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Introduction

@ http://www.trondeau.com/gr-tutorial
o Use examples for version 3.7

@ Presentation PDF

@ Case Study materials

o GNU Radio apps to run examples.
o Links to source code for analysis.
o Data file for first case study.

o Images of expected output.

o Exercises.
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Introduction

@ sources_and _sinks.grc

Options Variable
1D: sources_and_sinks 1D: samp_rate
Generate Options: 0T GUI Value: 32k

Throttle
Sample Rate: 32k
Signal Source

Sample Rate: 32k
QT GUI Range

Waveform: Cosing
Frequency: 1k - 1D: noise_amp

QT GUI Frequency Sink
Name: OT GUI Plot

FFT Size: 1.024k

Center Frequency (Hz): 0
Bandwidth (Hz): 32k

Noise Source
Noise Type: Gaussian
Amplitude: 1

Seed: 0

QT GUI Time Sink
Name: QT GUI Plot

Number of Points: 1.024k
Sample Rate: 32k

Amplitude: 1 Label: Moise Amplitude
Offset: 0 Default Value: 1 QT GUI Waterfall Sink
Start: 0 Name: OT GUI Plot
Stop: 1 FFT Size: 1.024k
Step: 10m Center Frequency (Hz): 0
Bandwidth (Hz): 32k

@ Demonstration of using multiple sources to create a noisy sine
wave and multiple sinks to view it in different domains.
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Introduction

@ sources and_sinks.grc - Output

Sources And Sinks
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@ Showing PSD, spectrogram, and time domain of the noisy
signal.
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Digital Modulation Study

o z(t) = x(t)cos(2mf (t)t + ¢(t)) + jy(t)sin(2mf (£)t + (1))
o z(t) = c(t)e 2 (O+o(0)

@ Information can be encoded in ¢(t), f(t), and ¢(t).
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Digital Modulation Study

90°
Frequency = 100 Hz
Time per Sample = 1.0 ms
Radians per Sample = 36.0 ha

225° 315°
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Digital Modulation Study

@ mpsk stagel.grc

options
1Dz mpsk_stagel

Generate Options: 0T GUI

Variable || Variable
Dz arity | 1Dz sps
Value: 4 || Value: 4

Random Source
Minimum: 0
Maximum: 256
Num Samples: 1M
Repeat: Yes

Number of Constellation Points: 4
Gray Code: Yes

Differential Encoding: Yes
Samples/Symbol: 4

Excess BW: 350m

Multiply Const
Constant: 1+1]

Ear

@ Using a

Throttle
Sample Rate: 32k

QT GUI Time Sink
Name: OT GUI Plot

Number of Points: 1.024k
Sampie Rate: 32k

QT GUI Constellation Sink
Name: QT GUI Plot.
Number of Points: 1.024k

QT GUI Frequency Sink
Name: OT GUI Plot

FFT Size: 1,024k

Center Frequency (Hz): 0
Bandwidth (Hz): 32k

pre-build PSK modulator block from GNU Radio.




Amplitude

Digital Modulation Study
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Digital Modulation Study

@ mpsk _stage2.grc

Options Variable || Variable import Variable e LI
1D: mpsk_stage2 1D arity || 1Dz sps. math || 1Dz samp_rate 1D: 1D: taps.
Generate Options: QT GU! | | Value: 4 || Value: 4 Value: 32k or=d ELLZE o T T

PSK Mod
Number Points: 4
Gray Code: Yes

Differential Encoding: Yes
Samples/Symbol: 4

Channel Model

Randem Source
Minimum: 0
Maximum: 256
Num Samples: 1M

Multiply Const
Constant: 500m +500mj

CEES Excess BW: 350m
QT GUI Time Sink
Throttie Name: QT GUI Plot
Sample Rate: 32c Number of Points: 1024k
Sample Rate: 32k
QT GUI Constellation Sink
Name: QT GUI Plot
QT GUI Range QT GUI Range QT GuI Range. Number of Polnts: 1024k
1D: freq offset 1D: noise volt 1D: time offset
Labelz Channel:..ency Offset | | Labelz Channel: Noise Voltage | | Label: Channei: Timing Offset QT GUI Frequency Sink
Defaut Value: 0 Defaut Value: 100u Defaut Value: 1 Name: 0T GUI Plot
Start:-100m Start:0 Start: 999m FFT Size: 1022k
Stop: 100m Stop: 1 Stop: 1001 Center Frequency (Hz): 0
Step: Im Step: 10m Step: 1000 Bandwidth (Hz): 32k

@ We can simulate a channel model with noise, frequency and
timing offsets, and multipath.




Digital Modulation Study
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Digital Modulation Study

@ mpsk _stage3.grc

Options Vartabte || variabte | [ import Variable Variable Variable Variable
1D: mpsk stage3 1D: ity Import: math || 1Dz samp_rate 1D: 1D: ofits || 1Dz rrc_taps
Generate Options: QT GUI | | Value:4 || Value: 4 Value: 32k Value: 1, 750m-..-200m+200mj | | Value: 32 || Value: fices root_raised..
PSK Mod Channel Model
:‘I‘;::':‘.Sn"“’“ Number of Constellation Points: 4 Noise Voltage: 100U Polyphase Clock Syne
o 3 Frequency Offset: 0 Samples/Symbol: 4.004

Waximum: o G-I Grt Cote e =7 o

N Sampioss 1 Differential Encoding: Yes Epsilon: 1 Loop Bandwidth: 62.6m
oo V" i Samples/Symbol: 4 Taps: 1 Taps: rrc_taps

epeat: Yes e Seed:0 Fiter Size: 32

16

Multiply Const
Constant: 500m-+500m]

Threttie
Sample Rate: 37k

-

Maximum Rate Deviation: 1.5
Output SPS: 1

Name: OT GUI Plot

QT GUI Constellation Sink

Number of Points: 1.024k

QT GUI Range
1D: noise_volt

QT GUI Range
1D: freq_offset

QT GUI Range

QT GUI Range
1D: timing_loop_bw

Label: Channel: Noise Voltage || Label: Channel...ency Offset Label: Time: B

Defautt Value: 1001 Defauit Value: 0 Default Value: 62.8m

e e Start: 0 Number of Points: 1.024k
Stop: 100m Stop: 200m
Step: Im Step: 10m

@ We use a control loop algorithm to find the right sampling time
to fix clock mismatches between the transmitter and receiver.
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Digital Modulation Study

@ Showing a no-noise situation to illustrate ISI (self-interference)
issues in the received signal before timing recovery and
matched filtering.
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Quidnature

Digital Modulation Study

Qudnture

Even with noise, we can still recover the proper timing.
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Digital Modulation Study
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@ Multipath channels result from a signal bouncing off objects
and hitting the receiver at different times and with different
phases.
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Digital Modulation Study

@ mpsk_multipath.grc

@ This simulation allows us to adjust the multipath channel as
though we are adjusting a stereo’s equalizer. (SA:
multipath _sim.grc)
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Digital Modulation Study

combined
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equalizer

Frequency

@ Cartoon showing signal corrupted by multipath. Equalizer tries
to invert the multipath so that the combination is a flat
frequency response.
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Digital Modulation Study

@ mpsk staged.grc

Options Variable || Variable Import Variable
1D: mpsk staged 1D: arity || 1B sps
Generate Options: QTGUI || Value: 4 | Value: 4

Variable Variable

ath || 1Dz samp_rate
Value: 32

1D: taps
Value: 1, 250m-..-200m+200mj | | Value: 1, 250m....-300m-+200m]

PSK Mod
Number of Constellation Points: 4
Gray Code: Ve

Differential Encoding: Yes

Random Souree Channel Model

Constant: 500m+500m;

Taps: 1, 250m-
Seed: 0

-300m +200m]

Repeat: Yes

Excess BW: 350m

QT GUI Range QT GUI Range QT GUI Range
1D: noise volt 1D: freq offset ID: time offset
Label: Channel: Noise Voltage [ Label: Channel:...ency Offset (| Labet: Channel nmmq Offset
Default Value: 1001

QT GUI Constellation Sink
Name: T GUI Plot
Number of Points: 1024k

QT GUI Constellation Sink

Step: 1005 Name: T GUI Flot
Number of Points: 1024k
m GUI Range
gain

um Equalizer: rate CMA Equalizer

Defauit Value: 10m Variable Num. Taps: 11

start:0 1D rrc_taps

: e t Hnulu

Stop: 200m Stop: 100m : 32 || Values firdes.oot._raised
Step: 10m Step: 1m s.,,‘,;“ per Symbal:

@ Using the constant modulus algorithm (CMA) blind equalizer
is used here to correct multipath distortion.
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Digital Modulation Study

@ Note the similarity between the time-synchronized and filtered
output with multipath and the ISI of the signal before the
matched filter with no multipath.
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Digital Modulation Study

@ Equalization working with noise.
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Digital Modulation Study

@ mpsk _stageb.grc

Options Variable || variable | [ import Variable
1D: mpsk_stages. Import: math || 1D: samp_rate
Generate Options: QT GUI 4 Value: 32

— =
e s T
Maximum: & Gruy Coda: Yes Multiply Const Name: QT GUI Plot
Repeat: Yes ‘Samples/Symbol: 4 Center Frequency (Hz): 0
— st
WIEED Update Rate: 10

Sample Rate: 32k

QT GUI Range QT GUI Range QT GUI Range
1D: noise._volt 1D: freq offset 1D: time_offset
Label: Channel: Noise Voltage || Label: Channe:..ency Offset || Label: Channel: Timing Offset
: 100u : :1

Polyphase Clock Sync

Start: 399m

Start:0

stop: 1 Stop: 1001

Step: 10m Step: 100u

QT GUI Range QT GUI Range QT GUI Range
1D:time_aipha 10: eq_gain 1D: prase bw
Label: Time: aipha || Labet: Equalizer: rate || Labet: Prae: andwictn
100m : 10m :

start: 0 Start: 0 start: 0

Stop: 200m ‘Stop: 100m Stop: 1 Value: firdes.root_raised_ '

Step: 10m Step: Im Step: 10m — — FFT Size: 1.024k
Center Frequency (Hz): 0
Bandwidth (Ha): 2k

Update Rate: 10

@ The transmitter and receiver work off different clocks, so there
will be a frequency and phase offset. We need to correct for
any small frequency and phase offsets.
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Digital Modulation Study

e T e it

@ Left figure shows a rotate constellation. The Costas Loop
block fixes the offset.
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Digital Modulation Study

@ Again, robust to AWGN.
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Hands-on MPSK

mod01-intro/data/dqpsk capture.32fc
Symbol rate of 1 Msps

Differential QPSK

RRC filter with alpha=0.35

Captured with 7100 kHz frequency offset

® 6 6 66 o o

Use scripts/rx_data.grc to experiment
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