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Why digital ? Why software ?

smried Software provides flexibility, reconfigurability, reproducibility *

Basics of
radiofrequency —
software defined
radio (SDR)

OHM - Aug. 2013

@ flexibility: use the same hardware for multiple purposes
(analog/digital signal decoding) = no need for hardware

modification
® flexibility: update processing parameters depending on the
environment or the conditions (flight/landing/mission)

© reproducibility: no drift of processing result as a function of aging or
environment (temperature ?)

= shift from hardware to software

BUT limited bandwidth (cf SAW filters/correlators), and signal to
noise/ratio + discretization ?

ID.A. Mindell, Digital Apollo — Human and Machine in Spaceflight, MIT Press

(2008)
E.C. Hall, Journey to the Moon — the history of the Apollo Guidance Computer,

American Institute of Aeronautics and Astronotics (1996)
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Concepts of SDR

From all hardware receiver to a single front-end A/D converter (ADC)
followed by software digital signal processing

— not applicable due to A/D bandwidth and memory usage 2

L

hardware

s

<

software

L hardware

(LNA, mixer ...)

software

ol

2K. Borre, D.M. Akos, N. Bertelsen, P. Rinder & S.H. Jensen, A Software-Defined
GPS and Galileo Receiver: A Single-Frequency Approach, Birkhauser Boston (2007)
and slides at http://kom.aau.dk/project/softgps/ and

http://kom.aau.dk/project/softgps/GNSS_SummerSchool_DGC.pdf


http://kom.aau.dk/project/softgps/
http://kom.aau.dk/project/softgps/GNSS_SummerSchool_DGC.pdf
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, e Only the bandwidth of the signal matters in the digitization
] process, the carrier frequency is removed by mixing

radiofrequency —
software defined

radio (SDR) o Core aspect of zero-IF receiver: frequency transposition
cos(a) - cos(b) = 1 (cos(a — b) + cos(a + b))

sin(a) - cos(b) = 3 (sin(a — b) + sin(a+ b))
P

RF IF I paf2 pi

LO f

cos(wy t) - cos(wat) = 3 (cos((wr — wa)t) + cos((wy + w2)t))
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_ e Only the bandwidth of the signal matters in the digitization
vl process, the carrier frequency is removed by mixing

radiofrequency —
software defined

et (R, e Core aspect of zero-IF receiver: frequency transposition
cos(a) - cos(b) = 3 (cos(a — b) + cos(a + b))

sin(a) - cos(b) = 3 (sin(a — b) + sin(a + b))
P

ADC
/1

RF IF

P pag

LO

cos(wy t) - cos(wat) = 3 (cos((w1 — wa)t) + cos((wy + w2)t))
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GNURadio as a
signal processing
peeersteel e Many sources of radiofrequeny A/D converters, in our examples
ot et Elonics E4000 + Realtek RTL2832U3 and sound card for I/Q
B O ey outputs* , but also radiomodems and DDS (USRP)
S sampling bandwidth up to 64 Msamples/s = zero-IF approach
e Raw information: stream of periodically sampled | and Q values

(2.8 MS/s for E4k, 96 or 192 kS/s for sound card)

sin(wt) sin((w — wo)t)
RF @ B
sin(wot)

/2 [l =11+JQ
S arg(.) = arctan(Q//)
cos((w — wo)t)
D1
cos(wot)
LO

Shttp://sdr.osmocom.org/trac/wiki/rtl-sdr

4Agilent, Digital Modulation in Communications Systems — An Introduction,
Application Note 1298, or M. Steer, Microwave and RF design — a systems approach,
SciTech Publishing, Inc (2010)
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R s The GNURadio environment

prowotyping ool Haying obtained a stream of |/Q bytes, software processing blocks:
Mo input (USRP, DVB receiver, sound card, file ...)

e process
e output (file, audio stream, stdio, virtual oscilloscope/spectrum
The GNURadio analyzer)
envienment - gnyradio-companion: GUI for assembling blocks and generator of
Python file I RTL2832 A/D (2 MSFs) E4000 RF

e 8-bit ADC for high bandwidth (oversampling does not compensate
for low resolution: ®) 1 bit/(sampling ratex4)=> 2800/92 ~ 30 => 2.5 bits
5Application note AN2668, Improving STM32F101xx and STM32F103xx ADC
resolution by oversampling, ST Microelectronics, 2008

OHM - Aug. 2013
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signal processing

prowotyping ool Haying obtained a stream of |/Q bytes, software processing blocks:
M e input (USRP, DVB receiver, sound card, file ...)
® process
e output (file, audio stream, stdio, virtual oscilloscope/spectrum
analyzer)
gnuradio-companion: GUI for assembling blocks and generator of

The GNURadio
environment

Py Options Variable
1D: top_block ID: samp_rate
Title: FM Radio...nd Recorder Value: 2M

Generate Options: WX GUI|

o

File Sink
E File: jhomeafjmfriedtitest. bin
Unbuffered: Off

e

e 8-bit ADC for high bandwidth (oversampling does not compensate
for low resolution: ®) 1 bit/(sampling ratex4)=> 2800/92 ~ 30 => 2.5 bits

5Application note AN2668, Improving STM32F101xx and STM32F103xx ADC

resolution by oversampling, ST Microelectronics, 2008
OHM — Aug. 2013

Osmo5DR Source
Device Arguments: bw=28M
Sample Rate (sps): 2M
Cho: Frequency (Hz): 860M
Cho: Freq. Corr. (ppm): 0 El
Cho0: Gain Mode: Manual
Cho: Gain (dB): 12
Cho: IF Gain (dB): 24

WX GUI Scope Sink
0 Title: Scope Plot
Sample Rate: 2M
inl Trigger Mode: Auto
¥ Axis Label: Counts
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GNURadio basic use
WEM receiver !

* *testjmf.gre - /home/jmfriedt - GNU Radio Companion g ]
Fle Edit View Build Help
— = P
EEX 8 «0W ¢ @%e 0 @5 <
testjmf $§ |APT7REC b4 | scope_wav 3£ | acars_test 3 |netwk ® | untitled 3¢ ‘ noaa_jmf & ‘ Blocks =
: || [> [ Sources
Optlons A WX GUI slid T { :
1D: top_block WX GUI FFT Sink ider b [ Sinks ]
Generate Options: WX GUI Title: FFT Plot (3 e
Sample Rate: 1.152M Label: frequence b [ Operators
Baseband Freq: 104.7M Default Value: 104 7M
0OsmoSDR Source e Minirmurn: 85M b [ Type Conwve
Sample Rate (sps): 1.152M o o e ——— b [ Stream e
€ho: Frequency (Hz): 104.7M L | e e ———— = |
Variable Ref Scale (p2p): 2 b [ Misc Conve
ID: sarnp_rate FFT Size: 256 WX GUI Slider i b [ synchroniz
Value: 2.8M G (dlE): 24 Refresh Rate: 1 1D: rf_gain 3
=in ' Peak Hold: 0n Label: rf_gain (b [ Level Cont
Freq Set Varname: None Default Value: 24 b EI
K GUI Slider i 20 [ Fiters ]
audio_gain Ny Maximum: 42 b [ Modulatars
bel: audio_gain Low Pass Riltey Converter: Float (
Fault value: 2 2:;';"2*'“"' & b [ Error Corre
pimum: 0 Sample Rate: 1.152M - WBFM Receive Audio Sink b [ Line Codin
ximum: 50 out il Quadrature Rate: 80k [out
rter: Float Cutoff Freq: 50k Audio Decimation: 4 Sample Rate: 48kH b [ Probes] ||
e Transition Width: 10k
Window: Hamming =
[ | O] s

1 1

wenan®|_ || Y] &[T 23] 4| Wimfriedc@ah.. [ wtesgmr.gre. . dimfriedt@ch...| =
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GNURadio basic use

WEM receiver !

&# Top Block _oOxpg
rf_gain: |24
1 |
frequence: |104.7M
= 0
Trace Options
o A (U L L_M[crotiny
[ Average =
1 Avg Alpha: 2.0000 e
-20 L1 |ke
a0 [1 Persistence e

Amplitude (dB)
n
=

-100

104.2 104.3 104.4 1045 104.6 1047 1048 1049 105 1051 105.2

| [ 1]

mrinmes AL

[T 2]3]4] _l:j‘mfriedtm “testjmf....|_l’!1jmfriedtm [E#Top Block M=

a0

Persist Alp 5
]
[] Trace A Store
[] Trace B Store

Axis Options

dB/Div: +] -
Ref Level: +
Autoscale

Stop

x

D}
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GNURadio basic use

e Most common analog demodulation schemes (AM, WFM) and
digital datastream encoding
e digital signal decoding: FSK is the digital version of FM,

e one example of mixed analog-digital signal processing: RDS
decoding ©

00A (BASIC) - PI:F211 - PTY:None (country:EG/FR/NO/BY/BA, area:National, program:17)
==> RTL <== -TP- -Music-STERED - AF:

00A (BASIC) - PI:F211 - PTY:None (country:EG/FR/NO/BY/BA, area:National, program:17)
==> RTL <== -TP- -Music-STERED - AF:

00A (BASIC) - PI:F211 - PTY:Nome (country:EG/FR/NO/BY/BA, area:National, program:17)
@00QQ Lost Sync (Got 46 bad blocks on 50 total)

@@QeQ@ Sync State Detected

@000 Lost Sync (Got 46 bad blocks on 50 total)

@@Qe@ Sync State Detected

00A (BASIC) - PI:F219 - PTY:None (country:EG/FR/NO/BY/BA
==> IRL < TP- -Music-STEREO - AF:99.60MHz, 99.80MHz
00A (BASIC) - PI:F219 - PTY:None (country:EG/FR/NO/BY/BA,
==> IRL <== -TP- -Music-STEREO - AF:99.60MHz, 99.80MHz
00A (BASIC) - PI:F219 - PTY:None (country:EG/FR/NO/BY/BA,
==> VIRL N <== -TP- -Music-STEREO - AF:100.40MHz

[Kere e e o

Shttps://cgran.org/wiki/RDS
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minal ith
nuradio-companion
stdout

EZCAP radio interface

GNURadlo ba5|c use

Scope plot -

FSK modulation: bits are visible as binary level on output of WFM
demodulator

Knowing the

.0

[SECECECECECECECECEN

N

0
[
0
0
.0
.0
0
0
0
2
0
0

0000
0000
0000
0000
0000
0000

0000

465
558
595
637
225
333
203
367
195
284

31
31
31
31
31
31
31
31
31
31

.0 0000 201
0000 209 31
0000 336 31

534
500
169
426
374
324
419
246
296
305

baudrate of 4800 bauds:

6 02109
7 02110
8 02110
9 02110
10 02110
12 02110
13 02111
14 02111
15 02111
17 02111

31 325 18 02112

311
341

19 02112
20 02112

UUUU\bc\e7\£fb\822 .0 \fc000 465 31 534 6002109
\c\£8\e0UUU\bc\e7\93\82\fe .0 00\fcO 558 31 500 7 02110
\£c\cOUUU\bc\e7\93\822 0 0000595 31 16\f9 8 02110
U\eOUUUU\bc\93\822 .0\fc0000 6\ff7 31 426 9 02110
\££\bOE\eOUUUU\bc\e7\93\fe2 .0 0TOO 225 31374 10 0210
\£c\£OUUUU\bc\e7\93\82\fe .0 000 333 31 24 12 02110
\££\££\e0\c1UUU\bc\e7\93\822 .0 0\bcOO 203\bc31 419 13 02111
\££\E\££\£8\cOUSUU\bc\e7\93\822 .0 00\e40 367 \e71 246 14 02111
\£8\£0\eOUUU\bc\e7\93\822 .0 000\94 195 3\95 296 15 02111
\£8\£0UUUU\bc\e7\93\822 \feO 0000\fc284 31 30\fd 17 02111
\££\e0\5\f0\£0\eOUUUU\bc\e7\93\822 .0 0000\d02\f09 31 311 \859 02112
\££\e0\f0\£0\e8\eOUUUU\bc\e7\93\822 .0 0000 336 31 \e741 20 021\e52
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Write your own processing block

However, neither decoder for digital protocol | am interested in
(ACARS), nor tools for time & frequency analysis

GNURadio is opensource = add the missing blocks by learning from
other's source code

Record sequences
of RF signals

—=

Prototype decoding algorithm convert to C link to GNURadio
with scripted language +— using libraries =i for real time
(GNU/Octave, Python) (FFTW, ATLAS) processing

Development strategy:
@ prototyping using GNU/Octave (Matlab compatible) on recorded

datasets,

@ convert to C(++) and test on the same recorded datasets,

® comply with gnuradio-companion block description and test on
recorded datasets but with chunks of unknown size,

O apply to real time decoding.
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GNURadio 3 Write your own processing block

signal processing

potoveing ool Example of the ACARS protocol”, used on VHF band (131.725 MHz in
JMFed Furope), AM modulated:
©® encoding at 1200 (bit 0) and 2400 Hz (bit 1) 8
® data rate of 2400 bps
© header to tune AGC of RF frontend: stream of 2400 Hz data
. (>13 periods)
ocesing bloe O data interpretation: 0 means the bit value changes, 1 means the bit

processing block

value remains constant

nnnnnnnnnn

"http://files.radioscanner.ru/files/download/file4094/acars.pdf
8http://www.tapr.org/aprsdoc/ACARS. TXT
OHM — Aug. 2013
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J-MFied Bit identification: many means to an end

e time-domain band-pass filter (FIR) ... general purpose,

convolution with the expected signals (1200 & 2400 Hz sine wave)
= frequeny domain (requires FFT),

Wike yourown @ LISE at best the signal encoding properties

fol sin(27t) sin(wt)dt o<
fol (cos(37t) — cos(wt)) dt =
sin(3m) — sin(0) — (sin(w) — sin(0)) = 0

. fol sin(27t)sin(2nt)dt =
1/2 x fol (cos(4rmt) — cos(0)) dt =
1/2 x (sin(4m) — sin(0) + 1) = 1/2

. fol sin(rt) sin(wt)dt =
1/2 x fol (cos(2mt) — cos(0)) dt =
1/2 x (sin(4w) — sin(0) + 1) = 1/2

OHM - Aug. 2013
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J-mFiedt Bt identification: many means to an end
e time-domain band-pass filter (FIR) ... general purpose,
e convolution with the expected signals (1200 & 2400 Hz sine wave)
= frequeny domain (requires FFT),

. e use at best the signal encoding properties

processing block 20000
300 2 —

= ' g
15000 mmm_
©
=
810000 I \
: i \
g
i
8
2
E]
Q0
e \/

0 500 0 1500 2000 250C
numero d’echantillon (48 kS/s)
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o et e Manual conversion. Could it be optimized ? (proprietary Mathworks
HDL Coder ?)

e Blocks can be written in Python = prototype using Scipy/Numpy
rather than GNU/Octave

e FFT with different normalization convention = update threshold
values

e From a complete (recorded) dataset to a stream of blocks of
variable size

Write your own
processing block

Solution:
@ fill buffer until the required datasize has been accumulated, and
process a given number of data

® Reinitialize the buffer with the remaining, unprocessed, data.

| | — | —~ [ =0T ]

S = N e I —]

OHM - Aug. 2013
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Comply with gnuradio-companion block structure:

@ an XML configuration file describes input, output, callback
functions (.xml),

Write your own . . . . .
processin block @ a library file defines the implementation (.cc)

© a header file defines variables (. 1)

<?xml version="1.0"7>
<block>
<name>decodeur </name>
<key>acars_decodeur </key>
<category>acars</category>
<import>import acars</import>
<make>acars . decodeur ($seuil )</make>
<param>
<name>Threshold </name>
<key>seuil </key>
<type>real </type>
</param>
<sink>
<name>in </name>
<type>float </type>
</sink>
</block>

OHM - Aug. 2013
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int counters_counters::general_work (int noutput.items,
gr-vector_int &ninput_items ,
gr-vector_const.void_star &input-items ,
gr-vector_void._star &output_items)

J.-M Friedt

const float xin = (const float =) input_items[0];
float xout = (float ) output-items[0];

float min=500.,max=—500.;

int k,N,cpt,debut, fin;

Write your own

e btk N=noutput-items;

for (k=-Ntot;k<_Ntot+N;k++) {.dm[k]=in [k—_Ntot];}
-Ntot+=N;
if (-Ntot>_tgate) // active compteur
{printf (" tgate=%d Ntot=%d N=%d ", _tgate, _Ntot,N);
// compteur direct
cpt=0;
for (k=0;k<-tgate —1;k++)
it ((dm[K]>=(-seuil)) && (dm[k+1]<(-seuil))) cpt++i
printf (" freq=%f cpt=%d " ,_freq ,cpt);
// compteur reciproque
cpt=0; k=—1;
do {k++;} while (!((-dm[k]>=(-seuil)) && (-dm[k+1]<(-seuil))));
debut—k; k=debuti_tgate;
do {k++:} while (!((-dm[k]>=(-seuil)) && (-dm[k+1]<(-seuil)))):
fin=k;
for (k=debut+1;k<=fin;k++)
if ((-dm[k]>=(-seuil)) && (-dm[k+1]<(-seuil))) cpt++;
for (k=fin —L;k<-Ntot;k++) -dm[k—(fin —1)]=-dm[k];

printf (" cpt="%d fin—deb=Y% f=%f\n", cpt,fin—debut,(float)_samp.rate/(float)(fin—debut)x(—

<> float)cpt);
_Ntot —=(fin —1);

consume_each (noutput_items);
return noutput.items;

OHM - Aug. 2013
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@ for each chunk of data, remove average and convolve with
13 periods of 2400 Hz sine wave (FFT(a® b) = FFT(a) - FFT(b))
® threshold to detect whether a message is started
© if so, wait to accumulate enough data to be sure one full message is
o recorded (max 300 characters)

O convolution with one period of 2400 and 1200 sine waves,
synchronized on initial message rising front (very sensitive to
synchronization alignement)

@ identify most probable bit value (2400>71200 Hz)

@ from the bit sequence, extract message (0 means bit change, 1
means bit propagate)

@ check header 0x2B 0x2A 0x16 0x16 0x01: if so, interpret sequence
of bits as bytes (plane identifier, flight identifier, message sequence,
message content)

OHM - Aug. 2013
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The GNURadio

environment

Write your own
processing block

Tuning fork

FMCW RADAR
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ban

#CFB.1/MPF/AN|
DSLGAV/WN240)

0714/02)R/827/68/0T 0700/0821/0002/

Result: decoding a digital protocol

binaire=fft_decod(’acars_orleans.wav’,101001+2.15e6,
101001+2.15e6+40000,7000) ;

2b 2a 16 16 01 58 2e 47 2d 45 55 55 47 15 48 31
39 02 43 30 33 41 42 41 39 32 31 36 23 43 46 42
57 52 4e 2f 57 4e 31 32 30 36 33 30 30 38 33 33
30 30 33 34 30 30 30 30 30 36 4e 41 56 20 49 4c
53 20 32 20 46 41 55 4c 54 20 20 20 20 20 20 20
20 20 0d 03 6d 1d 7f 7f 7f 7f 7f 7f 7f

TENANCE STATUS
Y5 ks 000006NAV ILS 2 FAULT

é‘Wﬁ”“““”"‘""“"‘;ﬂ | m*X . G-EUUGH19CO3ABA9216#CFBWRN/WN12063008330034

)0000

-100-1-1-1-1-1-1

@ « % A=l

6090,
431 33 45 D13E
ght:

=cag

DFB.6,301.6,24.9,030.4,026.0,38,123£7,077,082,102.3,001.2,047.1,0.04,0.04,0.01,020

,086.3,352.7,079.86,091.2,092.2,0447,0364)1,07.

p051209050744/DAEDDM/
b, 0,0 o \POKT04

https://www.cgran.org/wiki/ACARS
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Tuning fork
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Network analyzer and tuning fork
characterization
e GNURadio: playground for implementing and testing protocols

compatible with real time processing of data streams

e Current testing approach (getting started): use of the sound card as
emitter and receiver. Full duplex = audio network analyzer

e Application to the quartz tuning fork (32768 Hz)

Signal Source
Sample Rate: 96k
Waveformi Triangle
Frequency: 100m
Amplitude: 0
Offset: 67.02

Signal Source
sample Rate: 96k
Waveform: Triangle
Frequency: 100m
Amplitude: 40m

WX GUI Slider
ID: Vot

Default Value: 67.02 WX GUI Scope Sink
Title: Scops Plot
Sample Rate: 95k

Til| Trigger Mode: Freerun
¥ AxizLabel: Courts

Audio Source Muttiply Const
Judio Sour & ply B2 : 0 oW a1 x
ample Rate: 35k Constant: 10m 100 o

e Narrowband device (32768+10 Hz) = comparator to convert sine
to square & use 3rd overtone + amplitude detector (diode-+LPF)
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) et characterization

e GNURadio: playground for implementing and testing protocols
compatible with real time processing of data streams

e Current testing approach (getting started): use of the sound card as
emitter and receiver. Full duplex = audio network analyzer

e Application to the quartz tuning fork (32768 Hz)

Signal Source
Sample Rate: 96k
Waveformi Triangle
Frequency: 100m

Tuning fork

#¥Top Block _ox
Amplitude: 0
Offset: 67.02 Scope Plot B g [0 Peence
oot alog Alpha: 0,0994
Axes options
Signal Source 003 Secsipw: ¥
sample Rate: 96k Countsfon +
Waveform: Triangle 02
Frequency: 100m

fi | |vorset: 5
Amplituda: 40m

K { i) il
i > e A e |
WX GUI Slider o
1D: Vot
Default Value: 67.02 WX GUI Scope Sink o .
Title: Scope Plat
Sample Rate: 56k 003 [ ey
| Trigger Mode: Freerun

= TLEDETh B g 0 12 14 1e e 20 2 2
Audio Source Multiply Const Time (s) S
Sample Rate: 36k ™ constant: 10m  ®

a6n0|_ |%| 9| e|[T 2] 3] 4] Yimiriedt@dh...|x snd card.or...|[F¥Top Block . M

e Narrowband device (32768+10 Hz) = comparator to convert sine
to square & use 3rd overtone + amplitude detector (diode-+LPF)

OHM - Aug. 2013
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) et characterization

e GNURadio: playground for implementing and testing protocols
compatible with real time processing of data streams

e Current testing approach (getting started): use of the sound card as
emitter and receiver. Full duplex = audio network analyzer

e Application to the quartz tuning fork (32768 Hz)

Signal Source
Sample Rate: 96k
Waveformi Triangle
Frequency: 100m

Tuning fork

(5#Top Block -ox
Amplitude: 0
offset: 67.02 Scope Plot i [
. alog Alfa: 0,039
Axes options
Signal Source 02 SecsiDv: .
Sample Rate: 96k Countsfoiv +|
Waveform: Triange - oxs| - s =
Frequency: 100m
Amplitude: 40m . O B
3 oo
WX GUI Slider B
10 Vot
Default Value: 67.02 WX GUI Scope Sink - lere [om
Title: Scope Plot
Sample Rate: 96k on

Marker:  Linelink [ $
Til| Trigger Mode: Freerun

= TLEDETh B g 0 12 14 1e e 20 2 2
Audio Source Multiply Const Time (s) S
Sample Rate: 36k ™ constant: 10m  ®

wan®|_ |=] wle|[T 2[3]4] [xsnd_cara.or. fortopBiock . M

e Narrowband device (32768+10 Hz) = comparator to convert sine
to square & use 3rd overtone + amplitude detector (diode-+LPF)
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e Digital implementation of the |/Q demodulator:
cos(wt + p(t)) x cos(wot) and cos(wt + ¢(t)) x sin(wot) followed
by sliding average to extract tan(i(t)) = ¢

o If w # wy, linear fit to remove the w — wy phase drift.

e DO NOT use cos(wot): quickly diverges as t 1. See
gnuradio-core/src/lib/general/gr nco.h: o+ = 2nf /f;[27]

Tuning fork

”r “‘ \r“f‘lmmm|\Lw|u|f,|\|u|u|u|u|
| j‘#
:J!lj\/ h\i \\i“' -'

0 15
32745 32750 32755 32760 32765 32770 52775
trequence (Hz)
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e Digital implementation of the |/Q demodulator:
cos(wt + p(t)) x cos(wot) and cos(wt + ¢(t)) x sin(wot) followed
by sliding average to extract tan(i(t)) =
o If w # wy, linear fit to remove the w — wy phase drift.
e DO NOT use cos(wot): quickly diverges as t 1. See
Tt gnuradio-core/src/lib/general/gr nco.h: o+ = 27f /f[27]

magnitude (u.a)
phase (u.a)

o 2
32754 32756 8258 32760 762 d2764 2766 32768
trequence (Hz)
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Tuning fork
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e Digital implementation of the |/Q demodulator:
cos(wt + p(t)) x cos(wot) and cos(wt + ¢(t)) x sin(wot) followed
by sliding average to extract tan(i(t)) =

o If w # wy, linear fit to remove the w — wy phase drift.

e DO NOT use cos(wot): quickly diverges as t 1. See
gnuradio-core/src/lib/general/gr nco.h: o+ = 27f /f[27]

Audio-frequency network analyzer
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Tuning fork
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Example of the frequency counter

Implementing the direct and reciprocal frequency counters (96 kHz
sampling rate on the sound card)

1004

" frequence emise ——
compteur direct
compteur reciproque
10035 8
e
1003 aoolt
s
10025 - L
P

1002 o

10015 /[
oo
/
ook
1001 fw”‘
Pk
o

10005 ok

1000 . . . . . . . . .

[ 10 20 3 40 5 60 70 8 9% 100

temps (s)

Left: quartz tuning fork experimental setup
GGy = L i = G = f__: resolution gain is f,/f;, or 48-fold if

er Tgate )
f, = 96 kHz and f; ~ 2 kHz,
= basic tool to assess the sampling rate to measured signal frequency

influence on measurement resolution

Right: synthesized signal
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RADAR systems:

@ pulsed RADAR: high power, short, pulse travels until it reaches a
target, reflects and a high bandwidth (fast) receiver records the
returned electromagnetic signal

@® Frequency-Modulated Continuous Wave (FMCW) RADAR:
FMCW RADAR continuous emission of a frequency-swept signal, and mixing
between LO and RF provides audio-frequency output ° 0

9G.L. Charvat, J.H. Williams, A.J. Fenn, S.Kogon, & J.S. Herd. RES.LL-003 Build
a Small Radar System Capable of Sensing Range, Doppler, and Synthetic Aperture
Radar Imaging, January IAP 2011. (Massachusetts Institute of Technology: MIT
OpenCourseWare), http://ocw.mit.edu (Accessed 28 Jul, 2013).

10G.L. Charvat, A.J. Fenn, & B.T. Perry, The MIT IAP radar course: Build a small
radar system capable of sensing range, Doppler, and synthetic aperture (SAR) imaging,
IEEE Radar Conference (RADAR), 2012, pp. 0138-0144
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protetyping ool Nagrees of freedom: frequency range dF and sweep rate dT
J.-M Friedt dF df
dT  dt
when echo is located dt away
Numerical application: df < 96 kHz for dt < (2 x 15 m)/(3 - 108 m/s)
= if dF =50 MHz, dT > 52 us or 1/dT < 19200 Hz

delay line sensor frequency N
> dF_df
dar dt

FMCW RADAR travel IF
time dt ¢

antenna antenna

N < time
w dr

‘ \\>9 audiofeat freq. >< .| EZCAP | _ FET

DVB receiver

A software defined radio

2400-2470 MHz 100 MHz GNURadio
) NCO
~ ). 1 kHz triangle sound card |\ A\
output
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e Audio out: adapt wave shape to linearize the VCO output (freq. vs
voltage)
e Real time FFT for displaying echo distance

J.-M Friedt

FFT Plot

Uiy
FMCW RADAR SRRV I

Vit

PA
2400-2470 M2

100MH:
1 kHz triangle

VCO
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e Audio out: adapt wave shape to linearize the VCO output (freq. vs

J.-M Friedt
voltage)
¢ Real time FFT for displaying echo distance
&#Top Block -Oxpx
freq_rf: [100 006 -
WX GUI Slider ool 7 r
FET Prot m [T

Average
vg Alphas 0.1000
S

WX GUIFFT Sink
Title: FFT Plot

Omacea store|

ki
FMCW RADAR , WW\WM‘,M dwmn “n‘»"“"“””“'\»I'.\JM.'MMLN Draces ston

1oy | [ options

£,
oy ‘ Wik oo ﬂj
[ o
Il

TR \

950 200 a0 40 50 0 S0 o 150 200 7
awvan®|_ |%] | |[T 2|3 4] Dimir [x fmew.grc - /.. [EiTop Block

=

e 8-echoes are identified, located 1-4 us (simulated echo generator
using a surface acoustic wave delay line)

e increased sweep rate (>400 Hz) for optimum sound card operating
range

e DVB receiver for increased bandwidth
(4 usx50 MHzx400 Hz=80 kHz >> 48 kHz accessible with a sound
card)
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prototyping teel Regy|ts:
ot et e SDR: digital processing for improved stability & flexibility

(software prototyping)

e reusable software through multiple sources

e part of an active opensource project

e existing basic processing blocks

e initial graphical user interface or Python programming

o workflow from decoder prototyping (offline) to GNURadio
compatible block (inline processing)

Conclusion and

bibliograph: « g
€% Further activities:

o NOAA weather satellite reception’!

e GPS reception 12

e add your own interfaces: DDS & radiomodem sinks, ADC and FTDI

USB source (issue of data rate) — gmuradio-core/sre/aiv/so/gr-tite-source.cc

Uhttp://www.oz9aec.net/index . php/gnu-radio/gnu-radio-blog/
47T7-noaa-apt-reception-with-gqrx-and-rtlsdr

2http://www.gnss-sdr.org/ and specifically
http://www.gnss-sdr.org/documentation/

gnss-sdr-operation-realtek-rt12832u-usb-dongle-dvb-t-receiver
OHM — Aug. 2013
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