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1. Introduction

SWIFT: Spectrum and Wireless Innovation enabled by Future Technologies is a cross-
departmental and cross-institutional collaborative project. It involves the Computer Science and
Physics departments at Brown University and the University of Washington. This project aims to
build a unifying framework with weakly supervised Machine Learning to detect RFI (Radio
Frequency Interference) in the universe. The detection of RFI is an ongoing challenge in the field
of 21cm cosmology - a branch of radio astronomy that uses information from signals with a
wavelength of 21cm to study the universe - due to the faintness of the signals. The limitations of
existing methods for detecting RFI include the use of simulated data and a limited source of RFI
that can be identified. The goal of the SWIFT project is to address these limitations and produce

a well-performing RFI detection model with a robust training dataset.

2. My Contributions

During the past two semesters, | focused on the Machine Learning aspects of the project;
specifically, | built data pre-processing pipelines and underlying infrastructure that allow us to
train and evaluate the performance of our U-Net model. My contributions can be summarized

into the following items:

2.1 Research of Existing Work



| researched existing work that use Machine Learning methods to detect RFI and presented a
summary of the different CNN models to my research group. My summary contributed to the

discussions and the final choice of U-Net as our ML model.

2.2 Architecture for Captures

2.2.1 MWACapture

| collaborated with other research assistants to build MWACapture, a python class that represents
a capture. A capture is a collection of two minutes’ worth of data from the telescope, where the
data is provided by the MWA (Murchison-Widefield Array). Within the MWACapture object, |
built a data loader and implemented a pipeline to get an aggregated file list of all the UV data
files that are needed to load a particular capture. The possible file formats are .fits, .mwaf

and .metafits. | also implemented a MWACapture "object factory” that iterates through all the
unique identifiers of the captures in the root file directory and return an array of MWACapture
objects. Each MWACapture object has a path, capture id, and a list of fits files, flag files and

metafit files that are retrieved using the new data loader pipeline.

2.2.2 SerializableMWACapture

| led the implementation process of the SerializableMWACapture class, which offers a new way
to represent capture data. The SerializableMWACapture class supports serializing a capture
object into a hdf5 file and deserializing the content of the file back into a
SerializableMWACapture object. It allows us to store our capture data in hdf5 file format, which
offers several advantages, including support for heterogenous data and large, complex datasets

[1]. Another benefit of the SerializableMWACapture object is memory efficiency because it



allows us to free the memory occupied by the UV data objects after we load the data into
SerializableMWACapture. In addition to serializing and deserializing, SerializableMWACapture
contains other functionalities that also exist in MWACapture, such as method for getting data,

flags and the sum of all flags for a particular waterfall.

2.2.3 Abstract Capture Class

| built an abstract capture class that both MWACapture and SerializableMWACapture
implement from. It contains methods that are common to both capture objects, including getting
data, getting flags, and getting flag sum. This interface allows for the abstraction of a capture to

be format-independent such that working with captures for model evaluation is streamlined.

The new architecture for representing captures allows us to retrieve the collection of capture data
easily and lays the necessary foundation for training our U-Net model on MWA data using non-

ML detection method ground truths.

2.3 Model Evaluation Module

| created a standalone module for evaluating the performance of our U-Net model. The module
takes in a model's associated job id, the capture id and a specific antenna pair pol as input passed
in through the command line. It evaluates the model using these inputs and produces an overall
plot with 4 subplots: plot for raw data, plot with U-Net flags displayed, plot with non-ML flags
(e.g., AOFlagger or SSINS flags) displayed, and plot with the overlap between U-Net flags and
non-ML flags. This module allows us to evaluate our trained U-Net model's performance with

visual comparisons to traditional non-ML methods using metrics such as the Jaccard Index. The



evaluation module is data format independent and supports both MWACapture and

SerializableMWACapture objects.

3. Future Work

Future work that could be undertaken for the SWIFT project involve the following items:

e Further develop image space RFI identification to analyze large amounts of data for RFl,
which may not be easily detectable in Fourier space using existing methods.

e Develop a method that intelligently and efficiently selects antenna pairs and polarizations
in a manner that (1) eliminates redundant examples of RFI and (2) provides a
representative sample of all types of RFI that exists within a capture.

e Determine what data representation provides the model with necessary information to
make an inference that finds even the faintest RFI.

e Develop weak supervision Machine Learning methods to further improve the

performance of the U-Net model.
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