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A Working Definition of SDR

= SDR is a collection of hardware and software technologies
that enable reconfigurable system architectures for wireless
networks and user terminals.
= Embedded, portable, reusable software
- Across diverse software and hardware platforms
- Across teams, projects, and in time
- For multistandard support
- For reduction of development cost and time

= Defense industry driving the technology via JTRS
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The MathWorks Activities in SDR

= Active member of the SDR Forum
since 2002
= Participation in work groups:
- Design Process and Tools
- Hardware Abstraction Layer
- Commercial Technology
= Delivered workshops on code T e

portability and embeddable MATLAB & Simulink
transceiver code generation -
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Design Flows for SDR Development
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Traditional Design Flow

Client Requirements

Specification

Simulation results

Simulation test SW design tool
C leted vectors
omplete .
[System Test Design

Client test vectors

System . SW

docs Implementation models

7 IDE
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Waveform Design by SDR Forum Tools Work Group)

V o

Requirements Specificati
(MS Word), MAT
Reference Designs

Visio Diagrams,

Requirements UML Models, Connectivity
Feedback: Specification (MS Word
(Visio Diagram,

PowerPoint,

Excel, MS Word)

Algorithms (MS Word),
MATLAB M-files,
Simulink® files

Preliminary Design Docs
(MS Word, Visio, Excel),

Feed Forward: Prototypes, UML Models

(Spectral Masks,
BER Performance,
Processing
Requirements)

Assembly Description, C/C++
Source Code,
“Golden Waveform”

Detailed Design Docs
(MS Word, Visio, Excel)
UML Models

Platform Definition:
(Specification,
Device Configuration,
Data Transport)

Platform
Requirements

VHDL, Bit Files, Pin C/C++/Assembly Object
Out Specifications, Code, Timing

Timing Diagrams Specifications

C/C++ Object Code,
Timing Specifications

Bug Reports
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Overview of Model-Based Design

Links to paper-based specs

Executable
Specifications
m Models
lterate, Continuous | Design Floati int t
lterate, Medal : .oa Ing pom o)
el e i wilh Fixed point

lterate! Verification Simulation

¢ Implementation
with Automatic

Code Generation

Import your own custom code
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BAE Systems Achieves 80% Reduction
In Software-Defined Radio Development Time
with Model-Based Design

The Challenge

To develop a military standard SDR waveform for satellite
communications

The Solution

Use Simulink and Xilinx System Generator to rapidly
design, debug, and automatically generate code for an

SDR signal processing chain “Using Simulink and Xilinx
The Results System Generator we designed
* Project development time reduced by 80% and developed the signal

= Problems found and eliminated faster

processing chain of the SDR
= Clocking and interfacing simplified

and achieved a 10-to-1 reduction

In development time.”

Dr. David Haessig,
BAE Systems
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BAE SYSTEM

One SCA Rapid Development Project zeligsoft

Virginia
2 ] Tech

'l The MathWorks

Develop glue code and wrappers that encapsulate )
signal processing code and interface it to SCA core framework 27 XILINX

= Automatic code generation
using MathWorks _ D e vater Benavior
Real-Time Workshop® g e
and Xilinx System Generator™ i S TET

Tl Code Composer Studio™

Zeligsoft CE for Automatic
XML Profile Generation O e Hardware Platform

BAE expertise in SCA
= Virginia Tech Glue

Code Development ' ¢ — m ll

SCA Wavﬁform
Compliance —|_l OSSIE
“Wrappers®
o> T..-

Automatic XML " —-—
Profile Generator
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Demo: SDR Reference Waveform — FM3TR
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FM3TR Reference Waveform

= Future Multiband, Multiwaveform, Modular, Tactical
Radio Waveform (Reference waveform for SDR Forum)

Frequency range 30-400 kHz

Channel spacing 25 kHz

Modulation type CPFSK

Modulation rate 25 kbps

Frequency hopping 250-500 hops/second
Framing, packetization Switched, packet
CVSD voice coder 16 kbps

Coding Reed-Solomon
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The MathWorks FM3TR
Software Defined Radio Example

Design, simulation, performance analysis
Fixed-point analysis

Automatic code generation

Flexible system partitioning into components
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Software Defined Radio Example

E!fm:itr_ﬁ:-:pt_dsp ;lglﬂ

File Edit Miew Simulation Format Tools  Help

Software Defined Radio - FM3TR Reference Waveform
Fixed-Point MSK Modulation/Demodulation

MSK Rimoldi-Style Modulator/Demodulator

D BHE| R et 2> s o - IHEBSY RERE®

F | o BER
TRANSMITTER e AUGH —— RECEINVER BER |——m Errors Court
Samplas Count

References:

SR FSDRF-01--0056-%0.00

Cescription of the FM3TR Froposed Referance Waveform
Madulation Format

H. Leib and 5. P asupathy, "Eror-Control Properies of MSK"
IEEE Communications Magazine, Jan. 1993

B. Rimoldi, "A Decomposition Approach to CPM,"
IEEE Transactions on Information Theorny, har. 1992

Ready [100% FixedstepDiscrete 4
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Fixed-Point System Design
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Fixed-Point Design in Simulink®

L) Bl prawarmichiers: FET

- Simulink Fixed Point o

Dupts th cormpbas Fatk Fourss ransboon FRT) of sotal o compiie npul By somputing iade-2
hequency [DIF). deperdeg

Mnm?“m:&-m o bdack opdons. Lisss hal lengih snd
- Enables fixed-point support in: e S T

ool 2 ength,

= Simulink

Sebirgy on the “Fesdpont pane onky spols when biock. npults e fsd-pont onah

. . i | i |
= Signal Processing Blockset e e ———

- Stateflow®

F Sip i . ek -

Pl gaied il e
I I i Made Signed wond length Fraction bength
" F d-p t tt g t. Shelshie | Gpaciy wed Mo, =1 v [ -
IXxed-point Setings at. S — _
Praduct Arcumidy  [Frspponi tesing ¥ pm |12 [
- BIOCk Ievel ultiply or divide inputz. Chooge elen '_w luf‘"'m“ﬂ" L [E ns
fallawing: Lk reling sgeinat changat by e sultaeslng sl

- Subsystem level
- Model level

= Control over
- Inputs

- O Utp UtS Output scaling value [Slope, e.g. 279 or [Slope Biaz], e.g. [1.25 3]]:
- Internal values =

™ Lock output sealing against changes by the autoscaling toal

a) ® or / for each input port [e.g., /)
b zzalar zpecifies the number of inpu
Scalar value of "1 for element-wise pr l—l

to be mulbiplied. o & I Lidk | ] |

I # iz specified with matrix praduct, cof0E e Tivese O (e COespon g mipo. |

[ Require all inputs to have same data type

[LET] |

Output data type mode: I Specify via dialog LI

Output data type [e.g. sfix(16], wint(8). float('single’]):
|sfix16)

Round integer calculations towarnd: I MHearest ;I

I~ Saturate an integer averflow

[ x|

LCancel Help | Apply |
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Tool: Fixed-Point Settings

)} Fixed-Point Settings - frm3tr_fixpt_dsp/Receiver/MSK Demodulatorl - |EI|E|
P Il m E L
Select current system: | + MSE Demcdulatorl | Open System |

_Fized-Point settings for blocks inthe current system

Logaing rode: j Controlled by fm3tr_fixpt d=sp

Ir-.-1in, max and overflow

Data type override: IUSE! local settings j
_Simulation data logged for current system

Block MName: Min Max LData Type Scaling

Matrix Sum : Accumulator -53_Z ;

Matrix Sum : COutput = |SATURBATION occurred 252 time(s). I—

-3 3E 216 W=Q*z~-10

Addl -&d &d B3E W=Q*z~-zd

Productl -14_13 12,3953 23z W=Q*z"-Z&

Data Type Conwversionl -13.Z3 13,325 Ble w=Q*E~-11

Matrix Suml @ Accumulator -53 .88 7E.37 B3E w=Q*E~-11

Matrix Suml :© Output -65. 88 7537 2ls W=Q*z"~-8

Addz -10z.8 1077 53z W=Q*z"-z4

Data Type Conwversiong e I — 5 Gd 2ls W=Q*z"~-8 o
Data Type Conwersiond ;I -1l0z.8 1o7.7 218 V=Q*z"-3 ;I
Logging type: IOverwr'rte oy j

_Autoscale current system

Safety margin: I 0.0 Autozscale Blocks

Cloze Help
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Fixed-Point Design Aids

-1 =
DaEE e e RS A Enhs ARt 3 u MOdEI ann0tat|0n
= Histogram techniques
Z | double (c)
[2 !r.' % !uubta {c) zﬂ] =| _- n1|inqlm_z424_1I5IJAM_FXP,.-"I"p analyis,.-"EnahIed _|EI|5|
X u [100x1] File El:ht Wiew Insert Tools Desktop Window Help [minedims_z424_1e
Product Ded& kfRam® €| 0FE| =0
100% — T T T T T T T T T T T
—_— 1
TR NEaTh L T o LS e | Desired word length = 12 hi : real pa:{
Autocompute scale facto o ;Eaj f;
_______ wms 0% underflow F . p
SAEd oW s e I Enls ) sEmTs 1 0% F 0% overflow 4 A
o !
3 f
2 1%} /
Z | sfix12_En10 ( 5 ‘f
i & » )
[ 3
01% F
IE'ﬂf.. b4 fix12_En1p (c) [2x1] -
U 1oox1]
®1] [
Product
O e 4z 10 8 ® @ 2 o 2 4 & & 10
i il e = log,(Magnitude]
DR LR RESIEAI 8 S5 LI ET AL L
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Automatic Code Generation
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= Target generic C-programmable
devices

Production Code for embedded
systems

ROM size, RAM size, Execution
Speed: Comparable with optimized
handwritten code

Compact ERT code format
ANSI and ISO floating-point libraries

Customized main program:
deploy on target with or without OS

Supports user-defined data objects
and S-functions

Detailed HTML Reports

The MathWorks Aerospace & Defense Conference ‘ 2006

DEE&E 4@

File Edt View Smulation Format | Togls Help

=10/ x|

Data explorer.
Simulink debugger..

by wmE T ®

Look-up table edtor.
Data class designer.
Model discretizer...

ilication Example:
xed-Frequency HF Radio Waveform

Anoor
e ™ [Bemoutli Binary
[Generator
Binary

[z40x1]

Model differences >

This model implements the

Serial single-tone) wavetarm
asspecified in MIL-STD-185-110B 5.3

Prafiler
Coverage settings...

o
External mode conkral panel. ..

Build Subsystem,
Generate S-Function. .,

Fixed-Poit settings...

Rate 1/2 FEC
Linear analysis. ..

Encader

Report generatar...
Requirements management interface. .,

@
Rate 1/2 FEC Encoder

Using 2
subsystem, encoder
and decoder anitch to
support bit 12 petition

depending on data rate

] Dets Rate

Randarmizing
Sequence

Symbol Rate
after encoder

Datz

Known Data Generator
TX Data Sequance

Randomizing Generator

Symbol Rate

after Channsl Frobe [0

TX Signal

g

e File Edit WView Insert Format Help &Send

S E N

i
Real-Time Workshop code generation for Simulink model "MIL_STD_ 186 _110B.wmdl".

1.358
5.0 $Date: 2002/05/30 19:21:33 §
Wed Jul 09 16:36:43 2003

*
*
* Model Version
* Real-Time Workshop file version
*
*
*

Real-Time Workshop file generated on :

TLC version 5.0 (Jun 18 2002)
C source code generated on Ued Jul 09 16:36:146 2003
i
#include <math.h>
#include <string.h>
Generate RTW cod | #include "MIL_STD_185 110F.h"
#include "MIL STD 188 110B_private.h"
/* Block signals [auto storage) */

ElockIO rtB;

/T Block states
D_Vork rtDUork:

(auto storage) */

/T Parent Simstruct %/
static rtModel MIL STD_188_110F model S;
rtlodel MIL_STD_188_110B *const rtl MIL_STD 188 110 = fwodel S;

/% Outputs for atomic system: '<338>/Scatter Rendering' #/
wvoid MIL_STD_188_110B_Scatte a(void)
<

/% DataTypeConversion: '<$47»/Data Type Conversion'
*

* Regarding '<%47>/Data Type Conversion':
* Mo conversion recuired
B
!
int T il:
const real T *ul = £rtB.Reshape_into_Traces a[0];

<

Far Help, press F1

[ o
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Code Optimization Options

E] Configuration Parameters: fm3tr_cpfsk_rimoldi_fxp_19REF_speech/Configuration il
Select: —Simulation and code generation
el ¥ Block reduction optimization ¥ Canditional input branch execution

[ Implement logic sighals as boolean data (vs. double). ¥ Signal storage reuse

[~ Inline parametears Configure. ... |

Application lifespan (days)|1

- Data Impory/Export
an

—Code generation

Parameter Strudure:l Hierarchical j
‘- Model Feferencing | [~ Signals
- Hardware Implement.. ¥ Enahle local block outputs v Feuse block outputs

- hodel Referencing
- Real-Time YWorkshop
Comments

¥ lgnore integer downcasts infolded expressions [T [nline invariant signals

¥ Eliminate superluous temporary variables (Expression folding)

Loop unrolling threshold:IS

—Data initialization
v Femove root level {0 zero initialization [~ Use memsetto initialize floats and doubles to 0.0

¥ Remowve internal state zera initialization v Optimize initialization code for model raference

—Integer and fixed-paint
[~ Remowve code from flosting-point to integer conversions thatwraps out-of-range values

v Remove code thet protects against division arithmetic exceptions

— Stateflaw
™ Use bitsets for staring state configuration [ Minimize array reads using temporary varishles

™ Use bitsets for staring boolean data

(04 I Cancel Help Apply
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Code Customization Options

cenrlers: B Tl _ddsgy Tonliguration =l
sl eanniel 1=
¥ rchude comments
M lipt_dvgy Conliguratien |
MWW- b e s ik rani i &
' SGimlk ek eatmantt Eebo Medoraifant foaread corissd
™ Show elminsted sislements Dot gt T pant A [srmm
ay Optimastion .
Covmrsctihy ™ Verbooe commesnts for SimulinkdD kbl thorsge clarn | e Dbl o [
Eranquatidity Samle Fne fi
Sy .:......... Ve : bl ﬁ-eldnm-ucfmww [aris
Hardware Implersereaion | PP Simdik bieck decciplion: [T Stmtefiow chpt destrption: Tycss Conrptiion Subapthem method [srrsnsss
Mzl Kelerenong ¥ Sk dalh hipst dberiphons [ Pagismants in btk coints Conmmetaiy Loe:altaocany st [AH3H
FloakTime /sl I Custom comments MPT obiescts orkd Jm«m Lacal block oulput varabde: [5_1114
n
Spmbols Hardware | ekl s Coratant nacios: [snsnik
Cuttom Code: Mok Heloserronsy
et “ Firal Tere "aieabheg Minimam mangis kngth It
Irteincm Cornrwaris o shrirs £ [?'
Tommplatss ] -
Dhaia Piacemerd. Cuslors Cads [isnerabe 1ol inined paameten o[ Losisl =l
Crain Tyoes Fleplace L Detug
My S ke Irdertace k. ol lycd rerrg s
Temglates Sgnalnameg | Moes zl
ik _linpt_dvgy Cor | -'::T;E:L__ Pusenatse rosting [Flores = ||
ey Sultvaste proviorenent =] Wemory Sections Hddre ramwg [Hore =
Sabt : =
Tosget st it rusth arnscrreed | AHELE -
it et T et — l - 'J =]
| - Opnzation Wity burveon genes e [ =l .
Driagpnsins Suppon 7 B poird russtee P reorvfin rurvtesiz ' commpls rusmibes ot - I
,_
;;‘;:;d: [y I contimans: e [T —— I Posck e [ S =] Reftnh pack agn kst
Il:pel'.'r.l\m-ﬂ:m o rded O phwvazabon " = e deloalz
wrrrmingty Diiagracrsta J ; .
Comguatiblity [ GAT compaliie callmimdoce [ Sngh culpudhgedale hnelion. B Tipsmmaln lurction iegqueed Srgie Tiews Irstisre T eamirahe | Diel ot =]
B H"Mlnmni G se seutais coce Feuabis code enor dagneate: [ £ 1o = ?"“:_M!" Euseufian | Dealiat =
e dﬂmim | Joe Loreerinm
Mz Halmenomg Eaas rooblevel LA ax [ Indediad woumends =| Corvrmginaty Mmooy sechions lor madel dats and ubayiem, defauls
T [ Eumcsss s shohot ek ions ol ke . Eranquatidity
Comremeris Hisdel Flaficsnsing Comtartr | A ~ |
Spmbols Veficalk Hardware Implement ston |W‘|n-‘-'h* j
Cuttom Code Wzl Haltiencng
Db I Cmatn Simulink [5-Functon] bleck. I~ MAT Hie kggeg o Pl Time Wik shog Il ol [ Dt =)
[—— Pasmeier: [ Dot =]
Tormplatat [t deschiares Symbols
traim Placemeni = = Cuttom Code
Do Tyeet Fleplace Irkeic | Horw | (L Detrsy
[T p— [E——
Tommplatss
traim Placemeni
[rain Tyoes Fleplace L
Moy fnchons
| ped | we |
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Example Design Flows for Target
Platforms
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DSP Design Flow

&The MathWorks

MATLAR: Nh'll]l'\h

“ [LAB
1|. H‘\I‘.

NIATLABw
SIMULINK

Link for Code
Composer Studio™,
Real-Time Workshop® .
Embedded Target for 71| OPtimized Code

C6000™ DSP

Target-Specific
and

Code Composer
Studio™ (Compiler,
Linker, and Loader)

Specific
Peripheral
Software
Drivers

Board

.....

-
= By

D®
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FPGA Design Flows

Algorithm Translation, HDL Synthesis ™. Implementation
Development, i Code Gento : Simulation ¢ %, and Verification
Simulation, i VHDL/Verilog i

Modeling i | EIXILINX| - XST®

$TXILINX $7 XILINX ik
: m Leonardo JSE® 4.1i

XILINK : GMERY R
‘The MathWorks %?JEI'!!ATUH‘ i Model Sim® : pectrum :

Foe Bimulink

MATLAF: wxmi'\h —..)

1|. IJ‘\I'.

Synplicity

: L d
MATLAB signa  |cMBRRE UTC
SIMULINK Compiler® W TR
<« ; =

[NEERA m  Synplicy

Synplify® ..:Quartus e

SYNOPSYS |
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Conclusion

Model-Based Design is a crucial methodology for successful
design of Software Defined Radios

« Simulations

= Fixed-point design

= Code generation

- Deployment into diverse hardware and software platforms
= Integration with SCA tools
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