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Embedded digital electronics
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8-bit microcontroller

32-bit microcontroller (bare metal)

32-bit microcontroller (libraries)

32-bit microcontroller (executive environment)
32/64-bit microcontroller (operating system)
32/64-bit microcontroller (kernel module)

32/64-bit microcontroller (kernel-userspace
communication)

32/64-bit microcontroller/FPGA (Redpitaya
co-design)

32/64-bit microcontroller/FPGA radiofrequency
signal processing

Bottom-up development

Project

1.

AN I

6.

Raspberry Pi 4 single board computer (4x1.5 GHz
CPUs)

Python/GNU Radio userspace applications
Communication with personal computer (OMQ)
Web-controlled instrument (REMI)
Characterization of spectral properties of

radiofrequency device

> frequency sweep network analyzer
» broadband noise source + FFT
» pulsed excitation + FFT

ringdown measurement of resonant system: Q & f;

Top-down development
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Acoustic transducer

> Electromagnetic wavelength: A = 300/ i,

>

>

At 1 GHz: 30 cm wavelength = signal processing (e.g. cavities,

transformer, filters, waveguides) will be ~ X\ wavelength

Acoustic waves propagate € [500..10000] m/s: at 3000 m/s, 10° slower

Convert between electromagnetic and acoustic wave using piezoelectric
substrates: 30 cm become 3 pm wavelength

40-50 filters/phone, 1.4 billion phones/year = >50 billion acoustic

filters/year 1
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Acoustlc transducer

>

> Electromagnetic wavelength: A\ = 300/ fyH;

At 1 GHz: 30 cm wavelength = signal processing (e.g. cavities,
transformer, filters, waveguides) will be ~ X\ wavelength

Acoustic waves propagate € [500..10000] m/s: at 3000 m/s, 10° slower

Convert between electromagnetic and acoustic wave using piezoelectric
substrates: 30 cm become 3 pm wavelength

40-50 filters/phone, 1.4 billion phones/year = >50 billion acoustic
filters/year 1
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Acoustic resonator

v

vV vy

Dual surface acoustic wave (SAW) resonator operating in the
433.05-434.79 MHz ISM band

Electromagnetic wave: 70 cm wavelength — acoustic wave: 7 um

2-port device used either in reflection or transmission

Q ~ 10* @ 434 MHz
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Principle

Objective: characterize frequency response of a radiofrequency device under test (DUT)

—— DVB-T [|USB
DUT RPi4
t—— source [HGNURadio gyl PC

0MQ

Instrument control: GNU/Linux running on Raspberry Pi 4 (RPi4)

>

» Source: broadband source (noise/pulse) ...

» ... generated by a GPIO of the Raspberry Pi connected to its radiofrequency clock
>

Acquisition & sampling: R820T2 based DVB-T receiver as general purpose Software Defined
Radio (SDR) receiver

» Processing: GNU/Radio communicating with PC
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Noise source: reflection mode

» Broadband noise source (reverse-polarized Zener diode + amplifiers)
» Sample 2.2 MHz-wide bandwidth
» Transpose from 434 MHz to baseband

source —or-receiver

Relative Gain (dB)
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Noise source: transmission mode
Rather than voltage divider bridge to ground, resonator pair in series with signal source

Relative Gain (dB)
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Options
Tile: Not tited yet

Output Language: Python
Generate Options: OT GUI

source —i—receiver
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Pulsed source

> Bt 0.5 ns Transmission spectra as a
function of pulse duration
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GNU Radio running on the Raspberry Pi4

Characterization of a band pass filter using micro-HDMI output of RPi4
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#!/usr/bin/env python3 self.blocks_throttle_0 = blocks.throttle(gr.sizeof_gr_complex—
from PyQt5 import Qt <>*1, samp_rate,True)
from gnuradio import qtgui self.analog_noise_source_x_0 = analog.noise_source_c(analog.—
from gnuradio.filter import firdes < >GR_GAUSSIAN, 1, 0)
; 5 . #
class rpi(gr.top_block, Qt.QWidget): % Conmections
#

def __init__(self):

gr.top_block.__init__(self, "Title") self.connect ((self.analog_noise_source_x_0, 0), (self.—

Qt.QWidget.__init__(self) <+blocks_throttle_0, 0))
X R N . . self.connect ((self.blocks_throttle 0, 0), (self.—
self._qtgui_freq_sink_x_O_win = sip.wrapinstance(self.— > low_pass_filter_ 0, 0))
—>qtgui_freq_sink_x_0.pyquidget (), Qt.QWidget) self.connect ((self.low_pass_filter_0, 0), (self.—»
self.low_pass_filter_0 = filter.fir_filter_ccf(l, firdes.— <>qtgui_freq_sink_x_0, 0))
<>low_pass( 1, samp_rate, samp_rate/5, samp_rate/10, — .1 - - - 10/19
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Using a GPIO as radiofrequency source

> PiFM: route an internal radiofrequency phase §
locked loop to a GPIO pin

» Radiofrequency source, generalized to a
generic 1Q stream by F50EO...
» ... now as a GNU Radio sink block?
= flexible signal source for generating a single
tone, a frequency swept tone or a broadband noise
(pseudo-random generator)

’https://github.com/jmfriedt/gr-rpitx and J.-M Friedt, E. Courjaud, gr-rpitx: GNU Radio compatible general

purpose SDR emitter using the Raspberry Pi(4) internal phase locked loop, European GNU Radio Days (2021)
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Designing a dedicated radiofrequency source
Design (schematic) and realization (board) of a radiofrequency signal source for driving the DUT
» daughterboard to the Raspberry Pi 4 (analyze the signals on the RPi4 pins)
» radiofrequency circuit: grounding and decoupling considerations
> selectlon of a signal source: PLL v.s DDS (Analog Devices) v.s clock generator (Skyworks)
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Designing a dedicated radiofrequency source
Design (schematic) and realization (board) of a radiofrequency signal source for driving the DUT

» daughterboard to the Raspberry Pi 4 (analyze the signals on the RPi4 pins)

» radiofrequency circuit: grounding and decoupling considerations

» selection of a signal source: PLL v.s DDS (Analog Devices) v.s clock generator (Skyworks)
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Designing a dedicated radiofrequency source

Design (schematic) and realization (board) of a radiofrequency signal source for driving the DUT
» daughterboard to the Raspberry Pi 4 (analyze the signals on the RPi4 pins)
» radiofrequency circuit: grounding and decoupling considerations

> selection of a signal source: PLL v.s DDS (Analog Devices) v.s clock generator (Skyworks)
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Beyond RF device characterization
Autonomous ACARS? (plane-to-ground communication) receiver running on RPi4
@flightradar2a
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Useful tools

Buildroot for developing on the RPi4 or gemu

GNU Radio running on RPi4

ZeroMQ or UDP socket to stream from RPi4 to PC

Python TCP server on RPi4 to receive commands from PC (telnet or Python client)

Include TCP server in GNU Radio (Python Module)

Launch TCP server from GNU Radio (Python Snippet) with access to the callback functions
Display on PC stacked spectra with broader bandwidth than the DVB-T 2.8 MHz bandwidth




Preliminark/ investigations
a

Why a pulse and what properties are wanted ?

1. What is the spectrum of a Dirac function ?
2. What is the spectrum of a square function with period T ?

3. What is the spectrum of a pulse with rise time 7 and

duration T ?

4. What is the spectrum of a pulse with duration T gating a

sine wave with frequency f, f > 1/T ?

x=zeros (1024,1); x(1:2)=

x=[x ix; ix; ix; x]; xex—mean(x);
f=linspace(—1,1,length(x));

y=fftshift (abs(fft(x))); plot(f,y/max(y))

x=zeros (1024 ,1); x(1:64)=1;
x=[x ;x; ;x; ;x; x]; x=x—mean(x);
y=fftshift (abs(fft(x))); plot(f,y/max(y))

x=zeros (1024 ,1);x(1:512)=1;
x=[x ix; ix; ix; x]; x=x—mean(x);
y=fftshift (abs(fft(x))): plot(f,y/max(y))

x=zeros (1024,1);

for k=1:1024

if mod(k,16)<8 x(k)=1;end

end

x=[x ;x; ;x; ;x; x]; x=x—mean(x);
y=fftshift (abs(fft(x))); plot(f,y/max(y))

x=sin ([0: 1023]/1024-2* pi) s
x=[x ixi ix; ix;
yffftshlft(abs(fft( )

normalized spectrum (a.u.)

—— 21024

—— 64/1024
512/1024

—16/32

e SiN/1024

o . ..‘.mnm' |\||1||un..“ |

0
normalized frequency (a.u.)
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Conclusion & perspectives
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Opportunity to deploy an embedded system for a practical
application

Opportunity to learn how to properly use GNU/Linux targeted
to an embedded environment (Buildroot — never compile on
the target system)

Reproducible experiment: <50 euros (RPi4+DVB-T)
Radiofrequency signal processing ...

for characterizing a (RF) microsystem.

RADAR range resolution: AR = ¢/(2B) ...

. can be reached with many sources other than a pulse
generator to achieve large B.
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Exploitez

Experiment ... even without hardware: gemu emulating a Raspberry Pi {3,4}/64 bits
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