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as well as powerful computers and sensors can efaiphers
to keep track of factors such as crop yield, soitiant level,
and livestock movements and store these factoistabases for

CanadaS0: 2.9 - 2.15. Development of a sprayer system ® US gnalysis. Furthermore, systems can be devised treato

previously obtained aerial scans of Nova Scotiarelérry fields
required the making of a prototype sprayer and &fefi modification
of a HARDI sprayer with computer controlled solaw®ifor each
nozzle. The previously acquired aerial scans wel@eaminto
Geographical Information System (GIS) files whiollideated the
areas of blueberry, weed, and bare ground. Thesetiven correlated
with the Global Positioning System (GPS) coordisatbtained by a
receiver on the tractor. Spraying accuracy was iwitine meter.
Deviation of spray position included GPS error i{igling the presence
of the tree line), pixel size relative to the prese of the blueberry
plants, and spray drift. The direction of travetl diot affect the
accuracy. The time for the initiation of sprayirig éccount for the
delay in time for the spray to travel from the nezp the ground) was
found to be a function of the sprayer system. Tdst effectiveness of
the system is largely a function of the time andpenel to make and
process the aerial images to generate the GIS fildwen this is
automated, the process will be cost effectkieywords: precision
spraying, GPS, GIS, spectral imaging.

Le développement d'un pulvérisateur agricole phetieent
automatisé en utilisant des images spectralesw@salébutat avec un
prototype puis ensuite avec un systeme de pultenzadARDI
auquel on ajouta des valves solenoidales contsoképartir d’un
ordinateur. Les images spectrales aériennes obtanuse date
précédent furent formattées et processées avec sgsemes
d’'information géographique (GIS) pour délimiter leauvaise herbes
et les aires dénudées dans les champs de bleustsgsa de la
Nouvelle-Ecosse. Les documents informatiques susuite corrélés
aux informations d'un récepteur de position moredighr satellite
(GPS) installé sur un tracteur et connecté au progre. Les erreurs
de pulverization sont limitées a 1 metre. Les déis de
pulvérization sont dues aux erreurs de GPS (intliaaprésence des
arbres autour des champs), a la résolution defspirefonction des
plants de bleuets et aux fluctuations éoliennes.ditaction de
déplacement du tracteur n'a aucun effet sur lesiesrassociées avec
le systéme. Le temps nécessaires pour que le d@gdcole se rende
au sol a partir du moment ou le programme initeal&zcommande est
dépendant du systeme utilisé. Le colt du systemendédu temps et
du personnel requis pour I'acquisition et le traiémt des images
spectrales aériennes. Quand le systéme sera cemplgtautomatisé,
le pulvérisateur agricole sera rentablMots clés: agriculture de
précision, pulvérisateur agricole, GPS, GIS, imaggpectrale.

INTRODUCTION

The implementation of precision agriculture is avgng area
of research and commercialization. Modern techriefoguch
as high precision Global Positioning System (GRSgivers,
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deficient factors on-the-go with minimal human ibpu

Site specific spraying is a form of precision agltigre that
recognizes that field factors such as nutrient enasture
deficiencies, as well as weeds and other pesttatfess, may
vary significantly within a field and treatment wiseto be
adjusted accordingly (Bramley and Quabba 2002).ofoixf
Frozen Foods Limited (OFFL: a wild blueberry praae3 and
the Wild Blueberry Producers Association of Novatichave
recognized the need for precision spraying to redlue amount
of herbicide used on wild blueberry fields. Teamégth Dr.
David Percival of the Nova Scotia Agricultural Gaje (NSAC)
and others under the Atlantic Innovation Fund paogrOFFL
launched an initiative to create a precision spigygystem
based on spectral reflectance of the plants foumadvild
blueberry fields. While the end goal is to haveoarthe-go
sprayer using spectral or image sensors, a pathigavas to
create a precision sprayer using a pre-processsafjraphical
Information System (GIS) analyzed map of a fielddzhon
aerial spectral imaging.

LITERATURE REVIEW

Thurston et al. (2003) stated that an importantgigsrecision
farming lies in the content and quality of the GG&nerally,
GIS is used for analysis, simulation, and modellding

purposes. A number of agricultural equipment mactufers
have been using simple GIS software for the geiveraf crop
yield maps (John Deere Literature 2005). Schou. €P801)
identified spraying needs for forest agrochemigglli@ations
and created a GIS program for decision supportg Qind
Linvill (2002) have used GIS to simulate regionahput yields.
Neméyi et al. (2003) used GIS as a decision-making
analysis tool. In these cases, the GIS software tigol for
analysis and simulation and is not used for ongthehemical
applications.

GIS software has also been used for on-the-go regste
especially in variable rate application researdcirsen et al.
(1988) varied the injection sprayer output based @&1S map
and a differential GPS receiver. The injection lné &active
ingredient was changed uniformly across the boaset on the
GIS map. Al-Gaadi and Ayers (1999) tested the amyuand
lag time of a variable rate, direct injection spnapased on a
GIS map. It was found that the reaction time wass2conds,
with an application rate error of less than 1%.
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On-the-go sensing is being investigated globally to The retrofitting and testing of a smaller prototypas

determine whether the spectral classification ahfd can be
used to differentiate between weeds and crop artetect
nutrient deficiencies. The management of nitrogeficéncies
in plants is the most common precision farmingwvitgt{Noh et
al. 2003). Chen et al. (2003) obtained satisfacpoegictions
by using multi-spectral imaging to determine théragien
content of rice crops. Noh et al. (2003) conclutted using a
multi-spectral charge-coupled camera (CCD) coulodviole
sufficient on-the-go information on nitrogen dedisty in corn.
Tumbo et al. (2001) created an on-the-go systensdaosing
chlorophyll at the low speed of 0.6 km/h. The saysem did
not provide useful results at significantly highspeeds.
On-the-go systems are being investigated for {hatiential to
detect and correct for other nutritional deficiesciAdamchuck
et al. (2002) showed that it is possible to detteetitrate and
potassium levels of soils using ion-selective etmtgs. Adsett
et. al. (1999) found that by using ion-selectivecelodes, the
soil nitrate level can be detected on-the-go to S&uracy
with 6-second measurements. Gillis et al. (200tgsssfully
created a system that can detect and spray hegbioinweeds
along highways. This system used vision sensorbaarchless
spraying nozzles. The discrimination between weedies can
be achieved using spectral analysis in green, ed
near-infrared (Brown et al. 1994).

Tian et al. (1999) used real time image processiisgatial
and frequency parameters to control solenoid vabesa
spraying boom to apply agro-chemicals to a fieldlmigo. The
software was developed in C/C++. The system wasessful
at a speed of 4.2 km/h.

This paper reports on the development and testing o
precision sprayer for pesticide delivery based on
pre-processed GIS analysis of aerial spectral ingaglhe
general objective of the research program was veldp and
test a precision sprayer for the pesticide delivierywild
blueberry field crops based on the pre-process&daBalyses
of aerial spectral imaging field data. The speafijectives of
the work reported herein were:

1. to develop a system capable of reading GIS raagds
correlating locations on GIS files with current ayer
locations in order to determine the need for spigpir not,
based on the pixel definitions of the GIS maps; and

2. totest and evaluate the program and equipnoentracy.

METHODOLOGY

The development of the precision sprayer systerroed in
three major phases: computer analysis, retrofitting testing
of a smaller garden pull-type sprayer, and fingib/retrofitting
and testing of a full size 6.1-m boom. The finahph included
the analysis of the potential chemical cost saifitigjs system
was used commercially.

An initial control program was generated for the

development and testing of the individual functiarfsthe
computer analysis. Another program was createdriolate a
tractor following a user-selected path acrosstaaifield. This
part of the development was crucial in detectind &ring
problems encountered with the correlation betweka t
coordinates of the map and the GPS. Also, thisgpélminated
problems with the verification of the pixel locationder the
boom for the time period of one second of travéhieen GPS
fixes.

carried out using a four-nozzle, garden, pull-tgpeayer. This
phase was done to prove the concept of a GIS hasedsion

sprayer. This proof of concept sprayer was testedrourban
parking lot where there was sufficient view of skg to provide

a GPS fix with sufficient accuracy. The variatiom GPS

coordinates from one day to another was determirtealtesting
at this phase was used to demonstrate the prolsissesiated
with spray delay. Spray delay is defined as the tieguired for
the water to hit the ground from the time the cotapsends a
signal to the solenoid valve to open. The signahé&osolenoid
valves had to be advanced by the same amount ef tim

The last phase in the development of the precisprayer
was the implementation of the technology into a wemtial
system. The effect of the proximity of the GPS hemeto the
tree line was determined. The testing at this fofese did not
need to be extensive since the testing done at the
proof-of-concept stage of development had provee th
technology. However, the chemical saving in foumomercial
blueberry fields was determined.

Full scale system requirements

The precision spraying system developed for OFFLs wa
designed with the following requirements:

1. It must be able to operate a six-meter boom ¥8thozzles.

2. Each nozzle must be individually operated, afiiin an
on-or-off mode only, with proportional flow contrtd be
added at a later time.

3. The system must be easily operated from a lagagputer
which would also record information necessary tmpote

a  the sprayed area of the field and the amount ahated that
had been sprayed.

4. The system must operate at the standard sprageed of
5.2 km/h.

5. The control program used to operate the nozales read
an electronic map previously generated from a Gt§ram
and continuously receive information from a SterfBPS
receiver.

6. The control program must be able to deal witth lyeodetic
and Universal Transverse Mercator (UTM) coordindtes
ensure versatility when used commercially.

In order for the program to be able to take différ&PS
input format, the program must read GPS informatiom a
RS-232 protocol line reading National Marine Eleotc
Association (NMEA) sentences. The location of th®SG
receiver, along with the speed and direction afttaletermines
which pixel of the electronic map the control pamrinspects
to see when spraying was required.

SPRAYING SYSTEM

The project outlined in this paper differs fromyioeis research
by separately controlling each nozzle on the boerhile
maintaining the identical spraying rate of theaeingredient
from each operating nozzle. While conceptual tgstivas
carried out on a retrofitted garden pull type sprayhe full
sized sprayer used for this research was a HARDI(Hrdi
Industries, Davenport, IA) sprayer with a boom df 6 and a
tank size of 300 litres. The pump was PTO operateticame
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spraying. The program was designed to
not respond until all parameters were

keyed in. The control program was

[e=:
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designed to read a file from either of
two GIS programs; Idrisi Kilimanjaro
from Clark Labs (Worcester, MA) and
ArcGIS software from ESRI
(Redlands, CA). The Idrisi format
stored the map information in a text file

/

and the pixel values in a byte format, in

1 1 separate files. The ESRI exported text
@ m Sylch  |Nyleh m 1 file stored both map information and
mm MTHIZ EIHTM E]HTM EIHTM T|HZ pixel values in the same file. Both
A4 A A A = format types of GIS maps were read
1. Tank '\ / and temporarily stored in arrays prior
2. Suction Strainer to spraying. Additionally, to keep the
2- g”mp - program versatile, both UTM and
. Operating Unit and Pressure Gauge . .
5. Distribution Valve geodetic coordinates could be used
6. Nozzles when loading the map. The control
7. Solenoid valves

Fig. 1. Modified HARDI sprayer.

with its own pressure regulating system. The faeelffom the
pump was separated into three lines at the distoibwalve,
each line feeding a section of the boom. The twa sattions
of the boom had four nozzles while the middle sectiad five
nozzles. A distance of 0.50 m separated each noZhe
nozzles were flat fan HARDI nozzles with a spraglarof 110
degrees. The recommended boom height for thesdasomas
approximately 0.5 meter. However, a different boleaight
could be used provided the new height was inputh®
computer program prior to spraying; it must remaichanged
during spraying.

Using a series of T-joints,
distribution valve to each section was then coretetd each
nozzle to which a solenoid valve was fitted as elpsas
possible to each nozzle. The solenoid valves weB&@
Redhat Next Generation (Florham Park, NJ) normeltged
valves. These solenoid valves operated on 12-vaitd
consumed only 2 watts. Each valve had a maximumatipg
differential pressure of 1030 kPa at a flow comgutsing the
reported Cv value of the valve. The pressure lasssa the
solenoid valve using the reported necessary flogvaeross the
nozzle at 310 kPa was approximately 4 kPa. Figuslecivs a
schematic of the sprayer after retrofitting. Thectical circuit
used for the full sprayer employs solid-state relaptained
from Crydom Co. (San Diego, CA). The controlleridat
acquisition unit (DAQ) was the USB-1208FS manufesdiby
Measurement Computing (Norton, MA) with 16 digibaitputs
and 8 single-ended or four differential analog tspAdditional
signal ports on the DAQ made it possible for défa@rsensors
such as a wind vane anemometer or speedometertidee at
a later time if desired.

The control program was written in C using
LabWindows/CVI from National Instruments (AustinX)l(see
http://myweb.dal.ca/kcwatts). The factors that weeeded to
extrapolate the spray width location included tbezte angle,
boom height, speed, and the distance between tBe€&eiver
and the boom. These were first input by the user go
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program extrapolated the position of

each nozzle spray width over the

one-second interval between each GPS
fix. The program then transformed this positioroiiat pixel
number matching those of the electronic maps sianeg@mory.
If a pixel was marked for spraying, then the progrsent a
signal to the DAQ, which in turn activated the eatrsolenoid
valve.

Additionally an analysis program was designed, akiog
the C programming language, to read and display
information such as where the spraying occurrettiefield and
where the tractor traveled after spraying.

TESTING

the line connecting the

Prototype system

The purpose of the first set of tests using a smadlll-type
retrofitted garden sprayer was to determine thétwluf the
system to spray an area fully and accurately. Laigees of
litmus paper measuring 0.62 by 0.45 meters wemictied and
placed in chicken wire pouches at a known locatfanparking
lot. The parking lot was chosen for its accesdipidind its
unobstructed view of the sky, thus ensuring ani@tePS fix.
Prior to testing, the parking lot was mapped sa Hpecific
locations on the parking lot had known coordinatéh high
accuracy. An electronic map was constructed ugingilGIS
software with a spray patch of 1.28 by 1.28 m. ddvaer of this
spray patch corresponded to that of an interseg@mging lot
line. The sides of the patches were oriented tothgh. Water
and acetic acid were used as the fluid.

For the first two replications, the litmus papesvpdaced in
such a way that an area of 5 meters square wasts@t record
overspray. Replication #3 had a larger area (6.6 7m) to
record more overspray. The test wind conditionregsrted by
Environment Canada at Halifax International Airp(#2i km
from the spraying site) as winds gusting up to &BHkcoming
from the north. The area sprayed in this test wale wpen
minimizing the effect any structures or trees miggate had on
wind speeds. It was envisioned that an anemometaldwbe
installed on the final product. The computer progracorded
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I:‘ No Spray

Drift

Fully Sprayed

Fig. 2. One replication of the prototype sprayer.

when the nozzles were turned on during the tedh wie
coordinates of the GPS fix. The data were tabulaed
graphically compiled (e. g. Fig. 2) where areamimimal spray
pattern indicate areas of either drift or when pérthe spray
was moved by the wind, resulting in an incompldtange of
colour in the litmus paper.

The conclusion of the first set of tests was timeddvanced
time of activation of the solenoids needed to l®iporated
into the control program to account for the delayf the time
of the electrical signal to the solenoid to whengpray reached
the ground. To determine the spray delay, a simplesture
sensor was made using two wires twisted togethtr paper
tissue between. These sensors were placed ondhadyand
the time from the electrical signal to the solentmidhe time
there was a resistance change between the twednigtes was
defined as the delay time. An average delay of 8egbnds for
the prototype system was obtained. The wind spessinet
taken into account when determining spray delayncéi
spraying and wind speed varies slightly withingh&lelines set
out by the sponsoring company, it was assumedti@avalue
for spray delay for each type of hardware wouldlféicient to
cover all spraying conditions.

The purpose of the second set of tests using thtetgpe
was to verify that the timing advance indeed cdaedor the
discrepancies encountered in the first tests. Sidlmard
squares, each representing four 0.50 m pixels, placed on
the same parking lot in two rows with the centeeath pixel
at a previously surveyed location. The prototypes waen
pulled across the two rows and the spray deposiivas
observed. Since the day was chosen with low r@dtiimidity,
the over-spray caused the parking lot to darkee. Geénter of
the spray deposition was measured from the cerftéheo
cardboard squares at each area and a digital piatas taken.
Different angles of approach and different speedsevalso
tested.

Full scale sprayer

Testing of the system using the full-size Hardiagper was
conducted on one of the Wild Blueberry Researchi@dields
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in Debert, Nova Scotia, using a GIS map with sirada
spraying locations. The sprayer was driven ovesfitay areas
and a wooden stake was dropped by a researcheng/akkhind

the sprayer, when he observed the center nozilgricon or

off. The location for the wooden stake was theweysd and
recorded. Another test performed at the Debertiocavas to

physically mark the intended spray area using & rapd to

measure the distance between the rope and théoloeghere

the water from the center nozzle was observed théiground.

The variation of the GPS position was also notetthasprayer
approached the tree line surrounding the field.

Simulated test for chemical cost saving

The final test was a simulated spray test usingr@gs created
from actual aerial spectral data. The purposeisftést was to
create an output file which could be analyzed toe tost

savings had the precision sprayer been used vétpeth across
the field generated by a GPS simulator. The aspattral data

files were generated using a CASI (Compact Airborne

Spectrographic Imager). The sensor output was aedlipy a
local company to generate binary maps to be ugetthéotest.
The results were analyzed for the cost saving ohyspg
herbicides and fungicides. Four fields were analy2eots field
(near Mt. Thom), Kempton, Londonderry, and Mt. Thathin
Nova Scotia. Each field was analyzed twice, once tfie
delivery of a herbicide commonly used on bluebégtgds, and
the other for a fungicide. Two GIS files were nagger field,
one representing the weed population and the other
blueberry plant population. One example is showtrign 3
(blueberries) and one in Fig. 4 (weeds). Bare sppfear in
both figures as white. The information on pestiadsts came
from data sheets from the manufacturing compang spihaying
rate was established after consultation with thenspring
company, OFFL. It was assumed that, during blaspetying,
no effortis made to adjust the spraying paraméeiscovering
the entire field.

RESULTS

Prototype testing

There were differences among the spray patternbeothree
passes in the first test sequences using the ppetaprayer.
These are readily explained by the amount of dréated by the
gusting wind, the GPS error, and the spray delagrefmhe

latter was not accounted for at the time of thé t@sgure 2

shows only one of the passes.) Also the velocity@ath of the
sprayer were not consistent during the test sime@ehicle was
manually controlled and so it was very difficultitave the tow
vehicle trace exactly along the same parking fa &very time
and at the same desired speed. The operating syseedet
below 10 km/h, remaining near 5.2 km/h which wasr#quired
maximum speed set by the sponsoring company.

The area of the pixel sprayed during the first vess$ also
recorded (Table 1). The control program was desigagurn
on all nozzles over an area needing to be spraggdrdless of
whether the spray of the nozzle extended beyonddbkignated
spray area. The analysis and control programsthsegixel as
the unit area of measurement. In this test, agdéent in Fig. 2,
the direction of travel is oblique to the pixel.ustas the sprayer
passed diagonally across a corner of an adjacest, fthe
appropriate nozzle was turned on for a brief monEmrefore,
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Fig. 3. GIS map of Kempton field showing blueberries Fig. 4. GIS map of Kempton field showing weed

potentially requiring a fungicide application. population requiring herbicide application.
when this second nozzle was turned on, the pijatadt to the ) .
target spray pixel was partially sprayed but reedrds being It also became evident that, using the SF2 proftice|GPS
fully sprayed by the programs. position varied slightly from one day to anotherdathe

In this test, the pixel size was approximatelygheay width magnitude of this needeq Fo be documented as atftsource

was Considerab]y greater than one pixe|’ the amaint of tests can be found in Table 2. The distanced&&tmhe center
overspray would be a much smaller percentage thams in ~ Of the spraying patch and that of the designatedyspy area
the first round of tests. Similarly, the underspoayhe area of was measured and compared to that of the estindigtahce
the spray pattern not sprayed, would also be alasmal based on the computer analysis of the test. Théiqud
percentage. precision of the centers of the six pixels was mess and

tabulated in Table 2. It was found that the poséalovariability

of the GPS receiver ranged between 0.1 to 0.8% mrfpgiven
day. Those errors were not large enough to
prevent the designated spray area being
fully sprayed during the test regardless of

Table 1. Areas sprayed during the first prototype tet.

Replication 1 Replication 2 Replication 3

Areas (m?) () (m?) direction of approach. The results using the
prototype gave a good overview of what to
Total recorded area sprayed 3.17 3.20 3.77 expect in the final design testing. Although
Area of pixel 1.64 1.64 1.64 both sprayers were different, the parameters
Area of pixel sprayed 1.42 1.26 0.74 used in the prototype were the same as those
Area under-sprayed 0.22 0.38 0.89 used in the final design. Some notable
Area over-sprayed 1.76 1.94 3.03 exceptions are the values representing boom
Area analysis program height, nozzle spray angle, and the distance
record as sprayed 4.91 3.28 491 ’ ’

of the GPS from the boom.
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Table 2. GPS positional variability (m) for locatiors used in the second prototype test.

Point 1 Point 2 Point 3 Point 4 Point 5 Point 6
Maximum positional variability on survey day 1 (@6ints) 0.11 2.56 0.12 0.06 0.07 0.06
Maximum positional variability on survey day 2 (@@ints) 0.08 0.04 0.04 0.04 0.04 0.04
Maximum positional variability on survey day 3 (@@ints) 0.89 0.12 0.13 0.01 0.06 0.04
Maximum position difference from average positidralh3 days  1.38 1.26 0.93 0.70 0.63 0.42
Positional variability survey on day of testing 1.1@ 0.5@ 0.4@ * 0.56@ 0.67@
270 315 225 180 210
Recorded difference between center of target gpise) to 1.25@ 1.16@ 0 1.25@ 0.9@ 1.00@
actual spray pattern 145 180 80 135 90
Estimated difference between center of target spbasi to 0.25@ 0.35@ 0.55@ 0.5@ 0.35@ 0.50@
actual spray pattern 90 210 180 90 135 90
Area of spray patch displayed by analysis prognaf ( 8.25 10.5 9.75 7.75 9.25 7.25

*Measurement taken for this point was done immetijafter the GPS power had been cut off.

It was concluded that the program achieved its gbal
spraying a pixel accurately at speeds of less tfiakm/h.

Table 3. Chemical cost ($) saving using theqzision sprayer.

Also, it was found that the area of overspray fanaall
patch (~ one pixel) was quite large. The directibtravel

had an affect on the shape of the area of spraysitem but
the pixel was fully sprayed in all tests.

Scots field Kempton Londonderry Mt. Thom
(15 ha) (8 ha) (24 ha) (9 ha)
Herbicide 2932 1171 3291 1133
Fungicide 264 161 549 190

Final design field testing

The first test results using the full scale systnbebert
showed a different spray delay time factor fromt thfathe
proof-of-concept sprayer. A new value was neededhan
control program of the HARDI sprayer based on wtherspray
was observed to hit the ground. The results in Baggshow
significant under-spray as the result of an inadrtiene factor
adjusting for the spray delay. It was found thatdbdvance time
factor needed for the HARDI sprayer was 0.8 secaoatier
than the 0.57 seconds used for the proof-of-conspratyer.
Even with the spray delay corrected, a small amaint
over-spray and under-spray resulted. This discreparay be
due to human error in placing the wooden stakeositipnal
variability of the GPS receiver. The accuracy ofasp
placement with the correct delay (the distance eetwthe
boundary of the spray area and the surveyed lotatiche
wooden stake) can be seen in Fig. 5b. The pixelutisn for
this test was 0.5 m. The points on Fig. 5 representecorded
GPS positions, whereas, the lines between thosésmiiow the
approximate path and direction of travel. The spetthe
sprayer was approximately 5.2 km/h.

Fig 5. Effect of the time delay factor on the appliation
error for the full size sprayer.
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The maximum error due to the proximity of the tire was
found to be 1 m.

Simulated spray test

The final testing, measuring the estimated chengiesi saving
while using the precision sprayer, was performethgus

simulated path through the field with a GPS simarlaThe

aerial spectral images were taken one or more Yedose they
were used to generate the GIS maps and therefersptiayer
could not be used on the actual field since thedwaed

blueberry plant distribution in the fields had chad. A

simulated spraying test alone was used. Tabled & show the
chemical cost saving and the cost of creating tlezigion

sprayer. The cost of the GIS map creation for phegect was
considerably higher than the figure noted in Tabknce the
process for developing the GIS maps was being reflsed as
the maps were being created. If the process cautditbomated,
the cost for the four fields would significantly atease to
approximately $880, the cost of the flights. Thatd make the
precision sprayer an economically viable technolddye only
recurring cost would be the creation of the GIS egry year.

Table 4. Equipment and GIS map creation costs of the
precision sprayer.

Item Cost ($)
GPS receiver 7310
Laptop computer 2644
USB-1208FS controller 269
13 solenoid valves 2830
Hydraulic and electrical components 560

GIS map creation 880 (aerial time only)

Total 14,493

MICHAUD et al.



In the eventuality of an economically viable teclogy, the
laptop computer could be replaced by a computegusolid
state memory only, to reduce the likelihood of dgento the
hard drive from vibrations of the tractor in theigh fields.

The errors associated with the cost saving maylie kQigh
due to the uncertainty of the time and costs aasediwith the
GIS map creation. There also was some uncertamtp ¢he
resolution and accuracy of the GIS data. The tieeded to
process the map may allow weed distributions tongha
introducing errors in actual plant composition. Tagor
associated with slight overspray or underspray pawicular
area may be increased if the field is spotty irdtafehaving a
few large areas needing spray, thus directly affgctost
savings.

CONCLUSIONS

The developed precision sprayer delivered spragddarget
areas successfully at the designated spraying sf&e2l km/h.

The system could handle relatively high positianatcuracies
since the system always chose to spray even if ardynall

patch needed spraying. The maximum positional inaoy

depended on the size of the pixel and the sprayhvafl a

nozzle. Tree lines and hilly terrain degraded tR&Gignal, but
typical blueberry-field topography and tree linabrbt prevent
the system from spraying the field within the GRfl &IS

nominal accuracy. A further correction to the GRSuaacy

could be provided by real time kinematics (RTK)sBd on this
study, the chemical cost of using the precisioraggr is not
enough to offset the cost of the GIS map creafibe.chemical
cost savings increase as the field area is incddageso would
the cost of the GIS map creation.

RECOMMENDATIONS

An automated process to generate the GIS files thenaerial
survey would greatly reduce the cost of the prenisipraying
system allowing the saving in chemical costs tseifthe other
capital and operating costs of the GIS map creatiod

operation of the precision sprayer.
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