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AGENDA

 DSP technology and requirements for optimal product developments

 Modular software design using assembly code

— System software - application software
— Object oriented assembly code design

» Design of efficient product code using of Simulink and RTW/TLC

— Optimized design flows
— Using Matlab/Simulink for generating target code

e Conclusion
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Optimal Product Development Requirements

Minimum Integration Time

Standard APIs  Memory Efficiency

Modularity .
MIPS Efficiency
Costs
» Development Time
» Hardware Costs
_ Time-To-Market
Innovation - Development Time
 Functionality » Reusability

» Powerful Algorithms

/ Modularity

Minimum Integration Time
Standard APIs

Perfect Tool Chain

Model Orientied Design

Proven Proven

Standard APlIs
Modularity
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Advantages of Modular Software Design

» Separation of system software and application software
» 0OO-concept enables efficient and modular application
« Application software is hardware independent

* Integration of assembler and/or C code
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Separation of System and Application

bevelopment Focus: "t then runs in endless
Application and Algorithms & loop
(DSP-Libs) ® Application is loaded by
ROM module or DSP-HC

® DSP-HC is started, thus
Host can take over control
of DSP system

® DSP-IO und DSP-HC are
loaded by ROM module
or DSP bootstrap

® Start and Initialization
Code for System comes
via DSP bootstrap (ROM,
Host, 10, ...)

Program Space is
deallocated after processed
(RAM Saver Technology
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Advantages of System Software Separation

e System Startup:

[]

System initialization and test (user extendable)
Stand alone operation (from any application source)
No RAM usage after processed

Safe system startup with RAM Saver Technology

e Input Output Control

[]

Seamless automatic data transfer

Automatic channel separation

Uniform API independent of peripheral hardware
Non-intrusive, DMA driven

Application is independent of IO hardware

e Host Communication

Host controlled memory read/write and program start/stop
Bi-directional messaging

Uniform API independent of communication channel
Non-intrusive, DMA driven (PCI: < 0.1% performance loss)
Application is independent of interfaces
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Application and Algorithms
(DSP-Libs)

O Handler (DSP-10

Host Communication
Handler (DSP-HC)

Application and Algorithms
(DSP-Libs)

Host Communication
Handler (DSP-HC)

System Start
and Init (DSPios)

Application and Algorithms
(DSP-Libs)

System Start
and Init (DSPios)




Object Oriented Design for Data Stream Processing

Object data structure, Instance #1 I Application and Algorithms
i (DSP-Libs)
Host Communication
. O Handler (DSP-10
Object data structure, Instance #2 . . . Handler (DSP-HC)
) I With pointer to object data
System Start

called by application and Init (DSPios)
Object data structure, Instance #N I
(—\ Multi-Instancing and

Frame Oriented
Data Input Buffer

Algorithm Module
(DSP-Lib StreamModule,
e.g. FIR, FFT, MPEG, G.7xx)

l Data Output Buffer

e Standardized calling interface »  Optimized assembler module for minimum
(C compatible) code size and maximum efficiency

 Framewise processing of data streams for ¢ Independent of object code compatible DSPs
high runtime efficiency « Software structure similar to models in

* Object oriented: Multiple calls for Multi- graphical simulation tools (e.g. Simulink)

Channel Processing ﬂ DSPeCiaIiStS®
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Software Structure , Dynamic Poly Gain Control*

m:m_ﬂ / > DSP-Library é\
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e DSP-Library DSP-Library £ D p| DSP-Library
% .__.l' s | StreamSub D StreamLUT StreamGain
L -
' g = x 7y x B
| | y N'd
[ Am ] [ om ] [ Qn ] A(Q) [Receive Buﬁer][ Transmit Buffer ] :r \
- J N} A4 X S
[ I
4 ™\ e ——~ | | [
_——]e R -d
RS232 Driver
DLL P > \
¢ DSP-HC DSP-10 o
RS232 AD1819/6
RS232 Driver <
VXD > O
- .
MS Windows9x Standard System Software DSPios for System Start and Initialization
K[ PC ]) \\[ Standard DSP Module Micro-Eye (DSP56303 / DSP56309) y
PC System DSP System

Audio Profile Based Dynamic Gain Control of n Channels
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Application Main Program in Assembler or C

 Main Program (ASM)  Main Program (C)
MainProg - voi d mai n(voi d)
; --- initialize system {
Init Init();
. IO Start();
; --- start audio data transfer - O
10 _Start #1 O_Struct whi | e(1)
. {
; --- enter mainloop .
! . Appl Sync()
DOR FOREVER, Mai nLoop FIR(&FIR Left):
FI R(&FI R_Ri ght);
Appl Sync } ( R ght)
FIR #FIR Left }
FIR #FIR _Ri ght
Mai nLoop
EndPr og
« Initialization Routine (ASM) « Initialization Routine (C)
Init .
Init()
. .- initialize FIRfilter {
Set StructBegin FIR Left
Set St ruct FIR Left, FI R_FraneCount , #>Appl Fr aneSi ze struct FIR[
/ FI R_FraneSi ze i nt FrameCount;
Set St ruct FIR Left, FI R | nBase, #Audi oRecBuf _Base int InBase;
Set St ruct FIR Left, FIR I nSi ze, #Audi oRecBuf _Si ze [...]
Set St ruct FI R_Left, FI R_Qut Base, #Audi oTr ansBuf _Base i nt CoeffSize;
Set St ruct FIR Left, FIR Qut Si ze, #Audi oTr ansBuf _Si ze }
Set St ruct FI R Left, FI R_Coef f Base, #FI R_Coef f Buf _Base
Set St ruct FIR Left, FIR Coeff Si ze, #FI R _Coef f Buf _Si ze FIR Struct FIR Left =
Set StructEnd  FIR Left { Appl Fr aneSi ze/ FI R_Fr aneSi ze,
) ! Audi oRecBuf _Base,[...],
Set St ruct Begi n FI R_Ri ght FI R_Coef f Buf _Si ze}
Set St ruct FI R_R ght, FI R_FraneCount , #>Appl FraneSi ze [ ] - -
/ FI R_Fr aneSi ze
[..] N }
Set St ruct FIR R ght, FI R _Coeff Si ze, #FI R_Coef f Buf _Si ze

Set StructEnd  FI R_Ri ght
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Optimizing Design Flow Using Graphical Tools

 Competing design flows
 Development process using Matlab/Simulink

» Generating executable target code using Simulink with Real Time
Workshop (The Mathworks), Product Hardware Interface (DSPecialists)
and C Compiler (Tasking)

« Automatic generation of C code (Target Language Compiler process)

 Downloading and running DSP executable (Host Communication)
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Competing DSP Software Design Flows

— Algorithm Design Algorithm Design
Prototyping

l |

— Software Design

Product Series

|

Product Series

v
Development Time
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Tool Chain for Code Generation and Integration

Simulink

N
Simulink

Model }
N — Real-Time Automatic Tasking C DSP DSP-HC
Workshop generated Compiler executable (PCI, RS232,
(RTW) C-Code Linker etc.)

Adapted L
Blocksets
Assembler

Modules
L (DSP-Lib)
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Automatic Generation of C Code with RTW

= || == > RTW Build -
Simulink Model ~ ~
(sample.mdl)

Target Files I » Target Language Compiler Sample.rtw

TLC function library
(Enhanced by DSPecialists)
[ Sample.c ] [Sample.h ] [Sample.prn] [Sample.reg] Sample.mk
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Automatic Target Integration

A
[Sample.c ] [Sample.h [Sample.prn] [Sample.reg] Sample.mk I

[ Assembler Tasking C Compiler
(

Modules . . v,
DSPecialists) Tasking Linker/Locator [
\\\\\\ v
control ,,: make
Sample.cld

PC Driver
(PCldriver, RS232driver, ...)
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Example Project: FIR Filter for Audio Application

=] fir_sim =1 E3
File Edt “iew Simulation Format Tools
T L,
DB & =l = r = | &
From Wawe File T . =
Tadamona - In e F'F f'”E’F | Out | filtered
(22050H= ChMER]) = 7
————— FixPt Fi=FPoint FixPt To iokspace
File ZFatewnay In FIR subsystem i atevnay Out
524 223
P unfiltered
To Wankspace-
Feadu | 100z | FiredStepDiscrete L
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Example Project: Simulation

=] fir_sim PSI=] B3
File Edit “iew | Simulation Format Tools
Zu Start Chrl+T
([0 = & e > = | B
=) )
Parameters... Chi+E
From Wrave F ¥ Momal FIR filt E
Tadamlano Esternal = ! ErF ——{ Out | ——Jm filterad
[22050H=" Chs oo | = Ty
: - - : To Wotspace
From Wiiave FixPt FizPoint FixPt
Fila izateway In FIR subsystem G aterway Out
524 223
P unfilterad
Ta Makspace
Start or Pause the Simulatian |00z |FixedStepDiscrete L
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Example Project: Build and Download to Target

File Edit “iew Simulation Format | Tools

INEEEEE

line in

Audio-In

Wy
= In
E
FixPt FixFt
Zateway In FIR
Sad 213 Sad 213

FETw Build

R Options...
External Mode Contral Panel...

|l
Out - E(j

y .
FisPt Audio_Out

zateway COut

100% |

| FixedStepDiscrete i

<} MATLAB Command Window _ (O] x|
File  Edit “iew MWindow Help

Dl e@d|- @B w2

C:\PROGRAMME\Tasking\bin\as563.exe -0JNMS -RDRS -g audio_fir_new.src -]
DSP563xx/6xx assembler v2.1 ri SNOBE85571-070 (¢) 1998 TASKING, Inc.

H## Linking ...

C:\PROGRAMME\Tasking\bin\cc563.exe -c¢l -Wlk-w8 -Tpceyel_rs232 -M24 -L-LC:\PROGRAMME\Task
DSP563xx/6xx control program v2.1 ri SNOOOE85571-033 (¢) 1998 TASKING, Inc.

H## Created object audio_fir_new.out

H## Locating ...

C:\PROGRAMME\Tasking\bin\1c563.exe -f4 -M -w§ -dpceyel_rs232.dsc -o audio_fir_new.cld au
DSP563xx/6xx locator v2.1 ri SNEOE85571-031 (c¢) 1998 TASKING, Inc.

#iH Created executable audio_fir_new.cld

H## Downloading audio_fir_new: gmake -f audio_fir_new.mk download

H## Downloading audio_fir_new ...

perl E:\MATLAB\rtw\c\dspe\tools\down_drv.pl audio_fir_new.cld E:\MATLAB\rtw\c\dspe\tools’

Do you want to download (d) or install (i) created model? (a) to abort download

<| | »

Ready MUK v
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Conclusion

« Correct tool configuration enables optimal design flow

e Modular concept enables low development costs, fast time to market and
high innovation rate

« Algorithm modeling/simulation and product code possible in one step

« Separation of system and application software enables focussing on
central tasks

 DSPecialists services: Complete solutions for optimal DSP designs,
Know-How in the fields of audio/video/telecommunications,
optimal design methodologies
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