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EE3T Study Project: Real-Time Digital Signal Processingwith TMS320C6000

Laboratory 3 – Learning C and Sinewave Generation

Objectives
� Learnhow to createandbuild aproject.

� Learnhow to usefunctionsin C.

� Learnhow to generateasinewave usingtablelookup.

Map the Network Dri ve

1. Map\\reserver\sp_data to m:

2. Copy the files from m:
�
C6x

�
labs

�
lab3 to an appropraitesubdirectory in your

workspaceonh: for use.Thisshouldbethesamedirectoryin whichyoucreatetheproject
below.

Createthe project file

The first stepin creatinga new DSPprogramis to createa project file and to addappropriate
configurationfiles. Theseconfigurationfiles automaticallyhandlememorymappingandallow
you to setvariousglobalparameters(in particular, we will usetheconfigurationfile in later labs
to assigninterrupts).

1. Createa new projectcalledlab3.mak

Project:New

andsave it in anappropriatesubdirectoryin your workspaceonh:

2. Createa new DSP/BIOSconfigurationfile calledlab3.cdb

File:New:DSP/BIOS Configuration

usingthedsk6711.cdb template.Save this file in the samesubdirectory. Take careto
usethecorrectextension,for somereasonthedefault extensionis a PowerPointfile!

3. Add theconfigurationfile to theproject.

Project:Add Files to Project

This alsoautomaticallyaddsthefile lab3cfg.s62.

4. Also addthelinker commandfile lab3cfg.cmd.
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The sinewavegenerationprogram

You areprovided with a simpleprogramsine.c whoselisting is given in AppendixA. This
programdoesthefollowing:

� InitializesI/O portswith callsto CSL Init, BSL init, andcodec init. This is done
usingpredefinedfunctions,we will look at thesefunctionsin moredetailin a laterlab.

� A while loop runsforever, writing outdatacalculatedin thesubroutinesinegen(). Cur-
rently this subroutinesimply outputsa sinewave of fixedfrequency. In thereminderof the
lab youwill write a routinethatoutputsasinewave of auser-definedfrequency.

1. Add theC programsine.c to theproject.

Building the project

Building theprojectconsistsof threesteps:compiler, assembler, linker. Eachof thesestepshas
variousoptionswhich determine,for example,how efficient is the DSPcodethat is generated.
Two .txt files areprovidedthatcontainappropriatecompilerandlinker options.

1. Setthecompileroptions

Project:Options

by copying thecontentsof compiler.txt to theCompilerwindow.

2. Settheassembleroptionsto -gls

3. Setthelinker optionsby copying thecontentsof linker.txt to theLinker window.

4. Now build theproject

Project:Rebuild All

This canalsobe doneusing the appropriateicon on the left handside. Onceit hassuc-
cessfullycompiledandlinked, it will createa file sine.out that is the DSPexecutable
file.

Load and run the program

Having built theprogramit canbedownloadedto theDSPandrun.

1. Loadtheprogramto theDSP

File:Load Program

2. Connectanoscilloscopeto theDSK output,andrun theprogram

Debug:Run

or click theappropriateiconon theleft. Ensurethattheoutputis asinewave.

3. Halt theprogram

Debug:Halt

or click theappropriateiconon theleft.
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Later when the programis modified and rebuilt it can be reloadedto the DSP by using
File:Reload Program. Notethatyou shouldalwayshalt theDSPbeforeloadingor reload-
ing aprogram.

Generatinga sinewave

Currently, the function sinegen generatesa sinewave with fixed frequency of around1 kHz.
In the remainderof the lab you will rewrite this function so that the frequency that is output is
determinedby theglobalconstantSINE FREQ.

The simplestway of generatinga sinewave signal is by usinga sine lookup table. We will
definea lookuptablein memory, andthenmodify sinegen sothat it usesthis tableto outputa
sinewave of thedesiredfrequency.

1. Definea global constantSIZE TABLE that determineshow many valuesarein the table,
andassignit avalueof 256.(Seethedefinitionof SAMPLE FREQ for how to declareglobal
constants.)

2. Defineaglobalvariablex thatis anarrayof floatscontainingSIZE TABLE elements.This
is doneby insertingthefollowing line in thesectionof theprogramdesignatedasbeingfor
GlobalVariables:

float x[SIZE_TABLE];

Noticethat thedefinitionfor y definesanarrayof 3 floats,andassignssomeinitial values.
Theabove definitionfor x doesnotassigninitial values.

In C,arraysareindexedstartingfrom 0,soanarrayof 10valueswouldbeindexed0 through
9. Individual elementsof anarrayareaccessedby usingthevariablenamefollowedby the
index in squarebrackets. For example,to assignthezerothelementof x to 0.2,you would
use

x[0] = 0.2;

3. Having definedhow big the tableis andwhereit will be storedin memory, we now need
to createa function that will fill it with the appropriatesine values. Createa function
sine init thatwill do this. It will have no parametersandreturnno value,its purposeis
simply to initialize theglobalvariablex. This will involve definingthefunctionprototype
(look at thedefinitionof codec init at thetopof sine.c for how to do this). Now you
will needto write theimplementationof this function. It shouldconsistof afor loop (see
C programmingguidefor syntax)thatfills x with theappropriatenumberof pointswithin
oneperiodof a sinewave. In themath.h library file (which is includedin theshell pro-
gram),thereis a functionsin() thatreturnsthesineof its argument(in radians).A global
constantPI is assigneda valueof 3.1415926(in the includedfile c6211dsk.h) for you
to use.

4. Add a call to sine init in the main program,just beforethe while loop. Rebuild the
project and download it to the DSP. Set a breakpointjust after the call to sine init,
and run the program. To check that your function is successful,look at the mem-
ory starting at x (View:Memory) and confirm that 256 points within a single period
of a sine wave are storedthere. You could also do this by using the graph function
(View:Graph:Time/Frequency). Ensurethatsine init is working correctlybe-
fore proceeding.
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5. Now rewrite the function sinegen so that it readsthe appropriatevalue from the sine
tableandreturnsthis valueto themain routine. You will needto usetheglobal constants
SIZE TABLE andSAMPLE FREQ which have beenpre-definedfor you. You shouldn’t
needto modify the main programfurther at this stage,it is only necessaryto rewrite the
implementationof sinegen.

6. Sincethe frequency of the sine wave is determinedby the global variableSINE FREQ,
you caneasilychangetheoutputfrequency by changingthevalueof this variable.Opena
watchwindow (View:Watch Window) andinsertSINE FREQ. By double-clickingon
SINE FREQ within thewatchwindow you will beableto updatethefrequency of thesine
wave without requiringyou to recompilethecode.

Comments

Within theexisting functionsinegen, thevariablewave is a local variable.Any variablethatis
definedwithin a function is local, andit is undefinedoutsidethatparticularfunction. Moreover,
whenthefunctionis exitedthelocalvariablelosesits value.If it is necessaryfor avariableto keep
its valueeven after a local function is exited, or from onefunctioncall to thenext, it shouldbe
definedasaglobal variable,by insertingits definitionbeforemain (asyou justdid whendefining
x).

You will probablyneedto defineonemorevariableasa global variable,anduseit to keep
trackof whereyouarewithin thesinetablefrom onecall of sinegen to thenext.
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Appendix A

/*

SINE.C Sinewave generation lab

DBW 24/4/01

*/

/***************************************
* Function prototypes
****************************************/
void codec_init(void);
float sinegen(void);

/***************************************
* Include files
****************************************/
#include <c6x.h>/* C6000 compiler definitions header */
#include <c6211dsk.h> /* C6000 DSK definitions header */
#include <csl.h>/* CSL headers */
#include <bsl.h>/* BSL headers */
#include <bsl_ad535.h>
#include <bsl_extra.h>
#include <mcbsp.h> /* Multichannel serial port header */
#include <math.h>

/***************************************
* Definitions
****************************************/
#define SAMPLE_FREQ 8000.0

/***************************************
* Global variables
****************************************/
AD535_Handle hAD535;
AD535_Config my_AD535_Config = { AD535_LOOPBACK_DISABLE,

AD535_MICGAIN_OFF,
AD535_GAIN_0DB,
AD535_GAIN_0DB

};

float SINE_FREQ = 3000.0;

/* THE FOLLOWING DEFINITION IS ONLY NEEDED
FOR THE SHELL PROGRAM, IT CAN BE REMOVED LATER */

float y[3] = {0,0.7071,0};

/***************************************
* Main routine
****************************************/
void main(){
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/* Local variables */
float sample;

/* Initialize the chip support library, required */
CSL_Init();
/* Initialize the board support library, required */
BSL_init();
/* Open and configure the local codec */
codec_init();

/* loop forever writing sinewave */
while(1) {
/* scale the output to use the full range

and output it using the pre-defined function */

sample = sinegen();
AD535_write(hAD535,(int)(32000*sample));

}
}

/************************************
* Codec functions
*************************************/
void codec_init()
{

/* Use BSL routines to open , reset, and configure the codec */
hAD535 = AD535_open(AD535_localId);
AD535_reset(hAD535);
AD535_config(hAD535, &my_AD535_Config);
MCBSP_setfree(0);

}

/***************************************
* Function implementations
****************************************/
float sinegen(void)
{

/* YOU NEED TO REWRITE THIS FUNCTION */

float wave;
float A = 1.4142;

y[0] = y[1] * A - y[2];
y[2] = y[1];
y[1] = y[0];

wave = y[0];

return(wave);
}
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