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About Sinergise

@ SINERGISE

A small company from a small country, T SveraL A
changing the world one step at a time WINNER (a3

RS/

( A sentinelhub

OPErNCuUs
~ maesters

Service providing you fast (and simple) ' WINNER 2016
access to satellite data
EO data
: : inside EUROPEANEO COMPANY  EARSC
eoresearch@sinergise.com OF THE YEAR 2018

Providing answers to questions you didn’t know you had.
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Sentinel Hub

Open Imagery:
Copernicus, USGS

Comercial Imagery:
Airbus, Planetscope, Maxar

Bring Your Own Data:
Aerial Imagery, Other Sensors

Other Data: CORINE, DEM data

Machine learning

Programming: Javascript, Python, R...

OGC

{ ) sentinel

| Web/Mobile Apps

GIS: Cloud and Desktop Apps



Sentinel Hub

2021-09-17 00:00 - 2021-09-17 23:59, Sentinel-2 L2A, NDVI
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Sentinel Hub OGC API

WMS REQUEST WCS REQUEST WFS REQUEST WMTS REQUEST

https://services.sentinel-hub.com/ogc/wcs/<INSTANCE-ID >
?SERVICE=WCS

&REQUEST=GetCoverage
&COVERAGE=1_VV_ORTHORECTIFIED
&TIME=2018-07-17/2018-07-17

&BBOX=15.28815,107.07000,14.75496,106.09153 No worries about download,
iy proll storage, decoding, stitching scenes,
&FORMAT =image/tiff reprojection, scaling, mosaicking,
&CRS=EPSG:4326 meta-data parsing, backscatter

calibration, orthorectification ...
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Sentinel Hub API

{ ) sentinelub

No worries about download,
o sttt SLOT@GE, decoding, stitching scenes,
. | reprojection, scaling, mosaicking,

| meta-data parsing, backscatter
calibration, orthorectification ...

Authentication Process

Process

n Saplfvlfprosess

Qauth?

B | Additional functionalities:
, e e e s S batch jobs,
e ——— statistical calculations,
. bring your own data,

. . object (ProcessRegquestOutput Ca ta /Og,
ora ; :’:ll.llr::evals{'ll:lt. For details, click here. th i r’d - p a rty d a t a i m p O rt
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Sentinel Hub API - basic processing options

What data can one "get” from SH?

Pre-defined product (true color, false color, etc.)
Custom band combination
return [BO8, BO4, BO3];
Various indices
var val = (B08-B04)/(B08+B04);
return [val];
Complex algorithms
LAI, FAPAR — (basic) neural networks
Interpolated data, custom mosaicking, temporal computation
https://github.com/sentinel-hub/custom-scripts/
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om-scripts

that cia be ik Sewtine] - Hubs §

Custom scripts repository https://custom-scripts.sentine|jsy

SAR for Deforestation Detection Script

Virde soript or dovamioad i

SOR for Delormtatan SAR for Deforestation Detection Script
etection Script

Evaluate and visualize Show script or download it.
General description of the
script Evaluate and visualize
Details of the script
Author of the script
Description of representative General description of the script

mages
B
The script uses the VV and VH bands of the Sentinel-1 and transforms the cartesian space of VW

and VH to polar coordinates computing the length and angle of the resulting vector and also the
area of the square defined by VV and VH. Then it uses the length of the vector as a classifier to

discriminate between water, forest and soil

The script paints in black the water and bare soil areas, and uses both the length and the angle to
draw a scale for the forest (green) and soil (red), drawing a stronger green where more forest has

been classified and a stronger red or black where more soil has been found

Details of the script

The script only uses the VV and VH bands of the Sentinel 1, sa it will identify bare soil as water
(black) and is intended to be used in forest area, retuming strange results when used in populated

arcas.

GREEN_VIZ = EM_GRADIENT
RE0_VIZ = st AED_GRAOTENT, &, 1);

Author of the script

nadl L ke

Antonio Carlén Paredes

Description of representative images

The images show several zones of Borneo, in areas affected by palm oil deforestation.

£ [TNVERSE _FACTOR = w_len);

(v len < WATDR_LIMIT) {

Sentinel-Hub by Sinergise s
Y 5 #]:

OREST_LIMIT) {
v_ong le_weighted;

v ongle_wmeighted;




Temporal processing
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Data fusion

@esa
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Sentinel-1 processing

Dataset: Sentinel-1 AWS-IW-VVVH

Date: ¢ g8 » z021-09-22 Timespan

X "4 =

Processing parameter<
eckle Filter

Orthorectification

Gain




Sentinel Hub - data collections

Open Data (global and full archives) Commercial data (on-demand, payable)

Sentinel-2 L1C and L2A**

Sentinel-3 OLCI and SLSTR

Airbus Pleiades

Airbus SPOT
Sentinel-5P M
xar
Landsat-1-8 axa
MODIS Bring your own data

DEM (Copernicus, MapZen) Satellite imagery

Copernicus Services layers Derived products

COG/zarr format

Your data residing on AWS (EU-1 or US-West-2), Mundi,
CreoDIAS, CODE-DE

Full Sentinel Hub functionality

* CARDA4L compliant
** | 2A global from 2017 onwards
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- S .y o g . N% 'f
Third party data;@ommeraal data)
P = L = -

-~ e A S
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< 95 EO Browser sl O

Hello, SH IS Testing

Q Discover & Visualize ~ & Compare X Pins

[ ]
Remove all Add af pins Split .
8 airbus: 2_TRUE-COLOR-PANSHARPENED oo
Date: 2017-09-13
— Lat/Lon: 46.71. 1582 | Zoom; 18
Spit position: @ ®
8 | Sentinel-2 L2A: 1_TRUE_COLOR BO
L, Date; 2017-09-05
Lat/Lon: 46.71, 15.83 | Zoom: 18
Spit position; o ®
Powered by Sepunel Hub weth contributions by L34 c‘
¥1.95

i

© moptier
B = 05T 5 OponSirnetiias contotss, B Sentiee Hob Ahout £0 Brawser | contact us | Get data

Loi: 40.70B378, Lng: 10.818778



Bring your own data @esa
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Integration capabilities

WMS/WCS/WMTS - QGIS, ArcGIS Desktop, ArcGIS on-line

QGIS Plugln i
sentinelhub-py :;_i::.&us,o,e,& ',-,n'f. -ql,uofag % __.,‘..:._
sentinelhub-js B |

xcube-sh oy

,,,,,
v i &

= v o Sentinel-2 - L2A - True color $2 L2A (WMTS, 2020-10-07%
= 4 OSM Standard

enth 0 phg

o9 Cre aci

Service type

Layes

CRS

ime rang 020 o2 2021-00-29

* Janusty 200 L]

- Wad Thy

CoatenewWMIShyer — Create

Update exsting lay ¥
inate -61B432 4756730 i Scale 1:1225190 0 Magrifier 100% - FRotadon 00°* noar © EPSG-3867
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Large-scale processing - Batch API

Request data at large scale
— either spatial or temporal.

Run your algorithm for a whole continent.

NI
[ ]

Pre-process vast amount of data.

Execute, monitor for updates, follow-up processes

2 THE EUROPEAN SPACE AGENCY



Large-scale processing - Batch API

HEm PENDING

20

-200 —150 —100 -5 - 50

Requests per hour, 2020-09-24 th Sh 2h 1d 3d Tw custom[1Smo) - Line v | Metons - T v | O
Apply time rangs ﬁ'

Coonrl

1.400

= I —-____h\/ \
= —————————
TiaM — e ——

) . -
-
03:00 400 Q500 DECO o7 o0 [ B s 23:00 1Ge00 11.00 1200 faog 74200 16:00 100 1700 1800 1800 20:00 Z1:00 2200
B GotRequesin

38

All metrics Graphad matrics (1) Graph options Source

400.000 requests per second  wnee

w i Dy ic labels Statistho: Sum w  Perlod: 1 Hour « Remowe all
Labad Detalls

GeFagiiesls 53 * GatRacquests * BucketNama: sentingl-s2-11c * Fitarkt EntireBucked
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Large-scale processing - Batch API

v
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-—https.//medium.com/sentinel-hub/how-to-make-the-perfect-time-lapse-of-the-earth-351f2 1452‘-7:?6--



Statistical API

< %5 EO Browser O Q
.’ V ton
SENTINEL-2 L1C {@A ﬂ %
« M > 20 : X
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EO-Browser @esa

https://apps.sentinel-hub.com/eo-browser

Or google eo-browser
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EO-Browser

« What is EO Browser?

« Education themes

« Search and view satellite data

« Custom visualizations on the fly
« Statistics

* Pins and comparison tool

« 3D viewer

« Downloading images
 Time-lapse creation
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0 sentinelhub statistics, April 2021

Cloud API EO Browser o 7 g Pt
: Yl

..“kglstered\ﬁers monthly visitors HEIR - — H
500 @) 60 M PemtT — i
processed uests processed requests 2]

| .\+\ )TB

)" d edevery n}v‘ .

No.of Requests

I 3.201
1

Visitors from 159 countries




eo-learn @esa

https://github.com/sentinel-hub/eo-learn

Or google eo-learn
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eo-learn

Python ecosystem
for data science and
machine learning

(EO) data

supyter notebooks (N T
MATLAB/ Dctave 36.2%
¢/ T P
e Tensorrion, ENEYT)
@ ;.::g,‘.é ﬁﬁ @ unix sheil/ awk: (EXED ':"""\n:r
Ry i) S saL ~ ’
i::f?':: ™ zﬁ"“ Java P
Lo u@?.; e o ‘..$aa’i“: amazon Web services (D ﬁ"l“ ¥ '

1 S N
ol H=2 e

Mathematica m ..- !-__ ] PﬂﬂdEIS
Tableau [ 7.7 - ﬂﬁ“

Microsoft Excel Data Mining [ 7.5%

https://github.com/sentinel-hub/eo-learn
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eo-learn

eo-learn-core eo-learn-mask eo-learn-geometry eo-learn-ml-tools

o S

eo-learn-io eo-learn-features eo-learn-registration

* eo-learn-core - The main subpackage which implements basic building blocks and commonly used functionalities.

° eo-Iearn-coregistration - The subpackage that deals with image co-registration.

» eo-learn-features - A collection of utilities for extracting data properties and feature manipulation.

° eo-Iearn-geometry - Geometry subpackage used for geometric transformation and conversion between vector and raster data.
* eo-learn-io - Input/output subpackage that deals with obtaining data from Sentinel Hub services or saving and loading data locally.
* eo-learn-mask - The subpackage used for masking of data and calculation of cloud masks.

» eo-learn-ml-tools - Various tools that can be used before or after the machine learning process.

» eo-learn-visualization - Visualization tools for core elements of eo-learn.
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eo-learn

|

ROI (Down)Load Cloud Detection/ NDWI Feature NDWI
definition Satellite Imagery Cloud Masking Extraction Thresholding

Vectorize Water
> S

Local/External source

(
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eo-learn — building blocks

EOPatch - storage

DATA MASK VECTOR DATA TIMELESS MASK TIMELESS VECTOR _TIMELESS
e.g. NDVI e.g. CLOUD e.g. SuperPixels e.g. DEM e.g. LULC map e.g. LULC map
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eo-learn — building blocks

EOTask - a task/operation/function on (part of) EOPatch

class FooTask(EQTask):

def __init_ (self, foo_param):
" Task-specific parameters

self.foo_param = foo_param
def execute(self, eopatch, *, patch_specific_param):
# Do what foo does on EOPatch and return it

return eopatch
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eo-learn — building blocks

EOTask - a task/operation/function on (part of) EOPatch

https://eo-learn.readthedocs.io/en/latest/eotasks.html

EOTasks

core
AddFeature A deprecated version of AddFeatureTask
AddFeatureTask Adds a feature to the given EOPatch.
CopyTask Makes a shallow copy of the given EOPatch.
CreateEOPatchTask Creates an EOPatch
DeepCopyTask Makes a deep copy of the given EOPatch.
DuplicateFeature A deprecated version of DuplicateFeatureTask
DuplicateFeatureTask Duplicates one or multiple features in an EOPatch.
ExtractBandsTask Moves a subset of bands from one feature to a new one.
I0Task An abstract Input/Output task that can handle a path and a filesystem object
InitializeFeature A deprecated version of InitializeFeatureTask
InitializeFeatureTask Initializes the values of a feature.
LoadFromDisk A deprecated version of LoadTask
LoadTask Loads an EOPatch from a filesystem
MapFeatureTask Applies a function to each feature in input_features of a patch and stores the results in a set of output_features.
MergeEOPatchesTask Merge content from multiple EOPatches into a single EOPatch
MergeFeatureTask Merges multiple features together by concatenating their data along the last axis.
MoveFeature A deprecated version of MoveFeatureTask

2 THE EUROPEAN SPACE AGENCY

MoveFeatureTask Task to copy/deepcopy fields from one eopatch to another.



eo-learn — building blocks

EOWorkflow

ROI (Down)Load Cloud Detection/ NDWI Feature NDWI
definition Satellite Imagery Cloud Masking Extraction Thresholding
Vectorize Water

Local/External source
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eo-learn — building blocks

EOWorkflow - an acyclic graph of EOTasks

Load EOPatch Save EOPatch

@Eﬁ]ﬂublnpﬂﬂask MonmahizedDifferencelndexTask Vector ToRaster Task AddValidDataMaskTask AddvalidDataCoverage Task SimpleFilterTask Waw@

eop.catal's2 11¢') eop.datal's2_I1¢c_reg’] eap.vector'edges’] eop, scalar|‘area’) eop.datal's2_I1c’] eop.datal'interp'] eop.mask_timeless['gt']
1 3
3 .‘ ot Gradient Boosting Machine
L DS
. P Gy - -y
2 -

S2L1CWCSInput RegistrationTask | EdgeDetectorTask. Comm'IBIﬁ S2L1CWCSInput LUneart ton ToRBSter
(2015-07-01, 1 2015-07-01, 1 3D Fully-Convolutional-Network
2018-08-19) " AddCloudMaskTask AddNDWITask PostProcessingTask 2018-08-19) " AddCloudMaskTask AdINDVITask SaveToDisk |

- v ~IM T2

\ 1]
cop.mask('cd'] eop. datal‘ndwi'] eop.mask| waterdevel'] eop.mask|‘cld’) eop.datal‘'navi’] ep Ly et
-y ) ! ' il
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eo-learn — building blocks

EOWorkflow — an acyclic graph of EOTasks

from eolearn.core import LinearWorkflow

workflow = LinearWorkflow(load_task, add_feature_task, save_task)

result = workflow.execute({
load_task: {'eopatch_folder': 'TutorialEOPatch'},
add_feature_task: {'data': np.zeros((10, 3), dtype=np.uint8)},
save_task: {'eopatch_folder': 'OutputEOPatch2'}

)

workflow.dependency_graph()

LoadTask AddFeature
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eo-learn — building blocks

EOWorkflow

Particularly useful:
« when the (data) exploratory phase is finished

« things have to be run on (larger) scale
« it is time to automatise the “process”

Very powerful in conjunction with EOExecutor
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eo-learn — building blocks

EOExecutor

« handles execution and monitoring of workflows

« enables execution of a workflow multiple times and in parallel

« monitors execution times and handles/logs errors that might occur in the process

« generates a report which contains summary of the workflow and process of execution.

EOExecution Report
EOWorkflow dependency graph

from eolearn.core import EOExecutor @ w @

execution_args = [ # EOWorkflow will be executed for each of these 5 dictienaries:
{
load_task: {'eopatch_folder': 'TutorialEOPatch'}, Execution status
add_feature_task: {'data': idx = np.ones({18, 3], dtype=np.uint&}},
save_task: {'eopatch_folder': f'ResultEOPatch{idx}'} * Start tme: 10:51:56 092121
} for idx in range(5) « End time: 10:51:58 092 1/21
1 » Duration: 0:00-01 517003
= Mumber of finished executions: 5
executor = EOExecutor(workflow, execution_args, save_logs=True, Llogs_folder=0UTPUT_FOLDER) » Mumber of failed executions: O

* Processing type: multiprocessing
s Mumber of workers: 3

wox [ ;s (00:11<00:00, 2.35s/it] (T 1] ] )

executor.runi{workers=3) # The execution will wse at most 3 parallel processes

... Execution successfully finished
. ... Execution failed because of an error
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eo-learn

H sentinel-hub / eo-learn & Unwatch v+ 53 # Unstar 618 % Fork 198
introduciag'etisam 16.8K 77K 46% o | B

6 min read - In Sentinel Hub Blog « View story - Details

Land Cover Classification with eo-learn: Part 1 #TutorialTuesday Revisit these awesome guides from
8 min read - In Sentinel Hub Blog - View story - Details 35K 151K 43% 236 @LubejMatic at @sentinelhub + @sinergise on how to

12 min read - In Sentinel Hub Blog - View story - Details 18.7K 6.4K 34% e #MaChineLearning mOdell

Land Cover Classification with eo-learn: Part 3

10 min read - In Sentinel Hub Blog - View story - Details 5% B2 "% * Part 1: OWIY/KCfaSOAngd
il itori Part 2: ow.ly/nUdz50A9rCe

BLUEDOT — Water Resources Monitoring fro... 6.3K 27K 43% 81 y/

5 min read - In Sentinel Hub Blog - View story - Details pal't 3: OWIy/SleSOAngC

Semi-supervised learning in satellite image ... 21K 434 20% 2%

13 min read - In Sentinel Hub Blog - View story - Details

Land Cover Monitoring System 2.3K 11K 47% 34

7 min read - In Sentinel Hub Blog - View story - Details

Area Monitoring Concept 2 7K 826 30% 2%

15 min read - In Sentinel Hub Blog - View story - Details

Scale-up your eo-learn workflow using Batc... 884 369 42% 15

7 min read - In Sentinel Hub Blog - View story « Details

Parcel boundary detection for CAP 1.92K 485 25% 16

14 min read - In Sentinel Hub Blog - View story - Details

https://medium.com/sentinel-hub



eo-learn — "eat your own (dog) food”
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Predictions
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eo-learn — "eat your own (dog) food”

Building detection using SPOT imagery

Known
buildings

[ =35
a".' -

Confirmation
by operators

i
k-]

Newly _
identified 'I\(/alztr:r?ilr?e
buildings g

— e o L T e W] = o S WS
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eo-learn — success stories from others

Working with s2cloudless

| a g:;:rl?tﬂ DG;,II"“E'- - To help get you started exploring and applying the new s2cloudless image,
' we've put together a tutorial that demonstrates joining the Sentinel-2 SR
and s2cloudless collections, defining a cloud masking function, applying it

Would it EC'[UE"}" be pDSSibIE to use the 's2cloudless’ to a sub-collection, and displaying the results. Bonus: it includes cloud
model from @sentinel_hub within the #EarthEngine with shadow masking!

#Python API? & @giswqgs @gena_d @jstnbraaten
@mopayyo @LubejMatic

. SoLe

a Qiusheng Wu @giswgs - May 5 000
: A Replying to @gartn001 @sentinel_hub and 4 others
The GEE team has been running s2cloudless on the full S2 archive. The

ingestion is not finished (so there is no catalog entry yet), but you can

start using the COPERNICUS/S2_CLOUD_PROBABILITY collection. See
bit.ly/2W5Z0U1

QO 1 3 O 16 2

L e

Lt Earth Engine Colab notebook on using the new s2cloudless image for cloud and cloud shadow masking
Sentinel-2 imagery.
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eo-learn — success stories from others

FASTENER Feature Selection for Inference from Earth Observation Data
Wcnd F Koprivec, K Kenda, B Sircelj - Entropy, 2020 - mdpi.com

necH In this paper, a novel feature selection algorithm for inference from high-dimensional data
AA Td (FASTENER) is presented. With its multi-objective approach, the algorithm tries to maximize the

...Cno
2,a7| ¢ Y9 Citedby 1 All2versions ¢

HWA C

‘ w | Streaming data fusion for the Internet of Things
K Kenda, B Kazi¢, E Novak, D Mladenié - Sensors, 2019 - mdpi.com
Deep le To achieve the full analytical potential of the streaming data from the internet of things, the
B Ayhan, | interconnection of various data sources is needed. By definition, those sources are heterogeneous
... 7, 888 | and their integration is not a trivial task. A common approach to exploit streaming sensor ...

http://eo-ll ¥ 99 Citedby 9 Related articles All 10 versions 99
the earth

accuracy of a machine learning algorithm with as few features as possible. The algorithm exploits ...

[PDF] mdpi.com

[PDF] mdpi.com

Yr YY ThegnyZ Remaed arnces Al Z Versions

2 | AW Bonoctok - 2020 - elib.bsu.by

... B2 c. NecHble noxapsl, MOHWTOPUHT, Sentinel-2, eo-learn, navHble AWCTAHLMOHHOMO
aoHauMpoeaHuA. B pabote paccmartpueaeTtcs paspaboTka asToMaTU3MPOBaHHOW CUCTEMGI ... 62

c. JlacHeln naxapel, MadiTopelHr, Sentinel-2, eo-learn, Aaf3eHbla AbICTaHUbIMHAra 3aHaagaHHs ...

eo-|
aza\ 3¢ Y9 %

'ﬁl’ B e [ L e L L R
| HEX SETMUMEN Z, a TakHe HIBIKa TIPOTPamMmMpOBaEHIA FYINOM T oOnoOnmoTERn EVD=1earm

AnAa co3fna- HWA CUCTeEM MOHHUTOPKWHIA necHou PACTUTENBHOCTH ...
vy YUY Citedby1 99
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More information

 https://sentinel-hub.com/
 https://apps.sentinel-hub.com/eo-browser/
 https://sentinel-hub.github.io/custom-scripts/

 https://education.sentinel-hub.com

 https://github.com/sentinel-hub/eo-learn
 https://eo-learn.readthedocs.io/en/latest/

 https://medium.com/sentinel-hub
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Thank You

Matej Batic,
EO research @ Sinergise

website:
blog:
twitter: @matejbatic @sinergise @sentinel_hub
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https://www.sentinel-hub.com/
https://medium.com/sentinel-hub

