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Integration of Drones 
in Farm Management

1. Introduction 
2. Drone Basics
3. Agricultural Applications
4. Case Studies/Examples
5. Challenges
6. Future trends



•Where do drones fit into 
farm management?

•Communication
•Precision Agriculture
•Crop Monitoring
•Pest Control
• Livestock Monitoring





Communication









Terminology Disclaimer:
• Drone  = UAV = UAS

• Unmanned Aerial Vehicle (UAV)
• Unmanned Aerial System (UAS)
• SUAS, RPV, ROA
• RPAAS

• Part 107 Pilot Certification for any “commercial” 
drone pilot

• Part 137 Certification for operation of aircraft for 
agricultural purposes



UAV Types

•Copter style/Rotary Wing
• Single rotor 
• Multi rotor

• Twin, Quad, Hex, Oct, Dec

•Fixed Wing



Rotary winged UAVs

• Benefits
• Stable

• Easy to learn

• Versatile

• Drawbacks
• Limited flight time

• Limited payload



Fixed wing UAVs





Remote Pilot in Command
(FAA Part 107)

• <55 lbs 

• Visual Line of sight

• Must yield right-of-way

• 3 mile weather visibility

• daylight-twilight 30min +/-

• Not over people, unless in 
protected structures

• <400 AGL, more if tall 
structure inspection

• ATC permission for access 
to Class B, C, D and E 
airspace

•  Only 1 UAS per operator

• Waiver system

Certification Requirements 

• Existing Pilots take online test

• Pass knowledge test

• Recertify 2 years

• 16 years old

• Report accidents to FAA within 
10 days, >$500 or physical 
injury



FAA >365,000 Licensed Drone Pilots





Drones are 
Transforming Aerial 
Agriculture Application

• Potential Advantages

• Safety

• Precision Application

• Efficiency/Labor

• Access to Challenging 
terrain



Drones are Transforming Aerial 
Agriculture Application

• Potential Challenges

• Initial Costs

• Regulatory Hurdles

• Weather Dependency

• Technical Challenges



PART 137: UAS Agricultural Aircraft Operations

• Exemptions from 14 CFR Part 137
• Petition

• Safety Manual

• Training Manual

• TIME …

• Aircraft Operating Certificate
• PIC Certificate #

• Aircraft Registration # (under 55# vs over 55#)

• Class 3 medical (over 55#)



Potential Advantages: Safety
• No on-board Pilot



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



Cameras/Sensors

$300
$900

~$8000$600

~$3500

~$10,000



False Color   vs.

Altum

• Blue: .475
• Green: .56
• Red: .668
• Red Edge: .717
• NIR: .842
• LWIR: 8-14

nanometers



2 Drone Data:
Flight Date: 08/01/2019
Time: 2:35 pm
Drone Altitude: 254.59 m
Latitude: 40.08465
Longitude: -88.22635
Blue: 804
Green: 2343
Red: 1124
Red-edge: 8763
Near Infrared (NIR): 27060
Thermal IR: 298.65K (77.95℉)

143 million pixels ~6A
Elevation 715”   120” AGL 



Thermal IR

NDVI = (NIR – Red) / (NIR + Red)

Red-Green-Blue composite



2022











Visual RGB NDVI – Vegetative index





2022

New Soybean disease research – Red Crown Rot seed treatments



2023



Implementing a Digital Agriculture P

rogram in Extension

 

Data and Stories

Discontinued-
DJI Mavic 2 Pro + fly more kit: $1800

Photo courtesy DJI

Replacement-
DJI Mavic 3  fly more: $3000

Software:
Pix4DCapture (free app)

iPad Mini 4
 



Photogrammetry: Agisoft Metashape Pro
Composite mosaic - 375 images

• Commercial license: 
• Standard ed. $180

• Professional ed. $3,500

• Educational $550

• (lifetime license)



Implementing a Digital Agriculture Program in Extension

Data and Stories

Photogrammetry
Composite mosaic - 375 images
Multiband TIF file with world file
 

3D Surface model (DEM)



Implementing a Digital Agriculture P

rogram in Extension

 

Implementing a Digital Agriculture Program in Extension

Data and Stories





Implementing a Digital Agriculture P

rogram in Extension

 

Data and Stories

9500 ft of row lost
.55A corn lost

@225 bu/A= 123.5 bu lost
@ $5.15/bu = $637 lost 





Dr. Isabella C. F. S. Condotta

University of Illinois at Urbana-Champaign

48

RGB Multispectral



Near Term Advancements 

• Reduce the need for manual labor, 
as they can be programmed and 
operated remotely, saving time and 
labor expenses.
• Drone Swarms

• BVLOS

• Long Duration

• AI Directed Flights

Image by DALL-E



Orchard Mode



Orchard Mode



Orchard Mode



Orchard Mode



Orchard Mode



Orchard Mode



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/drones





Implementing a Digital Agriculture Program in Extension

Questions?



University of Illinois, U.S. Department of Agriculture, Local Extension Councils Cooperating. University of Illinois Extension provides equal opportunities in programs and employment.
If you experience any problems accessing or receiving the information in this course, or have feedback on the design, please email extension@illinois.edu for assistance.

© Copyright 2020 University of Illinois Board of Trustees

Dennis Bowman

ndbowman@illinois.edu

217.244.0851

mailto:ndbowman@illinois.edu
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