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Abstract

The objective of the present work was to evaluate, identify
and map the area under soybean cultivation in the northern
region of the State of Rio Grande do Sul. The study was
developed based on multispectral data from the TM/
Landsat-5 sensor and reference spectra of the various
phases of phenological development of culture. The
algorithm of supervised classification Spectral Angle Mapper
(SAM) was applied successfully in one pre-processed TM/

Landsat-5 sensor image. The procedure showed efficient

Mapping of the areas of
soybean crop based on the
spectral dynamics of the
culture

El6i Lennon Dalla Nora’

capacity to identify in one period areas pertaining to one class, even under differentiated conditions of development. The
classification process showed that approximately 42.66% of the area is under soybean cultivation and the SAM algorithm
presents great potential to estimating the area under cultivation and the productivity of the crop.
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Introduction

In the second half of the twentieth century,
especially in the last three decades, soybean was a new
agricultural product responsible for wide changes in
Brazil's countryside. The growth of yield had been
very impressive since the 1970s, which set Brazil
among the world’s largest producers and exporters of
not only soybeans but also from some of derivatives
in a shortly period of time (DALIUAGNOL et al.,
2008).

"The 2008/2009 crop area of soybean grown
in Brazil was 21.73 million hectares, 2% above the
acreage in the season before. This increase occurred
primarily in major producing States such as Mato
Grosso, Goids and Parand (CONAB, 2009). In
the State of Rio Grande do Sul the cultivated area
was about 3.73 million hectares with an expected
total production of 7.67 million tons representing
approximately 13.44% of national production
(EMATER, 2009).

These figures, however, represent only a
balance of cultivated areas and production values.
The monitoring and prediction of soybean harvest
in Brazil, as well as the other crops, is traditionally
subsidized from surveys of empirical data conducted
by entities linked to agricultural production. The
municipal and state data collected are grouped into
the entire country. Despite the great importance
of these data for the economy, mostly because of

the subjectivity in the evaluation by interviews
determines a degree of uncertainty in the information
generated (EPIPHANIO et al., 2002; IPPOLITI-
RAMILO et al., 2003).

Based on these difficulties, on the last decades,
many public and private institutions have directed
their efforts to optimize the work of estimated crop
areas using data from orbital sensors. The satellite
images obtained by a constellation of remotely
located sensors with different features are the basis
of all the proposed methods with crop areas goals
(HUETE et al., 2002; LOBELL et al., 2003;
MOTTA et al., 2003).

Data from remote sensor represents a great
alternative to the methods traditionally used because
of low cost and speed which this information can
be available to agribusiness. Though the major
difficulties associated to this approach is the spatial
data resolution used in some cases because they
are kilometric and the changes in the agricultural
calendar, besides the occasional presence of clouds
(HUETE et al., 2002; KASTENS et al., 2005;
XIAO etal., 2002)

'This is a real dilemma since data showing an
improved spatial resolution have a reduced temporal
resolution discouraging the monitoring of all stages
of plant development. As the agricultural calendar
is different even in areas very close, many areas
may be underestimated due to the low frequency in
getting images. On the other hand high temporal
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resolution sensors currently available and with
daily periods of revisits the presence of clouds can
be outlined, but the maximum spatial resolution is
reduced because of the altitude of the sensor. This
condition has serious restrictions of application in
some regions like the northern state of Rio Grande
do Sul (DORAISWAMY et al., 2004).

This region, object of this study, represents
the largest production area of soybean in the state.
Though it is marked by small properties, many of
them work as a family economy (MANTELLI,
2000). Because of the spatial heterogeneity of
crop fields depending on the size of the properties,
the technology used and the differences in the
agricultural calendar, the classification methods
used today have too much difficulty to differentiate
cultures. This condition generates accuracy problems
in the quantification of areas that can make these
methods unfeasible or just a simple estimation.

However, the use of an automatic classifier
of orbital images and improved spatial resolution
capable to quantify soybean areas in different stages
of development in a single period (scene) would be
able to streamline this kind of study and increase
the reliability of the crop areas. In this case, the high
spatial resolution of images would identify crop areas
under different conditions, even on small farms and
low temporal resolution of the sensor would be offset
by the ability of the algorithm in mapping areas at
different phenological stages.

Based on this perspective, this study aimed to
evaluate the performance of supervised classification
Spectral Angle Mapper in the northern state of Rio
Grande do Sul for the mapping of soybean crop. This
algorithm uses target spectral data to discriminate a
specific class and was subsidized with reference of all
phenological development phases of soybean aiming
to produce an estimate of the total cultivated area in
a single pass of TIM/Landsat-5 sensor.

Material and Methods

Location and description of the study area

'This approach was developed using as basis
the geographical area of eight counties located in the
northern region of Rio Grande do Sul (Figure 1),
representing a total area of approximately 410,598

hectares. This region is situated between 27°34 and
28°17 geographic coordinates of south latitude and
54°03 and 52° 54 west longitude. This is an area
characterized as the largest producer of soybean in
the state and shows a similar pattern in the spatial
distribution of physical characteristics.

In the study area the climate is classified as
mesothermal and humid with weather changes at
any time of the year. The annual average temperature
is around 64.40 °F with amplitude about 51.80 °F.
It shows an annual average of rain usually between
1.800 and 2.100 mm, distributed throughout the year
(ELETROSUL, 1979).

'The relief presents structural levels in basaltic
rocks of the Serra Geral range formation. The basaltic
rock is the largest geological unit, performing
sequences of falls arranged in sub-horizontal with a
thickness that ranges from 300 to 1,000 meters. In
this area predominates deep oxisols, they are porous
with appropriate conditions for a good deep root

development (ELETROSUL, 1979).

Acquisition, processing and data analysis of

TM\Landsat-5 sensor

The TM sensor image used in the process of
identifying and classifying soybean crop field has
been taken on Feb, 2 2008. During this period, on
the study area the long cycle varieties that were seeded
during November are at the stage of completely
development covering all the soil. However, the
late season varieties, seeded after the wheat or corn
crop first harvest are in early stages of phenological
development.

Before the methods of classification of the
images of the TM sensor, the radiance data were
converted to surface reflectance values, so corrected
the effects of atmospheric scattering and absorption,
with the help of application Flash-Correcting
Multispectral Data, which is based on the model of
radioactive transfer MODTRAN.

The supervised classification algorithm
Spectral Angle Mapper is implemented in an image
processing software called ENVI, version 4.5
(SULSOFT, 2009). This spectral classifier is based
on the comparison of the image spectrum with a
reference spectrum, from spectral libraries or final
images members. The comparison is made by a
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Figure 1. Study area location.

similarity criteria, thus the identification of the
material is made according to the fit between the
two spectral curves. As better the fit as greater the
chance to exist the reference material in the image
pixel. Basically they search the existence or not of
the reference spectrum. The SAM mathematical
formulation (KRUSE et al., 1993) comes from the
Equation 1 and it is expressed as an angle instead
of percentage.

Equation 1
i=nb
> ER.EI

i=1

SAM =0 = cos™

||i'=?fb i=nb

ALY F > (ER )

i=1 i=1

Thus we have the SAM value expressed in
radians and as smaller the angle o is, the greater
is the similarity between the waves. The angle a is
determined by the arc cosine function has a range
from 0° to 90°.

In this work we used the Boardman and Kruse
(1994) methodology for the detection of reference
members used in the classification process. The
procedure can be divided in three stages: (a) reduction
of the size spectrum (Minimum Noise Fraction -

MNF) (CARVALHO ]JR et al., 2002; GREEN et
al., 1988), (b) reduction of spatial size (Purity Pixel
Index - PPI), and (c) manual identification (using
a n-dimensional viewer). This approach aims to
eliminate redundant factors, such as spatial and
spectral, which do not change the set of feasible
solutions to the reference members.

'The reliability evaluation of the classification
process was made by checking the mapped field
works. A path of about 497 miles were made with
a GPS (Global Positioning System) navigation
support through which sample points were collected
and tabulated on a confusion matrix to estimate the
percentage of accuracy of mapping.

Results and Discussion

The heterogeneous aspect that characterizes
the spatial distribution pattern of landscape elements
is evidenced by the presence soybean crop areas in
different stages of phenological development on
TM sensor image. The spectral profile in Figure 2
illustrates this pattern where it is possible to observe
the variations in spectral dynamics showed by
varieties of soybean cultivation. These disparities are
associated with conditions for planting and managing
differentiated and more closely related to the different
dates of cultivation.
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You can see that the greatest disparities
between the different stages of plant development
are established in the region of the electromagnetic
spectrum located between the red (660 nm) and near
infrared (820-1165 nm). Areas in the final stages of
development (maturity) have the lowest reflectance in
the red area depending on the absorption of the wave
length mainly by chlorophyll during photosynthesis.
At this stage, the soil has completely covered the
culture, reflecting the electromagnetic radiation lying
completely in the near infrared region (820 nm),
which the present vegetation is unable to absorb
or transmit (PONZONI and SHIMABUKURO,
2007).

In the initial and intermediary phases of
development one can observe gradual variations
in reflectance. These variations are proportional
interference soil in the spectral response of each pixel.
'The areas with a sparse canopy, depending on the
stage of development, show increases in reflectance
in the visible region and reductions in the infrared
region. This feature is manifested in low availability
due to chlorophyll (biomass) and spectral interference
of the soil that typically has higher reflectance values
than those presented by the vegetation.

The classification by spectral angle of the
soybean crop areas got by the reference spectra and
the Spectral Angle Mapper algorithm was performed
with a maximum spectral angle equal to 0.08 radian.

'This value was selected after being tested different
angles, major and minor, by being the best result in
the delineation of soybean crop areas identified in the
image. This means that 0.08 radian is the maximum
acceptable angular value between the vector defined
by the reference spectra (samples of class) and
spectral vector defined by the value of the pixel being
classified. Pixels with values greater than 0.08 radian
were not classified and the final result of this process
can be seen in Figure 3.

At the study results approximately 175,160.78
hectares are currently being used for planting
soybeans. These values demonstrate the importance
of culture in the regional economic development that
is approximately 42.66% of the total area.

The estimated area consists in different stages
of development. This characteristic enhances the
capacity of the spectral angle classifier in the full
monitoring of crop fields. The procedure adopted is
efficient in relation to their ability in identify a single
period; areas belonging to the same class even under
different development conditions. Moreover, one can
see the algorithm minimizes the effects of lighting
since the intensity of shine does not interfere in the
classification process.

The good performance of SAM classifier
even in places with high level of spectral mixing
shows as alternative to supervised and unsupervised
classifiers have traditionally been used. The spectral
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Figure 2. Spectral dynamic presented by soybean crop in different stages of phenological development in

the image of TM/Landsat-5 sensor.

Pesquisa Aplicada & Agrotecnologia  v2 n2 Mai.- Ago. 2009

58

Print-ISSN 1983-6325  (On line) e-ISSN 1984-7548



NORA, E. L. D.

Figure 3. Spatial distribution of soybean crop areas by Spectral Angle Mapper algorithm.

mixing, caused by the development phase of the
culture and other elements that constitute the average
reflectance pixel, makes many of these classifiers able
to successfully identify only cultures at specific stages
of development. This condition becomes necessary
many of classifications during the crop year.

According to Lamparelli et al. (2008), it
was necessary 6 images of TIM/ Landsat-5 sensor
to estimate the soybean cultivation in the western
region of Parand State on the basis of classification
algorithms “cobblestone” and “maximum likelihood”
in the crop year evaluated. This condition of evaluation
takes time and work for both ratings subsequent and
editing of data series that causing delays in data
availability and planning of agribusiness.

For this approach, the TM sensor spatial
resolution allowed the definition of reference
members as “purest” which minimizes the effects
associated with the spectral mixture of the pixel.
In this case is important to note the existence of a
direct relationship between the consistency of results
and quality of satellite data used besides the pre-
processing adopted.

Many authors have reported difficulties in
mapping of agricultural crops in southern region
of Brazil with poor spatial resolution sensors due
to the size of properties and topographic variations

(YIetal.,2007). According to these authors, in these
regions the use of moderate spatial resolution sensors
is unable to provide precise estimates of crop areas
according to local peculiarities. This condition was
also reported by Lamparelli et al. (2008) showing
lower values in the classification accuracy of soybeans
using images of moderate spatial resolution and
supervised classifiers.

However, the results were not produced an
overall accuracy, since in some places were identified
inconsistencies in the classification (Table 1.) The
greater imprecision is still associated to the areas
where the soil cover is very sparse and the soil spectral
overlaps the characteristic spectrum of soybean in
the period which the image was taken. This spectral
mix produced appears as the most restrictive factor,
however, in the image obtained by TM sensor, in the
next step this problem could be minimized.

'The validation of the proposed classification
method for identifying soybean crop areas was
assessed during field work in the study area during
February 2009. Although field verification has
been performed during crop year following the
experiments, the studied area hardly showed big
changes in the agricultural matrix, since historically
is a major production center of soybean crop.

During the field analysis it was collected a

Pesquisa Aplicada & Agrotecnologia  v2 n2 Mai.- Ago. 2009

Print-ISSN 1983-6325  (On line) e-ISSN 1984-7548

59



Table 1. Confusion matrix and global correlation obtained in the classification process

SUPERVISED CLASSIFICATION

Soybean Crop areas

Present Absent TOTAL
) Present 378 9 472
d Absent 12 51 28
= TOTAL 390 60 450

total of 450 sampling points distributed around the
study area. The confusion matrix produced from
this data and compared with values obtained in the
laboratory shows an overall accuracy of 95.33% with
a high correlation chart presented in Figure 3 related

2) The use of the Spectral Angle Mapper
algorithm based on reference spectra allows the
identification and an effective mapping of the
soybean crop areas even under different management
and phenological development.

3)The spectral angle classifier, compared with

to their spatial distribution in the field. the available data in the literature, is an alternative

with potential gain for the techniques traditionally
used in the estimation of crop areas.

4)The methodology presented is able to
provide precise balance about the crop areas on time
to the development of models of crop productivity
and planning of agribusiness.

Conclusion

1)The spatial/spectral resolution showed by
TM/Landsat-5 sensor allows us to obtain spectral
profiles able to characterize distinct stages of
phenological development of soybean crop.
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