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Background Objectives

e Ka-band (32 GHz) communications links are far more | | * The objective of this project is to develop a customized real-time prediction system for
sensitive to weather degradation than X-band (8.4 atmospheric noise temperature (7,;,,), which is the input to the telecommunication link model,
GHz). for Deep Space Network (DSN) tracking sites using machine learning (ML).

e Current models for the Ka-band downlink data rates  We focus on Ka-band (32 GHz) communication links that will be demonstrated for possible use
are quite conservative, usually accounting for 90% by the Europa Clipper mission.
weather availability. The Europa Clipper mission is * The prediction system of zenith T,.., with uncertainty quantification (UQ) will be developed, with

using a 3 dB margin. This approach can result in

forecast lead time of 1-16 days.
inefficient downlink capacity.

* |nFY21, we have focused on developing the ML-based forecast system at Goldstone, CA.
* Recent studies showed that using real-time weather

forecasting can increase data return and the
reliability of the communication links.

 |nFY22, we adopt the ML-based forecast system to the DSN tracking sites at Madrid, Spain and
Canberra, Australia, and assess the benefit of using real-time forecasts for data downlink from
Europa Clipper in a telecommunication link model.
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Predictors (Real-time Feat ML » Prediction redicting . oy .
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Figure 1. Workflow of the ML-based forecast system.
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has a RMSE<25% (35%) relative to
the mean T,,,, (Fig. 3).
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* The real-time error analysis from the
UQ model (Fig. 4) is consistent with
the error analysis comparing to the _ : :
observations in Fig. 3. S e W o® e e o I
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* During most of the time, higher data
return can be realized when weather
forecasting is used in
telecommunication operations in
place of using 90% weather
availability in the link assumptions
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Figure 5. FOrecaSt Galn (ASN R, dB) relatlve tO the 90% Weather availablllty site Canberra — Goldstone — Madrid site Canberra — Goldstone — Madrid
VS. mean T, for different elevation angle cases (90°, 40°, 20° and 10°). Figure 4. Quantile plot of UQ results.
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