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Memories Orekit Day 2017: conclusion on JSatorb Project

o Open-Source
o Cross-platform
o Standardized

Next steps - Take home Message

o Still cover teachings requirements

o Still allow customization for research

o Required software suite for a whole nanosatellite project
o Mission analysis
o Simulation
o Operation

o Intercompatibility - Input/Outputs Standardization
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ISAE-SUPAERO: Teaching Space Stuff
ISAE-SUPAERO: Doing Space Stuff
Nanostar SUDOE Project

ISAE-SUPAERQ: Teaching Space Stuff

Teaching support

Space Mechanics
Mission Analysis

Thermal Architecture

°
°

@ Space Telecom
o Power system
e ADCS

@ Launchers

°
°

Project Management
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ISAE-SUPAERO: Teaching Space Stuff
ISAE-SUPAERO: Doing Space Stuff
Nanostar SUDOE Project

ISAE-SUPAERQ: Doing Space Stuff

Research & Support

@ Engineering Projects

@ Research Projects

4

o UHF/VHF
antenna/station

e S-Band
antenna/station

@ Control Center

@ Clean Rooms ...

5\
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ISAE-SUPAERO: Teaching Space Stuff
ISAE-SUPAERO: Doing Space Stuff

Nanostar SUDOE Project

Examples of 3U Nanosats projects on the way

o Entrysat
o Eyesat o Nimph
@ Phase D
© Phase D @ Phase C
@ Currently in
the ISS
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ISAE-SUPAERO: Teaching Space Stuff
ISAE-SUPAERO: Doing Space Stuff

Nanostar SUDOE Project

Examples of software developments

@ Satorb e SCC e NSS
Mission Simple Nanostar
Analysis Control Software
> Used for Caa Suite
teaching Operations Full Mission
purpose Management Pre-design
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ISAE-SUPAERO: Teaching Space Stuff
ISAE-SUPAERO: Doing Space Stuff
Nanostar SUDOE Projec:

Nanostar SUDOE Project: http://nanostarproject.eu

NANOSTAR Consortium
@ 7 Partners (Portugal, Spain, France)
@ 2 aerospace clusters
@ 2018-2020, 2 millions € budget
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http://nanostarproject.eu

ISAE-SUPAERO: Teaching Space Stuff
ISAE-SUPAERO: Doing Space Stuff
Nanostar SUDOE Project

Nanostar SUDOE Project: http://nanostarproject.eu

NANOSTAR Goal
@ Provide relevant training on nanosat technology
@ To provide a formation tool for students... and also engineers

@ To support the emergence of nanosat environment
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http://nanostarproject.eu

ISAE-SUPAERO: Teaching Space Stuff
ISAE-SUPAERO: Doing Space Stuff
Nanostar SUDOE Project

Nanostar SUDOE Project: http://nanostarproject.eu

NANOSTAR work plan
@ Setup a collaborative platform, with adapted software tools
@ Setup geographically distant Concurrent Design Facilities

@ Propose student challenges relevant for nanosats missions
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http://nanostarproject.eu

ISAE-SUPAERO: Teaching Space Stuff
ISAE-SUPAERO: Doing Space Stuff
Nanostar SUDOE Project

CDF: Concurrent Design Facility
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ISAE-SUPAERO: Teaching Space Stuff
ISAE-SUPAERO: Doing Space Stuff
Nanostar SUDOE Project

CDF: Concurrent Design Facility
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ISAE-SUPAERO: Teaching Space St
ISAE-SUPAERO: Doing Space Stuff

Nanostar SUDOE Project

Mission Analysis
o GMAT
Orekit
Poliastro
Celestlab

o
o
e Satorb
o
o

RTK
SimuCIC
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ISAE-SUPAERO: Teaching Space Stuff
ISAE-SUPAERO: Doing Space Stuff

Nanostar SUDOE Project

Mission Analysis
o GMAT
Orekit
Poliastro
Celestlab
Satorb
RTK
SimuCIC

ADCS

e Simulink

@ Basile
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ISAE-SUPAERO: Teaching Space Stuff
ISAE-SUPAERO: Doing Space Stuff

Nanostar SUDOE Project

Mission Analysis o Catia

o GMAT
Orekit
Poliastro
Celestlab
Satorb
RTK
SimuCIC

@ Sketchup
o Blender

ADCS

e Simulink

@ Basile
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ISAE-SUPAERO: Teaching Space Stuff
ISAE-SUPAERO: Doing Space Stuff

Nanostar SUDOE Project

v ST —

Mission Analysis o Catia
° GMA_T o Sketchup
- el o Blender
e Poliastro
o Celestlab
@ Satorb o Excel
e RTK e IDM-CIC
@ SimuCIC
o Simulink
@ Basile
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Mission Analysis

o GMAT
o Orekit

o Poliastro
o Celestlab
e Satorb

e RTK

@ SimuCIC

ADCS

e Simulink

@ Basile

thibault.gateau®@isae.fr

ISAE-SUPAERO: Teaching Space Stuff
ISAE-SUPAERO: Doing Space Stuff

Nanostar SUDOE Project

o Catia
@ Sketchup
o Blender

Mass Budget

o Excel
o IDM-CIC

o Stella
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ISAE-SUPAERO: Teaching Space Stuff
ISAE-SUPAERO: Doing Space Stuff

Nanostar SUDOE Project

o
° GMA_T o Sketchup
® Orekit o Blender
o Poliastro
o Celestlab Mass Budget
e Satorb o Excel
o RTK e IDM-CIC
@ SimuCIC

ADCS o Stella
e Simulink

: Radiation
@ Basile
o Fastrad
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ISAE-SUPAERO: Teaching Space Stuff
ISAE-SUPAERO: Doing Space Stuff

Nanostar SUDOE Project

Link Budget

i
o (atia o AmsatXLS
o GMAT
o Sketchup A Serody
@ Orekit
o Blender o Propa
o Poliastro
o Celestlab Mass Budget
e Satorb o Excel
o RTK e IDM-CIC
@ SimuCIC
ADCS o Stella
e Simulink
: Radiation
@ Basile
o Fastrad
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ISAE-SUPAERO: Teaching Space Stuff
ISAE-SUPAERO: Doing Space Stuff

Nanostar SUDOE Project

Mission Analysis Link Budget

o Catia
~ CMAT o AmsatXLS
@ Sketchup e Satorb
@ Orekit
o Blender e Propa
o Poliastro
o Celestlab Mass Budget Dissipation Budget
e Satorb o Excel @ Thermica
e RTK e IDM-CIC e
@ SimuCIC
ADCS o Stella l
e Simulink
_ Radiation
@ Basile
o Fastrad
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ISAE-SUPAERO: Teaching Space Stuff
ISAE-SUPAERO: Doing Space Stuff

Nanostar SUDOE Project

Mission Analysis Link Budget

o Catia
~ CMAT o AmsatXLS
@ Sketchup e Satorb
@ Orekit
o Blender e Propa
o Poliastro
o Celestlab Mass Budget Dissipation Budget
e Satorb o Excel @ Thermica
e RTK e IDM-CIC e
@ SimuCIC
Visualisation
ADCS o Stella o Celestia
e Simulink
_— Radiation s
o basre o Fastrad © IDM view
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ISAE-SUPAERO: T
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SAE-SUPAERO: ,
Nanostar SUDOE Project

Mission Analysis Module: JSatorb interface

Project | Display Simulation Analysis Tools
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ISAE-SUPAERO: Teaching Space Stuff
ISAE-SUPAERO: Doing Space Stuff
Nanostar SUDOE Project

Mission Analysis Module: JSatorb interface

Related works
@ STAVOR (mobile)
https://www.orekit.org/stavor/

@ Dromobil ( HTML5, CSS, WebGL, js)
www.hayabusa.isas.jaxa.jp/kawalab/dromobile/

o Cesium
https://cesiumjs.org/

o Orbitalpredictor (Cesium)
http://www.orbitalpredictor.com/

thibault.gateau®@isae.fr Orekit Day 2019 - Darmstadt 13 / 35


https://www.orekit.org/stavor/
www.hayabusa.isas.jaxa.jp/kawalab/dromobile/
https://cesiumjs.org/
http://www.orbitalpredictor.com/

ISAE-SUPAERO: Teaching Space Stuff
ISAE-SUPAERO: Doing Space Stuff
Nanostar SUDOE Project

Mission Analysis Module: JSatorb interface

Related works
@ STAVOR (mobile)
https://www.orekit.org/stavor/

@ Dromobil ( HTML5, CSS, WebGL, js)
www.hayabusa.isas.jaxa.jp/kawalab/dromobile/

o Cesium
https://cesiumjs.org/

o Orbitalpredictor (Cesium)
http://www.orbitalpredictor.com/

YAVISO-Yet Another Visualization Interface for Spacecrafts Orbits
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ISAE-SUPAERO: Teaching Space Stuff
ISAE-SUPAERO: Doing Space Stuff

Nanostar SUDOE Project

@ ISAE-SUPAERO Software Legacy
@ Satorb
@ Current Statement

@ JSatorb: short evolution story
@ JSatorb: Increasing Modularity
@ Full Java Solution
@ JSatorb: Service Oriented Architecture

© Conclusion & Questions
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ISAE-SUPAERO Software Legacy Satorb

Current Statement

@ ISAE-SUPAERO Software Legacy
@ Satorb
@ Current Statement
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ISAE-SUPAERO Software Legacy Satorb

Current Statement

ISAE-SUPAERO Space Software Suite

People involved

o Initiator (before 2001!):
“-.Christian Colongo ra
@ Current Dev Team: P
"-.Patrice Labedan T
FGuillaume Garrouste R
FThibault Gateau m |
@ Lot of support from: e
o Students Projects i c -
o Internships
e PhD students _
o Collaborations (TUM) ISSUaPEA/E -
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ISAE-SUPAERO Software Legacy

Satorb
Current Statement

JrEa—

admuyp
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ISAE-SUPAERO Software Legacy

Satorb
Current Statement

Satorb & Friends

Features: creating objects and links

o Satellites;

Some satellites specs;

Constellations;

Upward, downward links;

°
°
@ Ground stations;
°
°

Inter-satellite links;
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ISAE-SUPAERO Software Legacy

Satorb
Current Statement

Satorb & Friends

Features: Obtaining reports

Ground trace;
3D Orbital position;

Evolution of the created elements;

Coverage maps;
Link budgets.
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ISAE-SUPAERO Software Legacy Satorb

Current Statement

Kerbal Space Program before Kerbal Space Program...

JIKERBAL .

T /SPACE PROGRAN
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ISAE-SUPAERO Software Legacy Satorb

Current Statement

ISAE-SUPAERO Software Legacy

Pros: Homemade

Fit exactly to ISAE-SUPAERO needs

o Adapt what we want
@ No intellectual property issue
o

Short dev cycles

v

Cons: Homemade

@ Not open-source, no community behind

@ Costful for internal developpers
@ Not cross platform
e Validation by hand
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JSatorb: Increasing Modularity
JSatorb: short evolution story Full Java Solution

JSatorb: Service Oriented Architecture

@ JSatorb: short evolution story
@ JSatorb: Increasing Modularity
o Full Java Solution
@ JSatorb: Service Oriented Architecture
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JSatorb: Increasing Modularity
JSatorb: short evolution story Full Java Solution
JSatorb: Service Oriented Architecture

Satorb: VBnet Heavy Client (evol. from vb6)
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Increasing Modularity
Solution
Service Oriented Architecture

Student-focused Professional software
learning tool for researchers

Implement a clear division in the coding

<Y

i

S—Ascending node A

Calculations User interface
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JSatorb: Increasing Modularity
JSatorb: short evolution story Full J Solution
JSatol Service Oriented Architecture

Choosing an Astrodynamics Library

_ PN
) - Software ) - -
Feature type SatOrb OreKit )) JAT | TUDAT | CelestLab

Features —
Nl

Terminal
Visualization 2D (planisphere)
3D (Earth)
Position/Velocity
Keplerian Paramelers
Eclipses
Impulse
Continuous
UTC
TAI
Julian
NORAD
Kepler
Brouwer
Mosail
SGPA/SDPA
Central
Lyddane
Eckstein-Hescher
Cohessy W 1
TLE Format
Coverage
Constellations
Others Ground stations
Links
Language VisualBasic Java Java C++ Scilab
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JSatorb: Incr g Modularity
JSatorb: short evolution story Full Java Solution

JSatorb: Architecture

JSatorb: JavaFX Ul (Julio Hernanz Gonzalez)

rajece— Display Simulation
a= el 4/ W] D ——

o & o || e [ovrramssoooon =] swpl 7o | | Bl
loa e e [ 77508 B
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JSatorb: Increasing Modularity
JSatorb: short evolution story Full Java Solution
JSatorb: Service Oriented Architecture

12 cons,_1 768
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FSICONS_1 8
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JSatorb: Increasing Modularity
JSatorb: short evolution story Full Java Solution
JSatorb: Service Oriented Architecture

Feedback

Some objective reached...

@ Increase modularity

o Cross Platform
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JSatorb: Increasing Modularity
JSatorb: short evolution story Full Java Solution
JSatorb: Service Oriented Architecture

Feedback

Some objective reached...

@ Increase modularity

o Cross Platform

N

But...
o Still a heavy client

@ Ul and domain specific code still dependent
o Standardized?
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Aodularity
JSatorb: short evolution story

JSatorb: Service Orlented Architecture

JSatorb: Service Oriented Architecture

N
Front-end
=5
«Web Browser»
User Interface ']
¥
Back-end nede £
«Component»
Facade / Gateway
,/// =
c 4
< «Component» . 4<<Component» . *«Component» © J «Component»r ©
i [Coveragesp% o LeriVisibility o5 ‘MP:opagatlon S Depie TLE g
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JSatorb: short evolution story - Solution
JSatorb: Service Oriented Architecture

rb: Typical Use Case Scenario

. Propagator ~ Visibility Coverage Other
User throw his Ul Gateway Services Services Service Services

L0 Q O OO

| Addasatellite
M with orbit

i Calculation ephemerids
request

le Ephemerids Response
Display ephemerids | [~ 777

-

]---oof

Add a ground station Visibility caloulations request

Visibilit 3
S, ility response

]---{

]--- -

Coverage Map
Windows

Display Converage
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JSatorb: short evolution story

Satorb: Service Oriented Architecture

JSatorb: Angular Ul (Theo Koudlanski)

@® | localhost 4200 e ||aLima - A1-E 2 =
JSatOrb
File Display Simulation ‘m‘ Analysis Tools
[w][on] @ % « w» 1 » [ [we ][ o | [secom
~ 2 (oo |[ s |[ momee | [ v |

“ Ephemeris tool for SAT_1 satellite

Type Of Ephemeris

O Position / Velocity Ep

O Keplerian Ephemeris

O Long, Lat, Alt Ephemeris
O Eclipse Times

Period Analized
stat  (29/05/2018 )(00:00:00 |
fd (som5z010) (000000

Interval (min)

Satellites Constellations Ground St cess

s satelite Informations
Station-Satellite

SAT_1 Mau Cancel
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JSatorb: Increasing Modularity

JSatorb: short evolution story Full Java Solution
JSatorb: Service Oriented Architecture

JSatorb: Cesium JS and RESTfull API (Lucien Senaneuch)

JSATORB WebApplication
4/ CESIUM

HTTP Post Requests HTTP Post Requests
propagation/visibility propagation/eclipse

propagation/satellite
{JSON}

|4 Al
Propagation and visibility =seee SniEe
Service «
P \ = C?
C%ct Java AFekit
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C JSatorb: Increasing Modularity
JSatorb: short evolution story Full Java Solution
c c JSatorb: Service Oriented Architecture

JSatorb: Cesium JS and RESTfull API (Lucien Senaneuch)

Mission Description

i\ @cesiumion

<>
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JSatorb: Increasing Modularity
JSatorb: short evolution story Full Java Solution
JSatorb: Service Oriented Architecture

JSatorb: Demo (Lucien Senaneuch)

Small Video

Mission Description
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Conclusion & Questions

© Conclusion & Questions

thibault.gateau®@isae.fr Orekit Day 2019 - Darmstadt 33 /35



Conclusion & Questions

Nowadays academics requirements

@ Open-Source
o Cross-platform
o Standardized

Take home Message

@ Still cover teachings requirements

e Still allow customization for research

@ Intercompatibility - Input/Outputs Standardization
@ Open-Source under AGPL licence

(https://sourceforge.isae.fr/projects/jsatorb/repository)
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https://sourceforge.isae.fr/projects/jsatorb/repository

ISAE-SUPAERO Software Legacy
JSatorb: short evolution story
Conclusion & Questions

Thank you for your attention !

Any question 7
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