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Fig 17. Auto-power spectra of the measured TTRT signal 𝑥and the machine-generated partner 

stream ො𝑦. The comparison evaluates whether the generated signal preserves the spectral 

characteristics of a real observational stream.

Aperture synthesis enables high angular resolution without the use of monolithic apertures.

𝜃 ≈
𝜆

𝐵
   

Interferometer measures complex visibility function.

𝑉 𝑢, 𝑣 = ඵ 𝐼 𝑙, 𝑚 𝑒−2𝜋𝑖(𝑢𝑙+𝑣𝑚)𝑑𝑙 𝑑𝑚

The baseline in wavelengths is 𝑢, 𝑣, 𝑤 =
𝑩

𝜆

The measured signal of two antennas is: 𝑉12 𝑣 = 𝐸1(𝑣)𝐸2
∗(𝑣)

The time delay from geometry is: 𝜏𝑔 =
𝐵. Ƹ𝑠

𝑐

The phase is: 𝜙 = 2𝜋𝜈𝜏𝑔

(Thompson 2017, Wrobel 1999, Kim et al. 1999)

The Cantenna => GRAO 32-m dish refurbishment

The array of Cantennas => SKA

The SKA uses dense configurations and sparse aperture synthesis in it’s principle(Ng’endo 

2018).

This work is a small aperture array with a distributed array, largest baseline is 10m and smallest 

3m rooted in the principle of infrastructure reuse

INTRODUCTION

Objectives

1. Antenna Model

2. Interferometer Model

• FX correlator 𝑋𝑖 𝑣 = ℱ[𝑥𝑖(𝑡)]

• Cross correlation 𝑉12 𝑣 = 𝑋1(𝑣)𝑋2
∗(𝑣)

3. Machine Learning Data Generation(GAN model)

• Generator: 𝐺 𝑧 →  ෤𝑥 𝑡

• Discriminator: 𝐷 𝑥 → 0,1
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Develop and validate a cantenna-based interferometric array reproducing:

• visibility amplitude 

• phase structure 

• delay geometry

Kwame Nkrumah University of Science and Technology (KNUST), Department of Physics,

Jemimah Enyonam Abena Kwakuyi, Dr. Linus Kweku Labik

Optimising and Developing an Array of Cantennas for Radio Astronomy Experiments

Methodology

Results

1. Electromagnetic Simulations

Electromagnetic simulations were performed using Altair FEKO to model the radiation 

patterns of:

• single TTRT horn antenna

• three-element array

• five-element array

2. Auto-Power Spectra

The auto-power spectra of the antenna signals show the expected receiver bandpass 

structure across the baseband frequency range. Power spectral density 𝑃 𝑣 = |𝑋(𝑣)|2. Both 

real and generated signals reproduce the large-scale spectral envelope observed in TTRT 

measurements.

3. Cross-Power Spectrum

The cross-power spectrum produced by the correlator shows a consistent visibility amplitude 

across the observing band. Visibility amplitude |𝑉12(𝑣)|

A narrow notch near zero frequency is observed due to DC suppression in the SDR signal 

chain.

4. Machine Learning Validation

The GAN-generated antenna stream reproduces the spectral characteristics of real 

TTRT observations. 

Interferometer constraint: 𝑉𝐺𝐴𝑁 𝑣 ≈  𝑉𝑟𝑒𝑎𝑙(𝑣)

Comparison of the cross-power spectra between the true baseline and the 

generated baseline shows strong agreement, indicating that the generated data 

preserves the interferometric correlation structure.

5. Temporal Correlation Behaviour

The correlated output as a function of time shows stochastic fluctuations 

characteristic of noise-dominated radio signals.

Time-domain correlation: 𝑅12 𝜏 = 𝑥1 𝑡 𝑥2(𝑡 + 𝜏)

Integration over time improves the signal-to-noise ratio of the measured visibility.

Discussion

The system behaves as a scaled VLBI interferometer.

𝐴𝑒𝑓𝑓, 𝑠𝑚𝑎𝑙𝑙 ≪ 𝐴𝑒𝑓𝑓, 𝑉𝐿𝐵𝐼

Vmeasured~Vtrue

Phase coherence recovered, delay tracking reproduces and spectral structure 

observed.

Demonstrate hardware-agnostic interferometry.

Confirms that correlation => spatial information.

Can be used as low frequency version of the ngEHT VLBI Interferometer(Taylor et al. 

2023)

Conclusion

This study demonstrates the feasibility of developing a low-cost interferometer based 

on TTRT antennas for VLBI (Herrera et al. 2016, Atemkeng et al. 2022).

Key outcomes include:

• electromagnetic simulation of multi-antenna arrays

• implementation of a Python-based FX correlator

• successful generation of realistic partner signals using GANs

• validation of interferometric correlation using both real and simulated data

The resulting system provides a replicable and accessible framework for 

interferometry experiments in resource-limited environments.

Fig 1. A 3D Far Field simulation  of a 

single TTRT
Fig 2. A vertical cut of the 3D Far Field 

simulation  of a single TTRT
Fig 3. An edge on view of the 3D 

Far Field simulation  of three TTRTs

Fig 4. An overhead view of the 3D 

Far Field simulation  of three TTRTs
Fig 5. An edge on view of the 3D 

Far Field simulation  of five TTRTs

Fig 6. Gain plots for the RTL-SDR 

used during the TTRT experiments

Fig 7. An Isometric view of the 3D 

Far Field simulation of five TTRTS
Fig 8. Polar Gain Simulation plots 

of the Far Field view of five TTRTs

Fig 9. Polar Gain Simulation plots 

of the Far Field view of three TTRTs
Fig 10. Polar Gain Simulation plots 

of the Far Field view of one TTRT

Fig 11. Cartesian Gain Simulation plots of the Far Field 

view of one TTRT
Fig 12. Training Curves of GAN algorithm

Fig 13. Spectral Line of Simulated 21-cm (H1) 

line
Fig 14. Correlated Spectral Line of Simulated 

21-cm (H1) lines

Fig 15. Correlated Voltage against time(raw data) of  Real TTRT data plus partner from GAN 

Model

Fig 16. Cross-power spectrum magnitude comparing the true baseline (x, y) and the generated 

baseline (x, ŷ). The similarity between the two indicates that the machine-learned surrogate stream 

preserves interferometric structure.
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