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PLATAFORMA BRAZIL DATA CUBE
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D)

INPE National Institute for Space Research (INPE), Brazil

Produce official information about deforestation, fire and land use / cover in Brazil.



INPE National Institute for Space Research (INPE), Brazil Identify what
the deforested

areas detected
have become.
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Almeida et al. Methodology for Forest Monitoring used in PRODES and DETER projects. 2022.
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TerraClass

Land use and land cover map
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INPE - Instituto Nacional de Pesquisas Espaciais O PROGRAMA QUEIMADAS DO INPE pesquisa, desenvolve, opera e
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Monitoramento por Satelites vegetagéo por satélite.
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D)

INPE National Institute for Space Research (INPE), Brazil

Produce official information about deforestation, fire and land use / cover in Brazil.

Develop innovative software systems for geospatial information management.

Open
Dgta

open source



.
Software developed by INPE to

produce deforestation and

land use/cover data from EO
satellite images.

AWIFS OLI

(ResourceS | (CBERS-4) -r(A.‘Lénds\a‘\t 8)
at-2) o

250 metros| 56 metros | 64 metros

Visual interpretation of EO satellite
images with distinct spatial and
temporal resolutions.

ek
deforested and | &

s

degraded areas.



"\a?
S
Brasilis

Web portal to disseminate the
deforestation data sets
produced by PRODES and
DETER.

Open data.

Map visualization and
dashboards.

Spatial analysis tools.
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D)

INPE National Institute for Space Research (INPE), Brazil

Produce official information about deforestation, fire and land use / cover in Brazil.

Develop innovative software systems for geospatial information management.

Build Earth observation satellites.
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Ciéncia do Sistema Terrestre

Conceito 6 nas ultimas avaliagdes,
O curso faz parte do Programa de Exceléncia da CAPES (PROEX)
Com putagéo Ap"cada: v Doutorado com exceléncia em ambito internacional

Geoinformatica e Ciéncia de Dados Geoespaciais,
Inteligéncia Artificial para Aplicacdes Espaciais,
Modelagem Computacional de Fenémenos Naturais

— \,W
A Meteorologia € a Ciéncia BT Al
que Estuda o Tempo eo Clima | naCAPESConceito=6

- E— .
el B T T B e

g Programa de Pés-Graduagao em Sensoriamento Remoto (PGSER)

Conforme resultado divulgado pela Capes recebeu, mais uma vez, a nota

maxima na avaliagao quadrienal (Nota 7), comprovando a exceléncia do programa




CAP — Geoinformatics and Geo Data Science

Computational techniques, tools and methodologies for representation,
storage, processing, analysis and modeling of spatiotemporal processes.
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Challenge: Big data sets of EO satellite images
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Big data sets of EO satellite images
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Big data sets of EO satellite images
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Big data sets of EO satellite images

CBERS-4 O CBERS-4 € um satélite de observacdo da Terra fruto de parceria
internacional com instituicdes chinesas. O seu nome remete a
China-Brazil Earth Resources Satellite. Entrou em operacdo em
2017. Leva a bordo duas cédmeras brasileiras — MUX e WFI| — e duas
chinesas — PAN e IRS. A camera MUX possui resolucdo espacial de
20 metros, revisita de 26 dias e quatro bandas nos espectros visivel
e infravermelho préoximo. Com isso, produz imagens coloridas RGB
de alta qualidade. A cAmera WFI, de campo largo de 900 km, possui
resolucéo espacial de 63 metros, imagens coloridas RGB e revisita
de 5 dias. A cAmera chinesa PAN possui resolucdo em RGB de 10
metros e de 5 metros no modo pancromatico. A camera IRS possui
bandas nos infravermelhos médio e termal.

B

Carga util: sensoriamento remoto e coleta de dados ambientais
Operacdo: INPE

Prazo de operacao: dezembro de 2022

Atendimento a OEEs: OEE2, OEE3, OEES e OEE6S

Source: https://www.gov.br/aeb/pt-br/programa-espacial-
brasileiro/programa-nacional-de-atividades-espaciais




CBERS 04A O CBERS 04A & um satélite de observacao da Terra fruto de parceria
internacional com instituicbes chinesas. Entrou em operacdo em
2020. Opera em drbita heliossincrona, em uma altitude de 628,4 km.
Possui trés sensores opticos diferentes. A cAmera MUX, brasileira,
apresenta resolucdo espacial de 16 metros e revisita de 31 dias. A
camera WFI, também brasileira, apresenta resolucao espacial de 55
metros e revisita de 5 dias. A cdmera chinesa WPM tem resolucdo
de 2 metros em modo pancromatico e de 8 metros em RGB. Dessa
forma, o CBERS 04A atende a demandas por imagens de média
resolucdo e, também, a parcela relevante das demandas nacionais
por alta resolucdo.

>
Amazonia 1 O Amazonia 1 é o primeiro satélite brasileiro de observacdo da
_ Terra com projeto e engenharia de sistemas totalmente nacionais.
Carga util: sensoriamento remoto e coleta de ¢ Entrou em operacdo em 2021 e qualificou em voo a Plataforma
Operacgao: INPE MultimissGo — PMM. E um satélite de médio porte. Opera em 6rbita

polar e prové imagens da Terra por meio de um imageador dptico de
. visada larga, com trés bandas de frequéncias no espectro vjsrvel e
Atendimento a OEEs: OEE2, OEE3, OEES e O uma banda préxima do infravermelho (Near Infrared — NIR). E capaz

Prazo de operagdo: dezembro de 2023

de observar uma faixa de aproximadamente 850 km, com 64 metros
de resolucdo espacial.

Carga util: sensoriamento remoto

Operagao: INPE

Prazo de operacao: dezembro de 2025
Atendimento a OEEs: OEE2?, OEE3, OEES e OEEG




Challenge: Big data sets of EO satellite images

How to extract information from these big EO data sets currently available?



Platforms for big EO data management and analysis

An Overview of Platforms for Big Earth
Observation Data Management and Analysig '\J Open Data Cube (ODC)
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Cloud computing environmets for big EO data

Google Earth Engine (GEE)

Amazon Web Service (AWS)

Microsoft Planetary Computer
Copernicus Data Space Ecosystem (CDSE)

Plataforma Brazil Data Cube (BDC)

Google Earth Engine

dWs

= Microsoft | Planetary Computer

Ai

BRAZIL
DATA CUBE




Google Earth Engine

Ambiente de computacdao em
nuvem (Google).

Interface web e APl em JavaScript
e Python.

Colecdes de imagens de satélites
e outros dados.

Plataforma comercial.

Versdao nao comercial (pesquisa e
capacitacao) com limitacao de
processamento.

Source: https://earthengine.google.com/

Interface web — scripts, visualizacao, ...

Google Earth Engine

Filter scripts.. m f:)
~ Owner
No accessible repositories. Click Refresh
to check again.
~ Writer
No accessible repositories. Click Refresh
to check again.
~ Reader
No accessible repositories. Click Refresh
to check again.
~ Archive

Y

+

Q, Search places and datasets...

T Docs Assets Newscript*  [CICCNED |

1
2
3
4
5

(101)

Save «~ Run vl Reset vl

var collection = ee.ImageCollection('LANDSAT/LC@8/C02/T1_TOA");
print(ee.Image('LANDSAT/LC08/C02/T1_TOA/LCO8_044034_20140318'));

Map.addLayer(ee.Image('LANDSAT/LC08/C02/T1_TOA/LCO8_044034_20140318")

ee-krfgomes @

o ]

Use print(...) to write to this console.

» Image LANDSAT/LCO8/C02/T1_T..
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dWSs

Conjunto de servicos para
armazenamento e processamento
em nuvem (Amazon).

Earth on AWS: Open EO data
(https://aws.amazon.com/earth/)

Sentinel, Landsat, CBERS-4/4A,
Amazonia, ...

Servicos pagos por volume de

processamento e armazenamento.

Créditos para pesquisa.

Source: https://docs.aws.amazon.com/

Amazon EC2

Create and run virtual
servers in the cloud

Amazon RDS

Set up, operate, and scale a
relational database in the
cloud

AWS Al and ML decision
guide

Evaluate Al and ML services,
frameworks, and
foundation models for your
work

&
El

Amazon S3

Object storage built to
retrieve any amount of data
from anywhere

AWS Lambda

Run code without thinking
about servers

AWS container decision
guide

Evaluate AWS container
services for your modern
app development

&)

Amazon DynamoDB

Managed NoSQL database
service

Amazon VPC

Isolated cloud resources

AWS database decision
guide

Evaluate databases and
learn how to migrate from
your existing database




& stac.amskepler.com/v100/

"type": "Catalog",

"stac_version": "1.0.0",

"id": "CBERS-AMAZONIA ROOT",

"description": "Catalogs of AMAZONIA and CBERS 4/4A missions' imagery on AWS",
"title": "CBERS/AMAZONIA on AWS",

"links": [

"rel”: “self",
; "href": "https://stac.amskepler.com/v100/"
’
{
"rel": "child",
"title": "Amazonia, CBERS 4/4A on AWS static catalog",
"href": "https://cbers-stac-1-0-0.s3.amazonaws.com/catalog.json"

"rel": "search",

"title": "Search",

"type": "application/geo+json",

"href": "https://stac.amskepler.com/v100//search",
"method": "GET"

~—

"rel": "search",
"title": "Search",
"type": "application/geo+json",
"href": "https://stac.amskepler.com/v100//search",
"method": "POST"
}

1,

"conformsTo": [
"https://api.stacspec.org/v1.0.0-beta.1/core",
"https://api.stacspec.org/v1.0.0-beta.1/item-search",
"https://api.stacspec.org/v1.0.0-beta.1/item-search#query"

]

+

dWS

CBERS and Amazonia-1 on AWS

Imagery acquired by the China-Brazil Earth Resources (CBERS) and Amazonia-1 satellites. The image files are recorded and processed by INPE and

¥ 13

ARl N

-;’Lf\ND Boa Esperanga, State of Min.

are converted to Cloud Optimized Geotiff format in order to optimize its use for cloud based applications. Daily updated and hosted on AWS.

o https://stac.amskepler.com/v100

EO Data Cubes for Brazil - CBERS 4
Catalogs of Brazil Data Cube (BDC) CBERS 4 Earth Observation data cube imagery on AWS.

o https://bdc-cbers.s3.us-west-2.amazonaws.com/catalog. json

EO Data Cubes for Brazil - Sentinel 2

Catalogs of Brazil Data Cube (BDC) Sentinel-2 (A+B) Earth Observation data cube imagery on AWS.

o https://bdc-sentir 2.53.us-west-2.amazonaws.com/catalog.

[Cotalog [Pubic

[Catalog | Public]

Esperanca

Source: https://eos.com/landviewer/



| Source: https://planetarycomputer.microsoft.com/

B Microsoft Planetary Computer

Choose your environment = Kpyriab *
®  CPU-Python < C () https://pccompute.westeurope.clouc
4 cores, 32 GiB of memory. Pangeo Notebook environment.

: File | Edit View Run Kernel Tabs Settings Help

Ambiente de computacao em oL

8 cores, 64 GiB of memory. R geospatial environment. New »
nuvem (Microsoft Azure). =

o GPU - PyTorch New Launcher Ctrl+Shift+L

4 cores, 28 GiB of memory, T4 GPU. This has a longer startup time.

o Open from Path...
@] GPU - Tensorflow
4 cores, 28 GiB of memory, T4 GPU. This has a longer startup time. New View for Markdown File

Planetary Computer Hub — S 7

4 cores, 32 GiB of memory. QGIS geospatial environment. Currently in preview mode. Contact us

JupyterHub Close Tab Atew |

= Close and Shutdown Ctrl+Shift+Q
Close All Tabs
MW | save Markdown File Ctrl+S

ColecOes de imagens de satélites Save Markdown Flle As.. Ctrl+Shiftes
e outros dados: Sentinel-1, -2 e - Azure Save Al

3, Landsat, MODIS, etc. JupyterHub

_
| >4i I jupyterhub |
N

SerVIQOS pagos. Local VS Code _
[ ]
.

Dask Gateway

Creditos para pesquisa. ETETE

ﬁ || Planetary Computer Data




Welcome to the Copernicus Data Space Ecosystem, an CO pe n |CUS Data

open ecosystem that provides free instant access to a

wide range of data and services from the Copernicus S p ace ECOsySte m (C DS E)

Sentinel missions and more on our planet’s land, oceans
and atmosphere.

The Copernicus Data Space Ecosystem not only ensures
the continuity of the open and free access to Copernicus
data but also extends the portfolio for data processing and
data access possibilities.

ROADMAP

What can you expect?

The Copernicus Data Space Ecosystem will be
continuously upgraded.

Full archive of Sentinel missions
Complementary open datasets
Access to commercial data

i : Sentinel ‘ 1
I Catalogue API: STAC, S3 I Hub APls, OpenEO
. b and Jupyter Lab ‘li;\

OGC for supported collections Marketplace
Traceability API

On-demand production ARI 0
November 2023 I

® Sentinel engineering and auxiliary data
® Copernicus Contributing Missions

Copernicus Data Space Ecosystem initial service ® Streamlined data access of federated
Start of user registration data sets

Sentinel data offering

Browser

Catalogue APIs: OData and OpenSearch

Source: https://dataspace.copernicus.eu/ecosystem/services/cap-area-monitoring-services



PLATAFORMA BRAZIL DATA CUBE

~2 Petabvtes Sentinel-2 SR (2015.2023) MODIS products (2000, 2023) CBERS-4 MUX Data Cubes (2016.2023) [ Landsat-8 Data Cubes [zut;. 2023)
de dados Landsat-8 SR [20152023) Sentinel-2 Data Cubes (2017, 2023)  [Jl] CBERS-4SR (MUX and WFI) (2015,2023) || CBERS-4 WFI Data Cubes [2016,2023)

ES TEMPORAIS DE IMAGENS DE SATELITE |

BRAZIL S Z - Zo %
DATA CUBE o B | DATA CUBE BUILDER & S

Conjunto de ferramentas para geracao s | [ } 08
de cubos de Dados de Observagao da i3 i F
Terra em ambiente local ou em nuvem

NOVI

201990 201942 202002 202004 202006 202008

Ambiente de

\ VEGETACAQ NATURAL PRIMARIA

~ SISTEMA HIERARQUICO CUBOS N
computagao em Bod -
p g < Sistema hierarquico Imagens de sensoriamento i
T T composto por trés grades remoto sao modeladas como 3
m com células de diferentes cubos de dados 7
n u Ve . Colegao de Colegdo de tamanhos que cobrem todo multidimn_nsipnais para todo o
Imagens Cubos de Dados Metadados o territorio nacional: (1) territorio nacional
Small_grid: 105600m selecionando os
% 105600m: (2) melhores pixels observados
Medium_grid: 211200m x (tivres de nuvens e sombra de \
211200m; e (3) Large_grid. nuvens) para \
4224400m x 4224400m. cada pericdo de tempo. \

NOVI

C u b oS WTSS BDC STAC

Servico web para Servico web para Acesso aos dados do

recuperacao de séries recuperacao e analise BOC através do servico STAC

multidimensionais Crares Prh e g o | ——
de imagens de N ivs —
satélites para todo soccoss

202006 202008

;E
ANALISE DE SERIES W e %
B H I BDC EXPLORER TERRA COLLECT SITS TERRACLASS CERRADO TEMPORAIS DE IMAGENS
O ra S I . Portal web para Plataforma web Um pacote em R para analise & ) Mapeamento do uso e cobertura E MACHINE LEARNING 2000 20042 202002 202004 202006 202008

visualizacdo das colecdes para coleta e analise 5 B da terra no bioma Cerrado

de imagens, cubos de dados, de amostras de uso i referente ao ano de 2020

classificagbes e mosaicos. e cobertura da terra. de machine learning produzido com as tecnologias

e 0s dados do projeto
Brazil Data Cube

Uso de metedos de machine learning e
analise de series temporais de
imagens para produzir informacoes
sobre uso e cobertura da Terra a
partir de cubos de dados de
observacao da terra

BRAZIL DATA CUBE EXPLORER
F e r‘ r' a m e n t a S Aplicacao web responsavel pela visualizacdo das colegoes de imagens, cubos de dados, classificacoes e mosaicos gerados pelo projeto BOC. Através do BDC
Explorer, usudrios podem acessar e visualizar os dados disponibilizados pela plataforma do projeto em um mapa interativo, usando um componente de controle AMBIENTE DE CIENCIA DE DADOS GEOESPACIAIS - BRAZIL DATA CUBE
. . temporal. Também fornece outros componentes com o intuito de auxiliar o usuario na navegacao e recuperacao dos dados. como: busca avancada de imagens,
co m p u ta C I O n a I S comparacao de imagens, visualizacao de series temporais, composicao de imagens coloridas e de download.
para acessar,

analisar esses
dados.

' rﬂ@

’
LTS BDC STAC




2019

BRAZIL
DATA CUBE

Produce technological innovation for the environmental
monitoring projects of INPE.

Potential of image time series analysis and machine learning to
produce land use and cover information from big EO data.



Big data of remote sensing
images modeled as
multidimensional data cubes

BRAZIL
DATA CUBE

Big data technologies and
machine learning

Image time series analysis

Land use and cover mapping

SERIES TEMPORAIS DE IMAGENS DE SATELITE

2018-10 2019-12 2020-02 2020-04 2020-06  2020-08

VEGETAGAO NATURAL PRIMARIA

~ T~

J — T T~

201940 201912 202002 2020-04 202006  2020-08

a

201810 201312 202002 202004 202006 202008

201840 201902 202002 202004 202006 202008

NDVI

NDVI

WNOVI

HOVI



BRAZIL
DATA CUBE

2 Petabytes (PB)

remote sensing images

? ARD and EO Data Cubes for the entire Brazilian territory

WHES NN NN NN N BN BN BN BN BN BN BN BN BN BN BN BN BN B O W W O g,

N 1
: Top of the 4
1

(& S Atmosphere Surface Information Information

reflectance Reﬂectance.Extractlon Products

Sentinel-2
Landsat-8 / -9
CBERS-4 / 4A
(MUX / WFI)

Data acquisition, ~ Radianceto  piocnperic PfO SS’"Q Map, Graph, ..

: Convert Digital TOA corrections lces
1 Number to reflectance, class(/cat/on
1 Radiance Additional P
] information i
1 (e.g., Solar '
1 ith I .
Analysis Ready Data production Source: [Giuliani et al, 2017] Data (ARD) for Land:

https://ceos.org/ard/ind
ex.html
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Multidimensional Data cubes

Source: [Kopp et al, 2019]



Big data

BRAZIL
DATA CUBE

Data volume (TB) of surface reflactance (SR) images for Brazil

B Sentinel-2 SR
[2015, 2023]
734TB (77%)

Landsat-8 SR
108 TB

Landsat-8 SR
[2015, 2023]
108 TB (12%)

® CBERS-4 SR
(MUX and WFI)
[2015, 2023]
108 TB (11%)

Data volume (TB) of Earth observation data cubes (DC) for Brazil

m CBERS-4 MUX Data Cubes
[2016, 2023]
16 TB (4%)

m CBERS-4 WFI Data Cubes
[2016, 2023]
8 TB (2%)

Landsat-8 DC

48 TB

m Sentinel-2 Data Cubes
[2017, 2023]
385 TB (83%)

Landsat-8 Data Cubes
[2016, 2023]
48 TB (10%)

m MODIS products
(MOD13Q1 and MYD13Q1)
[2000, 2023]
57TB (1%)

Source: [Ferreira et al., 2022]




? Building data cubes

BRAZIL

DATA CUBE Original images Merged images Identity data cube
________________________________________________________________ |
* |
|
cro l
O 7 i
|
|
________________________________________________________________ |
* |
| Regular
cro : ) data cube
| tme  (monthly)
| compositing
________________________________________________________________ | function
________________________________________________________________ | .
§ |
|| Brazilian Biomes * :
1| O Amazonia cro i
[l Caatinga I
| @ Cerrado :
@ Mata Atlantica I
| @ Pampa I
, O Pantanal %
= - et e i
cro

*bilinear resampling for better spatial resolution band

<4 BRAZILDATACUBE.ORG
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For each tile and time step, there are a
set of COG (Clould Optimized GeoTIFF)
files:

(1) Spectral bands from original images;
(2) Vegetation indices (EVI and NDVI);
(3) Cloud mask; (4) number of valid
observations (excluding cloud, cloud
shadow..); (5) data provenace; ...

brazildatacube.dpi.inpe.br/portal/explore
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Each tile: 105600m x 105600m

Sentinel-2/MSI — 10 meters
Each file (band/tile): 400 MB
Each tile: ~ 5.4 GB



?5 Why Earth Observation (EO) Data Cubes ?

BRAZIL
DATA CUBE

Multidimensional arrays of
satellite images with four
dimensions (latitude,
longitude, time and
attributes), mainly to support
image time series analysis.

(Appel et al., 2019)

SERIES TEMPORAIS DE IMAGENS DE SATELITE
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Potential of image time series and machine learning

Pasture Soy_Corn Soy_Millet
0.75-
050- —— >~
PEESE i ————
Soy_Cotton Fallow_Cotton Soy_Sunflower

Value

0.75-
0.50-
0.25-

Soy_Fallow

Oct Jan Apr Jul Oct Jan Apr Jul Oct Jan Apr Jul
Time

Bands — ndvi — evi — nir — mir

0 1. Cerrado

B 6. Soy_Cotton I 11. Urban Area

0 2. Fallow_Cotton M 7. Soy_Fallow Il 12. Water

I 3. Forest B 8. Soy_Millet [0 13. Secondary Vegetation
4. Pasture 9. Soy_Sunflower

I 5. Soy_Corn I 10. Sugarcane

Image time series: NDVI, EVI, NIR, MIR (agriculture year)
MODIS (250 meters) — MOD13Q1 product

Method — SVM (Support Vector Machine)

Source: [Simoes et al., 2020]

Land use and cover maps for Mato Grosso State in Brazil from
2001 to 2017

Scientific Data, 2020




?! Satellite Image Time Series Analysis (SITS)

BRAZIL
DATA CUBE

SITS reveal complex underlying processes that would
be difficult to assess using bi-temporal or even
annual change detection approaches.

(Pasquarella et al., 2016)



NDVI Time Series — Sentinel-2 Data Cube (16-days)

BRAZIL
DATA CUBE

Sentinel-2 RGB pl
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NDVI Time Series — Sentinel-2 Data Cube (16-days)

BRAZIL
DATA CUBE

Sentinel-2 RGB pl
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06-03-2022

10000

Value

12-07-2022 -

10000

Value

03-12-2022 Lo

Value

-1.00

Vegetacao Natural Primaria — Cubos Sentinel 2

NDVI - Amostra Vegetacao Natural Primaria

BRAZIL
DATA CUBE

8000 1

6000 A

Periodo Nuvem

EVI - Amostra Vegetacao Natural Primaria

8000 A

6000 A

NDWI - Amostra Vegetacao Natural Primaria

0.75 1

0.50

0.25 A

0.00 1

—0.25 1

—0.50 A

—0.75 A

01-01-2022

Time

31-12-2022

(Gabriel, 2025)



18-02-2022

10000

Value

10000

Value

Value

Area Urbana — Cubos Sentinel 2

NDVI - Amostra Urbanizada

BRAZIL
DATA CUBE

8000 +

6000

4000

2000 1

T T T T T

Periodo Nuvem

EVI - Amostra Urbanizada

8000

6000 1

4000

2000 4

W

- —

NDWI - Amostra VUrbanizada

1.0

0.8

0.6

0.4

0.2 1

0.0 1

—0.2 A

J/\/

- 2N

01-01-2022 Time

31-12-2022

(Gabriel, 2025)



 01-01-2022

Agricultura - mais de 1 ciclo — Cubos Sentinel 2

BRAZIL
DATA CUBE

NDVI - Amostra Cultura Agricula Temporaria de Mais de um Ciclo

10000
Periodo Nuvem
8000 A

6000 -

4000 1

Value

2000

EVI - Amostra Cultura Agricula Temporaria de Mais de um Ciclo

10000 7
8000 A

6000 A

Value
8
8

NDWI - Amostra Cultura Agricula Temporaria de Mais de um Ciclo

1.00

0.75 1

0.25 1

0.00 1

Value

-0.25 1

—0.50 -

-0.75 1

-1.00

01-01-2022 31-12-2022
Time

(Gabriel, 2025)



17-01-2022

10000

Value

Value

01-11-2022 100

Value

-1.00

Pastagem — Cubos Sentinel 2 ?

NDVI - Amostra Pastagem

BRAZIL
DATA CUBE
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——J//A\\;_ — = ,////\\\//A\\///
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Time

(Gabriel, 2025)



02-02-2022

Value

Value

Value

Agricultura — 1 ciclo — Cubos Sentinel 2

Y

BRAZIL

DATA CUBE
—_— NDVI - Amostra Cultura Agricula Temporaria de um Ciclo
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4000 |
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Agua — Cubos Sentinel 2

BRAZIL
DATA CUBE
NDVI - Amostra Corpo D.Agua
Periodo Nuvem
EVI - Amostra Corpo D.Agua
NDWI - Amostra Corpo D.Agua
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(Gabriel, 2025)



? Brazil Data Cube Platform

BRAZIL
DATA CUBE

Software
Open
Data and
Software
Products
Data and
metadata

Source: [Ferreira et al, 2020]

<

<

/‘

/‘

-

Applications
. Interactive computing Satellite Image Time Open Data
[ Web Portal ] [Forest Monltor] [ JupyterHub ] [Series (SITS) R package | | Cube (ODC)
Services :
Web Time Series Service Web Sample Assessment Web Land
(WTSS) Service (WSAS) Trajectory Service (WLTS)

[ SpatioTemporal Asset

Tile Map OGC Web Services - Web Land Classification
Catalog (STAC) Service Service (TMS)

WFS, WMS e WCS System Service (WLCSS)

Data and metadata

- S mmmsmsmm====- ~
' 1
. Nl
' 1

1
: ' Metadata - Land use and Land use and
! 1| collections of cover samples cover data sets
1 Image Datacube 1 |images and data and metadata and metadata
1 collections collections 1 cubes

]
N ____ )

External providers Data acquisition, processing and data cube generation

@ o

Image
collections

Image Collection Builder Data Cube Builder

(Image acquisition, ARD builder and
metadata publishing)

(Warping, temporal compositing,
and metadata publishing)

Source: [Ferreira et al., 2020]



?’i Brazil Data Cube Platform

BRAZIL
DATA CUBE
Applications
. Interactive computing Satellite Image Time Open Data
{ Web Portal | | Forest M°“'t°’} JupyterHub ] Series (SITS) R package | | Cube (ODC)
Services :
Web Time Series Service Web Sample Assessment Web Land
(WTSS) Service (WSAS) Trajectory Service (WLTS)

SpatioTemporal Asset
Catalog (STAC) Service

Tile Map OGC Web Services - Web Land Classification
Service (TMS) WFS, WMS e WCS System Service (WLCSS)

PN
Data and metadata
Sccooooooooooo >
' ' C Y >
' 1
' 1
: ' Metadata - Land use and Land use and
' 1| collections of cover samples cover data sets
. Image Data cube 1 images and data and metadata and metadata
1 collections collections 1 cubeS
) 1
N e e e ... ... --- 1

External providers Data acquisition, processing and data cube generation

% |:> Image Collection Builder Data Cube Builder

(Image acquisition, ARD builder and (Warping, temporal compositing,
e metadata publishing) and metadata publishing)

Source: [Ferreira et al, 2020]



Interoperabilidade

Google Earth Engine

=" Microsoft | Planetary Computer

Copernicus Data

Space Ecosystem (CDSE)

’? aws

BRAZIL
DATA CUBE

@] STAC

SpatioTemporal Asset Catalog

Especificacao que define uma estrutura
comum, em arquivos JSON e GEOJSON,
para descrever e catalogar dados
geograficos.

Source: https://stacspec.org/en



Landsat-B/OLI

Collection BandO1.tif

~ STAC COLLECTION

) 49 2
CBERS-4/AWFI N I 2018710717 Band02.tif
Collection 3 ‘ : ’ i :

4 v

Sentinel-2 é 5 % § BandO3.tif
Collection : : : :

Source: https://brazildatacube.dpi.inpe.br/stac/

@] STAC

SpatioTemporal Asset Catalog

{"description"¥"Brazil Data Cube Catalog"}"id":"bdc","stac_version":"0.9.0","links":

[{"href":"https: razildatacube.dpi.1inpe.br/stac/","rel":"self","type":"application/json","title":"L
ink to this document"},{"href":"https://brazildatacube.dpi.inpe.br/stac/docs","rel":"service-
doc","type":"text/html","title":"API documentation in HTML"},

{"href" "https://brazildatacube.dpi.inpe.br/stac/conformance”,"rel":"conformance","type":"application
/json™,"title"™:"0GC API conformance classes implemented by the server"},
{"href":"https://brazildatacube.dpi.inpe.br/stac/collections","rel":"data","type":“application/json“,
"title":"Information about image collections"},
{"href":"https://brazildatacube.dpi.inpe.br/stac/search","rel":"search","type":"application/json","ti
tle":"STAC-Search endpoint"},{"href":"https: //bra211datacube dpi.inpe. br/stac/collectlon5/M05AIC -52-
YANOMAMI-6M-1","rel":"child","type":"applica 9":"Sentinel-2 - Yanomami - Mosaic"},
{"href":"https: //braz:.ldatacube dpi.inpe.br B4-MOSAIC-BRAZIL_64_3M_STK-
1","rel":"child","type":"application/json",' RS=T—= Brazil - Mosaic"},

{"href"'"https //bra21ldatacube dpi.inpe. br/stac/co11ect10ns/MYD1301—
6","rel":"child","type":"application/json","title":"MYD13Q1 C6"},
{"href":"https://brazildatacube.dpi.inpe.br/stac/co11ection5/MOD1301—
6","rel":"child","type":"application/json","title":"M0OD13Q1 C6"},
{"href":"https://brazildatacube.dpi.inpe.br/stac/collections/LANDSAT-MOZ_30_1M_STK-
1","rel":"child","type":"application/json","title":"Landsat - Mozambique - Monthly"},
{"href":"https://brazildatacube.dpi.inpe.br/stac/collections/LCC_L8_30_16D_STK_Amazonia-TC-—
1","rel":"child","type":"application/json","title":"LCC Landsat-8 16D STK Amaz\u@@f4nia Terra
Class"},{"href":"https://brazildatacube.dpi.inpe.br/stac/collections/LCC_S2_10_1M_STK_PA-SPC-AC-NA-
1","rel":"child","type":"application/json","title":"LCC - Bahia - S2_10_1M_STK-1"},
{"href":"https://brazildatacube.dpi.inpe.br/stac/collections/CB4A-MOSAIC-PARAIBA_ 55_3M_STK-
1","rel":"child","type":"application/json","title":"CBERS-4A - Paraiba - Mosaic"},
{"href":"https://brazildatacube.dpi.inpe.br/stac/collections/S2-MOSAIC-PARAIBA_10_3M_STK-




Applications

[ Web Portal ] [Forest Monitor} [Interactive computing] [ Satellite Image Time } [ Open Data }

JupyterHub Series (SITS) R package | | Cube (ODC)

I Services g |

| |

! Web Time Series Service Web Sample Assessment Web Land :

1 (WTSS) Service (WSAS) Trajectory Service (WLTS) I

|

| |

| SpatioTemporal Asset Tile Map OGC Web Services - Web Land Classification |

1 Catalog (STAC) Service Service (TMS) WFS, WMS e WCS System Service (WLCSS) 1

' ' WTSS — Web Time Series Service

L JEVI [ Juovi [ ] bardd [ ] bandé

Ird

Image time series BOC STAC

W

Metadata pa¢s cubes




Applications

{ Web Portal ] [Forest Monitor} [Interactive computing] { Satellite Image Time } [ Open Data }

JupyterHub Series (SITS) R package

Cube (ODC)

Services E

Web Land

Web Time Series Service Web Sample Assessment
(WTSS) Service (WSAS)

Trajectory Service (WLTS)

Catalog (STAC) Service ervice (TMS) WFS, WMS e WCS System Service

{ SpatioTemporal Asset J [ Tile Map J [ OGC Web Services - ] [ Web Land Classification
S

(WLCSS) J

What is the trajectory of land use
and cover at this location in PA?

-

WLTS

Land use and cover trajectory at this location in PA

Deforestation

Pasture

Forest Alert Deforestation
(PRODES) (DETER) (PRoDES)  (TerraClass)
2012 03/2013 2013 2014

oy

g

TerraClass

Ly

PRODES

DETER

Land use and
cover data sets

WLTS — Web Land Trajectory Service

Source: [Zioti et al,. 2021]



Web Crop Phenology Metrics Service (WCPMS)

WCPMS

Clients
? Give me the phenological metrics for this location
"G P
jupyter
J < ~
-«
'_| P Phenological metrics
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—— Smooth NDVI
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Vegetation Health (NDVI)

3000 +

2000 1

T T T T T T T
2022-01 2022-03 2022-05 2022-07 2022-09 2022-11 2023-01
Date

WTSS
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Métricas fenologicas de
inicio, fim e maximo vigor
vegetativo de plantio
extraidas para soja (a),
milho de primeira safra (b)
e algodao (c) utilizando
series temporais NDVI dos
cubos Sentinel-2 (16 dias)
do BDC.



Applications

Interactive computing Satellite Image Time Open Data

Web Portal Forest Monitor JupyterHub Series (SITS) R package | | Cube (ODC)

B 3 Brazil Data Cube

Notes Maaaddl RESULTS

Select Resources

Data Cubes @ 3
@2 collections v < S riname
@ classifications v o s
@ Mosaics v

Erazil
Region

BBOX ° ADDRESS

West, South, East, North

Paraguay.
Select the Period
Start Date Last Date

70001 2019012730 & v

Arger iiia

Lat: -34.17489 | Lng: -88.90514 [ 500 km ]

Data Cube Explorer - v1.0.3, Copyright (©)

Ansn Annn ~

http://brazildatacube.dpi.inpe.br/portal/explore

Leaflet | collection_

TerraCollect

OPEN

BB PROJETOS Q coLeTA :g TerraCollect Licenca
L]
08/01/2019 Seint 2020
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? #()m-2
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1
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WTSS e WLTS — Interface grafica — BDC Explorer e TerraCollect

Q_ PESQUISAR = RESULTADOS ‘ Brazil Data Cube Ajuda Sobre © == e
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28/05/2024 29/11/2024
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y y { o &
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9 Ponto: -45.59600830078126 -11.763175819981782
GOES-13/Imager - Level-3 O |
Trajetoria da Terra
GOES-16 Cloud & Moisture @ » Q Q
. X @ Terraclass Amazonia:No-Data
Sentinel-2 - Level-1C @ » ® Mapblomas V8:Soja
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SITS (Satellite Image Time Series) SRS

R package

LULC samples

EO data cubes

Satellite Imagery

LONGITUDE

LATITUDE

cube <- sits_cube(source = "BDC",

collection ="S2_10 16D",

name = "s2_cube”,

bands = c("NDVI", "EVI"),

tiles = "022024", start_date = "2018-09-01", end_date = "2019-08-28")
samples <- readRDS(url("https://bdc.dpi.inpe.br/rds/S2_10 16D.rds"))
mlp_model <- sits_deeplearning(layers = ¢(512, 512, 512, 512, 512), activation = "relu")

dl_model <- sits_train(samples, mip_model)

result <- sits_classify(data = cube, ml_model = dl_model, output_dir = tempdir())

https://github.com/e-sensing




SITS (Satellite Image Time Series) R package:
https://github.com/e-sensing

SOM neural network

Selection, analysis and
reduction of samples ()

!

Land use and cover
ground samples and
auxiliary data

Image time series
classification

M “‘ |11
WJ\![J‘JU

/L

Satellite Image
Time Series

Earth
Observation
Data Cubes

Big Earth Observation
Satellite Imagery
CBERS 4, Landsat 8, Sentinel 2

and Terra/MODIS

LONGITUDE

ARD and Data cubes available at:
http://brazildatacube.dpi.inpe.br/portal/explore

!

Smothing bayesian filter and
Masks (Water, Urban, ...)

Machine Leaning
1 Methods — SVM,

Land use change calculus RandonForest and Deep
1 Learning

Land use and
cover maps

el
* -

volD s

B 7. Sov_Fallow
B 8. Soy_Milet

9, Soy_Sunfower
B 10. Sugarcane
Bl 11 Urban Area

wid? - B 12 water
x“ -n
.t‘-. 3 4. Pasture 1. Cerrado
5. Soy_Com B 2. Fallow Cotton

B 2. Forest

Bl 5. Soy_Cotton

Land use and cover change maps:
http://brazildatacube.dpi.inpe.br/portal/explore



? Land use and land cover maps: TerraClass project

BRAZIL
DATA CUBE

TerraClass Cerrado 2020 (Launched in December 2022) TerraClass Amazonia 2020

TerraClass
TERRACLASS AMAZONIA

MAPA DO USO E COBERTURA DA
TERRA NAS AREAS DESFLORESTADAS
DA AMAZONIA - 2020

TerraClass Cerrado lanca
mapeamento produzido
com tecnologias e dados
do projeto Brazil Data Cube

'y g A
4 % 4 Il Vesetagio Natural Primiria
~a /3 TerraClass & el S B s

Agricola Temporria De Mais De 1 Ciclo

DATA CUBE P& L 5 oo

LEGENDA
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B SILVICULTURA
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] UMITE ESTADUAL
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[ outres uses
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exeacio

(CEE QY
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BDC-Lab: Geospatial Data Science Server-side processing in the INPE’s
infrastructure, without needing to

ComPUtatlonal Environment download images in personal computers.

BRAZIL
DATA CUBE

BDCLab - Geospatial Data Science Computational Environment

m Wiss-introduction ©en e

Fie S8t Vew B Assom el

++BXODD»-A-m- v S

Retrieving the Time Series

b4
i 5 0nder 10 retrewe Dhe Dere Senes B MDies od and ALY e ocanon of Latitede <12 and Lengitede -54 Yo Janwary 1st, 2001 @ Decesber J1st, 2001 wseme
A thee series Smcuon
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Server-side processing in the INPE’s

infrastructure, without needing to
TerraClass . .
CRACtKSS AMAZBRIA download images in personal computers.
MAPA DO USO E COBERTURA DA

TERRA NAS AREA§ DESFLORESTADAS
DA AMAZONIA - 2020

LEGENDA

I VEG. NAT. FLORESTAL PRIMARIA
[ VEG. NAT. FLORESTAL SECUNDARIA
I SILVICULTURA

[E) PASTAGEM ARBUSTIVA/ARBOREA
[ ] PASTAGEM HERBACEA

[ CULTURA AGRICOLA PERENE

I CULTURA AGRICOLA SEMIPERENE
] CULT. AGRICOLA TEMP. DE 1 CICLO
[] CULT. AGRICOLA TEMP MAIS DE 1 CICLO
[ MINERACAO
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.=: Ambiente de Computacio ... o

— File Edit View Run Kemel Tabs Setings Help

7 01_ExtractTimeSeries.ipynd

P2 Interativa: JupyterHub | T o

» Time Series Extraction

CBERS-4/AWFI (16 days 'stack’)

=]
- The sits_cube function can be used to define the working data cube and the interest spectral bands and vegetation indices:
Z JupyterLab x W -
k- B
€ > C @ brazildatacube.dpi.inpe.br/ B & » (Mf;:z = Sltsfcffggé.‘
url http://datacube-806.dpi.inpe.br:8e10/stac/",
File Edit View Run Kemel Tabs Settings Help o collection = "CB4 64 16D STK-1"
start date = start date,
- + 3 c %] 00_TableOfContents.ipynb end date - end date,
B/ examples / bic-article / B+ X O » m C » Markiown v » ! bands = c("BAND15", "BAND14", "BAND13", 'BAND16", "NDVI", "EVI")
Name - Last Modified | | 180%
m extras a month ago Samples (258) for class Pasture in band = NDVI
- " 5d . . . - . . In the above cell we providk
results lays ago
o o2 Land use and land cover classification in the Brazilian Cerrado biome using e o
= roi a month ago H + typeInform L
Brazil Data Cube s (12 s e o
A i scripts amonth ago « url : The SpatioTem|
= B training-samples a month ago 006.dpi.inpe.br:8010/si 073
m validation-samples a month ago Tlect De
+ collection : Defing
% _ a minute ago Roif E. 0. simaes 8@ aer H. sanchez & © Falipe M. Carlos 8@, Leonardo s. vieira & @,
« [W] 01_ExtractTimeSerie. aminute ago Karine R. Ferreira ™= @ | ubia Vingas " = « start date and el
D W 02_CB4 64 16D _ST.. a month ago JupyterLab E*
W) 03 CB4 64 16D ST.. amonth ago Earth Observation and Geoinformatics Divi - ~
- - - - i i & 5 € @ brazildatacube.dpiinpe.br, b
) 04_LC8_30_16D_ST... amonth ago Avenida dos Astronautas, 1758, Jardim da Gra ) P
) 05 LC8 30 16D ST... amonth ago *pator o whom comespol  File Edit View Run Kemel Tabs Setings Help
W 06_S2_10_16D_STK. a month ago ™ % 02_CB4_64_16D_STK-1_CIx o
A 07_S2_10_16D_STK. amonth age Februarf B+ X @ M » = C » Makdownv
Abstract. This Jupyter Notebook compendium contains useful inforl Cla55|fy the datacube
Earth observations data cubes and machine learning (ML) technigu o Py s oo ]
Earth Observation Data Cubes for Brazil: Requirements, Methodold This is a time-consuming process —
Brazil Data Cube platform.
E
probs <- sits_classify(data = cube, P o9
This Jupyter Notebook is supplement to the Section 5 of the following p ml_m?del = dl_mn@e}, )
Ferreira, K R.; Queiroz, G.R.; Vinhas, L.; Marujo, REB. Simoes, REO.; Pl % ansdze = classification_memsize,
AH.; Arcanjo, 1.5 ; Fronza, 1.G.; Noranha, C.A; Costa, RW.: Zaglia, M.C/ multicores = classification_multicores,
Earth Observation Data Cubes for Brazil: Reguirements, Methodology and il = ol elensl i Em e,
o output_dir = output_dir)
using 2 blocks of size 888 x 2725
Table of Contents * Starting classification at 2021-03-26 14:58:15
Elapsed time 19.5 minute(s).
Estimated total process time 39 minute(s)...
The Jupyter Notebooks are organized as follow: Classification finished at 2021-03-26 15:33:30. Total elapsed time: 39.2minute(s).
« Extracting time series from sample locations
« Land Use and Cover Mapping from CBERS-4/AWF| Data Cubes Generate classification label map
13 ® NoKemel|lde HEmy Fo probs_smoothed <- sits_smooth(probs, type = "bayes®, output_dir = output_dir)
labels <- sits_label_classification{probs_smoothed, output dir = output_dir)
Visualizing classification map
O 2@ NoKemel|ide Saving completed Mode: Command @ Lnl1 Coll 02 CB4 64 16D STK-1 Classffication.ipynb |

<A BRAZILDATACUBE.ORG




Ambiente de Computacao . .. rex
I n te rat iva: RSt u d i (o) Time Series Extraction

CBERS-4/AWFI (16 days ‘stack’)

The sits cube function can be used to define the working data cube and the interest spectral bands and vegetation indices:

cb4_cube <- sits_cubel

type BDC",
. urt http://datacube-006.dpi.inpe| C @ brazildatacube.dpiinpe.br wr »@
@ RStudio Server collection - "CB4 64 16D STK-1", 5
ctart date — start date, cba_samples with ts <- sits get datalcube = cbd_cube, file = sample_file)
N . end date - end date,
&« — (C & brazildatacube.dpiinpe.br [T +d - — B, e, T #0 AL points have been rutrieved
J The structure of the retumed dataframe can be seen below:
File Edit Code View Plots Session Build Debug Profile Tools Help fel In the above cell we provided the following arguments s con_ taeplen vith e, 2)
[+ A+ TR (= A Go to file/function ~ Addins - R Pr « type : Inform that the data cube will be based on the g P R PR
- url: The SpatioTemporal Asset Catalog address for B :: '“"”_"“" ""_‘:"" Atartate ‘L: "f’" utal ”r:': "“,’:"""‘
@ | 02_CB4_64_16D_STK-1_Classification.... =0 i History = C« i Tuteorial 006.dpi.inpe.br:8010/stac/. # 1 018-69-61 2019-88-91 Crop bdc ble
! 2 018-69.01 2019.08.01 Crop bdc_cube <tibble
v O, | @ Knit = ke I +Run ~ | G- | = A ©) Mew Connection « collection : Defines the use of CBERS-4/AWFI datal
B — f you want to plot the NDV! time series for all the LULC classes, use the following plot function:
66 - Connection Status - start date and end date : The temporal interval of
Wk - plot(sits select(chs samples with ts, bands = c("WOVI*}))
g; Parameters = bands : The list of spectral bands and spectral indices
. X . i . - Samples (242) for class Crop in band = NDVI
6% If you want to download and run this notebook in a werkflow as a script, you can perform its The (E2tsRarllars) retries the tme sefies from the defined
parameterization through the [papermill library]l(https://github.com/nteract/papermill). The access to cb4_samples with ts <- sits get data(cube = cbd

the Brazil Data Cube (BDC) data products requires an access key. To request your access key, please,
contact the BDC team at brazildatacube@inpe.br. Define the 'BDC_ACCESS_KEY' env variable to access to
use the BDC Services.

## ALL points have been retrieved

To The structure of the returned dataframe can be seen below:
71 {r} =
72 classification_memsize <- 20 # in CB
73 classification_multicores <- 20 5 C @ brazildatacube dpinpe.br, mor w@
74 wavets <= 51T5_(aDeU_ClasSITICATION(PrODS SMOOTND, OUTPUT O1r = OUTRUT a1r) z
75 start_date <- "2018-89-81" Visualizing classification map
76 end_date <- "2019-088-31" =
17 Filas. e v S e e The raster load in this step was generated automaticaly with sits label classification function
78 © | New Folder | € | Upload | € Delete | Rename —3gr 73
79 **Samples and ROI definition** £ Home rst <. raster::raster(
30 pasted(output_dir, */cube to_classify 022024 probs class 2018 8 2019 7 v1.tif*)
e 4 Name Size Mo )
81~ {r} = .
82 # fixed parameters . Rhistory 2468 Fet 20 Wars154 18 ShAHID | VTo)arH; Sormat = Pe00", iUtiUlbe = 0", prare T rol e
83 collection <- "CB4_64_16D_STK-1" @ 00_TableOfContents-copy.Rmd 4.7KB Fet] #4 prefer_proj): Discarded datus Unknown based on GRSS8 ellipsoid in CRS definition
= )
T e e me et el s (il 00_TableOfContents-copy.Rmd.html 21.8 MB Feb) plot(rst)
86 roil <- readRDS("/data/Examples/bdc-article/roifroi.rds") @ 00_TableOFContents.Rmd.html 22.6 MB Fefl
87 samples <- readRDS("/data/Examples/bdc-article/training-samples/rds/CB4_64_16D_STK_1.rds") @ 071 ExtractTimeSeries.Rmd.html 26.9 MB Fehy
88~ " -
g8 @ 02_CB4_64_16D_STK-1_Classifica... 22.7MB Ma
90 > ALl the results generated in this document will be saved in your user's "/[home' directory, inside bdc-article §
“out® di 8
. out’ directory . @ CBERSDataCube_CerradoBiomeCl... 6.2 KB Felj 3 3%
93:11 Chunk3 = R Markdown examples 25
i=3
Console  Terminal R Markdown Jabs R | extras § 20
. 8
Jdata/Examples/bde-article/ gkhub-utils 3 & 15
> out 5 o 10
R 8 =
2 -
teste 2 L xZ ety T
work 5800000 5850000 5900000 5950000
Save the results

<A BRAZILDATACUBE.ORG
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https://data.inpe.br/bdc/lab
https://data.inpe.br/bdc/lab

INPE Data Center

Dell EMC HPC egeon

Cray XE6 and CRAY XC50

e e e A e 880 processadores e ~413 Teraflops
66 processadores e 200 Teraflops XE6 Lustre (Alta performance) 860 TB
BeeGFS (Alta performance) 500 TB XE6 StorNext ( Alta densidade) 2.65 PB
Dell ME484 ( Alta densidade) 1 PB XC 50 Cray Sonextion (Alta performance) 986 TB

Courtesy: lvan Marcio Barbosa

<& BRAZILDATACUBE.ORG



INPE Data Center

255 Servers, Data Storage with tiers (SSD, SAS and tape library) 12PB online and 4PB tape LTO

o G A W
& o ale oo Ao
o o W

e o G 9
@ & W 9 o o S Wb
gp & 4 o 88 4

e e W 9

Courtesy: lvan Marcio Barbosa
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Partnership with international and similar initiatives

BRAZIL
DATA CUBE

http://brazildatacube.org

e
“‘%ﬁ i
&

(

Digital Earth Americas

A vision for a solution that provides relevant Earth observation data for the benefit of the
Americas

Yellow: operational
Source: [Sudmanns et al, 2022] Red: under development

. data @\py

Article
Paving the Way towards an Armenian Data Cube

https://www.swissdatacube.org/

N -
’ Dlgltal Earth ‘ Digitﬂl Earth

”0 AFRICA AUSTRALIA

https://digitalearthafrica.org/ https://www.dea.ga.gov.au/



rstac
1) =

RSTAC: AN R PACKAGE TO
ACCESS SPATIOTEMPORAL

ASSET CATALOC
SATELLITE IMACERY

DATA CUBE

Arest wth o hogber cxcomemce of Choud The cobored bart regresent
the freumency of Chowd acrmenc

22 — em revistas/periodicos
34 — congressos nacionais e internacionais

http://brazildatacube.org




http://brazildatacube.orq ) Search ...

Home About v Data Software Publications News BDC Explorer Faq

I
<

Brazil Data Cube

Production, visualization and analysis of large volumes of remote

sensing images modeled as multidimensional data cubes for the entire

Brazilian territory.

E <>

— —
Data Products Data Explorer Software Products Publications
Acquisition, Processing, Generation Access the data produced by the Software products developed in the Papers, Presentations and Capacity

and Quality project project Building




BRAZIL
DATA CUBE

Code Galery

http://brazildatacube.org

Brazil Data Cube Code Gallery
icosc ] v o T ] 2 o 8]

This repository contains a gallery of i

Jupyter R
Cube data and technologies.

Jupyter Notebooks

Data Access through SpatioTemporal Asset Catalog API (STAC)

Asset Catalog. (Python, R)

- 1o the Spal

« Image processing on images obtained through STAC.

Web Time Series Service (WTSS)

« Introduction to the Web Time Series Service (WTSS). (Python, R).
* Web Time Series Service (WTSS) examples. (Python, R).

Web Land Trajectory Service (WLTS)

« Introduction to the Web Land Trajectory Service (WLTS). (Python, R)
« Web Land Trajectory Service (WLTS) examples. (Python).

Tile Map Service (BDC-Tiler)

« Introduction to the Tile Map Service (BDC-Tiler). (Python)

*

and scripts based on Brazil Data

Packages

No packages published

Contributors 7

2AQOEBE

Languages

® Jupyter Notebook 56 2% @ R3I5%

\ 2
\
\ 2
2
\ 2
\ 2
2

sbsr2023-wtss-examples
Updated 2d ago
0 comments - No attached data sources

sbsr2023-wtss-introduction
Updated 2d ago
0 comments - No attached data sources

sbsr2023-wtss2
Updated 12d ago
0 comments - No attached data sources

sbsr2023-sample-quality-control-using-som

Updated 12d ago
0 comments - sits bundle

sbsr2023-machine-learning-for-data-cubes

Updated 12d ago
0 comments - sits bundle

sbsr2023-image-classification-in-data-cubes

Updated 12d ago
0 comments - sits bundle

sbsr2023-working-with-time-series-in-sits

Updated 12d ago
0 comments - sits bundle

B ¢ @ +

kaggle

Create

Home
Competitions

Datasets

Q_  Search

Brazil Data Cube

Earth Observation Data Cubes for Brazil at National Institute for S...

S&o José dos Campos, State of Sdo Paulo, Brazil
Joined 2 years ago - last seen 2 days ago

0O v

bthon

File Ean  View

+ B X000

Coverage 52-SENICOR_10_160_STK-1

workshop-2021-03-wtss-introduction-python

Run  Addons  Hep

D M e Code -~

Description: Ths dalacube wiss generated with ol avadable saface refleclance mages processed uwng Senoor (Rumnaton conecn]

1tem » collection. get_items(rilters{ bbox 450, 102
dutetine’ : 2018-07-01/2019-00-31 ",
iten

Matched: 12 Returned: 2 Limit 2

$2-SEN2COR 10,160_5TK_v001.077006,_2018-12-10_2018-12-31

52.5EN2COR 10 160 STX v001 077008 20181219 20181231
Collection: 52 SEN2COR_10_100_STX-1

Daletime: 2010-12-19T00.00.00

STAC Version: 090

3.8, 037,
It rn

Ernaces vayeaso ines

al COMpORING Runciion of 16 Girys sing e Dest porel ApPFOAch (SEack)

dmscripuon  satarype e range
wn [t 0.0, ‘W’ 10000 0
s {00, ' 100060}

win et 0.5 e 1000004 50
s {08 e’ 100008

e (et 0.0, W' 100000) O
" (e 08 wae L0000 O
Comar Observation Cowet.~ wbeth {10 wer A0
Tt Otwarvation Cont et {18 et 355,04
ovrnce waka Ouy of e "o et 10 wae' MO0}
w [ 0.8, ' 10000.0)




Code Galery

BRAZIL http://brazildatacube.org
DATA CUBE
i
@) smac Visualizar E Visualizar imagem do pico e
Buscar imagens —l ——  Obter uma série temporal ¥ do vale da série temporal para
(True Color e False Color) i
analise
Catalog
Database
g
WwLYS
- Extracdo de métricas Comparagao com projetos
Clusterizacao —l e i i pro)
fenoldgicas Q existentes %0
»
vv
TerraClass o
Map with 4 clusters
/ ¥5
(—‘l\ . » /__'“--. L n.l..l.;m.u.‘ = "::?;.“‘
—~ c:us:::?. : . / mbé:;(ﬁ FPR00ES)
o Clus! S !
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brazildatacube.org brazildatacube.dpi.inpe.br/portal/explore

) BRAZIL DATA CUBE
p brazildatacube.org

Karine R. Ferreira \ OBRIGADA!

karine.ferreira@inpe.br

@brazildatacube

MINISTERIC DA CIENCIA € TECNOLOGIA MINISTERIO DA < f D

CIENCIA, TECNOLOGIA
INSTITUTO NACIONAL D€ PESQUISAS ESPACIAIS E INOVACGES



Satellite Image Time Series (SITS) Analysis

Vegetation
Phenological Metrics
Extraction from SITS

Classification of . Disturbance/Change
SITS Clustering of SITS Detection from SITS



Satellite Image Time Series (SITS) Analysis

Classification of
SITS

Machine and
Deep Learning
methods:

RandonForest
TempCNN

Clustering of SITS

Disturbance/Change
Detection from SITS

Vegetation
Phenological Metrics
Extraction from SITS



SITS (Satellite Image Time Series) R package:
https://github.com/e-sensing

SOM neural network

Selection, analysis and
reduction of samples ()

!

Land use and cover
ground samples and
auxiliary data

Image time series
classification

M “‘ |11
WJ\![J‘JU

/L

Satellite Image
Time Series

Earth
Observation
Data Cubes

Big Earth Observation
Satellite Imagery
CBERS 4, Landsat 8, Sentinel 2

and Terra/MODIS

LONGITUDE

ARD and Data cubes available at:
http://brazildatacube.dpi.inpe.br/portal/explore

!

Smothing bayesian filter and
Masks (Water, Urban, ...)

Machine Leaning
1 Methods — SVM,

Land use change calculus RandonForest and Deep
1 Learning

Land use and
cover maps

el
* -

volD s

B 7. Sov_Fallow
B 8. Soy_Milet

9, Soy_Sunfower
B 10. Sugarcane
Bl 11 Urban Area

wid? - B 12 water
x“ -n
.t‘-. 3 4. Pasture 1. Cerrado
5. Soy_Com B 2. Fallow Cotton

B 2. Forest

Bl 5. Soy_Cotton

Land use and cover change maps:
http://brazildatacube.dpi.inpe.br/portal/expfore



Satellite Image Time Series (SITS) Analysis

Vegetation
Phenological Metrics
Extraction from SITS

Classification of . Disturbance/Change
SITS Clustering of SITS Detection from SITS

SOM (Self-
Organizing Maps)



Self-Organizing Maps (SOM) neural network for SITS clustering

2-D Neuron Grid

2 EEE
x(t)1 #
| gy |

X(0)n

Similar neighbourhood



SOM to identify different SITS patterns

Samples (2035) for class Soy_Corn in band = ndvi
1.00-

0.¥5-

0.25-

out 2015 jan 2016 abr 2016 jul 2016
Index

Samples (112) for class Soy_Corn in band = ndvi
1.00-

0.25-

out 2015 jan 2016 abr 2016 jul 2016
Index
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SITS patterns — dentro de uma gleba — Crédito Rural - SICOR

Cluster: 0
Cluster: 1
Cluster: 2
Cluster: 3
Cluster: 4
Cluster: 5
Cluster: 6
Cluster: 7
Cluster: 8

R:JangoBiriva

(A)

Vetores de Peso (NDVI) dos Neurénios SOM

N° de séries temporais: 624 N° de séries temporais: 732 N° de séries temporais: 679

N° de séries temporais: 128 N° de séries temporais: 93
08
06
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SITS patterns — dentro de uma gleba — Crédito Rural - SICOR

(A) | (B)



SITS patterns — dentro de uma gleba — Crédito Rural - SICOR

Il Cluster:
Il Cluster:
B Cluster:
Bl Cluster:
B Cluster:
B Cluster:
mw Cluster:
Cluster:
Cluster:

Vetores de Peso (NDVI) dos
Neurdnios SOM

0O NO LS WNMHO

N° de séries temporais: 264 N° de séries temporais: 696

N° de séries temporais: 111 N° de séries temporais: 173 N° de séries temporais: 271

— mean

08 codebook
04 \/\’\_/\\\f
0.2
0.0
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SITS patterns — dentro de uma gleba — Crédito Rural - SICOR

—27.882 -
—27.884 -
—27.886 -

—27.888 -

1 | 1 | | 1 1 I
-52.932 -52.931 -52.930 -52.929 -52.928 -52.927 -52.926 -52.925

(A) (B)



Satellite Image Time Series (SITS) Analysis

Classification of
SITS

Clustering of SITS

Disturbance/Change
Detection from SITS

CCDC (Continuous Change
Detection and
Classification)

BFAST (Breaks For Additive
Seasonal and Trend)

LSTM (Long Short-Term
Memory)

Vegetation
Phenological Metrics
Extraction from SITS



DistUrbios Florestais

Um disturbio pode ser entendido como um
evento relativamente discreto que ocorre
durante um curto periodo de tempo e que
perturba a organizacao de um ecossistema,
comunidade ou populacao

Processos naturais e antropogénicos

Anais do XX Simpdsio Brasileiro de Sensoriamento Remoto 2 a 5 de Abril de 2023
ISBN; 978-65-89159-04-9 INPE - Florianépelis-SC, Brasil

MAPEAMENTO DE DISTURBIOS FLORESTAIS NO ESTADO DO
MARANHAO POR MEIO DE SERIES TEMPORAIS E CUBOS DE DADOS

Wesley Augusto Campanhaml, Celso H. L. Silva-Junior®*, Mateus de Souza Macul®, Karine R. Ferreira® e Gilberto Ribeiro
de Queiroz*




Disturbance/Change Detection Methods

Wolume 123, August 2012, Pages 98-108

Remote Sensing of Environment E

Near real-time disturbance detection using
satellite image time series

Jan Verbesselt® © &=, Achim Zeileis 5 =, Martin Herold ? ! &=

Remote Sensing of Environment
Volume 144, 25 March 2014, Pages 152-171

Continuous change detection and
classification of land cover using all
available Landsat data

Zhe Zhu © &, Curtis E. Woodcock

- CCDC

Volume 238, 1 March 2020, 111116

Remote Sensing of Environment H

Continuous monitoring of land disturbance
based on Landsat time series

Zhe Zhu°® 8. &=, Junxue Zhang " b Zhigiang Yang %, Amal H. Aljaddani b Warren B. Cohen 9¢,

Remote Sensing of Environment H

Volume 252, January 2021, 112167

A near-real-time approach for monitoring
forest disturbance using Landsat time series:
stochastic continuous change detection

SuYe® 2 =, )ohn Rogan ®, Zhe Zhu B ]. Ronald Eastman ©

Shi Qiu ®, Congliang Zhou ®

SCCD




0 75 150 km

[ ] Federative Units of Brazil

[ Brazilian Legal Amazon

[ Municipalities of Apui and Novo Aripuana
I 2020 DETER Alerts

Alerts of deforastation detected in 2020 by DETER




L o LbERS 4

Rio_CB_ERS4YCamera PAN: 5m resolugao espacial
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Cameras CBERS-4

Caracteristica

PAN

MUX

WFI

Bandas Espectrais

0,51-0,85um (PAN)
0,52-0,59um (G)
0,63-0,69um (R)
0,77-0,89um (NIR)

0,45-0,52pum (B)
0,52-0,59um (G)
0,63-0,69um (R)
0,77-0,89um (NIR)

0,45-0,52pum (B)
0,52-0,59um (G)
0,63-0,69um (R)
0,77-0,89um (NIR)

Resolucao Espacial 5m/10m 20m 64 m
Largura da Faixa Imageada 60 km 120 km 866 km
Revisita 52 dias 26 dias 5 dias
Quantizacao 8 bits 8 bits 10 bits




N

3
CBERS-4/WFI >
Resolucdo espacial: 64 m_ =

Revisita: 5dias
Local: Oeste Bahia
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CBERS-4/MUX
Resolucéo espacial: 20 m
Revisita: 26 dias , -

Local: Oeste Bahia




CBERS-4/PAN10OM
Resolucéo espacial: 10 m
Revisita: 52 dias

Local: Oeste Bahia




CBERS-4/PAN5SM
Resolucéo espacial: 10 m
Revisita: 52 dias

Local: Oeste Bahia




Cameras CBERS-4A

Caracteristica

WPM

MUX

WFI

Bandas Espectrais

0,45-0,52pum (B)
0,52-0,59um (G)
0,63-0,69um (R)
0,77-0,89um (NIR)
0,45-0,90m (PAN)

0,45-0,52pum (B)
0,52-0,59um (G)
0,63-0,69um (R)
0,77-0,89um (NIR)

0,45-0,52pum (B)
0,52-0,59um (G)
0,63-0,69um (R)
0,77-0,89um (NIR)

Resolucao Espacial 2me8m 16 m 55m
Largura da Faixa Imageada 92 km 95 km 684 km
Revisita 31 dias 31 dias 5 dias
Quantizacao 10 bits 8 bits 10 bits
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CBERS-4A/WFI
Resolucéo espacial: 55 m
Revisita: 5 dias

Local: Barragem de Sobradinho, BA
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CBERS-4A/WPM
‘ Resolucéo espacial: 2m
" - Revisita: 31 dias
} - Local: Guarda Mor, MG













Camera AMAZONIA-1

Caracteristica

WEFI

Bandas Espectrais

0,45-0,52um (B)
0,52-0,59um (G)
0,63-0,69um (R)
0,77-0,89um (NIR)

Resolucao Espacial 64 m
Largura da Faixa Imageada 850 km
Revisita 5 dias
Quantizacao 10 bits




P

‘Amazonia-1/WFI

Resolucéo espacial: 64 m
Revisita: 5dias

Local: Ilha do Mel, PR
Imagem: Emiliano Castejo



s ~ Local: Bazios, RJ
Imagem: Emiliano
Castejon



Ima em: Emlllano Castejon
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Google Earth Engine

Ambiente de computacdao em
nuvem (Google).

Interface web e APl em JavaScript
e Python.

Colecdes de imagens de satélites
e outros dados.

Source: https://earthengine.google.com/

Interface web — scripts, visualizacao, ...

GO gle Earth Engine ee-krfgomes @
s TG N0 NS 00 N G

c var collection = ee.ImageCollection('LANDSAT/LCO8/C02/T1_TOA'); Use print(...) to write to this console.
Filter scripts... J

Q, Search places and datasets...

~ Owner
No accessible repositories. Click Refresh

1

2

3 print(ee.Image('LANDSAT/LC08/C02/T1_TOA/LCO8_044034_20140318'));
4 » Image LANDSAT/LC@8/C02/T1_T.. I1SON
5

Map.addLayer(ee.Image( 'LANDSAT/LC08/C02/T1_TOA/LCO8_044034_20140318")

to check again.
~ Writer

to check again.
~ Reader

to check again.

No accessible repositories. Click Refresh

No accessible repositories. Click Refresh

~ Archive
@,) i o o ny Hawtharne .
) Davis Layers - Map Satellite
Elk Grove Siliohiii
Vacaville Q °
L. rA
B 9 Bridgeport La
Sorlora Lee Vining :
Groveland ; )
- Yosemite June Lake W
Valley 9 Benton .
2 Mammoth
Lakes Dyer
TU"(')OCK Mariposa
Bishop
Merced Oakhurst i
o
Coarsegold Big Pine
Chowchilla g
Los Banos >
Madera
s 395
Firebaugh
N\ ) Independence
9 Fresno 3
S >
sS]anger Lone Pine
€M pinuba i
Kinggburg
Hanford  Visalia




Source: https://earthengine.google.com/

Google Earth Engine

Landsat Land and sea surface temperature




BIG EO DATA STREAMING SERVICES PROVIDED BY THE COPERNICUS DATA SPACE
ECOSYSTEM

Jan Musial’, Jedrzej Bojanowski I Jacek Leszczenski’, Grega Milcinski 2 Andras Zlinszky 2
Anja Vrecko 2 Dennis Clarijs 3 Jeroen Dries >, Uwe Marquard 4 Jurry de-la-Mar 4

CloudFerro /, Sinergise 2, VITO Remote Sensing ®, T-Systems

Big Data from Space 2023 (BiDS 2023):
https://dx.doi.org/10.2760/46796

Source: https://dataspace.copernicus.eu/ecosystem/services/cap-area-monitoring-services



WLTS - Colecdes

PRODES - Brasil TerraClass - Cerrado TerraClass - Amazonia TerraClass - Amazonia
2007 - 2022 2018 and 2020 2004, 2008, 2010, 2012, 2014 2020
http://terrabrasilis.dpi.inpe.br/ https://www.terraclass.gov.br/ https://www.terraclass.gov.br/geoportal-aml/ http://terrabrasilis.dpi.inpe.br/

MapBiomas 8.0 - Brasil IBGE LULC - Brasil DETER - Amazonia e Cerrado Lapig Pastagem - Brasil
1985 - 2022 2000, 2010, 2012, 2014, 2016, 2018 2018 - 2022 1985 - 2021
https://mapbiomas.org/ https://www.ibge.gov.br/ http://terrabrasilis.dpi.inpe.br/ https://atlasdaspastagens.ufg.br/map



Web Crop Phenology Metrics Service (WCPMS)

Latitude
Big EO Data Cubes

|

Web Time Series Service
(WTSS)

Longitude

value time

Start of Season |3350.0] 2020-02-19
End of Season |3066.3| 2020-06-10
Peak of Season |9014.6| 2020-04-07
Rate of Increase | 118.0
Rate of Decrease | 92.94

Phenological Metrics

Web Crop Phenology
Metrics Service (WCPMS)

6000

Date

(Server Side)

Time Series

A

WCPMS Python Client

_
jupyter

Jupyter Notebook

%

Brazil Data Cube Explorer

User

{Client Side |—




Web Crop Phenology Metrics Service (WCPMS)

plot_advanced_phenometrics(cube=datacube, ds_phenos=pms[9], shape=polygon, start_sowing="ope_inici
o_plantio", end_sowing="ope_fim_plantio", start_harvesting="ope_inicio_colheita", end_harvesting
="ope_fim_colheita")
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? Land use and land cover maps: TerraClass project

BRAZIL
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TerraClass
TERRACLASS AMAZONIA

MAPA DO USO E COBERTURA DA
TERRA NAS AREAS DESFLORESTADAS
DA AMAZONIA - 2020

TerraClass Cerrado lanca
mapeamento produzido
com tecnologias e dados
do projeto Brazil Data Cube

'y g A
4 % 4 Il Vesetagio Natural Primiria
~a /3 TerraClass & el S B s

Agricola Temporria De Mais De 1 Ciclo

DATA CUBE P& L 5 oo

LEGENDA

M VEG. NAT. FLORESTAL PRIMARIA
B VEG. NAT. FLORESTAL SECUNDARIA|
B SILVICULTURA
[0 PASTAGEM ARBUSTIVA/ARBOREA
"] PASTAGEM HERBACEA
I CULTURA AGRICOLA PERENE
B CULTURA AGRICOLA SEMIPERENE
CULT. AGRICOLA TEMP. DE 1 CICLO
CULT. AGRICOLA TEMP MAIS DE 1 CICLO
B MINERACAO
] URBANIZADA
I DESFLORESTAMENTO NO ANO
W CORPO DAGUA
NAD OBSERVADO
I NAO RLORESTA

] LIMITES BIOMA AMAZONIA
] UMITE ESTADUAL

Bl Cutras Arens Edificadas
[ outres uses

] Nso Observado

Bl Oestiorestamento No Ano
W corpo Diigua

exeacio

(CEE QY

INPE E bras): ]

UNIDAQE DE PESQUISA DO MCTI



06-03-2022

10000

Value

10000

Value

03-12-2022 -

Value

-1.00

Vegetacao Natural Primaria — Cubos Sentinel 2

NDVI - Amostra Vegetacao Natural Primaria

8000 A
6000 A

4000

12-07-2022 2000 -

Periodo Nuvem

EVI - Amostra Vegetacao Natural Primaria

8000 A

6000 A

4000 A

2000 A

NDWI - Amostra Vegetacao Natural Primaria

0.75 1

0.50 1

0.25 A1

0.00 A

—-0.25 A

—0.50 A

—0.75 1

01-01-2022

Time

31-12-2022

BRAZIL
DATA CUBE



06-03-2022 )
" Vegetagao Natural Primaria — Cubos Sentinel 2 ?’

BRAZIL
DATA CUBE
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Area Urbana — Cubos Sentinel 2
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Area Urbana — Cubos Sentinel 2

BRAZIL
DATA CUBE
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Agricultura - mais de 1 ciclo — Cubos Sentinel 2

BRAZIL
DATA CUBE
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Agricultura - mais de 1 ciclo — Cubos Sentinel 2

BRAZIL
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Pastagem — Cubos Sentinel 2
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Agricultura — 1 ciclo — Cubos Sentinel 2

NDVI - Amostra Cultura Agricula Temporaria de um Ciclo
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Agricultura — 1 ciclo — Cubos Sentinel 2 ?

BRAZIL
DATA CUBE
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Agua — Cubos Sentinel 2

BRAZIL
DATA CUBE
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NDVI - Amostra Agricultura Temporaria de 1 Ciclo

10000

8000

6000

Value

4000

2000 4

0 - - :
NDVI smoothed - Amostra Agricultura Temporaria de 1 Ciclo

10000

8000

6000

Value

4000

2000

T T T T T T
2022-01-01 2022-01-05 2022-01-09 2022-01-13 2022-01-17 2022-01-21

NDVI - Amostra Agricultura Temporaria Mais de 1 Ciclo

1] T T T
NDVI smoothed - Amostra Agricultura Temporaria Mais de 1 Ciclo

T T T T g y
2022-01-01 2022-01-05 2022-01-09 2022-01-13 2022-01-17 2022-01-21




Value

Value

NDVI - Amostra Pastagem

T T

NDVI smoothed - Amostra Pastagem

2022-01-01

2022-01-05

T T
2022-01-09 2022-01-13

NDVI - Amostra Agua

2022-01-17 2022-01-21

10000
8000 -
6000 -
4000 -

2000 -

—2000 +
—4000 4

NDVI smoothed - Amostra Agua

10000
8000 -
6000 -
4000 4

2000 -

—2000 4
—4000 4

/\——V

—

2022-01-01

2022-01-05

2022-01-09 2022-01-13

2022-01-17 2022-01-21




BFAST Monitor
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Satellite Image Time Series (SITS) Analysis

Vegetation
Phenological Metrics
Extraction from SITS

Classification of . Disturbance/Change
SITS Clustering of SITS Detection from SITS




Methods to extract vegetation phenological metrics

A review of vegetation phenological metrics extraction using time-
series, multispectral satellite data, Remote Sensing of Environment,
2020 (Zeng et al., 2020)

Table 4
Summary of main phenological metrics extraction methods for species-specific vegetation types from satellite imagery.
Methods Vegetation types Sensors Stage classification Specific Stages Method Classification Reference
Line segment fitted parameters and statistics Quercus petraea, Fagus AVHRR Physiological-based Budburst, senescence Empirical Statistics Duchemin et al.
ylvatica L phenological stages method (1999)
Inflection points determined by derivative Rice MODIS Physiological-based Planting, heading, and harvesting Empirical method Sakamoto et al.
phenological stages (2005)
Based on the parameters derived from the best fitted polynomial Potato MODIS General phenological stages 12 metrics for potato Empirical method Islam and Bala
curve (2008)
Use TIMESAT software to detect rice phenological stages Rice MODIS General phenological stages Start, peak and end of season Empirical method Boschetti et al.
(2009)
Derive phenological dates based on the optimum scaling parameters Corn and soybeans MODIS Physiological-based 8 stages for corn and soybeans Phenology matching Sakamoto et al.
and shape model. phenological stages respectively (2010)
Regress the ground measure degree days and VI values Sugarcane ASTER Physiological-based 6 stages Simulation Mobasheri et al.

phenological stages

(2010)
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do BDC.



Web Crop Phenology Metrics Service (WCPMS)

Latitude
Big EO Data Cubes

|

Web Time Series Service
(WTSS)

Longitude

value time

Start of Season |3350.0] 2020-02-19
End of Season |3066.3| 2020-06-10
Peak of Season |9014.6| 2020-04-07
Rate of Increase | 118.0
Rate of Decrease | 92.94

Phenological Metrics
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Web Crop Phenology Metrics Service (WCPMS)

WCPMS

Clients
? Give me the phenological metrics for this location
"G P
jupyter
J < ~
-«
'_| P Phenological metrics

9000 1 —— Raw NDVI
—— Smooth NDVI
8000 4

7000 -

6000 4

5000 A

4000 A

Vegetation Health (NDVI)

3000 +

2000 1

T T T T T T T
2022-01 2022-03 2022-05 2022-07 2022-09 2022-11 2023-01
Date

WTSS




Web Crop Phenology Metrics Service (WCPMS)

plot_advanced_phenometrics(cube=datacube, ds_phenos=pms[9], shape=polygon, start_sowing="ope_inici
o_plantio", end_sowing="ope_fim_plantio", start_harvesting="ope_inicio_colheita", end_harvesting
="ope_fim_colheita")
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