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ABSTRACT

The main objective of this research was to use-tSares

1. INTRODUCTION

Currently, one of the most important agriculturabpgs in
Brazil is the soybean cropgslycine maxL. Merr.) - [1],

images with medium spatial resolution and valuethwi since it is fundamental as a product of animal feed

maximum and minimum vegetation index relating te th vegetable oil

dynamic aspects of the soybean crop in Brazil é@atte
Engine and making the data query available on-high

and human consumption. Its economic
importance moves the agroindustrial market of thentry
and is a product of export to international marketh this

performance. Three sensors (MODIS, OLI and MSI) andbrings the movement of capital benefit to the priadg

cloud-based JavaScript processing were used fersienies
composition. The largest soybean areas were ddtecthe
Center-West and Southern regions of Brazil. Autedat
monitoring via Earth Engine was satisfactory, shnthe
ability to identify in near real-time what areasrevgrown
with soybeans after harvesting.

Key words —Time-serie, agriculture, Earth Engine,

automated mapping.

RESUMO

O objetivo principal dessa investigacao foi utilizeérie-
temporal de imagens com média resolugdo espacial

regions [2].

The structure and solidity of the international kegrfor
soy products has led to the establishment of mdhweuin
Brazil, as well as the emergence of new technotothiat
have stimulated the cultivation of this oilseed atig
creation of regions of agricultural consortia, ,i.€entral
Brazil and MATOPIBA (junction of the states of Matwio,
Tocantins, Piaui and Bahia), besides the associatidhe
management and the effectiveness of the produocetisei
activity [3]. According to Food and Agriculture
Organization (FAO), Brazil has prospects for insieg
grain production, especially soybeans, due to theumt of
arable land. Thus, the agricultural culture tha geown the
most in Brazil in the last three decades, reachfg of the

valores com maximos e minimos de indice de vegetac@rea planted with grain in the country [4].

relacionando com os aspectos dindmicos da cultaraaja

In Brazil, the monitoring of agricultural areas means

no Brasil via EE e disponibilizando a consulta daslos em Of orbital images is very useful, given its temiab
plataforma on-line de alta performance. Foram atiilos €xtension and enormous diversity of cultures. $tsidin
trés sensores (MODIS, OLI e MSI) e processamergo viSoybean cultivation can be confirmed around theldyor
JavaScript em nuvem para composigdo da série-temhpor addressing topics such as discrimination and dfiatton

As maiores areas de soja foram detectadas nas esgicOf areas, identification of phenological stagejneation of
Centro-Oeste e Sul do Brasi. O monitoramentaProductivity by chlorophyll content, among othef$ [
automatizado via Earth Engine foi satisfatério, tnasdo a Thus, the use of remote sensing data for the mamgto
capacidade de identificar em tempo quase real géeems Of agricultural dynamics requires fundamentally the
foram cultivadas com soja apds sua colheita. continuous imaging of vegetation [6]. In additiothe
soybean crop has some characteristics that faver it
recognition by remote sensors [7]. For Gorelickakt[8]
supercomputers and high-performance computing msgste
are becoming abundant and large-scale cloud compigi

Palavras-chave —Série temporal, agricultura, Earth
Engine, mapeamento automatizado.
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universally available as a commodity. Google E&tigine
is a cloud-based platform that facilitates accesshigh-
performance computing resources for the processivgry
large geospatial datasets using remote sensingwdttaut
having to deal with the IT difficulties surroundini
currently facilitating the monitoring of agriculalrareas in
near real-time.

Therefore, the main objective of this research teasse
time-series of images with medium spatial resohutand

values with maximum and minimum vegetation index

related to the dynamic aspects of the soybean ior@pazil

via Earth Engine and making the data query in amen

platform high performance.
2. MATERIAL AND METHODS
By remote sensing data, mostly derived from orhitelges,

the monitoring of areas with soybean crop cultimativas
sought. Initially, the project started with thetstaf Mato

Grosso (crop yt 2016/17), using data from a set of

satellites and its time-series, allied with morearth800
randomly sampled field points. More tests of thgoathm
were performed in the state of Parand, throughsstat
validation [7]. For this, the model was applied ngsithe
spectral bands of Red (620-670 nm) and Near Irdré840-
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In order to identify the areas with soybean cutiva by
means of a time-series allied to its phenologidedse, it
was sought to know the crop season of each Brazliate
through the sowing and harvest dates obtained &NAERD
Companhia National of Supply, thus constituting ges of
different periods for each state (Figure 2).
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Brazilian states separated by regions.

However, for the states of Par4 and Roraima, thasaof
soy that will always be monitored in relation t@ tprevious
year. For the construction of the mapping of thghsan
areas of Brazil, data from the MODIS sensor (Pretgluc

MOD13Q1 and MYD13Q1) were used by means of 13,tiles

880 nm) for the construction of the Perpendiculawith the intention of using as a basis of intergtien.

Vegetation Index (PVI). After that, the temporalitiiat
coincides with the beginning of the soil prepanatimtil the
harvest of the soybean crop was used, seekingdw khe

Therefore, OLI/Landsat-8 data were used, usingrbdian
technique of composition of best scenes betweercrbes
months of each state ("<=20%/cloud"). The spedieaids

phenological phases by means of the spectrum-terhporused were B4 (640-670 nm) and B5 (850-880 nm)uigiio

behavior (Figure 1), then called PCEI - Perpendic@rop
Enhancement Index (Equation 1).
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Figure 1. Spectrum-temporal characteristic of soyban as a
function of vegetation index and phenological phase

a total of 255 scenes for composition of the praatyc
states. In addition, images of the MSI/Sentinel&avused
in some cases where states with relatively smatisamwere
identified and vectored when it was not possibe ®LI in
the clouds andice-versa At the end, the vectors obtained
through the MODIS, OLI and MSI sensors were comthine
for the total monitoring composition and the polggdess
than 6.25 ha.

In the last three crop years, several areas wavelad in
the states of Mato Grosso, Mato Grosso do Sul ardrd
(Figure 3), in order to obtain control points fonet
monitoring of land use and occupation with soybe#@hen,
using field data, mapping validations were applidad
Kappa parameter.

The results obtained through the vegetation inchekits
time-series were vectorized and transformed in& .kml
format, where they were made available on APl Geogl
Maps platform for spatial consultation by municipalat
http://pesquisa.unemat.br/gaaf/sojamaps, with diiak in
the server of the State University of Mato Grosso.
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Figure 3. Detail of the areas covered by the stated Mato

Grosso, Mato Grosso do Sul and Parana.

3. RESULTS AND DISCUSSION

The monitoring of areas with soybean cultivatiorbe&ing
carried out via JavaScript [8] and the result oft pd the
Brazilian areas is presented in Figure 4. Similapping is
carried out by the Global Food Security-Support I§sia
Data project [9] through detection of croplandsganeral.
However, the rough resolution coarse resolutiorungabf
the map products with significant and few detaile a

presented in areas, especially in Brazil.
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@hssuncio 7 2 Curitba

Figure 4. Detail of the monitoring of soybean area cloud
computing (Earth Engine).

Figure 5 shows the municipalities of the state citd/
Grosso that present the largest extensions of ardtgated

with soy. A total of 120 municipalities were iddied with

soy in the state. The municipality of Sorriso, kechin the
northern mesoregion of the state, has the largdsvated
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area, with a total of 650,995 ha, representing %.22 the
total soybean area of Mato Grosso.
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Figure 5. Relation of the 21 municipalities of MataGrosso with
the largest areas of soybean cultivation monitoreth the
2017/18 crop year.

Figure 6 shows the municipalities of the state cdtd/
Grosso do Sul that present the largest extensibssybean
cultivated areas. The municipality of Maracaju,dtaz in
the southwest mesoregion of the state, has thesdfarg
cultivated area, with a total of 270,162 ha, repnéisg
10.62% of the total soybean area of Mato GrossSudo
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Figure 6. Relation of the 21 municipalities of MatdGrosso do
Sul with the largest areas of soybean cultivation onitored in
the 2017/18 crop year.

Figure 7 shows the municipalities of the state afaRa
that present the largest extensions of areas atétivwith
soybean. The municipality of Cascavel, located e t
western mesoregion of the state, presents the skarge
cultivated area, with a total of 95,309 ha, repnéseg
1.97% of the total soybean area of Parana. Thidlama
percentage is due to the enormous amount of mualitbés
in the state, adding 399, causing in smaller aagasstill as
a consequence the relief and small territories @&as
available for cultivation when compared with thatstof
Mato Grosso.
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Figure 7. Relation of the 21 municipalities of Para& with the
largest areas of soybean cultivation monitored inhte 2017/18
crop year.

Figure 8 shows the Brazilian states that grow sagbe

areas. A total of 16 states plus the Distrito Fadeultivate

agricultural culture. The largest areas are comagad in the
state of Mato Grosso and a new region called MATE2PI

is promising in production.
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Figure 8. Areas of Brazilian soybean monitored byhe
So0jaMAPS project.

It can be noticed that the Central-West and Scegions
of Brazil are the largest areas cultivated with bean
(Figure 9). The variations in the areas occur nfi@guently
in the South of Brazil and with discrepancy in 8tate of

Mato Grosso. The Northeast, North and Southeasbnsg

present the smallest areas of soybeans, howewdr, ceap

year presents sowing in new areas. A total of 3313D ha
of soybean was mapped in the SojaMAPS project & th

Brazilian territory, where 55.14% are in the Ceoadhe
monitoring of the areas via remote sensing in tbaccwas
able to detect Kappa parameter accuracy higherGiegh
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Figure 9. List of regions and their areas that gronwsoybeans.

4. CONCLUSIONS
Automated monitoring using time-series with Eartingiae
in orbital images linking three sensors was satisfy,
showing the ability to identify in near real-timéniwh areas
were grown with soybean after harvesting. Using the
Google Maps API tool is imperative in spreading tspa
data with high-quality viewing of Big Data.
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