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e Where do drones fit into
farm management?

* Communication

* Precision Agriculture =
* Crop Monitoring L
* Pest Control

* Livestock Monitoring
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THE MORROW PLOTS
AMERICA'S OLDEST EXPERIMENTAL FIELD
ESTABLISHED IN 1876
AMERICA'S FIRST EXPERIMENT ON THE

SUSTAINABILITY OF CROPPING SYSTEM:
AND FERTILIZATION PRACTICES.
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Rotation 1876 Morrow Plots

Continuous
Corn

Corn

Soybean
(<1968 corn/oats)

Corn
Oats
Alfalfa

(<1901 corn/corn/oats/3x meadow)

(<1953 corn/oats/clover)
Nafziger, E., Dunker, R., (2011) Soil Organic Carbon Trends Over 100
Years in the Morrow Plots, Agron. J. 103:261-267
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Rotation 1876 Morrow Plots

Continuous
Corn 1876 No fert.
1904 Manure, Lime
Pheosphorus
Corn
Soybean 1955 Lime, Nitrogen
(<1968 corn/oats) PK
1968 -1997
L hi-NP &K
Corn
Oats -
Alfalfa LB R

(<1901 corn/corn/oats/3x meadow)

(<1953 corn/oats/clover)
Nafziger, E., Dunker, R., (2011) Soil Organic Carbon Trends Over 100
Years in the Morrow Plots, Agron. J. 103:261-267
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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

e Part 137 Certification for operation of aircraft for
agricultural purposes

Illinois Extension




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




Fixed wing UAVs

 Longer flight time

» Greater range
« Take-off and Landing?




DRONE INDUSTRY INSIGHTS
Top 10 DRONE MANUFACTURERS MARKET SHARES IN THE US
Rank Manufacturer? HQ Locatlon Founding Date US Market Share?

2 (intel Santa Clara, USA 1968 | )
3 YUNEEC Hong Kong, China 1999 I 2,6% (-0.5%]) §
3
4 Parrot Paris, France 1994 J 25% o3 :
5 4O Berkeley, USA 2009 | 0.6% o8 g
6 NUTEL Bothell, USA 2014 | 0.6% co22) <
ROBOTICS :
7 % Slydio Redwood Cily, USA 2014 | 0.3% (+0.1%) :
8 senseFly Lausanne, Switzerland 2009 ‘ 0,2% (-0,1%) =
9 kespry= Menlo Park, USA 2013 0,1% (0.2%) :
10 o | V4 Simi Valley, USA 1971 0,1% () =
Agravirgnment -]

' 3D Roboties (Position 5) and Kespry (Position 8) no longer manufacture dionas

? The values in brackstz indicate the change fiom the evaluation az of March 2019 DRD N EII .COM
Source: FAA dione 1egistiations az of 30/06/2018, DRONEILcom Date: March 2™ 2021 DROME IMNDUSTRY INSIGHTS
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Remote Pilot in Command

(FAA Part 107)
« <55 |bs

« Visual Line of sight

« Mustyield right-of-way

« 3 mile weather visibility NO DRONE ZONE

« daylight-twilight 30min +/- e

 Not over people, unless in Certification Requirements
protected structures * Existing Pilots take online test

« <400 AGL, more if tall * Pass knowledge test

structure inspection
P * Recertify 2 years

« ATC permission for access

to Class B, C, D and E * lbyearsold
airspace * Report accidents to FAA within
. On|y 1 UAS per Operator 10 days, >$500 or thSical

injury

« Waiver system




FAA >365,000 Licensed Drone Pilots

US State FAA 107

Ao
AN wmn ) »
[ O, MoAtena Dok nts
Ml .
¥a
by \ or
¢ Saaol
Mie e New
)
L M- &
Yoo A
F MARsach
Nebranri =Ll s
niedn
(il Hetlaria el
iad alraco o May 1INy
A | Min Vg
oL Ay RARRIA
e At "
iy
fona outh
e 107 Certificate Holders
It Alabame MO0 Color Coded by State
1000 b
i J
) | -
800 mi 218 5 I3




Visualize it: See FAA UAS Data on a Map

Federal Aviation Administration

1| 41°44717 "N 93°25°38"W H
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Drones are
Transforming Aerial
Agriculture Application

* Potential Advantages
e Safety
* Precision Application
* Efficiency/Labor

* Access to Challenging
terrain

Illinois Extension



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#)



ntial Adva S: Safety

 No on-board Pilot
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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)
Firefighters (2.5)

Cashiers (1.6)
o Office Admin (0.6)
. Business And Finance Staff (0.5)

* Full-time equivalent workers. : e BN e SHSRL Lt

Source: Bureau Of Labor Statistics o
Credit: Jess Jiang and Lam Thuy Vo /NPR 2 e T IPY i st . ‘, - -, Ve T Y



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/5Sensors
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Broadband V's"
= Altum
Band |Band Band Band Band Band Band Blue: .475
Multispectral : ’ 2 ) : : v Green: .56
.45-.52 \52-.60 .63-.69 .79-.90 1.55-1.75 2.08-2.35 10.4-12.4 .
Red: .668
; Red Edge: .717
nanometers NIR: 842
LWIR: 8-14
Hyperspectral 100s of Bands
Ultraspectral 1000s of Bands
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Drone Data:

Flight Date: 08/01/2019
Time: 2:35 pm

Drone Altitude: 254.59 m
Latitude: 40.08465 o ay
Longitude: -88.22635 & S e -
Blue: 804 i D R e i i O
Green: 2343 ’
Red: 1124 i O W e e
Red-edge: 8763 Tk s S
Near Infrared (NIR): 27060 bl 8 - ’ =
Thermal IR: 298.65K (77.95°F)

143 million pixels ~“6A
Elevation 715”7 120” AGL




Thermal IR

NDVI = (NIR — Red) / (NIR + Red)

Red-Green-Blue composite
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Nitrogen Rate Trial with Variable Rate Sensor
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9500 ft of row lost
.55A corn lost
@225 bu/A=123.5 bu lost
@ S5.15/bu = S637 lost
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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)




Photogrammetry: Agisoft Metashape Pro
Composite mosaic - 375 images

w4 Row_damage_July14.psx — Agisoft Metashape Professional =
File Edit View Workflow Model Photo Ortho Tools Help

DR SC K vBrd A~y XY @&Q 4|2~

e - _ « Commercial license:

a
X

JBRBE OO X

R TR
Professional ed. $3,500

Educational $550

(lifetime license)

> Components (1)
> Shapes (1 Polygon)

5 Tie Points (455,818 points)

™ Depth Maps (373, High quality, Mild filtering)
ense Cloud (156,239,062 points, High quality)
W DEM (13654x12792, 5.2 cm/pix)
[ orthomosaic (26177x22710, 2.6 cm/pix)

Property Value A
Dense Cloud
Points 156,239,062
Point colors 3 bands, uint8
Depth maps generation parameters
Quality High
Filtering mode Mild
Processing time 2 hours 20 minutes
Memory usage 6.35GB
Dense cloud generation parameters
Processing time 6 hours 59 minutes

v




3D Surface model (DEM)
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Implementing a Digital Agriculture Program in Extension




Data and Stories
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Implementing a Digital Agriculture Program in Extension



Q Luan ArcGIS.mxd - ArcMap
File Edit View Bookmarks Insert Selection Geoprocessing Customize Windows Help
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=] Converted_Graphics
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RGB
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=] rastercalcb
<VALUE>
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[ 0.443963358 - 0.541410295
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= [J BlockSt_tif3

Value
High : 180.186
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= [ BlockSt_tif2
Value
High : 180.186
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= [0 DEMBlockstats30

Value
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= [0 DEMBlockstats2

Value
| High: 180.186 vijae|&n < >
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Data and Stories

9500 ft of row lost
.55A corn lost
225 bu/A=123.5 bu lost
S5.15/bu = S637 lost







Multispectral

Dr. Isabella C. F. S. Condotta

I lli nOis Exte nSion University of lllinois at Urbana-Champaign




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
« Al Directed Flights

b, Y

Percepto’s latest FAA waiver allows single
pilot to oversee 30 automated drones at

once

Featured

b Y

Image by DALL-E
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© DJi Terra
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Orchard Mode
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Reconstruction @& (@ (&
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Spraying Type i ]
Spot Spraying v

Flight Route Plan Type

Tree Crown Center (Auto) v

Display Resuit

Force Set Calibration Point

Modify Result >
Mission Area Planning ® 0
Farmland Boundary Point

1 14

Area Tree Count

200381.42 ft2 55

Tip

1. Left-click to add boundary points for spraying
area planning. Add at least one setpoint to

lete planning

Generate 3D Flight Route
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Back to Edit
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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, Al,
robots/drones






Questions?

Implementing a Digital Agriculture Progrm in Extension
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