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Source: Kuenzer et. al (2015)
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Abordagem pixel a pixel
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Abordagem por tempo: Time Series
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Caracterização de Séries Temporais



Cubos de Dados



Source: [Sudmanns et al, 2022]

http://brazildatacube.org

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

https://www.swissdatacube.org/

Iniciativas similares
Amarelo: operational

Vermelho: em desenvolvimento 

Cubos de dados pelo mundo



Analysis-Ready Data (ARD) de imagens 
de média resolução espacial para o 
Brasil: CBERS-4, CBERS-4A, AMAZONIA-1, 
Landsat 5-9, Sentinel 2, MODIS.

Source: [Giuliani et al, 2017]

Collections of Earth 
observation satellite 

imagens – ARD 
Data cubes – 

four-dimensional array.  

Source: [Kopp et al, 2019]

Cubos de dados Multidimensionais

Produção de ARD



MOD11A2
MYD11A2
MOD13Q1
MYD13Q1

CBERS-4 DN (MUX, WFI, PAN5, PAN10)
CBERS-4 SR (MUX, WFI)
CBERS-4A DN (WFI, WPM)
CBERS-4A SR (WFI)
AMAZONIA-1 SR (WFI)

Sentinel-1 (GRDH)
Sentinel-2 (L1C)
Sentinel-2 (L2A)      L2A COG
Sentinel-3 (OLCI)

Collection 2 L2
(Landsat-5
 Landsat-7
 Landsat-8
 Landsat-9)

Catalog Database

Publicação em 
banco de dados

Acesso

Produção de ARD



Consulta Obtém
Items

Reprojeta,
Reamostra,

Converte dado,
Mosaica e 

Recorta

Composição 
Temporal

Produção de Cubos de Dados



3 grades hierárquicas

Projection: Albers equal area and Datum: SIRGAS 2000
https://brazil-data-cube.github.io/specifications/bdc-projection.html

Grid: BDC – Small
Tamanho: 105600m x 

105600m

Grid: BDC – Medium
Tamanho: 211200m x 
211200m

Grid: BDC – Large
Tamanho: 422400m x 
422400m

Produção de Cubos de Dados: BDC Grid (V2)

https://brazil-data-cube.github.io/specifications/bdc-projection.html
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Produção de Cubos de Dados: BDC Grid (V2)
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Processamento de Cubo de dados
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Composição Temporal: Least Cloud Cover First (LCF)

Dia 03
Clear %: 0.5

Dia 06
Clear %: 0.7

Dia 09
Clear %: 0.6

Dia 12
Clear %: 0.8

Dia 15
Clear %: 0.1

Imagens disponíveis
em 16 dias



Composição Temporal: Least Cloud Cover First (LCF)

Dia 03
Clear %: 0.5

Dia 06
Clear %: 0.7

Dia 09
Clear %: 0.6

Dia 12
Clear %: 0.8

Dia 15
Clear %: 0.1

Imagens disponíveis
em 16 dias

CMask Descrição

0 clear land pixel

- clear water pixel

- cloud shadow

- snow

4 cloud

255 no observation{Clear

Sentinel-2 SCL 
(Scene Classification Layer) CBERS-4 CMASK



Composição Temporal: Least Cloud Cover First (LCF)

Dia 03
Clear %: 0.5

Dia 06
Clear %: 0.7

Dia 09
Clear %: 0.6

Dia 12
Clear %: 0.8

Dia 15
Clear %: 0.1

Imagens disponíveis
em 16 dias

Dia 03
Clear %: 0.5

Dia 06
Clear %: 0.7

Dia 09
Clear %: 0.6

Dia 12
Clear %: 0.8

Dia 15
Clear %: 0.1

Imagens Ordenadas pelo Clear %

Ordenação



2900

3150
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Composição Temporal: Least Cloud Cover First (LCF)

Dia 03
Clear %: 0.5

Dia 06
Clear %: 0.7

Dia 09
Clear %: 0.6

Dia 12
Clear %: 0.8

Dia 15
Clear %: 0.1

Imagens disponíveis
em 16 dias

Dia 03
Clear %: 0.5

Dia 06
Clear %: 0.7

Dia 09
Clear %: 0.6

Dia 12
Clear %: 0.8

Dia 15
Clear %: 0.1

Imagens Ordenadas pelo Clear %

Ordenação

Best pixel



3000

3100

3125

Composição Temporal: Least Cloud Cover First (LCF)

Dia 03
Clear %: 0.5

Dia 06
Clear %: 0.7

Dia 09
Clear %: 0.6

Dia 12
Clear %: 0.8

Dia 15
Clear %: 0.1

Imagens disponíveis
em 16 dias

Dia 03
Clear %: 0.5

Dia 06
Clear %: 0.7

Dia 09
Clear %: 0.6

Dia 12
Clear %: 0.8

Dia 15
Clear %: 0.1

Imagens Ordenadas pelo Clear %

Ordenação

Best pixel
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Composição Temporal: Least Cloud Cover First (LCF)

Dia 03
Clear %: 0.5

Dia 06
Clear %: 0.7

Dia 09
Clear %: 0.6

Dia 12
Clear %: 0.8

Dia 15
Clear %: 0.1

Imagens disponíveis
em 16 dias

Dia 03
Clear %: 0.5

Dia 06
Clear %: 0.7

Dia 09
Clear %: 0.6

Dia 12
Clear %: 0.8

Dia 15
Clear %: 0.1

Imagens Ordenadas pelo Clear %

Ordenação Best pixel



Composição Temporal: Least Cloud Cover First (LCF)

Dia 03
Clear %: 0.5

Dia 06
Clear %: 0.7

Dia 15
Clear %: 0.1

Imagens disponíveis
em 16 dias

Dia 06
Clear %: 0.7

Dia 12
Clear %: 0.8

Dia 15
Clear %: 0.1

Imagens Ordenadas pelo Clear %

Ordenação

Best pixel



Bandas dos Cubos de Dados

ClearOb 

Provenance

TotalOb

Attributes Description

Spectral 
Bands

Surface reflectance bands Images processed as surface reflectance level

Extras 
Bands

Provenance Day of the year indicating the source image sensing date

ClearOb
Number of Clear Observations (No cloud, or Cloud 

Shadow) in the temporal compositing period.

TotalOb
Total Number of Observation in the temporal 

compositing period.

Quality (Cloud Mask) Cloud, Cloud Shadow and clear observation mask

Spectral 
Indices

NDVI Normalized Difference Vegetation Index

EVI Enhanced Vegetation Index

NBR Normalized Burn Ratio Index



Coleção original vs Cubos de Dados

2025-03-18 2025-03-20 2025-03-22 2025-03-23 2025-03-25

16 dias “agrupados”



Coleção original vs Cubos de Dados

Séries Cubo de dadoSérie dado original



CBERS-4A/WPM - COG 
Multispectral, Fusioned Pan

(2 metros)

CBERS-4A/WFI - L4-SR - COG
(55 metros)

CBERS-4/WFI - L4-SR - COG
(64 metros)

CBERS-4/MUX - L4-SR - COG 
(20 metros)

AMAZONIA-1/WFI - L4-SR - 
COG (64 metros)

Coleções CBERS-4, CBERS-4A and AMAZONIA-1



CBERS-4A/WPM - COG 
Multispectral, Fusioned Pan

(2 metros)

CBERS-4A/WFI - L4-SR - COG
(55 metros)

CBERS-4/WFI - L4-SR - COG
(64 metros)

CBERS-4/MUX - L4-SR - COG 
(20 metros)

AMAZONIA-1/WFI - L4-SR - 
COG (64 metros)

CBERS-4/MUX (20 metros)
3 meses

[Maio-Junho - 2020]

CBERS-4 WFI  - Brazil
(64 metros)

RGB: B15 - B16 - B13
Resolução: 64m

CBERS-4/WFI (64 metros)

CBERS-4/WFI (64 metros) +
CBERS-4A/WFI (55 metros) 

Coleções CBERS-4, CBERS-4A and AMAZONIA-1



6 meses

[Julho-Dez. - 2017]

RGB:  B6 -B5 - B4
Resolução: 30m

Landsat-5/TM (30 metros)
Landsat-7/ETM+ (30 metros)

Landsat-8/OLI (30 metros)
Landsat-9/OLI2 (30 metros)

Landsat-8  - OLI - Brazil
(30 metros)

Landsat Collection 2 - Level-2
(30 metros)

Coleções Landsat



Sentinel-2 - Level-2A - Bundle

Sentinel-2 - Level-2A - COG

Sentinel-2 - Level-1C - Bundle

Sentinel-2/MSI - Level-2A - 
Data Cube - LCF 16 days

(10 metros)

3 meses
[Junho-Ago. - 2022]

Sentinel-2  - MSI - Amazonia
(10 metros)

RGB: B11, B8A, B04
Resolução: 10mSentinel-3/OLCI - Level-1B Full 

Resolution

Sentinel-1 - Level-1 - GRD

Coleções Sentinel-1, Sentinel-2, Sentinel-3



4 meses
[Junho-Set. - 2022]

Sentinel-2 - MSI - Cerrado
(10 metros)

RGB: B08, B04, B03
Resolução: 10m

6 meses
[Abril (2019)  - Abril (2022)]

(7 mosaicos de 6 meses) 

Sentinel-2 - MSI - Yanomami Reserve
(10 metros)

RGB: B11, B08, B04
Resolução: 10m

Mais exemplos de  Mosaicos Sentinel-2



TERRA/MODIS (MOD13Q1) 
(250 metros)

Time Step: 16 dias
Timeline: 2000 - 2025*
Grid: STG

AQUA/MODIS (MYD13Q1) 
(250 metros)

Time Step: 16 dias
Timeline: 2002 - 2025*
Grid: STG

TERRA/MODIS (MOD11A2) 
(1 km)

Time Step: 8 dias
Timeline: 2000 - 2025*
Grid: STG

AQUA/MODIS (MYD11A2) 
(1 km)

Time Step: 8 dias
Timeline: 2002 - 2025*
Grid: STG

Coleções MODIS



GOES-13/Imager - Level-3 - 
VIS/IR Imagery (Binary)

GOES-16 Cloud & Moisture 
Imagery

Timeline: 25/11/2011 - 
     01/08/2018

Timeline: 03/04/2019 - 
     2025

Coleções GOES

GOES-19 Cloud & Moisture 
Imagery

Timeline: 2025



Coleções Classificações de uso e cobertura da Terra



INPE STAC https://data.inpe.br/bdc/stac/v1/

Links úteis

STAC Browser 
https://data.inpe.br/stac/browser

BDC Explorer 
https://data.inpe.br/bdc/explorer

QGIS Plugin

https://data.inpe.br/stac/browser/?.language=en
https://data.inpe.br/bdc/explorer/explore


Desafio - Big data



Técnologias de Big data, análises de séries temporais 
e métodos de aprendizagem de máquina.

Classificação de uso e cobertura da Terra

Source: [Ferreira et al, 2020]

Data Cubes

LULC 
samples

LULC maps

SITS extraction

SITS Classification

Smoothing
Bayesian filter

Além dos dados: A plataforma Brazil Data Cube
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metadados

Open 
Data and 
Software 
Products
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Software 
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Open 
Data and 
Software 
Products



https://github.com/brazil-data-cube
https://github.com/brazil-data-cube/code-gallery

https://github.com/brazil-data-cube




INPE STAC:
https://data.inpe.br/bdc/stac/v1/

https://data.inpe.br/bdc/stac/v1/collections/S2_L2A-
1/items?bbox=-45.9700,-23.2740,-45.8700,-23.0740
&datetime=2024-01-01/2024-01-31&limit=20

INPE STAC Browser: 
https://data.inpe.br/stac/browser/?.language=en

https://data.inpe.br/bdc/stac/v1/
https://data.inpe.br/bdc/stac/v1/collections/S2_L2A-1/items?bbox=-45.9700,-23.2740,-45.8700,-23.0740&datetime=2024-01-01/2024-01-31
https://data.inpe.br/bdc/stac/v1/collections/S2_L2A-1/items?bbox=-45.9700,-23.2740,-45.8700,-23.0740&datetime=2024-01-01/2024-01-31
https://data.inpe.br/bdc/stac/v1/collections/S2_L2A-1/items?bbox=-45.9700,-23.2740,-45.8700,-23.0740&datetime=2024-01-01/2024-01-31
https://data.inpe.br/stac/browser/?.language=en




Metadata Data cubes

Image time series

Clientes

Web Time Series Service (WTSS)



Web Time Series 
Service (WTSS)



Web Time Series 
Service (WTSS)



Web Land Trajectory Service (WLTS)



Web Land Trajectory Service (WLTS)



Web Land Trajectory Service (WLTS)



Web Crop Phenology Metrics 
Service (WCPMS)



Web Crop Phenology Metrics 
Service (WCPMS)



Web Crop Phenology Metrics 
Service (WCPMS)

from wcpms import *

# Defines URL of a instance of the WCPMS
wcpms_url = "http://data.inpe.br/bdc/wcpms"

# Defines a data cube query from Brazil Data
# Cube (BDC)
datacube = cube_query(

collection="S2-16D-2",
start_date="2022-01-01",
end_date="2022-12-31",
freq="16D",
band="NDVI"

)

# Retrieving the phenological metrics
pm = get_phenometrics(

url = wcpms_url,
cube = datacube,
latitude=-13.67705998895876,
longitude=-52.47134616677471

)

# Visualizing the phenological metrics
print(pm)
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Source: [Ferreira et al, 2020]

BDC Explorer
Web Portal



https://data.inpe.br/bdc/explorer/

Data Cube Explorer is a web 
portal for visualizing data cubes, 
image collections and 
classifications.

Data Cube Explorer



https://data.inpe.br/bdc/explorer/

Data Cube Explorer
● DC Explorer has a set of features 

for viewing and downloading 
image collections, some of which 
are:
○ Spatio-temporal search of data 

cubes, image collections and 
classifications;

○ Temporal visualization of 
images, with timeline;

○ Visualization of time series and 
Earth's trajectory;

○ Editing the RGB composition of 
images;

















TerraCollect
web platform to collect and analyze land use and cover samples.



TerraCollect Overview

● TerraCollect is a web tool from 
Brazil Data Cube for sample 
collection and analysis 
work.

● It provides high-resolution 
multi-temporal images 
through image collections 
from Brazil Data Cube.

● One of the features of it the 
TerraCollect is the integration 
with the Brazil Data Cube 
earth sample database, the 
Sample-DB.

https://data.inpe.br/bdc/terracollect



TerraCollect integrated features

View time series and land trajectory graphs

Viewing cubes and image collections, with timeline Edit the RGB composition from the cubes and image collections

View external maps such as  PRODES, TerraClass e MapBiomas



































BDC Lab
Interactive computing



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



Brazil Data Cube: https://data.inpe.br/bdc/web

Brazil Data Cube Explorer: https://data.inpe.br/bdc/explorer

Brazil Data Cube Github.io: https://brazil-data-cube.github.io

Brazil Data Cube Github: https://github.com/brazil-data-cube

Brazil Data Cube Github Code Gallery Repository: 
https://github.com/brazil-data-cube/code-gallery

INPE STAC Browser: https://data.inpe.br/stac/browser

Links úteis

https://data.inpe.br/bdc/web
https://data.inpe.br/bdc/explorer/explore
https://brazil-data-cube.github.io/
https://github.com/brazil-data-cube
https://github.com/brazil-data-cube/code-gallery
https://data.inpe.br/stac/browser/?.language=en


Fluxo

Visualizar
(True Color e False Color)

Clusterização

Visualizar imagem do pico e 
do vale da série temporal para 

análise

Extração de métricas 
fenológicas

Buscar imagens Obter uma série temporal

Comparação com projetos 
existentes

Catalog 
Database



Obrigado!

@brazildatacube

bdc.team@inpe.br

http://brazildatacube.org https://data.inpe.br/bdc/explorer/explore


