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2. Introduction

Digital Signal Processng (DSP isthe processng of digital signals or the digital processng of
signal's, which means the same. Fast microprocesors, especially designed for “number
crunching” are getting chegoer and cheaper and make DSPanew very important part of
enginea’swork.

A filter isasystem, that is designed to remove some comporent or modify some
charecteristics of asignal. With digital systems almost ided filters can be redised.

3. Finiteimpulseresponse (FIR) Filters

a) Definition of a FIR Filter

FIR Filters are systems for which each ouput is a weighted average of afinite number of
samples of the input sequence.

Following equation cefines the causal FIR filter. Causal means, that only positi ve numbers for
k are dlowed, so the output depends only onthe present and previous values of the input.

The output doesn’t change before the input changes from zero.

N-1
y(n) = ZO h,x(n-k) wheren =impulseresponseuration

The transfer function d aFIR filter H(z) is given by:

H(z) = ih(n)z‘n

The multiplication by z* means adelay of 1 in the time domain.
The lowpassfilter which was to simulate in the Lab can be described by the equation:

N-1

y(n) = Z) h(k)x(n—-k) whereh(k) arethefilter coefficensandx(n - k) thesamplednput valies

The Filter coefficients h[k] were given by h[n]={0.0234, 0.0267;0.0505, 0.0, 0.0757%,
0.062450.0935, 0.3027, 0.6, 0.302D.0935,-0.0624, 0.0757, 0.600.0505, 0.0267, 0.0234}



For simulation d the digital filter as abehavioural model the foll owing function was to filter:

X[n]=cos(210.04n)+ cos(210.35n)+ cos(210.4n)

figurel

Figure 1 shows aplot of the functionwhich wasto filter. It consists of three @sines with
different radian frequencies.

b) Convolution

Coming from the global definition d the low passfilter we can say:
N-1

y(n) = Z}h(k)x(n k) = h(k) * x(n) where* meansonvolution
y(n) = h(0)x(n)+ h(1)x(n-1) + h(2)x(n- 2) + I+ h(N-1)n(n- N +1)

The output isjust alinea weighted sum of present and past inpus. So the FIR filter iscaled a
“Running averagefilter”.

Thefilter function can be described by the foll owing block diagram, where z* represents the
unit delay:

x(n) . X(n-1) ; x(n-2) . x(n-N+1)

figure2

Theinpu x(n) is multi plied by the efficient h(n). Then x(n) is delayed by one step and
multi pli ed with the next coefficient h(n+1). After that x(n) is delayed again and multiplied
with the next filter coefficient h(n+2). All this sngle multi pli cations are added together and
onerun d an x(n) value trough al the filter coefficients (here 17) resultsin ore output y(n).
So it takes at least 16 steps, till thefilter is on corred work. It's the time which the 1% value
neals to come to the output of thefilter.

Thisfilter methodis dore by means of a mnvdver, which stores and shifts the x-values and
multi pli es them by the arred filter coefficients.

Figure 2 shows the standard block diagram of atransversdl filter.
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4. Convolver Algorithms

The convdver function can be dore viavery different algorithms. The main dfference
between every algorithm is the way of shifting (delaying) and multi plying the different
values. Asaresult of thisthe dficiency of the dgorithms can be very dissmilar.

a) Standard Shifting Floating Point Convolver

First convdver to redise was a standard shifting convdver, which exadly works like the
block diagram of figure 2.

The @onvdver isredised by means of a C-function. The h(n) filter coefficients are handed
over by the main program. The other parameters are only for optica improvements and
adjustments like ypos gives the asolute position d the function onthe screen, scaleisthe
scdefador in haizontal paosition (zooming) and colour isthe @lour of thefiltered function.
First part of the mnvdver functionisto initialise dl the 17 memories (xstore[n]) for the
convdver.

Next loopisthe main cournter loopfor the smulation function x(n). It courts from 0 to Ny
(right end d screen). It'sonly for producing new values of x(n).

The main convdver implementationis dorein the 2" loopwhich usesk as loopcourter. The
adual valuesof the stored x-value and the filter coefficients are multi plied and added to the
acaimulator y_ouput. After each calculation the stored x-values are shifted down by one, the
oldest oneis getting lost (xstore[0]) and at the end d the loopanew value of x iswritten into
the newest memory (xstore[16]).

Foll owing figure shows the function d the convdver better than an explanation:

oldest x-value is

pushed out of
store Filtter coefficients
xsTore[O] [1_multipllcation.[1 h[O]
xstore(1) [_muttiplication 1 h(1)
xstore(2) [_muttiplication 1 h(2)
xstore(3) [_muttiplication 1 n(3)
shifting
direction
[_muttiplication 1
new x(n) value is Xsfore[] 4] [1.multioleation (1 h[] 4]
stored info xstore(16) xstore(15) [Lmultielication. 1 h(15)
)} ; Xsfore[] 6] O_muttiplcation 01 h[] 6]

Addition to Accumulator

figure3 Working model of a convolver

The following listing isthe ade of the ébove explained standard shifting convdver.



I* *

e Shifting Convolver */
void shifting_convolver(int ypos, intscale, int colour, float *h)
{

int n, k;

float  xstore[20], xvalue, y_output;

setcolor(WHITE);
outtextxy(0, ypos-30, "Better Algorithm ('17 Memos and shift’):");
moveto(0,ypos);
for(n=0; n<=16; n++) /* initialising array of x(n) */
xstore[n]=0;

setcolor(colour);

for(n=0; n<=(end/scale); n++) /*loop for n */

{

y_output=0;

for(k=0; k<=16; k++) I* convolver loop */
y_output+=xstore[K]*h[K]; /* convolving */
xstore[k]=  xstore[k+1]; [* shifting array */

lineto(n*scale,y_output*15+ypos); /* drawing output */
xstore[16]=x(n); /* writing new x(n) value */

AN NN N N

figure4

Figure 4 shows the output of the smulated filter. It can be easily seen, that two of the three
cosine oscill ations have been removed by means of the FIR filter > Lowpassfiltering
function.. The higher frequencies are removed.

First part of the plot shows the durationtill all the convdver stores are fill ed and the
convdver startsit’ sfiltering work.



b) 8-Bit fixed point convolver

Next part of the lab wasto simulate an 8 Bit fixed pant convdver. The working model of the
convdver didn't need any change, but the variables of the stored x-values and the variables
for the wefficients had to be wnverted into 8 Bit integers (in C named “signed char”).
Asacamulator (summation d the multiplied x and h \elues) an usual 16-bit integer was
chaosen.

For the output this 16-bit integer must be changed into in 8-bit integer, because most Digital
to Analogue Conwerters (DAC) are 8-bit converters. Therefor the 16-bit output of the
convdver is divided by 128by right shifting of 7 Bits (2'=129).

First part of the program changes the floating point parameters of h(n) into their 8-bit
equivalents cdled h_8ht(n) by multiplying ead of them by 127.Same loopinitiali ses the 8-
bit variables for storing the different x(n) values.

In the main loopthe new xstore values are multiplied by (127/3) to get a maximum value of
127 (signed char: -128..127max. values).

I e * [
[* —mmeeeee- Shifting 8-Bit Convdver ----------------------- */
void convdver_8ht(int ypas, int scae, int colour, float *h)
{

intn,y ouput; /nandacamulator are aigned integers */
signed char xstore[17], k, h_8bt[17], bit=127,y_dacg

setcolor(WHITE); *foptics */
outtextxy(0, ypos-30, "8-Bit Convdver:");
moveto(0,ypos);
for(n=0; n<=16;, n++) /* initalising and converting h(n) to 8 Bit int */
{
xstore[n]=0;
h_8hkt[n]=h[n]*bit;
}
setcolor(colour);
for(n=0; n<=(end/scde); n++) [* loopfor n */
{
y_output=0;
for(k=0; k<=16; k++) [* convdver loop *
{
y_output+=(xstorefk]*n_8hit[K]); /* convdving into acai */
xstore] k]=xstore[k+1]; [* shifting */
}

y_dac=y ouput>>7; F conwerting accu to 8-bit for DAC */
lineto(n*scde,(3*15*y_dac)/(bit) +ypos); /* Drawing & scding */
xstore[ 16]=(hit/3)*x(n);  F storing new x(n) value*/

[* max value=127 t



—~n T N N N N T

figureb

Figure 5 shows the output plot of the 8-Bit convdver.

The result isthe of course same than the output of the other convolvers.

Oppartunity of the 8-bit convdver isthe short calculationtime, andit isthe neaest to ared
hardware filter, because digital signal processors with more than 8-bit are very expensive and
not commonly used.

The 8-bit convdver does nearly the same work than the others, but with much lesscdculation
expenditure.

c) Convolver with half multiplications

In the éove mnvdver algorithms the output sum is done by multi plying every x(n) by the h-
coefficient belonging to it. The number of multiplications can be reduced by half.

The first multiplicaionin the mnvdver loopis h(0) multi plied with x(0), the last

multi plicationis h(16) with x(16) like shown in the foll owing figure.

oldest x-value is
pushed out of

store
| Filter coefficients
xstore(0) a mllltinlicmion o _
XSTore[.l ] i) mnltrnlromron O h(‘l ]
XSTore[2] 0 mnltrnlromron a h(2)
XSTore[S] 1. multiplication (J h(S)
shiffing
direction
[ _multiplication [1
new x(n) value is 0 multiplication [
. xstore(14) h(14)
STOred InTO XSTOre“ 6) XSTore('l 5] [ _multiplication [1 h ‘l 5
))ﬁ XSTore('l 6] O_multiplication [

Addition to Accumulator
figure 6

The h(n) parameters are symmetricd to the middle value h(8). For reducing the number of
multi pli cations the values of x(k) and x(16-k) can be added and multi plied with orly oneh
coefficient.

Proof of reducing multiplicaions:

y(n)=x(0)h(0)+x(1)h(1)+x(2)h(2) +...+ x(14)h(14)+x(15h(15)+x(16)h(16)
y(n)=x(0)h(0)+x(1)h(1)+x(2)h(2) +...+ x(14)h(2) +x(15h(1) +x(16)h(0)
y(n)=h(0)[x(0)+x(16)]+h(1)[x(1)+x(19]+h(2)[x(2)+x(14)] +.. +h(8)[x(8)+x(8)]
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So the 16 multi pli cations are reduced to 8 multi plications and 8additions.

The middle mefficient h(8) hasto be divided by 2 o summed after the wnvdver loop,in
order to calculate this value only once, because the number of coefficientsis odd.

The shifting (delaying) of the stored x-valuesis done by means of a separate loop.

It can be donein the same loop, bu is more complicaed because 2 dfferent values have to be
stored andtit shoudn't be shown here.

The output of thefilter is printed in the foll owing plot:

NN N N N

figure7

Thereis no dfferencein the output to the other convdvers, bu the durationtimeis shorter,
because alding is much faster than multi plying.

d) Lineby line Convolver

Ancther way to increase the speed o the cnvdver isto replacethe convdver loop by
discrete written code. One for ead looprun means 34 dfferent statements, 17for shifting, 17
for convdving.

Rest of the function works like the standard shifting convdver.

Listing of the discrete written convolver:

I* */
[* —mmememeee Spaghetti Convolver */
void spaghetti_convolver( int  ypos, intscale, int colour, float *h)
{
int n, k;
float  xstore[20], xvalue, y_output;
setcolor(BLUE);
outtextxy(0, ypos-30, "Fastest Algorithm (' Spaggetti Convolver'):");

moveto(0,ypos);
for(n=0; n<=16; n++) /* initialising array of x(n) */
xstore[n]=0;

setcolor(colour);
for(n=0; n<=(end/scale); n++)

{

y_output=0;

[* Spaghetti - convolver repeats 17 times same function */
y_output+=xstore[0]*h[0]; /* convolving */
xstore[0]=  xstore[1]; [* shifting array */
y_output+=xstore[1]*h[1]; /* convolving */
xstore[1]=  xstore[2]; [* shifting array */
y_output+=xstore[2]*h[2]; /* convolving */
xstore[2]=  xstore[3]; [* shifting array */
y_output+=xstore[3]*h[3]; /* convolving */

xstore[3]=  xstore[4]; [* shifting array */
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y_output+=
xstore[4]=
y_output+=
xstore[5]=
y_output+=
xstore[6]=
y_output+=
xstore[7]=
y_output+=
xstore[8]=
y_output+=
xstore[9]=

y_output+=xstore[10]*h[10];

xstore[10]=

y_output+=xstore[11]*h[11];

xstore[11]=

y_output+=xstore[12]*h[12];

xstore[12]=

y_output+=xstore[13]*h[13];

xstore[13]=

y_output+=xstore[14]*h[14];

xstore[14]=

y_output+=xstore[15]*h[15];

xstore[15]=

y_output+=xstore[16]*h[16];

xstore[4]*h[4];
xstore[5];
xstore[5]*h[5];
xstore[6];
xstore[6]*h[6];
xstore[7];
xstore[7]*h[7];
xstore[8];
xstore[8]*h[8];
xstore[9];
xstore[9]*h[9];
xstore[10];

xstore[11];
xstore[12];
xstore[13];
xstore[14];
xstore[15];

xstore[16];

I* convolving */

[* shifting array */

[* convolving */

[* shifting array */

[* convolving */

[* shifting array */

I* convolving */

[* shifting array */

* convolving */

[* shifting array */

I* convolving */

[* shifting array */
/*
[* shifting array */
/*
[* shifting array */
/*
[* shifting array */
/*
[* shifting array */
/*
[* shifting array */
/*
[* shifting array */
/*

[* --- END of spaghetti convolver */

lineto(n*scale,y_output*15+ypos);

xstore[16]=x(n);

}

The screen ouput, which means the filtered signal is of course the same again.

/* writing new x(n) value */

10

convolving */
convolving */
convolving */
convolving */
convolving */
convolving */

convolving */



e) Circular - Convolver - Convolver without shifting

Last way to improve the speed of the convdver isto reduceor avoid the shifting of the array
with the stored x(n) values. This can be done by means of a arcular convdver.

The stores for the x-values are stored in a drcular array. Only the start (=end) position d this
array isto be known. Now insteal of shifting the aray, only the starting point of the drcular
array isincreased by one. Thisresultsin the same procedure like shifting the linear array by
one. Automaticdly the x-values are multi plied with the NEXT coefficients.

new x-value 1st loop

new xvalue 2nd loop

h(n)=RED
x(n) 1st loop=BLUE (multiplied by h{n))

figure8

Figure 8 shows the main function d the drcular convdver.

The wde of the drcular convalver isthe most complex becaise the start and end pants of the
circular array have to be converted into a wnventional linea array. So the starting and end
point have to be stored in spedal variables because the end pant of the linea array is not the
end pant of the drcular array.

Code of the drcular convdver function:

I* */

[* —mmmmemee- Circle Convolver *
void circle_convolver( int ypos, intscale, int colour, float *h)
{

int n, k, i=0, j=0;

float  xstore[20], xvalue, y_output;

setcolor(BLUE);

outtextxy(0, ypos-30, "Circle-convolver ('No-shift'):");
moveto(0,ypos);
for(n=0; n<=16; n++) /* initalising array */

{

xstore[n]=0;

setcolor(colour);
for(n=0; n<=(end/scale); n++)
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{

y_output=0; /* initialising output ~ */

k=i;j=0; /* convolver st art position */

do { /* convolver loop *
y_output+=xstore[K]*h[j]; /* convolving */
K++j++; /* increasing counter */

if (k>=17) {k=0};  /*circling (k)  */

}while(  kl=i);
lineto(n*scale,y_output*15+ypos);
xstore[ i]=x(n);
i++; [* circle start ( i) */
if( i>=17){i=0;}; [* and resetting start */
}

5. Conclusion

The simulation d aFIR filter in C shows the different possbiliti es of redising the same
function. The simulation shows the diff erent ways how to oggimise a @de. Either in drection
of speal, arin dredion d small code size.

Fastest code in this case would be an 8-bit convdver with half multi pli caion written in “line
by line” code withou loops. The filter which isthe dosest oneto ared hardware redisation
isthe simulation d the 8-Bit converter. Cheg and fast Analogue to Digital and Digital to
Analogue Converters are mostly 8-bit converters. So the input and ouput of thefilter hasto
be redised by means of 8-bit functions

12



f) CompleteListing

The different function are put together in orelisting. This makes it easier to compare the
efficiency of the different codes and the outputs of the various functions can be displayed
together.

It can be eaily obtained, that the output of the 8-bit convdver isonly NEARLY the same
than the output of the other convdvers.

Raw I ignal:
loating Point Convoluver (n¥ nmultiplications)!:

Better Algorithm (17 HMenos and shift® )

SNV ANV VANV

8-Bit Convolwver:

VARV NNV VAV VY

Circle-convoluer ('MHo-shift® »:

SN NN N N NN N

Multiplications reduced by half:

- SN NN NN N N N

Fastest fAlgorithm (" §paghetti Convolver”’ !

VIRV VNV VANV

+- for scaling and Esc for exit

figure9

Figure 9 shows the output of all the mnvdver simulations, the listing is printed onthe
foll owing pages.
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#include <  graphics.h>
#include <  stdio.h>
#include < conio.h>
#include < math.h>

#define pi 3.14159
#define end 640

floatx(  intn);

void std_convolver( int ypos, intscale, int colour, float *);

void  shifting_convolver( int  ypos, intscale, int colour, float *);
void convolver_8bit( int  ypos, intscale, int colour, float *);

void half_convolver( int  ypos, intscale, int colour, float *);

void circle_convolver( int ypos, intscale, int colour, float *);
void spaghetti_convolver( int ypos, intscale, int colour, float *);
void signraw( int ypos, intscale, int colour);

int main(void)

/* request autodetection */
int gdriver = DETECT, gmode, errorcode, scale=3;
char key;

[* filter coefficients */
float h[17]={0.0234, 0.0267, -0.0505, 0.0, 0.0757, -0.0624,
-0.0935, 0.3027, 0.6, 0.3027, -0.0935, -0.0624,
0.0757, 0.0, -0.0505, 0.0267, 0.0234};
/* initialize graphics and local variables */
initgraph(&  gdriver, &  gmode, ");
do {
[* start convolvers */
setbkcolor(WHITE);
signraw(40, scale, 19);
std_convolver(100, scale, 7, &h[0]);
shifting_convolver(160, scale, 6, &h[0]);
convolver_8bit(220, scale, LIGHTRED, &h[0]);
circle_convolver(280, scale, RED, &h[0]);
half_convolver(340, scale, GREEN, &h[0]);
spaghetti_convolver(400, scale, BLUE, &h[0]);
setcolor(LIGHTBLUE);
moveto(0,447); lineto(639,447);
outtextxy(5,450,"+- for scaling and Esc for exit");
key=getch();
if( key==+){  scale++};
if ( key=="") {scale--;};
if (scale<=0) {scale=1;}
cleardevice();
} while (key!=27);

/* closegraph (clean up) */

closegraph();
return O;
}
— END OF MAIN FUNCTION Xl

14



I* *

[¥emmmmmenee Definition of x(n) */
float x( int n)
{
float x;
X=c0s(2*pi*0.04*n)+ cos(2*pi*0.35*n)+ cos(2*pi*0.4*n);
return(x);
}
I* */
[* —mmememee Standart Convolver */
void std_convolver( int ypos, intscale, int colour, float *h)
int n, k;
float  xvalue, y_ output;
setcolor(BLUE);
outtextxy(0, ypos-30, "Floating Point Convolver ( n*k

multiplications):");
moveto(0,ypos);
setcolor(colour);

for(n=0; n<=(end/scale); n++)

{
y_output=0;
for(k=0; k<=16; k++)
{

y_output+=h[K]*x(n-k); /* convolving */

lineto(n*scale,y_output*15+ypos);

}
}
I* */
e Shifting Convolver */
void shifting_convolver( int ypos, intscale, int colour, float *h)
{
int n, k;
float  xstore[20], xvalue, y_output;
setcolor(BLUE);
outtextxy(0, ypos-30, "Better Algorithm (‘17 Memos and shift'):");
moveto(0,ypos);
for(n=0; n<=16; n++) /* initialising array of x(n) */
xstore[n]=0;
setcolor(colour);
for(n=0; n<=(end/scale); n++) /*loop for n */
y_output=0;
for(k=0; k<=16; k++) / * convolver loop */
{
y_output+=xstore[K]*h[K]; /* convolving */
xstore[k]=  xstore[k+1]; [* shifting array */
lineto(n*scale,y_output*15+ypos); /* drawing output */
xstore[16]=x(n); /* writing new x(n) value */
}
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I* */
[* —mmememee Convolver with half multiplications------------- *
void half_convolver( int ypos, intscale, int colour, float *h)
{
int n, k;
float  xstore[20], xvalue, y_output;
setcolor(BLUE);
outtextxy(0, ypos-30, " Multiplications reduced by half:");
moveto(0,ypos);
for(n=0; n<=16; n++) /*initialising array */
xstore[n]=0;
setcolor(colour);
h[8]/=2; * no double multiplication of middle coefficient */
for(n=0; n<=(end/scale); n++)
{
y_output=0;
for(k=0; k<=8; k++)
{
y_output+=(h[k]*( xstore[k]+  xstore[16-k])); /*
lineto(n*scale,y_output*15+ypos);
for(k=0; k<=15; k++) /* shifti ng loop */
xstore[k]=  xstore[k+1];
xstore[16]=x(n); /* writing new x(n) value */
h[8]*=2; /* Setting old value of middle coefficient
}
I* */
e Circle Convolver */
void circle_convolver( int  ypos, intscale, int colour, float *h)
{
int n, k, i=0, j=0;
float  xstore[20], xvalue, y_output;
setcolor(BLUE);

outtextxy(0, ypos-30, "Circle-convolver ('No-shift'):");

moveto(0,ypos);

for(n=0; n<=16; n++) /* initalising array */
xstore[n]=0;

setcolor(colour);
for(n=0; n<=(end/scale); n++)

y_output=0; /* initialising output ~ */

k=i;j=0; /* convo Iver start position */

do { /* convolver loop *
y_output+=xstore[K]*h[j]; /* convolving
K++j++; /* increasing counter */

if (k>=17) {k=0};  /*circling (k)  */

}while(  kl!=i);
lineto(n*scale,y_output*15+ypos);
xstore[  i]=x(n);
i++: /* circle start ( i) */

16
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if( i>=17) {i=0;}; /* and resetting start */

}
I* */
e Shifting 8-Bit Convolver */
void convolver_8bit( int ypos, intscale, int colour, float *h)
{
int n, y_output;  /* n and accumulator are aigned integers */
signed char xstore[17], k, h_8bit[17], bit=127, y_dac;
setcolor(BLUE); [* optics */
outtextxy(0, ypos-30, "8-Bit Convolver:");
moveto(0,ypos);
for(n=0; n<=16; n++) /* initalising and converting h(n) to 8-Bit
*/
{
xstore[n]=0;
h_8bit[n]=h[n]*bit;
setcolor(colour);
for(n=0; n<=(end/scale); n++) /* loop for n */
y_output=0;
for(k=0; k<=16; k++) /* convolver loop */
{
y_output+=(  xstore[k]*h_8bit[K]); /* convolving into accu */
xstore[k]=  xstore[k+1]; [* shifting */
y_dac=y_output>>7; [* converting accu to 8-bit for DAC */
lineto(  n*scale,(3*15*y_dac)/(bit) + ypos); /* Drawing & scaling */
xstore[16]=(bit/3)*x(n);  /* storing new x(n) value */
/* max value=127 */
}
}
I* */
[* —mmememeee Spaghetti Convolver */
void spaghetti_convolver( int  ypos, intscale, int colour, float *h)
{
int n, k;
float  xstore[20], xvalue, y_output;
setcolor(BLUE);
outtextxy(0, ypos-30, "Fastest Algorithm (' Spaggetti Convolver'):");

moveto(0,ypos);

for(n=0; n<=16; n++) /* initialising array of x(n) */
xstore[n]=0;

setcolor(colour);

for(n=0; n<=(end/scale); n++)

{
y_output=0;

[* Spaghetti - convolver repeats 17 times same function */

y_output+=xstore[0]*h[0]; /* convolving */
xstore[0]=  xstore[1]; [* shifting array */
y_output+=xstore[1]*h[1]; /* convolving */

xstore[1l]=  xstore[2]; [* shifting array */
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y_output+=xstore[2]*h[2]; /* convolving */
xstore[2]=  xstore[3]; [* shifting array */
y_output+=xstore[3]*h[3]; /* convolving */
xstore[3]=  xstore[4]; [* shifting array */
y_output+=xstore[4]*h[4]; /* convolving */
xstore[4]=  xstore[5]; [* shifting array */
y_output+=xstore[5]*h[5]; /* convolving */
xstore[5]=  xstore[6]; [* shifting array */
y_output+=xstore[6]*h[6]; /* convolving */
xstore[6]=  xstore[7]; [* shifting array */
y_output+=xstore[7]*h[7]; /* convolving */
xstore[7]=  xstore[8]; [* shifting array */
y_output+=xstore[8]*h[8]; /* convolving */
xstore[8]=  xstore[9]; [* shifting array */
y_output+=xstore[9]*h[9]; /* convolving */
xstore[9]=  xstore[10]; [* shifting array */

y_output+=xstore[10]*h[10];

xstore[10]=

y_output+=xstore[11]*h[11];

xstore[11]=

y_output+=xstore[12]*h[12];

xstore[12]=

y_output+=xstore[13]*h[13];

xstore[13]=

y_output+=xstore[14]*h[14];

xstore[14]=

y_output+=xstore[15]*h[15];

xstore[15]=

xstore[11];
xstore[12];
xstore[13];
xstore[14];
xstore[15];

xstore[16];

I* convolving */
[* shifting array */
[* convolving */
[* shifting array */
I* convolving */
[* shifting array */
[* convolving */
[* shifting array */
[* convolving */
[* shifting array */
I* convolving */
[* shifting array */
/~k

y_output+=xstore[16]*h[16];

convolving */

[* --- END of spaghetti convolver */

lineto(n*scale,y_output*15+ypos);

xstore[16]=x(n);

/* writing new x(n) value */

}
I* */
[¥ e Draw raw function x(n) */
void signraw( int ypos, int scale, int colour)
{
float  xvalue;
int n;
setcolor(BLUE);
outtextxy(0, ypos-30, "Raw Signal:");
moveto(0,ypos);
setcolor(colour);
for(n=0; n<=(end/scale); n++)
xvalue=x(n); /* calculating new value */
lineto(n*scale,xvalue*10+ypos);
}
}
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