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ABSTRACT

Pr eci si on agriculture i nvol ves t he i ntegration of new

technol ogies including Geographic Information Systenms (d59S),
d obal Positioning Systems (GPS) and Renpbte Sensing (RS)
technologies to allow farm producers to nanage within field
variability to maxim ze the cost-benefit ratio, rather than using
the traditional whole-field approach. Vari abl e Rate Technol ogy
(VRT) available with farm inplenments, such as fertilizer or
pesticide applicators and yield nonitors, have evolved rapidly

and have fostered the growmh of precision agriculture. Site
speci fic managenent allows inputs to be reduced, while optim zing
outputs, both of which are attractive to the farm producer. At

the sane tinme, by reducing inputs, the run-off of fertilizers and
pesticides is reduced, thus inproving the environnental condition
of the agro-ecosystem Renote sensing provides input data for
many precision agriculture applications including pre-growh soil
fertility and noisture analyses, crop growh and growh
detractant nonitoring (crop scouting), and yield forecasting
This information in turn hel ps the farm producer in his decision
maki ng. Al though the acceptance and growh of precision
agriculture has been rapid sone fundanental requirenents are
needed to help fully develop and inplenent this technology.
Anmong these requirenents are continued research and devel opnent
of algorithms for the radionmetric and geonetric correction of
remote sensing data and for information extraction. Also, access
to tinely, cost-effective renote sensing data, or derived val ue-
added products and the devel opnent of decision support nmaking
systens or other expert systens integrating GS, GPS, and RS
technologies in a user-friendly fashion are needed. A subsequent
training and technology transfer program to accelerate the
acceptance and inplenentation of this technology for the agri-
busi ness sector is also a necessity.



| nt roducti on

Producers have routinely observed large variations in crop
productivity and final yield within many agricultural fields.
Al though these variations are often related to differences in
soi | fertility or | ocalized <crop stress, fields have
traditionally been treated as one honpbgeneous unit, with uniform
fertilizer or herbicidel/pesticide applications. Wen farmng
small parcels of l|and detailed know edge can assist in the
i npl enentation of a sound nanagenent strategy. However, during
the 20th century the tendency to larger and larger farnms in the
United States and Canada led to difficulty in inplementing this
detailed variable Iand nmanagenent approach and whole field
applications of fertilizers, pesticides, and other farm inputs
becane the norm

The devel opnment of geomatics technologies in the latter part of
the 20th century has aided in the adoption of site specific
managenent strategies. CGeographic Information Systenms (G9S),
@ obal Positioning Systens (GPS), and Renote Sensing data can be
integrated spatially, tenporally, and economically to assist the
farm producer in managing their | and. This approach is called
precision agriculture or site specific nmanagenent (Palnmer, 1995;
Usery et al., 1995, Forcella, 1993; Pringle et. al., 1993; Carr
et al., 1991; Petersen, 1991;). Precision agriculture recognizes
t he i nher ent spati al variability associ at ed W th SOi
characteristics and crop growmh, and uses this information to
prescribe the nobst appropriate managenent strategy on a site
specific basis. The driving force behind precision agriculture is
the econom c optimzation of crop production. However, coupled
with this production goal is the mnimzation and control of
chem cal inputs for the nanagenent of soil fertility and crop
stress. The site specific application of these inputs reduces
producer costs and mnimzes the environnental inpacts associated
wi th chem cal use.

Thi s paper describes precision agriculture and provides a brief
overview of the literature and background of this technol ogy.
The role of renpte sensing in precision agriculture is then
reviewed foll owed by a description of the research program being
conducted at the Canada Centre for Renote Sensing (CCRS). Sone
prelimnary results from these research activities are presented
to augnent this section. This is followed by an overview of the
econom ¢ inpact and opportunities of precision agriculture, wth
a focus on the potential role of renpte sensing data and service
provi ders for satisfying this market. The final section outlines
sonme of the research and devel opnent issues which need addressing
for further devel opnent and inplenentation of this technol ogy.



Overvi ew and Background

Figure 1 illustrates the concept of precision agriculture. In a
typi cal precision agriculture rmanagenment system spatially
referenced data are collected to quantify site factors which are
likely to have an inpact upon crop productivity, and thus fina
yield. Baseline information on site factors often includes
el evation and subsurface drainage, as well as neasurenents to
delineate soil zones defined by soil characteristics such as
texture and fertility. In addition to this baseline information,
data are gathered regularly during the growi ng season to eval uate
the effects of these site factors on crop productivity, as wel
as to nonitor for weed, insect or fungal infestations. Finally,
at the time of harvest, site specific yield data are coll ected.

Data gathered prior to seeding, during crop growh, and at
harvest, establish the links between yield and site factors
required for longer term site planning. This process allows the
producer to adjust future inputs, on a site specific basis, in
order to optimze economc yields or, in the case of perpetually
poorly producing sites, to reduce costs. However, of immediate
concern is the early detection of fertility problens or crop
stress during the current growing season. An effective data
source must flag problem areas, identify the source of the
problem and delineate its location and spatial extent. In the
case of weed infestations, weed type, location and extent need to
be mapped early in the infestation. This information is then used
to determ ne the appropriate herbicide application, and to apply
the chem cal at the correct rate, only to the sites affected.

Variable rate technologies (VRT) and yield nonitors are an
essential conponent of site specific managenent and their use is
becom ng nore prevalent, particularly anong producers with | arge
| and hol di ngs or high value cash crops. Using the within field
variability information collected fromsite sanples or other data
inputs, VRTs apply the appropriate chemical inputs to the
affected sites in the field. For exanple, VRTs can mx custom
fertilizer blends and apply the correct conbination and anmount to
a site. In the case of weed infestations for exanple, flowrate
sprayers apply the appropriate type and rate of herbicide, only
to those sites affected. Discussions of various aspects of the
use of VRT in precision agriculture can be found in Fleischer et
al ., 1996; Ferguson et al., 1995, Mrtensen et al., 1995; Hanson
et al., 1995; and Searcy, 1995; Schueller, 1992.

The relationship between plant growh and spectral response in
the visible and infra-red wavel engths has been well established
using the ratio of red and infra-red refl ectance, or sone indices



based on this ratio (Jackson, 1984; Bauer, 1985). This research
has led to the successful devel opnent and inplenentation of an
operational crop information systemin Canada usi ng NOAA Advanced
Very High Resolution Radioneter (AVHRR) data for regional crop
condition and yield assessnent (Brown et al., 1990). Oher work
has denonstrated the use of renbte sensing data (from various
sensors and platforns) for nonitoring crop pests and di sease, as
wel |l as for assessing soil fertility and soil noisture content.
Renote sensing also provides the data to convert point
measurenents into spatial information and to nonitor tenporally
dynam c plant and/or soil conditions. Thus, there is a grow ng
need and capability for using renote sensing data in precision
agriculture applications.

Wth the acceptance and increased use of precision agriculture

the need for techni cal consulting, value-added products and
services, geomatics technology software, renote sensing data,
etc., as well as VRT inplenents is increasing. This rapidly

growing vertical narket is expected to continue to increase as
the technology is further developed and brought to the market
pl ace (Hough, 1993). To date the developnment of precision
agriculture has nostly relied on the integration of GS and GPS
technology plus the inplementation of VRT farm equipnent.
However, there is an inportant role for renote sensing in
precision agriculture (Moran et al., 1997a; Pearson et al., 1994)
and new satellites are being designed for the comercia
exploitation of the renpbte sensing data needs for precision
agriculture, as well as other applications (Fritz, 1996).

Rol e of Renpte Sensing in Precision Agriculture

A wide variety of renpte sensing devices, ranging fromthe human
eye to earth observation satellites, have been used or eval uated
for preci si on agriculture appl i cati ons. | ndeed, Vi sua

observations recorded through a digital notepad geo-referenced to
the G S database may be the nobst commonly used "renote sensing”
device in precision farm managenent applications. Aeri al

phot ography (colour and colour infra-red) and videography are
also comonly enployed for nmany different applications in
precision agriculture. Although the majority of sensors used have
operated in the visible and near infra-red portion of the
el ectro-magnetic spectrum the mcrowave portion of the spectrum
have al so proven useful, particularly when data are gathered from
aircraft platforns (Mran et al., 1997b). RADARSAT data have
al so provided useful information about crop and soil paraneters,

such as weed infestations and soil noisture, but at a coarser
spatial resolution (H rose, 1997). Mran et al., (1997a) provide



a recent review of inmage-based renpte sensing for precision crop
managenent .

Renot e sensing can be used for precision agriculture in a nunber

of ways by providing input on soil and plant condition and
variability to the overall mnagenent and decision support
system Renpote sensing data provide a very convenient way of
converting point observations, for exanple from a soil test

sanple, to distributed information within the G S. Various inmge
classification or geo-statistical approaches, such as kriging,
can be inplenmented in order to achieve this conversion. Thi s
spatial information can then be used with other georeferenced
overlays within the GS to identify both seasonally stable and
seasonal ly variabl e managenent units, upon which the farmer can
base a nmanagenment strategy. Many of the soil and crop paraneters
of interest to the farmer are very dynamic with tinme and thus the
tinmely, repetitive coverage possible wth renpte sensing
platforns, especially satellite platforns, are an attractive
source of nonitoring information. This information can then be
used in conjunction with nmanagenent units, in order to quickly
eval uate potenti al problems and to provide an effective
managenent solution. This feedback | oop can be very effective in
preci sion agriculture applications.

Figure 2 illustrates the relationship between point data,
distributed data, and seasonally stable and seasonally variable
managenent units for a typical field. In this figure the soi

sanple locations (indicated with a cross) are used to develop a
series of N trogen and Potassium fertility contours, which are
then overlayed with the soil type (indicated by different
shadi ng) . The integration of this information then gives three
“managenent units” for fertilization applications as illustrated
in the figure.

Prior to seeding, air photos, nulti-spectral scanners, or high
resolution satellite imgery can be used to translate results
frompoint soil test sanples, acquired using a grid or stratified
sanpling schene, to a spatial coverage for the whole field. This
is an essential conponent of the information for managing within
field variability as described in the previous section. Surface
refl ectance frombare soil can be related to a nunber of physi cal

and chem cal properties of the soil including texture, nutrients,
calcium carbonate content, organic rmatter, salinity, and
noi sture. (Baungardner et al., 1985) provides a detailed review
of the reflectance properties of soil. This information can be
used to help determne soil fertilizer applications and for
seasonal growth trend anal yses. The translation of soil test

sanple results to a field fertility map using col our photography
is illustrated in Figure 3. In this exanple an inverted



regression rel ationship, devel oped between the avail able N trogen
determ ned fromthe point sanples and soil colour, can be used to
create a spatially detailed nitrogen application mp. SAR data
can also be used to estimate the near-surface soil noisture
content (Dobson and Ul aby, 1986; Pultz et al., 1997). Figure 4a
and b shows soil drainage information derived from RADARSAT SAR
and SPOT data respectively. Drainage information from the
Ontario Soil Survey is provided as an overlay to aid in
interpreting the renote sensing dat a.

Renpbte sensing techniques can also be used to create highly
accurate digital elevation nodels (DEM which are useful in many
precision agriculture applications, especially irrigated market

veget ables. Gagnon et al., 1990 described an approach that can
be easily inplenmented on a personal conputer using stereopairs
from either airborne or satellite platforns. SAR sensors from

ai rborne and satellite platfornms can also be used to generate a
DEM (Gray and Farris-Manning, 1993; Vachon et al., 1995).

The nost preval ent use of renbte sensing in precision agriculture
is for nonitoring seasonally variable crop condition (Mran et
al ., 1997a; Pearson et al., 1994). Early research with col our and
colour infra-red air photos denonstrated that a nunber of crop
i nfestations could be detected on the photographs includi ng wheat
stem rust, corn leaf blight, and root rot in field beans. A
recent review is provided by Hatfield and Pinter (1993). Stress
caused by the infestation results in reflectance changes in the
vegetation which can then be detected with the renote sensing
data. Weds have different reflectance characteristics than the
crops they invade and consequently their |ocation and extent can
be mapped and targeted for herbicide application. The early and
pronpt attention to these growh detractants is inportant and
remote sensing can provide the tinmely spatial coverage required
for effective crop scouting. Figure 5 shows the use of airborne
SAR data to identify an outbreak of Bertha Armyworns in a canol a
field. The darker SAR signature of the area infested by the
armyworns is due to the |oss of radar backscatter by the danaged
crop canopy. The use of casi and SPOT-HRV nmnulti-spectral data
for identifying weeds using estinmates of NDVI is denonstrated in
Fi gure 6. In this case the presence of weeds gives rise to
unusual NDVI values, often higher than the surrounding crop,
which allows for the spatial mapping of the weed infestation.

Renote sensing data can also be used to create bionmass estimates
during the growi ng season using the traditional approach based on
vegetation indices (Tucker et al., 1980). The tenporal sequence
of these biomass maps can then be related to the current
managenent strategy and changes inplenented, for exanple soil



fertilization if required, to optimze the final vyield. As
poi nted out by Mran et al., 1997a, renpte sensing data can al so
be used to produce maps of neterol ogical paraneters which can be
integrated with the biomass maps, or Leaf Area |ndex (LAI)
estimates, in order to predict final vyield. Figure 7 shows the
use of nulti-spectral satellite data for estimating biomass tine
sequences for managenent purposes and yield prediction. A final
yield map froma VRT yield nonitor is also shown for conparison

The research has repeatedly denonstrated the value of renote
sensing for extracting information about soi | and crop
conditions. Hi gher resolution satellite data nay help adjust the
cost per hectare for renbte sensing applications in precision
agriculture and will thus lead to increased commercial use of
remote sensing. Conti nued algorithm devel opnent for sensor
calibration including radiometric and geonetric corrections, off
the shelf software for image processing and A S integration, and
qui ck data delivery capabilities are also needed to foster the
use of renbte sensing in precision agriculture.

Precision Farming Research at the Canada Centre for Renote
Sensi ng

The Canada Centre for Renote Sensing (CCRS) in conjunction with
ot her governnent agencies, universities and val ue-added industry
has been involved in a multi-year experinent to define the role
of renbte sensing in precision agriculture. For the past five
years, CCRS has gathered significant quantities of data over
their agricultural super site centered on Altona, Manitoba. The
site is quite flat, and has a range of soil textures and crop
types, making it well suited for agricultural renote sensing
research. Altona was the site of the 1994 SIR-C soil noisture
experinment and southern Manitoba has been used extensively to
evaluate the information <content in RADARSAT for various
agricultural applications. Research efforts have denonstrated
that both soil noisture (Pultz et al., 1997) and tillage (MNairn
et al., 1998) information can be provided by RADARSAT dat a.
Current research initiatives are focusing on the operational crop
nmonitoring capability of RADARSAT.

In 1996, CCRS began the collection of high spatial and high
spectral resolution airborne optical data over sites in southern
Mani t oba. During the 1996 grow ng season, 27 spatial node and 14
spectral node lines of Conpact Airborne Spectrographic |nager
(casi) were collected over four sites, and during two acquisition
canpaigns (Table 1). The first acquisition occurred just after
crop energence and was designed to evaluate the potential of
remote sensing for mapping weed infestations. During the period



of peak crop biomass a second set of data was gathered and this
data provided information on the sensitivity of visible-infrared
reflectances to indicators of crop vigor, crop stress and fina
yield. The follow ng year, casi data were again acquired during
peak bi omass over a new site centered on Carman, Manitoba. Wth 9
spatial node lines and 3 spectral node |ines, approximtely 250
km of airborne optical data were acquired during the 1997
canpai gn.

During both the 1996 and 1997 casi image acquisitions, field
crews collected GPS-referenced <crop sanples as well as
chl orophyll data and ground spectra (using the GER3700 ground
spectronmeter) on approximately 30 fields of various crop types
(wheat, canola, beans, sugarbeets, potatoes, corn, flax). Crop
sanpl es provided data on plant water content, anount of biomass
and |l eaf area index (LAI) estimates. In 1997, ancillary data were
available on nitrogen application rates as well as soil NPK
(ni trogen-phosphorus-potassiun) and organic mtter. Variable
yield maps and crop scouting information was also provided for
sonme fields.

Statistical analysis of the 1996 casi data denonstrated that
indicators of canola crop vigor (biomass and |eaf area) were
significantly related to near-infrared refl ectance (Brown et al.

1997). The strong dependence of reflectance on crop condition was
further denonstrated on a potato crop from the 1997 data set

(Brown et al., 1998). Near infra-red reflectance was then used to
map biomass, plant water content and crop height variability
across t he pot at o field. | nf ormati on on crop canopy

characteristics derived from high-spatial data is extrenely
val uable in detecting areas of poorer growh in the field which
may require added inputs. Also, this site specific crop
information can be used as input into crop growmh nodels for
yield forecasting.

CCRS has also been involved in devel oping techniques to extract
guantitative information on crop productivity and crop stress
using imaging spectronetry or hyperspectral renote sensing. The
objective is to use hyperspectral data to inprove the detection
of wthin-field variation and to determne the cause of the
spatial differences. Using hyperspectral data from 1996, it was
possible to map different target conponents on a pixel-by-pixe
basis wusing constrained linear unmxing (Adans et al., 1986;
Shi mabukuru and Smth, 1991). This technique allows one to unm X
a pi xel spectrumwhich is usually a mxture of different materi al
into its conponents (endnenbers). The portion of the conponents
of the pixel spectrum are expressed as fractions between 0 and 1
Figure 8 shows the fraction imge of the endnenber canola and



related casi RE&B inmage. Wthin-field variations of this endnmenber
are obvious. The fractions can likely be related to percent cover

as prelimnary results indicate (Staenz et al., 1997a). Percent
ground cover, anong other paraneters, can then be used to assist
in biomass estimation. In general, the wunmxing technique

provi des a powerful tool for site specific mapping to capture the
variation within a field for the different target conponents such
as litter, soil, and vegetation. Unlike enpirical derivations of
crop condition paraneters extracted from the high spatial data,
spectral unmxing provides a nore robust technique for the
estimation of such paraneters. Wthin this context, CCRS is
exploring the extraction of LAl on a per pixel basis using the
crop endnenber fraction derived wth spectral unm xing (Staenz
et al., 1998). The retrieved LAl is nore accurate than cal cul ated
from vegetation indices such NDVI since the unm xing technique
enabl es the separation of crop from other vegetation types such
as weeds on a per pixel basis.

When hyperspectral data are acquired in the 900 to 1250 nm
wavel ength regions, liquid water content of the vegetation canopy
can be estimated on a field basis, utilizing the plant liquid
wat er absorption features at 975 nm or 1180 nmin a conbination
wi th physical and enpirical nodels (Staenz et al., 1997b). Liquid
water content associated with the crop canopy is an inportant
indicator for crop stress. CCRS is al so exploring the possibility
of deriving chlorophyll content, another inportant indicator of
crop health and productivity, from hyperspectral data.

In addition to establishing crop productivity and crop stress
i ndi cators, an opportunity also exists for mapping weed type and
| ocation, during periods or both pre- and post-energence. From
the 1996 spatial data set significant weed patches were visually
detected early in the grow ng season, just after crop energence,

using a colour-infrared conbination (533, 620 and 818 nm. By
resanpling the original casi 4 mdata it was evident that spati al

resolutions of < 10 m were required to visually delineate
significant weed patches (Brown et al., 1997). Detection of weed
i nfestations during periods of peak growmh is nore difficult, but
plant fractions derived from spectral unm xing, which indicate
areas of non-crop, nmay be correlated with weed patches. Severa

sites from both 1996 and 1997 are available to assess this
appr oach.

CCRS is also planning investigations which will focus on the
spectral sinulation of future sensor data as acquired wth
proposed multispectral and hyperspectral sensors onboard snall
satellites (see Tables 2 and 3). This process will give insight
on band requirenents in terns of position, width, and sanpling



necessary for the retrieval of specific information. This wll
help to maximze the extracted information content and

furthernore, to ensure that future satellite prograns neet the
user requirenents.

Comrerci al Opportunities

The resurgence of interest in precision farmng over the |ast few

years has been largely driven by the comrercial sector. In the
initial stages, a technical team was needed to support the
i npl enentation as well as the operation of the equipnent.

Manuf acturer’s of niche equipnment such as GPS receivers, yield
nmonitors, variable-rate technology, and GdS software offered
their hardware and software to the agricultural sector. The
systens, however, were not well adapted to the needs of the users
and were not easy to integrate into an effective “crop production
deci si on support systent.

Many of the systens today, although nore user friendly, do not
provide a total solution for the users. Therefore, the
opportunity to provide a better solution exists and the
avai lability of journals, newsletters, and nagazi nes dedicated to
advances in the technology and application is testanment to the
mar ket potential . In addition to the opportunities for the
hardware and software manufacturers, there is equal opportunity
for the services industry. Early adopters of the technology are
wel | positioned to provide consulting services to agri-business
and to producers. This could include systens integration
solutions for businesses, training on the operations and use of
the systens, or the processing of data into information.

The rapid introduction and high turnover of the technol ogy,
however, has resulted in a gap between the technol ogical
capability to measure and apply variable rates of crop inputs

and the scientific understanding of the causal relationships
bet ween the inputs and the crop output. Traditionally, producers
have | ooked toward agricultural extension staff and academ cs for
an objective opinion on the nerit of the technol ogy. Therefore,
there is a need to increase the scientific know edge and to
dissenmnate it to those working with the producers. Fostering
| i nkages between governnment, university, and industrial interests
woul d encourage and facilitate the transfer of know edge and
i ncrease the acceptance of the technol ogy by the user comunity.

Al though renote sensing has been around for decades, it’s
rel evance to the applications in the precision farmng industry
is relatively new. Scientists have denonstrated the potenti al
capability of the technology for specific case studies using



ground, airborne, and at tines satellite systens. In practice
however, the delivery of a reliable and neaningful product
demanded by the users has been nore difficult to achieve.

Today, the current satellites carrying optical sensors provide a
relatively coarse spatial resolution (20-30 nmetres, multi-
spectral, and 10 netre panchromatic) wth a swath coverage
bet ween 70-180 km and a re-visit tinme of 7-16 days. This limts
their application to larger fields found in the North American
m d-west and is not useful for specialty crops or regions where

the field sizes are small. However, the next version of
comrercial satellites such as Earthwatch’s Quickbird series of
satellites and Space | magi ng- ECSAT' s | konas satellites will have

simlar spectral characteristics to today’ s sensors, but wll
inmprove significantly on the spatial resolution (3-10 neter
mul ti-spectral and 1-3 nmeter panchromatic). Unf ortunat| ey,
Earl ybird was not successfully |aunched and is not operable.

These sensors will not only open up other markets within the
agricultural sector, but also wll inprove upon the revisit
peri od. This wll be inportant to an application where a
snapshot of the field is required at specific instances in tine
and within a narrow tine w ndow. In addition, the inproved
revisit will also alleviate some of the problens associated with
cloud cover obscuring the target and therefore, a mssed
opportunity. It will not help, however, if cloud cover is
persi stent. However, all-weather sensors such as RADARSAT t hat

can i mge through clouds could be used to conplenent the optical
sensors for this purpose. Further testing, however, is required
to denonstrate the reliability of this approach and to fully
i ntegrate m cr owave observati ons into preci si on farm ng
appl i cati ons.

Early detection of problens is one part of the feasibility
equation for renote sensing data. The other is a ready access to
the data or information product in order that tinmely renedial
nmeasures can be taken to limt the damage or enhance productivity
of the crop. This requires an infrastructure to receive and
process the satellite imagery or raw data into information and
data products, transfer the data or information products to a
processor where val ue-added processing takes place, and then,
delivery of the final product to the user. In the past, the
infrastructure was not present to turnaround imagery quickly.

Past experience has denonstrated that it would nomnally take a
coupl e of weeks to obtain the data. Data suppliers recognize the
need for faster turnaround and are responding with a nore
stream i ned infrastructure. It is envisioned that all the new
commercial satellites comng on-line over the next two years will



have a nomnal 3 day turnaround with a target for 24 hour
delivery of imagery and/or information products.

| ssues Affecting the Use of Renmbte Sensing in Precision
Agricul ture

Al though the research has denonstrated the ability to extract
useful information about plant and soil paraneters from renote
sensing data, the use of this technology in precision farmng is
secondary to the use of GPS and GS technol ogies. This is in
part due to the necessity of having these capabilities in place
before the producer can start inplenenting precision farmng
managenent strategi es. There are other inpedinents that are
being <currently addressed through planned high resolution
satellites and private sector initiatives. These issues include
the spatial resolution of satellite renpte sensing products, the
area coverage, and the near-real tinme data delivery requirenents.

However, there are other barriers which need additional effort
before wi despread use of renote sensing is realized in precision
agriculture.

Most of the current satellite systenms do not provide data of
sufficient spatial resolution for nmany of the applications in
precision agriculture. Al t hough airborne sensors are being
utilized in the developnent of this application the costs are
usually prohibitive for nost producers, unless large |and
hol dings or valuable cash crops justify the expense. One
solution is the devel opnent of private sector value added service
conpani es whi ch could purchase the data, extract the information
and sell it to a nunber of subscribers, thereby keeping the costs
for individual producers |ower. Fortunately, there are also a
nunber of high resolution nulti-spectral sensors on snall
satellites being devel oped which are targeting precision farmng
as well as other high resolution applications (Fritz, 1996).
Tables 2 and 3 provide a description of several of the planned
hi gh-resol ution and hyper-spectral satellites which wll provide
a data source for many precision agriculture applications.

Conti nued research and developnent is needed on several Kkey
areas. Additional work needs to be done on al gorithm devel opnent
for both radionetric and geonetric calibration and correction of

data products. In some cases, new and inproved algorithnms are
needed for the calibration, correction, and registration of the
various renote sensing data products. In other cases, better

utilization and docunentation of the existing algorithnms being
used are needed by both the data providers and the data users.
Data integration is also a requirenent for precision farmng and



t hus better nechanisns for data/information fusion would be very
benefi ci al . Addi tional research is also needed to develop the
f eedback | oop between the information extracted from the renote
sensing data and the farnmers managenent approach. This includes
an inpact assessnment of the value of using the renote sensing
data in the managenent solution for evaluating both short term
(seasonally) and long term (year to year) benefits to precision
agriculture.

Techni cal devel opnents alone will not be sufficient to maxim ze
the use of renote sensing technologies in precision farmng. A
supporting infrastructure is also needed to facilitate data
ordering, data processing, tinmely product delivery, and data
storage, including archive information and data accessibility.
Progress in distributed data/information networks, such as
Canada’s CEONet, are planned to help develop this capability.
CEONet is an initiative of the Canadian Governnent to make
remotely sensed data and other supporting data sets readily
available on the Internet for the developnent of val ue-added
products and for the subsequent distribution to the end-user.

The devel opnment of precision agriculture has been |largely market
driven but the future growmh of this technology needs
col | aborati on between private and public sectors. This is in
part due to the resource and fiscal constraints nost
institutions, both public and private, face in today’ s econony.

The wuniversities and academc institutions need to play a
fundamental role in the long-termresearch issues as well as the
training prograns for introducing the geomatics technologies to

the agricultural comunity. The private sector has a
responsi bility for market devel opment, product credibility, and
custoner satisfaction. The public institutions, at all

government levels, need to help by coordinating the various
activities involved in developing and inplenenting precision
agriculture and by providing support progranms to achieve this
obj ecti ve. Al'l groups should participate in long term needs
assessnment and strategic planning in order to continue and
devel op this technol ogy.

In order to gain acceptance for the role of renpte sensing in
precision farm ng the advocates nust be careful to not over-sel
the capabilities and costs of using this source of data for farm

producer’s information requirenents. Furthernore, progress in
deci sion support systens and other “expert systens” for imge
processing, information extraction, and data integration wll

help the farm producer integrate renote sensing technology into
the precision agriculture market place.



Sunmary

This paper describes precision agriculture and the role that
remote sensing can play in providing a data source for various

applications in this energing technol ogy. Renot e sensing data
from various platforms ranging from the field level to the
satellite perspective can provide wuseful information about

vari ous plant and soil paraneters throughout the grow ng season.
This includes early season information related to soil fertility
and noi sture conditions, md-season crop nonitoring for pest and
di sease nmnagenent, and growh trajectory analyses and yield
estimation throughout the growth season. Renbte sensing data
al so provides a convenient nethod for relating point observations
to spatial nanagenent plans. Precision agriculture is a rapidly
expanding vertical nmarket with significant growh opportunities
as new data sources like the high-resolution optical satellites,
al ready | aunched or scheduled for launch in the next few years,
beconme avail abl e. Research and devel opnent issues are also
reviewed including the current research program at CCRS.
Al though the previous research has denonstrated wusefu
information can be extracted from the renote sensing data,
al gorithm development for better radionetric and geonetric
corrections of the data are needed. Mre effective data
integration techniques should also be devel oped. A supporting
infra-structure to provide near real-time, |ow cost data,
i ncluding archive, ordering, and delivery capabilities is also
required. Finally, an effective technol ogy transfer and training
program would help foster the acceptance and inplenentation of
preci sion agricul ture.
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Table 1: casi Spectral Mode and Spatial Mode Sensor Configurations

Spectral 1996 (1997)

Spatial 1996 (1997)

Spectral Coverage 458-1000 nm (413 -954 | 462-995 nm
nm) (454 —940 nm)
Number of Bands 96 (96) 20 (19)
Spectral Sampling Interval 5.7 nm (5.7 nm) varies
Bandwidth at full width at half maximum | 6.8 nm (6.8 nm) varies
(FWHM)
Sensor Altitude Above Sea Level 2745 m 2745 m
(2774 m) (2774 m)
Ground Resolution Amx4dm(dmx4m) 3mx3mor
4mx4m
(Amx4m)
Swath width (number of pixels) 304 (304) 512 (512)

Table 2. Specifications of Planned High Spatial Resolution Sensors

Sensor Ground Resolution | Spectral Range | Photogrammetric Accuracy Revisit Period at
(m) (nm) (m) Equator (days)
EarlyBird 3 450-800 40-50 4.75
Panchromatic
EarlyBird 15 450-890 (3 4.75
Multispectral bands) -
QuickBird 1 450-900 <20 4.75
Panchromatic
QuickBird 4 450-900(4 <20 4.75
Multispectral bands)
OrbView 1 450-900 10-14 3
Panchromatic
Resource 21 10 450-900 _ Twicein 25 min. with 4
(_4 bands) - satellites
1550-1650 (1
band)
OrbView 8 450-900 (4 3
Multispectral bands) -
Ikonas (S19) 1 500-900 10-14 2
Panchromatic
Ikonas (SI9) 4 450-900 (4 10-14 2
Multispectral bands)
Table 3. Specifications of Planned Spaceborne Hyperspectral Sensors
Sensor Agency/Org | Number of | Wavelength | Bandwidth | FOV (km) GIFOV (m) | Launch
anization Bands Range (hm) | (nm) Date
EO-1: GIS | NASA ~185 400-2500 | 6(VNIR) 9.6 30 May 1999
12 (SWIR)
WIS 311 400-2500 | 6.3-10.3 9.6 30




NEMO US Navy ~210 400-2500 | ~10 30 30/60 2000

Warfighter | Orbimage 200 400-2500 | 9.4-11.3 5 8 2000
80 3000-5000

ARIES ARIES 32 400-1000 | 20 15 30 2000
3 SWIRI 16
32 2000-2500 | 16

EO = Earth Orbiter: GIS = Grating Imaging Spectrometer; WIS = Wedge I maging Spectrometer
NEMO = Naval Earth Map Observer

ARIES = Australian Resource I nformation and Environment Satellite




Li st of Figures

Figure 1. An illustration of the integration of renote sensing,
CGeographic Information System (GS), and dobal Positioning
System (GPS) technol ogi es for Precision Agriculture Applications.

Figure 2. An illustration of the relationship between point
sanples, distributed sanples, and seasonally stable (soil type)
and seasonally variable (soil fertility) managenent units.

Figure 3. An exanple of the use of colour aerial photographs to
correlate indiviual soil sanples to a spatial soil classification
for fertility and other soil managnent applications.

Figure A4a. An exanple of the wuse of RADARSAT data for
identifying soil drainage classes for fertility and other soi
managenent appli cations.

Figure 4b. An exanple of the use of SPOT data for identifying
soil drainage classes for fertility and other soil managenent
appl i cati ons.

Figure 5. An exanple of the use of airborne SAR data for
identifying an outbreak of pests (Bertha Arnyworns) in a canola
field.

Figure 6. [llustration of the use of NDVI estinmates from SPOT
and airborne casi data for early detection of weeds based on
different refl ectance characteristics.

Figure 7. An exanple of the use of SPOT data for estimating
bi omass tenporally for growh trajectory analysis and subsequent
grain yield estimtes. Actual grain yield is shown for
conpari son

Figure 8. Fraction inmge of the endnenber canola (on the right)
retrieved fromcasi data (on the left) collected over a site near
Al tona, Manitoba. The bands shown in the colour conposite are 4
(484.4 nm, 14 (540.5 nm, and 37 670.6 nm in blue, green and
red.
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