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Abstract

In recent years, whether it is driverless cars or the emergence of alpha go, the trend of
artificial intelligence development has been unstoppable. The so-called artificial
intelligence, as the name implies, is to make robots have intelligence. And voice
recognition technology is one aspect of machine intelligence. MFCC algorithm is a kind
of sound recognition algorithm based on the method of human ear recognition. In recent
years, speech recognition technology has been improving. In the future in medicine,
industry, education and even into every house is necessary, speech recognition technology
has also been listed as one of the top ten computer development technology, is very
important. One of the most important aspects is the feature extraction of speech signals.
When it comes to feature extraction, that is a very important step for the signal, no matter
what the signal is intended to do? How? The premise is that the feature extraction,
extracted features of the signal can continue to the next step. The feature extraction of
speech signal is very important and necessary. MFCC (Mel frequency ceps traffic) is
widely used in identification. The software used in this experiment is MATLAB, which is
a very powerful commercial mathematics software. it plays a simplified role in feature
extraction, Fourier Transformation and inverse Fourier transform of speech recognition

technology.
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B %

1. B 7 SR E BN GUI TR
SN2 : D:\Program Files\matlab\bin
clc;clear;close all;

wvtool (hamming (64) ,hann (64) ,boxcar (64))

2. 1B 15 /R IR SR SEARA ) K 2R
£=1:4000;
mel (£)=2595*10gl0 (1+£/700) ;
plot (f,mel (f));

grid on

3. 1A 14 i ke I RE
R = audiorecorder (44100,16,1);
disp('Start speaking.')
recordblocking (R, 3) ;
disp ('End of Recording.');
) S SR E
play (R);
IRIUR

x = getaudiodata (R);

T Matlab 9’5 B 5 i ORI RE PP
BREEVA—ALE) -1, 1]

x = double (x) ;

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

WHE

FramelLen = 240;

FrameInc = 80;

ampl = 10;

amp2 = 2;

zcrl = 10;

zcr2 = 5;

maxsilence = 8; % 6*10ms = 30ms
minlen = 15; % 15*%*10ms = 150ms

status = 0;

count = 0;

silence = 0;

HESRE s

tmpl = enframe(x(l:end-1), FrameLen, Framelnc);
tmp2 = enframe(x(2:end) , Framelen, Framelnc);
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signs = (tmpl.*tmp2)<0;

diffs = (tmpl -tmp2)>0.02;
ZCr = sum(signs.*diffs, 2);
THEEN R

amp = sum (abs (enframe (filter ([1 -0.9375], 1, x), Framelen, FramelInc)),

PR R R ] RR
ampl = min(ampl, max (amp)/4);

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

VAR ISR ORIl
x1l = 0;
x2 = 0;

for n=1l:length(zcr)
goto = 0;
switch status
case {0,1}
0 = B, 1 = "R
if amp(n) > ampl
Wiz NIE &
x]l = max(n-count-1,1);
status = 2;
silence = 0;
count = count + 1;
elseif amp(n) > amp2 | ... % AJRERbTiBEHEL
zcr(n) > zcr2
status = 1;
count = count + 1;
else
RS
status = 0;
count = 0;
end
case 2,
2 = BER
if amp(n) > amp2 | ... s RIFEEE R
zcr(n) > zcr2
count = count + 1;
else
AL
silence = silence+l;
if silence < maxsilence $ FFHFIEAEIK, MALER
count = count + 1;
elseif count < minlen & WEBEHKEKRE, I NS

status = 0;
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silence = 0;

count = 0;
else
EE
status = 3;
end
end
case 3,
break;
end
end
count = count-silence/2;
x2 = x1 + count -1;

subplot (311)

plot (x)

axis ([l length(x) -1 117)
ylabel ('Speech');

line([x1*FramelInc x1*FrameInc], [-1 1], 'Color', 'red');

line ([x2*FramelInc x2*FrameInc], [-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',
line ([x2 x2], [min(amp),max (amp)], 'Color',
subplot (313)

plot(zcr);

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

ylabel ('ZCR") ;

line([x1 x1], [min(zcr),max(zcr)], 'Color',

[min (zcr) ,max(zcr)], 'Color', 'red');

4. K8 159 K 10 £ & A FFT
N =51
SR TR T 1R A i o ]
wn = rectwin(51) ; SHIEHMKE
20*10gl0 (abs (WN) )

[hl,w] = freqgz(wn,1l);
figure;
plot (w/pi,20*1ogl0 (abs (hl/max (hl))));

axis ([0 1 =100 01);

xlabel ("H—WHE /\pi');

ylabel ('20log {10} |W(e”{j\omega})| /dB');
title ("FEIEERIMEMAS ) ;

'red');

'red');

'red');line ([x2 x2],
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set(gca, 'YTick', [-100 -80 -60 -40 -20 01)

set (gca, 'XTick', [0 :0.2: 17)

set (gca, 'XAxisLocation', 'top'); SWHE X ffE L7
set (gca, 'YAxisLocation', 'left'); SWHE Y #ELT
text (1,-108, "\pi');%gtext ("\pi');

SR = BP0 [ &

wnl = bartlett (51);

[hl,wl] = fregz(wnl,1l);

figure (2);

plot (w/pi,20*10ogl0 (abs (hl/max (hl))));

axis ([0 1 =100 01);

xlabel ("H—HE /\pi');

ylabel ('20log {10} |W(e”{j\omega})| /dB');
title (' =M EHHEMALS ) ;

set(gca, 'YTick', [-100 -80 -60 -40 -20 01)

set (gca, 'XTick', [0 :0.2: 17)

set (gca, 'XAxisLocation', 'top') ; SWHE X ffE L5
set (gca, 'YAxisLocation', 'left'); SWHE Y #ELH
hanning

wnl = hanning(51) ;

[hl,wl] = fregz(wnl,1);

figure;

plot (w/pi,20*10ogl0 (abs (hl/max (hl))));

axis ([0 1 =100 01);

xlabel ("H—WHE /\pi');

ylabel ('20log {10} |W(e”{j\omega})| /dB');
title ('Hanning H{H B2 ) ;

set (gca, 'YTick', [-100 -80 -60 -40 -20 01);
set (gca, 'XTick', [0 :0.2: 117);

set (gca, 'XAxisLocation', "top') ; SWHE X BifE 77
set (gca, 'YAxisLocation', 'left'); SWE Y MELT
hamming

wnl = hamming (51) 7

[hl,wl] = fregz(wnl,1);

figure;

plot (w/pi, 20*1ogl0 (abs (hl/max (hl))));

axis ([0 1 =100 01);

xlabel ("A—ALHIER /\pi');

ylabel ('20log {10} |W(e”{j\omega})| /dB');
title ('Hamming M{H B HAH ) ;

set (gca, 'YTick', [-100 -80 -60 -40 -20 01)

set (gca, 'XTick', [0 :0.2: 17)

set (gca, 'XAxisLocation', 'top') ; SWE X BifE 77
set (gca, 'YAxisLocation', 'left'); SWE Y MELT
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Blackman

wnl = blackman (51) ;

[hl,wl] = fregz(wnl,1l);

figure (5);

plot (w/pi,20*10ogl0 (abs (hl/max (hl))));

axis ([0 1 -100 01]);

xlabel ("H—HHER /\pi');

ylabel ('20log {10} |W(e”{j\omega})| /dB');
title ('Blackman HI{EH B A5 ) ;

set (gca, 'YTick', [-100 -80 -60 -40 -20 01)
set (gca, 'XTick', [0 :0.2: 17)

set (gca, 'XAxisLocation', 'top') ; SWHE X ffE L
set (gca, 'YAxisLocation', 'left'); SWHE Y #ELH

5. K& 5 TN E AT B I L AU R A T DL S AR AL I
path ('D:\Program Files\matlab\toolbox\voicebox',path)
R = audiorecorder(44100,16,1);
disp('Start speaking.')
recordblocking (R, 3) ;
disp ('End of Recording.');

e T o M

play (R);

IRIUGR Bl

myRecording = getaudiodata (R);
2] 3 HE O

figure

subplot (3,1,1);

plot (myRecording) ;title ("B 5K ") ; xlabel ('I[A] ") ; ylabel ('IE{EH") ;

n=length (myRecording) ;

£fs=44100;

t=0:1/fs: (n-1)/fs;

a=abs (fft (myRecording)) ;

subplot (3,1,2);

plot (t,a);title ("fFSHIEMIRMER") ;xlabel ("I ") ;ylabel ("IR{E") ;
b=angle (fft (myRecording) ) *180/pi;

subplot (3,1,3);

.

plot (b);title ("HESAIEMIAMAE ") s x1abel ('A% ") ; ylabel ("AHALHIRAN") ;

’

6. 1K 6 TUhNHEJq AR SRS i R P DL S AR AL
y=filter([1 -0.97],1,myRecording);
figure
subplot (3,1,1);
plot (y);title ("ESHIEE ") ;xlabel ("HE]") ;ylabel ('IR{E") ;
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n=length(y);

£fs=44100;

t=0:1/fs: (n-1)/fs;

a=abs (fft(y)):

subplot (3,1,2);

plot(t,a);title ("fESHIEMRER") ;xlabel ("HiIFK") ;ylabel ("IR{E") ;
b=angle (fft (y))*180/pi;

subplot (3,1,3);

plot (b);title ("FSHIEMMALIE ") ; xlabel ("HIF") ; ylabel ("HMLKIKA") ;

7.MFCC

bank=melbankm (24,256,16000,0,0.4,'m");

Mel JEB AR ECN 24, FFT BHIKER 256, RAEMAEN 160008z, HRACHKIIEH
IS R AR E N 0, B O UE I AR I S B =i {8 0.4, m 3R hamming @, t BN =AE .
IR (R g — > B i DB W {1 PO R B

H—1k Me 1 JEPAEH R AL

bank=full (bank); %full ()G B 56 B RE

bank=bank/max (bank (:)) ; $H—4 bank JEFEFHIE Smax (bank (: ) ) BUH bank
el N S PN e

det RH, 12*2

for k=1:12

n=0:23;

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

end

AL I T B

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

w=w/max (w) ;

P P PAREE CRUIN EE - 43— 0D

TN JEE A, PR A, Rt A SR

xx=double (myRecording) ; $FEIE T x F XU 1IE

xx=filter([1 -0.97],1,xx);

H(z)=1-a*z" -1, Hd a FMEHL 0.9-1 Z[a], @HHL 0.97

Y=filter (B,A,X) , AN X AIEEATFH, v RIERKERTH], B/A AR REL,
B NI, ANIEE

xx=enframe (xx,256,80) ; $Xf xx 256 M N—WFEIE 12 4EH) mfcc

for i=l:size(xx,1)%size (xx,1)RnsMiLLE Kbl

y=xx (i, 1) ; SPEHCE— MR IRES v

e

s=y'.*hamming (256) ;

BE—WESRUDHAE O ;

X xx 256 M WU TE IR SR SO 80, JEESET N 80

SR —MfE T I REE
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p=0;
p=s'*s;
pl=10*10gl0 (p) ;

t=abs (Fft (s)) ; $FET PUB MM A, 152185 Wi ik

t=t. 2; SXEHEE SNSRI J7, FRSMNTIRE s xR, N ALE K TR AR

cl=dctcoef*log(bank*t (1:129));
c2=cl.*w';

m(i,:)=c2;

m(i,:)=[c2' pl]l;

end

R %> R AL

dtm=zeros (size(m)) ;

for i=3:size(m,1)-2

dtm (i, :)==-2*m(i-2, :)-m(i-1, :)+m(i+1, :)+2*m(i+2, :);
end

dtm=dtm/3;

REZBr 20 R AL

dtmm=zeros (size (dtm)) ;

for i=3:size(dtm,1)-2

dtmm (i, :)=-2*dtm (1i-2, :)-dtm(i-1, :)+dtm (i+1, :)+2*dtm(i+2, :);

end

dtmm=dtmm/3;

HIt mEce ZHM %5 mfcc 3L

ccc=[m dtm dtmm];

ZEREREPIN, DUNX W —B 222808 0

ccc=ccc (3:size(m,1)=-2,:);

cce;

subplot(2,1,1);

ccc_l=ccc(:,1);

plot(ccc 1);title('MFCC');xlabel ("Hf[E") ;ylabel ('IR{H") ;
plot (ccec) ;title ("MFCC') ;xlabel ("HJ[A]") ;ylabel ("1&{EH") ;

[h,w]=size(ccc);

A=size (ccc);

subplot (2,1,2);

plot ([1,w],A);

xlabel ('4E4(") ;ylabel ("HR{EH") ;
title (" ERMEMRR") ;

SVM i
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kertype = 'linear'; S$Z&M#%
55 O------ Hid e
n = 30;

$randn ('state',6); STHERE, —KATLAH

2 47 N AFERE, JTERIRMIER 710

yl = ones(1l,n); S1*N A~ 1

x2 = 4+randn(2,n);  %2*NEFE, JTTERRMIERS A HIMEN 5, W& EiZeT <2 =

3+randn (2,n);

o\

x1 = randn(2,n);

y2 = -ones(l,n); $1*N 4>-1

figure; SHIE—HERERETEH HF— A E DX R
plot(x1(1,:),x1(2,:),'bs"',x2(1,:),x2(2,:), " 'k+"); SHKE, FHES
axis([-3 8 -3 8]); SUWEARIRHEHE

hold on; STE[E—A figure i JUIE BN, FHibA)

$% @------------- HIERES
X = [x1,x2]; SYILRFEAR 200 JEiFE, n AFEARNEL d MRS EFEA 2
Y = [yl,y2]; SUIZREAR 1on FEFE, n AREARDEL E)9+1 Bi-1

svm = svmTrain (X,Y,kertype,C); SYIZFEAR
plot (svm.Xsv (1, :),svm.Xsv(2,:), " 'ro"); SHEXFrmHEIRHFK

$% @---mmmmm HIURZS

[x1,x2] = meshgrid(-2:0.05:7,-2:0.05:7); $x1 fll x2 #+& 181*181 HIHHF
[rows,cols] = size(x1l);

nt = rows*cols;

Xt = [reshape(x1l,1,nt);reshape(x2,1,nt)];

SHI¥A) reshape (x1,1,nt) &K x1 B 1* (181*181) HIAEFE, Frbl xt & 2%
(181%181) HIHEE
$reshape HRAEHIREMERIIT F1). 45

Yt = ones (1l,nt);
result = svmTest (svm, Xt, Yt, kertype);

T - i 24 1025 2 £

Yd = reshape(result.Y,rows,cols);

contour (x1,x2,Yd, [0,0], 'ShowText', 'on') ; SHZEE
title ('svm 72RERE") ;

x1l=xlabel ("X fli");

x2=ylabel ('Y #fi") ;

A S ST —
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function svm = svmTrain (X,Y, kertype,C)

% Options &M RIEHIFILIE SN E, optimset LSH, QI —ANIETILE BT
B 7 BONBMA Rk I

options = optimset;

options.LargeScale = 'off';%LargeScale TR RMME R, off FREMBEIYZR
BRI

options.Display = 'off'; SR TCH

S UK SRR IR/, "IN 4 help quadprog BE NG

= length(Y); %iRMY FK4E%L

= (Y'*Y) .*kernel (X,X, kertype) ;

-ones (n,1); %f N 1*n-1,f 4T Quadprog BREHH ¢
= [1;

= [1;

Aeq = Y; $MYT Quadprog MEFH AL, bl

o » o3
Il

begq = 0;
1b = zeros(n,1); $HX4T Quadprog KA H 1) LB, UB
ub = C*ones(n,1);

a0 = zeros(n,1); % a0 ZfERIWIGHITLUE

[a,fval,eXitflag,output, lambda] =
quadprog (H, £,A, b, Aeq, beq, 1b,ub, a0, options) ;

Sa AR R, AR A

$fval f&t HARREEM a AEHIME

sexitflag>0, WARFFIEUT M x: =0 MR EHITHEIE ] 1 8 R CE: <0 WU j) R Wl AT it
BURE P Is AT R

soutput i tHFEF BT IR LE(E R

$lambda NTEf# a AMIMH Lagrange T

epsilon = le-8;

$0<a<a (max) WINHN x NIHFAE, find iR B — MO EHA x hENIERITCRILAMIER
EINICTE -

sv_label = find(abs(a)>epsilon);

svm.a = a(sv_label);

svm.Xsv = X(:,sv_label);

svm.Ysv = Y (sv_label);

svm.svnum = length (sv_label);

%svm.label = sv_label;

end

&% ————mmmm—mm———- L

function result = svmTest (svm, Xt, Yt, kertype)

temp = (svm.a'.*svm.Ysv) *kernel (svm.Xsv,svm.Xsv, kertype) ;
$total b = svm.Ysv-temp;

b = mean (svm.Ysv-temp); b HIE
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w = (svm.a'.*svm.Ysv)*kernel (svm.Xsv,Xt, kertype) ;
result.score = w + Db;

Y = sign(wt+b); %f(x)

result.Y = Y;

result.accuracy = size(find(Y==Yt))/size(Yt);
end
§% —mmmmmmmmm———o A R

function K = kernel (X,Y, type)

X HEHEL
switch type
case 'linear' S BEA AR R 2R 1 %

K = X'*Y;
case 'rbf' s LI AR = W %
delta = 5;

delta = delta*delta;
XX = sum(X'.*X',2) ;%2 KRR AT N RAL AT SR AN
YY = sum(Y'.*Y',2);

XY = X'*Y;
K = abs (repmat (XX, [1 size(YY,1)]) + repmat (YY', [size(XX,1) 1]) -
2*XY) ;
K = exp(-K./delta);
end
end
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