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Autoregressive

Automatic Speech Recognition

the Defense Advanced Research Project Agency
Discrete Cosine Transformation

European Language Resource Distribution Agency
Gaussian Mixture Model

Hidden Markov Model

Linguistic Data Consortium

Language Identification

Language Model

Linear Prediction cepstral

Linear Prediction cepstral coefficient

Large Vocabulary Continuous Speech Recognition System
Mel-Frequency Cepstral Coefficients

OGI Multi-language Telephone Speech Corpus

Perceptual Linear Predictive

Parallel Phone Recognition

Phone Recognition followed by Language Modeling
Phoneme Recognition followed by Language Modeling performed in Parallel
Parallel Sub-Word Recognition

Shifted Delta Cepstrum

Signal Noise Ratio

Support Vector Machine

Sub-Word Recognition

Vowel Onset Points

Vector Quantization
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w=1;% define the first value for w

a=struct ('wav', [], 'wav2',[],'s"',[], 'num', [], 'num2', []);%creates a structure
array with the specified fields and values.

P=64;% (the number of sampel files)

for p=1:P
filename=["'C:\users\asr\Desktop\OGI2\45\En-Ger\a\', 'k',int2str(p), '.wav'];
$filename=["'C:\users\asr\Desktop\OGI2\45\En-Jap\a\', 'k',int2str(p),'.wav'];
$filename=["'C:\users\asr\Desktop\OGI2\45\En-Man\a\', 'k',int2str(p),'.wav'];
$filename=["'C:\users\asr\Desktop\OGI2\45\En-Spa\a\', 'k',int2str(p),'.wav']l;
$filename=["'C:\users\asr\Desktop\0OGI2\45\Ge-Jap\a\"', 'k',int2str (p),"'.wav'];

$filename=["'C:\users\asr\Desktop\0OGI2\45\Ge-Man\a\"', 'k',int2str (p),"'.wav'];
$filename=["'C:\users\asr\Desktop\0OGI2\45\Ge-Spala\', 'k',int2str(p),"'.wav'];
$filename=["'C:\users\asr\Desktop\0OGI2\45\Jap-Man\a\', 'k',int2str(p),"'.wav'];
$filename=['C:\users\asr\Desktop\OGI2\45\Jap-Spa\a\’', "'k',int2str(p), ' .wav'];

$filename=["'C:\users\asr\Desktop\0GI2\45\Man-Spa\a\"', 'k',int2str(p),'.wav'];

[

b =wavread(filename) ;% reads a WAVE file
b2=b."';% change row to column without

siz2=size (b2,2); % calculate the number of columns of b2.
a(w) . .wav=b2;% save the vector b2.

a(w) .s=siz2;%save the size of the vector b2.

w=w+1;

L(l,p)=siz2; %the size of the vector b2.
end



Le=min(L); % find minimum size between all vectors b2.

for w=1:P % (the number of sampel files)

a(w) . .wav2(1l, :)=a(w).wav(l,1:Le);% resize all vectors to minimum size of
b2.
c=a(w).wav2(l,:);% uses any rows of data.
[cA,cD]=dwt (c, 'db20"'); %uses the Daubechies db2 wavelet transform.
% maintaining just the 1% of the originals.
lcal=numel (cA) ;
Z=zeros(l,1lcal);
[sortca, IXmax]=sort (abs (cA), 'descend') ;
for i=1:((1/100)*1cal)
Z (IXmax (i) )=cA(IXmax (i));
end
if w==
M2=1:1cal;
end
M2 (w+l,:)=Z; % make a matrix from vectors M
for i=l:1lcal
27 (1,i,w)= cA(i);
end
M(w, :)=M2 (w+l, :);
end
for w=1:P
2272 (w, :)=272(1,:,w); % make a matrix from vectors M
end

o)

% select the relevant coefficient for both language (those with non-zero
values)

RI1=[1];

count=zeros (1l,size(M,2));

3=1;

for r=1:(size (M, 2))

co=0;

for p=1:P

if M(p,xr)==
co=co+l;

end

end

count (r)=co;

if count (r)~=P
R1(1,]j)=IXmax(r);

J=3+1;



end
end

RRl=size (M, 2);

end
end

Mclass=[1l*ones (32,1)
HCA=zeros (1l,size (
HC=zeros (1, size(
IG=zeros (1l,size(
m=1;
for p=l:size(M,2)
Nf=0; Ne=0;
N1=0; N2=0;
nl=0; n2=0; n3=0; n4=0;
for k=l:size (M, 1)
if Mclass (k)==
N1=N1+1;
if M(k,p)==0
nl=nl+1;
else
n2=n2+1;
end
elseif Mclass (k)==
N2=N2+1;
if M(k,p)==0
n3=n3+1;
else
nd=ni+1;
end
end
end

; 2*ones (32,1)1;
))
) ;
)-

’

M, 2
M, 2)
M, 2)

’

Pclal=nl/ (nl+n3);
Pcla2=n2/ (n2+n4) ;
Pc2al=n3/ (nl+n3)
Pc2a2=n4/ (n2+n4) ;
Pal=(nl+n3)/ (N1+N2) ;
Pa2=(n2+n4) / (N1+N2) ;
Pcl=N1/(N1+N2) ;
Pc2=N2/ (N1+N2) ;
if Pclal~=0
HCA(1,p)=HCA(1l,p)+(Pal*(Pclal)*(log2(Pclal))):;
end
if Pc2al~=0
HCA (1,p)=HCA(1l,p)+(Pal* (Pc2al)* (log2(Pc2al)));
end

’



if Pclaz2~=0
HCA(1,p)=HCA(1l,p)+(Pa2* (Pcla2)* (log2(Pcla2))):
end
if Pc2a2~=0
HCA (1,p)=HCA(1l,p)+(Pa2* (Pc2a2)* (log2 (Pc2a2))):;
end

HCA(1,p)=-1* (HCA(1,p));

if Pcl~=0
HC(1,p)=HC(l,p)+(Pcl*log2(Pcl));
end
if Pc2~=0
HC (1,p)=HC(1l,p)+(Pc2*log2( Pc2));
end

HC(1,p)=-1*(HC(1,p));
IG(1,p)=(HC(p) -HCA(p));

end
[A, indA]=sort (IG, "descend"') ;
for m=1:4000

sss (m)=M2 (1, indA (m)) ;
end

for 1=1:numel (sss)
MM (:,1)=2Z2Z(:, (sss(1l)));
end
M=MM;
Mclass=[1l*ones (32,1); 2*ones(32,1)];



;% define the first value for w

truct ('wav', [],'wav2',[],"'s',[]);%creates a structure array with the
specified fields and values.

P=64;% (the number of sampel files)

for p=1:P
filename=['C:\users\asr\Desktop\OGI2\45\En-Ger\a\"', 'k', int2str(p),"'.wav'];
$filename=["'C:\users\asr\Desktop\OGI2\45\En-Jdap\a\"', 'k',int2str (p),"'.wav'];
$filename=["'C:\users\asr\Desktop\OGI2\45\En-Man\a\"', 'k',int2str (p),"'.wav'];
$filename=["'C:\users\asr\Desktop\OGI2\45\En-Spa\a\"', 'k',int2str (p),"'.wav'];
$filename=['C:\users\asr\Desktop\0GI2\45\Ge-Jap\a\', 'k',int2str (p),"'.wav'];

$filename=['C:\users\asr\Desktop\0GI2\45\Ge-Man\a\"', 'k',int2str (p),"'.wav'];

$filename=['C:\users\asr\Desktop\0GI2\45\Ge-Spala\', 'k',int2str (p),"'.wav'];

% filename=['C:\users\asr\Desktop\OGI2\45\Jap-Man\a\"', 'k',int2str(p), ' .wav'];
$filename=["'C:\users\asr\Desktop\OGI2\45\Jap-Spa\a\', "'k',int2str(p), "' .wav'];

$filename=['C:\users\asr\Desktop\0OGI2\45\Man-Spal\a\', 'k',int2str(p), '.wav'];

b =wavread(filename) ;% reads a WAVE file

b2=b.';% change row to column without

siz2=size (b2,2); % calculate the number of columns of b2.
a(w) . .wav=b2;% save the vector b2.

a(w).s=siz2;%save the size of the vector b2.

w=w+1;

L(l,p)=siz2; Sthe size of the vector b2.
end

Le=min(L); % find minimum size between all vectors b2.

for w=1:P % (the number of sampel files)

a(w).wav2(l,:)=a(w).wav(l,1l:Le);% resize all vectors to minimum size of
b2.

c=a(w).wav2(l,:);% uses any rows of data.

[cA,cD]=dwt (c, 'db20"'); %uses the Daubechies db2 wavelet transform.



for i=1:1cal
M3(1,1i,w)=0;
end
% maintaining just the 1% of the originals.
lca=numel (cA) ;

for i=l:1lca
M3 (1l,1i,w)=cA(i);

end

msize=size (M3,2);
end
for w=1:P

Mnew (w, :)=M3(1,:,w); % make a matrix from vectors M
end

Mclassnew=[1l*ones (32,1); 2*ones(32,1)1;



;% define the first value for w

truct ('wav', [],'wav2',[],"'s',[]);%creates a structure array with the
specified fields and values.

P=36;% (the number of sampel files)

for p=1:P

filename=['C:\users\asr\Desktop\OGI2\45\En-Ger\c\"', 'k',int2str(p),"'.wav'];
$filename=["'C:\users\asr\Desktop\OGI2\45\En-Jap\c\"', 'k',int2str (p),"'.wav'];
$filename=["'C:\users\asr\Desktop\OGI2\45\En-Man\c\"', 'k',int2str (p),"'.wav'];
$filename=["'C:\users\asr\Desktop\OGI2\45\En-Spa\c\"', 'k',int2str(p),'.wav']l;
$filename=["'C:\users\asr\Desktop\0GI2\45\Ge-Jap\c\"', 'k',int2str(p),"'.wav']l;
$filename=["'C:\users\asr\Desktop\0GI2\45\Ge-Man\c\"', 'k',int2str(p),'.wav']l;

$filename=["'C:\users\asr\Desktop\0GI2\45\Ge-Spa\c\"', 'k',int2str(p),'.wav']l;

$filename=["'C:\users\asr\Desktop\0GI2\45\Jap-Man\c\"', 'k',int2str(p),'.wav'];
$filename=['C:\users\asr\Desktop\OGI2\45\Jap-Spa\c\', 'k',int2str(p), "' .wav'];
$filename=["'C:\users\asr\Desktop\0GI2\45\Man-Spa\c\"', 'k',int2str(p),'.wav'];

)

b =wavread(filename) ;% reads a WAVE file
b2=b.';% change row to column without

siz2=size (b2,2); % calculate the number of columns of b2.
a(w) .wav=b2;% save the vector b2.

a(w).s=siz2;%save the size of the vector b2.

w=w+1;

L(l,p)=siz2; Sthe size of the vector b2.
end

Le=min(L); % find minimum size between all vectors b2.

for w=1:P % (the number of sampel files)

a(w).wav2(l,:)=a(w).wav(l,1l:Le);% resize all vectors to minimum size of
b2.

c=a(w).wav2(l,:);% uses any rows of data.

[cA,cD]=dwt (c, 'db20"'); %uses the Daubechies db2 wavelet transform.
for i=1l:1cal

M4 (1,1i,w)=0;
end



% maintaining just the 1% of the originals.
lca=numel (cA) ;
for i=l:lca

M4 (1,i,w)=cA(i);

end

msize=size (M4,2);
end
for w=1:P

Mtest (w, :)=M4 (1, :,w); % make a matrix from vectors M
end

Mclasstest=[1*ones (18,1); 2*ones(18,1)1;



% finding min
ntrain=64 ;

for p=l:ntrain
filename=["'C:\Users\HQ\Desktop\flash\HQ\Ge-Man\a\"',
$filename=["'C:

$filename=["'C:

$filename=["'C

$filename=["'C:

$filename=["'C:

$filename=["'C:

$filename=["'C:

$filename=["'C:

$filename=["'C

$filename=["'C:

of length

\users\asr\Desktop\OGI2\45\En-Ger\a\",

\users\asr\Desktop\OGI2\45\En-Jap\a\",

:\users\asr\Desktop\OGI2\45\En-Man\a\",

\users\asr\Desktop\OGI2\45\En-Spa\a\",
\users\asr\Desktop\0GI2\45\Ge-Jap\a\",
\users\asr\Desktop\0GI2\45\Ge-Man\a\",

\users\asr\Desktop\0GI2\45\Ge-Spa\a\",

'k',int2str (i), '.wav'];

'k',int2str (p), '.wav'];

'k',int2str (p),

'k',int2str (p),

'k',int2str (p),

'k',int2str (p),

'k',int2str (p),

'k',int2str (p),

\users\asr\Desktop\0GI2\45\Jap-Man\a\', 'k', int2str (p),

:\users\asr\Desktop\0OGI2\45\Jap-Spa\a\', 'k',int2str (p),

\users\asr\Desktop\0OGI2\45\Man-Spa\a\', 'k', int2str (p),

[s, f]=wavread (filename) ;
L(p)=length(s);

end
ntest=36;
for p=l:ntest

filename=['C:

$filename=["'C:

$filename=["'C:

$filename=["'C:

$filename=["'C:

$filename=["'C:

$filename=["'C

\Users\HQ\Desktop\flash\HQ\Ge-Man\b\"',
\users\asr\Desktop\OGI2\45\En-Ger\c\",
\users\asr\Desktop\OGI2\45\En-Jap\c\",
\users\asr\Desktop\OGI2\45\En-Man\c\"',
\users\asr\Desktop\OGI2\45\En-Spa\c\"',

\users\asr\Desktop\0OGI2\45\Ge-Jap\c\",

:\users\asr\Desktop\0GI2\45\Ge-Man\c\"',

$filename=["'C:\users\asr\Desktop\0OGI2\45\Ge-Spa\c\'"

'k',int2str (1),

'k',int2str (p),

'k',int2str (p),

'k',int2str (p),

'k',int2str (p),

'k',int2str (p),

'k',int2str (p),

.wav'];

.wav'];

.wav'];

.wav'];

.wav'];

.wav'];

.wav']

.wav']

.wav']

.wav'];

.wav'];

.wav'];

.wav'];

.wav'];

.wav'];

.wav'];

’

’

’

Q

°

,'k',int2str(p), ' .wav'];



$filename=["'C:\users\asr\Desktop\0OGI2\45\Jap-Man\c\"', 'k',int2str(p),"'.wav'];
$filename=['C:\users\asr\Desktop\OGI2\45\Jap-Spa\c\', "'k',int2str(p), ' .wav'];
$filename=['C:\users\asr\Desktop\0OGI2\45\Man-Spa\c\"', 'k',int2str(p),"'.wav']l;

[s, f]l=wavread(filename) ;
L(p+60)=1length(s);

wintime = 8.25;
steptime =wintime/2;

ntrain=64 ;
for p=l:ntrain

filename=['C:\Users\HQ\Desktop\flash\HQ\Ge-Man\a\"', 'k',int2str(i),"'.wav'];

$filename=['C:\users\asr\Desktop\OGI2\45\En-Ger\a\"', 'k',int2str (p),"'.wav'];
$filename=['C:\users\asr\Desktop\OGI2\45\En-Jap\a\"', 'k',int2str (p),"'.wav'];
$filename=["'C:\users\asr\Desktop\OGI2\45\En-Man\a\"', 'k',int2str (p),"'.wav'];
$filename=['C:\users\asr\Desktop\OGI2\45\En-Spa\a\', 'k',int2str (p),"'.wav'];
$filename=["'C:\users\asr\Desktop\0OGI2\45\Ge-Jap\a\', 'k',int2str (p),"'.wav'];
$filename=["'C:\users\asr\Desktop\0OGI2\45\Ge-Man\a\"', 'k',int2str (p),"'.wav'];
$filename=["'C:\users\asr\Desktop\0OGI2\45\Ge-Spa\a\', 'k',int2str (p),"'.wav'];
$filename=["'C:\users\asr\Desktop\0OGI2\45\Jap-Man\a\', 'k',int2str(p),"'.wav'];
$filename=["'C:\users\asr\Desktop\OGI2\45\Jap-Spa\a\', "'k',int2str(p), "' .wav'];

$filename=["'C:\users\asr\Desktop\0OGI2\45\Man-Spal\a\', 'k',int2str(p),"'.wav'];

[samples, sr]=wavread (filename) ;



%% ———————————————— PLP function---------—---——-—--
9990000000000900000000000000000900000000000000009000000
O0OO0OO0OO0OO0OOO0OO0O0ODOODOODOOOOODOODODODOOOOOOODODODODOOOOOOOOODOOO©O™©
% pspectrum = powspec (samples, sr);

winpts = round(wintime*sr) ;

steppts = round(steptime*sr);

NFFT = 2" (ceil (log(winpts)/log(2)));
WINDOW = hamming (winpts);

NOVERLAP = winpts - steppts;
SAMPRATE = sr;

Values coming out of rasta treat samples as integers,
not range -1..1, hence scale up here to match (approx)
= abs (specgram(samples*32768,NFFT, SAMPRATE, WINDOW, NOVERLAP) ) ."2;

oo o°

=

oo

imagine we had random dither that had a variance of 1 sample
step and a white spectrum. That's like (in expectation, anyway)
adding a constant value to every bin (to avoid digital zero)

if (dither)

y = y + winpts;

o

o

end

pspectrum=y;

999000000009 000000000000000000000000000000000 0o
OO0OOOOOOOOOOOOOOOOOOOOOOODODOOOOOOOOOODOOOOOOO©OOO
aspectrum = audspec (pspectrum, sr);

nbands = size (aspectrum,1);

postspectrum = postaud(aspectrum, sr);

lpcas = dolpc (postspectrum, modelorder) ;

% convert lpc to cepstra
cepstra = lpc2cep(lpcas, modelorder+l);
or to spectra
[spectra,F,M] = lpc2spec (lpcas, nbands);
cepstra = lifter(cepstra, 0.6);
c=cepstra;
c=reshape(c,1l,size(c,1) *size(c,2));
Mtrain(p, :)=c;

oo o°

8999000000000 000000000000000090090000000000000000000

Mtest=[];
Mclasstest=[];
ntest=36 ;
for p=l:ntest

filename=['C:\Users\HQ\Desktop\flash\HQ\Ge-Man\b\"', 'k',int2str(i),"'.wav'];
$filename=["'C:\users\asr\Desktop\OGI2\45\En-Ger\c\"', 'k',int2str (p),"'.wav'];
$filename=["'C:\users\asr\Desktop\OGI2\45\En-Jap\c\"', 'k',int2str (p),"'.wav'];
$filename=["'C:\users\asr\Desktop\OGI2\45\En-Man\c\"', 'k',int2str (p),"'.wav'];

$filename=["'C:\users\asr\Desktop\OGI2\45\En-Spal\c\"', 'k',int2str(p), ' .wav'];



%filename=["'C:
$filename=["'C

$filename=["'C:
$filename=["'C:

$filename=["'C:

\users\asr\Desktop\0GI2\45\Ge-Jap\c\"', 'k', int2str(p), ' .wav'];
:\users\asr\Desktop\0GI2\45\Ge-Man\c\"', 'k',int2str(p),"'.wav'];
\users\asr\Desktop\OGI2\45\Ge-Spa\c\"', 'k', int2str(p),'.wav'];
\users\asr\Desktop\OGI2\45\Jap-Man\c\"', 'k',int2str(p),'.wav'];

\users\asr\Desktop\OGI2\45\Jap-Spal\c\"', 'k',int2str(p),"'.wav']l;

$filename=["'C:\users\asr\Desktop\0OGI2\45\Man-Spa\c\"', 'k',int2str(p),"'.wav'];

[samples, sr]=wavread (filename) ;
samples (cut:end)=[1];

B PLP function--------—-----=-—-——-
% pspectrum = powspec (samples, sr);

winpts = round(wintime*sr) ;

steppts = round(steptime*sr);

NFFT = 2" (ceil (log(winpts)/log(2)));

WINDOW = hamming (winpts);

NOVERLAP = winpts - steppts;

SAMPRATE = sr;

oo

Values coming out of rasta treat samples as integers,
not range -1..1, hence scale up here to match (approx)
abs (specgram(samples*32768,NFFT, SAMPRATE, WINDOW, NOVERLAP) ) ."2;

oo

<

o

imagine we had random dither that had a variance of 1 sample
step and a white spectrum. That's like (in expectation, anyway)
adding a constant value to every bin (to avoid digital zero)
(dither)
y y + winpts;
end

oo

oo

if

aspectrum
nbands size

audspec (pspectrum,
(aspectrum, 1) ;
(

postspectrum postaud (aspectrum, sr);
lpcas dolpc (postspectrum, modelorder) ;
% convert lpc to cepstra
cepstra lpc2cep (lpcas,
or to spectra
[spectra, F, M]
cepstra lifter (cepstra,
c=cepstra;
c=reshape(c,1l,size(c, 1) *size(c,2));
Mtest (p, :)=c;

modelorder+l) ;

% = lpc2spec (lpcas, nbands);

0.6);

end
Mclasstest=[1l*ones (ntest/2,1);

2*ones (ntest/2,1)];



MFCC coeffic

o)

% finding min
ntrain=64 ;
for p=l:ntrain

ients

of length

filename=["'C:\Users\HQ\Desktop\flash\HQ\Ge-Man\a\"',

'k',int2str (i), '.wav'];

$filename=['C:\users\asr\Desktop\OGI2\45\En-Ger\a\"', 'k',int2str (p),"'.wav'];
$filename=["'C:\users\asr\Desktop\OGI2\45\En-Jap\a\"', 'k',int2str (p),"'.wav'];
$filename=['C:\users\asr\Desktop\OGI2\45\En-Man\a\"', 'k',int2str (p), '.wav'];
$filename=['C:\users\asr\Desktop\OGI2\45\En-Spa\a\"', 'k',int2str (p),"'.wav'];
$filename=["'C:\users\asr\Desktop\0OGI2\45\Ge-Jap\a\', 'k',int2str(p),"'.wav'];
$filename=['C:\users\asr\Desktop\0GI2\45\Ge-Man\a\"', 'k',int2str (p),"'.wav'];
$filename=['C:\users\asr\Desktop\0OGI2\45\Ge-Spa\a\', 'k',int2str (p),"'.wav'];
$filename=['C:\users\asr\Desktop\0OGI2\45\Jap-Man\a\"', 'k',int2str(p), '.wav'];
$filename=['C:\users\asr\Desktop\0GI2\45\Jap-Spal\a\', 'k',int2str(p), '.wav'];

$filename=["'C:\users\asr\Desktop\0OGI2\45\Man-Spal\a\', 'k',int2str(p),"'.wav'];

]=wavr

ead(filename) ;

[s, £
L(p)=length(s);

end
ntest=36;
for p=l:ntest

filename=["'C:\Users\HQ\Desktop\flash\HQ\Ge-Man\b\"',

'k',int2str (i), '.wav'];

$filename=['C:\users\asr\Desktop\OGI2\45\En-Ger\c\"', 'k',int2str (p),"'.wav'];
$filename=["'C:\users\asr\Desktop\OGI2\45\En-Jdap\c\"', 'k',int2str (p),"'.wav'];
$filename=["'C:\users\asr\Desktop\OGI2\45\En-Man\c\"', 'k',int2str (p),"'.wav'];
$filename=['C:\users\asr\Desktop\OGI2\45\En-Spa\c\"', 'k',int2str (p),"'.wav'];
$filename=["'C:\users\asr\Desktop\0OGI2\45\Ge-Jap\c\"', 'k',int2str (p),"'.wav'];
$filename=["'C:\users\asr\Desktop\0OGI2\45\Ge-Man\c\"', 'k',int2str (p),"'.wav'];
$filename=['C:\users\asr\Desktop\0GI2\45\Ge-Spa\c\"', 'k',int2str (p),"'.wav'];



$filename=["'C:\users\asr\Desktop\0OGI2\45\Jap-Man\c\"', 'k',int2str(p), " '.wav'];
$filename=['C:\users\asr\Desktop\0GI2\45\Jap-Spa\c\', 'k',int2str(p), '.wav'];
$filename=["'C:\users\asr\Desktop\0OGI2\45\Man-Spa\c\"', 'k',int2str(p),"'.wav'];

[s, f]l=wavread(filename) ;
L(pt60)=length(s);

899000000000 0000000000000000090000000000000000000
OOOO0OOOOOODOOOOOOODOOOOOOOOOOODOOOODOOOOOOOOOOODOOOOOO
o .

sm——— parameter of mfcc function------------
0000000 0000000000000000000000000000000000000000

wintime=6;

hoptime=wintime/2;
lifterexp=0.6;sumpower=1;preemph=0.97;
dither=0;minfreg=0;maxfreq=4000;
nbands=40;bwidth=1.0;dcttype=2;

=1 T . = . = .

fbtype="mel';usecmp=0;modelorder=0;
9909000000000000900090000000000000000000090000000000000
OODO0OOO0OOOOOOOOOOOOOOOOOODOOOOOOOODODODOOOOOOOOOOOOOOO™©
N .
T train-—-—-—-—-—""7"—""—————————-
990900000000000009000900000000000000000000000000000000
OODO0OOO0OO0OOOOOOOOOOOOOOOOODOOOOOOOODODODOOOOOOOOOOOOO©OO™©
M=[];

Mclass=[];
ntrain=64 ;
for p=l:ntrain

filename=['C:\Users\HQ\Desktop\flash\HQ\Ge-Man\a\"', 'k',int2str(i),"'.wav'];
$filename=['C:\users\asr\Desktop\OGI2\45\En-Ger\a\"', 'k',int2str (p),"'.wav'];
$filename=['C:\users\asr\Desktop\OGI2\45\En-Jap\a\', 'k',int2str (p),"'.wav'];
$filename=['C:\users\asr\Desktop\OGI2\45\En-Man\a\"', 'k',int2str (p), '.wav'];
$filename=['C:\users\asr\Desktop\OGI2\45\En-Spa\a\"', 'k',int2str (p),"'.wav'];
$filename=["'C:\users\asr\Desktop\0OGI2\45\Ge-Jap\a\', 'k',int2str (p),"'.wav'];
$filename=['C:\users\asr\Desktop\0GI2\45\Ge-Man\a\"', 'k',int2str (p),"'.wav'];
$filename=["'C:\users\asr\Desktop\0OGI2\45\Ge-Spa\a\"', 'k',int2str(p),"'.wav'];
$filename=["'C:\users\asr\Desktop\0OGI2\45\Jap-Man\a\', 'k',int2str(p),"'.wav'];
% filename=["'C:\users\asr\Desktop\OGI2\45\Jap-Spala\', 'k', int2str(p), '.wav'];

$filename=["'C:\users\asr\Desktop\0OGI2\45\Man-Spa\a\', 'k',int2str(p),"'.wav'];

[samples, sr]=wavread (filename) ;



samples (cut:end)=[];
Fm—m = mfcc function---—-——------—--———-
if preemph ~= 0
samples = filter ([l -preemph], 1, samples);
end
% Compute FFT power spectrum
pspectrum = powspec (samples, sr, wintime, hoptime, dither);
aspectrum = audspec (pspectrum, sr, nbands, fbtype, minfreq, maxfreq,
sumpower, bwidth);
if (usecmp)
% PLP-like weighting/compression
aspectrum = postaud(aspectrum, maxfreq, fbtype);
end
if modelorder > 0
if (dcttype ~= 1)
disp(['warning: plp cepstra are implicitly dcttype 1 (not ',
num2str (dcttype), ')'1);
end
% LPC analysis
lpcas = dolpc(aspectrum, modelorder) ;
% convert lpc to cepstra
cepstra = lpc2cep(lpcas, numcep);
else
% Convert to cepstra via DCT
cepstra = spec2cep (aspectrum, numcep, dcttype);
end
cepstra = lifter(cepstra, lifterexp);
c=cepstra;
c=reshape (cepstra,l,size(c,1l)*size(c,2));

M(p,:)=c;
end
Mclass=[l*ones (ntrain/2,1); 2*ones(ntrain/2,1)];
99090000000000000000000000000000000000000000000000
OODO0OOO0OOOOOOOOOOOOOOOOOOOOOOOOOOODODOOOOOOODOOOOOOOOO™O
G—m e test--————-———-----"----—--———-—
9990000000000000000000000000000000000000000000000
OO0DO0OOOOOOOOOOOOOOOOOOOOOOOOOOOOODOOOOOOOODOOOOOOOOO™O
Mtest=[];
Mclasstest=[];
ntest=36 ;

for p=l:ntest
filename=['C:\Users\HQ\Desktop\flash\HQ\Ge-Man\b\"', 'k',int2str (i), "'.wav'];
$filename=["'C:\users\asr\Desktop\OGI2\45\En-Ger\c\"', 'k',int2str(p),'.wav'];
$filename=["'C:\users\asr\Desktop\OGI2\45\En-Jap\c\"', 'k',int2str (p),"'.wav'];
$filename=["'C:\users\asr\Desktop\OGI2\45\En-Man\c\"', 'k',int2str (p),"'.wav'];
$filename=["'C:\users\asr\Desktop\OGI2\45\En-Spa\c\"', 'k',int2str(p),'.wav'];

$filename=["'C:\users\asr\Desktop\0OGI2\45\Ge-Jap\c\"', 'k',int2str (p),"'.wav'];

$filename=["'C:\users\asr\Desktop\0OGI2\45\Ge-Man\c\"', 'k',int2str (p),"'.wav'];

$filename=["'C:\users\asr\Desktop\0GI2\45\Ge-Spa\c\"', 'k',int2str(p),'.wav'];



$filename=["'C:\users\asr\Desktop\0OGI2\45\Jap-Man\c\"', 'k',int2str(p), " '.wav'];
$filename=["'C:\users\asr\Desktop\0GI2\45\Jap-Spa\c\"', 'k',int2str(p),'.wav']l;
$filename=["'C:\users\asr\Desktop\0GI2\45\Man-Spa\c\"', 'k',int2str(p),'.wav'];

[samples, sr]=wavread (filename) ;
samples (cut:end)=[];
Gm—m = mfcc function--------—------———-
if preemph ~= 0
samples = filter ([l -preemph], 1, samples);

end
% Compute FFT power spectrum

pspectrum = powspec (samples, sr, wintime, hoptime, dither);

aspectrum = audspec (pspectrum, sr, nbands, fbtype, minfreq, maxfreq,
sumpower, bwidth);

if (usecmp)

o

% PLP-like weighting/compression
aspectrum = postaud(aspectrum, maxfreq, fbtype);
end
if modelorder > 0
if (dcttype ~= 1)
disp(['warning: plp cepstra are implicitly dcttype 1 (not '
num2str (dcttype), ')'1);
end
% LPC analysis
lpcas = dolpc(aspectrum, modelorder) ;
% convert lpc to cepstra
cepstra = lpc2cep(lpcas, numcep);
else
% Convert to cepstra via DCT
cepstra = spec2cep (aspectrum, numcep, dcttype);
end
cepstra = lifter (cepstra, lifterexp);
c=cepstra;
c=reshape (cepstra,l,size(c,1l)*size(c,2));
Mtest (p, :)=c;

4

end
Mclasstest=[1*ones (ntest/2,1); 2*ones (ntest/2,1)];



ntrain=64 ;

for p=l:ntrain

filename=["'C:\Users\HQ\Desktop\flash\HQ\Ge-Man\a\"',

$filename=["'C:

$filename=["'C:

$filename=["'C:

$filename=["'C:

$filename=["'C:

$filename=["'C:

$filename=["'C:
$filename=["'C
$filename=["'C:

$filename=["'C:

\users\asr\Desktop\OGI2\45\En-Ger\a\"
\users\asr\Desktop\OGI2\45\En-Jap\a\"'
\users\asr\Desktop\OGI2\45\En-Man\a\"'
\users\asr\Desktop\OGI2\45\En-Spa\a\"
\users\asr\Desktop\0OGI2\45\Ge-Jap\a\'
\users\asr\Desktop\0GI2\45\Ge-Man\a\"

\users\asr\Desktop\0GI2\45\Ge-Spa\a\"

'k',int2str (i), '.wav'];

4

4

4

'k',int2str (p),
'k',int2str (p),
'k',int2str (p),
'k',int2str (p),
'k',int2str (p),
'k',int2str (p),

'k',int2str (p),

:\users\asr\Desktop\0GI2\45\Jap-Man\a\"', 'k',int2str (p),

\users\asr\Desktop\0GI2\45\Jap-Spa\a\', 'k', int2str (p),

\users\asr\Desktop\OGI2\45\Man-Spa\a\', 'k', int2str (p),

[s, f]l=wavread(filename) ;
L(p)=length(s);

end
ntest=36;
for p=l:ntest

filename=['C:

$filename=["'C:

$filename=["'C:

$filename=["'C:

$filename=["'C:

$filename=["'C:

$filename=["'C:

$filename=["'C

\Users\HQ\Desktop\flash\HQ\Ge-Man\b\"'
\users\asr\Desktop\OGI2\45\En-Ger\c\"'
\users\asr\Desktop\OGI2\45\En-Jap\c\"'
\users\asr\Desktop\OGI2\45\En-Man\c\"'
\users\asr\Desktop\OGI2\45\En-Spa\c\"'
\users\asr\Desktop\0OGI2\45\Ge-Jap\c\"'

\users\asr\Desktop\OGI2\45\Ge-Man\c\"'

:\users\asr\Desktop\0GI2\45\Ge-Spa\c\"

4

4

4

4

'k',int2str (1),
'k',int2str (p),
'k',int2str (p),
'k',int2str (p),
'k',int2str (p),
'k',int2str (p),
'k',int2str (p),

'k',int2str (p),

.wav'];

.wav'];

.wav'];

.wav'];

.wav'];

.wav'];

.wav'];

.wav'];

.wav'];

.wav'];

.wav'];

.wav'];

.wav'];

.wav'];

.wav'];

.wav'];

.wav'];

.wav'];



$filename=["'C:\users\asr\Desktop\0OGI2\45\Jap-Man\c\"', 'k',int2str(p), " '.wav'];
$filename=["'C:\users\asr\Desktop\0GI2\45\Jap-Spal\c\"', 'k',int2str(p), '.wav'];
$filename=["'C:\users\asr\Desktop\OGI2\45\Man-Spa\c\"', 'k',int2str(p),"'.wav'];

[s, f]l=wavread(filename) ;
L(pt60)=length(s);

899000000000 0000000000000000090000000000000000000
OOOO0OOOOOODOOOOOOODOOOOOOOOOOODOOOODOOOOOOOOOOODOOOOOO
Q

R ittt bbb parameter of LPC---—--—--—-—-—---—-
Plpc=9;

wintime=5.25;

00000000000000000000000 00000000000000000000000

ntrain=64 ;
for p=l:ntrain

filename=["'C:\Users\HQ\Desktop\flash\HQ\Ge-Man\a\', 'k',int2str (i), "'.wav'];

$filename=["'C:\users\asr\Desktop\OGI2\45\En-Ger\a\', 'k',int2str(p),'.wav'];
$filename=["'C:\users\asr\Desktop\OGI2\45\En-Jdap\a\"', 'k',int2str (p),"'.wav'];
$filename=["'C:\users\asr\Desktop\0OGI2\45\En-Man\a\"', 'k',int2str(p),'.wav'];
$filename=["'C:\users\asr\Desktop\OGI2\45\En-Spa\a\"', 'k',int2str(p),"'.wav'];
$filename=["'C:\users\asr\Desktop\0OGI2\45\Ge-Jap\a\"', 'k',int2str(p),"'.wav'];
$filename=["'C:\users\asr\Desktop\OGI2\45\Ge-Man\a\"', 'k',int2str (p),"'.wav'];
$filename=["'C:\users\asr\Desktop\0OGI2\45\Ge-Spa\a\"', 'k',int2str (p),"'.wav'];
$filename=['C:\users\asr\Desktop\0GI2\45\Jap-Man\a\"', 'k',int2str(p), '.wav'];
$filename=["'C:\users\asr\Desktop\0OGI2\45\Jap-Spa\a\', 'k',int2str(p), " '.wav'];
$filename=['C:\users\asr\Desktop\0OGI2\45\Man-Spal\a\', 'k',int2str(p), '.wav'];

[s, f]l=wavread(filename) ;
s(cut:end)=[1];
samples=wintime*f;
m=[];
a=floor (length(s) /samples)+floor ((length(s)-samples/2) /samples) ;
for j=1l:a
x=s (1+(j-1) * (samples/2) :1+(j-1) * (samples/2) +samples-1) ;
c=lpc (x,Plpc);
m(:,j)=c';
end



m=reshape (m,1,size(m, 1) *size(m,2));

M(p, :)=m;
end
Mclass=[l*ones (ntrain/2,1); 2*ones(ntrain/2,1)];
©9999000000000000000000000000000000000000000000000
OO0O0OO0OO0OO0O0OO0O0OO0OOOOOOODOODODODODOOOOOOODODODODOOOOOOOOODOODOOOO™O
G—m test-————-——-----"----—---——-—
99090000000000000000000000000000000000000000000000
OO0ODO0OOO0OO0OOOOOOOOOOOOOOOOODOOOOOOOOODODOOOOOOOOOOOOOOOO™O
Mtest=[];
Mclasstest=[];
ntest=36 ;

for p=l:ntest
filename=['C:\Users\HQ\Desktop\flash\HQ\Ge-Man\b\"', 'k',int2str(i),"'.wav'];

$filename=["'C:\users\asr\Desktop\OGI2\45\En-Ger\c\"', 'k',int2str(p),'.wav']l;
$filename=["'C:\users\asr\Desktop\OGI2\45\En-Jap\c\"', 'k',int2str(p),'.wav']l;
$filename=["'C:\users\asr\Desktop\OGI2\45\En-Man\c\"', 'k',int2str(p),'.wav'];

$filename=["'C:\users\asr\Desktop\OGI2\45\En-Spa\c\"', 'k',int2str(p),'.wav'];

%filename=['C:\users\asr\Desktop\0GI2\45\Ge-Jap\c\', 'k',int2str (p), '.wav'];
$filename=["'C:\users\asr\Desktop\OGI2\45\Ge-Man\c\"', 'k',int2str (p),"'.wav'];

%filename=['C:\users\asr\Desktop\0OGI2\45\Ge-Spa\c\', 'k',int2str (p), '.wav'];

$filename=["'C:\users\asr\Desktop\0GI2\45\Jap-Man\c\"', 'k',int2str(p),'.wav'];
$filename=["'C:\users\asr\Desktop\0GI2\45\Jap-Spal\c\"', 'k',int2str(p),'.wav'];

$filename=["'C:\users\asr\Desktop\0OGI2\45\Man-Spa\c\"', 'k',int2str(p),"'.wav'];

[s, f]=wavread (filename) ;
s(cut:end)=[1];
samples=wintime*f;
m=[];
a=floor (length(s) /samples)+floor ((length(s)-samples/2) /samples) ;
for j=1l:a
x=s (1+(j-1) * (samples/2) : 1+ (j-1) * (samples/2) +samples-1) ;
c=lpc (x,Plpc);
m(:,j)=c';
end
m=reshape (m,1l,size(m,1l) *size(m,2));
Mtest (p, :)=m;
end
Mclasstest=[1l*ones (ntest/2,1); 2*ones (ntest/2,1)]:;
Mnew=M;



%‘k‘k**********************************************************************‘k‘k

%0riginal program for language identification

%‘k‘k**********************************************************************‘k‘k

%‘k‘k**********************************************************************‘k‘k

accuracy=zeros(l,size (M, 2));

numbercoefficients=[];

accuracycoeficients=[];

numbercoefftest=[]

accuracycoefftest=

tlb=struct('tfs', [

YY=0;

$ sizTf=YY;

ii=2;

A=[];

for p=l:size(M,2)
N=size (M, 1); %the number of examples present in a subset S.

=2; % the number of classes to process each pair of languages.

%$%%c=9;% the number of classes.

[1;
l,'cn', [1, 'probc’', [1, "ixtT"', []1);

-~

lableM=[];
lablel=[];
lable2=[];
lable=1:N;
a:M(:Ip);

Msort=zeros (N, 1) ;

Mclasssort=zeros (N, 1) ;

[Msort,in]=sort(a);% sort of M, "in" is the index of Msort.
lableM=lable;

for i=1:(size(in, 1))
Mclasssort (i, 1l)=Mclass (in(i,1),1);% sort of classes (label of Msort).
end
lableclass=Mclasssort; %lable class is first Mclasssort.
Zv=[];Tfinal=[];
w=1l; g=1;v=1;z=1;

b:StruCt('S2'I[]I'iX2'I[]I'lb2'I[]);

while (z>0)
N=size (Msort, 1) ;
T=[1;
indexT=[];
e=[1;

Ents=[];
Entsl=[];
Ents2=[1];

PR R R R R R R R R R R R R R R R R R R R R R R R R R

j=1;
for i=1: (numel (Mclasssort)-1)
if Mclasssort (i, 1l)~=Mclasssort(i+l,1) & Msort(i,1l)~=Msort (i+l,1)



for languages)

a subset S1.

a subset S2.

Sl.

%Mclasssort show the classes present in a subset (the indices

T(1,3)=
indexT (1,j)=i; %indexT is
sl=Msort (1l:i,1);

s2=Msort (i+1:N,1);
ixl=Mclasssort(l:1i,1);
ix2=Mclasssort (i+l:end, 1) ;
numsl=numel (sl) ;

nums2=numel (s2) ;

for k=1:c

(Msort (i, 1) +Msort (i+1,1))/2;

the index of T.

%show a subset sl.
%show a subset s2.
%$show the classes present in Sl

$show the
$the number

$the number

for x=1l:1length (Mclasssort)
if Mclasssort(x,1l)==k
pc(l,k)=pc(l,k)+1;

end
end

pcc(l,k)=(pc(l,k)/ (numsl+nums2)) ;

end
ents=0;
for k=1l:c

if (pcc (1, k)~=0)

classes present in S2
of examples present in

of examples present in

ents=ents+ (pcc(l,k)*log2(pcc(l,k)));

end
end
Ents(l,j)=-ents; %Ent(s)
9900000000000 00000
O O0O0OO0OO0OOOO0OOO0OOODODOOO
pc=zeros(l,c);
Pcc=zeros (1l,c);
for k=1:c

for x=1:length (ix1l)
if ixl(x,1)==

pc(l,k)=pc(l,k)+1;

end
end

pce(1,k)=(pc(1,k)/numsl) ;

end
entsl=0;
for k=1l:c
if (pcc(l,k)~=0)

is the class entropy of a subset S.

entsl= entsl+(pcc(l,k)*log2(pcc(l,k)));

end
end
Entsl(1l,]j)=-entsl;

3Ent (sl)

is the class entropy of a subset



Pcc=zeros (1l,c);
for k=1l:c
for x=1l:length (ix2)
if ix2 (x,1)==k
pc(l,k)=pc(l,k)+1;

end
end

pcc(l,k)=(pc(l,k)/nums?);
end
ents2=0;
for k=1l:c

if (pcc (1, k)~=0)

ents2= ents2+ (pcc(l,k)*log2 (pcc(l,k)));

end
end
Ents2(1l,j)=-ents2; %Ent(s2) is the class entropy of a subset

S2.

e(l,j)=(numsl/ (numsl+nums2) ) *Entsl (1, )+ (nums2/ (numsl+nums2) ) *Ents2 (1, 7J);
J=3+1;
end
end

%*************************************************************************

%*************************************************************************

if numel (e) ==

z=w-1;

if numel (Zv) ==
Zv (1)=0;
Zv (2)=0;

end

cw=1;

while (cw==1)
cw=0;

for v=1:1length (Zv)

if Zv(v)==z

z=z-1;
cw=1;
end
end
end
if z>0
v=length (Zv) +1;
v (v)=2z;

else break
end



Msort= b(z).s2;
Mclasssort=b(z) .1ix2;
lableM=b(z) .1b2;
Msave= b(z).s2;

else

PR R R R R R R R e R e R R I R R R R R R R o

%*************************************************************************

[emin, indexemin]=min (e) ; %$find minimum e and its index.
ixcut=indexT (indexemin) ; $find the index of T corresponding to

indexemin.

slmin=Msort (1l:ixcut,1); %$find a new subset sl
corresponding to emin.

s2min=Msort (ixcut+l:end, 1) ; $find a new subset s2

corresponding to emin.

[

% show the number of sl (slmin).
% show the number of s2(s2min).

numl=numel (slmin)
num2=numel (s2min)

~e e

ixlmin=Mclasssort (l:ixcut,1l); %show the classes present in
slmin

ix2min=Mclasssort (ixcut+l:end,1l); % show the classes present in
s2min) .

for emin.
1) for emin.
2) for emin.

Entsmin=Ents (1, indexemin); %find the ent(s)
Entslmin=Entsl (1, indexemin); %find the ent (s
Ents2min=Ents2 (1, indexemin); %find the ent (s

%**************************************************

count=c; %the number of distinct classes present in S.

hl=zeros(c,1);
col=0;
for h=1:(numel (ixlmin))
for u=l:c
if ixlmin (h)~=u
hl (u)=hl(u)+1;
end
end
end
for u=l:c
if hl (u)==numel (ixlmin)
col=col+l;
end
end
countl=c-col; S%the number of distinct classes present in Slmin
%******************************
h2=zeros(c,1);
co2=0;



for h=1:numel (ix2min)
for u=l:c
if ix2min (h)~=u
h2 (u)=h2 (u)+1;
end
end
end
for u=l:c
if h2 (u)==numel (ix2min)
co2=co2+1;
end
end
count2=c-co2; %the number of distinct classes present in S2min

PR R R R R R R R R R R R R R R I R I ]

gain= Entsmin- ( (numl/N)* (Entslmin)) - ( (num2/N) *Ents2min) ;
delta=log2 ((3”count)-2)-((count* Entsmin)- (countl* Entslmin)-
(count2* Ents2min));

cw=0;
if gain>(((log2(N-1))/N)+ (delta/N))
Tfinal (q) =T (indexemin) ;

lablel=lableM(l:ixcut); %
lable2=lableM (ixcut+l:end) ;

o

b(w) .s2=s2min;
b(w) .ix2=1ix2min;
b(w) .1lb2=1lable2;
lableM=lablel;

Msort=slmin;
Mclasssort=ixlmin;

w=w+1;
q=q+l;

LhFxhhrhkhk Ak b hdhhrhhhhrhbrhrhrhhrhdhdrhkrhrhhrhkdhkrhdhdhhrhkhkxkkx

LhFxhhrhkhk Ak khdhkhrhhhhkdhbrdrhrhhrhrhdrhkrhrhhrhdhkrkdhkdhhkrhkhkxkkx

else
z=w—-1;
if numel (2
Zv (1) =
Zv (2) =

V) ==
0;
0

;
end

cw=1;
while (cw==1)
cw=0;



for v=1:1length (Zv)

1f Zv(v)==
z=z-1;
cw=1;
end
end
end
if z>0

v=length (Zv)+1;
v (v)=z;

else break

end

Msort= b (z) .s2;
Mclasssort=b(z) .1ix2;
lableM=b (z) .1b2;

end
end
end

%**********

%**********

%the classification phasel

classname=[]; % tarif avaliye classname ke braye neshan dadane class har
baze be kar miravad.

% sotuni ke daste bandi nemishavad ra moshakhas konim.
A(:,1)=0;
if numel (Tfinal)==
A(:,11)=p;
1i=ii+1;
else

[Tfinalsort,ixt]l=sort(Tfinal); % sort kardane t haye peyda shode dar
bakhshe ghabl.

if size(Tfinal,2)>YY
sizTf=size(Tfinal,2); % tedad sotun ra baraye C ,Cl midahad.

end

tlb(p) .tfs=Tfinalsort; %zakhire sazi Tfinalsort baraye har
atribute (sotun)

tlb(p) .ixtT=ixt; $zakhire sazi andise Tfinalsort baraye har
atribute (sotun)

YY=sizTf;

end

end



% classification
Msortl=zeros (size(M,1),size (M, 2));
[Msortl,inl]=sort (M) ;
for p=l:size(M,2)
if p~=A(1,:)
for i=1:(size(inl,1))

Mclasssortl (i,p)=Mclass (inl(i,p),1);

Msortl) .
end

end
end
C=zeros (size(M,1),sizTf+1,size (Msortl, 2));
Cl=zeros(size(M,1),sizTf+1,size (Msortl,2));
for p=l:size(M,2)

if p~=A(1,:)

X=[-1 tlb(p) .tfs 1];
for j=l:size(X,2)-1

o

°

sort of classes

K=find (X (j)<=Msortl (:,p) & Msortl (:,p)<=X(j+1));

cc=Msortl (K, p);

ccl=Mclasssortl (K,p);

for i=1:numel (cc)
C(iljlp):cc(illll); %

i,j,p)=Msortl (K, p)

C(
Cl(i,j,p)=ccl(i,1,1); %Cl(i,j,p)=Mclasssortl (K, p)

end
end
end
end

for p=l:size(C, 3)
if p~=A(1,:)
for j=l:size(C,2)
pc=zeros(l,c);
pcc=0;
for k=1:c
for i=1l:size(C,1)
if Cl(i,J,p)==k
pc(l,k)=pc(l,k)+1;
pcc=pcc+l;
end
end
end

for i=l:c
prpc(i,j,p)=pc(l,1) /pcc;
C2(i,j,p)=prpc(i,j,p);

end

[pcmax, ixpl=max (pc) ;

if pcmax==
ixp=0;

end

classname (J) =ixp;
prc(j)=(pcmax/pcc) ;

(label of



end

tlb (p) .cn=classname; %tlb(p).cn(j)

ra midahad.

tlb (p) .probc=prc;

end
end

classname baze j om az sotune p om

%***************************************************************

%testing prog

Nnew=size (Mnew, 1

);

accuracyl=zeros (l,min(size (Mnew,2),size(M,2)))

for p=l:min(size
if p~=A(1,:)
true=0;
false=0;

(Mnew, 2) ,size (M, 2))

pp=sss(p) ;

for i=1:Nnew
ph=Mnew (i, pp) ;
phc=Mclassnew (i) ;
pnum=0;

if numel (tlb(p) .tfs)~=0

end
end

accuracyl (p) =true*100/ (true+false) ;

dast miayad.
end
end

if ph<tlb(p).tfs (1)
phclass =tlb(p).cn(l);

elseif ph>=tlb(p).tfs (end)
phclass=tlb(p) .cn(end);
else

for j=2:length(tlb(p).tfs)
if tlb(p).tfs(j-1)<=ph & ph<tlb(p).tfs(])

phclass=tlb (p) .

end
end

end

if phclass==phc

true=true+l;
else false=false+l;
end

cn(Jj);

%accuracy baraye har sotun be

[acc,pmax]=max (accuracyl) 3firstattT=tlb.tfs (pmax);%First attribute

ppmax=sss (pmax) ;

%***********************************************************************

classprobmaxl= zeros(length (Mclassnew),1l);



classprobmax2= zeros (length (Mclassnew),1);

’

probml= zeros(c,1)

probm2= zeros(c,1l);
probm3= zeros(c,1l);

probm= zeros(c,1l);

opt=struct ('numco', [], "accco', [], 'Tco', [], 'Leco', [], 'Lco2",[], "numcotest"', [],"'
acccotest', []);

numattL=[];

probattlL=[];
accuracy=[]

x=1;

if pmax~=A(1l,:)

’

opt (x) .Tco=tlb (pmax) .tfs;

opt (x) .Lco=tlb (pmax) .cn;

opt (x) .accco=accuracyl (pmax) ;
opt (x) .numco=pmax;

true=zeros(l,size (M, 2));

1=1;

for k=l:size (Mnew, 1)
al=Mnew (k, ppmax) ;
Tl=tlb (pmax) .tfs;
classl=tlb (pmax) .cn;
probl=tlb (pmax) .probc;

if al< T1(1)
alclass=classl(1l);
alprobl=probl (1) ;

for i=l:c
probml (i,1)=C2 (i, 1,pmax) ;
end

elseif al>= T1 (end)
alclass=classl (numel (T1)+1) ;
alprobl=probl (numel (T1)+1);

for i=l:c
probml (i,1)=C2 (i,numel (T1l)+1,pmax) ;
end

else
for j=2:1length(T1)
if Tl (j-1)<=al & al<T1l(3)
alclass=classl (j);
alprobl=probl (j);

for i=l:c
probml (i,1)=C2 (i, Jj,pmax);
end
end
end
end



1=1+1;

end
end
accuracy=zeros(l,min(size (Mnew,2),size (M, 2)));
for p=l:min(size (Mnew,?2),size(M,2))
if p~=A(1,:)
if p~=pmax
pp=sss (p) ;
if numel( tlb(p) .tfs)~=0
true=0;
false=0;
1=1;

for k=l:size (Mnew, 1)
a2=Mnew (k, pp) ;
T2=tlb(p) .tfs;
class2=tlb(p) .cn;
prob2=tlb (p) .probc;

1if a2< T2(1)
a2class=class2(1l);
azprob2=prob2 (1) ;
for i=l:c
probm2 (i,1)=C2(i,1,p);
end

elseif a2>= T2 (end)
aZ2class=class?2 (numel (T2)+1) ;
azprob2=prob2 (numel (T2)+1) ;
for i=l:c
probm2 (i,1)=C2 (i,numel (T2)+1,p);
end

else
for j=2:1length(T2)

if T2(j-1)<=a2 & a2<T2(3)
a2class=class2(j);
azprob2=prob2 (j);
for i=l:c

probm2 (i,1)=C2(i,3,p):

end

end

end
end
1=1+1;

end
for 1=1:length (Mclassnew)

for i=l:c
probm (i, l)=(probml(i,1l)).* (probm2(i,1l));



end
end

[prob, clsssname]=max (probm) ;
opt (p) .Lco2=probm;

for k=l:size (Mnew, 1)
if clsssname (1l,k)== Mclassnew(k,1)
true=true+l;
else
false=false+l;
end
end

end
else p=p+1;
end
accuracy (p) =true*100/ (true+false) ;
end
end

[a,b]l=max (accuracy); %max accuracy and its index
i=1;
for p=l:min(size (Mnew,?2),size(M,2))
if p~=A(1,:)
if p~=pmax
if p~=b
if accuracy(p)==
b3(1l:1)=p;
i=i+1;
end
end
end
end
end

C3=zeros(c,size (Mnew, 1)) ;
C3(:,:)=opt(b).Lco2;

while ( a>opt (x) .accco)
x=x+1;
opt (x) .Tco=tlb(b) .tfs; %the T of next attribute
opt (x) .accco=a; %the accuracy of next attribute
opt (x) .numco=b; %the number of next attribute

accuracy=zeros (l,min (size (Mnew,2),size (M, 2)));

for p=1l:min(size (Mnew,2),size(M,2))
if p~=A(1,:)

1=0;

for u=1l:x
if p==opt (u) .numco

1=1+1;

end

end



if 1==

true=0;

false=0;

1=1;

pp=sss (p) ;

for k=1l:length (Mclassnew)
al=Mnew (k, pp) ;
T=tlb(p) .tfs;
class=tlb(p) .cn;
prob=tlb (p) .probc;

if al< T (1)
aclass=class (1) ;
aprob=prob (1) ;

for i=1l:c
probm3(i,1)=C2(i,1,p);
end

elseif al>= T (end)
aclass=class (end) ;
aprob=prob (end) ;

for i=l:c
probm3 (i, 1)=C2 (i, numel (T)+1,p);
end

else
for j=2:length(T)
if T(j-1l)<=al & al<T(3)
aclass=class(j-1);
aprob=prob (j-1);

for i=1l:c
probm3 (i, 1)=C2(i,J,p):
end

end
end
end
1=1+1;
end

for 1=1:length (Mclassnew)
for i=l:c
probmax (i,1)=C3(i,x-1).* (probm3(i,1l));
end
end
[prob2,classname2]=max (probmax) ;
opt (p) .Lco2=probmax;

for k=1l:length (Mclassnew)



if classname?2 (k)== Mclassnew (k)
true=true+l;
else
false=false+l;
end
end
end
accuracy (p)=true*100/ (true+false) ;
end
end

[a,b]=max (accuracy)
C3(:, :)=opt (b) .Lco2;

end

for i=1:x
1 =opt (i) .numco
numbercoefficients (i)=sss (1)
accuracycoeficients (i)=opt (i) .accco
end

\o

PR R R S R e R R R R R R R R R R I R R R R R R R R I R

TEST

o

o

C3=ones (c,size (Mtest, 1))
for n=1:x

p=opt (n) .numco;

acc=opt (n) .accco;

T=opt (n) .Tco;

pp=sss (p)

if p<=size(Mtest,2)
true=0;
false=0;

for k=l:size (Mtest, 1)

ph=Mtest (k, pp) ;
phc=Mclasstest (k) ;

if ph<T (1)
phclass =tlb(p).cn(l);
for i=1l:c
probtest (i,k)=C2(i,1,p)
end

elseif ph>=T (end)
phclass=tlb(p) .cn(end);
for i=1l:c
probtest (i,k)=C2 (i, numel (T)+1,p)
end



else

for j=2:length (T)
if T(j-1)<=ph & ph<T ()
phclass=tlb (p) .cn(Jj);
for i=l:c
probtest (i,k)=C2(i,3,p);
end
end
end

end

end
for 1l=l:size (Mtest,1)
for i=l:c
probtestmax (i, 1)=C3(i,1l) .* probtest(i,1l);
C3(i,1l)=probtestmax (i, l);
end
end

[probmtest, classnametest]=max (probtestmax) ;
for k=l:size (Mtest, 1)
if classnametest (k)==Mclasstest (k)
true=true+l;
else
false=false+l;
end

end

accuracytest (n)=true*100/ (true+false); %accuracy baraye har sotun be
dast miayad.
opt (n) .numcotest=p;
opt (n) .acccotest=accuracytest (n);
else
opt (n) .numcotest=p;
opt (n) .acccotest=0;
end

end

for i=l:x
1 =opt (i) .numcotest
numbercoefftest (i)=sss (1)
accuracycoefftest (i)=opt (i) .acccotest

end



accuracy rate than samples of 10 seconds. The previous methods only could identify pair-wise
languages, but our proposed method is able to identify language type, among 9 languages in

OGI TS.

Keywords: Wavelet transform, information gain, feature selection, spoken language
identification, multi- interval discretisation, benchmarking attribute algorithm, cepstral

coefficients, MFCC ,PLP, LPC



Abstract

Automatic language identification consists in recognizing a language based on a sample of
speech from an unknown speaker. Automatic language identification can help relation between
people of various areas. It has multiple usages in development of tourism, free trade,
amplification of national security by means of pre-processing and filtering of doubtful
conversations, emergency service and simultaneous translations in international congresses and

conversations.

In this thesis, the system of automatic language identification is designed and simulated by
assisting of classifying of various features. Therefore, we find suitable features for every
language and train the classifying algorithm based on features which selected by benchmarking
attribute algorithm and multi-interval discretisation for various languages. Then, we determine
decision rules for each language and use this classification rules to identify the language of

testing samples.

We use the samples of 10 seconds and 45 seconds in the OGI TS database to test the
proposed method. There are acoustic samples in 11 languages, consist of: English, Farsi, French,
German, Hindi, Japanese, Korean, Mandarin, Spanish, Tamil, and Vietnamese. The utterances
ranged in duration from one second to 50 seconds, with an average duration of 13.4 seconds.
Language identification systems, usually, use 9 initial languages. Thus, we implement our
experiments on these 9 languages, and compare our results with other reported methods. The
experiments are accomplished based on various features such as wavelet transforms, MFCC,

PLP and LPC.

So far, different approaches are proffered for automatic language identification which are
dependent on phonotactics information and their utilization is difficult. In this research, we
present an approach independent of phonotactics that it is very easy and can identify languages
with a good accuracy rate. In this method, we utilize the wavelet transform and cepstral
coefficients that are available on different languages which don't have any requirements to
linguistic information. Cepstral coefficients achieve the accuracy rate better than wavelet

transform. Also the samples of 45 seconds wavelet transform and cepstral coefficient have better
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