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Outline

Stimmarize eur remote sensing systems for ag.
alrcraii

DISCUSS Varianle rate’ aerial application system
and evaluatien of system| acculacy.

[DISCUSS hew: We might rapidly. precess: remote
SEensing data Inrnear real-time ter suppert
variahle rate application




Components of Our Research In
Autemated Variable-Rate Aerial
Application

Remote Sensing
Image Analysis and Georectification

Variable-Rate Application; System
GPS:lhased guidance
Auteomatic flew: cenirol

Rapid limage Proecessing fier Applying RS
Data te VR




Remote Sensing

Fhe measurement or acquisition: of
IRfiermMation ofi an Ghject OF PRENGMERDLNA,
By a recerding device: that IS net In

physical or Intimate: contact With' the
ehject




Remote Sensing Platforms

Satellites

Generalt Aviation: alliclaii
IHelicopters

Agrcultural Alrcralt (euir platiormm)
UAV: (Unmanned Aeriall Venicles)




Remote Sensing Studies

\Weed detection

[Detection o INSect habitat
InsSect andl disease damage
Nutrient statls

Plant viger (e application: of cotton; defeliant and
grewihr regulators)

Determining the: enset of plant Water: stiiess
UsSing| thermal Inageny

x Alse, system diagnestics: leaking or stopped up: irrgation
systems; leaking residential septic systems




Weed Detection - Examples

Eleld \VWeeds
Platiorm: Agrculttal aircraiit




\We were anle te) distinguisi hetween
SpUrge Weeds), glass Weeds and-early
cotton by analysis eff digitalivideo
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Johnsongrass
Spurges

Cotton in rows
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Original Image for Classification

Flight Direction: South to North

Ambient Conditions: Sunny

Altitude: 54-m (177°) 7.9 cm/pixel

Filter: None

Location: North Cumbaa Farm, Field #5

Crop: Cotton

Predominant weeds : Johnsongrass; spotted, prostrate, and hyssop spurge




Red = J-grass
Yellow = Spurge
Green = Cotton

Black = Unclassified

Resulting Image

Classified using Mahalanobis Distance Supervised Classification Method
Image analysis software used: ENVI 3.5




Digital numbers from image

Table 1. Average values for randomly selected digital numbers (DNs) corresponding to cotton,
Johnsongrass, and spurges.

Cotton Johnsongrass Spurges
93 60 104
85 78 100
90 75 94
84 45 b5
89 56 106
83 88 107
83 76 106
80 110 107
88 68 105
i 92 113

85 75 106 Mean
4.8 18.9 5.9 Std. Deviation




Weed Detection - Examples

Use of specific band combinations for weed
detection

Gumz anad Weller (2006) useadl spectrall Vegetation IndICeS
(SVI) that can differentiate between mint andiweeds ana
WEEeds firem| eachi other.

SVis are more consistent than raw: reflectance data
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NDVI =

(NIR — RED)

(NIR+ RED)

Wavelength (nm)
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SVI Separation; of Mint and \Weeds
NIR-GREEN

SR
O67/546

SR
Oi75/540

SR
OiS5/54'6

SR
082/540

SR
082/54%6

Peppermint

0.53a

01943

015248

9.96a

0.55a

PEP/ Gianit Foxtail

7.84b

8.221h

7.87b

812519

7.9019
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Variable-Rate: Application; —

Anrapplication made: according tera
“prescription™ developed to eptimize the

Uitilization/performance: of the material
Belng applied.




APTIRU Vanable-Rate System

Al Tractor 4028 spray. plane: equipped with an
engine-adiven hydraulic pewer package (Kawak
Aviation; l'echnelogies, Bend, OR)

Satlec VM3 with WAAS DGES and 5 Hz poesitien upadate

ntervall using Aldlirac seftware (IHemisphere GPS,
Scottsdale, AZ)

AutoCal Il autematic flow: contrel (Houma AVIGRIES,
iHouma, LA)

Hydraulically: pewered chemical pump and beom
valve













System; Evaluations




Determining Position Latency of the Satloc M3

Mirror 1

\ Reference Point precisely specified using RTK GPS

Photo Detector Lens

Photodetector detects light beam and sends an “event” (via triggering
circuitry) into the Satloc GPS log file to 1/100-s accuracy




Light detector and triggering circuit




Portable light detector and triggering circuit




Date

10/15/03
10/15/03
10/15/03
10/15/03

Some results of dynamic testing (Satloc Airstar M3)

Time of Day
(HHMMSS.SS) Dir.
Reference Point
113509.0
120159.9
113922.9
115425.3

Easting
(m)
-698043.0
-698048.5
-698042.6
-698036.8
-698042.6

Northing
(m)
3706900.0
3706899.3
3706893.4
3706899.1
3706905.4




Testing Variable-Rate System
Performance







Pata — Respoense llime

Captured data: streami generated: Yy,
AuteCal i

Captured flow meter data withran
electronic circuit designed tor read the fliow.
meter at regular intervals







Pass1 FM11-30-05c
Speed: 132 Knots, 152 mph, 67.9 mps
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Pass 2 11-30-05c
Speed: 125 Knots, 144 Mile/h, 64.31 m/s
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Data — Flow Control Error

Actual Required Average
(gal) (gal) Error (20)

6.63 6.57 0.83

6.01 5.90 1.87

6.39 6.23 2.57

6.14 6.19 -0.84

6.49 6.42 1.10

6 6.48 6.45 0.40
Average 0.99
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Steps Required to Precess Images for
Use I Varanle-Rate Application

Image analysis andgeorectification
Convert GIS shapefile te prescription format
Application of prescription




s Georectificauon — limagerny aie: represented
With' accllaie geegraphic coordinates; Using
glreunadl controll peints anadl airplane attittide

data (piteh;, roell)




We are leoking for a rapid, near real-time
mMethed oK /mage. analysis, GeEvrectiicalori,
and convers/orn:

he idea is to remotely sense the field varianle on ene
Pass and apply. the: prescrptien 6n the Rext Pass

Eleld scouting 7




Present Metheds for Prescription
Generation

Aerial crop management seluitions:
s [n-Time
a John Deere
Rapidl turnaround off Iages;, Preschpiiens

G0l success with) Varanie: defeliant anal grewin
rfegulator applicatiens as a functien: ef: Ciep: VIgel;
iIndices; (INDVIH

Prescliption generation dene By user based on
segmented imagery (In-Time)




Objective

Develop andl test a system that: will
autematically: transformi a ColeEinirared
(CIR) Image: inter a georegistered NDVI-map
for the pUrpese: of prescription; map
generation.

(NIR — RED)
(NIR + RED)

NDVI =




Alrplane

GA 200rspray plane (Gippsiand
Aerenautics: Pty Ltd., Austialia)




Hardware

ClR camera (Redlake/Duncantech MS-3100)

Computer (Medel SK41G, AMID 1800! processor,
Shuttlie Corp.)

PCI frame grabler card (Medel PCI-1428 with Camera
Link®, Nationall Instruments Corp.)

Camera control software - DT Controll - FG software
(Version 1.04.63, DuncanTech Inc., Aubuimn, Califernia).

GRS (MagellanMeridian; Garmin 16 HVS)

Attitude sensor (Honeywelll HVIR3300)




Data Acquisition

Single: heardicomputer (BasicAtom pro)
contrelled image acquisitien and acquisition) of
data frrem| Sensors.

Piletr could contrel Image and data acquisition

Seftware determined the correct time. hetween
Photes, and 1o pProduce. a pPercent overap:in the
Images: (20%) 1in| this case).




Image: Analysis; and Georegistiation

A COnVErsIon! pregiam Used standard trigenemetdy/ and plane
attitude data to determing a center coordinate; In the: mage
(@ssuming a flat field).

The pregran then stepped acress the Image using a moving
pPoX that determined anraverage NBVI value and GPS
cooerdinate for each hex. Thisboex ceuld e any: size selected,
or desired, by the user (i.e., 1.5, 3, 6 m., etc.).

The average NPV valuerand GPS, coerdinates were saved Into
a Sepanatertext file: Inis filefommatiwas Used SINCe: It can e
Imperted e virttally any: seitware availalsle:

The process Was repeated until the entire Image had Been
transformed.




. Geo-Rectification

NRIGIMAL [MASF

— Data obtained from the text file
Lat Longi from GPS(in deg) |'5”-5E‘51 LE |31-DE1 778

Heading,Pitch,Roll from tilk sensar [in deg) |1 a5 |1 5 |4_9

Altitude: from GPS [in ft] |2 2a023

Hdop ||:| Speed from GPS |24.1 92

=10l x|

RFM-RECTIFIETY IMAGF

o . s . WDl — Celect File
oad I and| § ul=a] -
data files FisEs Farmworks . I148 [ 4Deskiop —

— Calibration

Pitch I—;I Rl I—;I [OEE
0o — 0l — I
Elewation from Sea Lewel Iﬁ Lat s=c in ft IF
— GPS Co-ordinates for Centre
Step walue [in ft) |57 Lonhg sec in ft Ir Lat IW

Longi |31 51861

iﬂﬁtart”J m @ |J %Prujectl - Microsoft \.l'isual...”Ej,Geu—Rectiﬁcatiun

|<BE@@§&“ 2154 FM

Program to convert CIR images into georectified NDVI data and store in text file.
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File View  Mapping Setup History  Ackive Lawver Help Jan 12, 2004

[Mapping Tools ki EIZINMOIOHZ] (PR BT (AT (=11 (ST
o & |8 B s
| [ galE |12 (B
@ nivi
] Main Farming Layer
Indvi j
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iﬂStart”J m ﬁ |J A I n%F‘rujectl - Microsoft \-'I ==aLocal Disk {C: ) 5. Geo-Redification ||mFarm Works - rrp3 ... |<ﬂ§@@ &&H 3:04 PM
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USing this procedure; Inmage: data could e
converted inter peint data wWithrgeespatial
coordinates, and reduced for easy
MapRING N Site'speciific farming pregrams.

Since the text file fiermat Was used,
multiple Imagesi could e appended Inrene
file ter create a mosaic easily.




Preliminanry Results — Georeferencing
ACcUracy

Average RS error fier alllinages was) 56
meters, This valtie Was net acceptanie: o)
PrESCrIPLIeN; Map generation.




Errors influencing results

1. GPS|errors caused by
» [Latencies inl direction ofi flight

s [ime reguired Yy sofitware: to' calculate: cCorrect
GRS coordinate

When consistent GEPS! enrers Were: accounted
for, abeut hall the RVIS errer Was removed

leaving 271m Error




Errors influencing| resuits

2. d. Synchroenization proplems between GPS data
arfving| from the satellite and camera triggenng.

0. Attitbde data Were net synchronized

Partial Solution: PPS line from Garmin GPS was used to
allow triggering the camera from the GPS time clock.

RMS errors were reduced to 10-m when using the GPS
only (no attitude adjustment) with PPS
synchronization, under 1600 ft altitude.




System accuracy. coular be: Inproved By
connecting ter the allplane’s guidance: GPS.




General Observation

Levelroffinvelvement of field scouting data
Reeds toe e addressead




Thank yeul




