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Key Features of the Spectrum Analyser: 

 Up to 2.048 GHz bandwidth for inspection. 

 Inspection range 0 - 4.096 GHz using first and second order Nyquist Zones. 

 Adaptive bandwidth control and centre frequency selection. 

 Reprogrammable windowing. 

 Hardware accelerated processing (time domain → frequency domain → power spectrum [dB]). 

 PYNQ abstracted allowing Python to interface with the hardware from an internet browser. 

 Plotly visualisation of spectrum and spectrogram (waterfall). 

 Simple dashboard for more convenient control/visualisation created using Voila. 

Spectrum analysis is a commonly required function in 

applications such as wired and wireless communica-

tions, instrumentation, physics and astronomy. Howev-

er, spectrum analysers can be expensive, particularly 

for high bandwidth applications sampling at multiple 

GHz. In this work, we developed a single chip spectrum 

analyser application that is open source, and available 

for others to investigate and build upon. Using a sup-

ported RFSoC development board, the spectrum ana-

lyser can be used to analyse ambient radio signals cap-

tured using a cheap, off-the-shelf antenna.  

The Zynq RFSoC family of devices combine Program-

mable Logic (PL), a Processing System (PS), and high 

speed data converters (RF ADCs and RF DACs) which 

can operate at up to 4.096 GHz (for Gen 1 devices as 

adopted here). Our spectrum analyser is implemented 

entirely on the RFSoC chip, with user control and visu-

alisation functionality designed using the PYNQ soft-

ware framework. In particular, we make use of Python 

dashboards to present an intuitive and uncluttered 

graphical interface to the user, which is accessible via a 

standard web browser.  

Spectrum Analyser Dashboard 

See the StrathSDR GitHub for more open source mate-

rial relating to RFSoC and SDR.  

The spectrum analyser can run on two development 

boards: RFSoC ZCU111 & RFSoC 2x2. The RFSoC 

ZCU111 has four RF ADCs meaning four channels can 

be inspected. The RFSoC 2x2 has two RF ADCs allow-

ing for two channels to be inspected. Depending on the 

range of frequencies that are being examined, appropri-

ate analogue RF filters will be required on the front-end. 

This will prevent unwanted aliasing or allow the 2nd 

Nyquist zone to be analysed without interference. Pic-

tured below is the RFSoC 2x2. 

PYNQ is an open-source 

project from Xilinx that 

makes it easier to target Xil-

inx platforms. Programma-

ble logic designs are created 

using a conventional meth-

odology. These can then be 

interacted with at a higher 

level using Python, running 

in a Jupyter Notebook. A Jupyter Notebook is a browser 

based web application, which is an interactive docu-

ment that contains live code, equations and visualisa-

tions. Jupyter can be further abstracted using a pack-

age called Voila. This converts Jupyter Notebooks into 

standalone browser applications and dashboards.  

The diagram above shows the architecture overview for one channel of the spectrum analyser. Each block is 

designed using either Xilinx System Generator or Mathworks HDL Coder. The radio pipeline consists of an 

RF ADC, a flexible decimator that allows the inspection bandwidth to be changed by the user, a reprogram-

mable window for suppressing unwanted frequency spurs and spectral leakage, and an FFT core to convert 

the time samples into the frequency domain. These stages are followed by post processing to convert from 

magnitude to decibels. Various registers throughout the architecture are exposed to the user at the top level 

of the PYNQ framework in the form of interactive HTML widgets designed using the ipywidgets Python li-

brary. The widgets simplify the control of the underlying architecture. All the software and hardware ele-

ments needed for the spectrum analyser to function are executed on the RFSoC device. The web browser 

performs the rendering of the Jupyter notebooks and spectrum analyser Voila dashboard. 

The spectrum analyser can run on two development 

boards: the ZCU111 and RFSoC2x2. The ZCU111 has 

four spectrum analyser channels that can be inspected. 

The RFSoC2x2 has two spectrum analyser channels 

that can be inspected. Depending on the range of fre-

quencies that are being examined, appropriate ana-

logue RF filters will be required on the front-end. This 

will prevent un-

wanted aliasing or 

allow the 2nd 

Nyquist zone to 

be analysed with-

out interference. 

Pictured is the 

RFSoC2x2 plat-

form. 

https://sdr.eee.strath.ac.uk/
https://twitter.com/StrathSDR
https://github.com/strath-sdr
https://plot.ly/

