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Workshop Goals

Become familiar with

DSP basics

TMS320C6713 floating point DSP architecture
TMS320C6713 DSP starter kit (DSK)

Code composer studio integrated development environment (IDE)
Matlab design and analysis tools

Learn how to program the C6713

e Writing and compiling code

e Fixing errors

e Downloading code to the target and executing

e Debugging

Write and run useful programs on the C6713 DSK
Learn about DSP applications

Learn where to find help
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Take Home Items

e “Digital Signal Processing and Applications with the
C6713 and C6416 DSK” by Rulph Chassaing, 2005

e TMS320C6713 DSK including

DSK board with TMS320C6713 DSP chip
USB cable
Power supply

CD with Code composer studio IDE (v3.1) and electronic
documentation

DSK technical reference manual
DSK quick start installation guide
Matlab/Simulink trial CD and other promotional material
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C6713 DSK Overview

o 225 MHz TMS320C6713 floating point DSP

e AIC23 stereo codec (ADC and DAC)

o lIdeal for audio applications
o 8-96 kHz sample rates

e Memory

e 16 MB dynamic RAM

e 512 kB nonvolatile FLASH memory
e General purpose I/O

e 4 LEDs

e 4 DIP switches

e USB interface to PC
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Is my DSK working?
DSK Power On Self Test

e Power up DSK and watch LEDs

e Power On Self Test (POST) program stored in
FLASH memory automatically executes

e POST takes 10-15 seconds to complete
e All DSK subsystems are automatically tested

e During POST, a 1kHz sinusoid is output from the
AlIC23 codec for 1 second
e Listen with headphones or watch on oscilloscope

e If POST is successful, all four LEDs blink 3 times
and then remain on
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DSK Diagnostic Utility :
e Install CCS 3.1
. . . " . . . ”
e Directions in “Quick Start Installation Guide
o Diagnostic utility automatically installed —
6713DSK Diagnostics [ =0 = EY 6713DSK Diagnostics ==
General ].&dvanced] General l.-’-‘«dvanced]
Overall Diagnostic Test Diagnostic Statuz: % Owerall Diagrastic Test Diagnostic Status: ﬁ
i@  USE Diagnosticz press & USE Diagnostics
@ Emulation Diagnostics D5k: Start & Emulation Diagnostics DSk
@ DSP Diagnostics : Slioy & DSP Diagnostics . Sl
@ External Memom Lomponent | Value | & Euxternal Memary Component | Yalue |
Lltility B evigion 112 Beset Ermnu |tility R evision 1.12 Beset Emu
@ Flash Diagnostics Q & Flazh Diagnostics Board\r‘elsion 2 4
@ Codec Diagnostics Fiezet DSK & Codec Diagnostics CPLD Version 2 Reset DSEK.
@ LED Diagnostics & LED Diagnostics
@ Dip Swt Diagnostics Save s & Dip Swt Diagnostics Save fs
Help | Help |
Diagnostic Results Diagnostic Results
#|-» Aunning DSP diagnosticz,
~ -» Running external memony diagnostics.
= Running Flash diagnostics.
-» Running codec diagnostics. I
-» Running LED diagnostics. O
-» Running DIF switch diagnostics. -
| |Stopping diagnostic suite.
i ']
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Code Composer Studio IDE

e Connect power supply to DSK
e Wait for POST to complete
e Connect USB cable from PC to DSK

o If this is the first time connecting the DSK, you may be
asked to install a driver. The driver is on the Code
Composer Studio CD and will automatically be found

by Windows if the CD is in the drive.

e Launch Code Composer Studio C6713 DSK—

e CCS will load and wait for your input
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000
0000
CCS Integrated Development | ssss
. o0
Environment :
Design Code & build Debug Analyze
concentual create project, syntax checking, real-time
| P write source code, probe points, debugging,
PIARTIR configuration file logging, etc. statistics, tracing

| | |

Useful TI documentation (installed to your hard drive):
SPRUS09F.PDF CCS v3.1 IDE Getting Started Guide
C6713DSK.HLP C6713 DSK specific help material

Note that your DSK includes CCS v3.1. Updates and patches are
available after registering CCS.
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~ Connecting to the C6713 DSK

t fC6T713 DSKICPU_T - C621x - Code Composer Studio - Mot Connected

l fC6T713 DSKE/CPU_T - C671x - Code Composer Studio

@ o [UMKNOWN

[Taggle

File Edit ‘iew Project Debug GEL  Option  Profile Tools DSPJEIOS “Window Help : - - - - . -
d (o File Edit Wiew Project Debug GEL Option Profile Tools DSPEIOS Window Help
S Ii'q E c'ﬁ‘:- Ereakpoints... ﬁ' ﬁ “5:'\! - : .
| Probe Points. .. DE| & E|n 'ﬁ'|| j|ﬁ'ﬂﬁﬁ?ﬂ%
| Step Into Fit =1 j|@@|@]ﬂ|5&% |
= Step Cwer Fi0
Bé | @ E 5 Step Cut Shift+F11 BHéa B EEELMRAL
] ?} Run F5S
iy Halt Shift+F5 @ Files ] Disassembly
U Animate Alt+FS #) 1 GEL files 000008C0 00006000
i Run Free CHrHFS [ Projects ooooogc4 0010AATRE
?} Run ko Cursor ChrFI0 goooogcs Z2000o0390
Set PC ko Cursor CtrHShift-+F10 =pooooscC 00008000
g L
Assemnbly/Source Stepping O0000EDE 0000R/OON
0
goooosDc 023CE2EAR
e’ pesEt Rl e 00000SED 00006000
- Restart CtrH-Shift+FS ANMNONEF4 N21N8nsa
‘& G0 Main ChrH-M
g Reset Emulator CkrH-Shift+R
F Conneck BlE4-C i nle
Restore Debug State | ‘_J‘_J
_
Enable Thread Lewvel Debuagging. .. GEL StartUp Complete.
Real-time Mode
ﬁ Enable Rude Real-time Mode
v Flush Pipeling on Halt
= The target is now connected
/@ )

@ HALTED
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Opening an Existing Project

§ /C6713 DSKICPU_T - C671x - Code Composer Studio

File Edit Miew Project Debug GEL  Option Profile Tools C
él E’* Mew. ..
Cpen. ..
IJse External Makefile. ..
B & | @
——————
@ Files bly
Gk
+ %Pr Source Control r ;ggg
1525
I hECC
1500
1504
1505
Kt )5D0C
# 13ED
. IoF 4
&
% ] D /‘ .
— —
GEL Startl
Recent Project Files r

00
0000
X XX
[ XX
o0
o
Project Open 2JEd
Lok, i |_J myprojects j |‘=‘_"‘F v
I Adapte I Adaptpredict [Cbios_sine_ctrl icac
|5 AdaptIDFIR I adaptpredict 21N [CS)bios_sine_intr iCac
|- AdaptIDFIRW =) Aliasing Ihbpsk [=d
|==) AdaptIDIIR: [=yam [ Code_casm i |
|::> |==) Adaptnoise |5 BeatDetector [hdetect_play i |
|y Adaptnoise_2IM [ bios_4led [CHOFT i |
[{ ] m | [ }]
Files of twpe: | Project Files [ pit] ~| Cancel |

Select a .PJT file and press “Open”. Chassaing
example projects should be in
c:\CCStudio_v3.1\myprojects\

Other example projects for the C6713 can be found in
c:\CCStudio_v3.1\examples\dsk6713
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Compiling/Building a Project |
| & /C6T13 DSKICPU_T - C6T1x - Code Composer Studio
Q File Edit Wiew Projeck Debug GEL  Option  Profile  Tool
2 E_’* Mew. ., B
open... 1
||Ed.|:|it IUse External Makefile. .. [
Export ko Makefile. .. L
Fl & | B [E addFiles to Project...
Save B 2 led.c . Flease ree the DSKE717 help File datai
0 Fife for more detarfe
g Files Close T ra i &) e
GEL il o | I £d )
t g Prujelcfl Source Control » E _Qj/ij , S o . S N
- il Compile File C+F7 |
™ S i F7 Ej [Linking...] "C:~0C53tudio_w3.1~Co000~wcgtoolssbin~clox" -@"Debug. k£
= Rebuild Al = {Linking>
+- 22 £1
B8 L e ;J' Build Complete, _
- (i D Errors, 0 Warnings, 0 Hemarks.
(8 Configurations. .. L
. -5 Build Options. .. P | | | [\Bllililf
‘3 File Specific Options... 3 l oo [T
- - =
% . [ | . Project Dependencies. .. =
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000
i " . 0000
oading and Running a Project| ss::
o000
o0
on the C6713 DSK :
J Load Program E]
I Look jri | ) Debug ~| & @ e @
@ C6713 DSK/CPU_T - C671x - Code Compose S
{} File Edt “iew Project Debug GEL  Option  Pr
= Mew k
Cpen... Chrl+0
E ]
g o .
File narne: |
. Files of ype: |~ [Een]
Load Program, . Chrl+L " les of ype: | out = ance
Fe Help

Select the .out file in the project\Debug directory. Program is sent to DSK.

f (F5 or the Run button |2 )

& /C6713 DSKICPU_T - C671x - Code Composer Studio - [[Msassembly]

2] File Edit ‘iew Project Debug GEL  Option  Profile Tools DSPBEIOS  window |
él = Breakpoints. ..
Probe Paints..., | | | | h Build
T !

|led.pit ||

7 T O & = [E S i @ RLINMING
@ Files Run F5
+-[7] GEL Files
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Halting a Running Program on
the C6713 DSK

(shift+F5 or the Halt button = ).

% /C6713 DSKICPU_1 - C671x - Code Composer Studio - [Disassembly]

File Edit “iew Project Debug GEL Option Profile Tools DSPBIOS  “Window F
ébl o Breakpoinkts. ..
Probe Points. .. |

led.pit - K | 5
BHoar @ FEHRE

% Fies Hall Shift+FS

. a |
+-|_7) GEL File
[
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Chassaing examples: Fixing the search path

Add C:\CCStudio_v3.1\C6000\dsk6713\include to the search path

Build Options for Sine8_LED. pijt (Debug) 2JEd

General Compiler l Linker ] Link. Elru:ler]

-g -z " CACCS tudio_w3.14MyProjectshzined_LED\Debug"
A'CACCStudio_ w3 1NCBO00NAzkB71 Binciude -d"CHIP_E713" -mvE710

Cateqony: Preproceszor

B asic Include Search Path [-1); |u|:|i|:|_\-'3.1 LCEON04dzkE¥1 Juinchude
Advanced i

Feedback Pre-Define Symbol [-d): |CHIP_G713

Files ] )

Assembly IIndefine Symbal [-u]: |

Parser Preprocessing: Hone 7
Preprocessar ) ) | : J
Diagnostics [ Continue with Compilation [-ppa)

k. | Cancel | Help
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000
. L 00
Chassaing examples: Fixing the mem model | 3232
. o000
| X J
Ch h del to “d far” o
Build Options for Sine8_LED. pijt (Debug) 2JEd
General Compiler l Lirker ] Lirk: Elru:ler]
-g -z -fi"CACCS tudio_w3.1\MuProjectshsined_LEDADebug"
"CACCStudio_»3 1MCR000Ndsk BT 3hinclude -4 "CHIP_G713" -mvE710
--mem_model: data=Ffar
Categary: Advanced
B azic RTS Modifications: |Defns Mo RTS Funcs j
Advanced : .
Feedback Auta Inling Threshold [-oi: |
Elseszmbly Endianness: |Little Endian j
Parzer Mernomny bModels: |Far [--mem_rnodel: data=Far) j
Freproceszor AT Ol Frpp—
i i 9
DL o : Far [--mem_model:data=far]
Aliazing: Mear [--mem_model:data=near|
[ Interrupt Threzhold [-mi]; |
[~ Speculate Threshold [-mh): |
[ Turn O Software Fipelining [-mu]
[ Old 6400 Alighment Cornpatibility (-mb)
[ Tumn OfF Rearder of Azsociative Floating Pt Ops [-mc) 13
[~ Use Function Subsections [-mo]
[ Historic C Pointer to Const Aliaz Dizambiguation [-ox]
k. | Cancel | Help
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Things to Try

e Open Sin8_LED project and fix the search path and
the memory model (see previous pages). Then
build, load, and run It.

e Press DIP switch 0. You should see LED 0 light up and a
1kHz sinusoid should appear on the left channel of the
codec. This is a good test to see if the DSK is working.

e Make an error in the source code Sin8 LED.c and
build the project to see what happens.

e Change the amplitude of the sinusoid (gain
variable), rebuild, reload, and see what happens.

e Modify the code to generate a 500Hz sinusoid.
e Open, build, and load other projects in “myprojects”
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Creating a New Project (1 of 5)

1. Create new project

Project Creation

Project Mame: {helloworld

Location: CACCStudio_w3 1hMMuProjects\hellowo _J

Project Type:  |Executable [ out) -

T arget

Finizh Cancel | Help |
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Creating a New Project (2 of 5)

2.

Write your C code:

Save It in your project directory (make sure
It has a .c extension):

Add your C code to the project:
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Creating a new project (3 of 5)

5.

Add required support files to project

a) myprojects\support\c6713dsk.cmd
[linker command file — this or another cmd file is required]

h) €¢6000\cgtools\lib\rts6700.lib
[run-time support library functions - required]

Add optional support files to project, e.g.

a) myprojects\support\vectors_poll.asm or vectors_intr.asm
[used to set up interrupt vectors]

n) €6000\dsk6713\lib\dsk6713bsl.lib
[DSK board support library functions — useful for interfacing to
the codec, DIP switches, and LEDS]

c) €c6000\bios\lib\csl6713.lib
[chip support library functions]
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Creating a New Project (4 of 5) | ::
Build Options for helloworld.pjt (Debusg) B

7. Set up the build options for Gereral Corilt | Linker | Link Ok |
C 6 7 1 3 . -g "${Proi_dir\Debug” -d" DEBUG" -mwE710

Com Iler tab Cateqgary: B asic
( p ) - |CE71x [mvE710) | '

. . Basic T arget Wersion:
0o M ake S u re targ et Ve rS I O n IS ?S:ﬁ'g;gf Generate Debug Info: |Fu|| Syrnbiolic Debug [-g]j
C67 1X .E."sessembly Opt Speed vs Size: | Speed Most Ciitical fno -ms] |
) Parzer Opt Level: lm
0] AlSO m ake sure o pt Ievel IS EESLDDDS?E?[ Program Lewel Opt.: |N|:une ﬂ

“none” (this will help with
debugging)

k. | Cancel Help
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Creating a New Project (5 of 5)

8. Scan all file dependencies to automatically bring
all header files and includes into the project:

9. Build the project:

10. If successful, load the .out file to the DSK:

Select the Debug directory. Select the .out file.

11. Run It;
or F5 or the run button.
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Optional: 33ie
Suppress linker warnings ¥
Build Options for helloworld. pjt (Debug) E]

General] Compiler  Linker lLink Elrder]

-g -z -m"" \Debughhelloworld. map'' -0" \Debughhellovorld. out' -»

(l | n ke r ta b) Category: Advanced

Baziz [ Dizable Conditional Linking [-]
Ad d
YA I Disable Debug Symbol Merge [-b]
| Strp Symbaolic [nformation [-3]

14 [ Make Global Symbolz Static [-h) '
U n C h e C k Wa.r n a.b O ut [ Warn About Output Sections [-w)
[ Resaolve Symbols ta First Libran [-priarity]

O u t p ut S e Cti O n S " (O r p ut [ Disable Size-bazed Allocation [--default_order)

kL Link Info File [-sml_link_info=]; |

|n Va|ueS for StaCk and Define Glabal Symbol [-q): |
heap)

Create Unresalved Ext Sumbal [-u): |

k. | Cancel Help
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Tip: Problems finding files
during linking

[Loop_store.c] "C:~CCEtudio_w3.1-ChO00cgtools~hin~elbx" -g -g -fr'C:-

[Linking...] "C:~CCEtudio_v3.1~ChO000~cgtools~hin~zlhx" -@"Debug.lkf"

{Linking> Build Options for Loop_store. pjt (Debug) 3=

»» ConDOCUME™ Indrb~LOCALS™ 1NTemp~TIS643, line Z1:
can't find input file 'DISEGET713hsl.1ik General] Compiler -~ Linker l Lirk. Elrderl

»» Compilation failure - - -m".'\I;Iel:uug"-.L-:u:up_st-:ure._map"-u:u".'\Del:_uug'xLDDp_stDre.u:uut"-:-:
I'rteB 700" -I"DSKET 1 3bsllib" - 'cslEF 1 3.
Build Comnlete.
: Categony: Bazic
Problem Is caused by a bad path for e | Supress Banner ()
the InCIUde |Ibrar|eS In the Ilnker Advanced [w Exhaustively Read Libranies [-x]
options (Project -> Build Options -> Output Mod e I =l
. Dutput Filename (-] |.5\DebugLoop_store.out
LI nker tab) b ap Filename [-m): |."~De|:uug'\Lu:u:up_sh:ure.map
Autginit Model |Run-Time Autoinitialization [-c] |

. . . . Heap Size [-heap): |
A fix for this is do remove rts6700.lib, ety |
DSK6713bsl.lib, and csl6713.lib from Fil il (4] |
the linker options and add these files =B P |

” P . t > Add fl t Librarny Search Path [-|]:|

manua y ( rOJEC - I eS O Include Libraries [-1): |rtsE?EID.IiI::;DSKE?1 3bzl lib;csl671 2 0k
Project...)

k. | Cancel Help



A Simple Program to Try:
“helloworld”

N Ty
e 1
ot oo O N
2 LU
wd : w
SR IS
* .A‘?

1865 "o

/I helloworld.c

/I D. Richard Brown llI
/l 9-Oct-2006
#include <stdio.h>

void main()

{

printf("Hello world.\n");
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More Interesting Programs:
Interfacing with the Real World

digital digital
Igle[SIIM | outputs

analog | Apc - psP |~ DAC [ analog
input output

LElE TMS320C6713 DSK:

digital inputs = 4 DIP switches
digital outputs = 4 LEDs
ADC and DAC = AIC23 codec
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Interfacing with the
DIP Switches and LEDs

elnitialize DIP/LEDs with

and/or
eRead state of DIP switches with

eChange state of LEDs with
or
or

where n=0, 1, 2, or 3.
These functions are provided in dsk6713bsl.lib.

Documentation is available In
C:\CCStudio_v3.1\docs\hlp\c6713dsk.hlp
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Interfacing with the AIC23 Codec

e Determine if you will use interrupts or polling
e Initialize the DSK and open the codec
e Set the sampling rate

e Optional configuration
e Codec
o Serial ports (McBSP)

e Configure and enable interrupts (if appropriate)
e Input sample(s) from left, right, or both channels
e Output sample(s) to left, right, or both channels
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Polling vs. Interrupts

e Polling
o Simpler to implement and understand
e Processing resources wasted by constantly checking
codec to see if it is ready for input or output
e [nterrupts
o Slightly more difficult to implement

e Must set up interrupt vectors to correctly point to interrupt
service routine(s) (usually done with a “vectors.asm” file)

e Much less wasteful of processing resources: codec notifies
DSP when ready for input or output
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C6Xx Interrupt Basics

e 16 interrupt sources (timers, serial ports, ...)
e 12 interrupt events (INT4 to INT15)

e Interrupt events must be mapped to interrupt
sources

e Interrupt vectors must be set up. An “interrupt
vector” is a special pointer to the start of the
“Interrupt service routine” (ISR). There are 12
Interrupt vectors.

e Interrupt service routine must be set up
e Save registers

e Do something useful
o Restore registers
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/*************************************************************************

* This code is written by N. Kehtarnavaz and N. Kim as part of the
* textbook ""Real-Time Digital Signal Processing Based on TMS320C6000"
* Modified by D. Richard Brown 111 on 10-Oct-2006

FhAhkhkhdhhhkhikhikihhkhhihikhihhhkhhhhhhhihhhiihhhihhhkhhhhikhhhhhhhhhhhhhhhhhiiiih /

#define CHIP_6713 1
#include <stdio-h> Initialization of Interrupt Interface
Hincludo <col mabsp.h> with AIC23 Codec

#include <csl_irg.h>

#include ""dsk6713.h"
#include '"dsk6713_aic23.h"

DSK6713_A1C23_CodecHandle hCodec; // Codec handle
DSK6713_AI1C23_Config config = DSK6713_AIC23_DEFAULTCONFIG; // Codec configuration with default settings

interrupt void serialPortRcvISR(void); // 1SR function prototype

void mainQ

{

while(1)

DSK6713_init(); // Initialize the board support library
hCodec = DSK6713_AI1C23_openCodec(0, &config); // Open the codec
DSK6713_AIC23_setFreq(hCodec, DSK6713_AIC23_FREQ _48KHZ); // set the sampling rate

// Configure buffered serial ports for 32 bit operation (L+R in one read/write)
MCBSP_FSETS(SPCR1, RINTM, FRM);

MCBSP_FSETS(SPCR1, XINTM, FRM);

MCBSP_FSETS(RCR1, RWDLEN1, 32BIT);

MCBSP_FSETS(XCR1, XWDLEN1, 32BIT);

// Interrupt setup

IRQ_globalDisable(); // Globally disables interrupts
IRQ_nmiEnable(); // Enables the NMI interrupt
IRQ_map(IRQ_EVT_RINT1,15); // Maps an event to a physical interrupt
IRQ_enable(1IRQ_EVT_RINT1); // Enables the event

IRQ_globalEnable(Q; // Globally enables interrupts
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Stereo read/write ISR

interrupt void serialPortRcvISRQ

{
Uint32 temp;
temp = MCBSP_read(DSK6713_AIC23_DATAHANDLE); // read L+R channels
MCBSP_write(DSK6713_AIl1C23 DATAHANDLE, temp); // write L+R channels
}

Least significant 16 bits of temp = Left channel
Most significant 16 bits of temp = Right channel

Note that ISR is only called when INT15 occurs.
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Opening the Codec and
Setting the Sampling Rate

Default configuration: variable “config” declared in dsk6713 aic23.h
Frequency definitions are in

<% Freguency Definitions *.
#define DEERY13_AICZ3_FREQ_BEHZ
#define DEKEGR7153_AICZ3_FREQ 16EHZ
#define DEERY13_AICZ3_FREQ Z4FHZ
#define DEERY13_AICZ3_FREQ_FZEHZ
#define DEER7153_AICZ3_FREQ 44FHZ
#define DEERT713_AICZ3_FREQ_ 45EHZ
#define DEERY13_AICZ3_FREQ_Y968EHZ
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Other Codec Configuration

Input volume (individually controllable for left and
right channels)

Headphone output volume (individually controllable
for left and right channels)

Digital word size (16, 20, 24, or 32 bit)
Other esoteric settings, e.g. byte order, etc.
For more detalls, see

o Codec datasheet (TLV320AIC23B)
e C:\CCStudio v3.1\docs\hlp\c6713dsk.hlp
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000
0000
0000
00
o0
Interrupt Setup :
IRQ _globalDisable(); I/l Globally disables interrupts
IRQ_nmiEnable(); /[ Enables the NMI interrupt
IRQ_map(IRQ_EVT_RINT1,15); /l Maps an event to a physical interrupt
IRQ_enable(IRQ_EVT_RINT1); /[ Enables the event
IRQ _globalEnable(); I/l Globally enables interrupts
ref ¢ _int00

ref _serialPortRcVvISR ; refer the address of ISR defined in C program

.sect "vectors”
... (other interrupts here) ...
INT15:
MVKL .S2 serialPortRcvISR, BO
MVKH .S2 _serialPortRcvISR, BO
B .S2BO
NOP
NOP
NOP
NOP
NOP
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Some Things to Try

e Make a new project that:

Polls DIP switch O. If pressed, light up all four LEDs.
Sets the sampling rate of the AIC23 codec to 44.1kHz.
Uses interrupts to interface to the AIC23.

Samples the left and right channels.

Multiplies the left and right channels by a variable gain.

Outputs the modified samples to the left and right
channels.

e Bonus: Swap the channels, i.e. Left_in -> Right_out,
Right_in -> Left_out, when DIP switch O is pressed.

e Bonus: Try changing the input/output volumes (hint:
look at default configuration in dsk6713 aic23.h)
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Lunch Break

Workshop resumes at 1:30pm...
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Debugging and Other Useful
Features of the CCS IDE

e Breakpoints

e Probe points

e Watch variables

e Plotting arrays of data

e Animation

e General Extension Language (GEL)
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000
0000
0000
00
. . o0
Breakpoints and Probe Points |:
toggle "R« Clearall
break point / probe points
clear all toggle
break points probe point
comm_pall(); Ss1init DRE,codec  McBEP
DEEG713_LED _init(): S<init LED from BSL
break p0|nt —> ® DIERY13_DIP init(): s~1init DIP from BEZL
while(1) SAinfinite loop
1
probe pOint — > < if (DSE6713| DIF get(0)==0) S#=0 1f DIP switch #0 pressed
I

e Breakpoints: stop code execution at this point to allow state
examination and step-by-step execution.

e Probe points: force window updates and/or read/write
samples from/to a file at a specific point in your code.

s
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Breakpoints

source step iNt0 ——— | {3 | [T 1

1ncliude
source Step over ——— | p* | |* (] GEL files Uint3? f

t t = a Praojects hart

Step ou > || £} - &5 Sine8_LED.pjt {Deb Eh‘:’rt
ASM Step |nt0 _— Ti",} (L1 Dependent Project ihzit g?

ASM Step over o [ DsPiBIOS c:gnﬂg
(L] Generated Files e
+ [ud
run to cursor ——» || 4 ; g{?;r:ﬂ:s {

set progam counter to cursor ————» o ¥ csle713.0ib Egﬁ??g
. #] dske713bsl.lib DEEE713

Y- #] rts6700.lib il
—aSnurce whi eil

. ¥ c6713dskinit.c .
3 ¥ Sined_LED.c 1f (DSK
¥ Vectors_poll, a: { DSKE
“ y - = C6713dsk.crnd

Run to Cursor” is a handy - e outp
®1 i

shortcut instead of setting
a breakpoint
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Probe Points

e Differ from breakpoints: Halt the DSP
momentarily, perform an action, and then
automatically resume execution.

o Note that this may cause problems with real-time
operations.

e Faclilitate repeatable testing via automatic file
iInput and/or output (on PC).

e For more detalls, see CCS Getting Started
Guide (SPRU509F.PDF) or CCS help.
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Watch Variables

§ /C6713 DSKICPU_1 - C67xx - Code Compc
c; File Edit Wiew Project Debug  Profiler  GEL L |

4= v Standard Toolbar
GEL Toolbar
lm v Project Toolbar
v Edit Toolbar

e, w Status Bar
Cebug Toolbars k

@ File|  Plug-in Toolbars
@
25 Disassembly

Mermory...

M ame " alue |T5.I|:|e |Fia|:|i:-: |

2, Waich Locals |+ atch 1

-
-

Reqisters k

Ln 24, Cal 1 LM

Graph k

Threads *

I S I ]

Weabch Window f amne Y alue ~_— | Type | R adix |

u CQuick, Wakch @ loop 4 ghart dec
2 Call Stack i & | gain 10 shott  dec

S

Expression List { L=
% Cukput Window

v Project

Mixed Source/A5M

S8 Watch Local: o3 Watch 1
E e —————————————

i + Ln 24, Cal 1 MM
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Watch Variables

e In the Watch Locals tab, the debugger
automatically displays the Name, Value, and
Type of the variables that are local to the
currently executing function.

e In the Watch tab, the debugger displays the
Name, Value, and Type of the local and
global variables and expressions that you
specify.

e Can add/delete tabs.
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Plotting Arrays of Data

i /C6713 DSK/CPU_1 - C6Txx - Code Composer Studio "C6713 L

c; File Edit Wiew Project Debug Profiler GEL Opkion Tools PBC |

'

= = v

Sined LED. pjt) ¥

@File
+-3
S|
“
&
=&
v
=]
=
=

Standard Toolbar
GEL Toolbar
Project Toolbar
Edit: Toolbar
Skatus Bar
Cebug Toolbars
Plug-in Toolbars

Disassembly
Mermory...

Reqisters
Graph
Threads

Watch Window
CQuick, Watch
Call Skack
Expression List
Cukput Window

Project

Mixed Source/85M

int32 fs = DIEKG
hort loop = 0
hort gain = 10;
hort sine tahle

* bid main()

3 Time/Frequency. ..
Constellation. ..
Ewe Diagram...
Image...

1f (DSEe715_DIF,
{
DEEGR713_LED_,
output_sampl
1f (loop < 7
else loop =

)
else DZKGE713_L:
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o

[4 Graph Property Dialog

Dizplay Type Single Time

Graph Title Graphical Dizplay

Start Addreszs zine_table

Acquizition Buffer Size a

Index Increment 1

Dizplay Drata Size a

D5SP Data Type 1E-bit zighed integer

[1-value 1]

Sampling Rate [Hz] 2000

Plat Drata From Left to Right

Left-zhifted Data Display Yes

Autozcale On

DC Y alue 1]

Awez Dizplay On

Tirne Dizplay Uit z

Statuz Bar Dizplay On

b agnitude Dizplay Scale Linear

Drata Plat Style Line

(Grid Shyle Zem Line

Curzor Mode Drata Cursor

ok Cancel | Help |
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0000
0000
. | X J
Plotting Arrays of Data .
1000
833
GE7 S
5004 right C|ICkIZ@
3334
Zaoom In 4
1674 Zaan Cuk 3
v Axes
a v Status Bar
Grid 3
=gy Cursor Mode »
_333] Log Scale
Fixed Scale
500 Refrash
667 Clear Display
Help
5331 Properties. ..
- I:“:ID_l T T T T T T T T T T T
o] 0.471 0.941 1.4 14 Close 329 376 424 4.7 518 565 612 659 T.00
(1, 707}  Float In Main Window Time Lin |Auto Scale
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Animation |®

e Runs the program until a breakpoint is encountered.

o At the breakpoint, execution stops and all windows not
connected to any Probe Points are updated.

e Program execution then automatically resumes
o Useful for updating graphical displays
o Note: Animation may cause problems with real-time
operation
e Can pause execution at each breakpoint:
tab
Animate Speed (0-9s) (zero = no pause)
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000
0000
X XX
o000
. | X J
General Extension Language |
i /C6713 DSK/CPU_1 - C67xx - Codi
. . . File Edit “iew Project Debug  Profi
e Create functions to extend the functionality f o ’ !
of Code Composer Studio { open e =
. . . — N m Save Chrl+5 L
e GEL files are not loaded with a project B savess.. | &
—V -
; Load Program...
e Often used to change variables “on-the-fly” | g tome
. i Reload Symbals Fl
e Examples from Chassaing textbook: ; Urioad Symbols 3
oad
and —ra II;)at.fnGEL 3
1 Whindirual Heln O
Composer Studio 'C6713 DSK Tools - [sine2sliders.c] o Fre... &3
s @EL  Option Tools PEC DSP/EIDS  Window Help
Resets 4 F # ot hGh SR EE i EE 4
Memory Map 4
| CheckDsK 3~ P . Y -
Sime Parameters # zain -
S B BEERTET Frequency -
b SineZsliders.c Sine generation with different # of points —’1’ —;_

J{i TexAs INSTRUMENTS | Technology for Innovators™ Page 49 of 64




General Extension Language

e Useful GEL files can be pretty simple
e From

SeERinelsliders.gel Two sliders to wvary gain and freguency#s

menuitem "Sine Parameters!

slider Gain(l.,38.1.1.gain_parameter) Seincr by l.up to G%7
. galn = galn_parameter: SEVATY galn®s
¥

slider Fregquency(2.8.2.2,.frequency parameter) ~*incr by Z,up to o
i tregquency = frequency_parameter: SEVATY Pregquency*s

e Syntax details can be found in CCS help:
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Some Things to Try

e Try out the debugging tools on the code you wrote
the morning session

e breakpoints

e probe points

e watch variables
e animation

e Modify your stereo in/out project to have the output
gain changeable via a GEL slider

e Try out the CCS plotting tools

e Modify your code to have a buffer (i.e., store samples in an
array) and plot the contents.

e Try to have CCS animate a plot window

=:
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Finite Impulse Response
(FIR) Filters

e Frequently used in real-time DSP systems
o Simple to implement
o Guaranteed to be stable
e Can have nice properties, e.g. linear phase

e Input/output relationship

M-1

y[ﬂ] = Z h-[ﬂ’?-]i-’ [?1 — TH-]

=l

X=input, y=output, h=filter coefficients, M=# of filter coefficients
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Creating FIR Filters

1.

Design filter Matlab
Type: low pass, high pass, band pass, band stop, ...
Filter order M
Desired frequency response

Decide on a realization structure
Decide how coefficients will be quantized.
Compute quantized coefficients

-~ > D

Decide how everything else will be quantized  CCS
(Input samples, output samples, result of
multiplies, result of additions)

Write code to realize filter
Test filter and compare to theoretical expectations
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000
000
000
" . = 00
Designing FIR Filters o
o
B Filter Design & Analysis Tool - [untitled.fda] BIE =
File Edit Analysis Targets Wiew Window Help
Dedael <~ 220X 1R bM# 30 Bhl@RF W
a'l — Current Fiter Information __Filter Specifications
Launch
MATLAE 7.
Mag. (dB)
Structure:  Direct-Farm FIR | _L
Crler: ] ok "&}a
Sections: 1 e T
Stahle: es T
[\ SOUrce: Designed As‘tnp
>> fdatool =) | L
- ] 1 P
[ Store Filter .. ] 0 F . F;m Foio f (Hz)
[ Fitter Manager ... ] - i
— Response Type _ Fiter Oreler — Frequency Specificstions — Magnitude Specificstions
® |Lowpass j () Specity rder: Units: | Hz j Units: | dB j
T
O Highpazs -
) Band J () Mirimurm order Fs: 4000 N ]
andpass nass
—||| O Bandstop __ Options Fpass | 9600
: : Astop | 80
= ) | Differertistar j Density Factor: | 20 Fstop s
IEI | Design Methiood
T || OIR | Butterworth ~|
[l
@ @ FR | Equiripple ~|
Ready

J{i TexAs INSTRUMENTS | Technology for Innovators™ Page 54 of 64




Filter Realization Structures

e Lots of different structures available
e Direct form I, direct form Il, transposed forms, cascade, parallel, lattice, ...
e All have same input/output relationship

e Choice of structure affects computational complexity and how quantization errors
are manifested through the filter

B Filter Design & Analysis Tool - [untitled.fda] R Convert Structure (=] °
File Edit A&nalvsis Targets Yiew ‘Window Help __ Convert Ta
DeEER <> 280X T State-Space [a]

Direct-Form FIR

— Currert Fiter Infarmation_ __ Filter Specificatic Direct-Form FIR Transposed
|::> Direct-Form Symmetric FIR

# Mag [+

Structure:  Direct-Form FIR

Order: =] ofF [ Ok ] [ Cancel ]

Sections: 1 —

right click Stable: Vs

|n th |S pane Source:  Designed
\ Convert Skruckure |,

_ Focus on “Direct form” for now.
Convert To Single Section We’'ll discuss other options when
—  Show Filter Structure F we look at IR filtering tomorrow.

{ wehat's This? I~

L W T o e B UL Y Srhecifw nrrle
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Compute FIR Filter Coefficients

u Filter Design & Analysis Tool - [untitled.fda]

— Current Fitter Information

File Edit Analysis Targets Wiew ‘Window Help

NEEESR -~ 2RLEX D HIUM#+ D BLORE| N

_ Filter Specifications

| Design Method

IR

il
B

D Eutterwarth

e

=]
]

() FIR | Equiripple

zl

$Mag. (dB)
Structure:  Direct-Form FIR | _L
Ordet: a0
0F
Sections: 1 A}Jass
Stahle: ¥es T
Source: Designed 'ﬂ‘stu:up
( Store Fit ] i S
are Fitter ..
0 F ASE Fstu:u Fe T

[ Fitter Maniager .. | 2 £
— Response Type _ Fitter Order — Freguency Specifications — Magnitude Specifications

@ | Lowpass j () Specify order: Units: | Hz j Units: | o j

O | Highpass Ll
= O B z - (%) Minimum arder Fe 43000 i 5
ahdpass [t
[ P f
() Bandstop __ options Fpass 96500
{:} ; Astop &0
Dif ferentistor > Density Factor: 20
= 5] ¥ Fstop | 12000

EFlE

Ready

set up filter and press » =
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0000
0000
o000
| ] n | ] . .
Make Coefficient File For CCS |:
B Generate C Header =) 7 E3
B Filter Design & Analysis Tool - [untitled.fda *
File Edit Analysis  Targets View ‘window Help EasiE EmES LG sEarcE il
O = E % B‘ Generate C header ... ] I:ﬁ Mutrerstar: B Mutnerstar length: BEL
P Code Composer Skudio () IDE
wILIM Coefficient {.COE) File
Generate HOL ... -
I I

— Data type to use in export

.@. Export suggested: Double-precision

flosting point

) Export &= I _[

’ Frau:tin:nnal letigth: 21

[ Ok ] [Cancel] [ Helgp ] [.&ppl\;]

Here you can change the coefficient data
type to match your desired quantization.
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Example DP-FP Coefficient File

* Filter Coefficients (C Source) generated by the Filter Design and Analysis Tool

*

* Generated by MATLAB(R) 7.0 and the

*

* Generated on: 19-Aug-2005 13:04:09

*

*/

/*
* Discrete-Time FIR Filter (real)

* Filter Structure Direct-Form FIR

* Filter Order -8
* Stable : Yes
* Linear Phase : Yes (Type 1)

*/

/* General type conversion for MATLAB generated C-code */
#include ""tmwtypes.h"
/*
* Expected path to tmwtypes.h
* C:\MATLAB7\extern\include\tmwtypes.h
*/
const int BL = 9; - Can edit these to agree with your code.
const real64_T B[9]
0.02588139692752, 0 08678803067191, 0.1518399865268, 0.2017873498839,
0.2205226777929, 0.2017873498839, 0.1518399865268, 0.08678803067191,

0.02588139692752
J{i TexAS INSTRUMENTS  Technology for Innovators™
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Quantization Considerations

e Key choice: floating point vs. fixed point

e Advantages of floating point math:
e Less quantization error
o Don’t have to worry about scaling factors
o Less likelihood of overflow/underflow
e Much easier to code

e Disadvantages of floating point math:
e Requires floating point DSP (higher cost, higher power)
o Executes slower than fixed point

e C code allows you to “cast” variables into any
datatype
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Write Code to Realize FIR Filter

e Direct form | implies direct realization of the
convolution equation

AM-—1

ylﬂ] = Z h-l?ﬂ-]i-’ [ﬂ — Tﬂ-]

=l

e Some considerations:
o Allocate buffer of length M for input samples.

e Move input buffer pointer as new data comes in or
move data?
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FIR filter example Code

interrupt void serialPortRcvISR()

{

union {Uint32 combo; short channel[2];} temp;
inti=0;
float result = 0.0;

temp.combo = MCBSP_read(DSK6713 AIC23 DATAHANDLE);

/[ Update array samples (move data)
for(i=N-1;i>=1;1-)

samples[i] = samples]i-1];
samples[0] = (float)temp.channel[0]; // store right channel

/I Filtering
for(i=0;i<N;i++)
result += fir_coeff[i]*samples]i];
temp.channel[0] = (short)result;
MCBSP_write(DSK6713_AIC23 DATAHANDLE, temp.combo);

Note that all math here is floating point.
Filter coefficients are also assumed to be floating point.
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Some Things to Try

e Try creating an FIR filter with the following specs:

Bandpass

8" order Direct Form | s ; ; ! !
Least-squares design ' ' ' '
44100Hz sampling rate
Fstopl = 3000Hz

Fpassl = 4000Hz 80 5 5 5
Fpass2 = 8000Hz " 5 0 s 2
Fstop2 = 12000Hz

_ Maghitude Responze (dE)

1]

=20

40

Magnitude (dB)

-6

Frequency (kHz)

Equal weighting in all bands
All floating point math (single or double precision)

Use an oscilloscope and a function generator to compare the

magnitude response of your filter to the theoretical prediction.

wi# TEXAS INSTRUMENTS | Technology for Innovators™ Page 62 of 64



Workshop Day 1 Summary

What you learned today:

Basics of the TMS320C6713 DSK and Code Composer Studio
How to test the DSK

How to open, build, load, and run existing projects

How to create, build, load, and run new projects

How to interface with DSK I/O (LEDs, DIP switches, and the
AlIC23 codec)

How to debug code in CCS including
Setting and clearing breakpoints and probe points
Setting up watch variables
Plotting arrays of data
Animation
How to use, modify, and create GEL files in CCS.
How to use Matlab’s filter design/analysis tool “fdatool”

How to implement an FIR filter on the C6713
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Workshop Day 1
Reference Material

Chassaing textbook Chapters 1-2, and 4

CCS Help system

SPRUS09F.PDF CCS v3.1 IDE Getting Started Guide
C6713DSK.HLP C6713 DSK specific help material
AIC23 Codec datasheet

DSK Quick Start Guide (included in your DSK box)

Spectrum Digital TMS320C6713 DSK reference (included in your
DSK box)

TMS320C6000 Programmer’s Guide (SPRU198G.PDF)
Matlab fdatool help (>> doc fdatool)

Latest Tl documentation available at
http://www.ti.com/sc/docs/psheets/man_dsp.htm
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