Department of Electrical and Electronic Engineering
Imperial Collegeof Science,Technologyand Medicine

EE3T Study Project: Real-Time Digital Signal Processingvith TMS320C6000

Laboratory 3 —Learning C and Sineware Generation

Objectives

e Learnhow to createandbuild aproject.
e Learnhow to usefunctionsin C.

e Learnhow to generate sinevave usingtablelookup.

Map the Network Drive

1. Map\\reserver\sp_datatom

2. Copy the files from m \C6x\| abs\l ab3 to an appropraite subdirectoryin your
workspaceonh: for use.This shouldbethesamedirectoryin which you createtheproject
belaw.

Createthe projectfile

The first stepin creatinga newv DSP programis to createa projectfile andto add appropriate
configurationfiles. Theseconfigurationfiles automaticallyhandlememorymappingand allow

you to setvariousglobal parametergin particular we will usethe configuratiorfile in laterlabs
to assigninterrupts).

1. Createanew projectcalledl ab3. mak
Proj ect: New
andsave it in anappropriatesubdirectoryin your workspaceon h:

2. Createanew DSP/BIOSconfiguratiorfile calledl ab3. cdb
Fi | e: New:. DSP/ BI OS Confi gurati on
usingthedsk6711. cdb template. Save this file in the samesubdirectory Take careto
usethe correctextension for somereasorthe default extensionis a PoverPointfile!
3. Add theconfiguratiorfile to the project.
Project: Add Files to Project
This alsoautomaticallyaddsthefile | ab3cf g. s62.

4. Also addthelinker commandile | ab3cf g. cnd.
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The sineware generationprogram

You are provided with a simple programsi ne. ¢ whoselisting is given in AppendixA. This
programdoesthe following:

e Initializes|/O portswith callsto CSL_I ni t , BSL_i ni t ,andcodec. ni t . Thisis done
usingpredefinedunctions,we will look atthesefunctionsin moredetailin alaterlahb.

e A while loop runsforever, writing out datacalculatedn the subroutinesi negen() . Cur
rently this subroutinesimply outputsa sinewave of fixedfrequeng. In thereminderof the
lab youwill write aroutinethatoutputsa sinewave of a userdefinedfrequeng.

1. Add theC programsi ne. c to the project.

Building the project

Building the projectconsistsof threesteps:compiler assemblerlinker. Eachof thesestepshas
variousoptionswhich determine for example,how efficient is the DSP codethatis generated.
Two. t xt files areprovidedthatcontainappropriatecompilerandlinker options.

1. Setthecompileroptions
Proj ect: Opti ons
by copying the contentsof conpi | er . t xt to theCompilerwindow.

2. Settheassembleoptionsto- gl s
3. Setthelinker optionsby copying thecontentf | i nker . t xt to theLinker window.

4. Now build theproject
Project: Rebuild All

This canalso be doneusing the appropriateicon on the left handside. Onceit hassuc-
cessfullycompiledandlinked, it will createa file si ne. out thatis the DSP executable
file.

Load and run the program
Having built the programit canbe downloadedo the DSPandrun.

1. Loadtheprogramto the DSP
Fil e: Load Program

2. Connecianoscilloscopedo the DSK output,andrunthe program

Debug: Run

or click theappropriatécon on theleft. Ensurethatthe outputis a sinavave.
3. Halttheprogram

Debug: Hal t

or click theappropriatécon on theleft.
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Later when the programis modified and rehuilt it can be reloadedto the DSP by using
Fi | e: Rel oad Program Notethatyou shouldalwayshaltthe DSPbeforeloadingor reload-
ing aprogram.

Generating a sinewave

Currently the function si negen generates sinavave with fixed frequeng of aroundl1 kHz.
In the remainderof the lab you will rewrite this function so that the frequeng thatis outputis
determinedy theglobalconstantS| NE_FREQ.

The simplestway of generatinga sinavave signalis by usinga sine lookup table. We will
definea lookuptablein memory andthenmodify si negen sothatit usesthis tableto outputa
sinevave of thedesiredrequeng.

1. Definea global constantSI ZE_TABLE that determineshov mary valuesarein thetable,
andassignt avalueof 256. (Seethedefinitionof SAMPLE_FREQfor how to declareglobal
constants.)

2. Defineaglobalvariablex thatis anarrayof floatscontainingSl ZE_TABLE elementsThis
is doneby insertingthefollowing line in the sectionof the programdesignate@sbeingfor
GlobalVariables:

fl oat x[SIZE TABLE];

Notice thatthe definitionfor y definesanarrayof 3 floats,andassignsomeinitial values.
Theabove definitionfor x doesnotassigninitial values.

In C, arraysareindexedstartingfrom 0, soanarrayof 10 valueswould beindexed O through
9. Individual elementf anarrayareaccessety usingthe variablenamefollowed by the
index in squarebraclets. For example,to assignthe zerothelementof x to 0.2, youwould
use

x[0] = 0.2;

3. Having definedhow big the tableis andwhereit will be storedin memory we nowv need
to createa function that will fill it with the appropriatesine values. Createa function
si ne_ini t thatwill dothis. It will have no parameterandreturnno value,its purposds
simply to initialize the global variablex. This will involve definingthe function prototype
(look atthedefinitionof codec_i ni t atthetop of si ne. ¢ for how to dothis). Now you
will needto write theimplementatiorof this function. It shouldconsistof af or loop (see
C programmingguidefor syntax)thatfills x with the appropriatenumberof pointswithin
oneperiodof a sinewave. In themat h. h library file (which is includedin the shell pro-
gram),thereis afunctionsi n() thatreturnsthesineof its amgument(in radians).A global
constantPl is assigneda valueof 3.141592§(in theincludedfile c6211dsk. h) for you
to use.

4. Add acall to si ne_i ni t in the main program,just beforethe while loop. Reluild the
projectand download it to the DSP Seta breakpointjust after the call to si ne_init,
and run the program. To check that your function is successful,look at the mem-
ory startingat x (Vi ew. Menor y) 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
(Vi ew. G aph: Ti ne/ Frequency). Ensurethatsi ne_i ni t is working correctlybe-
fore proceeding.
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5. Now rewrite the function si negen so that it readsthe appropriatevalue from the sine
tableandreturnsthis valueto the main routine. You will needto usethe global constants
S| ZE_TABLE and SAMPLE_FREQ which have beenpre-definedfor you. You shouldnt
needto modify the main programfurther at this stage,it is only necessaryo rewrite the
implementatiorof si negen.

6. Sincethe frequenyg of the sine wave is determinedby the global variable SI NE_LFREQ,
you caneasilychangethe outputfrequeng by changingthe value of this variable. Opena
watchwindow (Vi ew. Wat ch W ndow) andinsertSI NE_FREQ. By double-clickingon
SI NE_FREQwithin thewatchwindow youwill be ableto updatethe frequeng of the sine
wave without requiringyou to recompilethe code.

Comments

Within theexisting functionsi negen, thevariablewave is alocal variable.Any variablethatis
definedwithin a functionis local, andit is undefinedoutsidethat particularfunction. Moreover,
whenthefunctionis exited thelocal variablelosesits value. If it is necessarfor avariableto keep
its value even after a local function is exited, or from onefunction call to the next, it shouldbe
definedasaglobal variable by insertingits definitionbeforemai n (asyoujustdid whendefining
X).

You will probablyneedto defineone morevariableasa global variable,and useit to keep
track of whereyou arewithin the sinetablefrom onecall of si negen to the next.
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Appendix A

| *

SINE. C Si newave generation |ab
DBW 24/ 4/ 01

*/

/*********~k*****************************

* Function prototypes
***)\-7\-***********************************/
voi d codec_init(void);

fl oat sinegen(void);

/***************************************

* Include files

***)\-7\-***********************************/

#i ncl ude <c6x. h>/* C6000 conpil er definitions header */

#i ncl ude <c6211dsk. h> /* C6000 DSK definitions header */

#i ncl ude <csl.h>/* CSL headers */

#i ncl ude <bsl.h>/* BSL headers */

#i ncl ude <bsl ad535. h>

#i ncl ude <bsl _extra. h>

#i ncl ude <nthsp. h> /* Multichannel serial port header */
#i ncl ude <mat h. h>

/***************************************

* Definitions

**********~k*****************************/

#def i ne SAMPLE_FREQ 8000. 0

/***************************************

* d obal variables
**********~k*****************************/

AD535 Handl e hAD535;

AD535_Config my_AD535 Config = { AD535_LOOPBACK DI SABLE
AD535 M CGAI N_COFF,
AD535 GAI N_0DB,
AD535_GAI N 0DB

};

fl oat SINE_FREQ = 3000. 0O;

/* THE FOLLOW NG DEFI NI TION |'S ONLY NEEDED
FOR THE SHELL PROGRAM | T CAN BE REMOVED LATER */
float y[3] = {0,0.7071,0};

/***************************************

* Main routine

**********~k*****************************/

void main(){
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/* Local variables */
fl oat sanple;

/* Initialize the chip support library, required */

CSL_Init();
/* Initialize the board support library, required */
BSL_init();

/* Open and configure the |ocal codec */
codec_init();

/* loop forever witing sinewave */
while(1l) {
/* scale the output to use the full range
and output it using the pre-defined function */

sanpl e = sinegen();
AD535 write(hAD535, (int)(32000*sanpl e));
}
}

/**)\'7\'********************************

* Codec functions
****7\-********************************/

void codec_init()

{

/* Use BSL routines to open , reset, and configure the codec */
hAD535 = AD535_open(AD535_ 1 ocal 1d);

AD535_reset (hAD535) ;

AD535 confi g(hAD535, &ny AD535 Config);

MCBSP_set free(0);

}

/***************************************

* Function inplenentations

**********~k*****************************/

fl oat sinegen(void)

{

/* YOU NEED TO REWRI TE TH' S FUNCTI ON */

fl oat wave;
float A = 1.4142;

y[0] =y[1l] * A- y[2];
y[2] = y[1];
y[1] = y[O0];
wave = y[0];

return(wave);
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