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NTANUIN 1.

TAnaldlunisAuaniasg 9 uulisunsa MATLAB

MATLAB  luldsunsumeniamefaussnuzguneldlunisAtuiumiaunaila

MATLAB ldisaunisAnuans madaullsunsuuaznisuassuasaniued lusllsunsuimes
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MATLAB % ld91uluauddsil Ae Ardelugdiuaes saaniiunis Werduialy way Hafdu

NWNANG [22]
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ceil(x) W x sy Taetadn x Wiusuudiuiing x Tn +
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column U84 x

median(x)
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1.2.

1.3.
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1.6.
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1.8.
1.9.
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2. Header Files

2.1.
2.2.

2.3
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adcdacDrv.c
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main.c

#include "p33fxxxx.h"
#include "stdio.h"

#include "..\h\dsp.h"
#include " . \h\adcdacDrv.h"
¥include » S\ hiNswitiehah™
_FOSCSEL ( FNOSC_FRC );

_FOSC( FCKSM_CSECMD & OSCIOFNC_ON & POSCMD_NONE ) ;
_FWDT ( FWDTEN_OFF ) ;

int debounce = 0;
extern int e
extern int iz
extern char m;
extern char i
extern char a;

extern fractional signalInlA[ PROC_BLOCK_SIZE ];
extern fractional signalInlB[ PROC_BLOCK_SIZE ];
extern( fractional signalOutlA[ PROC_BLOCK_SIZE ];
extern fractional signalOutlB[ PROC_BLOCK_SIZE ];
extern fractional signalIn2A[ PROC_BLOCK_SIZE ];
extern fractional signalIn2B[ PROC_BLOCK_SIZE ];
extern fractional signalOut2A[ PROC_BLOCK_SIZE ];
extern fractional signalOut2B[ PROC_BLOCK_SIZE ];
extern fractional signalY2A[ PROC_BLOCK_SIZE ];
extern fractional signalY2B[ PROC_BLOCK_SIZE ];
extern fractional LMSmu;

extern fractional energy[ PROC_BLOCK_SIZE ];

extern fractional LMSCoef [LMS_SIZE] __attribute_
( (space (xmemory), far,aligned (PROC_BLOCK_SIZE))) ;
extern fractional DelayBufI[LMS_SIZE] __attribute_

( (space (ymemory), far,aligned (PROC_BLOCK_SIZE)));
extern FIRStruct FIRFilterI;
extern FIRStruct BellFilter;
extern FIRStruct DiaphragmFilter;
extern FIRStruct ExtendedFilter;
int main( void ) {
PLLFBD = 41;

CLKDIVbits.PLLPOST = 0;
CLKDIVbits.PLLPRE = 0;
OSCTUN = 0;
RCONbits.SWDTEN = 0;

__builtin_write_OSCCONH( 0x01 );
_ _builtin_write_OSCCONL( 0x01 );
while( OSCCONbits.COSC '= 0b001 )

while ( OSCCONbits.LOCK != 1 )
{
}

r
initSwitch( &debounte );
initade( );
initTmr3( );
initO€2:( ) ;
ini€t@C3( );
initTmr2( )
initDmaOl( );
InitProcDSP( );
while( 1 ) {

if ( debounce > 0 )
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LEN

debounce--;

CheckSwitchS1( ) == 1)
if{ LEDL == 1) {
LED1 = 0;

for( 4 = 0;
i < LMS_SIZE;
i++ )
LMSCoef[ i ] = 0;
LMSmu = Q15( 0.01 );

a = ILI;
}
else
if( LEDl == )
{
LED1 = 1;
a = v,
}
CheckSwitchS2( ) == 1 )
1f( LED2 == 1 ) {
LED2 = 0;

for( i = 0k
i < LMS_SIZE;
i++ )
LMSCoef[ 1 ] =
LMSmu = Q15( 0.005

r

a = INI;
}
else
1., LED2" == )
{
LED2 = 1;
a e [ l’
}
CheckSwitchS3( ) == 1)
if( LED3 == 1 ) {
LED3 = 0;
f — va;
}
else
if( LED3 == 0 )
{
LED3 = 1;
f - le;
}
i == PROC_BLOCK_SIZE )
a= O
if(m == 'A' ) {
m = 'B';

if(a == 'L' )

0;
)




61

FIRLMS ( PROC_BLOCK_SIZE, signalYZ2A,
signalIn2A, &FIRFilterlI,
signalInlA, LMSmu );

else

if( a == 'N')

FIRLMSNorm( PROC_BLOCK_SIZE,
signalY2A, signallIn2A,
&FIRFilterI, signallInla,
LMSmu, energy );

VectorSubtract ( PROC_BLOCK_SIZE,

signalOutlA, signallnla,
signalY2a );

VectorCopy ( PROC_BLOCK_SIZE,

signalOut2A, signalIn2A );

if( £ == 'B' )
FIR( PROC_BLOCK_SIZE, signalOutlA,
signalOutlA, &BellFilter );
else
if( £ == 'D' )

FIR( PROC_BLOCK_SIZE,
signalOutlA, signalOutla,
&DiaphragmFilter );

else

if( £ == 'E' )

FIR{( PROC BLOCK.SLZE,
signalOutlA, signalOutlAa,
&ExtendedFilter );

}
else
if(m== 'B' ) {
m = 'A';
if( a == "'L"'" )
FIRLMS ( PROC_BLOCK_SIZE,
signalY2B, signallIn2B,
&FIRFilterI, signalInlB,
LMSmu ) ;
else
if( a == 'N' )

FIRLMSNorm( PROC_BLOCK_SIZE,
signalY2B, signalln2B,
&FIRFilterI, signallInlB,
LMSmu, energy );

VectorSubtract ( PROC_BLOCK_SIZE,

signalOutlB, signalInlB,
signal¥Y2B );

VectorCopy ( PROC_BLOCK_SIZE,
signalOut2B,
signalIn2B );

f == 'B' )

FIR( PROC_BLOCK_SIZE,

signalOutlB, signalOutlB,
&BellFilter );

LE(

'

else

if( £ == 'D' )

FIR( PROC_BLOCK_SIZE,
signalOutlB, signalOutlB,
&DiaphragmFilter );

else

1 £ ¢ == 'E' )

FIR( PROC_BLOCK_SIZE,
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signalOutlB, signalOutlB,
&ExtendedFilter );

adcdacDrv.c

#include
#include
#include
#include

Xmemory

ymemory

extern
extern
extern
void ini

{

AD1CON1lbits.
AD1CONlbits.
AD1CON1lbits.
AD1CON1lbits.
AD1CON1lbits.
AD1CON2bits.
AD1CON2bits.
ADICON2bits.
AD1CON3bits.
AD1CON3bits.
AD1CHSObits.
AD1CHSObits.
AD1CHS123bits.CH123SA
AD1ICHS123bits.CH123NA

"p33fxxxx_h"
"stdio. h"
"..\h\dsp.h"
"..\h\adcdacDrv.h"

int

int

char

char

char
fractional
fractional
fractional
fractional
fractional
fractional
fractional
fractional
fractional
fractional
fractional
fractional
fractional
), faxn;
fractional
), far,
FIRStruct
FIRStruct
FIRStruct
FIRStruct
tAdc( void

AD1PCFGL

AD1PCFGLbits.PCFG1
AD1PCFGLbits.PCFG2

IFSO
IECO

bits.AD1IF
bits.AD1IE

aligned (

AD12B
FORM
SSRC
SIMSAM
ASAM
SMPI
BUFM
CHPS
ADRC
ADCS
CHOSA
CHONA

i 0;

j = 0;
m 'AY;
= LE.
a H
signalInlA[ PROC_BLOCK_SIZE ];
signalInlB[ PROC_BLOCK_SIZE ];
signalOutlA[ PROC_BLOCK_SIZE ];
signalOut1lB[ PROC_BLOCK_SIZE ];
signalIn2A[ PROC_BLOCK_SIZE ];
signalIn2B[ PROC_BLOCK_SIZE ];
signalOut2A[ PROC_BLOCK_SIZE ];
signalOut2B[ PROC_BLOCK_SIZE ];
signalY2A[ PROC_BLOCK_SIZE 1];

signalY2B[ PROC_BLOCK_SIZE ];

LMSmu;

energy [ PROC_BLOCK_SIZE ];

LMSCoef[ LMS_SIZE ] _ attribute_ ( (

I

space (

aligned ( PROC_BLOCK_SIZE ) ) ) ;

DelayBufI[ LMS_SIZE ] __attribute__ ( ( space (
PROC_BLOCK_SIZE_ )uss)™ ) iz

FIRFilterI;

BellFilter;

DiaphragmFilter;

ExtendedFilter;

)
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~
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AD1CONlbits.ADON
}
struct
{

int#Chls

sint Ch2%

} BufferA __ attribute_ (
struct
{

int ChHL;

int. Ch2;
} BufferB _ attribute_  (
7
void initDmaO (

{

void )

DMAOCONbits.AMODE
DMAOCONbits .MODE
DMAOPAD

DMAQOENT

DMAOREQ

DMAQOSTA

DMAOSTB
IFSObits.DMAOIF
IECObits.DMAOIE
DMAOCONbits.CHEN

Il

4

I

r

int

=~ N O

3;

(4

=)

¥

r
}
unsigned int DmaBuffer = 0;
void __hattribute (.
void )
{

IFSObits.DMAQOIF =
1f(

0;
DmaBuffer == 0 )

IAI )

signalInlA[ i ]
signalIn2A[ i ]

-

signalInlB|[
signalIn2B][

}
else

{
if( ==
{

- )

signalInlAt i, ]
signalIn2A[ i ]

}

else
if(
{

m == 'R’ )

-

signalInlB[
signalIn2B([

( space (

( space

_ _builtin_dmaoffset (
builtin_dmaoffset (

interrupt,

= SCALE

dmaiie) )il

( dma ) ) ) ;

) &ADC1BUFO;

&BufferA
&BufferB

no_auto_psv ) )

* BufferA.Chl;

SCALE * BufferA.Ch2;

] = SCALE * BufferA.Chl;
= SCALE * BufferA.Ch2;

=
|

= SCALE * BufferB.Chl;

SCALE * BufferB.Ch2;

—
[

= SCALE * BufferB.Chl;
] = SCALE * BufferB.Ch2;

)i
0

_DMAOInterrupt (
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if( m == 4R"")
{
OC2RS = 512 + signalOutlA[ i ] / SCALE;
OC3RS = 512 + signalOut2A[ i ] / SCALE;
}
else
if( m == 'B' )
{
OC2RS = 512 + signalOutlB[ i ] / SCALE;
OC3RS = 512 + signalOut2B[ 1 ] / SCALE;
}
DmaBuffer *= 1;
i++;
}
void InitProcDSP( void )
{ £
FIRStructInit ( &FIRFilterI, LMS_SIZE, LMSCoef, COEFFS_IN_DATA,
DelayBufl );
for( i = 0; 1 < LMS_ SIZE; i++ )
LMSCoef[ 1 ] = 0;
FIRDelayInit ( &FIRFilterI );
LMSmu = Q15( 0.005 );
FIRDelayInit( &BellFilter );
FIRDelayInit ( &DiaphragmFilter );
FIRDelayInit ( &ExtendedFilter );
}
void initTmr3( void )
{
T3CONbits.TON = 0;
T3CONbits.TCS = 0;
T3CONbits.TGATE = 0;
T3CONbits.TSIDL = 1;
TMR3 = 0;
PR3 = ( Fcy / 8000 ) - 1;
IFSObits.T3IF = 0;
IECObits.T3IE = 0;
T3CONbits.TON = 1;
}
void initOC2( void )
{
OC2RS = 512;
OC2R = 0;

OC2CONbits.OCSIDL = 1;

OC2CONbits.OCTSEL = 0;
OC2CONbits.OCM = 0x06;

}

void initOC3( void )

{
OC3RS = 512;
OC3R = 0;
OC3CONbits.OCSIDL = 1;
OC3CONbits.OCTSEL = 0;
OC3CONbits.OCM = 0x06;

}

void initTmr2( void )

{
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T2CONbits.TON =
T2CONbits.TCS

T2CONbits.TGATE
T2CONbits.TSIDL
TMR2 =
PR2 =
T2CONbits.TON =

o

Il
H = OMFHOOO
.~

.o

o~
N
=N

~

switch.c

#include <p33Fxxxx.h>
#include ", AB\switch.h"

static int * debounceCounter;

static wvolatile int switchS1;
static wvolatile int switchS2;
static volatile int switchS3;
statiq volatile int switchS4;
void initSwitch( int *debounce
{
ADPCFG = OxXFFFF;
SW1_TRIS =
SW2_TRIS =
SW3_TRIS =
SW4_TRIS =
LED1_TRIS =
LED2_TRIS =
LED3_TRIS =
LED4_TRIS =
LED1 =
LED2 =
LED3 =
LED4 =
debounceCounter =
switchS1 =
switchS2 =
switchS3 =
switchS4 =
INTCONZ2 =
IFSlbits.INT1IF =
IEClbits.INT1IE =
IFSlbits.INT2IF =
IEClbits.INT2IE =
IFS3bits.INT3IF =
IEC3bits.INT3IE =
IFS3bits.INT4IF =
IEC3bits.INT4IE =

NP NE NE Ne NE Ne NE Ne Ne o S. S

~.

ebounce;

~r o~

~

x001E;

Nt Ne Ne Ne N NN

P OFRPOFROFRFOOOQOOOQAKRRFRFRFRFOOOORRERERE
S

~

int CheckSwitchS1l( void )

int wasPressed = 0;

r
if( switchS1l == 1 )
{

wasPressed = 1;
switchS1 = 0;

}

return ( wasPressed );

}
int CheckSwitchS2 ( void )

)
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int

int
{
int wasPressed = 0;
if( switchS4 == 1 )
{
wasPressed = 1;
switchS4 = 0;
}
return ( wasPressed );
}
void % attribute (& (
void )

{

int wasPressed = 0;

’
if( switchS2 == 1 )
{

wasPressed = 1;
switchS2 = 0;
}
return ( wasPressed

CheckSwitchS3( void )

int wasPressed = 0;
== )

if( switchS3

{
wasPressed = 1;
switchS3 = 0;

}

return ( wasPressed );

4

CheckSwitchS4 ( void )

_INT1IF = O;

if ( *debounceCounter
{
*debounceCounter
switchS1
}
}
void __attribute_ ( (
void )

{

_INT2IF = 0;

if ( *debounceCounter
1
*debounceCounter
switchS2
}
) )
void __attribute_ ( (
void )

{

_INT3IF = 0;
if ( *debounceCounter
{
*debounceCounter
switchS3

)%

4

L
interrupt, no_auto_psv
== 0 )

= DEBOUNCE_INTERVAL;

interrupt, no_auto_psv

= DEBOUNCE_INTERVAL;
= i

interrupt, no_auto_psv
== 0 )

= DEBOUNCE_INTERVAL;
= 1;

) ) _INTlInterrupt (

) ) _INT2Interrupt (

) ) _INT3Interrupt (
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}
void __attribute__( ( interrupt, no_auto_psv ) ) _INT4Interrupt(
void )
{
_INT4IF = 0;
if ( *debounceCounter == 0 )
{
*debounceCounter = DEBOUNCE_INTERVAL;
switchS4 = 1;
}
}
Bell.s
; 3 file Beil.s ................................................
4

.equ BellNumTaps, 64

; Allocate and initialize filter taps

.section .xdata,data,xmemory
salign 128

BellTaps:

.hword OXFEEl, OXFEEB, OXFEFB, OxFF1l, OXxFF2D, OxFF50, OxFF79, 0XFFA8, OXFFDC
.hword 0x0015, 0x0054, 0x0098, Ox00DF, 0x012A, 0x0177, 0x01C6, 0x0216, 0x0267
.hword 0x02B7, 0x0305, 0x0352, 0x039B, 0x03E1l, 0x0422, 0x045E, 0x0494, 0x04C3
.hword Ox04EB, 0x050C, 0x0525, 0x0536, 0x053E, 0x053E, 0x0536, 0x0525, 0x050C
.hword OxO04EB, 0x04C3, 0x0494, 0x045E, 0x0422, 0xO03E1l, 0x039B, 0x0352, 0x0305
.hword 0x02B7, 0x0267, 0x0216, 0x01C6, 0x0177, 0x012A, 0xOODF, 0x0098, 0x0054
.hword 0x0015, OxFFDC, OxFFA8, OxFF79, O0xFF50, OxFF2D, OxFF11l, OxFEFB, OXFEEB
.hword OxFEE1l

; Allocate delay line in (uninitialized) Y data space

.section .ydata, data, ymemory
.align 128

BellDelay:
.space BellNumTaps*2

; Allocate and intialize filter structure

.section .data
.global _BellFilter

_BellFilter:

.hword BellNumTaps

.hword BellTaps

.hword BellTaps+BellNumTaps*2-1
.hword 0xff00

.hword BellDelay '
.hword BellDelay+BellNumTaps*2-1
.hword BellDelay

; Sample assembly language calling program

; The following declarations can be cut and pasted as needed into a program
3 .extern _FIRFilterInit

H .extern _BlockFIRFilter

; .extern _BellFilter

3 .section .bss
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§ The input and output buffers can be made any desired size

H the value 40 is just an example - however, one must ensure

H that the output buffer is at least as long as the number of samples
B, to be filtered (parameter 4)

;input: .space 40

joutput: .space 40

7 .text

; This code can be copied and pasted as needed into a program

; Set up pointers to access input samples, filter taps, delay line and

; output samples.

2 mov #_BellFilter, WO ; Initalize WO to filter structure
3 call _FIRFilterInit ; call this function once

; The next 4 instructions are required prior to each subroutine call
; to _BlockFIRFilter

2 mov #_BellFilter, WO ; Initalize WO to filter structure

= mov #input, Wl ; Initalize W1l to input buffer

- mov foutput, W2 ; Initalize W2 to output buffer

5 mov #20, W3 ; Initialize W3 with number of required output samples
i ¢ call _BlockFIRFilter ; call as many times as needed

.equ DiaphragmNumTaps, 64

; Allocate and initialize filter taps

.section .xdata,data, xmemory
.align 128

DiaphragmTaps:

.hword OxFF12, OxFEAB, O0xFE68, OXxFES50, OxFE65, OXxFEA2, OXFEFD, OxFF66, OxFFCC
.hword 0x0018, 0x003A, 0x0023, OxFFCD, OxFF34, OxFE63, 0xFD6B, 0xFC64, 0xFB6B
.hword OxFA9F, 0xFA20, O0xFA0S5, 0xFA62, OxFB3D, 0xFC92, OxXxFE50, 0x005B, 0x0291
.hword 0x04CS, 0x06CD, 0x087D, 0x09B4, 0x0A55, 0xO0AS55, 0x09B4, 0x087D, 0x06CD
.hword 0x04C5, 0x0291, 0x005B, O0xFES50, O0xFC92, OxFB3D, O0xFA62, 0xFA05, 0xFA20
.hword OxFA9F, OxFB6B, 0xFC64, OxFD6B, OxFE63, O0xFF34, OXxFFCD, 0x0023, 0x003A
.hword 0x0018, OXFFCC, OxFF66, OXFEFD, OxFEA2, OxFE65, OXxFES50, OxFE68, OXFEAB
.hword OxFF12

; Allocate delay line in (uninitialized) Y data space

.section .ydata, data, ymemory
.align 128

DiaphragmDelay:
.space DiaphragmNumTaps*2

; Allocate and intialize filter structure

_section .data
.global _DiaphragmFilter

_DiaphragmFilter:

.hword DiaphragmNumTaps

-hword DiaphragmTaps

.hword DiaphragmTaps+DiaphragmNumTaps*2-1
.hword 0xff00

.hword DiaphragmDelay

.hword DiaphragmDelay+DiaphragmNumTaps*2-1
.hword DiaphragmDelay
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©; Sample assembly language calling program
; The following declarations can be cut and pasted as needed into a program
; .extern FIRFilterInit

i .extern _BlockFIRFilter

7 .extern _DiaphragmFilter

; .section .bss

’

; The input and output buffers can be made any desired size

; the value 40 is just an example - however, one must ensure
i that the output buffer is at least as long as the number of samples
G to be filtered (parameter 4)

;input: .space 40

;output.s .space 40

; .text

;7 This code can be copied and pasted as needed into a program

; Sett up pointers to access input samples, filter taps, delay line and

; output ‘samples.

2 mov #_DiaphragmFilter, WO ; Initalize WO to filter structure
H call _FIRFilterInit ; call this function once

; The next 4 instructions are required prior to each subroutine call
; to _BlockFIRFilter

; mov #_DiaphragmFilter, WO ; Initalize WO to filter structure

F mov #input, W1 ; Initalize W1 to input buffer

7 mov foutput, W2 ; Initalize W2 to output buffer

3 mov #20, W3 ; Initialize W3 with number of required output samples
; call _BlockFIRFilter ; call as many times as needed
Extended.s

; File Extended.s

.equ ExtendedNumTaps, 64

; Allocate and initialize filter taps

.section .xdata,data, xmemory
.align 128

ExtendedTaps:

.hword OxFED6, OxFFC7, 0x013D, 0x004B, OxFEBO, OxFFA2, 0x0168, 0x0075, OxFETF
.hword OxFF72, 0x01A0, O0x00AE, OxFE3E, O0xFF2D, O0xO1EE, 0x0102, OxFDDE, 0xFECS
.hword 0x0266, 0x0189, 0xFD41, OxFEOF, 0x033F, 0x028C, 0xFCO0l, OxFC7E, 0x054A
.hword 0x0554, O0xF7F6, OxF5F9, 0x121D, 0x344A, 0x344A, 0x121D, 0xF5F9, O0xF7F6
.hword 0x0554, 0x054A, 0xFC7E, 0xFCO01, 0x028C, 0x033F, OxFEOF, OxFD41, 0x0189
.hword 0x0266, O0xFECS, OxFDDE, 0x0102, 0xOlEE, OxFF2D, OXxFE3E, 0x00AE, 0x01A0
.hword OxFF72, OxFE7F, 0x0075, 0x0168, 0xFFA2, OxFEBO, 0x004B, 0x013D, OxFFC7
.hword OxFED6

; Allocate delay line in (uninitialized) Y data space

.section .ydata, data, ymemory
.align 128

ExtendedDelay:
.space ExtendedNumTaps*2
; Allocate and intialize filter structure

.section .data
.global _ExtendedFilter




_ExtendedFilter:

.hword ExtendedNumTaps
' .hword ExtendedTaps

.hword ExtendedTaps+ExtendedNumTaps*2-1
.hword 0xff00

.hword ExtendedDelay

.hword ExtendedDelay+ExtendedNumTaps*2-1
.hword ExtendedDelay

; Sample assembly language calling program

; The following declarations can be cut and pasted as needed into a program
s .extern _FIRFilterInit

3 .extern _BlockFIRFilter

; .extern _ExtendedFilter

.section .bss

7 The input and output buffers can be made any desired size

P the value 40 is just an example - however, one must ensure

5 that the output buffer is at least as long as the number of samples
7 £ to be filtered (parameter 4)

pa-nputi E .space 40

;output: .space 40

> Jtext

; This code can be copied and pasted as needed into a program

; Set up pointers to access input samples, filter taps, delay line and

; output samples.

7 mov #_ExtendedFilter, WO ; Initalize WO to filter structure
5 call _FIRFilterInit ; call this function once

; The next 4 instructions are required prior to each subroutine call
; to _BlockFIRFilter

5 mov #_ExtendedFilter, WO ; Initalize WO to filter structure

; mov #input, Wl ; Initalize W1l to input buffer

i mov foutput, W2 ; Initalize W2 to output buffer

5 mov $20, W3 ; Initialize W3 with number of required output samples
7 call _BlockFIRFilter ; call as many times as needed

H Software License Agreement *
- *
; The software supplied herewith by Microchip Technology i
H Incorporated (the "Company") for its dsPIC controller .
7 is intended and supplied to you, the Company's customer, -]
; for use solely and exclusively on Microchip dsPIC *
3 products. The software is owned by the Company and/or its &
7 supplier, and is protected under applicable copyright laws. All *
i rights are reserved. Any use in violation of the foregoing L
H restrictions may subject the user to criminal sanctions under %
p applicable laws, as well as to civil liability for the breach of *
H the terms and conditionms of this license. ¥
. *
;

- THIS SOFTWARE IS PROVIDED IN AN "AS IS" CONDITION. NO &
s WARRANTIES, WHETHER EXPRESS, IMPLIED OR STATUTORY, INCLUDING, *
; BUT NOT LIMITED TO, IMPLIED WARRANTIES OF MERCHANTABILITY AND *
7 FITNESS FOR A PARTICULAR PURPOSE APPLY TO THIS SOFTWARE. THE i

COMPANY SHALL NOT, IN ANY CIRCUMSTANCES, BE LIABLE FOR SPECIAL, *
INCIDENTAL OR CONSEQUENTIAL DAMAGES, FOR ANY REASON WHATSOEVER. *

(c) Copyright 2003 Microchip Technology, All rights reserved. L

Ahkhkkhkhhkkhkkhd Ak hkhhkhkhkhkkhkk bk kX khhkk kX hhkkhkh ok hhk ko hdh ok kkhkkkkkkkkk ko x k%
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; Local inclusions.
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.nolist

.include "dspcommon.inc" ; MODCON, XMODSRT, XMODEND,
; YMODSRT, YMODEND, CORCON,
; PSVPAG, COEFFS_IN_DATA,
; FIRStruct

.list

FPiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii
.section .libdsp, code

RSN N R R R N

7+ =EIR: FIR bleck|filtering.

~

Operation:
y[n] = sum_(m=0:M-1) {h[m]*x[n-m]}, O <= n < N.

x[n} defined for 0 <= < N,

y[n] defined for 0 <= < N,

h[(m] defined for 0 <= m < M as an increasing circular buffer,

NOTE: delay defined for 0 <= m < M as an increasing circular buffer.

n
n

P I T

NN s

Ingut:
w0 = number of samples to generate (numSamps, N)
wl = ptr to output samples (dstSamps, y)
w2 = ptr to input samples (srcSamps, Xx)

w3 = filter structure (FIRStruct, h)

B T T

Return:
w0 = ptr to output samples (dstSamps, y)

SeoNe oS S

System resources usage:

5 {wO..w6} used, not restored
3 {w8,wl0} saved, used, restored
A AccuA used, not restored
2 CORCON saved, used, restored
7 PSVPAG saved, used, restored (if coeffs in P memory)
; MODCON saved, used, restored
i XMODSRT saved, used, restored
XMODEND saved, used, restored
YMODSRT saved, used, restored
YMODEND saved, used, restored

DO and REPEAT instruction usage.
1 DO instructions
1 REPEAT intructions

Program words (24-bit instructions):
56

SeoNe NE N SE NE SE NE Ny S S

; Cycles (including C-function call and return overheads):
53 + N* (5¢M), or
56 + N* (9+M) if coefficients in P memory.

T

.global _FIR ; export

; Save working registers.
push w8 ! ; w8 to TOS
push wl0 ; wl0 to TOS

; Prepare CORCON for fractional computation.
push CORCON
fractsetup w8

; Prepare CORCON and PSVPAG for possible access of data
; located in program memory, using the PSV.
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push PSVPAG

mov [w3+oCoeffsPage],wl0 ; wl0= coefficients page

mov #COEFFS_IN_DATA, w8 ; w8 = COEFFS_IN_DATA

cp w8,wl0 ; w8 - wlo

bra Z, _NnoPSV ; 1f wl0 = COEFFS_IN_DATA
; no PSV management
; else

psvaccess w8 ; enable PSV bit in CORCON

mov wl0, PSVPAG ; load PSVPAG with program
; space page offset

noPSV

; Prepare core registers for modulo addressing.

push MODCON

push XMODSRT

push XMODEND

push YMODSRT

push YMODEND

o Boi o A n ol im: mie: w o i o o SRNSINE. o, o o p (e e o o ¢ oNHeNelome s el ol e e a0 0 o 8 o o w e, SHENENNANE o o i » o 0, BD o

; Setup registers for modulo addressing.

’
’

2

XWM = w8, YWM = wlO0
set XMODEND and YMODEND bits
enable X,Y modulo addressing

w8 -> last byte of h[M-1]
init'ed to coeffs end address
w8 -> h([0]

init'ed to coeffs base address
(increasing buffer,

2”n aligned)
wl0-> last byte of d[M-1]
init'ed to delay end address
wl0 -> d[0]

init'ed to delay base address
(increasing buffer,

2”n aligned)

mov $0xCOA8,wl1l0

mov w10, MODCON

mov [w3+0CoeffsEnd],w8
mov w8, XMODEND

mov [w3+oCoeffsBase], w8
mov w8, XMODSRT

mov [w3+oDelayEnd] ,wl1l0
mov w10, YMODEND

mov [w3+oDelayBase] ,wl0
mov wl0, YMODSRT

push wl

save return value (y)

; Perpare to all filter.

mov [w3+oDelay],wlO0
mov [w3+oNumCoeffs],wd
sub wid, #3,w4

dec w0, w0

; wl0 points at current delay
sample d[m], 0 <=m < M

w4 = M
W4 = M-3
w0 = N-1

; Perform filtering of all samples.

do w0, _endFilter HER

; Prepare to filter sample.
mov [w2++], [w10]

.ifdef YMEM_ERRATA
nop
.endif

elr a, [w8]+=2,w5, [W1l0]+=2,w6

; Filter each sample.
; (Perform all but two last MACs.)

do (N-1)+1 times

store new sample into delay

a =0

w5 = h[0]

w8-> h[1]

w6 = d[current])

wl0->d[next]
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repeat w4 HER
mac wS*wb,a, [Ww8]+=2,wS5, [W10]+=2,w6

; (Perform second last MAC.)

do (M-3)+1 times
; a += h[(m]*d[current]
w5 = h[m+1)
w8-> h[m+2]
w6 = d(next]
wl0->d[next+1]

mac wS5*w6,a, (w8]+=2,w5, [wl0],w6 ; a += h[(M-2]*d[current]}
; w5 = h(M-1]
; w8-> h([0]
; w6 = d[next]
; wl0->d[next]

; (Perform last MAC.)

mac wS*Wwb, a ; a += h[M-1]*d[current]

endFilter:

; Save filtered result.

sac.r a, [wl++] i yln] =
7 sum_{m=0:M-1} (h[m]*x[n-m])
;i wl-> y[n+1]

}
B L N i s s s e G e e e 5, SUBIT e s F 3 el e eie ST Telle S a 61w o sualiate: SHENCH RS s, iy o s B

; Update delay pointer.

mov wl0, [w3toDelay]) ; note that the delay pointer
; may wrap several times around
; d[(m]}, 0 <= m < M, depending
; on the value of N

pop w0 ; restore return value

; Restore core registers for modulo addressing.

pop YMODEND

pop YMODSRT

pop XMODEND

pop XMODSRT

pop MODCON

; Restore PSVPAG and CORCON.

pop PSVPAG

pop CORCON

; Restore working registers.

pop wl0 ; wl0 from TOS

pop w8 ; w8 from TOS

return

R R AR A R R A R N oA A e AT R A B R AN R R R B R R U A

.end '
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’
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*

Software License Agreement o

*

The software supplied herewith by Microchip Technology &
Incorporated (the "Company") for its dsPIC controller *
is intended and supplied to you, the Company's customer, *
for use solely and exclusively on Microchip dsPIC #
products. The software is owned by the Company and/or its o

supplier, and is protected under applicable copyright laws. All *
rights are reserved. Any use in violation of the foregoing i
restrictions may subject the user to criminal sanctions under X
applicable laws, as well as to civil liability for the breach of *
the terms and conditions of this license.

*
*
THIS SOFTWARE IS PROVIDED IN AN "AS IS" CONDITION. NO *
WARRANTIES, WHETHER EXPRESS, IMPLIED OR STATUTORY, INCLUDING, *
BUT NOT LIMITED TO, IMPLIED WARRANTIES OF MERCHANTABILITY AND g
FITNESS FOR A PARTICULAR PURPOSE APPLY TO THIS SOFTWARE. THE *
COMPANY SHALL NOT, IN ANY CIRCUMSTANCES, BE LIABLE FOR SPECIAL, *
QNC%PENTAL OR CONSEQUENTIAL DAMAGES, FOR ANY REASON WHATSOEVER. *

*

*

*

(c) Copyright 2003 Microchip Technology, All rights reserved.

IEEEREEEEREREEEE R I I a2 g R B ]
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; Local inclusions.

.nolist

.include "dspcommon.inc™" ; fractsetup,FIRStruct,
; MODCON, XMODSRT, XMODEND,
; YMODSRT, YMODEND, CORCON,
; COEFFS_IN_DATA

.list

BT RTar Pet 7.8 1705 77 7 dge 2 77 TS T POENRGLE EUE 58 58 To7 B0d 7.0 BNRRNINEG §.5 08 TR e theiie sanle s B MR T Ve s
.section .libdsp, code

; _FIRLMS: FIR filtering with LMS coefficient adaptation.

’
; Operation:
7 y[n] = sum(m=0:M-1) {h(m]*x[n-m]},
5 h(n+1l) [m] = h(n) [m] + mu*(r(n]-y[n])*x[(n-m], 0<=m < M.
; x[n] defined for 0 <= n < N,
; r[n] defined for 0 <= n < N,
y[n] defined for 0 <= n < N,
h[m] defined for 0 <= m < M as an increasing circular buffer,

mu in [<1, 1).

NOTE: delay defined for 0 <= m < M as an increasing circular buffer.

NOTE: filter coefficients should not be allocated in program memory,
since in this case they cannot be adapted at run time.

B T T Y T TR

Input:
w0 = N, number of input samples (N)
wl = y, ptr output samples (0 <= n < N)
w2 = x, ptr input samples (0 <= n < N)
w3 = filter structtire (FIRStruct, h)
w4 = r, ptr reference samples (0 <= n < N)
w5 = mu.
Return:

w0 = y, ptr output samples (0 <= n < N), or
NULL if it was detected that coefficients had been allocated in
program memory.

System resources usage:

NeONE NE NE N e S N S

{wO..w7} used, not restored
{w8..wl2} saved, used, restored
; AcculA used, not restored

H AccuB used, not restored
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A CORCON saved, used, restored
5 MODCON saved, used, restored
; XMODSRT saved, used, restored
XMODEND saved, used, restored
YMODSRT saved, used, restored
YMODEND saved, used, restored

DO and REPEAT instruction usage.
2 level DO intruction
1 level REPEAT intruction

Program words (24-bit instructions):
74

SeoNe N S S N o Se N s s

Cycles (including C-function call and return overheads):
6L+ N*(14 "% SEM), Nor
32 if coefficients were allocated in program memory (which implies
returning a NULL pointer, as coefficients cannot be adapted at run
time if in program memory) .

R T

S~ N N

.global _FIRLMS ; export

_FIRLMS:
9
P s o vl e (e e b e e s R o e s B e v w o w o 3 R B Al n ¢ e e e E LR e s i S e e 5k s e w e ¥ A
; Save working registers.
push.d w8 ; {w8,w9} to TOS
push.d wl0 7 w0, wll} ke FOS
push wl2 ; wl2 to TOS

; Prepare CORCON for fractional computation.
push CORCON
fractsetup w7

; Make sure that coefficients are not located in program memory.
; (If they were, they could not be adapted at run time...)

mov [w3+oCoeffsPage],wl0 ; wl0= coefficients page
mov #COEFFS_IN_DATA, w8 ; w8 = COEFFS_IN_DATA

cp w8,wl0 ; W8 - wl0

bra z, nDoP8Y if wl0 = COEFFS_IN_DATA

no PSV management

else

w0 = 0 (NULL)

restore saved registers
and return NULL

mov #0,w0
bra _restore

R T T S

; Prepare core registers for modulo addressing.
push MODCON
push XMODSRT
push XMODEND
push YMODSRT
push YMODEND

; Setup registers for modulo addressing.

mov #0xCOA8,w10 ; XWM = w8, YWM = wl0
; set XMODEND and YMODEND bits
mov w10, MODCON ; enable X,Y modulo addressing
mov [w3+oCoeffsEnd], w8 ; w8 -> last byte of h([M-1]
mov w8, XMODEND ; init'ed to coeffs end address
mov [w3+0CoeffsBase], w8 ; w8 —-> h(0]
mov w8, XMODSRT ; init'ed to coeffs base address
; (increasing buffer,
;  2”n aligned)
mov [w3+oDelayEnd] ,wl1l0 ; wl0-> last byte of d[M-1]
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mov w10, YMODEND ; 1nit'ed to delay end address
mov [w3+oDelayBase],wl0 ; wl0 -> d[0]
mov w10, YMODSRT ;i init'ed to delay base address
; (increasing buffer,
;7  2”n aligned)
push wl 7 save return value (y)

; Perpare to filter all samples.

mov [w3toDelay],wlO

4
mov wi,wl2 ;
mov [w3+oNumCoeffs),wd »
sub wd, #2,wd ;
dec w0, w0 ;
mov wS, w7 ;

; Perform filtering of all samples.
w0, _endFilter 7

; Prepare to filter sample.
mov [w2++], [Ww1lO0]

’

.ifdef YMEM_ ERRATA

nop
.endif

clr a, [w8]+=2,w5, [Ww10]+=2,w6 5

r

; Filter each sample.

i (Perform all but last MACs.)

repeat w4 i ;
mac wS5*w6,a, [w8]+=2,w5, [wl0]+=2,w6

7

; (Perform last MAC.)
mac wS*w6, a

; Save filtered result.
SAC a, [wl++]

; With the new output,
; update the filter coefficients.

lac [wl2++],b . ;b
sub b i b
sac.r b,wS ; w5:
mpy wS*w7,a i a
sae.n a,wd ; WS:
; Adaptation: h[(m] = h[m] + attError*x[n-m].

; Here the h[m]

sample d[m],

; wl0 points at current delay
0 <=m<M

referred to as delay([0]
for each iteration...

wl2->r([0]

wd = M

W4 = M-2

w0 = N-1

w7 = mu

do (N-1)+1 times

store new sample into delay

a
w5

w8—

w6

Vol

0

h{0]
hil]
delay[0]

wl0->delay([1]

do (M-2)+1 times

; a += h[m]*delay[m]

w5 = h[m+1]
w8-> h[m+2]

w6

delay[m+1]

wl0->delay[m+2]

a += h[M-1]*delay[M-1]
Now :
w8-> h[0]

wl0->delay[O0]

y[n] =
sum_{m=0:M-1} (h[m] *x[n-m])
wl-> y[n+1]

and the corresponding reference sample,

r[n]

wl2-> r[n+1]

; because their values are accessed via a

; Thus, use w9 instead.

r(n] - y[n]
current error
mu* (r[n)-y[n])
attenuated error

cannot be addressed as a circular buffer,
'LAC'

instruction...
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; Prepare adaptation.

dec w4, wll ; wll= M-3
mov w8,w9 seiw9=>_h (0]
el i a, [wl0]+=2,w6 ; w6 = delay|[0]

; wl0->delay(1]

; Perform adaptation (all but last two coefficients).

do wll, endAdapt HEE | ; do (M-3)+1 times
lac [w9],a i a = hm]
mac wS*w6,a, [Wl0]+=2,w6 ; a += attError*delay(m]

; w6 = delay([m+l]
; W9-> delay[m+2]
_endAdapt:
sac.r a, [wo++] ; store adapted h[m]
; W9-> h[m+1]

7}
; Perform adaptation for second to last coefficient.
lac [w9],a ; a = h[M-2]
mac wS*w6,a, [wl0],w6 ; a += attError*h[M-2]
; w6 = delay([M-1]
; wlO->delay([M-1]
sac.r a, [wo++]) ; store adapted h[M-2]
£ ; Perform adaptation for last coefficient.
"lac [w9l,a ; a = h[M-1]
mac w5*w6,a ; a += attError*h[M-1]
_endFilter:
SaCer a, [Wo++] ; store adapted h[M-1]
i}
; Update delay pointer.
mov wl0, [w3+oDelay]) ; note that the delay pointer
; may wrap several times around
; d(m], 0 <= m < M, depending
; on the value of N
; (it is the same as delay([0])
pop w0 ; restore return value

; Restore core registers for modulo addressing.

pop YMODEND
pop YMODSRT
pop XMODEND
pop XMODSRT
pop MODCON

_restore:

; Restore CORCON.
pop CORCON

; Restore working registers.

pop wl2 d ; wl2 from TOS
pop.d wlO0 ; {wl0,wll} from TOS
pop.d w8 ; {w8,w9} from TOS
return

R R R N N

.end

AR RN R R N R R R NN

; OEF
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. Software License Agreement %
- »*:
; The software supplied herewith by Microchip Technology *
H Incorporated (the "Company") for its dsPIC controller *
; is intended and supplied to you, the Company's customer, x
i for use solely and exclusively on Microchip dsPIC &
; products. The software is owned by the Company and/or its &
¥ supplier, and is protected under applicable copyright laws. All *
H rights are reserved. Any use in violation of the foregoing *
H restrictions may subject the user to criminal sanctions under ¥
h applicable laws, as well as to civil liability for the breach of *
i the terms and conditions of this license. *
- *
; THIS SOFTWARE IS PROVIDED IN AN "AS IS" CONDITION. NO *
; WARRANTIES, WHETHER EXPRESS, IMPLIED OR STATUTORY, INCLUDING, %
7 BUT NOT LIMITED TO, IMPLIED WARRANTIES OF MERCHANTABILITY AND x
; FITNESS FOR A PARTICULAR PURPOSE APPLY TO THIS SOFTWARE. THE *

*

; COMPANY SHALL NOT, IN ANY CIRCUMSTANCES, BE LIABLE FOR SPECIAL,
; %NCIDENTAL OR CONSEQUENTIAL DAMAGES, FOR ANY REASON WHATSOEVER.
- *
’ L

3 (c) Copyright 2003 Microchip Technology, All rights reserved. ks

;***************************************i‘k****i*********ﬁ*************

*

; Local inclusions.

.nolist

.include "dspcommon.inc" ; fractsetup,FIRStruct,
; MODCON, XMODSRT, XMODEND,
; YMODSRT, YMODEND, CORCON,
; PSVPAG, COEFFS_IN_DATA

list

Fiiiiiiiiiiiiiciiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii
.section .libdsp, code

FrRiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii
; _FIRLMSNorm: FIR filtering with Normalized LMS coefficient adaptation.

; Operation:

i y[n] = sum_{m=0:M-1} (h[m]*x[n-m]), 0 <= n < N.

; h(n+l) [m] = h(n) [m] + nu*(r[(n]-y[n])*x[n-m], 0 <= m < M.
; with

; nu[n] = mu/(mu*E(n]),

; where

H E(n] = Eln-1] + (x[n})*2 - {(x[n-M+1l])*2
; an estimate of the input signal energy at each sample.
7

; X[n] defined for 0 <= n < N,
; r[n] defined for 0 <= n < N,
; yln] defined for 0 <= n < N,
; h[m] defined for 0 <= m < M as an increasing circular buffer,

; ma im [=L,; 1)

; NOTE: delay defined for 0 <= m < M as an increasing circular buffer.
; NOTE: filter coefficients should not be allocated in program memory,
3 since in this case they cannot be adapted at run time.

; NOTE that the energy est'imate may be also expressed as:
3 Eln] = x{n]®2 + xn=1]%2 + ... ¥ x[n=-M+2]"2,

; then, to avoid saturation while computing the estimated energy,
; the input signal values should be bound so that

H sum_{m=0:-M+2} ((x[n+m])"2) < 1, 0 <= n < N.
7 Input:
7 w0 = N, number of input samples (N)

; wl = y, ptr output samples (0 <= n < N)
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7 w2 = x, ptr input samples (0 <= n < N)

- w3 = filter structure (FIRStruct, h)

5 w4 = r, ptr reference samples (0 <= n < N)

> w5 = mu.

- w6-> E[-1) on start up, and E[{N-1] upon return.
; Return:

3 w0 = y, ptr output samples (0 <= n < N)
i NULL if it was detected that coefficients had been allocated in
F program memory.

System resources usage:

5 {wO..w7} used, not restored

> {w8..wl3} saved, used, restored

3 AccuA used, not restored

= AccuB used, not restored

3 CORCON saved, used, restored

3 MODCON saved, used, restored

; XMODSRT saved, used, restored
XMODEND saved, used, restored
YMODSRT saved, used, restored
YMODEND saved, used, restored

SN N N s

DO and REPEAT instruction usage.
£ 2 level DO intruction
% level REPEAT intruction

Program words (24-bit instructions):
92

SeoNE N Ne S N

Cycles (including C-function call and return overheads) :

b 656 F NX(50 _+ 5*M), ok

36 if coefficients were allocated in program memory (which implies
returning a NULL pointer, as coefficients cannot be adapted at run

S~ N S

.global _FIRLMSNorm ; export
_FIRLMSNorm:

; Save working registers.

push.d w8 ; {w8,w9} to TOS
push.d wl0 ; fwle,wll} to 'TOS
push.d wl2 ; fwl2,;wl3] to TOS

; Prepare CORCON for fractional computation.
push CORCON
fractsetup w7

Make sure that coefficients are not located in program memory.
(If they were, they could not be adapted at run time...)

~ N

mov [w3+oCoeffsPage] ,wl0 ; wl0= coefficients page

mov #COEFFS_IN_DATA, w8 ; w8 = COEFFS_IN_DATA

[o33) w8,wl0 ; W8 - wl0

bra z,_noPSV ; 1if wl0 = COEFFS_IN_DATA
; no PSV management
; else

mov #0,w0 ; wO = 0 (NULL)

bra _restore ; restore saved registers

and return NULL

; Prepare core registers for modulo addressing.
push MODCON

push XMODSRT

push XMODEND

push YMODSRT

push YMODEND
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; Setup registers for modulo addressing.

mov #0xC0A8,w10

mov w10, MODCON

mov [w3+0oCoeffsEnd], w8
mov w8, XMODEND

mov [w3+0CoeffsBase], w8
mov w8, XMODSRT

mov [w3+toDelayEnd] ,wl0
mov w10, YMODEND

mov [w3+oDelayBase],wl0
mov w10, YMODSRT

push wl

; Perpare to filter all samples.

mov [w3+oDelay],wl0
mov wd,w7

mov [w3+oNumCoeffs],wd
sub wd, #2,w4

dec w0, w0

mov w7,wl3

mov w5, w7

mov w6, wll

; Perform filtering of all samples.

do w0, _endFilter 7 |

; Prepare to normalize.

mov [w2],w5
lac [wll],a
mac wS5*w5, a
sac.r a, [wll]

; Prepare to filter sample.
mov [w2++], [w10]

.ifdef YMEM_ERRATA
nop
.endif

clr a, (w8)]+=2,w5, [wl0]+=2,w6

; Filter each sample.
; (Perform all but last MACs.)
repeat w4 P

mac wS*w6,a, [W8]+=2,w5, [Wl0]+=2,w6

; (Perform last MAC.)
mac wS*w6, a

’
’

%

r

XWM = w8, YWM = wlO
set XMODEND and YMODEND bits
enable X,Y modulo addressing

w8 -> last byte of h[M-1]
init'ed to coeffs end address
w8 -> h[0]

init'ed to coeffs base address
(increasing buffer,

2”n aligned)
wl0-> last byte of d[M-1]
init'ed to delay end address
wl0 -> d[0]
init'ed to delay base address
(increasing buffer,

2”n aligned)

save return value (y)

; wl0 points at current delay
sample d[(m], 0 <=m < M
referred to as delay(0]
for each iteration...

w7-> r[0] (temporarily)
w4 = M

W4 = M-2

w0 = N-1

wl3->r[0] (permanently)

w7 = mu (used as numerator)
wll->E[-1]

do (N-1)+1 times

wS = x[n]

a = E[n-1]

a += (x[n])"2

wll= E[n-1] + (x[n])"2

store new sample into delay

a =0

w5 = h[O0]
w8-> h[1]

w6 = delay[0]

wl0->delay|[1]

do (M-2)+1 times

; a += h[m]*delay[m]
wS h[m+1]
w8-> h[m+2]
w6 = delay[m+1]
wl0->delay [m+2]

\%

a += h[M-1]*delay([M-1]
now :
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;
7
H
; Save filtered result.
sac.r a, [wl] i

I

; Continue normalizing.

lac [wll], a b
mpy wb*w6, b ;
sub a o
Sac.ir a, [wll] >
add w7,a 5
sac.r a,wé6 H
; Divide.
push.d w0 5
repeat #17
divf w7,w6 H
mov w0, w6 3
pop.d w0 i
. ; With
\; compute normalize factor.
lac [wl++],a g
lac [Wl13++],b o
sub b "
sachr b, w5 ;
mpy w5*w6, a 3
sac.r a,wd ;

; Adaptation: h(m] h(m]}
; Here the h[m] cannot be addressed as

; because their values are accessed via a

; Thus, use w9 instead.

; Prepare adaptation.

mov w8,w9 i
clx a, (wl0]+=2,w6 ;

’

; Perform adaptation (all but last two

dec wd,wl2 ;

do wl2, endAdapt P H

lac (w9],a 7

mac wS*w6,a, (W10]+=2,w6 5
_endAdapt:

sac.r a, [wo++] ;

’

w6 delay [M-1]
w8-> h[O0]
wlO->delay (0]

x[(n-M+1]

y[n]
sum_{m=0:M-1} (h[m] *x[n-m])

A= B (=) (x [n] )92
b = (x[n-M+1])"2
a -= (x[n-M+1])"2
*wll= E[n] (estimate)
a += mu
w6 = mu + E[n] (denominator)
{wO,wl} to TOS
w0 = mu/ (mu+E[n}])
w6 = nu(n]

{wO,wl} from TOS

the new output, and the corresponding reference sample,

a = yl[n]

wl-> y[n+1]

b = r([n]

wl3->r[n+1]

B = rlnl— yin]

w5: current error

a = mulnj*irn]-ylnl])
wS5: attenuated error

+ attError*x[n=m] .

a circular buffer,

'LAC' instruction...
w9-> h(0]
w6 = delay (0]

wl0->delay (1]

coefficients).

wl2= M-3

do (M-3)+1 times

a = h[m]

a += attError*delay([m]
w6 = delay[m+1]

w9-> delay[m+2]

store adapted h[m]
w9-> h[m+1]

; Perform adaptation for second to last coefficient.

a = h[M-2]
a += attError*h([M-2])
w6 = delay[M-1]

wl0->delay[M-1]
store adapted h[M-2]

a h[M-1}
a += attError*h[M-1]

lac [w9],a ¥
mac wS5*w6,a, (wl0],w6 i

i
sac.r a, [wo++] £
; Perform adaptation for last coefficient.
lac [wI],a . -
mac wS*w6, a o

_endFilter:

sac.r a, [w9] 7

; Update delay pointer.
mov wl0, [w3+oDelay])

7

store adapted h[M-1]

; note that the delay pointer
may wrap several times around
d[m]}, 0 <= m < M, depending
on the value of N
(it is the same as delay[0])
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pop w0 ; restore return value

; Restore core registers for modulo addressing.

pop YMODEND
pop YMODSRT
pop XMODEND
pop XMODSRT
pop MODCON

_restore:

; Restore CORCON.

pop CORCON
9 ; Restore working registers.

“ pop.d wl2 ; {wl2,w13} from TOS
pop.d wl0 ; {(wl0,wll} from TOS
pop.d w8 ; {w8,w9} from TOS
return

.end

; OEF
dsp.h

#include <stddib.h>
#include <math.h>

#define Q15 (X) \
((X < 0.0) 2 (int) (32768*(X) - 0.5) : (int) (32767*(X) + 0.5))

typedef struct {
int numCoeffs;
fractional* coeffsBase;
fractional* coeffsEnd;
int coeffsPage;
fractional* delayBase;
fractional* delayEnd;
fractional* delay;

} FIRStruct;

extern void FIRStructInit (
FIRStruct* FIRFilter,
int numCoeffs, '
fractional* coeffsBase,
int coeffsPage,
fractional* delayBase

)7

extern void FIRInterpDelayInit (
FIRStruct* filter,
int rate

)

extern fractional* FIR (
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int numSamps,
fractional* dstSamps,
fractional* srcSamps,
FIRStruct* filter
)i
extern fractional* FIRLMS (
int numSamps,
fractional* dstSamps,
fractional* srcSamps,
FIRStruct* filter,
fractional* refSamps,
fractional muVal
)i
extern fractional* FIRLMSNorm (
int numSamps,
fractional* dstSamps,
fractional* srcSamps,
FIRStruct* filter,
fractional* refSamps,
fractional muVval,
fractional* energyEstimate
);
extern fractional* VectorCopy (
int numElems,
fractional* dstV,
fractional* srcV
);
extern fractional* VectorSubtract (
int numElems,
fractional* dstV,
fractional* srcVl,
fractional* srcvV2
)i

adcdacDrv.h

#define
#define
#define
#define

Fosc 80000000
Fcy ( Fosc / 2 )
NUMSAMP 2

LMS_SIZE 32

#define PROC_BLOCK_SIZE 32

#define SCALE 64

void initAdc( void );

void initTmr3( void );

void initOC1l( void );
void initOC2( void );
void initOC3( void );
void initTmr2( void );
void initDmaOl( void’)
void InitProcDSP( void );
void __attribute__ ( (
void. Jis

void __attribute_ ( (
)i

; 7
interrupt, no_auto_psv

interrupt, no_auto_psv )

) ) _DMAOInterrupt (

) _T3Interrupt( void
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(4

switch.h

‘#define DEBOUNCE_INTERVAL 255

#define SW1_TRIS TRISAbits.TRISA12
#define SW2_TRIS TRISAbits.TRISA13
#define SW3_TRIS TRISAbits.TRISA2
#define SW4_TRIS TRISAbits.TRISA3
#define LED1_TRIS TRISAbits.TRISAG
#define LED2_TRIS TRISAbits.TRISA7
#define LED3_TRIS TRISAbits.TRISA9
#define LED4_TRIS TRISAbits.TRISALQ
#define SW1 PORTAbits.RA12
#define SW2 PORTAbits.RA13
#define SW3 PORTAbits.RA2
#define SW4 PORTAbits.RA3
#define LED1 LATAbits.LATAG6
#define LED?2 LATAbits.LATA7
#define LED3 LATAbits.LATA9
#de{ine LED4 LATAbits.LATALO
void initSwitch( int *debounce );

int CheckSwitchS1( void );

int CheckSwitchS2( void );

int CheckSwitchS3( void );

int CheckSwitchS4( void );
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