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Today

‚ Software Defined Radios

‚ Superheterodyne Architecture

‚ IQ data

‚ Examples
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Function Multiplier
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Envelope Detector
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Synchronous Detector
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The signal is overmodulated ÝÑ need synchronous detection!
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What is an SDR?
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‚ “A radio in which some or all of

the physical layer is defined by

software”

‚ Characteristics:

‚ Applications
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Receiver Architectures: Direct Sampling/ZeroIF

source: https://www.pysdr.org
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https://wirelesspi.com/direct-

conversion-zero-if-receiver/

https://wirelesspi.com/direct-

conversion-zero-if-receiver/

https://wirelesspi.com/direct-conversion-zero-if-receiver/
https://wirelesspi.com/direct-conversion-zero-if-receiver/
https://wirelesspi.com/direct-conversion-zero-if-receiver/
https://wirelesspi.com/direct-conversion-zero-if-receiver/
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Superheterodyne Receiver
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https://wirelesspi.com/the-heterodyne-principle-and-the-

superheterodyne-receiver/

https://wirelesspi.com/the-heterodyne-principle-and-the-superheterodyne-receiver/
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Superheterodyne Receiver
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RTL-SDR Receiver

Dr. Rogers ECE 448 (Spring 2026) 10 / 33



Lesson 6 SDR Examples Lesson 8 IQ Data Lesson 09 GNURadio

RTL-SDR Receiver
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RTL-SDR
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RTL-SDR
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Ettus x310
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SDRs: Practical Questions
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‚ Frequency shift

‚ Negative Frequencies?

‚ Waterfall plot

‚ Tradeoffs

‚ Software
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Software
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‚ GNURadio

‚ GQRX

‚ SDR Angel

‚ SDR #

‚ Sigdigger

‚ URH

‚ Python

‚ MATLAB



Lesson 6 SDR Examples Lesson 8 IQ Data Lesson 09 GNURadio

Software

Dr. Rogers ECE 448 (Spring 2026) 15 / 33

‚ GNURadio

‚ GQRX

‚ SDR Angel

‚ SDR #

‚ Sigdigger

‚ URH

‚ Python

‚ MATLAB



Lesson 6 SDR Examples Lesson 8 IQ Data Lesson 09 GNURadio

Software

Dr. Rogers ECE 448 (Spring 2026) 15 / 33

‚ GNURadio

‚ GQRX

‚ SDR Angel

‚ SDR #

‚ Sigdigger

‚ URH

‚ Python

‚ MATLAB



Lesson 6 SDR Examples Lesson 8 IQ Data Lesson 09 GNURadio

Software

Dr. Rogers ECE 448 (Spring 2026) 15 / 33

‚ GNURadio

‚ GQRX

‚ SDR Angel

‚ SDR #

‚ Sigdigger

‚ URH

‚ Python

‚ MATLAB



Lesson 6 SDR Examples Lesson 8 IQ Data Lesson 09 GNURadio

Software

Dr. Rogers ECE 448 (Spring 2026) 15 / 33

‚ GNURadio

‚ GQRX

‚ SDR Angel

‚ SDR #

‚ Sigdigger

‚ URH

‚ Python

‚ MATLAB



Lesson 6 SDR Examples Lesson 8 IQ Data Lesson 09 GNURadio

Today

‚ Software Defined Radios

‚ IQ data

‚ Examples
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IQ Data
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Complex Plane

IQ DEMO
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Complex Plane
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Complex Plane
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Complex Plane

Dr. Rogers ECE 448 (Spring 2026) 21 / 33

Re

Im

I = Q =



Lesson 6 SDR Examples Lesson 8 IQ Data Lesson 09 GNURadio

Complex Plane
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Inside the SDR
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Working with IQ Data
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‚ IQ data is stored as pairs of 32-bit floats

‚ Working with data in Python:

import numpy as np

import matp l o t l i b . pyp lo t as p l t

f = np . f r omf i l e ( open ( ’ f i lename ’ ) , dtype=np . f l o a t 32 )

p l t . p l o t ( f )

p l t . show ( )

‚ Average power of a digital signal is:

P =
1

N

N
ÿ

n=1

|x[n]|2

‚ Howwould we calculate PSD in Python?
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Power Spectral Density

Dr. Rogers ECE 448 (Spring 2026) 25 / 33

‚ Take the FFT of a selection of x samples. The output will be

x-long array of complex floats.

‚ Take themagnitude of the FFT output, which provides us 1024

real floats.

‚ Square the resulting magnitude to get power.

‚ Normalize: divide by the FFT size (x) and sample rate (Fs).

‚ Convert to dB using 10 log10()

‚ Perform an FFT shift

DEMO
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SDRs and Sampling
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‚ You already know about Nyquist

‚ But what does this mean for SDRs?

‚ Let’s investigate w/ GNURadio...

DEMO
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GNURadio
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The following instructions come from GNURadioWiki:

‚ Install miniforge (which is a conda install)

‚ Open the conda prompt

‚ Install mamba: conda install mamba
‚ Create a conda env: mamba create -n gnuradio
‚ Activate the env: mamba activate gnuradio
‚ Configure conda channels

mamba config --env --add channels conda-forge
mamba config --env --set channel_priority strict

‚ Install gnuradio mamba install gnuradio
‚ Upgrade all your packages: mamba upgrade --all
‚ You’ll want UHD: mamba install gnuradio-uhd
‚ There are LOTS of additional packages...

https://wiki.gnuradio.org/index.php/CondaInstall
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Today
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‚ GNURadio Overview

‚ Sinks/Sources

‚ Data types

‚ Hardware

‚ Simple receiver example
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Getting Started
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‚ In your Windowsmenu, search

for mamba prompt

‚ See the environments

installed: mamba env list

‚ Activate radioconda:

mamba activate gnuradio

‚ Start gnuradio:

gnuradio-companion
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MainWindow
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Data Types
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Sampling
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‚ We all know Nyquist, but what happens when we violate it?

‚ Remember, we are dealing with digital signals

‚ Analog Devices

https://www.analog.com/en/design-center/interactive-design-tools/frequency-folding-tool.html
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Hardware
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‚ Hackrf ÝÑ check version with hackrf_info

‚ UHD ÝÑ uhd_usrp_probe

‚ GQRX

‚ NBFM
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