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The MathWorks at a Glance

m Founded in 1984, privately held

m Headquarters in Natick,
Massachusetts (near Boston)

m European offices in the UK,
France, Germany, Switzerland,
Italy, Spain, and Benelux region

m Over 1000 employees, including
/3 in product development

m More than 500,000 users in 100
countries, on all seven continents!
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Today’s System and IC Design Challenges

m Hardware: RF/Analog, Digital IC, FPGA
m Software: DSP, MAC, Control, Use interface

m Moving partitioning boundaries

— Analog < Digital IC <> FPGA < DSP S/W < Micro controller
S/W

m Implementation specific tools lock your IP into one target
type
— Spice, HDL, ASM, C/C++
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Today’s Business and Organization

Challenges

m Time-to-market pressure
— A few months delay has
huge revenue impact
m Team integration

— Analog/Mixed-Signal,
Digital hardware, DSP S/W,
Control S/W teams

— All speak a different
language and communicate
via written documents

m [ncreasing ASIC mask
costs
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Traditional Flow: Little or No Early

Simulation
m Technology research

P and market requirements
S m Systems engineering

@ m Partition into

Writen components create

Specifications, C, M Writte S peCifi Cati ons fo r
teams

m Minimal or no simulation.
C, M
= Design failure risk high.
oy Flaws detected late,

during circuit level, RTL
Digital, A/M-S DSP, Control or C/ASM code design

Hardware Software m Risk of time-to-market
sorc delays g\ The MathWork
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What if You Could...?

m  Build a model of a complete system
in minutes or days

m  Simulate the behavior of the whole
system before starting low-level
design work?

. . Digital Video Broadcasting-Terrestrial

— Analog, digital and control [z ] 2 Mo ot s
together e S gl R e S e

— Test for design flaws early

— Trade-off architectures and
parameter in minutes find best
design

m  Communicate your ideas and share
with other teams?

m  Keep your IP in an implementation
neutral tool as long as possible?

m  Only start development with a
validated, fully tested design?
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The MathWorks System-Level Solution

= MATLAB and
Simulink

m Before circuit level,
RTL or C/ASM code
design

m Create a validated
reference design

Validated Design Specification

EDA Tools ' =moSey
ftware Toc
THIRD PARTY

Eie Edd Yiew Web Wedow Help

[P Comrtn coe 1z £
e I 50000 17600 L1838 -0.2W1 m
=™ i Pt :l:':fr.‘=l"||.:'lul.|: :
I IMPLEMENTATION I & | i
Digital, A/M-S DSP, Control T ¢
Hardware Software e el |
L Cmml‘l"l‘%‘ lI Y
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MATLAB

m Research new

- technology
MATLAB ,
m Perform mathematical

modeling

m Development
algorithms

= Acquire, visualize and
= analyze data
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Simulink

m Graphically design
architecture and simulate
behavior of whole
system. Bit-true cycle
accurate.

m From libraries of pre-built
blocks

m Import C or MATLAB
Code

m Test, optimize, explore
parameter and
architecture trade-offs

4\ The MathWork:
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Model Different Components

= Analog/Mixed-Signal

— PLLs, data converters

SIMULINK — Continuous time, variable-
step ODE solvers
Analog/M-S  DSP N m DSP Baseband

Control Logic

— Discrete time, fast frame-
based processing. Bit-true
cycle accurate.

m MAC layer/Data Link
Layer

— Simple protocols,
acknowledgement schemes

— Reactive or event driven
state machines

— With Stateflow
4\ The MathWork;




Use a Validated Design

m Create validated design

m Use as reference or
executable specification
to test low-level designs

against
m Provide clear
specifications
5 m Detect design flaws early
£ : :
O Validated Desi % . .
K alidated besion ¢ ® Reduce design risk and
5 time-to-market —
I IMPLEMENTATION TOOLS I -'Et .I _"‘t”_'_:;
Digital, A/IM-S DSP, Control = . _
Hardware Software e = J
SOPC
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Motorola's Wireless Subscriber

Systems Group
m Challenge

— Mixed-signal Phase-Locked

Loop (PLL) design
— Cycle-to-cycle jitter and
loop locking sensitivity
— SPICE/Verilog
— 100 psecs: 2 hours

m Solution
— Simulink

— Faster development time
and simulation time

— 100 psecs : 2.5 mins

— Sub-picosecond resolution
SOPC
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The Simulink models exceeded
our project specifications for reguired
simulation speed. Accurate simulations can
now be measured in minutes rather than

hours or days.

Yuan Yuan, Motorola
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PHY Design Case Study: IEEE 802.11b

IEEE Standard Document

— 600 pages (11 +b
appendix)

— 4 modes (1, 2, 5.5 and

11Mbps)

m Components

— Framing and CRC

— Long/short preamble and
sync

— Modulation and spreading

— Filtering

— Channel number selection
(1-11)

— RF subsystems, Tx power,
mask, power-on ramp

SOPC
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Supplement to IEEE Standard for
Information technology —

Part 11: Wireless LAN Medium Access Control
(MAC) and Physical Layer (PHY) specifications:

Higher-Speed Physical Layer Extension in the
2.4 GHz g:nd

wwwww

LANMAN Standards Commitiee

of the
IEEE Computer Soclety
||||||||||||||||||
S lards Board
i Ao feu Lppart 1
| layer (PHY |
hspaed s
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1Mbps Mode

m Modulation
— DBPSK

. S p I e a d Acrobat Reader - [ANSI/IEEE Std 802.11, 1999 E C 8802-11:1999) Local and metropolitas 10| x|

T File Edit Document Wiew Window Help 1@ x|

NEBS B[R R K M« »|0O0] 55| 08508
| ] Thumbnails >

[]
— 530 1o ofths IE& The leftmost chip shall be output first in time. The first chip shall be aligned at the start of a transmitted ﬂ
C I p S a r e r %5 3 anpn‘nan 50 tarf symbol. The symbol duration shall be exactly 11 chips long.
-- ogical serice interfz
% e e sy ||| 15.4.6.4 Modulation and channel data rates

S e q u e n Ce p e r S y m b O I B % : ? aii’z';;j;i:ﬂ’v;m Two modulation formats and data rates are specified for the DSSS PHY: a basic access rate and an enfianced
access rate. The basic access rate shall be based on 1 Mbit/s DBPSK modulation. The DBPSK encoder is
] bl LT mn_ng‘ specified in Table 65. The enhanced access rate shall be based on 2 Mbit/s DOPSK. The DQPSK encoder is
{] 6 WaC service definition specified in Table 66. (In the tables, +jw shall be defined as counterclockwise rotation.)
=-{ 7. Frame formats
-] 7.1 MAC frame formals

L]
~{ 7.2 Format of individual fr Table 65—1 Mbit/s DBEPSK encoding table
. l I S e S a I I l --{117.3 Management frame b |
{7 5. Authentication and privacy Bit input Phase change (+jo)

D 9. MAC sublayer functional ds_l
S5 Dm Layer management
= ]101 Cverview of manage 1 Y

.
] 10.2 Genetic manageme
I Sal I lp eS per C I ~-[]10.3 MLME S2P interface
--{110.4 PLME SAP interface Table 66—2 Mbit/s DQPSK encoding table
{11, MAC sublayer managen

=-{12. Physical layer (PHY) serv Dibit
pattern (d0,d1)
(1121 Scope a0 s first in time Phase change (+jo)

- ]123Deta\li?Fi'nHr"fsservic- o 2
Root raised cosine iz
[1)12. PHY management = o1 w2
i e arl #[ 55 =] M|A] Foorees [l esxiin LB B _.rl
m Channel

o [

s &\ The MathWork:

2002




o P c @\ The MathWorks
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llvapdmenier  Zf g main R -|[®sx ) s

gensrstor

for (int fs0. icpackmtCount, ++i) {
Bits pktbesired = rba nextiBitsipacketLongth)
Bits pktIF = sbw nextiBitalilPacketLeagth)

i e d
txDesuedl‘u—\I:s:tl 3
KIFPtr—sresat()
docble daiFhase = Randoa: :drand()
FP rreemt( ),
lPquu-(n!-IPimu-)
rx[ir--urn]b‘lx sremet()
ant Td = 0.
it (bitrateDes == batratelf) {
Random : -yrand(nSanples).

5
Signal =migIF{nSamples+Td)

for (int j=0.k=0. jipacketlength: j +- nDitsDes. k+= nBitsIF) {
De interis - by Td sanples

Dxl.: rxDxu . xxDenred[‘r.r smexvu[sxatm
if ((§ »= sysDslay) ik i)ﬁfﬁaukethni.h—stnpkt‘ 1
errors ++ bitErrors(rxbits. pktDesived[slice(j- sysL\s ay.nfitsDes)]):
bri teCemparmd += pHLLeDme
(3 == 0) bk {bitrateDes == 11)} {

M
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NIST 802.11b and Bluetooth C/C++ Code

Tras T thsetooth an

P e = w3.antd.nist.gov/wctg/blu
| deood - > - D [3) Y| Qowr Liprvates Bpvir |- 3 - () |

| mvadress [@1] hatec i, sned. st o fctabhtooth e il =] @G |unks @105 CommEnemsl @)Cavetool @ |MATLAS Central
e brtex,

= etooth/btint.html
Wireless Communication

Technologles m Bluetooth and 802.11b

WCTG COEXISTENCE SIMULATION FOR BLUETOOTH
AND IEEE 802.11b .
Wireless .
cccccccc T T Aol
CANOIOGH | e i pew oot froec [ ook now 1o

WOTG Home |8 S EO L @l [D. = REE A 5w

i — Random bits

— 1 or 11Mbps modulation
and spreading

— Filtering
m Bluetooth
W m—1 — Random bits
— Modulation
— Filtering

WORLS @\ The MathWork




C/IC++ Code: 17 Files, 1500-2000 lines

awgnchan.h - WordPad
File Edit Wiew INsert FOrmE pesms Bl IEEEB0~1H - WordPad
B basetypeh - WordPad

File Edit Wiew Insert Format Help

=101 x|
IOl x|

_Dlﬁ'ﬁlul @I&l Ml File Edit View Insert Format Helo
Bl BLUETO~1.H - WordPad

D] Sl o) 5@ | ]

i

! / Fle Edit Wiew Insert Format Help B datatydlE TEMPLA~1H - WordPad
” 0 i—i —i— 1 1 .i- i—1 1. b= Edt Fle Edt Wiew Insert Format Help

1| x|

B PROGRA~1.H - WordPad

- Ep] 5} |
File Edit View Insert Format Help B stdcpp.h - WordPad lelﬂl @I&I ﬁl &I

—d— 1 -1 . i- i Fle Edit View Insert Format ifndet templates h =
Dlﬁqln @l@k ﬁI 3 #define _ ctemplates_h
File Edit Wiew Insert For = —
) —_——————— . inclu
ﬁ;z;iiz Dlﬁ-”'lu @l& ﬁ ﬁ;z;?iz —:EEZEE—E— File Edit ‘iew Insert Format Help
r - - | class | ql | | |_I E‘- nl_”
#if M| #ifndef  random | ginclude <complexs public Dj=|d] Sl &l - L= D
#pragwa | Fdefine  random || yiginclude <iostresm: Sl gifndef _ util h =
#endif | #idefine util h
#include "datatyp $endif //_ stdepp h - -
// Pars: bl #if _M3C VER » 1000
class | ¢ Complex-—valusd #pragma once
i class AWGH { in| gendif // NSC _VER > 1000
public: public: i - -
P /f Default an #ifdef UNIX BUILD
- AUGH (double d LA #define max{a, b) ((a > b)?{a): (b))
LUGH (AUGHE =m AR $define minim, B} ({2 < b} ?{al: (b))
i // Destructor XA #include <assert.hs
o virtual ~AWGH templa #define ASSERTE assert
b public| gelse // Windows
o void setdBNoi; #define WINDOWS BUILD
double getdBN . #define WIN32_LEAN AND MELN
int Sample nextds Ar #include <mwinmax.hs
dout Signal nextNs #include <credbg.he
fendif
private private: Lr
i] double m_dB_m #include <stdio.h>
ol int m x1, m_x
}; }: ‘I 2 lll"lll"%‘Tﬂ‘ﬂ‘ﬁ‘Tﬂ‘ﬂ‘ﬁ‘Tﬂ‘ﬂ‘ﬂ‘Tﬂ‘ﬂ‘ﬂ‘Tﬁ**ﬁﬁ**ﬁf**ﬁ?**ﬁf**ﬁfﬁf’f
Af% commonly used typedefs, defines, and *// b
#endif // Random bit gen m #//*% short inline functions w7
class RandomBit { FrA R A
For Help, press | public: typedef unsigned char byte:
I /¢ Default col For Help, press FL typedef unsigned short word;
4
iI_For Help, press FL #define nil 0O
HiFfrdaf wnall

For Help, préss F1

For Help, press F1 For Help, press F1

N

s
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C/C++ Code: Build, Run, Debug, and Change

m Build and run
_ Bug: File I/O o

R e I -

IEEEB02_T1b_Trarsmitter (2] (A4 class members) = @ 1EEEB02_11b_Transmitter =R H &8y L

i [ 77 Thiz sciftwars was developed at the National Institute

s and Technology by employess of the Federal Government =
B workspacs i 1 projectls) = // of their officisl duties. Pursuant to title 17 Section
E- 2T btint files ## United States Code this software is not subject to cop
E1-€3 Souce Fies s+ protection and is in the public domain
g
1423 Header Files sr T. L Hall
] sgnchan b 4/ Wirelsss Communications Technologiss Group
4/  Mational Institute of Standards and Technology
base'we“ s/ 100 Bursau Driwe. STOP 8920
4 TRy, #7  Gaithersburg, HD 20893-8320
s {anirs tinhall}@nist.gov

B8 ClassView | (] FileView i _I_I

X|[Deleting intermediate files and cutput files for project
I onfiguration: btint - Win32 Release
Compiling
awgnchan.cpp

basstype. cpp Desired signal transmitter-receiver
blustooth cop Interference transmitter: 802.11.
B L IRRC e Nunber of packets = 1.

| ]
nain.cpp Packet length = 168.
progranargs. opp Frequency offset (MHzd>= 4
randon. cpp er—to-interference ratio (dB> = 1B@.

Linking i i dB> = 3
Creating browse info 1 [FIENNSUERTS T,
BEER = 0.00e+008

1 O I @ 50 Ibtlnt E o e dOMIPcss any key to continue_
[ ] Build nd in Fil
lines/day

® Removing Bluetooth
— Difficult. Many implicit
dependencies o\ ptint -c 100 -4 802.11 -i BT -EbNo 6

S/W Demonstration

SOPC

WORLD
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wanchan.cpp

/7 We would appreciate acknovledgenent if the softvare is
basstype.cpp

77 File: iee=f02 11b.h

<7 Last modified: 11 July 2001
rogramangs.cop #7 Author(s)

random.cpp S Anir Soltanian
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C/C++ Pros and Cons

m Pros
— Ubiquitous e — . oz
— Fast to execute L e T
— Data type options =R
m Cons H=-
— No canned DSP/Comm T
functions =,
— Can’t visualize signals .

— Too low-level, lots
housekeeping

— Error prone design entry,
implicit interdependencies

— Slow to iterate, debug and make
changes

WORLS @\ The MathWork
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MATLAB

Ele Edit Yiew Web Window Help
0= o | B | | crmmet wmtny [ W ot o s

F E argiam
Eie Ede Yww |st Jous MWedkw Helbo
1.0000 -1.7600  1.1828  -0.2701 DEE& kA A, 2o
> BREEI(1 2 30,012 30,00 - .
Eye Diagrsen for In-Phase Sigasl

[Transfer function:
224243

e+

[Sanpling time: 0.01
2> [b,a]"butter(l,.2]
b =

Amplitude

0.0181 0.0543  0.0543  ©0.0181

1,0000  =1.7e00 1.1829  =0.2781

: ; i
s Time:
2 W=t (b, w, .01)

Transfer function:

[b,a]=butter (3, .2] 0.0181 =3 + 0.0543 =2 + 0.0543 = + 0.0181
[b,a]=buttec(d,.2]
WERE(IL 2 31,00 2 31,.00) 22 - 1,76 £°2 + 1,180 z - 0.2701

[, a]=butter(3,.2] sampling eime: 0,01
w=efib, ., .01) =l ||

[ comming osiry [ Goment Do | o1 1

Ready

Tima




802.11b: M Code

in R
. SI g File Edit Wiew Text Debug Ereakpoints Web ‘Window Help

D= | s ERa o & | ? |currem Dlre:tarv'|D-Wchive Documentsthi_Code_R13Wvircless_SeminarlEEE_802.11bM_Code ¥ |

rEEE_202.110MA_Codebwifi_1_mod_m.m#*

Generating bits B ® s T |§m 5, | 82| @%Eﬁl@!@l susc [ =]

Naue % M code for 602.11b mode L i
. %
Symbols and noise il

y HH Packet ~| tum_packets = 1000;

1
2
B
4
@Packet aize bltJ 5|=| Packet size hits = 160;
6
7
8

% Data source and modulation parameters

— scatterplot (Rx_symbols)  [@Ewe B _
it Y

m 802.11 Tx lines of code N e’

All Files 14 % Main loop

One single file 52 lines owne | ] o e maeae

utilitiES-m 17 % Construct frame 2

wifi 1 mod m.m

Modulation (3 lines)

wifi_3 mod spread

fle [ Yew st Toods Window Heb

Spreading (1 line)

] Speed ag ________ &
4\ start | M: > '. _. ;:‘ - [Ln1g  cola?

2 secs for 100 packets P %’j‘*

. Find the bug ; ........ ________ ________________

S/W Demonstration: Build and show

WORLS @\ The MathWork
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MATLAB Vs C/C++:; Spreading and

Upsampling
m C Code

Bits spread=addChips(diffOut([slice(i,1)1]);

Bits
IEEE802 11b Transmitter::addChips(const Bits& input) {
Bits spreadOut (input.size () *Ns, false);
for (int i=0;i<input.size();++1) {
for(int 3=0; j<11; ++73) {
spreadOut [1*Ns+4*j]= m chip[j]"input[i];
}
}

return spreadOut;

)
= M Code

Tx chips=reshape (Barker*Tx symbols', [],1);
Tx samples (l:Samples per chip:end)=Tx chips;

oD @\ The MathWork:
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MATLAB Pros and Cons

I ro S +) MATLAB o=l
Elle Edit Wiew Text Debug Breakpoints Web Window Help
0OeE & B o« oo | 5 2 curentDvectory
I t t .
Baue |
B =l
M M M " Hun_packets 3 % Data source and modulation parameters
HHracker 4-| Muw_packets = 1000;
b @pack“j,zeibu_] 5/~| Packer_size bits = 160:
8~| EsWo = 8:
7
8

EH|E B 2|V EBoc|&|ar| 88| REEEE|weFE ] x

& M code for 802.11b mode 1

HHex pice

HHex_chips

— Canned common FE

12

45 Initialize states
Total bits = 0;

Error_bits = 0;
Last_tx_symbol = 1;
Last_rx_syubol = 1;

(S =

L ]
IO S File Edit Yew Insert Tools Window Help

=10l

Icsaalva s |®oea =10l =

Edit  Wiew ‘Web Wwindow Help
I t d I t 20 T T T T T T =] | [~ ] | 5 ] Stadt:IBase -
aS er eve Opl I Iel l 15 : d i i i Gize Bytes
| ‘ ; ER 1xl e{;
1ol (T ' — Ll o~
. ‘ O n S it_delay 1xl g
5
rror_bits Ixl Ed
a =llo Lxl &
u u ilter_order Lxl a_ |
— II I lI e a a yI ’e S 4 ast_rx_symbol Lxl &
d i ast_tx_symbol Ixl El
. . AR AU ‘I |- 1 IRENE hm_packets 1xl [
Limited low-level control 8
— - -15
0 1000 2000 3000 4000 GO0 GOOD 7000 acket size hits 1%l 8
- Filter State A1 320
. . B Ro_bits 160x1 160
— Less memory efficien Boys || v
»

i

— Slower to execute for
scalars, loops before R13

s &\ The MathWork:
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Limitations of C and M for System Design

m No architecture
information
— Can only model a pipeline
— Can’t describe a real

system

= No timing information
— Can only model uniform Fs
— Difficult to model delays
— Must manually handle state
— Can’t model A/IM-S

— Difficult to model Rx
algorithms

SOPC

WORLD
2002
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Simulink

Fie EH e Sedsden Fumsd Took He
D @@ bR 2| o[ D RET®

IEEE 802,112 Wireless LAN Physical Layer (PHY)

o J
o)
Transmitter
3 e T 1
EG3 .
surain o s
304 Symbals =1l C—" | BiEmrfan o
| (el
T Mewribi f Bl
15 e
Racelvar
! T 7 & 3 . "
fus ‘
} ; - s . »
(] i
; e * % ¥ » -
dl r 4l + > y =
W—
.11 1
45 4 a5 0 05 1 15 M= o 5 7 s
Inephane Ampiiude berphate Amglinady




Simulink

[_[O]x]

rn m Hierarchical block
L . diagram design and
= | meeey SmdEs simulation tool

m Digital, analog/mixe
signal and event
driven

& #] Spreading and Mod
2 15-954 Rev Ch'
V . I . S . I
0 [at:] real T ty = ssGetOutputPortRealSignal (5,0) ; u
= 65 int_T width = ssgetOutputPortWidthis,0); e . -
e 68 <) MATLAB M=

2 2] Binary to B
67 for (170} . Fjle Edt View Web Window Help

o
- & Discret . FEG_Clock
8 it

1

BS_Timed_Out

L] su <) Control Signal
FC&_Clogk Ij -

- 2] Downsampl Hﬁ@ D ‘ & | =

2] Retuffer

2] Retuiffer!

2). H:\Documents\M Code R12\limestwo.c

File Edt View Test Debug Breakpoints ‘Web 'Window Help
DEEE e o (ah 28|
96| /* Function: mdloutputs =
57| * Abstract:
88| * v = I*u
580 */
60| static void mdlOutputs(SimStruct *S, int
61| {
62 int T i;

9 ) o= ‘ o B o o ‘ ] ‘ ? |CurrervtDiremory [ Documents Cade RIZADSL =
o code
71

73 H: Y Docum ¥ J| % ‘ 44 | [>> for Ewme 6, 3im('system'], em

73| /* Function: m
74| * Ebstract: IAll files

o e | 4 m Integrated with

Click here and drag to mave this window. M n T I n B

RS &)\ The MathWork
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Simulink in The MATLAB Environment

Blocksets

SIMULINK |

DAQ cards
Instruments

Desktop Applications
Automated Reports

WORLS @\ The MathWork:




The Simulink Block Libraries

m Simulink

[ simulink Library Browser =] |
Eile Edit Wiew Help
[ = & Find ||

Band-Limited White Moise: White noise for continuous [s-domain) spstems. Band-
limited using zero-order-hold

= I Simulink =
2 Continuous
24 Discontinuities
- 2] Discrete
28] Laok-Up Tables
- Bt] Math Operations
] Madel Verification
24 Modeh-wids Utilties
- 2t Ports & Subsystems
- 2] Signal Attributes
- % Signal Routing
2| Sinks
| Sources
24 User-Defined Functions
(- W] Aerospace Blockset
- B CDMA Reference Blp-beat
[l Rt L] Library: commlibv2 =B
W Control System Tool Elle Edit View Format Help

Chirp Signal

Clack

Constant

Digital Clock

From Workspace

t | From File

(- W DSP Blocksst
- 1] Dials & Gauges Block | Tatonaol] |
mIAL ke .

- ] Embedded Target fo ? . ? = [SlLibrary: dsplibva =10] x|
- ¥ Embedded Target fe i 1% He Edk Vew Famat Hep
(- W Fixed-Point Blockset Comm Comn
(- W Fuzzy Logic Toolbox Sources Sinks

W MPC Blocks ‘é’r% ~alor FFT A

| o 3 = ===

B Module Packaging T ; ; * e Z\J,E ﬂ,rv‘a\ a T T o i)y eF () %
- T NCD Blockset 5 0 SR L)
- T Meural Netwark Blar 3 1 = x| DsF DsP Filtering Transforms Signal
- W Parameter Estimatio|  Interleawing  Modulal Sources Sinks QREfEIDNS

B Real-Time Windaws 241 Ax=h N
(- T Real-Time Workshor 1 721 :

| Repart Generator m %‘-ﬁ: ﬁ FFT
- T S-function demos 4§ Estimation  Stalist Guantizers i )
(- B SimMechanics 5 alisties 13 Mim Ma,-‘]a;gg:.‘]em
- B SimPowerSystems Synchronization Bii\;cﬁg: ‘5 Bl §
al 1 * : w2 DSF Blackset Library 5.0
Ready Capyright 1991 EIatiaH The MathWiods, Inc.
—_——— Specific 1O

S/W Demonstration: Build
SOPC
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— Sources and sinks
— Continuous and Discrete
— Math, Non-Linear

— Look-up tables, user
functions

— Subsystems, verification

DSP Blockset

— Sub libraries

Communications Blockset
— Sub libraries

Fixed-Point Blockset
Power-Systems Blockset
Incremental development

4\ The MathWork




The MathWorks products for DSP
and Communications

m Accelerating engineering design and discovery
= MATLAB for algorithm development and analysis
m Simulink for system-level design

7 Spectiogram Demo
Fle Vindow Help

[_[Ofx]

|&@ @ ] 2o [+ w

Data=[4001x1], F5=7 418 kHz

pplications\MatlabR12\toolbox\:

nal\p

Fle Edit View Tewt Debug Breskpoints web Window
DEEH&E| s =1 (@n |2 o
188~ if isempty (winl, zl G
183 % Use 8 sections, deterwmine t 38
190| - if isempty(noverlap), 20 g
191 % Use 50% overlap
192 - L = fix(Mm./4.5); 25 2
193|- noverlap = fix(0.5.%L}; Z =
194| - else 720
195/ L = fix{(M+7.*noverlaph./s 2
198 - end g8
197 5 Use a default window = o0m
198|- win = hamming (L) ;
198(-| else 05

200] % Determine the window and it

e £di ) 201| - if ~any|size(win) < 1) | isc 0o

4 02451 secs

0O D""l Ready

1.8545 kHz
v 00192 48 000 005 040 015 020 025 030 035 040 045
>> h=firl(5,.3 Time, se0s
h = [Ready Nuwin: [ 256 Niap:[ 200 Nt [ 256
Columns 1 tHEOUGT
0.0050 0.1075 0.3875 0.3875 0.1075
Columa 6
0.0050
>
#-off\ Image Processing Toolbox o =
< | _>l_I < | v

SOPC
WORLD

Die [dt Mew Jewdabon Fams Took Hel
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Digital Video Broadcasting-Terrestrial
2k Mode, Nonhlerarchical Transmission

o
=
£
=
&
2

Spectum Scope

Eio fues Choreel Windw Help

4

L

| e

P ) Discicle-Time Eye and Scalter Diagiams
File: Edt Yiew Insett Tools ‘Window Help
e

[_[of=]
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MathWorks Integrated Design Solution

SIMULINK

Analog/Mixed Supervisory
: DSP :
Signal Logic

System-Level Design

Common tool for all design teams
Simulate component interactions
Test behavior of whole system
No re-design necessary

usugs_% @\ The MathWork




Modeling system components

= Analog/Mixed-Signal

— E.g. PLLs, data converters

SIMULINK — Continuous time, variable-
step ODE solvers
Analog/M-S DSP Control Logic [ D S P

— E.g. Baseband processing,
speech processing

— Discrete time, fast frame-

e IR——— T e e based processing. Bit-true
e e e = cycle accurate.
‘[ .+ == = Control Logic
ot r‘_- : E . I . ” i - A B . .
D Nz o J E.g. MAC layer,
= e T acknowledgement schemes

— Reactive or event driven
state machines
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End-to-end systems

m Digital and analog
operations such as [ T
coding, interleaving and
modulation

m Channel models, error
coding, sources, sinks

= Multiple rates for
frames, symbols, bit
and sample rates

[ S y n C h ro n i Zati O n B8] -) bluctooth_voice,/Instrumentation/SubsystemySpectogram
m Performance testing

= Analog, digital, hybrid,
and event-driven
simulation

WORLS @\ The MathWork
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Bluetooth Voice Transmission File
of H¥1, HV2 and HV3 packettypes @ | Dependancies
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Double-click to open
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o-develop with C Code

m S-function block in
Simulink

[ & 42 Find ||
S-Function: User-definable block. Blocks may be written in M. C. Fortrian or Ada and

L]
must conform ta S-function standards. tx.u and flag are automatically passed to the 5-
function by Simulink. "Extra” parameters may be specified in the 'S-function —_— I y u l I y

parameters' field

L o — ) s state, parameters and

2 Discret | parameters

e E— ] sample-times

y Monline | S-function parameters: lenathibl,b

] Signals

2 Sirks . . .

m Source | - Code description

m Subsys Enteryour C-code or call your algorithm. The inputs and outputs of the S-function must be of type double and . - l l l I C I O n l l I e r I n
s referenced as u[0], u[1], etc and y[0], ¥[1], etc. respectively. S-functions parameters are of type double and mus

- COMA Fiefe | | referenced as param0[0], pararm [0], efc. If available, discrete, continuous states and portwidth should be ref

1. Initialization ¥ 2. Libraries ¥ 3. Outputs ¥ 4. Continuous Derivatives Y 5. Discrete Update 'y 6. Build Info

H
[]__il Conmmunice ¥D[0]. D[], xC0]. %C ], u_width and y_width respactively.
L] L]

- | Contral Sys | - Cade farthe meloutputs function
- W] DSP Block: int bit, real bits, imag bits, channel, num channel bits, index=0; &
- W Developer tloat sum;
i B Disls & Ga bool esven_num_bits:
- W Fiwed-Point for [channel=0;channe l<param0[0] ;channe 14+ {
- B Fuzzy Logic num_channel_bits=parami[channel] ;

B MPC Elock even_num bits=(floor [nu_channel bits/2.0)==[mu_channel bits/z. b
oc T - - - -

- Motorola D! /* Calculate nuwber of bits for real and imaginary */
¥ NCD Block if {even_nuw bits] {

real_bits=num_channel bits/2;

T — Predefined variables

. RealTime® R

real bits=(nuw_channel bhits+1)/2;

- W FealTime imag_bits= [nun_channel bits-1)/2; -
= | for input, output and

Ready
¥ Inputs are needed in the output function(direct feedthrough) S tate S
Cancel | Help

=R e =]

ey
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Fixed Point Simulation

m New integrated fixed point in core Simulink (R13)
m User-definable data types
m Analysis tools
— log min, max, overflows block-by-block
m Floating point override options

-} Fixed-Point Settings - untitled2

- | O] =
= 101] File Edit “iew Simulation Farmat Toolz  Help
JJ> n o LB
0| = K2 r = INormaI 'l
Select current system: |+ untitled? ﬂ Open System | | n @ | 3’ E | | |
rFixed-Point settings for blocks in the curent system

Lagging mode: Min, max and overflow 'l DSP
Data type overide: 1se lacal setings vl ﬁ@ ][ i Input Output 4’|§|
rSimulation data logged for curent system

| . Sine Wiave Saturation Filter Scope
Block NHame: Hin Hax Data Tvpe Scaling

af3, 1) 1] Static
a(2.1) ~0.001953 0 5
BodylSun(2,1) _0.001953 0.001953 FOAToal 1~
HeadSunLl 0 0003906 EAPL o |leacp e & BB B &=
b(2z,1) i 0.007913 ‘ﬁ
BodyRSum(2,1) 0 0.01172
Headsunkl = 0.01E63 E "
L ogaing type: - Filter
fofe I = IDverwnte log 'I Realization
Wizard

’rAuloscaIe current system

Salety margin: 0. Autoscale Blocks ‘
Cloge Help

Fead: 1003

SOPC

WORLD
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Links to implementation

m Real-Time Workshop
— Automatically generates ANSI C from Simulink
— Customizable code
— Rapid Prototyping

m Embedded Targets
— T1 C6000
— Motorola MPC555

m Altera DSP Builder

— Bit-true and cycle-true Simulink library for common functions

— Automatic HDL code generation from a Simulink model
— Available from Altera

il &\ The MathWork
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FIR Filter Design: demo

) Filter Design & Analysis Tool - [untitled.fda =] =] E3
File Edit Analpsiz Targets ‘Window Help

nepanlac 0 B ERRM 2 5. e W

(ST ER——— Filter response [

. . . . . Magnitude Response in dB
File Edit “iew Simulation Format Tool: Help an ;

I I I T
—— Fitter #1: Reference magnitude

[ | = EH & | db B | 20 f|Xed VS ﬂoa‘“ng —:Filter#1::Quantizn:3dmagn'r:ude

g
Filter: g
Source:  Imported %
Order. 20 =
% Sigral 1 |—e{ Input Outpt IM Stable:  Yes
FFT Sections: 1 e | A A | | | | | i
- - - - p
Signal Builder Filter Spectrum ) - - Nljo.rsmalizezlirequeonfy (xnljr:d.fsamgll:j . -
FDATooL1, L -
CA Filter Type r FilterOrdlep —— Frequency sepcincanons Magnitude Specifications
W rF Lowpass % Specify order: IT —‘ Uniks: Ih Unitz: Im

Select design algorithms Eifrmimer I = —

=] H bl ol I

Tn=ard ’ 0 ptior: -
- P = il L ' LY o [
s | ek 1 U Filter specifications |
Fl100% [FiredStepDiscre _rr',r * St ‘band slope (48] [0
El_.E IR IEutterworth 'l

¥ Ir serze sinc passhand.

E:E]:' Constraingd E quirip | More aptions I J
F—W — - |
I:E Des an Filter

| Computing Response ... done.
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MATLAB and Simulink

Create validated design

Use as reference or
executable specification
to test low-level designs
against

Provide clear
specifications

m Detect design flaws early

@
SP/Embedde g . .
* m Reduce risk and time-to-
|MPLEH2§1I?;|"|\§;\'(|'00LS I

" market

Digital, A/IM-S DSP, Control
Hardware Software

Validated Design
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Further Information on Products and
Services
m Product information and animated
demonstrations
— www.mathworks.com/products/dsp_comm

m Events
— www.mathworks.com/dsp_events
— Regular on-line software demonstrations

B 8 e Ppotm fue o

L s
Jamd s b (D[] O} e [ppworm ey | e 2 B - 8] = i)
i 3 e e ey [ — ]|
Google | ] et Goienrtste | Eram it - [Eye - 2 Dl DEga D RELE e e E )
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MATLAB Central

® www.mathworks.com/matlabcentral
m MathWorks and user contributed models

7 The Mathworks - MATLAB Central - Home - Microsoft Internet Explorer provided

=10l x|

Fle Edt VYew Favortes Tools Help ‘

Bk - = - (D ﬁ ‘ @search [GFavertes & AHistory ‘ %. -

Address Ia http: f e mathworks, com/matlabcentralf ; Tloee Mt ¥ urkes: MATLAB File Exccliange - Microsolt Intermet Explorer provided b =10 l‘
B gt ew Favites Tnds belp =
o FR \ T P = I =
ABMATLAB CENTRAL 20103 Boen Spoan e [T S - |
Tile exchange and newssroup access for e T ——— - ey T
the MATLAB & Simulink user community I ghes [E] i ]

a user-cortibuted cods lirary

The MATLAB Central file exchange containg hundreds of files
contributed by users and developers of MATLAB, Simulink and
related products.

BQMATLAB' CENTRAL

ral » File Exchange » Signal Processing and

=Wireless Communications Search: |Description 'I
For

gcope: [This category =)
Chick on column hending ta siet by cokimn G|
Title

The Math\-’\"c;g}ni‘:as

& Recently added files...
&9 PREPOSTGUIS (Francesca di Pierra)
&9 dashline (Edward Abraharn)
CBNEEDLE (Steve Simon)

4 FE Design and Analysis PUHRITEEE 430 - |
(Lrestbvrs) A collection offunctions, [Spatiigt ]
seripts, & Simulink modals Arrgws in the File Exchange
ugedul for designing and

the MATLAB Usenet newsgroup

comp.soft-sys matlab is a public Usenet neswsgroup for MATLAB,
Simulink and related products. This is an independent, unmaderated
forurn. See the newsgroup FAQ for more infarmation

snskaing [F systems

Jackson Harvey |_Top Submissions
5 K Dwetooth modutation ang 20010810 4029 RF Dsign and Analysls
(3 reviese) frequency hopping Blustooth rmodulabion and
Dlvetooth modulation and

fiequinicy hopping
frequency hopping vl

Dluetooth volee trangmizsion

— s W e S S F S

= Recently added posts... Stuart MeGarity SILANTE reference model
Widdle and right mouse button hits (1 message) - Tom Gweetland 1 ER pwetoothvoice 0011009 2433 15-444 Mobile Phone Call
R (Leeviewes) transmission
Plot in real fime {1 message) - Sylvain Coatnoan el Mol T T ST L
weird prohlem?? (3 messages) - Chia © Chong Shsart MeGarmity
5 Kl iperLANG reference 20010820 2349 | Tap pawnload Lists
(reviever) model o3t Dommlaaged
it MOTI 08 P g 16-GuAM rodulation and righest Rated
& demadulation with channel Tap Authors
coding o3t Recent =
& {1 Local intranet >
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