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Software Defined Radios (SDR)

Today

Important Tool for
= Education
» Research
= Development
Set to expand in scope and use
= Internet of Things
= Connected devices
Useful in

= rapid prototyping of wireless algorithms
- Evaluate radio hardware in real-world

conditions
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How to make SDRs ubiquitous for Wireless Prototyping

- Affordable SDR hardware
— Sufficient computational power
— Support a range of carrier frequencies & bandwidths
— Support multiple antennas

- SDR software development environments
— high level of control of the SDR platform
— Exchange data to SDR hardware in real time

= Connectivity to powerful technical computing software
— use reliable software models and tools in experiments
— algorithms, and feature-rich
— Use standard waveforms



Wireless Prototyping

Who are the users?

- Communications engineer
- RF System engineer

= Test or validation engineer

What do they need?

- End-to-end simulation

= Design verification

- Real-world over-the-air testing
« Standard-compliant waveforms

Standard-based
system

Multi-domain
system

Algorithm

A
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& Analyze Test
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Model-Based Design:
As Algorithms move toward Implementations

Modeling and Simulation

Modeling and Simulation

Agorthms | System Models  Standards . Mathematiqal modelipg & a_tlgorithm design
- (RF and Digital) Models « Multi-domain simulation: Digital + RF
* More and more wireless standard models
P rototyping & Tost 4 Prototyping and Testing
SDRIFPGAISoC Vg e - Test with a range of SDR and instrument hardware

« Rapid prototyping with code generation

o J

A 4 § v
IMPLEMENTATION Verification

Implementation and Verification

C, C++ VHDL, Verilog
Production HW
Test Verification

» Generate portable, production-ready HDL and C
« Easily allow re-targeting to different hardware
- v “ « Flow to production testing and verification

MCU | DSP FPGA | ASIC
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Use Case

Waveform Generation '
Testing & Verification
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End-to-end simulation
Over-the-air testing

LTE or WLAN
Input Transmitter j
‘ bits Y
i e
\ Source - g:;gge&!t Antenna Multi- My —— j
. > Coding ~ : Array carrier j
- [ J
Video [2 Modulation (MIMO) Transmitter
Text Hello ... ® T Large-scale | |
ello
Over-the-air
Transmission
- \ , ' » Channel &
Algorithm/IP :
* - > Reception
[ Interféreree -l
ogitt?sm Receiver Noise
Voice i « = Time &
\ S Modulation Channel Fre?fuency
ource Equalizer . . offset
Video u o Decoding || & Channel d estimation detection/
Decoding Compensation
Text . veio.. ®

LTE or WLAN
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Physical connectivity to radio hardware




Software setup: Hardware support packages

SHORTCUTS

New Variable Analyze Code oE @ {0y Preferences E% O ~
'iF' - Lol Find Files & E iy L L5} 2 (4 Community
(i Open Variable « k7 Run and Time [ SetPath
MNew MNew Open Il'?:l Compare  Import Save Simulink  Layout
Seript - - Data Workspace [ Clear Workspace w [ Clear Commands =  Library ~ |l Paralel =
FILE | VARIABLE | CODE | SIMULIME, | ENYIROMNMENT
CPEE @ o

@ Editor - PhaseEstimatell.m
Al I

| Communications System Toolbox Supported Hardware

Documentation

— ﬂ- Support Package Installer

ﬁ Get Hardware Support Packages
Select support package to install

Show: [All (71) - Check for Product Updates Ib
Support for: Support packages:

Teledyne DALSA Sapera Hardware - Action Installed Latest e ton Required Supported

Texas Instruments C2000 Version o1 P Base Product Host Platforms

Versi
Texas Instruments C2000 Concerto -
Texas Instruments C6000

(WSPI Interface ==
USB Webcams /

USRP Radio

Vector CAN Devices

wind River VsWorks
Xilinx FPGA Boards

Kilinx FPGA-Based Radio
Xilinx Zyng-7000

Xilinx Zyng-Based Radiy

Installation folder: C:\MATLAB\SupportPackages\R2015a

< Back l l Next > l l Cancel l l Help ]

Design and prototype SDR
15.1.0 systems using Xilinx Communications System Toolbox  Win32,Win64,...

Zyng-based radio

1]
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Exchange data between host computer and radio hardware

cfg = wlanVHTConfig;
data = wlanWaveformGenerator(bits, cfg);

LSTF
LLTF
LSIG
VHTSIGA
VHTSTF
VHTLTF
VHTSIGB
VHTData

0.02 0.04 0.06 0.08 0.1 0.12 0.14
Time (ms)

Command Window

>> usrpTx = comm.SDRuTednsmitter:;
f:l:‘ >> step(usrpTx, data) :|
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Hardware & Radio Connectivity

Baseband Waveform
Generation

4\ MATLAB
&
WLAN System Toolbox™

Generate
custom
waveforms

RF Signal Generation
Instruments

o

(5

Supported SDR

Transmitters

>

e

Transmit with
SDR devices
or RF instruments

RF Signal Capture
Instruments

o

(5

Supported SDR

Receivers

>

e

Capture signals
with SDR
or instruments

Baseband Waveform
Analysis

4\ MATLAB

&
WLAN System Toolbox™

Recover
original data
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Range of supported hardware

Spectrum Analyzer

N

Zynqg Radio SDR

PR ] —.-' [?/

USRP SDR
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Supported SDRs & RF instruments

RF Signal Generator = LR e | - *'. RF Spectrum Analyzer

Zynq Radio SDR Zynq Radio SDR

USRP SDR

USRP SDR

RTL SDR

Transmitter Receiver

4\ MathWorks'
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Use Case
H/W Prototyping
Implementation

1 ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

2 —

3 —- File Name: hdlsrc\hdlcoder_lteofdm modDetect\LTE_Detector_ HDL pkg.vhd
4 -—- Created: 2016-03-13 18:00:39

5 -

6 —-- Generated by MATLAB 9.0 and HDL Coder 3.8

'? -

B e

9

10

11 LIBRARY IEEE;
12 USE IEEE.std logic_1164.ALL;
USE IEEE.numeric_std.ALL;

PACKAGE LTE_Detector_ HDL pkg IS

TYPE vector of signedlé IS ARRAY (NATURAL RANGE <>) OF signed(l5 DOWNTO

TYPE vector of signedl8 IS ARRAY (NATURAL RANGE <>) OF signed(17 DOWNTO

TYPE vector of signed20 IS ARRAY (NATURAL RANGE <>) OF signed(19 DOWNTOC

TYPE vector_ of signed22 IS ARRAY (NATURAL RANGE <>) OF signed(21 DOWNTO

TYPE vector_of unsigned8 IS ARRAY (NATURAL RANGE <>) OF unsigned(7 DOWNTC O0);
TYPE vector_of unsigned4 IS ARRAY (NATURAL RANGE <>) OF unsigned(3 DOWNTO O0);
TYPE vector_of unsignedé IS ARRAY (NATURAL RANGE <>) OF unsigned(5 DOWNTQC 0);
TYPE vector_of_signed24 I5 ARRAY (NATURAL RANGE <>) OF signed(23 DOWNTO 0):
TYPE vector of unsigned3 IS5 ARRAY (NATURAL RANGE <>) OF unsigned(2 DOWNTO 0O);
TYPE vector of signed25 IS ARRAY (NATURAL RANGE <>) OF signed(24 DOWNTC 0):
TYPE vector of signed32 IS ARRAY (NATURAL RANGE <>) OF signed(31 DOWNTC 0):

© 2016 The MathWorks, Inc.




Model-Based Design:

As Algorithms move toward Implementations

Modeling and Simulation

. System Models Standards
Adellhns (RF and Digital) Models J

' Prototyping & Test ‘

Over-the-Air I

SDR/FPGA/SoC

Modeling and Simulation

« MATLAB has a widespread use in algorithm design
» Used also for multi-domain simulation: Digital + RF
 Increasingly provides wireless standard models

Prototyping and Testing

» Test with a range of SDR and instrument hardware

» Rapid prototyping with code generation

Signals
’ . -
IMPLEMENTATION Verification
C, C++ VHDL, Verilog
Production HW
Test Verification
MCU = DSP FPGA @ ASIC

\\ J &

Implementation and Verification

» Generate portable, production-ready HDL and C
« Easily allow re-targeting to different hardware

« Flow to production testing and verification

~

J
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Implementation-ready Algorithms: fixed-point

File

i)

Edit View Display Diagram Simulation Analysis Code Tools Help

@ % @ > = EI v arams.stopTime  |Normal v] ‘@ -

vmv "_:';.I_l EE vv v
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(C]

OB E BB

| hdlcoder_lteofdm_modDetect |

hdlmder_lteofdm_modDetect »

HDL Implementation of LTE OFDM Modulator and Detector'

=fa6 Eng

Iboolean

n
sficlS_En14(c) En21 {c) sfic1 6 Ent4 (c)
datalut »  AWGN Channel
JL
v
sample fom LTE Channel
resource grid

= LTE_W odulator HDL

LTE_Detector HDL

= ®

b

Reaq

Copyright 2015 The MathWorks., Inc.

Fixed-point numerics

. 106%
for every signal

FixedStepDiscrete
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Fixed-point algorithm design

1.  Set-up simulation flow
2. Express your floating-point algorithm
—  focus on algorithmic integrity, proof of concept
3.  Simulate (floating-point)
— iterate on algorithm trade-offs, validate against requirements
I EEEEEEE———————————————————————————————————————————————

4. Convert design to fixed-point
— Focus of design viability based on implementation constraints
5.  Simulate (fixed-point)

— iterate on implementation trade-offs, validate against original
requirements

I EEEEE——————————
6. Generate code for implementation C/C++
7. Validate and verify design after deployment RTL

&\ MathWorks:
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Use automatic fixed-point conversion tools

-

"i hdlcoder_lteofdm_modDetect - Simulink Fixed-Point Tool E@
File Edit View Display Diagram Simulation Analysis Code Toels Help| ['c  Collech  sufoscaling  Resulte Run Wiew Tools HeElp
- DT O [0 [0 | show:{al results -
- - [E 1] ] v [=| * | 3 "
E; = E:>’ BEE @ @ '{'& O ub Model Hierarchy Contents of: Compare To Zero1 Fixed-point preparation =
4 "i Fixed-Point Tool Root
| deoder_eofen modbetect | 5 Colam view Show Details otk e
® hdlcoder_lteofdm_modDetect k AnalysisScriptSub: =
© - - RySIsSpLoLbEys Mame Run CompiedDT SpecifiedDT SimMin  SimMax .
_— E Channel Configure model settings
Q . InitScriptSubsys ) ) ) ¥
B HDL Im p|ementat| on of a TE_Detector HDL 2] | Range collection using double override
[» Determine_Cell_ID
IE‘ H SrErming -l 2] | Range collection with specified data types
— FFT
b H Frequency_Correction 2] | Remove overrides and disable range collection
[ H Freguency_Estimation
[ H PS5 _Detection Advanced settings A
i+ [Pa] sss_petection o ot I
3 Timing_Adjustment / ange colection
] b LTE_Modulator_HDL " Run name: [Run 1
[ E sample from LTE resource gr :
! Simulate model
datsRequest
d Merge results from multiple simulations L
—"'- Derive ranges for: | System Under Design ¥
-
a el AUtomtic data typing
sfoc1S_Ent14 ) /
datalut
- Propose; Signedness Word length @) Fraction le
zample from LTE T
resource grid . ) €| 1 | b
Automatic/supervised 9 —— o e
fixed-point conversion || /[l | 3
o tools T
IE_EI LTE_Modulator HDE LTE_Detector_HDL
» Copyright 2015 The MathWorks, Inc.
Ready 106% FixedStepDiscrete
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Implementation-ready Algorithms: timing & parallelism

File Edit View Display Diagram Simulation Analysis Code Tools Help

E'D' ;.—|:>|_, EE@"@%@”D L] Elvarams.shop'ﬁme Mormal '] @"
| hdlcoder_lteofdm_modDetect |

® hdlmder_lteofdm_modDetect [ 2 -
| HDL Implementation of LTE OFDM Modulator and Detector'

3

— Include timing/latency

- into your design

(=]

O

n
= foc16_En14 {c) Enz21 ({:1 AWGH Chamnel <fix16 Ent4 g}
I
v
sample fom LTE Channel
resource grid

T

IE_EI LTE_Modulator_HDL LTE_Detector_HDL

» Copyright 2013 The MathWorks, Inc.

Ready 106% FixedStepDiscrete
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Target your SDR for HDL Code Generation

hdlcoder_lteofdm_modDetect - Simulink
File Edit View Display Diag Simulati Analysis Code Tools Help

E'm' I:> EE@"@%@HD L} D'arams.stop‘l’lme Mormal '] @"

| hdlcoder_|teofdm_modDetect |

® hdImder_Iteofdm_modDehect » () HOL Workflow Adviser - hdlcoder_lteofdr_modDetect/LTE_Detector_HDL

File Edit Run Settings Help
HDL Implementation of LTE OFDM Modulator and De{ Find:

Mg

1.1. Set Target Device and Synthesis Tool
Analysis (~Triggers Update Diagram)

4 @ HDL Workflow Advisor
a [ 1. SetTarget
] ~1.1. Set Target Device and §
- @ 2. Prepare Model For HDL Code Ge

Set Target Device and Synthesis Tool for HDL code generation
Input Parameters

»

2.1, Check Global Settings

Target workflow: [FPGAh—ﬂ'\e-Loop

=)

2.2, Check Algebraic Loops

2.3, Check Block Compatibilit Target platform: [Choose a platform

-] [ Launch Board Manager ]

~2,4, Check Sample Times

2,5, Check FPGA-in-the-Loog Synthesis tool: No synthess tool avaiable on system path ] [ Refresn |

o @ 3. HDL Code Generation Family: | . | Device: | - |
[ [@ 3.1. Set Code Generation Opti

#3.2. Generate RTL Code and Package: | - | Speed: | - |

[ @ 4, FPGA-in-the-Loop Implementatiq

m

= foc1B_En14(c) =fix16_En14(c) Project folder:  hdl_prj
datalut AWGN Channel
34
Run This Task
sample fom LTE Channel
resource grid

Result: [~] Mot Run

Click Run This Task.

LTE_Modulator_HDL LTE_Detd

Copyright 2013 The MathWorks, Inc.

(@A
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»

Ready 106%
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HDL Workflow Advisor

——
Ea HDL Workflow Advisor - eg_fpga_lut_ocptim/Egualiser FPGA
—

File Edit Run Viewr Help

& Find: - A Fh

4 I5E HOL Workflow Advisor
r @ 1. Set Target
@ ~11.Set Targef Device and Synthesis Tool Select ASIC, FPGA, Or FPGA Board Target
a ~1.2, Set TargetlInterface ! !
F @ 2, Prepare Model Ffir ode eneration
@ 2.1. Check Glolal Settings
& ~2.2 Check Al

Prepare Model For HDL Code Generation

@2 ~2.4, Check Sample Times

5@ 3. HDL Code Generlti-:-n
A [ﬁ 3.1. Set Code Girneration Options [ Genera‘te HDL COde ]

[

@ 3.1.1. set Bysic Options
0 3.1.2. Set Advance ptions
@2 3.1.3. set Testbench Options
a 3.2, Generate RTL Code and Testbench
@ 4. FPGA Synthesis afid Analysis

- Diabsiintti) WU [ Physical Design and Critical Path Highlighting ]
@ 1.21. Perfor =
a 4.2.2, Perform Mapping

& 4.23 Perfor
[E 5. Download to Tard et
@& 5.1. Generate Pigramming File [ PrOgram FPGA ]

|6 5.2. Program 'I:a.tet Device |

[

[
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SDR Hardware Verification and Prototyping

Requirements
Hardware testbed to verify designs with live radio
signals
Support for a slew of waveforms
Support for standards such as LTE & Wi-Fi

chk prototyping on SDR
Incremental implementation of algorithms
operating on baseband signal
Speed/size/memory assessment & optimization
Ultimately porting entire transmitter or receiver
algorithms on FPGA

4\ MathWorks
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Paving the way for the future

Same algorithm no longer manually implemented for each target platform
Re-targeting
Represent it such that it is ported automatically on various SDRs
System-level modeling
Integrate all low-level implementation details (fixed-point, latency, ...) into
System model
Elaborate system model and verify in software before targeting the
hardware

Main goal

Automatic porting/prototyping of algorithms to multicore devices of
heterogeneous nhature

22



