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Hera Radio Science - Cruise

Main objectives: 

1.Radio link performance and 

spacecraft characterization.

2.Tracking data processing and 

OD tests

3.Test of WBDDOR.

4.Constrain Deimos ephemeris 

during the Mars flyby (adding 

optical data)
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Accurate orbit determination of Hera using radiometric
tracking data.
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ASDEV Doppler residuals
• 1 week of tracking data. Doppler residuals @ 1s  calibrated
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• Good performances for 
most of the tracking
passes and integration
times

• Low integration times 
thermal noise 𝝉𝝉−𝟏𝟏

• Followed by white 
frequency noise 𝝉𝝉−𝟏𝟏/𝟐𝟐

• Trends/deviations
probably due to missing
ionospheric calibrations

𝝉𝝉−𝟏𝟏/𝟐𝟐

𝝉𝝉−𝟏𝟏

𝝉𝝉−𝟏𝟏/𝟔𝟔

Kolmogorov
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Hera Mars Flyby
OD reconstruction between CA -2/+1 days.

• Calibrated Range + Doppler data (60 s) + DDOR (@C/A -2 days)
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Doppler RMS = 0.03 mm/s
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• Obtained satisfactory OD fit

• Results in line with ESOC NAV

• Small trends in residuals probably 
due to missing ionospheric 
corrections 



OD Pipeline for Mars flyby
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12-MAR-2025 12:11:30.4458 ET

OD Setup

RADIOMETRIC ANALYSIS

Data processing 
and calibration

OD fit and 
parameter 
estimation

Camera Calibration –
Distortion parameters

Extraction of Deimos 
and Phobos centroids

AFC IMAGE PROCESSING

Estimate Deimos and Phobos 
ephemerides and provide their 

astrometric positions
OD RADIOMETRIC + OPTICAL

Pointing correction 
with stars

Pointing correction 
with Mars



Hera RSE – Asteroid Phase 
Planning
Summary of main 
observations:

• Earth-based radio-tracking 
(already required by NAV)

• AFC images + CubeSats 
images (already required by 
camera teams)

• PALT (already required by 
lidar team)

• ISL range measurements 
(1 Hz and RSE mode TBD) –
all phases + landing
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NO OPEN POINTS



Summary
• Good performances of Hera X-DST Doppler residuals 
• Full radiometric data analysis pipeline and OD setup ready
• Hera Mars Flyby results (radiometric analysis) in line with ESOC
• Performed preliminary pointing correction with stars and camera geometric 

calibration
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• Pointing correction with Mars
• Mars – Deimos – Phobos AFC image processing
• Addition of AFC images to our OD, to estimate Deimos and Phobos ephemerides and 

provide their astrometric position
• Write the Hera OD Mars flyby paper

Pending
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