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UAS In Precision Agriculture

* In-field Sensors
* Selecting UAS Equipment

* NDSU UAS Activities
* Current UAS Applications

* Future UAS Applications and Needs
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Precision Agriculture & Data Management
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Selecting sUAS Equipment for Agricultural Applications

Multi-Rotor

Advantages Disadvantages

ya

Fixed-wing  * S

Disadvantages

Any Camera Short flight time

Takeoff space

Ease of use Small area

Ability to hover Slower Speed Assistance for

takeoff
Vertical takeoff More complex Larger in size
and landing
Less expensive Smaller Payload More expensive

https://www.ag.ndsu.edu/agmachinery
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UAS Hermes 450 AV Puma

Trimble UX5

RF70 - Troyh

Qgtpgs://www.ag.ndsu.edu/agmachinery

NDSU St URiVERSiTY

Department of

NDSU I Agricultural and Biosystems Engineering
North Dakota State Uni

University, Fargo ND



Small UAS Rules

* Less than 55 |bs.

 Remote Pilot Airman Certificate
* Line of Sight

* Daylight Hours

e 400" or Below

https://www.ag.ndsu.edu/agmachinery
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Remote Sensing for Agricultural Applications

* Color—RGB
* Multi-spectral

Ve g'etatlvel ndex
* Hyper-spectral NDV]

Hyperspectral

Multispectral

I—RGB—I | NIIR \

5 |

Visible Light Infra-red  Thermal IR
https://www.ag.ndsu.edu/agmachinery
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UAS
Sensors

Cameras

. GoPro Camer
. ICI1 9640 S Thermal camera

. Large area scanning EO/IR/NIR camera
. Sony NEX-5R camera with NIR

. Tetracam ADC

. Sentera dual sensor (4 band)
. Sentera Quad sensor (6 band) RLCED
. MicaSense Rededge

. Ximera Hyperspectral sensor
. Rikola Hyperspectral sensor

NDSU SatE RIVERSiTY

NDSU s&=vlcE™




NDSU UAS Activities
Small and Large UAV

ﬂ% {
Phantom 3 .-

Trimble UX5
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Large-scale UAS Project

Imagery in May, June, July and August
Color, Infrared Sensor
4,000, 6,000 and 8,000 ft

Small UAS, Satellite, Ground and Yield Data

All Imagery Securely Stored on NDSU Computers

ODbjectives

Uses for Crop Management
Economic Value to Producers
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Project Location — Eastern ND

5 \
Legend \

¢ Towns
John Nowatzli NDSU Eixtansion SnrJum * r— Roads
101-261-9842 John Nowalzki@ndsu edu Large-scale Data Collecson Cormidor

[ County Boundanas
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Hermes 450 UAS
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Hermes 450 UAS — Control Center
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Hermes 450 UAS — Control Center
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Flight Coordintjon and

Preparation |
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First Large UAS Civilian Flight in North Dakota
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Landing the Hermes 450
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Data Management
Large UAS — Entire Corridor Each Date

Date May June 20-24 |July August 15-19
23-27 18-22

Altitude

Image Quantity

Total Size

Total Quantity of Imagery Collected during the Project: 10.5 TB
Plus Small UAS Imagery
Plus Image Analyses
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NDSU Extension Role

e Facilitate
e Collaborate
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May Imagery: 4,000 - 6,000" — 8,000

Detailed Imagery

- 50,000 Acres/Hour
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Analyses from Imagery: Zone Map

Elbit UAS
Cleaveland
New folder

6¢cm_Lovas31_RGBVI

18.1206 8.4 Acres
22.9869 16.1 Acres
26.1078 36.8 Acres
28.0278 77.4 Acres
29.6001 115.0 Acres

e .
5.4152 18.7374 32.0596
6cm_Lovas31_RGBVI-(Visible_VI)

Average: 27.5 Area: 253.19 Acres
Std Dev : 2.64855 Total: 7047

Cleaveland

Elbit UAS \ - —
2016 Zone results

2800 == |

7 45Aces
9

a10y/s|eb

85
28-0-0-(gals/Acre)

Average: 113 Area: 253.19 Acres
StdDev:3.282 Total: 2851 gals




~ 40 Acres
Imagery 4,000’
RGB Image

| Size

4 cm Pixe




~ 200°x200’°
Imagery 4,000’
RGB Image

4 cm Pixel Size
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Imagery Issues

NDSU S URivERéiTy




Between Images

Time

Imagery Issues

Color Image
NDSU 5%



Imagery Issues: Time Between Images

NDVI Image
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Ag Leader
OptRx
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Available Crop Sensors

OptRx — Ag Leader

CropSpec — Topcon
GreenSeeker — Trimble

Crop Circle — Holland Scientific
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IPad — iPhone app Android coming soon!
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Collecting NDVI with Ground Sensors

Collecting In-field OptRx Sensor Data
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NDSU Soybean Plots




Variety 1: [b N and Aug NDVI
NDSU Steele County Plots

0.548

0.547

y = 0.0001x + O

5411

0.546

R* =0.964:

0.545

0.544

0.543

0.542

0.541

0.54

0
NDSU

10 20

NORTH DAKOTA
STATE UNIVERSITY

30

40

NDSU &£

A

50

<m

Z

SION




August NDVI and Yield for 0, 25, 50 |lb N
NDSU Steele County Plots

63.5

63

y = 268.03x 1 83.261 251b N /acre

RZ=0.74
62.5
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61.5 ~
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Hail Damage: Corn from 4,000
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Digital Elevation Model Using Large UAV
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Corn Field — May 23, 2016
Flight Altitude: 50ft
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Corn plants detection and counting — ground truth

y =1.0308x + 0.4078
R?=0.9991
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Web Application for Stand Count Analyses
from UAS Imagery

UAV Data Processing Control Panel =

# Home

Select Farm:

Farm-02 -

it the moment we aquired UAV data just for Farm-01, Farm-02 and
‘arm-04
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ifter selecting farm, click on rectangle icon on the map, then drag ang
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elected area: 4811
Average
Minimum distance stands in e selected ) |
Maximum distance stands in selected area: . ) 26.5 (inch}
Average distance of stands in area: 5 ) .1 (inch)

standard deviation of selected : ) 3.5 (inch)

of Process data
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ldentifying Herbicide-resistant
Weeds

€ IR Flash Version 2.15.2.4

File Video Zones Temperatures Camera Tools Help

Averaging Palette: Inverse Gray
- —_—

1 - i Status: P

Point Temperature: g 75 F [
Zoom :

Mouse Position: ®:316, y:420 Insfrared Camerus e

Analysis Tools
Find Max Find Min
Max Clear
+1.0 3
tin

Anahysis Zone Min Avg M ax Std Dev

Zone 1 82.98 87.01 91.21 0725 Properties &
® Box

Zone 2 82.13 8534 90.40 0.659 Properies

Circle
™ Properties
Point Ak
Pr
Line AGC ~
None
Zone erties R
Histogram 3D All Zones Zone 1
Images Image Histogram
|
4 >
1 [ | T
Open Image Save Image Remove Image Remowe All 85 9.] 95 1d0
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Sugarbeet Disease Detection
with UAS

Rhlzoctonla solanl mfestatlon Cercospora |nfestat|on

Resistant variety
Inoculated

Cercospora Nursery- Foxhome, MN

Reflectance %

# Healthy - Rating 1.78
= Infested -Rating 6.89

650 750 850 950 1050 1150

Wavelength (nm)

NORTH DAKOTA
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What Has Gone Well

Collaboration: NDSU — NP UAS Test Site — Elbit - CAP
FAA and FCC
NDSU County Extension Service
Hillsboro Airport Authority
Image Quality
Objectives:
Imagery from 4,000" — 6,000’ — 8,000’
Transfer and Storage of Imagery at NDSU
Analyses
Nitrogen Management
Stand Count
Disease ldentification
Hail Damage
Elevation Model

NDSU SttE URiversity
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Future of UAS in Agriculture y- e\

Small UAS
Plant Stand Count
Monitoring and Scouting
In-season Fertility

-

Large and Small UAS ==
Digital Elevation Model &t
In-season Fertility
Yield Predictions
Insect and Disease Movements
|dentification of Management Issues

One More Layer for Big Data Precision Agriculture
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Book for Technology Early Adopters

“Innovation and It's Enemies. INNOVATION
Why People Resist New e o2
Technologies S L
Calestous Juma  Printing Press |

Margarine

Farm Mechanization

Electricity

Refrigeration |
 Moral Values Recorded Music Calestous Juma
« Human Health Transgenic Cops
 Environmental Safety ~ Transgenic Animals

Socioeconomic
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Questions - Comments
Office 701-231-8213 Cell 701-261-9842

John.Nowatzki@ndsu.edu

http://www.ag.ndsu.edu/agmachinery
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