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Processing Architecture for SDR

» General Purpose Processor

> Digital Signal Processor

» Field Programmable Gate Arrays

» Graphics Processing Unit

N
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In this topic we have learnt about the

v Processing Architecture for SDR
v Next we are going to learn SDR Software
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SDR Software

» The development environment is a pre-built packages.
» Signal Processing Blocks.

» Open Source.

» Hardware Support.

> Available Platform

r
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SDR#

HDSDR
SDR-RADIO.COM V2/V3
Linrad

GORX
CubicSDR
SDRUNO
SigDigger
ShinySDR
WebRadio
OpenWebRX
Sodira

SDR Touch
RTLSDR Scanner
Pothos SDR

Advance Design System (ADS)

NI Labview
SDR angel

IO Oscilloscope
GNU Radio
MATLAB

Scilab
SystemVue
Python

Windows

Windows

Windows
Windows/Linux/macOS
OSX/Linux
Linux/Windows/macOS
Windows

Linux

GNU Radio

Linux

Python Based
Windows

Android

Windows

Windows

Windows
Linux/Windows
Linux/Windows
Linux/Windows/macOS
Linux/Windows/macOS
Linux/Windows/macOS
Linux/Windows/macOS
Windows
Linux/Windows/macOS

Free
Free
Free
Free
Free
Free
Free
Free
Free
Free
Free
Trial/Paid
Trial/Paid
Free
Free
Trial/Paid
Trial/Paid
Free
Free
Free
Trial/Paid
Free
Trial/Paid
Free




In this topic we have learnt about the

v" SDR Software
v Next we are going to learn 11O Oscilloscope
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IO Oscilloscope

» The ADI 1O Oscilloscope is a cross platform GUI application, which demonstrates

the interface of different transceiver boards.

> It supports data transmission and capture and data can be plotted in time

domain, frequency domain, constellation and cross-correlation.

» This application shows several settings of SDRs to modify and view using GUI.

» Transmit only designed signals.
wr
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B 4D Oscilloscope —
File Settings Help

|

Debug € DMM €k ADI36X € | AD936X Advanced &

Controls  Block Diagram

- < - AD9361/ AD9364 Global Settings

Active EMSM: fdd Calibration Mode: auto TRX Rate Governor: nominal Filter_ - .
configuration:

EMSM Modes: fdd ~  Calibration Modes: auto ~ | TRX Rate Governor Available: nominal ~ | | (None)

RX Path Rates: BBPLL: 983.040 ADC: 245760 R2:122.830 R1:61.440 RF: 30.720 RXSAMP: 30.720

TX Path Rates: BBPLL: 983.040 DAC: 122,880 T2: 122.880 T1:61.440 Tk 30.720 TXSAMP: 30.720 [] Auto Filter

X0 Correction | 40000037 =

- < - AD9361/ AD9364 Receive Chain

RF Bandwidth(MHz): Sampling Rate (M5P5):  RX LO Frequency(MHz): RF Port Select Fastlock Profile:  Tracking
18.000 = 30.719999 = | 2400.000000 2 A _BALANCED w| (o “ Quadrature
30719595 = [ External RX LD Store | Recall RFDC
RX 1 BE DC

Hardware Gain(dB): | 71.00
RSSI(dB): 107.25 dB

Gain Control: slow_attack

Gain Control Modes: | slow_attack |~

- < - AD9361/ AD9364 Transmit Chain

RF Bandwidth(MHz): Sampling Rate (M5P5): TX LO Frequency(MHz): RF Port Select  Fastlock Profile:

18.000 =/ 30,719999 = |2450.000000 = |A ~| o w
30.719999 : [] External TX LO Store | Recall
X1
[ Attenuation(dB): | 10.00 5

Reload Settings
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TX1
Attenuation(dB): | 10.00 =

R5SI(dE): 0.00dB

. L FPGA Settings

~Transmit / DDS

-DMA Buffer
Sampling Rate (M5PS) 30719999 |~

DDS
cf-ad9361-dds-core-lpc

TX1
DDS Mode: | DAC Buffer Qutput W

DAC Buffer Settings
File Selection

(None) Load

s

Scale(dBFS): 0.0dB
DAC Channels
[] voltaged

[] voltage
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B ADI IO Oscilloscope - Capturel

File Edit

Plot Channels

Flot Type
Tirne Dermain
400 = Samples
Graph Type: |Lines
Info

Markers

Enable All

Devices

) Auto scale Show grid

¥ Maoc: 1000

Z¥ Min: -1000
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ope - Capturel

Enable All

Plot Type
Frequency Demain
FFT Size: 16
Average: 1
PWR Offset:
Info

Markers Devices

=
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
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In this topic we have learnt about the

v 110 Oscilloscope
v Next we are going to learn GNU RADIO
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GNU RADIO

» GNU Radio is a open source Software toolkit for SDR that offers signal processing

blocks for the implementation of SDRs.

» Provides hardware support along with simulation like environment.

» Broadly used in research, industry, academia, and hobbyist environments to support

both wireless communications research and real-world radio systems.
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» The individual processing stages can be thought of blocks which can be configured.

Random Source

Minimum: 0

Maximum: 256 I - ._
Num Samples: 10k

Repeat: Yes

[ ’

N
[=]

Notse Source oty .
Nolse Type: Gaussian M’ tmw W ! ‘l'("l“"i’ N . .

GMSK Mod ""'““!'::“ 1 d
Samples/Symbol: 10 i
BT: 300m 4203 o

...............................

+150.00 -100.00 -50.00 0.00 5000 100.00 150.00

Frequency (kHz) e ’ .

Chanmel Model .

8 & &

Relative Gain (dB)
g

P
Nolse Voltage
Progquency Offset:
Scope Sink - Epaion: | 0004 .
Title: Scope Plot on °
I Sample Rate: 32k Seed: 0 ‘
V Scale: D Biock Tag Propagation v 3 “ . ..‘ . L)) »
T Scale: 0
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Waveform Generation

o Constant Source
o Noise Source

o Signal Source
(Square, Sine etc.)

Different Blocks

Modulators

AM Demod
Continuous Phase
Modulation

PSK Mod / Demod
GFSK Mod / Demod
GMSK Mod / Demod
QAM Mod / Demod
WBFM Receive
NBFM Recelve

\
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Channel Models

Fading Model

Dynamic Channel
Model

Frequency Selective
Fading Model

Instrumentation

Constellation Sink
Frequency Sink

Histogram Sink
Number Sink
Time Raster Sink
Time Sink
Waterfall Sink

N
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O
O
O
O
O
O
O
O
O
O
O
O
O

Fourier Analysis

FFT

Log Power FFT

Goertzel (Resamplers)
Fractional Resampler
Polyphase Arbitrary Resampler
Rational Resampler (Synchronizers)
Clock Recovery MM

Correlate and Sync

Costas Loop

FLL Band-Edge

PLL Freq Det

PN Correlator

Polyphase Clock Sync
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In this topic we have learnt about the

v GNU RADIO
v Next we are going to learn NI LabVIEW

b

N
RAHSOFTI




Fundamentals of SDR:RAHSDR480

Module-4:Software for SDR

RAHSDR480_L04_P05_RO01: NI LabVIEW

\
N\

RAHSOFT




NI LabVIEW

» A graphical programming interface where the created user interfaces is integrated into the

development cycle.

» This graphical approach allows non-programmers to build programs by drag & drop of the

virtual representations of lab equipment with which they are already familiar.

» LabVIEW programs-subroutines are termed virtual instruments (VIs). Each VI has three

components: a block diagram, a front panel, and a connector pane.
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» Also useful in Industrial application & data acquisition.

» Can program FPGA.

FPGA
1111

UL
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In this topic we have learnt about the

v NIl LabVIEW
v" Next we are going to learn Python

;""

N
RAHSOFTI




Fundamentals of SDR:RAHSDR480

Module-4:Software for SDR

RAHSDR480_L04_P06_RO01: Python

\
N\

RAHSOFT




Python

» Python is a open source Software toolkit for SDR that offers signal processing blocks for the
implementation of SDRs.

» Lot of pre-built signal Processing Libraries are available.
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In this topic we have learnt about the

v' Python
v Next we are going to learn MATLAB
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MATLAB

» MATLAB or matrix laboratory is a programming language & numerical computing
environment developed by MathWorks.

» Operations like matrix manipulations, plotting of functions and data, implementation of
algorithms, creation of user Iinterfaces, and interfacing with programs written in other
languages.

» Also consist of Simulink where option of block wise programming is available.

» Useful in engineering, science, and economics.
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In this topic we have learnt about the

v MATLAB
v Next we are going to learn Scilab

\.

\
RAHSOFT




Fundamentals of SDR:RAHSDR480

Module-4:Software for SDR

RAHSDR480_L04_P08_RO01: Scilab

\
N\

RAHSOFT




Scilab

Scilab is a free and open-source, cross-platform numerical computational package and a high-
level, numerically oriented programming language.

It can be used for signal processing, statistical analysis, image enhancement, fluid dynamics
simulations, numerical optimization, and modeling, simulation of explicit and implicit dynamical
systems and symbolic manipulations.

Xcos iIs a graphical editor to design hybrid dynamical systems models. Models can be
designed, loaded, saved, compiled and simulated.

Xcos is freely available and distributed with Scilab.
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B scilab 6.1.0 Console

- O >
File Edit Control Applications 7
ZE|IADOIY ERBEBX &
File Brovvzer Yariahle Broweser ? A
’ |C:‘l,leers‘lSDF‘._l‘lDumments‘lSdlab‘l, R Mame Value Type Visibility Memary
-~ m |ans | lx1| Bmlean| Iuml| 212
MName Startup execution:
E?;'!ab loading initial environment
——>
Command History ? A
------ JI — 25/05/2020 10:52:42 — Jf
Mewvs feed T
@ | Web tools in Scilab 6.1 |

Web tools in Scilab 6.1

Leverage the new functions for server communication, based on
the well known web protocol HTTPS:

GET to simply get data from remote location POST to exchange
data with the server through the request




CONT....

@ Palette browser - Xcos

Palettes View
Bled|aa| | @ |
Palette broweser - Xoos

Recently Used Blodks
----- # Continuous time systems 2 da-:lrn 1/s
----- # Discontinuities ..“32 DEMUK -
----- # Discrete time systems

COMVERT INTEGRAL_f n_f
----- # Lookup Tables ANDBLK BIGSOM_f CMSCOPE ~ SCALE_cMscope ~ CONST_m CSCOPXY DEMUX DOLLAR_f = g
----- # Event handling
----- # Mathematical Operations
..... ... Matrix rﬂ'
..... # Electrical j} :[F @ H I
..... # Integer MUK Bus creator Dynarmic
----- # Port & Subsystem LOGICAL_OF ouT_f RELATIOMALOP SATURATION
. MUX NRMSOM_f 2 PRODUCT SWITCHZ_m TEXT_f

----- # Zero crossing detection
----- # Signal Routing

----- # Signal Processing

..... # Implicit

----- # Annotations

..... ... Slnks

----- # Sources

----- # Thermo-Hydraulics

----- # Demonstrations Blocks
----- # User-Defined Functions




In this topic we have learnt about the

v’ Scilab
v Next we are going to learn SDR Angel
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SDR Angel

SDR angel is an signal analyzer frontend to various hardware.
Blade RF

Hack RF

LimeSDR

PlutoSDR

SoapySDRa

USRP

XTRX

r
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[ = SORangel

| File View DewviceSets Window Preferences Help
= O Fileinput S " 5 @ Channels 5
| =3
RO -10

0,000, 000 w: 30

0Y

00000k 00b CRC 2015-01-01 00:00:00.000 70

O » 1~ 00.00:00.000  00:00:00.000

|
|
l 434 980 434 985 434990 434 995 435 000 435,005 435010 435015 435.020
]l Spectrum Display
‘? RO

[

Han » 1k « 0SS W00 «» 1 = 04
A - 06
8000 .. ILIEETew

| Presets

| Freq(MHZ) M Description 7

N

w W

W W \
A bhNO OO M

| ENE ENEN

owo b N

(3 IS | I -SRI N o8

J
BN

PO0OR /P2 ® 7 &

I
| Presets Commands
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In this topic we have learnt about the

v SDR Angel
v Next we are going to learn SDR Sharp
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SDR Sharp

> The best free SDR software for Airspy and RTL-SDR dongles!

AIRSPY SDR# v1.0.0.1757 - AIRSPY - g
wim (Opse Qaw  Qraw
— N a
Cone A E LD 102.600.000 « AIRSPY
N
) : ¥ Source: AIRSPY “ | dBES Zoom
Filter Blackman-Harris 4 v N
AIRSPY v
Bandwidth Order -30
Device SN ' <none> v 1
2,00,000 250 C
CW Shift OSensitive Linear OFree -50
~ ~ Gain 0 e
[Jrmstereo  step Size 80 L Contrast
| Snap to Grid 100 kHz v Sample rate ~ e
-100
D Correct IQ Decimation NORe v 110
Swap 1 & Q
D Display Unknown 120 FM Broadcast
Audi
> udio Bias-Tee D Tracking Filter v 'ﬂ”“ r ! 1010001 r 1 r 1 \ 105,000 1 1 r 1 \
99.000 M 00.00: 01.000 M 02.000 03.000 04.000 M 05.000 M 06.000 M 07.000 M
> AGC SpyVerter & Enable HDR v Range
b Display PPM 000
Audio Noise Reduction *
> udio Noise uction Y Redio
P IF Noise Reduction *
NFM AM LSB USB
p Baseband Noise Blanker * o O o O
» IF Noise Blanker * wim Qose Qow  QRraw
P Demodulator Noise Blanker *
[Jsnin > Offset
» Recording *
» Zoom FFT* Filter Blackman-Harris 4 v
Bandwidth Order
» BandPlan* "
00,000 250 O
> Frequency Manager * & . -
) : : CW Shift
P> Signal Diagnostics *



In this topic we have learnt about the

v SDR Sharp

v Next we are going to learn SystemVue
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SystemVue

» Connect system-level design to RF circuit simulation. Verify physical layer system designs.
Interoperate with test equipment while wireless standards evolve.

» Validate baseband and RF integration early

» Streamline verification with pre-built test benches

» Easily connect to test equipment

» Perform 5G architecture development and validation
» Create and verify algorithms with baseband libraries
» Simulate real-world scenarios.

» Standards libraries.
F
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In this topic we have learnt about the

v SystemVue

v Next we are going to learn Module-5:SDR SELECTION CRITERIA
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