lI

| |a) &t

\

Zi

%FH‘H&%MB‘ZKE’JIHE TR

EFEA, MR, BHE, AWF,

(BHRZBRFAHFRE B2 710049)

W OE:

HER—MIREN .. 5 TR — g FE S BEESOEORMNBAR R E S IR EE N
BRI WP oA PR B AR e R AR TS 2 T TS S A I N AR S IR AR DR AR T 3
b E AL

AR S T AT, IR S IR AT 5%, e 30 BE AT IR T L 04 ok, Ao se it s 0~
9 MR IR R G SE P I P T A R SR T KNI BEATLAR AR S5 B30 R AR s IS 31 Rl R R % i B A SG BB A,

EAE 5 REH Sy, BB gmFe 7 702 H audiorecorder B EHEAT T & =15 5 RIS T HERIBE S (B 5
e o TETACIRER 53, BAVEEAS 5T 7 AR 13 AR & R BGEAT 20 iU in 5 43, %EHTH]LWEF{FT M7
FET R TRRE v s kil o TIP3 AT SR B AR AE P B, AN SCHEHE T KNS BENLAR AR S5 5 883047 T 9K 7
BEIRA . HEHHT T SR e R AT

IZH KN, s fa BIRBIAETR Y 55% /e 41 s FIBENLARAR, SR a TR BIAERS N 20% /247 s ds IR B 7K ]
KA, IS5 PR AER BN 20% 547 . 25k, KNN BV AR R AR

XEiE: IBFIRA FHEOHTE KN 53635

Speech Recognition Based on Time Domain Analysis Technology

Abstract:

Speech is a typical one-dimensional time series signal which is easy to obtain. Speech signal processing and
recognition technology is an important application plate of digital signal processing course. The teaching contents of
digital signal processing, such as time series analysis, fast Fourier transform, filter design and so on, play an important

role in the core technology of speech recognition.

This experiment is oriented to the basic task of isolated word speech recognition, which is discussed, analyzed and
solved from the point of view of time domain. In this paper, the related principles and key technologies of specific
isolated word recognition based on KNN, random forest algorithm are described in detail through the implementation

process of speech recognition system which can recognize the number 0/ 9.

In the part of signal acquisition, firstly, the speech signal is collected by using audiorecorder function by programming,
and the class speech signal library is established. In the preprocessing part, we carry on the batch processing to the
speech signal: using hamming window function to carry on the frame adding window processing, the short time
domain characteristic analysis, the end point detection based on the double gate limit method. Based on the feature
vector extracted by time domain analysis, KNN, random forest classifiers are selected for isolated word speech

recognition. Finally, the experimental comparison and quantitative analysis are carried out.

The final recognition accuracy of KNN, is about 55%, the final recognition accuracy is about 20% by using random
forest, and the final recognition accuracy is about 20% by using hidden Markov model. In summary, KNN algorithm
has a better recognition effect.

Key words: Speech recognition; Time Domain Analysis; KNN
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%vad K%L

function Character = vad(x)

%ol FE I — 42 [-1, 1]
x = double (x);
x / max(abs(x));

X

%R E
FrameLen = 240;

FrameInc = 80;

ampl = 10;
amp2 = 2;
zerl = 10;
7zcr2 = b;

maxsilence = 8; % 8%10ms 80ms

minlen = 15; % 15%10ms = 150ms
status = 0;
count =0

silence = 0;

SitEIE TR

% tmpl = enframe(x(l:end-1), Framelen,
FramelInc) ;

tmpl = enframe (x(1l:end-1),

hanning (FrameLen), Framelnc) ;%287 T %

% tmp2 = enframe(x(2:end) , FrameLen,
FramelInc) ;

tmp2 = enframe (x(2:end), hanning (FrameLen),
Framelnc) ; %A8 7 T &

signs = (tmpl. *tmp2)<0;

diffs = (tmpl —tmp2)>0.02;
zcr = sum(signs. *diffs, 2);
iR RE &

% amp = sum(abs (enframe (filter ([1 -0.9375],
1, x), FramelLen, Framelnc)), 2);

amp = sum(abs (enframe (filter ([1 -0. 9375], 1,
x), hanning (FrameLen), Framelnc)), 2);%4FIX

=5

3

Iy

:_J‘—_»

Wi e IR
ampl = min(ampl, max (amp)/4) ;
amp2 = min(amp2, max (amp)/8) ;

9T 3 B p A N
x1 = 0;
% x2 = 0;
for n=1:length(zcr)
% goto = 0;

switch status

case {0, 1}
1 = "TReH4h

if amp(n) > ampl

%0 = e,

% s IEAN

EE R
x1 = max (n—count—1, 1) ;
status = 2;
silence = 0;
count = count + 1;
elseif amp(n) > amp2 || ... % TOJfEkb
THEER
zer(n) > zer2
status = 1;
count = count + 1;
else % FEIR
=
status =
count =0;
end
case 2 % 2 = B
B
if amp(n) > amp2 || ... % 1RFFAE
HE B
zer(n) > zer2
count = count + 1;
else % 15K
SN

silence = silencetl;
if silence < maxsilence % B IEA
g, MAR4S
count = count + 1;
elseif count < minlen
KFL, NIy

status = 0;

oK
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silence = 0;

count = 0;
else % 1B
w®
status = 3;
end
end
case 3
break;
end
end

count = count-silence/2;

x2 = x1 + count -1;

%16 /&

% subplot(311)

% plot (x)

% axis([1 length(x) -1 1])

% ylabel ( Speech’);

% line ([x1*Framelnc x1*Framelnc], [-1 1],
"Color’, 'red);

% line ([x2%FrameInc x2*Framelnc], [-1 1],
"Color’, 'red ) ;

%

b subplot (312)

% plot (amp) ;

=

% axis([1 length(amp) O max (amp)])
% ylabel ( Energy’ ) ;

% line ([x1 x1], [min(amp), max (amp)], ’Color’,
"red’ ) ;

% line ([x2 x2], [min(amp), max (amp)], ’Color’,
“red )

%

% subplot (313)

% plot(zcr) ;

% axis([1 length(zcr) 0 max(zcr)])

% ylabel C ZCR’) ;

% line ([x1 x1], [min(zcr),max(zcr)], *Color’,
"red ) ;

% line ([x2 x2], [min(zcr), max(zcr)], *Color’,

“red’ ) ;

ampMax=max (amp (x1:x2)) ;
ampMin=min (amp (x1:x2)) ;
ampAverage=sum (amp (x1:x2) )/ (x2-x1) ;
ZCRMax=max (zcr (x1:x2)) ;
ZCRMin=min (zcr (x1:x2)) ;
ZCRaverage=sum (zcr (x1:x2) )/ (x2-x1) ;
Character=[ampMax, ampMin, ampAverage, ZCRMax,
ZCRMin, ZCRaverage] ;

end

%tk b FE
path="F:\5Z56 \dsp\ K 115 & 15 5 A B\ 5%
\;

Character=zeros (samplenum*10, 7) ;

WREARSHOERE, 7 55 TAT, HPhRERS
BON:
%[

%R I BB KA, I AR R R ME, RN REEF
$ifH,

GRE I I A i KA, T R S ME,
B % AP IME, AR (079

%]

for j=1:samplenum

filename=dir ([path, int2str (j), \*.wav’ ]):

for i=1:size(filename)

x=audioread ([path, int2str(j),  \’, filename (

i).name]) ;

Character ((j-1)*10+i, :)=[vad(x), i-1];
end
end

Character

%KNN
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function Character = vad(x)

= double (x) ;

x = x / max(abs(x));

>
|

FramelLen = 240;

Framelnc = 80;

ampl = 10;

amp2 = 2;

zerl = 10;

zcr2 = 5;

maxsilence = 8; % 8*%10ms = 80ms
minlen = 15; % 15%10ms = 150ms
status = 0;

count =0;

silence = 0

%WiEEa' yAaAR

% tmpl = enframe(x(1:end-1), FrameLen,

Framelnc) ;
tmpl = enframe (x(1:end-1),

hanning (FrameLen), Framelnc);%+&°°Ap °

% tmp2 = enframe(x(2:end) , Framelen,
Framelnc) ;
tmp2 = enframe (x(2:end), hanning (FramelLen),

Framelnc) ;%+a°°Ap”°

signs = (tmpl. *tmp2)<0;

diffs = (tmpl —tmp2)>0.02;
sum(signs. *diffs, 2);

ZCTY

% amp = sum (abs (enframe (filter ([1 -0.9375], 1,
x), FrameLen, Framelnc)), 2);

amp = sum(abs (enframe (filter ([1 —0.9375], 1,
x), hanning (FrameLen), Framelnc)), 2):

ampl = min(ampl, max (amp)/4) ;

amp2 = min (amp2, max (amp)/8) ;

x1 = 0;

% x2 = 0;

for n=1:length(zcr)
% goto = 0;

10

switch status
case {0, 1}
amp (n) > ampl x1

max (n—count-1, 1) ;

2;

silence = 0;

status

count = count + 1;

elseif amp(n) > amp?2 |

zcer(n) > zer2

status = 1;
count = count + 1;
else
status = 0;
count =0;
end
case 2

if amp(n) > amp2 || ...
zer(n) > zer2
count = count + 1;
else
silence = silencetl;
if silence < maxsilence
count = count + 1;

elseif count < minlen

status = 0;
silence =
count =0;
else
status = 3;
end
end
case 3
break;
end
end

count = count-silence/2;

x2 = x1 + count -1;

9o»- 111V

% subplot(311)

% plot (x)

% axis([1 length(x) -1 1])

if
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% ylabel ( Speech’);

% line ([x1*Framelnc x1*Framelnc], [-1 1],
"Color’, 'red);
% line ([x2%Framelnc x2%Framelnc], [-1 1],

"Color’, 'red);

% subplot(312)

% plot (amp) ;

% axis([1 length(amp) 0 max (amp)])

% ylabel ( Energy’ ) ;

% line ([x1 x1], [min(amp), max (amp)], *Color’,
"red ) ;

% line ([x2 x2], [min(amp), max (amp)], *Color’,
"red ) ;

%

% subplot (313)

% plot (zcr)

% axis([1 length(zcr) 0 max(zcr)])

% ylabel C ZCR ) ;

% line ([x1 x1], [min(zcr),max(zcr)], ’Color’,
"red ) ;

% line ([x2 x2], [min(zcr),max(zcr)], ’Color’,
“red )

ampMax=max (amp (x1:x2)) ;
ampMin=min (amp (x1:x2)) ;
ampAverage=sum (amp (x1:x2) )/ (x2-x1) ;
ZCRMax=max (zcr (x1:x2)) ;
ZCRMin=min (zcr (x1:x2)) ;
ZCRaverage=sum(zcr (x1:x2) )/ (x2-x1) ;
Character=[ampMax, ampMin, ampAverage, ZCRMax,
ZCRMin, ZCRaverage] ;

end

path=" C:\Users\fdft\Desktop\ Kk = LI\
FAG T A S \IE & %TE ANl
1%, R A Cr e Ry

SIS R AR (AL

samplenum=14;

11

079 10 M)

Character=zeros (samplenum*10, 7) ;
WREASHOERE, 73T, L RIIRERNS
N

%L

%R I BB KA, I AR R R ME, RN REET
Bi1H,

Gk R R R, R R R ME,
it F R HCEAME, AR (079D

%]

for j=1:samplenum

filename=dir ([path, int2str(j),’ \*.wav ]);

for i=1:size(filename)

x=audioread ([path, int2str(j),  \’, filename (

i).name]) ;

Character ((j-1)*10+i, :)=[vad(x), i-1];
end
end

Character

train_data =
xlsread (" Character. x1s’, sheetl’,’ Al:E200°
)

train_label =

x1sread ( Character. x1s’,  sheetl’,’ F1:F200’
)

test data =
x1sread ( Character. x1s’, sheetl’,’ A201:E21
0)

test label =
x1sread ( Character. x1s’,  sheetl’,’ F201:F21

0)

% FENLARARI2EES (Random Forest)
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nTree = 5
result=zeros (100, 1) ;
for j=1:100
B -

TreeBagger (nTree, train data, train label) ;
predict label = predict (B, test data);
for i=1:10

if ischar (predict label{i, 1})

predict label{i, 1}=str2num(predict label {i,
11);
end
end
m=0;
for i=1:10
if
predict label{i, 1}==test label(i, 1)
m=m+1 ;
end
end
result (j)=m/10;
end

resul ts=mean (result)

%KNN
# coding:utf-8

from numpy import sk
import operator
from collections import Counter

import xlrd

# PRSI
def file2matrix():

workbook =
x1rd. open workbook (r’ C: \Users\Administrato
r\Desktop\shuju. x1s’)

# U E SRR AR AR 44

# print (workbook. sheet names())
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sheetl = workbook. sheet by index(0) #
1% excel IR HINT, M O ITiG

#
print (sheetl. name, sheetl. nrows, sheetl. ncol
s)BH T AT, Bl

# returnMat =sheetl.row values(0:6) H
PRt AR 1406 [ R #3025

returnMat = []

for i in range (sheetl.nrows — 10):

returnMat = sheetl. row values(i, 0,

-1) + returnMat

returnMat =
array (returnMat). reshape (130, 5)

# print (returnMat)

classLabel = sheetl.col values(5)

# print (classLabel)

return returnMat, classLabel # ¥ A
SNk e S NIV ES

# 0 EHE, PRUERHIE SR E
def autoNorm(dataset) :

minVals = dataset.min (0)
maxVals = dataset.max (0)

ranges = maxVals — minVals

normDataSet = zeros(shape(dataset)) #
ALY dataSet G5k —FEHIHE R

# print (normDataSet)

m = dataset. shape[0]

for i in range(l, m):

normDataSet[1, . ] =

(dataset[i, :] — minVals) / ranges

return normDataSet, ranges, minVals

# KNN H ik
def classify(input, dataSet, label, k):
dataSize = dataSet. shape[0]

# BN B

diff = tile(input, (dataSize, 1)) -
dataSet

sqdiff = diff *k 2

squareDist = sum(sqdiff, axis=1) # 1T
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& AAR I, IS 2R K —MT A &

dist = squareDist ** 0.5

# XA HE T

sortedDistIndex = dist.argsort ()

# argsort () HR#E 7T & MME MK E /N TR
HATHERY, IR [E R AR

classCount = {}
for i in range (k) :
votelLabel =
label[sortedDistIndex[i]]
# O0TIEECH) K ANREA TR S A Bk
it
classCount [voteLabel ]
classCount. get (voteLabel, 0) + 1
i G EIE ST € ve - E A NE ST

maxCount = 0

for key, value in classCount. items() :
if value > maxCount:
maxCount = value
classes = key

return classes

# Mk
def datingTest():

testdata =
x1rd. open workbook (r’ C:\Users\Administrato
r\Desktop\shuju. x1s’)

# U8 HE OSBRI SR 44

# print (testdata. sheet names())

sheetl = testdata. sheet by index(0) #
% excel KR MIFT, M 0 FFiH

#
print (sheetl. name, sheetl. nrows, sheetl. ncol
s) BB T AT, B

datingDataMat = []

for i in range (100) :

datingDataMat = sheetl. row values (i,

0, -1) + datingDataMat

datingDataMat =
array (datingDataMat). reshape (100, 5)
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print (datingDataMat)
datinglabels = sheetl.col values(5, 0

100)
print (datinglabels)
normMat, minVals =
autoNorm(datingDataMat)
m = normMat. shape[0]
testNum = 10

# int(m * rate)

ranges,

errorCount = 0.0
for i in range(100): # testNum

classifyResult =
classify(normMat[i, :], normMat[O:m, :],
datinglLabels[0:m], 10)

print(” 4 £ 5 W & B N 7,

classifyResult)

print(” Ji & R K 7
datinglLabels[i])

if (classifyResult 1=
datinglabels[i]):

errorCount += 1.0
print (" & 7 F N 7,

float (testNum)))

(errorCount /

# TN pR %L

def classifyPerson():
resultlList=0"0,"1,°2,°3,°4,°5,

6, T, 8, '9]

DataMat, Labels = file2matrix()
normMat,
autoNorm(DataMat)

inArr = array ([6. 401899671, 0.362470814,
3. 133093082, 3, 1.441860465]) # Label 8

classifierResult = int(classify((inArr

ranges, minVals =

- minVals) / ranges, normMat, Labels, 11))
N~ ~ S ;| I B
resultlList[classifierResult - 1])

print (¥

classifyPerson ()
datingTest ()
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%l Ly R AT ALY

Partl:

function f=enframe (x, win, inc)

nx=length (x(:)); % HUEPRK R
nwin=length (win) ; % PUE K

if (nwin = 1) % FIWTE KA
N1, FHRL, BIRIRRA W R

len = win;: % F&=, Mi=win
else
len=nwin; % 7, WK=K

end
if (nargin < 3) % WRAAEPA
28, W ine=Mik
inc = len;
end
% TS mEL
% WL
% BB ML x

nf = fix((nx-len+inc)/inc) ;
f=zeros (nf, len) ;
indf= inc*(0: (nf-1)).” ;

SRIUE DA S =Y A=

inds = (1:len); % Ak
1:1en

£(2) =

x (indf (:, ones (1, len) ) +inds (ones (nf, 1), :)) ;
% SF ks 43 it

if (nwin > 1)

TR AL, HEREMR DL R L

% HZH PO

w =win(:) ; % 8 win & AT
B

f =1f .% wlones(nf, 1), :): % FeHERKE
end
Part2:

function [x1,x2] = vad(x)

%E = IH— 43 -1, 1]
x = double(x) ;

x = x / max(abs(x));

%R E
FrameLen = 240;

FrameInc = 80;

14

ampl = 10;
amp2 = 2;
zerl = 10;
zer2 = 5;

maxsilence = 8; % 6%10ms = 30ms
minlen = 15; % 15%10ms = 150ms
status = 0;
count =0;

silence = 0;

R SUE S

tmpl = enframe(x(l:end-1), FrameLen,
Framelnc) ;

tmp2 = enframe (x(2:end) , Framelen,
FramelInc) ;

signs = (tmpl. *tmp2)<0;

diffs = (tmpl —tmp2)>0.02;

zcr = sum(signs. *diffs, 2);

%iT SR BB

amp = sum (abs (enframe (filter ([1 -0. 9375], 1,

x), FrameLen, Framelnc)), 2);

Wi e IR
ampl = min(ampl, max (amp)/4) ;
amp2 = min(amp2, max (amp)/8) ;

T U ity R RGN
x1 = 0;
x2 = 0;

for n=1:length(zcr)
goto = 0;
switch status
case {0, 1}
1 = AlReSFh
if amp(n) > ampl

% 0= FH,

% WfEIEA

x1 = max (n—count-1, 1) ;

status = 2;
silence = 0;
count = count + 1;
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elseif amp(n) > amp2 | ... % AJEEALT

zer(n) > zer2

status = 1;

count = count + 1;
else % R
&
status =
count =10
end
case 2, %2 =&
B
if amp(n) > amp2 | ... % PREFIEIE
B
zer(n) > zer2
count = count + 1;
else % BT
R

silence = silencetl;
if silence < maxsilence % EFFiLA
e, WARAIR
count = count + 1;
elseif count < minlen % EBEHKE
RKFL, NIy

status =0
silence =
count =0
else % 15
w®
status = 3;
end
end
case 3,
break;
end
end

count = count-silence/2;

x2 = x1 + count —1;

Part3:

function ccc = mfcc (x)

% JH—1k mel JER A R

15

bank=me 1bankm (24, 256, 8000, 0, 0.5, m’ ) ;

bank=full (bank) ;
bank=bank/max (bank (:)) ;

% DCT Z%4, 12%24
for k=1:12
n=0:23;

detcoef (k, :)=cos ((2%n+1) *xk*pi/ (2%24)) ;

end

% H— ST & D

w=1+6 % sin(pi * [1:12] ./ 12);

w = w/max (w) ;

% FUINEJE A
xx=double (x) ;

xx=filter ([1 -0.9375], 1, xx) ;

% TEH AT M

xx=enframe (xx, 256, 80) ;

% THELERWTN MFCC 241
for i=1:size(xx, 1)
y = xx(i, 1) ;
s =y .% hamming (256) ;
t = abs(fft(s));

t=t2;
cl=dctcoef * log(bank * t(1:129));
c2 = cl.*w ;
m(i,:)=c2 ;:
end
%> R AN

dtm = zeros(size(m)) ;

for i=3:size(m, 1)—-2

dtm(i, ;) =-2%m(i-2, :) —m(i—-1,:) +m(i+1, ;)

+ 24m(i+2, 1) ;
end
dtm = dtm / 3;

%A mfee ZHA—M Z 4> mfee S5

cce = [m dtm];

WEERE R RO P —Fr 20 2508 0
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cec = cec(3:size(m, 1)-2, 1)

Part4:

function prob = mixture(mix, x)
%rH B A H AR

TN

% mix — JRAE =M

% x - AR, SIZEx1

% H -

% prob —— HiHMER

prob = 0;
for j = l:mix. M
m = mix.mean(j, :);
v = mix.var (j,:);

w = mix.weight (j);

prob = prob + w * pdf(m, v, x):
end
% 0 b realmin, LAP5 ik viterbi.m 7 i+ &
Log (prob) i ¥ H

if prob==0, prob=realmin; end

Partb:

function

[x, mn, mx]=melbankm(p, n, fs, f1, fh, w)
WMELBANKM determine matrix for a mel-spaced
filterbank [X,MN,MX]=(P, N, FS, FL, FH, W)

%

% Inputs: p number of filters in
filterbank

% n length of fft

% fs sample rate in Hz

% fl 1low end of the lowest filter as
a fraction of fs (default = 0)

% fh high end of highest filter as a

fraction of fs (default = 0.5)

% w any sensible combination of the
following:

% Tt triangular shaped
filters in mel domain (default)

% ’n’ hanning shaped filters

in mel domain

16

% "m’ hamming shaped filters
in mel domain

%

% 7

filters taper down to zero (default)

highest and lowest
% "y’ lowest filter remains at
1 down to 0 frequency and

% highest filter remains at 1
up to nyquist freqency

%

% If’ty or ny is specified,
the total power in the fft is preserved.

%

% Outputs: x a sparse matrix
containing the filterbank amplitudes

% If x is the only output
argument then size (x)=[p, 1+floor (n/2)]

% otherwise
size (x)=[p, mx—mn+1]

% mn the lowest fft bin with a
non-zero coefficient

the highest fft bin with a
non-zero coefficient

%

% mx

% Usage: f=fft(s); f=fft(s);
% x=melbankm (p, n, fs) ;
[x, na, nb]=melbankm(p, n, fs) ;
% n2=1+floor (n/2) ;
z=log (x*(f (na:nb)).*conj(f(na:nb)));
% z=log (x*abs (f(1:n2)). "2);
% c=det (z); c(1)=[];
%
% To plot filterbanks e. g.

plot (melbankm (20, 256, 8000)” )
%

% Copyright (C) Mike Brookes 1997

%

% Last modified Tue May 12 16:15:28 1998
%

% VOICEBOX home page:

http://www. ee. ic. ac. uk/hp/staff/dmb/voiceb
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ox/voicebox. html

% This program is free software; you can
redistribute it and/or modify

% it under the terms of the GNU General
Public License as published by

% the Free Software Foundation; either
version 2 of the License, or

% (at your option) any later version.

%

%  This program is distributed in the hope
that it will be useful,

% but WITHOUT ANY WARRANTY; without even
the implied warranty of

% MERCHANTABILITY or FITNESS FOR A
PARTICULAR PURPOSE. See the

% GNU General Public License for more
details.

%

%  You can obtain a copy of the GNU General
Public License from

%
ftp://prep. ai.mit. edu/pub/gnu/COPYING-2. 0
or by writing to

%  Free Software Foundation, Inc., 675 Mass
Ave, Cambridge, MA 02139, USA.

if nargin < 6
w= tz”;
if nargin < 5
fh=0. 5;
if nargin < 4
f1=0;
end
end
end
f0=700/fs;
fn2=floor (n/2) :
1r=log ((£f0+fh) / (£f0+f1)) / (p+1) ;
% convert to fft bin numbers with 0 for DC term
bl=n* ((f0+f1)*exp ([0 1 p p+1]¥1r)-f0);
b2=ceil (b1(2));
b3=floor (bl (3));
if any(w=="y")
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pf=log ((f0+(b2:b3) /n) / (fO+£1)) /1r;

fp=floor (pf) ;

r=[ones (1,b2) fp fp+l p*ones(l, fn2-b3)];

c=[1:b3+1 b2+1:fn2+1];

v=2%[0.5 ones(1,b2-1)
ones (1, fn2-b3-1) 0.5];
mn=1;
mx=fn2+1;
else

b1=floor (b1 (1))+1;
b4=min (fn2, ceil (b1(4)))-1;

pf=log ((fO+(bl:b4) /n) / (fO+£1)) /1r;

fp=floor (pf) ;
pm=pf—fp;
k2=b2-b1+1;
k3=b3-b1+1;
k4=b4-bl1+1;
r=[fp(k2:k4) 1+fp(1:k3)];
c=[k2:k4 1:k3];
v=2%[1-pm(k2:k4) pm(1:k3)];
mn=b1+1;
mx=b4+1;
end
if any(w=="n’)
v=1-cos (v¥pi/2) ;
elseif any(w=="m’)
v=1-0. 92/1. 08%cos (v¥pi/2) ;
end
if nargout > 1
x=sparse(r, c, v) ;

else

x=sparse (r, ctmn-1, v, p, 1+fn2) ;

End

Part6:

function p = pdf(m, v, x)
%it4RL 22 TG e T B e A
BN -

% m —— HMEFE, SIZEx]
% v —— JiZE[E, SIZEx]
% x —— WA, SIZEx]
% H -

% p —— iR

1-pf+fp

pf—fp
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% p= (2% pi*prodv)) = -0.5 % exp(-0.5 *
(x=m) * (x-m)’./ prod(v) );

p = (2 % pi* prod(v)) =~ -0.5 % exp(-0.5 *
(x=m) ./ v * (x-m)’);

Part7:

function hmm = inithmm(samples, M)

Wi AL
IR EL

K = length(samples) ;
N = length(M) ;

hmm. N = N;

hmm. M = M;

% WIAHRERAE
hmm. init = zeros(N, 1) ;
hmm. init (1) = 1;

% AR
hmm. trans=zeros (N, N) ;
for i=1:N-1

hmm. trans (i,i) = 0.5;

0.5;

hmm. trans (i, i+1)
end
hmm. trans(N,N) = 1;

% MR R R HI T AR TR
% P B
for k = 1:K
T = size(samples (k). data, 1) ;
samples (k). segment=floor ([1:T/N:T
T+11) ;

end

WX} B T EEANIRAS 1 1) B AT K IIME SRR, 15 23%E
HRA RS AN
for i = 1:N

A AH R ZR SN AH [RPIRAS 1 1) 2 2H & 31— A
fr) &t

vector = [];

for k = 1:K

segl = samples (k). segment (i) ;
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seg? = samples (k). segment (i+1)-1;
vector = [vector
samples (k). data(segl:seg2, :)];

end

mix (i) = getmix(vector, M(i));

end

hmm. mix = mix;

function mix = getmix (vector, M)

% kmeans : k—FMERE, R0, Fad it kI
F A B s - F (A SR 151

% nn : Nkl A, BENREAR SUTEE 20
B BRI R O s ABFRAL B k*p, k

% mean :

R TR

[nn mean] = kmeans (vector, M) ;

% THEAENREHIREE, X AR,
AR IYIVE

for j = 1:M

find (j==nn) ;

vector (ind, 1) ;

RARAEXH

ind =

tmp
var (j, :) = std(tmp);

end

% THEBENRERPRTCEE, H—ANE pdf 1
B
weight = zeros(M, 1) ;
for j =1:M
weight (j) = size(find(j==nn), 1) ;
end

weight = weight/sum(weight) ;

% RIFGER

mix. M = M;

mix.mean = mean; % MxSIZE
mix. var = var. 2; % M*SIZE
mix.weight = weight; % M1

Part8:

function param = getparam(hmm, O0)
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i e T A0, THERTFMMEZE alpha, J& A
X beta, FrE R ¢, M ksai, gama

TN

% hmm —— HMM 70 250

% 0 — nxd WMEFH

%ol Hh -

% param — AL BFSEAILE R

T = size(0,1); %FHHIKE
init = hmm. init:  %HJZAEMER
trans = hmm. trans; %R
mix = hmm mix; Y TR A
N = hmm. N; 9%HMM R A%

% ¢ EMEFH 0, THEETFIMEA alpha
alpha = zeros(T,N) ;
% t=1 FIRET ML

x = 0(1,:);

for i = 1:N

alpha(l,i) =init(i) *mixture(mix (i), x);

end

% FrE t=1 [PIHET R

c = zeros(T, 1) ;

c(1) = 1/sum(alpha(l, :));
alpha(l,:) = c(1) * alpha(l,:);

% t=2:T FIHT AR 2
for t = 2:T
for i = 1:N
temp = 0;
for j = 1:N
temp = temp + alpha(t-1,j) =*

trans (j, 1) ;

end

alpha(t, i) =
mixture (mix (i), 0(t, :));

temp *

end
c(t) = 1/sum(alpha(t, :));
alpha(t, :) = c(t)*alpha(t, :);

19

end

% EMEFH] 0, THEEAMZE beta
beta = zeros(T,N);

% t=T )5 IR 2R KR
for 1 = 1:N
beta(T,1) = c(T);

end

% t=T—1:1 {5 [ R AR E
for t = T-1:-1:1

x = 0(t+l, :);
for i = 1:N
for j = 1:N

beta(t, i) = beta(t, i) + beta(t+l, j)
* mixture (mix (j), x) * trans(i, j);
end
end
beta(t, :) = c(t) * beta(t, :);

end

SILPEMER ksai

ksai = zeros(T-1,N,N);

for t = 1:T-1
denom = sum(alpha(t, ;). *beta(t, :));
for i = 1:N-1
for j = i:itl

nom = alpha(t,i) * trans(i,j) *
mixture (mix (j), 0(t+1, :)) * beta(t+l, j);
ksai(t, i, j) = c¢(t) * nom/denom;
end
end

end

IR A 4 M - gama

gama = zeros (T, N, max (hmm. M) ) ;

for t = 1:T
pab = zeros(N, 1) ;
for 1 = 1:N
pab(1) = alpha(t, 1) * beta(t,1);
end
x = 0(t, :);
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for 1 = 1:N
prob = zeros(mix(1).M, 1) ;
for j = 1:mix(1).M

m = mix(1).mean(j, :);

mix(1).var (j,:);:
= mix(1).weight(j) =*

v
prob (j)
pdf (m, v, x);
end
= pab (1) /sum(pab) ;
for j = 1:mix(1).M
gama (t, 1, j) =

tmp

tmp *
prob (j) /sum(prob) ;
end
end

end

param. ¢ = c;
alpha;
beta;

param. alpha =
param. beta =
param. ksai = ksai;
param. gama = gama;
Part9:

function hmm = baum(hmm, samples)

mix = hmm. mix; Yrer TR &

N = length(mix) ; %HMM RS2

K = length (samples) ; %iESZFEAZL

SIZE = size(samples(l). data, 2): %ZSE %

% TFEATE, SRR, B2 WA
I ]
dispCHHHEHEASE. .. );
for k = 1:K
fprintf(C%d ", k)
param (k) =
samples (k). data) ;

getparam (hmm,

end
fprintf C \n’)

% EALELRMRE A: trans
dispC BEAGEBMRIEFEA. ..)
for i = 1:N-1

20

denom = 0;
for k = 1:K
tmp = param(k).ksai(:, 1, :);
denom = denom + sum(tmp(:));
end
for j = i:i+l
nom = 0;
for k = 1:K
tmp = param(k). ksai (:, 1, j);
nom = nom + sum(tmp(:));
end
hmm. trans (i, j) = nom / denom;
end

end

% BEARG =TS
disp(C EfIRG =S4 ..7)
for 1 = 1:N
for j = 1:hmm. M(1)
fprintf C %d, %d ", 1, j)
% THE& pdf BIIETT

nommean = zeros (1, SIZE) ;

nomvar = zeros (1, SIZE) ;
denom = 0;
for k = 1:K
T = size(samples(k). data, 1) ;
for t = 1:T
X
samples (k). data(t, :);
nommean = nommean
param(k). gama(t, 1, j) * x;
nomvar = nomvar
param (k). gama (t, 1, j)
(x-mix (1).mean(j, :)). " 2;
denom = denom

param (k). gama(t, 1, j) ;
end
end
hmm. mix (1). mean (j, :) = nommean / denom;

hmm. mix (1).var (§,:) = nomvar / denom;

% TH5 % pdf FIAL

nom = 0;
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denom = 0;
for k = 1:K
tmp = param(k). gama(:, 1, j);
= nom + sum(tmp(:));
tmp =
denom = denom + sum(tmp(:));

end

hmm. mix (1). weight (j) = nom/denom;

end
fprintf C \n’)

end

Part10:
function [prob, q] = viterbi (hmm, 0)
%Viterbi 5k

param (k). gama (:, 1

nom

1)

TN

% hmm —— hmm f&7

% 0 — HAMEFFS, N«D, N AWiEL, D A
A

%ol -

% prob — HiHHEER

% a - RKEFY

init = hmm. init;  %HJZEMEZR
trans = hmm. trans; %FEFENER
mix = hmm. mix; Y VRS
N = hmm. N; %HMM PR 25 £
T = size(0,1);  %iFH Wik

% T log(init) ;

indl = find(init>0);

ind0 = find(init<=0);
init(ind0) = —inf;

init(indl) = log(init(indl));

% 1+ log(trans) ;

indl = find(trans>0) ;

ind0 = find(trans<=0) ;

trans (ind0) = —inf;

trans (indl) log (trans (indl)) ;

% WIEHik
delta = zeros(T,N);
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fai = zeros(T,N);
q = zeros (T, 1) ;
% t=1
x = 0(1,:);
for i = 1:N
delta(l, 1) = init(i)
log(mixture (mix (i), x)) ;
end
% t=2:T
for t = 2:T
for j = 1:N

[delta(t, j) fai(t, j)] = max(delta(t-1, :)

+ trans (:, j)7);
x = 0(t,:);
delta(t, j) =

log (mixture (mix (j), x)) ;

delta(t, j)

end

end

% FLNER AN G T
[prob q(T)] = max(delta(T, :));

% (B35 AEIRAS BE AR
for t=T-1:-1:1
q(t) = fai(t+l, q(t+l));

end

Partl1:

function [hmm, pout] = train(samples, M)
BN -

% samples —— FEAZEH

% M — NEAREHEE pdf ML, W [3
33 3]

% H -

% hmm — Yk 5E %5 ) hmm

K = length(samples);

% THHEIEE S
dispC IEfETFEEESEC ) ;
for k = 1:K



22

if isfield(samples(k), data’) & sample=[];
“isempty (samples (k). data) for k=1:length(samples{i})
continue; sample (k). wave=samples{i} {k};
else sample (k). data=[];
samples (k). data = end
mfcc (samples (k). wave) ; hmm{i}=train(sample, [3 3 3 3]);
end end
end
Part13:
hmm = inithmm(samples, M) for i=1:20
fname = sprintf ( ch6\\%d. wav’, i-1);
for loop = 1:40 x = audioread (fname) ;
fprintf C \n Z%d #)l|Zx\n\n", loop) [x1 x2] = vad(x);
hmm = baum(hmm, samples) ; m = mfce (x) ;
m = m(x1-2:x2-2, ;) ;
vt B L A L AR for j=1:10
pout (1oop)=0; pout (j) = viterbi (hmm{j}, m);
for k = 1:K end
pout (loop) = pout (loop) + [d, n] = max (pout) ;
viterbi (hmm, samples(k).data); if n ==10
end n =n-10 ;
end
fprintf ¢ B F B ME 2 (log) =%d\n’, fprintf C 5% 4~E, R A%\n", i,n)
pout (1oop)) end
%L A HMM [ 2 2
if loop>l BSVM 732 48
if clear all;
abs ((pout (1oop) —pout (loop—1)) /pout (loop)) cle;
< be—6 train_set
fprintf C W& ! \n’) ; =x1sread (’ character. x1sx’,’ sheetl’,’ Al:F12
return 0);
end train_set labels
end =x1sread (’ character. x1sx ,’ sheetl’,’ F1:F12
end 0);
test set
disp C &AL 40 A SR, BH) =x1sread ( character. x1sx’,’ sheetl’, A121:F
140 ) ;
Partl2: test set labels
% FNINGFEA =xlsread ( character. x1sx’,’ sheetl’, F121:F
load ( samples. mat’) 140’ ) ;
% AR AR B, R g A A AE 15— 4k 2] [0, 1]
for i=1:length(samples) [X [H]
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[mtrain, ntrain] = size(train set);

[mtest, ntest] = size(test set);

test dataset = [train set;test set];

% mapminmax N MATLAB H ¥ 1V —4k R EL
[dataset scale, ps] =
mapminmax (test dataset’,0, 1)

dataset scale = dataset scale’;

train set = dataset scale(l:mtrain, :);
test set =

dataset scale( (mtrain+l): (mtrain+mtest), :

)
%% SVM DX 25 91 25
model = svmtrain (train set labels,

train set, '-s 2 ¢ 1 —g 0.07);
%% SVM X 26 T3]
[predict label] =

23

svmpredict (test set labels
model) ;

%o LEHTHT

% DGR ) SEBR 3 FE AN TR 43 2R 1]
figure;

hold on;

plot (test set labels,’ 0’ );

plot (predict label,’ r*’);

xlabel C MNREEFEA ,  FontSize’, 12) ;
ylabel C ZE5Fr%E° " FontSize’, 12) ;
legend C SE BRI 73287, I £
53K
title C MR £E (19 5 B 2 SR AN T 43 25 K
" FontSize’, 12);

grid on;

test set,

’



