< ) The MathWorks MATLABZSIMULINK

System-Level Design for
Software Defined Radio

Ken Karnofsky, Director of Marketing, DSP & Communications
Don Orofino, Manager, Signal Processing Development
Dick Benson, Senior Applications Engineer

wWww.mathworks.com

© 2002 The MathWorks, Inc.




< ) The MathWorks MATLAB¢SIMULINK

Agenda

m  MathWorks products for system-level design of SDR
m Introduction to Simulink
m Case Studies:
o Ultra-Wideband Radio
o Digital Down Conversion
s HDL Verification and Co-simulation
e Link for ModelSim
m Case study: SSB Software Defined Radio

o Partition design into FPGA + DSP processor
e Live demo: real-time FPGA/DSP implementation
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Today’s System Design Challenges

m Increasing complexity of wireless technology
e Multi-band, multi-standard, multi-target
m Time-to-market pressure
e Design verification occurs late

o High risk of design failure and time-to-
market delays

m Design team integration
o Geographically diverse teams

o Analog/Mixed-Signal, digital hardware,
DSP S/W, control S/W

© 2003 The
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Problem: “Joint” or Shared Radio Systems

m  Wireless interface to Wireline,
Sensors, Surveillance Systems

s Many military and commercial
standards

= Millions of radios
m Multi-service integration
m Increased need:

o Standardize

o Continue to support legacy
systems

www.matAworks.com
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Challenges for Software Radio

m System Design
e Modular and hierarchical hardware/software, analog/digital design

m Component and Algorithm Design
o Configurable, tunable, reusable, computationally efficient filters
o Wide and multi band, CDMA, multi-carrier components
0 ADCs, VCOs, Power Amplifiers
e Increasingly complex algorithms

0 Multi-rate and fixed-point algorithms
0 More complex synchronization, interpolation, decimation, equalization

= Implementation on programmable hardware
o« Code generation for DSPs/FPGAs/General purpose processors

© 2003 The MathWorks, Inc.
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MathWorks Products for System-Level Design

m Create and validate design
m  Detect design flaws early
m  Reduce risk and time-to-market

s Use Simulink model as reference
and executable specification

m Partition Design
s Add Implementation Detalil

IMPLEMENTATION TOOLS

* : m  Complete design flow to
FUNCTIONAL HARDWARE hardware (FPGA + DSP)

© 2003 The MathWorks, Inc.
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MATLAB
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Simulink
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MathWorks Product Family

I Stateflow

|
MATLAB

Wwo?
1d paxi4

DAQ Cards
Instruments

Desktop Applications
Automated Reports
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Simulink Tutorial
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Model Construction
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Subsystems and Hierarchy
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Complex Timing and Concurrency

= Complex timing
AR — = o Feedback
‘ e Asynchronous edge triggered blocks

o Multi-rate digital with arbitrary sample
rates

oo iam 1 o = Concurrency
(EHE fRR0C REE®] ) & [ -
e True expression of parallelism

e Important for whole system or hardware
subsystem design

e Not possible with programming
language like C

www.matAworks.com
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Multirate and Analog
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Digital
o Fast frame based
simulation
e Schedules complex
multirate systems
Analog

o Variable step numerical
integration solvers

e Zero-crossing detection
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Data Types
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System-Level Simulation Example:
Ultra-wideband (UWB) Radio

© 2002 The MathWorks, Inc.
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Ultra-wideband (UWB) Radio

= Application: WPAN* multimedia
o High-speed data (~100-500 Mb/s) over short range (~10 m)
e In-home video distribution, e.g., DVD — HDTV

s Stringent FCC requirements:
e Frequency allocations/bandwidths
e Minimize interference with existing services (GPS, 802.11a)

= |EEE 802.15.3a

© 2003 The MathWorks, Inc.

* WPAN: Wireless Personal Area Network
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Role of MATLAB & Simulink in UWB Definition

Common modeling platform
e Standards groups, regulators, and design engineers
o Assess performance, potential interference and FCC compliance
e Share models within and between organizations
o Build executable specification as standard emerges

Example using MATLAB & Simulink:
e 802.15.3a Multiband OFDM PHY model
e Adapted from existing 802.11a PHY model in 3 days

wWww.mathworks.com
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Simulink Model

= This wersion is based on an IEEE 802.15.2a proposal,
UWB - Mu"]hand OFDM = 2““ ths MDdE dated 21 July 2003 (Doc: IEEE PE0Z.15-02/26810).
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Simulink Model Demonstration

s Current model captures data/signal path of Multiband OFDM
PHY as specified in 802.15.3a proposal

m Model easily enhanced to include:
e RF impairments (Communications Blockset)
e Multipath channel and equalization (see 802.11a example)
o Interference modeling within piconets and with other wireless

devices (see Bluetooth models for examples) ﬁ

o Fixed-point modeling (DSP Blockset; see 802.11a example) ;5
Live E’

MATLA g

Demo S
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DSP Component Design:
Digital Down Converter

© 2002 The MathWorks, Inc.
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Simplified Digital Radio

70 MSPS 270 KSPS  (GSM)

Digital l
A/D l
Converter

Digital Down-Converter (DDC)

o Performs digital mixing using
low-pass filters and decimation

3
Section

o Example: TI/GrayChip GC4016 DDC

© 2003 The MathWorks, Inc.

www.mataworksicom = *



< ) The MathWorks MATLABSIMULINK

NCO: Numerically Controlled Oscillator

=] G5M_DDC2/Subsystem;NCD ][]
NCO File Edit Wiew Simulation Format Tools  Help
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NCO Analysis
NCO Digital
Down
AD ¥ Converter
v
CIC Decimatar s Use MATLAB and Simulink to:
J. e Analyze spectrum of fixed-point NCO
Compensation FIR o Evaluate spectrum with dither applied .
v e Compute SFDR z
Programmable IR (Spurious-Free Dynamic Range) E
!
Fate Carversion _aCJ
o

Duté}
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NCO Analysis

NCO
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MATLAB¢5SIMULINK
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NCO Analysis
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CIC Filter Design

NCO Cascaded Integrator Comb filter

D i e High input data rate (69.33 MHz)
v e Hi <) MATLAB (ol x|
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CIC Filter Analysis

‘} Figure No. 1: Filter Visualization Tool - Magnitude Response - |EI |£|
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CIC Filter Design

MO

AID
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v

CIC Decimator

MATLAB¢5SIMULINK

Cascaded Integrator Comb filter
o Automated fixed-point implementation using

v

Integrator |
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Compensation Filter Design

MO

o]

*

v

1 Decimataor

L

Compensation FIR

v

Frogrammatle FIR

v

Fate Carversion

Duté}

Design objectives:
- Compensate CIC passband roll-off
- Provide anti-aliasing for decimation
- Fixed-point operation

Typical GSM design parameters:
- 21-tap, 16-bit symmetric FIR
- Input rate 1.083 MHz (69.33 MHz / 64)
- Output rate 541.66 kHz (1.083 MHz / 2)

www.matAworks.com

© 2003 The MathWorks, Inc.



'l The MathWorks MATLABe¢SSIMULINK

Compensation Filter Design
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‘} Figure No. 3: Filter Visualization Tool - Mi
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Compensation Filter Analysis

‘} Figure No. 6: Filter Visualization Tool - Magnil
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Compensation Filter Analysis

} Figure No. 4: Filter Visualization Tool - Magnitude Response - |EI |£|
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System-Level Analysis

ol
Key Syste m - I evel reS u ItS . File Edit Wiew Simulation Format Tools Help
. . = ) . - - _El‘hla_"hl—lnlu E|§Q|ﬁﬁ
= mo n |to } Fired-Point Blockset Interface - GSM_DDC2/5-Stage CIC Decimation i -0 =|
o= e
- fixed-p I
=elect current systen: I §-Stage CIC Decimation j Open System |
rFised-Point zettings for blocks in the curment system
Lagaging made:; IMin, = DVE[HDWj Cantralled by: GSk_DODC2 69,333
; mMSPS
Data type override: IUSE local settings j |
—Simulation data logged for current system ||
Blocl: Hame: Hin Max Data Type Scaling 1.0833
M OVERFLOW occurred 11 timeis). 1 LEDE! 5
—2.133e+00% 2.005=+00% S50 V=0%2"-18 = c
Conversion -5.281e+008 5. 279=+008 524 V=028 || a41 BB -
Suml —-9.563e+005 5. 168=+004 S50 V=0%2"-18 KEPS )
Sum3 —-227.5 113.9 SE0 V=02 -18 | =<
Sumd OVERFLOW occurred 1 time(=). = o
—-2.147e+00% 2.147=+009 S50 V=0=2"-18 ;
Sumb OVERFLOW occurred 1866 tineis). — 270 83 <
—-2.147e+00% 2.147=+009 S50 V=02 -18 : ®©
Sum9 »| |OVERFLOW ocourred 3890 time(s). | kEPS =
AT Lo o ToLL En . o
c
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Safetymargin: [ 00 Autoscale Blocks | g
N
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System-Level Analysis
[=]Gsm_ppc2 : O] x|
Key System-level results: Fil= Edit MWew Simulation Format Tools Help

. M | ~—~—« mR =2 | W = E | H-":I l:"‘-g‘ | “ E
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- fixed-p L> 1 = o
=elect current systen: I §-Stage CIC Decimation j Open System |
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< |_| Annina rande: N, . A P — 1 Cenkecllad e BSR4 ARCS i BY9.333
~1GSM_DDCZ2/5-Stage CIC Decimation * =10] %
File Edit Yiew Simulation Format Tools Help MSPS
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O
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DDC Demo Summary

s  MathWorks tools working together to create an integrated
design environment

e MATLAB, Simulink
o Signal Processing Toolbox, Filter Design Toolbox
o Fixed Point Blockset, DSP Blockset

= Value to you
o Implement new designs faster

o Verify behavior of existing silicon (GC4016)
under real-world conditions

© 2003 The MathWorks, Inc.
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System-Level Verification of HDL Designs
using Link for ModelSim

© 2002 The MathWorks, Inc.
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Link for ModelSim®

m  Connects MATLAB and Simulink to ModelTechnology’s
ModelSim® HDL Simulator

= MATLAB Validation of HDL designs MOdGISim®

e Data visualization
e Test benches and test signals
e Substitute M for HDL

m  Simulink Integration with HDL designs
e Co-simulation of HDL

o System-level views of HDL code

o« HDL data file 1/0 ModeITechnoIogy

© 2003 The MathWorks, Inc.
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MATLAB: Data Visualization

Example: Random Number Generator

@ source - fibonacci.vhd

File Edit View Tools ‘Window

EEEHES 4 BB DM O EF ws2ELEIEE® | ® | Create Interface to MATLAB:

& |In ﬁl D:.J'Applicaticfns.»’FH35F'1.-"tu:uu:uII:u:u:-:x’modelsim.»'mu:uc!eIsimdemosx’vhdlx’fibunacci# - Choose VH DL entlty
22 —= TImplements a uniform PN generator using
29w mhemacer seaverce. = Define callback in MATLAB
25 LIBRARY IEEE; e Choose M-file
26 U3E IEEE.=std logic 1164.all; . .
27 USE IEEE.numeric std.all; e Choose timing model
Z5 . . .
29 ENTITY fibonacci IS m Start ModelSim simulation
30 PORT |
31 clk 1 IN =td logic ;
3z clk en : IN std logic H o
3 esmr i IN e loote | = HDL signals can pass to and from N
34 dout ! OUT std logic wector | downta 0) ): MATLAB M-f'le Py
35 END fibonacci ALC
36 O
37 ARCHITECTURE kbehawvioral OF fibonacci IS [ ;
35 TYPE regfile t I3 ARRAY (NATURAL range <>) OF unsigned | downta O); ..'E
39 SIGHAL regfile : regfile ti DOWHTOD O (EU
40 BEGIN o
41 - I <
42 PROCEZS (zlk) —
43 BEGIN 8
EE IF (elk'EVENT AND olk = '1') THEN d o
AN
4|b| fibonacci.vhd | | 1| | ] o)
I_lLine Iz hiot executable: D:J.-’-‘«pplicatiuns.»’FH35F'1.J'tu:uu:uII:u:u:-:f"modeIsim.»’mu:u:ielsimdemosfvhdlf'fibu:unacILn: 41 Caol: 2 IFleadl y
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MATLAB: Data Visualization

ModelSim SE PLUS 5.7e ]
File Edit View Compile Simulate Tools ‘Window Help
IEEEEFEI e e
“waork space =
Instance | Design Unit I Design Unit Type # .process J
destroy .process
wiew lisk
W rumeric_std numeric_std  Package B list )
Bl std logic 1164 std_logic ... Package Sﬁesug?.ﬁét;t
W standard standard Package # wave
# Load canceled
destroy wave
< | |
Library | sim | Files WSIM 12 =

|N0w: S0 us Delta: 2 |Sim:fﬂh0nacci

dout
redfile

1]

sim:fMibonacci

-} modsimdemofib

=10

Generate WHDL project in directorny. %

| C:ATemph

¥ Allow computer to assign TR port

TCP port numkber: I 1061
Execute

Erovse |

Live P
MATLAB
Demo

F |
E 1

www.mathworksicom =

XI ¥ 10 PN Sequence Startup
A T T T T T
™ 3k Plots the integer
_— values produced
5 during the first
i 1800 cycles after
areset
1 -
il 1 1 1 1 L 1 1 1
200 400 600 800 1000 1200 1400 1600 1800
Tirne (# simulator steps)
Histogram of PN Sequence
00s Plots the distribution
o ’ of walues produced
0.04 by the generator after
the startup period
0.03 This will approach
(statistically) a flat
> M Al 0.02 response for a good
File Edit Wie oo P generator.
D& 4
0 0.5 1 1.5 2 2.4 3 3. 4 4.8
To enahle : Bins of generated random numbers w10®
The follow:

HDLDaemon serwer is running with 0 connectioni(s)

Server Error = Socket connection was closed by the other side
HDL Daemon already running on Port=1061

p

K1 —
4 Start |

o
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Simulink Co-Simulation

& | In# |=/F135P1 Aoalbox/modelzinmodelzimdemos fAvhdldmanchesterdm
17 ENTITY manchester I3
15 PORT |
19 Sarmp = I =td ]_ng_c- —  raw SEI['IIJ].E
ModelSim Co-Simulation (mask] (ink] ) — T
Co-zimulation af hardware components with kMoo clk : IN st ':1_ lo g1c - -—— = |lnp le =lo
a ModelSim Signal. Outputs from this block are | . jp— L C
are specified by their full higrarchical name in Mo 21 enable : IN st d_ 1o ric: Disables =
28 reset : IN =td logic:
F'Drtkl Comm | Clacks | Tel | oG]
Block input ports: 24 data : OUT =td logic: —— detected d
fmanchester/samp dvalid : OUT std logic; -—- Is data va
dolk : OOT std logic —— Detected d =
c
. )
28 1 : 133 ufin 1 X
Black autput parts: ] (e
ufin 1 <
manchester/data dclk -
Amanchester/delk i ©
Amanchester/dvalid 1 dvalid iy s
Amanchester/sync_i — P zamp lm ufixd ©
Amanchester fizum_i 3 SYNG_ c
fmanchesterfasum i . (o
. | ufin )
) izum_i
Output zample peniod: | -1 - . =
| ufins o
qsum_i
0k | Carcel | Help | Apply | ©

WHEL Manchester Receiver

www.mathworks.com
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Simulink Co-Simulation: Single Entity

[=manchestermodel2 * =10 x|
File Edit ‘ew Simulation Format Tools Help
D|E—”E§|%E|§Q PlanrmaI j|@|ﬁ||n{r®
Original Data >
ufix
Q1 data ) Recoverad Data »
Input Oata dalk ufin >
Out 22428 Phase offzet . " daliq |4 Fecowered Clock -
Encoded [T _pafsamp MOdElS’m St Data ‘validity
requencyFhase ¥ syne_j ——wLE ) | double Data
Error Generater Manchester Encoder il ufing 1 Inphase IEI Soope
o double
.| ufixh 1
|} Data Scope _lol x| geum_i 0 o Quadrature
) i 12 .
JJ@ | /OIE/@ | dh B2 | U& % WHDL Manchester Recaiver I Capture ap 8
Original Data [E -
1100% | | FixedstepDiscrete 71 Il
5
: z
Example: Manchester Receiver =
=
: 2
Live =
a (80
MATLAB 3
Demo ¢ ©
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Simulink Co-Simulation: Multiple Entities

SUBSYSTEM: Creates hierarchy in
the Simulink model

=[0] x|
File Edit ‘iew Simulation Format  Tools  Help
- y e fne -
D|EH%|%E|5’Q|P INDrmaI j|$|ﬂ||nﬁ}5
Original Data
; O
Input Data ufisl - ufix =
outt [ 220 ) Phase Offset o ft? 12
uUfix - | ufin 5
L — o
BEncodad ———— | samp dwalid o =
. =
FrequencyiPhase  panehester Encoder dclkLh- ©
Error Generator dclk =
Manchester Receivar [ata _GCJ
Scope =
™
3
Ready 100% | FixedStepDiscrete i S
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Simulink Co-Simulation: Multiple Entities

[mr_multiple/Manchester Receiver =10 x|
File Edit Wiew Simulation Format Tools Help
D|ﬁﬂ§|%é|fﬁﬂ?|b IINDrmaI j|$|ﬂ||ﬁ{f®
State Counter
Ty
“ ufd |
i_wf |, L .
mr ModelSim, =
q_wf
it |-
[ ata
t ) [ YN
™ TESE isum ﬁb— isum ¥
L i o, s o -
e : _ ! dalid : O
uficd N (UL R e wfiicd ufixty ralld =
S el = L A g
Fle Edit ‘iew Simolation Format  Toc zamp |0 Comrertor Decoder Fegistered data %
OeEH& s Outputs <
L
-—
Ready 100% FixedstepDiscrete o
7 I
Input Data |ufidl data ufinl . u ©
ot 2R prace gttser o i v . . . =
Ut .| Wt
s Ty *Separate Simulink block per entity ~
FrequencyPhase o Eneoder dolk ufix! - ™
Enrar Generatar dalk = o
Manchester Receiver S[:Zt: 8
.S i iew of HDL desig
Ready 100% |FixedStepDiscrete v yStem Ievel VIeW O HDL eSI n @
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Simulink Co-Simulation: Multiple Entities

E!n1r_n1uItiple,.-"Manchester Receiver =10 x|

File Edit Wiew Simulation Format Tools Help

D|E-”H§|3EE|EJQ FIINDrmaI j|$|ﬁ||ﬁ?®

State Counter

Ty
= nec
* ufix 1 2
i_wf |, r .
= i_wif M d |s ad
ufixl | — ﬂ E lm; !
q_wf
[rata
. 2 YN
adj ¥
h
r ufixd Il ufini
dwalid ———{In1 Ot 1 _pn
NodelSim, <=1 -5 &
' - o dvalid
UTIX UTIx
adata —————pw{Inz otz —p-n
— . odata -
S
File Edit Wiew Compile Simulate Toal: Decoder Registared
(= [eean|mr Outs
‘Workspace = - -
Instance [Designunit | =| Ready |F|xedStEpD|screte o
manchester manchester... _Iogic_unsigﬁedr[gody]
B v_igoony  igoonv(beh... # Loading work. manchester(b
— | |# Loading work. igoony(behavpPal)
Bl u_decoder  decoderb.. # Loading work. decoderbehavioral
Bl u_statecnt  statecrifbe... # Loading work.statechtjbehavioral
W std_logic_unsi... std_logie_u..  +| |4 Loading D: #4pplications/R135FT /ool sim/simuinklink, s S - I M d I S H - I t
a4 2P INngie lviodeloim simuiator...
Library siml Filez WSl 2 =
|NOW: Ons Delta: 0 |Sim:fmanchesterfu_iqcon\t P

www.mathworks.icom
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Simulink Co-Simulation: Multiple Simulators

ModelSim SE PLUS 5.7e
File Edit Wiew Compile Simulate Tools Window  Help

=10l x|

ModelSim SE PLUS 5.7e - 10l =l

File Edit View Compile Simulate Tools Window  Help
EEDIEE R EEE eI IEELEEEE EREE IR
Wwiorkspace x| Wwiorkspace x|
R i = | ||_logic_arith(body] - Inst Design Unit | || _logic_arithibody] -
[nstance I Desipnltng I # Loading D: A4pplications/Modeltech_eval 5 7efwind2/. feee std fEanes I S I # Loading D:/4pplications/Modeltech_eval_5.7e/wind2/. fieee.std
° _logic_unzsigned{body] _Ioglc:__unﬁgned[body] )
B v_igoony  igoonv(beh... # Loading work. manchester(behavioral) W uigoony  igoonvlbeh... . ﬁll:oag!ng wort.manchfbstir[bx_ehal\i'loral]
# Loading work. iqeonw([behavioral] u decoder  decoderb... . oading work.igeony(behavioral
I v decoder decoderb.. # Loading work. decoderjbehaviaral] ! et s .r[._ # Loading work. decoder(behavioral)
W u_statecnt  statecntfbe... | # L nading worle_statecht chavioral]
0 = e .
W std logic_unsio. std_logic .. d # Loading D: A4pplication Dmr_multlpl Manchester Receiver =101 =1 |/R135P1 Aaolbos/modelsim/simuiinklink s
Gl Fil= Edit View Simulation Format Tools Help

JCN R 5]
Library | sim | Files WSl 2

:

EEHE&E L2222 » #|hm M=y

|NOW: Ons Delta: O |Sim:fmanchesten’u_ cony P
State Counter
D i i H i
- Nodelim, =
= q_wf
. wier |
Data
e rezet y
isum ufis P{izum L A
wli i ) .
delk L B H | H M | H - [t - Il ufix
e o U'm m 0 e m dvalid == e Int Out
ModelSim SE PLUS 5.7e il - ufisd fixt fixd vali
n—b-sam geum L i odata 2 Joe] In2 oz 2 1
File Edit Wiew Compile Simulate Tools ‘Window Help . adata |
. - = e Conwertar Decoder Registerad
B E 3 . ” :
BRIk Qv
Workspace x| o = =
To— IDesign T I « | |[Mogic_arithibods] Ready [1o% [ |FixedStepDiscrets 4

. fieee.std

# Loading D: /Applications/Modeltech_eval 5. 7edwi
_logic_unzignedibody)

B v_igoony  igoonv(beh... # Loading work. manchester(behavioral) .

# Loading work. igcone(behavioral] L
B decoder  decodsib.. # Loading work. decoderbehavioral] Ive
B ustatecnt  statecritfbe... # Loading work. statecntbehavioral]

W std_logic_unsi.. std logic_u.. d # Loading D: AApplications/R135P1 /ool
o

: _,I rnodelsirnd sirmulinklink. s MATLAB
e S j Domc Y

|NOW: Ons Delta: 0 |Sim:fmanchesterfu_iqcon\t P
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Link for ModelSim®

Avalilability

e Version 1 - November 2003
(Web download: www.mathworks.com)

Requirements
e MATLAB: R13SP1
e Simulink; Fixed Point Blockset

e ModelSim: v5.7a, 5.7c, 5.7¢e
(latest 3 versions at time of release)

e Windows and Solaris
e Native VHDL support, Verilog via VHDL Wrappers

wWww.mathworks.com

MATLABeoSIMULINK
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Code Generation for
Programmable Hardware

www.matAworks.com
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Hardware Implementation Flow

Real Time L
Workshop & = =" ==

Tl Code
Composer Studio

—

Lyrtech Signal Processing
SignalMaster

www.matAworks.com

MathWorks: MATLAB, Simulink & Real
Time Workshop

e Modeling & simulation
e C code generation for TI DSPs
Xilinx: System Generator & ISE

e Optimized HDL for Virtex & Spartan FPGA
families

e Synthesis, place, & route

Texas Instruments: Code Composer
Studio

e Development environment for TI DSPs

Lyrtech Signal Processing:
e Development board

© 2003 The MathWorks, Inc.
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Real-Time Workshop

Code Generation Engine fully-integrated
with Simulation Engine

Supports Target Language Compiler
architecture

Single-click re-targeting

www.mathworks.com =

MATLAB¢?SIMULINK

-} System Target File Browser: ssb_rxtx_dsp_sm_6

| System target file |

Desc

Brt.tlc
ert.tlc

grt. tlc
grt.tlc
grt_malloc.tle
grt_malloc. tlc
npcShiexp.tlc
npcShipil.tlc
npcShsrt. tlc
osek_leo.tlc
rzim. £lc
rt_smzZlle0. tlc
Yt _EmohXx.tlc
Ft_smcpu. tlc
rt_smsharc. tlc
rtwin. tlc
rtwstcn. tlc

ti ce000.tlc

tornado. tle
xpctarget.tlec

ETW Embedded Coder

Wisual C/C4++ Project Makefile onl
Generic Feal-Time Target

Visual C/C4++ Project Makefile onl
Generic Beal-Time Target with dir
Visual C/C4H+ Project Makefile omnl
Embedded Target for Motorola MPCE
Embedded Target for Motorola MPCE
Embedded Target for Motorola MPCE
[Beta) LE/0 [Lynx-Embedded 03EE]
Fapid Simulation Target
SignalMaster DAP Real-Time Target
SignalMaster DSP Real-Time Target
SignalMaster CPU Real-Time Target
SignalMaster D3P Real-Time Target
Feal-Time Windows Target
S-function Target

Target for Texazs Instruments(tm)
Tornado (WxWorks) Real-Time Targe
#xPC Target

delection: |D:%Applications\MATLAREpSY toolbox’ £t targe

© 2003 The MathWorks, Inc.
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Code Generation for DSP

s Design and simulate with Simulink and blocksets
= Automatically generate high-quality C code

m  Automatically compile and link in Code Composer Studio
(Tl Processors)

m Evaluate in real-time while code executes on DSP target
m Profile code for performance

m Visualize and analyze in MATLAB or Simulink

s  Simulink Model can become debugging GUI

© 2003 The MathWorks, Inc.
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MATLAB¢5SIMULINK

Hardware Implementation Flow

Real Time L
Workshop & = =" ==

Tl Code
Composer Studio

—

Lyrtech Signal Processing
SignalMaster

www.matAworks.com

MathWorks: MATLAB, Simulink & Real
Time Workshop

e Modeling & simulation
e C code generation for TI DSPs
Xilinx: System Generator & ISE

e Optimized HDL for Virtex & Spartan FPGA
families

e Synthesis, place, & route

Texas Instruments: Code Composer
Studio

e Development environment for TI DSPs

Lyrtech Signal Processing:
e Development board

© 2003 The MathWorks, Inc.
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Real-Time Workshop

Code Generation Engine fully-integrated
with Simulation Engine

Supports Target Language Compiler
architecture

Single-click re-targeting

www.mathworks.com =

MATLAB¢?SIMULINK

-} System Target File Browser: ssb_rxtx_dsp_sm_6

| System target file |

Desc

Brt.tlc
ert.tlc

grt. tlc
grt.tlc
grt_malloc.tle
grt_malloc. tlc
npcShiexp.tlc
npcShipil.tlc
npcShsrt. tlc
osek_leo.tlc
rzim. £lc
rt_smzZlle0. tlc
Yt _EmohXx.tlc
Ft_smcpu. tlc
rt_smsharc. tlc
rtwin. tlc
rtwstcn. tlc

ti ce000.tlc

tornado. tle
xpctarget.tlec

ETW Embedded Coder

Wisual C/C4++ Project Makefile onl
Generic Feal-Time Target

Visual C/C4++ Project Makefile onl
Generic Beal-Time Target with dir
Visual C/C4H+ Project Makefile omnl
Embedded Target for Motorola MPCE
Embedded Target for Motorola MPCE
Embedded Target for Motorola MPCE
[Beta) LE/0 [Lynx-Embedded 03EE]
Fapid Simulation Target
SignalMaster DAP Real-Time Target
SignalMaster DSP Real-Time Target
SignalMaster CPU Real-Time Target
SignalMaster D3P Real-Time Target
Feal-Time Windows Target
S-function Target

Target for Texazs Instruments(tm)
Tornado (WxWorks) Real-Time Targe
#xPC Target

delection: |D:%Applications\MATLAREpSY toolbox’ £t targe
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Code Generation for DSP

s Design and simulate with Simulink and blocksets
= Automatically generate high-quality C code

= Automatically compile and link in Code Composer Studio
(Tl Processors)

s Evaluate in real-time while code executes on DSP target
= Profile code for performance

= Visualize and analyze in MATLAB or Simulink

s Simulink Model can become debugging GUI

© 2003 The MathWorks, Inc.
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Software Flow To TI DSP

Code
Verification Generation

Texas :
. C l
Instruments ( C{:::‘l )# ;Til:ke

Code Composer
Studio (CCS)
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Simulink — Xilinx System Generator for DSP

Bit-true and cycle-true Simulink library of
math, logic, and DSP functions

Optimized HDL code generation from ¢
Simulink model

.- ~ DSP System Simulation
Maps functions to available Xilinx \

optimized LogiCOREs \ MATLAB?/Simulink®
“Black Box” support for user-created Gdimion]  Gum  Bltew
library elements - Y

HDL co-simulation (black box)
Hardware co-simulation

& ModelSim™ E{ |

Hardware

Simulate o theloop ; Hardware

Legacy HDL Verification &
Implementation Acceleration
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MATLAB¢5SIMULINK

Hardware Implementation Flow

Real Time L
Workshop & = =" ==

Tl Code
Composer Studio

—

Lyrtech Signal Processing
SignalMaster

www.matAworks.com

MathWorks: MATLAB, Simulink & Real
Time Workshop

e Modeling & simulation
e C code generation for TI DSPs
Xilinx: System Generator & ISE

e Optimized HDL for Virtex & Spartan FPGA
families

e Synthesis, place, & route

Texas Instruments: Code Composer
Studio

e Development environment for TI DSPs

Lyrtech Signal Processing:
e Development board
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Real-Time Workshop

Code Generation Engine fully-integrated
with Simulation Engine

Supports Target Language Compiler
architecture

Single-click re-targeting

www.mathworks.com =

MATLAB¢?SIMULINK

-} System Target File Browser: ssb_rxtx_dsp_sm_6

| System target file |

Desc

Brt.tlc
ert.tlc

grt. tlc
grt.tlc
grt_malloc.tle
grt_malloc. tlc
npcShiexp.tlc
npcShipil.tlc
npcShsrt. tlc
osek_leo.tlc
rzim. £lc
rt_smzZlle0. tlc
Yt _EmohXx.tlc
Ft_smcpu. tlc
rt_smsharc. tlc
rtwin. tlc
rtwstcn. tlc

ti ce000.tlc

tornado. tle
xpctarget.tlec

ETW Embedded Coder

Wisual C/C4++ Project Makefile onl
Generic Feal-Time Target

Visual C/C4++ Project Makefile onl
Generic Beal-Time Target with dir
Visual C/C4H+ Project Makefile omnl
Embedded Target for Motorola MPCE
Embedded Target for Motorola MPCE
Embedded Target for Motorola MPCE
[Beta) LE/0 [Lynx-Embedded 03EE]
Fapid Simulation Target
SignalMaster DAP Real-Time Target
SignalMaster DSP Real-Time Target
SignalMaster CPU Real-Time Target
SignalMaster D3P Real-Time Target
Feal-Time Windows Target
S-function Target

Target for Texazs Instruments(tm)
Tornado (WxWorks) Real-Time Targe
#xPC Target
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Code Generation for DSP

s Design and simulate with Simulink and blocksets
= Automatically generate high-quality C code

= Automatically compile and link in Code Composer Studio
(Tl Processors)

s Evaluate in real-time while code executes on DSP target
= Profile code for performance

= Visualize and analyze in MATLAB or Simulink

s Simulink Model can become debugging GUI
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Software Flow To TI DSP

Code
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. C l
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Code Composer
Studio (CCS)
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Simulink — Xilinx System Generator for DSP

Bit-true and cycle-true Simulink library of
math, logic, and DSP functions

Optimized HDL code generation from ¢
Simulink model

.- ~ DSP System Simulation
Maps functions to available Xilinx \

optimized LogiCOREs \ MATLAB?/Simulink®
“Black Box” support for user-created Gdimion]  Gum  Bltew
library elements - Y

HDL co-simulation (black box)
Hardware co-simulation

& ModelSim™ E{ |

Hardware

Simulate o theloop ; Hardware

Legacy HDL Verification &
Implementation Acceleration
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Xilinx Blockset

s Basic elements

o Counters, delays, up/down samplers,...

=  Communication

e Error correction blocks, AWGN,...
s Control Logic

o Microcontrollers, FSMs, m-code,...
m Data Types — Converters, gateways,...
s DSP - Filters, FFT, DDS, FDATool,...
» Math — Multiply, add, compare,...
= Memory — RAM, ROM, registers,...
s Tools — FDATool, ModelSim,...

www.mathworks:com .

MATLAB¢5SIMULINK

[ simulink Library Browser

File Edit Yiew Help

=101 x|

[ = - Find ||

icon to access these features.

- gl Simulin

- W] COMA Reference Blockset
- E Communications Blockset
- W DSP Blockset

- E Fixed-Point Blockset

- N Real-Time workshop

..... @ Report Generator
- Nl S-Function demos
- N Simulink Extras

..... & stateflow

[]El wWildiZard

- Nl wildCardn

=1 Nl wiline: Blockset

..... y Basic Elements

..... 2| Communication

..... y Control Logic

..... 2+ Data Types

----- - Dop

System Generator: Interface to the Kiline System Generatar to
generate HOL code for the subsystem hierarchy in which the block
rezides. The block also gives coarze grain [subsystemn wide] cantrol
over capabilities such az averiding with doubles. Double click on the

Generator

Addrezsable
Shift Register

Black Box

Clock Enable
Probe

Concat

Congtant

Conwert

Counter

Delay

Diown Sample

4|

| v

WL
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Creating a System Generator Design

ICH)Iocks used as interface between the Xﬂnx
| blockset and other Simulink blocks |

He Eot Yow Smukim Fomel Dade
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o Simulink sinks & S
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realizable in hardware library functions
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Hardware Implementation Flow

Real Time L
Workshop & = =" ==

Tl Code
Composer Studio

—

Lyrtech Signal Processing
SignalMaster

www.matAworks.com

MathWorks: MATLAB, Simulink & Real
Time Workshop

e Modeling & simulation
e C code generation for TI DSPs
Xilinx: System Generator & ISE

e Optimized HDL for Virtex & Spartan FPGA
families

e Synthesis, place, & route

Texas Instruments: Code Composer
Studio

e Development environment for TI DSPs

Lyrtech Signal Processing:
e Development board
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Real-Time Workshop

Code Generation Engine fully-integrated
with Simulation Engine

Supports Target Language Compiler
architecture

Single-click re-targeting
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Code Generation for DSP

s Design and simulate with Simulink and blocksets
= Automatically generate high-quality C code

= Automatically compile and link in Code Composer Studio
(Tl Processors)

s Evaluate in real-time while code executes on DSP target
= Profile code for performance

= Visualize and analyze in MATLAB or Simulink

s Simulink Model can become debugging GUI
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Simulink — Xilinx System Generator for DSP

Bit-true and cycle-true Simulink library of
math, logic, and DSP functions

Optimized HDL code generation from ¢
Simulink model

.- ~ DSP System Simulation
Maps functions to available Xilinx \

optimized LogiCOREs \ MATLAB?/Simulink®
“Black Box” support for user-created Gdimion]  Gum  Bltew
library elements - Y

HDL co-simulation (black box)
Hardware co-simulation

& ModelSim™ E{ |

Hardware

Simulate o theloop ; Hardware

Legacy HDL Verification &
Implementation Acceleration
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Creating a System Generator Design

ICH)Iocks used as interface between the Xﬂnx
| blockset and other Simulink blocks |
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Software Flow To Xilinx FPGAs

DSP Algorithm DSP System
Development Design

O -

Xilinx FPGA
Virtex
-E, I, Il Pro

Spartan
-E, lIE, 3
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Development Hardware

= Annapolis Micro Systems

= Bittware

s LYRtech Signal Processing
= Nallatech

= Sundance

= TIDSK&EVM

= And more....
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Development Hardware

= Annapolis Micro Systems

= Bittware

s LYRtech Signal Processing
= Nallatech

= Sundance

= TIDSK&EVM

= And more....
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Case Study: SSB Software Defined Radio
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v

Complete Communication Link
FPGA+DSP

RF in

(ADC)  Audio DAC
Antenna

Coupler

Audio ADC

RF out (DAC)

s FPGA for radio frequency processing (64 MSPS In, 64 MSPS Out)
e Frequency translation 3
o Filtering and sample rate conversion
o Possibly spread spectrum

= DSP for audio rate processing and control
e Demodulation
e Encryption / decryption
e User interface and control

RECEIVER-

© 2003 The MathWorks, Inc.
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Design Process

m Select basic system topology
e Weaver’s (not phasing or BP filter)
m Design digital filters
e Multi rate design
o Verify cascade response of filters
m Create hardware independent model
m Partition design
e RF processing > FPGA
e Audio processing > TI DSP
s Implement on target hardware

© 2003 The MathWorks, Inc.
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W

Weaver Topology

A Third Method of Generation and Detection
of Single-Sideband Signals,
Donald K. Weaver Jr., Proc. IRE Dec 1956, pp 1703-1705

Weaver's "Third Method" of SSB Generation TX M
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L
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3 —
J weaver_tx/Audio Spectrum o ] 4| J weaver_tx/Complex Baseband = ) weaver_tx/Translated {real) Uppers — O] =| (e
File Axes Channels ‘Window Help File Axes Channels ‘Window Help Ele Axes cChannels Window Help ;
L
i
©
1] 0 0 >
2 o 3 ©
- =20 ~ 20 =0 <
g : 2 »
=
= 40 = 40 = -40 (30)
= = =) o
[l m = o
= &0 = &0 E 60 N
B0 -80 -80 ©
1 2 3 4 -20 1] 20 300 200 -0 1] 10 20 30
Frame: 16 Frequency (kHz) Frarne: 16 Freguency (kHz)

Frarme: 16 Fregquency (kHz)

82



< ) The MathWorks MATLAB¢;SIMULINK

Multirate Filter Design

Need overall decimation / interpolation of circa 8000 (64MHz/8000) = 8000 Hz
Mandates a multi-stage multi-rate design
Determine coefficients with filter design and analysis tool

Use MATLAB for composite filter response (D=64*8*8*2=8192)
e D=64 Cascaded Integrated Comb

« D= ( )
D 8 FIR 25 tap -J Filter Design & Analysis Tool - [..mulink'\Xilinx' XtreamD5PYddc_hardware'.dec_by_8_2fda] e =10 5[
° D—8 FIR (30 ta p) File Edit Analysis Targets Wiew Window Help
—
DEEESR|( >« 220X |0 &INMMA 20 - BRI W
|
e n_2 FIR 154 fan\ — Current Filter Information ——— — Magnitude Response [dB]
0 o
50
-0 Struchure: Direct-Form FIR @
Order: 25 T
Sections: 1 5
20 qlC # dg rd&z 2| =
' Stable:  Yes ga' d
‘ Sourcer  Designed -150 c
-30 g g g g g g g -
FIR 2, T i ] i ] i i ] i i i )
0 0ns 01 015 02 025 03 035 04 045 a5 4
-40 Frequency (MHZ) -
@]
-50 — Response Type —Filter Order — Frequency Specifications — — Magnitude Specifications — ;
i+ Lowpass & Specity arder: [ 25 Units: | kHz ‘I E
60 " Highpass Enter a weight value for (]
~ £ Minimurn or der Fs: 6523764 each band below
Bandpass 2
- {~ Bandstop _Optiorg— Fpass: 1.25 Wpass |1 )
BB ¢ [Diferenator - Densiy factor: [ 16 Rip | EREE R T — e
i i n WW‘ i ‘ f I %5{ (— Design Method |_
il 1 ( ﬁ IR [Buttenworth - o
o) o
r ‘ = & FIR [Equiipple - o
— N
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Hardware Independent Design

Simulink HF SSB Transceiver

Fo ok o> 28.4 —
>

Rx/Tx Frequenc Gain
e Freq (MHz)
P RE_in doubl
g
p» 1o sin 0 out Ldouble (c) > o
> _ 1_W ou
L) 2205, W
iy Ldouple » lo cos D1
|J-L|. do b@ﬁ% ) hf lo_sin gl It c2ri Rx IQ out S
I'I_I'| »|Fin hf 1 double P .
_lo cos ——- L— P IQ0 1n
RF 1nput bfo sin double Jbto sin
—pLSB_sel double audioiout double

bfo cos »bfo cos
plsb sel
Red = 64MHz
Cyan = 64MHz/4096 |
Dark Green = 64MHz/8192 » lo_sin
p 1o cos RF_out ﬂ".‘*_;
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Partition the Design

Simulink HF SSB Transceiver

Fo double P double 28.4
| 4

Rx/Tx Frequency Gain Freq (MHZ)

i FPGA V_F)%D

double
p 1o sin out

»
» \L;]) doub\j > I:l
|n|_ doybl doluble hf lo sin douple » lo_cos c2ri Rx IQ out e
Ll_l'| ’ F PGAlO cog L[double | double L T( o
REAnput . bfo sin double pbfo sin DSP oot
di ¢ Ldouble
BSP bfo cos double > bfoicosau 10_ou P>
p(lsb sel ]
[&]
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Dark Green = 64MHz/8192 p 1o sin FPG Y
doubl o
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Sideband L p»Dbfo sin DSP e (o %
Select Q0 out ———~ b
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Hardware Independent Design

Simulink HF SSB Transceiver
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Partition the Design

Simulink HF SSB Transceiver

Fo double P double 28.4
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Part |: FPGA Frequency Translator

s Datarates
e Rx:64 MSPS in, 2 x 15.625 KSPS out (1/Q)
e Tx:2x15.625 KSPS in (1/Q), 64 MSPS out
s Gateways to and from TI C6701 DSP

SSB Rx/Tx Part I: FPGA Frequency Translator
0.5-29 MHz, Fs=64MSPS [.SP
14 24

28.399999991059
Frequency (MHz)

System LSP FPGA
Generator

ingl

n dougle/ST doubleRE : > —>
(2 UFix_32.0 1SP doupd, 4 1)
RF input > —P E
Fix_14_13 UL =
—» == demux IQ RX_IQ RF in/out 2]
X
—
@ (@)

2l double
Fix, 32%: ;
a0 bac dac S
double 32_3. sim ©
€ —p Codec Sync E
Frequency
gate_1 ()]
c
ix_12_11 UFix_12_0 houble
-ty o] P =
ix: ix 8
DAC1 o
[# doubl N
L | g e
e Brance e o
Freq Fs_ADC&DAC
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Part Il: TI C6701 DSP Mod / Demod

» Automated code generation (Real Time Workshop)
m Gateways to / from FPGA
m  Block diagram becomes test and debug GUI

S5B Rx/Tx Part ll: TI DSP Filters + Modulator / Demodulator

-
=

ingle [Hdal

1
Interface to - from FPGA G 2l Test ! R DUy > oy
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Code Statistics

=181 x|
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Development Hardware: Lyrtech SignalMaster

m Texas Instruments' C6701
m Xilinx XC2V1000
= DSP memory
« 16MB SDRAM
e 256 kB SBSRAM
m Codec

e On board CS4228 CODEC
from Crystal

e 96kHz, 24-bit ADC and DAC
s 64Msps 14 bit ADC & DAC

© 2003 The MathWorks, Inc.

www.mathworksicom = *



< ) The MathWorks MATLAB¢/SIMULINK

MathWorks Products for System-Level Design

m Create and validate design
m  Detect design flaws early
m  Reduce risk and time-to-market

s Use Simulink model as reference
and executable specification

m Partition Design
s Add Implementation Detalil

IMPLEMENTATION TOOLS

* : m  Complete design flow to
FUNCTIONAL HARDWARE hardware (FPGA + DSP)
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