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ABSTRACT

This thesis presents Recognition Model for nine Unmixed Vowels in Thai Spoken
language by recognizing the respective LPC spectrum on the Bark scale. First, the LPC spectrum
of each vowel is calculated from the speech signal, followed by applying Bark Transform to LPC
spectrum and calculation’ of critical band on the Bark scale. Based on these eritical band
intensities we determine reference model by using kd-tree data structure. The reference models of
9 unmixed vowels are then tested by applying unknown sounds to the recognition procedure that
use k-Nearest Neighbor technique for decisions.

The resultant reference models have the properties of fundamental frequency
independent and makes possible gender independent unmixed vowels recognition. The
experimental results showed the average recognition accuracy more than 91 percent for gender
independent recognition. An accuracy of 93 percent is obtained for gender dependent models and

95 percent for speaker dependent model.
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s'(n) :Zaks(n—k) (3.1
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M lanGous (Covariance Method)
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- Auaana (Lattice Method)

- 3529930599HNAU (Inverse Filter Method)

- AEmstszunuemnady (Spectrum Estimation Method)
uazduaBnnae3s ualudieenidsies lanesaiadu wie Sisanduiui
smEnmsRugmvesnssEnadudy unz g 32 Fuiunusinesszuvat

dognandes annsadeuauns i
P
sm) =G -u(n)+ " a,s(n —k) (3.2)
{55 |

d' ar L) .( -
Tagh a, Aeduilse ANTUBININTOUTUY

' = o = “ =)
dumsdsznasudulaslddmlszing (o, ) Ao
P
' (n) = Zaks(n k) (3.3)
k=

¥ '
AalUAIIUARIAINDBUAD

e(n) = s(n) - s'(n)

= s(n) - ZP: a,s(n—k) i

HadunioTouszning e(n) uaz s(n) Ao



20

_E(2)
)
: (.5)
=1- Zakz”"
k=1
nnaumsi 3.2 84 3.5 w1898 (e, ) = (g, ) uds
e(n)=G-u(n) (3.6)

¥
Tunmsiszanadyanueselinsuisdyanueenfug19dua i3] (Windowing) ¥33902
L T ol = é =1 - " @ 0'1 J o o
Uszum 20-40 Haddurfl Feerldinseiuigaelyl Aniummasuvesd1dsaesves

AWADIAANDL

L= el(m)
= [s,(m)~s', (m)] (3.7)

= Ss,0m)= S5, om - b)F

'
-

- { 1 3 a’ A 3 Q’l 4 L4 ; Ci
laoh n AB¥3sN nuesdamnunlddu mawazdume v 1da) £, difiqasrdeiliton

Tan

8 oiilsi ) 5
oa

1

NANNITN 3.7

ok : L
az“zsn(m_l)Z[sn(m)—Zaksn(m_k)] i
: - ";’ e i=123,.,p
=203 s, (m)s,(m~i)=> > s,(m—k)s,(m—i)]
m k=1 m
= A ¥
%,y 20 fiede

o

ia,an(m - k)s, (m-i)= z.s"(m)s"(m i) idie i = 123, .0 (3.8)
k=1 m m



21

¥
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INAUAITN 3.7-3.9 92 1891

E, = Y simy=F a3 s,(m)s, (m - i)

m

uazan ¢, (i, k)= s, (m—k)s,(m—i)
B, = 4,000~ 3 a,0.4) (3.10)
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E,=R,(0)-> a,R,(k) (3.13)
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R (O -2 R (2
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Rip-1) Rip-2) = ' RO ||e, ] |K(p)
130 R .a=r, (3.15)
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wiunngaii 3.3 13108 1891
x'(n) = x(n)-w(n) (3.20)

33.4 mamuIueelanessavu

INAUNTN 3.11 1A 3.20 92 14

R, (k) =h§;'(m)x'(m + k) (3.21)

m=0

d
3.3.5 MImanlszans o vazensimsvers G

e 1881 R, (0), R, (1), R, (2),, R, (p) sdafaunsaman a taza G Mo nauns

a=R"'r (3.22)

n n

2
R,(0)= > a,R, (k)
G = v L (3.23)
> u’(m)

m=0
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Z |Siower ! Jopper| S | f, |Bandwidth| 7 | Srower ! Supper | f. | f. |Bandwidth

Bark Hz Hz Bark Hz Bark Hz Hz Bark Hz
0 1720

0 50 0.5 100 12 1850 1255 280
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1 150 1.5 100 13 2150 135 320
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2 250 2.5 100 14 2500 14.5 380
300 2700

3 350 2.5 100 15 2900 155 450
400 3150

o 450 4.5 110 16 3400 16.5 550
510 3700

5 570 5.5 120 17 4000 17.5 700
630 4400

6 700 6.5 140 18 4800 18.5 900
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8 1000 85 160 20 7000 20.5 1300
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11981 k-Nearest Neighbor Jag]¥ kd-tree

Tuumileznandadidiiana1muwes Nearest Neighbor{16], Tnsaad1adoyaiuy kd-tree
[17], k-Nearest Neighbor[18] uazaflumsasraumuudredalfeglugiiuy kd-tree[19] 521f0

o) o { o v - | X
wnsTumstanguinmes laqdinguTasis k-Nearest Neighbor

5.1 ANUHNIYYBY Nearest Neighbor
Amualdiimdanuyvaieid (Multi-dimensional Space) Mameidoyaauidn
(Exemplar) ﬁfluﬁm%n‘lummamﬂmafﬁagaﬁuﬁn E nazlwavsanamesdeyaaunidin
o o . O P
Uszneulfsnmmeideyamndnimaudnasuaumil
E luavesnrawesfoyamudnun: d idunamesiffmmneiaulsazdosns
3 e 4& [ ]
M1 Nearest Neighbor 11% Nearest Neighbor 403 d fie @' ¥4 d' e £ winoanui'hifiya

laqlu E #ilndfy @ wnndh & wie None — nearer(E,d,d") faerile
None —nearer(E,d,d") < Vd"e E |g—g1 < |g —i"] (5.1)

4 A H ] &
Tuaun1sns. 1 szozvinefi 19Ae 205N DY Buclidean F9a 315011 14 1o

(5.2)
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exlist = not empty
vector d = target vector
nearest-dist = infinity
nearest = unknown

l

get vector ex from exlist
dist = |vector ex - vector d|

dist < nearest-dist

No
nearest-dist = dist
nearest = ex
last ex
No
2 o 9 a

exlist = 3R IIAAD I LoYAMNTN

9 :
vector d = IAIADT NABINITNT Nearest Neighbor
vector ex = NAABTYOYAAITN
dist = JTULHNITEMIUIAMBT ex 1AL IARBT d

A d :
nearest = ame Tt Nearest Neighbor

A [ ' o 1o =

nearest-dist = T2U¥MIENIINGBT d Huiameed Tt Nearest Neighbor

U4 5.1 THaI915MN15AMINNT Nearest Neighbor Tatasa
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5.3 kd-tree
d 4 - e 1
kd-tree 1T Tasaadudoyaitoonuuuiniite 19 lunnfudeyanames & dani
¥ - - 7 4
Wnsdumdeyaiiuledraililsy@nTnm kd-tree 11 Binary tree uMils A2MMINLYEY

upazavilszaauluTnuaued kd-tree aadlua1s19n 5.1

d; o 1
M990 5.1 seaszneuangmelulvua

Field Name: Field Type Description

dom domain-vector A point from k, —d space

split integer The splitting dimension

left kd-tree A kd-Tree representing those
points to the left of the
splitting plane

right kd-tree A kd-Tree representing those
points to the right of the
splitting plane
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b 1
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1 9/ a i =3 ' = 1 & Aad
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' { 4 n’: v A o a ' » o
nuseafie szuuNiINge dom Az INAURAMINdmUaTasa split TuTvnua §119
udrweanis split TuTnuauds yalaqezegniedvuss dom Aeeiileian i veuiulianies
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] 4 1 A
JUN 5.2 naas kd-tree 331 dom 4 D (2,5),(3,8),(6,3) Uaz (8,9) TaehiTnuasin
= ’ r A L
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[2,5]

[6,3] [3,8]

(8.9]

o aad - o . 1
Ui 5.2 Tasaardadeyoaesdiddalszneu @ ronamesmndn 4 32 Tnua,s) imihi

HUTEU y=5 uaz Tnua (3,8) i iinieszuny x=3

18.9]
9[3.31

[2.5)

®
[6,3]

JUN 5.3 umummoaasmsiisiuilugn 5.2

5.4 M3a319 kd-tree

I1ABNTAAEN kd-tree TANNITAvesnameidoyamndn £ 10nTnaininlugy
il 5.4 uazFEmslunindon Pivot usssinisideniorTanARe ANy oy luwaiie 14
HusInves ree 39333 Tunindan pivor issnaniiaTntazidsalusadedaly ualiiee
dennameifeyamninladiusin Ay hifinodenugniesves kd-tree ndsziinanimin
IAZANYULVDN tree MNTU Tnssaietoyn kd-tree 921l52nou’liA20 root, split, kdleft,iiaz
kdright Iﬁﬂ‘ﬁ'
root  fie nameii 19ifusinyeTnsaadredoyandediu pivot isnlumsivismla
split o Arfiuenitey 14iialaveanmmesideniiu pivor ludaudsma

kdleft, kdright D kd-trec g0t 1o Tufiogniadudonazua1ves splitting plane



kdstruct procedure
input : exset (not empty)
output : kd

exset : 1¥AYDIIARDT AN LA )er

kd : Tnseadredoyn kdtree

pivot : 1IAmoF Agmidon i gauivane
split : 1IAv04 pivot "r’;gn'h?xﬂu splitting plane
exset’ : 1BNUDIINADTHaMUABARYL pivot
ex : AADT lumla

exsetleft : mmuaa‘:nma{ffmm‘lumﬂaﬁaﬂ
N19F19v04 splitting plane

exsetright : (¥AV0INMOT MR lualar Tt

[ exset'=exset with pivot removed E

yes no

ex[split]=<pivot[spiit]

04N19¥I1904 splitting plane put ex lrtouuﬂeﬂj' put ex into exsetright l

4 4
kdleft : 09A1)5znDIMTIIv04 ka ¥l Tnseadie
] =1 o
1UALINY kd
- y
kdright : 9aAl52nouMTiav04 kd &Faii Tnsa
#5714 19UWAL U kd

v

N\

[ put exsetieftirto klleft |

put exsetright into kdright

put pivot,split, kdleft and kdright into kd j
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1. Wsunsumsdamisdyanasdasildeeniuassaszlan

1.1 Wsunsuvan

bool SegmentWAV(char inputWAVfilename[100]
,.char inputENGfilename[100]
Jint percent
Jint minlen
;bool txt)
{
FILE “inputWAVfile;
FILE *inputENGfile;
BILE *outputfile;
FiLE *outputtexffile;
Char outputWAVfilename[ 100];
Char outputTXTfilename[100]; = *
Int temp,tempwav|frame];
Float average;
Int length;
Float threshold;
Char sound[maxien]="";
Int voiceno;
Char voicenotxt[4];

if((inputWAVfile=fopen(inputWAVfilename,"rb"))==NULL)

{

MessageBox(0,"Can't open input WAV file"inputWAVfilename,MB_OK);

return(false);

s



MessageBox(0,"Can't open input ENG file".inputENGfilename,MB_OK):

return(false):

if (txt)

strcpy(outputTXTﬁlename,inputWAVfiIename);
outputTXTfEIename[AnsiPos(".",outputTXTfiIename)-1 =N
strcat(outputTXTfilename," xls");
if((outputtextﬁlezfopen(outputTXTﬁIename,"wt“))erULL)
{
MessageBox(0,"Can't create output text
file",outputTXTfilename,MB_OK):

return(false);

}
average =0;
length =.0;
while('feof(inputENGfile))
{
fread(&temp,sizeof(int), 1,inputENGfile);
average += temp;
length++;
}
rewind(inputENGfile):
average/=length;
threshold = average*percent/100:
fseek(inputWAVfile,60.SEEK_SET);
voiceno = 1;
while(!feof(inputENGfile))
{
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fread(&temp,sizeof(int),1,inputENGfile);

fread(tempwav,sizeof(char),frame,inputWAVfile);

if (temp > threshold)

{

if(txt)
fprintf(outputtextfile,"0\n");
if((outputfile=fopen("tempwav.dat","wb"))==NULL)
{
MessageBox(0,"Can't ereate output
file","tempwav.dat',MB_OK);
return(false);
}
length =0;
while (temp > threshold && feof(inputENGfile))

{
fwrite(tempway,sizeof(char),frame,outputfile);
fread(&temp,sizeof(int), 1,inputENGfile);
fread(tempwav,sizeof(char),frame,inputWAVfile);
length++;
if(txt)

fprintf(outputtextfile,"0\n");
}

fclose(autputfile);

if (length*frame > minlen)

{
strepy(outputWAVfilename, inputWAVfilename);
outputWAVfilename[AnsiPos(".",outputWAVfilename)-
1]="0"
itoa(voiceno,voicenotxt,10);
if (voiceno < 10)

{



}

}

else

if(txt)
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strcat(outputWAVfilename,"-00"):

strcat(outputWAVfilename,voicenotxt):

}
if (voiceno >= 10 && voiceno <100)
{
strcat(outputWAVfilename,"-0");
strcat(outputWAVfilename,voicenotxt):
}
if (voiceno >= 100)
{
strcat(outputWAVfilename,"-");
strcat(outputWAVfilename,voicenotxt):
)

streat(outputWAVfilename ".wav');

WriteDataToFile("tempwav.dat".outputWAVfilename,false);

voicCeno++;

fprintf(outputtextfile,"%d\n" (int)threshold):

fclose(inputWAVfile):

fclose(inputENGfiie);

fclose(outputfile);

if(txt)

fclose(outputtextfile);

return(true);



1.2 Wsunsugealumsmiuaummasany
bool Energy( char inputfilename[100]
,char outputfilename[100]

,char outputtextfilename[100]

,Jbool txt)
{
FlliE *inpuffile;
FILE *outpuftfile;
FILE *outputtextfile;
Int energyframe[frame];
Int i;
Int temp;
Float energy;
Int energyint;

if((inpﬁtfiIe:fopen(inputﬁlename.‘rb'))==NULL)

{
MessageBox(0,"Can't open input file" inputfilename, MB_.OK);
return(false);

}

if((outputfile=fopen(“temp.sgr',"'wb"))==NULL)

{
MessageBox(0,"Can't create output file","temp.sqr',MB_OK);
return(false);

}

fseek(inputfile,60,SEEK_SET);

while(!feof(inputfile))

{
temp = fgetc(inputfile);

temp -= 128;
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fwrite(&temp,sizeof(int), 1,outputfile):
}
fclose(inputfile);
fclose(outputfile);
if((inputfilezfopen(”temp.sqr","rb")):=NULL)
{

MessageBox(0,"Can't open input file","temp.sqr',MB_OK)

return(false);
}
if((outputﬁle:fopen(outputﬁfename."wb"))::NULl,)
{

MessageBox(0,"Can't create output file",outputfilename, MB_OK):

return(false);

)
if (txt)

if((outputtextﬁle=fopen(outputtextﬁlenarne,“wt“))==NULL)

{
MessageBox(0,"Can't create output text
fiie".outputtextﬁlen'ame.MB_OK):
return(false);

}

while(!feof(inputfile))

{

fread(energyframe,sizeof(int),frame,inputfile);

energy = 0;

for (i=0;i<frame;i++)
energy+=energyframe[i];

energy/=frame;

if (energy<0)

energy = 0;



}

energy = 0;

energyint = (int)energy;

fwrite(&energyint,sizeof(int),1,outputfile);

if (txt)
fprintf(outputtextfile,"%d\n" (int)energy);

fclose(inputfile);

fclose(outputfile);

if (txt)

fclose(outputtextfile);

return(true);

1.3 Tsunsudeslunrsfnnumanuiyogiv

int Pitch(char
,Char
,char
,Char
,char
,int
,int
,int
Jint
Jint

,bool

Eills
FILE
FILE
FILE
FILE

inputfilename[100]
digitalfilename[100]
autocorfilename[100]
clipfilename[100]
pitchfilename[100]
framelength
shiftlengtn

percentpitch

percentclip

lag

txt)
“inpulffile;
*digitalfile;
*autocorfile;
*clipfile;

*pitchfile;



FILE
FILE
FILE
char
char
char
char
int
int
int
int
int
int
int

int

if (txt)

*autocortextfile;
“cliptextfile; ‘
*pitchtextfile;
digitaltextfilename[100];
autocortextfilename[100];
cliptextfilename[100];
pitchtextfilename[100];
*pitch;

count;

round2;
number_sample;

o

temp;

round;

i

strepy(digitaitextfilename, digitalfilename);
digitaltextfilename[AnsiPos("." digitaltextfilename)-1 =N\0";
streat(digitaltextfilename,*-tmp .xIs"):

strcpy(autocortextﬁlename,autocorﬁlename);

autocortextfilename[AnsiPos("." autocortextfilename)-1]1="0"

strcat(autocortextfilename,"-tmp.xls");
strepy(cliptextfilename, clipfilename):
cliptextfilename[AnsiPos("." cliptextfilename)-1]="\0";
strcat(cliptextfilename,"-tmp.xls"):
strepy(pitchtextfilename, pitchfilename):
pitchtextfilename[AnsiPos("." pitchtextfilename)-1]="0";

strcat(pitchtextfilename,"-pth.xls"):
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if ((inputfile = fopen(inputfilename,'rb")) == NULL )

{
MessageBox(0,"Can't open inputfile" inputfilename,MB_OK):
return(1);

}

if ((digitalfile = fopen(digitalfilename,"wb")) == NULL )

{
MessageBox(0,"Can't create digitalfile", digitalfilename, MB_OK):
return(1);

}

if ((clipfile = fopen(clipfitename "wb")) == NULL )

{
MessageBox(0,"Can't create clipfile” clipfilename,MB_OK):
return(1):

)

if ({pitchfile = fopen(pitchfilename ‘wb")) == NULL )

{
MessageBox(0,"Can't create pitchfile”,pitehfilename;MB_OK);

return{1);
if (txt)

if ((digitaltextfile = fopen(digitaltextfilename,"wt*)) == NULL )
{
MessageBox(0,"Can't create
digitaltextfile",digitaltextfilename, MB_OK):
return(1);
}

if ((autocortextfile = fopen(autocortextfilename,"wt")) == NULL )

{
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MessageBox(0,"Can't create
autocortextfile",autocortextfilename, MB_OK):
return(1);
}
if ((cliptextfile = fopen(cliptextfilename,"wt")) == NULL )
{
MessageBox(0,"Can't create
cliptexttile”,cliptextfilename, MB_OK):
return(1);
}
if ((pitchtextfile = fopen(pitchtextfilename,'wt')) == NULL )
{
MessageBox(0,"Can't create
pitchtextfile’,pitchtextfilename,MB_OK):

return{1);

}
number_sample = 0;
fseek(inputfile,44L,SEEK_CUR):
number_sample=-1;
while (!feof(inputfile))
{
temp = fgetc(inputfile);
number_sample++;
}
round = (number_sampief(shiftiength))-((framelength-shiﬂlength)/shiﬂlength);
rewind(inputfile);

fseek(inputfile,44L,SEEK_CUR):

for (i = 1;i <= number_sample-3;i++)

{
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int X nx_nlx n2xnd:

float y_ny_n1y_n2y n3;

if (i ==1)

{
y_n =0;
y_n1=128;
y_n2 = 128;
y_n3 = 128;

x_n3 = (int) fgetc(inputfile);
x_n2= (int) fgetc(inputfile);
x_n1 = (int)-fgetc(inputfile);
x_n_= (int) fgetc(inputfile);

}

else

{
y_n3 =y _n2;
y_n2=ynil;
y_nl =y n;
Xx_N3 =x_n2;
X_n2 =x_nl,
%.n1 =x_n;

)
| y_n = (2.13806*y-n1)-(1:802663*(y-n2))+(0:545353*(y_n3))+(0.085292*
(x_n))-(0.0257159*(x_n1))-(0.0257159*(x_n2))+(0.085292*(x_n3)):

x_n=(int) fgetc(inputfile);

fwrite(&y_n,sizeof(float),1,digitalfile);
if (txt)
fprintf(digitaltextfile,"%d\n",y_n);
}
fclose(inputfile);

fclose(digitalfile);



if ((digitalfile = fopen(digitalfilename,"rb")) == NULL )

{
MessageBox(0,"Can't open digitalfile" digitalfilename,MB_OK):
return(1);

}

char “*clip;

float  *wave;
float *temp2;

if ((clip = (char*)calloc(framelength,sizeof(char)))==NULL)

MessageBox(0,"Can't allocate memory forclip”,"clipMB_OK):
retum(1);
}
if ((wave = (float*)calloc(framelength,sizeof(float)))==NULL)
{
MessageBox(0,"Can'tallocate memory for wave",‘wave’;MB_OK):
return(1);
}
if (temp2 = (float*)calloc(framelength,sizeof(float)))==NULL)
{
MessageBox(0,"Can't allocate memory for temp?2","temp2" MB_OK):
return(1);
}
for (int d=0;d<round;d++)
{
ehar dity
float  firstmax,lastmax,minofmax;
int threshold_clip,upperthreshold,lowerthreshold:
if (d==0)
for (int j=0;j<framelength;j++)

{
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fread(&temp2(j].sizeof(float), 1,digitalfile);
wave(j] = temp2[j];

}
else
{
for (int j=0;j<framelength-shiftlength;j++)
{
temp2(j] = wave[j+shiftiength];
wave(j] = temp2(j};
}
for (int j=0;j<shiftlength;j++)
{
fread(&wave[j+(framelength-shiftiength)], sizeof
(float), 1, digitalfile);
temp2(j+(framelength-shiftlength)] = wave[j+
(framelength-shiftlength)];
}
}

for (int j=0;j<framelength;j+ +)
temp2[j] = abs(temp2(j] - 128):;
firstmax = 0;
lastmax = 0;
for (int j=0sj<shiftlength;j++)
{
if (firstmax < temp2[j])
firstmax = temp2(j];
if (lastmax < temp2[j+(framelength-shiftlength)])
lastmax = temp2[j+(framelength-shiftlength)];
}
if (firstmax < lastmax)

minofmax = firstmax;



if (lastmax < firstmax)
minofmax = lastmax:
if (firstmax == lastmax)
minofmax = firstmax;
threshold_clip = (minofmax * percentclip)/100:
upperthreshold = 128 + threshold_clip:
lowerthreshold = 128 - threshold_clip;
for (c=0;c<framelength;c++)
{
if (wave[c] >= upperthreshold)
i,
if (wave[c] €= lowerthreshold)
i1=-1;

if ((wave[c] > lowerthreshold) && (wavelc] < upperthreshold))

cliplc] =i1;
if (txt)
fprintf(cliptextfile,"%d\n",clip[c));
}
fwrite(clip,sizeof(char),framelength, clipfile):
}
free(clip);
free(wave):
free(temp?2);
fclose(digitalfile);

fclose(clipfile);

if ((clipfile=fopen(clipfilename,"rb"))==NULL)

{
MessageBox(0,"Can't open clipfile” clipfilename,MB_OK):

return(1);
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}

if ((autocorﬁle:fopen(autocorfilename,"wb"))::NULL)

{

MessageBox(0,"Can't create autocorfile",autocorfilename,MB_OK):
return(1);

}

count = -1;

while (!feof(clipfile))

{
temp=fgetc(clipfile);
count= count++;

}

char #&1:

int y1,y2 autotemp,Autocor;
int *autocor;

int *Autok;

int Nextpitch:

int round1 = count/framelength;

i ((x TS (char*)caHoc(framelength.sizeof(char}))==r\!ULL)
{
MessageBox(0,"Can't allocate memory for x1","x1",MBLOK);

return(1);

)

if ((autocor = (int*)calloc(lag,sizeof(int)))==NULL)

{

MessageBox(0,"Can't allocate memory for autocor”,"autocor", MB_OK);

return(1);

}
if ((Autok = (int*)calloc(lag,sizeof(int)))==NULL)

{



MessageBox(0,"Can't allocate memory for AutoK","AutoK",MB_QK);
return(1);
}
rewind(clipfile);
for (int j=1;j<=round1;j++)
{
fread(x1,sizeof(char),framelength,clipfile);
for (int k=0;k<lag;k++)
{
Autocor = 0;
for (int m=0;m<framelength-k-1:m++)
{
y1 = x1[m];
y2 = x1[m+k];
autotemp = y1*y2;
Autocor :I Autocor+autotemp;
}
autocork]=Autocor;
if (txt)
fprintf(autocortextfile,"%d\n" autocar{k]);
)
fwrite(autocor;sizeof(int),lag,autocorfile):
}
free(x1);
free(autocor);
fclose(clipfile);

fclose(autocorfile);

if ((autocorfile = fopen(autocorfilename,"rb")) == NULL )

{

MessageBox(0,"Can't open autocorfile",autocorfilename,MB_O Kl
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return(1);
}
count = -1;
while (!feof(autocorfile))
{
temp = fgetc(autocorfile);
count = count++;
}
count /= 4;
round?2 = (count/lag);
rewind(autocorfile);
pitch=(int*)calloc(sizeof(int),round2):
int lastk,examinepitch,pitchfrequency;
for (int n=1;n<=round2;n++)
{
PITCH:
for (int j=0;j<lag;j++)
fread(8Autok(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)
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}

for (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;
examinepiteh = k - lastk;
lastk = k;
pitchfrequency = 11025/examinepitch;

k =lag;

}
if (examinepitch |=0)
pitchfrequency = 11025/examinepitch;
if (examinepitch == Q)
{
percenipitch = percentpitch - 5:
goto PITCH;
}
pitch[n-1]=pitchfrequency;
if (txt)
fprintf(pitchtextfile,"%d\n", pitch[n-1]);

fwrite(pitch, sizeof(int),round2 pitchfile);

free(pitch);

fclose(autocorfile);

fclose(pitchfile);

if (txt)
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if (txt)

fclose(digitaltextfile);
fclose(cliptextfile);
fclose(autocortextfile);
fclose(pitchtextfile);

}

return{0):

2. Tsunsummrmnnudndaugnaduteunnmingaoin TWades

bool WAV2IB( char inputfilename[128]
,Char outputpath[128]
,bool path
,char addtext[128]
Jint order
float adapt
float res
,bool ibtxt
,bool hztxt
,bool Ipctxt)

{

/ kA AAhA AR A A Ak hhrhhhhhhd

//Determine Bark Band Edge
LT T —
float bandEdge[24];
float  bark;

int barkno=1;

bandEdge[0]=0;

for (int fno=0;fno<5514:fno++)
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bark = 6*log(((fno*2*M_P1)/(1200*M_PI*adapt))+sqrt(pow((fno*2*M_PI)/
(1200*M_PI*adapt),2)+1));
if (bark > barkno)
{
bandEdge[barkno]=fno/(5512.5/180):

barkno++:

}
bandEdge[barkno]=180;

/’Ikk***A‘***ﬁ*i***********t**t********&ki'&

//Bark Band Edge is in "bandEdge" in ‘w'

//t***i********t***********************iﬁ

Jree
lIHz
Jfree
complex <double>*hz;
float *abshz;
if((hz=(complex<double>*)calloc(180/res+1 .sizeof(complex<double>)))==NULL)
{
MessageBox(0,"Can not allocate memory forhz", "Error!l”, MB.OK):
return (false);
}
if((abshz=(float*)calloc(180/res+1,sizeof(float)))==N L)
{
MessageBox(0,"Can not allocate memory for abshz", "Error!", MB_OK):
return (false);
}
Jjrernaann

H/ILPC PHASE

/ e de ko ok ok keok



char
char
char
char
FILE
FILE
char
char
char
FILE
FILE

a7

outputfilename[128]="";
outputibtextfilename[128]="":
outputhztextfilename[128]="";
outputipctextfilename[128]="";
*inputfile;

*outputfile;
outputtext1[128]="pre.xls";
outputtext2[128]="win.xls":
outputtext3[128]="sig.xls";
*outputibtextfile;

*outputhztextfile;

FILE “*outputlipctextfile;

int length = -1;

int number_of_frame;

int nf, fl, i;

float *signal;

float *preemphasis:

float *windowed;

float = R[MAXP+1], AIMAXP][MAXP], X[MAXP]IMAXP];
float . " alphalMAXP+1],philMAXP+1]:
char temp_char;

int temp;

float qg,gain;

if (!path)

{

for (i=0;i<AnsiPos(".",inputfilename)-1;i++)
outputfilenamel[i]=inputfilename[i];
strcat(outputfilename,"_"):

strcat(outputfilename,addtext);



else
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strepy(outputibtextfilename,outputfilename):
strepy(outputhztextfilename,outputfilename):
strepy(outputipetextfilename,outputfilename):
strcat(outputfilename,".1B");
strcat(outputibtextfilename,"-IB.xIs"):
strecat(outputhztextfilename,"-HZ xls");

strcat(outputipctextfilename,"-LPC.xIs");

int namelength = strien(inputfilename):
int starthname;
char _tempname[128]=""

int j=0;

for (i=namelength;i>0 && inputfilenamelijt="\\"j==)
startname = i;

for (i=startname;i<namelength;i++)

{
tempnamel(jl=inputfilenameli];
et

}
for (i=0;i<AnsiPos("." tempname)-1:i++)
outputfilename[il=tempnameli];
strepy(tempname,outputfilename):
strepy(outputfilename,outputpath):
strecat(outputfilename,"\");
strcat(outputfilename,tempname):
strcat(outputfilename,"_");
strcat(outputfilename,addtext):

strcpy(outputibtextfilename,outputfilename):
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strcpy(outputhztextfilename,outputfilename):
strepy(outputipctextfilename, outputfilename):
strca\!(outputﬁlename,“.IB");
strcat(outputibtextfilename,"-IB.xls"):
strcat(outputhztextfilename,"-HZ xIs"):
strcat(outputipctextfilename,"-LPC xls"):

}

if ((inputfile=fopen(inputfilename,*rb"))==NULL)

{
MessageBox(0,"Can't open inputfile",inputfilename, MB_OK):
return(false);

}

if ((outputfile=fopen(outputfilename,"wb"))==NULL)

{
MessageBox(0,"Can't create outpuffile’, oufputfilename,MB_OK):
return(false);

}

if (ibtxt)
if ((outputibtextﬁle=fopen(outputibtextﬁlename,"wt"))==NULL)

{
MessageBox(0,"Can't create output
textfile”;outputibtextfilename, MB_OK):
return(false);
}
if (hztxt)

if ((outputhztextﬁle=fopen(outputhztextﬁlename,"wt"))=:NULL)
{

MessageBox(0,"Can't create output
textfile",outputhztextfilename,MB_OK):

return(false);
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if (Ipctxt)
if ((outputlpctextfile=fopen(outputlpctextfilename,"wt")):=NULL)
{
MessageBox(0,"Can't create output
textfile”,outputipctextfilename, MB_OK):
return(false);
}
if ((signal=(float*)calloc(FRAME+1 Sizeof(float)))==NULL)
{
MessageBox(0,"Can't allocate memory for signal’,"signal",MB_OK);
return(false);
}
if ((preemphasis=(float*)calloc(FRAME +1,sizeof(float))) ==NULL)
{
MessageBox(0,"Can't allocate memory for
preemphasis","preemphasis’,MB_OK);
return(false);
}
if ((windowed=(float*)calloc(FRAME + 1 ;sizeof(float)))==NULL)
{
MessageBox(0,"Can't allocate memory for
windowed","windowed",MB_0OK);

return(false):

while (!feof(inputfile))

{
temp = fgetc(inputfile);
length++;

}

rewind(inputfile);
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length -= 60; /* bypass the header of wave file */
féeek(inputﬁle,BO,SEEK_SET); I* set pointer to first data */
number_of_frame = (fen-gth-FRAME+SHIFT)/SHIFT;
fread(&temp_char,sizeof(char),1,inputfile);
signal[0]=(unsigned char)temp_char;

int called = FIRST_CALL;

for (nf=0;nf<number_of_frame;nf++)

{

Iff*ﬁ***********t*iﬁi*************‘l

/IStart LPC Process for each Frame
[[FREA AR ARt R AR AR
IILPC Step 1.

/{Preemphasis and window

if (called == FIRST_CALL)

{
for ( fI=1;fl<=FRAME:fl++)
{
fread(&temp_char,sizeof(char),1,inpuffile):
signal[fl]=(unsigned char)temp_char:
preemphasis{fl] = (signal[fl] - ADAPTIVE *(float)signal[fl-
1
windowed [fl] = preemphasis[fl]*(0.54-0.46*cos(2*M_PI*
(fl-1)AFRAME-1))):
}
called = NEXT_CALL;
}
else
{

for (fl=1;fl<=(FRAME - SHIFT);fl++)

{
signal  [fl] = signal[fl+SHIFT];
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preemphasis(fl] = preemphasis[fl+SHIFT]:
windowed [fl] = preemphasis[fi]*(0.54-0.46"008(2‘M_P.l'
(fl-1)/(FRAME-1)));

}

for (fl=(FRAME - SHIFT+1);fl<=FRAME:fl++)

{
fread(&ternp_char.sizeof(char),1,inputﬁle);
signal[fl]=(unsigned char)temp_char:
preemphasis{fi} = (signal[fl] - ADAPTIVE * (float)signal[fl-
).
windowed . (fl] = preemphasis[fl]*(0:564-0.46*cos(2*M_PI*
(fl-1)AFRAME-1))):

}

HLPC Step 2.

//AutoCorrelation

float * alk,akk,maxvalue,tempfioat;
int m,i,j,k.,maxrow;

float  matrix_temp[MAXP])[MAXP];

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

{

Rlk] =.0;

for (m=0;m<=FRAME-1-k;m++)

R[k] += windowed[m+1] * windowed[m+k+1]:
}

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

{
m = 0;
for (k=i;k<order;k++)
{
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Ali][k] = R[m++];
AKI[] = Al(K);

}
for (i=0;i<order;i++)
for (j=0;j<order;j++)
matrix_templi](j] = ALl
for (i=0;i<order;i++)

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

if {i==j)
X0 = 1;
else
X[i[]=0;
for (k=0;k<order:k++)
{
maxrow = k;

maxvalue = fabs(matrix_temp[kj(k]);
for (i=k+ 1ii<order:i++)
{

if (maxvalue < fabs(matrix_templil[k]))

{
maxvalue = fabs{matrix_templ[i][k]):
maxrow = j;
}
}
if (maxrow = k)
{

for (j=0;j<order;j++)
{
tempfloat = matrix_temp([Kk](j];

matrix_temp[k][j] = matrix_temp[maxrow](j];
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matrix_temp[maxrow][j] = tempfloat:
}
for (j=0;j<order;j++)
{

tempfloat = XK

XkIGl = X[maxrow](j];

X[maxrow][j] = tempfloat:

}
akk = matrix_temp[k](k];
for (j=k;j<order;j++)
matrix_temp[k][j] /= akk:
for (j=0;j<order;j++)
X[k](j] /= akk;
akk = matrix_temp[k][k]:

for (I=0;l<order;|++)

{
alk = matrix_templl][k];
if (k I=1)
{
for (m=k;m<order;m++)
matrix_temp(l][m] " == matrix_temp[k]
[m]/akk*alk:
for (m=0;m<order;m++)
X[[m] -= X[K][m)/akk*alk;
)
}
}
for (i=1;i<=order;i++)
phili] = R(i];

//LPC Step 3.



/IDetermine Coffecients

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

{
alphali]=0;
for (k=0;k<order;k++)
alphali] += X[i][k])*phi[k+1]:
if(lpctxt)
fprintf(outputipctextfile,"%10.7A\t", alphali]):
}
if(Ipctxt)

fprintf(outputipctextfile,\n"):
| g =Afloat)R[0];
for (i=0si<order;i++)
q -= ((float)alphalil*(float)R[i+1]):
gain = sqrt(q);
J[ERERERRRARA R K ARR S S A R A
/lEnd of LPC Process for each frame

/ILPC Coefficients are in "alpha"

I‘/‘******t**iﬁ‘***t*t***i*******t******

//‘****tﬁi********"*ﬁ*********k‘ﬁ

/[Determine H(z) for each frame

//****l’**t** ek o e e e e e ok o ok ok ook ok ek ok e

float x,y;

int w_no=0;

float w;

-complex <double>z;
complex <double>zsum;
complex <double>p;

for (w=0;w<180;w+=res)
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}
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x=r"cos(w*M_PI/180):

y=r*sin(w*M_P1/180);

z=complex<double>(x,y);

zsum=complex<double>(0,0);

for (k=1;k<=order;k++)

{
p=pow(z,-1*k);
zsum=zsum+(complex<double>(alphalk-1],0)*p):

}

hz[w_no]=complex<doublo=(1 0)/(complex<double>(1,0)-zsum):;

W_No++;

/{Absolute Value

for (inti=0;i<180/res;i++)

{

}

if(hztxt)

abshz(i]=(float)abs(hz[i]);
if(hztxt)
fprintfloutputhztextfile,"%10.7An",abshz[i]):

fprintfloutputhztextfile,"\n"):

//****k*t****tt****t**t*t*ﬁ*****

/IH(z) is sampled followed "res"

/fand its absolute is normalized

/M'abshz" size 180/res

/j**k*l‘l************************



107

//*t*kﬁit*fﬁ*t****ﬁﬁkﬁi*

/[Determine IB from H(z)

//***it*tt**t*ﬁ****kkﬁ*i

float  IB[24];
float ifloat;
float rem:
barkno=1;

for (int i=0;i<24;i++)
IBli]=0;

for (int i=1;i<180/res;i++)

{
ifloat = i*res;
if (ifloat<=bandEdge[barkno])
IB[barkno-1]+=(abshz[i]+abshz{i-1])*res*0.5*
else
{
rem = res-(ifloat-bandEdge(barknol):
IB[barkn0-1}+:0.5*rem*(abshz[i-1]+((((res-rem)/res)*
(abshz[i-1]-abshz[i]))+abshz[i})):
barkno++;
lB[barkno-T]+:(((abshz[i]+abshz[i-1])*res)-(rem*(abshz{i~
1]+((((res-r_em)/res)*(abs-hz[i-1]-abshz[i]))+abshz
[DN)0.5;
}
}

jf***t*t*ii**********.******#

//Normalize Bark Intensities

//**t*t***ttl‘*****it****ik*ﬁ*
int aj;

float a=0;
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for (aj=0;aj<24;aj++)
a+=pow(IB[aj],2);

a = sgri(a);

a=1/a;

for (aj=0;aj<24;aj++)
IB[aj]*=a;

//*******iiﬁ*ﬁﬁ*******ii*i***

//Write Bark Intensities "IB"

[ AR A AR AR AR A
fwrite(IB,sizeof(float),24,outputfile):
for (int i=0;i<24 && ibtxt:i++)

fprintf(outputibtextfile,"%10. 7\t 18[i]);
if (ibtxt)
fprintfloutputibtextfile "\n");
}
free(signal);
free(preemphasis);
free(windowed);
fclose(inputfile);
fclose(outputfile);
if (ibtxt)
fclose(outputibtextfile);
if (hztxt)
fclose(outputhztextfile);
if (Ipctxt)
{
fclose(outputipctextfile);
fclose(outputfile1);
fclose(outputfile2);

fclose(outputfile3);



IHZ

fclose(outputfile3);

free(hz);

free{abshz);

return(true);

3. llsunsuananazAumdosali Kd-Tree

3.1 Tsunsuwan

bool newann(char trainfilename[128]

,char testfilename[128]
,char - resultfilename[128]
Jint vectorspermodel
Jint numofmodel

Jint order

Jint dimension

float” _emrorbound)

{
int n_pts;
int me.pts;
ANNpointArray data_pts;
ANNpoint query_pt;
ANNidxArray nn_idx;
ANNdistArray dists;
ANNkd_tree *the_tree;
int *modelstat;
int expectedmodel;
FILE *trainfile;
FILE “tesffile;
FILE “*resultfile;

/f actual number of data points

// data points

/f query point

/I near neighbor indices

// near neighbor distances

/I search structure
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int length = -1;

int temp;
int round,
nt k;

int dim;

float eps = errorbound;
int result;

float *tempfloat:

int actualmodel:
int correct = 0;
int lastmodel = 0;

bool changemodel;
char - conclusionfilename[128]="conclusion x/s":

int “resultstat:

if (trainfile=fopen(trainfilename,"'rb"))==NULL)
{

MessageBox(0,"Can't open trainfile trainfilename,MB O K):

return(false);

}

if ((testfile=fopen(testfilename,"rb"))==NULL)

{
MessageBox(0,"Can't open testfile!,testfilename,MB_-OK):
return(false);

}

if ((resultﬁle=fopen(resuitfilename,"at“)):=NULL)

{

MessageBox(0,"Can't open resultfile”,resultfilename ,MB_OK):

return(false);

}

if ((conclusionﬁle=f0pen(concIusionﬁlename,"at")):zNULL)
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MessageBox(0,"Can't open conclusionfile’,conclusionfilename,MB_OK):

return(false);
}
while (!feof(trainfile))
{
temp = fgetc(trainfile);
length++;
}
length/=4;
length/=dimension;
n_pts = length;
m_pts = length;
rewind(trainfile);
while (!feof(testfile))
{
temp = fgetc(testfile);
length++;
}
length/=4;
length/=dimension;
round = length;
rewind(testfile);
k = order+1;

dim = dimension:

if ((rhodelstat=(int*)calloc(numofmodel,sizeof(int)})::NULL)

{

MessageBox(0,"Can't allocate memory for modelstat","data", MB_OK);

return(false);
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if ((tempﬂoat:(ﬂoal*)calloc(dim.sizeof(float)))==NU LL)

{
MessageBox(0,"Can't allocate memory for
tempfloat","tempfloat’,MB_OK);
return(false);

}

if ((resultstar—'(int*)calloc(numofmodel,sizeof(int)))::NULL)

{

MessageBox(0,"Can't allocate-memary for resultstat’,"resultstat", MB_OK);

return(false);

}

query_pt = annAllocPt(dim); //-allocate query point
data_pts = annAllocPts({m_pts, dim); // allocate data-points

nn_idx = new ANNidx[k]; //-allocate near neigh indiges
dists = new ANNdist{k]; Il'allocate nearneightior dists

// read data points
for (n_pts=0;n_pis<m_pts:n_pts++)
{
fread(tempfioat,sizeof(float),dim trainfile):
for (int d=0;d=<dim;d++)
data_pts[n_pts][d]=(double)tempfioat[d]:
}

rewind(trainfile);

the_tree = new ANNkd:tree( /I-build-search structure
data_pts, /f the data points
n_pts, // number of points
dim); // dimension of space

for (int i=0;i<numofmodel;i++)
resultstat[i]=0;
fprintf(conclusionfile,"%s %s K=%d\n" trainfilename, testfilename,order):

for (int round_no=0;round_no<round;round_no++)
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if (round_no!=(vectorspermodel*(lastmodel+1 N-1)
changemodel = false;

else

{
changemodel = true;
lastmodel++;

}

fread(tempfloat,sizeof(ﬂoat),dim,testﬁie);

for (int d=0;d<dim:d++)
query_pt[dj=tempfloat[d];

the__tree->annkSearch( // search

query_pt, /l'query point

K, /I number of near neighbors
nn_idx, /I nearest neighbors (returned)
dists, Il distance/(returned)

eps); #error bound

for (int modelnozo;modeino<numo‘fmodel;modeln0++)
modelstatmodelno]=0:

for (int kno=1 ;kno<k;kno++)

{
for(int modelno=O;modeino<numofrnodel;modeino++)
{
if (na_idx[kno]>=vectorspermodel*modelno && nn_idx
[kno]<vectorspermodel*(modelno+1))
modelstat{fmodelno]+=1;
}
}
result = 0;

for (int modelno:O;modefno<numofmodel;modelno++)

{



if (round_no>=vectorspermodel*modelno && round_no
<veclorspermodel*(modelno+1))
" actualmodel = modelno;
}
for (int modelno=0;modelno<numofmodel;modelno++)
if (modelstat{modelno]>modelstat[0])
{
temp = modelstat[0];
modelstat[0} =modelstat{fmodelno]:
modelstat’modelno] = temp:
result = modelno;

}

if (actualmodel == resuit)

{

correctt +;

fprintf{resultfile, "% d\t%d\t1\(\{ Jctail W, actualimodel result);
}
else

fprintf(resuItﬁle."%d\t%d\tO\t\tDe’tail:\t",actualmodel.re"sult);‘

for (int m=0;m<naumofmodalim++)

{
if (m == result)
{
fprintf(resultfile,"1\t"):
resultstatim]++;
}
else
fprintf(resultfile,"0\t");
}

if(changemodel)

{
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fprintf(resultfile,"\nModel#%d\n",lastmodel);
fprintf(conclusionfile,"Model#%d\t" lastmodel);
for (int j=0;j<numofmodel;j++)
{
fprintf(conclusionfile,"%d\t",resultstat[j]);
resultstat[j]=0;
}
fprintf(conclusionfile,"\n");
}
fprintf(resultfile,"\n");
}
fclose(trainfile);
fclose(testfile);
fclose(resultfile);
fclose(conclusionfile);
free(resultstat);
free(modelstat);
free(tempfloat);
delete the_tree;
delete nn_idx;
delete dists;
delete data_pts;
delete query_pt;

return(true);

32 Wsunsudeslumsadia Ka-Tree minsadoya
ANNKkd_tree::ANNkd_tree( // construct from point array
ANNpointArray pa, /I point array (with at least n pts)

int n, /l number of points
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int bs, /I bucket size

ANNSsplitRule split) /1 splitting method
SkeletonTree(n, dd, bs): /l set up the basic stuff
pts = pa; /l where the points are
if (n == 0) return; /l no points--no sweat
ANNorthRect bnd_box(dd); // bounding box for points

annEnclRect(pa, pidx, n, dd, bnd_box);// construct bounding rectangle
/I copy.to tree structure

bnd_box_lo = annCepyPt(dd, bnd_box.lo):

nd_box_hi = annCopyPt(dd, bnd_box,hi):

switch (split) { // build by rule

case ANN_KD_-STD; / standard kd-splitting rule
root-=rkd_tree(pa, pidx, n, dd, bs, bnd_box, kd_split);
break;

case ANN_KD. MIDPT: // midpoint split
root = rkd_tree(pa, pidx, n, dd, bs, bnd_box, midpt. split);
break;

case ANN-KD_FAIR: /1 fair split

root = rkd_tree(pa, pidx, n, dd, bs, bnd_box, fair_split);

break;
case ANN_KD_SUGGEST: //'best (in our opinion)
case ANN_KD_SL_MIDPT: /l-sliding midpoint split

root = rkd_tree(pa, pidx, n, dd, bs; bnd_box. sl_midpt_split):
break;

case ANN_KD_SL_FAIR: /! sliding fair split
root = rkd_tree(pa, pidx, n, dd, bs, bnd_box, sl_fair_split);
break;

default:

annError("lilegal splitting method", ANNabort):



void ANNkd_tree::SkeletonTree(
intn,
int dd,
int bs)

dim = dd;

n_pts = n;

bkt_size = bs;

root = NULL;

pts = NULL;

pidx = new int[n];

for (inti = 0;i<n;i++)

pidx[i] = i;

!/ construct skeleton tree
// number of points
/l dimension

// bucket size

/l initialize basic elements

/1.no associated free yet

/ no associated points yet

il allocate space for pointintices

/linitially identity

bnd_box_lo = bnd_box_hi.= NULL: - // bounding box is nonexistent

if (KD_TRIVIAL ==NUtLt)

/' no trivial leaf node yet?

KD_TRIVIAL = new ANNkd_|eaf(0, IDX_TRIVIAL); /I allocate it

}

ANNbool ANNorthRect::inside(int dim, ANNpoint p)

{

for (inti = 0;i < dim; i++)

if (p(i] <1ta[il| p[i] > hifi})

return ANNfalse;

return ANNtrue;

}

void annEnclRect(
ANNpointArray
ANNidxArray
int

int

pa, // point array
pidx, // pointindices
n, /f number of points

dim, // dimension

:



ANNorthRect &bnds)// bounding cube (returned)

for (intd = 0; d < dim; d++)
{ / find smallest enclosing rectangle
ANNcoord lo_bnd = PA(0,d): // lower bound on dimension d
ANNcoord hi_bnd = PA(0,d); // upper bound on dimension d
for (inti=0;i<n;i++)
{
if (PA(i,d) < lo_bnd)
loZbnd = PA(i,d);
else
if (PA(i,d) > hi_bnd)
hi_bnd = PA(i,d);
}
bnds.lo[d] = le_bnd:
bnds.hi[d] = hi_bnd;

ANNpoint annCopyPt(int dim, ANNpaeint source) I copy. point

{

ANNpoint p.= new ANNcoord[dim];
for (inti = 0;i < dimpi++)

plil = source[i];

return p;
}
ANNkd_ptr rkd_tree( // recursive construction of kd-tree
ANNpointArray pa, /l point array
ANNidxArray pidx, /I point indices to store in subtree
int n, /I number of points
int dim, /I dimension of space
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int bsp, /l bucket space
ANNorthRect &bnd_box, // bounding box for current node
ANNKkd_splitter = splitter) // splitting routine

if (n <= bsp)
{ /I n small, make a leaf node
if (n ==0) // empty leaf node
return KD_TRIVIAL;  // return (canonical) empty leaf
else I/ construct the node and return
return-new ANNkd_leaf(n, pidx);
}
else
{ /l n large, make a splitting node
int cd; i/ cutting dimension
ANNgoord cv; i cutting value
int n_lo; // numberon low side of cut

ANNkd_node *lo, *hi; //low and high children

 invoke splitting procedure
(*splitter)(pa, pidx, bnd_box, n, dim, ¢d, ¢v, n_lo);
ANNcoord Iv = bnd_box.lo[cd]; /f save bounds for cutting
dimension
ANNecoerd hv = bnd_box.hifed];
bnd_box.hi[cd] = cv; // modify.bounds for left subtree
lo = rkd_tree(pa, pidx, n_le,dim, bsp, bnd_bex, splitter);

bnd_box.hi[cd] = hy; // restore bounds

bnd_box.lo[cd] = cv; /I modify bounds for right subtree
hi = rkd_treepa, pidx + n_lo, n-n_lo,// ...from pidx[n_lo..n-1]

dim, bsp, bnd_box, splitter);

bnd_box.io[cd] = Iv; /l restore bounds

ANNkd_split *ptr = new ANNkd_split(cd, cv, Iv, hv, lo, hi);



return ptr; // return pointer to this node
}
}
void kd_split(
ANNDpointArray pa, /I point array (permuted on return)
ANNidxArray pidx, /I point indices
const ANNorthRect &bnds, /I bounding rectangle for cell
int n, // number of points
int dim, // dimension of space
int &cut_dim, Il cutting dimension.(returned)
ANNcoord &cut_val, /i eutting value (returned)
int &n_lo) / num of points on low side (returned)
{

/ find dimension of maximum spread
cut_dim = annMaxSpread(pa, pidx, n, dim):
n_lo = n/2; {l median rank

/f split about median

annMedianSplit(pa, pidx, n, cut_dim, cut_val, n_lo);

}
int annMaxSpread( ; /I compute dimension of max spread
ANNpointArray pa, /I 'point array
ANNidxArray pidx, /I point indices
int n, /[ number of points
int dim) // dimension of space
{
int max_dim = 0; /I dimension of max spread
ANNcoord max_spr = 0; // amount of max spread
if (n == 0) return max_dim: /I no points, who cares?

for (intd = 0; d < dim; d++)
{
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ANNcoord spr = annSpread(pa, pidx, n, d);

if (spr > max_spr)
{
max_spr = spr;

max_dim = d;

}

return max_dim;

void annMedianSplit(

ANNpointArray pa;

ANNidxArray pidx,

int n,

int d,

ANNcoord &cv,

int n_lo)
{

intl =0;

intr=n-1;

while (1 <)

{

/[ points to split

Il pointindices

// number of points

/ dimension along whichto split
/ cutting value

/[ splitinto n_lo and n-n_lo

/I 1eft end of current subarray

// right end of current subarray

register int i = (r+l)/2; # select middleas pivot

register int k;

if (PA(i,d) > PA(r.d))
PASWAP(i,r)

PASWAP(l,i);

ANNcoord ¢ = PA(l,d);

/f make sure last > pivot

/I move pivot to first position

/I pivot value
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k=r

for(;;)

while (PA(++i,d) <c) :
while (PA(--k,d) > ¢) ;
if (i < k) PASWAP(i k) else break:

}
PASWAP(l.k); // pivot winds up in location k
if (k > n_lo)
r = k-17// recurse on proper subarray
else
if (k < n_lo)
I'=k+1;
glse
break; // got the median exactly

}

if (n_lo.>0)

{ /I search for next smaller item
ANNcoord ¢ = PA(0,d); /f eandidate for max
intk =0; // candidate's index
for (inti=1;i<n_lo; i++)

{
if (PA(i,d) > ¢)
{
¢ = PA(i,d);
k=i
}
}
PASWAP(n_lo-1, k);  // max among pa[0..n_lo-1] to pa[n_lo-1]
}

cv = (PA(n_lo-1,d) + PA(n_lo,d))/2.0;
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cv = (PA(n_lo-1,d) + PA(n_lo,d))/2.0;

3.3 Nsunsudealunmsdumdoyalu Ka-Tree
void ANNkd_tree::annkSearch(

ANNpoint Q. // the query point
int k, // number of near neighbors to return
ANNidxArray nn_idx, /I nearest neighbor indices (returned)
ANNdistArray dd, // the approximate nearest neighbor
double eps) // the error bound

{
ANNkdDIm = dim; /F copy arguments. to static equivs
ANNKdQ =1q;

ANNkdPts = pts;
ANNptsVisited = 0; /l'initialize count of points visited
if (k> n_pts)

annError("Requesting more near neighbors than data points*, ANNabort);
ANNkdMaxErr = ANN_POW(1.0 + eps);
FLOP(2) /I'increment floating op count
ANNkdPointMK = new ANNmin_k(k); // create set for closest k points

// search starting at the root

root->ann_search(annBoxDistance(q, bnd_box_lo, bnd: box_hi, dim));
for (inti=0; i <kjit++)
{

dd[i] = ANNkdPointMK->ith_smallest_key(i);

nn_idx[i] = ANNkdPointMK->ith_smallest_info(i);
}
delete ANNkdPointMK; /I deallocate closest point set

void ANNkd_split::ann_search(ANNdist box_dist)



}
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if (ANNmaxPtsVisited && ANNptsVisited > AN NmaxPtsVisited) return;

ANNcoord cut_diff = ANNkdQ[cut_dim] - cut_val:

if (cut_diff < 0)

{

else {

}

child[LO]->ann_search(box_dist):// visit closer child first
ANNcoord box_diff = cd_bnds[LO] - ANNkdQ[cut_dim):
if (box_diff < 0) /I within bounds - ignore

box_diff = 0;
box_dist = (ANNdist) ANN_SUM(box_dist,
ANN_DIFF(ANN_POW(box_diff), ANN_POQW(cut_diff)));
if (box_dist* ANNkdMaxEr < ANNkdPointM K->max_key())

child[HI]->ann_search(box_dist):

/Fright of cutting plane
child[HI}->ann_search(box_dist):// visit closer child first
ANNcoord box_diff = ANNkdQ[cut_dim) - cd_bnds[Hi];
if (box_diff <0) /' within bounds -ignore

bex_diff = 0;
box_dist = (ANNdist) ANN_SUM(box_dist,
ANN_DIFF(ANN_POW(box_diff), ANN_POW(cut. diff)));
if (box_dist * ANNkdMaxErr < ANNkdPointMK->max_key())
childfLO]->ann_search{box_dist);

FLOP(10) /f increment fioating ops

SPL(1)

/I one more splitting node visited

void ANNkd_leaf::ann_search(ANNdist box_dist)

{

register ANNdist dist; // aistance to data point
register ANNcoord* pp; // data coordinate pointer

register ANNcoord* qq; /I query coordinate pointer



register ANNdist min_dist; /Il distance to k-th closest point

register ANNcoord t;

register int d;

min_dist = ANNkdPointMK->max_key(); I k-th smallest distance so far

for (inti = 0;i < n_pts; i++)

{

I/ check points in bucket

pp = ANNkdPts[bkt[i]]: Il first coord of next data point
qq = ANNkdQ; I first coord of query point
dist = 0;

for(d = 0; d < ANNKdDim: d++)
{
COOQORD(1) l/-ane more coordinate hit
FLOP(4) /f increment floating ops
t=%qgq++) - “(pp++); # compute length and adv coordinate
if((dist = ANN_SUM(dist, ANN_POW(1))) > min_dist)
break;

}

if (d >= ANNkdDim &&ANN_ALLOW.SELF.MATGH || dist!=0))

{

}

ANNkdPointMK->insert(dist, bkt[i]);
min_dist.= ANNkdPointMK->max_key();

LEAF(1) /I one more leaf node visited
PTS(n_pts) /fincrement points visited
ANNDptsVisited += n_pts; #Hincrement number of points visited
}
ANNdist annBoxDistance( . /l compute distance from point to box
const ANNpoint q, /I the point
const ANNpoint lo, I low point of box
const ANNpoint hi, /' high point of box

int

dim) // dimension of space
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register ANNdist dist = 0.0;  // sum of squared distances
register ANNdist t;

for (registerintd = 0; d < dim; d++)

{
if (q[d] < lo[d]) { /1 q is left of box
t = ANNdist(lo[d]) - ANNdist(q[d]);
dist = ANN_SUM(dist, ANN_POW(t));
}
else
if (q[d] > hi[d])
{
t = ANNdist(a[d]) - ANNdist(hi[d]);
dist = ANN_SUM(dist, ANN_POW(Y));
}
}
FLOP(4*dim) /f increment floating op count

return dist;
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Unmixed Vowels Recognition in Thai spoken language using

Vocal Tract Transfer functions on the Bark scale

K.Songwatana and W Kongkavitool

Faculty of Engineering ,King Mongkut's Institute of Technology, Ladkrabang

3-2 Chalongkrung Road, Ladkrabang, Bangkok 10520
phone:662 3269967;email kskraisi@kmitl.ac.th

Abstract - In this paper we address the problem of un-
mixed vowels recognition in Thai spoken language. The

vowels to be recognized are “i”, “e”, “€", “@", “y”, “a”,

“u”, “0”, and “2”. Each vowel is represented by a 18-
dimensional vector of Critical Band Intensities of the vocal
tract transfer function. Using the K-Nearest Neighbor rule
on 21,600 utterances from 5 males and 5 females; the
success rate of 92 % for speaker independent was
achieved. Using 2,160 utterance from one single Thai sub-
ject, more than 96% accuracy for speaker dependent has
been achieved

Keywords: Vowel Recognition, Thai Speech Recognition,
Bark Scale.

1. INTRODUCTION

There are 24 vowels on Thai spoken language.
The 24 vowels consist of 9 short unmixed utterances,

(“i’! “e?‘), “EH‘ “ ”’ “'Y”’ . 11’ LIS LLO and Eko”) 9 long
unmixed utterances, W'1:", Se: 0L, " VS ") 8T
*w:”, “0.”, and “0:”) and 6 mixed utterances (“ia”, “wa”,

% » ey ”» " » 3

ua”, “ia:”, “wa:”, “ua:”). 9 utterances from the un-
:mxed vowel form the bases to compose the rest of the
vowels. The long unmixed vowels are repetition of the
same vowels over a longer duration with gradual release
of vocal cord input. The short unmixed vowels have
shorter duration and more immediate stop of vocal cord
input. The mixed vowels use 2 basic vowels, one after
another to form a new vowel. Therefore to recognize
Thai spoken vowels, the unmixed vowels have to be first
recognized.

This paper presents recognition method for Thai
unmixed vowels based on the vocal tract transfer func-
tions that can be directly derived from Linear Predictive
Coding coefficients. From the human auditory system,
we can estimate the frequency selectivity of the hearing
system by approximating its Critical Band Intensities.
The vocal tract transfer functions are mapped onto the
Critical Band Rate Scale(Bark Scale) and the respective
Critical Band Intensities are used as feature vectors.
Based on these feature vectors, a K-Nearest Neighbor
rule is applied to classify the unmixed vowels.

2. FEATURE EXTRACTION

The speech producing block diagram in Figure 1
shows that the difference between each spoken vowel is
coming from the vocal tract transfer function (H(z)).
Therefore we can recognize the vowel by recognizing

the vocal tract transfer function.
Pitch Period
Glottal Pulse
Generator
Voice/Unvoice
Switch
GU(n) | vecal Tract
= x Transfer |—» S(n)
Random Noise T Uin) Function H(z)
Generator
G

Figure 1. Speech Production Block diagram.

2.1 ' Obtaining the vocal tract transfer function from
Linear Predictive Coding coefficients

In LPC, a given speech sample at time n, s(n),
can be approximated as a linear combination of the past
p samples[2]

P
s(n):::Za,r s(n-k) §))
k=1

where @, is the LPC coefficient of the k™ delay sample.

We can convert (1) to an equality by including an exci-
tation term, GU(n), according to Figure 1.

s(n):iak s(n—-k)+GU(n) )

k=1

where U(n) is a normalized excitation and G is the gain
of the excitation. By expressing (6) in the z-domain we
get the relation
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which leads to the predicted vocal tract transfer function

S Bale )
Gy &

H(z) 4)

2.2 Bark Secale or Critical Band Rate Scale

The Bark Scale or Critical Band Rate Scale is a
psychoacoustics based spectral measure that best fit the
human hearing. The spectral energy over the Bark Scale
represents a close correspondence with the spectral in-
formation processing in the human ear.[3] The follow-
ing expression have proven useful to describe the de-
pendence of Critical Band Rate on frequency over the
whole auditory frequency range :

B(Bark) =13 arctan(0.76 f / KHz)

+3.5arctan( f / 7.5KHz)*
where f is frequency in Hz

2.3 Critical Band Intensities as feature vectors

The frequency selectivity of human hearing sys-
tem can be approximated by subdividing the Intensity
of sound into parts that fall into Critical Bands. The
Critical Band Intensity, Is, can be calculated by the fol-
lowing equation

B+0.5Bark d[

I, = —dB (6)
: B—U!Bark dB

In this paper, the speech is sampled at a rate of
11.025 KHz. The highest frequency of speech sampled
is 5.50125 KHz which falls into the 18" Bark. There-
fore, 18 Critical Band Intensities(1 to 18) are used as
components of the feature vectors.

3. K-NEAREST NEIGHBOR CLASSIFICATION

The K-NN algorithm [4] is a well-known algorithm
for pattern classification. The set of 18-dimensional
feature vectors of Critical Band Intensities from N

training utterances / ={/,,/,,..../ . }, belong to one of

the 9 classes of unmixed vowels. Each class is de-
scribed by a set of 18-dimensional feature vectors

I7 =[i},i},,...,i5s], i=1..N. An unknown feature
vector of 18-dimensional Critical Band Intensities,
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1 inonn =U11 515 5. 415 |, must be classified into one of
the 9 classes by computing the distance d(/,,,. . .I.)

between the unknown vector 7, and all vector /,

for i=1...N. The first k=9 vectors [5] with the least dis-
tance from the unknown are selected. The decision is
then made to classify the unknown vector to be in the
class (unmixed vowel) in which the largest of the 9 se-
lected vectors belong to.

4. EXPERIMENTS

We have collected 21,600 speech samples from 5
men and 5 women. In the feature extraction process, we
have obtained the vocal tract transfer function of each
frame in all speech samples using the Linear Predictive
Coding of order 19[7]. Samples of Transfer Function
for all 9 vowels are presented in the group of “front

(L LR L (P LI T )

vowels” (“i”, “e”, “€"), “middle vowels” (“o”, “y”, “a”)

and “back vowels™ (“u”, “0”, “0”) [9] in Figure 2(a), 2
(b), and 2(c) respectively.

1 ' ' i
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E 0.9/ - i
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s
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(a) Front vowels
1 ' : ‘
2000 4000 6000
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2 01 v
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(=]
=
0.001 -
Frequency(Hz)
(-b) Middle vowels
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(c) Back vowels
Figure 2. Examples of vocal tract transfer functions

The ‘front’, ‘middle’, and ‘back’ vowels indicate
the position of the tongue in the mouth cavity while the
vowel is being created. Figure 2 indicates that there
maybe enough differences in vocal tract transfer func-
tions for pattern classification. We then map the vocal
tract transfer functions to the Bark Scale and calculate
the Critical Band Intensity of each Bark by equation (6).
The resultants 18 Critical Band Intensities are used as
18-dimensional feature vectors. The examples for the
‘front’, “middle’, and ‘back’ vowels are shown in Figure
3(a), (b), and (c).

Bark Number

(a) Front vowels

mw"
|+
O"a"

Bark Number

(b) Middle vowels

nuy
a"o"
o

Bark Number

(c) Back vowels
Figure 3 Examples of Critical Band Intensities

Large amount of feature vectors obtained from
21,600 speech samples have been divided into 2 sets,
10,800 samples of training set and 10,800 samples of
test set. The training set is used to create 2 types of ref-
erence models: Speaker Dependent and Speaker Inde-
pendent.

For the speaker dependent, 2 experiments have
been carried out for 1 man and 1 woman. 1,080 speech
samples from 1 person are used as training data for cre-
ate reference model by the K-NN method as mentioned
earlier. The rest 1,080 speech samples are used as test
set. The recognition results are shown in Table 1(a) and

(b).

Table 1. Speaker Dependent Recognition Result
Model|  Front |  Midde _ Back (%)
“Test | e o7 YT WT[W o) 9 | Accuracy
vzl vl o Jo [ afo] o] sass
Fromt|{ *e” | 3 |2as] 2 0] o[ o|0fo] o o792
eliy 4 |23k 1] 1 o0 |40)] O] O | B7.08
o 1] ol ol2o] el 2]o]o] 1] es83
Middlel " ‘0 [ 0] o | 5|28 2]0]o] o] s708
Sylporido T | 4 s |27 2] o)1 | o458
Al ojofololo1]|2|6] 2] 9625
Back["“0” 1 0 [o]o | o] 2] o] 6 [2s] 4 e500
W0 |1 [ AP2 0 To[ 2|5 28] 85.42
Awrage 9639 |
(a) man :
“ront Middie Back | (%)
R R e T
27| o3| ofo|lo]o]o] o] ears
Front! e | 6 |230] 2 [ 2| o | o|o]o]| o] es83
w6 |3|z=8[1]1]0]o|o0| 0] o5
“o™| v ]o]olasl 4] ool |Seros
Middlel 9" | 0 [0 | o | 8 [227/ 2|30 o] s458
e el a sl el io it ioans
ifiearr! 0 o[ o] oo 1]2s]l2] 2] e762
Back| 0| o |o|[o o[ 2]0]6]231] 1] 9825
s*lo|1]1[5]0o2|2]|9 |20 91.67
Awerage| 9551

(b) woman

In Table 1(a) and (b), the column represents the
test utterances in 9 unmixed vowels, the row represents
9 reference models. The tables provide the number of
test utterance, in each unmixed vowel, to be classify as



one of the unmixed vowel by the K-NN method, where
k=9. Last column shows an average accuracy of 96.39%
and 95.51% for the man and the woman models respec-
tively. The error in recognition almost always occurs in
its group of "front vowels", "middle vowels", and "back
vowels". This is because of the similarity in vocal tract
transfer function.

We also have created 2 gender-dependent models
for men and women. By combining training sets of the
same gender, the gender dependent refsrence models are
created using the training set. Similarly the test data
used are from the same gender. The results show in Ta-
ble 2(a) and (b) for male and female respectively.

Table 2. Gender Dependent Recognition Result

Model Front Middle Back (%)
Test e s e ) T e TGl T T 2" | Accuracy
411188l 5 | 14] 0 | 5] o | 10 Lo o° 0717

Front| “e” |13 |1157] 20 [ 0o [10] o [0 |0 | 0 | 9642
“%” 13| 5 |1157] 3 | 5| 0°l.0| 0 | 0 |.96.42

“o" | 5 | 5 | o [1127[ 33| 15 o | 5] 10| 9392
Migdel “y" | 0 [ 0 [ 5 [ 25 [1148] 22| 0 | 0. | 0 | 9567
“s* | o|o]| 5 | 20fapl1alz | ol st 27

9wl oflo] o[ ool s [1150] 30 | 15| e582

Back| “0” | 0 | o] o [ o 25| 5 | a0 |10e5] 35| 9125
; “* | 05| 5 |W0| 0| 0| 16]2 [1139] 9492
Average 9483

(@) Male \

i Prary Middle B T (%)
o R “tﬂ o0 YT e” AT YT %7 | Accumey

1155] 10 | 25 | 100 o] ‘o J o } o | o°} 9625

40 |1113] 25 [ 122/ 10| o o} o1 0 [ 9275

4 |15|113%5| 5 [ 6| 0 | 0| o| 0| o458

“o” | 5 | 0 | o [1180] 20 ["20] o [0 | 5] o583
Migdie] 4 [ 0 | o | o | 501132 10} 8 [ a | o [ 433
“a” | 0 ] o | 25| 25 |40 {1005 10 ] o | 5 | 9125
ot oo o o415 5-{1140] 30 [ 10 ["95.00
Back{ “o” ] 0o [ o | o | 0 |10 ] 15| 35 |1135| 5 | 9456
“'[ 0| 5| 5 | 2| 0] 10| 18| 45 [1091] 9092
Average| 93.94

(b) Female

The results show an average accuracy of 94.93%
for male and 93.94% for female, a little lower accuracy
than speaker dependent.

For speaker independent, all of the 10,800 utter-
ances have been used as a training set and the. rest
10,800 utterances have been used as a test set. The re-
sult is shown in Table 3.

Table 3. Speaker Independent Recognition Result

‘Model Front Middle Back (%)
Test B (R R T R R B T Accuracy
4 foaa7] 5 [28] 1 Jwo[o|15] a] o] 9738

Front| *e” (1202220 90 [ o [20[ o [ o | o [ o | 9250
“” 60 [137]2753] 0 (40 | 0 | 0 | 0 | 0 | 8971

“o” [ 10 [ 10| 0 [2046]220] 44| 0 [ 10 [ 60| 8525
Middie] y* | o | o [ 17 [es |2284/ 33| 0o | o | o | 8517
“a” | 0| 0|10]|40 |80 2217 8] 0 | 10] 9238
w]o|lo]| 3] o] of10]20057 ]3] o583

Back{ o7 0| o] 2 | o |80 10][120(2128 88.67
l%”[0[10[10][2 | 0|4 | 22 | 75 |2223| 9263

Average 9217
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The result in Table 3 shows that the speaker inde-
pendent model provides a lower accuracy rate than
speaker-dependent and gender-dependent models. Also,
some errors occur across the groups of vowel. This is
due to some differences in spectral bands of male and
female vocal-tract transfer functions. The average accu-
racy of 92.17% is achieved.

5. CONCLUSION

By mapping the vocal tract transfer function onto
the Critical Band Rate scale and using the K-NN pattern
classification process, speaker dependent and speaker
independent recognition models can be created to clas-
sify the 9 basic unmixed vowels in Thai spoken lan-
guage. Training samples taken from 5 males and 5 fe-
males Thai speaker are used to create the models. Test
samples from the same people are taken and used to test
the resultant models.

The result shows that the model created from the
voeal tract transfer function on the Bark Scale can be
used to recognized the unmixed vowel with accuracy up
10 96% for speaker dependent and 92% for speaker in-
dependent.
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