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1. Is the area illuminated by the HGA statistically specular?

and mesh comet model (X-band HGA main lobe half-width @3dB = 0.48 deqg).

« Given Tx and Rx locations, calculate

a;, a., a, for each centroid and for the
HGA boresight direction

-  Obtain a model of the HGA footprint as the surface intersection of a mesh antenna beam model - For each facet centroid, check specular conditions:

 Divide the footprint in triangular facets (independent from model resolution)

 For each facet of the footprint, obtain centroid coordinates and surface normal vector Parallelepiped volume V7,

Geometric Analysis <

2. Are there single specular points/regions within the footprint?

a) Co-planarity: 1, = [n-(txr)[ =0
b) Law of reflection: a; = a, - tn = fAr

Theoretical specular reflection points
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p -~ o ) 'EI gi °. ', 4 Fig. 5: Schematic of the reflection geometry Fig. 6: Predicted locations (continuous lines) and updated locations (crosses) of the specular reflection points on the comet surface.
< i 3 e vectors: surface to transmitter t, surface to Predicted locations were computed during experiment planning on a triaxial ellipsoid. Update locations are computed on the latest

\ % 35 'IP‘I?- \.. ‘o n 8 receiverr and surface normaln at the location available facet shape model (Preusker et al., 2017). Represented datasets are for doy 271, doy 284, doy 326, and doy 348.
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Fig. 3: Schematic representation of the numerical procedure to obtain the antenna footprint boresight direction. The mean and standard deviation (10) of the same angles, computed for the half-power HGA (Simpson, 1993)
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/ RSI BSR Signal Processing

1. Spectral estimation scheme

Based on the geometric analysis, BSR echo signals from the surface of 67P/C-G
are expected: (a) spectrally adjacent to the direct signal (from a fraction of a
Hz to few Hz), (b) weak in amplitude (overlapping in frequency with additional
clutter noise from non-specular regions), and (c) narrow band (spread roughly
over 1 Hz). It is hence necessary to adapt conventional BSR processing
schemes to the specific observation geometry at the comet.

The specular point traversed slowly on the comet surface (0.52 + 0.3) m/s during
the measurements. The spacecraft travelled at a comparable rate relative to the
comet (1.88 + 0.85) m/s. Both the direct and echo signals drifted very slow gently
in frequency over time. A significantly large signal integration time window can
be employed to reduce noise variance in the data. Integration windows up to 10
min in duration (~1.5 mHz spectral resolution) have been used for this work.

We selected a moving window average procedure, also known as the non-
parametric Welch’s periodogram (See e.g., Kay, 1988). This approach
reduces the bias of the estimate by overlapping consecutive averaging windows.

This procedure has been successfully applied for the computation of 20 T 5 -20 15 20 15 r 2
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2. ROS BSR signal processing pipeline

In the datasets collected for the Rosetta RSI BSR experiments, echo signal tones are visible in the X-
RCP and X-LCP channels on both, 1KHz and 25 KHz logs. The diagram below depicts the proposed
processing pipeline to reconstruct echo signal power from the surface of comet 67P/C-G. The data
presented here corresponds to the 25 KHz records for doy 333 in 2014. These measurements were
conducted over the north neck region of the comet, close to the body spin axis. For these dataset, the
geometry analysis indicated potential specular reflection points at an angle of ~41 deg.

(1) Estimate uncalibrated power spectra (Welch’s procedure) (2) Apply autoregressive smoothening filter
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