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Author Mr. Paijit Kochakornjarupong
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Abstract

This thesis describes an application of signal analysis in discrete time system
for checking combustion knock of a TOYOTA Corolla 1200 engine by recording
vibration signals of the engine from a sensor at an engine speeds 1800, 2000, 2200,
2400 and 2600 cycles/minute. In a normal combustion case, an engine ignition timing is
adjusted to before TDC 20 degrees. For a combustion knock case, an engine ignition
timing is adjusted to before TDC 30 degrees. The vibration signals are transformed to a
frequency domain wilh the Fast Fourier Transform and the Discrete Wavelet Transform
by a computer program. It was found that at a range of frequencies between 4.3 kHz
and 6.3 kHz, there were distinctive differences between amplitudes of a normal signal
and a knock signal. The ampiitudes of the Discrete Wavelet Transform are then
averaged and have a range of values that can separate a normal vibration signal and a

knock vibration signal.
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Yes
* =it
u=*wplr
=
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xip->image = tm->real*w.image +im.image*u.real t
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gl Aa ﬂﬂu'jlﬂml%‘ffﬂu(compiex conjugate) 494 g(t)
=5 7 1 A 4 8
s(t) Aa dayalussiinaralisssasnisilag
a Aa wmimainnsrena(dilation parameter)
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nireq ={beginscale -endscale) * SCALE STEY
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escale = endscale * SCALE_STEP

-

b < npts No

b=0
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h 4 y

i =escale

i< sscale

‘ index =0 U
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x

scos =0

ssin = 0
4 2 a = pow(ROOT200T2, i)

t=20

»]
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$ h h 4
delta = (t-b)/a 1 3
scos = scos + cos(2¥PHI*dalay* exp{-1"pow(delga, 2)/2)*x[t] )
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t=1t+1

AwLzznay 3-7 WaAisaunnN DWT




22

v

scos = scos / sqrt(a)
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s1iRFLR1TL (source code)

#include <conio.h>
#include <stdlib.h>
#include <stdio.h>
#include <math.h>
#include <string.h>
#include <alloc.h™>
#include <graphics.hi>
#include <ctype.h>
#include <dos.h>

#include <bios.h>

/#*i**t#**#**##*##**t*t**#******t*##**#*#****t**#*#*****#**#**###*#**i***#}

* DEFINE SECTION */
/a-ﬂ*1;*4uuunu*n*uunusuuuuuuuﬂunnﬂﬁ#**uuunuuu’
/#  MENUSECTION ¥/

fidefine NMAIN 3

#define NBOTTOM 1

#define FFT_EXT "FFT"

#define WT_MAG_BXT "MAG"

#define WT_CUT_BXT "CUT"

t#idefine MEAN_EXT "MEA"

/& WAIT SECTION ¥/

#define YWAIT 12
#define XWAIT 25
#define CHWAITLEN 30

#define TIMER 0X1C
#Hdefine ON 1
#define OFF 0

/# TFTSECTION ¥

#define SAMPL_RATE 20000

#define MAX(a,b) {((a)> (b)) 7 (a) : (b))

#define MIN(a,b) (@) < BN T (a):(b)

#define ROUND{(z) (((a) < 0} 7 (int}(a)-0.5) : (int}{(a)}+0.5))
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/& WAVELET SECTION ¥

#define PHI 3.1415927
#idefine ROOTI00F2 1071773463
#define SCALE_STBEP 20

#define ROOT200F2 1035264924
#define SCR_DRIVER  VGA
#define SCR MODE  VGAHI
#define VGAGRAY 256

#define BEGINSCALE 4

fidefine ENDSCALE 1

/# MEAN SECTION */
#define FBEGIN 13
#define FEND 24

/* GRAPH SECTION */

#define GX_START 35

#define GY START 450

#define WINWIDE 550

#define WINHIGH 370

#idefine GMIN_DATA  -0.2

#define GMAX DATA 0.1

#define GMIN_FFT 0.5

#define GMAX_FFT 1.0

#define GDRIVER_DIR  "C:ATCABGIT"

L e e e T . R S Ll
r* DATA TYPE SECTION */
T e T b
typedef struct {

float real;

float imag;

} COMPLEX;

typedefstruct {
int x,¥;
int w,h;

} WINDOW; t
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typedef struct{
double x,y;
double w,h;
} GRAPH;

'f**##**t##t*t#t##**#il#4***t***#**ttt*#*##*‘##******#*t*t*****###***t****#*‘r

I PROTOTYPE SECTION ¥
PEERREEE RS EEEA RO R RER R AR L R R LR B R RS R R SRR R R R AR
& MENU SECTION ¥/

void main_menu(void);

void textwindow(int x1,int y1,int x2,int y2,int fcolor,int beolor);

void check_inpui{char input_key});

void prinifxy(int x, int y, char *s, int color);

void top_menu(void);

void showa(int ,int ,char *};

void pulldown(void);

void pulldown_box{int x1,int y1,int x2,int y2,int feolor,int beolor);

void writexy(int x, int y, char *s, int aitr);

void clear(void);

void pulldown_sel(void);

void select - pull(void);

void write_head{void);

void write_bottom(void);

int input_{file(void);

void say_aboul{void);

void add_file_ext{char *fin, char *fout, char *ext);

int input_string{char *message, int namelenmax);

F*WAIT SECTION */

int error_msg{char ¥msg);
void interrupt (¥oldlimer)(};
void interrupt newtimer();
void wait_onf{void);

\féid wail_off{void);

void soundbeep(void);

void set_cursor(int status);
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JEFFT SECTION */

void tR(COMPLEX *x, int fit_size);

void fit_main(void);

int jog2(unsigned int x);

int datacount(char *fin);

int fexist(char *fin);

int readfile{char *fin, float *data, int npts);

void writefile{char *fout, float *data, int npis);

/# WAVELET SECTION */

void dwritsfile(char *fout, float far ¥*data, int npts, int nfreq);

void wavelel_transform(float ¥x, int npts, int begiascale, int endscale,
float far ¥*Smag);

void wavelet_main{void};

1* MEAN SECTION */
void mean_main(void);

float average(float *data, int insize);

/¥ GRAPH SECTION */

void set_graph_2d{(float far *datal, int datacount, int type);

void plot2d(float far *data, int type); /* type==0 data , type ==1 fit */
void graph2d(int type);

int plot3d(int xsize, int ysize, float far **data);

void graph3d(void);

f##i**tt**#*it*#**#t###tl*t#*t#**#*####*4#***&*******i*****#i#**##*##*##*#}

/% G LOBAL VARIABLE SECTION *f

JEFEEREERREFREEEEES *ERTEF Rk akE R FEERE Rt b RFRERETFFEREELES

/4 MENU SECTION #

char Fitein[13];

int Fexist=0;

int Cnt=0;

char *Menu_down[NBOTTOM*2}={"ALT-X","-Exit"};

char *Ment_top[NMAIN*2]={"P" "rocess","R" "esult","A","bout"};

int Menu_posiNMATINI={4,14,23}; /* caleulate by ilem-size+3 to start position */
char Full_filein[13];
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/¥ WATT SECTION ¥/

volatile unsigned char Chpos = (;

/% MEAN SECTION ¥/
int Filelen;
int Nfreq;

float Mean=0;

/#* GRAPH SECTION */

WINDOW Maiawindow={20,40,WINWIDE,WINHIGH};
GRAPH Maingraph={0,0,30000,1};

float Datamin=0, Datamax=0;

char Dispname[13];

int  Zerotrigger=0;

/*##**##*#***tt**********###‘#*it******#*tt**#*###*##t**t#***#***##****#**/

1* PROGRAM SECTION *f
(AR EREEEEEERE £ EERRRS BT T EREREEE T ERRP R bR R R SR RO SR R/
void main(void)

charinput_key;

set_cursor{OFF);

main_menu(};

Cat=0;

shown(Menu_pos[0],1,"Process"};

while((input_key=geich(Q}!=45) {
check inpui(input_key);

}

textcolor{ WHITE),

textbackground(BLACK);

clrser();

set_cursor{ON);
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J& MENU SECTION */
void check_inpui{char input_key)
{
switch(input_key) {
case 13 :
switch(Cnt) {
case 01
Fexist=0;
if(input_fiteQ) {
strepy(Filein, Full_filein);
pulldown_box(15, 8, 65, 16, BLUE,WHITE);
textbackgrownd(WHITE);
textcolor(REDY);
gotoxy(16,10);

" cprintf(" Process of FFT , Wavelet Transform and Mean "y

texicolol{ WHITE);
gotoxy(16,15);
cprint{(" Please Wail");

if{{Fexist=fexist(Filein))==1) {
wail_on(};
fit_main(};
wavelet_main(};
mean_main();
wait_ofi();
soundbeep();
soundbeep();
clear(};

}

else {
textbackground(WHITE),
textcolor{RED);
gotoxy(16,1 0)';
cprint{” Fileboes not Bxist : Please Check ! ")
texteolo{ WHITE);
goloxy(16,15);
cprintf{(" Prass a key to Continue "),
geteh();

}

clear();

}

break;
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case 1:
if(Fexist) {
select_pull();
main_menu();
writexy(Menu_pos{1],1,"Resuli”,15);
}
break;
cass 2
say_about();
clear();
break;
}
break;
case33: /FALT-F¥
Cot=0;
top_menu(};
shown{Menu_pos[0],1,"Process™);
clear(};
break;
case 68: SFFI0¥
Cnt=0;
top_menu(;
shown(Menu_pos{0],1,"Process™;
break;
case Ox19: /* ALT-P ¥
Cnt=0;
top_menu();
shown{Menu_pos[0],1,"Process™);
break;
case Ox13: /¥ ALT-R*/
Cat=1;
top menu(;
shown{Menu_pos[1],1,"Result");
clear();
break;
case Ox1E: /FALT-A ¥
Cnt=2;
top_menu();
shown(Menu_pos[2},1,"About"};
clear();

break;
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case 77: /* Right¥/
clear();
if{Cnt>=NMAIN-1)
Cat=0;
else
Catt++;
switch{Cnt}{

case 0 : top_menu(};

writexy(Menu_pos[0],1,"Process”,15);

break;

case 1 : top_menu();

writexy(Menu_pos[1],1,"Resuli",15);

break;

case 2 1 top_menu();

’ writexy(Menu_pos[2],1,"About",15);

break;
H
break;
case 75: /¥ LEBFT*
clear();
if{Cnt<=0)
Cat=NMAIN-1;
else
Cnt—;
switch(Cnt}{
case 0 :
top_menu();
writexy{Menu_pos[0],1,"Process",15);
break;
case 1 :
top_menu();
writexy(Menu_pos[11,1,"Result",15);
break;
case 2 : top_menu();
writexy(Menu_pos{2],1,"About",15);

break;

}
break;
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void setect_puli{void) {
int pos=0;

charinput_key=1;

pulldown();
shown{Menu_pos{i}-1,3,"Data  Graph™);
while(input_key!=27) {
switch{input_key){
case 27:
clear();
break;
case 13:
switch{pos) {
case0:
graph2d(0);
clear(};
break;
case 1
graph2d(1);
clear();
break;
case2:
graph3d();
clear();
break;
case3
clear();
top_menu(};
pulldown_box(15, 9, 65, 16, BLUE, WHITE);
textbackground(WHITE);
texteolor{RED);
gotoxy(20,11); -
cprint™  Mean of Data is %f  "Mean);

texteolor(BLUE);
goloxy(20,14);
cprintf(” Press a key to continue™);
getch(};
clear();
break;
}

break;
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case 72: FFUP ¥
if(pos<=0)
pos=3;
else
pos—;
switch(pos) {
case 0 : pultdown(};
shown(Menu_pos[i}-1,3,"Data  Graph ™);
break;
case 1 : pulidown();
shown(Menu_pos{1]-1,4,"F&t  Graph");
break;
case 2 ¢ pulldown();
shown{Mean_pos[13-1,5,"Wavelet Graph ");
break;
case 3 ; pulldown(};
shown(Menu_pos[11-1,6,"Mean  Value");
break;
}
break;
case 80: /*Down ¥/
iflpos>=3)
pos=0;
else
postd;
switch(pos) {
case 0 : pulldown(};
shown{Menu_pos[1]-1,3,"Data  Graph ");
break;
case 1 : pulldown(};
shown(Menu_posf1]-14,"FRt  Graph ")
break;
case 2 : pulldown(};
shown(Menu_posf1]-1,5,"Wavelet Graph ");
break;
case 3 : pulldown(};
shown(Menu_pos[1}-1,6,"Mean  Value");
break;
}
break;
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iflinput_key!=13)
input_key=getch(};
else

input_key=27;

void main_menu(void) {
clrser(};
textwindow{1,2,80,24 LIGHTGRAY ,BLUE);
write_bottom(};
cireol();
write_head(};
gotoxy(1,1};
top_menu(;

{extbackground(7);

void write_head(void) {
gotoxy(20,2);
textbackground(BLUE);
texteolor(WHITE);

cprintf{” Program Transform for Knock Combusion ");

void write_boltom(veid) {
int i=0;
goloxy(1,25);
while(i<NBOTTOM*2){
if(i%e2!=1){
textbackground(7);  textcolor{RED);
cprintf{" %s" Menu_dowal[il);
}
else{
textbackground(7};
textcolot{BLACKY);
cprintf{"¥%s" Menu_dowal[i]);
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void textwindow{int x1,int y1,int x2,int y2int feolor,int beolor) {

int x,y;

texteolor(feolor);
textbackground{bcolor);
for(y=y1+15y<y2;y+H) {

for(x=x1+1x<x2pctt) {

gotoxy{x,y);
putch{0x20};

}

gotoxy(x1,y}; putch{0xb3);

goloxy(x2,y); putch(0xb3),
}
gotoxy(x1+1,y1);
for(x=x1+1;x<x2x++)

putch(Oxcd);
gotoxy(x1+1,y2);
for(e=x1+1:x<x2p++)

puich(Oxcd};
gotoxy(x1,y1); puatch(0xd5);
gotoxy(x2,y1); putch(0xb8);
gotoxy(x1,y2); putch{0xc0;
gotoxy(x2,¥2); putch(0xd9);

void shown{int a,int b ,char ¥s) {
gotoxy(a,b);
texibackground(BLACK);
texicolos(WHITE);

cprintf{"¥ss" 8);

void top_menun(void) {
int i;
gotoxy{1,1};
i=0;
while(i<NMAIN*2){
ifGivs21=1){
textbackground(7);  textcolor(RED);
cprintf{” %s"Menu_toplil};
}
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elsc {
textbackground(7);
textcolor(BLACK);
cprintf("%s" Menu_toplil);

}

i++;

clreol();

void pulldown(void) {
pulldown_box{Menu_pos[1]-2,2,Menu_pos{1]-2+16,7 BLACK, LIGHTGRAY};
writexy(Menu_pos[1]-1,3,"D",116);
writexy(Menu_pos{1]-14+1,3,"ata",112}; "
writexy(Menu_pos{1]-1493,"Graph",112);
writexy(Menu_pos{1]-1,4,"F",116};
wiitexy(Menu_pos[1]-1+1,4,"t",112),
wiitexy(Menu_pos{1]-149,4,"Graph",112);
writexy(Menu_pos{1]-1,5,"W",116);
wiitexy(Menu_pos{1]-141,5,"avelet",112);
writexy(Menu_pos[13-149,5,"Graph",112);
writexy(Menu_pos[1]-1,6,"M",116);
writexy{Menu_pos[1]-1+1,6,"ean",112);
writexy(Menu_pos[11-1+9,6,"Value",112);

}

void pulldown_box(int x1,int y1,int x2,int y2,int feolor,int beolor) {

int x,y;

{exteotor(feolor);
textbackground(beolor);
for(y=yl+Ly<y2iy++) {
for(x=x1+1;x<x2Zx++) {
goloxy(x,y);
putch(0x20); /¥ Put Space character to clear ¥/
¥
gotoxy(x1,y); putch(Oxb3)/* Vertical line */
gotoxy(x2,v); putch{Oxb3);
}
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goloxy(x1+1,y1);
for(x=x1+1 p<x2m++)
putch(Oxe4); /* Horizontal line ¥/
gotoxy(x1+1,y2);
for{x=x1+1p<x2;x++)
putch(0xc4); 7* Horizontal fine ¥/

gotoxy(x1,y1); pulch(Oxda); /* Comer line */
gotoxy(x2,y1); putch(Oxbi);
gotoxy(x1,y2); putch(OxcO);
goloxy(x2,y2); puteh(0xd9);

void writexy{int x, int y, char ¥s, int attt) {
gotoxy(x, y);
textatte{attc);
cprintf{"%s", s);

}

void clear(void) {

int i;

textwindow(2,2,78,20,BLUR,BLUE);
gotoxy(2,2);
textcolo LIGHTGRAYY);
for(=0;i<78;i++)

eprintf("D");
write_head(};

}

void printfxy(int x, int y, char *s, int color) {
gotoxy(x.,y)
texteolor(color);
cprint{("%4s" s);

}
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int input_file(void) {
char fin[13];

int haveinput=0;

pulldown_box(9,9,71,11,BLUE,WHITE),

printfxy(10,10, "Eater File Name to Analaze

textcolor{BLACK);

set_cursor(ON);

if((haveinput=input_string(fin, 13))}==1)
strepy(Full_fitein, fin);

ctear();

set_cursor(OFF);

return(haveinput);

int error_msg(char *msg) {

int xpos;

xpos=(80-{strlen(msgH29))2;
ifltxpos <0} {

msgl511="0"

xpos=0;
}
textcolor(REDY);
textbackground(WHITE};
gotoxy(1,25);
cprintf(" ")
cprinti(" %
gotoxy{xpos,25);
cprintf{"%4s" msg);
cprintf(" - Press a key to continue - ");

geich();

gotoxy(1,25);
cprintf{" "
cprinif(" o

wrile boitom();

;" BLUE});
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void say_about() {
pulldown_box(15, 9, 65, 16, BLUE, WHITE);
textbackground(WHITE),
texteolor{BLUE);
gotoxy(20,10);
cprintf{" This is Knock Combustion Check Program );
gotoxy(20,12);
cprintf{" for Analysis of Vibration Engine signal ");
gotoxy(20,14);
cprintf{(" Written by Paijit Kochakornjarupong ")

getch();

void add_file_exi{char *fin, char *fout, char *ext) {
char-ch;

int i;

if(strlen(fin}!=0) {
i=0;
do{
ch=finfi];
iflch=="")
break;
else
if{ch=="x0") {
break;
}
else {
fout{i}=hinlil;
i+
}
} white((i<8));
ifi>0) {
foulfit=""; '
foutfi+1]=ext[0];
foutli+2]=ext[1];
fout[i+3]=exi[2];
fout[i+4]="x0"
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intinput_string(char *messagse, int namelenmax) {
char Templ80), *input;

int i, ch, exifinput=0, inputcon=0, xpos, ypos;

iff (inpul={char *) maltoc(namelenmax)) = NULL ) {
strepy(input, "),
xpos=wherex()-1;
ypos—wherey();
=05
do {
ch=getch(};
if{lch)
ch=getch(};
switch(ch) {
case W' :
inputcon=1; /*BACK ¥/
if(i>0) {
=
sprintf(Temp," ™);
gotoxy(xposti+1,yposkh
cprintf{"%s", Temp);
gotoxy(xpos+i+i,ypos);
}
break;
case 27 : FFESC*
inputcon=1;
exitinput=1;
i=0;
break;
case '\ : / BNTER ¥/
inputcon=1;
stpepy(message, input);
exitinput=1;
break;
}
i (ch<45 || ch>122)} {
inputcon=0;
continle;

}
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else {

iftinputcon && i < nametenmax) {

input{if=ch;
it+;
inputfil="0'
gotoxy(xposH, ypos);
cprintf{"%¢", ch);
¥
else
inputcon=0;
}
} while (exitinputi=1});
ifli==0)
exitinput=0;
}
return{exitinput);
}
7% END MENU SECTION #

* WAIT SECTION */
void set_cursor(int status) {
if{status == ON) {
_AH=0x01;
_CL=0x0C;
_CH=0x0A & OxDF;
genintermupl{0x10);
}
if{status — OFF} {
_AH=0x01;
_CL=0x0D;
_CH=0x0C | 0x20;
genintermupt(0x10); -
}
}

void wait_on(void) {
oldtimer=getvect(TIMER);
setvect{ TIMER ;newtimer);
H
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void wait_off{void) {
setvect(TIMER, oldtimer);
}

void soundbeep{void) {
puich(?);
}

void interrupt newtimer() {

static char ch=(char)176;

gotoxy(XWAIT+Chpos, YWAIT);
cprintf("%e", ch);
Chpost+t;
if{Chpos=—=CHWAITLEN) {
Chpos=0;
ch={ch==(char)176)?(char}177:{char)175;
}
ifcldtimer)
(*oldtimer)X};
}
/% END WAIT SECTION */ .

FFFT SECTION */

void fit_main(void) {
int i, ft_size, insize;
float far *mag;
float far *data;
double  tempflt;
char fin{13}, fout{13];
COMPLEX far ¥samp;

’ strepy(fin, Filein);
insize=datacouni(fin);
if{insize > 0} {
add_file_ext(fin, fout, FFT_EXT);
data=(float far *)farcalloc{insize, sizeof{float});

insize = readfile(fin, data, insize);

mag = (float far *) farcalloc(insize, sizeof{float));

samp = (COMPLEX far ¥} farcalloc(insize, sizeofCOMPLEX));
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if (lmag || 1samp) {
error_msg(" Error : FFT Memory allocation error.");
exit(1);

}

for {i=0; i<insize; i+3+) {
samplil.real = data[i];
sampli}.imag = 0;
mag[i]=0;

}

fM_size = log2(insize);

fit(samp,fit_size);

for (i=0; i<insize; i++) {
tempfll = sampfi].real * samplil.real;
tempflt += samplil.imag * sampli].imag;
maglil = squi(tempflt);

}

writefile(fout, mag, insize/2);
farfree{samp);
farfree(mag);

. fatfrea(data);

void fR{COMPLEX *x, int fit_size) {
COMPLEX *w, u, temp, tm;
COMPLEX #*xi, *xip, *xj, ¥wptr;
int  i,j, k, 1, e, windex, n=1;

double arg, w_real, w_imag, wrecur_real, wrecur_imag, wiemp_teal;

if{M_size ==0)
return;  /*ifft_size=0 isend ¥/
n=1<<flt size;
ie_ =nf2;
w ={COMPLEX *) calloc(te-1 sizeof{COMPLEX));
i(tw) {
error_msg("Brror : FFT can not allocate cotmplex w array™);

exit(1);
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/% caleniate the w values recursively ¥/
arg=2.0*PHI/n;
wrecur_real =w _real = coslarg);
wrecur imag =w imag =-sin(arg);
Xj =w;
for(j=1;3j<le;j+t) {
xj->real = (floatywrecur_real;
xj>imag = (floathwrecur_imag;
X
wtemp_real = wrecur_real*w_real - wrecur_imag*w_imag;
wrecur_imag = wrecur_seal*w_imag +wrecur_imag*w_real;

wrecur_real = wiemp_real;

}
FEstart ¥/
te =n;

windex = 1
for{l=0;1<fM size;1++) {
le=le/2;
/* start calcolate with no muitiplies */
foli=0;i<n;i=i+2*le) {
Xi=x+i;
xip =xi + le;
temp.real = xi->real + xip->real;
fetp.imag = xi->imag + xip->imag;
xip->real = xi->reat - xip->real;
xjp->imag = xi->hnag - xip->inag;
*xi = temp;
}
/* continue calentate remaining use stored w */
wplr = w -+ windex - 1;
for(=13j<le;jr) {
u = Fwpir;
for{i=j;i<n;i=1+2%e) {
\1 =x+i;
xip = xi + le;
temp.real = xi->real + Xip->real;
temp.imag = xi->imag + xip->imag;
tm.real = xi->real - Xip->real;
tnw.imag = xi->imag - xip->imag;

xip->real = tm.real*u.real - im.imag¥u.imag;
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xip->imag = tm.real *uimag + tm.itnag*u.real;
#xi = {emp;
}
wptr = wptr + windex;
}
windex = 2*windex;

}

#* change position of data by bit reverse ¥/
=0
fori=1i<(n-1);i+4) {
k=u0/2;
while(k <=3} {
=ik
k=%/2;
}
i=jtk
ifG<p {
Xi=x+1;
=x+j;
temp = *xj;
*xj = *xi;

*xi=temp;

int log2{unsigned intx) {

unsigned int mask,i;

if(x==10)}
seturn(-1); fFerorsize=0lnmn -1 ¥/
X--3 /* set max index ¥

for{mask=1,i=0;; mask*=2,i+H {

iflx=—=0)
return(i); /¥ end process */
x =% & {(~mask); /¥ check bit */
}

}
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int readfile{char *fin, float *data, int npis) {
int i
FILE *{pir;
int nread=0;

float value;

nread=datacount(fin);
nread=(nread>npis)?npts:nread;
iflnread>0) {
ifl{fptr=fopen(fin,"t")=NULL) {
i=0;
while {i<nread) {
fscanf{fpir, "%ee", &value);
data[i++]=value;
b
felose(fptr);
}
else
error_msg{"Error : Readfile Open input file™);
}
else
error_msg("Brror : Readfile File Not have data");
return{nread);

}

void writefile(char *fout, float *data, int npts) {
int i;

FILE *fptr;

if((fpte=fopen(fout," wt")!I=NULL) {
for{i=0; i<apts; i++) { '
fprintf{fptr, "%e ", datali});
fprintf{fptr, "\n");
}
felose(fpir);
}
else

error_msg("Error : Writefile open output file™);
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int datacount(char *fin) {
FILE *fpir;
int count=0;

float value;

if{(fpte=fopen(fin,"®M}=NULL) {
white (fscanf{fpir, "%f", &value}l=0 && Heof(fptr))
count++;
fetose{fptr);
}
else {
count=-1;
error_nsg("Error : Datacount Open input file");
}
redurn{count+1);

}

int fexist(char *in) {

int stafus=0;

iffopen{fin,"dt™=NULL)
status=1;
return{status);

}
/+ END FFT SECTION ¥

A NWWAVELET SECTION ¥/
void dwritefite{char *fout, float far **data, int npis, int nfreq) {
int 1,j;
FILE *fptr;
if{{fpir=fopen{fout,"wt"M}'=NULL} {
for(i=0; i<npts; i+4+) {
for(j=0; j<nfieq; j++) {
fprintf(fptr, “¥f\n", datalilfj1);
}
}
felose(fptc);
}
else

error_msg("Error : Dwritefile Open output file");
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void wavelet_transform(float *x, int npts, int beginscale, int endscale,
float far ##8mag)
{
int b,i,]j, t, sscale, escale, index=0;
float far *sr;
float far *si;

float a, scos, ssin, delia;

sr=(float far ¥} farcalloc{ (beginscale-endscale)*SCALE_STEP+1,
sizeof{float)};
si=(float far *) farcalloc({ (beginscale-endscale}*SCALE_STEP+1,
sizeof(float});
for(i=0; i<(endscale-beginscale}*SCALE _STEP+1;i+4) {
sdi}=0,
sili]=0;
}
sscale=beginscale*SCALE_STHP; /* end of step | Low Frequency ¥/
escale=endscale*SCALE_STEP; /* begin of siep | High Frequency #/
for(b=0; b<npis; b++){
index=0;
for(i=escale; i<sscale; i++) { /* Index 0 is High frequency */
s¢c0s=0;
ssin=0;
a=pow(ROOT200F2, i);
for(t=0; t<npts; t++) {
delta={t-b)/a; _
scos+=cos(2*PHI*delta)*exp(-1*pow{delta,2)/2)¥x[t};
ssint=sin(2¥PHI*deltay*exp(-1*powidelta,2)/2)*x[t];
}
scos=sqri(a);
ssinf=sqri(a);
srlindex]=scos;
si[index]}=ssin;
index++;
}
for (j = 0; j < (beginscale-endscale)*SCALE_STRP+1;j++)}
Smag[bl[j] = sqri(sr{j] * se[j] + silfl * siljl);
}
farfree((float far *)sr);
farfree{(Roat far #)si);

}
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void wavelel main(veid) {
char fin[13], fmag{13};
int 1i,], beginscale, endscale, npts, nfreq;
float *x;

float far **smag;

stropy(fin, Filein);
add_file_ext(fin, finag, WT_MAG_EXT);
npls=datacount(fin);
x = (float *) maitoe( npts * sizeof{float});
npis=readfile(fin, x, npts);
* | N ¥
#* Frequency of Transform in term of | 172 * f5} #/

#* fs is Sampling rate *

beginscale=BEGINSCALE; /* widih valuescale low frequency */

endscale=ENDSCALE; /* narrow value scale  high frequency */

nfreq=(beginscale-endscale)*SCALE_STEP+1;
Filelen=npts; /¥ set global for mean section use *

Nfreg=nfreq; /* set global for mean section use *

smag=(float far **) farcalloc( npts , sizeof{float *));
for(i=0;i<mpls;i++) {
smaglil = (float far *) farcaliocf nfreq , sizeoffloat));
for(j=0;j<nfreqj++)
smag[i][j=0;

wavelet_transform(x, npls, beginscale, endscale, smag);
free(x);
dwritefile(fmag, sinag, npts, nfreq);

for(i=npts-1;i>=0;i—)
farfree{(float far *)smagfil);
farfree(smag);
}
/* WAVELET SECTION */
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/* MBAN SECTION ¥/
void mean_main{void) {
char fin[13], fout{13];
int i=0, index=0, j=0, npis, nfreq, fbegin, fend, nread;
float far *buffer;
float far *cut;
float far **data;

float mean=0;

add_file_exi(Filein, fin, WT_MAG_EXT),

npis = Filelen; /¥ data read */

nfreq = Nireq; /* frequency scan is 1/a * sampling rate %/
fbegin = FBEGIN;  /*start frequency | fhegint20| ¥/
fend = FEND; f* end frequency | a={sqri200f2} | #

nread = datacount(fin};
buffer=(float far ¥)farcalloc{nread, sizeof{float));
nread = readfile(fin, buffer, nread);
data={ftoat far *#)farcaltoc{npts, sizeof(floal far *));
for(i=0; i<npts; i++) {
data{i]={float far ®)farcalloc{nfreq, sizeof(float));
For(j=0; j<nfreq; j++)
datalil{jl=buflfecli*nfreq+il;
}
cui=(float far ¥)farcatloc{(fend-fbegin+1y*npts, sizeof(float));
index=0;
for(i=fbegin; i<(fend+1); i++)
for(j=0; j<npts; j++)
cutfindext++}=datalj][i};
mean=average(cut, index);
strepy{foul, fin);
add_file_ext(fin, fout, WT_CUT EXT},
writefile(fout, cut, (fend-fbegint1*npts);
add file exi(fin, fout, MEAN_BXT);
writefile(fout, &mean, 1}; l
Mean=mean;
for(i=0; i<apis; i++)
farfree({float far ¥)datalil);
farfree({float far ¥)data);
farfree({float far *)eut);
farfree({float far ¥)buffer);
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float average{float *data, int insize) {
int i,

double sum=0.0;

for(i=0; i<insize; i++)
sumn=sum-+datafil;
retur({float)(sumvinsize));
H

/* GRAPH SECTION */

void set_graph_2d{float far ¥datal, int datacountl, int type} {
int =0;
float value, datamin=0, datamax=0, datahigh, datawide;

float expand_ratio=1.0; /* sel hight of display by (yhigh+tspace_add)yhigh */

datamax=datamin=datal[0]); /* Find datamax datamin */
for(i=0; i<datacountl; i++) {
value=dataifi];
ifldatamax < value)
datamax=value;
if(datamin > value)

datamin=value;

}

Datamax=datamax; /* Max of Data for Display */
Datamin=datamin; /* Min of Data for Display */

ifilype=—0} { £* Set Min , Max of Graph */

if(datamin>GMIN_DATA)
datamin=GMIN_DATA;
ifldatamax < GMAX_DATA)
datamax=GMAX DATA;
H
else {
ifldatamin>GMIN_FFT)
datamin=GMIN_FFT;
if{datamax < GMAX_FFT)
datamax=GMAX_FFT;
}
datahigh=datamax-datamin;

datawide=datacountl;
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Maingraph.w=datawide;
if{datahigh<=0)
Maingraph.k={double)1.0;
else
Maingraph.h=(donbleXdatahigh*expand_ratio);
Maingraph.y=(double}latamin-({dalahigh*expand _ratio-datahigh)/2.0),

void plot2d(float far *data, int type} {
char strlemp{801; 7
int gdriver,gmode, fill[8];
int yzero=0, lexthigh=0, textwide=0, i=0;

int lastxpos, lastypos, xpos, ypos;

detectgraph{&gdsiver, &gmode);
initgraph(&gdriver, &gmode, GDRIVER_DIR);
setwritemode{(COPY_PUT),
setfillatyle(SOLID_FILL,BLACK);
setbkeolo{BLACK);
setcolor{WHITE);
rectangle{0,0,getmaxx(}, getmaxy());
rectangle{Mainwindow.x-1, Mainwindow.y-1,
Mainwindow.x+Mainwindow.w, Mainwindow.y+Mainwindow.h);
fill[o}=Mainwindow.x;
fillf1]=Mainwindow.y;
fill[2]=Mainwindow.x+Mainwindow.w-1;
fili{3]=Mainwindow.y;
fill{4]=Mainwindow.x+Mainwindow.w-1;
fiit[5]=Mainwindow.y+Mainwindow.h-1;
fitl[6]=Mainwindow.x;
fill[7}=Mainwindow.y+Mainwindow.h-1;
fillpoly(4,fill};

setcolor{ YELLOW);
lastgpos=(int)Mainwindow.x;
lastypos=(int}({1-((data]Maingraph.x]-Maingraph.y¥Maingraph.h)}
*Mainwindow.h+Mainwindow.y);
if(Maingraph.w—1)
line(tastxpos,fasty pos,lastxpos+Mainwindow.w,lastypos);
else {

for {i=Maingraph.x; i<Maingraph.x+Maingraph.w; i++) {
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xpos=(int}{{{i-Maingraph.x)/Maingraph.w)¥Mainwindow.w+Mainwindow.x);
ypos=(int{{1-({data(i]-Maingraph.y)/Maingraph.h}}
#Mainwindow.h+Mainwindow.y);
if (xpos >= Mainwindow.x && xpos <= Mainwindow.x + Mainwindow.w &&
ypos >= Mainwindow.y && ypos <= Mainwindow.y + Mainwindow.h )
line(lastxpos,lastypos xpos,ypos);
laskxpos=xpos;
lastypos=ypos;
}
}

setcolo{ WHITE};

if{Zerolrigger) {
yzero=(intY(1+(Maingraph.y/Maingraph. h)y*Mainwindow.h+Mairwindow.y);
line{Mainwindow.x, yzero, Mainwindow.x+Mainwindow.w-1, y_zero);

}

texthigh=textheight(" ");
textwide=textwidth(" ");
/% display detail of graph */
setcolorf{ LIGHTBLUE);
iftype =0) {
oultextxy(Mai_nwindow.x+Mainwindow.wll-s*textwide,
Mainwindow,y+Mainwindow.h+3%texthigh, "Sample No.");
outtextxy(Mainwindow.x+Mainwindow.w/2-4*texiwide,
Mainwindow.y-3exthigh, " Data Input ");
setcolof(LIGHTMAGENTA}; /* display scale of graph #/
sprintf{stritemp,”%1 0" Maingraph.x+Maingraph.w);
outtextxy(Mainwindow.x+Mainwindow.w-textwide,
Mainwindow.y+Mainwindow.h+texthigh, strtemp);
}
else {
onttextxy{Mainwindow.x+Mainwindow.w/2-7¥textwide,
Mainwindow.y+Mainwindow.h+3*texthigh,"Frequency {Hz}");
outtextxy(Mainwindow.x-+tMainwindow,w/2-iextwide,
Mainwindow.y-3*texthigh, " FFT "};
setcolor{ LIGHTMAGENTA});
sprintf{sttemp,"%1.00" Maingraph.x+Maingraph.w/(Maingraph.w*2)*SAMPL_RATE),
cuttextxy(Mainwindow.x+Mainwindowas-textwide,

Mainwindow,y+Mainwindow.h+texthigh, sttemp);
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/* digplay scale x , y of graph */
selcolor( LIGHTMAGENTA);
sprintf{striemp,”% 1.0f" Maingraph x};

onttextxy(Mainwindow.x, Mainwindow.y+Mainwindow.h+exthigh,striemp);

sprinti(striemp,” %+ 130" Maingraph.y);
outtextxy{Maiowindow.cMainwindow.wHextwide,
Mainwindow.y+Mainwindow.h-texthigh, strtemp);

sprintf{stetemp,"%24",0);

outtexty(Mainwindow.x+Mainwindow.wHextwide, yzero-0.5*texthigh, striemp);

sprintf{stitenp,"%+1.31" Maingraph.y+Maingraph.h);
outtextxy(Mainwindow.x+Mainwindow.wHextwide,

Mainwindow.y, strtemp);

7* Display Detail File Name , Data Max, Data Min */
sprinti{strtemp,"File name : %s " Dispname);
outlextxy(GX_START,GY START+1%exthigh, strtemp);
sprintf{strtemp, "Data Min ");
moveto{GX_START+250, GY START-+ *exthigh);
outtexi(striemp);

sprintf{striemp, "%+1.3f", Datamin);
outexi{strtemp);

sprintf{strtemp, "Data Max ");
moveto(GX_START+400, GY_START+1#exthigh);
outtexi{strtemp);

sprintfi(stdemp, "%+1.3f", Datamax);

outtexi{striemp);

getch(y
closegraph{);
}

void graph2d(int type) {
char fin{13];
int insize;

float *data;

ifftype==0) /* type of data display  #/
steepy{fin, Filein); A Oisdata *
else

add_file_ext(Filein, fin, FFT_EXT);/*  1isEFT %/

insize=datacount{fin);
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data=(float ¥)calloc{insize, sizeof(float));
insize = readfile(fin, data, insize);
strepy(Dispnaine, fin);
set_graph_2d(data, insize, type);
plot2d{data, type);

free{data);

int plot3d(int xsize, int ysize, float far ¥*ydata) {
char strtempi80];

int  i=0, j=0, gdriver=SCR_DRIVER, gmede=SCR_MOQDE, errorcode;

int ycolor=0, textwide, texthigh;

int  zoom=3, xcur, yeur, xloop, yloop, xstam, ystart;

int xmax, ymax, nstep=16; /* Use nstep to set display colors ¥/

float ydatamax=0 ,ydatamin=0 jystep=0;

float value; /* for quantize data
double remain, ipari; * for quantize data
struct palettetype pal;

initgraph(&gdriver, &gmode, GDRIVER DIR};
errorcode=graphresuli();
if(errorcode!= grOk)
ercor_msg("Error : Ploi3d Initial graphics ervor™);
else {
xmax=getmaxx();
ymax=getmaxy();
xstart=(xmax-xsize*zoom)'2;
ystart=(ymax-ysize*zoom)/2;
H{(xsize>0) && (ysize >0)) {
getpalette{&pal);

*f
*

7* Set gray scale black is minimum and white is maximum */

for(i=0; i<pal.size; H++)
setrgbpalette(pal.colors[i], i*4, i*4, i*4);

ydatamax=ydatamin=ydata[0][0];
for{i=0; i<xsize ji++) {
for(j=0; j<ysize j++) {

iflydatamax < ydatali)(j])

ydatamax=ydata[i}{j];
if{ydatamin > ydatali][j]}

ydatamin=ydata[i}{jl;
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nstep=16; /* Show shade ¥/
/* change display nstep to VGAGREY if change mode */

ystep= (ydatamax - ydatamin}/ nstep;
if(ystep==0)

ystep=1;
floodfill(2,2, 0); /* Background BLACK=0*/
setcolor{0);
reclangle(xstart-1,ystart-1, xstart+ssize*zoom+1, ystarl +ysize*zoom+1);
rectangle(xstari-2,ystarn-2, xstart+xsize¥zoom+2, ystarttysize*zoom+2);
setcolo{getmaxcolor(});
reclangle(xstart-3,ystart-3, xstart+xsize¥zoom+3, ystart+ysize¥zoom+3);
rectangle{0,0,X max,ymax);
rectangle(1,1 xmax-1,ymax-1);
rectangle(2,2 xmax-2,ymax-2);

xeur—=xstart;

texthigh=textheight(" ")
textwide=textwidth(" ™);

outtextxy({xmax-19¥textwide)'2,5*iexthigh, " Wavelet Transform ",

sprintf{sidemp,™ .00 {floa)SAMPL_RATE/2);
onttextxy(xstart+xsize*zoom+3+textwide, ystari-texthigh/2, striemp);

line{xstart+xsize*zoom, ystart, xstart+xsize*zoom+iextwide, ystart)

line(xstart+xsize*zoom, ystart+ysize*zoom/3, xstarttxsize¥zoomHextwide,

ystart+ysize*zoom/3);
line{xstart+xsize*zoom, ystait+ysize¥zoom/3*2,
xstart+xsize¥zoomHextwide, ystart+ysize¥zoom/3*2);
line(xstart+xsize*zoom, ystart+ysize*zoom, xstart+xlsize*zoom+iextwide.
ystart+ysize*zoom);
sprintf{strtemp,"%1.0¢" (floal)SAMPL_RATE/);
onttextxy(xslart+xsize*zoom+3Hextwide,
ystart+ysize¥zoom/3-texthigh-+exthigh/2, strtemp);
sprintf{strtemp,"%1.0f" (floall SAMPL,_RATE/S);
outtexbiy(xstar+xsize*zoom+3-Hextwide,
ystart+2 *ysize*zoom/3-texthigh+texthigh/2, sttemp);
sprintf{stitemp, %1.0f" {floa)SAMPL_RATE/16);
outtextxy(xstarttxsize*zoom+3Hextwide,
ystart+ysize*zoom-texthigh/2, sirtemp);
outtextxy(xstar-texiwide/2, ystartt+ysize*zoom+3Hexthigh, "0"'};

sprintf{stitemp,"%-d" xsize/2);
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oultextxy(xstart+xsize*zoom/2-textwide,
ystart+ysize¥*zoom+3+Hiexthigh, sitemp);
sprintflstriemp,"%-d" xsize);
oultextxy{xslart+xsize*zoom-1.5¥exiwide,
ystart+ysize¥zoom+3Hexthigh, sttemp);
line(xstaxt, ystart+ysize*zoom, xstart, ystart+ysize*zoom +texthigh);
line(xsiart+ksize*zoom/2, ystart+ysize¥zoom,
xstartresize¥zoom/2, ystart+ysize¥zoomHexthigh);
fine{xstari+xsize*zoon, ysiatt+ysize*zoom,
xstart+xsize*zoom, ystart+ysize*zoomHexthigh);
oultextxy({xmax-10*textwide}2, ystart+ysize*zoom+3-+3*texthigh, "Sample no.");
settexistyle(DEFAULT FONT, VERT DIR, 1);
outtextxy{xstari-2 *lexthigh,ystart+ysize*zoony/2-T*lextwide,
"Frequency (Hz)"};
for(i=0; i < xsize; i++) {
yeur=ystast;
for(j=0;j < ysize; ) {
value = (ydatalil[j] - ydatamin) / ystep;
remain = modf(value, &ipar);
iflremaini=0)
ipart++;
ifl(remain—0)&&(ipari==0)) /* Increace of Lower data ¥/
ipart++;
yeolor = (nstep-1)-((int)ipart-1); 7* reverse color &/
if{ yeolor > (VGAGRAY-1} || yeolor<0) {
setcolor(RED);
outtextxy(10,440,"Color Error ; Calculate of color nof in range "};
delay(10000); 7
outtextxy(10,440," "%
closegraph();
return(-1};
}
for(xloop=0; xloop<zoom; xloop++}
for{yloop=0; yloop<zoom; yloop++)
putpixel(xcurtxiocop, yeurtyloop, yeolor);
Yeur=ycur+zoo;
}
Xeur=xcur+zoom;
}
getch();
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else {
setcolol(RED},;
outtextxy(10,440,"Graph size error ");
delay(10060);
outlextxy(10,440," "y
}
closegraph();
}
return{0);

}

void graph3d(void) {
char fin{13];
int i,j,index, nread, npts, nfreq;
float far *x;

float far ¥*simag;

add_file ext(Filein, fin, WT_MAG_BXT);
nread=datacount(fin);

x = (float far *) farmalloc( nread * sizeof{float});
nread=readfile(fin, x, nread); -
nfreq=(BEGINSCALE-ENDSCALE)*SCALE_STEP+1;

npts=nread/nfreq;

smag={floal far **) farcalloc( npts , sizeof{float *));
index=0;
for(i=0;i<npis;i++) {
smaglil = (float far *) farcalloc( nfreq , sizeof{float));
for(j=0:j<nfreqij++)

smag[illjl=x{index++];

plot3d{npis,nfreq, smag);

for(i=npts-1 si=05i—)
farfeee((float fac ¥)smaglil);
farfree(smag);
farfree{x);
}
/#* BND GRAPH SECTION */
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