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-— Datasets distributed by their Volume / Year
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Datasets
e To train machine learning models large-scale @

training datasets are required.
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e Thus, several well-designed and ready-to-use
benchmark datasets have been recently
introduced in remote sensing.
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e The descriptions of the existing datasets are

often published in scientific papers as PDF
files. N
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Limitations of Benchmark
Dataset PDFs

Static Format: PDF files have no interactive
visualization capabilities.

Page Limit: May limit the description of the
dataset due to submission guidelines.

Hard to update: Once published, it is difficult
to update the dataset paper/description.

Limited communication: Hard to interact with
the creators and users of the dataset.

SiM

A LARC

ARCHIVE FOR REMOTE SE

SCA
IMAGE UNDERSTANDING

Gencer Sunbul !, Marcela Charfuelan . Begiim Demir ', Volker Markl **

"Technische Universitit Barlin, *DFKI GmbH

ABSTRACT

s paperprescns the BigEarthNetthat s ew arg-scale
i Sl bk aehve Te gt
consists of 590, 26 Sentine 2 imags pathes.coch of which
oo of 120 % 120 pics for 10 b ) 0 60

e v on e igEarkNe provides mechliger
e

Terms— Seine-2image srhive, muli-label i
g it i, s sk et g

1. INTRODUCTION

ity
o e dif
ot ion RS disons \» in m m\w s
Iy abel

< between

i a g

ot oo o M s or e aayl of rgoscale

RS image

2 LINITATIONS OF EXISTING RENOTE SENSING
IMAGE ARCHIVES

Mostof the benchmak achivs in RS (UC Merd L

Datst 2] WIURSI9 (3 RSSCNY (1) SR 19,

AID. (6], NWPU-RESISCSS (7. RSICE
Recent advanes indoep lsming bane atacted srat a4 PNt 10 contain & small e of i
L
etk (e 3, Comoluona) Neurs Networks (CNN0, Re. 0 the existin srchies. Thes rcines e
e e et (R oneine Adhenan e 18 mplemesain, oo o
Lk GAN) el ek semanic coen off | ARG o i, i
RS g T ki such ko vcry e ot st sk However, RS commanity enconters il lmiaions,
e endcswilh A s of st gt vy W uing s rchives o ppying e laming bucd
e ol i ot pumetn Tohe s O ofhe o el o st
ot ou Kol b
Sotrcatya o s g Thus. ey e scn o o ey
| i mwiiitd i eracasion sl 5
e e s e Bk b WO sy vl e i sl g
n RS o crdr s ok

Tl e CLC et b e

prems— o
[ fam

nm LmeH
RO

ofprmtn i v e st hrrion o
i comen of RS st To s . o i e
ol e e on IageNt i id s irantreaming

Picd. As an exampl, Senvioel. images have 13 specral
s ssxiaed 0 varying and lower spaal esoutons with

i the ways that the category labels of computee vision and
RS e defned for the semantic content of an image. Ths,
fin-tuning pre-cined models for RS images may ot be

vl dcrmn iy o o o,

syt <l gk gy s, ohch
o e st g ot of e s o
s zencrally contain multple classes o that

class lbels (.. mulicabes). Hence, 3 henchmark archive
consising of i

RS image archives s that sine esestchers generaly o ot

2018 disbured ove the 10 couns

o e enlmek s conan el g 1

(i el I KoL L

ey o ep learning
o I & comveion ey fo e compit st
g of huge smount of freely accessible acle ds

s 9 s
e 1

por
centage e than 1. Al s were amosphercallycometod
by .2 vl A et g o

tin tool (sendcon of ESA. Among 13 Senine-2 spectra
i 10 o hich e oo e
e was exclded. Afe h il selection nd prelimioary pro

a lrge-wcale RS benchmark

e Imagener :
3. THE BIGEARTHNET ARCHIVE

To overcome the limitaions of cxising archives. we nto-
 BigFarthNet tht i the it lrge-scale benchmark

bave consuced ourarchive by selecing
128 Sentinl2 ks acquired berween June 2017 nd May

s image hreale) s scton of ) 120 x 120 pinls or 10m
R )02 0 il o 20m i v )20 2 i
for 60m bands. We

o
or more lind covr
Trom the CORING
2018 (€L
Eionet Natonal Referencs Centres

Pet e St ek s s
DL b

coontnation o s uropesn it A (EEA) o
e recogntion, entification and asscssment of

classs by leveraging th extore, pater and densityinform-
o of the et prseted i K8 images. This iy s

|Iu't‘.|hllll|l ld m

i3 o e of S s i et oo

4 EXPERIMENTAL RESULTS

I the xperiments,we have sed the BigFarthNetarchive in
the ramemark of RS image sceneclassifcation problens, To
this ad. . Low CAN architecure, which con

CrCa0ns, o
roess R e cridau o e perod of 20172018 We

5.5 5 and 3 x 3 flersaes, espectively. We

e for e oo o of CLE 2018, CLC o
clature ncludes land cove clsses grouped i 3 e el
e e comided Lo s LC s i s e

addd one ) lager
Tayer 1o the utpat of st comolutonal ayer, o 3l cono-
laton operaion, ¢10 padding was used. We also aplicd

T
it the oberof mages orcch
K cover s el O e e
himage vares between 1 and 12,

e 55 ofimageshave at most 5 mul el Only 15
gk et e |

RGH s ke SCXNRGE) il el
channel (denoted s S-CNN-Al. For the .

imrplation vas ppie 0202 ) s o nch
image t have the same pias sizes sssociated it ech band.
Wl of the -CN RGB and he SCNN-AN wee

hows m.\nmp\: of msge nd e b, vl Fi.

hows the. < wilhrespect 0 the
squiion e, 5 worh g tht e imed o rprsen
cach considerd gcographic locaion with magesacguied

I iret scsone Howene, doc 1 h difhclies of co-

e
it o e vl it vas ot possible for some -
o, The rmberf

domly ‘st
on the BigEariiNet images. I order to show the clfctive
nes o the BigEarthNet tobe sed n txnin. we comps

1 el with et oo f oot prriod dcp
Ieaming archectures. We considered he Iception-2 nel-

ot W usel the feture sctorexracted romthe layer st

e el s of o2 Tocoply -

i 3
v 10

i e easons e 134013, 17

b, Sescood vt prctas of Sl s

el vk s el i et oo
chive consin the kowes b of g

e o copoed il impecionfor 0 ety
o image mlticabels "

conten na«m s el s s oy BN
Seotinel sed

WE s o FC o cheicstion ayer o etk
B o o o s G it

ofthe BigEsrtiNet images. I te ex

i wereclininted. Then among et
e ol sl 070 of g o drive 3 mm

e hesigmid s oy s ichaims .
ing e T v

e, Mmm i
clasifcsion. As it can be s rom Table 4. he
provides beter peforance han th Tncepion v2 i ll met

SCNNRGB it
sy
T T Ml Lol ey SCNRGE SoAT
o iregn i hinpsre in amdcupiny (v
ey lindibib [ bolis
s oo et s s i I s
oo sl . oo b, b el o, e vl
o il o
o T RO - Ty vk v o b

69.93 7710 07008 07384

s vl vt ool chanoels

Vi th NN ALl et b ned o 6 iz Vi, Pt Reco 201
Net e comaming ol e . s e 1 o it s gt
GB bands

e Cu L Gevgr

Tl haw h xsile of Sieh Inoges il e

e . T e el (ohh e st
wider

vww(\m 46,5 X Fxrene v ey
b e ww e m e

o casTcnion: I Ko S vl 1.1

et

0 AR »‘m‘ g et
Gonel, e S L vol. 13, . 1., 2371235

151 B0 By 6 Yo i g, i drisd

Bler et o
i el s

St ht RS commanhycan benef fom he p
el ol o e BRI il o ——

<. coxcLustox
i papr prsems e s bk et
consie af 30, 326 Sentiel-2 image patches annoaicd by
il for RS g demondng Ve e Ut
b g wi e e ivancmen o
ke of decp leming in RS by overomting the curet
Lo o th sxsting awehines.

fam i

teclctacaof g e o v v on
the BigbarthNet fom scrtch compared 0 fine tuning 3 s
of ieia deep leaing mod e el o e et
Wewould e t ot that ve 10 gy
BieFanhNet by cresing o s ofsotacd Semi 3
images.

k" ISR . Pt emere See vl 1155

o Ge Rt S

3

Ertree it



Solution: Interactive Dataset Websites

Aim: Increase accessibility through:
O

Interactive engagement of the community via commenting systems.

BigEarthNet Labels

s v [ rsim-hypothesis-group v QN 2 A
® Annotations 1 Page Notes
. kaitub 8 mins ago
BigEarthNet used the CORINE Land Cover database (CLC) of the year 2018 (CLC2018) to label P T i
590’326 patches. The label information about these patches were overlayed with data from the
Sentinel-1 and Sentinel-2 mission, to create the datasets BigEarthnet-S1 and BigEarthNet-S2. BigbarthNet:2was the:first published.cataset and sed
. . i . . L. the most specific version of the classification level of the
BigEarthNet-S2 was the first published dataset and used the most specific version of the classification . PN
level of the CLC database, Level-3 with 43 different classes in the dataset [2]. With the publication of dataset [2] Less
the BigEarthNet-S1 dataset, the recommended label nomenclature has been updated to use a 19-class . ) .
e ) . X i i Hey, | am confused. Why does BigEarthNet contain 43 different
nomenclature specifically designed for use in the machine-learning domain. [3]. classes when the CLC-LV3 nomenclature defines 44 labels?
& Important Hide replies (1) /7 0 « &
* The original BigEarthNet-S2 dataset used the CLC Level-3 specification, which defines 44 classes notkai 3 mins ago
o Of these 44-classes one class, Glaciers and perpetual snow iS not present
o As aresult the label-set is referred to as the 43-label nomenclature.
* The 19-class label nomenclature was introduced to better reflect the application in the machine learning domain

Hey, thank you for asking your question! BigEarthNet does not
contain the CLC-LV3 label "Glaciers and perpetual snow". That
is the reason why it is called "43-class nomenclature” in the

following. To better highlight the message, | added an

admonition. See the "Important” box below. Feel free to
contact me again if something is unclear :)
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Solution: Interactive Dataset Websites

Add more information about WKT #33
IRV E I kai-tub merged 1 commitinto kai-tub:main from tlhackel-tub:lhackel-tub-patch-1 (03 minutes ago

e Aim: Increase accessibility through:
o Allow community to
contribute to the project.

Y Conversation 2 -0- Commits 1 E) Checks 2 Files changed

lhackel-tub commented 1 hour ago Contributor | ATip «.-

Hey, thank you for providing the documentation!
I personally feel like a short description of the WKT (well-known text) format is missing. I've added a short paragraph to the
Raw BigEarthNet Data section and provided some links for a deeper understanding as a pull request

1 16 Total
®
—) I+ Add more information about WKT v/ 1 oo metion raiodt T B T
by Ihackel-tub was merged 10 minutes
0 % Update preview.yml v ()) kai-tub commented 3 minutes ago owner | ATip +--
i
#32 by kai-tub was merged 1 hour ago
Hey, thank you for contributing to the documentation!
ZZs ) R I checked your PR, and it looks great!
~ I Fix wrong URL in README I will merge it, and the documentation will be updated in no time!
y kai-tub was merged on Jan 25 Thank you for your effort!
— y ®
) i+ Add zonodo doi v
#29 by kai-tub ged on Jan 18
) s ©) kai-tub merged commit 15d91ea into kai-tub:main 3 minutes ago View details iy
- I Dark mode fixes v e ARG 7 bl et
#28 by kai-tub was merged on Jan 18
O + Add preview action v E] welcome | bot commented 3 minutes ago * edited by kai-tub - ArTip -+

s merged on Jan 17

by kai-tub

Congrats on merging your first pull request! » x-
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Solution: Interactive Dataset Websites

e Aim: Increase accessibility through:

O

[llustrative and interactive visualizations.

BigEarthNet-S2

The general contents of the BigEarthNet-S2 archive looks as follows:

BigEarthNet-S2-Example

RSiM

SZA

AR EEEBEEEELEL T\

S2A |
L ¥ S2A MSIL2A 20170617T113321_4_55_BO1.tif
— ¥ S2A MSIL2A 20170617T113321_4_55_B02.tif

MSIL2A 20170613T101031_87_48

S2A MSIL2A_20170613T101031_87_48 BO1.
S2A _MSIL2A_20170613T101031_87_48_B02.
S2A MSIL2A_20170613T101031_87_48_B03.
S2A MSIL2A_20170613T101031_87_48_B04.
S2A_MSIL2A_20170613T101031_87_48_B@5.
S2A MSIL2A_20170613T101031_87_48_B06.
S2A MSIL2A_20170613T101031_87_48_B07.
S2A MSIL2A_20170613T101031_87_48_B0S.
S2A MSIL2A_20170613T101031_87_48_BB8A.
S2A MSIL2A_20170613T101031_87_48_B09.
S2A _MSIL2A_20170613T101031_87_48_B1l.
S2A MSIL2A_20170613T101031_87_48_B12.
S2A MSIL2A 20170613T101031 87 48 labels_metadata.json

MSIL2A 20170617T113321_4_55

tif
tif
tif
tif
tif
tif
tif
tif
tif
tif
tif
tif

O OpenStreetMay

contributors
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Solution: Interactive Dataset Websites

RSiM

Aim: Increase accessibility through:

O

Example code for using, loading and
visualizing the data;

Providing links to useful tools/libraries to
work with the datasets.

Helpful Libraries

The following is a short list of unofficial BigEarthNet-related libraries:

BigEarthNet Common

The BigEarthNet Common library provides a collection of high-level tools to better work with the

BigEarthNet dataset. Use this library to:

« Use any BigEarthNet related constants
o Quickly print constants by using a CLI tool
« Safely read JSON files
« Deterministically multi-hot encode/decode 19/43-class labels
« Quickly accessing metadata from a patch for filtering
o Country

import lmdb
import numpy as np

# readahead should be True if dataset fits in RAM

# otherwise it may be faster to set readahead = False

# as readonly=True no need for 'locking  which _should_ take longer if lock=True
env = lmdb.open(str(p), readonly=True, readahead=True, lock=False)

# possible optimization use single call to

# getmulti(keys) instead of a new thread with a single element as transaction?

with env.begin() as txn:
byteflow = txn.get(example_patch.encode("utf-38"))
s2_patch = BigEarthNet_S2_Patch. loads(byteflow)

bands_10m = s2_patch.get_stacked_10m_bands()
bands_20m = s2_patch.get_stacked_20m_bands()

# interpolate to 10m dimension

import matplotlib.pyplot as plt

bands_10m_torch = Tensor(np.float32(bands_10m)).unsqueeze(dim=0)
bands_20m_torch = Tensor(np.float32(bands_20m)).unsqueeze(dim=0)

bands_20m_interp = interpolate(bands_20m_torch, bands_16m.shape[-2:], mode="bicubic")
plt.imshow(bands_20m_interp[0][@], cmap="gray")

plt.title("T interpolate (bicubic)")

plt.axis("

Torch interpolate (bicubic)
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Suggested Workflow with Open-Source Tools

Source

/ Jupyter Notebook \

- Code cells for examples

~

& to produce images

- Markdown cells for

prose o o
Jupyter

-
RSTM

%

Transform

/ Sphinx — Python \

Documentation Generator

- MyST extension for
Markdown support

- MyST-NB for Notebook
support

~

"

Publish

-

- GitHub Pages for free
website hosting

- GitHub Issues for
community engagement &
Feedback

"

~

GitHub

%
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Additional Material



Jupyter Project

e A Jupyter Notebook is a web-based
interactive computing platform that allows
users to create and share documents that
combine live code, equations, visualizations,
and narrative text.

e Notebooks provide an easy way to prototype, J u p y t e r

experiment, and iterate on data analysis and
machine learning models.

e Additional links:
o Official Jupyter Project Documentation
o Try Jupvter on the web without installing

anything
Example Jupyter Lab Notebook

RSTM .
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Jupyter NB source to HTML page |

Source File

With the following conventions:

« Each folder corresponds to a single patch
» The patch_name is encoded as the name of the folder
« Each patch folder contains a GeoTIFF file for each of the 12 bands.
= The name of the GeoTIFF file is encoded as <patch_name> <band>.tif .
e The JSON file, named <patch name> labels metadata.json , contains the metadata

The prettified contents of a metadata file is:

# remove-input

from rich import print_json
from copy import copy
import json

ben_s2_json_file_paths = list(Path(ben_s2_path).rglob("*.json"))
ben_s2_json_fp = ben_s2_json_file_paths[0]

text = ben_s2_json_fp.read_text()

j = json.loads(text)

simple_j = copy(j)

simple_j["projection"] = simple_j["projection"][:75] + "...

print_json(data=simple_j)

RSiM

HTML Page

With the following conventions:

« Each folder corresponds to a single patch
e The patch_name is encoded as the name of the folder
« Each patch folder contains a GeoTIFF file for each of the 12 bands.
o The name of the GeoTIFF file is encoded as <patch_name>_<band>.tif .
e The JSON file, named <patch_name>_labels_metadata.json, contains the metadata

The prettified contents of a metadata file is:

{
"labels": [
"Pastures”
1,
"coordinates": {
"ulx": 604800,
"uly": 5834040,
"lrx": 606000,
"lry": 5832840
}
"projection™: "PROJCS[\"WGS 84 / UTM zone 29N\",GEOGCS[\"WGS 84\",DATUM[\"\
"tile_source": "S2A MSIL1C 20170617T113321 N©205 RO80 T29UPU 20170617T1133:
"acquisition_date": "2017-06-17 11:33:21"

13
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Jupyter NB source to HTML page Il

Source File

HTML Page

Example output

Example output

# scroll-output
from bigearthnet_gdf_builder.builder import get_gdf_from_s2_patch_dir

# gdf_builder also has a CLI tool to convert the entire archive into a single
# parquet file!

from bigearthnet_gdf_builder.builder import get_gdf_from_s2_patch_dir

# gdf_builder also has a CLI tool to convert the entire archive into a single

# Example "raw" subset # parquet file!

gdf = get_gdf_from_s2_patch_dir(ben_s2_path) # Example "raw" subset

# showing first row as tables have display issues gdf = get_gdf_from_s2_patch_dir(ben_s2_path)

gdf # showing Tirst row as tables have display issues
gdf

Parquet files allow for easy data-processing and visualization. These files work particularly well with

geopandas: labels

tile_source acquisition_date

0 [Pastures]

[Coniferous
forest, Mixed
forest,
Transitional...

=

[Non-
irrigated
arable land,
Land
principally
o...

[Non-

irrigated

3  arable land,
Coniferous

% forest,...
SiM

S2A_MSIL1C_20170617T113321_N0205_R080_T29UPU_2...

S2B_MSIL1C_20170924T93020_N0205_R136_T35VPK_20...

S2A_MSIL1C_20170613T101031_N0205_R022_T33UUP_2...

S2B_MSIL1C_20180204T94161_N0206_R036_T35VPK_20...

2017-06-17
11:33:21

2017-09-24
09:30:20

2017-06-13
10:10:31

2018-02-04
09:41:56
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Jupyter NB source to HTML page lil

Source File HTML Page

:{note}
The polygons have been merged together to minimize page-load time and storage requirements /7 Note

The polygons have been merged together to minimize page-load time and storage requirements
# remove-input

import warnings

warnings.filterwarnings("ignore") +
import geopandas
import folium —

def draw_fast_marker_cluster(gdf):
marker_gdf = gdf.copy()
marker_gdf = marker_gdf.to_crs("EPSG:4326")
m = folium.Map(tiles="Stamen Terrain")
data = marker_gdf.representative_point().apply(lambda point: [point.y, point.x])
map_data = folium.plugins.FastMarkerCluster(data)
m.add_child(map_data)
return m

def simplify_gdf(gdf, tolerance=100): B
geo_series = gdf.geometry.unary_union
g_series_simp = geo_series.simplify(tolerance)
return geopandas.GeoDataFrame( s l

{"name": ["BigEarthNet-simplified"]}, geometry=[g_series_simp], crs=gdf.crs " 49

gdf = geopandas.read_parquet("_static/ben_simple_union.parquet")

m AOF

500 mi RI == | eaflet | © OpenSt ap contributors © Car

SiM B
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Executable Books Project

e The Executable Books Project is an
open-source project that aims to improve the
sustainability of scientific research by
developing tools that facilitate publishing
computational narratives using the Jupyter
ecosystem, such as:

o Jupyter Books

o MyST-NB project

e Additional links:
o Official Executable Books
Documentation
o Jupyter Book Gallery
o MyST (Markedly Structured Text) — A
superset of the CommonMark language

RSiM .
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PYTHON DOCUMENTATION GENERATOR

e Sphinx is an open-source documentation
generator that:

O

O

is widely used in the Python community,
but can also be wused for other
programming languages;

is used as the foundation for many
Executable Book Projects/Tools.

e Additional Links:

o

O

RSiM

Official Sphinx Documentation

Furo — A popular Sphinx_Theme (also

used for the BigEarthNet Guide)
Using Markdown (MyST) in__Sphinx

instead of reStructured Text (reST)

= SPHINX

Python Documentation Generator

Documentation » Welcome

Quick search

Go

On this page

Get started

User Guides
Community guide
Reference guide

Site navigation

Get started

Getting Started
Installing Sphinx
Tutorial: Build your first project

User Guides

Using Sphinx

Writing Sphinx Extensions
LaTeX customization
Sphinx Extensions API

Community

Get support
Contribute to Sphinx
Sphinx FAQ

Welcome

Sphinx makes it eas
documentation.

Here are some of Sphinx’s majc

» Output formats: HTML (ir
Texinfo, manual pages, plé
« Extensive cross-referenc
sary terms and similar pie
« Hierarchical structure: e
children
« Automatic indices: genel
« Code handling: automati
« Extensions: automatic te:
via built-in extensions, anc
« Themes: modify the look i
« Contributed extensions:

Sphinx uses the reStructuredTe:
tensions. Both of these are pow:
tion and publishing workflows. T

See below for how to navigate

See also
The Sphinx documentation Table
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https://pixabay.com?ref=SlidesAI.io
https://www.sphinx-doc.org/en/master/
https://pradyunsg.me/furo/
https://www.sphinx-doc.org/en/master/usage/markdown.html
https://docutils.sourceforge.io/rst.html

GitHub Pages

e GitHub Pages is a free web hosting service
provided by GitHub that:
o allows users to create static websites
and host them on GitHub's servers;
o supports a variety of static site
generators, such as Sphinx and Jekyll

e Additional links:
o Official GitHub Pages Documentation
o Using a custom domain for your GitHub

Pages site
o GitHub Pages usage limits

RSiM
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https://pixabay.com?ref=SlidesAI.io
https://pages.github.com/
https://docs.github.com/en/pages/configuring-a-custom-domain-for-your-github-pages-site
https://docs.github.com/en/pages/configuring-a-custom-domain-for-your-github-pages-site
https://docs.github.com/en/pages/getting-started-with-github-pages/about-github-pages#usage-limits

