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GEO-INPE WEBINARS

Learn about Brazil’s monitoring system and the recent technological
advances by Brazil’s National Institute for Space Research (INPE)
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by the GEO Secretariat Director,
Gilberto Camara
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Dr Thelma Krug
IPCC Vice-Chair

Thelma Krug is a former senior researcher at the National Institute
for Space Research (INPE) in Brazil. She was elected Vice-Chair of
the Intergovernmental Panel on Climate Change (IPCC) for the
Sixth Cycle (October 2015 — October 2022), after having been
co-chair of the IPCC Task Force on National GHG Inventories from
2002 until 2015.

Throughout her career, she has held high-level positions at the
Ministry of Science, Technology, Innovation and Communication
(MCTIC) and at the Ministry of the Environment (MMA) in Brazil.
For more than 15 years she represented Brazil in the negotiations
at the United Nations Framework Convention on Climate Change
(UNFCCC).

She holds a PhD on Spatial Statistics from the University of
Sheffield, UK.
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Housekeeping

e Indicate your name and your affiliation by going to the list of
participants, clicking on your name and then on “rename”.

e Post your questions in the chat box. The moderator will pick them
up and speakers will respond in the chat as well as during the Q&A
session.

e We are recording this webinar and we will post it on the GEO website.
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Structure of the GEO-INPE Webinar - Day 2
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The TerraAmazon application for forest monitoring - Lubia Vinhas,
Daniel Silva, Joao Felipe Kneipp (20 min)

Moderated Q&A and discussion (30 min)

Short break (5 min)

The Brazilian Data Cube project: innovation to automatize land use
and land cover data production using Big Earth Observation data and
machine learning methods - Karine Ferreira, Gilberto Queiroz (20 min)
Moderated Q&A and discussion (30 min)

Wrap-up (5 min)

Final remarks and closing - Gilberto Camara (5 min)
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Dr Lubia Vinhas
Senior Researcher

INP€E

Lubia Vinhas has been a researcher at the National Institute
for Space Research (INPE) in Brazil since 1997, working with
spatial databases, free and open-source software for GIS,
remote sensing and other geographical applications.

She was head of INPE's Image Processing Division from
April 2014 to March 2018 and the General Coordination of
Earth Observation from March 2018 to June 2020.

She is currently collaborating with the Program for Satellite
Monitoring of the Brazilian Amazon and the Brazil Data
Cube Project. She is also leading the design of INPE's new
Georeferenced Database Program. Lubia has a doctoral
degree in Applied Computing from INPE (2006).
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Dr Daniel E Silva
Technical Manager - Amazon PRODES Project
INPE

UNIDADE DE PESQUISA DO MCTI

Daniel E Silva is the technical manager of Amazon PRODES
Project at the National Institute For Space Research (INPE) since
2019, working on detection and quantification of annual
deforestation in the Amazon Biome, based on Remote Sensing
data and Geoprocessing techniques. He currently deals with
different aspects of the Program like map production, methodology
and research.

He has experience on Ecosystems Ecology, niche modeling and
vegetation responses to environmental stress, and worked with
forest inventory databases at large spatial scale and local
ecological characterizations.

He holds a PhD in Biodiversity, Ecology and Forest Sciences.
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Joao Felipe S. Kneipp, Msc INPE

Geoprocessing Analyst - Cerrado PRODES Project
INPE

UNIDADE DE PESQUISA DO MCTI

Joao Felipe Kneipp is part of the technical group of the INPE’s forest
monitoring projects (TerraClass, PRODES, DETER, and Capacity
Building) since 2012. As a member of INPE-CRA staff, trained over
300 international professionals from different countries utilizing the
INPE’s forest monitoring methodologies and TerraAmazon software.
He has a master’'s degree in Environmental Sciences from the
Federal University of Para.
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The TerraAmazon Application for forest
monitoring

Lubia Vinhas
Daniel E Silva

Joao Kneipp
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PRODES from 1988 to 2003
Visual analysis using paper overlay plus

vector correction in a vector GIS
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PRODES from 2003 to 2005
Image interpretation directly on the computer

screen using a general-purpose vector and
raster GIS
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TerraAmazon manages the complete flux of

data, processes, and users required to

, - SE . - produce land cover mapping data using
PRODES DETER TerraClass

remote sensing data through visual
T T T interpretation
W
' TerraAmazon

Continuous data dissemination
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o
}}lTerraAmazon A performant, trustworthy and adapted GIS

PRODES annual volume (ex. of PRODES in 2019):
3.202.599 km? of forest observed (100% audited) = 229 Landsat scenes

493 satellite images (from 3 satellites) used to detect deforestation
18 contributors to map production

43.404 polygons of deforestation

10.897 km? of deforested area increment

Deforestation rate, maps, images and analyses online
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Workflow Management

TerraAmazon capture the singularity
of each project in terms of area of
interest, imagery used, classes of

mapping as well as data and team

o

Project
Manager

management
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Project Information

Project Information...

Project

| PRODES
Information

Property
4 Cell Layer
Name:
4 Project
Name:
Cells:
Min Scale:
Max Scale:
4 OQutput Layers
4 Layer0
Name:
Cell Column:
4 Classes
ANOBS
DEGRADACAO
DESMATAMENTO
FLORESTA
4 Rules

Value

public.BR_CELL

PRODES
6

75000
200000

public. DESMATAMENTO
cell_oid

CLEAN_public. DESMATAMENTO
Clean

public. DESMATAMENTO

4326 - WGS 84

DIFF_public. DESMATAMENTO
Difference

public. DESMATAMENTO
4326 - WGS 84




8é

Operators
Remote sensing experts

web services, that will be
available for the photo

interpretation
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Data Analysis

TerraAmazon provides image  *=iryp- -

> 4WE R QadWrOP 20E% 5
s

processing functions, band

composition, contrast, LSMM,

segmentation, classification,

cloud detection, and others
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Ele Show Workspace Map Tools Blugins Processing
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Images from consecutive years
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Data visualization

DETER alerts

WFI/ CBERS4  Soil Fraction Alert Type

Clear-cut
deforestation

Deforestation
with vegetation

winng ~PRODES clear cut: Magenta / reddish

or very light green (faded). Regular

B PRODES mask

shape, smooth texture, well-defined
boundaries between the polygon with

exposed soil and the forest
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snap / split / magic wand / topological
correction

v.‘ﬁx‘y:"‘lguivlg)dsz[}_:nm‘e:coud 'Q}V@”L}

4 Il PRODES
%] prodesDraft
Landsat5TM_22963_23072008.tif
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Instantaneous and automatic maintenance of the topology consistency and the compliance with the

rules for the project
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Change geometries or

Auditing

annotate them with

text, photos, image

clips to identify

mapping errors or

difficulties
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TerraAmazon Monitor s

Web application to a monitor progress

and production at user and team level

TerraAmazon Offline
Part of the database extracted to a
local computer, limiting the internet

connection only necessary at the

download/upload steps y - “ e

Estatisticas dos Usudrios
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\V‘r

TerraBrasilis
PRODES (Desmatamento)

http://terrabrasilis.dpi.inpe.br

The data from PRODES and
DETER, generated using

TerraAmazon, are published

e online through the TerraBrasilis
P— portal.

— Users can see the data,

Desmatamento - 2008/2019

desmatamento em 2008

download it or consume it

through using web services

M desmatamento em 2016
d

clients.
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Taxas de desmatamento - Amazonia Legal - Estados
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Analyses - Legal Amazon

" Deforestation notices

Notices area (km?)

Number of Notices

Notices of degradation

Number of Notices

All notice classes

8.185,89 km? 57.364
¥
Distribution of the area over time. T B
Rrac
Displaying data for entire chart range: 01/02/2020 - 21/01/2021 erraora
Updated until: 21/01/2021 PRODES (Desmatamento)
22 ags ..
http://terrabrasilis.dpi.inpe.br
1,86
1.6
T
2 124
]
2 106
<
a00-|
600-|
DETER dashboard
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Area by States Area by Classes @
Filtro: Il
Wac Wildfire scar
Ham Ml Deforestation with Exposed Soil
AP W selective Cut Type 1 (Disordered)
| [V | Selective Cut Type 2 (Geometric)
MT M Degradation
| [N Ml Deforestation with Vegetation
RO M Mining
HRR
W
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An open software "ecosystem"

iy

Mapping data

=

GeoNetwork

0 Internet/Intranet

\ \ (¢
4‘%}‘TerraAmazon

8a &
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Forest Monitor + DETER Intenso

Web application based on the
Amazon Web Services, to use
data from AWS buckets

Q) BOC - Forest Monitor

directly on a web browser.

Prototype running in 7 priority
areas of the Amazon, using
CBERS, Landsat and Sentinel

buckets
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s @ FUNCATE
Fundacgao de Ciéncia, Aplicagdes
e Tecnologia Espaciais

\| [4
4>>lTerraAmazon

http://www.terraamazon.dpi.inpe.br

lubia.vinhas@inpe.br (@VinhasLubia)
daniel.silva@inpe.br

jfkneipp@gmail.com
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Q&A and discussion

30 minutes
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Short break

5 minutes
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Dr Karine R. Ferreira
Associate Professor

UNIDADE DE PESQUISA DO MCTI

INP€E

Karine Reis Ferreira works at the Brazilian National Institute
for Space Research — INPE, with research in Geoinformatics
and coordinating technological innovation projects, such as
TerraLib, TerraBrasilis and Brazil Data Cube
(http://brazildatacube.org/).

She holds a PhD in Applied Computing and she is an
Associate Professor of Geoinformatics in the Applied
Computing Graduate Course at INPE. Her main research topic
is: representation, processing and analysis of spatiotemporal
and big Earth observation data.
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Dr Gilberto R. Queiroz
Associate Professor

I N P E UNIDADE DE PESQUISA DO MCTI

INP€E

Gilberto is a senior technologist at the National Institute for
Space Research (INPE). He works in research and
development projects related to the geotechnologies that
supports the activities of the program of Monitoring Amazon
and Other Brazilian Biomes.

Since 2016 he is an Associate Professor of Geoinformatics
and Geospatial Data Science at INPE. Currently, he is one of
the Brazil Data Cube project leaders and his research
interests include remote sensing applied to LULC mapping
and geospatial big data platforms.
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BRAZIL
DATA CUBE

Brazil Data Cube

Technological innovation to improve
environmental monitoring

Karine R. Ferreira
Gilberto R. Queiroz
National Institute for Space Research, Brazil — INPE
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Brazil Data Cube (BDC) : 6 Topiof the :

A h
ACEEN o, Surface Information Information

(TOA) i .
reflectance Reflectance,Extraction  Products

“‘

Data acquisition, ~ Radianceto  xopperc  Prockssing,  Map, Graph, ..

aw Data Radiance

Started in 2019.

L

) : s il TOA j :
(Goal 1) Analysis-Ready Data (ARD) of v Nmberio.  rflctance SO o, i,
Landsat-8, Sentinel-2 and CBERS-4 for : factance infrmtion A
Brazi | 1 zenith angle) :

(Goal 2) Multidimensional data cubes Source: [GiulianiZ%t1a7l,
from ARD collections )

(Goal 3) Big Earth observation data
management and analysis

(Goal 4) Land use and cover information
for Brazil

longitude

Collections of Earth
observation satellite
imagens — ARD

Data cubes —
four-dimensional array.

Source: [Kopp et al,

NN A PN



BDC - Overview

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

SOM neural network

Selection, analysis and . . .

reduction of samples () [ 1@

v

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

classification

A,p'.ﬂ,‘.*,,“d 1]
J\J»ﬂu‘m
pak

Earth
Observation
Data Cubes

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

o 2 and Terra/MODIS

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

A\ 4

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

Machine Leaning

Methods — SVM,
RandonForest and Deep

v

| Land use change calculus |

Learning
Land use and
: cover maps
‘.,: - ,?
3 e " . B 7. Soy_Fallow

B 8. Soy_Millet
9. Soy_Sunflower

e .
¥ & % z “
e . B 10. Sugarcane
o Hv: B 11 urban Area
/ 4 -
» '\ e -
\v }& ‘ 4. Pasture 1. Cerrado

Bl 12. water
5. Soy_Comn B 2. Fallow_Cotton

B 5. Soy_Cotton [ 2. Forest

Land use and cover change maps:
https://doi.pangaea.de/10.1594/PANGAEA.899706



BDC — Motivation

Technological innovation to improve
environmental monitoring projects
developed by INPE

PRODES: clear cut deforestation
DETER: alerts of deforestation

TerraClass: identify what the deforested areas
detected by PRODES have become.
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Guiana
T uiana Francesa

Desmatamento Anual -

2000/2018
deforestation up to 2000
deforestation in 2002
deforestation in 2004
deforestation in 2006
deforestation in 2008

M deforestation in 2010

B deforestation in 2012

B deforestation in 2013

M deforestation in 2014

B deforestation in 2015

M deforestation in 2016

B deforestation in 2017

M deforestation in 2018

B water

Suriname

Legenda

- Floresta
- Hidrografia
- Néo floresta
- Desflorestamento 2008
P Agricultura anual

r - Agropecuaria

Area urbana

- Mineragéo
I outros
I Pasto com solo exposto
[ Pasto limpo
[ Pasto sujo
I Regeneragao com pasto
- Vegetagéo secundaria

:l Area nao observada



BDC — Motivation

Image time series analysis for continuous land use and cover monitoring

Pasture Soy_Corn Soy_Millet
0.75-
0.50 - R S E ) H
S —
Soy_Cotton Fallow_Cotton Soy_Sunflower
Q 0.75-
w 0.50-
= 0.25-
Cerrado Forest Soy_Fallow

0.75- e
(0,5 -1 S W S S S S -
025 e i S 1 e e 8

e e

Oct Jan  Apr Jul Oct Jan Apr Jul Oct Jan  Apr Jul
Time
Bands — ndvi — evi — nir — mir

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

1. Cerrado B 6. Soy_Cotton I 11. Urban Area
0 2. Fallow_Cotton Ml 7. Soy_Fallow Bl 12. water
B 3. Forest B 8. Soy_Millet 13. Secondary Vegetation

4. Pasture 9. Soy_Sunflower
5. Soy_Corn I 10. Sugarcane

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




Surface Reflectance Images

Image Collection Builder Data Cube Builder

ARD Image

B u i I d i ng d ata ‘ External Provider (C—"llf-‘i‘-i-‘lﬂ% K

. Temporal
_LasRC (merge, reproject, e

c u bes : ¢USGS % camele Giding) Compositing :
Landsat-8/OLI 1
(Scenes) (Tiles) (Data Cube tiles) 1
" External Provider > f :
Step 01: ‘ T ;
LaSRC !
: i Data Cu.be !
C reate ' Senine b2t Data Cube Collections Generation |
Analysis-Ready ‘ 3
Data (A R D) " External Provider 2§ = :
i Data Cube Data Cube Data Cube Data Cube :
Im age @ MOD13Q1 Tile 001 001 Tile 001 002 Tile 001 003 Tile 001 004 ‘
collections MeRer 1

I Terra & Aqua/MODIS

Data Cube
Publish
External Provider
% MS3 -
(o J > lmagsu%tlaisﬁcuon 5 " Meta da}ta A Source:
CBERS-4/AWFI| Collection of images .
and Data Cube [Ferreira et al,
Collections 202 0]
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Building data w—y——1 - 4 = —
cubes Y J Grid: BDC — Large
S Each tile: 6 x 4 degrees
Hierarchical
oy <A Grid: BDC — Medium
tiling system i
S Each tile: 3 x 2 degrees
| Brazilian Biomes A}' :
Three grids | E”é‘;‘;ﬁfgf i @
that are used | @ Cerrado s Grid: BOC — Sl
[@ Mata Atlantica | y rid: —Sma
to create the | B e - Each tile: 1.5 % 1
data cubes | BrPantanal | [0 J ach tile: 1.5 x 1 degree

Projection: Albers equal area and Datum: SIRGAS 2000

Source: [Ferreira et al, 2020]
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(@)% alr

Building data
cubes

b

| Brazilian Biomes

1| O Amazonia

W Caatinga

| @ Cerrado

[@ Mata Atlantica | ..

| B Pampa

[@ Pantanal

————
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Step 02:
Build data cubes for each grid tile
from ARD image collections

process to create a
monthly data cube,
considering one
BDC grid tile

Original images Merged images Identity data cube

|
|
: Regular
— cro } X data cube
| ime  (monthly)
|
cro
:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::
|
merge cro l Source:
El | [Ferreira et al,
i 2020]
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B u i I d i n d ata Available Images in 1 month - Average ik Mediai
g \?:I?’doixel 2900 Average 2900 Median
P Compositin Compositing
cupes prop.: 0.5 positing _
o Function Result Function Result
Day 08 3150 | 2900, 3150,3100 | 3050 3150 | 2900, 3100, 3150 | 3100
Valid pixel 2900 v t
prop.: 0.7 -
3100 fvermge 3100 |  (Middle Value)
Day 13
Valid pixel
prop.: 0.6 Images sorted by valid
Ti me observations quantity Stack
input
H Day 18 Day 18
Com pOSItI ng Valid pixel 3150 Valid pixel 3150
o B Con?;?)il;ting
Function Result
Day 23 Day 23
Yolks e 3100 Valid pixel 3100 3150, 3100,2900 | 3150
prop.: 0.8 prop.: 0.8 T
2 s First value from sorted
id ni Day 08 :

bt .plxel Valid pixel 2900 input
Prop: il prop.: 0.7

Source: [Ferreira et al, 2020]
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% Data Cube Manager x e

< C @ localhost:4200/create-cube & # @ Incognito i

@ DATA CUBE MANAGER Create Cube

Building data cubes . . ° . o

N\ Create Cube GRID REGION DEFINITION METADATA PREVIEW

Select Region

URLSTAC

Open source e L
python scripts and | -
a web application with GUI

B CATALOG

@ Total Images: 267
STATEIOF
MINAS
GERAIS

prepare .
g Data Cube Builder on AWS
i S3 Buckets H
Data Cube | -_ -_ H ©2020 BraziData Cube |
Cloud Setup E@; | !
prepare = = ! | EO Dat ! Amazon
! mage ata ' DynamoDB . .
g STAC PostgreSQL publish ! Collection Cube E TWO versions:
Data Cube J T .
Manager 1. on-premises hardware
i\ SQS: Amazon Simple Queue | H AWS Lambda ! . .
l ; i b ; 2. AWS using lambda services.
| — ’
e | V6< . (N (3N > —
i i i i
Amazon Orchestrator E Merge Blend Publish i E Merge Blend Publish E ?(ngs?:

APl Gateway @~ = Tommmmmmmmoooy T """" ‘T """"""""" T """""""




BDC Tiling Grids
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Each file (band/tile): 170 MB

Each tile: ~ 1 GB

Alacod

SERGIPE

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

Guiana
L Francesa

RORAIMA AMAPA

STATE 0 STAThuzn
AMAZONFS Sz
Maz STATE OF PARA

A RIOIGRENDE
DOINORTE!

PARAIBA

Brazil PERNAMBUCO

STATE OF A
RONDONIA ¥

sT)
¥ GROSS0
G

MINAS GERAIS

ESPIRITO
SANTO!

\T0/GRNSS0
0o UL
DofSuL STATE O

SAOIPAULO

Paraguai

STATE 0

STATE OF
SANTA
CATARINA

Uruguai

BDC — Medium
Each tile: 3 x 2 degrees

Landsat-8/0OLI — 30 meters
Each file (band/tile): 200 MB
Each tile: ~ 2 GB

ALAGOA

SERGIPE

Suriname

RORAIMA

s STAThuzn
AMAZONAS RARAR
STATE OF PARA

PIAU|

PARAIBA

Brazil PERNAMEUCO

S ATE AR,

IAINAS GERAIS

ESPIRITO

0/GROSSO.
DOISUL g

STATE OF RISISE
SAC PAULO. JANEIRO;
Paraguai

STATE 0F

BDC — Small
Each tile: 1.5 x 1 degree

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

ALAGOA|




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

g
B
o
€]

Imgfiip.CoMzy  axmmm

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

BDC — Small
(1) Spectral bands from original Each tile: 1.5 x 1 degree
images; (2) Spectral indices (EVI and
NDVI); (3) Cloud mask; (4) 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



Applications

/

BRAZIL Interactive computing Satellite Image Time Open Data
DATA CUBE Wels Portal | Forest Moniior JupyterHub Series (SITS) R package | | Cube (ODC)
Services :
Software <
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)

Open
Data and -

Software e
Data and metadata
Products ST T y
: - C 3
1 1
: , Metadata - 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 : cubes
1
1

Data and
m eta d ata 2 Data acquisition, processing and data cube generation

External providers

% ‘:> Image Collection Builder Data Cube Builder

(Image acquisition, ARD builder and (Warping, temporal compositing,
00112';‘32“5 metadata publishing) and metadata publishing)

o Source: [Ferreira et al, 2020]



Applications

BRAZIL Interactive computing Satellite Image Time Open Data
DATA CUBE Wet Portal || Forest Monitor [ JupyterHub Series (SITS) R package | | Cube (ODC)
Services :
We b services to Web Time Series Service Web Sample Assessment Web Land
searc h q ue ry (WTSS) Service (WSAS) Trajectory Service (WLTS)
’ ’
access an d p rocess SpatioTemporal Asset Tile Map OGC Web Services - Web Land Classification
th e d ata sets an d Catalog (STAC) Service | |Service (TMS) WFS, WMS e WCS System Service (WLCSS)

their metadata. Y @ \
Data and metadata

""""""" oo 0GC

4
1 1
1 1
1
1
1 Open Geospatial Consortium, Inc.
' ' Metadata - Land use and Land use and P P
S T A c ] 1| collections of cover samples cover data sets
' co“gzggns gﬁl‘:c(t:iﬁ: I |images and data and metadata and metadata
SpatioTemporal ' ' cubes
Asset Catalog ) 5 e o e o i '

External providers Data acquisition, processing and data cube generation

% |:> Image Collection Builder Data Cube Builder

(Image acquisition, ARD builder and (Warping, temporal compositing,
co'.E‘;‘SSns metadata publishing) and metadata publishing)

Source: [Ferreira et al, 2020]



Source: [Vinhas et al., 2016]

Web Time Series Service (WTSS)

http://www.dpi.inpe.br/wtss/time_series?
coverage=M0ODO9Q1, attributes=evi&

WTSS longitude=-54,latitude=-12&start=2001-02-18&end=2015-03-05
Client ) . .
Web Time Series
e — Service
.
{"result": { i
"attributes":[ { "name": "red", Satellite Imagery

"values": [ 1lee4,
¥
{ "name": "quality"
"values": [ 4842,| @oso-
}

]’ 0.25-

"timeline": [ "2000-02-18", "2000- w
"center_coordinates”: { "latitude" =
} 0.00- E
}, ZC‘IJT ?dﬂ? 20‘3‘3 ?J‘E}i’me 2?“[\9 ?D‘V 1 ?ﬁyis ?Ollf'
"query": {
"coverage": "MOD@9Q1", LONGITUDE

"attributes":[ "red", "quality" 1],
"latitude": -12,
"longitude": -54, (longitude=-54,latitude=-12)
"start": "2000-02-18",
"end": "2000-03-05"
)
}
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Web Land Trajectory Service (WLTS)

Source: [Ferreira et al, 2020]

What is the trajectory of land use - =
and cover at this location in PA? Web Land ! *
Trajectory |<e—>
Service TerraClass
-
Land use and cover trajectory at this location in PA B j‘
PRODES
Deforestation
Forest Alert Deforestation TPasg:re =
(PRODES) (DETER) (PRODES) (Terracises) bk
| _ DETER
2012 03/2013 2013 2014
Land use and
cover data sets
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Applications

Interactive computing Satellite Image Time Open Data

Woeb Fortal Farest Menitor JupyterHub Series (SITS) R package | | Cube (ODC)

http://brazildatacube.dpi.inpe.br/portal/explor
OPEN

DATA
CUBE

SITS (Satellite Image
Time Series) R package:

Select Resources

@D pata Cuhesa v . .
1 Jrrenen https://github.com/e-sensing
@ collections v B
@) Cclassifications v Ecuador
@D Mosaics v BDC JupyterHub
Erazil
Region KMeans Clustering - CB4_64_16D_STK_v1

This docurment presents an example of spectral clustering in the CBERS4 collection (CB4_64_16D_STK_v1) of the BDC.

BBOX 9 ADDRESS

This simple example aims 1o present how 1o clustering the data from the BDC stored inside the ODC. To know all the possible products, use

BDC-STAC.
West, South, East, North E h\‘ T
‘E"fh} Paraguay:

W

import datacube

import numpy as np

import matplotlib.pyplot as plt

dc = datacube.Datacube app="datacube’ )|

Select the Period

Start Date Last Date
2017/01/01 ol 2019/12/30 o T Jruguay
: PRODUCT_NAME = "CB4 64 160 STK v1*

&0 Argeriina

Load CB4_64_16D_STK_v1 product
Initially, an entire scene will be loaded, In a range of specific dates

cbd4 64 16d ftile = dc.load(PRODUCT NAME, measurements = ['red', ‘green’', 'blue’, 'nir'],
time = ("2019-12-19%, "2019-12-31"), resolution = (64, -64))
oI | Leaflet| collectio] chd4 64 16d ftile

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



Ty

Open Data Cube (ODC) + :
Brazil Data Cube (BDC) T+ k)

—— Indexingtool
] ‘ Jupyter
N’
& stac2odc
Notebooks
f \

Pl BDC-STAC /

A
! > 3
/ oDC

? \ ODC |
99—~ 9 —»k J | s |
g i — ~_

| Web
INPE GEO - INPE Webinars on Brazil’s forest monitoring system H Services
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Land use and cover information / Data Cubes /
from BDC data cubes using machine 3
learning and time series analysis

| SITS extraction

/LULCsampIes/ WWW

Process to create land use
and cover maps from EO

analysis and machine
learning methods S
Bayesian filter

¥
/ LULCmaps/

data cubes using Satellite SITS classification
Image Time Series (SITS) ‘ %

Deep Learning
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Data cubes: Sentinel-2, CBERS-4 and Landsat-8

Examples of three
MONTHLY data cubes
-STACK from images of:

(1) CBERS-4
(2) Sentinel-2
(3) Landsat-8

Period: Aug-2018 to
July-2019

Agricultural calendar
year

[ ] Brazil
Bl Study area

%O GROUP ON

EARTH OBSERVATIONS



S a m p I e S Samples (422) for class Natural Vegetation in band = ndvi Samples (242) for class Agriculture in band = ndvi

1.00- 1.00-

Examples of NDVItime s ..

series extracted from i :

the CBERS-4 data:

(1) Natural Vegetation

(2) Agriculture

(3) Pasture 0oct2018 Jan 2019 ndex Apr2019 Jul 2019 0ct2018 Jan 2019 ndox Apr2019 Jul 2019

Samples (258) for class Pasture in band = ndvi

NDVI time series from
Aug-2018 to July-2019

0.50-

value

Agricultural calendar
year

0.00-

0Oct2018 Jan 2019 Apr2019 Jul 2019
Index
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Results

Land use and cover
classification results

Ago-2018 to July-2019

Vegetation indices and
bands: NDVI, EVI, blue,
green, red,
near-infrared (nir).

Deep learning classifier ©

— Multi-layer
perceptron — 5 layers
and 512 neurons.

SITS (Satellite Image
Time Series) R package
on AWS

Validation using
PRODES Cerrado

f"”!_" 4 i e _ '
. Sentinel-2 | R TP CEERS-4

B Agriculture
B Natural Vegetation
Pasture

CBERS-4  Sentinel-2 Landsat 8
PA Anthropic 0.81 0.90 0.94
PA Nat. Veg. 0.67 0.84 0.85
UA Anthropic 0.71 0.85 0.86
UA Nat. Veg. 0.78 0.90 0.94
OA 0.74 0.87 0.90

Producer’s Accuracy (PA), User’s Accuracy
(UA), and Overall Accuracy (OA)




https://doi.org/10.3390/rs12244033

More information about BDC

www.brazildatacube.org

BRAZIL
DATA CUBE

Brazil Data Cube is a project that is being developed by the
National Institute for Space Research (INPE), since January
that aims to create multidimensional data cubes of analysi

from medium-resolution Earth observation images....

= English v

About Team News Publications Contact

L

Portal de Brazil Data Cube

Home

@

Github

Access the Interactive Map at Brazil Brazil Data Cube portal source

Data Cube Portal code repository
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Search...

Be updated on the news of Brazil

% remote sensing @\py

Article

Earth Observation Data Cubes for Brazil:
Requirements, Methodology and Products

Karine R. Ferreira *'*/, Gilberto R. Queiroz *, Lubia Vinhas '/, Rennan F. B. Marujo *,
Rolf E. O. Simoes ", Michelle C. A. Picoli '*, Gilberto Camara */, Ricardo Cartaxo,

Vitor C. F. Gomes, Lorena A. Santos ‘*, 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

Published: December, 2020

News

Data Cube Project
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Main Challenge — Big volume of satellite images

Data volume estimation: ~ 750 Terabytes (TB)

CBERS-4 Landsat-8 B
(AWFI) (OLI) '
Region: Brazil

Region: Brazil

Period: [2015, 2019] Period: [2017, 2020]
Volume: ~ 34 TB Volume: ~ 45 TB

Sentinel-2 Terra & Aqua
(MSI) (MODIS)
Region: Brazil Region: Cerrado Biome ‘ =
Period: [2015, 2020] Period: [2016, 2020] [ (= - L :
Volume: ~642 TB (L1C) Volume: ~4 TB )%= _— o4l
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Amazon Web Services (AWS) (2) Create land use and cover
maps from the BDC data cubes  [AGIRs Conference, 2020]

GEO AWS Cloud Credit Program B —————= °

U$ 60,000 =

(1) Create Sentinel 2 data cubes on
AWS from the Sinergize S3 bucket

Amazon EC2

" @ % @ mcosnito : - -
= 1] 17.69565
Create Cube I

° ° ° ° ® R Studio Server with SITS package oo ————

ecion oermmon vewown e
- I 2. Fallow_Cotton [l 8. Soy_Millet

| Select Region
B 3. Forest 9. Soy_Sunflower
5 Brazii " —
- B asR - NDSAT -
- o

4. Pasture - 10. Sugarcane
Amazon$3  gyckets with MODIS13Q1 product files

5.Soy Corn IR 11. Urban Area
B 6. Soy_Cotton [N 12. water

Name v Last modified + Size v

[ MOD13Q1_h11v09_006_250m 16_days EVI_4320_3840_480_4B80.tif Sep 11, 2018 11:51:38 AM GMT-0300 1789 M8
[ MOD13Q1_h11v09_006_250m_16_days EVI_4320_4320_480_480.tif Sep 11, 2018 11:51:38 AM GMT-0300 1789 M8
[ MOD13Q1_h11v09_006_250m_16_days MIA_reflectance_4320_3840_480_480.tif Sep 11, 2018 11:51:38 AM GMT-0300 1789 M8
[ MOD13Q1_h11v0S_006_250m_16_days MIR_reflectance 4320 4320 480_480.ti Sep 11, 2018 11:51:38 AM GMT-0300 1789 M8
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Amazon Web Services (AWS) Source: [Ferreira et al.

LAGIRS Conference, 2020]

GEO AWS Cloud Credit Program
US 60,000

Data Cube Sen10m16d = a data cube of Sentinel
2 images with spatial resolution of 10 meters and
temporal resolution of 16 days.

Data Cube Temporal Spatial extent Premise hardware AWS using AWS cost using
name extent (1 machine with 32 ~ 260 Lambdas | ~ 260 Lambdas
CPUs / 128 GB Ram)
1 tile of the Brazil 1242 minutes = : US$ 3,00 (without
enilmiocHy Eyear data cube grid ~ 20 hours 2iiies S3 cost)
All Brazilian territory _ ; _ US$ 840,00
Sen10m16d 1 year (560 tiles of the Brazil ikr il s ey mlnut?s ~ (without S3 cost)
. 483 days ~ 46 hours
data cube grid)

* we can use more than 260 lambdas
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Final remarks and Future

BRAZIL
'] DATA CUBE

v/ Submit the BDC data cubes to be CEOS Analysis Ready Data for Land (CARDA4L)
compliance

v/ Create ARD and data cubes of Sentinel 1 images
v/ Create data cubes harmonizing/mixing Sentinel 2 and Landsat 8 satellite images

v/ Promote the use of data cubes and time series analysis to extract different kinds of
information from Earth observation satellite images in Brazil — workshops, tutorials, ...

v/ Apply the BDC methodology and technologies to other countries, ex. Mozambique
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Pilot Project in Mozambique

v/ Cooperative Initiative between the Coalition for
Rainforest Nations (CfRN) and the Group on Earth
Observations (GEQ) Secretariat

v/ Main idea: BDC methodology and technologies to
create Landsat data cubes and produce land use and
land cover classifications for Mozambique

v/ Period: 1990 to 2019 (Landsat 5, 7 and 8)

v/ IPCC classes: "forest land", "cropland”, "grassland",

"wetlands", "settlements”, and "other land”

v/ Samples: provided by CfRN
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Pilot Project in Mozambique

2 B Data Cube p O
B v A aql W G S - 4 = i
+ = —m - P
Select Resources m ¢ 'i_ v
= = :
e R - T2 A ':5.-/#_ 3
@& pata Cubeso ~ = : o L 181 Piide % Y : % i ;
o O P O o 3 jia Banolad
Q 7 ; 0 [ ek ; A 1R o X E
[J CBERS-4 (MUX) Cube Stac. o AL % B A i) i} Sy
il 2 o Lo e :
1 - ‘&m = P
[J CBERS-4 (AWFI) Cube Ide... o ————— X | | T i F
1 ) el | -
[ CBERS-4 (AWFI) Cube Sta. o samo Burkinal S8 | aalioaf
Landsat-8 (OLI) with La... [ X::: o 5 e opia
Landsat-8 (OLI) with La... [ ):s] ameroon  Republ
[ Landsat-8 (OLI) Cube Id... [ Q-5
[ Landsat-8 (OLI) Cube St.. oR DR
[ Sentinel-2 SR - LaSRC/F. o
[ Sentinel-2 SR - LaSRC/F.. [ B3]
@D Ccollections v ] bia
@D Cclassifications v ozamad
@D Mosaics v
Region -
it ssox Q sooress 03 vt 05/01/2000 12/01/2019
14 >
West, South, East, North E Lat: -26.11599 | Lng: 52.47070 ] 500 km
Leaflet | collection_grid_bdc_md_dea, Brazil Data Cube
)] b plo 0 op g © 019-2020 P @ Ll
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Project Team

Coordination INPE Researchers Software developers

: v : :
Karine Claudio Gilberto Abner Alber Carlos Claudinei
Ferreira : : Almeida Camara : : Anjos Sanchez Alberto de

Noronh Camargo

¥ : : ik 1 N/ ]
Gilberto : : leda Leila : : Fabiana Gabriel Jeferson José
Queiroz : : Sanchez Fonseca : : Zioti Sansigolo Arcanjo Guilherme
: . : . Fronza

Lubia S Luis Ricardo Thales : : Matheus Raphael Rennan Rodrigo
Vinhas : : Maurano Cartaxo Kérting Zaglia Costa Marujo Brito
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P rOJ ect Project Associate

PhD students Master students
Tea m Management Researchers

. Py
Luciana Michel Leonardo Lorena
Mamede S Chaves - Vieira Santos

: : Lucas :
Picoli . Oldoni Simdes Perin Marau

Felipe Natalia

Yuri
Domaradzki
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@ FUNCATE

Fundacao de Ciéncia, Aplicagboes
e Tecnologia Espaciais

)

INPE

BRAZIL
DATA CUBE

FUNZO
AMAZONIA

'.1 BNDES MINISTERIODA ~ MINISTERIO DO | E.EIAAAgAﬁf

ECONOMIA MEIOAMBIENTE ' GOVERNO FEDERAL

www.brazildatacube.org
twitter: @BrazilDataCube

email: brazildatacube@inpe.br
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Obrigada

Karine R. Ferreira
karine.ferreira@inpe.br
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Q&A and discussion

30 minutes
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Wrap-up!

5 minutes
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Final remarks
by the GEO Secretariat Director,
Gilberto Camara
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