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XXI SIMPOSIO BRASILEIRO DE SENSORIAMENTO REMOTO

Earth Observation Data Cubes and
Time Series Analysis of Images

Dra. Karine Reis Ferreira e Dr. Gilberto Ribeiro de Queiroz

Instructors: Dr. Rennan de Freitas Bezerra Marujo, MSc. Felipe Carvalho
de Souza, MSc. Abner Ernani dos Anjos, MSc. Baggio Luiz de Castro e
Silva, MSc. Felipe Menino Carlos e MSc. Gabriel Sansigolo.
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Abordagem pixel a pixel
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Abordagem por regioes

R: Jango Biriva
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Abordagem por tempo: Time Series
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Caracterizacao de Séries Temporais
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Cubos de Dados
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Cubos de dados pelo mundo
Iniciativas similares

Amarelo: operational
Source: [Sudmanns et al, 2022] Vermelho: em desenvolvimento

. data M
|
Article
Paving the Way towards an Armenian Data Cube
BRAZIL
DATA CUBE

https://www.swissdatacube.org/
http://brazildatacube.org

Big Earth Data

Building an Earth Observations Data Cube: lessons
learned from the Swiss Data Cube (SDC) on

generating Analysis Ready Data (ARD)

()
Ng@%ﬂ : 5 s : : ISSN: 2096-4471 (Print) 2574-5417 (Online) Journal page: http://w ine.com/loi/tbed20
[ NGl @f

Dlgltal Earth 4 ; Digital Earth
\/ :
Digital Earth Americas ‘0 ARRIGA » AUSTRALIA

A visi lution th ides rel. Earth ob jon di he b h . 101 i

vision for a solution that provides re j}?nnetric‘:;t observation data for the benefit of the https.//dIglta|earthafrlca.0rg/ https://www_dea'ga.gOV.au/
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Producao de ARD —

: ﬂ Top of the ' Source: [Giuliani et al, 2017]
. . S Atmosphere ’
Analysis-Ready Data (ARD) de imagens 2 Surface Information Information

lRaw Data Radiance reflectance Reflectance.Extractlon Products
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Cubos de dados Multidimensionais

N ““““
Ny

e i S .

Collections of Earth longikude

observation satellite Data cubes —
imagens — ARD four-dimensional array.
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Producdo de ARD a

(Landsat-5
2USGS Collection 2 L2 tzzgz:g
Landsat-9)

Sentinel-1 (GRDH)

Sentinel-2 (L1C) SN
Gesa 200 cod )

Sentinel-3 (OLCI) \/

Publicagdo em Acesso . I_
banco de dados Catalog Database : |@ STAC

MOD11A2
MYD11A2
MOD13Q1

MYD13Q1

CBERS-4 DN (MUX, WFI, PAN5, PAN10)

CBERS-4 SR (MUX, WFI)
e CBERS-4A DN (WFI, WPM)
CBERS-4A SR (WFI)

AMAZONIA-1 SR (WFI)
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Producao de Cubos de Dados
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Producao de Cubos de Dados: BDC Grid (V2)
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Projection: Albers equal area and Datum: SIRGAS 2000
https://brazil-data-cube.github.io/specifications/bdc-projection.html
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https://brazil-data-cube.github.io/specifications/bdc-projection.html

Producao de Cubos de Dados: BDC Grid (V2) Hg‘

Q_ PESQUISAR := RESULTADOS oo : 3 Data Cube Ajuda Sobre
Q Selecione os Recursos Q F : » '
Information X :
Camadas
Data Cubes v
Cailootian o p ™ BDC - Small v2
Grades
@ charter RS Collections v Layer Name:
BDC_SM_V2 ﬁMozambique Medium
Classifications v !
Layer URL: ﬁs S
Mosaics - https://data.inpe.br/bdc/geoserver/bdc_catalog/wms I[] (4 ? SENTINEL 2
Author: EFSmaII V2
9 Regiao Q Brazil Data Cube B e vz
Description:
BEOX ° ENIERECD 3 wr BDC_SM_V2 is composed by 105600m x 105600m cells on the BDC tiling system. The Albers Equal-Area Conic is the
reference map projection for the BDC tiling system, named BDC Grid. Like other normal conics, the Albers Equal-Area Conic EMedium V2
Leste. Sul. Oeste:Norte Q projection has concentric arcs of circles for parallels and equally spaced radii as meridians. The parallels are not equally &
spaced, but they are farthest apart in the latitudes between the standard parallels and closer together to the north and south. 2 - LANDSAT

The pole is not the center of the circles, but it is normally an arc itself. Scale along the parallels is too small between the
standard parallels and too large beyond them. The scale along the meridians is just the opposite and, in fact, the scale factor
Q along meridians is the reciprocal of the scale factor along the parallels to maintain equal area [J. P Snyder, 1987]. BDC Grid
uses parallel 12° south and meridian 54° west as origin and defines two standard parallels at latitudes 2° south and 22°
south. Offsets of 5,000,000 meters and 10,000,000 meters are respectively applied to X and Y coordinates at the origin.
Data Inicial [&] Data Final [ SIRGAS-2000, the official planimetric datum of Brazil, is the reference geodetic system. Charter RS Mapas Base

Sources: rtar nova camada
. Brazil Data Cube GeoServer 3
@) Cobertura maxima de nuvens Q o servigo
SANSUAN ; gk CARREGAR
N o 100

Lat: 0.35156 | Lng: -22.36816 } y ( NTRE RIOS .
AR » Santiann’ AMendoz cMTEEEPS Uruguai

Data Cube Explorer - v3.2.1, Copyright

Limites

@ Defina o periodo de tempo Charter RS Simulagdes
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Processamento de Cubo de dados
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Processamento de Cubo de dados
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Processamento de Cubo de dados
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Processamento de Cubo de dados
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Composicao Temporal: Least Cloud Cover First (LCF)

Imagens disponiveis
em 16 dias

Dia 03
Clear %: 0.5

Dia 06
Clear %: 0.7

Dia 09
Clear %: 0.6

Dia 12
Clear %: 0.8

Dia 15
Clear %: 0.1
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Composicao Temporal: Least Cloud Cover First (LCF)

Imagens disponiveis Sentinel-2 SCL
em 16 dias (Scene Classification Layer) CBERS-4 CMASK
Dia 03 |
Clear %: 0.5 NO_DATA 0 clear land pixel
SATURATED OR_DEFECTIVE _ clear water pixel
Dia 06 DARK_AREA_PIXELS . cloud shadow
Clear %: 0.7 CLOUD_SHADOWS ) snow
: EGETATIC , 4 cloud
Dia 09 Clear NOT_VEGETATED 255 no observation
Clear %: 0.6 WATER
Dia 12 -
Clear %: 0.8 CLOUD_HIGH_PROBABILITY
Dia 15
Clear %: 0.1
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Composicao Temporal: Least Cloud Cover First (LCF)

Imagens disponiveis
em 16 dias

Dia 03
Clear %: 0.5

Dia 06
Clear %: 0.7

Dia 09
Clear %: 0.6

Dia 12
Clear %: 0.8

Dia 15
Clear %: 0.1

Ordenacao
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Clear %:

Dia 09

Clear %:

Dia 03

Clear %:

Dia 15

Clear %:

Imagens Ordenadas pelo Clear %

0.8
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0.6

0.5

0.1




Composicao Temporal: Least Cloud Cover First (LCF)

Imagens disponiveis
em 16 dias

Dia 03
Clear %: 0.5

Dia 06
Clear %: 0.7

Dia 09
Clear %: 0.6

Dia 12
Clear %: 0.8

Dia 15
Clear %: 0.1

Ordenacao

Imagens Ordenadas pelo Clear %

Dia 12

Clear %:

0.8

P | 2900 [<«<— Best pixel

Dia 06

Clear %:

0.7

-

» | 3150
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Dia 09

Clear %:

0.6

Dia 03

Clear %:

0.5

» | 3100

Dia 15

Clear %:

0.1




Composicao Temporal: Least Cloud Cover First (LCF)

Imagens disponiveis Imagens Ordenadas pelo Clear %
em 16 dias
Dia 03 ot W'
Clear %: 0.5 Clear %: 0.8
Dia 06 » | 3000 |<=— Best pixel
Clear %: 0.7
Ordenacao
Dia 09 Dia-09 > | 3100
Clear %: 0.6 Clear %: 0.6
Dia 12 Dia 03 » | 3125
Clear %: 0.8 Clear %: 0.5
Dia 15 ui 15 = &
Clear %: 0.1 ' Clear %: 0.1
e

<A BRAZILDATACUBE.ORG



Composicao Temporal: Least Cloud Cover First (LCF)

Imagens disponiveis
em 16 dias

Dia 03
Clear %: 0.5

Dia 06
Clear %: 0.7

Dia 09
Clear %: 0.6

Dia 12
Clear %: 0.8

Dia 15
Clear %: 0.1

Ordenacao

Imagens Ordenadas pelo Clear %

Dia 12

Clear %:

0.8

Dia 06

Clear %:

0.7

Sdia

-

P | 2900

Dia 09

Clear %:

0.6

Dia 03

Clear %:

0.5

P | 2950

Dia 15

Clear %:

0.1

< Best pixel

gia’
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Composicao Temporal: Least Cloud Cover First (LCF)

Imagens disponiveis Imagens Ordenadas pelo Clear %
em 16 dias
> &(— Best pixel
L Dia 03 Dia 12
Clear %: 0.5 : Clear %: 0.8
Ordenacgao > &
Dia 06 Dia 06
Clear %: 0.7 Clear %: 0.7
-
Dia 15 Dia 15
Clear %: 0.1 Clear %: 0.1
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Bandas dos Cubos de Dados

Attributes Description
:gt:‘::’t:al Surface reflectance bands Images processed as surface reflectance level
Provenance Day of the year indicating the source image sensing date
Number of Clear Observations (No cloud, or Cloud
ClearOb ) o .
Extras Shadow) in the temporal compositing period.
Bands Total Number of Observation in the temporal
TotalOb o\ .
compositing period.
Quality (Cloud Mask) Cloud, Cloud Shadow and clear observation mask
NDVI Normalized Difference Vegetation Index
Spe.ctral EVI Enhanced Vegetation Index
Indices
NBR Normalized Burn Ratio Index

Provenance
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Colecao original vs Cubos de Dados

2025-03-18 2025-03-20

16 dias “agrupados”

2025-03-22

2025-03-23

2025-03-25
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BO8

Colecao original vs Cubos de Dados

Série dado original

14000 A

12000 A

10000 A

8000 +

6000

4000 A

2000 A

LTS 7 N PSS I P N O P 2 PR P NN P 7 PR T PN 06 U PN [T PR O PR Y0 PR 7% R SR R A R 57 DR Al R 5 il R B 5 R R |

MO 0T (NG LD 00 0 st ONTRE (NGO MM e 00 =00 WOM = O LN DO DO e N N O 0L MO 00 (NTY 00 O—00 0D

Data

B0O8

Séries Cubo de dado

14000 A

12000 A

10000 A

8000 A

6000 A

4000 -

2000 A

2024-01-01 A

2024-01-17 A

2024-02-02 A

2024-02-18 -

2024-03-05 A

2024-03-21 A

2024-04-06

2024-04-22 A

2024-05-08 -

2024-05-24 -

2024-06-09

2024-06-25

2024-07-11 A

2024-07-27 A
2024-08-12 -

O
D
-t
Q

2024-08-28

2024-09-13 A

2024-09-29
2024-10-15 A

2024-10-31
2024-11-16
2024-12-02
2024-12-18
2025-01-01
2025-01-17
2025-02-02 -
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Colecoes CBERS-4, CBERS-4A and AMAZONIA-1

CBERS-4/MUX - L4-SR - COG
(20 metros)

CBERS-4/WFI - L4-SR - COG
(64 metros)

CBERS-4A/WFI - L4-SR - COG
(55 metros)

CBERS-4A/WPM - COG
Multispectral, Fusioned Pan
(2 metros)

AMAZONIA-1/WFI - L4-SR -
COG (64 metros)




Colecoes CBERS-4, CBERS-4A and AMAZONIA-1
= ¢ 4

CBERS-4/MUX - L4-SR - COG CBERS-4 WFI - Brazil
(20 metros) CBERS-4/MUX (20 metros) (64 metros)

3 meses
[Maio-Junho - 2020]

CBERS-4/WFI - L4-SR - COG

(64 metros) CBERS-4/WFI (64 metros)

CBERS-4A/WFI - L4-SR - COG CBERS-4/WFI (64 metros) +
(55 metros) CBERS-4A/WFI (55 metros)

CBERS-4A/WPM - COG
Multispectral, Fusioned Pan
(2 metros)

AMAZONIA-1/WFI - L4-SR -
COG (64 metros)

_Lat: 5.96775 | Lng: -37.56194 500 km

RGB: B15-B16-B13
Resolucdao: 64m




Cole¢es Landsat ¢

- Landsat-5/TM (30 metros) : 4

Landsat Collection 2 - Level-2 Landsat-7/ETM+ (30 metros)
(30 metros) Landsat-8/0LI (30 metros) (30 metros)

Landsat-9/0LI2 (30 metros) 6 meses

[Julho-Dez. - 2017]

Guiana
uiana Francesa
Colombia Suriname

ulana
Guiana  Francesa
Colombia Suriname

Bogota

.
_Bogota

,,,,,,,,
'ORTE

Paraguai

. Paraguai
ASSUNGA0. | paraNnA a0 Paulo =

Assuncao

Uruguai Uruguai

RGB: B6 -B5 - B4
Resolucao: 30m

ZUSGS

science for a changing world



Colecoes Sentinel-1, Sentinel-2, Sentinel-3

Sentinel-1 - Level-1 - GRD

Sentinel-2 - Level-1C - Bundle

Sentinel-2 - Level-2A - Bundle

Sentinel-2 - Level-2A - COG 3 meses
Sentinel-2/MSI - Level-2A - [Junho-Ago. - 2022]
Data Cube - LCF 16 days RGB: B11, B8A, BO4

Sentinel-3/0OLCI - Level-1B Full (10 metros) Resolugdo: 10m

Resolution Sentinel-2 - MSI - Amazonia

(10 metros)




Mais exemplos de Mosaicos Sentinel-2
P P

Sentinel-2 - MSI - Cerrado Sentinel-2 - MSI - Yanomami Reserve

(10 metros) (10 metros)

4 meses 6 meses

[Junho-Set. - 2022] [Abril (2019) - Abril (2022)]
(7 mosaicos de 6 meses)

Fortaleza

CEARA_ RI0 GRANDE
“DOINORTE

. : PA‘R”AYIBA « Jodo Pessoa

Brasil = PERNAMBUCO

7 L5 AUAGOAS
Aracaju

SERGIPE
BAHIA" “salvador

ESPIRITO
te .SANTO

.RIO.DE

e
estnss Curitiba
RGB: B08, B04, B0O3
Resolugdo: 10m RGB: B11, B08, BO4

Resolugdo: 10m



Colecoes MODIS

Medelin Venezuela
Bogota

Guiana
(ITELE] Francesa
Colombia Suriname

AMAPA

Time Step: 16 dias Time Step: 16 dias :
Timeline: 2000 - 2025* Timeline: 2002 - 2025* Adn | Brasil &
Grid: STG Grid: STG
¢ ¢
TERRA/MODIS (MOD11A2) AQUA/MODIS (MYD11A2)
(1 km) (1 km) AR o ra T
Time Step: 8 dias Time Step: 8 dias
Timeline: 2000 - 2025* Timeline: 2002 - 2025* AN
Grid: STG Grid: STG " W R

Argentina

Montevidéu




Colecoes GOES
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Macapa &

GOES-13/Imager - Level-3 -
VIS/IR Imagery (Binary)
Timeline: 25/11/2011 -
01/08/2018

GOES-16 Cloud & Moisture
Imagery
Timeline: 03/04/2019 -
2025

GOES-19 Cloud & Moisture
Imagery

Timeline: 2025
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Colecoes Classificacoes de uso e cobertura da Terra

@D ciassifications ”

KD - Curuai - Sentinel-2 ...

LCC - Goias - CB4_64_1M_S...

LCC - Mato Grosso - CB4_6...

LCC - Mato Grosso - CB4_6...

LCC - Bahia - CB4_64_1M_S...

LCC Landsat-8 16D STK Ama...

LCC Landsat-8 16D STK Caa...

LCC Landsat-8 16D STK Cer...

LCC Landsat-8 16D STK Mat...

LCC Landsat-8 16D STK Pam...

LCC Landsat-8 16D STK Pan...

LCC Landsat-8 1M STK Cerr...

LCC - Bahia - LC8_30_1M_S...

LCC Sentinel-2 16D STK Am...

LCC - Bahia-S2_10_1M_ST...



Links Uteis

INPE STAC Server

[MBrowse

Q search

Description

. Instituto Nacional de Pesquisas Espaciais

Additional Resources
- API in HTML

This is the landing page for the INPE STAC server. The SpatioTemporal Asset Catalogs (STAC) provide a ized way
to expose collections of spatial temporal data. Here you will find collections of data provided by projects and areas of INPE.

Catalogs @  ETies

A Filter catalogs by title

AMAZONIA-1/WFI - Level-4-SR - Cloud
Optimized GeoTIFF
EZ3 AMAZONIA-1/WFI Surface Reflectance product
over Brazil. L4 SR product provides orthorectified

surface reflectance images. This dataset is provided ...

12:00:00 AM UTC

4, 12:00:00 AM UTC - 11/19/2024

CBERS-4/MUX - Level-4-SR - Cloud
Optimized GeoTIFF
[EZ3 CBERS-4/MUX Surface Reflectance product
over Brazil. L4 SR product provides orthorectified
surface reflectance images. This dataset is provided ..

1/1/2016, 12:00:00 AM UTC - 11/19/2024, 12:00:00 AM UTC

CBERS-4/MUX - Level-4-SR - Data Cube -
LCF 2 months

FZT Farth Ohservation Nata Cithe nenerated from

ist | 1% Ascending 1% Descending

CHARTER - WFI

(&3 This collection contains images from the WFI
sensor onboard the satellites CBERS-4, CBERS-4A
and AMAZONIA-1 over Brazil. The data is processed...

412012024, 12:00:00 AM UTC - 5/20/2024, 12:00:00 AM UTC

CHARTER - WPM
(&3 This collection contains images from the CBERS-
4AWPM over Brazil. The data is processed by the
Disasters Charter and provided as Cloud Optimized...

12/27/2023, 12:00:00 AM UTC - 5/14/2024, 12:00:00 AM UTC

GOES-13/Imager - Level-3 - VIS/IR Imagery
(Binary)
G GOES-13 s a satellite of the Geostationary
Operational Environmental Satellite (GOES) series

Anaratad hy tha Natinnal Nraanic and Atmacnharic

LCC - Bahia - LC8 30m 1M STK

(B3 This land cover classification refers to a study
area in Bahia state, in the Cerrado biome. For this map,
the Landsat-8 monthly data cube was used, with ...

9/1/2018, 12:00:00 AM UTC - 8/31/2019, 12:00:00 AM UTC

LCC - Bahia - S2 10m 1M STK

9 This land cover classification refers to a study
area in Bahia state, in the Cerrado biome. For this map,
the Sentinel-2 monthly data cube was used, with a...

9/1/2018, 12:00:00 AM UTC - 8/31/2019, 12:00:00 AM UTC

LCC - Caatinga - LC8 30m 16D STK
[EE3) This is a land cover classification map of
Brazilian Caatinga, from January to December of 2017.
This classification was made on top of Landsat-8 16...

STAC Browser

DAPI @ Source <% Share [ Language: English ~

Sentinel-1 - Level-1 - Interferometric Wide
Swath Ground Range Detected High
Resolution

2 Copericus Sentinel-1 Level-1 Ground Range
Detected (GRD) products consist of focused SAR data
that has been detected, multi-looked and projected to...

5/1/2021, 9:45:44 AM UTC - 11/27/2024, 11:10:29 PM UTC

Sentinel-2 - Level-1C

1) Copernicus Sentinel-2/MSI Level-1C product over
Brazil. Level-1C product provides orthorectified Top-Of-
Atmosphere (TOA) reflectance images.

7116/2017, 2:47:29 PM UTC - 11/27/2024, 3:07:21 PM UTC

Sentinel-2 - Level-2A
) Copernicus Sentinel-2/MSI Level-2A product over

Rrazil 1 auol-2A nradiint nravidas artharactifisd uirface

rowser

https://data.inpe.br/stac/

Q_ SEARCH ESULTS
@ Select Resources 9 o4
Quito
@D vatacubes v Equador
uaiaquils
\ o8
@D colections v
@ charter Rs Collections v
Tiyjilo
@I classifications v k
@D vosaics v
©Q Region ]

Quomess e

West, South, East, North Q

@ select the Period 9
Start Date [} LastDate ()
@ Max. cloud coverage 9

& ———————————0 100%

Lat: 0.35156 | Lng: -81.25488 Jl 300 km
| s

RORAIMA N\_ /< AMAPA
Macapd
Belém

Santarém Sao|Lui
Manaus e

MARANHAO

AMAZONAS CEARA. o
D;

PARA(BA

Porto Veho Brasil PERNAMBUCO

A
RONDONIA

SERGIPE

BAHIA - salvador

Ubeiandia
3 £spIRITo
Belo Horizonte [ SANTO
Campo Grande B
beigo Freto
IATO GROSSO >
00 SUL
0lPAULO
$30,Paulo ig de Janeiro

PARANA. . ritiba

MISIONES,  SANTA
CATARINA
Florianépolis

\ SANTA FE

Uruguai
Data Cube Explorer - v3.2.1, Copyright (©) 2019-2023 INPE

BDC Explorer
https://data.inpe.br/bdc/explorer

RANDE
NORTE

Help

About

©

INPE STAC https://data.inpe.br/bdc/stac/v1/

QGIS Plugin


https://data.inpe.br/stac/browser/?.language=en
https://data.inpe.br/bdc/explorer/explore

Desafio - Big data

Volume de Dados: ~2 Petabytes

Dados de refletancia da superficie e cubos de dados de observagdo da Terra (em Terabytes)

) CBERS-4/MUX - Level-4-SR - Data Cube - LCF 2 months (2016/2024)
@ CBERS-4/WFI - Level-4-SR - Data Cube - LCF 16 days (2016/2024)
@ sentinel-2MSI - Level-2A - Data Cube - LCF 16 days (2017/2024)

¢ Landsat - 30m - 2 months ( jan 2016 / dez 2023) . MODIS Products ( 2000 / 2024 )

. CBERS-4/MUX - Level-4-SR - Cloud Optimized GeoTIFF (jan2016/abr2024)
‘ CBERS-4/\WFI - Level-4-SR - Cloud Optimized GeoTIFF (jan2015/abr2024)
. CBERS-4A/WFI - Level-4-SR - Cloud Optimized GeoTIFF (jan2020/abr2024)
‘ Sentinel-2 - Level-2A - Cloud Optimized GeoTIFF (ago2015/2024)
. Sentinel-1 - Level-1 - Interferometric Wide Swath Ground Range Detected
. Sentinel-2 - MSI — Level-1C (ago2015/abr2024)
£ Sentinel-3/0LCI - Level-1B Full Resolution
‘ Landsat Collection 2 — Level-2 (jan2013/abr2024)




Alem dos dados: A plataforma Brazil Data Cube

: : : o - _ D
Técnologias de Big data, analises de series temporais

e métodos de aprendizagem de maquina. ‘

SITS extraction

Classificacdo de uso e cobertura da Terra “ Www

SITS Classmcatlon %

Smoothing Deep Learning
Bayesian filter

Source: [Ferreira et al, 2020]

<A BRAZILDATACUBE.ORG
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Software
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<
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QGIS plugin - Web
) Time Series

 Service (WTSS)

. ) Land Trajectory « ) Crop Phenology Metrics

QGIS plugin - Web QGIS plugin - Web Land web
~ Portal

. Service (WLTS) Service (WCPMS)

Coll Interactive computing Satellite Image Time Open Data
{ e : J [ JupyterHub J [ Series (SITS) R package J [ Cube (ODC) ]

8

Tile Map
Service (TMS)

Service (WTSS) Service (WLTS)

WFS, WMS e WCS

Web Time Series J ( Web Land Trajectory J [ OGC Web Services - J

SpatoTemporal Asset
Catalog (STAC) Senvice

Metrics Service (WCPMS)

Web Land Crop Phenology Web Land Classification
System Service (WLCSS)

4

v

Dataset
providers

[ Data and metadata ]

- - s e e

7’
! 1 1 \
' 1 1 1
1 1 L |
| : Metadata -
: ' Image
1 ! collections
1 Datasets > datasets
¥ S N S —— L

—{ Data acquisition, processing and data cube processing }
Image Collection Builder Data Cube Builder
(Image acquisition, ARD builder (Warping, temporal compositing and
and metadata publishing) metadata publishing)
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QGIS plugin - Web
) Time Series

 Service (WTSS)

. ) Land Trajectory « ) Crop Phenology Metrics

QGIS plugin - Web QGIS plugin - Web Land web
~ Portal

. Service (WLTS) Service (WCPMS)

Coll Interactive computing Satellite Image Time Open Data
{ e : J [ JupyterHub J [ Series (SITS) R package J [ Cube (ODC) ]

8

Tile Map
Service (TMS)

Service (WTSS) Service (WLTS)

WFS, WMS e WCS

Web Time Series J ( Web Land Trajectory J [ OGC Web Services - J

SpatoTemporal Asset
Catalog (STAC) Senvice

Metrics Service (WCPMS)

Web Land Crop Phenology Web Land Classification
System Service (WLCSS)

[ Data and metadata ]
e e S N T e o e e ~
! 1 1 \
' 1 1 |
1 1 L |
| : Metadata -
: ' Image
1 ! collections
v Datasets > datasets
[ A P S oy i Sy e e o s ”

Dataset
providers

—{ Data acquisition, processing and data cube processing }
Image Collection Builder Data Cube Builder
(Image acquisition, ARD builder (Warping, temporal compositing and
and metadata publishing) metadata publishing)
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QGIS plugin - Web QGIS plugin - Web QGIS plugin - Web Land Web
) Time Series . ) Land Trajectory « ) Crop Phenology Metrics -

Service (WTSS) N Service (WLTS) Service (WCPMS) Rl

Coll Interactive computing Satellite Image Time Open Data
{ e : J [ JupyterHub J [ Series (SITS) R package J [ Cube (ODC) ]

==

I

Tile Map Web Time Series Web Land Trajectory OGC Web Services -
Service (TMS) Service (WTSS) Service (WLTS) WFS, WMS e WCS

SpatioTemporal Asset Web Land Crop Phenology Web Land Classification
Catalog (STAC) Service Metrics Service (WCPMS) System Service (WLCSS)

[ Data and metadata ]

- - s e e

7’
! 1 1 \
' 1 1 1
1 1 L |
| : Metadata -
: ' Image
1 ! collections
1 Datasets > datasets
¥ S N S —— L

& i

Dataset o n ) 1
—{ Data acquisition, processing and data cube processing )

: Image Collection Builder Data Cube Builder
(Image acquisition, ARD builder (Warping, temporal compositing and
and metadata publishing) metadata publishing)
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Services

Tile Map Web Time Sernes Web Land Trajectory OGC Web Services -
Service (TMS) Service (WTSS) Service (WLTS) WFS, WMS e WCS

SpatioTemporal Asset Web Land Crop Phenology Web Land Classification
Catalog (STAC) Service Metrics Service (WCPMS) System Service (WLCSS)

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

Iccs

sample

tiler

W l[ S

WISS

Stac

'
‘\l’ln/ ' [ S

WISS

GitHub

stac-aws-introduction.ipynb

stac-image-processing.ipynb

stac-introduction.ipynb

<A BRAZILDATACUBE.ORG


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

STAC Catalog

N B N O o e e
Tile Map Web Time Series Web Land Trajectory OGC Web Services - | :
Service (TMS) Service (WTSS) Service (WLTS) WFS, WMS e WCS : :
W,
: |
] |}
3 - ;
SpatioTemporal Asset Web Land Crop Phenology Web Land Classification : :
Catalog (STAC) Service Metrics Service (WCPMS) System Service (WLCSS) ! -
J : :
] L}
' '
] '
] ]
] '
| '
: ;

Landsat-8/0LI CBERS-4/AWFI Sentinel-2
Collection Collection Collection

e b

Asset Catalog | T e

2018/08/21 2008/10/17 2008/1/02

_____________________________________________________

Band0n.tif Bond02.tif Bond03tif

STAC Assets

<A BRAZILDATACUBE.ORG




STAC Catalog

Y i e R L S Wy e i A, G iy i B o o e, i S e L S e e,y i e L e et T gy

Tile Map Web Time Series Web Land Trajectory OGC Web Services - :

Service (TMS) Service (WTSS) Service (WLTS) WFS, WMS e WCS :
W,

|

|}

5 :

SpatioTemporal Asset Web Land Crop Phenology Web Land Classification -

Catalog (STAC) Service Metrics Service (WCPMS) System Service (WLCSS) :

J |

L}

I '

. '

]

Londsat-8/0LI CBERS-4/AWFI Sentinel-2

Collection Collection Collection

e —

SpatioTemporal
Asset Catalog ettt ittt

INPE STAC:
https://data.inpe.br/bdc/stac/vl/

2018/08/21 2008/10/17 2018/1/02
https://data.inpe.br/bdc/stac/vl/collections/S2 L2A- STAC Item
1/items?bbox=-45.9700,-23.2740,-45.8700,-23.0740 [ T
&datetime=2024-01-01/2024-01-31&limit=20 ) )

Band0n.tif Bond02.tif Bond03tif

S =

INPE STAC Browser: STAC Assets
https://data.inpe.br/stac/browser/?.language=en

<A BRAZILDATACUBE.ORG



https://data.inpe.br/bdc/stac/v1/
https://data.inpe.br/bdc/stac/v1/collections/S2_L2A-1/items?bbox=-45.9700,-23.2740,-45.8700,-23.0740&datetime=2024-01-01/2024-01-31
https://data.inpe.br/bdc/stac/v1/collections/S2_L2A-1/items?bbox=-45.9700,-23.2740,-45.8700,-23.0740&datetime=2024-01-01/2024-01-31
https://data.inpe.br/bdc/stac/v1/collections/S2_L2A-1/items?bbox=-45.9700,-23.2740,-45.8700,-23.0740&datetime=2024-01-01/2024-01-31
https://data.inpe.br/stac/browser/?.language=en

STAC Catalog

N
Tile Map Web Time Senes Web Land Trajectory OGC Web Services -
Service (TMS) Service (WTSS) Service (WLTS) WFS, WMS e WCS

J ' :

" : :

SpatioTemporal Asset Web Land Crop Phenology Web Land Classification | '
Catalog (STAC) Service Metrics Service (WCPMS) System Service (WLCSS) : |
> | '

: Landsat-8/0LI CBERS-4/AWFI Sentinel-2 E

: Collection Collection Collection i

‘ __________________________ e |
‘ @ SS.I:ATC I STAC Collection
pa 10 empora

Asset Catalog

item search service.search(bbox

datetime
collections

2018/08/21 | 2008/10/17 2008/1/02

STAC Item

item search

assets item.assets -

00D

Bond0n.tif Bond02.tif Bond03tif

rasterio.open(assets
nir nir_ds.read

STAC Assets

<A BRAZILDATACUBE.ORG



D D B Web Time Series Service (WTSS)

~
SpatioTemporal Asset Web Land Crop Phenology Web Land Classification
Catalog (STAC) Service Metrics Service (WCPMS) System Service (WLCSS)

Image time series

[ JEVI | JNDVI [ ] band4 | ] band8

WTSS

/N

Satellite Imagery
=

BOC STAC

LONGITUDE

Metadata Data cubes
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| Services I

[ ] [ ]
x Web Time Series
Tile Map Web Time Sernes Web Land Trajectory OGC Web Services -
Service (TMS) Service (WTSS) Service (WLTS) WFS, WMS e WCS @ S °
’ ervice (WTSS)
) v
SpatoTemporal Asset Web Land Crop Phenology Web Land Classification \
Catalog (STAC) Service Metrics Service (WCPMS) System Service (WLCSS)
v

= @ Brazil Data Cube Ajuda Sobre © 0-

I asy,

Caracas s M .
¥ Guiné Benin &

Costa Rica
Panama Serra Leoa Costa do Togo

Medelin Venezuela Marfim /Gana
. Bogota

Guiana = o
Guiana  Francesa Abidja Acra

H Cali= Colombia Suriname

Quito

Equador

Brasilia
Goiania®
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Sl o 0.DE
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Paraguai .
Assunc@o | pagans - S@0Paulo

Lat: 2.76315 | Lng: -96.49929 500 km

0.9 —_ — ~A o~ ) — A " 7\ A
08/\ Y A— T //1. r d\. \ f\ '\ [ /\\ N \/ \1\ y o ,r\~ \/\\ i‘r\\ /\V'Kf".' ”ﬂ [ M //\ v\ /\
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\/ \INY V

2016 2017 2018 2019 2020 2021 2022
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[

Tile Map
Service (TMS)

]

{

Web Time Sernes
Service (WTSS)

)

[

Web Land Trajectory
Service (WLTS)

) L

OGC Web Services -
WFS, WMS e WCS

(

SpatoTemporal Asset
Catalog (STAC) Service

J

Web Land Crop Phenology
Metrics Service (WCPMS)

| |

Web Land Classification
System Service (WLCSS)

<A BRAZILDATACUBE.ORG

ts =

coverage.ts(attributes=( 'BAND15",

'BAND16" ),

latitude=-12.6, longitude=-54.80,
start_date='2016-081-01', end_date='2016-12-31")

ts.plot()

Coverage CB4-16D-2

5000 A

8
8

3000 A

2000 A

Surface Reflectance
S
o
o

—&— BAND15
—®— BAND16

: o0 ; o0 ; o o ; o0 o0 . o0 o0
<0 400‘0 <OV <OV <O (00' <O°° ,‘00' .‘QO-
0\’.0\ a3® 03,1\ ® 2 4t 0%,1% oY W
,Lg\b ,LQ\' ,Lg\b 10\6 0\6 0‘\-6 0‘\-6 ,LQ'\vb 0‘\6
Date

Web Time Series
Service (WTSS)

A

5]
ts.
[991.0,
3715.0,
187.0,
197.0,
134.60,
297.0,
184.0,
230.0,
266.0,
272.0,
234.0,
285.0,
284.0,
278.0,
536.0,
422.0,
916.0,
548.0,
1247 .0,
1482.0,
282.0,
406.0,
379.0]

BAND15
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R

A
Q

@

What is the trajectory of land use

and cover at this location in PA?

Web Land Trajectory Service (WLTS)

WLTS

Web Land
Trajectory
Service

-

Land use and cover trajectory at this location in PA

Deforestation

Pasture

Forest Alert Deforestation
(PRODES) (DETER) (PrRODEs)  (TerraClass)
2012 03/2013 2013 2014

-y

>

TerraClass

G

PRODES

"

“
s
Lo e T

3--_ﬁ"’;u' z % )

DETER

Land use and
cover data sets
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Tile Map Web Time Series Web Land Trajectory OGC Web Services -
Service (TMS) Service (WTSS) Service (WLTS) WFS, WMS e WCS
W,
~
SpatioTemporal Asset Web Land Crop Phenology Web Land Classification
Catalog (STAC) Service Metrics Service (WCPMS) System Service (WLCSS)
J

il Data Cube

i= Legendas

ANCET
Lat:-3.77262 | Lng: -62.17656 W 100km |

9 Ponto: -62.70588353768178 -5.572419937172568

0 2005 2010

Web Land Trajectory Service (WLTS)

Ajuda Sobre ©

WLTS

Leaflet | layer_ibge_cobertura_uso_terr:

Trajetéria da Terra [

® ) 5]

@® Mapbiomas V6:Formacgao Florestal
@ Ibge Cobertura Uso Terra:Vegetacao Fl
l Ibge Cobertura Uso Terra:Vegetacao Fl

2015 2020



] Tile Map Web Time Series
Service (TMS) Service (WTSS)

Web Land Trajectory
Service (WLTS)

WFS, WMS e WCS

(e " Web Land Trajectory Service (WLTS)

.

-

Catalog (STAC) Service
\_

SpatoTemporal Asset ] ( Web Land Crop Phenology J [

Metrics Service (WCPMS)

Web Land Classification
System Service (WLCSS)

\,
]
-

tj_multiples_collections

@ R

Trajectory

Class
Formacao Florestal
Formacéao Florestal

Formacao Florestal

Formagao Florestal
Formacao Florestal
Formacao Florestal
Vegetacao Natural Florestal Primaria
Formacao Florestal

Formacao Florestal

Collection
mapbiomas-v8
mapbiomas-v8
mapbiomas-v8
mapbiomas-v8
mapbiomas-v8
mapbiomas-v8

terraclass_amazonia-v3
mapbiomas-v8

mapbiomas-v8

Date
1985
1986
1987
2018
2019

2020

2020
2021
2022

= service.tj(latitude=-12.08, longitude=-54.0, collections='mapbiomas-v8,terraclass_amazonia-v3')

500 -

400 -

300-

200~

100 -

2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014
date

class . Formagéo Florestal . Formagao Savanica . Outras Lavouras Temporarias . Pastagem . Soja
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Service (TMS) Service (WTSS) Service (WLTS) WFS, WMS e WCS
i Service (WCPMS
i ervice ( )
SpatioTemporal Asset Web Land Crop Phenology Web Land Classification
Catalog (STAC) Service Metrics Service (WCPMS) System Service (WLCSS)
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Service (TMS) Service (WTSS) Service (WLTS) WFS, WMS e WCS J
[ ]
Service (WCPMS)

N
L SpatioTemporal Asset J [ Web Land Crop Phenology ] [ Web Land Classification

Catalog (STAC) Service Metrics Service (WCPMS) System Service (WLCSS)

Clients
? Give me the phenological metrics for this location
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@ ros
6000 . E0S
@® vos
2000 v

0
Jan 2022 Mar 2022 May 2022 Jul 2022 Sep 2022 Nov 2022

v ISS




Services

Tile Map Web Time Series

Service (TMS)

Web Land Trajectory
Service (WLTS)

REEEI

[ Service (WTSS)

~
OGC Web Services -
WFS, WMS e WCS

SpatoTemporal Asset
Catalog (STAC) Service

Web Land Crop Phenology
Metrics Service (WCPMS)

[ J | ]

[

from wcpms import *

# Defines URL of a instance of the WCPMS
wcpms_url = "http://data.inpe.br/bdc/wcpms"

# Defines a data cube query from Brazil Data

# Cube (BDC)

datacube = cube_query(
collection="S2-16D-2",
start_date="2022-01-01",
end_date="2022-12-31",
freq="16D",
band="NDVI"

# Retrieving the phenological metrics
pm = get_phenometrics(
url = wcpms_url,
cube = datacube,
latitude=-13.67705998895876,
longitude=-52.47134616677471

# Visualizing the phenological metrics
print(pm)

Web Crop Phenology Metrics
Service (WCPMS)

~
Web Land Classification
System Service (WLCSS)
/
Q_ PESQUISAR = RESULTADOS @ Brazil Data Cube
9 Selecione os Recursos 0
@D @ oatacubes v
@D & collections <
@D @ charterRs Collections v
@D % classifications v
@D ¥ Mosaics v
° Regiao Q
Oeste, Sul, Leste, Norte E
6 Defina o periodo de tempo 9
Lat: -11.78435 | 3
9 Ponto: -45.75273513793945 -11.739646939577614
Data Inicial (=) Data Final ()
Phenological Metrics o]
Busca Avancada: 1B
— NDVI
—— Smooth NDVI
PESQUISAR @ sos
@® ros
R @ cos
° e @ vos
Mar 2021 May 2021 Jul 2021 Sep 2021 Nov 2021
Data Cube Explorer - v3.3.0-dev, Copyright (©) 2019-2025 INPE 0O ® v O =
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Tile Map Web Time Series Web Land Trajectory OGC Web Services -
Service (TMS) Service (WTSS) Service (WLTS) WFS, WMS e WCS

SpatioTemporal Asset Web Land Crop Phenology Web Land Classification
Catalog (STAC) Service Metrics Service (WCPMS) System Service (WLCSS)

[ Data and metadata ]

- - s e e

7’
! 1 1 \
' 1 1 1
1 1 L |
| : Metadata -
: ' Image
1 ! collections
1 Datasets > datasets
¥ S N S —— L

& i

Dataset o n ) 1
—{ Data acquisition, processing and data cube processing )

: Image Collection Builder Data Cube Builder
(Image acquisition, ARD builder (Warping, temporal compositing and
and metadata publishing) metadata publishing)
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J =

{ TerraCollect J [ Interactive computing

JupyterHub

Satellite Image Time
Series (SITS) R package

Open Data
Cube (ODC)

L

U

Tile Map
Service (TMS)

Web Time Series
Service (WTSS)

Web Land Trajectory
Service (WLTS)

OGC Web Services -
WFS, WMS e WCS

SpatoTemporal Asset
Catalog (STAC) Senvice

Metrics Service (WCPMS)

Web Land Crop Phenology Web Land Classification
System Service (WLCSS)

4

v

Dataset
providers

[ Data and metadata ]

- e -

Metadata -

Image
collections
datasets

—{ Data acquisition, processing and data cube processing

]
J

Image Collection Builder

(Image acquisition, ARD builder
and metadata publishing)
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Data Cube Explorer

Data Cube Explorer is a web
portal for visualizing data cubes,
image collections and
classifications.
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Data Cube Explorer

e DC Explorer has a set of features
for viewing and downloading
image collections, some of which

are:
o Spatio-temporal search of data
cubes, image collections and ‘ © o s
classifications; T TR
o Temporal visualization of » TEE S
images, with timeline; e
o Visualization of time series and

Earth's trajectory;
o Editing the RGB composition of
images;

https://data.inpe.br/bdc/explorer/
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QGIS plugin - Web
Time Series
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Land Trajectory
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Open Data
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TerraCollect Overview

e TerraCollectis a web tool from
Brazil Data Cube for sample
collection and analysis
work.

e It provides high-resolution
multi-temporal images
through image collections
from Brazil Data Cube.

e One of the features of it the
TerraCollect is the integration
with the Brazil Data Cube
earth sample database, the
Sample-DB.

<A BRAZILDATACUBE.ORG

https://data.inpe.br/bdc/terracollect




erraCollect integrated features
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Home Projects
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TerraCollect Home Projects License
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™ Base maps 0.9
0.8
0.7
08 EVI:S2-16D-2
0.5 — EVI:S2-16D-
€= sentinel-2/MSI ... Q o gg ~—— NDVI:S2-16D-2

0.2
0.1

031019

06/26/2019 Jan 2021 Jul 2021 Jan 2022 Jul 2022 Jan 2023 Jul 2023 Jan 2024 Jul 2024

031020

06/26/2019

TerraCollect - v1.0.0, Copy 4 INPE, Embrapa & IBGE

<A BRAZILDATACUBE.ORG




‘ TerraCollect Home Projects

¢, Selected samples
=0 % < []
#359 - Ve

IBGE Bacia Sao Fran13

e —

Classes

(@)|Vegetaganlherbacea
(@]eultural
. (6)[culturalpermanente}

(6) Pastagemicultivada

(@)Isilvicultura’

(8) Corpoid'agua

™ Base maps

FII) Sentinel-2/MSI ...

«© -
028019

06/10/2019

028020
06/10/2019

License

o

01/17/2017 06/10/2019 09/30/2022

>l

#359 - Vegetagao herbacea

Class Name

Vegetagao herbacea

Latitude

-13.873871

Longitude -45.918002

User Name

Abner Anjos

User E-mail | abner.anjos@inpe.br

Lat: -13.86908 | Lng: -45.83917 [ 500 m |

oPoint: -45.918002 -13.873871

== | eaflet | $2-16D

@® Terraclass Am.. :No-Data
® Mapbiomas V8:Formagao Campestre
|Ibge Cobertur.. :Vegetagao Campestre

2000

2005

e

- EVI:52-16D-2
—— NDVI:52-16D-2

2019 2020 2021 2023 2024
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TerraCollect Home  Projects i lcenae n,

¥ X ¢ : ; g\ SéoRaimundo
. BADJONKORE ) 7 wi . : £ 5
2 IBGE Bacia Sio Fran13 : o ! g PRI apan | WEAY Nonato AX
Search WKT HEH 7 8% n L . rgue i CasalNova

. I : Apiacas Z e B : 3 R o E ] SR Maps
¢ Selected samples P 7 ¥ Paranaita i : ) i ) ; _ i p i

Alta Floresta ’;’;”“\’l‘}";“" L5 b\ SR R - k: ] A ; @& Grids
S TEEL e s ; aicte - Sanig e\ Miaeand 517 7 2y o
Bandeirantes do_Xingu

iruena s £ T0/ ey A E ‘\ 5 i, . .
Juruena 1 S CAPOTO/JARINA A : ; ¢ o Boundaries
Azevedo y : :
" S&o José, Confresa
JAPUIRA Colider do/Xingu £

@& External Mapsa

A e / n Marcelandia

Juara &y Tabapora t - ; % 3
Juina X T Y K : i IBGE Cobertura e .

Sinop 4 « PARQUE i . “ o S B P R, " * MapBiomas - V6 (1

P DO XINGU . o e g ; & -
Brasnorte . e / A 3 %{ g ¢ : 3 5 N > ¥ TN 3
New sample B 4 p ‘ . " : ; » =
Y 3 B F R ; : : 2% of MapBiomas - V7 (
y S . . 3

Feliz Natal

MapBiomas - V8 (1

Classes
Gaucha

T ta Ldo/Nortely ke, g %L 37§ e RS RT i 5 : PRODES Amazénia L ..
(1) Vegetagao florestal ¥ 7 ¥ e e k¥ s P 3 y eas % 3 S & 2 b=, - > PRODES Brasil 2
5 { . { A “ r o : 3 : i S 2
(2) Vegetacgao arbustiva/ar ... 7 g . Qi il o - 2l % . by Xe ¢ : ‘ R o -
~ ¥ A 3 ; ® e < A k PRODES Cerrado -
(@Jeulturaltemporarial

(6) Pastagemicultivada

' (7 I

TerraClass Cer ... ; ; o & : ‘ . ? - ¢ ; ‘ : iy i i Aarcs
orpo d'agua : R A 7 P ; 2 2
B =GETACAC NATURAL PRIMARIA ; B2 PR 4 4 : : ; ‘ e et L ttaobim ¢"yeauitighonhar
I /EGETACAO NATURAL SECUNDARIA
Blsivicuttura
PASTAGEM
[lcuLTURA AGRICOLA PERENE ; ! r ey e
lcuLTURA AGRICOLA SEMIPERENE : P S <O v 34 : ; - ; s £ ol ; , S5 Tesfilo Otoni
CULTURA AGRICOLA TEMPORARIA DE 1 CICLO ; ;
CULTURA AGRICOLA TEMPORARIA DE MAIS DE 1

Lat: -8.97190 | Lng: -40.42969

EllCarmen ! 7 ! * e 4 ', & R S 3 ¥ i 3 3 f = | caflet | layer_terraclass-cerrado

angara AR b & : £ ; P ; ; - ) " s L % TerraClass Amazon
daSerra A 4 4 g ; ATS ¥ y
.

5 S SN SN S SNS RS RS e
@lee | eee|e|e e

TerraClass Cerrad

™ Base maps

®Maps
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¥ IBGE Bacia Sio Fran13

1= 3

mples
Ll —1
I..J N .

2 New sample B A N )
Jruact p A R Upload Points

Classes Select the CSV field(s) for latitude and longitude:

(1) Vegetagao florestal ) i ) | v ionéitude

(2) Vegetagao arbustiva/ar....

(8)WVegetacaolherbaceal .
(@leunuraltemporatial 1 45 Thguas Lindas NP Load Points
U : =% ~Brasilialt @
(5)iCulturalpermanente g & PR
(6) Pastagemicultivada 0.Descoberto 1o s
(Z)sSilvicultura Luz_:.am:?r
(8)/Corpo/diagua [SrtNeropolis

Geometry is available in only one field (WKT)

Planaltina

)
Lat:-14.18984 | Lng: -48.71338 4 50 km
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O TerraCollect Home Projects

¥ IBGE Bacia Sio Fran13

= $

mples
Ll —1
I..J N .

2 New sample B

:= Classes

Sample Download

(1) Vegetagdo florestal e =00 ( Select sample download format:
@)V Solarbustival o et LED @) csv () GeossoN () ESRIShapefile () KML
egetagao arbustiva/ar ... Dl =/ Z ‘ - S 5 $
= . T ‘ ; k ¥ Download

(@)feulturaftemporaial
M Base maps

Y \
yarecida
pGojania

Lat: -15.73939 | Lng: -48.90015 4 50 km
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O TerraCollect Home Pro

¥  IBGE Bacia Sio Fran13

e, Selected samples

Samples Table

Silvicultura abner.anjos@inpe.br
Corpo d'agua abner.anjos@inpe.br
Vegetacao arbustiva/arbérea abner.anjos@inpe.br

(2) Vegetagao arbustiva/ar ... 3 ‘ £ Vegetagdo herbacea abner.anjos@inpe.br
(8)\egetacaolherbacea . i
A : ¢ Vegetacdo herbacea abner.anjos@inpe.br
=% rasilic K Cultura temporéria abner.anjos@inpe.br
(5){Culturalpermanente A R AT
(6) Pastagem|cultivada escoberto 1 2y P 7 . Superficie artificial abner.anjos@inpe.br
(7Z)ISilvicultura =% fuziania
{->Anapolis g er page -7of 4 >
(8)/Corpo diagua RiNeropolisk
Delete Samples

oiania* &3

M Base maps

yarecida

Select a region of interest.
Select a region of interes »'Goiania

Lat: -13.36290 | Lng: -49.14185 4 50 km Alegre
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TerraCollect Home Projects

¥ IBGE Bacia Sdo Fran13
Search WKT

o, Selected samples

- RQUE DO
GUAIA

Sample Summary

Camagari *

Salvador
5

2Z New sample

‘= Classes

(1) Vegetagao florestal
(2) Vegetacao arbustiva/ar ...
(3)\Vegetacaoiherbacea
cintaremporats

(5)iC€ultura’permanente

amente inundavel

(6) Pastagem cultivada
(7Z)'Silvicultura

(8) Corpo d'agua

™ Base maps

_ _ p 4 Ar - Patos de Minas
Select a region of interest Chapadac . o P

. . Governador,
Y \V} dares
Uberlandia trocinic ml.»..,.at 5

Ipatinga

Uberaba

Lat:-12.25413 | Lng: -55.72266 [100km | Belo/Horizonte
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TerraCollect Home  Projects - '
7 IBGE Bacia Sio Fran13 | | ‘ '
iinﬁ'n_mdp Ipiat

W
WKT . Iltacaré
Guanamb ;

ST BUD AT rey £ A e AR
* (o} i S - i y 7 { 3
oo Selected amp[es m Camp! napn?l.. A ; gt G IO 08 cy Vitoria'da lihéus
o 2 = ; ( Gt ok { oy Itabunas o

»

S
Nova
¥ 0 &) ¢ Xavantina;

— 2 ! | S, . R P !
SAO MARCOS! : Ty 3 ' i N
7 T : DRy ﬁ 8 I.apr*.( nga
rimavera 4 o 3 A Uaria e "
Campo Verde do Leste 1; B '/ J.th.myu ‘
. . A N
Barra,do _-Brasilia s : ¥Janauba Taiobeiras
. »

Cnxv.c.;h ¥ ¥ Arinos v Sao Francisco) P
Itaberai V. i Y & Y5 %8
. alparaisog..i. Y -, : Salinas Almenara

Anapolis de Goias : s &
Rondonopolis Inhumas» 2 Luzi‘énia 7 S, > , da';';":” L) Jequitinhanh Porto Seguro
5 - ; e . e Minas' 1taobi #Uequitinhonhar .
. ' Lol ¢

Gonsama Montes Claros ; TrANCOSO
B rancoso.

Pedra Preta Aracua

A .
Aparecida <4 . Itamaraju
(Y ¥) - Bocaiuva 3 .
/" New sample B de Goiania e : ¢
Wi Alto Av.agua a N Pirapora 4 Prado

v B Teixeira

Sonora e v Mineiros \ de Fr‘cl:as

e s 5. 3 RioVerde Joao Pinheiro Capelinha <

i Classes . Jata . y Tedfilo Otoni Nanuque Nova Vicosa
- 1/ - 2 -

(1) Vegetago florestal [Lot17.70683 | g 36 45264 T100im ] Gnnapots : : g = Leotit
(2) Vegetagao arbustiva/ar ... Banco de Dados de Séries Temporais (7] f o e

(8)\Vegetacaolherbaceal C: Status da Extragao de Séries Temporais

(@ Gitura temporii

Loading project cube settings... B Analysis Project #87 - IBGE Bacia Sao Fran1 ... (2017-01-01/2022-10-15)

Initializing extraction.. 2 §
Cube Name Timeline Samples Bands

(| P ]
(6) Pastagemicultivada Rt les f e Colloot R e
etting samples from TerraCollect. e X = 2A -
— e 0F D:?a'gibe LCHZ"; - (2017-01-01/2022-10-15) EVI (evi), NDVI (ndvi)
(Z)isilvicultura Filtering samples by class Y
(8) Corpo/diagua Checking limits for samples...

Getting saved time series settings. = 3 S z .
o Estimativa para conclusdo: 24min 17s

™ Base maps
Preparing to save Rdata file...

Calculating estimated time to conclusion. @ Atualizado: 2024-12-10 17:01:00.74762

Extracting time series from S2-16D-2

° Cancelar Extragdo
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TerraCollect Home

#7 IBGE Bacia Sio Fran13

EHRIEND
@ #004 - Vegetagio herbacea
@ #005 - Vegetagdo herbacea
#008 - Cultura temporaria
. #014 - Cultura permanente
- “#Nnan Crimarfinia matiral dananhavea

f New sample

i= Classes

(@Jeulturaltemporaial
S2-16D-2 Time Series
Sample #8 Cultura-temporaria

(5)iCulturalpermanente
(6) Pastagemicultivada

(Z)ISilvicultura

o — EVI

0.98- — NDVI
0.84-

(8) Corpo d'agua 0.7-

o[naje) o eied oi

0.56-

M Base maps
0.42-

0.28-

act a region of interest

0.14-
0-

-0.14-
2018 2019 2020 2021 2022

yright (€

Padrées de Série temporal (%)

Corpo-d'agua Cultura-permanente - Pastagem-cultivada Silvicultura

S2-16D-2 Time Series Patterns
for Cultura-temporaria
0.55- —Ew

NV}
0.44-

0.33-
0.22-

011
2017 2018 2019 2020 2021 2022

2024 INPE, Embrapa & IBGE
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# (1) 72? - Unknown

Class Name ??7?

-11.653707

Latitude

TerraCollect Home Projects

7 IBGE Bacia Sdo Fran13

Selected samples

f— [
=83 | |

Longitude -45.759602

User Name Abner Anjos

User E-mail abner.anjos@inpe.br

Label

Probability

Cultura-temporaria 42.67%

Silvicultura 19.00%

Cultura-permanente 17.33%

Vegetagao-florestal 8.00%

Vegetagao-arbustiva-arborea 6.67%

Pastagem-cultivada 3.67%

Vegetagao-herbacea 1.00%

Superficie-periodicamente-

1.00%
inundavel

S2-16D-2 Time Series for
New Sample # (1)

Superficie-natural-descoberta 0.33%

Superficie-artificial 0.33%

2.87- —EVI

2.46 ~—— NDVI

2.05-

1.64- raCollect v1
1.23-

robability Esti

A Time Series 1l, Bar [ Table

-0.41- \j V v Q New sample # (1) ( -45.75960, -11.65371

Jan 2018

Jul 2018 Jan 2019 Jul 2019 Jan 2020 Jul 2020 Jan 2021 Jul 2021
Predicted Class Cultura-temporaria for

New Sample # (1)

Created at: 2024-12-10 17:34:43.535063

(8)Corpo/diagua Update at: 2024-12-10 17:34:43.534663

™ Base maps

Cultura-temporaria

Silvicultura

Cultura-permanente
Vegetacao-florestal
Vegetacao-arbustiva-arbérea
Pastagem-cultivada
Vegetacao-herbacea
Superficie-periodicamente-inundavel
Superficie-natural-descoberta

Cube: $2-16D-2

Bands: (EVI, NDVI)
Vegetagao-herbacea | Pastagem-cultivada |
i s

. Ld haorta | Ouls + Sriol

&~ Atualizar Modelo m Active Learning
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Probability Metrics Overview

TerraCollect Home Projects

7 IBGE Bacia Sdo Fran13

oe Selected samples
CHICK T

#006 - Cultura temporaria

Sample entropy least_conf margin_conf ratio_conf

New Sample # (1) 0.0000 0.5830 0.7667 1.9859

Search WKT
New Sample # (2) 1.8855

0.6343 0.7167 3.0238

New Sample # (3 0.0000

0.6123 0.9733 1.0640

<]

0.2383 0.2800 12.3684

[ < |
W) W) W
£ 3 £ 3 %
= 8
} R N
3 N 3

TS 3

i= Classes

Rio Limpo
3 o L P
Lat: -11.75813 | L 40718 iy - By ) 2 \ ] : 1

(1) Vegetagao florestal = | eaflet

(2) Vegetagao arbustiva/ar ... Selecao de Métodos / Estimativas com Machine Learning / Primeiro treinamento no TerraCollect v1 - - n -

(@]eulturaltemporatial
Select Machine Learning Model N

( Primeiro treinamento no TerraCollect v1 - — 9 New Sample # (1) 9 New Sample # (2) 9 New Sample # (3) 9 Sample # (6)

(6) Pastagemicultivada

it
MI Model ID: model_proj87_v1 Overview for Samples Probabilities Metrics
(Zisilicultueg Created at: 2024-12-10 17:34:43.535063
(8) Corpo diagua Update at: 2024-12-10 17:34:43.534663 1;21::

B entropy
9.92- least_conf
B Base maps 8.68- ma‘rgin_conl
Cube: S$2-16D-2 7.44 B ratio_conf
Bands: (EVI, NDVI) 4592:
i Vegetagao-herbacea | Pastagem-cultivada | 3.72-
o £imi + Ld b 4o L aals *. Ario 248_

1.24- E - H i
&« Atualizar Modelo m Active Learning 0- : i =
New Sample # (1) New Sample # (2) New Sample # (3) Sample # (6)
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TerraCollect Home Projects License n o

7 STATE OF ¢ STATE OF % CEARA USTATEOF
. = a MARANHAO. } ¥ GRA
I3 IBGE Bacia Sio Fran13 STATE OF PARA AR ] B|%(;‘%>;2N[lzt

Search WKT - :

O £ STATEIOF abos
STATE OF ¥  PARAIBA Jodo Pessoa

* i .
oo Selected samples } : AL STATELOF"
Porto Velho Brazil ; »"  PERNAMBUCO! _
= . - :
=8 ¥ @ 2 g i WSS - ; g2 '@ STATE OF
; ' ~ALAGOAS
STATE OF STATE OFSY @ (b ¢
RONDONIA SREICCANTINSS STATE OF
SERGIPE
s STATEIOF
51;?:[5’0“ o BAHIA  Salvador
GROSSO i
Cuiaba . srmior- -‘ % ®. St Helena,
. GOIAS i i Ascension
e 5 3 and Tristan
- T, ’ Bolivia L g SIATEIOF : da Cunha
1 - b (S MINAS :
- A * i Santa Cruz i > SERAIS :
3 RS = [ " Uberlandia ~ s
; cres de la Sierra y WY . (A el
/New sample B 5 { - NS St Begwprizonte SsanTo
i= Classes o . \ STATEIOF Riverao Preto CJ

GROSSO : . STATE OF
DO SUL STA - RIOIDE
37X SO JANEIRO

o' J v : WG SAOIPAULO o
(Uj¥egstaciciiorestal : ' . Paraguay | Rio de Janeiro = Leaflet

(2) Vegetagao arbustiva/ar .

Selegao de Métodos / Class Noise Reduction (SOM) / Avaliagao no TerraCollect v1 / Avaliagao de Qualidade / Resultados

(/r akl ari
(@euliuraltemporarial 21 Ssilvicultura 2017-01-01  2022-10-15
— 1l, By Count

(P} '3
. 2 Corpo-d'agua 2017-01-01 2022-10-15 . ) @ i
; g Samples Quality Percent Overview for

Avaliag@o no TerraCollect v1

(6) Pastagem cultivada

o
&
w

Vegetagdo-arbustiva-arbérea  2017-01-01 2022-10-15 1-
g.g: B CLEAN

0.7- ANALYZE
[N an.l A 01 & (i &

. 4 Vegetagdo-herbécea 2017-01-01 2022-10-15 gg_ B REMOVE
03"
M Base maps O Vegetagdo-herbacea 2017-01-01 2022-10-15 0:2
0-

0 >
uy,
agg

<« Visualizar Distribuigdo Remover Status das Amostras
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QGIS plugin - Web QGIS plugin - Web QGIS plugin - Web Land Web
Q Time Series . ) Land Trajectory « } Crop Phenology Metrics Portal
Service (WTSS) N Service (WLTS) N Service (WCPMS)
Interactive computing Satellite Image Time Open Data
Tamaolect JupyterHub Series (SITS) R package Cube (ODC) BDC Lab
d

Interactive computing

— JupyterLab X

& —> C & brazildatacube.dpi.inpe.br/jupyter-e003/user/efelipecarlos_at_gmail.com/lab? B S B ‘ :

File Edit View Run Kernel Tabs Settings Help

(% 02_CB4_64_16D_STK-1_CI X

B + XO M » = C » Markdown v sits O

Classify the datacube

O O &»n

This is a time-consuming process

Using 2 blocks of size 888 x 2725

[
probs <- sits classify(data = cube,
ml_model = dl_model, SERECRN KRS e
°° memsize = classification_memsize,
multicores = classification multicores,
roi = roi$classification roi, -
(e output_dir = output_dir)
»

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

probs_smoothed <- sits_smooth(probs, type = "bayes", output _dir = output_dir)
labels <- sits label classification(probs smoothed, output dir = output_dir)

Visualizing classification map

0 2 {&8 No Kernel | idle Saving completed
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QGIS plugin - Web QGIS plugin - Web QGIS plugin - Web Land Web
C Time Series . ) Land Trajectory ("\ Crop Phenology Metrics Portal

Service (WTSS) N Service (WLTS) Service (WCPMS)

data('"samples_modis_ndvi")

data("point_mt_6bands")
tempcnn_model sits_train(

samples = samples_modis_ndvi,

SITS (Satellite Image Time Series) ml_method = sits_tempcnn()

R package

https://github.com/e-sensing

point_mt_6bands
sits_select(bands = "NDVI")
sits_classify(tempcnn_model)
plot()

e
......

Training

location (-11.72, -55.51) - NoClass

1 -
0.8~
06~
s o
/ |
A ; :
/\/ / 0.4~
y
0.2-
ﬂqu/ A
. . - . O,.‘ ’ v P y
Satellite image time series Land use and land cover map 000 2005 . 2010 2015
Time
Bands — NDVI Class Cerrado . Forest Pasture Soy_Corn

<A BRAZILDATACUBE.ORG




Links Uteis

Brazil Data Cube: https://data.inpe.br/bdc/web

Brazil Data Cube Explorer: https://data.inpe.br/bdc/explorer

Brazil Data Cube Github.io: https://brazil-data-cube.github.io

Brazil Data Cube Github: https://github.com/brazil-data-cube

Brazil Data Cube Github Code Gallery Repository:
https://github.com/brazil-data-cube/code-gallery

INPE STAC Browser: https://data.inpe.br/stac/browser



https://data.inpe.br/bdc/web
https://data.inpe.br/bdc/explorer/explore
https://brazil-data-cube.github.io/
https://github.com/brazil-data-cube
https://github.com/brazil-data-cube/code-gallery
https://data.inpe.br/stac/browser/?.language=en

Fluxo

@lsmae Visualizar = Visualizar imagem do pico e
Buscar imagens - —  Obter uma série temporal | do vale da série temporal para
(True Color e False Color) .
analise
Catalog
Database
g
WLTS
. Extracao de métricas Comparagao com projetos
5> Clusterizacdo —P> - —>> .
fenoldgicas @ existentes O
' 0504
yoe
TerraClass MAPBIOMAS
Map with 4 clusters
Deforestation Alert Pasture
¢ (DETER) Beforestation (TerraClass)
m Cluster 0 PROBES (PRODES)
W% Cluster1 - ® @
- g:ﬂz::: g _.—/ 2012 03/2013 2013 2014

Jul 2021 Sep 2021 Nov 2021
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http://brazildatacube.org https://data.inpe.br/bdc/explorer/explore

)} BRAZIL DATA CUBE
i brazildatacube.org

«2SBSR

(X1 SIME \SILEIRO JRIAMENTO REMOTO

Obrigado!

bdc.team@inpe.br

P FUNCATE ; FUNDS
Fundagéo de Ciéncia, Aplicagbes F I ne AMAZ NiA @b razildatacube

e Tecnologia Espaciais INOVAGAO € PESQUISA
. MINISTERIO DA =~
CIENCIA, TECNOLOGIA
E INOVACOES
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