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ABSTRACT

This project’s objective is to leran and create the application program which can receivers commands
from human in the form of human voice. Then it can translate that command and respond to the real world
through data buses and relay circuits. This project can satisfy these following function. First ,it can construct
the model from sample sounds ‘(use Hidden Makov Model:HHMM). Second ,it can capture voice from a sound
card in the computer and then segment that voice to words. Next ,it can recognize each word by comparing
sounds from the previous step with the model , and finally use that recognized model to decide what data must

be send to the relay circuit that is controlling electrical equipments.
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//*******************.************************************************

//This procedure used for calculate Zerocrossing Rate
//****1\'***'.\'******1\'*****)\-*********************************************

void zerocrossing{char name[30})

{
FILE
char
int

*digitalfile;
digitalfilename([30)="digital.tmp";
number_ sample, bl;

WINDOW=atoi (transBuf3.window):
SHIFT=atoi (transBuf3.shift);
MISS=atoi (transBuf3.shift);
for (int j=0:3<20;j++)

infile[j]=name(j];

//Open input wave file
if ((inputfile = fopen{(infile,"rb")) == NULL )

{
MessageBox(0,"Can't open file.", "ERROR!"™, MB OK);

open_result=l;

}

ENDZERO:
if (open_result==0)

{

for (int j=0;3<20;j++)
outfile[j]l=name{j];

outfile[dash2+3]='.";

outfile{dash2+4]="'z"';

outfile[dash2+5]=‘c';

outfile[dash2+6]='r"';

//Open output binary file

if ((outputfile = fopen(outfile, "wb")) == NULL)
{

MessageBox (0, "Can't create output text file.",

"ERROR!", MB OK);

open_result=1;

~goto ENDZERO;

]
filenametxt{0]='z";
filenametxt[l]="c";
filenametxt{2]='r"';
filenametxt{3]='a';
filenametxt[4]='t";
filenametxt[S5]='e';
filenametxt[6]="'-";
filenametxt [7]=name{dashi¥1];
filenametxt[8]=namefdashl+2]:;
filenametxt(9]="'-"; '
filenametxt [}0]=name[dash2+1];
filenametxt [11]=name [dash2+2];
filenametxt[12])='.";
filenametxt[(13]='t";
filenametxt({l4])='x"';
filenametxt [15]='t";

//Open output text file

if ((outputtextfile = fopen(filenametxt,"wt")) == NULL)
{

MessageBox (0, "Can't create output text file.",

"ERROR!", MB_OK);

open_result=l;
}

if (open_result==0)

(

//Set file pointer to first sound sample

fseek (inputfile, 44L, SEEK_CUR) ;



number sample = 0;
//Find number of sample in wav file
while (!feof({inputfile))
{
j = (int) fgetc(inputfile);
number_sample = number sample+l;
}
number sample = number sample -1;
rewind(inputfile);
fseek (inputfile, 44L, SEEK _CUR) ;
//Open output file of digital filter
if ((digitalfile = fopen(digitalfilename, "wb")) == NULL
)
{
MessageBox {0, "Can't create digital file.",
"ERROR!", MB_OK) ;
open_result=1;
goto ENDZERO;
}
int round = (number_sample/SHIFT)- (WINDOW/SHIFT) ;
//This following routine is Dlgltal filter
for (int i = 1;i <= number_sample;i++)
{ .
int X n,x_nl,x n2,x n3;
float y n,y nl,y n2,y n3;

if (i == 1)
{
yn =0;
y_nl = 128;
y n2 = 128;
y_n3 = 128;
x_n3 = (int) fgetc(inputfile);
# n2 = (int) fgetc(inputfile);
x_nl = (int) fgetc(inputfile);
x n = (int) fgetc(inputfile);
}
else
{
y_n3 - y n2;
y_n2 =y nl;
y_nl = y n;
X_n3 = x n2;
¥_n2 = x nl;
Z_nl = x n;
z_n = (int) fgetc(inputfile);

}
//Calculate output digital filter
y_n =-1{2.13806*y nl)~
(1.802663* (y_ n2))+ (o7 545353*(y n3)) +(0. 085292* (x_n))-
(0.0257159* (x _nly)-(0. 0257159*(x n2))+(0.085292*(x _n3)):
fwrite(&y n, sizeof (float), 1, digitalfile);
}
fclose (inputfile);
fclose(digitalfile);
//End of Digital filter
if ((digitalfile = fopen(digitalfilename, "rb")) == NULL
)
{
MessageBox (0, "Can't create digital file.",
"ERROR!", MB_OK});
open_result=1;
goto ENDZERO;
]

//5tart caluculate zerocrossing rate



for (int i=l;i<=round;i++)
{
int zerorate = 0;
for (bl=1;bi<=(WINDOW-1);bl++)
{
float % _m,x ml;
int sgnx_m, sgnx_ml;
int templ =-0;
if (bl == 1)
{
fread(&x_ml,sizeof(float}, 1, digitalfile);
fread(&x_m,sizeof(float),l,digitalfile);
)
else
{
¥ ml = x m;
fread(&x_m,sizeof(float),1,digitalfile);
)

if (x_ml == 128)
x ml = 0;

if (x m == 128)
Xxm= 0;

IE (2 m > L28)

sgn¥ m = 1;
if (x_m < 128)

sgnx_m = ~1;

if (x ml > 128)
“sgnx_ml = 1;

if (x ml < 128)
“sgnx_ml = -1;

int temp = sgnx_m - sgnx_ml;
templ = abs(temp);

if (templ == 1)
~templ = templ - 1;
zerorate = zerorate + templ;

}
//Write an element output to binary file
putw(zerorate,outputfile);
//Write output to be a line of text file
fprintf(outputtextfile,"\n *d ", zerorate);
}
fclose(digitalfile);
fclose(outputfile);
fclose(outputtextfile);

//End Zerocrossing
//*******************************f**********************************

//This procedure used for estimate Pitch period
//irl—**********k*********************)‘********k**********************
void Pitch(char name({30]§

{

SHIFT=atoi (transBuf3.shift);

FILE “*clipfile,*autocorfile, *pitchfile;

FILE *digitalfile,*pitchtempfile;

FILE ‘*pitchtextfile;

char pitchtextfilename[20];

char pitchfilename(20];

char «clipfilename([20]="clip.tmp";

char autocorfilename{20]="auto.tmp";

char digitalfilename(20]="digital.tmp";

char pitchtempfilename(20]="pitch.tmp";

int *pitch,samplel,round,percentpitch = 30;



int count,n,roundz,number_sample;
int count_segment=0;
for {int 3=0;3<30;j++)
infile{jl=name(j};
//Open input wav file
if ((inputfile = fopen(infile,"rb")) == NULL )
{ .
MessageBox(0,"Can't open wave file.", "ERROR!", MB_OK);
open_result=1l;
}
//Opem output file for clipping process
if ((clipfile = fopen{(clipfilename, "wb")) =
{
MessageBox (0, "Can't create temp file.", "ERROR!™", MB_OK) ;
open_result=1l;
)
//Open output file for digital filter process
if ((digitalfile = fopen(digitalfilename, "wb")) == NULL )
{
MessageBox (0, "Can't create digital file.", "ERROR!", MB OK);
open_result=1; )
}

//Open output file for pitch period ,estimation process

Il

NULL )

if ((pitchtempfile = fopen|(pitchtempfilename,"wb")) == NULL )
{
MessageBox (0, "Can't create pitchtemp file.", "ERROR!",
MB_OK) ;
open_result=1;
}
ENDPITCH:

if (open_result==0)
{
number sample = 0;
rewind (inputfile);
fseek(inputfile,44L,SBEK_CUR);
while (!feof(inputfile))
{
samplel = (int) getc(inputfile);
if (samplel == -1)
goto ENDOFFILEL;
number_sample = number sample + 1;
}
ENDOFFILEL:
round = (number_sample/(SHIFT))-((FRAME_LBNGTH—SHIFT)/SHIFT);
rewind(inputfile);
fseek(inputfile,44L,SEEKLCUR);
//Start digital filter process...
for (int i = 1;i <= nunber sample;i++)
{
int X n,¥_nl,x n2,x_n3;
float y n,y_nl,y n2,y n3;

if (1 == 1)
{
y_n = 0;
y nl = 128;
y_n2 = 128;
y_n3 = 128;
x_ n3 = (int) fgetc(inputfile);
Xx_n2 = (int) fgetc(inputfile);
x nl = (int) fgetc(inputfile);
Xx n = (int) fgetc(inputfile);

}
else

{



y_n3 = y n2;

y_n2 =y nl;

y_nl =y n;

Xx n3 = x n2;

x:n2 = x:nl;

Xx nl = % n;

Xx_n = (int) fgetc(inputfile);

}
//calcultate ocutput digital filter

y_n = (2.13806*y nl)-
(1.802663*(y n2))+(0. 545353* (y_ n3))+(0.085292* (x _n)}~(0.0257159* (x_nl))-
(0.0257159* (x _n2))+(0.085292* (= n3)}):
//Write to file
fwrite(&y_n,sizeof(float),l,digitalfile);
]
fclose(inputfile);
fclose(digitalfile);
if ((digitalfile = fopen(digitalfilename, "rb")) == NULL )
{
MessageBox (0, "Can't create digital file.", "ERROR!",
MB_COK) ;
open_result=1;
goto ENDPITCH:;
}
//Start 3-level clip center process...
for (int d=0;d<round;d++)
{ .
char 11, outputclip(FRAME_ LENGTH] ;
float wave[FRAME LENGTH],tempZ[FRAME LENGTH] ;
float firstmax,lastmax,minofmax;
int threshold_cllp,upperthleshold,lOWerthreshold;
if (d==0)
{
for (int j=0;j<FRAME_LENGTH;j++)
{
fread(&«temp2(j],sizeof(float),1,digitalfile);
wave[j] = temp2[j];
}
]
else
{
for (int 3=0;3<FRAME_LENGTH~SHIFT;q++)
{
temp2(j] = wave[j+SHIFT];
wave[j] = temp2(j]:
)
for (int j=0;J<SHIFT;j++)
{
fread(&wave[j+(FRAME LENGTH-
SHIET)),sizeof(float),1l,digitalfile);
temp2[j+ (FRAME _LENGTH~ SHIFT)] =
anP[J+(FRAME LENGTH-SHIFT) ]
}
}
for (int j=0;j<FRAME_LENGTH;j++)
{
temp2([j] = abs({temp2([j] - 128);
}
//Find firstmax and lastmax in 100 samples of each frame..
firstmax = 0;
lastmax = 0;
for (int j=0;j<SHIFT LENGTH;j++)

if (firstmax < temp2(j})



firstmax = temp2(j):
if (lastmax < tempZ[j+(FRAME_LENGTH-SHIFT)])
lastmax = temp2[j+(FRAME_LENGTH—SHIFT)]f
]
if (firstmax < lastmax)
minofmax = firstmax;
if (lastmax < firstmax)
minofmax = lastmax;
if (firstmax == lastmax)
minofmax firstmax;

//find threshold clip level..
threshold clip = (minofmax * PERCENTCLIP)/100;
upperthreshold = 128 + threshold _clip;
lowerthreshold = 128 - threshold clip;

//clip process
for (int c=0;c<FRAME_LENGTH;c++)
{
if (wave[c] >= upperthreshold)

il = 1;
if (wave[c] <= lowerthreshold)
il =-1;
if ((wave(c] > lowerthreshold) && (wave([d] <
upperthreshold))
il = 0;
outputclipfc) = il;

}
fwrite(outputclip,sizeof(char),FRAME_LENGTH,clipfile);
}
fclosel{digitalfile);
fclose(clipfile);
if ((clipfile=fopen(clipfilename, "rb"))==NULL)
{
MessageBox (0, "Can't open temp file.", "ERROR!", MB_OK) ;
open_result=1;
]
if ((autocorfile=fopen(autocorfilename,"wb"))==NULL)
{
MessageBox (0,"Can't create temp file.", "ERROR!", MB_OK) ;
open_result=l;
}
if (open_result==])
goto ENDPITCH;
count = -|;
while (!feof(clipfile))
{
e=fgetc(clipfile);
count = count++;
)
char ‘X1 [FRAME], flag;
int ¥1l,y2,autotemp, Autocor, autocor [LAG] ;
int Autok[LAG],Nextpitch;
int roundl = count/FRAME LENGTH;
rewind(clipfile);
.//Start autocorrelation process
b for (int j=1;j<=roundl;j++)
3
{
//Read data from clip file..
fread(xl,sizeof(char),FRAMEwLENGTH,clipfile);
//Calculate autocorrelation process.. .
for (int k=0;k<LAG;k++)
{
Autocor = 0;
for (int m=0; m<FRAME LENGTH-k-1;m++)
{
i



]

vyl x1l(m];
y2 = xl[m+k]:;
autotemp = yl*y2;
Autocor = Autocor+autotemp;
}
autocor{kj=Autocor;
}
//write autocorrelation to file...
fwrite(autocor,sizeof(int), LAG, autocorfile);
)
felose(clipfile) ;
fclose(autocorfile);
if ((autocorfile = fopen(autocorfilename,"rb")) == NULL )
{
MessageBox (0, "Can't open temp file.", "ERROR!", MB_OK) ;
open_result=1;
goto ENDPITCH;
}
for (int j=0;3j<20;j++)
pitchfilename[j]=name(j];
pitchfilename[dash2+3]='.";
pitchfilename(dash2+4}="p"';
pitchfilename([dash2+5]='t"';
pitchfilename([dash2+6]='h"';
if ((pitchfile = fopen(pitchfilename, "wb")) == NULL )
{
MessageBox (0, "Can't create output file.", "ERROR!", MB_OK) ;
open_result=1;
goto ENDPITCH;
}
for (int j=0:;3<20;j++)
pitchtextfilename(j]=name(]j];
pitchtextfilename(0}='p’;
pitchtextfilename([l]="1i"';
pitchtextfilename(2]="t";
pitchtextfilename([3]='c"';
pitchtextfilename{4])="h"';
pitchtextfilename{5]="-"
pitchtextfilename[6]=name(dashl+l];
pitchtextfilename(7]=name{dashl+2];
pitchtextfilename[8]='-";
pitchtextfilename{9]=name{dash2+1]};
pitchtexztfilename [10]=name[dash2+2];
pitchtextfilename([11l]="'.";
pitchtextfilename([12]='t";
pitchtextfilename{13]='x"';
pitchtextfilename(l4]='t"';
pitchtextfilename(1lS]=pitchtextfilename(16]; .
if ({pitchtextfile = fopen(pitchtextfilename, "wt")) == NULL )
{
MessageBox (0, "Can't create pitch text file.", "ERROR!",
MB OK) ;
- open_result=l;
goto ENDPITCH;
}
L;

count -
'feof (autocorfile))

while (
{
e = fgetc(autocorfile);
count = count++;

}

count /= 4;

round2 = (count/LAG);
rewind (autocorfile) ;



-

pitch=(int*)calloc(sizeof(int), round2);
int lastk,examinepitch,pitchfrequency;
//Start find pitch frequency proc#ss..
for (int n=1;n<=round2;n++)
{
PITCH:
for (int j=0;j<LAG;j++)
fread (&Autok{j],sizeof(int),1,autocorfile);
Nextpitch = (Autok[0] * percentpitch)/100;
for (int k=0;k<LAG;k++)
{
int flag = 0;
if (k == 0)
{
lastk = 0;
examinepitch = 0;
k = 30;
)
if (abs(Autok[k]) >= Nextpitch)
{
if (k < 220)
for (int c=1;c<=30;c++) .
if (abs{Autok[k]) < abs(Autok[k+c]))
flag = 1;
if (flag == 0)
{
Nextpitch = (Autok[k]*percentpitch)/100;
if (Nextpitch == 0)
Nextpitch = 1;
examinepitch = k - lastk;

lastk = k;
pitchfrequency = 11025/examinepitch;
k = LAG;
}
)
}
if (examinepitch t!= 0)
pitchfrequency = 11025/examinepitch;
1f (examinepitch == 0)

{
percentpitch = percentpitch - b;
goto PITCH;
}
percentpitch = 30;
pitch([n]=pitchfrequency;
}
fclose(autocorfile) ;
int findstart_sound = 0;
int possibleend_sound,possible_sound,start_sound=0;
int end_sound;
bool check discontinue = false;
//find boundary of sound by use pitch..
for (int n=1;n<=round2;n++)

{

int one, two, three, four, five, six, seven;
START:
if (n==0)

{

one = abs(pitch{n]-pitch(n+1]);

two = abs{pitch([n+l]-pitch(n+2]):
three = abs(pitch[n+2]~-pitch(n+3]);
four = abs(pitch[n+3]-pitch(n+4}]);
five = abs(pitch(n+4]-pitch[n+5]);
six = abs(pitch[n+5]-pitch[n+6]);



seven = ébs(pitch[n+6]—pitch[n+7]);

}
. else
{

seven = six;

six = five;
five = four;
four = three;
three = two;
two = one;

one = abs(pitch(n])-abs(pitch[n+l]);

}
if
{((one<=7) && (two<=7) && (three<=7) && (four<=7) && (five<=7) && (six<=7) && (seven<
=7))&&(pitch[(n]<300))
{
if (findstart_sound == 0)
' {
start_sound = n;
findstart_sound = 1;
possible sound = n;

possibleend_sound = n+7;
check_discontinue = true;
' }
nii; -
,possiblemsound++;
possibleend soundtt;
. ?oto START;
if (check_discontinue == true)

{

t end_sound = possibleend sound:
fwrite(¢start_sound, sizeof (int),1,pitchtempfile);
fwrite(&end sound,sizeof(int),1l,pitchtempfile);
check_discontinue = false;
findstart_sound = 0;

}
}
* fclose(pitchtempfile);
if ((pitchtempfile = fopen(pitthtempfilename, "rb")) == NULL )
{
MessageBox (0, "Can't open temp file.", "ERROR!", MB_OK) ;
open_result=l;

goto ENDPITCH;

} .

c = 0;

rewind (pitchtempfile);

while (!feof(pitchtempfile))

{

n = (int) getc(inputfile); // impression
c++;

}

c =c/2;

rewind(pitchtempfile) ;

int check_start,check_end;

fread(&check_start,sizeof(int),l,pitchtempfile);

fwrite(&check_start,sizeof(int),l,pitchfile);

for (int n=l;n<c;n++)

{

. fread(&check_end,sizeof(int),I,pitchtempfile);

fread(&check*start,sizeof(int),l,pitchtempfile);

int x;

x = check_start - check_end;

check_sta;t = check_start-7;



if (x>6)
{

fwrite(&check_end,sizeof(int),1,pitchfile);
fwrite{&check_stért,sizeof(int),1,pitchfile);

}

}
fread(&check end,sizeof(int),1l,pitchtempfile);

fwrite(&checE_end,sizeof(idt),l,pitchfile);
fclose(pitchtempfile);
fclose (pitchfile);

//End find boundary of sound by using pitch...

"ERROR!",

L)

if ((pitchfile = fopen(pitchfilename, "rb")) == NULL )
{
MessageBox (0, "Can't open pitch file for read.",
MB_OK) ;
open_result=1;
goto ENDPITCH;
}
if ((pitchtextfile=fopen (pitchtextfilename, "wt"))==NUL
{
MessageBox (0, "Can't crreate frequencytext.", "ERROR!",
MB OK) ;

open_result=l;

goto ENDPITCH;

}
rewind(pitchfile);
while (!feof(pitchfile))

{

c=getw(pitchfile});

count_segment++;

}
rewind(pitchfile);
count_segment = count_segment/2;
int oldpointstop = 0;
int pointstart,pointstop;

//Write boundary of pitch to text file..

]

for (n=0;n<count_segment;n++)
{
pointstart = getw(pitchfile);
pointstop = getw(pitchfile);
for (i=oldpointstop;i<=pointstart;i++)
fprintf(pitchtextfile,"\n %d 3d",pitch[i]
for (i=pointstart+l;i<=pointstop;i++)
fprintf (pitchtextfile,"\n %d %d",pitch({i}]
oldpointstop = pointstop;
}
free(pitch);
fclose (pitchtextfile);
fclose(pitchfile);
: .

//End Pitch procedure

:0);

(400} ;



//********;*********************************************************

//These following procedures or functions are called from auto_recog
//**i*******************************i***#**************3************

//This function use for find absolute value of float value
float Abs(float value)
{
if (value<0) return(-value); else return(value);
] .
//Open and create file for LPC input and output
void open_all file(char filename[50])

{
open_result=0;
for, (j=0;3<20;j++)
input_wav file name([j]=filename[]]:
if ((input_wav_file = fopen(input_wav_file name,"rb"}] == NULL)
{
MessageBox (0, input_wav_file name, "Can't open file", MB OK};
open_result=l;
}
//This flag use to check where is this procedure called from
if (autorecog==0)
{ ) .
if ((parameter file = fopen("para.tmp","wb")) == NULL)
{
MessageBox (0, "para.tmp", "Can't create file", MB_OK);
open_result=1;
}
}
else
{ .
for(j=0;3j<20;j++)
parameter file name(j]=filename[]j];
for (j=0;3<20; j++)
{

if (parameter file name[j]=='.")
’ {
parameter file name[j+1]='l";
parameter file name(j+2]='p';
parameter_ file name[j+3]='c';
break;
}
} .
if ((parameter file = fopen(parameter file name, "wb")) == NULL)
{
MessageBox (0,parameter file name, "Can't create file", MB,_OK):;
open_result=l; B B
}
}
}

void prepare_data(void)

//Find size of sound file
length = -1;
while (tfeof (input_wav_file))
{
c = fgetc(input wav file);
length++; -7
}
rewind (input_wav_file);
//Bypass the header of wave file
length ~= 44L;
//Set pointer to first data
fseek (input wav file,44L,SEEK CUR);
//Calculate number of frame -



number of frame = (length-
FRAME LENGTH+SHIFT LENGTH)/SHIFT LENGTH;
signal(0] = (1nt)fgetc(1nput wav_ ~file):
}
void find_preemphasis_and_window(vdid)
{
static int called = FIRST_CALL;
if (called == FIRST_CALL)
//Calculate fist window must use full window data
{
for ( £f1=1;fl<=FRAME, LENGTH; fl++ )
{
signal [£f1] (int) fgetc(input_wav_file);
preemphasis(fl] (signalf{£fl] - ADAPTIVE *(float)SLgnal[fl 11):
windowed (£f1] preemphasis{fl]*(0.54~0.46*cos (2*PI*(fl-
1)/ (FRAME LENGTH-1)));
}
called = NEXT CALL;
}
else
{
//Calculate other window use data less than first window
for (fl=1;fl<=(FRAME_LENGTH - SHIFT_LENGTH);fl++)
{ P .
signal [£1]

[T

signal [f1+SHIFT_ LENGTH];

preemphasis[fl] preemphasis[f1+SHIFT_ LENGTH];

windowed [fl] preemphasis{fl]*(0.54~0.46*cos (2*PI* (fl-

1) / (FRAME LENGTH-1)));

}

//Calculate last window

for (f£1=(FRAME_LENGTH - SHIFT_LENGTH+l);f1<=FRAME_LENGTH; fl++)
{

signal (£f1)

nun

(int) fgetc(input_wav_file);
preemphasis(fl} (signal(fl] - ADAPTIVE * (float)signal(fl-1]):;
windowed [f11] preemphasis[£f1]*(0.54~-0.46*cos (2*PI* (fl~
1)/ (FRAME LENGTH-1)));
}
}
}
void find autocorrelation{void)

{

float alk,akk,maxvalue, temp;

int m,i,3j,k,1,maxrow;

float matrix temp(P][P];

for (k=0;k<=P;k++)

{

R{k] = 0;
for (m=0;m<=FRAME_LENGTH-1-k;m++)
{
R{k] += windowed{m+l] * windowed [m+k+1];
}
}
for (i=0;i<P;i++)
{
m = 0;
for (k=i;k<P;k++)
{
Ali} (k]
Alk] (1]
}

R{m++] ;
A(i] [k]:

}

for (i=0;i<P;i++)

for (j=0;3<P;j++)
matrix_temp(i] [j] = A[i1(]):



for (i=0;i<P;i++)
for (3=0;j<P;j++)
{
if (i==j) X[i](j] = 1; else X[i][]j]=0:
}
for (k=0;k<P;k++)
{
maxrow = k; )
maxvalue = Abs{matrix temp (k] [k]):
for (i=k+1;i<P;i++)
{
if (maxvalue < Abs(matrix temp(i] [(k]))
{
maxvalue = Abs (matrix temp[i] [(k]);
maxrow =iy
i
}
) }
if (maxrow != k)
{ .
for (j=0;j<P;j++)
{
temp
matrix templ[k] (]]
matrix temp[maxrow] []j]
}
for (3=0;3j<P;j++)
{

matrix_temp (k] [j];
matrix temp[maxrow] [j]:

temp;

X(k]l[il:
X[maxrow] [j];

temp;

temp
X[k] [3]
¥ [maxrow] [j]

}
}
akk = matrix temp(k] (k]:
for (j=k;j<P;j++)
matrix temp(k][j] /= akk;
for (3=0:;3<P;j++)
X(k1[j) /= akk;
¥ akk = matrix_temp[k] [k];
f for (1=0;1<P;1l++)
{
alk = matrix_temp[1l] [k];
if (k !'= 1)
(
for (m=k,;m<P;m++)
matrix temp(l] [m] -= matrix_temp[k][m]/akk*alk;
for (m=0;m<P;m++)
X[1] [m] -= X[k] [m]/akk*alk;

}
}
for (i=1;i<=P;i++)
{
phi[i] = R[i];
}
}
void find coefficient(void)
{
for (i=0;i<P;i++)
' {
alpha[i+l] = 0;
for (k=0;k<P;k++)
{
' alpha[i+l] += X[i] [k]*phi[k+1];
}



e

1
} »
void find gain(void) )
{
g = (float)R([O0];
for (i=1;i<=P;i++)
{
g —= ((float)alphali]*(float)R[1i]):
}

gain = sqrt(q);
1
void find cepstrum(void)
{
cepstrum(0] = log(gain);
for (m=1;m<N;m++)
{

if (m<=P) cepstrum[m] = alpham];
else cepstrum{m] = 0;
for (k=1;k<=m-1;k++)
‘cepstrum[m] += ((float)k/(float)m} * cepstruml[k] * alpha(m-k}:
}
}
void find weight (void) -

{
for (m=0;m<N;m++)
weight [(m] = cepstrum{m] * (1+((N)/2)*sin(PI*(float)m/(N)));
. !
//Write LPC parameter to file
void write parameter file(void)
{
for (i=0;i<N;i++)
fwrite (&weight(i],sizeof(weight{i]),1l,parameter file);
} .
void close_all file(void)
{
fclose (input_wav_file);
fclose(parameter file);
}
void open_codebook and output file(void)
( -
open_result=0;
if ((codebook file = fopen{codebook file name, "rb")) == NULL)
{
MessageBox (0, "Codebook.vg", "Can't open file", MB_OK}:;
open_result=l;
}i
if((codebook_index file=fopen(codebook_index_file_name,"wb"))== NULL)
{
MessageBox (0, codebook_index file name, "Can't create file", MB_OK):;
open_result=1; :
1
if((codebook index text file=fopen(codebook index text file name, "wt"))==
NULL)
{ .
MessageBox (0, codebook_index text file name, "Can't create file™, MB_OK);
open_result=l;
}
} .
void allocate_codebook memory(void)
{ .
codebook=(float*)calloc(number_of_codebook*vector_dimension,sizeof(float)
): ’
if (codebook == NULL)
{



MessageBox (0, "Can't allocate memory for cddebook“, "ERROR", MB OK);
open_result=l;
}
}
void read_codebook_file(void)
{
fread(codebook,sizeof(float),number_pf_codebook*vector_dimension,
codebook_file);
}
void get number of input_file and set_codebook_index file pointer(void)
{
int flag=-1;
item=atoi (transBuf.person) *atoi (transBuf.sound) ;
if (autorecog==0) item=1;
number of input file = item;
fseek(codebook index file, number of input file, SEEK_SET);
fwrite(&flaqg, 1,1, codebook index flle),
}
void open_input_vector file(void)
{
if ((input__ vector file = fopen (input _vector file name,"rb™)) == NULL)
{
MessageBox(O 1nput vector_file name, "Can't open file", MB_OK) ;
open_result=l; ’
b
}
void find_number of frame (void)
{ .
int file_size;
file size = -1;
while (!feof(input_vector_file))
{
c = fgetc(input_vector_ file);
file_sizet++;
}
rewind(input_vector file);
file size -= file size % (sizeof (float) *vector _dimension) ;
number of frame—(lnt)(flle size/ (51zeof(float)*vector_dlmension));
}
void allocate_input_vector_ and _min_index memory(void)
{
input vector—float*)calloc(number of frame*vector _dimension, sizeof (float)
)
if (input_vector == NULL)
{
MessageBox (0, "Can't allocate for input_vector", "ERROR", MB _OK) ;
open_result=1l;
}
min_index = (char *) calLocinumber_of_frame, sigzeof (char)):;
if (min_index == NULL)
{
MessageBox (0,"Can't allocate memory for min_index", "ERROR", MB_OK);
open_result=1;
}
}
void read input_vector(void)
{
fread(lnput vector,sizeof (float),number of frame*vector_dimension,
input_vector file);
}
void find codebook index (void)
{
for (nf=0;nf<number of frame;nf++)
{



for {(nc=0;nc<number of codebook;nc++)

{

total_distance = 0;

distance = 0;

for (vd=0;vd<vector_ dimension;vd++)

{

distance=input_ vector[nf*vector dimension + vd] -
codebook[nc*vector dimension + vd],

distance *= distance;

total distance += distance;

}

vector distance[nc] = total distance;
}

min_distance = vector_distance(0];
min index[nf] = 0;

for (nc=0;nc<number_ of codeboock;nc++)
{
if ( min_distance > vector distance[nc] )
{
min_distance = vector_distance[n¢];
min_index[nf] = (char)nc;
}
}
] g
}
void write_codebook index file(void)
( 3
int index file pointer;
index_file pointer = (int) ftell (codebook_index_ file);
if (autorecog =0) file_number=07;
fseek (codebook index file,file number, SEEK_SET)
fwrite (&number of frame 1, l codebook _index flle),
fseek(codebook lndex file,index file : p01nter SEEK_SET) ;
for (nf=0; nf<number of frame;nf++)
// adjust index .value in range 1 - 64
min_index([nf] += 1;
//Write codebook index to file
fwrite(min_index,l,number_of_frame,codebook_index_file);
}
void free_input_vector and min_index_memory(void)
{
free(input_vector):
free(min_index);
}
void close_input_vector file(void)
{
fclose (input_vector_file);
}
void write codebook index text file(void)
{
char item;
fclose(codebook_index_file);
if ((codebook_index file = fopen (codebook index file name,"rb")) == NULL)
{
MessageBox (0, codebook_index file name, "Can't create file", MB OK);
open_ result=l;
} .
while (!feof(codebook_index file))
{
//Write codebook index to text file
fread(&item,l,l,codebook_index_file);
fprintf(codebook_index_text_file,"%2d\n",item);
}
}

+
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void free_codebook memory(void)
{
free (codebook) ;
}
void close_all vg_file(void)
{
fclose (codebook file);
fclose(codebook index file);
fclose (codebook_index text file);
}
//Read codebook index file
void load_unknown word file(void)
{
char temp;
if ((unknown word file = fopen(unknown word file name,"rb")) == NULL)
{
MessageBox (0, unknown_word_file name, "Can't open file"™, MB_OK);
open_result=1;
}:
fread(&T,l,l,unknown_word_file);
fread(&temp,1,1,unknown word file); /* for bypass FLAG (-1) */
if (temp != -1)
{ .
MessageBox (0, "Invalid input file!", "ERROR", MB -OK) ;
open_result=l;
}:
O = (char *) calloc((int)T,sizeof(char));
if (O == NULL)
{
MessageBox (0, "Can't allocate memory for O", "ERROR", MB OK):
open_result=l;
i
fread(O,l,(int)T,unknown_word_file);
fclose (unknown_word_file);
}
void allocate memory{void)

{

dt = (double *) calloc{(int)T*N1l,sizeof (double)):;

ar = (char *) calloc{((int)T*Nl, sizeof (char));

q_st = (char *) calloc((int)T ,sizeof(char)):

if ( (dtllar]lq_st) == NULL)

{

MessageBox (0, "Can't allocate memory for dt,ar,q_st", "ERROR", MB OK):

open_result=1;
}
}
void free mem(void)

{

free(dt);

free(ar);

free(q_st) ;-

}
//Read nmodel parameter from model file
void load_model (int model name)
{
if ((model_file = fopen(model_file name[model name],"rb")) == NULL)
{
MessageBox(O,model_file_name[model_name], "Can't open file", MB OK);
open_result=];
}
Buf_aprime=(float*)calloc(Nl*Nl,sizeof(float));
Buf bprime=(float*)calloc(N1*K,sizeof (float));
fread(Buf_aprime,4,N1*N1,model_file);
fread(Buf_bprime,4,N1*K,model_file);



-

-

fclose(model file);
for (i=0;i<N1;i++)
for (j=0;j<N1l:j++)
a(i] [j]=Buf_aprime[ (i*N1)+j];
for (i=0;i<N1;i++)
for (j=0:;3j<K;Jj++)
b(i] [j]=Buf_bprime( (i*K)+]jl:
}
//Calculate propability for each model
void viterbi (void)
{
for (i=0;i<N1;i++)
{
dt [0*N1+i]
ar[0*N1+i]
}
for (t=1;t<(int)T;t++)
{
for (j=0;j<N1;j++)
{
for (i=0;i<N1;i++) d1[i] = dt{(t-1)*N1+i} * (float)alil(j]:
{
dmax = 0;
max_index = 0;
for (k=0;k<N1;k++)
{
if (dmax < dllk])
{

(float)Pi(i] * (float)b([i][0O[0]-1]:;
0;

dmax = d1l[k];
max index = k;
}
}

dt[t*N1+j] = dmax * (float)b({j][O[t]~-1];
ar[t*N1l+j] = max_index;
}
}
dmax = 0;

max_index = 0;
for (k=0;k<N1l;k++)
{
if (dmax < dt[(int) (T-1) *N1+k])
{
dmax = dt[(int) (T-1) *N1+k];
max_index = k;
}
}
p_st[model] = dmax;
q_st[(int)T-1] = max_index; .
for (t=(int)T-2;t>=0;t--)
{ .
q_st(t] = ar[(t+1)*N1l+(qgq_st[t+l])];
}
}
//Find the maximum propability
void display recognized word(void)
{
dmax = 0;
max_index = 0;
for (k=0;k<STORED MODEL;k++)
{
if (dmax < p_st[k])
{
dmax = p_st[k];
max index = k;



¢ }
}

¥ //*******************************************************************

//This procedure is galled from Commandautoport window procedure
//**ﬁ****************************************************************
void dauto recog(char input{30])
' —
{
autorecog=0;
//Call to procedure that use to calculate LPC
open_all file(input);
if (open result==0)
{
prepare_data();
I for (nf=0; nf<number of frame;nf++)
J {
find preemphasis_and window() ;
find autocorrelatlon(),
flnd_coefflclent(),
* find gain();
find _cepstrum() ;
find~ weight();
write_parameter_ file();
}
close_all file();
//Call to procedure that use to calculate VQ
open_codebook_and output_file():
if (open_result==0)
{
allocate_codebook _memory();
if (open result==0)
{
read_codebook file();
get | number of _input_file and_set_codebook index file pointer();
open_input “vector flle(),
t if (open result= 0)
|
find number of frame();
~ allocate 1nput vector_and min_index memory():;
Yif (open_result==0)
b
read 1nput vector();
flnd codebook _index();
¢ write codebook _index file();
v+ free 1nput vector and _min_index_memory():
+ close _input_ vector flle(),
write codebook 1ndex text file();
fFif (open result= =0 )
{ .
free_codebook memory():;
close all _vg file(}): .
//Call to procedure that recognize model
load_unknown_word file();
if (open result==0)
{
allocate_memory();
if (open_result==0)
{
for (model=0;model<STORED_MODEL;model++).
{
ldad_model (model) ;
if (open_result==0)
viterbi():

! }

- -



-~

display_recognized_word();
itoa(max_index,max_index_text,10);
} .

free_mem();

}

}

//*******************************************************************

//This procedure is procedure that respond to the respond table
//*.i-*****************************************************************

void TMyWin::Commandautoport ()

{
//Assign Variable

char *sample;

int sumnoise, segment, tempstart, tempstop,no, L;

int samplewindow=300;
int sampleshift=50;
long *sqr;

float *sum_sqr;

div_t frame;

int lowpercent,mininterval,minnumber,oldtempstop;
int *segmentBuf, sumlength,averagenoise, *resegment;

float averageenergy,segmentlevel;
div_t segmentnumber;

int *a;

int wordnumber, beginword, endword, j:
FILE *eachwordfile;

char e;

char input([]="Input.wav";

int command [MAXSEGMENT] ;

int control;

char controltext(5];

double pop;

int oper,exist,pos;

int tmp, numl, num2;

float answer;

char numl_text([10]="";

char oper_text[10]="";

char num2 text[10]="";

char answer text[l10]="";

char result text[10]="";

int door=1,light=1;

//Begin of procedure
int check=MessageBox("Voice drives
MB_OKCANCEL) ;
if (check==IDOK)//10
{
for (:;)//9
{
open_result=0;
g->SetRange (0,10} ;
//Record sound from soundcard
openwav (input) ;
if (open_result==1l) break;
if (open_result == 0)//8
{
recordwav () ;
Sleep (500);

relay!","Click ok

to Start",



sy

g->DeltaValue(l);

Sleep (500);
g->DeltavValue(l);

Sleep (500) ;
g—>DeltavValue(1l):

Sleep (500);
g->Deltavalue(1l);

Sleep (500);
g->DeltaValue (1) ;
Sleep(500);
g->DeltavValue(l);

Sleep (500);
g->Deltavalue(l);

Sleep (500) ;
g->DeltaValue (1)

Sleep (500);
g->DeltaValue(l);

Sleep (500) ;
g->Deltavalue(l);
stopwav () ;

savewav (input);
closewav () ;

if (open_result==1) break;
if (open_result==0)//7

{

MessageBox ("Wait", "Click", MB_OK);
//Caluculate Energy

if ((inputfile=fopen(input,"rb"))== NULL)

{

MessageBox ("Can't open input wave file.", "ERROR!", MB_OK});
open result=1l;

}
if (open_result==1) break;
if (open_result==0)//6
{

L=0;
fseek (inputfile, 44L, SEEK_CUR};
while (!feof (inputfile))

{

d = fgetc(inputfile);

L++;

}
sample=(char*)calloc(L,sizecf(int));
sqr=(long*)calloc(L,sizeof(long));
if ((sample==NULL) || (sqr==NULL))

{

MessageBox("Can't allocate memory for sqr or sample.”,
) "ERROR!", MB OK): .
open_result=1l;

fclose(inputfile);

}
if (open_result==0)//5
{
rewind (inputfile);
fseek(inputfile, 44L, SEEK CUR);
fread(sample, L, sizeof (char),inputfile);
for (i=0;i<L;i++)

sample{i]=sample(i]-128;
for (i=0;i<L;i++)

sqr{i]=sample[i] *sample[i];
free (sample);
frame=div(L,sampleshift);
sum;sqr=(float*)calloc(frame.quot,sizeof(float));
if (sum_sqr==NULL) 6



{ .
MessageBox ("Can't allocate memory for sum_sqr.", "ERROR!",
MB_OK) ;
open_result=1;
fclose(inputfile);
}
if (open result==0)//4
{ ;
for (i=0;i<frame.quot- (samplewindow/sampleshift) ;i++)
{
sum sqr(i]=0;
for (no=0;no<samplewindow;no++)
sum_sqr(i]+=sqr[ (i*sampleshift)+no];
sum_sqr(i]/=samplewindow;
}
for {no=0;no<samplewindow-sampleshift+frame.rem;no++)
sum;sqr[frame.quot—(samplewindow/sampleshift)]+=
sqr [ { (frame.quot-(samplewindow/sampleshift))
*sampleshift) +nol;
sum_sqr[frame.quot-(samplewindow/sampleshift)]/=
( (samplewindow-sampleshift)+frame.rem) ;

free(sqr);

//Find the boundary of words from recorded sound

-

a=(int*)calloc(30,4);
lowpercent=100;
mininterval=10;
innumber=10;
segmentBuf=(int*)calloc (MAXSEGMENT, sizeof(int));
if (segmentBuf==NULL)

{
MessageBox("Can't allocate memory.", "ERROR!", MB OK);

open_result=l;

fclose(inputfile);

}
if (open_result==0)//3
{
averageenergy=0;
for (i=0;i<frame.quot;i++)

averageenergy+=sum _sqr(i};
averageenergy/=frame.quot;
segmentlevel=averageenergy*lowpercent*0.01;
tempstart=-1;
tempstop=-1;
oldtempstop=0-mininterval-1;
sum _sqr{-1]=0;
sum sqr[-2]=0;
sum_sqr( (frame.quot)+1]=0;
sum_sqr [ (frame.quot)+2]=0;
segment=0;
for (i=0;i<frame.quot;i++)

{
if ((sum_sqr[i—l]<segmentlevel)&&(sum_sqr[i]>segmentlevel)&&
(sum sqr[i+l]>segmentlevel) && (sum_sqr{i+2]>segmentlevel))

- tempstart=i;
if ((sum_sqr[i—Z]>segmentlevel)&&(sum;sqr[i—1]>
segmentlevel) && (sum_sqr(i] >segmentlevel)
&& (sum_sqr[i+l]<segmentlevel))

tempstop=i;
if ((tempstart!=-1)&&(tempstop!=-1)&&((tempstop—-tempstart)
>minnumber) && ( (tempstart~oldtempstop)>mininterval))

{

segment++;

oldtempstop=tempstop;

segmentBuf [ (segment-1)*2]=tempstart;



segmentBuf[ ( (segment-1)*2)+1]=tempstop;
tempstart=-1;
tempstop=-1;
}
}
sumnoise=0;
sumlength=0;
for (i=0;i<frame.quot;i++)
{
if (sum_sqr(i]<segmentlevel)
{
sumnoise+=sum sqr(i};
sumlength++;
}
}
if (sumlength==0}
{
MessageBox ("Wave form is too bad!", "ERROR!", MB_OK);
fclose(inputfile);
open_result=l;
}
if (open_result==0)//2
{ .
averagenoise=sumnoise/sumlength;
averagenoise=averagenoise*100*0.01;
segmentBuf[-1]=-1;
sum_sqr[frame.quot]=averagenoise-1;
resegment=(int*)calloc({segment*2,sizeof(int));
if (resegment==NULL)
{
MessageBox("Can't allocate memory.", "ERROR!", MB_OK);
open_result=l;
fclose(inputfile);
}
if (open_result==0) //1
{ )
resegment([-1]=-1;
for (j=0;j<segment*2;;j++)

if (segmentBuf[j]>resegment[j=-1])
{
segmentnumber=div(j,2);
if (segmemtnumber.rem==0)
for (k=segmentBuf[j];sum sqr(k]>averagenoise;k--)
resegment{]j]=k;
if (segmentnumber.rem!=0)
fdr (k=segmentBuf{j];sum sqgr([k]>averagenoise;k++)
resegment{jl=k;
}
else
resegment [j]=segmentBuf(j];
}
//Create sound file from calculate boundary
for (j=0;j<segment*2;j++)
resegment[j] *=50;
for (wordnumber=0;wordnumber<segment;wordnumber++)
{
rewind(inputfile);
if ((eachwordfile=fopen ("temp.wav","wb"})==NULL)
{
MessageBox("Can't create file.", "ERROR!", MB OK);
open_result=l;
fclose(inputfile);

}



if (open_result==1) break;
if (open_result==0)

{
beginword=resegment [wordnumber*2];

endword=resegment [ (wordnumber*2) +1] ;
for (j=0;j<44;:j++)

{
e=fgetc(inputfile);
putc(e,eachwordfile);

}

for (j=0;j<L;j++)
(

e=fgetc(inputfile);

if ((j>beginword)&é& (j<endword))
putc(e,eachwordfile);

}

fclose (eachwordfile) ;

//Bring created file to be input of the recognizer

auto_recog("temp.wav");

//Use output from the recognizer to control relay

if (open_result==1l) break;
if (open_result==0)
{
if (wordnumber==0)
if (p_st{0]>p_st[l])
command [0]=0;

else
command (0] =1;

else
if (wordnumber==1)

if (p_st[2]>p_st[4])

command([1l]=2;

else
command{l1l]=4;

else
command [wordnumber]=max_index;
}
}
}
fclose(inputfile);
if ((command([0]==0) && (segment==3) && (door==0))
MessageBox("The Door is already opened!"™, "OPEN THE DOOR",
MB_OK) ;
if ((command([0]==0)&& (segment==3)&&{door==1))
{ .
door=0;
outputport (13);
MessageBox ("The Door is openning..", "OPEN THE DOOR", MB_OK);
} .
if ((command[0]==1)&& (segment==3) && (door==1))
MessageBox ("The Door is already closed!", "CLOSE THE DOOR",
MB OK) ;
if ((command[01==l)éi(segment==3)&&(door='0))
{
door=1; v
outputport (13);
MessageBox ("The Door is closing..", "CLOSE THE DOOR", MB_OK);
}
if ((command([0]==0)&& (segment==2)&&(1light==0))
MessageBox ("The Light is already ON!", "TURN ON THE LIGHT",
MB_OK) ;
if ((command([0]==0)&& (segment==2) && (light==1))

{
light=0;



outputport(14);
MessageBox ("The light is turning ON..", "TURN ON THE LIGHT",
MB_OK) ;
}
if ((command[0]==l)&&(segment==2)&&(light==l))
MessagcBox ("The Light is already OFF!", "TURN OFF THE LIGHT",
MB_OK) ; :
if ((command[0]==1)&& (segment==2)&&(light== ))
{ .
light=1;
outputport(14);
MessageBox ("The Light is turning OFF..", "TURN OFF THE
LIGHT", MB OK);
}
1//1
}//2
}//3
}//4
}//5
}//6
Y/ /7
}//8
}//9
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