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PARACHUTE PERFORMANCE

The Phoenix Lander successfully landed on the
surface of Mars on May 25, 2008. During entry,
descent and landing (EDL), the vehicle had
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ATMOSPHERE RECONSTRUCTION CONCLUSIONS

A statistically based methodology to reconstruct the
trajectory, atmosphere and aerodynamic
characteristics of a Mars EDL vehicle is presented and
the process is demonstrated using the Phoenix lander
dataset. Results compared well with independent
efforts in the literature, but had the added benefit of
quantifying the uncertainties of these estimates. The
reconstruction methodology shows promise and can
be matured to reconstruct EDL system performance
for future missions and potentially enhance current

This state estimate is affected by the uncertainty in
the process (in this case this includes the uncertainty
in the IMU data) and sensor data.

The freestream density, pressure and temperature, have been reconstructed for Phoenix. Acceleration
measurements in the axial direction (a,) are used to estimate density (p.,) by having knowledge of the axial
force coefficient (C,) of the vehicle and an estimate of the vehicle’s freestream velocity (V,,). However,
uncertainties in the aerodynamics cannot be separated from atmospheric uncertainties, as one assumes a
perfect knowledge of the aerodynamic characteristics. Pressure is reconstructed using the hydrostatic
equation. Surface atmospheric measurements taken by Phoenix’s meteorological equipment shortly after
landing is used for the reconstruction of freestream pressure (P_ ). The equation has to be integrated from

a reference pressure value. Using an arbitrary low value of pressure
at the top of the atmosphere can lead to a bias error. Thus, the
surface pressure measurement serves as the integration constant.

Direction of data processing

The data from the on-board sensors can be
processed in two directions:
1. Forward run: Atmospheric entry to the ground
2. Backward run: Ground up to the top of the
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The forward pass starts its estimate from an initial CAVoo S dh The temperature, if needed, can be estimated by the perfect gas law. system design tools.
state and covariance that is usually provided by
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advantage of starting at a smaller uncertainty value
as it begins from the end of the forward estimate. For
this reconstruction, both methods were used and a
Fraser-Potter smoothing algorithm is wused to
reconcile the two estimates.
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