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From LEO to Interplanetary CubeSats

sources :
NASA MarCO, JIVE VLBI, ESA ROSETTA, CNES MMX, Etude NOIRE, MAT, CelestiaMotherlode
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Measure a beacon with nanosat HW

For:
► Astrometric small dataset
► Deep-space Navigation
► Space Situational Awareness
► Debris chasing & removal
► Clock synchronization

Precise directions of…
planets’ moons
► from cruise
► from surface (Mars)

unresolved asteroids
► PHA, GEO
► Main belt as Nav beacon
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Measure a beacon with nanosat HW

i.e. small astrometric 
dataset, for:
► Deep-space Navigation
► Space Situational Awareness
► Debris chasing & removal
► Clock synchronization

Precise directions of…
planets’ moons
► from cruise
► from surface (Mars)

unresolved asteroids
► PHA, GEO
► Main belt as Nav beacon
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Could we refined a beacon’s direction 
with visible stars?

Regions of interest defined 
from on-board ADCS:
► Gnomonic projection
► Centroiding of the beacon
► Centroiding of known stars
► Refined location (x,y) in FoV
► Reverse gnomonic projection

Several techniques available on 
ground, not on board.
► Milli-arcsec accuracy on ground

(target) Sub-Arcsec accuracy on board(target) Sub-Arcsec accuracy on board
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It should be easy……...

Typical CubeSat datasheet
Imager
► ~10° FoV
► Specified for Earth Obs

ADCS
► APE 0.1° (1σ...3σ)
► AKE 15-30 arcsec (1σ...3σ)

Let’s design an experiment for OPS-SAT:
Select star fields
Use one of it as a beacon
Run multiple measurements
Extract statistics
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OPS-SAT 1 by ESA/ESOC, Darmstad

SEPP: I/F to OBC

IADCS-100 by Berlin Space Technologies
RW x6, MTQ x3
ST-200
► AKE 30 arcsec (3σ), 1Hz
► Sensitivity up to Mv 6
► in (X,Y) plane

IMS-100 by Berlin Space Technologies
FoV ~10°, pointed to -Z
RGGB Bayer pattern
► 2048x1944 px
► 12-bit / RAW

We got selected: “Exp.ID 156”
► but characterization for astrometry

-Z
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Our experiment in Astrometry

Our goal: Refined absolute direction of foreground objects
Expected foreground object in the field of view (10°x10°)
Expected known stars in regions of interest
On-board processing to reach sub-arcsec accuracy

Bonus: characterization of platform’s stability

Open-source?
Why not the image post-processing
If YOU are interested, we could offer it as a ProAm experiment
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At first we need to see stars...

Candidates were “hot” pixels… a lot of hot pixels

Or candidates were “cosmics”… a lot of cosmics
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Use of Astrometry.net

(credit: OPS-SAT Team, Vladimir & Dominik)
Quick removal of “high” pixels
Submission to Astrometry.net

=> and we got a match
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Use of Astrometry.net

(credit: OPS-SAT Team, Vladimir & Dominik)
Quick removal of “high” pixels
Submission to Astrometry.net

=> and we got a match
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Eventually, indeed we can see stars
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Eventually, indeed we can see stars
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Eventually, indeed we can see stars
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Many stars

More than 10 stars 
at Tot.SNR > 2
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Signal is weak but FoV is recognized
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If we push to 800ms exposure time

Powerful stars are diluted in tens of pixels

=> not an issue if stars are reliably expected in a region of interest (RoI)

=> 500ms better than 800ms
 Flux is better concentrated
 Easier match with Astrometry.net 
Jitter still strong in addition of drift
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A complex cleaning and tagging

Noise characterization with a Bayer matrix

Removing:
“high” isolated pixels (hot/dead or cosmics) ~1200
“spread” cosmics (2-3 pixels) ~100, manually
Output to “hot pixel” monitoring

Sorting remaining cosmics and stars, manually
7x7 convolution to identify star areas
More “high” pixels, ~10..50 with SNR > Noise +3σ

Field of view characterization
From Astrometry.net: absolute orientation
► Transform into quaternions

From OPS-SAT: iADCS/ST quaternions
► then interpolation
► then inverse gnomonic projection

=> reconstructed mission with VTS

=> investigations on the sources of jitter
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VTS to display the reconstruction

ascii formats to VTS © CNES
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Tests: VEGA, a clean room



Segret, CENSUS, Pôle nanosatellites scientifiques de PSL 21 / 22

Inputs for OPS-SAT 2 design

Request reinforced astrometric capabilities
ADCS:
► Sources of jitter:
– vibrations from the reaction wheels
– wobbling from the ADCS’ control laws

► ST avoidance angle (straylight from structure edges?)
► Simplified ADCS operations

Imager:
► sensitivity to compensate for Bayer pattern
► shielding
► Imager/OBC pre-processing of raw pictures

Lesson for all CubeSats: characterize the ADCS!
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Project “processSkyPictures” on gitlab.com

for astrometry with OPS-SAT

https://gitlab.com/cceres-docks/processskypictures 

contact.census@obspm.fr
https://census.psl.eu/

https://gitlab.com/cceres-docks/processskypictures
mailto:contact.census@obspm.fr
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