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DIGITAL SIGNAL PROCESSING

There are various characteristics of the time standard station signals WWV and WWVH that can be analyzed using

digital signal processing techniques to extract meaningful information. For one, the varying 440 Hz, 500 Hz, and 600 Hz

minute tones can be used to actually distinguish between WWYV and WWVH by comparing the tone currently being
heard to the known tone being played by each of the corresponding stations at that minute. This analysis can then be

used to construct a beacon mapping that visualizes the switching of the time standard station being heard by each of the

participant stations as the solar eclipse travels along its path of totality. Furthemore, the IRIG time code embedded

within the 100 Hz subcarrier can be extracted to determine very precise time, making the former script far more robust.

different methods of analyzing WWV and WWVH
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An estimation of minute tone instantaneous frequencies over a 6 minute interval

Instantaneous Frequency Estimate
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PARALLELIZATION

The current data wrangling process has two tasks that require a innefficient amount of time to complete: processing the
audio data from its collection format into an analyzable format and data import/export. We are developing two seperate
data wrangling processes to decrease the speed required for such tasks.

The first Data Processing pipeline that is in development uses matlab parallelization. The process takes the audio file,
parses formatting variables from the metadata and the timestamp embedded in the file name, and converts the audio data
into a timestamped table. In addition, the data processing script will also collate the audio files into the tables based on
the recording location. From there the data is written to csv files, which can be imported by another matlab script for
statistical analysis and visualization.

The specific technical implementation of this pipeline utilizes the parallelization functions built in to matlab to generate
multiple workers to process the data at the same time. In addition, the process also runs expensive processing functions
on CUDA cores in the GPU to further speed up the conversion process.

The second data processing pipeline utilizes hadoop and apache spark for parallelization as well as data i/0. The process
will use matlab for converting the format of the data, but instead will use hadoop to create an apache spark database to
hold the timestamped tables. From there the matlab scripts to conduct statistical analysis and visualization can grab the
data from the database rather than importing it from a csv. This will not only speed up the time necessary for data
wrangling, but also the time necessary for data import and export, which is another large time cost in the current data
processing system.

Future Work: We plan on implementing the second pipeline sometime soon. In addition, we are extremely interested in
not only developing documentation for reproducing our specific work, but also creating general documentation for how
to implement parallelization into a data wrangling process in a high performance cluster computing environment. This
could be extremely useful for future work in audio data or even for other professors looking to speed up their data
processing within their research.
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Time to process audio files with different numbers of workers
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Figure 1: Breakdown of decrease in time for parallelization implementation. This data was collected on the first pipeline
described above.
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2020 ECLIPSE FESTIVALS

For complete information on the 2020 eclipse festivals, please refer to these links:

https://hamsci.org/june-2020-eclipse-festival-frequency-measurement (https://hamsci.org/june-2020-eclipse-festival-
frequency-measurement)

https://hamsci.org/december-2020-eclipse-festival-frequency-measurement (https://hamsci.org/december-2020-eclipse-
festival-frequency-measurement)
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DATA VISUALIZATION

I created a shell script that extracts the metadata from the raw ".wav" files and places them in a ".csv" file. I was able to
modify a preexisting git project to produce a GIF of the eclipse obscuration on a map for the December Eclipse.

Visualization here. (https://youtu.be/uMwLXWKLnYo)

Using the June 2020 data set, I was able to plot the Frequency Error and Amplitude overlaid with shading indicating
eclipse obscuration
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MACHINE LEARNING

So far, I have done preliminary research on artificial neural networks, working with time series data and how to integrate
such a data format into an artificial neural network. It is important to understand what exact data science question I am
tackling, what data is used as an input like geophysical data and a sliding time window, and what data is being predicted
like the change in ionosphere height. I have begun to construct an artificial neural network but it does not work at this
time.

Now that some of the June 2020 solar eclipse data has been processed, I will be able to begin training the artificial
neural network and be able to start parsing the geophysical features to identify the significant and the noise. I hope to be
able to begin exploring the differences between transfer learning vs. a custom architecture and make a choice of which
to use.
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ABSTRACT

A crowdsourced science experiment called the December 2020 Eclipse Festival of Frequency Measurement was carried out
for the total solar eclipse across South America on December 14, 2020. Over 80 stations around the world recorded WAV
files of 10 MHz time standard stations. We have undertaken to process and visualize this data, and identify geophysical
features within it. This poster will summarize our work to date.
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