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Introduction — Examples of Agricultural
Robotics and Other Forms of Automation

* By application
* Plant production
« Animal production

« Environmental applications
(monitoring, product application)

Helper Robots Animal Care

(feeding, milking)

* By size and scale

 Full-size autonomous or highly
automated

Mid-small size
Robots working in fleets or “swarms”

Traditional OEM Field/Orchard
Field Application Application

Robots for integrated systems and
uses (cover cropping, scouting, other)

UAV (“drone”) applications



Driving Forces

 Labor supply

 Desirability of traditional work in
agriculture

« 3D’s — agricultural work traditionally
viewed as “dull, dirty, and dangerous’

« Economics

* Leveraging data — enabled by
increasingly accessible tools (Al,
ML, etc.) for:

» Natural resource use and protection
« Worker and public safety
« Maximizing resource efficiency

J
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Transition from Horses to
Mechanization

Number of tractors > horses in 1954
(U.S.)

This transition began in the late
1800s

« Seemingly glacial — steam engines,
internal combustion, steel wheels,
rubber tires

* Lots of pushback, many naysayers

* "Big” revolutions (mid 1900s) — PTO,
hybraullcs, safety devices, comfort
cabs

W/ T"/‘:-" y i ":i"‘:: 4 u'i'(/é i & 25 e
Original art by W.H. Hinton (1886-1980). Init published
Deere tractor ad — 1936. Published in This Old Tractor and John Deere
Journal.




We Are Now in a Similar Transition Time

« Simple monitors (70s and 80s)

* GPS - yield, mapping,
precision application (1990s)

e Auto steer & other features

 Self-diagnostics, text alerts,
direct machine-to-service
communications
RG-100 Row Guidance

o M a Ch i n e -tO' m a C h i n e Utilize existing row guidance sensors to signal the Autopilot” system

to automatically adjust your combine to the center of the rows—even

- t' when they are not straight.
COI I I I I l u n I Ca IO n * |ncrease com yield through reduced header loss N
= Harvest in difficult conditions such as down com, long passes, and poor visibility - 1
. » Operate effectively in fields planted using other steering systems or in areas where '
» Autonomy, robotics ,
J

Vehicle Guidance

Choose from a variety of Trimble” steering systems based on your crop
and accuracy requirements to keep your vehicles on line.

# Get hands-free guidance of your combine or grain carts

* Extend your operational hours and reduce fatigue
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My Research Focus:
Safety & Risk Assessment

Agriculture = Most dangerous U.S. industry

« Opportunity to improve safety (remove
human from hazard)

Technology for environmental sustainability

But — Uncertainty on other risk (bystanders,
public, service/repair, risk of downtime,
possible environmental risk)

Risk “unknowns” impacting industry through
regulation

Develop new methods that can “foresee
risk” (modeling, learning from past, Al and
ML, developing exposure databases)

Thanks to USDA-NIFA and the UW-Madison Agricultural

Experiment Station



Contact Information

« John Shutske, Professor and
Extension Agricultural Safety &
Health Specialist

* Biological Systems Engineering
Department

 College of Agricultural and Life
Sciences

* shutske@wisc.edu

* https://bse.wisc.edu/staff/shutske-
john/
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Agricultural Autonomy,
Technology & the Future

Agricultural Safety & Health Program

)

WISCONSIN

Key Points
Labor concerns are pushing the
development of robots and
highly-automated agricultural
machine systems

« You can start by being a great

emﬁloyer TODAY! Adopting
technology requires worker
involvement, trust, and buy-in to

be successful

= We should continue to push for
robust and affordable Eigh
speed Internet in all farming
areas—this includes mobile
cccccc

information as they relate to
YOUR operation

- Take your time. Learn from

others. Travel and attend
demos and ask adopters about
their experiences

The Agricultural Safety & Health
program Is In the the Biological Systems
Enginearing Department at LVW-

Ma For m formation, check

ison. For mora in
out agsafety.wisc.edu
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Grand Challenges for Agriculture

- = w.  * INCreasing crop productivity while

=== reducing environmental harm
p =FF

Substantial heterogeneity in growing
conditions within and across fields

Profitability
and .
environmental * Need for data analytics to enable
perfogpance decision making using “big data”

are linked .. :
: : generated by precision technologies

Shortage of labor

e autonomous systems that can
implement complex decisions
with precision and timeliness.

Crop health monitoring, disease
detection

* Growing resistance to pesticides

g AIFARMS

Artificial Intelligence for Future Agricultural
Resilience, Management, and Sustainability



Future of Farming: Artificial Intelligence

Three key features:

Gather high resolution data on plant and growing conditions

Autonomy and robotics to make site specific interventions on the field during the growing season

Machine learning to improve predictive power for making recommendations that can progressively get

more accurate over time by learning from the data and experimentation

More Sustainability and Resilience with Agbots

. Edge Al for
coordination

More sustainable, adaptable, and profitable:
Under-canopy phenotyping

Under-canopy cover-crop planting
Herbicide-free mechanical weeding

30% reduction in N with spot side-dressing
Plant manipulation in berry-nut systems

AIFARMS

Artificial Intelligence for Future Agricultural
Resilience, Management, and Sustainability



Robotic Weed Management

* Conventional herbicides applied before plant
canopy closes in early stage of growing season

Small robots can drive under plant canopy,
detect and mechanically remove weeds

Robots have
* High weeding efficiency
* Can work long hours

Reduce need for labor; depending on level
of autonomy

Small size: do not cause soil compaction

Reduce need for tillage and increase soil
organic matter

Delay/avoid weed resistance
i . AIFARMS

Artificial Intelligence for Future Agricultural
Resilience, Management, and Sustainability




Cover Crop Planting Robots

e Under the canopy robots can plant cover crop early in the season to improve
establishment with low labor needs

* Ensure grazing cover after harvest and enable diversified and integrated agriculture

* |Increase soil health, reduce need for fertilizer, weeds




Fig. 1. Dealer offerings of sensing-related technologies over time. 2024 are projections.

m Grid or zone soil sampling m Grid or zone plant tissue sampling m Robotic crop scouting
m Satellite/aerial imagery Soil electrical conductivity (EC) mapping ® Robotic weeding
m UAV or drone imagery W Wired or wireless sensor networks ® Chlorophyll/greenness sensors

Source: Croplife-Purdue University Precision Agriculture Dealership Survey
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2021 Precision Agriculture Dealership Survey
https://www.croplife.com/?s=Precision+Agriculture+Dealership+Survey



https://www.croplife.com/?s=Precision+Agriculture+Dealership+Survey

Using Al to Reduce and Optimize Labor for Livestock Production

‘*@

| e Computer Vision to Support Labor Needs
e | . . .
]IT ~ | in Commercial Animal Production Systems

 “Eyes” on animals more of the time
e Early identification of animal care needs
* lliness
* Lameness
 Thermal challenges
e Facility maintenance needs
e Predicting status
e Estrus
* Parturition
e Tracking animal growth and development
* Nutritional needs
* Market timing

g AIFARMS I
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Operator characteritics Farm charateristics

Interactions

Institu
thions

Attributes of
technology

factors

Psycholo-
gical

Farm size

Biophysical conditions

Land use

Use of complementary technologies
Land ownership

Labor availability

Livestock ownership

Farm succession

Education

Age

Farming as the main occupation
Income

Computer use

Off-arm income

Farming experience
Innovativeness

Knowledge & capacity

Risk preference

Consultants

Extensions

Farmers' associations or other organizations

Technology providers

Other farmers

Contractors

Events (trade shows, workshops)
Information sources
Subsidy/credit

Laws and regulations

Relative advantage (perceieved usefulness)

Complexity (case of use)
Compatibility

Data safety

Tralability
Observability

Altitude

Subjective norm

Perceived behavioral control

0 3 6 9 121518 21 24 27 30 33 36 39 42 45 48 51 54

significant insignificant

Fig. 1. Influencing factors on farmers’ technology adeption decision synthesized from 54 cases.

(Source: own results)

Number of cases

Shang et al., 2020

Higher farm size

Higher quality land
Use of complementary technologies,

computers

Likely Drivers of Adoption of
Al Technologies by Farmers

Availability of skilled labor
Relative advantage and perceived

usefulness
Education
Attitudes

Norms/peer pressure

=

AIFARMS

Artificial Intelligence for Future Agricultural
Resilience, Management, and Sustainability



Potential Barriers to Adoption of Al Technologies

* Demonstrated ability to improve farming outcomes

* Data confidentiality, ownership and governance

* Loss of farmer control on farm management decisions

* High speed internet connectivity and access to computers
* Access to technical assistance

* Rapidly developing technologies, interoperability of components
i AIFARMS

Artificial Intelligence for Future Agricultural
Resilience Manaadement and Sustainabhilitv



Artificial intelligence- enabled capabllltles that will bring

value to agriculture over the next decade * Potential to transform farm operations
* Reduce need for human decision making,
LARGER DIGITAL uncertainty
TRACEABILITY ~ SYSTEMS _ . o
s PERSTANDING * Improve predictability, farm efficiency and
oponcs S sueetoen health
SMARTER GROWTH IMPROVED
I ALERTS As[éllg!I:EthI-TS NANGE FORECASTS [:-|:::LDTYPES . .
VALEE PRECISION ~ CONNECTED Léfgmﬁa TWIN * Use Of d|g|ta| twins- to bEtter
FARM . .
HATMBAR NsuRANGE . THREAT  PERFORMANCE understand functioning of the farm and
EARM SENSING PREDICTIONS PREDICTIONS . .
SENSORS FROM ABOVE effect of interventions
INTELLECTUAL DECISION
SMALLER PROPERTY CAPTURE ’
NOW RELATIVE TIME TO VALUE 10YEARS
Smith. 2020. * Enable supply-chain traceability

AIFARMS

Artificial Intelligence for Future Agricultural
Resilience, Management, and Sustainability
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Thanks!
khannal@illinois.edu
https://aifarms.illinois.edu/
https://i-farm.illinois.edu/

== | AIFARMS
é%_é Artificial Intelligence for Future Agricultural
=

Resilience, Management, and Sustainability

University of lllinois, Urbana-Champaign



https://aifarms.illinois.edu/
https://i-farm.illinois.edu/

Robotics and AI for Sustainable,
Equitable Agricultural Systems

Framing Platform and Workforce Development

A decade 1n Silicon Valley
Founding an Ag Tech Startup
Farm-ng and the Amiga
Collaborative innovation
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Ethan Rublee

USDA Agricultural Outlook Forum 2024
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Started April 1st, 2020:
e Online farmers market, food hub
e 250 boxes/ week
e 40+ farms, whole diet
e $750K+ gross over two seasons
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Modular robots for every acre
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®
Amiga
An electric
robotic tractor.

Battery powered,
light-weight, software
defined vehicles will
transform agricultural
practices.

open source

Right To Repair
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farm-ng

est. 2020

Ethan Rublee | CEO

Cofounder, Industrial Perception (Acq. $GOOGL)

Cofounder, Arraiy (Acq. $MTTR)

Willow ipi g ARRAY

Claire Delaunay | CTO

VP of Engineering, Nvidia

Venture Backed:
$16m Raised to Date

VP of Engineering, Uber
Cofounder, Otto (Acq. $Uber)

i Uber <Anvibia

JACOBS FARM - DEL CABO EJ CLAEI)TB E_ @ ACRE
30+ People
Manufacturing, Engineering, 150 Robots Produced 70 Customers Farmers, Research, Education

Sales, & Farmers






Broad adoption across research
and education in agriculture.
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BILL& MELINDA
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BILL&MELINDA
(GATES foundation

UNIVERSITY OF CALIFORNIA



BILL& MELINDA
(GATES foundation

Y GEM
Rapid User Onboarding and User App Development
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app development

teleoperation

UCDAVIS

UNIVERSITY OF CALIFORNIA




NC STATE
UNIVERSITY
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Precision
_ Sustainable
Mature Ecosystem for Plant Science Agriculture

ManuR@p@é@h@t En?@gamera coﬁfig j

Benchbot Config

B

flexible data collection platform PSA-developed apps
L2
i UNIVERSITY
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f;fm—ng

Oxrder your Amiga
today at farm-ng.com

Contact sales@farm-ng.com for more information.

USDA Agricultural Outlook Forum 2024


https://farm-ng.com/
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Move to Questions for
Panelists
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