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loT4Ag Vision

To ensure food, energy, and water
security by advancing technology
to increase crop production, while
minimizing the use of energy and
water resources and the impact of
agricultural practices on the
environment.

*TO SCIENCE
*PILOT OF INDUSTRY
*MULTIPLIER OF THE HARVEST

National Academy

50% 30% 80%

* Population growth to 9.1 billion by 2050

* Competition for arable land

* |ncreased demands for water and
energy resources

* Need for sustainable use of
fertilizers and chemicals ¢

" United Nations Food and
Agricultural Organization
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loT4Ag

loT4Ag Mission

To create and translate to practice Internet of Things (loT) technologies for precision
agriculture and to train and educate a diverse workforce that will address the societal grand
challenge of food, energy, and water security for decades to come.
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loT4Ag and the NSF Big Ideas

NSF'S

Future of Work
Harnessing the Data Revolution
Growing Convergence Research
Mid-scale Research Infrastructure
NSF INCLUDES

Understanding the Rules of Life
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Agricultural Crops in the US corn
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Total value of US crop production > $140 billion/year

Represent diversity of crops and different agricultural environments for loT4Ag testbeds

https://www.vox.com/a/explain-food-america
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Precision Agriculture in the US and Around the World

Dreepesarteinznk of Agricullures

Key message:“... it is critical that productivity

= growth not rely on more cultivated land, water,
President of the ‘
United States or energy, but instead harness the power of
from the Task Force . . ’
on Agriculture and innovation and technology.
October 2017 Rural Prﬂ'SpE'rity
FUTURE of FOOD
Harnessing Digital Technologies to Key message: “Digital technologies have the potential

| Food System Out : . . .
HRRY = o =Y S HECOITES to improve efficiency, equity, nutrition and health, and

sustainability in the food system.”

April 2012

@ WORLD BANK GROUP
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Agriculture Today

Present Day

Pathogens and pests are estimated

to reduce crop yield by ~10-40%
(varying by crop) globally
Nature Ecology & Evolution, March 2019

Problems:

* Sensor technologies are limited or non-existent to spatially, temporally,and compositionally
monitor the state of the field

e Data is coarse-grained, siloed in equipment

¢ Communications infrastructure is limited or non-existent on the farm

* Interventions are reactive and over-provisioned, increasing economic and environmental costs

UNIVERSITY OF CALIFORNIA
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Transforming the Future of Agriculture
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Projected: + $47 billon/year value

of precision agriculture to US Crop
Production
USDA, April 2019

Future

loT4Ag Integrated Systems: capture microclimate and spatially, temporally,and compositionally
map heterogeneous stresses to predict and efficiently control the state of the farm

The time is right: the exponential growth in information technology and data science and the
reduction in their cost is setting the stage for the next revolution in agricultural practices
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Testbeds

Testbed |: Integrated Systems for Precision Testbed 2: Integrated Systems for Precision
Farming of Tree Crops Farming of Row Crops

UF Research & Education Centers Agronomy Center for Research and
Education (ACRE)

Mainstays of the food supply chain and agriculture in the US and abroad
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Integrated-Systems Level Problem

TESTBED 1: Integrated Systems For Precision Farming Of Tree Crops
TESTBED 2: Integrated Systems For Precision Farming Of Row Crops

’ requirements, stakeholders
THRUST 1 THRUST 2 THRUST 3
AGRICULTURAL SENSOR COMMUNICATION AND AGRICULTURAL RESPONSE DrﬂdUCtS &
SYSTEMS ENERGY SYSTEMS SYSTEMS outcomes
SYSTEMS TECHNOLOGY INTEGRATION ’
technolo
multi-domain imaging backhaul communication rlsk awale interventions
@ Industrial/
+ | o 0
] rabutlcs edge communication mterpretable analytics BAR'? EFS . Practitioner
= U Adyvisory Board
‘“:-’ heterogeneity
B sensnrs Energ*,r dewces data-predictive control robustness
o scalability Ac Syst
c g Systems
g ENABLING TECHNOLOGIES TECHNOLOGY BASE Advisory Board
a

- - - — : fundamental
device physics power density/transfer insight

[=1a]

f lant sci | i T
= interferences
c environmental science biodegradable materials machine learning =LA
= selectivity
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loT4Ag Integrated Systems:
Solutions for a Food, Energy, and Water Secure Future

Integrated systems for early detection and intervention
to improve outcomes in agricultural crop production

Iney}deq

UNIVERSITY OF CALIFORNIA
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loT4Ag Team: Convergence of Experts

Thrust |:Agricultural Sensor Systems Thrust 2: Communication and Energy Systems Thrust 3:Agricultural Response Systems

edge*backhaul communication
:-“n’-‘ :

4 Universities * 8 Departments 3 Universities * 4 Departments 4 Universities * 7 Departments

loT4Ag Integrated Systems

The right team: integrating expertise in agronomy, agricultural engineering and economics, and
environmental science and in the science and engineering of physical and cyber-physical systems
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Plant and Environmental Science

plant targets

growth/leaf area index
nutrient status

disease

water deficit stress
pests

yield

environmental targets

soil type

soil nutrients
disease
compaction
water

weeds

How do the complex system of abiotic/biotic variables affect crop yield and resilience!?
On what timescales and with what spatial resolution should we deploy technologies to

capture these variables!?

DECEMBER 10, 2019
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Multi-Mode Sensor Science and Technology

edge communication to robots - -
and farm infrastructure

opt%

adaptive
. P o\ymef

water

temperature

compaction

sensor technologies that conventional sensor technologies sensor chaff
measure target variables which limited power, limited placement zero-/near-zero power,
cannot be observed directly ~0.01 sensors per acre, scale to ~10° sensors/acre
~$ 1K /sensor/season <l¢ —$1| /sensor/season

gy 48
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Autonomous Fleet Operation

I5

Biglerville, PA loT4Ag Orange Cove, CA
¢ 8] fleet

robots autonomously navigating above and below the canopy semantic mapping at scale in unstructured environments

=

1

4

charging power the fleet to operate at agricultural scales

T via distributed drone recharging and high power

e - M density, rapid recharging batteries
working ¥ - —
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Ag-Specific Communication Solutions

e Ag fields located in rural areas with poor broadband coverage
* Develop new multi-scale communication capabilities for the unique Ag use-cases
” Sensor-level: Low power wireless communication
@ Machine-to-machine: Millimeter wave frequencies and above

9 Massive MIMO (multiple-input, multiple output) for range and rate
9 Multi-hop and distributed backhaul

Multiple-instance, multiple-resolution sensor fusion for multi modality data analysis

16 DECEMBER 10, 2019
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Decision Ag Interventions

Data-driven
Models

N -._"_ LSS

Data-driven Models
* Feature extraction

* Multi-temporal, multi-
modal architecture

!

Biophysical Models
* Plant physiology
* Soils
* Weather

* Management practices

e
oy

Is 4

|7 DECEMBER 10, 2019

Autonomy for Better Data

* Targeted sensing to improve data-driven models

Farm Models = Decisions
* Heterogeneous data & model architecture

* Biophysically-constrained machine learning

Make the Invisible Visible

* Bridging machine learning and control models

* Uncertainty reduction with optimal sensor fusion

Economic Analysis
* Socioeconomic adoption models and analysis
* Transfer learning to scale across fields

INCONSISTENT

ANOPY

/

COVERAGH
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Facilities: Convergence of Technology and Agriculture

| B
| &

Controlled
Facilities

* Well-equipped PI
labs

* World-class
shared facilities

* Agricultural
Research and
Extension Centers

* Dedicated loT4Ag
Headquarters

Field and
Farm Scale
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loT4Ag Organization

Scientific Advisor:
Board

Ag Systems
Adyvisory Board

Workforce

Development
Adyvisory Board

Diversity &
Inclusion Advisory
Board

Industrial/
Practitioner

Adyvisory Board

Council of Deans
Vijay Kumar, Penn
Cammy Abernathy, UF
Mung Chiang, Purdue
Mark Matsumoto, Merced

Student Leadership
Council

Executive
ommittee

loT4Ag Director

Cherie Kagan, Penn

Site Directors *

David Arnold, UF
David Cappelleri, Purdue
Catherine Keske, Merced

Kevin Turner, Penn

Convergence Team
Stefano Carpin, Merced

James Krogmeier, Purdue
George Pappas, Penn
lan Small, UF

Managing Director
Kcristin Field, Penn

Assessment
David Miller, UF

Research

System Integration
Melba Crawford, Purdue

stem requirements and coordination

Thrust 2
Mark Allen, Penn
David Love, Purdue

Thrust |
Reza Ehsani, Merced
Diane Rowland, UF

Testbeds

Reza Ehsani, Merced; lan Small, UF; and Tony Vyn, Purdue

Dennis Buckmaster, Purdue
Rahul Mangharam, Penn

Workforce

Precollege
David Cappelleri, Purd.

Thrust 3 Climate

Recruiting

Paulo Arratia, Per

therine Keske, Me

Innovation

, | Industry/University

Partnerships
David Arnold, UF

Tech Transfer
Louis Graziano, Penn

Professional
Ian Small, UF
Tony Vyn, Purdue

*

rotating membership
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Systems Integration

Syatems Integrator —
Executive Committee

=Ag Systems

Advisory Board Definition of Technology
Requirements

1Z:0:0 = Industrial ASAB | IPAB

Practitioner
Adyvisory Board

Full Scale Deployment

ASAB | IPAB IIIHIIII

*

m = Scientific l

Adyvisory Board

=Testbed
Leaders m

L4 = Research

System Design System Development,

Prototyping, Testing

_rr_[[SAB)

System Deployment and
Validation

advance

Select
Cancel

Thrusts

gy 48
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Workforce Development
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DECEMBER 10,

Participants

K-12 Students and
Teachers

Community College
Students

Undergraduate and
Graduate Students

Ag Industry Professionals

Agricultural Extension
Agents

Existing/New Growers

2019

To prepare diverse participant groups to have

Audience-specific
training — courses — lectures - lesson

strong science and engineering knowledge
that enable precision agriculture solutions

Hands-on lak
Exhibits

Research
experiences

Test location field

Professional development activities

Assessment

&Penn | PURDUE

UNIVERSITY

propriate
ch activities

Community college
educational programs

Cross-disciplinary
university education

Precision Ag
Professional Training
Materials

Networking with
industry-government-
innovation partners
Professional
development

UNIVERSITY OF CALIFORNIA

MERCED

loT4Ag

Outcomes/Impact

Increased K-12 STEM
interest and
petenc

Via tech, increased
pipeline of Ag students

Increased # students

Increased tech
competency of Ag
professionals
Sustainable academia-
industry-government
student pi
Institutionalization of
loT4Ag best practices
and programs

UF [FLORIDA
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Workforce Development: Pre-College

Co-development of lesson plans, hands-on/lab kits, and exhibits to increase K-12 STEM interest and competency

|Ag in the Clasrbom ' Agricultural Saences ;;_ 4-H

FPenn  PURDUE | RiERCES  UFIiiGitih

UNIVERSITYo.
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loT4Ag

Workforce Development: Community College Partnerships

To increase the knowledge and pipeline of Ag and engineering students via
education and training in innovative Ag technologies

Santa Fe Collegey
Gainesville, FL

* 13% female, 29% Hispanic, 5% AA,
| 7% first-generation college student

* loT4Ag guest lectures and
technology demonstrations

* Hands-on lab activities

* Participation in NextGen Expo
* Non-traditional students: ~20%

single parents, >75% working
students, average age is 28

* Launching 2-year certificate and
degree programs in Precision
Agriculture Equipment Technology

* Research Opportunities

* Matriculation into 4-year
engineering and agriculture
degree programs

UNIVERSITY OF CALIFORNIA UF | UNIVERSITY Of

&Penn = PURDUE | [ERCED FLORIDA
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Workforce Development: University Education

To prepare Ag — Tech leaders through collaborative co-education and co-training
in and across our classroomes, in our labs, in our agricultural research and

* Bootcamps

* Coursework
* Professional development
* International exchange
* Intra-ERC research exchange

* Research experiences for
undergraduates

#&Penn | PURDUE | {fERCED | UFFiLORIDA

UNIVERSITY
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Workforce Development: Professionals

To increase precision agriculture tech competency and support certification of Ag professionals

* loT4Ag guest lectures and
technology demonstrations

* Educational materials

* Field days

* Certified Crop Adviser
certification

Purdue, UC, UF Extensions :“bring science-based solutions ...
to agricultural and natural resource industries” and “to make

knowledge accessible to enhance the quality of human life”

* Workshops and consultations

* Computer networking

Quote: UF Extension

UNIVERSITY OF CALIFORNIA UF | UNIVERSITY Of

&Penn | PURDUE | [fFRCED FLORIDA

UNIVERSITYo.
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Diversity and Culture of Inclusion

Goals

To recruit, retain, and train diverse groups
broaden participation of URM/women

DECEMBER 10,

create a culture of inclusion

Participants

K-12 Students and
Teachers

Community College
Students

University Students
and Faculty

Industry-Government-
Innovation Professionals

Agricultural Extension
Agents

Existing/New Growers

2019

To recruit, retain, and train diverse groups

create a culture of inclusion

Sl

national mtgs
Mentoring, advi
student advisor

Recruiting MSI,
Pathway to

Annual Meeting, workshops, social anc
professional gatherings

Z Assessment

gy 48

#&Penn = PURDUE

broaden participation of URM/women

g presentation
to diverse groups

Effective mentoring
programs

PhD preparatory
training

Institutionalization of
loT4Ag best practices

Collaborative
research/teamwork

Cohesive community

UNIVERSITY OF CALIFORNIA

UNIVERSITY

MERCED

Outcomes/Impact

# PPP graduate
applications

Increased # women /
URMs pursuing STEM
and Ag degrees

Parity in satisfaction
with educational
experience

Parity in student
retention and
sraduation rates

Increased diversity
among student
participants

Parity in career
placement

UF [FLORIDA
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Diversity & Culture of Inclusion

recruit, retain, and train

* Operate locally through Offices of Diversity & Inclusion at each
site and extend programs to loT4Ag

* National scholar programs (GEM, LSAMP, Meyerhoff, McNair)
* Relationship building with minority serving institutions
* National meetings (NSBE, SHPE, IVY+)

* Create new programs, e.g. Pathway to Ph.D. Program, a signature
loT4Ag program

* Establish a culture of inclusivity via education, mentoring/tri-
annual advising, social and professional activities

UNIVERSITY OF CALIFORNIA

Penn | PURDUE | §ferCED = UFIFLORIDA

UNIVERSITY
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loT4Ag

Pathway to PhD Program

Increase number and diversity of applicants to graduate school and graduate fellowships (NSF GEM, etc)

* Share loT4Ag research to exemplify the role of engineering in benefiting society
as a vehicle to encourage diverse groups to pursue PhD studies

LIMIVERSITY OF CALIFQRMIA

MERCED

* 2-day workshops, yearly in September at all loT4Ag institutions
* UG research students + REU + women/URM students
* Travel allowance will be provided; it is budgeted for

o

* Main workshop activities PURDUE |

* Dispel URM/FGLI student misconceptions about graduate school
* Draft resumes, personal statements, and application by end of workshop

* loT4Ag faculty and graduate students will serve as mentors; maintain
relationship to provide continuity and encouragement

28 DECEMBER 10, 2019 Penn PURDUE ﬁ%ﬁaﬁ% UF|UF1\I]TJ\61iS{If6A
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loT4Ag

Institutional Partnership and Commitment to Innovation

* Relationships with companies &
investment partners

PENN
CENTER FOR
INNOVATION

Educational programming supporting
commercialization and entrepreneurship

FINSOJITED 40 ALISHIAINN

NIW4013A30 SSINISNE 40 30140

Innovation awards and prizes

Incubators to translate research to
production and new venture creation

PURDUE

OFFICE OF TECHNOLOGY
COMMERCIALIZATION

Intellectual property and licensing

S
Z
Z
O
S
m

Contracts and agreements
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Innovation Ecosystem

22 Companies
|0 Innovation Partners
2 Government Partners

Entrepreneurship Start-ups Med/Large Companies

Policy /regulation

Government and
Innovation partners

Companies

Agricultural sensor systems Communication and energy systems  Agricultural response systems

BOSCH @@ mmmmﬁy QUALcOMA Z& CORTEVA
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pennsylvania

DEPARTMENT OF AGRICULTURE

i,

loT4Ag

Member Benefits:

3 membership

* option to sponsor research

* option to send visiting scientists
* early access to loT4Ag IP

e attend technical meeting

* seminars and short courses

* online resources and
newsletters

* guide loT4Ag system
integration

* help create and maintain a
technology outlook and
roadmap for precision
agriculture

DECEMBER 10,

PURDUE

UNIVERSITYo.

& Penn M
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University Incubators and Innovation Prizes

PENNOVATION WORKS FURDUE RESEARCH PARK DF WEST LAFAYETTE

* Blend of state-of-the-art wet and dry labs, offices,
and production spaces

* Meeting and maker spaces * Awards to support student innovation and
* Co-located with university innovation offices entrepreneurship

PURDUE = §fERCED = UF[FiORIDA

UNIVERSIT Y.

& Penn

31 DECEMBER 10, 2019



loT4Ag BLUE RIBBON PANEL

Partnership with NSF-Supported Activities

UF’s NSF I/UCRCs Penn, Purdue, and Merced NSF [-CORPS

Industry-University Cooperative Research Centers
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M I S gy, Notional Sciener Fonndation Coenter for L T — M Py
Qhﬂ:-::-h

CENTER JEERN Big Learning

Mult-functional Invegrated Sysvem Technology —_—r L o
A &~ O L e O faraga = -
2@&), ; A Q . it "
o FCE =t L A BAY ARLA RODE ?ﬂ-mru el oy i %
3 iy e O SRR = @ hd Ty . !
% . 0 0 P! G
3 — e
¢ L4

RUEMEST KODE
o B M

P e B g v
= =
- ,
| b Q e,
,,,,, .
“‘?:,::‘_ m.:«-- Q""“ S ?-Nnhmm SEE
R Y e i
. Platorms _Intelli Services/Tools/APls Q Qo . - Oy, e
s i Qi 9 e
iramruy. o Mkl e My e by --':\:_my
. e [ i
Deep WA o " s P 9. e
gy s RS il e~
e TR e
Uty o e ¢ ?”mv q? -
O=Rs.., A e L F— T
b~
O b

Exploit vibrant programs and cultures for industry-university partnerships and entrepreneurship

UNIVERSITY OF CALIFORNIA ‘ UF | UNIVERSITY Of

#&Penn | PURDUE | §fFRCED FLORIDA

UNIVERSIT Y.
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loT4Ag

Assessment

Feedback cycle of programs — assessment to improve loT4Ag outcomes in our
research, workforce development, diversity and inclusion, and innovation ecosystem

* University of Florida, College of Education
* Formative and summative assessment of implementation,
effectiveness, impact, and sustainability
* Longitudinal tracking, surveys, focus groups, secondary analysis of
institutional data
* |RB approval

Programs —

Assessment

* Annual Meeting with leadership to review and act on assessment to
improve programs
* University of Florida, College of Education evaluation
* Scientific, Workforce Development, Diversity and Inclusion,
Industrial Practitioner, and Ag System Advisory Board input
* Student Leadership Council input

33 DECEMBER 10, 2019 Penn PURDUE ﬁ%ﬁaﬁ% UF|UF1\I]TJ\61iS{If6A
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loT4Ag

Over the Next 10 Years ...

integrated sensor-communication-response systems

“m"-f‘u;u._ S
LI - T T i

e * Transformative science and engineering to

: create integrated systems for precision
agriculture

* Transdisciplinary collaborations

* A diverse, well-educated workforce for the
future of Ag

* More crop for every drop of water or
Joule of energy

* Sustainable agricultural processes

* $47 billion dollar/year increase in crop
market value in the US

50% 30% 80%

PURDUE | RTERCES | UFIRIGRIBA

UNIVERSITY
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loT4Ag will ...

Deliver Internet of Things (loT) technologies for precision
agriculture that enable a food, energy, and water secure future

FPenn  PURDUE | RiERCES  UFIiiGitih

UNIVERSIT Y.
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