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2 Relevant 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 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 Reconstruction
Accelerometer Data
Force Models
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Planets oblat

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 Accelerometerﬁ
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Huygens Probe Trajectory: Entry Phase
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"/ Reconstructed Entry Phase Aerodynamics
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o Descent Phase Altitude Profile &7

Huygens Descent Trajectory (RAUv3.0)
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Huygens Descent Trajectory (RAUv3.0)
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Altitude Residuals: RAU - Reconstr.
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Huynges Descent Velocity (RAUv3.0)
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Huygens Longitude Drift
i :l l l l l —l ReconstrI
el | | | | i - PREDICT
I

196 _:': ..... ‘ .\ ....... : ..... < rogue ........... Landlngcoordlnates: ....... ................. _
'\\\  Westlon:192.35deg |
195 _:I: \\L\ ................. .............. South Lat 10 34 deg .............. [

=,
w
5

193 —1 ............. s ................ ................. .................. ................... .................. ................. =

West Longitude [deg]

192

191

6 20 40 60 80 100 120 140 160 180
Time [min] past Interface Epoch: UTC: 2005-01-14T09:05:52.523

3rd International Probe Workshop Kazeminejad et al.



.Y Entry and Descent Phase Merging Strategy &

Interface Altitude of 1270 km: ~30 km radial error

Entry phase reconstruction
Based on integration of
accelerometer measurement

Weighted least
squareto adjust
initial conditions

7y
Descent phase reconstruction : g'éf/:SP&T
rting from sur i ]
S’Fa tt_g om surface in upward B
Irection. - DWE zonal wind

/\/—\/—\/

Reference Surface

3rd International Probe Workshop Kazeminejad et al.



Table 2.

&7

Adjustment of Initial State Vector

Initial state vector at the epoch 2005-01-14T09:05:52.523 (UTC) as pro-

vided by the Cassini Navigation team (INAV column., JPL-050214 DELIVERY ) with
corresponding uncertainties and after the trajectory merging correction. The dif-
ference between the NAV vector and the adjusted one is provided in the last column

in units of the NAV 17 uncertainty.

Reference system for cartesian coordinates:

Titan centered ENMEZ000 with units in km and km/s.

Coordinate NAV Ler Adjusted Difference ]

X STLRIRGGAI0  S5.0186500102E 400 6821626005 -1

\ SAR32.088332  3.209952528 E401  -3809.33679% 0.71

7 -A05.950584310  3.634049423E4+00  -A11.8217596 | .62

VX =2.3799091142 S584831270E-04  -2.379411383 -0.6G8

VY 2037 11658 3.231745036E-03 50326806 ().54

iz (,2269144660 4 460877926E-04  0.2273084312 ()88
Wlkon [N5.53 0127 185,13 1.7
~Lal N0l 115 NG NIRETH
Altitide [2T0.0] 30.73 [ 217 .44 .73
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Huygens Probe Imaging by Cassini

Probe Release: 25 December 2005

Huygens on Christmas day

Imaging Opportunities

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

Huygens on December 27 in the NAC

Benefit of Imaging
Optical Navigation techniques was used to reduce the size of the probe

entry interface delivery ellipse at 1270 km altitude !
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Huygens Reconstructed Altitude Profile
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© ¢/ Descent Speed: Entry + Descent Phase &

Huygens Reconstructed Descent Speed

130 e TNt s L nts Ay s .................. :

120

i
o
o

w
o

70|

Descent Velocity [m/s]

50}

40}

A0 e i i ..................... ...................

I I
1 ..................... ...................... .......... DESCENT -
' : f ; === ENTRY
-—- PREDICT

30}

Time [min] past Interface Epoch: UTC: 2005-01-14T09:05:52.523

3rd International Probe Workshop

Kazeminejad et al.



wyeen,
b - I.
K RV 3
\ B WL By
T &
Mgy \"‘_'**v

Summary and Future Work

- The Huygens scientific and housekeeping data sets are of high
guality 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 F
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 reconstructe
descent trajectory. This trajectory (given w.r.t. celestial referenc
frame) will be transformed into a Titan centered reference syste
and will then provide an additional means to verify the
reconstruction effort.
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More Literature on this Subject

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

PhD Dissertation, Bobby Kazeminejad

Karl-Franzens University Graz, Austria
March 2005

tp://huygens.oeaw.ac.at/DTWGPapers.ht
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