pocket Cowcard 10122 JFUER 101 58 168 41 24 9/o1/22 101 8 219 92 42

Auto steer 81 51 28 92/22 182 139 76 179 42 23
10/13/22 191 135 71 188 58 31
14/03/22 170 125 74 166 55 33
Wwe2 12 132 101 55 29 11/2422 165 128 78 165 61 37
Y2 21 11 121522 155 123 79 153 57 37

Y22/2 183 112 61
66
4
6
55

S0 A7 1 e w5 S 2 10523 155 126 81 154 53 34
0
57
57
58
59

212/2 179 119
30522 184 %0

Single row section control

* Variable rate seed and fertilizer

Harvest Lab

« sciocup
S8 20 16 o 12623 171 133 78 170 58 34

Blood/Milk pregnancy testing

6/18/22 235 135 22 48 21 2/16/23 186 141 76 183 64 35
* RFD 20922 w137 25 55 B 3/09/23 182 127 70 178 49 28
+ SCRand Heatime Pro M2 22 19 20 55 25 33023 194 135 70 189 63 33

42023 186 142 76 185 75 41
Total 2158 1645 76 2129 727 34

Total 2247 1335

Repro Performance Herd Performance

Before After Before After
. 0 . 0
[Breeciog Code 0% I tConcreg #0pen|Ctherltont Tt 6TotSPC g Code 5% CI[Conc £veg]20pen|Other bort et [sTot s | * Cull Rate: 24.6% * Cull Rate: 21.1%
50 1 1 0 0 2 020 cef Coda 7
TR TS ek WoLo00h 10w * Death Rate: 4.4% * Death Rate: 3.3%
& 4 ity B8 5 70 2 15 61 15 80 22
om0 st gy BS54 4 M R0 U5 22 * Avg DIM: 178 * Avg DIM: 158
4355 51 439 414 15 40 868 47 19 " 05 o 7 omoB om0 2
Resynch Y4 @ 0 4% 2 u 7 @25 e & o g . Avg Days Open-117 . Avg Days Open- 102
; " : :
STANDING o Sto% 5 0 4 13 5 19 Rewd e
1ST SERV SEXED @ 6 8 0 0 14 123 SIANDING - 6 0 0 0 6 01D * SCC: 145,000 * SCC: 128,000
TOTALS M9 9 om0 %l ¥ 6 1y 1 21 TOTAS B4 45 e 119 U5 7L U 0 22
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Scio Cup

Pregnat

ey testing

Blood/Milk
Pregnancy
Testing

Thank You
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NEXGEN DAIRY

Megan Schrupp, DVM

NEXGEN DAIRY

MEGAN SCHRUPP, DVM

2010: GEA collar: cow ID & conductivity,
activity, Dairy Plan
2018: SCR ear tags: added rumination, group
breathing
2022: Alta Cow Watch collar: ID, activity,
rumination, position;
Software: VAS Platform, NedapNow

Worklist

DAIRY TECHNOLOGY AT NEXGEN

« MILK OLD COWS:
+ GOAL AVERAGE 3 LACTATIONS
« TIGHTEN LACTATION CIRCLE Reproduction
+ CONVERT INVOLUNTARY CULLS
TO VOLUNTARY Nutrition
« REDUCED HEIFER INVENTORIES
« INDIVIDUAL DATA DRIVEN
DECISIONS
< LET COWS BE COWS

12692

12674

2031

Transition
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Introduction to Big Data Integration

Dr. Wayne Weiland

Introduction to
Big Data Integration

Precision Dairy Conference
June 21, 2023
Dr. Wayne Weiland

Complete Decision
Making Process

Brainstorming
Solutions

Decision

Evaluate
Options

Talk Outline

1. Why should we care?

2. What is being attempted in the dairy space?
3. Why is it so hard?

4. Application examples.

5. What are the benefits of data integration?

Data Paralysis Is A Growing Problem

» A recent Oracle survey of 14,000 business leaders found that
large and unconnected data-sets and invalidated data overwhelm
users, make decision making harder, and often lead to no
decision at all.

v/ Can | trust the data? Is what | see real?
v/ What does all this data mean?
v How does it fit together? How do | reconcile conflicting data?

» | know this to be true personally. “At best, the decision
making process is slower and | have less confidence. At
worst, it causes paralysis and results in no decision”.

What is the problem to be solved? Farm Level

Production

Reproduction

stocking

Time Budgets
Veterifarian

Genetic testing
Selection Index
Future goals

Owner
General Manager
Herdsperson
Advisor

Financial Advisor

Nutritionist Agronomist Air quality

Crop planning
Harvest Readiness
Nutrient Mgt
Milk/acre

Milk Quality.
Somatic Cell Ct
Standard Plate

Baa .. @ scio smaiee !

Dairy Technology Is Exploding

S DOW I DATAMARS
2:Dotaval @Yot = £, Eng Ban
C fodian “GiBem 201 rutrecS)
RO GEA BIDE &, 70
sl WO @ cuc
Ly B @ mma c
Mtech 5, Yafum P geee

STy roncn o 13

Qo (goamrn FYTO AL [Gorossa W
sshrsogmen | INSYLO [_Q] 10 KUHdo Labby -Lemna

VBRI Vytelle@ - 5

VAA iy
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What is the problem to be solved?
Supply Chain

TED ECOSYSTEM

Inputs Processor

B ¥

iy

What exactly are we trying to do?

‘ Automatically bring data from any and all sources into the “data lake” and scrub it. ‘

d

‘ Show data in ways easy to read & interpret for different stakeholders. ‘

‘ Apply Machine Learning (ML) and Artificial Intelligence (Al) ‘

The iYOTAH Difference

HELPING TO TRANSFORM LIVESTOCK INDUSTRY OPERATIONS

DESCRIPTIVE DIAGNOSTIC PREDICTIVE PRESCRIPTIVE ACTION PROSPERITY

[ ( ( \
What | Why did it (whenwitit | What should
happened? ‘ happen? \ happen? I 1do?

l COMPETITORS

IYOTAH SOLUTIONS

Designed to leapfrog past descriptive reports to high-value predictive and
prescriptive solutions utilizing machine learning and artificial intelligence

Why is it so hard to accomplish?

» The sheer volume of data requires a lot of computing power.

» Data exists in a myriad of forms and must be integrated into a
common data lake and form.

» Lack of standardization to terms, definitions, and standards of data
entry.

» On-Farm hardware and software is often grossly outdated, making
systems unstable and data extraction difficult.

» Internet speed can still be a limiting factor in some areas.

» Every dairy is unique in their needs, how they handle data, and in
their decision making process.

» Slow adoption of methods to easily transfer data (API’s)

» Last, but certainly not least, a lack of TRUST by data sources to share
the data

10

Areas of Potential Application

» Suppliers could know what inputs are needed and when, providing a

proactive and just-in-time approach to inventory tracking and management.

0-60-0-020

» Dairy Management uses scrubbed data and easy to interpret KPA’s to make

faster and better decisions.

» Advisors (vet, nutritionist, crop consultant, lender, etc.) are all working
from the same data. This facilitates working as a team to solve problems.

» Processors / Retailers have the ability to verify, track, and assure product

claims.

» Consumers get verification and transparency to product claims. Carbon or
methane tracking (environmental), antibiotic or hormone use, management

practices.

11

62

Benefits to Large Data Integration

> Data Accuracy — via data scrubbing (deal with omissions & errors)
and data overlays

» Time Savings — by automating data harvest and input

» Business Insights — easy to read & interpret data output allows one
to identify needs / opportunities and set priorities

» Perspective — advisors & employees see the data necessary to
support you and your business = increased employee engagement

» Cooperation — farm advisors are all working from the same dataset
to solve problems / look at opportunities = better teamwork

» Focus — allows for role assignments, delegation of tasks, and tracking
progress

12



Benefits to Large Data Integration

» Awareness — via alert notifications if data falls outside an expected Th an ks fo r atte N d | ng an d | iste N | ng.
range or tasks are not completed on-time . o .
» Clarity — everyone on your team is working toward the same goals / | hope YO U are seel ng p055| b| | |t|eS N

outcomes . .
» Measurable Outcomes — both biological & financial outcomes are Integratl ng Blg Data '

measurable and trackable
» Confidence — to more quickly make good decisions based on solid data

» Proactive — more proactive (vs. reactive) actions Questions / Discussion?
» Continuous Improvement — there is always a next opportunity to
target

13 14

The Solution - How it works
The platform provides innovative data visualizations and tools that optimize profits

Visualize and overlay data from disconnected e
systems on all available devices e
- e - 10 Key Performance Areas of Focus

+ Feed

+ Reproduction

* Labor

* Production

« Financial

+ Herd Demographics

+ Animal Health

+ Genomics

+ Risk Management

« Environmental Stewardship

Safe, Secure & Trustworthy.
Users Control Their Datal

15
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Cream of the Crop: Cultivating Growth with Clean Data

Dale Jefferson — CEO, VAS
Taliah Danzinger — Dairy Intelligence, VAS

Cream ofithe Crop:s
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HealthVAL

Cows by Fresh Mondh el Trends

KETOSIS Analgsis.

P

— ross o

Sep2021

oaz;n

Peak Lameness in 2021 - 138
Peak Lameness in 2022 - 88

Monitoring unintentional change due to
implementation of ParlorBoss.

Aug2022 Sep2022 o202

w0

oo

W o001100001
0 100
1000

0010000110
011111101
0 000000
000011110
00110010
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DATA INTEGRATION PANEL

Mitch Breunig
Mystic Valley Dairy Sauk City Wisconsin

Precision Dairy
conference

DATA INTEGRATION PANEL

Mystic Valley Dairy

Milk 450 cows

1060 crop acres

Rolling Herd Average 33251 4.2 1396 3.24 1077
Preg rate 35

Cull rate 20

Sell fresh cows to other farms-last year 150
Ave 7.5 solids per cow in 2022

ECM FE of 1.8lbs of milk/DM

How to remain profitable in a competitive dairy
world?

Data communication

gléu;{ P cE]I ER GWIIO @ Gliickbooks.
S 11 R

TRACKER

MARGINSMART

How do we get real time data

=Tankers

=Milk quality

=DMI
=Cows in the tank
=Ration cost and formulation

=IOFC

Real time verses past
verses future

1. How can we take the information to
accurately predict profitability at the
cow, pen and farm level.

2. We can project pretty good

3. We can see what happened, but
already is done cannot change it 60-
120 days old.

4. Today is the challenge

66

Real time issues

. Data transfer

. Intellectual property

1

2

3. System upgrades

4. Lack of communication
5

. What is important what is noise
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R ex sPo*»0B
st eyt 4 o ComGon. @ Mo CowCn. [ impordton 8] @ NaKmARTS @ o 8 Snkpona i [ St @ U Sen. B ot e
Incoms Ove Feed CosteGaners Reparts [ — overien ikosa Feed s Frod ticincy orc
Myt Yoy Do S —

! ) A e i e “§° UW DairyBrain

Report generated for Mystic Valley on 2023-06-19

Economic KPls

Wilkincame 35 of sune 15

$115,753.82 itk price of June

$17.85 (predicted) Pr—
g gt Average sy feedcotpe com ) Averge gy feed cotper o ik une)
$9.47 [T a—— $8.85 V18 ot

Need collaboration to make it work. e e S B D AR A
$8.22 4.023% vs. last month. $9.64 & 285% vs. last month.

Benchmarking is great but really needs to be operation dependent
Production KPIs

_ Eanymerym il —

T — roren S

. = s e q GG
Production ks
freed G | | 5% .
— —— Mitch Breunig
R T v R X o
pe— — Dairy Brain link
Foma PR s - Mystic Valley Dairy Sauk City Wisconsin
S JESS—— mysticvalley336@gmail.com
P —— R— hankvout

ank you!

T Ne— v S
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DATA INTEGRATION PANEL

John Vosters

.7? _.j.':: SNy

Tidy View Dairy Omro Dairy

Rosendale Dairy

68
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Calf Source

62472023

10

T

g
rﬁm i

L= e
. #mm e =

11

69

Our Responsibilities
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DATA INTEGRATION

« BoviSync

« Teams

« Power BI

« Dropbox

« Excel/Macros

« Shared Drive/Share Point
« DPN

« Connecterra

612412023 SUSTAINABILITY STARTS HERE 1

13 14
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FAO (2011)

IMPROVE ENVIRONMENTAL

| MAINTAIN ANIMAL HEALTH
SUSTAINABILITY

) IMPROVE ANIMAL WELFARE
QUALITY OF PRODUCT

HELP FARMERS

N \\s//
)

) @) (E) (@)
&\ A\ /,/\ TANE \¥ N

“0) KEEP SYSTEM PROFITABLE

1. THE PROBLEM
POULTRY DAIRY ALL MEAT

PIG

Animal Products
Consumption Increase By 2050
Challenges

OVINE

PRECISION MANAGEMENT OF ANIMALS
Using Precision Technologies to Analyze
Social Interactions Among the Herd
Breanna Bone

2050
9.8 billion

[
i
i)
i
B
Challenges

2022

8.0 billion

College of Agricultural,
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2. DEVELOPING TOOLS

You can’t control what
you can’'t measure.

= TOM DEMARCO

72

7 8
Behavior Observations The Challenge
GG
m OQ = To monitor animals’ condition in a fast, efficient,
=Y continuous, and non-invasive way.
[ ><] ) G =% y
ON THE TRAINED NOTE
FARM BEHAVIORLIST INTERVALS TAKING
9 10
Solution Sensors I
Collar
Ear Tag Tail Sensor
L L 10100
O 1106
m I% 0010
. . N\
E-bolus
11 12



Sensors I

Surveillance/Digital

Camera [—. RGB D Camera

“ Im

@00 IR Image (Nigt

R Image (Night Visio

Automated Behavior

Classification

Microphone &——— U@
Sound

— ThermaJ Camera

T\\

U or Image

13 14

Why care about social behaviors? I @ I

Social Rank

Health Correlations
3. THE RESEARCH

Milk Output

Profitability

15 16

Animal Specifics I Methods I

O
TRAINING ON TESTING DATA COLLECT ANALYZE VALIDATE
BEHAVIOR COLLECTION OBSERVATIONS DATA

IN-PERSON
15 Holstein 3Dry & Multiparous 5 Diets* ‘
Cows 12 Lactating
RAW TRANSFORM IDENIFIED LABELED TRAIN
DATA VIDEO BEHAVIOR VIDEO MODEL
CLIPS CLIPS
CAMERAS
*Behavior trial ran in conjunction with nutrition trial
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Model Specifics

<\ MaTLAB @ python

< Video Labeler

o 30 videos per
behavior

« Train Model
o 80% Train
o 20% Validation

19

20

True

HEAD_BUTTING BODY_BUTTING RUBBING_STALL
°

Preliminary Data Results

Confusion Matrix R

1 7

2 2
6
l . 5
X
2 1 [

1 0 4 -1

LICKING

UCKING  RUBBING_STALL BODY_BUTTING HEAD_BUTTING
Predicted

Results

Results

21

22

4. CHALLENGES AND OPPORTUNITIES

23

74

24

Equipment




Collaboration Future Steps

) &

s

25 26

56 THE BEST
WAY TO
PREDICT

The biggest error
technology innovators
make is to be seduced

by a technology's

IS TO CREATE

&) bbone3@ilinois.edu IT.

0 (7787626

potential rather than
being led by a
customer’s actual needs.
= CHRISTY PETTEY

. RE

=Peter Drucker

College of Agricultural,
Consumer &
Environmen

27 28
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Dairy Brain
The Next Big Leap in Dairy Farm Management
Using Coordinated Data Ecosystems

Dairy Brain

The Next Big Leap in Dairy Farm Management Using
Coordinated Data Ecosystems

Yijing Gong (gong44@wisc.edu)

Ph.D. student in Victor Cabrera’s lab, Department of Animal and Dairy Sciences, University of Wisconsin-Madison

Yijing Gong

Dairy

Power of Monitoring Key Performance Indicators (KPls)

« KPIs help identify gaps between the current performance and
the targeted performance, and monitor the progress towards
desired outcome. (woifert and isakhanyan, 2022)

- Continuous monitoring of key performance indicators are critical
on sustainability of dairy farming. (agori et a1, 2021)

» Monitoring FE and IOFC supports better decisions related to
profitability and environmental footprint. | ; cnqani et al, 2018)

y Brain - The Next Big Leap in Dain

Feed Efficiency (FE)

- FE is used at the field level as a proxy to measure the relative
ability of milking cows to convert feed nutrients consumed into

milk. gach et al, 2020)

_ ECM

FE = ——
DMI

ECM: Energy corrected milk
DMI: Dry matter intake

Dair

Income Over Feed Cost (IOFC)
- IOFC is an indirect indicator that ties nutrition to the

profitability of dairy operations, hence supporting short-term
decisions. (Atzori et al., 2021)

IOFC = Milk revenue — Feed cost

Milk revenue = Milk price X Milk production
Feed cost = Feed price X Feed amoint

y Brain - The Next Big Leap in Dairy Farm Management

tUsing

Challenges

- FE:
1) Farm feeding system
2) Milking parlor system
3) Milking processor

- IOFC:
Additionally:
1) Milk price settlement rules
2) Milk component prices

76

D:

Challenges

» Heterogenous data
« Different sources
« Different formats
« Different levels of information

« Continuous access & process of data

airy Brain - The Next Big Leap in Dalr



Continuous Data Integration

4) Homogenizing 5) Integrating

3) Cleaning

1)Accessing  2) Decoding

FEED

g

Dairy Brain Framework

—————- N
6) Data processing and stor 7) Report generation
[Agricultural Data Hub (AgDH)] (Daity Brain Team)
5) Weather data 4)USDA APl access 7

wff

8) Farmer/decision-maker

[
]
]
]
]
]
]
]
]
]
I
1

3) Report sent directly by the 2) On-farm
milking.

fnd s . .
7 8
Report Generation Video
« Python Jupyter notebook
- Packages: datapane, plotly
« Generalized to different farms
° o
t n d LR
] atapane 1) plotly
oython” o= il ihl
®
9 10
‘@’ UW DairyBrain ‘@'UW DairyBrain .
Report generated on 2023-06-15 Report generated on 2023-06-15
Monthly Average Feed Efficiency
Daily feed efficiency by pen £ —e—2023
—— 2022
i

Dairy Brain - The Nex

11

77
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IOFC ($) /cow /d

20
15
10
s
0

$/cow

7
5.8

Mar 2022

‘@’UW DairyBrain

Report generated on 2023-06-15

B IOFC per cow when milk price is varying
B IOFC per cow when milk price is fixed ($17/cwt)

s 1
992 o5
08
o.7s 7
10 - bos [
o , s I B e

1012022

Sep 2022 Nov 2022 3an 2023 Mar 2023 May 2023

13

‘@’UW DairyBrain

Report generated on 2023-06-15

—
Protein =
3 —— 2019
33 = e —e— 2020
328 \ —e— 2021
” \ —e— 2022
§ = 2023
215
H
s Se—
§ aos
s
295
29
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Report generated on 2023-06-15

Milk production needed to compensate for the feed cost

Mar 2022

May 2022 212022 sep 2022 Nov 2022

Date

3an 2023 Mar 2023 May 2023

Dairy Brain - The Nex! Big Leap in Dairy Farm Managem
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= Feed cost remains ——penl
e high, but milk price ——pen2
5 increase 14% ——pen3
T s —open4
-g v

x 9 R

H

§ Feed cost remains

H high, and milk price
< Feed cost drops 13%

Y increase 8%

Take-home Messages

« Monitoring KPI requires data that normally come from different
sources

- It is possible to constantly integrate disparate sources of data
and add value to data

« Critical to involve the farmer and the farm team in the whole
process

Dary Brain - The Nex! Big Leap in Dairy Farm Management Usin
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Leveraging Computer Vision Systems for Monitoring Animal
Health and Productivity on Dairy Farms

Ariana Negreiro

Leveraging computervision
systems for monijtoring animal
healthiand productivity on

dairy farms

ARIANA NEGREIRO DEPARTMENT OF ANIMAL & DAIRY SCIENCES
PHD STUDENT UNIVERSITY OF WISCONSIN-MADISON
ADVISOR: DR.-JOAO DOREA

@oem.ﬂem of
. An\m;v!\“s: Dairy ?ciences
Outline T

D 2ckround

Current research
Predicting Feeding Behavior of Dairy Cows
Monitoring Heat Stress Behavior in Dairy Calves

Individual Identification of Holstein Cattle Across
Different Physiological Stages

I Conclusions
Precision Dairy Conference 2023

2

Precision Dairy Conference 2023 1

Department of
‘Animal & Dairy Sciences

Dr. Dorea’s Lab

* Research applications of machine learning and computer vision for farm
management and genetic selection

Sensors: Animal Identification Afilal-Level

Wearable Animal Behavior 3 ~—

Cameras Body Weight Information | "\

IR Spec. BCS/C

RFID Milk Components \ \

Sound Milk Yield G b

Housing Estrus Event * «i)) S
Feed Intake

Feed Efficiency A 3
Disease Risks T.“_, © ot . o
| ‘=] Water Soil "\-

Tullo et al.,, 2019

Department of
‘Animal & Dairy Sciences

Monitoring Behavior in Livestock

Current methods for monitoring cattle:

* Visual observation
* Large-scale applications?
* Subjectivity

* Wearable sensors
* Computer vision

e A A

Precision Dairy Conference 2023 2

4

Department of
‘Animal & Dairy Sciences

Monitoring Behavior in Livestock

Thermal

Precision Dairy Conference 2023 3

79

Department of
‘Animal & Dairy Sciences

Benefits of Computer Vision

* Cameras are affordable and easy to install
* Ability to monitor multiple animals at a time

* Images provide a great amount of information
* Animal location/action
* Social interaction
* Weather/season
* Health/mobility

Precision Dairy Conference 2023 4



Project 1: Cow Mouth Tracking

ion Dairy Conference 2023

Department of
Animal & Dairy Sciences

Department of
Animal & Dairy Sciences

Importance of Feeding Behavior

Feeding Behavior:
* Meal duration

Feed efficiency

* Rumen health
* Meal frequency * Reproductive

* Meal Size health

* Feeding time * Milk component
production

* bmI * Metabolic

* Sorting disease/lameness

Llonch et al., 2018

Precision Dairy Conference 2023

* 1,662,417 images
* Cropped for each
individual cow
4,008,630 sequential
images
* Mask R-CNN

Validation
37 images

L J

Methods

Y

Inferences made on remaining
4,008,245 images

Precision Dairy Conference 2023 7

Fl-score: 94.9%
Precision: 90.7%
Recall: 99.5%

=

Department of
Animal & Dairy Sciences

physical
measurements
« distance
traveled
* acceleration
« velocity

provides insight on
feeding behavior,
health, and milk
production

Departments of
Animal Sciences & Dairy Science

Preliminary Results

Diet 1: DMI vs Distance

Diet 1 : Sorting vs Eating Time

40 _ 25
35 _» 3 .
- =]
30 £ 2
. e
T 54 - - -7
r ® 15
= 20 3
H 15 Total Distance, 5 1 Time spent eating,
e Pvalue =0.02 H plue 008
Intercept, w 05 4~ t
s P-value < 0.01 £ p-value = 0.08
o 8 o
0 5000 10000 15000 20000 25000 30000 35000 0 2000 4000 6000 8000 10000 12000

Total Distance (cm/d) Time Spent Eating (average sec/day)

Conference 2!

Freestall Application

Department of
‘Animal & Dairy Sciences

Precision Dairy Conference 2023 8
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Project 2: Calf Heat Stress Detection
DT

)
SPYR%INT FORCE-DARK]

Precision Dairy Conference 2023

12
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Methods Calf Detection

Average Time Spent in Each Behavior and THI by Day

* 27,704 images

g 85
*YOLOv3 & 80
* tinyYOLOV3 2 5 i
EZ 0oz
- £z s B
Validation o= )
e E 0 Sh
128 images & s 8
3 50 é’
\ ’ < 45
40

2-Aug
5-Aug
7-Aug

Inferences made on remaining
27,704 images

15-Jun
27-Aug
29-Aug
2-Sep
4-Sep

Date
= >90% precision, accuracy, and -inside —lying = -standing —THI out

recall

11

Conference 2023

13 14

Calf Detection Orerritcee Edge Computing i

Hour
calf

Respiration Rate

Rectal Temperature, °C
Skin Temperature, Rump
Sweating Rate, Rump
Solar Radiation*

Wind Speed, mph*

Deploy trained model
(trained using CHTC) in edge
computing applications to
make inferences real-time

3
T Rainfall, inch*
3 <
Relative Humidity 0.04 .28 *¥**
[THI -0.09 0.22 *** 10,16 **
o< 0.13 ** .23 ***
b= " P P *x
25 Relative Humidity .34 .15
=T fm [021 *** o.11 + .17 *%+
ry Conference 2023 Conference 20: 14

15 16

Project 3 : Calf Identification B Individual Identification V=

Individual traceability throughout an
animal’s life

* Mitigate disease outbreak (USDA
APHIS, 2022)

* Improve food security and
consumer trust (Smith et al., 2005)

Conference 20:

ion Dairy Conference 2023

17 18
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Project Timeline e Methods
* Collecting images 24/7 following calves the first 2 years of life Cloud = 20 TB/mo
9 « Tracking growth, health, and behavior f’:ﬁ"‘\
End of

Weaning Breeding lactation E’
Birth E
Age E

0 2 a (months) Ew

EBDCRC

o

Precision Dairy Conference 2023

Dairy Conference 2023

19 20

Department of Departments of
@Auﬁna\ & Dairy Sciences @Amma\ Sciences & Dairy Science

Image Preprocessing

s
Calf body Precision: 78%
Calf original infrared image  Calf binary mask segmented image Accuracy: 76%

. Recall: 76%

J Fl-score: 77%
85+ TB of data B 1
* Current project

* Xception architecture Heifer original infrared image Heifer binary mask Heifer body segmented image

Methods

Conference 2023 Dairy Conference 2023 20

21 22

Departments of Departments of
Animal Sciences & Dairy Science Animal Sciences & Dairy Science

Future Steps Conclusion
==

* Computer vision systems are a
promising solution to many aspects of
dairy management:

* Heat stress detection in calves based on
behavior

« Cow mouth tracking to predict intake and
production metrics

* Individual animal traceability through
periods of growth and physiological
changes in dairy cows

* Use edge computing to early detect
heat stress in calves

* Develop reliable animal traceability
system

* Use developed methods of
phenotyping in combination with
genomics to predict growth and
performance

Precision Dairy Conference 2023 22 Precision Dairy Conference 2023

23 24
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Factors that Influence Milking Visit Patterns in
Automatic Milking Systems

Abbi Prins

Factors that influence Background

milking visit patterns in
automatic milking systems

" Why do cows visit the robot? To be milked and receive concentrate

Optimize visits to maximize daily milk production per

|~ Importance to increase visits e

Abbi Prins . A Nutritional management and optimize box occupancy
?
) . () How can we increase visits? time
Advised by: Dr. Marcia Endres
Universitjoiilinnesota) [J§ Changesin visits during lactation 3-4x early lact., 2.5-3x mid-lact., and 2 or less late lact.

What impacts visits? What impacts visits?

Social hierarchy

| Lameness

Social Lameness — g —
hierarchy

N

More dominant
cows spend less
time waiting to
enter the robot

Other health issues:
udder tension and
intra-mammary
infections

1%t lactation vs. 2+
lactation

Reduced number of
visits.

Circadian rhythm background
Other factors that effect visits in a
24-hour period?

3 g & | .8

Gircadian rhythm Sleep-wake Optimize Improve welfare Enhance milk
Is the pattern - physical, cycles, hormone management production
. specific enough to mental, and/or production, practices
Parit DIM . . i i
y follow a circadian behavior metabolism, and

changes that activity patterns
follow a 24-hour
cycle

rhythm?
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Objectives
Descriptive analysis
10 farms
° e 1700 cows
e P e e 1.5 million observations
(AMS). itis influenced by factors such as parity
andd sl Guided Flow System
7 8
Proportion of cows milked at each milking hour Number of visits per hour by parity
] [tk N | " M \MM‘“ | “
0.04 | | i ol I ’
Eunz- . . i‘ | |
g_ | g w» W” rl)r .f Lactation
0.00- 100 WMW w q‘
9 10
Next steps Thank you! Questions?
Abbi Prins
@l prins057@umn.edu
(559) 339-4300
USE MIXED MODELING IN CIRCADIAN RHYTHM 2NP DATASET WITH 7.5
R ANALYSIS MILLION OBSERVATIONS
11 12
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Descriptive Evaluation of Camera-based Dairy Cattle
Lameness Detection Technology Paired with
Artificial Intelligence

D. Swartz', E. Shepley', J. Burchard?, and Gerard Cramer!

COI & Supporters

Descriptive evaluation of camera-based dairy Research Farms
. . Hoof Tri & Veterinari
cattle lameness detection technology paired Students sad Collaboratore

with artificial intelligence

ﬂ
D. Swartz', E. Shepley', J. Burchard?, and Gerard Cramer’ CATTLE ‘ | " B
EYE

"University of Minnesota, St. Paul, MN, USA, 2Council on Dairy Cattle Breeding, Bowie, MD

COUNCIL ON DAIRY CATTLE BREEDING

UNIVERSITY OF MINNESOTA o ' ' UNIVERSITY OF MINNESOTA
EXTENSION (é&:—») da".yKN@W M DiivstsIDiseaver UN! iR m UNIVERSITY OF MINNESOTA

http://dairyknow.umn.edu/ Driven to Discover

1 2
Lameness Three most common types of lesions on dairy farms
Negative
Associations
Profitability

Sustainability
Welfare

Digital
Dermatitis

White Line

Sole Ulcer

Visual lameness detection Video analysis

_Z»
* Multiple Scales !& T — =
= Eﬁ' M= @»[EN—W\\] @ »

Camera Cow Identification Behaviour Insights

Dy,

» Subijective

e Short Duration

CIASTHIR IS E
ENE
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Video analysis

How the technology is set up

~ 4, O

N » 0y
OLINLE
Camera Cow Identification Behavim‘xr—' Insights

CATTLE Does it have the ability to detect lesions earlier?

ENE

=
A

&

narea
No hardware under the camera

(wy)uzL =1wbieH

Width =9-12t(3 - 4m)

Milking
)
Parlor Pen

7 8
How the technology is set up How the technology is set up
e e
Width =9 -12ft(3 - 4m) Width =9-12ft(3 - 4m)
Mllklng eeessssssssm——) Pen Mllklng Pen
Parlor Parlor

10

How the technology is set up

Objective

Mobility Score
] m— 0-100

Clean area
No hardware under the camera

Width =9-12ft(3 - 4m)

Milking
I
Parlor Pen

(W) 1zl =1ubleH

11

Describe the associations between weekly
scores and data collected during hoof trimming
events

12
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5 years of hoof trimmer data

5 years of hoof trimmer data

13 14
TRIM and LESION can be furthered classified 3 Farms in Upper Midwest US with 8 months of scores
Purpose: Account for chronicity and 2 Mobility Score
past lesions which may alter gait 0-100
S RHiMO ; No hardware under the camera
NO H\STORV-’ bl LESIONRE1 TRIM1 é:

—— > LESION1 TRIM1 LESION2 »LESIONRE2

Width =8 -12ft (3 - 4m)

s
Milking

Pen
Parlor

15 16
Setting up the data for retrospective scores Setting up the data for retrospective scores
Hoof
Trimming
0 Dry Off 0 130 Dry Off

Days in Milk
.. A

17

88

Days in Milk
.. A

18



Setting up the data for retrospective scores

Transformed daily scores into weekly scores

Hoof
Trimming
I I
-28 0

Days From Diagnosis
A

19

-3 -2

Weeks from Diagnosis
... A

20

Weekly scores reduce the daily variation

LAME TRIM

100 1

751

507

Score

254

2 1 -4 3 2 -1
Weeks from Lesion Diagnosis

A\
21

Farms have different trim distributions on days in milk

Farm A

Farm B Farm C

L L 800 =
260

2000-]
1600
€
3
10004
o
500-| 2009
50
0 o = 0

0 100 200 300 400

Count
Count

0 100 200 300 400 0 200

DIM DIM

400

22

Most of the events were TRIM

Event Farm A Farm B Farm C Total

LESION 90 146 327 563

TRIM 157 1,612 494 2,263

LESION has a higher median score than TRIM

89

Group Change
TRIM +0.8
LESION
39.0

39.2 39.8

TRIM

24



LESION has a higher median score than TRIM |

Group Change

TRIM +0.8

) 0.4
é 43.6 LESION  +638
39.0 39.2 39.5 39.8

O LESION
TRIM

3 2
Weeks From Lesion Diagnosis

Descriptive data of TRIM and LESION |

Lesion Type Farm A Farm B Farm C Total
LESION1 31 22 0 53
LESION2 1 53 92 156

LESIONRE1 17 18 8 38

LESIONRE2 3 7 25 35

TRIMO 96 434 6 536
TRIMA1 47 1,144 443 1,634

26

Majority of the observations are TRIM events

Lesion Type Farm A Farm B Farm C Total
LESION1 31 22 0 53
LESION2 1 53 92 156

LESIONRE1 17 18 & 38

LESIONRE2 3 7 25 35

TRIMO 96 434 6 536
TRIMA1 47 1,144 443 1,634

A\
27

Lameness history increases median scores
[ TRIMO

Score
o
8

Group Change

TRIMO -03

LESION1
LESIONRE1

TRIM1

1363 36.3 363 36.0 LESION2
-4 3 2 -1

Weeks From Lesion Diagnosis LESIONRE2

28

Lameness history increases median scores

Lameness history increases median scores

O TRIMO
100 ] LESION1

Score
@
g

Group Change

TRIMO -03
25 LESION1 +4.2
LESIONRE1

TRIM1

0 38.4 39.7 40.0 43.0 LESION2
4 3 2 -

Weeks From Lesion Diagnosis LESIONRE2

Y~
29

90

[ TRIMO
100 ] LESION1
[] LESIONRE1

Score
o
8

Group Change

TRIMO -03
LESION1 +4.2
LESIONRE1 +3.4
TRIM1
LESION2
WeeksaFrom Lesion Di:gnosis LESIONRE2

o 41.3 431 44.5 44.7
-4 -1

30



Lameness history increases median scores

Lameness history increases median scores

O TRIMO ] TRIMO
100 ] LESION1 1o ] LESION1
] LESIONRE1 ] LESIONRE1
TRIM1 TRIM1
i 7 [] LESION2
f i
® | ® al I f ‘
(,8) 50 A‘ \ § 50 \ |

| Group Change

\ TRIMO -03
25 / LESION1 +4.2
LESIONRE1 ~ +3.4
TRIM1 +1.2
o 398 40.0 40.0 41.0 LESION2
“* N 2 - LESIONRE2
Weeks From Lesion Diagnosis

31

Group Change

—

WA

TRIMO -0.3
\/ ) /
. ‘ | { LESION1 ~ +42
LESIONRE1 +34
TRIM1 +1.2
0 43.0 44.7 45.5 51.4 LESION2  +85
4 3 2 o
Weeks From Lesion Diagnosis LESIONRE2
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Lameness history increases median scores

Different lesions result in different scores

[ TRIMO 1001 Sole Ulcer
100 [] LESION1 LE
SION1
I [] LESIONRE1 .
TRIM1 s
75 \ ] LESION2
“ \ t | LESIONRE2
; /\ | ] ‘ i i o
. UYL, i | s,
S 504 \ \ | \ @»
@ \f [ LESION1  +16
AV AN A
/) \Y na \ ( | TRIMO -03 25 LESION2
257 f \ \ ‘ LESION1 +4.2 LESIONRE2
LESIONRE1  +3.4
| TRIM1 +1.2 04 429 49.6 46.6 445
o 487 53.4 53.7 56.1 LESION2  +85 " 3 2 M
4 WeeksFrom Lesion Di:gnosis B LESIONRE2 +7.5 Weeks From Lesion Diagnosis

33
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Different lesions result in different scores |

| Different lesions result in different scores

1001 Sole Ulcer 1001 Sole Ulcer
LESION1 [JLESION1
LESIONREL [CILESIONRE1
[CILESION2
75 75
<4 <
3 50 Group Change 3 50 Group Change
@ LESION1 +1.6 @ LESION1 +1.6
LESIONRE1 +8.5 LESIONRE1 +85
25 LESION2 25 LESION2 +4.9
LESIONRE2 LESIONRE2
0 286 440 56.0 471 0 51.8 546 524 56.7
-4 3 2 El -4 2 -1
Weeks From Lesion Diagnosis

35

-3
Weeks From Lesion Diagnosis

36
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Different lesions result in different scores |

| Different lesions result in different scores

100{ Sole Ulcer

[JLESION1

[C]LESIONREL

[CILESION2
LESIONRE2

Group Change

LESION1 +4.2
LESIONRE1  +8.5
LESION2 +4.9
LESIONRE2 +14.4

Score

o 51.0
-4

63.0 70.0 65.4

3 2 R
Weeks From Lesion Diagnosis

37

Digital

Dermatitis []LESION1

Group Change

LESION1 -0.7
LESIONRE1

LESION2
LESIONRE2

36.0 35.6 35.8

3 2 El
Weeks From Lesion Diagnosis

-4

38

Different lesions result in different scores |

| Different lesions result in different scores

1004 Digital
‘ Dermatitis [JLESION1
| [C] LESIONRE1
754
<
S s0- Group Change
%] LESION1 -0.7
LESIONRE1 +34
25 LESION2
LESIONRE2
01 39.3 37.8 419 42.7
4 2 A

3
Weeks From Lesion Diagnosis

39

Digital
Dermatitis

100

[CILESION1
[CILESIONRE1
[CILESION2

~
a

Group Change

LESION1 -0.7
LESIONRET  +3.4

LESION2 +4.9
LESIONRE2

Score
3

I
&

o 42.5
-4

44.3 43.0 47.4
2 El

-3
Weeks From Lesion Diagnosis
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Different lesions result in different scores |

| Different lesions result in different scores |

1004 Digital
|Dermatitis []LESION1

[T] LESIONREL
| [CILESION2

751 LESIONRE2

Group Change

LESION1 S0
LESIONRE1  +3.4
LESION2 +4.9
LESIONRE2  +5.7

Score

49.8 52.5
-3 2 El
Weeks From Lesion Diagnosis

53.4

41
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[C]LESION1
[ILESIONRE1
[CILESION2
LESIONRE2
5] Sole Ulcer { x Digital Dermatitis
I |
|

50

i \Ak/( M
1. |

o~

25

-4 3 2 1 4 3

Weeks From Lesion Diainosis
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Lesion locations result in different scores |

Lesion locations result in different scores

LESIoN1 LESIONRET

[ BACK
FRONT

377 393 390 406 403 431 433 4338

4 3 3 2 El

2 ! 4 E
Weeks From Lesion Diagnosis

43

LESIONT LESIONRET

[ BACK
FRONT

Score

1 51.4
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Existing limitations in the current work |

The take home message

* Unknown severity of lesions
* Only 8 months of data

* No measure of trimmer lesion identification accuracy

45

* The results indicate the score trends from this
autonomous lameness scoring technology may have the
potential for the earlier detection of some lesions.

* Lesion history, location, and type need to be considered
for lesion detecting technology.
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