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Project overview, part two:

the audio channel

Part two is divided into two tasks

Task 1 – the basic link: Implement an OFDM system and 
send a data sequence from one computer to the other via 
the audio channel and decode.

Task 2 – the advanced link: Implement the packet based 
full duplex system on the audio channel with ARQ.

• Deadline is Sunday Dec 1, 2024 for part two 
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Project overview, part three:

the radio channel

Implement a basic OFDM based file transfer system over 

the radio channel using the ADALM Pluto SDR

Part three is also divided into two tasks

Task 1 – the basic link: Implement an OFDM 

transceiver and send a file between the Tx and Rx part 

of the same Pluto SDR.

Task 2 – the advanced link: Transfer the file from one 

Pluto to another Pluto over the radio channel.

• Deadline is Friday Jan 5, 2025 for part three, 

oral presentation of reports Jan 7-10 
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The following slides are to a large extent 

based on the book

Software-Defined Radio for Engineers, 

by Travis F. Collins, Robin Getz, Di Pu, and 

Alexander M. Wyglinski, 

2018, ISBN-13: 978-1-63081-457-1

Don’t miss to read it, 

especially chapter 5
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The PLUTO Software Defined Radio

• The Pluto SDR includes:

– An analog RF section (antenna, RF filters, input mux, 

LNA, gain, attenuation, mixer)

– Analog baseband part (analog filters, ADC or DAC) is 

implemented in the AD9363, Integrated RF Agile 

Transceiver

– Digital signal processing unit for dedicated RF 

processing

– Xilinx Zynq’ FPGA for further signal processing.

– ARM cortex 9 processor

• Antenna and RF filters are expected to be done outside 

the Pluto SDR and are the responsibility of the end user
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What is inside the box?
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Transmit specifications

• Center frequency: 300 MHz – 3.8 GHz, 70 MHz – 6 GHz 

via software modification and reduced specifications.

• Channel bandwidth 200 kHz – 20 MHz, 

• Sample rate: 65.1 kSPS–61 MSPS

• 2.4 Hz LO step size, 5 Hz sample rate step size

• Modulation accuracy (EVM): 40 dB 

(typical, not measured on every unit)

• 12-bit DACs
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Receive specifications

• Center frequency: 300 MHz – 3.8 GHz, 70 MHz – 6 GHz 

via software modification and reduced specifications.

• Channel bandwidth 200 kHz–20 MHz.

• Sample rate 65.1 kSPS–61 MSPS

• 2.4 Hz LO step size, 5 Hz sample rate step size

• Modulation accuracy (EVM): 40 dB 

(typical, not measured on every unit)

• 12-bit ADCs
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Input/output

• USB 2 OTG (480 Mbits/seconds), device mode

– libiio USB class, for transfering IQ data from/to the RF 

device to the host

– Network device, provides access to the Linux on the 

Pluto device

– USB serial device, provides access to the Linux 

console on the Pluto device

– Mass storage device
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Input/output

• USB 2 OTG (480 Mbits/seconds), host mode

– Mass storage device, plug in a thumb drive, and 

capture or playback waveforms

– Wifi dongle, access the Pluto SDR via WiFi

– Wired LAN, access the Pluto SDR via wired LAN

– External power, for when using the Pluto SDR in host 

mode.
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Input/output

Libiio is the userspace library for accessing local and 

remote IIO devices, in our case both in the ARM, and on 

the host

• libiio is used to interface to the Linux industrial 

input/output (IIO) subsystem.

• libiio can be natively used on an embedded Linux target 

(local mode) or to

• communicate remotely to that same target from a host 

Linux, Windows, or MAC over USB, Ethernet, or Serial.
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Xilinx Zynq System on Chip

• Once the data is digitized it is passed to the Xilinx Zynq

System on Chip

• The Zynq-7000 family includes and FPGA for flexibility 

and scalability, 

– Integrated ARM Cortex-A9 based processing system 

(PS) and programmable logic (PL).

• The Zynq is the used in the Pluto SDR as the main 

controller
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Matlab requirements

• MATLAB can be used as a cross-platform IIO client to 

interface with the Pluto.

• SDRToolboxes that are required to use MATLAB with the 

PlutoSDR:

– DSP System Toolbox

– Signal Processing Toolbox

– Communications System Toolbox
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http://www.mathworks.com/products/dsp-system.html
http://www.mathworks.com/products/signal.html
http://www.mathworks.com/products/communications.html


Using PLUTO with MATLAB

ADALM-PLUTO Radio Support from Communications 

Toolbox

• Install the support package if using your own laptop

Matlab 2017b or later is highly recommended.
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Using PLUTO with MATLAB

The two system objects provided in the hardware support 

package (HSP) for Pluto SDR are:

• comm.SDRRxPluto: Pluto SDR Receiver System object

• comm.SDRTxPluto: Pluto SDR Transmitter System object
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Basic object parameters

• CenterFrequency defines the RF center frequency in 

Hertz. Note there are separate Rx and Tx LO, on the 

Pluto SDR, and these are managed separately

• BasebandSampleRate defines the sample rate of the in-

phase/quadrature receive chains, respectively. Note, 

there is only one clock generator for both the ADC and 

DAC 

• GainSource has three possible options: 

– Manual, AGC Slow Attack, and AGC Fast Attack. 
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Basic object parameters

• The ChannelMapping attribute for the Pluto SDR can 

only be set to 1.

• OutputDataType determines the format data is provided 

out of the object.

– Technically, from the AD9363 and libiio, MATLAB can 

only receive 16-bit complex integers, but we can tell 

MATLAB to cast them to other data types. Typically, 

we will cast them to doubles

• SamplesPerFrame determines the number of samples in 

the buffer or frame that is passed to MATLAB from iiod.
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Transmitting and receiving data
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Capturing data with PLUTO

There are three basic methods to capture and process 

data:

1. Read and process

2. Save, load and process

3. Stream processing
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Read and process
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Save, load and process
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Stream processing
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Transmitting data

As the spectrum use is regulated we are only allowed to 

transmit at certain frequencies, given that we fullfill the rules 

at that particular band. 

Anytime the Pluto SDR is powered on, the transceiver is 

activated and begins to operate even if the user did not 

intend to. When powered on Pluto SDR will transmit!
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The ISM bands

The industrial, scientific and medical (ISM) radio bands are 

radio bands (portions of the radio spectrum) reserved 

internationally for the use of radio frequency (RF) energy 

for industrial, scientific and medical purposes other than 

telecommunications.

Radio communication services operating within these 

bands must accept harmful interference which may be 

caused by these applications, and they are subject to 

specific rules
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863 - 870 MHz Short range devices

2.4 - 2.5 GHz ISM

5.725 - 5.875 GHz ISM



Self interference

There are two ways to reduce the self interference when 

receiving:

1. instantiate a transmitter System object 

(comm.SDRTxPluto) and write a vector of zeros to the 

object

2. shift the LO of the transmitter to a frequency beyond the 

receive bandwith.
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Frequency offsets

When transmitting between two separate devices there 

might be a frequency offset between the local oscillators

• For PLUTO the internal LO is rated at 25 PPM

 What does this mean in possible offset?

We can model the received signal without noise as
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Carrier frequency offset estimation

Use the repeated pilot also for carrier frequency offset 

estimation
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Estimating the offset

The phase of the synch signal can be written as

The maximum detectable frequency offset with this method 

is

A large symbol length (number of sub-carriers) reduces the 

estimation range!
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Some advice

• Start simple

• Verify that the SDR is working with known functions first

• Verify your code stepwise

• Look at your signals by plotting them

• Look at what happens with the continous pilot symbols

• The antennas are not optimized for 2.4 GHz operation, 

but they work there. 

• Verify your CFO compensation with the loopback cable 

and intentional frequency offset

• Try some of the more advanced stuff found on the web.

Should we have a demo day in January?
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Resources

• Recommended reading, chapter 5: 

– Software-Defined Radio for Engineers, by Travis F. Collins, 

Robin Getz, Di Pu, and Alexander M. Wyglinski, 2018, ISBN-

13: 978-1-63081-457-1. 

• There is a free pdf of the book available, 

see http://www.analog.com/en/education/education-

library/software-defined-radio-for-engineers.html.

• Analog devices, Pluto webpage

https://www.analog.com/en/design-center/evaluation-hardware-

and-software/evaluation-boards-kits/adalm-pluto.html#eb-

overview
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PLUTO and MATLAB

You have to install the support package for PLUTO to MATLAB

• Pluto and Matlab:

https://se.mathworks.com/hardware-support/adalm-pluto-

radio.html

• Tutorials and examples

https://se.mathworks.com/help/supportpkg/plutoradio/getting-

started-with-communications-system-toolbox-support-package-

for-pluto-radio.html

https://se.mathworks.com/matlabcentral/fileexchange/69417-

introductory-communication-systems-course-using-

sdr?s_tid=FX_rc1_behav&s_tid=mwa_osa_a
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PLUTO and Python

• It is recommend installing an Ubuntu 22 VM. Alternatively, 

if you’re on Windows 11, Windows Subsystem for Linux 

(WSL) using Ubuntu 22 tends to run fairly well and 

supports graphics out-of-the-box, 

• See https://pysdr.org/content/pluto.html for further details
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Resources, GNU radio

• GNU Radio is a free & open-source software development 

toolkit that provides signal processing blocks to implement 

software radios

• GNU Radio is compatible with PLUTO and performs the 

radio related signal processing, written in either C++ 

or Python

• https://www.gnuradio.org/

• https://wiki.analog.com/resources/tools-software/linux-

software/gnuradio
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