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National Institute for Space Research
(INPE), Brazil

Responsible for producing official land use and
cover information in Brazil

Projects:
v PRODES: clear cut deforestation
v' DETER: alerts of deforestation

Legenda

- Floresta
- Hidrografia
- Nao floresta

- Desflorestamento 2008

v’ TerraClass: identify what the deforested areas
detected by PRODES have become.
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National Institute for Space Research
(INPE), Brazil

Responsible for producing official land use and
cover information in Brazil

Projects: PRODES, DETER and TerraClass

Use a methodology mainly based on visual
interpretation of remote sensing images.
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Brazil Data Cube Project — Main Motivation

Responsible for producing official land use and
cover information in Brazil

Projects: PRODES, DETER and TerraClass

Use &methodologymainty-based-omvisual

interpretation of remote sensing imagery.

@ MINISTERIO DA CIENCIA € TECNOLOGIA
INSTITUTO NARCIONAL D€ PESQUISAS €SPACIARIS

Brazil Data Cube project

Produce technological innovation to
improve this methodology.

Big data technologies, time series analysis
and machine learning methods to store,
process and analyze big Earth observation
data sets mainly for land use and cover
change detection.




Methodology based on data cubes
and satellite image time series

Selection, analysis and
reduction of samples

analysis

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

SOM neural network

’f-ﬁ'\. )
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Land use and cover 1
ground samples and
auxiliary data Image time series

classification

!

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

Satellite Image
Time Series

N

Earth
Observation
Data Cubes

Big Earth Observation
Satellite Imagery

- - CBERS 4, Landsat 8, Sentinel 2
o and Terra/MODIS

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

Machine Leaning
1 Methods — SVM,

Land use change calculus RandonForest and Deep

1 Learning

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




Satellite Image
Time Series
Analysis

Satellite images
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Brazil Data Cube Project : !

Top of the '

1
At h '
——EEE——— A2 MOSP® surtace Information Information

lRaw Data Radiance Reflectance Extraction Products

.““

reflectance

Started in 2019. Developed by INPE.

s Data acquisition, Had?gje 0 Atmospheric  Proce ssmg Map, Graph, .. Ol
(Goal 1) Analysis-Ready Data (ARD) of \ Climberio  reflectance,  COTeC1eNS canbees, ﬂ{;
medium-resolution satellite images (10 to T omar 3
60 meters) for all Brazilian territory: o zenithangle) K
CBERS-4, Landsat 8 and Sentinel 2 Analysis Ready Data production

Source: [Giuliani et al, 2017]

(Goal 2) Multidimensional data cubes from
these ARD image collections

apmye|
-—

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

%
% —b
. . . longitude © time
(Goal 4) Land use and cover information Collections of Earth Data cubes
“1: . observation satellite -
for all Brazilian territory. magens - ARD four-dimensional array.

Source: [Kopp et al, 2019]



BRAZIL
DATA CUBE

Applications

/‘

Satellite Image Time

Open Data
Series (SITS) R package

. Interactive computing
[ Web Portal } [Forest Monltor] [ Cube (ODC)

JupyterHub

I |

Software <

Open

V

Services

-
Web Data Cube
Service (WDCS)

g

Web Land

Web Time Series
Trajectory Service (WLTS

Service (WTSS)

Web Land Samples
Service (WLSS)

J J{

Tile Map OGC Web Services - Web Land Classification

Data and

smosnis| | | | |

Service (TMS) WFS, WMS e WCS System Service (WLCSS)

Software e
Data and metadata
Products
-' D
. 1
. 1
| : Metadata - Land use and Land use and
! : collections of cover samples cover data sets
. Image Data cube 1 images and data and metadata and metadata
1 collections collections 1 cubes
. 1
N e e e e ettt e e e l
Data and <
metadata

. Data acquisition, processing and data cube generation
External providers q P g g

@ o

Image
collections

Image Collection Builder Data Cube Builder

Source:

(Image acquisition, ARD builder and [Ferreira et al., 2020]

metadata publishing)

(Warping, temporal compositing,
and metadata publishing)

-



Image Collection Builder Data Cube Builder

BRAZIL v
DATA CUBE ] Image
' External Provider KM\ f
‘ Warp
. : Temporal
, - LaSRC _ (merge, reproject, oo
| USGS % > resample, griding) Compositing
] Landsat-8/OLI
: (Scenes) (Data Cube tiles)
1 External Provider
Anal SIS' : Sen2cor
Y com @ N
Ready Data : . Data Cube
( AR D) o : etz e Data Cube Collections Generation
co I I ECtI ons ] External Provider [ I I |
: Data Cube Data Cube Data Cube Data Cube
| @’ MOD13Q1 Tile 001 001 Tile 001 002 Tile 001 003 Tile 001 004
: MODIS/Terra & Aqua
1 Data Cube
‘ Publish
: External Provider
T . .
] < maggubﬁsﬁc ion > Metadata -
' CBERS-4/AWFI Collection of images
. and Data Cube
: Collections
Source:

Surface Reflectance Images [Ferreira et al., 2020]



BRAZIL
DATA CUBE

Data Cube
Builder

Example of the
process to create a
monthly data cube,
considering one
BDC grid tile (red
rectangle).

Original images

Merged images

Identity data cube

Regular
. data cube
ume  (monthly)
compositing
function

»

Source:
[Ferreira et al., 2020]



BRAZIL
DATA CUBE

Data Cube
Builder

Time
Composition

Available Images in 1 month

Day 03
Valid pixel
prop.: 0.5

Day 08
Valid pixel
prop.: 0.7

Day 13
Valid pixel
prop.: 0.6

Day 18
Valid pixel
prop.: 1.0

Day 23
Valid pixel
prop.: 0.8

Day 28
Valid pixel
prop.: 0.1

2900

3150

3100

input Average input Median
2900 C o 2900 Cohr:‘l(:)((j)isairt]ing
ompositing
Function Result Function Result
3150 | 2900, 3150, 3100 | 3050 3150 | 2900, 3100, 3150 | 3100
Median
3100 Average 3100 |  (Middle Value)
Images sorted by valid
observations quantity Stack
input
Day 18
Valid pixel 3150 Stnck
prop.: 1.0 ac
Compositing
Function Result

Day 23
Valid pixet 3100 3150, 3100, 2900 3150
prop.: 0.8 T
Day 08 First valqe fr?m sorted
Valid pixel 2900 inpu
prop.: 0.7

Source:
[Ferreira et al., 2020]



Data Cube Builder - Web Application with GUI

<« C @ localhost:4200/list-cut @ % @ mncognito

@ DATA CUBE MANAGER My Cu beS

My Cubes

LC8_30_1M_STK LC8_30_1M_MED

+ Create New Cube

% Data Cube Manager X +

€« C  ® localhost:4200/create-cut & 9 Incognito

g DATA CUBE MANAGER Create Cube

(] (2] o © (5]

'\ Create Cube GRID REGION DEFINITION METADATA PREVIEW

Select Region

PERNAMBUCO

https://71m6on94e3.execute-api.us-east-1.amazonaws.com/prod

£LUAGOAS .
TR SERGIPE, ¢
TOCANTINS b _ LC8SR - LANDSAT -
MATUATO L Salvador 2019-01-01 B 2019-12-31 ()
2050 s
R 1
localhost:4200/create-cube SEARCH

Brasilia

@ Total Images: 267

Goiania

STATEOF
MINAS:
GERAIS

Leaflet | BOC-BAHIA

2020 Brazil Data Cube




Applications

ERA/?I\%LCUBE Web Portal Forest Monitor Interactive computing Satellite Image Time Open Data
JupyterHub Series (SITS) R package | | Cube (ODC)
Services
. a
Web services to r , _
Web Data Cube Web Time Series Web Land Web Land Samples
search, query, Service (WDCS) } [ Service (WTSS) ] [Trajectory Service (WLTS)} [ Service (WLSS) J
access and process < )
the data sets and Tile Map STAC Service OGC Web Services - Web Land Classification
their metadata. Service (TMS) WFS, WMS e WCS System Service (WLCSS)

o

L~ Data and metadata

STAC / ______________ |

O G CTM
- - - Open Geospatial Consortium, Inc.

S

@ ] Metadata - Land use and Land use and
SpatioTemporal ' collections of cover samples cover data sets
Asset Catalog Image Data cube images and data and metadata and metadata

collections collections cubes

L

: Data acquisition, processing and data cube generation
External providers quis p ssing g

Image Collection Builder Data Cube Builder
Source:

(Image acquisition, ARD builder and (Warping, temporal compositing, ;
metadata publishing) and metadata publishing) [Ferreira et al., 2020]

Image
collections




BDC Project - Web Time Series Service (WTSS)

http://www.dpi.inpe.br/wtss/time_ series?
coverage=M0ODO9Q1,attributes=evi&
longitude=-54,latitude=-12&start=2001-02-18&end=2015-03-05

Web Time Series Service

WTSS Client
1.00 -
Satellite Imagery
0 L Lo e
& oprs
{"result": {
"attributes":[ { "name": "red", 2050~
"values": [ 1004, 11
¥
{ "name": "quality", 0254 w
"values": [ 4842, 31 S
], } OOO- I I I 1 I 1 1 I - E
"timeline": [ "2000-02-18", "2000-02- 2001 2003 2005 2%%e 2009 2011 2013 2015
"center_coordinates": { "latitude": -TIT9Y,—TONEITUUE T -53.99Y
} LONGITUDE
}s
llquer‘yll : {
"coverage”: "MOD@9Q1", (longitude=-54,latitude=-12)

"attributes":[ "red", "quality" ],

"latitude": -12,

"longitude": -54,

"start": "2000-02-18",

"end": "2000-03-05" Source: [Vinhas et al., 2016]

} JSON Document



BDC Project — Web Land Trajectory Service (WLTS)

What is the trajectory of land use - =
and cover at this location in PA? Web Land ) #
Trajectory |
Service TerraClass
-
Land use and cover trajectory at this location in PA H j‘
PRODES
Deforestation
Forest Alert Deforestation T Pastcul e o
(PRODES) (DETER) (PRODES)  (TerraClass) il
| DETER
l - —P>
2012 03/2013 2013 2014
Land use and
cover data sets




Applications

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

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

Brazil Data Cube

<

>urina ne

STATE OF STATE OF
RORAIMA AMAFA

Brazil Data Cube

STATE OF STATE OF G TATE OF
MARANHAO CEARAN 1 5IGRANDE
DOINORTE

AMAZONAS

STATE CF
PARAIBA
STATE OF

Select Resources * PERNAMBUCO

cubes STATE OF
ALAGOAS

E OF,

"""""""" SITS (Satellite Image

Select Cube *

C4_64_16D_MED v . .

Time Series) R package:
https://github.com/e-sensing
couth - 1 ) ; ~ e SAO PAULO JANEIRO

S @ B5E G ]

{ P KIU GRANDE

T ‘ L DOISUL
Lat: -15.83454 | Lng: -64.24805 300 km
300k} ey

FILTER \ © 2019 - Brazil Data Cube (BDC)




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

Select two periods: 2018-9-1 /2018-9-30 v 2019-8-1/ 2019-8-31 -
) + - Visualize the
Select data cubes by tiles - difference
between
two time
i periods of
: \ data cubes
I 1
' i
' -/ e
I -t |
I l Campos Belos
' i
" |
"
[ '
' l S0 Domingos Leafet | © OpenStreetMap comtributors
I |
' |
' i
. I 5 l 2 ) coastat ] blue green [ red [ redget [ recge2 [ reciges e ] ooe 0] owet ] swi2 .
oS e . : - e L Access time
: e , series
2016-9/2016-10 2018-10/2018-11  2019-8/2019-9 8000 to SpeCiﬁC

- locations of

S ———— — T PO AT W™ <SG /\/\’\ data cubes

Visualize data cubes by time using a slider WM
Download data cube files

2018-09-01 2018-10-01 2018-11-01 2018-12-01 2019-01-01 2019-02-01 2019-03-01 2019-04-01 2019-05-01 2019-06-01 2019-07-01 2019-08-01




Open Data Cube (ODC) +
Brazil Data Cube (BDC)
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Jupyterhub

Select an image:

ODC:1.8

R-SITS
Anaconda:3.0

: Jupyter Home Token Admin

ODC + BDC Spawner Options

In [1]:

In [2]:

In [3]:

_—
Jupyter
e’

Notebooks

KMeans Clustering - CB4_64_16D_STK_v1

This document presents an example of spectral clustering in the CBERS4 collection (CB4_64_16D_STK_v1) of

This simple example aims to present how to clustering the data from the BDC stored inside the ODC. To
BDC-STAC.

import datacube

import numpy as np
import matplotlib.pyplot as plt In [ ]:
dc = datacube.Datacube (app="'datacube')

In [5]:
PRODUCT _NAME = "CB4 64 16D STK v1" !

Load CB4_64_16D_STK_v1 product

Tile Viewer

This document presents a utility that makes it possible to view the BDC tiles that are registered in the ODC.

To see all the available products, see the BDC-Portal and BDC-STAC.

BDC CBERS Tiles

This section presents the CBERS tiles that were registered at the time this example v

dc = datacube.Datacube(app="'datacube"’)
datasets = dc.find_datasets(product = "CB4 64 16D STK v1")

from bdc_utils import bdc_plot datasets
bdc_plot_datasets(datasets, zoom = 4)

Initially, an entire scene will be loaded, in a range of specific dates

cb4 64 16d ftile = dc.load(PRODUCT NAME, measurements = ['red', 'green', 'blue', 'nir'],
time = ("2019-12-19", "2019-12-31"), resolution =
cb4 64 16d ftile

(64, -64))




ODC + BDC :
oDC

Open Data Cube Explorer Explorer

CB4_64_16D_STK v1:CBERS 4 version 1 v June v All days v

‘ ‘ FOOTPRINT © DATASETS CBERS 4 data
cubes for the

%, CB4_64_16D_STK v1

AN AR VENEZUELA across June 2018 Cerrado
- . SURINAME Last processed 2 ye b|0me In
COLOMBIA 32 datasets BraZ”

7052km? (approx.)
No configured regions @
Entirely EPSG:10001

ECUADOR

PERU
€0 metadata:

BRAZIL

T - format GeoTiff
instrument CB4 64 16D STK_v1
- T <~ b 0 label «
BOLIVIA platform CBERS4
— —- = 1 product type A 16 day

Product information

URUGUAY.
Recenter -
ARGENTINA



OGC Services

Brazil Data Cube - OGC Web Services (datacube-ows)

ODC + BDC

Brazil Data Cube OGC Web Services
This URL is an end-point and is not intended for direct viewing. For more information:

k) (o] JINIoYN/YeUl:] M Open Web Services (datacube-ows) Repository

0OGC

Web

Services

Projeto Editar Exibir Camada Configuragoes Complementos Vetor Raster Bancode dados Web Malha Progessar Ajuda
D ERY OPL2LHNI PPRSHNGBEOS @ 2
LA AN AN =3 =
O-FLr¥-vmaR-

Navegador @®
RTY®O
» / SpatiaLite &
» @ postGls
» P> MssQL
» @ pB2
v @ WMS/WMTS
» =< BDC
v = BDC-Debug
v @ Brazil Data Cube - OGC Web Services
v & CBERS-4
» & Landsat-8
» = BDC- Local

%’}Ztﬁ'o I~
QaR &

» < BDCGRID

v @ XYZTiles

¥ OpenStreetMap
v & wcs

» =~ BDCWCS-Debug
» = BDCWCS-Local

Camadas @®
<« ﬁ: ®, ) ¢ 7 3= )

= BDC GRID |
O
v V| ¥ CBERS-4 16 days

L Escreva para localizar (Ctrl+K)

Coordenada -71.86,-1.49 % Escala| 1:36015888 v | @@ Lupa |230% @ 3

Rotacdo 0,0°

v

\

v Renderizar

@ EPSG:4326 q




BRAZIL Main Challenge: Big Earth Observation Data Sets

DATA CUBE

Data volume estimation: ~ 750 Terabytes (TB)

CBERS-4 Landsat-8
(AWFI) (OLI)

Region: Brazil

Period: [2015, 2019]
Volume: ~ 34 TB

Region: Brazil
Period: [2017, 2020]
Volume: ~ 45 TB

Conranaras

Sentinel-2 Terra & Aqua S

(MSI) (MODIS) |
Region: Brazil Region: Cerrado Biome b e T
Period: [2015, 2020] Period: [2016, 2020] (e T
Volume: ~642 TB (LlC) Volume: ¥4 TB 72> Paa e . ,.:,—i

The Brazil Data Cube tiling system: 560
tiles,
1 x 1.5 degree each tile.



BDC Project - Amazon Web
Service (AWS)

prepare
g @r i Data Cube Builder on AWS

Data Cube
Cloud Setup

prepare

A

Data Cube
Manager

l

(1) Sentinel 2 images - ARD
(surface reflectance) and data
cubes builder on AWS

PostgreSQL

SQS: Amazon Simple Queue

(]
Amazon
API Gateway

<. Ve Ve

Create Cube

] (2] (-] (] L]

EEEEEEEEEEEEEEEEEEEEEEEEEEEEE

S3 Buckets

?
E Amazon
Image EO Data ' DynamoDB
Collection Cube ! A
_____________ J ] GEO AWS
____________________________ Cloud Credit
AWS Lambda PI’OQ ram
B
—kn
Merge  Blend  Publish E A}‘(Twaezs?:




BDC Project - Amazon Web
Service (AWS)

(2) Create Land Use and
Cover Maps from the
BDC data cubes

GEO AWS
Cloud Credit
Program

A Mot Secww  AZIIGIN - @
6 V- - | . Py Sennion Bl Dabeg  Frolie Taundy rey iy
o .0 - . . . by - [ S .
o w— O ity Sy rervese 8 O s sty o 8 ¥ merge_revmn O i 5 T Devieamess  Wetery  Cosseciens -
marre e — NS +hen " “ Swrn v r = et Dt - ' - -
1 ary(sits B Lol (ot -
2 Dato
3 # functions definitions ocl List of §
4 ocloss. .4 obs, of
5 .sits_coveroge_cubes function(none o cov Large 14y
L timaline, vec
r bands , vec e | P | Fesupm | 5
U weitvie U pee 9
1] scole_foctors ved STt
| miasing. volues. vec » t
10 minisum volues. vec v
1 maximum_vaolues. vec sty | by
12 files.1st) | ¥ mepm st
13 ensurer:  ensure_thot(bands.vec, all(length{. sapply(file V. peom.snerns
14 err_desc - "sits_coverogeRaster: number hrdsamany
Amazon ECZ T e P ey i A o * sn classiy cutes i

* ek bricia
Comus  Tarmensl -

[1] 17.69565

R Studio Server with SITS package

AmazonS3 gy ckets with MODIS13Q1 product files

. 1. Cerrado I 7. Soy_Fallow

I 2. Fallow_Cotton [l 8. Soy_Millet

B :. Forest 9. Soy_Sunflower
4. Pasture Il 10. Sugarcane

P 5. Soy_Corn I 11. Urban Area

B 6. Soy Cotton [ 12. Water

Name »

[ MOD13Q1_h11v09_006_250m_16_days EVI_4320_3840_480_4B0.tif

[ MOD13Q1_h11v0S_006_250m_16_days_EVI_4320_4320_480_480.tif

™M MOD13Q1_h11v09 006 250m_16_days MIR_reflectance 4320 3840 480 480.tif

[ MOD13Q1_h11v09_006_250m_16_days_MIR_reflectance_ 4320 4320 480_480.tf

Last modified ~

Sep 11, 2018 11:51:38 AM GMT-0300

Sep 11, 2018 11:51:38 AM GMT-0300

Sep 11, 2018 11:51:38 AM GMT-0300

Sep 11, 2018 11:51:38 AM GMT-0300

Size ~

1789 M8

1789 M8

1789 M8

1789 MB




www.brazildatacube.org

BRAZIL
DATA CUBE

Brazil Data Cube is a project that is being developed by the Brazil's
National Institute for Space Research (INPE), since January 2019,

that aims to create multidimensional data cubes of analysis-ready

from medium-resolution Earth observation images....

Home About Team News Publications Contact & English v Search ... L Q|

~ ES
o ~
Portal de Brazil Data Cube Github News

Access the Interactive Map at Brazil Brazil Data Cube portal source Be updated on the news of Brazil

Data Cube Portal code repository Data Cube Project




BRAZIL Data Cubes and Land Use and Cover Classification

Examples of three
MONTHLY data cubes
created using the time
composition function
STACK from images of:

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

Data cube period: 08-2016
to 07-2019




BRAZIL
DATA CUBE

Examples of NDVI time
series extracted from the
CBERS-4 data cube
associated to three
different types of land use
and cover classes:

(1) Natural Vegetation

(2) Agriculture

(3) Pasture

NDVI time series from
Aug-2018 to July-2019.

Samples (422) for class Natural Vegetation in band = ndvi Samples (242) for class Agriculture in band = ndvi

038~

000~ 200

» » » ' ' ' ' '
Ot 2000 2on 2OV Age 2OV A OV Ot 20 Jan 201 Ape 2019 A0V

Fo

. . . .
Oct 2018 Jan 209 Age 20%% Jul 2019




BRAZIL Land Use and Cover Classification B Agriculture

DATA CUBE I Natural Vegetation
Pasture

Land use and cover classification
results of the data cubes:

(1) CBERS4 STACK 16Days

(2) CBERS4 STACK Monthly

(3) CBERS4 MEDIAN 16Days

(4) CBERS4 MEDIAN Monthly

Period: Ago-2018 to July-2019

Vegetation indices and bands:
NDVI, EVI, blue, green, red, nir.

Deep learning classifier with 5
layers and 512 neurons.

SITS (Satellite Image Time Series) R
package




BDC Project — Status and Future
I —

Status:

v/ CBERS 4, Sentinel 2 and Landsat 8 - ARD images and data
cubes from 2016 to 2020 and land use and cover maps:

v Today: three areas in Brazil (A, B and C).

Legend

Sul Goiano

Sudeste Mato-Grossense
[] Extremo Oeste Baiano
[] Cerrado perimeter
33 BDC Grid
B3 BDC Grid - processed tiles
@ Ground truth samples

v’ December 2020: Cerrado biome.

Future:
v’ Create data cubes harmonazing/mixing Sentinel 2 and Landsat 8 satellite images
v’ Create data cubes using Sentinel 1 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

V...



Digital Earth America - Some Ideas
-

v’ Each country (a local institute) can be responsible for the creation and maintenance of its ARD
images and data cubes; and the Digital Earth America can provide mechanisms to integrate
these data sets from different coutries.

v'We can create a group/community to share experiences and software products. Example: the
Data Cube Builder Application on AWS developed by the Brazil Data Cube project can be used to
create ARD images and data cubes for other countries.

v’ The main challenge: the big volume of satellite images. We can join efforts to get funds to pay
cloud computing environments (such as AWS) to store and process these big amount of data
sets.
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