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My Career at ESTEC
• PhD in Orléans (laboratory space plasma physics )
• 1978‐1980: Postdoc (laboratory space plasma physicist)
• 1980‐1984: STS‐9/Spacelab‐1 (Instrument Projet Manager, 

1ES020)
• 1984‐2011: Cassini Study Scientist (‐‘89), then Huygens Project 

Scientist (’89‐2011); Huygens Mission Manager (’02‐’11)
• 2000‐2001: Venus Express Study Scientist:
• 2007‐2011: EJSM (Europa Jupiter System Mission) et TSSM (Titan 

Saturn System Mission) Study Scientist
• 1980‐2012+: Space instrumentation development: Spacelab‐1, 

TSS, TSS‐1R, Rosetta, Demeter, Proba‐2, JUICE ?
• 1978‐2011: Lab Work



My First Contact with Cassini and 
Titan

• Details may not be accurate
• My Boss: Hi Jean‐Pierre, do you want to 
become Study Scientist for Cassini ? Your are 
free of « duties » ; this is the job you have 
been recruited for; Your Study Manager would
be Georges Scoon

• First task: ½ page in 1984 COSPAR Report !



COSPAR 1984 Report(1)



COSPAR 1984 Report(2)



The Cassini Study Milestones
• Mid’84‐Mid’85: ESA/NASA assessment study
• 1986: Selected by ESA for competitive phase‐A
• Start of Phase‐A study delayed by one year to allow
programmatic adjustement with NASA

• Nov’87‐Sep’88: ESA/NASA Phase A study
• Titan Probe selected by ESA in Nov’ 88.. and named
Huygens

• 1989: CRAF/Cassini New Start approved
• 1992: CRAF cancelled; Cassini‐Huygens  proceeds.. 
But restructured… all articulations gone.



Solar System Missions Division

Christiaan Huygens 
(1629-1695) Dutch 
scientist, who 
discovered the true 
nature of Saturn’s 
rings, and in 1655, 
Titan

Giovanni Domenico Cassini 
(1625-1712), Italo-French 
astronomer, who discovred 
several of Saturn’s satellites:  
Iapetus, Rhea, Tethys and 
Dione. In 1675, he 
discovered what is today 
called “Cassini Division” the 
gap in-between the two 
main rings of Saturn

Cassini and Huygens



Coopération internationale



ESA Science Directorate Organigramme
(in the ‘80s and ‘90s)
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Cassini & Huygens Project Managers
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The Huygens probe experiment(er)s



1st HSWT Meeting, JPL, 1990‐1991 ?



Solar System Missions Division

Chronology of the Cassini-Huygens mission 

11/1980

01/2005

1984-86 1987-88 1997-2004

Joint feasibility
study
ESA-NASA

Industrial
Study
of the Titan
Probe

Development 7 year 
of
Travel

1991-97

1982: Proposal submitted to ESA
(D. Gautier et al.) to return to 
Titan in the framework of an 
ESA-NASA Collaboration

Voyager 
Titan flyby

1 Jul-2004: SOI
14 Jan 05: EDL on Titan
2004-2008: Saturn Tour (77 orbits; 
45 flybys of Titan)
2008-2010: 1st extension
2010-2017 2nd extension

2004-2008





Gravity Assist Propulsion

• http://www.sciences.univ‐nantes.fr/sites/genevieve_tulloue/Meca/Planetes/assist_grav.html



PS Role during Project Development
• Maximize science within the project constraints and ressources !
• Chair Huygens SWT and vice‐chair of the Cassini‐Huygens PSG
• Be part of the Huygens Project team but keep your independancy

role; always be ready to be the science return advocate. Fight for 
science.

• Attend all project progress meetings with industry; be alert for 
science impact of any decision that may be taken

• Monthly Reporting to Science Director
• Support all communications activities
• Specific examples illustrating PS role

• Help make the unknown environment sufficiently known to allow
designing for the unknown: Titan engineering models

• The Huygens HASI boom story
• The Huygens Radar altimeter : RAS extension and testing



Titan Engineering Models
(ref. to ESA SP 1177)

• Atmosphere Structure Models (T,, composition): Entry 
aerothermodynamics, Parachute performances (Lellouch‐
Hunten, Yelle)

• Zonal wind models: Parachute deployment loads, Probe drift 
effects (Flasar)

• Atmospheric Gravity Waves: effects of structure gradients, 
turbulence (Strobel, Sicardy)

• Lightning and triboelectric charging (Lorenz)
• Moist convection model (Lunine)
• Radar reflectivities of plausible Titan surfaces (Kirk)
• Atmospheric attenuation of Radio S‐band signal (Bird)



J‐PL, 13 Feb.  '04HUYGENS DeltaFAR Board

Lellouch-Hunten Model (1987)

Three main components are Nitrogen (N2), Methane (CH4), and Argon (Ar). 
0.5% < X CH4/X N2< 3.5 %; Relative molar abundance of Argon : 0 < X Ar/X N2 < 27%.



Yelle Model (1994)



J‐PL, HSWT#26, 26‐27 
Jul 2004

Yelle Model

Min        Nom    Max
N2      95% 95% 89%

CH4 5% 3% 1%
Ar 0% 2% 10%



- Orbiter 
Observations
- Relevant 
Ground-based 
Obs
- Probe Obs

- Data ingestion
- Numerical 
Simulations
-Envelope prediction

New dataset
Discussion
(Workshop)

Model Validation
/Update

PI/TL teams TAMWG

Titan Atmosphere: From Observations 
to Model Validation/Update

Occult. (14 Nov. ‘03)
X-Ray Occ. (Jan. ‘03)
T0 Obs (3 Jul. ‘04)
Ta Obs (26 Oct. ‘04)
Tb Obs (13 Dec. ‘04)
Tc/Huy Obs: 14 Jan ‘05

T0 Workshop: 8-9/09/04
Ta Workshop: 15/11/04
Tb Report: 15/12/04
Tc/Huy: Jan. ‘05

Home work 
+
Telecons

Update#1: 
30/09/04
Update#2:
23/11/04
Update#3:
17/12/03
Update#4
31/01/05



The Huygens HASI boom story
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Huygens HASI/PWA Experiment

Objectives: Measure conductivity of atmosphere and surface (Solid or Liquid);      
Detect associated EM waves (and sound) associated to putative lightnings

RX 1 

TX MI 1 TX  MI 2

RX 2 

Relaxation
Probe 1 Relaxation 

Probe 2

2.096 m



25

Mission Time 1930 s  =>  Pre-programmed Mode ChangeMT ~ 900 s 
Parachute 
exchange

Narrow Band Signal with High Q Factor

6
6
36

power
half





f
fQ~ 6 Hz

Moyenne de
61 spectres

Altitude 80-85 km

Seuil de bruit
Comparable To Earth 

SR Signal

Beghin et al. 2009; 2011
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Top layer: Ionosphere
Bottom reflecting layer: Required for Schumann Resonance 

Offset near surface
E = 0 ( conductive interface)

Extrapolation of the E profile implies an ocean ~ 50-90 km under the ice

Titan Ocean: Huygens HASI/PWA Result



Titan interior structure



Descent Trajectory
Reconstruction: DWTG

• DTWG set‐up during Probe Mission development
under DWE Co‐I Dave Atkinson’s leadership. 
Galileo’s experience was brought in.

• Extracts from Minutes of HSWT#15 meeting (March 1997)
– The HSWT emphasises the usefulness of the role of the DTWG. The HSWT 

recommends that this body be maintained at a low level during the cruise phase and 
at a full level of activity after the Probe descent during the early data analysis phase.

– It was agreed by the HSWT  that a low level of activity will be maintained during the 
cruise phase (R. Lorenz is setting up a Web page). The need for a DTWG co‐chair was
discussed. No decision was taken. A co‐chair will be required for the data analysis
phase.

• DTWG work led to IPPW series (Lisbon, 2000)
• Great opportunity for a Young Scientist materialised: Led to recruitment of 

Bobby Kazeminejad



Special thanks
• Ralph Lorenz, (YGT’s Huygens Project Team, 2001‐2002)
• Stephan Ott (YGT’s Huygens Project Team, 2001‐2002); Mission analysis, ISO, Herschel
• Francesca Ferri :RF 1998‐2000;Titan & Mars science,  HASI Team, Netlanders, Exomars
• Roland Trautner (1999‐2011), Huygens instrumentation, HASI team, Exomars
• Olivier Witasse (RF:2000‐2002, Deputy PS 2003‐2006), science support, Ground‐based

observation coordination, Data archive;  Mars Express, Exomars/TGO
• Daniel Firre (Stagiaire 2001); HRTF; ESOC
• Bobby Kazeminejad (2001‐2005); HRTF and DTWG; Galileo Project
• Miguel Perez (2002‐2005), Sci Ops support, Venus Express Science Operations Team
• Alexandre Piot (RF: 2003‐2005), Radar balloon flight; ATV Team
• Sandrine Maloreau (Stagiaire 2003); Balloon radar data processing, 
• Thomas Civeit (Stagiaire 2003); Titan winds observation; SOFIA Science Operations Team
• Elias Roussos (Stagiaire 2004), Huygens mission scenario simu; Cassini MIMI Team
• Alain Sarlette (Stagiaire 2005); Comparative studies Huygens Drop‐test & Huygens spin;
• Arnaud Magette (Stagiaire 2005); Comparative studies Earth &Titan lightning detection;



Radar Altimeter Story

• Included as a system sensor to provide altitude to 
payload operational reasons (10 % accuracy specs). 
FMCW radio altimeter.

• Worked a project agreement to provide echo signal 
to HASI.  RADAR‐HASI interface.

• Designed (and tested) for below 10 km Altitude. But 
switched on at 60 km. 

• Provided erroneous altitude above 15 km, which was
declared « true » despite a very robust algorithm. 
Confused DISR for a while. Recovered below 15 km.



HRA tests on board of Planes, 
Balloons and Helicopters 

Project tests
• Helsinki plane test 1994: 1 radar, funct. Tests, successful, low altitude
• Radar return simulator tests (up to 10 km), successful
Science Tests
• Comas Sola 1995: 1 radar, DM, successful, PWA + analogue data
• Arizona Helicopter test flights: 1 radar, successful, low alt,  analogue+camera
• Trapani 2003: 1 radar, improved DM, partially successful
• Sky tests 2004: ground based interference tests
• Antarctica 2004: 2 FS radars, PWA + analogue, cancelled / delayed
• Teresina 2004: successful, 2 FS radars, analogue+digital data, camera

PWA / HRA meeting
ESTEC  Dec 10th, 2004



HRA meeting ESTEC 10/12 2004 ‐ 32

Balloon Campaign Goals

PEASMA Campaign – Teresina, Brazil

HRA Goals
• Flight of both HRA FS models, digital DAQ system, 

backup DAQ system, camera
• Verify correct concurrent operations of both radars
• Check performance at high altitude, collect data for supporting

Huygens radar data analysis

PEASMA goals: 
• Measurements of electric fields
• Measure perturbations due to presence and movement of

Balloon / Gondola
• Measurements of atmospheric conductivity (RP)
• Test of instrumentation for future Mars lander applications



HRA meeting ESTEC 10/12 2004 ‐ 33

PEASMA flight

l CETP / ESTEC cooperation
l Gondola mass 158 Kg
l 5m x 2. 2m x 1.3m
l No commanding, only telemetry 

(recorded on board)
l 100 ZL balloon

(100.000 m3)

l 8 h nominal flight duration
l 35 km ceiling



HRA meeting ESTEC 10/12 2004 ‐ 34

Operations

l Operations only via external 
panel

l Backup recorder: no access 
after airtight sealing

l DAQ PC: Access via LAN
l Audio verification of radar and 

backup recorder function
l Visual verification of PC power 

on, power status, and DAQ 
software activity

l Visual verification of backup 
recorder electronics activity

l Minimum of ca. 3 minutes 
required for startup and 
verification



HRA meeting ESTEC 10/12 2004 ‐ 35

Inertial calibration



HRA meeting ESTEC 10/12 2004 ‐ 36

Launch & flight

• Launch at 7:54 UTC (4:54 local)

• Flight duration ~ 6:10 hrs



HRA meeting ESTEC 10/12 2004 ‐ 37

Recovery



HRA , GPS and x2 Correction

• Digital data from HRA A / B recorded by PC DAQ shows identical behavior but at (slightly) 
different times and different altitudes

• MSB (bit 15) is zero at high altitude, bits 15-12 fluctuate during transient phase
• When multiplied by 2, alt reading at high altitude is correct (when temp error compensated)



Post-flight assessment

l Radar performance evaluation indicated that
observed behaviour during balloon flight 
most likely expected on Huygens; algorithm
robusteness unknown

l We are 10 days before probe separation
l Software table patch or no patch ?
l Decision: no patch

PEASMA HRA digital IF error investigation ‐ 39



Raw and Reconstructed Altitude Data
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Solar System Missions Division

PRT#2
02/2001

PRT#1
02/2000

Discovery of Doppler Problem



Baseline Mission (Low flyby)
Input parameters (B-plane)

Parameter Orbiter Probe
B-Plane Angle (deg): -22.5 -60.0
Flyby Altitude (km) 1228
ODT 4.0
Pre heating time (h) - 0
Vinf (km/s) (/ in deg) 5.55 (-24.7/15.6) 5.75 (-26.3/15.0)
Entry angle (deg) - - 64
Wind model HRTF - prograde
Covariance Matrix 010406
Reference Altitude (km) - 1270
Initial epoch (JD2000) 1792.427084d (T1=27/11/2004 10:15:00)





Case1
Input parameters (B-plane)

Parameter Orbiter Probe
B-Plane Angle (deg): -180 -190
Flyby Altitude (km) 65 000
ODT 2.1
Pre heating time (h) - 4
Vinf (km/s) (/ in deg) 5.33 (-11.4/5.88) 5.64 (-13.13/3.7)
Entry angle (deg) - - 64
Wind model HRTF - prograde
Covariance Matrix 010406 010406
Reference Altitude (km) - 1270
Initial epoch (JD2000) 1840.3640742d(14/01/2005 08:44:16)





Solar System Missions Division

✪
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Huygens released on 3rd orbit around Saturn



13 January 2005: The Day before
Huygens is well on its way!

Looking forward to an exciting day on the 14th of January, the Huygens Mission Team is 
pleased to invite you to the ‘Huygens Dinner’ that will take place on Thursday 13th January 
2005 at 

Hotel Jagdschloss Kranichstein in Darmstadt

The dinner will start at about 20:00. Transport will be arranged. Buses will leave from ESOC 
at around 19:15 and return to ESOC and selected hotels (list to be provided).

Please confirm your attendance by sending an email to 

Huygens_Dinner_13Jan05@rssd.esa.int 

Please confirm if you intend to use the bus service.

Timely reply would be most appreciated.

Jean‐Pierre Lebreton
Huygens Mission Manager/Project Scientist
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TCXO TCXO

TCXO
RUSO

TCXO
TUSO

Channel B

Channel A

Huygens Radio Signal paths 

Huygens carrier + data

Radio
Receivers

Radio 
Transmitters



50

TCXO TCXO

TCXO
RUSO

TCXO
TUSO

Channel B

Channel A

Huygens Radio Signal paths 

Huygens carrier + data

Radio
Receivers

Radio 
Transmitters

“Channel C”
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Earth-based Huygens signal (carrier) detection

09:30 
UTC

16:00 UTC

Real time Signal Detection 
Radio Science Group/JPL

VLBI observation
JIVE, Netherlands



Solar System Missions Division

155-110 km

2eme Parachute

(15 min) 

156 km
1er Parachute
(2 sec)

110-0 km
3eme Parachute
(2h13min)

Données via Cassini: 2h28min de descente et 1h12min sur la surface
Signal via telescopes radio: 5h42min, y inclus 3h14min sur la surface

14 Janvier 2005: la descente



Solar System Missions DivisionLebreton et al, to be submitted to Nature



The Spin Story



Cassini-Huygens, Athens, 3 June 2007

Huygens Descent and Landing. 
Landing site location

Huygens in-flight spin profile 
derived from engineering sensors
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May 1995
Balloon drop test
In Kiruna



Spin Vanes: OK



Spin 

Still being worked
Wind tunnel test required



Study Scientist Advice
• Science Goals
• Science Objectives
• Science Investigations
• Model payload
• Establish mission/spacecraft environment from

publications in the literature
• Understand environment parameters that may

affect mission design (close interaction between
science and engineering within your team => 
science engineering or engineering science ?







Cassini-Huygens, Athens, 3 June 2007



E‐Sail: Artist’s View
http://www.electric-sailing.fi

06/06/11 IPPW‐8, E‐Sail Mission Concept 63


