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Automation to Autonomy

•Part of a long history 
of mechanization.

•Focus on Safety in the 1960’s

⁃Rollover Protective Structures 
(ROPS).

⁃OSHA Standard in 1976



Tractor Rollover Injuries over time

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.



www.mixingbowlhub.com 

http://www.mixingbowlhub.com/




Safety is important

Duct Tape on 

LiDAR Sensor

Safety Features 

inside the module?



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. 



Bringing in today …
Naveen Uppalapati
Research Scientist for I-FARM farm of the future project in 
Illinois

Dennis Bowman
Digital Agriculture Extension Specialist 
and Associate Director for I-FARMs



Cultivating caution

How can we incorporate it 
in emerging technology?

Naveen K Uppalapati
Center for Digital Agriculture



Farm of the Future

I-FARM 
Illinois 

Farming 
and 

Regenerative 
Management



Agriculture and Biological Engineering

Animal Sciences

Center for Digital Agriculture

Crop Sciences

Grainger College of Engineering



I-FARM mission

Develop an agricultural testbed, where 

commodity crops and livestock are farmed 

using synergistic and regenerative practices

Digital agriculture 

technologies developed 

in UIUC 

Integrated 

Extension 

activities

Engage 

Industry

6 thrusts 

+ 

extension

Industry 

Partnership 

Program 

(IPP)



Approaching in a systems perspective

Sense Plan

Act



I-FARM Thrusts

Integrating Remote 

Sensing and IoT in 

Precision Farming

Under Canopy 

Robotics for 

Sustainable Farm 

Management

Rural Internet 

Connectivity and 

Edge Computing

Integrating Animals 

in the Farm 

of the Future

Technology Access 

to Small-Holder 

and Minority 

Farming

Socioeconomics 

of Technology 

Adoption



Soil moisture stations in the field



Example of soil moisture time series



LAI monitoring in the field

Segmented downward photos

1. Segmentation

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

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

Segmentation Calculation Aggregation

Segmented upward photos

The CropEYE system 
at Farm of the Future



LAI time series



Autonomous CC Robots

July 25th Aug 12th

In collaboration with EarthSense Inc

View video at https://youtu.be/KU3v9XnY4OI





Pic credits: Chinmay, EarthSense Inc

1.5X

Yield (year 1): 
178 bushels/acre 



Cover crop (Ground robots + drones)

Drone Cover Crop Seeding $50/acre
20 acres/hour

Expensive (due to operator cost)
3 robots, 10 acres/hour

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



CropFollow++
Vision based undercanopy navigation using keypoints



Cover crop robot tests failure modes
Total number of human interventions needed in ~25km of tests: 33



Advancing Agricultural Technology 
with 5G Connectivity
• Testbed integration

• Teleoperation 
and data collection

• Centralized AI decision 
making 

• IFARM app as a 
user-friendly interface 
for farmers



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 
(767 m average, best case 3.5 km)

• Full connectivity with CBRS 
(100 Mbps download)



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)



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@Illinois.edu

I-FARM Website: https://i-farm.illinois.edu 

mailto:uppalap2@Illinois.edu
https://i-farm.illinois.edu/




I-FARM Team
• Arun Narenthiran

• Faiza Aziz

• Italo Lima

• Emerson Sie

• James Shin

• Jiaming Xu

• Menglin Liu

• Aganze Mihigo

• Rutva Pandya

• Kavin Jindel

• Aditya Sengupta

• Anushka Pachaury

• Postdocs

• Research 
technicians

• Grads

• Undergrads

• Farm team

• Timothy Lecher





Technology 

adoption

• 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, AI, robots



ChatGPT 4.o: Create a limerick about 
agricultural autonomous technology and safety

In the fields where the crops grow high,

Autonomous tech roams the sky. 

With sensors and gears, 

It reduces our fears, 

Keeping farmers and yields safely nigh.



4 D’s of 
Automation: 
Drones/Robots

Dull

Dirty 

Dangerous

Dear





NTSB: 2023 Ag Aviation      56 accidents (7 IA & IL)      12 fatal



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?
*Air Tractor 802A $2.5m





Front and Back Phased Array Radars 
for terrain and obstacle detection

Image courtesy Talos Drones and DJI Technology Co.



Increased 
productivity,

Worker benefit?

Photographer, Salah Issa, 2022 FIFRA Conference

Burro





Implementing a Digital Agriculture P

rogram in Extension

 

AIFARMS Year 1 NIFA Report: 
Thrust 1

Ag Robot Development (AIFARMS)
Autonomy, Time and Cost



Our Team of Agbots



Sponsors



Educational Partners

Department of 
Agricultural & 
Consumer Economics



go.illinois.edu/ifarmupdatesi-farm.illinois.edu



Farming for the Future: 
Digital and Regenerative Ag Integration

August 15th, 2024
@ I-FARM & Regenerative Ag farms

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

Our next upcoming event....



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

. I l l inois .edu

Visit us at 

Thank You for joining us!

Heat Illness – 6/18
Explanation of how heat exposure affects 
agricultural workers and effective strategies for 
prevention.

Illinois Injury  Report– 7/16
Overview of agriculture-related injury and 
illness tracking programs active in Illinois.

Farm Safety for Youth – 8/20
Why young people are uniquely vulnerable to 
farm hazards. We will review child labor laws 
and resources for legally employing youth in 
agriculture.



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

. I l l inois .edu

Visit us at 

Thank You for joining us!

Salah Issa
salah01@illinois.edu

Naveen Kumar Uppalapati
uppalap2@illinois.edu

Dennis Bowman
ndbowman@illinois.edu
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