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Big data of remote sensing
images modeled as
multidimensional data cubes

Image time series
analysis

Land use and cover
mapping

BRAZIL
DATA CUBE

Big data technologies and
machine learning
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Motivation

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

Earth observation data
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Oct Jan Apr Jul Oct Jan Apr Jul Oct Jan Apr Jul Land use and cover maps for Mato Grosso State in
Time Brazil from 2001 to 2017, Scientific Data, 2020
(Simoes et al., 2020)
Bands — ndvi — evi — nir — mir

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

Image time series analysis 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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Motivation ? :

Image time series analysis to extract

vegetation phenological metrics.
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Figura 4. Métricas fenoldgicas de inicio, fim e maximo vigor vegetativo de plantio ex-
traidas para soja (a), milho de primeira safra (b) e algodao (c) utilizando séries Sentinel-
2A/B de NDVI a cada 16 dias.




Objectives

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

(2) Multidimensional data cubes.

CEOS Analysis Ready Data for Land:
https://ceos.org/ard/index.html
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Source: [Giuliani et al, 2017]
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Building data cubes

Original images Merged images Identity data cube
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brazildatacube.dpi.inpe.br/portal/explore
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For each tile and time step, there are a
time set of COG (Clould Optimized GeoTIFF)

files:
BDC — Small
(1) Spectral bands from original images; Each tile: 105600m x 105600m
(2) Vegetation indices (EVI and NDVI);
(3) Cloud mask; (4) number of valid Sentinel-2/MSI — 10 meters
observations (excluding cloud, cloud Each file (band/tile): 400 MB

shadow..); (5) data provenace; ... Each tile: ~ 5.4 GB
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Research and technological innovation Partnership with
international and

Yellow: operational  SiMilar initiatives

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

. data mbPy)
Article
> Paving the Way towards an Armenian Data Cube
BRAZIL (j%.f
DATA CUBE V 2e7)
http://brazildatacube.org Swiss
Data
Cube

https://www.swissdatacube.org/
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Digital Earth Americas ‘0 AUSTRALIA
A vision for a solution that provides relevant Earth observation data for the benefit of the . HP :
Jor a solution that p vant Bart fion data for the benefit of & https://digitalearthafrica.org/ https://www.dea.ga.gov.au/




Objective

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

(4) Land use and cover classification.

Deep Learning

Smoothing

Bayesian filter

Source: [Ferreira et al, 2020]
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Examples of NDVI time series

Landsat 8 image

Time series extracted from
Landsat8 data cubes

NDVI time series -

Pastagem
September of 2019 to
os September of 2020
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Samples (258) for class Pasture in band = NDVI

SITS (Satellite Image Time Series) -
R package N

https://github.com/e-sensing

LULC samples

EO data cubes

Satellite Imagery

LATITUDE

LONGITUDE

oooooo
ooooooo
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oooooo

LR R

-~ AR SRR

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 =

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

dl_model <- sits_train(samples, mlp_model)

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

"2019-08-28")

"Ielu")
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SITS (Satellite Image Time Series)
R package

https://github.com/e-sensing

—

1 Local files
— P R—
e~ g e LN
SpatioTemporal
Earth on AWS Asset Catalog
/ \ Planetary Computer
Digital Earth Africa Brazil Data Cube

Land use and cover map for
Mozambique - 2016

1 Area Alagada
B 2 Cultivo
3 Floresta
B 4 Outras terras
5 Pradarias
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Land use and land cover maps TerraClass Cerrado 2020

(Launched in December 2022)

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

Geospatial Data Science Computational Environment

% TerraClass
%
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8
@ Retrieving the Time Series DRTACEAE :"
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T l_!

WLTS BDCSTAC  SITS

TERRACLASS AMAZONIA

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

Server-side processing
infrastructure at INPE

=< IBGE

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



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 1
ground samples and
auxiliary data Image time series

classification

M W el !
w\)\!"ﬂam Smothing bayesian filter and
N
Masks (Water, Urban, ...) Machine Leaning

- 1 Methods — SVM,

Sat.ellite IrT\age Land use change calculus RandonForest and Deep
Time Series 1 Learning

Land use and

Earth
Observation
Data Cubes

B 7. Soy_Fallow
B 8. Soy_Millet

9. Soy_Sunfower
B 10. Sugarcane
El 11 Urban Area

Big Earth Observation PN B 12, water
‘- > ~
Satellite Imagery \tv‘ X 4. Pasture 1. Cerrado
CBERS 4' Landsat 8' Sentinel 2 5. Soy_Comn | 2. Fallow_Cotton
Bl 5. Soy_Cotton [ 3. Forest

and Terra/MODIS

LONGITUDE

Land use and cover change maps:

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

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



DATA CUBE

Open
Data and
Software
Products

Software

Data and
metadata
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Applications

JupyterHub

Series (SITS) R package

Cube (ODC)

{ Web Portal } [Fo rest Monito r} [Interactive computing] [ Satellite Image Time ] [ Open Data }

s

Services
N
Web Time Series Service Web Sample Assessment Web Land
(WTSS) Service (WSAS) Trajectory Service (WLTS)
vy

SpatioTemporal Asset
Catalog (STAC) Service

p
Tile Map OGC Web Services -
Service (TMS) WFS, WMS e WCS

o

Web Land Classification
System Service (WLCSS)

Data and metadata
F e ~
' 1
. O S
' 1
1
: ' Metatjata - Land use and Land use and
! . . collections of cover samples cover data sets
i Image Data cube 1 images and data and metadata and metadata
1 collections collections 1 cubes
1
1
. e e e e e e e e, e, —_- - 1

External providers Data acquisition, processing and data cube generation

% (Image acquisition, ARD builder and

Image A
collections metadata publishing)

Image Collection Builder Data Cube Builder

(Warping, temporal compositing,
and metadata publishing)

Source: [Ferreira et al., 2020]
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Web Time Series
Image time series Service (WTSS)

| ]EVI | J MDYV ] band4 [ ] band3
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Clientes

Satelite imagery

7T

BOC STAC -

Metadata Data cubes
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Web Land Trajectory
Service (WLTS)

AR

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

WLTS

Web Land
Trajectory
Service

-

Land use and cover trajectory at this location in PA

Deforestation

Deforestation

Pasture

Forest T cl
(PRODES) (DETER) (PRODES) (Terucidss)
2012 2013 2014

.

TerraClass

gy
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et s
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M"‘j’u-;‘ =

DETER

Land use and
cover data sets




Applications

. Interactive computing Satellite Image Time Open Data
Web Portal | | Forest Monitor JupyterHub Series (SITS) R package | | Cube (ODC)

BDC Explorer 3.0

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

SEARCH RESULTS

OPEN
DATA
CUBE

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

Select Resources

) Data CUbeso v

French
Quiana

Collections v Suriname

@) Cclassifications v Ecuador

ki v BDC JupyterHub : Interactive computing

Erazil
Reg|°n Z JupyterLab x
‘Samples (258) for class Pasture in band = NDVI
< C @& brazildatacube.dpi.inpe.br/jupyter-2003/user/efelipecarlos_at_gmail.com/lab?
il ssoX ADDRESS ' File Edt View Run Kemel Tabs Seitngs Hel
B g P

7/ 02_CB4 64 16D_STK-1 CIx

B+ X 0O [ » m Cc » Markdown v

West, South, East, North )
Classify the datacube

Paraguay

This is a time-consuming process

Select the Period

probs <- sits_classify(data = cube,
ml_model = dl_model,
Start Date Last Date “a memsize = classification_memsize,
2017/01 B m p i multicores = classification multicores,
/01 2019/12/30 TIOUA roi = roisclassification_roi,
o eutput_dir = output_dir)

Arger lina

Using 2 blocks of size 888 x 2725

starting classification at 2021-03-26 14:54:15

Elapsed time 19.5 minute(s).
Estimated total process time 39 minute(s)...

Classification finished at 2021-03-26 15:33:30. Total elapsed time: 39.2minute(s).

Generate classification label map

Lat: -34.17489 | Lng: -88.90514
—m Leaflet | collection_grid_BDC_MD| probs_smoothed <- sits_smooth(probs, type = "bayes®, output_dir = output_dir)

labels <- sits label classification(probs smoothed, output dir = output dir)
Data Cube Explorer - v1.0.3, Copyright (©)

Visualizing classification map

0O 2@ NoKemel|lde Saving completed Mode: Command &




Big data

~ 2 Petabytes (PB)

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

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

Landsat-8 SR
108 TB

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

m 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]
5TB (1%)

Source: [Ferreira et al., 2022]
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Amazon Web Services (AWS)

Data Cube Builder On AWS

Build Sentinel-2 data cubes on
AWS for 2021

AWS Open Data

prepare :
w Data Cube Builder on AWS ; .
i i
Data Cube : — — '
K_ A ! '
Cloud Setup 8l : :
prepare LS ! | £0 Data ! Amazon
! mage a ' DynamoDB
g STAC PostgreSQL publish : Collection Cube E
Data Cube l ]
Manager | MY
1
l SQS: Amazon Simple Queue | AWS Lambda
| Service H .
5 o B B . ® . GEO AWS Cloud Credit Program GED
3 = U$ 60,000
Amazon Orchestrator Merge Blend Publish i E Merge  Blend Publish E ?(T'ZZS?: / aWS
APl Gateway @~ 0 0TTToToooooosogessoosoogmsoos momecfbosooooofosoooooooooo oo >)
1 1
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Challenge - Samp|es Methods to assess and improve the
qguality of land use and cover samples
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TerraCollect

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

Activities *) Firefox Web Browser ~

9

=
[ 1
)

quivo Editar Exibir Histc amentas Ajuda
& TerraCollect +
C @ [O & = hitpsy/brazildatacube

B Q
PROJETOS COLETA

L&)

TerraCollect

TerraClass-Teste
&, TerraClass-Teste

/" Nova coleta B

07/31/2019
I«

Activities  #) Firefox Web Browser v

Arquivo Editar Exibir Histérico Favoritos Ferramentas

PROJETOS
E TerraClass-Teste

&, TerraClass-Teste

»

/" Nova coleta B

Web Land Trajectory Service (WLTS)

®©0 000000 OOOGEGGSOSEOSES
Mapas Base 1985 1990 1995 2000 2005 2010 2015 2020

Web Time Series Service (WTSS)

@D Sentinel ... s B v

0.8

0.6
(D Landsat-8 ... RS B

0.4
€P) PlanetMa ... » v e

prodes_amazonia_legal-v2:Floresta
mapbiomas-v6:Formagao Florestal
terraclass_amazonia-v2:Pastagem Cultivada Herbacea
terraclass_amazonia-v2:Pastagem Cultivada Arbustiva
terraclass_cerrado:No-data

—— LC8_30_16D_STK-1:NDVI

2017 2018 2019 2020

https://brazildatacube.dpi.inpe.br/dev/terracollect/#close TerraCollect - v0.3.0, Copyright (©) 2021 INPE, Embrapa & IBGE

2021
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TerraCollect - v0.3.0, Copyright (©) 2021 INPE, Embrapa & IBGE
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http://brazildatacube.or

Home  About ~ Data  Software  Publications News  Opportunity 56 - Sogren Q

@ Brazil Data Cube

tion and analysis of large volumes of

ng images modeled as multidimensional data

ibes for the entire Brazihan territory

Papers in https://d0oi.org/10.3390/rs12244033

journals and [ ‘ . https://github.com/brazil-data-cube
conferences: [ RAtitddisiat wopy

Article

2019: 9 Earth Observation Data Cubes for Brazil: Software systems
2020: 14 Requirements, Methodology and Products and services: 57

202 1: 12 Karine R. Ferreira *', Gilberto R. Queiroz ', Lubia Vinhas "7, Rennan F. B. Marujo ",
Rolf E. O. Simoes ', Michelle C. A. Picoli ", Gilberto Camara ", Ricardo Cartaxo,
2022: 10 Vitor C. F. Gomes, Lorena A. Santos 7, Alber H. Sanchez ', Jeferson S. Arcanjo,

José Guilherme Fronza **, Carlos Alberto Noronha, Raphael W. Costa, Matheus C. Zaglia,
Fabiana Zioti ", Thales S. Korting ", Anderson R. Soares ', Michel E. D. Chaves

and Leila M. G. Fonseca
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BRAZIL
DATA CUBE

Software developers,

Associate researchers,

Master and PhD
students.

Karine
Ferreira

Claudio ' Gilberto
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y Luis
Fonseca Maurano

INPE Researchers

A9
Gilberto
Queiroz

' Del’Arco

Ricardo Thales
Cartaxo | Korting
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