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Tutorial Introduction [

Radio occultation (RO) is remote sensing technique that uses
radio signals to measure the vertical profiles of atmospheric Transmitting Tangent Point
density, pressure, and temperature. It has been a part of Satellite Radial Velocity
planetary exploration since the 1960s. These measurements are '
very useful, but we don’t get enough of them due to limited
viewing geometry between the spacecraft and an Earth tracking
station.

Receiving
Satellite

A constellation of orbiting smallsats transmitting and/or receiving

radio signals can yield a large number RO measurements with Tangent

global and diurnal coverages. Our work is to develop a mission Point

concept from such a constellation that will address high-priority

Mars atmosphere science as well as current knowledge gap for

Entry Descent and Landing (EDL) and ascent operations at the Figure 1. Example of spacecraft geometry

surface of Mars. : . ,
during an occultation. Through the motion

Through the development of a custom simulation software, we of the spacecraft, the radio signals will

will determine functional instrument requirements (such as radio descend (or ascend) the atmosphere

frequencies and antenna gain) and mission requirements (such during an occultation, providing vertical

as number of smallsats and orbital configuration) needed to information on the atmosphere near the

achieve the mission objectives. tangent point from the surface up.
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Problem Description =

* Current planning for EDL relies on a combination of data and
atmospheric models in order to determine conditions prior to landing.
However, data available from current in-situ and orbital sensors are
incomplete.

* RO can provide useful density profiles up to ~ 60 km and accurate,
high vertical resolution temperature and pressure profiles from the
surface up, even during large dust storms.

» A constellation of RO smallsats can sample the full diurnal cycle.

Relevance to NASA and JPL

The proposed mission will help reduce EDL risks where a current
knowledge gap exists and benefits future Mars exploration. JPL has
been a leader in radio occultation and has invested in the development
of a future radio science instrument for small satellites. Results from this
project will benefit the maturation of this instrument. In turns, this can
lead to future mission proposals that utilize the JPL instrument.

Position error Safe mode Safe mode Safe mode
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Figure 2. Number of profiles retrieved from Mars
Climate Sounder (MCS) on MRO during its first year
of operation. Note the significant drop in
observations during a global dust storm (Ls=270-
300°). The advantage of RO is that the radio signals
are not degraded by dust and aerosols and can
provide information not currently accessible from an
orbiter. Figure from Kleinbohl et al. (2009).
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Methodology

A fully integrated RO constellation and instrument
simulation software is used to derive key instrument

and mission requirements traceable to the mission
objectives.

. Orbit optimization: Used STK to simulate orbits
and search for RO opportunities. [Figure 3]

. Instrument/retrieval simulation: Developed a set

of Python codes to propagate instrument errors into
physical parameters. [Figure 4]
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Figure 4. Flowchart illustrating how simulation code converts

doppler shift to temperature, and how noise propagates into
retreival uncertainty.

Figure 3. Example of orbital configuration with 4 outer
polar orbiting spacecraft in 2 planes. 2 inner spacecraft, 2
orbital planes with 70 degree inclination provide around
200 RO opportunities per day.
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Summary of 100 Iterations
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. We have made significant progress in developing the
simulation tools necessary to map the requirements on
physical parameters (density, temperature, etc.) to the
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Next steps g2 :
. Complete key trades and establish a baseline mission 0
concept that includes the following specifications: number of . 0
satellites, orbital configurations, radio frequencies, antenna N (A | e
gains, CIOCk Stability' ’ 2Derl\/edvsANoise RM:Error(KiB . oo O.SODerivtésvs Nil‘geORMSLEZrSrcrlPl:)’o e
«  Submit journal paper describing the mission concept. Figure 5. Preliminary results of derived error in lower atmosphere

physical parameters with 0.25 and 0.50 micro-radians of noise
added. RMSE computed over 100 ensembles of each noise value.
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