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Automation to Autonomy

'} h.g}“l By

* Part of a long history
of mechanization.

*Focus on Safety in the 1960’s

= Rollover Protective Structures
(ROPS).

= OSHA Standard in 1976
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Tractor Rollover Injuries over time
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Myers, J. R., & Hendricks, K. J. (2010). Agricultural tractor overturn deaths: Assessment of trends and risk factors.
American Journal of Industrial Medicine, 53(6), 662-672.
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Safety is important

Duct Tape on
LIDAR Sensor

Safety Features
Inside the module?

X ILLINOIS



Case Study

Reported from SAFER Ag Workshop

Company purchased
autonomous pressure washer

* Aim to reduce their labor footprint
by 1 FTE.

* Found reduction of only
10-20 % FTE.

 Started sending individuals with
pressure washer into barn.

T ILLINOIS farmdoc



Bringing in today ...

Naveen Uppalapati
Research Scientist for I-FARM farm of the future projectin
Illinois

Dennis Bowman
Digital Agriculture Extension Specialist
and Associate Director for I-FARMs
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Cultivating caution
How can we incorporate it

In emerging technology?

Naveen K Uppalapati
Center for Digital Agriculture

NCSA ILLINOIS

Center for Digital Agriculture
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Illinois
Farming
and
Regenerative
Management

T ILLINOIS farmdoc



College of Agricultural,
I Consumer & USDA
Environmental Sciences ——-—\a—
UNIVERSITY OF ILLINOIS URBANA-CHAMPAIGN
NIFA

Agriculture and Biological Engineering
Animal Sciences

Center for Digital Agriculture
Crop Sciences

Grainger College of Engineering

Ilinois Extension (
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I-FARM mission

Integrated Develop an agricultural testbed, where
i ; - Engage
Extension commodity crops and livestock are farmed sy

using synergistic and regenerative practices

activities

6 thrusts Digital agriculture Industry
+ technologies developed Partnership
extension iIn UIUC Program
(IPP)

T ILLINOIS farmdoc



Approaching in a systems perspective
O O

T ILLINOIS farmdoc




I-FARM Thrusts

: Integrating Remote
Sensing and IoT in
Precision Farming

Rural Internet
ek @ QL\»QK) Connectivity and
Sa= =T ~ Edge Computing

Technology Access
to Small-Holder
and Minority
Farming

X ILLINOIS
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Under Canopy
Robotics for

Sustainable Farm

Management

Integrating Animals
In the Farm

of the Future

Socioeconomics
of Technology
Adoption

farmdoc
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Example of soil moisture time series

SWC at 5cm Depth - Station: FF-4
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LAI monitoring in the field

Segmentation =3 Calculation = Aggregation

1. Segmentation
2. Calculation of gap fractions based on Beer’s law
(similar to how LAl 2200 works)

3.Aggregate all cameras’ results to get the final LAI

Segmented upward photos

T ILLINOIS farmdoc



LAI time series

Daily LAI at soybean field of Farm of the Future in 2023

o | aasuapeseserse®®®™

T T T T T T
2023-07-01 2023-07-15 2023-08-01 2023-08-15 2023-09-01 2023-09-15 2023-10-01
Date
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Autonomous CC Robots
Vlew V|deo at https: //youtu be/ KU3v9XnY4OI

-— ) . 5

' Plantmg Cover Crops In Standln

‘ -~ e

\

- FA‘QM’F@TH\ of the Future Upd ?‘
'\

1 %7
In collaboration with EarthSense Inc

July 25th Aug 12th
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December 2022 April 24 2023 May 3, 2023

TerraPreta

Yield (year 1):
178 bushels/acre
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Cover crop (Ground robots + drones)

View video at https://youtu.be/NNzTvX39zgU

Expensive (due to operator cost) Drone Cover Crop Seeding $50/acre
3 robots, 10 acres/hour 20 acres/hour

T ILLINOIS farmdoc



CropFollow++

Vision based undercanopy navigation using keypoints

X ILLINOIS

Input Image

i

Neural Network

Keypoint Perception

Heatmap

Model

Keypoint
Output

Roll IMU
Estimation

fx 0 cx
0 fy ¢
0 0 1

Camera Intrinsics

Heading &
Distance Ratio

Reference Path
. .- ) 0
Model Predictive Controller (N
[ ] I
[ p/) !
p \ 4 N _ 1 % Q 'I
Reference path Constrained 2 R lvk q
| e ) Optimization * 2
R L Action R = Wk i s
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Cover crop robot tests failure modes

Total number of human interventions needed in ~25km of tests: 33

3.03%

6.06%
24.24% = & 9.09%
(8) '(3)°
18.18%
(6)
Lz Demonstrating CropFollow++: Robust Under-Canopy
L Navigation with Keypoints
Corn gap

Vision keypoint error
I Physical robot failure

Bad start

Weeds and Occlusion

Bumps

Planting error

T ILLINOIS farmdoc



Advancing Agricultural Technology
with 5G Connectivity
* Testbed integration

* Teleoperation
and data collection

e Centralized Al decision
making

* IFARM app as a

user-friendly interface
for farmers

Third Person POV ) w ™5 . GPS Trace

T ILLINOIS farmdoc



I-FARM: Key highlights

* Unique Crop-Livestock Testbed (115 acres)
new experimental designs
(9 tiled and fenced plots)

Advanced Data Acquisition
(LAI, soil moisture, weekly drone,
daily satellite images)

Drone Cover Crop Planting (60 acres)

Enhanced Robot Autonomy 34 e
(767 m average, best case 3.5 km) e

L

CurtisiRds*

Full connectivity with CBRS 5
(100 Mbps download) A 26 May 2023

130k seeds/acre

X ILLINOIS
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I-FARM: Key highlights

* Livestock management transition

Deploying tech in small - scale farms and
helping farmers

Extensive extension activities
(1,000+ attendees)

Integration of robots with livestock

Season-round data collection
(drone, LAI, soil moisture)

X ILLINOIS

CurtisiRds*

Soybean
26t May 2023
130k seeds/acre

Sorgh
um
26th
May

2023

Energy Farm §&



Technology can be used to
improve the safety

 Early in our journey to achieve this goal, but moving step-by-step
* Sensors can provide more info and with remote sensing give us insights

* Under canopy autonomous robots will reduce the passes of large
equipment

* Connectivity will enable to scale and make the robots and sensors more
efficient

* Data might show us we can approach this problem in a different way??

* Use robots, drones for herding animals.

Naveen, uppalap2@lllinois.edu

I-FARM Website: https://i-farm.illinois.edu
T ILLINOIS farmdoc
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I-FARM Team




I-FARM Team

* Arun Narenthiran * Aditya Sengupta

* Faiza Aziz * Anushka Pachaury

 |taloLima * Postdocs

* Emerson Sie * Research
technicians

* James Shin

S * Grad
e Jiaming Xu rads

- * Undergrads
* Menglin Liu &

- * Farm team
* Aganze Mihigo

 Timothy Lecher
* Rutva Pandya y

e Kavin Jindel

X ILLINOIS



Cultivating
Caution

May 21, 2024

New Technology in
Agriculture

Illinois _
Extension




Technology
adoption

X ILLINOIS

First agricultural revolution: Move from hunter-gatherers to
farmers, domestication of crops and livestock

« Second agricultural revolution: The adoption of mechanization

and access to markets

Third agricultural revolution: Hybridization, commercial
fertilizers, pesticides

Fourth agricultural revolution? Information, Al, robots

farmdoc



ChatGPT 4.0: Create a limerick about
agricultural autonomous technology and safety

S

In the fields where the crops grow high,

Autonomous tech roams the sky.
With sensors and gears,

It reduces our fears,



4 D’'s of
Automation:

I;"l ! ' !
\ 55 1;
ML

Drones/Robots}

Dull
Dirty

Dangerous

Dear

X ILLINOIS




Work-Related Deaths, 2011 (Per 100,000 Workers*) -

Fishermen (121.2)

. Loggers (102.4)
@

Pilots (57.0)

Farmers And Ranchers (25.3)

Police Officers (18.6)

Construction Workers (15.7)

@ National Average (3.5)

o Firefighters (2.5)
® Cashiers (1.6) O A
. Office Admin (0.6)
. Business And Finance Staff (0.5)

* Full-time equivalent workers.

Source: Bureau Of Labor Statistics

Credit: Jess Jiang and Lam Thuy Vo /NPR

X ILLINOIS
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Potential Advantages: Safety
* No Pilot

No 254 gal aviation fuel*
* No 800 gal pesticide*

Drone flights stay within field boundaries
* Drone safely operates at lower altitude
*vs. Backpack sprayers?

T ILLINOIS *Air Tractor 802A $2.5m
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Front and Back Phased Array Radars
for terrain and obstacle detection

Image courtesy Talos Drones and DJI Technology Co.



Increased
productivity,

Worker benefit?

I ‘ = _‘. 31:':.}‘,‘:.;“-'-;...“'-1:—-._ ._,~'zv-*
Photograph
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Ag Robot Development (AIFARMS)
Autonomy, Time and Cost

‘. Eust /

Leyeld - "Un-Supervised”

level § - "fully-autonomous”

$5000/acre

0 Full manual teleoperation n/a
1 Line of sight (hands off) 5 min.
2 Operator on site (eyes off) 1 hour
3 One operator, many robots (mind off) 8 hours
level 2 - By es-off 4 Supervisor not on site (monitoring off) 3 days
5 Robots adapt and improve task completion Extended operation

level | - "hands-off”

i
Autonomy / IAF established $50/acre
200 2019 2071 2073 2025

Lok 7 loA 3 Lok 4 loA 5
AIFARMS Year 1 NIFA R9p0rt: Phenatyping Cover-crops Mechanical Weeding
Thrust 1 Flarmmlg sglad — Farm of the Future

Soil monitoring networks

T ILLINOIS farmdoc



Our Team of Agbots

T ILLINOIS farmdoc
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I-farm.illinois.edu go.illlinois.edu/ifarmupdates

UNIVERSITY OF ILLINOIS URBANA-CHAMPAIGN

Subscribing to:  |-FFARM Updates
I | I-FARM: Farm of the Future Search this site Q
I-FARM stands for “lllinois Farming and Regenerative Management.” This University of lllinois-led study —
Home  Aboutl-FARM v Thel-FARMTeam v I-FARM University v I-FARM News v funded for three years and $3.9M by the U.S. Department of Agriculture’s National Institute of Food and
Agriculture (NIFA) — is developing an 80-acre agricultural testbed, where commodity crops, cover crops, and
livestock are farmed using synergistic, sustainable practices.

The |I-FARM testbed features improved precision farming with remote sensing; new autonomous solutions for
cover-crop planting, variable-rate input applications, and mechanical weeding; and artificial intelligence-
enabled remote sensing for animal health prediction, nutrient quantification, and soil health.

/ N )
o [} ‘ ti 1
n ly Fa I| o the FUtu rE! Join our mailing list to receive the latest updates on the I-FARM project. This includes research,
- . ! "] L

‘e - events and extension programming.

About us Videos from the field ™
I'm not a robot

reCAPTCHA

I-FARM stands for “Illinois Farming and Regenerative Management.” This University of Illinois- e

I Animals at IFARM
led study — funded for three years and $3.9M by the U.S. Department of Agriculture’s National k! s 2
Institute of Food and Agriculture (NIFA) — is developing an 80-acre agricultural testbed, where

commodity crops, cover crops, and livestock are farmed using synergistic, sustainable

Email *
practices.
The I-FARM testbed features improved precision farming with remote sensing; new
autonomous solutions for cover-crop planting, variable-rate input applications, and Afull I-FARM video playlist may be found on Re-enter email *

mechanical weeding; and artificial intelligence-enabled remote sensing for animal health YouTube >>>
prediction, nutrient quantification, and soil health.

First Name *

I-FARM University: Passing on the knowledge!

I-FARM will demonstrate new technologies, data-driven products, and services for farmers and industry, easing adoption and opening new markets. Last Name *

Thank you for joining our mailing list.

T ILLINOIS farmdoc




Our next upcoming event....

Farming for the Future:
Digital and Regenerative Ag Integration

August 15th, 2024 |
@ I-FARM & Regenerative Ag farms —~ _ < Sl 4

Subscribe for more information:
go.illinois.edu/ifarmupdates

T ILLINOIS farmdoc



Thank You for joining us!

Visit us at

Heat Illness - 6/18
Explanation of how heat exposure affects fCI rm d O C DAILY

agricultural workers and effective strategies for S ETHTYEIX=-Ys kT

prevention.
89 Subscribe for Latest News Updates

Illinois Injury Report-7/16

Overview of agriculture-related injury and .
illness tracking programs active in Illinois. E gg ngﬁrenz';_ig" cultura l’
UNIVERSITY OF ILLINOIS URBANA-CHAMPAIGN

Why young people are uniquely vulnerable to
farm hazards. We will review child labor laws

and resources for legally employing youth in Yu I Tu he

agriculture. -

minute

For the webinar archives and 5-minute farmdoc
Subscribe to our channel YouTube.com/@farmdoc farmdoc




Thank You for joining us!

Visit us at

Salah lIssa

salah01@illinois.edu farmdocpaiLy
Illinois.edu
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