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Na8onal	Ins8tute	for	Space	Research	
(INPE),	Brazil	

Responsible	for	producing	official	land	use	and	
cover	informa+on	in	Brazil	
	
Projects:		
ü  PRODES:	clear	cut	deforesta+on	
ü  DETER:	alerts	of	deforesta+on	
ü  TerraClass:	iden+fy	what	the	deforested	areas	

detected	by	PRODES	have	become.		

ü  ...	



Na8onal	Ins8tute	for	Space	Research	
(INPE),	Brazil	

Responsible	for	producing	official	land	use	and	
cover	informa+on	in	Brazil	
	
Projects:	PRODES,	DETER	and	TerraClass	
	
Use	a	methodology	mainly	based	on	visual	
interpreta+on	of	remote	sensing	images.	
	

MODIS		
(Terra)	

250	meters	

AWiFS	
(ResourceSat

-2)	

56	meters	

OLI		
(Landsat	8)	

30	meters	

WFI		
(CBERS-4)	

64	meters	



Brazil	Data	Cube	project	
	
Produce	technological	innova+on	to	
improve	this	methodology.		
	
Big	data	technologies,	8me	series	analysis	
and	machine	learning	methods	to	store,	
process	and	analyze	big	Earth	observa+on	
data	sets	mainly	for	land	use	and	cover	
change	detec+on.	

Responsible	for	producing	official	land	use	and	
cover	informa+on	in	Brazil	
	
Projects:	PRODES,	DETER	and	TerraClass	
	
Use	a	methodology	mainly	based	on	visual	
interpreta+on	of	remote	sensing	imagery.	
	

Brazil	Data	Cube	Project	–	Main	Mo8va8on		



	
Land	use	and	cover	change	maps:	
h]ps://doi.pangaea.de/10.1594/PANGAEA.899706		

h]ps://github.com/e-sensing		
	

SITS	(Satellite	Image	Time	Series)	R	package:		Methodology	based	on	data	cubes	
and	satellite	image	8me	series	
analysis	

	
Data	cubes	available	at:	
h]p://brazildatacube.dpi.inpe.br/portal/explore		

CBERS	4,	Landsat	8,	Sen8nel	2	
and	Terra/MODIS				



Satellite	Image	
Time	Series	
Analysis	



Brazil	Data	Cube	Project	

Started	in	2019.	Developed	by	INPE.	
	
(Goal	1)	Analysis-Ready	Data	(ARD)	of	
medium-resolu+on	satellite	images	(10	to	
60	meters)	for	all	Brazilian	territory:	
CBERS-4,	Landsat	8	and	Sen+nel	2	
	
(Goal	2)	Mul+dimensional	data	cubes	from	
these	ARD	image	collec+ons	
	
(Goal	3)	Big	data	technologies,	image	+me	
series	analysis	and	machine	learning	
methods		
	
(Goal	4)	Land	use	and	cover	informa+on	
for	all	Brazilian	territory.	
	

Source:	[Giuliani	et	al,	2017]	

Collec+ons	of	Earth	
observa+on	satellite	

imagens	–	ARD		
Data	cubes	–													

four-dimensional	array.			

Source:	[Kopp	et	al,	2019]	



Open		
Data	and	
SoRware	
Products	

Source:		
[Ferreira	et	al.,	2020]	

Data	and	
metadata	

Sofware		



Source:		
[Ferreira	et	al.,	2020]	

	
Analysis-

Ready	Data	
(ARD)	image	
collec8ons	

	
	

Surface	Reflectance	Images	



Source:		
[Ferreira	et	al.,	2020]	

	
Data	Cube	
Builder	

	
	

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



Source:		
[Ferreira	et	al.,	2020]	

	
Data	Cube	
Builder	

	
	

Time	
Composi8on	

	
	



Data	Cube	Builder	–	Web	Applica8on	with	GUI	



Source:		
[Ferreira	et	al.,	2020]	

Web	services	to	
search,	query,	
access	and	process	
the	data	sets	and	
their	metadata.		



BDC	Project	–	Web	Time	Series	Service	(WTSS)	

Web	Time	Series	Service		

http://www.dpi.inpe.br/wtss/time_series?	
coverage=MOD09Q1,attributes=evi&	
longitude=-54,latitude=-12&start=2001-02-18&end=2015-03-05	

JSON	Document	

WTSS	Client	

{"result":	{	
			"attributes":[	{	"name":	"red",	
																				"values":	[	1004,	1160,	241	]	
																		},	
																		{	"name":	"quality",	
																				"values":	[	4842,	3102,	2116	]	
																		}	
			],	
			"timeline":	[	"2000-02-18",	"2000-02-26",	"2000-03-05"	],	
			"center_coordinates":	{	"latitude":	-11.99,	"longitude":	-53.99	
			}	
	},	
	"query":	{	
			"coverage":	"MOD09Q1",	
			"attributes":[	"red",	"quality"	],	
			"latitude":	-12,	
			"longitude":	-54,	
			"start":	"2000-02-18",	
			"end":	"2000-03-05"	
	}	
}	

(longitude=-54,latitude=-12)	

Source:		[Vinhas	et	al.,	2016]	



BDC	Project	–	Web	Land	Trajectory	Service	(WLTS)		



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

h]ps://github.com/e-sensing		
	

SITS	(Satellite	Image	
Time	Series)	R	package:		



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

Select	data	cubes	by	+les	
		

	
	

Visualize	data	cubes	by	+me	using	a	slider	
Download	data	cube	files	
		

	
	

Visualize	the	
difference	
between	
two	+me	
periods	of	
data	cubes		
		

	
	

Access	+me	
series	
associated	
to	specific	
loca+ons	of	
data	cubes		

	
	



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

ODC	BDC-STAC	

    stac2odc 

Indexing	tool	

+ =	



BDC-ODC	

Jupyterhub	
	

ODC	+	BDC	



BDC-ODC	
ODC	+	BDC	

Open	Data	Cube	Explorer	

CBERS	4	data	
cubes	for	the	
Cerrado	
biome	in	
Brazil		

	
	



BDC-ODC	

OGC	Services	
	

ODC	+	BDC	



Sen8nel-2	
(MSI)	
	

Region:	Brazil	
Period:	[2015,	2020]	
Volume:	~642	TB	(L1C)	

CBERS-4	
(AWFI)	

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

	

Terra	&	Aqua	
(MODIS)	

	
Region:	Cerrado	Biome	
Period:	[2016,	2020]	
Volume:	~4	TB	

Landsat-8	
(OLI)	
	

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

The	Brazil	Data	Cube	+ling	system:	560	
+les,		

1	x	1.5	degree	each	+le.				

Main	Challenge:	Big	Earth	Observa8on	Data	Sets	

Data	volume	es+ma+on:	~	750	Terabytes	(TB)	



(1)		Sen+nel	2	images	–	ARD	
(surface	reflectance)	and	data	

cubes	builder	on	AWS	

BDC	Project	–	Amazon	Web	
Service	(AWS)	

GEO AWS 
Cloud Credit 

Program	



(2)		Create	Land	Use	and	
Cover	Maps	from	the	

BDC	data	cubes	

BDC	Project	–	Amazon	Web	
Service	(AWS)	

GEO AWS 
Cloud Credit 

Program	



www.brazildatacube.org		



	
Data	Cubes	and	Land	Use	and	Cover	Classifica8on		

	
	

Examples	of	three	
MONTHLY	data	cubes	
created	using	the	+me	
composi+on	func+on	
STACK	from	images	of:	
	
(1)	CBERS-4			
(2)	Sen+nel-2	
(3)	Landsat	8	
	
Data	cube	period:	08-2016	
to	07-2019	
	
	
	

January,	2019	
	
	

January,	2019	
	
	

January,	2019	
	
	



Examples	of	NDVI	+me	
series	extracted	from	the	
CBERS-4	data	cube	
associated	to	three	
different	types	of	land	use	
and	cover	classes:	
(1)	Natural	Vegeta+on	
(2)	Agriculture	
(3)	Pasture	
	
	
NDVI	+me	series	from	
Aug-2018	to	July-2019.	
	
	



Land	use	and	cover	classifica+on	
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	
		
Vegeta+on	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	
	
	

	
Land	Use	and	Cover	Classifica8on		
	
	



BDC	Project	–	Status	and	Future	

Status:	

ü CBERS	4,	Sen+nel	2	and	Landsat	8	-	ARD	images	and	data	
cubes	from	2016	to	2020	and	land	use	and	cover	maps:	

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

ü December	2020:	Cerrado	biome.	

	Future:	

ü Create	data	cubes	harmonazing/mixing	Sen+nel	2	and	Landsat	8	satellite	images	

ü Create	data	cubes	using	Sen+nel	1	images	

ü Promote	the	use	of	data	cubes	and	+me	series	analysis	to	extract	different	kinds	of	informa+on	from	Earth	
observa+on	satellite	images	in	Brazil	

ü ....	



Digital	Earth	America	–	Some	Ideas	

ü Each	country	(a	local	ins+tute)	can	be	responsible	for	the	crea+on	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.	

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

ü The	main	challenge:	the	big	volume	of	satellite	images.	We	can	join	efforts	to	get	funds	to	pay	
cloud	compu8ng	environments	(such	as	AWS)	to	store	and	process	these	big	amount	of	data	
sets.	
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OBRIGADA	
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@BrazilDataCube	
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