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3. Anti Aliasing Filter
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4. DSP Board
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4.1.2 MsRATIERAMMWIRIF U aNaldaen]a
TunnmeaeeiazinnazasIEintainidasd oy nudssialanniiunisanides
sunauNeueninadaneaI NN LMS, NLMS, S-LMSuazS-NLMS Taafianstu1ainan Signal

to  Noise Ratio (SNRpEArUNnadesialanalasssunauniauan (S WAY
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Tuﬂﬁ@mmamu%%m@uﬁm {Order) mﬁ@f’]ﬂﬂ’\ﬁ%ﬁ@@\‘m&l’]um’] wazldANemInIg

6
/1 L)

15UAA (Step Size) B a@ Pan Systolic Murmur 1&g

?umumﬂuﬂﬂﬂm AR Whlte Noise, Pink Noise, Babble N0|se wae Factory Noise ﬂmm

Feaaiild Aa mﬂumamm@m (Simulated Data)

729197 1 LARgAT SNR U898 AN 7N LMS

SNR| (dB)
Step Size

White Pink Babble Factory Average

- 55114 6.6085 6.9677 3.6642 5.6880
0.001 9.3513 11.6106 11.8861 12.7096 11.3894
0.005 15.0062 15.4041 16.9378 13.8609 11.8370
0.01 17.6132 16.6118 19.1757 12.3716 16.4431
0.05 18.7710 13.3157 22.5449 7.1821 15.4534




AN9199 2 LaA9AT SNR 2298aN23 NN NLMS

35

SNR (dB)
Step Size
White Pink Babble Factory Average
- 5.5114 6.6085 6.9677 3.6642 5.6880
0.001 13.8895 16.1176 18.2643 15.0897 15.8402
0.005 19.0900 15.6824 20.3950 11.4956 16.6658
0.01 19.1301 12,8628 19.1295 8.8125 14.9837
0.05 15.0700 5.9560 198382 3.4013 9.3164
= . o —mrme
ANTINYL 3 AANAT SNR ABSBANATNN S-LMS
\ SNR (dB)
Step Size FF }
White P/’pk 'T y Babble Factory Average
- 55148 6.6085 . | \ 6.9677 3.6642 5.6880
0.001 6.789% 76365 3 s 6.7158 7.1788
0.005 7.5399 94524 49.1187 10.3929 9.1260
0.01 8.4083 10E619 e 05921 11.8051 10.3669
0.05 13.0806 | :1‘ZPE_2686 ?%'55.4002 14.1152 14.2162
0.1 157938 58002 | 17.6314 [ 135375 15.7155
0.5 1é.§395 15.8613 22,0308 |/ 85585 16.3476
1 17.8995 12.2589 22.0306. | 6.3651 14.6386
AT 4 Gdn A SNRARGHANGIHISILMS
SNR (dB)
Step.Size
White Pink Babble fFaciory Average
- 5.5114 6.6085 6.9677 3.6642 5.6880
0.001 13.5355 14.2359 15.3720 12.9578 14.0253
0.005 18.4737 17.5154 20.6942 15.4780 18.0403
0.01 18.5111 16.3786 21.0580 13.9103 17.4645
0.05 14.3797 9.6279 17.1350 7.5898 12.1830
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- 5.5114 ) @.6085“.?,', , 6.9677 3.6642 5.6880
LMS 17.6132 ,,16.6118"-".15;. 191757 12.3716 16.4431
NLMS 19.0000 [*15.6824 ;_"f-”’zo.395o 11.4956 16.6658
S-LMS 18.9395¢ - 158613 11 = 22:0308 . 8.5585 16.3476
S-NLMS 184737 17.5154 2006942+ | 15.4780 18.0403
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NAADITENUNN (Reva a7l Aa Pan Systolic Murmur [@eNsUNAUANELaNTIIE Aa White
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Data)
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MANUIN A.

TaadldAruAnnIsyinTurassalssnIana dsPIC

v
fatlsziana dsPIC atuayuna@aullsunsupILANlATINIET Assembly Uay
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A1 C WianAuNanduaninA1@nas (StandariCLibraries with Math Functions)

Tenaasldsunanildmanannt sviguseemntlizinans dsPIC axdsznaulilsag 2

A7UUNAN A1 Sources FilesWAY Headrer Filtes

1. Sources Files \

1.1.
1.2.

1.3.
1.4.
1.5.

1.6.

1.7.

1.8.
1.9.

| (1 : .
main.e® 11N st g0 LA ANNITN N HAIR I LsENaNA dSPIC

adcdagbrv.¢ - Blsunsudanit lfluntsudasdynrnuenzaeniufanes

wazulasduananantanausludananueuzaan

switch.c - Wlsufssdaiinigpatinunie i ueesing
' ?
Bell.s - Iﬂa‘l,mmﬁLﬁﬂﬁﬁﬁwuﬂwlﬁmmLmﬂﬂu@ﬂiumqmﬁm Bell

Diaphragm.s - - THigiinssii it ﬁ"}ﬁ’muﬂmhmmLmﬂﬂmﬂumqmmﬁ

4

Diaphpagm

Extendeds - IﬂiLmiuﬁLﬁumﬁ'mﬁﬂﬁﬁmmLﬁmﬁlﬁfaglumamw?{
Extened! i
fir.s - T1l9lnsNN13N9IULRFRNIRIGTIHAN

firlmsisi- l1laungnnisnauanesinsaduunilsumalalae Iddanasna LMS
fitmsn.s - lUsunsunisvinanurasdonsasiuulfusialalae ldaanasny

NLMS

2. Header Files

2.1.
2.2.

2.3.

dsp.h - lausanisilszananadnyhanea
adcdacDrv.h - fAuuAsIgaziearesilaidunazasnee Wiy
adcdacDrv.c

switch.h — AMuuATIEATIREAYeIRaidY wazA11e WL switch.c
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main.c

#include "p33Fxxxx.h'
#include "stdio.h"

#include " .\h\dsp.h"
#include " . .\h\adcdacDrv.h"
#include . .\h\switch.h"
_FOSCSEL  ( FNOSC_FRC );

FOSC( FCKSM_CSECMD & OSCIOFNC_ON & POSCMD_NONE );

_FWDT( FWDTEN_OFF );

extern
extern
extern
extern
extern
extern
extern
extern
extern
extern
extern
extern
extern
extern
extern
extern
extern

int

int

int

char

char

char
fractional
fractional
fractional
fractional
fractional
fractional
fractional
fractional
fractional
fractional
fractional
fractional

debounce = 0;

[

J;

m;

T;

a;

signallniA[ PROC BLOCKs«SIZE ];
signalIn1B[ PROC BLOCK SIZE ];

signalQutlA[ PROC BLOCK=SIZE ];

signalOutiB] PROC BLOCK_SIZE ];
stgnal Ln2A[ PROC_BLOCK_SIZE ];
sighadla28[ PROC_BLOCK SIZE 1:
SignallOut2A[ PROC_BLOCK _STZE ]
signal QUt2BE PROC_BLOCK_SIZE ]
SignalY2A[ -PROC: BLOCK SIZE ];
signal Y2B[ PROG_BLOCKSIZE T;
LMSmu ;

energy[ PROC - BLOCK SKEN];

extern fractional LMSCoef[LMS SI1ZE]
((space(xmemory) , far;,al igned(PROC_BLOCK_SI1ZE)));
extern fractional DelayBufl [LMS_SI1ZE]
((space(ymemory) , far,al igned(PROC | BLOCK _SIZE)));

extern FIRStruct FIRFiltert; y
extern FIRStruct BellFikter; -
extern FIRStruct ) DiaphragmFilter;
extern FIRStruct -ExtendedFiiter:
int main( void ) {
PLLFBD I = /1] -
CLKDIVbits.PLLPOST = O;
CLKDIVbits.PLLPRE = 0;
OSCTUN = 0;
RCONbits2SWDTEN = (F

__builtin write-0SCCONH(-0x01 )3
__builtiniwrite_OSCCONL( Ox01 );
whlle( OSCCONbits.COSC 1="0b001 )

wh lle( OSCCONb¥ts . LOCKI=! 19
{
}

initSwitch( &debounce );
initAdc( );
initTmr3( );
initoC2( );
init0C3( );
initTmr2( );
initbma0( );
InitProcDSP( );
while( 1) {
iT( debounce > 0 )

__attribute

__attribute__
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debounce--;
iT( CheckSwitchS1( ) == 1)

ifCLEDL == 1) {
LED1 = O;
for( 1 = 0;
i < LMS_SIZE;
i++ )
LMSCoef[ 1 ] = O;
LMSmu = Q15(C 0.01 );
a = "L";
}

else

if( LEDL == 0 )
{ S, Y

LEr~N\;l -
} b\
iT( CheckSwi -
{ 5 4

'f(ﬂ%&f%ﬂﬁ‘ﬂ’i NBIN3

i ( LED3 == 1 ) L
R aATN NI INGa Y

if( LED3 == 0 )

LED3 = 1;
f = IDI;
s
3
if( i == PROC_BLOCK_SIZE )
{
i =0;
if(m=="A") {
m = "B";

if(a=="L")
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FIRLMS( PROC_BLOCK_SIZE, signalY2A,
signalIn2A, &FIRFilterl,
signalInlA, LMSmu );

else

ifCa=="N")

FIRLMSNorm( PROC_BLOCK_SIZE,
signalY2A, signalln2A,
&FIRFilterl, signallnlA,
LMSmu, energy );

VectorSubtract( PROC BLOCK_SIZE,
signalOutlA, signallnlA,
signalY2A );

VectorCopy( PROC; BLOCK_SIZE,

signalOut2A, signalln2A );
if( f ==_"B" )

FIR( PROC_BLOCK<SIZE, signalOutlA,

signalOutlA; &BellFilter );

else 4

W@ T ==4°D"| )

FIR( PROC 'BLOCK_SilZE,
sighalOutlA, signalOutlA,
&DbiaphragmFilter );

else v

I JF==E")

FIR( PROC=BLOCK_SIZE,
5|gnaIOut1A signalOutlA,
&ExtendedFllter );

if(m=="B10) { .,
m = "A%; =
|f( A )
FIRLMS( PROC‘BLOCK SIZE,
S|gna1¥28 signalln2B,
&FIRFilterl, signallnlB,
LMSmu ); ’

= Z,J"ﬂ

else

ifCa == "N")

FIRLMSNorm( PROC_BLOCK: SI1ZE,
signalY2B, signalln2B,
&FIRFilterl, signallnlB,
LMSmu, energy );

VectorSubtract(~PROC 'BLOCK SIZE,

signalQutlB, signallniB,
signalY2B );

VectorCopy( PROC ‘BLOCK_ SIZE,
signalOut2B,
signalln2B );

if( == "B" )

FIR( PROC_BLOCK_SIZE,
signalOutlB, signhalOutlB,
&BellFilter );

else

if( £ == "D" )

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

else

if( £ == "E" )

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

}
}
}
}
adcdacDrv.c
#include "p33Fxxxx.h"
#include "stdio.h"
#include . \h\dsp.h"
#include " .\h\adcdacDrv.h"
int i =0;
int J =+0;
char M S
char =k ol
char R
fractional S|gnalln1A[ PROC_BLOCK_SIZE 1];
fractional signallnlB[ PROC BLOCK SIZE ];
fractional signalOutiA[ PROC BLOCK SIZE ];
fractional signalQut1B[ PROC BLOCK SIZE ];
fractional signalln2Af PROC BLOCK SIZE ];
fractional signalin2B[. PROC BLOCK_ SIZE ];
fractional signalOut2A[ PROC. BLOCK_SIZE ];
fractional signalQut2B[ PROC BLOCK SIZE ];
fractional SignalY2A[ PROC BLOCK SIZE ];
fractional signalVY2B[ PROC BLOCK SIZE ];
fractional LMSmu;
fractional energy[ PROC BLocK “SIZE ];
fractional LMSCoeFf - LMS SlZE”‘] attrlbute__( ( space (
xmemory ), far, aligned ( PROC BLOCK SIZE ) ) ) ;
fractional DelayBuflf LMS: SIZE 1 attrlbute__( ( space (
ymemory ), far, aligned ( PROC BLOCK SIZE ) ) )
FIRStruct=-FIREilterl;
extern FIRStruct/ BeIIFllter' ’
extern FIRStruct “DiaphragmFilter;
extern FIRStruct __ExtendedFiliter;
void initAdc( void )
{
AD1CON1bats.AD12B = 0;
AD1CON1bitsFORM 7 I3
AD1CON1bits.SSRC = 2;
AD1CON1bits.SIMSAM = 15
ADICON1b1ts.ASAM S1LE
ADICON2bits:SMRI o
ADICON2bits.BUFM = 0;
AD1CON2bits.CHPS =1;
AD1CON3bits.ADRC = 0;
AD1CON3bits.ADCS = 3;
AD1CHSObits.CHOSA = 2;
AD1CHSObits.CHONA = 0;
AD1CHS123bits.CH123SA = 1;
AD1CHS123bits.CH123NA = 0;
AD1PCFGL = OxFFFF;
AD1PCFGLbits.PCFG1 = 0;
AD1PCFGLbits.PCFG2 = 0;
IFSObits.AD1IF = 0;

IECObits.AD1IE
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AD1CON1bits.ADON = 1;
3
struct
int Chi;
int Ch2;
} BufferA __ attribute ( ( space (dma ) ) ) ;
struct
{
int Chi;
int Ch2;

} BufferB __ attribute ( ( space; ( dma ) ) ) ;

void initbmao( void )

{
DMAOCONbits.AMODE =0,
DMAOCONbits_MODE = 23 1
DMAOPAD ="(_inkt )&ADC1BUFO3;
DMAOCNT =1
DMAOREQ —fl 3¢
DMAOSTA = 4 builtin dmaoffset( &BufferA );
DMAQSTB = Jbuiltin_dmaoffset( &BufferB );
IFSObits.DMAOIF o+ =,0; -
IECObits.DMAOIE" = 13 -
DMAOCONbits.CHEN 4= 4;
}
unsigned int DmaBuffer = 0; e 4
void _ attribute_( (  interrupt, no_auto psv ) ) _DMAOInterrupt(
void ) s Lis
{
IFSObits.DMAOIF = 0; =
iT( DmaBuffer == 0 )
if(m == A" )
{
signallnlA[ 1 ] = SCALE * BufferA.€hl;
signalln2Af 1 ] = SCALE * BufferA.Ch2;
}
else
if¢m == "B* )
{
signal n1B[ "=]"= SCALE" *~BufferA_Chl;
signalIn2B[ i_.] = SCALE * BufferA.Ch2;
}
}
else
{
if(m== "A")
{
signalInlA[ 1 ] = SCALE * BufferB.Ch1l;
signalIn2A[ 1 ] = SCALE * BufferB.Ch2;
}
else
if(m == "B")
{
signallnlB[ 1 ] = SCALE * BufferB.Chl;
signalln2B[ 1 ] = SCALE * BufferB.Ch2;
}
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it(m = "A")

{
OC2RS = 512 + signalOutlA[ i ] / SCALE;
OC3RS = 512 + signalOut2A[ i1 ] 7/ SCALE;
}
else
if(m== "B" )
{
OC2RS = 512 + signalOutlB[ 1 ] / SCALE;
OC3RS = 512 + signalQut2B[ 1 ] / SCALE;

}
DmaBuffer ™= 1;
1++;

}

void InitProcDSP( void™)

{
FIRStructInit(-&FIRFT Lterl, LMS_SIZE, LMSCoef, COEFFS_IN_DATA,

DeffayBuUfli ) ;..
for( 1 = 0; 1.<LMS SIZE; i++ )
LMSCoef[ i ].= 0; .

FIRDelaylnit( &FIRFIlterl o5
LMSmu = Q15( 0.005 ); ‘
FIRDelaylnit( &BellFilter );
FIRDelaylnit( &DiaphragmFelter );.
FIRDelaylnit( &ExtendedFilter );

}
void InitTmr3( void )

{ "
T3CONbits.TON = 0;
T3CONbits.TCS = Gh ~
T3CONbits.TGATE = 0;
T3CONbits.TSIDE=-13
TMR3 = 0;

PR3 = ( Fcy /7 8000 ) - 1;
IFSObits.T3IF = 0;
IECObits.T3IE = 0;
T3CONbits:TON —

3

void init0C2('vord™)

{
0OC2RS = 512;
0C2R | = O
OC2CONbits . OCSIDL = 1
OC2CONbits.OCTSEL = 0;
OC2CONbits.OCM = 0x06;

3

void InitOC3( void )

{

OC3RS = 512;

OC3R = 0;

OC3CONbits.OCSIDL = 1;

OC3CONbits.OCTSEL = 0;

OC3CONbits.0OCM = 0x06;
}

void InitTmr2( void )
{
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T2CONbits.TON = 0;
T2CONbits.TCS = 0;
T2CONbits.TGATE = 0;
T2CONbits.TSIDL = 1;
TMR2 = 0;
PR2 = 1024;
T2CONbits.TON = 1;

b

switch.c

#include <p33Fxxxx.h>

#include . .\h\switch.h™

static int * debounceCounter ;

static volatile iInt switchS1;
static volatile int switchS2;
static volatile int switchS3:
static volatile inEswitchS4;
void initSwitch( int _*debounce )

{

ADPCFG =FOxFFFH; '
SW1_TRIS =
SW2_TRIS 2 5
SW3_TRIS = 2 -
SW4_TRIS =" - \
LED1_TRIS F of y
LED2_TRIS = §;
LED3_TRIS =0 ;
LED4_TRIS £ 0} F/R
LED1 = ¥ 71
LED2 =9- i
LED3 = 1; -
LED4 == -
debounceCounter = debounce;
switchS1 ——C—
switchS2 = 0;
switchS3 = 03
switchS4 = 0;
INTCON2 = Ox001E;
IFS1bits_INT1IE ="0;
IEC1bitsoINTIIE = 1;
IFS1bits._INTZ2IF-= O;
IEC1bits. INT2IE = 1;
IFS3bits. INT3IF = 0O;
IEC3bits. IN®3IE = 1]
IFS3bits. INT4IF = O;
IEC3bits.INT4IE = 1;

b

int CheckSwitchS1( void )

{
int wasPressed = 0;
if( switchSl == )
{

wasPressed = 1;
switchSi = 0;

b
return ( wasPressed );

b

int CheckSwitchS2( void )
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{
int wasPressed = 0O;
if( switchS2 == )]
{
wasPressed = 1;
switchS2 = 0;
}

return ( wasPressed )

}
int CheckSwitchS3( void )
{

int wasPressed = 0

iF( switchS3 == 1 )
{
wasPressed = 1;
switchS3 = 0;
b

return ( wasPressed )

}

int CheckSwitchS4(«woids)

int wasPressedi= 03

if( switchs4 == ')
{
wasPressed = 41;
switchS4 20 ;
}
return ( wasPressed )
}
void __attribute__ ( (
void )
_INT1IF = 0O;
i1T( *debounceCounter
*debounce€ounter
switchS1
}
}
void __attribute . ( (
void )
_INT2IF, = 0;
1T( *debouneeCounter
{
*debounceCounter
switchS2
}
}
void __attribute_ ( (
void )
{
_INT3IF = 0;
if( *debounceCounter
*debounceCounter
switchS3

interrupt;;hq_auto_psv ) ) _INT1lInterrupt(

=0 )

= DEBOUNCE_ INTERVAL ;

=] 1;

interrupt,” no auto psv| )1 ) _INT2Interrupt(
== 0 )

= DEBOUNCE_INTERVAL;

=1;

interrupt, no_auto psv ) ) _INT3Interrupt(
= 0 )

= DEBOUNCE_ INTERVAL;

= l;
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}
void __attribute_ ( ( interrupt, no _auto psv ) ) _INT4Interrupt(
void )
_INT4IF = 0;
if( *debounceCounter == 0 )
*debounceCounter = DEBOUNCE_INTERVAL;
switchS4 =1;
}
b5
Bell.s

.equ Bel iNumTaps,. .64

; Allocate and initialize filter taps |

i
.section .xdata,data, xmemory
.align 128 -

=

BellTaps:

-hword OxFEE1, OXFEEB, OXFEFB, OxFFi1, OxFF , OXFF50, OXFF79, OXxFFA8, OXFFDC
-hword 0x0015, 0x0054, 0x0098, 0x00DF, OxOl_J 0x0177, 0x01C6, 0x0216, 0x0267
-hword 0x02B7, 0x0305, 0X0352, 0x039B, 0x03El, 0x0422, 0x045E, 0x0494, 0x04C3
-hword OxO04EB, 0x050C, 0x0525, 0x0536, OX053E, 0X053E, 0x0536, 0x0525, 0x050C
-hword Ox04EB, 0x04C3, 0x0494 , Ox045E ; 0x0422, 0x03EL, 0X039B, 0x0352, 0x0305
-hword 0x02B7, 0x0267, 0x0216, 0x01€64 0x01775:0x012A, 0XO0DF, 0x0098, 0x0054
-hword 0x0015, OxFFDC, OxFFA8, OxEF 795 OXFFS05 0xFF2D OxFF11, OXFEFB, OXFEEB
-hword OxFEE1

; Allocate delay line. in (unlnltlallzed) Y déta space

.sectLon—vydataT—data7—ymemory
.align 128

BellDelay:
.space BelINumTaps*2

Allocate andgintiallize Filter structure

.section:data
-global _BellFilter

_BellFilter:

-hword Bel INunTaps

_hword BellTaps

_hword BelITaps+Bel INumTaps*2-1
-hword Oxff00

-hword BellDelay

-hword BellDelay+Bel INumTaps*2-1
-hword BellDelay

; Sample assembly language calling program

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

; .extern _BlockFIRFilter

; .extern _BellFilter

; .section _bss
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The input and output buffers can be made any desired size
the value 40 is just an example - however, one must ensure
that the output buffer is at least as long as the number of samples
to be filtered (parameter 4)

input: .space 40
;output: .space 40
; _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.

: mov # BellFilter, WO ; Initalize WO to filter structure
; call _FIRFilterlInit ; call this function once

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

; mov # BellFkilter, WO s Ihitalize WO to Filter structure
; mov #input, W1 ; Initalize Wi-to input buffer
; mov #output, W2 ; dnitalize W2 .&o output buffer
; mov #20, W3 ;dnitialize W3 with number of required output samples
; call _BIockFIRFiLter ; call as many times as needed
\
: i
Diaphragml.s ‘
.
; File Diaphragm.s - -
3 e e e mmmmmmmmmmmmmmseomomsmEomsEe e '||- B I R R N R R N
) .
.equ DiaphragmNumTaps,..64 ...
: Allocate and initialize Filter taps ﬁjﬂ
.section .xdata, data XmemoLy. = 'jJ
_align 128 - —r*
DiaphragmTaps: . fomad=

-hword OxFF12, OXFEABy, OXFEGS8, 0xFE50 0xFE65 0xFEA2 OXFEFD; OxFF66, OXFFCC
-hword 0x0018, 0x003A; 0x0023 OxXFFCD, OxFF34, OXFE63, OXFDGB OxFC64, OxFB6B
.hword OxFA9F, OxFAZ20 ;OXFADS; OXFAG2; OXFB3D; OXFC92; OXFE50, 0x005B, 0x0291
.hword 0x04C5, 0x06CD. 0x087D 0x09B4, 0x0A55, Ox0A55, 0x09B4.,/0x087D, 0x06CD
-hword 0x04C5, 0x0291, ©x005B, OXFE50, OxFC92, OXFB3D, OXFA62, OXFA05, OXFA20
-hword OxFA9F, OxFB6B, 0xFC64, OxFDEB, OxFE63, OxFF34, OXFFCD, 0x0023, 0x003A
_hword 0x0018, OxFFCC, OXFF66, OXFEFD, OXFEA2, OXFE65, OXFE5S0, OXFE68, OXFEAB
-hword OxFF12

; Allocate delay linhe in (uninitialized) Y data space

’section .ydata, data, ymemory
.align 128

DiaphragmbDelay :
.space DraphragmNumTaps*2

; Allocate and intialize filter structure

.section .data
.global _DiaphragmFilter

_DiaphragmFilter:

-hword DiaphragmNumTaps

-hword DiaphragmTaps

_hword DiaphragmTaps+DiaphragmNumTaps*2-1
-hword Oxff00

-hword DiaphragmDelay

-hword DiaphragmDelay+DiaphragmNumTaps*2-1
_hword DiaphragmbDelay
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Sample assembly language calling program

The following declarations can be cut and pasted as needed into a program
.extern _FIRFilterlnit
.extern _BlockFIRFilter
.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
that the output buffer is at least as long as the number of samples
to be filtered (parameter 4)

;input: .space 40
;output: .space 40
_text

This code can be copied and pasted as needed Latod a program

v
Set up pointers to access input samples, filter taps, delay line and
output samples.
mov # DiaphragmEilter, WO ; initalize WO to filter structure
call FIRFilferinit /; Call this function once

The next 4 instructions are'required DAIOF to each subroutine call
to _BlockFIRFilter

mov #_D|aphrang|lter, WO ; Initalize WO to filter structure

mov #inpug, Wi s dnitalize W1 to input buffer

mov #output W2 . ] lnltajlze W2 to output buffer

mov #2085 W35S InltlallzeJWS with number of required output samples
call _BIockFIRFlIter .. ; call as many times as needed

FRAd g

Extended.s

.equ ExtendedNumTaps, 64

; Allocate and |n|t|al|ze filter taps

.section” .xdata,data,xmemory “
.align 128

ExtendedTaps:

_hword OxFED6, OXFFCZ7Z, 0x013D, 0x004B, OXFEBOs OxFFA2, 0x0168, 0x0075, OXFE7F
_hword OxFF72, 0x01A0, OX00AE, OXFE3E, OxFF2D, OXO1EE, 0x0102, OxFDDE, OXFEC5
-hword 0x0266, 0x0189, OxFD41, OXFEOF,.0x033F, 0x028C, OxFC0O1, OXFC7E, Ox054A
-hword 0x0554, OXF7F6, OXF5F9, 0x121D; 0x344A, 0x344A% 0x121D, OXF5F9, .0xF7F6
-hword #0x0554, (0X054A,. OxFC7E s/ OxFC01, 0x028C, 0x033F; OXFEOF, OxFD41 ; 0x0189
_hword "0x0266, OXFEC5, OxFDDE, 0x0102, OxXO1EE, OxFF2D, OXFE3E, OxO00AE, 0x01A0
_hword OxFF72, OXFE7F, 0x0075, 0x0168, OXFFA2, 0xFEBQ’, 0x004B7 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
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_ExtendedFilter:

_hword ExtendedNumTaps

-hword ExtendedTaps

_hword ExtendedTaps+ExtendedNumTaps*2-1
-hword Oxff00

-hword ExtendedDelay

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

]
;0

Sample assembly language calling program

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

.section -bss

The input and output buffers can be made any desired size
the value 40 is just an example - however, oOne must ensure
that the output buffer is at least as long as the number of samples
to be filtered (parameter 4)

nput: .space 40
utput: .Space 40 |
.text \

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

_—

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

output samples.
mov #_ExtendedFi Lter; WO s dnitalize WO to filter structure
call FIRFlIterInlt 5 call’thls function once

The next 4 instructions are requlred prIOHEtD each subroutine call
to _BlockFIRFilter

—_h
=

mov #_ExtendedFllter Wo——— fhltallze WO to Filter structure

mov #input, W1 > Inltgtlze W1 to input buffer

mov #output,- W2~ - initalize W2 to output buffer

mov #20, W3 ; Initialize W3 with number of required output samples
call - BlockFIRFilter ; call as many- times as needed

%)

Software License Agreement

The software, supplied herewith by Microchip Technology
Incorporated”(the '"Company') for jits dsPIC controller

is intended and supplied to you,“the Company®s-eustomer,

for use solelyiand exclusively on Microchip 'dsPIC

products. The software is owned .by.the Company .and/or ;its
supplier, "and is ‘protected under applicable copyright Taws." ATl
rights are reserved. Any use in violation of the foregoing
restrictions may subject the user to criminal sanctions under
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 1S CONDITION. NO
WARRANTIES, WHETHER EXPRESS, IMPLIED OR STATUTORY, INCLUDING,
BUT NOT LIMITED TO, IMPLIED WARRANTIES OF MERCHANTABILITY AND
FITNESS FOR A PARTICULAR PURPOSE APPLY TO THIS SOFTWARE. THE
COMPANY SHALL NOT, IN ANY CIRCUMSTANCES, BE LIABLE FOR SPECIAL,
INCIDENTAL OR CONSEQUENTIAL DAMAGES, FOR ANY REASON WHATSOEVER.

ok % b ok X % b b X b o X X R R X X o+ ok X %

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

; Local inclusions.
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-nolist

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

_list

.section .libdsp, code

_FIR: FIR block filtering.

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

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

y[n] defined for 0 <= n < Nj

h[m] defined for O <= m <«M.as an increasing cireular buffer,

NOTE: delay defined for O .<=.i < M aswan increasing circular buffer.

Input:
w0
wl
w2
w3

number of sampleS to'generate (numSamps; N)
ptr to output samples (dstSamps, y)
ptr to input samplies (srcSam@s, X)
filter strueture (FIRStruct, h)

Return: j -
w0 = ptr to output samples (ds&Samps, y)
) i

\ #
\ ‘

{w0. .w6} used, ot restored |/

{w8,w10} saveds used, restored s .

AccuA used, ngt restored &

CORCON saved, used, restored |

PSVPAG saved, used:'restoredjfif coeffs in P memory)
MODCON saveds used,” restored= =

XMODSRT saved, used,
XMODEND saved, used,; .
YMODSRT saved, used;-restored josii-
YMODEND wsaved, used, restored

- 4

DO and REPEAT instruction-usages =1
1 DO instructiens s
1 REPEAT intructions )

Program words (24-bit instructions): -

Cycles (including C-function'call ‘and return'overheads):
53 + N*(5+M), or

; System resources usage:
; 56 + N*(9+M) 1f coefficients in P memory.

-globhal “FIR 5. export

; Save working registers.
push w8
push w10

w8 to TOS
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], w10
mov #COEFFS_IN_DATA,w8
cp w8,w10

bra z,_noPSV

psvaccess w8
mov w10, PSVPAG

wl0= coefficients page
w8 = COEFFS_IN_DATA

w8 - wl0

if wl0 = COEFFS_IN_DATA
no PSV management

else

enable PSV bit in CORCON
load PSVPAG with program
space page offset

; Prepare core registers for modulo addressing.

push MODCON

push XMODSRT
push XMODEND
push YMODSRT
push YMODEND

; Setup registers for modulo
mov #0xCOA8 , w10

mov w10, MODCON

mov [w3+oCoeffsEnd}, w8
mov w8 , XMODEND

mov [w3+oCoetTfsBase] ., w8 .,
mov w8, XMODSRT

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

mov w10, YMODSRT

; Perpare to al¥ filter.

mov [w3+oDelay},w10
mov Jw3+oNumCoeffs] ;w4
sub w4, #3 4w4

dec w0, w0

)
addressing.
3 XWM = w8, YWM = wl0
\ ; set XMODEND and YMODEND bits
. ; enable X,Y modulo addressing
E w8 —> last byte of h[M-1]
— init"ed to coeffs end address

TR

A Fax

w8 => h[O0]

init"ed to coeffs base address
(increasing buffer,

. 2%n aligned)

w1l0-> last byte of d[M-1]
inited to delay end address
w10 -> d[0]

‘init"ed to delay base address

~ 5 (increasing buffer,

5 2”n aligned)

4 el

; wl0 points at current delay
sample d[m], O <=m < M
w4 =M
w4
wo

M-3
N-1

5. Perform| fiiltering of all. samples.

do wO, ‘endFilter

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

_ifdef YMEM_ERRATA
nop
.endif

i1

clr a, [w8]+=2,w5, [wl0]+=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 ; { do (M-3)+1 times

mac w5*w6 ,a, [w8]+=2,w5, [w10]+ 2, w6 ; a += h[m]*d[current]
= h[m+1]

w8—> h[m+2]

w6 = d[next]

wl0->d[next+1]

; (Perform second last MAC.)

mac w5*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 w5*w6 ,a ; a += h[M-1]*d[current]

_endFilter:
; Save filtered result.
sac.r a,[wl++]

S
; Update delay
mov te that the delay pointer
veral times around
< M, depending
ue of N
pop wo turn value

; Restore core regis
pop YMODEND
pop YMODSRT
pop XMODEND
pop XMODSRT
pop MODCON

; Restore PSVP S and
pop PSVPAG

pop CORCON

; w8 from TOS

.end

; OEF
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Software License Agreement

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
supplier, and is protected under applicable copyright laws. All
rights are reserved. Any use in violation of the foregoing
restrictions may subject the user to criminal sanctions under
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 1S°® CONDITION. NO
WARRANTIES, WHETHER EXPRESS, IMPLIED OR:STAFUTORY, INCLUDING,
BUT NOT LIMITED TO, IMPLIED WARRANTIES OF MERCHANTABILITY AND
FITNESS FOR A PARTICULAR PURPOSE APPLY TO. iHIS SOFTWARE. THE
COMPANY SHALL NOT, IN ANY CIRCUMSTANCES, BE LIABLE FOR SPECIAL,
INCIDENTAL OR CONSEQUENFHAL DAMAGES, FOR ANY REASON WHATSOEVER.

o % b b X % b F X o b 3k X Ok ok X X b X %

(c) Copyright 2003 Mierochip Technology. All rights reserved.

|
; Local inclusiens. i
-nolist ’, X
.include "‘dspcommon. inc™ ; fractsetup,FIRStruct,

T' ; MODCON, XMODSRT, XMODEND,
" ' YMODSRT, YMODEND, CORCON,
; COEFES_IN_DATA

111111111111!111111!!JJJs11;’115111:.1511!!'2{\)}’,5”’!J11;5”5555555”5555555”
- . ¥ K
.section .libdsp, code

_FIRLMS: FIR filtering with IMS'céefficiehtfédﬁbtation.

Operation: T
y[n] = sum(m=0ZM-D{h[mI*x[n-m]},

h(+1)[m] = h(n)[r] + muCrn]-y[nD*x[n-m], 0<= i < M.

Xx[n] defined for O <= n < N,
r[n] defined for 0 <= ni <.\,
y[n] defined ;for ;0 <=sn; <-N,
h[m] defined for 0 <=.m < M as an.increasing circular buffer,

mu in [-1, 1).

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

NOTE: filter coefficients should net be allocated in program memery,
since.in.this case_they cannot be, 6 adapted at run, time.

Input:
wO = N, number of input samples (N)
wl =y, ptr output samples (0 <= n < N)
w2 = X, ptr input samples (0 <= n < N)
w3 = Ffilter structure (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:

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

AccuB used, not restored
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CORCON saved, used, restored
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

Cycles (including C-function call and return overheads):
61 + N*(14 + 5*M), or
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) .

.global _FIRLMS ; export -

_FIRLMS:

; Save working registers.

push.d w8 ; {w8,w9} to TOS
push.d w10 ; « o 5 {wlo,wll} to TOS
push wl2 : R W25 0N@S

; Prepare CORCON  for fractional Computatlon.
push CORCON
fractsetup w7

¥y do i 4 4

; Make sure that coefficients are not & IdEated in program memory.

; (IT they were, they could hot be adapted at run time...)
mov [w3+oCoeffsPage}, wi0 5 wl0= coefficients page
mov #COEFFS_ IN. DATA, w8 w8 = COEFFSgIN_DATA
cp w8,wl0 w8 - wlO0 )
bra Z, _NnoPSV: T WIO"="COEFFS_IN_DATA
no PSV management

TR R

else
mov #0,w0 w0 = 0 (NULL)
bra _restore” ; restore saved registers

;. and return NULL

; Prepare core registers for modulo addressing.
push MODCON

push XMODSRT,

push XMODBEND

push YMODSRT

push YMODEND

; Setup registers for modulo addre33|ng

mov #0xCOA8 ,w10 XWM = w8, YWM = wl0

set XMODEND and YMODEND bits
enable X,Y modulo addressing

mov w10, MODCON

mov [w3+oCoeffsEnd],w8 ; w8 -> last byte of h[M-1]
mov w8, XMODEND ; init"ed to coeffs end address
mov [w3+oCoeffsBase] ,w8 w8 -> h[0]

mov w8, XMODSRT init"ed to coeffs base address
(increasing buffer,
2”n aligned)

mov [w3+oDelayEnd] ,wl10 ; wl0-> last byte of d[M-1]
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mov w10, YMODEND ; inited to delay end address
mov [w3+oDelayBase] ,w10 wl0 -> d[O]

mov w10, YMODSRT init"ed to delay base address
(increasing buffer,

2”n aligned)

; Perpare to filter all samples.

mov [w3+oDelay],w10 ; wl0 points at current delay
; sample d[m], O <=m < M
; referred to as delay[O]
;. for each iteration...

mov w4 ,wl2 5 wiz->r[o0]
mov [w3+oNumCoeffs] ,wa FWae= M
sub wa ,#2 , w4 WL = M-2
dec w0, w0 WO _=miN=1
mov w5, w7 - S W7 = mu
; Perform filtering offall samples.
do wO,_endFilter ; 1 ; do (N=1)+1 times
; Prepare to filter sanmple. F
mov [w2++], [w10] : - ; store new sample into delay
_ifdef YMEM_ERRATA w
nop ™
.endif I
clr a,[w8]+=2, w8, [wl0]*¥=2,w6— ;@ =0
¢ ) w5 =h[0]
= w8-> h[1]
5 w6 = delay[0]
~ ; wlO->delay[1]
; Filter each sample. - y“y.;—.
(Perform alk but last MACs )
repeat wa — L do (M-2)+1-“times
mac W5*W6), ag fWETF=25W57 [w10]+-2 w6 sta = h[m]*delay[m]
S = h[m+1]}
3 w8-> h[m+29
> = delay[m+1]
; w10—>delay[m+2]
;3
; (Perform last MACL)
mac w5*W6 , a ;ha +='h[M-1]*delay[M-1]
; now:
; w8-> h[O0]

wl0->delay[0]

;i Save fritered (result.:
sac.ri a,[wl++] y[nl =

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

; With the new output, and the corresponding reference sample,
; update the filter coefficients.

lac [wl2++],b ;b =r[n]

; wl2-> r[n+1]
sub b ; b =r[n] - yInl
sac.r b,w5 ; wb: current error
mpy w5*w7,a ;a = mu*(r[n]-y[nD)

sac.r a,ws ; w5: attenuated error

; Adaptation: h[m] = h[m] + attError*x[n-m].

; Here the h[m] cannot be addressed as a circular buffer,

; because their values are accessed via a "LAC" instruction...
; Thus, use w9 instead.
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; Prepare adaptation.
dec w4 ,wll
mov w8,w9
clr a, [w10]+=2,w6

wll= M-3
w9-> h[0]
w6 = delay[0]
wl0->delay[1]

; Perform adaptation (all but last two coefficients).

do wll,_endAdapt ;0 { ; do (M-3)+1 times
lac [w9].a ;a = h[m]
mac w5*w6,a, [wi0]+=2,w6 ; a += attError*delay[m]
; w6 = delay[m+1]
; w9-> delay[m+2]
_endAdapt:
sac.r a,[wo++] ; store adapted h[m]
; w9-> h[m+1]
.
; Perform adaptation for second to last coefficient.
lac [w9],a ; a = h[mM-2]
mac w5*w6,a, [wi0] ,w6 ;7 a+= attError*h[M-2]
;w6 .= delay[M-1]
7 wl0->delay[M-1]
sac.r a,[w9++] 4 ;- store adapted h[M-2]
; Perform adaptation for-last coefficient.
lac [w9].a ; a_= h[mM=1]
mac w5*w6 ,a ; a += attError*h[M-1]
_endFilter:
sac.r a,[w9++] | ; store adapted h[M-1]
M ‘
; Update delay pointer . L 4
mov w10, [w3+oDelayl } . ; hote that the delay pointer
_ ; may wrap several times around
;.d[m], 0 <= m < M, depending
~; on the value of N
f;g; (it is the same as delay[0])
R il J T f R ERL e
pop wO 5 restore return value
; Restore core-registers=for-modulo-addressings
pop YMODEND
pop YMODSRT
pop XMODEND
pop XMODSRT
pop MODCON
_restore:
; Restore CORCON.
pop CORGON
; Restore working registers.
pop wl2 ; wl2 from TOS
pop.d w10 ; {wl0,w11} from TOS
pop-d w8 ; {w8,w9} from TOS
return

.end

; OEF
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; Software License Agreement

; 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
supplier, and is protected under applicable copyright laws. All
rights are reserved. Any use in violation of the foregoing
restrictions may subject the user to criminal sanctions under
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 1S°® CONDITION. NO

; WARRANTIES, WHETHER EXPRESS, IMPLIED OR:STAFUTORY, INCLUDING,

; BUT NOT LIMITED TO, IMPLIED WARRANTIES OF MERCHANTABILITY AND

; FITNESS FOR A PARTICULAR PURPOSE APPLY TO. iHIS SOFTWARE. THE

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

o % b b X % b F X o b 3k X Ok ok X X b X %

; (c) Copyright 2003 Mierochip Technology. All rights reserved.

|
; Local inclusioens.
.nolist ., 4 4
.include "‘dspcommon. inc™ ; fractsetup,FIRStruct,
T' ; MODCON, XMODSRT, XMODEND,
" ', YMODSRT, YMODEND, CORCON,
; PSVPAG, COEFFS_IN_DATA

_list -

:::::::::::::::::::::::::::::::::::::::::::

; _FIRLMSNorm: FIR filtering Wi'th Normalized' LMS coefficient adaptation.

Operation: e — —
; y[n] = sum_{m=0:M-1}Ch[mI]*x[n-m]), 0 <= n < N. !
E h(n+1)[r] = h(Dm] + nusCrinl-yInD*X[n=nl, 0 <='n < M.
; with v
; nu[n] = mu/(mu*E[Nn]),
; where
; E[n] = Eln-41 p+o(X[0ID"2 5 (XEN=N+11D72
; an estimate of the Input signal energy at each sample.
; Xx[n] defined for 0 <= n < N,
; r[n] defined for 0 <= n < N,
; YIn] defined for O <=.n < N,
; h[m] ‘defined for 6, ,<="m < M as an increasing circular buffer,

; mu in [-1, 1).

; NOTE: delay defined for O <= 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.

NOTE that the energy estimate may be also expressed as:

; E[n] = x[n]"2 + x[n-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

; sum_{m=0:-M+2}((X[n+m])"2) < 1, 0 <= n < N.
Input:

; wO
; wl

N, number of input samples (N)
y, ptr output samples (0 <= n < N)
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w2 = X, ptr input samples (0 <= n < N)

w3 = Ffilter structure (FIRStruct, h)

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

w5 = mu.

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

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

System resources usage:

{wO. .w7} used, not restored
{w8..wl3} saved, used, restored
AcCUA used, not restored
AccuB used, not restored
CORCON saved, used, restaored
MODCON saved, used, restored
XMODSRT saved, used, restored
XMODEND saved, used, restored
YMODSRT saved, wused, restored
YMODEND savedsy used, restored
-

DO and REPEAT instruction usage:
2 level DO intruction
1 level REPEAT intruetion

Program words (24-bit instructions): |
92

Cycles (including C—function call and return overheads):
66 + N*(50 + 5*\), -

36 if coefficients were alllocated |n program memory (which implies
returning a NULL pointer, as coeffy0|ents cannot be adapted at run

.global _FIRLMSNorm ; export =

_FIRLMSNorm: ; £y

; Save working registers.

push.d w8 e ; {wB,w9} to TOS
push.d w10 ; {wl0,wli} teTOS
push.d wl2 o

{wl2,wi3} to- TOS

; Prepare CORCON for fractional computation.
push CORCON .
fractsetup w7

; Make surke that coefficients are not located in program memory.
; (1f they were, they could not be adapted at run time...)

mov [w3+oCoeffsPage],wl0 ; w10— coefficients page
MoV #COEFRES_[IN<DATA, WS ; =\ COERFS. IN'DATA
cp w8, w10 w8 - w10

bra z, noPsV if wio '= '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




80

; Setup registers for modulo addressing.

mov #0xCOA8,w10
mov w10, MODCON
mov [w3+oCoeffsEnd],w8
mov w8, XMODEND
mov [w3+oCoeffsBase] ,w8
mov w8, XMODSRT
mov [w3+oDelayEnd] ,w10
mov w10, YMODEND
mov [w3+oDelayBase] ,w10
mov w10, YMODSRT

>
push wl

; Perpare to filtergsall samples. |

mov [w3+oDelay],wl0
mov w4, w7

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

dec w0, w0

mov w7,wl3

mov w5, w7

mov w6 ,wll

; Perform filtering of-all-samples. ©
do w0, _endFilter Sk

; Prepare to normalbize:

mov [w2] ,w5

lac [wil],a

mac w5*w5,a

sac.r a,[wil]™

; Prepare_to filterisample.
mov Jw2++7, [w10]

.ifdef YMEM_ERRATA
nop
.endif

clr a, [w8]+=2,w5, [wi0]+=2,w6

; Filter each sample.

; (Perform all but last MACs.)
repeat w4 ;
mac

; (Perform last MAC.)
mac w5*w6 ,a

w5*w6,a, [w8]+=2,w5, [wl0]+=2,w6
; w5 = h[m+1]
; w8-> h[m+2]

; XWM = w8, YWM = wl0

; 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

; wio -> d[O0]

init"ed to delay base address
(increasing buffer,
22n aligned)

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

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

w4 = M-2

wO = N-=1

‘Wi8->r[0] (permanently)

: w7 = mu (used as numerator)
Ww11->E[-1]

s do (N“1)+1 Eimes

w5 = x[n]

a = E[n-13

a += (xX[n])r2

*wll= E[n-17 + (X[n])"2

;istore new sample, into delay

a =0

w5 ="h[0]
w8-> h[1]

w6 = delay[O]

wl0->delay[1]

do (M-2)+1 times
; a += h[m]*delay[m]

; w6 = delay[m+1]
; wlO->delay[m+2]

a += h[M-1]*delay[M-1]
now:
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; w6 = delay[M-1] = x[n-M+1]
; w8-> h[0]
; wlO0->delay[0]

; Save Ffiltered result.
sac.r a,[wl] ; yInd =
; sum_{m=0:M-1}(h[m]*x[n-m])

; Continue normalizing.

lac [wll],a ; a = E[n-1] + (X[n])"2
mpy w6*w6 , b ; b = (X[n-M+1])™2
sub a ; a -= (X[n-M+1])"2
sac.r a,[wll] ;*wll= E[n] (estimate)
add w7,a ; a += mu
sac.r a,w6 ; w6 = mu + E[n] (denominator)
; Divide.
push.d wO ;o {wO,wl} to TOS
repeat #17
divf w7,w6 7 WO = mu/(mu+E[N])
mov w0, w6 3 W6.= nu[n]
pop.d w0 #{wO,wd} from TOS

)

; With the new output, and the corresponding reference sample,
; compute normalize Tacter.

lac [wl++],a s a =wy[n]

\ ; wl-> y[n+i]
lac [w13++],b 1 D= Il

5 wi3->r[n+1]}

sub b . $ 435 b =rln]™="y[n]
sac.r b,w5 g ~ " ; wh: current error
mpy w5*w6 ,a -+ 3 a = nu[nlx(r[n]-y[nD
sac.r a,ws i I 45 wS: attenuated error

; Adaptation: hfm] = h[m] + attError*x[n-m] .
; Here the h[m] cannot be addressed as a circular buffer,
; because their values are accessed via'a "LAC" instruction...

; Thus, use w9 instead. ﬁjﬁ
; Prepare adaptation. i Yoo it i
mov w8, w9 v 5 wS-> h[O0]

clr a, [w10]+=2,w6 ~— 5 w6 = delay[0O]
et A 5 wi0->delay[1]

; Perform adaptation (all but last two coefficienté):

dec Wa W1 e WI2=—M=3=

do wl2, endAdapt s ; do (M-3)+1 times

lac [wO9].,a ; a = h[m]

mac w5*w6,a, [wi0]+=2,w6 ;5 a += attError*delay[m]

; w6 = delay[m+1]
;. w9-> delay[m+2]

_endAdapt:

;Y

sac.r [a,[w9++] ;istore adapted h[m]
; w9-> h[m+1]

; Perform adaptation for second to last coefficient.

lac [w9],a ; a é=sh[M-2]

mac w5*wG ja, w10}, we ;fa #=jattError*h[M-2]
; w6 = delay[M-1]
; wl0->delay[M=1]

sac.r a,[w9++] ; store adapted h[M-2]

; Perform adaptation for last coefficient.

lac [w9],a ; a = h[M-1]

mac w5*w6 ,a ; a += attError*h[M-1]
_endFilter:

sac.r a,[w9] ; store adapted h[M-1]

;3

; Update delay pointer.
mov w10, [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])
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; 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.d wl2 ; {wl2,wi3} from TOS
pop.d wi10 ;3 {w1l0,wll} From TOS
pop-d w8 | ; {w8,w9} from TOS
return -
3333333333333 333333333322240 005 8550 o s, . 88 7 s 203333333333 3333333
end 1.
33333333333 3333333333332385 5305555858 A580E 5558, 95 5535532332333 3233233
OEF e
4 F
dsp.h -
#include <stdlib.h>
#include <fmath.h>

#define Q15(X) \
(X <0.0) ? (inb)(32768*(X) = 0.5) : (int)(32767*(X) + 0.5))

typedef struct {
int numCoeffs;
fractional® coefifsBasej;
fractional* coeffsEnd;
int coeffsRage;
fractional™ delayBase;
fractional* delayEnd;
fractional* delay;

} FIRStruct;

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

);

extern void FIRInterpDelaylnit (
FIRStruct* filter,
int rate

);

extern fractional* FIR (
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int numSamps,
fractional* dstSamps,
fractional* srcSamps,
FIRStruct* filter

)

extern fractional* FIRLMS (
int numSamps,
fractional* dstSamps,
fractional* srcSamps,
FIRStruct* filter,
fractional* refSamps,
fractional muVal

)

extern fractional* FIRLMSNorm (
int numSamps,
fractional* dstSamps,
fractional* srcSamps,
FIRStruct* filter,
fractional* refSamps,
fractional muval,
fractional* energyEstinate

);

extern fractional*#VectorCopy (
int numElems,
fractional™ dst\,
fractional™® srcV

);

extern fractional* VectorSubtract (.
int numElems, '
fractional™* dstV,
fractional* srcVl,
fractional* srcVv2

adcdacDrv.h

#define Fosc 80000000
#define Fcy (Fosc /7 2)
#define NUMSAMP 2

#define EMS. S1ZE 32

#define PROCLBLOCK SIZE 32

#define SCALE 64

void initAdc( void );
void LnitTmr3( void );
void 1nitoC1(ivoid™);
void init0C2( void );
void InitOC3( void );
void initTmr2( void );
void initDmaO( void );
void InitProcDSP( void );

void __attribute__ ( ( interrupt, no_auto psv

void );

) )

_DMAOInterrupt(

void _ attribute_ ( ( interrupt, no _auto psv ) ) _T3iInterrupt( void

)
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switch.h

#define DEBOUNCE_ INTERVAL 25

#define SW1_TRIS TRISAbits.TRISA12
#define SW2_TRIS TRISAbits.TRISA13
#define SW3_TRIS TRISAbits.TRISA2
#define SW4_TRIS TRISAbits.TRISA3
#define LED1_TRIS TRISAbits.TRISA6
#define LED2_TRIS TRISAbits.TRISA7
#define LED3_TRIS TRISAbits.TRISA9
#define LED4_TRIS TRISAbits.TRISA10
#define Swi PORTAbits.RA12
#define Sw2 ORTAbits.RA13
#define SW3 RA2
#define Sw4 RA3
#define LED1 LATAG
#define LED2 LATA7
#define LED3 TA9
#define LED4 Al10

void initSwitch( i
int CheckSwitchS
int CheckSwitchS2(
int CheckSwitchS
int CheckSwitchS4(

—
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