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Topic: A Convolved Single Point Fourier Transform (sPrFT) for Radio-Astronomy Data

us¡ng Apache Flink

The Fourier transform is an important technique in signal and image processing. ln radio

astronomy, the Fourier transform is applied to frequency data of radio signals to compute the

sky image. The common practice is to apply the Fourier transform after the observation stage

has been completed and allthe data has been acquired. The Single-Point lncrementalFourier

Transform (SPIFT) [1] computes the sky image incrementally during the observation stage and

continuously refines the image as new observations arrive.

The radio antennas sense the electric field of radio signals and produce a voltage, termed

visibility. A visibility uis¿ is a complex value measured at coordinate a, o and time ¿. We denote

the continuously arriving observations with S(¿) : ("r,"r,...,st), i.e., a time indexed stream

with all visibility records up to time ¿. An element s1 is a triple

st : (z¿, utlui,st)

where u¿,u¿ e R and ais¡ € C. ln order to compute the Fourier transform, the visibility uis¿

measured at coordinatas u¿,u¿ in the UV-plane, must be placed at discrete grid points. This

discretization is termed gridding [2]. After gridding the sPrFT algorithm [1] is applied on the
gridded visibility value to incrementally refine the sky image 11 :

(ur,rr,rzr,¡ 94@)'9r!þ4 (gur,gur,rlr,¡ !tll1ryn{1494 r. (1)

where grid refers to the gridding function that is used to place coordinates at discrete grid

points. gutl gat are the gridded coordinates with 0 < 7ut,9ut < ¡'/. A visibility grid V¿ contains
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all visibilities up to time ¿. Vr at time ¿ can be computed incrementally from the visibility grid at

time¿-lasfollows:

V1[u,T.'] : (2)

Due to gridding, some parts of sky brightness may be aliased resulting in undesired artifacts in

the sky image. The aliasing can be minimized by applying a convolution to visibility values. A

convolution is an operation that multiplies a cell of a grid and its neighboring cells with a small

matrix known as kernel. The convolved visibility grid V¿ at time ¿ can be computed as:

V¿-1[u, u] il (u,u) * (gur, gor)

Vt-r lzr, u¡] I uis¿ otherwise

Vt: t t
ú- 2:...:2"- 2'..t:o,-..,m a:D,..-,

Y¡-1lgu4 I a, gu¿ + b] + (uis¿ . C[r,y]) (3)
@
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where C is the convolution kernel matrix and m is the size of the kernel matrix

The goal of this Bachelor's thesis is to etficiently implement the gridded convolution operation

in (3) in combination with the sPrFT algorithm to incrementally refine the image.

. Task 1 - lmplementation of sprru algor¡thm in JAVA

Study the SPIFT algorithm [1] and implement it in JAVA. Use grayscale images to verify

the correctness of your implementation.

. Task 2 - lntegration of sprrt algorithm in Apache Flink
Familiarize yourself with the architecture of the Apache Flink stream processing platform

and the basic concepts of stream processing [4]. lntegrate the sPrFT implementation

from Task 1 into Apache Flink to handle Radio Astronomy Data Streams. The goal is to

compute the sky image after gridding the visibility values using the SPrFT algorithm given

in (1).

. Task 3 - lmplementat¡on of convolution kernel and computation
lmplement the prolate spheroidal function and integrate it into the streaming pipeline

implemented in Task 2. The first step is a baseline approach for computing the convolved

visibility values by applying sprFT to all convolved values of V¿ as given in (3). Propose

and implement an efficient approach that has better performance than the baseline.

. Task 4 - Experimental Evaluation
Evaluate the performance of your approach empirically.

. Task 5 - Write a Bachelor's thesis
Write the Bachelor thesis that describes your solution, analyzes it analytically, and eval-

uates it empirically. Give a 20 minutes presentation at a DBTG meeting.
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