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@ CubeSats

* |ncreasing use
> LEO — Interplanetary + propulsion
> new demand of mission profile analysis tools

* Mission profile analysis:

» Optimal trajectory

> + analysis of pointing/ power/ data volume
* Existing Tools

> Do not perform complete mission profile

> Not affordable for everyone
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@ DOCKS
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"Design and Operation Cross-
checking Services"

v Open-source

v Scientific nanosatellite mission
profiles

v Python based
v Ubuntu, Windows
v Remote service

v Free license:
gitlab.com/cceres-docks
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https://gitlab.com/cceres-docks
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@ DOCKS: Propagator
$

Versatility

Perturbations

Gravitational Non-gravitational

1050 %
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e i T . K Simple % Solar radiation
Tiﬁaﬂ . % Complex pressure
: > Spherical * Contlnu_ous
Harmonics propulsion

> add custom
models (mass
distribution)

Propagator

®
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Deep Space trajectories: Cruise/ Rdv/ Proximity Operations

User should not be

asked for the time-step

Accuracy-driven
adaptive time-ste

* Runge-Kutta 4

* Runge-Kutta-
Felhberg

* IAS15

* Forward/ backward
propagation
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@ DOCKS: Propagator

Time Step Manager:

» continuous propulsion
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Propagator

Propagator : About..

Initial Conditions | Perturbations = Numerical Methods ~ Time Settings = Qutput = VTS Project

Initial State Vector :

lwOpen
Format :
Time MJD_2col ~ ‘ Position KM i | Velocity KM/S v
Reference Frame Center :
® Predefined sun v
 Custom
Reference Frame: ICRF v
Ephemerides source; (declare sources here for all Propagator)
v Spice kernels Directory |..fkernel lwopen
Text files
X Cancel Save Config Load Config Generate Clear all

0%

Graphical User Interface
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Inter-
Visibilities

D
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EVTF
* Event Files

* Structures your mission

Intervisibilities with....

* Sun, Ground station(s)

* Qutput = “Event File” (EVTF)
* Parallelization

* Tunable accuracy

DOCKS: EVTF and Intervisibilities

vdatolre

e Paris

£

| PSL

1 CIC_MEM_VERS = 1.0
72 CREATION_DATE = 2021-11-03T14:25:48.925
3 ORIGINATOR = DOCKS / CENSUS / LabEx ESEP - Paris
bbservatory - PSL University Paris
5 META_START
6
7/ COMMENT = Intervisibility for config : CONFIG_VISI.yaml
8 COMMENT = Columns: DATE MJDday + MJDseconds + EVENT +
EventIndex
9
10 USER_DEFINED_PROTOCOL = NONE
11 USER_DEFINED_CONTENT = OEF
12 USER_DEFINED_SIZE = 2 T
13 USER_DEFINED_TYPE = STRING G TF
14 USER_DEFINED_UNIT = [n/a] R
15 TIME_SYSTEM = UTC
16
17 META_STOP
18
19 60798 60840 .000000 COM/IN 20004
20 60798 61620.000000 COM/EG Qeeed
21 60798 63840 .000000 ECL/IN 00001
22 60798 63900.000000 ECL/EG 20001
23 60798 66120.000000 COM/IN 20003
24 60798 66600 .000000 COM/IN alalalaa
25 60798 66720.000000 COM/EG 20003
26 60798 67320.000000 COM/EG o4
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@ DOCKS: Energy Power Simulator l’@
$

Energy Power Simulator
* Solar arrays mounting, cells & battery techno

* Mode strategy

* Quaternions & Intervisibilities

* Qutput = on-board power, warning for low power

demo.vts (/home/rjain/Docks/EPS/example) - Broker - Timeloop VTS 3.5.1
1,y | 30.07.2023

@ Q@ WM 9 g ¥ 2
150 : s (@
| ] =
1 ENERGY.txt
g 2 | FLAGS txt I
] K
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@ DOCKS Remote Service

* Compute mission profiles using our server
* No installation required

* Faster computations

vatoire | PS|

£

(_/_hﬂ;\
. docks.contact@obspm.fr
= . —
Subject: [server] J
@ - o Cllfle==—
Online private repo + test case —_—
. : : . - 000
Inputs + configuration files |
) -
Download your results

CENSUS' server
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DOCKS: Example in MBSE

\ Science \ Project Structuring Display

* |nternal

casstor_

compute_

'
'
CASSTOR atalog_v2.csv S T star_catalog
Star Catalog = |} QE, Lines, (+ Star.py) —star_list.txt H
> B I RDY : transmission =
Elongation | ! Ao ' TRAJECTORY
angles ' |OBSERVATION_ | Coverage ' Science
1 Planning '
> C I RC U S ] | Generate possible ‘ TARGET_ ‘ | \  Every Target
Earth ' observations EVTF COVERAGE d Coverage
ephemerides | | generat_e_ | ‘ = Thermal :
> ! T3 generate_evtf.py °bs?""a“°n_ ‘ P ) i
=
CASSTOR — o | |2 :
i EVTE (+ Star.py) & % ounting = 4
ephemerides f P £ | ) > 3 Il
' Observations.txt c POINTING 5 S '
1 § sl _Mkr = Optical !
Ext I ’ ; : '
t '
ﬁ X e rn a E E g( : View Angles VTS
h (S} 2 ¢} T SME
'
> TU D S t G CubeSat | {TRAJECTORY xxx.txt MODES_Mgt 7¥§ et
a ( e rl I I a n y) trajectory ! = T ENERGY_Counting ! ANGLES
DOCKS ] FLAGS
> SCION-X (Taiwan) = i
- ! :
! > INTERVISIBILITIES |EVTF_VISI_xxx.txt ' MODES
'
Ground || L > DV_Counting i FLAGS DV
stations : DataVolume
'
. Events

CASSTOR_10h30.vts (fhome/rjain/Desktop/MBSE/CASSTOR/PROMESS_CASSTOR_cceres/vts/SSO_10h30) - Broker - Timelocop VTS 3.4.1
g ¥ 2 ):qq 05.01.25 12:9(2 IDﬁ.Ol.ZS UD:ﬂfz 06.01.25 lZ:ql} I 07.01.25 UD:D}} 07.01.25 12:(112 IDB.OI.ZS DD:D}? 08.01.25 IZ:U}I ID‘B‘GLES ﬂD:ql} 09.01.25 12:(19 I 10.01.25 UD:QC}

.25 12:00,/ 11.01

150 » O | | | | | | | | | | | |

1 | Events for CASSTOR

2 MODES_00.txt

3 | DataVolume_00.txt

L — kN - — |~

[ || e— a— | —

4 | FLAGS_DV_00.txt 1
5 ENERGY_00.txt

TN N TNLTN TN AN N TN W N VN [NV AV N R V) TN |V |V N Y| VR
6 | FLAGS_00.txt
7 | sC_wolf_rayet_type.txt D
8  SC magneti( s Ege,txt ﬂ I
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@ Conclusions "'@

* DOCKS helps structure your CubeSat project
* Computes complete mission profile

> Propagator: smart numerical integrator
- Accepted paper for IEEE Aerospace Conference 2022, to be published in March 2022

R. Jain, H. Sharma, B. Segret, "DOCKS Propagator: An Open-source Adaptive Time-step Trajectory Propagator for CubeSat
Missions", IEEE Aerospace Conference 2022

> EVTF/ Intervisibility, EPS...... more to come
* Free and accessible to everyone
#* Remote service

On-going development
* Speed E::

[w] Contact/ Support:
ﬂ docks.contact@obspm.fr

)
5

* User-friendly

] Tr5E
% GUI Partnering:

census.psl@obspm.fr
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