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Radio Instrument (RI):
● Detects RF signals from atmospheric particle 

cascades initiated by ultra-high-energy 
cosmic rays and neutrinos;

● 4× (60-500) MHz bandwidth inputs;
● Main chip: xczu47dr-fsvg1517-1-e;
● Memory: 2 x 8GB PL + 8G PS;
● Sampling rate: 1.2288 GSa/s;
● Waveform length: 10 μs (12288 samples);
● Trigger:

○ External – Cherenkov Camera;
○ Internal (future);
○ Software;
○ Periodic.

1. Real-Time ML Denoising and 
Classification of RF Signals

● Based on IceCube Surface Array 
methods [4]:

Clocks and Multi-Tile Synchronization (MTS)
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RI DAQ Main Part: 
KRM-4ZU47DR, Knowledge Resources GmbH [2]

Radio Frequency System on Chip (RFSoC)

[3]

[1]

POEMMA (Probe Of Extreme Multi-Messenger Astrophysics) Balloon with Radio (PBR) – a Super-Pressure Balloon experiment being prepared for launch in 2028 from Wanaka, New Zealand

[1]

Simulated PBR antenna boresight gain, compared to 
PUEO LF design [1]

Future Directions

3. In-situ RF Calibration

● RFSoC DAC (14-bit up to 9.85 GSa/s) 
to be used as an AWG; 

● Can be connected either to RF input 
directly or to external antenna.

● PBR experimental data (physical 
signals and noise) to be used for 
CNN development;

● Large PL memory is needed (2 ×
8 GB is available) to implement 
CNN in RFSoC.

Example of denoised signals of IceCube Surface 
Enhancement Prototype Station [4]

2. Internal Beamforming Trigger 
with more antennas

● MTS allows coherent sampling of 
multiple channels in real time 
significantly improving self-trigger 
efficiency. 

Data Path


