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RaspheriyPi 4 and

Carthoulite
Project:
e First goal was to get the CaribouLite SDR device operational with Raspberry
Pi 4.

e Second goal was to confirm that Cariboulite is capable of transmitting and
receiving a radio frequency signal.




TOOLS AND SOFTWARE UTILIZED

The following hardware components were used during the project:

e Cariboulite - Software-defined radio (SDR) device

e Raspberry Pi4 - Used as the host system to control the SDR and run
necessary software

e Antenna - Connected to the Cariboulite

e Micro SD-card

e Spectrum Analyzer - for the signal testing purposes

For the software part, the following tools and libraries were used:

e Raspberry Pi Bookworm OS — Debian 12-version

e Cariboulite’s own drivers - Spesific drivers required for enabling
communication

e SoapySDR - A hardware abstraction library for interfacing with the
CariboulLite SDR

e SDR++ - A graphical SDR application used to monitor and analyze signals

e SSH - remote access to the Raspberry Pi

e SDRAnNgel - A versatile SDR application designed for both signal reception
and transmission, featuring a modular interface and support for a wide
range of hardware and digital modes



PROJECT STEPS

Raspberry Pi 4 installation

e The first step of the project was to select a suitable operating system. |
chose a Debian-based OS, version 12 (Bookworm), primarily because it is
lightweight and well-supported on the Raspberry Pi.

= | used Raspberry Pi Imager to flash the OS image to the microSD card.
» | created SSH keys to enable secure remote access to the Raspberry Pi.

e For the basic configurations, i followed Raspberry Pi’s own documentation
available on their website!

@ Raspberry Pi

Forindustry  For home Hardware  Software  Documentation  Mews  Forums  Foundation  Contact

There's a computer for that

Whatever your application and whatever your scale, Raspberry Pi

offers cost-effective, high-performance computing for businesses
and the home.

Designed and manufactured in the UK.

Browse our products - . -

Raspberry Pi [Compute Module[5]

The new standard for embedded computing.

The official Raspberry Pi website is like a 'holy bible' for us

tech enthusiasts, with everything related to Raspberry Pi
products


https://www.raspberrypi.com/
https://www.raspberrypi.com/




PROJECT STEPS

Cariboulite

CariboulLite has an official Github repository available here.

To ensure proper functionality, | followed the step-by-step installation
guide. This included cloning the repository, installing required
dependencies and setting up the drivers on the Raspberry Pi.

Picture taken from Cariboulite’s Github repository.


https://github.com/cariboulabs/cariboulite
https://github.com/cariboulabs/cariboulite
https://github.com/cariboulabs/cariboulite_hw/blob/main/hardware/rev2/pictures/DSC_1127.jpg
https://github.com/cariboulabs/cariboulite_hw/blob/main/hardware/rev2/pictures/DSC_1127.jpg

PROJECT STEPS

SoapySDR

To interface with the Cariboulite through SDR applications, |
installed and configured SoapySDR, a modular and device-
independent SDR support library.

| followed basic installation steps:

Installed required package: soapysdr-tools libsoapysdr libsoapysdr-dev

| cloned the official Github repository

Created a build directory and ran CMake to configure the build environment
Lastly ran make install to compile and install

Testing the SoapySDR


https://github.com/pothosware/SoapySDR

To test and verify that the Cariboulite device was correctly recognized by
SoapySDR, first i used command “SoapySDRULtiIl --probe”. This command probes
all connected SDR devices and displays detailed information about each one.

As shown in the screenshot, the command successfully detected the
Cariboulite device and displayed its specifications. It also identified the two
available channels on the device: RX (receive) and TX (transmit).



After device information, i ran the “SoapySDRUtil --find”-command to perform a
quick scan for connected SDR devices. This command lists all devices all
available SDR devices on the system. It also found the two available channels
on the device, HiF and S1G, and they are also available for remote TCP
connection. Later identified that the remote connection was in wrong port.



PROJECT STEPS

SDR++

SDR++ is an open-source software-defined radio (SDR) application that
offers broad hardware support, including full compatibility with the
SoapySDR module.

It is also cross-platform, meaning you can download and run the appropriate
version for your operating system (Windows, Linux, macOS, or BSD). The
software features a modular design, which allows users to install custom
plugins and extend its functionality according to their needs.

Setup

My goal was to set up a lightweight SDR++ server that could run on the
Raspberry Pi and be accessed remotely over SSH. This setup would allow me
to monitor and control the SDR from another device without needing a
graphical user interface on the Pi itself. So | did that first on to Pi.

cd bUl]d
1rr 1nuar1houp1 ./sdrpp -s -p 5259 —autostart
; ? 11 7: IME SDR++ v1.2.1

Loading config
] ——— SERVER MODE F——
WARN] ConfigManager locked, waiting ..
] Loading modules

Here is the command that shows the server is starting on port 5259. This was a crucial
step to ensure the server is on correct port and correctly configured.



Next | set up an SDR++ client on a Linux-based virtual machine to connect to
the server running on the Raspberry Pi.

104.200.000 s

After succesfully connecting to the SDR++server, the software automatically
selected the remote source, which in this case was the SoapySDR module
and CariboulLite HiF (where 'HiF' stands for High Frequency). By adjusting
the appropriate bandwidth and selecting WFM (Wideband-FM), | was able to
listen to radio channels.



1 Running

] Running

This screenshot above shows the server activity during bandwidth adjustment.
This information is important if you encounter issues between the server and
the client.

Want to see something cool?
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This screenshot is really interesting one. These two signal spikes originate

from weather satellites—the one on the left is from the Russian Meteor-M

N2, and the one on the right is from NOAA. Both of these satellites orbit at
an altitude of approximately 830 km above the Earth's surface. Naturally, |
had to try capturing those signals myself.



TROUBLESHOOTING

During the installation process i
encountered a few issues(not in
particular order):

e SDR++ software is highly delicate and sensitive to break. Especially the
server+client part. | noticed that “cold-starting” the server, the software did
not find SoapySDR-module or CariboulLite. Here is how i solved the problem
in few steps:

o First using the “SoapySDRUtil --find”-command on Raspberry Pi,
if the command found the CariboulLite and its channels, you can
move on to the next step

o Second open up the SDR++ GUI on Pi and select the SoapySDR-
module and Cariboulite. Test everything that the radio channels
do show in the software as a waterfall. Close the software.

o Now you should be ready to start the server on Pi. Use the
command “./sdrpp -s -p 5259 --autostart ” . This will force the
software to start up in server mode on port 5259 and launch the
server automatically. Now you should have correctly configured
SDR++ server running on Pi.

o Finally, you can now open the SDR++ GUI on another computer
and select an SDR++ server from the menu on the left side.

e Building and configuring the SDR++ software takes time. Deleting and re-
building the build-directory on the main directory helps a lot. Also if you
encounter a module problems ( like me ) you should check the
CMakelists.txt-file.



CARIBOULITE’S TX-CHANNEL

Next on the mission was to test the CariboulLite’s TX-
channel(transmission abilities).

HES Specium Analyzer Fegp, |
!

The test-setup above was quite simple. One spectrum analyzer and the
Cariboulite-RaspberryPi combo with antennas.
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CONFIGURATION

The spectrum analyzer was set to a frequency of 430 MHz, as this was
considered the safest option for testing CariboulLite’s TX-channel. This
frequency falls within a low-risk UHF band commonly used for amateur radio
and low-power applications, minimizing the likelihood of interference with
critical communication systems. The small blue arrow was set to a 430MHz in
the center.
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CariboulLite provides a built-in diagnostic tool named cariboulite_test_app,
which can be executed from the command line. During testing, | selected the
appropriate transmission test mode. The tool enables manual configuration of
transmission parameters such as operating frequency, output gain, and other
signal characteristics.

| selected the Low Channel Frequency (Option 1) and entered 430 MHz as the
desired frequency. After that, | chose option 5, which enables continuous wave
(CW) output on the low channel.



@mucuwmz {__SPECTRUM ANALYZER - 20 Hz... 35 GHz - FSEA |

And it works! The CariboulLite successfully transmitted a CW output signal, as
clearly depicted in the image.



CARIBOULITE’S TX-CHANNEL
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Cariboulite SDR System Diagram

Next on the job was to figure out how the modem and FPGA works on Cariboulite.

Specs about the modem:

e Model: Microchip AT86RF215-ZU
e Thisis a dual-band RF transceiver that supports both sub-1 GHz (389.5-510 MHz
and 779-1020 MHz) and 2.4 GHz bands. It supports multiple modulation
schemes such as FSK, OFDM, and O-QPSK. The chip integrates both a baseband
modem and an RF front end and offers sensitivity down to -123 dBm.
e Directinterface to the FPGA
e Digital baseband I/Q signal processing


https://github.com/cariboulabs/cariboulite/tree/main/hardware
https://github.com/cariboulabs/cariboulite/tree/main/hardware
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Specs about the FPGA:

e Lattice Semiconductors ICE40LP1K-QN84
e Asmall, low-power FPGA that serves as the bridge between the Raspberry Pi
and the AT86RF215 transceiver. It handles timing, buffering, and digital
interfacing, as well as custom logic that may assist with signal routing or format
conversion.
e Manages the data/control flow between the Pi and AT86RF215-ZU
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All of the pictures can be found on Cariboulite’s Github-page on the hardware-section!



https://github.com/matteoserva/cariboulite/tree/main/hardware
https://github.com/matteoserva/cariboulite/tree/main/hardware

CARIBOULITE’S TX-CHANNEL

FPGA Firmware Comparison: Cariboulite
Original vs. Matteoserva’s Modified Version

...was a bust. There was nothing to compare as the firmware is the identical in
both. | found two pictures about FPGA in both repositories.
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CARIBOULITE’S TX-CHANNEL

Transmission chain trial run using SDRANngel

Having previously verified that the CariboulLite is capable of transmitting basic
CW signals using Cariboulites own test app, | proceeded to experiment with
sending custom signals using SDRAngel.

Yet another SDR-based software? Yes.

Earlier, while using the SDR++ software, | confirmed that the CariboulLite is
capable of effectively receiving radio frequencies. Unlike SDR++, which is
receive-only, SDRANngel supports both receiving and transmitting signals.

You can find the installation guides on Github here! The process is quite long but
itis really heavy software.

After the succesfull installation, i chose the SoapySDR module with
Cariboulite’s S1G-channel. This channel supports the ISM frequency band,
making it ideal for testing purposes.


https://github.com/f4exb/sdrangel
https://github.com/f4exb/sdrangel

‘SDRangel.22.7.5 9EEIIM05 Q5158 OpenGL 3 L ot Deblan GNULIN

And there it was! On my screen, | had HTOP, Xterm, and SDRAngel all running.
After selecting the correct channel, | tuned to the desired frequency and began
exploring what the software is truly capable of. | added the NFM module directly
to the S1G channel and hit the “Run” command—but nothing happened.

| also uploaded a WAV file directly to the Raspberry Pi and attempted to
modulate it using SDRANngel.

| was able to see a signal spectrum on the SDRANgel but did not receive any
signals on the spectrum analyzer. In other words, this confirmed that no signals
were being transmitted from the Cariboulite.
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After some troubleshooting, | initially suspected that the issue was caused by
the SoapySDR plugin in SDRANngel. As you can see under the yellow text, the
problem appeared to be that the SoapySDROutput::applySettings function was
setting the antenna to NONE. However, | later discovered that this actually
wasn’t the root cause.

It turns out that when selecting a TX or RX device and the correct channelin
SDRAnNgel, the appropriate antenna is automatically selected. In this case, it was
the TX/RX 1GHz antenna, which was also correctly identified by the
SoapySDRUtil --probe command. So no luck there. Will continue to test the TX-
side on Cariboulite’s own libraries!

Problems?

There was a quite a bit of heating happening on the Raspberry Pi. | noticed that
when using SDRANngel, the system heated up quite quickly, so keep that in mind
if you want to use a heavy softwares for these kind of projects. HTOP is your
friend here and i highly recommend using that before trusting your devices.



CARIBOULITE’S TX-CHANNEL

Transmission trial run using CariboulLite’s own libraries

Cariboulite’s Github page has a library called libcariboulite. This library
contains the core drivers and APIs required to interface with the CariboulLite
SDR hardware. It manages hardware initialization, communication over the
Raspberry Pi 4’s SMI interface, and provides functions to configure frequency,
gain, sample rate, and antenna paths. It also includes functionality to transmit
and receive IQ samples, and offers integration with SoapySDR, enabling use with
popular SDR tools like GNU Radio and SDRAnNngel.

| found a program called sync tx api on the examples section. | compiled the
program using CMake and Make.

" = eal_dpp
: CariboulitefG, Mame: Cariboulite 6G, GUID: 98bdb9a5-485d-462b-865f-7fb57f32e101

L Number: Sebfelbd
System Type: Cariboulite6G
Hardware Unigue ID: 98bdb9a5-4@5d-462b-865f-7f
First Radio Name: Cariboulite S1G Mtu
Cariboulite 6GHz MtuSize:

HiF Freguency Regions:
@: [1le+06,6e+09]
r #0

buffer #16
buffer #



https://github.com/cariboulabs/cariboulite/tree/main/software/libcariboulite
https://github.com/cariboulabs/cariboulite/tree/main/software/libcariboulite
https://github.com/cariboulabs/cariboulite/tree/main/examples/cpp_api/sync_tx_api
https://github.com/cariboulabs/cariboulite/tree/main/examples/cpp_api/sync_tx_api

Here you can see the program in action. It initializes the hardware, detects
available radio interfaces and prints the gathered information. It also allocates
sample buffers to test basic functionality. | tried changing the frequency in the
program to the desired tuning value, but | still don't see any signal on the

spectrum analyzer.



END OF A PROJECT

Final words

The combination of CariboulLite and Raspberry Pi 4 is a good demonstration
how the SDR works. Using CariboulLite as a receiver works perfectly. It can
receive a wide range of radio frequencies, and with the right software, it can
demodulate and play them back accurately. So cool, right?

The real problem for this project was the transmission(TX) side. | tried multiple
approaches, including two different software applications, various signal
modulation types, and custom programs written in C. However, | was unable to
confirm any signal transmission on the spectrum analyzer. The only confirmed
transmission was observed using Cariboulite's own test application.

This really was a fun and interesting project on SDR-devices. | enjoyed working
with Raspberry Pi and Cariboulite, as | have an interest in both the SDR world
and Raspberry Pi’s products.

Fear not my little Pi warrios, as this project will continue with another person as
their personal project!

By,
Jaakko Oja
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Raspberry Pi / Official Website

SDRAnNgel / Github
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