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Origin and evolution of 
the Solar System?

Planets interior
(structure & composition)

No direct observations

Seismic observations

Geodesic observations
(Mass, shape, tides, gravity & rotation)

Trajectory determination
from radio tracking data

Orbiters Landers

Radio science

…

Magnetic 
field

Heat transfer
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…

Context



Royal Observatory of Belgium

• We have an internationally recognized leading expertise in interpreting 
spacecraft data in terms of planet/moon interior and rotation.

• Only institute in the world doing:
• radio science instrument design
• radio science data analysis 
• radio science data interpretation

• Expertise is reflected in many mission responsibilities (23 instruments on 
10 accepted missions)

• PIship of several instruments (e.g. ExoMars-LaRa, Hera-GRASS)
• Instrument lead of InSight-RISE



LaRa on ExoMars 2022

4

• Radio-science experiment under ROB lead
• Sept 2022 Launch cancelled because of 

War in Ukraine

• See www.lara.oma.be

Credit: Thomas Marcos (Haute École Albert Jacquard)

http://www.lara.oma.be/
https://www.heaj.be/en/campus/computer-graphics-campus/


A coherent transponder designed 
for Mars by Antwerp Space
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Antennas for Mars Surface 
designed by
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RISE on the InSight 
mission
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• NASA mission dedicated to Mars interior properties

• Landed on Mars’ surface on Nov. 26th, 2018 

• 3 scientific instruments
• SEIS: Seismometer from CNES
• HP3 : Heat flow probe from DLR
• RISE: Radio-Science from JPL

• Meteo sensors
• Cameras 
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The InSight mission 



• Use of radio-links to reconstruct the motion of the lander in space
• X-band Doppler measurements almost daily for RISE and twice a week for LaRa
• ~45 min of observation per session in average
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RISE/LaRa experiment principle

Uplink in [7.145 ; 7.190] GHz

Downlink in [8.400 ; 8.450] GHz
DSN

RISE



• Use of radio-links to reconstruct the motion of the lander in space
• Coherent transponder and antennas fixed on the Mars surface
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RISE/LaRa experiment principle



• Use of radio-links to reconstruct the motion of the lander in space
• Coherent transponder and antennas fixed on the Mars surface
• Deep-Space-Network antennas on Earth transmitting a highly stable frequency
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RISE/LaRa experiment principle



• Use of radio-links to reconstruct the motion of the lander in space
• Coherent transponder and antennas fixed on the Mars surface
• Deep-Space-Network antennas on Earth transmitting a highly stable frequency
• Accurate measurement of Doppler shift (<1.5mHz level ó <0.027 mm/s on relative 

velocity) 
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RISE/LaRa experiment principle



• Accurate determination of the lander location on Mars

• Early mission:
• where is the lander ?

• Late mission:
• Quantify the topography map 

tie errors

What do we do with RISE/LaRa?

Golombek et al. (2020)
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• Accurate determination of the lander location on Mars

• Accurate determination of the time evolution of the rotation of Mars 
ØConstrain Mars atmosphere dynamics

What do we do with RISE/LaRa?
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Length of day variations



• Accurate determination of the lander location on Mars

• Accurate determination of the time evolution of the rotation of Mars 
ØConstrain Mars atmosphere dynamics

ØConstrain Mars deep interior (core state, size, density, moment of inertia, light 
elements abundance…)

What do we do with RISE/LaRa?

Precession

• Accurate determination of the time evolution 
of the orientation of Mars 
ØConstrain the moment of inertia of the planet
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• Accurate determination of the lander location on Mars

• Accurate determination of the time evolution of the rotation of Mars 
ØConstrain Mars atmosphere dynamics

What do we do with RISE/LaRa?

• Accurate determination of the time evolution of 
the orientation of Mars 
ØConstrain the moment of inertia of the planet
ØConstrain Mars deep interior (core state, size, 

density, moment of inertia, composition)
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RISE/LaRa measurements and target signal level
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Full nutation contribution (N!"!#$) Liquid core contribution 𝑁!"!#$ − 𝑁%&'&(

8 GHz (109Hz)

30 mHz (10-2Hz)

0.5 mHz (10-4Hz)



Some outcomes
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• Independent confirmation of 
• the liquid state of the core of Mars
• the radius of the core of Mars

• Constrain the amount and nature of the light elements in the core

• First time
• we detect the Free-Core-Nutation normal mode for another planet than the Earth
• we determine the shape of the core of Mars

• suggest the existence of mass anomalies in the mantle
• We observe an acceleration of the rotation rate of Mars – still unexplained
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Recent results from RISE data analysis



• InSight PI, Bruce Banerdt (JPL), ask ROB to provide the lander 
position few hours after landing, when nobody knows where it 
actually is.

• RISE data are so accurate that the 10cm periodic motion of 
Mars center around the Martian system barycenter was quickly 
detected and tardily explained

• RISE provided its last data point in May 27th, 2022
• InSight should die very soon (~1-2 month from now)
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Funny facts and anecdotes



ØInvolved in Planetary robotic exploration 

ØWorld leaders in Radio-science investigations from landers

ØWorld experts in Terrestrial planet rotation determination

ØWorld experts in planets interior science

Conclusive remarks
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Thanks for your attention

and let’s pray act for the future of LaRa
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LaRa after RISE
• Refine Mars rotation model
• Refine interior properties
• Detect polar motion

From MJ Péters



Mars rotation 
determination

Phobos gravity field
determination 

Phobos rotation 
determination 
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Mars gravity field 
determination 

Some of my research topics

Phobos interior 
modeling

Numerical 
simulations

Real data 
analysis

Mars nutation 
determination

Jupiter gravity field 
determination


