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...

Big data of remote sensing 
images modeled as 

multidimensional data cubes

Big data technologies and 
machine learning

Image time series 
analysis

Land use and cover 
mapping



Motivation

Technological innovation for the environmental 
monitoring projects of INPE

Forest Monitor - DETER Intenso
Service to visualize big Earth observation data on AWS

Mosaics – selection 
of the best pixels 
(free of clouds or 
cloud shadow) for 

periods.

TerraClass Cerrado 2020 (December, 2022) - BDC



Image time series analysis and machine learning to produce land use and cover information from big 
Earth observation data

Image time series NDVI, EVI, NIR, MIR - agriculture year 
MODIS – MOD13Q1 Product / Method – SVM (Support Vector Machine)

Land use and cover maps for Mato Grosso State in 
Brazil from 2001 to 2017, Scientific Data, 2020  
(Simoes et al., 2020)

Motivation



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

Motivation

Image time series analysis to extract 
vegetation phenological metrics. 



Image time series analysis to extract 
vegetation phenological metrics. 

Motivation



Objectives

(1) Analysis-Ready Data (ARD) of 
medium-resolution satellite images for 
Brazil: CBERS-4 Landsat 8/9 Sentinel 2.

Source: [Giuliani et al, 2017]

CEOS Analysis Ready Data for Land:
https://ceos.org/ard/index.html

Collections of Earth 
observation satellite 

imagens – ARD
Data cubes – four-
dimensional array. 

Source: [Kopp et al, 2019]

(2) Multidimensional data cubes.



Building data cubes

*bilinear resampling for better spatial resolution band

*

*

*

*

BDC Hierarchical Tiling System 



...

time

Day 0

Day 16

Day n

BDC – Small
Each tile: 105600m x 105600m

Sentinel-2/MSI – 10 meters
Each file (band/tile): 400 MB

Each tile: ~ 5.4 GB

brazildatacube.dpi.inpe.br/portal/explore

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; ...  



Source: [Sudmanns et al, 2022]

http://brazildatacube.org

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

https://www.swissdatacube.org/

Research and technological innovation Partnership with 
international and 
similar initiatives  Yellow: operational

Red: under development 



Objective

(3) Big data technologies, image time series analysis 
and machine learning methods .  

(4) Land use and cover classification.

Source: [Ferreira et al, 2020]

Data Cubes

LULC samples

LULC maps

SITS extraction

SITS Classification

Smoothing
Bayesian filter



Examples of NDVI time series

Landsat 8 image

Time series extracted from 
Landsat8 data cubes

NDVI time series -
September of 2019 to 
September of 2020 



SITS (Satellite Image Time Series) 
R package

https://github.com/e-sensing

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 = c(512, 512, 512, 512, 512), activation = "relu")

dl_model <- sits_train(samples, mlp_model)

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



SITS (Satellite Image Time Series) 
R package

https://github.com/e-sensing

Digital Earth Africa

Earth on AWS

Brazil Data Cube

Planetary Computer

Local files

Land use and cover map for 
Mozambique - 2016



TerraClass Cerrado 2020 
(Launched in December 2022)

TerraClass Amazônia 2020

Geospatial Data Science Computational Environment

Server-side processing 
infrastructure at INPE 

~ 33 Terabytes - Sentinel-2 data cubes (16-days) - 292 tiles 
~ 25,000 samples - Randon Forest classifier

Land use and land cover maps
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https://github.com/e-sensing

SITS (Satellite Image Time Series) R package:

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

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

CBERS 4, Landsat 8, Sentinel 2 

and Terra/MODIS   



Source: [Ferreira et al., 2020]

Software 

Data and 
metadata

Open 
Data and 
Software 
Products



Metadata Data cubes

Image time series

Clientes

Web Time Series 
Service (WTSS)



Web Land Trajectory 
Service (WLTS)



Source: [Ferreira et al, 2020]

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

BDC JupyterHub : Interactive computing

https://github.com/e-sensing 

SITS (Satellite Image 
Time Series) R package:

BDC Explorer 3.0 



~ 2 Petabytes (PB)

Big data

Source: [Ferreira et al., 2022]



Amazon Web Services (AWS)

GEO AWS Cloud Credit Program
U$ 60,000

Build Sentinel-2 data cubes on 
AWS for 2021

AWS Open Data 

Data Cube Builder On AWS



Challenge – Samples

Source: [Lorena Santos et al., 2021]

Methods to assess and improve the 

quality of land use and cover samples 



TerraCollect

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



Software systems
and services: 57

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

http://brazildatacube.org

https://doi.org/10.3390/rs12244033Papers in
journals and 
conferences:

2019: 9
2020: 14
2021: 12
2022: 10
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