Appendix

Global Definitions

/*l#*tt******t*********************t*#t/

/* */
/* Ffppendix R -- Giobal Definitions */
/* */
/* globlefs.h */
f* *f
/* qtobal definitions xf
/* */

/*****lt*#*ttlt**#*‘*i***#*t*t*‘*******/

8include <stdio.h>
%include <math.h>
*include <time.h>

8define EOL 1@

8define STOP_CHRR 38
Bdefine SPACE 32

2define TRUE !

3define FALSE @

3define Pl 3.14159265
8define THO_PI 6.2831653
tdefine TEN (double) 10.0
%define MAXK_COLUMNS 28
%define MAX_RONS 2@

/* structure definition for single precision complex */
/% struct complex

{

float Re;

fioot Im;

Y ¥
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/* structure definition for double precision complex */
struct complex

{

double Re;

double Im;

};

typedef int logical;
typedef double real;



Appendix

Prototypes for C Functions

/*****l‘t"**l‘t*l‘t*t*ttl‘*"l’********#**l***!t**tt**(}

/¥ x/
/* fppendix B -- Prototypes for C Functions */
/* */

int Laguerreflethod{ int order,
struct complex coef[],
struct complex *zz,
real epsilon,
real epsilond,
int maxIterations);

void unwrapPhase{ int ix, real *phase);

void butterworthFregResponse! int order,
real frequency,
real *magnitude,
real *phase};

void butterworthlmpulseResponse{ int order,
real deltaT,
int npts,
real yvalll);

void chebyshevFreqResponse{ int order,
flioat ripple,
char normalizationType,
float frequency,
float *magnitude,
float *phase);
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void chebyshevimpuiseResponse( int order,
float ripple,
char normalizationType,
float deltal,
int npts,
float yvalll);

void cauerlrderEstim{ real omegaPass,
real omegaStop,
real maxPassloss,
real maxStoploss,
int *order,
real *actualMinStoploss);

void cauerCoeffs{real omegaPass,
real omegaStop,
real maxPassloss,
int order,
real aall,
real bbl],
real ccl],
int *numSecs,
real *hlero,
real *pZero);

void cauerfregResponse{ int order,
real aall,
real bb[],
real ccll,
real hlero,
real plera,
real frequency,
real *magnitude,
real *phase);

void cauerRescale( int order,
real aal],
real bbl],
real ccl],
real *hlero,
real *plero,
rea! alpha);

void besselCoefficients{ int order,
char typeOfNormalization,
real coefl[]);



void

void

void

vaid

void

void

void

void

void

void

besselfreqResponse{ int order,
real coefl],
real frequency,
real *magnitude,
real *phase);

besselGroupleay( int order,
real coef[],
real freguency,
real delta,
real *grouplelay);

dft( struct complex x[],
struct complex xx[1,
int an);

dftz{ struct complex x[],
struct complex xx[],
int nnj);

ffe( struct complex x[1,
struct complex xx[1,
int nn);

cqdf irResponse{ int firType,
int nuabTaps,
real hh{],
logical dbScale,
int numberOfPoints,
real hD[]);

normalizeResponse( logical dbScale,
int number(fPoints,
real hhi]);

ideallowpass( int nusbTaps,

real omegal,
real caefficient{]);

idealHighpass{ int numbTaps,
real omegal,
real coefficient[]);

idealBandpass{ int numbTaps,
real omegal,
real omegal,
real coefficient{]);

Prototypes for C Functions
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void idealBundstop{ int numbTaps,
real omegal,
real omegall,
real coefficient[1);

real contFectangularfesponse{ real freq,
real tau,
logical dbScale);

real discRectangularResponse{ real freq,
int 1,
tegical nernfinp);

real contTriongulorResponsel real freq,
real tau,
logical dbScale);

real discTriangularResponsel real freq,
int N,
logical normfimp);

void triunguluruindow( int N, real window[]);

yoid makelaglindow( int N,
real window[],
int center,
real outlindew[]1};

void makeDatalindow( int H,
real window[],
real outlindow[]);

void hannNindow{ int nn, real window[]};
void-hamsminglindou( int an, real window[])

int fsllesign{ int nn,
int firType,
real aal],
real h{]};

findSbPeak( int bandConfigl],
int numPts,

real hh{]};

real goldenSearch{  int firType,
int numbTaps,
real hD[1,
real gsTol,



void setTrans(

Prototypes for C Functions

int numFreqgPts,
int bandConfigl],
real *fmin);

int bandConfig[],
real x,
real hQ[1);

real goldenSearch2i real rhollin,

real rhollax,

int firType,

int numbTaps,
real hD[],

real gsTol,

int nuafreqgPts,
real origins{],
real slopes{],
int bandConfigl],
real *fmin};

void setTransition{ real origins{],

void optimize2(

real slopes[],
int bandConfigl],
real x,

real Hd[]);

real yBase,

int firType,

int numbTaps,

real hD{],

real gsTel,

int numFregPts,
int bandConfigl],
real tweakFacter,
real rectComps(]);

void dumpRectComps{ real origins[],

real gridfreqi

real deslpfResp(

real siopes[],
int numTransSamps,
real xJ;

reat gridParam{], int gl};

real freqP, real freg);

real weightlp{ real kk, real freqP, real freg);
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veid remezError( real gridParam[],

int gridhax,
int r,

real kk,
real fregP,
int iFF[],
real eel]);

real computeRemezR({ real gridParan(],

int gridhax,
int r,

real kk,

real fregP,
int iFF[],
int initflag,

real contFreq);

void remezSearch{real eel],
real absDelta,
int gP,
int iFF(],
int gridhax,
int r,
real gridParam{]);

int remezStop{ int iFF[}, int r};
int remezStop2{ real eel], int iFF[], int r};

void remezFinish{real extFregl],
int nn,
int r,
reatl freqP,
real kk,
real aal],
real h{1};

vaid remez{ int nn,
int r,
int gridlensity,
real kk,
real freqP,
real freqS,
real extFregl],
real h{]);
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i irAesponse{ struct complex al],
int bigh,
struct complex b[],
int bigh,
int nusberOfPoints,
logical dbScale,
real mognitude{],
real phasel[]);

void impulselnuar{  struct complex polel],
int numPoles,
struct complex zeral],
int numleros,
real hlero,
real bigT,
struct complex all,
struct complex b[]);

void steplnuvar{ struct complex polel],
int numPoles,
struct complex zero[],
int numleros,
real hlero,
real bigT,
struct complex al],
struct complex b[]);

vaid bilinear{ struct complex polel],
int nuaPoles,
struct complex zerol],
int numZercs,
real hlero,
real bigl,
struct complex al],
steuct complex b[]);

struct complex cmpix({ real A, real B);

struct complex cRdd{ struct complex H, struct complex B);
struct complex cSub{ struct complex R, struct complex B);
real clag{struct complex f);

real cAbs{struct complex R);

double cdfibs(struct complex R);

real arg{struct complex R);

struct complex cSqrt{ struct complex A);

struct complex cMult( struct complex A, struct complex B);
struct complex sfult( real a, struct complex B);

struct complex cDiv( struct complex numer, struct complex denom);
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real sincSqrd{ real x);

real sinci real xJ;

real acoshi real x};

woid pause! logical enabled);
int hitReu!{ int L, int NJ;
int log2{ int N J;

real ipow{ real x, int kj;



Appendix

Functions for Complex Arithmetic

/***A**************‘**tt*t*#**t***tk**¥****!******t***/

/* ¥/
/* FAppendix C -- Functions for Complex Arithmetic */
/¥ */

/**#**t#****t************************t****************;

%include "globlefs.h"
2inciude "protos.h"

/8*********‘******‘****#**********t****;

/* */
/¥ emplx() ¥/
I *f
/¥ merges two real into one complex */
/¥ */

JRRRRRARIA KA RA A KRR R KRR R AR AR KA RN
struct complex cmplx{ real A, real B)

{

struct complex result;

result.Re = R;
result.Im = B;
return{ result);

/****lt*!*X*t******t******t******t**l**l/
’* */
/% cRdd() */
’* */

JEREREERRRERERIRER R RR KRR R AR
struct complex cAdd{
struct complex R,
struct complex B}
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result.Fe = A.Re + B.FRe;
result.Im = R.Im + B.In;
return{ result);

}

/##*ttl#tt*tttt**#*tt*t#t*l*t*‘*tlt*lltt/

/* ¥/
/% cSub{) x/
/* %/

/l**************************‘**#***#*#**/
struct complex cSub(
struct complex f,
struct complex B)

{

struct complex result;

result.Re = A.Re - B.Re;
result.Im = A.Im - B.1m;
return{ result);

}

JEEEERREERREREERRRERERRRRRERR AR RN
¥ */
/% clag() */
/¥ ¥/

/******¥tt*t*t##***#*#*********t*tt**t**/

real clag{struct complex R)

{

real result;

result = sqrt(A.Re*A.Re + R.In*R.In);
return{ result);

R e e ey
/¥ */
/* chbs() */
/¥ x/

F L T e R e P T e T Yy
real cAbs(struct complex A)

{

real result;

result = sqrt{R.Re*R.Re + R.In*A.Im);
return{ result);

}



/t***t**###*t#***t*t*ttt*tt*tt*******t*‘f

/* */
/¥ cdRbs() X/
’ */

/#t**t#t*****ttt***t*t*******t***!******.f

double cdAbs{struct complex R}

{

doubie result;

result = sqrt(A.Re*A.Re + R.In*A.Im};
return{ result);

FERERRRRRRRRERRERREEIRER RN RRRERRERRRRR
/‘! *./.
/* argl) */
* ¥

JEERERRRRERRRERA R RER R RARRERAAN
real arg{struct complex R}
!

real result;

if( (R.Pe == 8.8) R& (A.lm == 8.6) )
{
result = 8.8;
}
else
{
result = atan2{ A.Ilm, R.Re );

}

return{ result);

}

SRR RR AR RRERRRF SRR AR RRRRARRRRAK
/* */
/% cSqrt() x/
/* ¥/

JERERRREEREXKRERRRERRERIRIREE KR RXRRERRER
struet complex cSqrt{ struct compiex f)

{

struct complex result;

double r, theta;

r = sqrt{cdAbs(R});

theta = arg{f)/2.8;
result.Re = p ¥ cos{theta);
result.Im = r ¥ sinltheta):
return{ result);

}

Functions for Complex Arithmetic
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/*****t*#********************************j

/* */
% chult{) */
* */

JERERXRXRERRXERAERRRRSERRRR RS ARR AR AN
struct complex clult(
struct complex A,
struct complex B)

struct complex result;

result .Re = fi.Re*B.Re - A.In*H.Im;
result.Im = A, Re*B.Im + A.In*B6.Re;
return{ result);

}

L s T e L e
/* */
7% shult() */
/* */

f*******t**t******t*****t*#*ttt#t*t*#*K**{

struct complex shult(

real g,

struct compiex B)
{

struct complex result;

result .Re = a*B.Re;
result.Im = o*B, In;
returni result);

}

/¥ x/
/% cDiv() x/
/% *;

f***********************************#‘***{

struct complex cliv(
struct complex numer,
struct complex denom)
{
real bottom,real_top,imag_top;
struct complex result;

bottom = denoe.Re*denom.Re + denom.Im*dencm.lm;
real_top = numer.Re*denom.Re + numer.In*denom.In;
imag_top = numer.Im*denom.Re - numer.Re*denom.lIm;
result.Re = real_top/bottom;

result.Im = imag_top/bottonm;

return{ result);

}
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Miscellaneous Support Functions

/********************tt****tt**#***********X*****f

/*
/* fppendix O
/*
/* Miscellaneous Support Functions
/*

*/
*/
*/
*/
*/

f*************t*t*********************#**‘*******/

%include <stdlib.h>
#include <math.h>
¥include <ctype.h>
Pinclude "globDefs.h"
*include "protos.h"

/*#*********#**t*******************ﬁ

j* *f
/% zincSgrai) ¥/
Y 'y

FALS LRt IR AR LI LSS LS L L )

real sincSqrd{ real x)
{
real resulit;
if{ x==08.8)
{
result = 1.6;
}
else
{
result = sin{x)/x;
result = result * result;
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return{result);

}
JERTEREEERERROHRRRESRKRCRAERRRARKE
/* ¥/
/¥ sinc() ¥/
7* */

/*¥***t******l******************t**/

real sinc{ real x)

{

real result;

if( x==0.08)
{
result
}

else
{
result = sin{x)/x;
}

return{result);

}

1.8;

f************************t******!**[

I s
/*  acoshi{) X/
/¥ x/

FHEEEEXEKKRRKEXRRRERRRRKRKKRNK AR KRR K J

real gcosh( real x}

{

real result;

result = log{x+sqrt{x*x-1.8));
returniresult);

}

/*X****tt***ttt***tt*****‘t***t***t/
/ s/
/%  pause()} X/
I i

JEEEEXEREEXRTARXKKAEAKIAKRAKRKKREK KR /

void pause{ logical enabled)

{

char inputString[28];

if{enabled) {
printf{"enter anything to continue\n");
gets{inputString);



}
return;

}

/*****t******t**‘*#****************!

/% 'y
/*  bitReu() A
/¥ x/

/**********#tt***t************l**t*j

int bitRev{ int L, int N}
{

int work, work2, i, bit;

workZ = 8;
work = N;
for(i=0; i<L; i++) {
bit = work®2;
work2 = 2 * work2 + bit;

work /=2;

}
return{work2);
}
JREREEERR XX ER KRR KKK KR RAARER ]
/* */
/¥ log2{) */
/* */

/l*tt#tt*****t*t*t*********tt******/

int log2{ int N )
{

int work, result;

result = 0;
work = N;
for(;;) {
i flwork == @) break;
vork /=2;
resuli ++;
}
return(result-1);

}

Miscellaneous Support Functions
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/**********************************/

/¥ */
/*  ipouwl) x/
/* */

/*******************************t**/

real ipow( real x,

int k)
{
real result;
int n;
i f{k==8)
{result = 1.8;}
else

{result = x;
for( n=2; nd=k; n++)
{ result = result * x;}
}
return(result);

}
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Alternation theorem, 247
Antialiasing filters, 121
Aperture effect, 122
Argand diagram, 4-5, 49
Asymptote, 18

Bartlett window, 185

Bessel filters, 109-116

Bilinear transformation, 287-298
Block diagrams, 131-133
Butterworth filters, 65-76

Carrier delay, 53

Cauer filters (see Elliptical filters)
Causality, 38-39

Chebyshev filters, 77-92

Compact subset, 246

Complex arithmetic, 4-6

Complex conjugate, 4

Critical frequency, 48

Critically sampled signal, 120

Data windows, 182

Decibels, 2-3

Delta functions, 14-16

Derivatives, 12-13

Digitization, 117-118

Dirac delta function, 14-16

Direct form realizations, 272-274
Dirichlet conditions, 25

Dirichlet kernel, 183

Discrete convolution, 130-131
Discrete Fourier transform, 137-150
Discrete-time Fourier transform, 127-129
Discrete-time signal, 117, 125-126
Discrete-time systems, 129-135
Discrimination factor, 95
Distributions, 16-17
Dolph-Chebyshev window, 199-200

Index

Elliptical filters, 93-108
Energy signals, 21-22

Energy spectral density, 31-32
Envelope delay, 53

Euler’s constant, 1
Exponentials, 1

Fast Fourier transform, 141-143
Filters:
antialiasing, 121
Bessel, 109-116
Butterworth, 65-76
Cauer, 93-108
Chebyshev, 77-92
elliptical, 93-108
finite impulse response, 131, 161 ff.
guard, 121
infinite impulse response, 131, 271-286
Finite impulse response filters, 131, 161 ff.
Fixed-point numeric formats, 299-301
Floating-point numeric formats, 301-303
Fourier series, 22-28
Fourier series method of FIR design, 171-210
Fourier transform, 28-32
Frequency sampling method of FIR design,
211-244
Frequency warping, 292-293

Gibbs phenomenon, 173
Golden section search, 222
Group delay, 52-53

Guard filters, 121

Hamming window, 197-199
Harmonic frequencies, 23
Heaviside expansion, 4748

Ideal sampling, 119-120
Impulse function, 14-16
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Impulse invariance IIR design, 274-279
Impulse response, 39-40, 58

Infinite impulse response filters, 131, 271-286
Instantaneous sampling, 121-123
Integration, 13-14

Lag windows, 182

Laguerre method, 50-51
Laplace transform, 41-45, 155
Linear phase filters, 163-166
Linearity, 36-37

Logarithms, 2

Magnitude response, 51
Magnitude scaling, 57
Modular constant, 94
Modulus, 4

Napierian logarithms, 2
Natural sampling, 123-125
Normalized power, 21
Nyquist rate, 120

Orthogonal set, 10
Orthonormal set, 10

Parseval’s theorem, 28

Partial fraction expansion, 157-160
Phase delay, 52

Phase response, 51, 57

Poles, 48-51

Power signals, 21-22

Power spectral density, 33

Quantization, 117

Quantization noise, 304-309

Rectangular window, 179-184
Region of convergence, 151-154
Remez exchange, 245-270

Sampling, 117-126
Sampling theorem, 120
Scaling, 56 ff.
Selectivity factor, 94
Signal flow graphs, 134-135
Spectral density:

energy, 31-32

power, 33
Step invariance [IR design, 279-281
Step response, 40-41, 57-58
Symmetry, 19-21
System functions, 155-156

Tapering windows, 182

Time invariance, 37-38
Transfer functions, 45-47, 56-57
Transition band, 53 ff.
Transversal filters, 131
Triangular window, 184-189
Trigonometry, 6-12

Uniform sampling theorem, 120
Unit impulse, 14-16

von Hann window, 193-196

2 transform, 151-160
Zeros, 48-51



	Cover
	Contents
	List of programs
	Ch1: Math review
	Ch2: Filter fundamentals
	Ch3: Butterworth filters
	Ch4: Chebyshev filters
	Ch5: Elliptical filters
	Ch6: Bessel Filters
	Ch7: Fundamentals of DSP
	Ch8: Discrete Fourier Transform
	Ch9: z Transform
	Ch10: FIR filter fundamentals
	Ch11: Fourier series method of FIR filter design
	Ch12: FIR filter design: frequency sampling method
	Ch13: FIR filter design: Remez exchange method
	Ch14: IIR filters
	Ch15: IIR filters via bilinear transformation
	Ch16: Practical considerations
	Appendices
	Bibliog
	Index
	end

