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1 Abstract

This study aimed to evaluate the performance of the radio karahi antenna — an
inexpensive, portable telescope design intended to be used for 21 ¢cm hydrogen line
detection. Building upon previous research conducted on such designs, the tele-
scope was thoroughly tested through various observations to assess its long-term
capabilities and review data analysis techniques used with it. Despite technical
issues such as software stability and interfering digital artifacts, the radio karahi
was able to conduct extended observations, and capture signals from interstellar
media. The ease of use of such a telescope makes it a valuable tool in promoting
astronomy education and research in Pakistan.

2 Introduction

The purpose of this study was to further investigate the possible uses of the radio
karahi antenna, whose design was first proposed at the Hong Kong University of
Science and Technology (1), and then further improved upon at the AstroLAB (2).

The investigation was carried out in two ways. First, observations were conducted
in short durations of time (20 minutes to an hour) to determine any software
issues or inefficiencies. After such issues were resolved, observations were then
conducted for extended periods of time (up to 24 hours) to determine the long-
term capabilities of the karahi antenna.



3 Setup and methodology

The galactic dish system used for this study is the exact same model used in the
original AstroLAB report (2). It consists of a karahi (a deep, circular cooking pot
similar in shape to a wok), a dipole antenna, a pre-amplifier, and a software-defined
radio (SDR) device enclosed in a metal container.

Karahi

Metal container for
HackRF One SDR

Dipole
Antenna

.r Nooelec SAWBIrd+
|-|1 pre-a_mplifier

”

Figure 1: The setup of the galactic dish system (dubbed the karahi).

The karahi was used as it closely resembles a small dish reflector, and its focal
point was calculated for the correct placement of the dipole antenna, which was
constructed out of 2 mm copper wires and coaxial cables running in parallel. Any
radio signals detected by the dipole antenna was directed towards the pre-amplifier,
(Nooelec SAWBIrd+ H1) which would boost the signal (3). The signal would then
be channelled towards the HackRF One SDR (4), which was used in conjunction
with SDRSharp, a user-friendly software. The software was used to make the
signal undergo Fast Fourier Transform (FFT) processing, after which multiple
data samples underwent averaging and were finally displayed graphically with the
help of the IF Average Plugin (a software extension for SDRSharp) (5).

Stellarium was also used during observations to ensure the galactic dish system
was aimed correctly towards the object of interest (6). After an observation was
conducted, the data was saved in text files, which were then extensively processed
through the Galactic Neutral Hydrogen Plot Python script (available on the As-
troLAB website) (7). The script worked to detect and remove noise spikes (either
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through the derivative method or the Savitzky-Golay SG method), after which it
performed a baseline correction. The final output is a graphical representation of
the data, along with an inset based on a ROI (range of interest) defined by the
user.

All observations were conducted within Lahore’s DHA Phase 5 (in the vicinity of
the Lahore University of Management Sciences).

4 QObservational results

4.1 Initial observations

The first ten observations were conducted over a period of three weeks, with each
observation lasting around half an hour, or an hour at most. The focus of these
observations was to identify and resolve any software-related issues. These in-
cluded repeated software crashes due to save paths being unrecognized, especially
upon invoking the option for saving multiple files. During these observations, nar-
row peaks were often noted at 1419.0 MHz and 1420.0 MHz, with some signals
also being present between 1420.5 MHz and 1421.0 MHz. Most of the software-
related issues were eventually resolved and their solutions were incorporated into
the original AstroLAB report.

4.2 Nine-hour observation
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Figure 2: Graph of all data files from the August 12th 2024 session. The ROI Inset
shows peak at 1420.56 MHz with a recession velocity of —33.50 km/s.



The eleventh session was conducted as a 9-hour fixed position observation, starting
from 8:30 PM (12th August 2024) and finishing at 5:30 AM (13th August 2024).
With the telescope pointing north, 50 data files were saved in intervals of 10 minutes
(with 902,000 dynamic averaging). After the observation, the Python script was
set to the SG method for signal cleansing, and the averaged plot in Figure 2 was
produced.

The peak was detected at 1420.56 MHz with a recession velocity of —33.50 km/s.
The constellations that crossed the view of the telescope include Hercules, Lyra,
Cygnus, Lacerta, and Andromeda. This result was considered a success, and
showed that the telescope was ready for yet longer observation session.

4.3 Twenty four-hour observations

The 24-hour observation sessions were conducted in a similar manner to the 9-
hour observation; as a fixed-position observation. Due to the duration of such an
observation, the weather forecast was regularly checked before observations were
conducted. The setup was also closely monitored during such a lengthy observation
run to ensure there were no software glitches.
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(a) ROI Dark Plot (after sunset and before sunrise).
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(b) ROI Day Plot (after sunrise and before sunset).

Figure 3: ROI plots of processed data from the August 31st/September 1st 2024
observation session.

After several attempts, an observation was conducted on 8:00 PM of 31st August
2024, lasting till 8:00 PM of 1st September 2024. All in all, 115 data files were
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saved in intervals of 12 minutes (keeping the dynamic averaging at 902,000 as
before).

Figure 3 shows the average results for the 24-hour observation run (including night
and day). The results of night are quite similar to that of the 9-hour observation.
As for the day plot, two prominent bumps are also noted in the graph (at 1420.00
MHz and at 1420.50 MHz). However, the day plot undermines the strength of
these signals, showing a maximum value at 1419.04 MHz and a positive recession
velocity. This is due to the presence of the Sun, which raises the overall noise floor
as visible in the plots.

5 Discussion and conclusion

The radio karahi telescope was developed in such a way that most users would
be able to comfortably conduct astronomical observations by simply following the
material on the AstroLAB website (7). However, users would benefit from having
prior knowledge of Python to conduct and understand the data analysis from the
observations.

Users will be able to use the telescope to detect the signals of interstellar media,
but there are limitations. If observations are conducted in dense urban centers, it
is possible that other types of signals, such as cellular frequencies, appear in the
plots as well, which could make it difficult to distinguish the signal(s) of interest.
Meanwhile, the Sun is a powerful radio source, and can overwhelm the radio karah:
during the day, as shown in the daytime plot of the twenty four-hour observation.

Despite these challenges, the radio karahi is still very versatile, as it can also be
used to detect neutral hydrogen in the centers of galaxies. A natural first target is
the Milky Way’s Galactic Center, where the 21 cm line is especially strong. Such
observations allow amateur astronomers to investigate the large-scale structure
and dynamics of interstellar hydrogen.

There are numerous possible implementations of such a radio karahi telescope in
education. For starters, observation sessions can be conducted with these tele-
scopes at science fairs and exhibitions, such as the Lahore Science Mela, where
the capabilities of this telescope design could be demonstrated. The radio karahi
could also be implemented into experimental laboratory courses at the college
level, following the lead of teaching laboratories such as the Introductory Physics
Laboratory at Northeastern University (8). At LUMS, a radio astronomy module
could be initially integrated into either ENGG 100 Measurement and Design or
PHY 300 Experimental Physics 2, and then be followed by a more comprehensive
exploration in an AstroLAB-supported astronomy course.

Furthermore, collaborations with schools could be setup, where schools would be
supplied with these telescopes, and their students would attend workshops and
gain hands-on experiences with the telescopes. This would help establish a net-
work of radio telescopes across the country, and perhaps encourage institutions to
participate in large-scale radio astronomy projects.



Such efforts would advance astronomical research and public understanding of
telescopes in Pakistan.
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