Earth Observation data is now free...and big
graphics: NASA
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= de dados de observagao da terra para
£ informagao.de mudancgas de usoe

cobertura da terra
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“If you don't know where you are go
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e
undertake in a certain land cover type to produce,

change or maintain it”
= e

Temporary agriculture shifting cultivation



Land trajectories
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“The transformations of land cover due to actions of
land use”

graphics: Victor Maus (INPE, IFGI)



Land trajectories
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practice. In practice there is.” (Yogi Berra)
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|Space first, time later or time first, space later?
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Time first: classify
time series separately
Join results to get maps .-
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Single-crop grain production: soybeans
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Time series mining: pattern matching
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Finding subsequences in a time series
High computational complexity
Patterns are idealized, data is noisy

Esling & Agon (2012)



resemblance, likeness, sameness, comparability,
correspondence, analogy, parallel, equivalence;

adapted from Keogh (2006)



Dynamic Time Warping: pattern matching

Arvor et al (2012), Eamon Keogh
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DTW “warps” the time axis: nonlinear matching
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Mato Grosso, Brazil (Jul/2005 - Jun/2006)
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Mato Grosso, Brazil (Jul/2013 - Jun/2014)
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“You have to go to other people’s funerals.
Otherwise, they won’t go to yours” (Yogi Berra)
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Big data requires new conceptual views

g
How can we best use the information provided by big data
sources?

Image source: Geoscience Australia



(%) uonesnuaduod 801 g

=} o o




Scientific data: multidimensional arrays

TS
e R R e

2 3

B
3 PrE Y

Bl : episles . [ VA
ndesio 0 2B @ [l
0 65340 12483 [138.189 902960 1633 8770 ;8.

1 5246 424,642 650380 821,254 866,122 1 - 9¢"

2 89.678 236,781 (601,691 329.274 19135344 g

3 103.5024,567 (733611 263.010 853850 [ .37

4 12778 658308 128,788 976,155 /620,702 1% 5

s 45024 s50%8 (7053586 89672 [38460%(°

6 780 47538 1€23784 56801 617,107 5

7 32667 350,860 834753 ‘638,108 ss.a88 1 %
8 (56083 145582 (775.040 548322 756,587 f g4
9 131123 543,542 [S37.738 513048 4154827

g =f(<x,y,z> [a,, ....an]‘)/




| Array databases: all data from a sensor
put together in a single array
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result = analysis_function (points in space-time )




http/7/www. dpi-inpe.br/wtss/time series?
coverage=MODO9Q1, attributes=red,nir&
longitude=-54,latitude=-128&start=2000-02-188end=2000-03-05

= WTSS
\X (TerraLib + SciDB C++ API)

WTSS Client JSON Document
{"result": { :
"attributes":[ { "name": "red", SciDB PostgreSQL
"values": [ 1004, 1160, 241 ] (Arrays) (Metadados)
}s

{ "name": "quality",
"values": [ 4842, 3102, 2116 ]
}
1,

"timeline": [ "2000-02-18", "2000-02-26", "2000-03-05" ],
"center coordinates": { "latitude": -11.99, "longitude": -53.99
}

)

Wy L opasor- WTSS — Web Time Series
coverage : > . . . .
vattribotes” [ "red", "quality” 1, Service: a lightweight service
"latitude": -12, : :
"Iongitude"s -54, for serving remote sensing
|start”: "2000-02-18", Imagery as time series

"end": "2000-03-05"

Source: Gilberto Queiroz,
INPE
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Global Land Observatory:
“describing change in a connected world

@ BSciDB

R: Powerful data SciDB: array database

analysis methods for big scientific data
Software goes where the data is! satellite

images



Status do projeto

m Infraestrutura — Cluster 96 TB (5 servidores)
m Pessoal

2 PD (em contratacao)
2 DR (selecionados)
2 TT4 (1 contratado, 1 inicio 2016)

m Artigos cientificos

5 artigos em conferéncia apresentados
1 artigo aceito (IEEE JSTARS)
1 submetido (Journal of Statistical Software)
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| Contrapartida institucional

m 2 Pl (Gilberto Camara, Leila Fonseca)

m / Doutores ~ 20% tempo

m 1 CLT contratado Fundo Amazonia

m 1 Contratado Univ Miinster




