Large scale mapping of human settlements from Earth
Observation data with JEO-batch of the

JRC Earth Observation Data and Processing Platform
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Geo-information for analysing
human settlements

PARISZ(

(i.e. producing indicators and monitoring
targets):

e a';;:

« Sendai Framework f‘dr;DRR 2015-2030
« 2030 Agenda for.S'ustainabIe Development

,,,

+ COP 21 Paris Agreement on Climate Change & ® &
« Exposure (to hazard~s,‘pollutarit‘§;‘;..~)
* Access (to resources, Sérvites,}..) '

« Impacts (from natural disasters, environmental change,...)
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to Built-up areas
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What we detect: “built-up area” = all spatial units (30x30m Landsat, 10x10m
Sentinel) where a roofed building or part of a building can be recognized




Global Scale Human Settlement Maps

Reference year 2018




European Scale Human Settlement Maps

Pan-European Coverage of
Very High Resolution Satellite
Imagery (2 meters) ;

European Settlement Map -
Reference year 2015
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Machine Learning tools tasInfrastructure
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JRC Symbolic Machine Learning JRC Big Data Platform JEODPP

Data Reduction
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Symbolic Machine §
- Interactive data visualization
Learning e and analysis with Jupyter
(SML) finage’ |
Features | Remote desktop capability
il ‘ : for fast prototyping with
scientific software
Evidence-based L A I : ek N Frequer!cy
: normalized |EECSSREN Association I M analysis : 5}:}
dlfferentla(lEllr\;([i;;))( "‘Cdnfi'dence' _ alis

“Measure -~

‘\ MathWorks




Large Scale Processing of satellite imagery: SML deploymeht on JEODPP
with JEO-Batch & e -
op

ernicus

Europe’s eyes on Earth

HTCondor )
Master i A § Docker Images
o - can be pulled
Submit ' T from the JEODPP
Job - ~ ) registry

= B -
seilences | Desk

Data Reduction
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Symbolic Machine
Learning
(SM L) Image

Features

| Worker node J{

Evidence-based
normalized
differential index
(ENDI)

- Traivn'ir;g e

‘Cénfidence

Measure - *

Frequency
analysis

Executables and small
input files can be read

TCondor logfiles and
small files can be

written to Metapp or

from Metapp or EQS EQS

Data and large input
files must be read
directly from EQS

Input/output
data

/eos

Jobhasa
large scratch
area for local

O

Large output files
should be moved fo
EQS atthe end



GHSL Landsat Multitemporal in 2016

1975

First available multitemporal assessment of built-up areas

Corbane C., Pesaresi M., Kemper T., P. Politis, A.J. Florczyk, V. Syrris, M. Melchiorri, Filip Sabo & Pierre Soille (2019) Automated global delineation of human settlements from 40 years of
Landsat satellite data archives, Big Earth Data, 3:2, 140-169, DOI: 10.1080/20964471.2019.1625528
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32 808 scenes




Processing of Landsat imagery on the JEODPP platform
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Symbolic Machine
Learning

, &: 7?-'- - Landsat coIIectlons
}‘ ...',‘-.L' '-“ \' , n . ’# 3‘ . .
Input number of scenes T - 32 808
: % P
Input volume 2371B - -
Output volume 14TB
| Processing time 22 h
- 610 (SML) & 840
¥  (warping, tiling and
Concurrent jobs merging)




JEODPP CPU load during the processing .-;_. _ "y 2t " s

of 9440 Landsat8 scenes M ;
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B SML classification

& - GLS1975 B Tiling & Warping
M Tile merging
Corbane, C. et al. (2017) Big earth datg analytics on Sentinel-1 and
Landsat imagery in support to global human settlements mapping, Big
Earth Data, 1:1-2, 118-144,
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Sentinel-1 GHSL

Atlantic
Ocean

Pacific Ocean

Indian Ocean

Pacific Ocean
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Global coverage of Sentine|- 1 o oy

7000- GRD scenes, 10 m pixels spacing,
Polarization: VV- VH, Desc and Asc
Dec 2015 - Oct 2016, 10TB of volume




Processing of Sentinel-1 and Landsat |magery on the

JEODPP platform gc: sl .

3. _ inel=1." = - Landsat collections
A 0’ coa ",‘\;ﬂ“ s s NN in ' '
S , e Input number of scenes 7000 7' :" ' 32‘808

) < :
Input volume 10TB 23TB - \
\ Outpﬁt volume .~*23TB 14 TB* =
Processing time 18 h 22 h
= 610 (SML) & 840
| " (warping, tiling and
Concurrent jobs p2:10 merging)




Scalability of the SML classification alg'oriftﬁ;m' w‘hi'le,;r‘u.nn_ihgu_ on
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Corbane, C. et al. (2017) Big earth data analytits'on Sentinel-1 and Landsat imagery in support to
global human settlements mapping, Big Earth Data, 1:1-2, 118-144,



Sentinel-2 GHSL
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BIockprocessmg approach

Processing of Sentinel-2 Global Mosalc at 10 meters (4 Bands)
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Sentmel 2

Input t|Ie/sce}nes g
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610 UTM grid zones divided into

EN '.*ZOXZO tiles with/50% overlap =>

* 610 x 400~
244 000+tiles

—

Input Spatial‘resolution

a .

.
10 meters:

Output volume

10TB" . %

~3 days for processih_g at global

| 5

Processing time- — * scale
Concurrent jobs 80-200
Number of CPUs 1
RAM requirements per job 25-40 GB

Storage space on JEODPP storage
disk

1 TB (including warping to a single
projection)
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and running jobs during the:progessing of

{5 - B8 Condor Monitoring Batch - %
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European Settlement Map

Contributing missions
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VHR date

Processing off Copernicus

“ Applications n submit_sml_proc.sh (/e n start_sml_proc.sh (/eos/...| i@ condor_scripts - File Ma... {8 Tiling - File Manager @ BU_cnfd - File Manager

/eos/jeodpp/data/projects/GHSL/ESM_2018/scripts/Batch_proc/condor_scripts
4 File Edit View Search Tools Documents Help

I

8 jobs - File Manager

& sabofil@jeodpp-termina...

i
submit_sml_proc.sh Size %

£

D . : 1g_proc.sh t_tiling_proc.s submit erging_proc.sft start_merging_proc.sh bu cnfd 10m.tx dvi_10m.tx 193035 jeodpp.py Size Type Date Modified ,D
Juptverse = docker 0 bytes plain text document 10/10/2018
|docker image = JEOIEQ cidsn.jrc.it:5000/jeodpp-htcondor/el ghsl centos69 gdal2l py27 mcrb2016:1.0
+owner = 698 bytes shell script Tuesday

Plexecutable = /eos/]eodpp/data/prOJects/GHSL/ESM 2018/scripts/Batch proc/condor scripts/start sml proc.sh 698 bytes shell script Yesterday
|arguments = $(ClusterID) $(ProcId) /eos/jeodpp/data/projects/GHSL/ESM 2018/scripts/Batch proc/jobs/Finland/finland 2.txt
|#requirements = job type == "dev" 761 bytes shell script Today
request_memory = 40GB 2.2 kR chall ccrint Tuacdauv
request cpus =4 Open 5 start_sml_proc.sh

P M /eos/]eodpp/data/pr0|ectslcl1SUL5M 2018/scripts/Batch_proc/condor_scripts
‘output = /eos/jeodpp/htcondor/processing logs/GHSL/temp/job$(ClusterId) fle Edit View Search Tools D T
error = /eos/jeodpp/htcondor/processing logs/GHSL/temp/job$ (ClusterId)cine winiro i ruinemen  100fs Hocuments HEP
{Log = /eos/jeodpp/htcondor/processing logs/GHSL/temp/job$(ClusterId)
; ﬂbullt the file output name
|queue 6 (- AME=" echo )- " $CLUSTEI N LIN
‘ File Edit Tabs Help wEChO FNZ
N R .
| | s -la /scratch2/ghsl/
Bll# export ALGDIR=/usr/local/share/GHSL
# mkdir -p /usr/local/share/GHSL
Sexport ALGDIR=/tmp
# mkdir -p /tmp
00T=/usr/local/MATLAB/MATLAB Runtime/v90
L DATA=${ALGDIR}/libs/gdal-data

#create folders and copy files

cp -r /eos/jeodpp/data/projects/GHSL/ESM 2018/scripts/Batch proc/matlab executables/2018 ESM Scandinavia/* $ALGDI
ame $INPUT FOLDEF

prjeopl6lp.cidsn.jrc <
NAME SUBMITTED DONE  RUN
6 17:01 1017 336
Ll for que 5665 jobs; 0 comp sh »

Tab Width: 8 = Ln
46869 jobs 1

al-151p-0¢

<139.191.

H 240.161:9618
RUN IDLE

prjeopl6lp.cidsn.j a5
HOLD TOTAL JOB IDS

SUBMITTED DON

OWNER BATCH_NA

al for que
L for all

0 held,

Yy
users: 84 running,

dpp-te i $ dor submit submit sml proc. sh I

“start_sml_proc.sh" (3.1 kB) shell script
P, —_—————9



JEODPP CPU load and runnin
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Lessons Learnt from processing of Blg Earth Data
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*FieX|b1I|ty and transparency in conflgurmg the {db requwements
. Operatifig System

* Number of CPUs | -

* Memory i e it W

- Specific machines '

* Scalability of the proc’e,sSes crucial for continuous updates of
Human Settlements Maps and Datasets '
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