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Geneza i plan prezentacji

e  Radio programowalne i kognitywne” — przedmiot na 3 semestrze w
nowym planie EiT S2 (15W+30L+15P)

Sprzet USRP

Eksperymenty w GRC: transmisja DSB-SC

Eksperymenty w GRC: transmisja QPSK

e Dyskusja

Materiaty zrédtowe wykorzystane w prezentacji pochodzg z:

www.gnuradio.org
www.mathworks.com

B.A. Black, Introduction to Communication Systems, Lab Based Learning with NI
USRP and LabView Communications, National Instruments 2014.

F.J. Harris, M. Rice, Multirate Digital Filters for Symbol Timing Synchronization in
Software Defined Radios, |IEEE Journal on Selected Areas in Communications, vol. 19,
2001.

Z. Yang, et al., Design and Implementation of the Digital Costas Loop Based on
Software Defined Radio, IEEE International Conference on Instrumentation,
Measurement, Computer, Communication and Control, 2011.
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Sprzet do dyspozycji — RTL-SDR

DVB-T+FM+DAB 820T2 & SDR: RTL2832U, 25MHz-1,7GHz, do 3,2
MSPS, tylko odbiornik
Nieograniczona ilos¢
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Sprzet do dyspozycji — National Instruments USRP

USRP-2900/USRP-2901: 70MHz-6GHz, 65KSPS—-61MSPS, pasmo do
56MHz, USB 3.0,

USRP-2901: 2x2 MIMO

Aktualnie na stanie: 3 sztuki + 2 sztuki
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Sprzet do dyspozycji — Analog Devices ADALM-PLUTO

ADALM-PLUTO AD9363, 3256MHz-3,8GHz, pasmo do 20MHz, USB 2.0,
maks. ok. 4-5MSPS

Aktualnie na stanie: 8 sztuk
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Transmisja DSB-SC

g(t) = Am(t) cos (2m f.t)

1-

0.5-

0-

Amplitude

[ [ [
0.001 0.002 0.003

Time (s)

Modulator: w czesci "analogowej" urzadzenia peryferyjnego SDR.
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Transmisja DSB-SC — nadajnik

Schemat blokowy w GRC (GNU Radio Companion)

Signal Source
Sample Rate: 1.024M
Waveform: Sine
.cmd| Frequency: 2.5k
Amplitude:
Offset: 0
Initial Phase (Radians): 0

PlutoSDR Sink

Float To Complex

Signal Source

Sample Rate: 1.024M Cyclic: False T amye0
dl :::::Z,’: Eisme Filter Configuration: Auto
o 5
: 200k
Amplitude: 500m RF (Hz): 200

QT GUI Time Sink
Name: transmitted signal
Number of Points: 4.096k
Sample Rate: 1.024M
Autoscale: Yes

Offset: 0
Initial Phase (Radians): 0

QT GUI Frequency Sink
Name: transmitted signal
[freq| FFT size: 16384

Center Frequency (Hz): 0
Bandwidth (Hz): 1.024M
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Transmisja DSB-SC — odbiornik

W odbiorniku: wymnozenie przez lokalny oscylator —> sygnat w pasmie
podstawowym 7(t).

Przy btedzie fazy nosnej & = 6(t), sygnat ten, na wejsciu czesci cyfrowej
(programowej) radia mozna opisac:

ri(t) = gm(t) cos(6)

rolt) = gm(t) sin(0)

lub tez:

7(t) = gm(t) cos(0) +j§m(t) sin(f) = gm(t)ejo
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Transmisja DSB-SC — odbiornik

7(nTs) = gm(nTs) cos(0) +j§m(nTs) sin(f) = gm(nTs)eje

Procedura korekcji btedu 6(nT5):
® Dla kazdej prébki sygnatu 7(nTy) okresli¢ (estymowaé) wartos¢ 6(nTy)

* Dokona¢ korekgji: 7(nTy)e 3% = Lm(nT,)et?e 7% = Dm(nT,)el”
Estymacja 6 (dla kazdej prébki sygnatu):

® Wyznaczyé 7 (nTs) = DTQmQ(nTS)ejQQ

® \Wyznaczy¢ argument i podzieli¢ przez 2: arg(7?(nT))/2 = 6, a nastgpnie
"rozwina¢ faze" (usunaé przeskoki +)
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Transmisja DSB-SC — odbiornik z instrukcji National

Instruments (LabView)

From Fetch Rx Data

Median Filter Unw rap Phase

I:c{;;:,

\%
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Transmisja DSB-SC — odbiornik

Soapy RTLSDR Source
Sample Rate: 1.024M
Center Freq (Hz): 869M

[emd|

‘ Multiply

QT GUI Frequency Sink
Name: received signal

FFT Size: 16384

Center Frequency (Hz): 0 |freq|
Bandwidth (Hz): 1.024M
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Complex to Arg

Phase-divide-by-2
Constant Source
Constant: 1

and Phase To Complex

QT GUI Time Sink
Name: received signal
Number of Points: 4.096k
Sample Rate: 1.024M
Autoscale: Yes

Low Pass Filter
Decimation: 1

Gain: 1

Sample Rate: 1.024M
Cutoff Freq: 50k
Transition Width: 20k
Window: Hamming
Beta: 6.76

Complex To Real




Transmisja DSB-SC — rozwijanie fazy — blok
Phase-divide-by-2

1 from gnuradio import gr
2 import numpy as np
3 # ... L.
4 class blk(gr.sync_block):
def __init__(self):
gr.sync_block.__init__(
self,
name=’Phase-divide-by-27,
in_sig=[np.float32, np.float32],
out_sig=[np.float32]
)
self.state = 0
self.lastPhaseHop = 0
self.previous_sample = 0;
self.lastPhaseHopInd
self.lastPhaseHop = 0

N o R W N H O VW O N O O
n
o
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Transmisja DSB-SC — rozwijanie fazy — blok
Phase-divide-by-2

# ... ...
def work(self, input_items, output_items):

phase = input_items[0]

deltaph = np.diff(phase, prepend=self.previous_sample)

cumulativeState = self.state+np.cumsum(deltaph<-np.pi)
-np. cumsum(deltaph>np.pi)

phaseShiftValue = 2#np.pi*( cumulativeState )

output_items[0] [:] = (phase+phaseShiftValue)/2

self.state = np.mod(cumulativeState[-1], 2)

self.previous_sample = phase[-1]

return len(output_items[0])

H O © ® N 0o O B W N K
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Transmisja DSB-SC — rozwijanie fazy — blok
Phase-divide-by-2
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Transmisja DSB-SC — sygnat informacyjny w nadajniku
PLUTO i odebrany, zdemodulowany w RTL
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Transmisja DSB-SC — sygnat informacyjny w nadajniku
PLUTO i odebrany, zdemodulowany w RTL
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Transmisja DSB-SC — widma: sygnat inf. w nadajniku,
sygnat w odbiorniku przed i po korekcji btedu lokalnego
generatora nosne;

sssssssssssss

AAAAA
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PSK — nadajnik i odbiornik, 869MHz, 256 kb/s

jariable Variable Variable Variable Variable
10:t_carrer | | 1Dz samp_rate. 10: excess_bw | | 10: taps 1D: rc taps.
- e Value: 10241 Value: 300m | | Value: 1, 250m.-..-300m +200m] Value: firges oot
1 Cptimar TTG

Constellation Modulator

PlutoSDR Sink

a
32768

ample Rate:
Buffer size
o

RF Bandwidth (Hz): 500<

Width Imaginary Sectors: 1

Polyphase Clock Sync
‘Samples/Symbol:

Loop Bandwidth: 125.6m
Taps: rc taps

Fitter Size: 16

Soapy RTLSDR Source Frequency Shift
Sample Rate: 1,024t
Center Freq (Hz): 868,964

Num. Taps:

15

Input Samples per Symbol: 2
N
Frequency Shift: 0

s

Maximum Rate Deviation: 15
Output sPs: 2

QT GUI Time Sink
Number of Poi

Name: Symbals .rier Synchro.
Pt [t
Differential Decoder

Coding: Differental
odulus:

QT GUI Time Sink
Number of Poi

ints: 128
Sample Rate: 10241
Autoscale: No

QT GUI Range.
QT GUI Tab Widget
10: controls

QT GUI Tab Widget 10 snit
1D: received

Num Tabs:
Label 0: Constelation
Label 1: Receiver Label 1: Symbols.

QT GUI Range.
10: .1 carrier
Label: Receiver Carrer Freq

Label: Frequenc..in Receiver

QT GUI Range. QT GUI Range.
1D: timing_loop_bw 10: costasioop_bw
Label

Label: Timing Loop BW

1256m
Start: 365,94
Stop: 869,14
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QPSK - nadajnik, 869MHz, 256 kb/s

Options Variable Variable

Title: gpsk transceiver 1D: f_carrier 1D: samp_rate

Output Language: Python Value: 869M Value: 1.024M

Generate Options: QT GUI PlutoSDR Sink

110 context URI: ip:...68.2.1
Constellation Modulator LO Frequency: 869M
Constellation: <gnu...26da30> Sample Rate: 1.024M
Differential Encoding: Yes Buffer size: 32.768k
Constant: 1
Random Source Samples/Symb. Cyclic: False

imum: 0 Excess BW: 300m Attenuation TX1 (dB): 0
Filter Configuration: Auto
RF Bandwidth (Hz): 500k

Mi
Maximum: 255

Num Samples: 16
Repeat: Yes

Constellation Rect. Object
1D: qpsk

Symbol Map: 0,1, 2,3
Constellation Points: ...07m]
Rotational Symmetry: 4
Real Sectors: 2

Variable Imaginary Sectors: 2 Variable Variable
1D: rrc_taps Width Real Sectors: 1 1D: excess_bw 1D: sps
Value: firdes.root_raised_... Width Imaginary Sectors: 1 Value: 300m Value: 4
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QPSK - nadajnik, 869MHz, 256 kb/s

Properties: Constellation Rect. Object X
General Advanced Documentation Generated Code
D qpsk

Symbol Map
Constellation Peints
Rotational Symmetry

Real Sectors

Imaginary Sectors

Width Real Sectors

Width Imaginary Sectors,

Soft bits precision

oK Cancel Apply

olitechni
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QPSK — nadajnik — widmo w pasmie podstawowym

Rézne wspétczynniki poszerzenia pasma (excess bandwidth, «) filtra
ksztattujacego RRC: o = 0.35,« = 0.25, = 0.15

wll Mhw
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QPSK - odbiornik, 869MHz, 256 kb/s

Polyphase Clock Sync
Samples/Symbol: 4

Loop Bandwidth: 125.6m
Taps: rrc_taps

Filter Size: 16

Initial Phase: 8

Maximum Rate Deviation: 1.5
Output SPS: 2

Linear Equalizer
Num. Taps: 15
Input Samples per Symbol: 2

Soapy RTLSDR Source
Sample Rate: 1.024M
Center Freq (Hz): 868.952M

Adaptive Algorithm
1D: equalizer_algorithm
Algorithm Type: CMA
Step Size: 2m
Modulus: 2

Constellation Rect. Object
ID: gpsk

Symbol Map: 0,1,2, 3
Constellation Points: ...07mj
Rotational Symmetry: 4
Real Sectors: 2

Imaginary Sectors: 2

Width Real Sectors: 1

Width Imaginary Sectors: 1

Differential Decoder
Coding: Differential
Modulus: 4

Constellation Decode
Constellation Obje

Costas Loop
Loop Bandwidth: 62.8m

Order: 4
QT GUI Time Sink

Number of Points: 1.024k
Sample Rate: 1.024M
Autoscale: No
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Clock Sync — synchronizacja symbolowa

F.J. Harris, M. Rice, Multirate Digital Filters for Symbol Timing Synchronization in
Software Defined Radios, |IEEE Journal on Selected Areas in Communications, vol. 19,
2001.

I
\/ available samples
—

digital

r 4’<£\DC h{nT,) processing >
vee < <DAC - timing error
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Clock Sync — synchronizacja symbolowa

&
1V

available samples

\/ digital J
r(0) —V<\DC — h("T,-) —» processing P

? (interpolation)

CLK
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Clock Sync — synchronizacja symbolowa

—

—

available ¥

J available samples

interpolated —_ &« without interpolation
samples |ll|||| l|ll|l| 311
samples selected
for downsampling
r(nT,) = ™ [P h(uT, /M) YM > y(kT,)
digital
processing
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Clock Sync — synchronizacja symbolowa — bank filtréw
wielofazowych (polyphase filter bank)

>

I | <—— available samples

>

] |__<— available sumples

>

| <—— available samples

>

I I &«—— available samples

— hy(nT,) e

M

I (nT.) |—e

a

r(nT,) —

—> h,(1,) —e

" £y, (nT,) —o

amn

hm (nTs) = h

7N

m
nTS + MTS>
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Clock Sync — synchronizacja symbolowa — bank filtréw:
detekcja btedu fazy

{e5r) e )]

to loop filter

to equalizer or
'\ data detector

QT GUI Plot

Amplitude
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Clock Sync — synchronizacja symbolowa — bank filtréw
wielofazowych (polyphase filter bank)

i
i N T
K—J%ﬁ
—e P
timing
olyphase —e
r(nT,) —» P K/I[’F : error AN
—e detector
4 fiterbank
enable output index select
compute T
filterbank T, = v
index
overflow detect
loop
‘_

filter

CONTROLLER
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Linear Equalizer — $lepa korekcja charakterystyki kanatu

Algorytm CMA (Constant Modulus Algorithm)
Filtr sprowadzajacy modut odbieranych symboli do wartosci jednostkowej.
Minimalizacja:

Mean (|y[m]|> — 1)*
Wspotczynniki filtra ¢;[m], | = —L,, ..., L, zmieniane w kroku m w przeciwna
strone do gradientu:

d

q[m +1] = q[m] —

co mozna sprowadzi¢ do (u — step size):

alm +1] = qm] — p-y*[m] - zlm = 1] - (Jy[m]]* - 1)
dla kazdego | = —Ly,--- , L

’q

gdzie z[m| — wejscie korektora, y[m| — wyjscie korektora
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Linear Equalizer — $lepa korekcja charakterystyki kanatu

Efekt korekcji CMA (symulacja — kanat 4-drogowy, przy idealnej synchronizacji
symbolowej i synchronizacji nosnej)

Politechnika

Slaska
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Costas Loop — korekcja btedu czestotliwosci i fazy (phase
and frequency offset)

tehanel Sy [integrationand| Sy
|
| Accumulator |
i i — vy
Input signal Numerically Y 0
o——> | Controlled « k| Loop |~ Yu  Phase
: Filter Detector
Oscillator | eteetor |
Accumulator
Q channel | e |

Wejscie: sygnat posredniej czestotliwosci (IF). Generator NCO generuje:
I(t) = cos (wot + 0)
Q(t) = sin (wot + )
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Costas Loop — korekcja btedu czestotliwosci i fazy (phase
and frequency offset)

! ChanncL SI N Integration and
Accumulator
oy

Input signal Numerically Y, /7
Loop O, Phase
o—> Cont'rolled ‘m Detector

S Sa—

® S
SQ Integration and 2
Q channel Accumulator
channe

S1(t) = m(t) coswot x cos (wot + )

n
Q
=
Il
I o=

) (
m(t) [cos @ + cos (2wot + 6)]
(t) cos wot x sin (wot + 0)

(

m(t) [sin @ + sin (2wet + 0)]

N |
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Costas Loop — korekcja btedu czestotliwosci i fazy (phase
and frequency offset)

I channel :
channe SI Integration and Sl

Accumulator

Input signal Numerinil(Iiy YK Loop 90,” Phase
o—> Cont‘ro & Filter Detector

Oscillator

C3 Q Integration [Integration and| S

Accumulator

Q channel
1

Si(t) = im(t) cos @

Sa(t) = %m(t) sin 0

Oour (t) = arctg (S2(t)/S1(t)) =0
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QPSK — odbiornik, modut RTL

Symbol after equalization

( ) 0 TN A T

il ‘\“”“HH‘ 1

‘‘‘‘‘‘ IE— il LR H“\MHH I
e : .M’u \“\U\‘W‘ uu‘” I HW\/\J i

nphase ‘ * ° Time )
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QPSK — odbiornik, modut RTL

Symbol after equalization
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QPSK — odbiornik, modut RTL

mmmmmmmmmmmmmmm

nnnnnnnnnnnnnnnnnnnn

I HWW I

%J«mﬁw;w«-—"}; f \M
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QPSK — odbiornik, modut RTL
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QPSK — Matlab/Simulink — odbiornik w SDR

Receiver

[11226x1] 11122621 __’\/\P_ [11206x1] Coarse Frequel 11226511 Symbal 5175:%1] Carrier [E175x1]
®_< AGC 1 4 Compens?iwrr'::y Y voni 4> i
prermdlEs 24 przzex]| Sguare root [1z28x1] p1z26x1] (3% %]

e ==

>
recsived ”

fittered

Frame
[56L31)

BER

Frame [5175x1]
i x




Zagadnienia do dyskusji

® Narzedzia: Python / GNU Radio Companion / Matlab+Simulink / C4++ 7

® Lista tematéw laboratoriéw / rozdziatéw
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Spis tematéw ¢wiczen / rozdziatéw ksiazki — instrukcje
National Instruments

e Audio source, Audio sink, File source, File sink, etc.
® |ntroduction to the USRP

e Amplitude Modulation

® Frequency-Division Multiplexing

® Image Rejection

® Double-Sideband Suppressed-Carrier
® Frequency Modulation

® Amplitude-Shift Keying

® Frequency-Shift Keying

® Binary Phase-Shift Keying (BPSK)
® The Eye Diagram

e Equalization

Quadrature Phase-Shift Keying
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