@ ESPE

UNIVERSIDAD DE LAS FUERZAS ARMADAS
nnnnnnnnnnnnnnnnnnnnnnnnnn

DEPARTAMENTO DE ELECTRICA, ELECTRONICA Y TELECOMUNICACIONES
CARRERA DE INGENIERIA EN ELECTRONICA Y TELECOMUNICACIONES

PROYECTO DE TITULACION:

“Disefio de un sistema de entrenamiento para un esquema de
Comunicacion Digital con base a la tecnologia de Radio Definido
por Software SDR”

Autora: Torres Teran Valeria Nicole

Director del Proyecto: Ing. Gonzalo Olmedo Cifuentes

Sangolqui, marzo 2024




Agenda

Introduccion y Justificacion

) Objetivos

> Fundamento Teodrico

> Guias de Laboratorio

) Desarrollo de las Guias de Laboratorio

Conclusiones, Recomendaciones y Trabajos Futuros

AAAAAAAAAAAAAAAAAAAAAAAAAAAAAA




La evolucion de las
telecomunicaciones
con la creacion de
estandares y
protocolos han
generado problemas
de interoperabilidad.

Introduccion y Justificacion

Solucion: Radio
Definida por Software
SDR

Gracias a la
modificacidén de
parametros de
comunicacion en un
software de control.

((R))g®

La SDR tiene
aplicaciones en el
campo académico en
la ensefianza de
asignaturas de
Telecomunicaciones.
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Objetivos

Objetivo General

Disefiar un sistema de entrenamiento para un esquema de

Comunicacion Digital utilizando Radio Definido por Software.

Objetivos Especificos

v Analizar las caracteristicas de la tecnologia SDR.

v Analizar los fundamentos tedricos de la materia Comunicacion Digital.

v Disefiar las propuestas de ensayos de laboratorio de Comunicacién Digital.
v" Implementar los ensayos de laboratorio.

v' Documentar y analizar los resultados.
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Radio Definido por Software SDR

Fundamento Teodrico

Dispositivo de radio reprogramable, cuyos parametros vinculados con la capa fisica se

configuran a traves del software.

(3)Seccidn de_>

Banda Base

Procesamiento de
Banda Base

4—(1)Seccion de RF—>:< (2)Seccion de IF
|
|
|
RX :—> ADC — DDC
Interfaz |
Antena de RF :
TX 4—:— DAC <« DUC
|
|
|
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Caracteristicas y Aplicaciones de SDR

Industria

Educacioén e
investigacion
Ameérica

Cognitiva
Europa

Eficiencia
Compatibilidad

Flexibilidad
Economia

Tecnologias
»* Inalambricas
Asia

Fundamento Teodrico

SDR

Es una herramienta con gran potencial
para el desarrollo, investigacion y
ensenanza de prototipos de sistemas
de comunicacion y redes inalambricas.

Requerimientos para maximizar la
experiencia educativa:

O Modulos SDR accesibles

O Entonos de desarrollo de codigo
libre

O Software potente

O Planificacion curricular
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Hardware y Software para SDR

PA
Mixer ‘3 Mixer
Filter am Filter
DAC | @ [ ADC
Filter 9( Filter
FIR FIR

Interface

c Drivers

=| Linux kernel

X~ libiio
USB 2.0

KP use

ADALM Pluto

PC

Options
1D: top_block
Generate Options: QT GUI

oading: "/home/valery/Descargas/Practicas/Laboratorio 5 Codigos
onvolucionales/procedimientoConvolucionales.grc”
>>Done

oading: "/home/valery/Descargas/Practicas/Laboratorio 6 OFDM/

oading: "/home/valery/Descargas/Practicas/Laboratorio 6 OFDM/

brocedimientoOfdm.grc”

>>Done

Funda

GNU Radio

Imports
Variables
samp_rate 32000

untitled . GNII Radia Camnanion

Biblioteca

informeOfdm 3 procedimientoOfdm % untitled % | Core
> Audio
> Boolean Operators
> Byte Operators
> Coding
> Control Port
> Channelizers
> Channel Models
> Debug Tools
> Deprecated
> Digital Television
> Equalizers
> Error Coding
> FCD
> File Operators
> Filters
> Fourier Analysis
> GUI Widgets
> Impairment Models
> Instrumentation
> Level Controllers
> Math Operators
> Measurement Tools
> Message Tools
> Misc
> Modulators
> Networking Tools
> NOAA
> OFDM
> Packet Operators
> Pager
> Peak Detectors
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Fundamentos de Comunicacion Digital

f//r

La asignatura de Comunicacion Digital corresponde al septimo
semestre de la carrera de Telecomunicaciones de la Universidad
de las Fuerzas Armadas. Comprende temas imprescindibles en
la formacion académica de los estudiantes de ingenieria.

Fundamento Teodrico

Unidad 1

Canal de
comunicaciones
Modulaciones digitales
Conmutacion y
Multiplexacion

A\

Unidad 2

"/ -

Codificacion de canal
Sincronizacién sobre
canales invariantes en

el tiempo

Unidad 3

Sistemas de multiple
acceso
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Guias de Laboratorio

Canal AWGN

Evaluacion de desempefio de modulaciones PAM en canales AWGN

Evaluacion de desempeiio de modulaciones M-QAM en canales AWGN

Evaluacion de desempefio de modulaciones digitales en canales AWGN y desvanecimiento

Evaluacion de codigos convolucionales

Simulacion y evaluacion de OFDM

Evaluacion de desempeiio de codigos de canal RS

®ESPE
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Guias de Laboratorio

Evaluacion de desempefio de codigos de canal Turbo

Evaluacion de desempefio de coédigos LDPC

Evaluacion de desempeiio de modulacion codificada

Algoritmos de sincronizacion por verosimilitud

30000

Evaluacion de desempeiio de CDMA

Evaluacion de desempeiio de OFDMA
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Signal Source
Sample Rate: 2.2M
Waveform: Sine

[ Frequency: 1k
Amplitude: 1
Offset: 0

PlutoSDR Source
Device URI: ip:192.168.2.1
LO Frequency: 595 143M
Sample rate: 1.5M
RF bandwidth: 20M
Buffer size: 524.288k
Quadrature: True
RF DC: True
BB DC: True
Gain Mode: Siow
Filter:

Filter auto: True

Virtual Source
Stream ID: entrada

Virtual Source
Stream ID: demodulada

Stop: Uk

Step: 50m Step: 1k

Stop: 1 |

Noise Type: Gaussian

Virtual Sink
Stream ID: entrada

Amplitude: 0
Seed: 0

Complex To Float ;

Audio Rate: 22M

o Quadrature Rate: 22M

& Tau: 75u

Max Devlation: 75k

Preemphasis High Corner Freq: -1

WBFM Transmit

Virtual Sink
Stream ID: recibida

WBFM Receive
Quadrature Rate: 22M
Audio Decimation: 1

QT GUI Time Sink
Name: Senal de Entrada
Number of Points: 1.024k
Sample Rate: 2.2M
Autoscale: Yes

Virtual Source
Stream ID: senalruido

QT GUI Frequency Sink
Name: Respuest...nal Recibida
FFT Size: 1.024k
Center Frequency (Hz): 32k
Bandwidth (Hz): 2.2M

QT GUI Time Sink
Name: Senal Re...a Demodulada
Number of Points: 1.024k
Sample Rate: 22M
Autoscale: No

3 Float To Complex

QT GUI Time Sink
Name: Senal Co...do Gaussiano
Number of Points: 1.024k
Sample Rate: 2.2M
Autoscale: Yes

Desarrollo de las Guias de Laboratorio

Virtual Sink
| Stream ID: senalruido

PlutoSDR Sink
110 context URI: ip-.68.2.1
LO Frequency: 595.143M
Sample rate: 1.5M
RF bandwidth: 20M
L l Buffer size: 524,288k
Cyclic: False
Attenuation (dB): 1
Filter:
Fliter auto: True

Virtual Sink
Stream ID: demodulada

Modulaciones

Codigos de canal

Tipos de canal

Algoritmos de sincronizacion

Sistemas de multiple acceso

BER
Caracteristicas frecuenciales

Diagramas de constelacion
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Desarrollo de las Guias de Laboratorio

Canal AWGN

Respuesta en Frecuencia de la Senal Recibida
Senal de Entrada

4 m Data 0
m Re{Data 0} 20 4
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Frequency (MHz)
- =
F lmbeand O e
Senal Recibida Demodulada
25
. T ] = Re{Data 0}
el e e | BT e e B ER 1

15 ® Im{Data 0}

Porcentaje Probabilidad
0,55% 0,0055

[eiepemert®

Amplitud (V)
|

Actividades |
d Variar frecuencia | ‘
O Distinta fuente de sefial i Primews)

Q Channel Model .
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Noise Source
Noise Type: Gaussian
Amplitude: 0

Seed: 0 Virtual Sink
Virtual Sink Stream ID: senalruido

Stop: 1 STop: ZUK
Step: 50m | Step: 1k

Stream ID: entrada
WBFM Transmit
Signal Source Audio Rate: 22M
Sample Rate: 2.2M Quadrature Rate: 2.2M PlutoSDR Sink
Waveform: Sine Tau: 75u 110 context URI: ip:..68.2.1
| Frequency: 1k Max Deviation: 75k LO Frequency: 595.143M
Amplitude: 1 Preemphasis High Corner Freq: -1 Sample rate: 1.5M
Offset: 0 RF bandwidth: 20M
> l Buffer size: 524,288k
Cyclic: False
Attenuation (dB): 1
Virtual Sink Filter:
PlutoSDR Source
Device URI: ip-192.168.2.1 Stream ID: recibida Filter auto: True
LO Frequency: 595 143M
Sample rate: 1.5M
RF bandwidth: 20M WBFM Recelve
Buffer size: 524288k
Quadrature Rate: 2.2M
Quadrature: True PATR i1 Float To Complex Virtual Sink
RF DC: True Stream ID: demodulada
BB DC: True
Gain Mode: Slow
Filter:
Filter auto: True
QT GUI Time Sink QT GUI Time Sink
Name: Senal de Entrada Name: Senal Co...do Gaussiano
E—ﬂ Number of Points: 1.024k su:':';’:uﬁm Number of Points: 1.024k
Sample Rate: 2.2M Sample Rate: 2.2M
Autoscale: Yes Autoscale: Yes
QT GUI Frequency Sink
Name: Respuest...nal Recibida
FFT Size: 1.024k
Center Frequency (Hz): 32k
Virtual Source Bandwidth (Hz): 2.2M
Stream ID: demodulada
QT GUI Time Sink [
Name: Senal Re...a Demodulada
Number of Points: 1.024k :
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Desarrollo de las Guias de Laboratorio
(a Evaluacion de desempeio de modulaciones PAM en canales AWGN

CONSTELACION PEEY
“5:; :._‘_:_ m Data 0
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Constelacion 2PAM Respuesta en Frecuencia de Senal Recibida
Data 0 Data 0

BER

Porcentaje Probabilidad ; : ié
0,77% 0,0077 & o cem e @ o oe sem o cmmmeme emmmem se memm m & oo semsme s %

In-phase

Actividades
O Variar modulacion 4PAM
[ Distinta fuente de senal
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Signal Source
Sample Rate: 2.2M
Waveform: Sine
Frequency: 4k
Amplitude: 1
Offset: 0

PlutoSDR Source
Device URI: ip:192.168.2.1
LO Frequency: 950M
Sample rate: 2.2M
RF bandwidth: 20M
Buffer size: 1M
Quadrature: True
RF DC: True
BB DC: True
Gain Mode: Slow
Filter:

Filter auto: True

QT GUI Time
Name: SENAL O

Autoscale: Yes

Number of Peints: 256
Sample Rate: 2.2M

Sink
RIGIMAL

Complex To IChar
Vector Output: No

Pack K Bits Map
K:1 Map:-1,1

Char To Float
Scale: 1

QT GUI Time Sink
Name: Mapeo de Bits
Number of Points: 16
Sample Rate: 2.2M
Autoscale: No

Interpolating FIR Filter
Interpelation: 8
Taps: 1,0,0,0,0,0,0,0

Root Raised Cosine Filter
Decimation: 1

Gain: 1

Sample Rate: 2.2M

Symbol Rate: 275k

Alpha: 300m

Num Taps: 81

8
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Noise Source
Noise Type: Gaussian
Amplitude: 0
Seed: 0

Complex To Float

Virtual Source
Stream ID: salida

Virtual Source
Stream ID: entrada

Float To Complex

Decimation: 1
Gain: 8

Sample Rate: 2.2M
Symbol Rate: 275k
Alpha: 300m

Num Taps: 81

Root Raised Cosine Filter

Error Rate
Type: Bit Error Rate
Window Size: 100
Bits per Symbol: B

QT GUI Number Sink
Name: BEER
Autoscale: No
Average: 0

Graph Type: Horizontal

Skip Head
Num ltems: 1

Stream ID: salida

PlutoSDR Sink
110 context URI: ip:..68.2.1
LO Frequency: 350M
Sample rate: 2.2M
RF bandwidth: 20M
Buffer size: 1M
Cyclic: False
Attenuation (dB): 10
Filter:
Filter auto: True

Float To Char

Virtual Sink

Float To Complex

QT GUI Frequency Sink

FFT Size: 1.024k

Center Frequency (Hz): 0

Bandwidth (Hz): 2.2M

QT GUI Constellation Sink
Name: CONSTELACION
Number of Points: 100
Autoscale: Yes

P E
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Desarrollo de las Guias de Laboratorio
G Evaluacion de desempeiio de modulaciones M-QAM en canales AWGN

Constelacion 4QAM Constelacion 4QAM
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e g 260
[
0,42% 0,0042 g 20
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200 ]
Actividades

T T T T T
-1.000 -0.500 0.000 0.500 1.000

O Variar modulacion 16QAM Frequency (442

O Distinta senal de entrada
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Complexity: 434ubal

Signal Source
Sample Rate: 2.2M
Waveform: Sine
[ Frequency: 30k

Amplitude: 1
Offset: 0

QT GUI Time Sink
Name: Entrada
_p.l Number of Points: 1.024k
Sample Rate: 2.2M
Autoscale: Yes

Packet Encoder
Samples/Symbol: 2
Bits/Symbol: &
—" Preamble:

Access Code:
Pad for USRP: No
Payload Length: 0

PlutoSDR Source
Device URI: ip:192.168.2.1
LO Frequency: 240M
Sample rate: 2.2M
RF bandwidth: 20M
Buffer size: 240k
Quadrature: True
RF DC: True
BB DC: True
Gain Mode: Fast
Filter:

Filter auto: True

Float To Char
Scale: 1

Gray Code: Yes I
I_l_" Differential Encoding: Yes

Stop: 2 Noise Source
Step: 100m Neoise Type: Gaussian
Amplitude: 0
Seed: 0
QAM Med

Number of Constellation Points: 4

QT GUI Constellation Sink
Number of Points: 1.024k
Autoscale: Yes

Samples/Symbol: 2
Excess BW: 4

Virtual Sink
Stream ID: entrada

Samples/Symbeol: 2
Excess BW: 1
Frequency BW: 100u
Timing BW: 100u
Phase BW: 100u
Gray Code: Yes

QAM Demod
Number of Constellation Points: 4
Differential Encoding: Yes

Packet Decoder
Access Code:

Threshold: -1

Virtual Sink
Stream ID: salida

PlutoSDR Sink
1O context URI: ip:....68.2.1
LO Frequency: 240M
Sample rate: 2.2M

RF bandwidth: 20M

4" Buffer size: 240k
Cyclic: False
Attenuation (dB): 1

Filter:
Filter auto: True

QT GUI Frequency Sink
FFT Size: 1.024k

Center Frequency (Hz): 0
Bandwidth (Hz): 2.2M

Virtual Source

Virtual Source

Stream ID: entrada

Stream ID: salida

QT GUI Time Sink
Number of Points: 1.024k
Sample Rate: 2.2M
Autoscale: Yes

Error Rate
Type: Bit Error Rate
Window Size: 1k
Bits per Symbol: &

QT GUI Number Sink
Name: BER

Autoscale: No
Average: D

Graph Type: Horizontal

>
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Desarrollo de las Guias de Laboratorio

ﬁ Evaluacion de desempeiio de modulaciones digitales en canales AWGN y desvanecimiento

Constelacion 4PAM

BER 5
Porcentaje Probabilidad
0,46% 0,0046 ‘ . : : ‘
N ! In-ptl)wse 1 :
ACthl d ad es ) Constelacion 4PAM -
O Variar modulacion 16QAM
O Distinta sefial de entrada
EEE == O Analisis de resultados
-0.6 -0.4 -0.2 In-;hase 0.2 04 0.6
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Value: & Deftault Value: 0
Generate Options: QT GUI Default Value: 0 Default Value: 4k b
Start: 0
Start: 0 Start: 4k
Stop: 100
Complexity: 962ubal Stop: 2 Stop: 50k Step: 5
Step: 50m Step: 1k

QT GUI Time Sink
Name: SENAL ORIGINAL

QT GUI Time Sink
Name: Mapeo de Bits
Number of Points: 128

Number of Points: 256

e late. 22N Nep Sample Rate: 2.2M
Autoscale: Yes Map:-2,-1,1,2 o NG
Signal Source g Root Raised Cosine Filter
Sample Rate: 2.2M Decimation: 1
I: Waveform: Cosine Float To Char Pack K Bits Char To Float Interpolating FIR Filter Gain: 1
Frequency: 4k Scale: 1 K:2 Scaleil Interpolation: 8 Sample Rate: 2.2M .—
Amplitude: 1 2 2 2 Taps:1,0,0,0,0,0,0,0 Symbol Rate: 275k
Offset: 0 Alpha: 900m
Noise Source el i

Noise Type: Gaussian
Amplitude: 0
Seed: 0

Float To Char
Scale: 1

Fading Model
Num Sinusoids (SoS model): 8
——I Normalized Max Doppler (fD*Ts): 0 Float To Complex
LOS Model: Rayleigh/NLOS
Seed: 0

PlutoSDR Sink
110 context URI: ip:...68.2.1
LO Frequency: 950M
Sample rate: 2.2M
"l RF bandwidth: 20M

Buffer size: 1M
Cyclic: False

T GUI Frequency Sink
Attenuation (dB): 10 :n' Size: 1.024k i
Filter: o

Center Frequency (Hz): 0
Bandwidth (Hz): 2.2M

Filter auto: True

PlutoSDR Source
Device URI: ip:192.168.2.1 Root Raised Cosine Ellter
LO Frequency: 950M
Decimation: 1
Sample rate: 2.2M Gain: 8
RF bandwidth: 20M 1 Skip Head
Buffer size: 1M Sapa late 2N Num Items: 1
% l Complex To Float Symbol Rate: 275k 2 Float To Complex
Quadrature: True
Alpha: 900m
RF DC: True Num Taps: 81
BB DC: True P
Gain Mode: Slow Complex To IChar
Filter: Vector Output: No
Filter auto: True

QT GUI Number Sink
Name: BER

Error Rate
Type: Bit Error Rate

QT GUI Constellation Sink

3 Autoscale: No Name: CONSTELACION
Window Size: 100 Aversger 0 Number of Points: 100 DE LAS FUERZAS ARMADAS
Bits per Symbol: 8 Graph Type: Horizontal Aut le: Yes PARA LA EXCELENCIA




ﬁ Evaluacion de desempeiio de modulaciones digitales en canales AWGN y desvanecimiento

Quadrature

Desarrollo de las Guias de Laboratorio

Signal Source
Sample Rate: 2.2M
Waveform: Sine
Frequency: 30k
Amplitude: 1
Offset: 0

)

Constelacion 64QAM

In-phase

Packet Encoder
Samples/Symbol: 8
Bits/Symbol: &4
Preambile:

Access Code:
Pad for USRP: Yes
Payload Length: 0

MNOISE 1Y PE: odissidi
Amplitude: 0
Seed: 0
QAM Mod
Number of Constellation Points: 64
Gray Code: No
Differential Encoding: Mo

Samples/Symbol: 2

W Data 0

Excess BW: 4
Constelacion 64QAM
1 (-11.6494, 10.7374) m Data 0
10 -
» -t
e o
5 — . b - -
L4 [} - " -
o < - - - -
2 . | - - - - -
E 0 b L] B - - - -
'g L] - 3 L ] T
F] - L] LY L]
o L - - -
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> - . - ®
gt - -’
i = -
-10 -
T T \ I I
-10 5
In- phase
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Desarrollo de las Guias de Laboratorio

(BEvaluaci()n de codigos convolucionales

BER
Porcentaje Probabilidad
0,61% 0,0061
Actividades

O Variar modulacion 16PSK
O Distinta sefal de entrada
O Variar nivel de ruido

Quadrature

"

Tasa de Bits = 1/2
. X Output =79
P Polinomios de Voyager :

’ o - H L e - " 14 %2 + x3 + x5 + x©

e el 2 3 6
bt 2200 1+x+x2+x3+x

Constelacion 8PSK

Constelacion 8PSK
m Data 0

¢
’
Quadrature
"
pL)

] .
. ., -
. .
- . g
T T
1 0 1 2 -2 1 0 1 2
In-phase In-phase
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Signal Source
Sample Rate: 2.2M
Waveform: Sine
Frequency: 10k
Amplitude: 1
Offset: 0

||

Virtual Source
Stream ID: modulada

Noise Source
Noise Type: Gaussian
Amplitude: 0
Seed: 0

| stei): 10m
Virtual Sink
Stream ID: entrada
Unpack K Bits
K:8

Complex To IChar
Vector Output: No

Complex To IChar
Vector Output: No

QT GUI Time Sink
Name: Senal de Entrada
Number of Points: 1.024k
Sample Rate: 2.2M

Polynomials: 79, 109
Start State: 0
End State: -1

Streaming Behavior: Streaming

Byte Padding: No

Polynomials: 79, 109
Start State: 0

Streaming Behavior: Streaming

Byte Padding: No

FEC Extended Encoder
Encoder Objects: <gn...390> >
Threading Type: Capillary
Puncture Pattern: 11

Autoscale: Yes

Virtual Sink
Stream ID: canal

-

PlutoSDR Sink
110 context URI: ip:...68.2.1
LO Frequency: 240M
Sample rate: 2.2M
RF bandwidth: 20M
Buffer size: 240k

QT GUI Constellation Sink
Number of Points: 1.024k

Cyclic: False
Att tion (dB): 1
Filter:

Filter auto: True

Autoscale: Yes

Virtual Sink
Stream ID: salida

FEC Extended Decoder

IChar To Complex
Vector Input: No

Pack K Bits Decoder Objects: <g.n.,.e10> >
K: 8 Threading Type: Capillary
: Annihilator: None

Puncture Pattern: 11

Char To Float
Scale: 1

Low Pass Filter
Decimation: 1
Gain: 1
Sample Rate: 2.2M
b . Cutoff Freq: 10k
Transition Width: 2k

Window: Hamming
Beta: 6.76

QT GUI Time Sink
Name: Senal Recibida
l—pl Number of Points: 1.024k
Sample Rate: 2.2M
Autoscale: Yes

Virtual Source
Stream ID: entrada

Virtual Source
Stream ID: salida

Error Rate
Type: Bit Error Rate
Window Size: 1k
Bits per Symbol: 2

Packet Encoder
Samples/Symbol: 2
Bits/Symbol: 8
Preamble: .

Access Code:
Pad for USRP: Yes
Payload Length: 0

Virtual Sink
Stream ID: modulada

PSK Mod

Gray Code: Yes
Differential Encoding: Yes
Samples/Symbol: 2

PlutoSDR Source
Device URI: ip:192.168.2.1
LO Frequency: 240M
Sample rate: 2.2M
RF bandwidth: 20M
Buffer size: 240k
Quadrature: True
RF DC: True
BB DC: True
Gain Mode: Fast
Filter:

Filter auto: True

Excess BW: 2

Number of Constellation Points: 8

PSK Demod

QT GUI Number Sink
Name: BER

Autoscale: No
Average: 0

Graph Type: Horizontal

Number of Constellation Points: 8
Differential Encoding: Yes
Samples/Symbol: 2

Excess BW: 1

Frequency BW: 62.8m

Timing BW: 62.8m

Phase BW: 62.8m

Gray Code: Yes
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Desarrollo de las Guias de Laboratorio

Constelacion 16PSK

BEvaluacién de codigos convolucionales

H Data 0
2d
% ag -
F vl
14
] I . “
: — 5 07 e @ >
Properties: PSK Mod g
| | s "
General|| Advanced | Documentation 14
— ] w ~r-
ID digital psk med 0 1 - - ®e
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Desarrollo de las

Simulacién y evaluacion de OFDM
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value: [0, 0, 0,0, 0. value: [0,0,0,0,0,0, ...
I || |

Stream to Tagged Stream
Packet Length: 96
Length Tag Key: packet len

Signal Source

Stream CRC32
Mode: Generate CRC
Length tag name: packet len
Packed: Yes

Sample Rate: 2.2M

Waveform: Sine
D Frequency: 10k
Amplitude: 1
Offset: 0

Virtual Sink
I Stream ID: entrada
| B i lex T h
szcﬂt\:rz(moultc N:r QT GUI Time Sink
P Name: Senal de Entrada

Virtual Source

Stream ID: Header Bits
Dimension: 1

Chunks to Symbols
Symbol Table: -1, 1

pl Number of Points: 1.024k
Sample Rate: 2.2M
Autoscale: Yes

Virtual Source

Stream ID: Payload Bits
Dimension: 1

Chunks to Symbols
Symbol Table: -707...07.107mj

FFT length: 64

Virtual Source ::::2::_:: rl(e;s ;
Stream ID: Pre-OFDM S

OFDM Carrier Allocator

Pilot Symbols: (1,1, 1,-1)
Sync Words: [0.0,...
Length tag key: packet_len

Protocol Formatter

Format Obj.: <gnur...c9f90> >
Length Tag Name: packet_len

Repack Bits
Bits per input byte: 8
Bits per output byte: 2

Tagged Stream Mux
Length tag names: packet _len

| b i Stream ID: Pre-OFDM

Virtual Sink

Repack Bits
Bits per input byte: 8
Bits per output byte: 1

Virtual Sink
Stream ID: Payload Bits

Virtual Sink
Stream ID: Header Bits

QT GUI Constellation Sink

L FFT Size: 64

7,21)

0,0, 0] Shift: Yes

FFT

Num. Threads: 1

" Name: Constelacion
Number of Points: 1.024k
Autoscale: Yes

PlutoSDR Sink
11O context URI: ip:..68.2.1

Rolloff: 0

OFDM Cyclic Prefixer
FFT Length: 64

Forward/Reverse: Reverse
B [ Bl o enun 10

Length Tag Key: packet len

Noise Voltage: 0

H Epsilon: 1

Taps: 1+1j
Seed: 0

PlutoSDR Source

Device URI: ip:192.168.2.1
LO Frequency: 240M
Sample rate: 2.2M

Virtual Source
Stream ID: tx

RF bandwidth: 20M

Buffer size: 240k
Quadrature: True .
RF DC: True

BB DC: True
Gain Mode: Fast
Filter:

Filter auto: True

OFDM Receiver

FFT Length: 64
Cyclic Prefix Length: 16
Packet Length Tag Key: length
Occupied Carriers: [-..., 26]

Pilot Carriers: (-2... 7, 21)
. Pilot Symbols: (1,1, 1,-1)
Sync Word 1: sync_wordl
Sync Word 2: sync_word2
Header Modulation: BPSK
Payload Modulation: QPSK
Log Debug Info: No

Channel Model

Frequency Offset: 0

Block Tag Propagation: Yes

LO Frequency: 240M
Sample rate: 2.2M

RF bandwidth: 20M
lIﬂ Buffer size: 240k
Cyclic: False

Attenuation (dB): 1
Filter:

Virtual Sink

Stream ID: receive

Char To Float |
Scale: 1

Filter auto: True

Virtual Sink
Stream ID: tx

Gain: 1

Beta: 6.76

Band Pass Filter
Decimation: 1

Sample Rate: 2.2M
Low Cutoff Freq: 9
High Cutoff Freq: 11k
Transition Width: 100
Window: Hamming

QT GUI Time Sink
Number of Points: 1.024k
Sample Rate: 2.2M
Autoscale: Yes

QT GUI Frequency Sink

FFT Size: 1.024k
Center Frequency (Hz): 0
Bandwidth (Hz): 2.2M
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e Evaluacion de desempeio de cédigos de canal RS
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Signal Source
Sample Rate: 2.2M
Waveform: Sine
Frequency: 25k

Stream ID: SenalEntrada

Complex To IChar
Vector Output: No

Reed-Solomon Encoder H

Inner Coder
Output length: 1.512k
Constellation Type: 160AM
Hierarchy Type: Non Hierarchical
Code rate: 7/8

Bit Inner Interleaver
Constellation Type: 160AM
Transmission Mode: 2K

Vector to Stream
Num Items: 2.048k

10 Type: Complex

Constellation Type: 160AM
Hierarchy Type: Non Hierarchical
Code rate HP: 7/8

Code rate LP: 7/8

Reference Signals

=2L0p. £
Step: 100m

Symbol Inner Interleaver
Transmission Mode: 2K
Direction: Interleave

Constellation Type: 160AM

H Hierarchy Type: Non Hierarchical

DVBT Map

Guard Interval: 1/32

Transmission Mode: 2K

Virtual Source

. Hierarchy Type: Non Hierarchical

Viterbi Decoder
Constellation Type: QPSK

Code rate: 12
Block Size: 768

Convolutional Deinterieaver
Blocks (12 Bytes): 136
Number of Shift registers: 12
Depth of shift registers: 17

Hierarchy Type: Non Hierarchical
Code rate HP: 7/8

Code rate LP: 7/8

Guard Interval: 1/32
Transmission Mode: 2K

Transmission Mode: 2K .
Include Cell ID: Yes
Cellld: 0
Demod Reference Signals
10 Type: Complex
Constellation Type: 160AM DVBT Demap

Gain: 1

Constellation Type: 160AM

I—H Hierarchy Type: Non Hierarchical

Transmission Mode: 2K

Stream ID: SalidaTransmisor _

Amplitude: 1
kit Noise Source
Virtual Sink Noise Type: Gaussian
Stream ID: SalidaTransmisor Apionde-0
g Seed: 0
PlutoSDR Sink
110 context URI: ip:...68.2.1
LO Frequency: 240M
Sample rate: 2.2M
RF bandwidth: 20M I
:y";f :::e K PlutoSDR Source
3 " Device URI: ip:192.168.2.1
:ﬁ::'_‘"""“ {99):1 LO Frequency: 240M
2 Sample rate: 2.2M
Filter auto: True RF ba : 20M
Buffer size: 240k . Stream to Vector
QT GUI Constellation Sink ::::nrt:: e e e
Number of Points: 1.024k '
Autoscale: No e Ree
2 Gain Mode: Fast
Filter:
Filter auto: True

Vector to Stream
Num Items: 1.512k

Cellld: 0

Include Cell ID: Yes

Bit Inner Deinterleaver
Constellation Type: 160AM
Transmission Mode: 2K

Reed-Solomon Decoder
p:2

m: 8

GF polynomial: 285

N: 255

K: 239

Shortening size: 51
Blocks: 8

Vector to Stream
Num Items: 1.504k

Signal Source

Sample Rate: 2.2M
Waveform: Sine
Frequency: 25k

I DT CIIl Timea CSink

Amnlitiidas 1

Virtual Sink
Stream ID: salida

IChar To Complex
Vector Input: No

Complex To IChar
Vector Output: No

Symbol Inner Interieaver
Transmission Mode: 2K
Direction: Deinterleave

Band Pass Filter
Decimation: 1
Gain: 1
Sample Rate: 2.2M
Low Cutoff Freq: 48k
High Cutoff Freq: 50k
Transition Width: 30
Window: Hann
Beta: 6.76

QT GUI Frequency Sink

FFT Size: 1.024k

Center Frequency (Hz): 0

Bandwidth (Hz): 2.2M

QT GUI Time Sink
Name: Senal Salida
Number of Points: 1.024k
Sample Rate: 2.2M
Autoscale: Yes

Error Rate

QT GUI Number Sink
Namea:* RED
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Desarrollo de las Guias de

(0 Evaluacion de desempeio de cédigos de canal Turbo
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il ' Virtual Sink :::t"'; e
Complexity: 1.839mbal Virtual Sink Stream ID: entrada Sto, "2
Stream ID: SenalEntrada P
Step: 100m
Signal Source
Inner Coder
Sample Rate: 2.2M
Waveform: Caslhe Complex To IChar Output length: 1.512k Bit Inner Interleaver Symbol Inner Interleaver
| i A Reed-Solomon Encoder H Constellation Type: 64QAM Constellation Type: 64QAM Transmission Mode: 2K
g s Hierarchy Type: Non Hierarchical Transmission Mode: 2K Direction: Interleave
Amplitude: 1 rate: 7/8
Offset: 0 Cade :
oy Reference Signals
Virtual Sink ::s:k?d:e.:oGaussmn 10 Type: Complex
Stream ID: SalidaTransmisor i a Constellation Type: 640AM
Seed: 0 A A DVBT Map
Hierarchy Type: Non Hierarchical Constellation Type: 640AM
PlutoSDR Sink Vector to Stream Code rate HP: 7/8 Hierarchy Ty 'I,:on Sae W
110 context URI: ip:..68.2.1 Num Items: 2.048k Code rate LP: 7/8 | e o =
LO Frequency: 240M Guard Interval: 1/32 AEET :
Sample rate: 2.2M Transmission Mode: 2K =
RF bandwidth: 20M l Include Cell ID: Yes
:y";': ’F::e 2N PlutoSDR Source e
Atten;utlon (dB): 1 Device URI: ip:192.168.2.1 Demod Reference Signals
e : LO Frequency: 240M 10 Type: Complex
Filter auto: True Sample rate: 2.2M Constellation Type: 649AM : DVBT Demap
RF bandwidth: 20M Hierarchy Type: Non Hierarchical Constellation Type: 640AM
Buffer size: 240k Stream to Vector Code rate HP: 7/8 i ’
Quadrature: True . Num Items: 2.048k Code rate LP: 7/8 H Hierarchy Type: Non Hierarchical Jh—————
QT GUI Constellation Sink SRR i AT lntew;l- 132 Transmission Mode: 2K
::t'::;: PN:'“"’ LHesk BB DC: True Transmission Mode: 2K St
= Gain Mode: Fast Include Cell ID: Yes
Filter: Cellld: 0
Filter auto: True
Virtual Source
Stream ID: SalidaTransmisor
Viterbi Decoder
Constellation Type: 649AM A Ty —— Bit Inner Deinterleaver Symbol Inner Interieaver
Hierarchy Type: Non Hierarchical Num Items: 1,512k Constellation Type: 640AM Transmission Mode: 2K
Code rate: 1/2 = Transmission Mode: 2K Direction: Deinterleave
Block Size: 768
QT GUI Frequency Sink
Virtual Sink FFT Size: 1.024k
Reed-Solomon Decoder Stream ID: salida De:Iar:::tI::’; St Center Frequency (Hz): 0
p:2 : Bandwidth (Hz): 2.2M
Gain: 1
Convolutional Deinterieaver m: 8 Sample Rate: 2.2M
Blocks (12 Bytes): 136 GF polynomial: 285 Vector to Stream IChar To Complex Low Cutoff Freq: 17.5k QT GUI Time Sink
Number of Shift registers: 12 N: 255 Num Items: 1.504k Vector Input: No z
Depth of shift registers: 17 K: 239 High Cutoff Freq: 18.5k Name: Senal Salida
=2 g Sllvo SR Transition Width: 30 Number of Points: 1.024k
Blocks: 8"9 : Signal Source Window: Hann Sample Rate: 2.2M
E Sample Rate: 2.2M Beta: 6.76 Autoscale: Yes
I: Waveform: Cosine Complex To IChar
Frequency: 18k Vector Output: No E p E
Amplitude: 1 QT GUI Number Sink
QT GUI Time Sink Offset: 0 wpe.E;‘t"E:;t;ate Name: BER
Virtual Source Number of Points: 1.024k e e Window Size: 1.024k Autoscale: Yes LAS FUERZAS ARMADAS
Stream ID: SenalEntrada Sample Rate: 2.2M S L Bits per Symbol: 256 Average: 0 ARA LA EXCELENCIA
Autoscale: Yes i Py 2 Graph Type: Horizontal
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Evaluacion de desempeio de cédigos LDPC
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Signal Source
Sample Rate: 2.2M
Waveform: Sine
Frequency: 10k
Amplitude: 1
Offset: 0

Virtual Source
Stream ID: modulada

Noise Source
Noise Type: Gaussian
Amplitude: 0
Seed: 0

IChar To Complex
Vector Input: No

Complex To IChar
Vector Output: No

QT GUI Time Sink
Name: Senal de Entrada
Number of Points: 1.024k
Sample Rate: 2.2M
Autoscale: Yes

Low Pass Filter
Decimation: 1
Gain: 1

Sample Rate: 2.2M
b . Cutoff Freq: 10k

Transition Width: 20
Window: Blackman
Beta: 1

Virtual Sink
Stream ID: salida

Pack K Bits
K: 8

Virtual Sink
Stream ID: entrada
Unpack K Bits
K:8

Virtual Sink
Stream ID: canal

Puncture Pattern: 11

FEC Extended Encoder
Encoder Objects: <gn...f60> >
Threading Type: Capillary

QT GUI Constellation Sink
Number of Points: 1.024k
Autoscale: Yes

PlutoSDR Sink
110 context URI: ip:..68.2.1
LO Frequency: 240M
Sample rate: 2.2M
RF bandwidth: 20M
Buffer size: 240k
Cyclic: False
Attenuation (dB): 1
Filter:
Filter auto: True

FEC Extended Decoder
Decoder Objects: ok
Threading Type: Capillary
Annihilator: None
Puncture Pattern: 11

QT GUI Time Sink
Name: Senal Recibida
—p. Number of Points: 1.024k
Sample Rate: 2.2M
Autoscale: Yes

QT GUI Frequency Sink
FFT Size: 1.024k

Center Frequency (Hz): 0
Bandwidth (Hz): 2.2M

Char To Float
Scale: 1

Packet Encoder
Samples/Symbol: 2
Bits/Symbol: 8
Preamble: .
Access Code:
Pad for USRP: Yes

Payload Length: 0

Virtual Sink

PlutoSDR Source
Device URI: ip:192.168.2.1
LO Frequency: 240M
Sample rate: 2.2M
RF bandwidth: 20M
Buffer size: 240k
Quadrature: True
RF DC: True
BB DC: True
Gain Mode: Fast
Filter:

Filter auto: True

PSK Mod
Number of Constellation Points: 8

Gray Code: Yes
Stream ID: modulada Differential Encoding: Yes

Samples/Symbol: 2
Excess BW: 2

Packet Decoder
Access Code:
Threshold: -1

ID: enc
Parallelism: 0

LDPC Encoder Definition

AlList File: ...2 gap_28.alist

PSK Demod
Number of Constellation Points: 8
Differential Encoding: Yes
Samples/Symbol: 2
Excess BW: 1
Frequency BW: 62.8m
Timing BW: 62.8m
Phase BW: 62.8m
Gray Code: Yes

[
£
3
[
n
=
3
t

ream ID: canal

ID: dec
Parallelism: 0

Sigma: 500m
Max Iterations: 50

AlList File: ...2 gap_28.alist

LDPC Decoder Definition

FUERZAS ARMADAS
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Evaluacién de desempeiio de modulacion codificada
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Complexity: 1.185mbal

QT GUI Time Sink
Name: Senal Muestreada
Number of Points: 1.024k

Signal Source
Sample Rate: 2.2M

Amplitude: 1
Offset: 0

Waveform: Sine
D Frequency: 10k .

Sample Rate: 2.2M
Autoscale: Yes

::‘:? Shoct [ | Bits per chunk: 16
2 Endianness: MSB

Float To Char
Scale: 1

—{ | cODEC2 Audio Decoder H

Short To Float
" [ Scale: 1

=2T0p: Suum
Step: 10m

Packed to Unpacked

Stream ID: entrada

Virtual Sink

Noise Source
Noise Type: Gaussian

Amplitude: 0
Seed: 0

CODEC2 Audio Encoder

Vector to Stream
Num Items: 48

Stream to Vector Complex To IChar
Num Items: 48 Vector Output: No

Interpolation: 1
Decimation: 1
Taps: 100
Fractional BW: 0

Rational Resampler

Virtual Source
Stream ID: entrada

Virtual Source
Stream ID: salida

Throttle

. n iSampIeRate: 2.2M _ » .

Band Pass Filter
Decimation: 1
Gain: 3
Sample Rate: 2.2M
Low Cutoff Freq: 9.5k
High Cutoff Freq: 10.5k
Transition Width: 100
Window: Hamming
Beta: 6

Error Rate
Type: Bit Error Rate
Window Size: 1k
Bits per Symbol: 1

QT GUI Number Sink
Name: BER (%)
Autoscale: Yes
Average: 0

Graph Type: Horizontal

Virtual Source
Stream ID: canal

IChar To Complex
Vector Input: No

Virtual Sink
Stream ID: canal

PlutoSDR Source
Device URI: ip:192.168.2.1
LO Frequency: 240M
Sample rate: 2.2M
RF bandwidth: 20M
Buffer size: 240k
Quadrature: True
RF DC: True
BB DC: True
Gain Mode: Fast
Filter:

Filter auto: True

PlutoSDR Sink
110 context URI: ip:...68.2.1
LO Frequency: 240M
Sample rate: 2.2M
RF bandwidth: 20M
Buffer size: 240k .
Cyclic: False
Attenuation (dB): 1
Filter:
Filter auto: True

QT GUI Time Sink
Name: Senal Co...da con Ruido
Number of Points: 1.024k
Sample Rate: 2.2M
Autoscale: Yes

QT GUI Time Sink
Name: Senal Recibida
—p.l Number of Points: 1.024k
Sample Rate: 2.2M
Autoscale: Yes

Float To Char
Scale: 1

Virtual Sink
Stream ID: salida

QT GUI Frequency Sink
Name: Espectro...nal Recibida

—pl FFT Size: 1.024k

Center Frequency (Hz): 0
Bandwidth (Hz): 2.2M

DE_
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B Desarrollo de las Guias de Laboratorio
@Algoritmos de sincronizacion por verosimilitud
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= =y O Distinta sefal de entrada
. = wEE O Analizar resultados
Senal Recibida Constelacion QPSK

: N ~
N -

] a3 ~.
] ] /. N.‘
-0.5 4 ]
1 02 - u S

Amplitud (V)
o
|
Quadrature

-0.3

T T T T T T T T T T T T
0 100 200 300 400 -0.3 -0.2 -0.1 0 0.1 0.2 03

UNIVERSIDAD DE LAS FUERZAS ARMADAS
|||||||| 6N PARA LA EXCELENCIA




ID: procedimiento_Sync
Title: Procedim...cronizacion
Generate Options: QT GUI

ID: samp _rate
Value: 2.2M

QT GUI Time Sink

Complexity: 727ubal

ID: ruido

Label: Nivel de...o (Voltios)
Default Value: 0

Start: 0

Stop: 500m

Step: 10m

Name: Senal Muestreada
Number of Points: 1.024k
Sample Rate: 2.2M
Autoscale: Yes

ID: gpsk
Constellation Type: QPSK

Noise Source
Noise Type: Gaussian
Amplitude: 0
Seed: 0

Signal Source
Sample Rate: 2.2M
Waveform: Sine

Float To Char

Constellation Modulator
Constellation: <con...n QPSK>
Differential Encoding: Yes

Throttle

o

110 context URI: ip:...68.2.1
LO Frequency: 240M
Sample rate: 2.2M

RF bandwidth: 20M
Buffer size: 240k

Cyclic: False

Attenuation (dB): 1
Filter:

Filter auto: True

PlutoSDR Sink

Virtual Sink
Stream ID: canal

Frequency: 10k Scale: 1 Samples/Symbol: 4 Sample Rate: 2.2M
Rimpiiance: * Excess BW: 5
Offset: 0 X
Virtual Source
Stream ID: canal
PlutoSDR Source
Device URI: ip:192.168.2.1 CIA FaumiEe
Lo - 240M Symbol Sync Num. Taps: 2
SEte Timing Error Detector: y[n]y'[n] Maximum Likelihood Modulus: 100m H
Sample rate: 2.2M
Samples per Symbol: 2 Gain: 1
RF bandwidth: 20M
Expected TED Gain: 1 Samples per Symbol: 2 I:
By n- Ak ] ]| Loop Bandwidth: 20m
Quadrature: True P %
Damping Factor: 1
RF DC: True
BB DC: True Maximum Deviation: 1.5
pee M LR Output Samples/Symbol: 2
Ea ¢ Interpolating Resampler: MMSE, 8 tap FIR

Loop Bandwidth: 20m
Order: 4

Constellation Decoder
Constellation Object: ...PSK>

-

Costas Loop

Filter auto: True

QT GUI Time Sink
Name: Senal Recibida
Number of Points: 1.024k
Sample Rate: 2.2M
Autoscale: No

QT GUI Frequency Sink
Name: Espectro en Frecuencia
FFT Size: 1.024k
Center Frequency (Hz): 0
Bandwidth (Hz): 2.2M

Band Pass Filter
Decimation: 1
Gain: 10
Sample Rate: 2.2M
Low Cutoff Freq: 9.8k
High Cutoff Freq: 12k
Transition Width: 300
Window: Rectangular
Beta: 1

Char To Float
| Scale: 1

Unpack K Bits
K:2

>

QT GUI Constellation Sink
Name: Constelacion QPSK
Number of Points: 1.024k
Autoscale: Yes

Map
Map:0,1,2,3

Differential Decoder
Modulus: 4

-
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Desarrollo de las Guias de Laboratorio

@ Evaluacion de desempefio de CDMA

Encabezado de la Senal Dividida
=5 w Re{Data 0}

[ T m Im{Data 0}
| | |
I | \
" | |

| | | |

I | |

(| | |

| | | |

- (1608 0.45d7 4}r#<_time:li{16 8 0.451 09}+_ti e: {1608

T T T T T
110 115 120 125 130
Time (us)

0.8 -

Amplitud (V)
[=]
o

(R P B Pt

Senal de Entrada
m Scope Plot

m Im{Data 0}

Amplitud (V)

T T T T
0 100 200 300 400
Time (us)

Actividades

L Distinta sefal de entrada
O Variar nivel de ruido
 Analizar resultados

BER
Probabilidad
0,044

Porcentaje

0,44%

Amplitud (V)

Amplitud (V)

| I'\I I.u‘"\ f ‘.\f | i "\‘I
V WA V W a ] & i
rxitin‘i"le: iil 963 0.500145}) r‘ki ime: {1963 0.501091} nx kime: [196'3"0.502036}
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Encabezado de la Senal Dividida

m Re{Data 0}

m |m{Data 0}
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T T T T T
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Senal Recibida
m Re(Data 0}
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acket_len: 2304
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: Virtual Sink
Stream 1D: payload_bytes

n . Stream CRC32 P T
:nmt:-mm’ = Format Obj.: £1630> > R, S
Length tag name: packet jen 253 iy Stream 1D: header_bytes
Length Tag Key: packet len Packed: Yes Length Tag Mame: packet len

QT GUI Time Sink
Name: Senal de Entraca
Number of Points: 1 024k
Sample Rate: 2 M
Autoscale: Yes
Virtual Source
Stream 1D: header_bytes
Tagged Stream Mux
Length tag names: packet lan
Virtual Source

Header/Payload Demux
Header Length (Symbols): 12
Header Padding (Uncertainty / Symbols): 0 Protocol Parser QT GUI Time Sink
Guard Interval (tems): 0 Format Obj.: <gnur. B1630> > LI | Name: Seral Recoida
Length tag key: packet len ‘ : Number of Points: 1024k
Trigger tag key: packet s @ A AR AR A NS RIRAN RS Sample Rate: 2 2M
=i Output Format: |tems Band Pass Fil Autoscale: Yes
4 Timing tag key: r_time 1
Sampling Rate: 72 2M m"“"‘:""‘
= o oy = Repack Bits Sample Rate: 2.2M
BRs per input byte: 1 IChar To Complex IQ-WIH-.':&S& .__’1 Complex To IChar Virtual Sink
Dits por autput byte: § Vector Input: No High Cutef? Freq: 10,5 Vector Output: No Stream 1D: salids
Transition Width: 200
Window: Hamming
QT GUI Time Sink Beta: .76
IChar To Complex """'"'E':“""” ""':;:“" QT GUI Frequency Sink
Vector Input: No Rate: 22M ' Name: Espectro en Fracuencia
"""I i ] PP swe: Lo2n
Center Frequency (Mz): 0
Bandwidth (Hz): 2. 2M




Desarrollo de las Gui

Evaluacion de desempeio de OFDMA

Signal Source
Sample Rate: 2.2M Stream CRC32
Waveform: Sine Complex To IChar Dieunint 9 Taged Swvam Mode: Generate CRC Peatoeet Parethor Rpnck Bty
I R W l— Vitter Outpusts W Packet Length: % e S aie; Lochet Format Obj.: <gnur_ 816605 > Bits per Input byte: §
Ampiitude: 1 Length Tag Key: packet len Packad: Yes - Length Tag Name: packet_len Bits per output byte: 1
Offset: 0
QT GUI Time Sink
Name: Seral oe Entrada .nm':'w' Virtual Sink 8
_>' Number of Points: 1 024k e Chunks to Symbols “’:"’" s Stream ID: Payiosc Bits £ g
Sampie Rate: 2 7M '&""“"‘“ Symbol Table: 1. 1 e i w3
Autoscale: Yo5 . T Dimension: 1 3 &
s E
Tagged Stream Mux Virtual Sink
QT GUI Constellation Sink Chunks to Symbols § ;
Mame: Constetacion “m::mm Symbol Table: - 707...07. 107m KEROAR REg NEnE: SHEININ pssienetondicniloln
Number of Points: 1 074k s Dimension: 1
Autoscale: Yes
PlutoSDR Sink
OFDM Carrier Allocator T WO context URI: ip. 6821
FFT length: 64 T ke 64 OFDM Cyclic Prefixer LO Frequency: 7.4G
Occupled Carrlers: [-... 26] 3 FFT Length: 64 Sample rate: 2 2M
""';’m“'u““ ] oot carrters: 127,21 ) FSTSSY Sa—— Aot CP Length: 16 ~i RF bandwidth: 200M
Pilot Symbols: (1. 1. 1. -1) SRt Yos Rolioft: 0 Buffer size: 7 3N
Sync Words: [00,..0.0 0] ) .1 Length Tag Key: packet len Cyclic: False ;
Length tag key: packet_len ~Attenuation (dB): 10
Fiter:
Noise Source

Virtual Source ""’I ”"foc““" Virtual Sink
Stream 1D: canal Frequency Mod Seed: 0 y Stream 10: canal

Sensitivity: -31.25m

ESPPE
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Desarrollo de las Gui

@ Evaluacion de desempeio de OFDMA

Forward/Reverse: forwoard
. .—" Equalizer: <gnurs. 340> > H Length Tag Key: packet len

Packet Length Tag Key: _len

Shift: Yes
Num. Threads: 1

Header/Payload Demux
Header Length (Symbols): 3
Header Padding (Uncertainty / Symbols): 0
Items per symbol: o4
Guard Interval (ltems): 16
Length tag key: packet_len
Trigger tag key:

Output Format: Symbols
Timing tag key: 1x_time
Sampling Rate: 22M
Special Tag Keys:

e e

Virtual Sink
Stream 1D: canal

OFDM Frame Equalizer
FFT length: 64
CP length: 16

OFDM Serializer
FFT length: 64

CP length: 16

Length Tag Key: packet_len
Propagate Channel State: Yo
Fixed frame length: 0

QT GUI Number Sink
Name: BER (%)
Autoscale: Yes
Average: 0

Graph Type: Horlzontal

<ghura9M3db0> > .
Length Tag Key: packe o
Propagate Channel State: 1=
Fixed frame length: 1

Virtual Source
Stream ID: canal
Device URK: ip:192.168.2.1
LO Frequency: 2 4G e e et
Sample rate: 2.2M :
RF bandwidth: 200M Schmid! & Cox OFDM synch. :
Bufter size: 2 4M FFT langth: 64 '
Quadrature: True l Cyclic Prefix length: 16 '
RF DC: True Threshold: 300m '
88 OC: True .
Gain Mode: Fast :
Firer: 3 Packet Header Parser
Filter auto: True Formatter Object: <p_faul>
FFT OFDM Channel Estimation
e FFT Slze: 64 Synch. symbol 1: syrc_wordl
Virtual Source Forward/Reverse: Forward Synch. symbol 2: syrc_word2
Stream |D: Header Stream Window: . b Iwamm:l . >l
Shift: Yes Maximum carrier offset: 3
Num, Threads: | Force One Synchronisation Symbol: No
FFT OFDM Frame Equalizer OFDM Serializer
FET Size: 62 FFT length: 64 FFT length: 64

Occupled Carriers: |-, 26)

Symbols skipped: |
Carrier Offset Key:

Constellation Decoder
Consteliation Object: 0> >

QT GUI Time Sink
Mame: Senal de Salide
Number of Points: 1 024k
Sample Rate: 2 2M
Autoscale: res

QT GUI Frequency Sink

FFT Size: 1,024k
Center Frequency (Hz2): 0
Bandwidth (Hz): 224

Mame: Espectro en frecuencia

Packet Longth Tag Key:
Symbols skipped: 0
Carrler Offset Key:

Occupled Carrlers: [-. .. 26]
] Length Tag Key: paciet jen

Repack Bits
Bits per Input byte: 2

Virtual Sink
Stream 1D: recove

Bits per output byte: 8
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Desarrollo de las Guias de Laboratorio

<3) Evaluacion de desempefio de OFDMA

Senal de Entrada

Constelacion
] m Scope Plot
-d | m Data0
1 m Im{Data 0} 1
i i . .
0.5 — 4
—_— 1 O.S —
= 1 ]
2 4 2 :
2 o0+ 2 ]
= 4 m
E. ] § 0 —_ - -
< ] 35 4
agd LA
i 0.5 o
] 1 . .
1] ]
j 4
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Time (us) ‘1 —n‘.s r; ofs 1I
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Conclusiones

v Desarrollo de un conjunto de trece practicas de laboratorio de Comunicacion Digital de la
carrera de Telecomunicaciones de la Universidad de las Fuerzas Armadas ESPE.

v Versatilidad de la SDR para adaptarse a nuevos estandares de comunicacion gracias al
diseno de su arquitectura.

v' Uso del médulo SDR ADALM Pluto y el software gratuito GNU Radio sobre el sistema
operativo Ubuntu version 18.04.

v’ Las guias se componen de: Tema, Objetivos, Equipos y Materiales, Procedimiento y
Actividades del Estudiante

v' El sistema de entrenamiento desarrollado es una herramienta eficaz para la ensefianza de
modulaciones digitales, codificacion de canal, modulacion codificada, algoritmos de

sincronizacion y sistemas de acceso multiple

@ ESPE
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Recomendaciones

Aprovechar las herramientas disponibles al maximo en beneficio de sus
estudiantes y nuevos profesionales de la sociedad.

Contar con mddulos SDR asequibles para sus estudiantes, equipos
computacionales potentes, software libre y una planificacion curricular adecuada.
Estudiar y analizar el fundamento teorico para poder plasmarlo de forma practica.
Revisar la documentacion disponible e interactuar con wiki GNU para potenciar

las habilidades del programador/estudiante.

@ ESPE
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Trabajos Futuros

Desarrollo de un sistema de comunicacion con codigos de canal BCH.
Evaluacion de desempeno de receptores con diversidad espacio —
temporal.

Optimizacion de sistemas de comunicacion digital mediante la
Implementacion de algoritmos de sincronizacion.

Disefio de un sistema de entrenamiento para la asignatura de
Comunicaciones Inalambricas de la carrera de Telecomunicaciones de la

Universidad de las Fuerzas Armadas ESPE.
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Gracias por su gentil
atencion
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