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OPERATIONAL CONCEPTS 
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GEO In orbit servicing 
ÅAccess to GNSS via the SSV 

ÅMS2 approach to RDV 

 

Lunar exploration 
ÅVisible spectrum, ISL 

ÅLiaison, CAPSTONE, Gateway 

 

Constellation management 
ÅTwo way ranging in ISL to: 

Å Increase the overall constellation 

controllability (e.g. in terms of latency)  

Å Increase the overall constellation monitoring 

(e.g. in terms of both latency and throughput)  

Å Reduce the number of ground stations  

Å Reduce the navigation error  

Å Increase constellation autonomy from ground 

segment  
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Transfers 
Å GEO 

Å Lunar 

 

 

Propulsion 

Å Electric 

Å Chemical 

 

 

Navigation 
Å Existing MS2 

 

Close proximity and Docking 
Å RDV phases 
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 OR and SK 

CONCEPT OF OPS 
ÁPhases 

ÁPost separation 

ÁSafe mode 

ÁOrbit raising 

ÁStation keeping  

ÁDecommissioning 

POTENTIAL ARCHITECTURE 

ÁGNSS 

Á INS 

Á ISL 

ÁCameras 

ÁEarth and Sun sensors 

 Navigation to and around the moon 

CONCEPT OF OPS 
ÁPhases 

ÁLaunch to NRHO 

ÁStation keeping 

POTENTIAL ARCHITECTURE 

ÁGNSS 

ÁLRS 

ÁBeacons 

ÁPulsar desction 

ÁDSN 

ÁCameras 

Post-separation 
optimization 

Autonomous 
orbit 
determination 

Rendezvous with 
telecommunication 
satellite 
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IN ORBIT SERVICING 
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 GEO RDV 

SCENARIOS 

ÁInspection 

ÁStation keeping 

ÁTugging 

ÁRefuelling 

ÁEOL 

ÁUpgrade 

ÁRepair  

ÁAssemble 

ÁRecycle 

ARCHITECTURE 

ÁRadar 

ÁIR 

ÁLIDAR 

ÁViscam 

ÁLRF 

 Lunar RDV 

RDV SIMILAR + ISL GUARANTEED BY ESPRIT  
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RF ranging 

(NASA) 
Satellite Laser 

Ranging (NASA) 
GNSS (ESA) 

INS 

(Aselsan) Star Tracker 

(ESA) 

CANS similar 

(National Key Lab 

- Beijing) 

(Photo credit in brackets) 

Earth Sensor 

(ESA/Selex) 
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GEO ABSOLUTE POSITIONING REQUIREMENTS 
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Post separation 

R T N VR VT VN 

[m] [m/s] 

50 25 25 0.05 0.05 0.05 

Orbital raising 

SMA Ecc Inc RAAN AOP MA 

[m] [-] [°] [°] [°] [°] 

75 1.10-5 0.005 0.25 0.25 0.006 

Station keeping 

(Galileo) 

SMA Ecc Inc RAAN MA 

[m] [-] [°] [°] [°] 

2 ςȢσφρπ  0.00002 0.000025 0.000125 

Station keeping 

(GEO, low) 

SMA ex ey ix iy MA 

[m] [-] [-] [°] [°] [°] 

30 5.10-6 5.10-6 7.10-4 7.10-4 0.006 

Station keeping 

(GEO, high) 

R T N VR VT VN 

[m] [m/s] 

3.5 383.4 11.5 0.01 0.05 2 
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GEO ABSOLUTE POSITIONING: ARCHITECTURE  
TRADE OFF 
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    In Orbit Servicing Galileo Orbit 
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 Accuracy (Position and Velocity) 5 5 8 10 7 3 10 5 8 10 7 3 

Accuracy (Attitude) 8 9 9 9 0 4 8 9 9 9 0 4 

Acceleration estimation accuracy 7 7 7 7 1 7 0 7 7 7 1 7 

Time to First Fix (TTFF) 3 7 6 6 5 4 3 7 6 6 5 4 

Time estimation accuracy 8 5 9 9 9 5 6 5 9 9 9 5 

Coverage 9 2 7 9 5 8 6 0 7 9 5 8 

S
a
te

ll
it

e
 

D
e
s
ig

n
 

C
o

n
s
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a
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ts
 

Accommodation (SWAP) 6 6 7 7 9 7 3 6 7 7 9 7 

Complexity 6 5 7 7 2 8 3 5 7 7 2 8 

Cost 2 8 7 7 8 9 2 8 7 7 8 9 

Reliability and risks 7 7 6 7 4 7 7 7 6 7 4 7 

O
p

e
ra

ti
o

n
s

 On-ground Operational Complexity/Management 9 7 9 2 7 0 9 7 9 2 7 0 

Infrastructure (ground) 8 8 8 3 8 1 8 8 8 3 8 1 

Infrastructure (space) 3 8 5 5 5 8 1 8 5 5 5 8 

Customer benefit 7 4 8 6 6 0 7 4 8 6 6 0 

Customer acceptability (System reliability and TRL) 1 5 7 8 5 9 1 5 7 8 5 9 

Total   540 677 596 473 418   367 505 428 425 257 
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Based on conducted trade-off Architecture 2 is 

the selected architecture: 

Advantages: 

ÁHigh position and velocity accuracy thanks to GNSS 

ÁLow ground operational complexity (high likelihood to increase 

satellite autonomy) 

ÁHighly accurate time estimation from GNSS 

ÁGNSS has been shown to be effective beyond the geo belt so it 

can be used for the whole mission 

Disadvantages: 

ÁRisk of external GNSS interference 

ÁIncreased TTFF due to GNSS cold/warm start procedure. 

GEO ABSOLUTE POSITIONING: SELECTED ARCHITECTURE 
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Parameter Expected Accuracy 

Position 10-30m (3„) 

Velocity 0.01-0.12m/s 

Attitude 
πȢπρυ (X/Y, 3„) 

πȢπτ (Z, 3„) 
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GEO RELATIVE POSITIONING: SENSORS CONSIDERED 
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Relative GNSS (ESA) 

(Photo credit in brackets) 

RADAR/LIDAR (NASA) 

0 

IR Camera (i3systems) 
Visible light Camera 
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GEO RELATIVE POSITIONING REQUIREMENTS 
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Performance 

parameter (3ů) 
30 km 1.5 km 500 m 100 m 10 m 

Relative position 

knowledge 
100 m 50 m 50 m 5 m 0.2 m 

Relative velocity 

knowledge 
0.03 m/s 0.03 m/s 0.02 m/s 0.02 m/s 0.003 m/s 
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ARCHITECTURE FOR GEO RDV 
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Solar Electric propulsion to GEO 

Servicing 

ÁInspection, Station keeping, Tugging, refuelling, EOL, 

upgrade, repair, assemble, recycle etcé 

Absolute Navigation 

ÁGNSS ï receiver design, increase use of SSV 

ÁIMU 

ÁCameras 

Relative Navigation 

DURING NON-COOP RDV 

ÁBearing Only RN, Range Only RN, Full Pose RN 

ÁCameras 

DURING COOP RDV 

ÁCameras, RGNSS 

ÁBORN (S1), RORN (S2), FPRN (S3),  + RGNSS ISL 

Aided RN 

IN ORBIT SERVICING OF GEO PLATFORM 
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10 km 2 km 100 m 

5 km 
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LUNAR RDV ABSOLUTE POSITIONING REQUIREMENTS 
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MTO 

R T N VR VT VN 

[m] [m/s] 

100 100 100 0.04 0.04 0.04 

Station Keeping 

(high) 

R T N VR VT VN 

[m] [m/s] 

100 100 100 0.001 0.001 0.001 
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LUNAR RDV ABSOLUTE POSITIONING: ARCHITECTURE  
TRADE OFF 
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LUNAR RDV RELATIVE POSITIONING REQUIREMENTS 
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Performance 

parameter (3ů) 
30 km 1.5 km 500 m 100 m 10 m 

Relative position 

knowledge 
100 m 50 m 25 m 5 m 0.2 m 

Relative velocity 

knowledge 
0.08 m/s 0.08 m/s 0.08 m/s 0.02 m/s 0.01 m/s 
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LUNAR RDV RELATIVE POSITIONING ARCHITECTURE 
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RDV with Lunar gateway in NRHO 

Via  

DIRECT TRANSFER  

Á~3.5 days 

ÁGreater propellant consumption 

LOW ENERGY TRANSFER 

Á~41 days  

ÁLess propellant consumption 

Absolute Navigation 

ÁGNSS, IMU, Cameras + Lunar Beacons IVO Moon 

Relative Navigation 

ÁCameras, 

ÁRORN (S1-3),  FPRN (S4/5), ESPRIT Aided RN (S1-5) 

LUNAR RENDEZVOUS 
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