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Huygens Huygens Mission Mission SequenceSequence

Descent Phase ~155 km – surface

Peak deceleration
~ 300 km

~ 4 m 28 s ~ 2 h 27 m 50 s
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Relevant Probe MeasurmentsRelevant Probe Measurments

Entry Phase: 

- Atmospheric Structure Instrument (HASI): 3-axis acceleration
- Central and Radial Accelerometers: acceleration and spin

Descent Phase:

- Doppler Wind Experiment: probe longitude drift
- HASI: pressure and temperature, probe impact time
- Gas Chromatograph and Mass Spectrometer: mole fractions
- Surface Science Package: impact time
- Radar Altimeter Units: altitude and descent speed
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Reconstruction StrageyReconstruction Stragey

Step 1: entry phase reconstruction (accelerometer data)

Step 2: descent phase reconstruction

Step 3: entry/descent phase merging (adjustment of IC)
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Entry Phase ReconstructionEntry Phase Reconstruction

aerodoblatPlanetsTit aaGMGMa +++=

Force Models Accelerometer Data
HASI 3-axis, CASU

Wind

A requirement for the entry phase reconstruction is the 
consistency of:

• The initial conditions and uncertainties;
• The measured probe deceleration (HASI 3-axis/CASU acc.);
• The descent phase trajectory;
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Entry Phase: HASI-XSERVO AccelerometerEntry Phase: HASI-XSERVO Accelerometer

Pilot chute

Main chute ~ 3.82
sec
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Coning MotionConing Motion

~ 4.50 rpm
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Reconstructed Entry Phase AltitudeReconstructed Entry Phase Altitude
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Reconstructed Entry Phase Inertial Vel.Reconstructed Entry Phase Inertial Vel.
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Continuum 
Flow Regime

Transitional
Flow Regime

Free Mol.
Flow Regime

Reconstructed Entry Phase AerodynamicsReconstructed Entry Phase Aerodynamics
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Descent Phase ReconstructionDescent Phase Reconstruction
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Descent Phase Altitude ProfileDescent Phase Altitude Profile
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RAU 1, 2 + error envelope

SSP-Acousting Sounder +
Error envelope

Reconstructed profile

Descent Phase Altitude ProfileDescent Phase Altitude Profile
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Descent Phase: Alt. Residuals to RAUDescent Phase: Alt. Residuals to RAU
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Descent Phase: descent speed profileDescent Phase: descent speed profile
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SSP-APIS

Preflight simulation RAU 1, 2

Reconstructed profile
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Reconstructed Longitude Drift (Descent)Reconstructed Longitude Drift (Descent)

Landing Coordinates
West Lon: 192.35 deg
South Lat: 10.34 deg

Drift: ~3.55 deg ~ 160 km
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Entry Entry and and Descent Descent Phase Phase Merging StrategyMerging Strategy

Reference Surface

Interface Altitude of 1270 km: ~30 km radial error

- HASI p&T
- GCMS
- SSP impact epoch
- DWE zonal wind

Weighted least 
squareto adjust 
initial conditions

Descent phase reconstruction
Starting from surface in upward
Direction.

Entry phase reconstruction
Based on integration of 
accelerometer measurements
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Adjustment of Initial State VectorAdjustment of Initial State Vector
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Huygens Probe Imaging by CassiniHuygens Probe Imaging by Cassini

Probe Release: 25 December 2005

Benefit of Imaging
Optical Navigation techniques was used to reduce the size of the probe
entry interface delivery ellipse at 1270 km altitude !

Imaging Opportunities
Release + 1 day:  WAC (10 pixels)
Release + 2 days: WAC/NAC (5/50 pixels)
Release + 3 days: WAC/NAC (2/20 pixels)

Huygens on Christmas day

Huygens on December 27 in the NAC
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Altitude Profiles: Entry + Descent PhaseAltitude Profiles: Entry + Descent Phase
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Descent Speed: Entry + Descent PhaseDescent Speed: Entry + Descent Phase
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Summary and Future WorkSummary and Future Work
• The Huygens scientific and housekeeping data sets are of high
   quality and allowed to reconstruct the probe entry and descent
   trajectory (altitude, descent speed, longitude drift, etc. )

• There are still some inconsistencies between the atmospheric
   derived descent trajectory and the Radar Altimeter Units. The RAU
   raw data calibration is still not finalized and will most probably
   further reduce this gap (internal probe temperature modeling).

• The VLBI observations will provide an independent reconstructed
   descent trajectory. This trajectory (given w.r.t. celestial reference
   frame) will be transformed into a Titan centered reference system
   and will then provide an additional means to verify the
   reconstruction effort.
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More Literature on this SubjectMore Literature on this Subject

„ Methodology Development for the Reconstruction of 
  the ESA Huygens Probe Entry and Descent Trajectory „ 

Karl-Franzens University Graz, Austria
March 2005

PhD Dissertation, Bobby Kazeminejad

http://huygens.oeaw.ac.at/DTWGPapers.html


