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@’ 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.

PRODES

DETER

Deforestation Near real time Land use monitoring in

monitoring deforestation alerts deforested areas Legenda
- Floresta

SINCE 1988 SINCE 2004 SINCE 2004 B +icrogratia

. Desflorestamento 2014
. Desflorestamento 2015
. Desflorestamento 2016

Annual maps

2E -
Pt R e S b »
| I : ; o, v ”
=
“ -
Ay S, -5 ¢
. T, 3 .
3
" .
R e e
RE L
° + ™
0 = °
o o
®
® o’
e

- Nao floresta
- Desflorestamento 2008
Agricultura anual

I Agropecuaria

Area urbana

Desmatamento corteraso PSRN
01/01/2019
a0
O R 27/01/2019

3
\1\ i Corte seletivo desordenado
N 27/01/2019
If

!
!

Mineragéo

- Outros

| Pasto com solo exposto

Pasto limpo
~ Pasto sujo

- Regeneragéo com pasto
- Vegetagdo secundaria

E Area nao observada

Pz |

Daily alerts Biannual maps




Landsat (30 meters)

Clear-cut deforestation by PRODES

Landsat (30
meters)

Créditos: Luis Eduardo Maurano (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
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Visual interpretation of EO satellite
images with distinct spatial and
temporal resolutions.
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Web portal to disseminate the
deforestation data sets
produced by PRODES and
DETER.

Open data.

Map visualization and
dashboards.

Spatial analysis tools.

INDE

Infraestrutura Nacional
de Dados Espaciais
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Challenge: Big data sets of EO satellite images

OSTM/Jason 2

Source: eospso.nasa.gov

COPERNICUS AND ITS SENTINELS

European Earth Observation Programme Copernicus: observing our planet for a safer world
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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
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BRAZIL
DATA CUBE

2 Petabytes (PB)

remote sensing images

? ARD and EO Data Cubes for the entire Brazilian territory
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Big data

BRAZIL
DATA CUBE

Landsat-8 SR
108 TB

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

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

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]
57TB (1%)

Source: [Ferreira et al., 2022]




Building data cubes
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Egoam

Imgfil

P:COMDY

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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BDC — Small
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)
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Potential of image time series and machine learning

Pasture
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Source: [Simoes et al., 2020]
Image time series: NDVI, EVI, NIR, MIR (agriculture year)
Land use and cover maps for Mato Grosso State in Brazil from

MODIS (250 meters) — MOD13Q1 product 2001 to 2017

Method — SVM (Support Vector Machine) 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
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Sentinel-2 RGB
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NDVI Time Series — Sentinel-2 Data Cube (16-days)

BRAZIL
DATA CUBE

Sentinel-2 RGB
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BRAZIL
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NDVI Time Series — Sentinel-2 Data Cube (16-days)
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Software
Open
Data and
Software
Products
Data and
metadata

Source: [Ferreira et al, 2020]

? Brazil Data Cube Platform
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Applications

: Interactive computing Satellite Image Time Open Data
{ Webkortal ] [Forest Monltor] [ JupyterHub ] [Series (SITS) R package | | Cube (ODC)

s

[Web Time Series Service } [ Web Sample Assessment } [ Web Land ]
T

Services

(WTSS) Service (WSAS) rajectory Service (WLTS)

[ SpatioTemporal Asset }[ Tile Map
S

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

WFS, WMS e WCS System Service (WLCSS)

Data and metadata
il Rt ~
' O >
; 1
i 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 ! cubes
]
]
N e e e e e e e l

External providers Data acquisition, processing and data cube generation

(Image acquisition, ARD builder and

Image i e
collections metadata publishing)

Image Collection Builder Data Cube Builder

(Warping, temporal compositing,
and metadata publishing)

Source: [Ferreira et al., 2020]



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

SOM neural network

Selection, analysis and X . . .

- _\ N
reduction of samples (&) [ 1@

Land use and cover 1
ground samples and
auxiliary data Image time series

classification

|11 1
MMW \.!Itﬂu'l t." Smothing bayesian filter and

Masks (Water, Urban, ...) Machine Leaning
1 Methods — SVM,
Sat_rellite Irpage Land use change calculus RandonForest and Deep
Time Series Learning

1

Land use and
cover maps

Earth
Observation
Data Cubes

B 7. Soy_Fallow
B 8. Soy_Milet
9, Soy_Sunfower

‘ T ‘ . = B 10. Sugarcane
'.;.‘*’ "-‘. . "‘: Bl 1. urban Area
Big Earth Observation - B 12 water
Satellite Imagery \v S X 4. Pasture 1. Cerrado
5. Soy_Comn | 2. Fallow_Cotton

CBERS 4, Landsat 8, Sentinel 2
T T and Terra/MODIS

Bl 5. Soy_Cotton [ 3. Forest

Land use and cover change maps:

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

http://brazildatacube.dpi.inpe.br/portal/explore
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TerraClass Cerrado 2020 (Launched in December 2022)

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

TerraClass

DATA CUBE
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] outres Uses
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W Corpo Diigua

INPE
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TerraClass Amazonia 2020

Land use and land cover maps: TerraClass project

0w

5w

0w

sow

'+

4

| ®

Terra
TERRACLASS AMAZONIA

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

LEGENDA

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

[] PASTAGEM ARBUSTIVA/ARBOREA
(] PASTAGEM HERBACEA

[ CULTURA AGRICOLA PERENE

I CULTURA AGRICOLA SEMIPERENE
[T CULT. AGRICOLA TEMP. DE 1 CICLO
[ CULT. AGRICOLA TEMP MAIS DE 1 CICLO
[ MINERAGAO

[T URBANIZADA

I DESFLORESTAMENTO NO ANO
B CORPO DAGUA

[~] NAO OBSERVADO

I NAO FLORESTA

[ LIMITES BIOMA AMAZONIA
] uMITE ESTADUAL

FNNCIAMENTO Execucio

Em@a @




Partnership with international and similar initiatives

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

. data

Article
Paving the Way towards an Armenian Data Cube

BRAZIL
DATA CUBE

http://brazildatacube.org

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 . HeH H
Jor asolution thatp mericas fon datafor the benefitef https://digitalearthafrica.org/ https://www.dea.ga.gov.au/




http://brazildatacube.orqg

HOme About ~ Data Software Publications News Upportunity = v

Brazil Data Cube

Production, visualization and analysis of large volumes of

remote sensing images modeled as multidimensional data

cubes for the entire Brazilian territory

Read more




Code Galery

BRAZIL http://brazildatacube.org
DATA CUBE

= README.md
Packages —
N = kagg|e Q search

Brazil Data Cube Code Gallery ?
Contributors 7

Liconse BIE] siccrcie matiing | renser SRR &0 ot MBGaRE ARQOGHE Create

This reposilory contains a gallery of interesting Jupyter R and scripts based on Brazil Data > ; .

Cube data and technologies. Brazil Data Cube
Languages Home

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

© Jupyter Notebook 96 2% @ R3IE%

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

Competitions S&o José dos Campos, State of S&o Paulo, Brazil

Data Access through SpatioTemporal Asset Catalog API (STAC) Joined 2 years ago - last seen 2 days ago

Datasets O v

B v Q@ |+

« Introduction to the SpatioTemporal Asset Catalog. (Python, R)

« Image processing on images obtained through STAC.

Web Time Series Service (WTSS)

sbsr2023-wtss-introduction
ython

Updated 2d ago - workshop-2021-03-wtss-introduction-python
0 comments - No attached data sources Fle Edt View Run Addons  Hep

+ @B X OB > »wen  Code -

Coverage 52-SEN2COR_10_16D_STK-1

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

« Web Time Series Service (WTSS) examples. (Python, R).

Web Land Trajectory Service (WLTS) sbsr2023-wtss2
Updated 12d ago

0 comments - No attached data sources

Description: This dalacube was generated wih sl avadable surface reflectance mages processed using Sen2oor (Rumwation comect]
al ComposaNg Nuncion of 16 days Using (he best pel ApProach (Stack)

« Introduction to the Web Land Trajectory Service (WLTS). (Python, R)
item = collection.get items(filter={ bbox -65.0, -10.32, -63.8, 9077
detetine’ :'2018-07-01/2019-08-31°, 'limit 'y
e Fgure et i iten descripion  datarype v range  scale  nodat
) [ 0.0, wan' 100000) 00001 99990

sbsr2023-sample-quality-control-using-som |....... MUSRO: 13 AEASAE 2 LIt 2 w8 (w00 war 100000 00001 9080
Upaated 12c-400 - 52-5ENZCOR.10.160. STK v001.077005,2018-12-10.2018-12-31 o i S toes

+ Web Land Trajectory Service (WLTS) examples. (Python).

Tile Map Service (BDC-Tiler)

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

" ey 00 wan’ 100000 00001 S9N 0
0 comments - sits bundle fhectoms. i (e 00 W' 100000) 00001 99980
S2-SEN2COR 10 16D STK w001 077098 2018-12-19 20181231
—— Collection: 52-SEN2COR_10_16D_STx-1

Datetime: 2018-12-19T00:00.00 ot Otwerwation Count - e 1.0 wae' 2550 10
sbsr2023-machine-learning-for-data-cubes STAC Version: 0.9.0 WCnCo - (CiaacIng 18

pom | overinc e wabw Ouy of Yo "ie e 10w 6.0 10
Updated 12d ago 'ﬁ.

s {mer 0.0, as’ 10000.0) 0.000%

s {00, W’ 1000004 00001 99080

0 comments - sits bundle

s {mer 0.0, was" 100000) 009

sbsr2023-image-classification-in-data-cubes
Updated 12d ago
0 comments - sits bundle Erhanced vegetaton irues

name  common name WIN max nodeta  scale data type
003 P 00 100000 9990 00001 o

sbsr2023-working-with-time-series-in-sits
Updated 12d ago
0 comments - sits bundle
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RSTAC: AN R PACKAGE TO
ACCESS SPATIOTEMPORAL

DATA CUBE

29 — Revistas e eventos internacionais
21 — Revistas e eventos nacionais

Methodology for water mask generation

http://brazildatacube.org
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SBSR 2025 - Course
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Interoperabilidade

A
[

Google Earth Engine

B Microsoft | Planetary Computer

Copernicus Data

Space Ecosystem (CDSE)

? dWs$s

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
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Landsat-B/0LI
Collection

< STAC COLLECTION

CBERS-4/AWFI
Collection

Sentinel-2
Collection

& 8

2018/08/21

STACITEM

4™

20181017

"

2018/11/02,

BandO1.tif

BandO02.tif

Band03.tif

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

{"description"
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S| STAC

SpatioTemporal Asset Catalog
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"Brazil Data Cube Catalog"l“id":"bdc","stac_version":"0.9.0","1inks":
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doc","type":"text/html","title":"API documentation in HTML"},
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Applications

. Interactive computing Satellite Image Time Open Data
[ Web Portal ] [Fmes‘ M°”"°’J [ JupyterHub ] [Series (SITS) R package | | Cube (ODC)

SpatioTemporal Asset Tile Map OGC Web Services - Web Land Classification
Catalog (STAC) Service Service (TMS) WFS, WMS e WCS System Service (WLCSS)
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Applications

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

JupyterHub Series (SITS) R package

Cube (ODC)

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

rajectory Service (WLTS)

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

SpatioTemporal Asset Tile Map OGC Web Services - Web Land Classification
S System Service (WLCSS)

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

-y

g

TerraClass

s

PRODES

“
el
ey

DETER

Land use and
cover data sets

WLTS — Web Land Trajectory Service

Source: [Zioti et al,. 2021]



WLTS - Colecdes

PRODES - Brasil TerraClass - Cerrado TerraClass - Amazénia 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/

2

MapBiomas 8.0 - Brasil IBGE LULC - Brasil DETER - Amazoénia 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



WTSS e WLTS — Interface grafica — BDC Explorer e TerraCollect
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Web Crop Phenology Metrics Service (WCPMS)

Clients
? Give me the phenological metrics for this location
| »
' - WCPMS
g\ JUpyter
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9000 | —— Raw NDVI
—— Smooth NDVI

8000

'§ 7000

o

=

£ 6000

% 5000

% 4000

> \J
3000
2000

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




(@)

. i Métricas fenologicas de
ISP PV inicio , f im e madximo VigOr
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Web Crop Phenology Metrics Service (WCPMS)

Latitude
Big EO Data Cubes

|

Web Time Series Service
(WTSS)

value time

Start of Season
End of Season
Peak of Season
Rate of Increase
Rate of Decrease

3350.0( 2020-02-19
3066.3| 2020-06-10
9014.6| 2020-04-07
118.0
92.94

Longitude

(Server Side)

Phenological Metrics

Web Crop Phenology
Metrics Service (WCPMS)

T
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Date

Time Series

A

WCPMS Python Client

jupyter
)

Jupyter Notebook

%

Brazil Data Cube Explorer

User

{Client Side]—a




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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BDC Explorer

@ Brazil Data Cube

EARCH RESULTS

Select Resources

@ pata Cubeso v
o

o Collections v Suriname

@ ciassifications v Ecuador

o Mosaics v
Erazil

Region

9 ADDRESS
West, South, East, North
Paraguay.
Select the Period
Start Date Last Date {
2017/01/01 E 2019/12/30 E Jruguay

Argeriina

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

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

An1n AnnA IAINC

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

TerraCollect
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SITS (Satellite Image Time Series)
R package PPN

LULC samples

EO data cubes

Satellite Imagery

LONGITUDE

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())

https://github.com/e-sensing




BDC-Lab: Geospatial Data Science Server-side processing in the INPE’s

Computational Environment infrastructure, without needing to
P download images in personal computers.

BRAZIL
DATA CUBE

BDCLab - Geospatial Data Science Computational Environment

m  Wiss-introduction o s P
fle o Vew B Adcoms ey

++GXODDD-‘ Markdown - @ Oran Seisan (¢ | i1/ 2] ¢

Retrieving the Time Series

19 00 10 retieve he Tine Senes B ADuNes red and NLr . De caton of Latitede <12 and Longitede .54 dom Jansary 151, 2001 1 Decesber J1st, 2001, uwseme
Time_series Amcton

WTSS WLTS BDC STAC SITS
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TerraClass

TERRACLASS AMAZONIA

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

LEGENDA

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

[0 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
[ MINERAGAO

[77] URBANIZADA

I DESFLORESTAMENTO NO ANO
I CORPO DAGUA

"] NAO OBSERVADO

I NAO FLORESTA

[] UIMITES BIOMA AMAZONIA
[ LIMITE ESTADUAL

FINANCIAMENTO EXECUGAO

~ ’ start date = "2000-00-007,
-

33 Terabytes (292 tiles)
Sentinel-2 data cubes (16-days)

25,000 samples

Random Forest / tempCNN

Server-side processing in the INPE’s
infrastructure, without needing to
download images in personal computers.

En@a @
UNIDADE DE PESQUISA DO MCTI
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INPE Data Center
"25 . — _ A & . & Y
2 ;\‘/;' 4 > ‘ ’

|

e 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

<A BRAZILDATACUBE.ORG



INPE Data Center

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

@ oW W W

e e 9 W

e o 9 €
S e & S 9@

Courtesy: lvan Marcio Barbosa

<A BRAZILDATACUBE.ORG



=2 Ambiente de Computacao e oo

~ File Edit View Run Kemel Tabs Settings Help

~ Interativa: JupyterHub

7] 01_ExtractTimeSeries.ipynb x
B+ X O 0 » = C » Markdown v sits O

Time Series Extraction

O DO «&n

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 s ¥
& - C @& brazildatacube.dpi.inpe.br/ B % » * CM*i;:z = Sits;cffggé..
§ o url = "http://datacube-006.dpi.inpe.br:8010/stac/",
File Edit View Run Kernel Tabs Settings Help o collection = "CB4 64 16D STK-1",
start_date = start_date,
=] + * Cc 7| 00_TableOfContents.ipynb X end_date = end_date,
m / examples / bdc-article / B+ X DO O » = C » Markdownv » ) bands = c("BAND15", "BAND14", "BAND13", "BAND16", "NDVI", "EVI")
Name - Last Modified | | 100%
W extras amonth ago Samples (258) for class Pasture in band = NDVI
its 5 days ago H'H H H HH . . ‘ In the above cell we providk
o = vs20 Land use and land cover classification in the Brazilian Cerrado biome using o o
m roi amonth ago H + Type : Inform that thej
Brazil Data Cube s (22 s o
a B scripts amonth ago « url : The SpatioTem
B @ training-samples amonth ago 006.dpi.inpe.br:8010/sf o7s-
B validation-samples a month ago —
o « collection : Defing]

-3 00_TableOfContents aminute ago Rolf E. 0. Simdes 8@, Alber H. sanchez 88 @ Felipe M. Carlos & @, Leonardo s. Vieira &
- start date and e

- [A] 01_ExtractTimeSerie.. aminute ago Karine R. Ferreira & @ Lubia vingae £ e g i
[W] 02_CB4_64_16D_ST... a month ago Z JupyterLab
Earth Observation and Geoinformatics Divisi

" 03_CB4_64_16D_ST... a month ago . . :
T T T Avenida dos Ast tas, 1758, JardimdaGral € > C @ brazildatacube.dpi.inpe.br; Inb
* L 047LC8730716075T.. amonth ago \venida dos Astronautas, lardim da Gral
(%] 05_LC8_30_16D_ST... amonth ago o o File Edit View Run Kemel Tabs Settings Help
uthor to whom p
A 06_S2_10_16D_STK... a month ago - % 02_CB4_64_16D_STK-1_ClIx "
" 07_S2_10_16D_STK... amonth ago Februar] B + X O O » = C » Markdownv
Abstract. This Jupyter Notebook compendium contains useful infor| C|aSSIfy the datacube
Earth observations data cubes and machine learning (ML) techniqu o oo iots o .
Earth Observation Data Cubes for Brazil: Requirements, Methodold) This is a time-consuming process Index
Brazil Data Cube platform.
)
probs <- sits classify(data = cube, Ape 2019 2 2019
This Jupyter Notebook is supplement to the Section 5 of the following p| ml,mt_?del = dl,moqe}. )
Ferreira, K.R.; Queiroz, G.R ; Vinhas, L.; Marujo, RF.B.; Simoes, RE.O;; P| i memsize = classification memsize,
AH_; Arcanio, J.S.; Fronza, J.G.; Noronha, C.A; Costa, RW.; Zaglia, M.C | multicores = classification_multicores,
Earth Observation Data Cubes for Brazil: Requirements, Methodology and roi = roisclassification roi,
(] output_dir = output_dir)
Using 2 blocks of size 888 x 2725
Table of Contents » Starting classification at 2021-63-26 14:54:15
Elapsed time 19.5 minute(s).
Estimated total process time 39 minute(s)...
The Jupyter Notebooks are organized as follow: Classification finished at 2021-83-26 15:33:30. Total elapsed time: 39.2minute(s).
« Extracting time series from sample locations
« Land Use and Cover Mapping from CBERS-4/AWFI Data Cubes Generate classmcatlon Iabe' map
3 @ NoKemel|ldie EELE L 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@ NoKemellde Saving completed Mode: Command @ Ln1,Coll 02 CB4_64 16D_STK-1_Classification.ipynb

<A BRAZILDATACUBE.ORG




Ambiente de Computacao [ .. ™ v
Interativa: RStudio

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:

cba_cube <- sits_cube( °
type BDC", Y
i url http://datacube-006.dpi.inpe] & = C @ brazildatacubedpiinpebr W ox H
@ RStudio Server collection = "CB4 64 16D _STK-1", B
ST (i o i Ch, cba_samples_with_ts <- sits_get_data(cube = cba_cube, file = sample_file)
" '] end_date = end_date,
& - C @ brazldatacube.dpiinpe.br, & & 3 h o GBI, SR, 42 AL potints have been retrieved
) The structure of the returned 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 e At R 1)
O | R . =) 5 A Go to file/Function ~ Addins ~ R Pre - type: Inform that the data cube will be based on the § P —
— « url: The SpatioTemporal Asset Catalog address for § e T e e SaERas e
@ | 02_CB4_64_16D_STK-1_Classification.... == i History  C i Tutorial 006.dpi.inpe.br:8010/stac. #1462 -12.4 2018-09-01 2019-08-01 Crop bdc_cube <tibble [22 x 71>
#22 457 125 2018-09-01 2019-08-01 Crop bdc_cube <tibble (22 x 71>
v Q@ Knit - L 'c +Run v | G- | = A © New Connection « collection : Defines the use of CBERS-4/AWFI data)
o L] If you want to plot the NDVI time series for all the LULC classes, use the following plot function:
66 a Connection Status « start date and end_date : The temporal interval of
* " Lot (sits_select (cb4_samples with_ts, bands = c(*NOVI*)))
2; Parameters « bands : The list of spectral bands and spectral indices bt
. . . . Samples (242) for class Crop in band = NDVI
69 If you want to download and run this notebook in a workflow as a script, you can perform its The [SZcs¥oetidats) retries the time seties from the defined
parameterization through the [papermill library](https://github.con/nteract/papernill). The access to S e D T < e o (e =
the Brazil Data Cube (BDC) data products requires an access key. To request your access key, please,
: . . . . N 075
contact the BDC Feam at brazildatacube@inpe.br. Define the 'BDC_ACCESS_KEY' env variable to access to ## ALL points have been retrieved
use the BDC Services.
70 The structure of the retumed dataframe can be seen below:
71} B
72 classification_memsize <- 20 # in GB
73 classification_multicores <- 20 & brazildatacube.dpi.inpe.br/
74 cavets <= S1Ts_laDel_Class1TICATION(ProDs SMOOTNEq, OUTPUT_GLF = OUTPUT Gir) 5
75 st:r;_date <- "2018-09-01" Visualizing classification map
76 end_date <- "2019-08-31" -
74 Files | Plots = Packages Help = Viewer The raster load in this step was generated automaticaly with sits_label classification function
78 © | NewFolder | © | Upload | © Delete - Rename g M
79 **Samples and ROI definition** 42 Home rst < raster: :raster( -
30 paste@(output_dir, "/cube to classify 022024 probs class 2018 8 2019 7 v1.tif")
cas A Name Size Mo )
81~ {r} = -
82 # fixed parameters Rhistory 2468 Fef ## Warning in showSRID(uprajargs, fornat - “PROI", multiline - “NO", prefer proj -
83 collection <- "(B4_64_16D_STK-1" @ 00_TableOfContents-copy.Rmd 4.7KB Fel ## prefer_proj): Discarded datum Unknown based on GRS86 ellipsoid in CRS definition
84
: . - @ 00_TableOfContents-copy.Rmd.html 21.8 MB Fef
85 # define the roi and load samples file - Py CLERIGER)
86 roi <- readRDS("/data/Examples/bdc-article/roi/roi.rds") @ 00_TableOfContents.Rmd.html 22.6 MB Fell
87 samples <- readRDS("/data/Examples/bdc-article/training-samples/rds/CB4_64_16D_STK_1.rds") @] 01_ExtractTimeSeries.Rmd.html 26.9 MB Fel
g *o° :
89 @ 02_CB4_64_16D_STK-1_Classifica... 22.7 MB Ma| —
90 > All the results generated in this document will be saved in your user's “/home' directory, inside bdc-article §
L ) S |
o out’ directory . @) CBERSDataCube_CerradoBiomeCl... 6.2 KB Fel) 3 30
93:11 Chunk3 ¢ R Markdown * examples - 25
°
8
Console  Terminal R Markdown Jobs =0l extras S | 20
i 8
/data/Examples/bdc-article/ gkhub-utils & 15
out 1
> | o 10
R 8
g
teste ES ;
work 5800000 5850000 5900000 5950000

Save the results

<A BRAZILDATACUBE.ORG




Clustering of SITS



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




SOM to identify different SITS patterns

Samples (205) for class Soy_Corn in band = ndvi

Samples (112) for class Soy_Corn in band = ndvi
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SITS patterns — dentro de uma gleba — Crédito Rural - SICOR

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

(A) | (B)



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

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