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ESA Coordination with Science Prnviger and User Commgnities

Operations Science Science Science Science

Systems Operations Instrument Data Data
Studies, Design Planning Handling Processing Archiving
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The traditional Science Exploitation concept is based on moving data and tools to the user, or to single
user’s organization, therefore transferred many times, replicated in many places, and with data
exploitation taking place at users’ premises.
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Background and context
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The fundamental principle of SEPP’s concept is to move the user to the data and tools. Users access
a platform work environment providing the data, tools, and resources required, as opposed to
downloading, replicating, and exploiting data ‘at home’.
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Objectives: Preservation {cesa

Long term preservation of Data Systems:
- Mission data processing systems
- Mission data analysis systems

Enable easier access to standard legacy software

Rescue the code and bring it to the (small) data

On the fly instantiation of:
« Full system environment
« Predefined system environment (threads)
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Objectives: Exploitation

Exploitation platform for data
« Share your data (user storage space in the platform, VOSpace)
- Share your metadata (DB user space inside the archive, ...)
« Publish your data (VO protocols)

Exploitation platform for software
« Enable data processing where the data is
- Interactive data analysis Jupyter Notebook / Hub
« Generic pipeline development and testing environment
« User customized processing pipelines

« Share your code -> Science App Store
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SCI related activities and systems: DASLT Q\k eSa

DAS LT SERVER LAYER / DATA LAYER \
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SCI related activities and systems: GAVIP

ESDC: ESAC Science Data Centre

GAVIP platform |
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SCI related activities and systems: PLAAVI \
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External Related activities and systems &&gesa

NOAODatalab

« SciServer

*  NOAO Data Labs

« HST on AWS

« Thematic platform from EO
« LSST-Science Platform

Discovery Tools

EO (Exploitation) Platform

SciServer Apps

@

Casjobs

Shorter feedback loop
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How does it look like? \\\&&;esa

. Jupyterlab X
& c 0O | @ sciwl9.esa-ad.esa.int:8888/1ab?
3 Apps ESA 5C1-0 SCl-X GSCO socal Projects

File Edit WView Run Kemel Tabs Settings Help

- + L] * & H Launcher X | H SensorTracker_20180607_S¢ X | [ GoogleGnssLogger_Analysis X
L Delimiter: ~
d 1 1 : Name - Last Modified Timestamp Accel x  Accel y  Accel z Gyro_x Gyro_y Gyro_z Light Magnetic_x Magnetic_y N
SEPP ata repOSItOFIeS B data 1 20180607_-0.215 9812 2006  -0.000 0001  -D003 49330 100020 4920 &
2 |20180607_-0.129 9836 1980 0000 0000 0002 49260 100800 4520 &
S E PP I . b . /ﬁ' 03 tliprary 17 hoursage {5 |20180607_-0.145 9838 1.961 -0.000  0.000 0002 47600 101220 4620 8
IDraries 0 Notebaoks 3 minutes age |4 |20180607_-0.146 9826 1975 0001 0001 0003 48280 101580 23950 &
[ usr_persistent_area 17 hours age | |5 20180607_-0.141  9.831 1992 -0.000 0000  -D.003 48730  100.980 4500 &
B usr volatile_area 17 hours sgs | ° 20180607_-0.148  9.831 1992 0.001 0000  -0.003 49240 100360 4740 &
S E P P N Ote b (e]6) kS B - 7 20180607_-0.148  9.824 1985  -0.000 0001  -0.002 50530 101220 4200 &
B 20180607_-0.156 0848 1068  -0.001 0001  -D003 49970 100620 5100 &
. 9 20180607_-0.158 9824 1080  -0.000 0000  -D003 50110 100740 4800 &
Pe rSlSte nt user area (quota) 10 |20180607_-0.148 9833 1868 0000 0001 0001 49530 101100 4440 8
1 |20180607_-0.144 9812 1857 0002 0000 0001 49650 100380 4440 &
. 12 |20180607_-0.129 9831 1978 0001  -0000  -D001 49250 100380 4800 &8
VO I atl |e user area 13 |20180807_-0.153 9826 1978 0002 0000  -0.001 51430 100620 4800 &
14 20180607_-0.125  9.826 1973 -0.001 0000  -D.001 49550  100.740 4560 &
15 20180607_-0.168  9.838 1992 0.001 0000  -0.001  4577.0  100.440 4800 &
16 20180607_-0.172 9814 1007 0001 0000  -D001 47330 101460 4440 &
17 20180607_-0.146 9828 1000 0000 0000  -D.002 53820 100860 4740 &
. . 12 |20180607_-0.163 9833 2008 0003 0001 0001 55150 101640 4880 &
Custom|sed, hassle—free enV|r0nment for end—users 19 |20180607_-0151 9845 1670  -0003 000D D001 55150 105420 3240 9
. . . 20 |20180607_-0.153 9826 1963 0001 0000 0001 55770 103920 3780 9
tO fOCUS OonNn Ca rrylng Out SCIentIfIC Work rather than 21 |20180507_-0.168 2838 1994 0001 0000  -0.001 56350 103560 4080 9
. ’ . 22 20180607_-0.153  9.833 1967  0.002 0000  -D.001 56230  101.040 5100 &
Sett'ng u p JU pyter S EnVlron ment 23 20180607_-0.146  9.826 1985  0.004 0001 D001 57760 101100 4500 &
24 20180607_-0.165  9.831 1908 -0.001 0000 0001 57640 101700 3900 &
25 20180607_-0.120 9817 2023  -0.001 0000  -D.001 55790 104700 3360 @
e smdonenT nezE noma anan aane noe nnne mResn ammoan sEAn e
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The history so far

SEPP
Workshop

r 03/2018
O

05/2017

Use Cases
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Multi-Mission Use Cases \&ée
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5.Use Cases

5.1. SEPP-001: Planck Legacy Archive Collaborative Research Area (PLA-CRA)
5.1.1. Actors

« Primary actor: Members of the Planck Collaboration with knowledge of the Planck products that can access the full Planck repository and have privileges to run g
system, with access to limited computing and storage resources, but who can request additional resources to the SEPR/ESDC.

+ Secondary actors: the general public, with or without prior ge of the Planck p and their plexity, willing to explore and analyze the B
complex pipelines but on a limited range of products and with limited ing and storage until they become "trustable” users.
6.1.2. Goal

Several astronomical communities can benefit from the datasets of CMB experiments like Planck that cover a wide frequeng
astronomers that are not aware of the wide variety of products praduced by the Planck Collabaration, or don't have

science galactic and extragalactic science.

5.1.3.5cope

5.1.4. Preconditions

1. CAS to discriminate users and access rights to data (except for fully public functicnality like the FAQ entry).
2. Ability to instantiate containers with the desired collaborative tool

3. Fllesystem with access to Planck data

4. Code interpreters to read and execute scripts and notebooks

5. All the necessary libraries needed to manipulate Planck products

6. Filesystem where the scripts, code and results of the analysis can be saved.

7. .

Scratch area for i P ing of the p ESA | Slide 13
Specialized visualizati f not part of the collaborative tools like Aladin, Topcat, etc.
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Early adopters, followers, observers

EarIy Adopters:
Ready to adopt a SEPP scenario as soon as it
is available

. First use cases to be implemented

. Planck, GSSC, JWST

Followers:

. Thought to adopt a SEPP scenario once
positive feedback from  Early Adopters is
available

Observers:

. The need for a specific SEPP scenario is not
clear today or has not explicitly been
mentioned
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SEPP scenarios and adoption \

Storage Area Interactive Analysis ‘Web instantiation of Execution of project/user | Pipeline development Interoperabiliity with VO I Store
{Jupiter ) legacy systems pipelines framework
Available in 2019Q4 Available in 2018Q4 Available in 2019Q4 Available in 2020Q2 Available in 2020Q2 Available in g8 . O<\ o200
Planck Legacy Archive \)‘\
PLA-CRA Collaborative R h | Early adopter Early adopter Observer Follower Follower / ec / Observer
Area
BepColombo Instrument *
BPC-IPSE Pipelines Scheduling & Follower Follower Follower Follower Fr.!llo/ ‘ 6// Observer
Execton ~eC

"
EUC-CRA E“g"' w.mﬁmm Follower Observer Follawer Follower / ( O‘\ Early adopter Observer

XMM-Newton legacy ‘
XMM-SPCA Science Processing Follower Observer Follower Fol \)
Sacait brea O

“
GssGcra [ G35CColaboralive | oy oyoppe, Early adopter Observer / g( . Early adopter Observer Observer

Framework Integration Follower Follower M K\( O 9 Follower Observer Observer
Acea e A
Follower Follower / (\g Obsarver Obsarver Observer Observer

Observer Observer

PLT-PFIA

EXO-MARA

JWST-WS Early adopter Earl CX\ er Early adopter Early adopter Follower Observer

GAIA-IDE

((\6q Observer Observer Observer Follower Observer

q e\% Observer Follower Follower Follower Observer
(\\/ Observer Observer Follower Follower Follower Obsarver
\O

GAIA-SOP

Observer Early adopter Observer Observer Observer Observer
Follower Observer Follower Follower Follower Observer
Observer Observer Observer Obsarver Observer Observer
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Top Level scenarios

Workspace

Pipeline

ESA UNCLASSIFIED - For Official Use
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user personalized
storage (scratch,
persistent and public
mounted areas) and

execution environment.

It allows users to
publish and share their
assets.

pipelines for data
integration,
transformation and
analytics based on
processing assets
developed by SEPP
actors
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Analysis
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frameworks to
manipulate and
analyze data
interactively. Creation
and sharing of
documents that contain
live code, visualization,
etc

provides access to the
platform's interface
available to external
systems and gathers
all external
dependencies
integrated in the
platform (example, VO
protocols)
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From now on &\%esa

SEPP
Workshop

r 03/2018
O

05/2017

System
Concept System Development

IT Evolution
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Reference Architecture

Support Layer

Reference Architecture is organised into
layers resembling an N-tier architecture.

Layers designed to allow mission extensions
of their System Domains.
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Technology Stack Q‘k eSa

PaaS and SaaS environments
leveraging on mainstream
technologies:

» Big data
Cloud
Virtualisation
Containers

Storage Computing ™
Tnfrastructure £ Infrastructure

User Logging &
Management Monitoring

cosmos

ESA UNCLASSIFIED - For Official Use ESA | Slide 19
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From now on

SEPP
Workshop

r 03/2018
O

05/2017
System

Concept

JupyterHub JupyterHub
Gaia PoC ESDC PoC

ESA UNCLASSIFIED - For Official Use
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System Development
IT Evolution

Kubernetes Spark Cluster
ESDC PoC ESDC Poc

Ceph Storage
Galileo & Euclid PoC
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SCI-O IT infrastructure and SEPP

Missions

p

Automation

Orchestration

\2
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SCI-O
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Challenges {cesa

Security

Single-Sign-On, public, shared and restricted areas, code-injection

Storage and Computing Dimensioning

Small evolution, quotas, reuse / evolution of existing infrastructure, pay-per-use hybrid models

IPR

Define clear boundaries and recognition for user property rights

Community driven

Close involvement of the scientific community to maximise science return

ESA UNCLASSIFIED - For Official Use ESA | Slide 22
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Stakeholder Engagement Q\k eSa

Meetings with stakeholders:

. Find ’_che right periodicity: every 2 months ? COMMUNICATE
. Keeping stakeholders aware of progress

«  Capture stakeholders’ feedback COMMUNICATE
. Individual meetings possible too COMMUNTICATE-

Platform demos:

. Available after the implementation of the first
scenarios

. Mission oriented

. Available on-demand

SEPP project portal: Reporting:

. Roadmap visibility . At the stakeholders’ meetings

. Project documentation visibility . Executive reports on quarterly basis

. Public portal . Periodic reporting through the SEPP project

portal

ESA UNCLASSIFIED - For Official Use ESA | Slide 23

— 0l b c= ™ W = "Il D - 5 mm i1 = == g mm Ivl European Space Agency



ESA Development Framework &\m eSa

System Concept System Concept

General Study . SCI Under Geo-Return Long Term Data
Technology Programm Implementation Initiatives Preservation
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ESA Science Archives Long Term Strategy @\ eSa

SEPP-013: ESDC Collaborative Efficient long-term

Research Lab preservation of data,
Primary actors: astronomers, planetary software and

knowledge

scientists and heliophysicists with
knowledge of one or more of the data
products in the ESDC science archives and
wanting to data mine, visualise and/or
analyse data from one or a combination of
missions.

Secondary actors: members of the general
public, educators, students, etc. wanting to
explore and analyse archival data in the
ESDC Science archives.

Enabling maximum
scientific exploitation of
datasets

ESA UNCLASSIFIED - For Official Use ESA | Slide 25
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Projects Work Logic

System Concept & Design / Implementation
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Next steps
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| Qi Q2 Q3 Q4 Q1 Q2 Q3 " Q4 [e1] Q2

SCI-O System Development Activities

Early Adoptions + Spin-off activities

ESA UNCLASSIFIED - For Official Use ESA | Slide 27
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Roadmap summary

SEPP
Workshop Operational Services

r 03/2018 04/2019 Early Adopters

e' o & Spin-Offs

05/2017 02/2019 11/2019

System PIPEMAN
Concept System Development

IT Evolution

JupyterHub JupyterHub Ceph Storage Kubernetes Spark Cluster
Gaia PoC ESDC PoC Galileo & Euclid PoC ESDC PoC ESDC Poc
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Conclusions

v
7
Q)

*  SEPP’s concept is to move the user to the data and tools

*  SEPP covers both exploitation and preservation use cases

*  SEPP uses knowledge from precursor activities in SCl and from external similar platforms

* SCI-O IT provides solutions to the missions and looks for synergies and commonalities with SEPP
*  The implementation of scenarios and use cases will follow a incremental approach

* Stakeholder engagement is essential for the development of a successful platform
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GSSC Jupyter Notebook -

Visualisation Layer

GNSS Layer

Mathematical Layer

Core Layer

ESA UNCLASSIFIED - For Official Use
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Configuration

eMatplotlib
eiPympl
eBeakerx
*iPyleaflet

¢GSSC LoggerReader
eGeorinex: load Rinex files
eEphem: leap second calculation

eNumpy:scientific computing Pandas:Data Analysis Library
ePyAstronomy: calculation of orbital parameters
ePyproj: Reference Coordinate System Transformation

eNBconvert
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GSSC Jupyter Notebook - Repository

GSSC
Notebooks
currently

= hpperial x
€ € 0O | O scwotesa-adesant

g [ B8R [ SchO [ S0k [ 0860 [ 900K [ P
File Edit View FRun  Kernel Tabs  Semtings  Help
+ t
- B % c
A 2 Netebooks
£ | Name -

GoogleGnsslogger_Analysis GPS.ipynb
(A & _Analysis_L

g _GPSipynb

/v M GoogleGnssiogger_Readeripynb
¥ Readmemd

Last Modified

17 howrs aga
17 hours sgo

17 hours age

A% & 0

available —o
ESA UNCLASSIFIED - For Official Use
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1 Launcher X | [ SensorTracker_20180607.52 X | M Goagh ogger_Anshysis X |

B+ XODO » =& ¢ Coe ~

Tmage(”. . /Documentation/Drawings /GNSS block Diagras.prg”™,width=700, height=100)

. Fiter Raw data
o '-wr---,* -l [—
sccseting 1 e s e
s = = g g cminringd P sty
2 = I
Estracted roa data o |
[—— e g et e

premreve - carras 16 e et
Saten e ST i e fcopies, wgnat srenges i
g W5 matnod | = —— - o1 e saneses  wrery
‘s ciocs ey poch [ Rines duta)

SimplaLinelrep take the log file name and the filter keyword (in this case "raw" which can be
and parse the line which start with the filterkeyword (raw)
This function will read the line through the raw dats and filter the reguired row info

source :hitp://stackoverflow.con/questions /107175684 /is-it-possible-to-use-read-csv-to-read-on

Inputs: ASCIIFilellass
Filterkeyword

logfile {.txt format)
a word which indicate to start filtering (#raw)

output: lines start with the Filtering word (8raw in log txt File)

dof Simplelinelrep(ASCTIFEleNane, F21terieyward):
from io import Stringld #ic module in  python 3
s = $teinglo()

with open{ASCIITileName) as f:

for lire in f:
17 line.startsuith(filterkeyword):
s.write(line)
s.50ek(B) # “rewind” to the beginning of the Stringl0 chiect

return §

(e I ] | B EE i v

Python3d O
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GSSC Jupyter Notebook - Science Case \‘\&&esa

Filter Raw data
- - Filter raw data Process filtered
x - - according to the state raw data into
- - of the signal or type of epoch per satellite o 07 Proudoranges ve Time ER—
* - - constellation L.
' ' E 24

e - Extracted raw data from oy
the logger text file i 22

GMNSS Logger cL
* 0
Calculate Pseudoranges, e
carrier to noise ratio, .
Solve the PVT solution Obtained navigation doppler, signal strength for| e
h message to calculate | ! . Foocn
using WLS method | €=———— satellite coordinates | ¢ all the satellites at every £
and clock errors epach { Rinex data) 5 :
200
PVT solution using WLS 000
a0
x » s : _m
x 8
i o
H
a
ia
10 :
u
1
o 1 |ndEx; sV time: TOC! SVclockBlas| SVolockDrift, SVclockDriftRate! IODE Crs| DeftaN MO/ Cuc |
0/G01 20180822 00:00:00.000 +0200 259218.000 -0.000 -0.000 0.000 26.000 -87.083 0.000 -0.408-0.000
1/G05 20180822 00:00:00.000 +0200 259218.000 -0.000 0.000 0.000 67.000 -16.188 0,000 2.559-0.000
) 5 2/G06 20180822 00:00:00.000 40200 259218.000 0.000 -0.000 0.000 52.000 -87.719  0.000 -0.177 -0.000
lan Position - True Positibn = 4.182312415105407 m 1
0 3607 20180822 00:00:00.000 +0200 259218.000 0.000 -0.000 0.000 62.000 9.750  0.000 -1.058 0.000
4/G08 20180822 00:00:00.000 +0200 259218.000 -0.000 -0.000 0.000 24.000 7.344  0.000 2.135 0.000
5/G09 20180822 00:00:00.000 +0200 259218.000 0.001 -0.000 0.000 21.000 7781 0.000 2.130 0.000
6G10 20180822 00:00:00.000 +0200 259218.000 0.000 -0.000 0.000 78.000 -17.281  0.000 -2.417 -0.000
. T|G11 20180822 00:00:00.000 +0200 255218.000 -0.001 0.000 0.000 62.000 -68.938  0.000 -1.055-0.000
8/G12 20180822 00:00:00.000 +0200  259218.000 0.000 -0,000 0.000 66.000 101,563 0,000 -1.618 0.000
-20 -10 o w0 o
East(im)
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