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ABSTRACT

We present a review of literature on remote sensing spatial and temporal images resolution applied
to agriculture purposes. In this paper, the definitions are reviewed and a focus is given on the appli-
cations of resolutions in agricultural studies. A few main applications with low, medium and high
spatial resolution focus were selected for this review, especially in sugarcane and coffee crops,
where remote sensing contributions are traditionally important. The paper starts with an overview of
agriculture and remote sensing, focused on the history of spatial and temporal resolutions uses. This
section is followed by a review of low spatial and high temporal resolution systems, with important
results in sugarcane. In this section studies conclude that sensors like AVHRR/NOAA can signifi-
cantly contribute to improve sugarcane monitoring, as well as help understanding of development
and expansion. After that, we present medium and high spatial resolution systems, especially for
coffee crops that have been showing good results in fine scale, with detailed information. Studies
conclude that satellites like Geoeye and IKONOS can obtain biophysical information of the culture
and satellites like Landsat can monitor the coffee growing. Finally the review presents a conclusion
with some key recommendations.

Keywords: Sugar-cane, Coffee, Spatial Resolution, Temporal Resolution, Remote Sensing.
RESUMO

Uma revisao de literatura em resolucdes espacial e temporal ¢ apresentada nesse artigo focando
a aplicagdo do sensoriamento remoto em agricultura. Inicialmente, defini¢des sdo revisadas e
consideragdes sdo feitas as aplicagdes de diferentes resolugdes em estudos com agricultura. As
principais aplicagdes com baixa, média e altas resolugdes espaciais foram selecionadas para essa
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revisdo, especialmente nas culturas de cana-de-actcar e café, onde o sensoriamento remoto tem uma
contribuicao tradicional. O artigo apresenta uma revisdao em agricultura e sensoriamento remoto,
focando na historia da utilizagao das resolugdes espaciais. Também inclui uma revisao em baixa
resolucdo espacial e alta resolugdo temporal com resultados importantes para a cultura da cana-
de-agucar, mostrando que satélites como o AVHRR/NOAA podem contribuir significativamente
para aprimorar o monitoramento da cana-de-agucar, assim como entender seu desenvolvimento e
expansdo. Uma revisdo em sistemas de média e alta resolucdo espacial, especialmente na cultura do
café, que tem apresentado 6timos resultados com dados de fina escala e informag¢des detalhadas, ¢
apresentada. Estudos concluem que satélites como o Geoeye e IKONOS podem obter informagdes
biofisicas da cultura e satélites como o Landsat podem monitorar o crescimento do caf€.

Palavras chaves: Cana-de-agucar, Café, Resolugdo Espacial, Resolugao Temporal, Sensoriamento

Remoto.

1. INTRODUCTION

The beneficial use of remote sensing for
agricultural crop monitoring has been known
as early as 1929 when aerial photography was
used to map soil resources (Seelan et al., 2003).
Since that time and with the development of
sensors and satellites, agriculture fields have
been identified and monitored using remote
sensing technics tools. Satellite observations
can play a role in providing information about
crop type, conditions and yield from field level
to extended geographic areas such as countries
and continents.

Use of visible and near-infrared portions
of electromagnetic spectrum for remote sensing
activities have their roots in pioneering work by
William Allen, David Gates, Harold Gausman,
and Joseph Woolley (Hatfield et al. 2008).
These works have led to the understanding of
how leaf reflectance changes in response to
leaf thickness, species, canopy shape, leaf age,
nutrient and water status (Gitelson et al. 2012).
Spectral data were studied extensively by using
satellite imagery after the launch of the first civil
earth observation satellite (Landsat-1) in 1972
(Rembold et al., 2013). Sensors on Landsat 1
revolutionized the remote sensing. They provided
imagery in digital format and multi-spectral
format. It was the beginning of traditional aerial
photographies taken from planes for decades
being replaced by digital imagery recorded from
satellites. However, have similar analyses been
extended to large areas, including many countries
in arid and semiarid climates (Johnson et al.,
1987; Hutchinson, 1991), only since the growing
availability of low spatial resolution satellite
images from the meteorological satellite series
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NOAA (National Oceanic and Atmospheric
Administration) AVHRR (Advanced Very High
Resolution Radiometer) in the early 80s.

Since then, numerous studies have shown
that agricultural production follows strong
seasonal patterns related to the biological
lifecycle of crops and to climatic conditions.
Besides, many researchers suggested that
agricultural management practices were so
important as physical landscape and climatic
variables. All these variables that conduce the
yield are highly variable in space and time
(Atzberger, 2013). Therefore, understanding
distributions and dynamics of agricultural areas
is essential to better understand the crops yield
and the fundamental plants characteristics and
processes, including biogeochemical cycles,
crops patterns, phenological phases, and
biophysical properties.

Brazil is a country of large territorial
extension, where there are crops with several
varieties and kinds of management. While there
are extensive cultivated areas, there is also
familiar agriculture growing in small areas.
Moreover, there are many kinds of soil and
pluviometric regimes that lead to productivity
levels completely different for each region in the
country. In this context, several satellites can be
used to help the monitoring and estimation of
agricultural production.

Until 2000 studies were conducted using
satellites available, with medium and low spatial
resolution images such as Landsat, SPOT,
NOAA and GOES. However, one of the main
realized limitations of these satellites was the
insufficient spatial resolution. Thus, in past
decade, were launched the new generation of
satellites: “Very high spatial resolution” such as
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IKONOS, QuickBird, WorldView, OrbView-3
and the Panchromatic band of IRS LISS-3,
providing the opportunity to study agricultural
systems at far greater detail than previously
possible. Expectation has been raised about the
utility of high spatial resolution satellite imagery
for agricultural research.

Nowadays researches have shown that fine
spatial resolution provided by these sensors is
appropriate to a few analyses but also can lead to
problems as the excess of information per pixel
(Nagendra et al., 2010) making hard to handle
previously simple tasks. Thus, some studies
concluded that there appear to be tradeoffs
among the utility of different resolutions
satellite sensors. Some analyses have a specific
demand for spectral, spatial and temporal images
resolution, and there is no longer the concept
of better or worse images. Different images
are used for different purposes and sometimes
the combination of characteristics of different
images is indicated.

Today, a large range of satellite sensors
provide us regularly with data covering a wide
spectral range (from optical through microwave).
Data are acquired from various orbits and in
different spatial and temporal resolutions.
The question of choosing the appropriate
spatial resolution for a given application has
been widely addressed in the remote sensing
community (Woodcock et al, 1987, Curran et
al, 1988, Townshend et al, 1988, Marceau et al.,
1994, Atkinson et al, 1995, Garrigues et al., 2006,
McCloy et al, 2007). Some agricultural studies
and analyses need accurate, reliable, fine scale
and timely estimates of land cover, and in this
case, high spatial resolution images are the most
indicated (Yang et al. 2011). On the other hand,
some analyses need data with high temporal
revisit frequency and large spatial coverage. In
this case, the most indicated kind of image is
high temporal and low spatial resolutions. These
images are normally able to detect variation that
occurs over time (so called “change detection™)
and are particularly useful for near real-time
information collection at regional scale.

This review aims to provide an overview
of recent remote sensing developments in terms
of spatial and temporal resolutions applied to
monitoring of agricultural fields, especially of
sugarcane and coffee crops. To illustrate this
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issue this paper is structured as follows: in the
first part we discuss the importance of low spatial
and high temporal resolutions images. In this
section, we present studies carried out mainly
with sugarcane which has shown good results
when analyzing the temporal pattern of crop.
In the second part, we discuss the importance
of high spatial resolution images, including
the new generation of satellites that provides
the “ultra-high spatial resolutions images”. In
this part mainly reference are made to studies
with coffee crop fields that has shown good
results using images of high spatial resolution.
Finally, we attempt to identify the challenges and
opportunities of remote sensing for agricultural
crops monitoring.

2. LOW SPATIALAND HIGH TEMPORAL
RESOLUTIONS IMAGES

With the improvement of remote sensing
technology, large amounts of data have been
generated and therefore the analysis and
discovery of useful knowledge from these data
have become essential tasks to assist research
works. However, the potential of satellite
multitemporal images to support research of
agricultural monitoring has increased according
to improvements in technological development,
especially in analysis of large volume of data
available for knowledge discovery.

Several satellites can be used to aid at
monitoring and estimation of agricultural
production, especially in a country of large
territorial extension as Brazil. Table 1 shows
features about a few satellites. One important
family of satellites is those belonging to
the National Oceanic and Atmospheric
Administration (NOAA), such as the Advanced
Very High Resolution Radiometer (AVHRR)
sensor and the satellite TERRA - Earth Observing
System (EOS) with Moderate Resolution
Imaging Spectroradiometer (MODIS) sensor.

The AVHRR and MODIS sensors are
applied to studies of ecosystems due to the
availability of long time series of these data.
Moreover, these sensors have global coverage
and data with free access which is also other
advantage. NOAA-AVHRR images have been
used in land-surface studies, such as drought
investigation (Bayarjargal et al. 2006, Bajgiran
et al. 2008), estimation of crop fields and yield
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(Dalezios et al. 2001, Liu and Kogan 2002), and
vegetation phenology estimation or evaluation
(Maignan et al. 2008). The temporal profile
of vegetation index from MODIS expresses
different growth cycles for each vegetation type
and also phenological differences among years,
varying in phase and temporal amplitude. Thus,
it is suitable to identify and correctly classify
annual crops and pasture land (Rudorff et al.
2009).

Thus, there is a great volume of NOAA/
AVHRR multitemporal images that can be used
in agriculture to improve monitoring throughout
the crop season, in particular agriculture crops
that are cultivated in large extensions, such
as sugarcane. The production of sugarcane in
Brazil, in general, has been growing in last
years. Sugarcane crop fields are grow in large
and contiguous fields, which allow use of low
spatial resolution satellite images (Gongalves
et al. 2011). Channels in the visible and near-
infrared spectrum of the AVHRR sensor
are used to indicate the amount and state of
vegetation through a vegetation index such as the
normalized difference vegetation index (NDVI).
Time series of NDVI images can contribute to
improve the forecasting accuracy of sugarcane
crop season.

According to Gongalves et al. 2012,
MVC (Maximum Value Composite) images,
having a precise geometric correction, were
generated for each month of a 10 year/crop
season period (April 2001 to March 2010).
Images corresponding to the year/crop season
2003-2004 are shown in Figure 1. The growth
evolution of sugarcane can be understood by
analyzing MVC images of NDVI in the northeast
of Sdo Paulo. The planting usually begins in
June (Figure 1(c)) and this aspect is represented
by green and blue shades in the NDVI images.
These colors represent the low NDVI values,
which indicate areas with exposed soil and
sparse vegetation. The same color also appears
in NDVI images from July to November (Figure
1(d)—(h)). From December (Figure 1(i)), when
sugarcane crops present more biomass, these
regions in the images acquire yellow, orange and
red shades. The maximum NDVI is represented
by a stronger red shade when sugarcane crops
reach their peak of development from February
to May (Figure 1(a, b, k and 1)). Dark areas in the
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images represent pixel coverage by clouds. This
phenomenon occurs more mainly in December
(Figure 1(i)), January (Figure 1(j)) and February
(Figure 1(k)).

In this context, a methodology based on
data clustering to analyze NDVI multitemporal
images, in order to monitor the expansion of
sugarcane crops, show that this approach can
identify regions of sugarcane fields and areas
with spectral mixture or noise (Romani et al.
2011). The whole process, including extraction
of NDVI profiles, clustering methods and
geospatial visualization, was implemented in a
new system named SatImagExplorer (Chino et al.
2010). Figure 2 shows the resulting MVC images
and clusters generated by the clustering method
(K-Means) on the region of Sao Paulo, where
Cluster 1 (blue) indicates medium-low NDVI,
and Cluster 2 (red) indicates high NDVI. From
December to May, Cluster 2 is predominant,
corresponding to high NDVI values. However,
from June to November, when NDVI is low
(green tones in images MVC), Cluster 1 is
predominant. Therefore, the grouping of NDVI
values coincides to the evolution of vegetative
growth of sugarcane.

Another application of remote sensing
and data mining is clustering analysis using
K-Medoids and the distance function DTW
(Dynamic Time Warping) were made in five
clusters with NDVI profile using AVHRR/NOAA
and MODIS (Gongalves et al. 2013). Finally, the
statistical analysis (Pearson correlation) done
with clusters of the planted and harvested area
and crop yield. The clusters identified pixels
related to the sugarcane planting areas and
spectral mixture.

Results obtained from MODIS images
reached R values greater than for AVHRR/
NOAA, because that sensor has a spatial
resolution of 250m, with more details from
sugarcane fields. However, AVHRR/NOAA also
obtained satisfactory results. All these studies
show that it is possible to use data from low
spatial resolution sensors to monitor crop fields
planted over large areas. The advantage of these
sensor systems is their high temporal resolution,
low cost and global coverage.

3. HIGH SPATIALAND LOW TEMPORAL
RESOLUTIONS IMAGES
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Fig. 1 - Images of 2003-2004 year/crop season, where sugarcane biomass varies from high NDVI
values in red (February—May) to low NDVI values in green and blue shades (July—September).
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Fig. 2 - MVC images of NDVI and clusters of NDVI (2 clusters) from Sao Paulo from April 2002
to March 2003.
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Table 1: Low Spatial Resolution Satellites

Sensor/Satellite | Spatial Resolution Temporal Number Launched
(meters) Resolution of Spectral
Bands
AVHRR/NOAA 1100 12 hours 6 bands October, 1978
GOES 1000, 4000 or 8000 30 minutes 28 bands October, 1975
MODIS/TERRA | 250, 500 or 1000 1 -2 days 36 bands December, 1999
SPOT
VEGETATION 1165 1 day 4 bands March, 1998

In worldwide, use of current high spatial
resolution imagery in vegetation studies is
increasing due to their improved efficiency, as
fine-scale vegetation data. This information is
needed for both theoretical understanding of the
processes involved and conservation towards the
maintenance of ecological functions of natural
ecosystems (Gairola et al., 2013).

Sensors with high spatial and low temporal
resolutions, usually present less than 30 meter
pixel spatial resolution, and the time to recover
the same place ranges from daily to 26 days
(Table 2). High spatial resolution images can be
divided in two main groups: (i) high resolution
missions as Landsat, SPOT, ASTER and CBERS,
sometimes also called “medium resolution” and
(i1) the new generation of high spatial resolution
images, also called “ultra-high” or “very high”
resolution images, such as IKONOS, QuickBird,
SPOT-5, Geoeye-1, RapidEye, WorldView-1
and WorldView-2. The most useful sensors for
agricultural studies are presented in Table 2.

Although the two groups are considered
high spatial resolution images, there are
differences in data application, and data choice
depends on the goal and details of analyses.
Each group has advantages and disadvantages.
The possibility of using high spatial resolution
images depends on many factors: sensors
features (geometric and radiometric resolution),
types of products available, cost and time to
obtain the products, cost of commercial software
for processing these images. The main difference
between the two groups is the detail and amount
of the information, which is bigger in the “ultra-
high spatial resolution images” group.

The spatial resolution for the first group
ranges from 15 meters (for ASTER VNIR) to
30 meters (for Landsat TM), and the temporal
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resolution ranges from 16 days (Landsat TM
and ASTER) to 26 days (CBERS and SPOT).
However, this group has the main advantage
of having a very low cost, being normally free
with easy access, which enables the utilization,
including the usage of time series images, as was
done by Pereira-Coltri et al. (2011), who were
able to analyze the growth of coffee biomass
using Landsat TM time series images from 2004
to 2010. North et al. (2012) also used 5-7 years
of temporal signature from Landsat and SPOT
to classify complex agricultural land use patterns
in New Zealand.

High spatial resolution has long been used
to monitor crop growing conditions (Pereira-
Coltri et al., 2011), to estimate crop yields
(Almeida et al., 20006), identify agricultural fields
(Andrade etal., 2013; North et al., 2012; Barbosa
et al; 2010; Ramirez et al., 2006) estimate crop
parameters (Ramirez et al., 2010; Ramirez et al.,
2011; Pereira-Coltri et al., 2011), identify land
cover and land use (Kolios et al., 2013), monitor
evapotranspiration (Anderson et al., 2012), and
estimate climate change relevant emissions
(Collins et al., 2008). In addition, these high
spatial resolution images also allow monitor
crop health status (Bing et al., 2012) and detect
disease incidence (Chen et al., 2007).

These images can be used in a big range
of important crops (e.g. coffee, sugarcane, bean,
soybean, maize and others) and also can be used
for studies of forest systems. In terms of high
spatial resolution images, Landsat is the most
widely used satellite, especially for the global
coverage and accessibility of images. A common
approach in these studies for measuring or
monitoring crop growth is the correlation between
vegetation indices (or ratios) and crop variables,
as percentage of vegetation coverage, biomass
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and leaf area index (LAI) (Ramirez et al., 2011;
Pereira-Coltri et al., 2011). Several studies using
Landsat TM has been done to monitor important
agricultural crops in Brazil as sugarcane (Rudorff
et al.,, 2010) soybean (Mercante et al., 2009),
rice (McCloy et al., 1987) and others. Coffee,
as an important crop and global commodity,
also has been monitored (Ramirez et al., 2010;
Ramirez et al., 2011; Pereira-Coltri et al., 2011)
and identified (Andrade et al., 2013; Barbosa
et al; 2010; Moreira et al. 2004) using Landsat
images. Ramirez et al (2011) assess LANDSAT-
TM to estimate important coffee biophysical
parameters in S3o Paulo (Brazil) and concluded
that coffee leaf area index (LAI) can be related
with blue and green bands. In addition, coffee
plant height also had good relationship with
blue band. Pereira-Coltri et al. (2011) also used
Landsat-TM to assess coffee biomass and carbon
stock, suggesting that coffee crop can mitigate
the greenhouses gases (GEE), in a climate
change approach. Authors also concluded that it
is possible to monitor coffee biomass and carbon
stock using vegetation index as NDVI and SAVI
from Landsat images. In that work, authors
showed that Landsat vegetation index can also
monitor season rain variation. One month after
a large period of drought the vegetation index
decrease.

The second group of high spatial resolution
satellites, the “very-high spatial resolution
images”, became available more recently,
and both spatial and temporal resolutions are
better than first group, enabling scientists to
study vegetation systems in more detailed scale
(Gariola et al., 2013). Normally, the resolution
of this new generation of images is less than 5
meters (Aguilar et al., 2013). For example, in
the multispectral resolution data at nadir, very
high spatial resolution images normally ranges
from 1.65 meters (for Geoeye-1) to 5 meters
(for RapidEye) and, temporal resolution ranges
from daily to 5.5 days (for RapidEye). In this
context, very high spatial resolution images are
more detailed in space and time. Figure 3 shows
an example of a coffee area in Geoeye-1 image
(Pereira-Coltri et al., 2013).

These images, such as IKONOS and
GeoEye-1, combine high spatial resolution with
a broad area coverage (Dufour et al., 2012),
providing to a new type of detailed information
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such as plant stand structure, individual tree
crowns (Hurtt et al. 2003; Levin et al. 2007;
Rocchini 2007; Pereira-Coltri et al., 2013),
canopy diameters (Pereira-Coltri et al., 2013),
age-class distribution (Singh et al. 2010) and
structural information on dominance (Singh et
al. 2010). In this context, these images became
important for many types of studies, and could be
a suitable alternative to aerial photogrammetric
data to update and produce maps at 1:5000 scale
or better (Gariola et al., 2013).

Usually, very high resolution systems have
the disadvantages of being much more expensive
than the first group. Moreover the time to get the
images is bigger, which sometimes can difficult
the time series utilization, and in this context, the
advantage of higher temporal resolution can be
lost. Most studies that use very high resolution
images do not use time series.

Several researches have shown that very
high spatial resolution images can be used for a
number of applications such as crop inventory
and identification (Yang et al. 2011; Pereira-Coltri
et al., 2011b; Ramirez et al., 2006), biodiversity
studies in forests (Gairola et al., 2013), crop
conditions and parameters (Ramirez et al., 2006;
Pereira-Coltri et al., 2013); crop production
forecasts, fruit quality, leaf area index analyses
(Pereira-Coltri et al., 2013), biomass estimation
(Pereira-Coltri et al., 2013), carbon stock and
sequestration (Pereira-Coltri et al., 2013);
horticultural studies (Ucha and Singh, 2013)
drought and flood damage assessment, range
and irrigated land monitoring and management
(Min et al., 2008; Mondal and Basu, 2009). From
a practical point of view, this kind of images is
used on a very fine scale, when analyses need
accurate data, data points or when the crop fields
are small. For example, Pereira-Coltri et al.
(2013) explain that especially for coffee fields,
the new very high resolution satellites support
overcoming a classical monitoring challenge,
which is the scale. About 70% of the world coffee
fields is grown on small holdings smaller than
10 ha, often as a family business. By capturing
the small production areas, very high spatial
resolution satellites are important to monitor
biophysical properties. In that article, authors
estimate biomass and propose an empirical
relationship to predict coffee biomass and carbon
stock using Geoeye-1. That study is in agreement
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with Ramirez et al. (2006), which assess the
impact of the better resolution to identify coffee
fields. Authors concluded that IKONOS identify
more coffee fields than Landsat TM.

Although very high spatial resolution
images offer the very accurate data, sometimes
this data is too much fine to analyses and
the cost-benefit relation becomes improper.
Nagendra et al. (2010) compare IKONOS and
Landsat satellite to evaluate plant diversity in
a dry tropical forest, in central India. Across
multiple measures of plant distribution and
diversity, authors concluded that resolution of
the IKONOS data is too fine for the purpose of
plant diversity assessment and Landsat imagery
performs better.

In this case, authors explain that when
spatial resolution is so high that pixels are at
least an order of magnitude smaller than that of
the object being categorized, the variability of
the information provided by pixels covering a
single correspondingly increases, to the point that
accurate identification can became very difficult.

In conclusion, high spatial resolution
images can be used in a range of agricultural
studies, and the choice of each resolution will
depend on the need for detailed scale, the
spectral range, the temporal resolution and on
the cost-benefit relationship. Usually, if the
analyses need very fine scale, very high spatial
resolution images are more indicated. However,
if the analyses do not need too much detail, low
spatial resolution images are indicated, mainly
for the easy access and the low cost.

4. CONCLUSION AND OUTLOOK

The review demonstrates the strong role
that remote sensing plays within the agricultural
sector using high, medium or low spatial
resolution images. As discussed there are no
better or worse images, but different images and
different goals and analyses.

After the launch of IKONOS satellite,
very high spatial resolution satellite images
have become increasingly popular, making
detailed images of large parts of the Earth easily
available to a larger public. At this time, many
studies were done to verify the efficiency of
very high spatial resolution images, and the
difference between these images and Landsat/
TM, for example. Most studies concluded that
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when there is a need to analyze fine scale and
we need detailed information at the tree level
(as plant stand, canopy diameter, and biomass
per tree), very high spatial resolution images
are indicated. Some agriculture fields, as coffee,
always had a classical monitoring challenge,
which is the scale, and in this case, good results
have also been obtained using very high spatial
resolution images. For example, studies to
estimate coffee biophysical properties using very
high spatial resolution images presented high
correlation (normally more than 0.6) with field
measurements. It is also emphasize to comment
that to choose the better option it is important to
analyze the cost-benefit relationship. Sometimes,
medium spatial resolution images can have
a better performance than very high spatial
resolution images. In addition, some studies also
pointed out that Landsat/TM data, which are
more readily available over all parts of Earth,
are normally available free to the global research
community.

Sometimes the agricultural analysis need
regional scale and temporal revisit frequency,
and in this case low spatial resolution satellite
images for crop monitoring and yield prediction
is more indicated. The large number of existing
studies proves the relevance of low spatial
resolution satellite at regional level and under
different environmental circumstances. The
relatively limited costs generally associated with
the acquisition of low spatial resolution satellite
images makes them an attractive instrument for
crop monitoring and yield forecasting.

The high spatial temporal resolution
enables to monitor and estimate harvests of
crops planted over large fields, as sugarcane.
This kind of monitoring is especially important
to Brazil which is the largest sugarcane producer
in the world, contributing with 35% of the global
production. The described method of analyze
NDVI clustering information allows monitor
the planting and the harvest of sugarcane in a
large and important area, as Sao Paulo state, for
example.

More recently a new approach has
combined indicating that, often, the best solution
is the use of data from different sensors with
different characteristics. In this case, there would
be the possibility of working with fine spatial
resolution and high temporal resolution, but,
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Table 2: High Spatial Resolution Satellites
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Satellite Spatial Resolution Temporal Number of Launched
(meters) Resolution Spectral Bands
(i) First Group - High Spatial Resolution Images
Landsat -5 (TM) 30 16 days 7 bands March, 1984
SPOT 10 and 20 26 days 5 bands 1stlaunched in February, 1986
ASTER - VNIR 15 16 days 3 bands December, 1999
CBERS -2 20 26 days 5 bands October, 2003
(ii) Second Group- Ultra-high resolution images
IKONOS Pan: 0.82 3 days 5 bands September, 1999
MS:32
. . Pan: 0.61
QuickBird MS- 2 44 1-3.5 days 5 bands October, 2001
Pan: 0.41
Geoeye-1 MS- 165 3 days 5 bands September, 2008
RapidEye MS: 5.0 Daily (’i‘;‘? 053 5 bands August, 2008
. Pan: 0.5 1 band -
WorldView-1 MS- na 1.7 to 5.9 days panchromatic September, 2007
WorldView-2 MS: 18-24 11-37days | ° m“éﬁg:mal October, 2009
. Pan: 1.0
OrbView-3 MS- 4.0 3 days 5 bands June, 2003

Pan: panchromatic; MS: Multispectral

Slo Setantilo do Parane - Uras Cerss State . Brand

N
————— e ;
.

Fig 3 - Example of Coffee Area in South of Minas Gerais, Brazil, using Geoeye-1 image (RGB

composition) (Pereira-Coltri et al., 2013).

once again, it depends on the purpose of the
analysis to be done.

It is important to note that all remote
sensing tools generate a huge volume of data.
In last decade, improvements in data collection
methods and sensor technology, as well as the
large number of new remote sensing satellite
launchings have fostered an increase in the
capabilities of acquiring spatial data. As a
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consequence, the volume of satellite images
stored in institutions in the world exceeds
the human analysis capability, and the only
way that can be expect to understanding the
potential information it embodies counting on
the support of automated data analysis tools. In
this context, the use of data mining, big data
and systems designated for clustering methods
and geospatial visualization (as described with
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SatImagExplorer) is necessary. It is important to
work with technological advances in gathering
and processing a large volume of satellite images
assists the analysis of remote sensing data, in
order to better visualize the agricultural fields
development.
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