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Speech Recognition in Frequency Domain Based on DTW and MFCC

Abstract:

This experiment is aimed at the basic task of isolated word speech recognition, which is discussed, analyzed and
solved from the perspective of frequency domain. In this paper, the principle and key technology of specific isolated
word recognition based on MFCC and DTW are described in detail through the implementation of speech recognition
system which can recognize digit 0-9

In the part of signal acquisition, firstly, audio corder function is used to acquire the speech signal and set up the
class speech signal database. In the preprocessing part, we deal with the speech signal in batches: pre weighting
filtering; frame and window processing with Hamming window function, short-time-domain characteristic analysis
and discrete-time Fourier (DTF) transformation for the speech signal in this specific period to get the corresponding
spectrum results; calculate Mel cepstrum coefficient and MFCC coefficient, and use template matching method and
dynamic time DTW is used for classification and recognition.

Through experiment comparison, quantitative analysis and improvement, the average accuracy of the system is
about 48%.

Key words: DTW; MFCC; Frequency Domain Analysis; Isolated Word Recognition
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function varargout = main(varargin)
% MAIN MATLAB code for main.fig

% MAIN, by itself, creates a new
MAIN or raises the existing

% singleton*.

%

% H = MAIN returns the handle to a
new MAIN or the handle to

% the existing singleton*.

%

%
MAIN('CALLBACK',hObject,eventData,handl
es,...) calls the local

% function named CALLBACK in
MAIN.M with the given input arguments.

%

% MAIN('Property','Value',...) creates
a new MAIN or raises the

% existing singleton*. Starting from
the left, property value pairs are

% applied to the GUI before
main_OpeningFcn gets called. An

% unrecognized property name or
invalid value makes property application

% stop. All inputs are passed to

main_OpeningFcn via varargin.
%

% *See GUI Options on GUIDE's Tools
menu. Choose "GUI allows only one
% instance to run (singleton)".

%
% See also: GUIDE, GUIDATA, GUIHANDLES

% Edit the above text to modify the
response to help main

% Begin initialization code - DO NOT EDIT
gui_Singleton = 1;
gui_State =
mfilename, ...

struct('gui_Name',

'gui_Singleton’,
gui_Singleton, ...

'gui_OpeningFcn',
@main_OpeningFcn, ...

'gui_OutputFcn',



@main_OutputFen, ...

'gui_LayoutFcn',
i1, ..

'gui_Callback', [1);
if nargin && ischar(varargin{1})

gui_State.gui_Callback =

str2func(varargin{1});
end

if nargout

[varargout{1:nargout}] =
gui_mainfcn(gui_State, varargin{:});
else

gui_mainfcn(gui_State, varargin{:});
end
% End initialization code - DO NOT EDIT

% --- Executes just before main is made
visible.

function  main_OpeningFcn(hObject, =,
handles, varargin)

% This function has no output args, see
OutputFcn.

% hObject handle to figure

% eventdata reserved - to be defined in a
future version of MATLAB

% handles structure with handles and
user data (see GUIDATA)

% varargin  command line arguments to
main (see VARARGIN)

% Choose default command line output for
main
handles.output = hObject;

% Update handles structure
guidata(hObject, handles);

% UIWAIT makes main wait for user
response (see UIRESUME)
% uiwait(handles.figurel);

% --- Outputs from this function are
returned to the command line.

function varargout = main_OutputFcn(~, ~,
handles)

% varargout cell array for returning output
args (see VARARGOUT);

% hObject handle to figure

% eventdata reserved - to be defined in a
future version of MATLAB

% handles structure with handles and
user data (see GUIDATA)

% Get default command line output from
handles structure

varargout{1} = handles.output;

function editl_Callback(hObject, ~, handles)
% hObject handle to edit1 (see GCBO)
% eventdata reserved - to be defined in a
future version of MATLAB

% handles structure with handles and
user data (see GUIDATA)

file_path = get( hObject, 'String' ) ;
handles.file_path = file_path;

guidata( hObject, handles ) ;

% Hints: get(hObject,'String')  returns
contents of editl as text

% str2double(get(hObject,'String'))
returns contents of editl as a double

% --- Executes during object creation, after
setting all properties.

function editl_CreateFcn(hObject, ~, ~

% hObject handle to editl (see GCBO)
% eventdata reserved - to be defined in a
future version of MATLAB

% handles empty - handles not created
until after all CreateFcns called

% Hint: edit controls usually have a white

background on Windows.

% See ISPC and COMPUTER.

if ispc &&

isequal(get(hObject,'BackgroundColor'),

get(0,'defaultUicontrolBackgroundColor'))
set(hObject,'BackgroundColor','white');

end

% --- Executes on button press in
pushbuttonl.

%%IZE R AIFEA

function pushbuttonl_Callback(~, ~,
handles)
% hObject
GCBO)

% eventdata reserved - to be defined in a
future version of MATLAB

handle to pushbuttonl (see

% handles structure with handles and
user data (see GUIDATA)
global k fs

[file1l,pathname]=uigetfile("*.wav',' i i% #¥
TP HIREAR"); %k H % R HE
fname=fullfile(pathname,filel);
[xx,fs]=audioread(fname);
[m,n]=size(xx);
k=xx+eps*ones(m,n);
sound(k,fs); %HETHH F



set(handles.edit3,'string'," R 71 45 3");

function pushbutton2_Callback(~, ~,
handles)
% hObject
GCBO)

% eventdata reserved - to be defined in a
future version of MATLAB

handle to pushbuttonl (see

% handles structure with handles and
user data (see GUIDATA)
global k fs

set(handles.edit3,'string', {5 i 14");
[k, fs]=luyini();

set(handles.edit3,'string',' 4 &.");

% --- Executes on button press in
pushbutton3.

%% T4 R H A

function pushbutton3_Callback(~, ~,
handles)

% hObject
GCBO)

% eventdata reserved - to be defined in a
future version of MATLAB

handle to pushbutton3 (see

% handles structure with handles and
user data (see GUIDATA)
global k fs

h = waitbar(0," IEZE 7], THFHEE..);
cc=MFCC2(k,fs);

j=shibie(cc);

fprintf(' 5 FE AR BE & % /N5 2 BA IR
MR %d\n', j);

close(h);

set(handles.edit3,'string,j);

function edit3_Callback(~, ~, ~

% hObject handle to edit3 (see GCBO)
% eventdata reserved - to be defined in a
future version of MATLAB

% handles structure with handles and
user data (see GUIDATA)

% Hints: get(hObject,'String')  returns
contents of edit3 as text

% str2double(get(hObject,'String'))
returns contents of edit3 as a double

% --- Executes during object creation, after
setting all properties.

function edit3_CreateFcn(hObject, ~, ~

% hObject handle to edit3 (see GCBO)
% eventdata reserved - to be defined in a
future version of MATLAB

% handles empty - handles not created
until after all CreateFcns called

% Hint: edit controls usually have a white

background on Windows.

% See ISPC and COMPUTER.

if ispc &&

isequal(get(hObject,'BackgroundColor'),

get(0,'defaultUicontrolBackgroundColor'))
set(hObject,'BackgroundColor','white');

end
% --- Executes on button press in
pushbutton4.

function pushbutton4_Callback(~, ~, ~)

% hObject handle to pushbutton4 (see
GCBO)

% eventdata reserved - to be defined in a
future version of MATLAB

% handles structure with handles and
user data (see GUIDATA)
close

% --- Executes during object creation, after
setting all properties.

function figurel CreateFcn(hObject,
eventdata, handles)
% hObject handle to figurel (see GCBO)

% eventdata reserved - to be defined in a
future version of MATLAB

% handles empty - handles not created
until after all CreateFcns called
ha=axes('units','normalized','pos',[0 0 1 1]);
uistack(ha,'down');

ii=imread('timg.jfif');

imagel(ii);

colormap gray
set(ha,'handlevisibility','off','visible','on');

% --- Executes during object creation, after
setting all properties.

function pushbutton2_CreateFcn(hObject,
eventdata, handles)

% hObject handle to pushbutton2 (see
GCBO)

% eventdata reserved - to be defined in a
future version of MATLAB
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% handles empty - handles not created
until after all CreateFcns called

function getmfcc= MFCC2(x,fs)

% ===

% $ZHL MFCC H-iF 251

% JC 2Nk % ity s RS

% Input: & SEHE x, KEER fs

% Output: (N,M)K /N [F)HFAE 2 B0 [
Horp NN, M ONRHIEYERE

% FHESH: M=24 {313 2% 12 48, —
24y 12 4

% ===

% tic
x = double(x);
x = x / max(abs(x));

% i B B
Framelen = 256;
Framelnc = 80;

ampl=10;
amp2 =2;
zcrl = 10;
cr2 =5;

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

status =0;

count =0;

silence = 0;

%I T2

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

hamming(FrameLen), Framelnc); %4273 B &
tmp2 = enframe(x(2:end),
hamming(FrameLen), Framelnc); %4273 B &
signs = (tmp1.*tmp2)<0;

diffs = (tmp1 -tmp2)>0.02;

zcr = sum(signs.*diffs, 2);
%t AL BE R

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

%R RE ] PR

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

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

%61 463 AL

x1=0;
% x2=0;
for n=1:length(zcr)
% goto =0;
switch status
case {0,1} % 0 =
g, 1= ATREITUR
if amp(n) > amp1l % fiff
fEENIEEEL
x1 = max(n-count-1,1);
status =2;
silence = 0;
count =count+1;
elseif amp(n) > amp2 || ... % AIfE
b TEE B
zcr(n) > zcr2
status = 1;
count =count+1;
else %
status =0;
count =0;
end
case 2 % 2 =
EE B
if amp(n) >amp2 || ... % PRFF
EIEE B
zcr(n) > zer2
count =count + 1;
else %
BEHE R

silence = silence+1;
if silence < maxsilence % ik
A, MARGER
count =count+1;
elseif count < minlen % 1B

KEERH, IARMEE

status =0;
silence = 0;
count =0,
else %
EEEE R
status =3;
end
end
case 3
break;
end
end

count = count-silence/2;
x2 =x1 + count -1;

xx=tmp1(x1:x2,:); %A B
%J1—1k mel JEPAZH R B

bank=melbankm(24,256,fs,0,0.5,'m');%Mel
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TRV AR N EOCA 24, fft B4 1K 2 256,

bank=full(bank);

bank=bank/max(bank(:));%[24*129]
%W E DCT REL

for k=1:12

n=0:23;

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

end

%) — L (5 ST}

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

w=w/max(w);

%AW MFCC 2%

for i=1:size(xx,1)

y=xx(i,:); o BN — M4

s=y'.*hamming(256);

t=abs(fft(s));%fft PRI MLIHFAZ M RS

t=t.A2; %A R

°Jot5<]‘ fft ZHAT mel JEBON B 53]

zE|1=dctcoef*Iog(bank*t(1:129));% XTI RE B i

JEW F2 DCT %t(1:129)% — i[RI AT 128 N4
(Wii#% )y 128)

c2=cl.*w'; % IH— L {3 i

%mfcc ZH

m(i,:)=c2";

end

%R — B %2 70 R4

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+

dtm=dtm/3;
%5 I mfce ZE—r 243 mfcc 3
ccc=[m dtm];

%R R, IR — B 25 5
ZHN 0

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

getmfcc=ccc; %R [AIHFIE(E
%'MFCC FHIE S HER B K

% toc

% subplot(2,1,1)

% plot(ccc(100,:));

% hold on

% plot(ccc(200,:),'r");
% plot(ccc(300,:),'g");
% plot(ccc(400,:),'y');
% plot(ccc(500,:),'0');

% xlabel("4E%7');

% ylabel('l&H1E");

% title("Mi% 100->500');
% subplot(2,1,2)

% plot(ccc(:,1));

% hold on

% plot(ccc(:,2),'r');
% plot(ccc(:,3),'s');

% plot(ccc(:,5),'y");
% plot(ccc(:,7),'b'
% xlabel (" %{");
% ylabel('l&H1E");
% title('4E%L 1->7)

~— —— T

’

% subplot(2,1,1)

% ccc_1=ccc(:,1);

% plot(ccc_1);title('MFCC');ylabel("TE1E");
% [h,w]=size(ccc);

% A=size(ccc);

% subplot(212)

% plot([1,w],A);

% xlabel("ZE%7");

% ylabel("l#1H");

% title("4EE SRIEICR")

end

function f=enframe(x,win,inc)
%ENFRAME split signal up into (overlapping)
frames: one per row. F=(X,WIN,INC)
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% 7 MiER %L
%  win —#%H{ 10-30ms,inc —f%HL 10ms
%  win Flinc [T HUE AR FESIR A K

% F = ENFRAME(X,LEN) splits the vector X
up into

% frames. Each frame is of length LEN and
occupies

% one row of the output matrix. The last
few frames of X

% will be ignored if its length is not
divisible by LEN.

% Itis an error if X is shorter than LEN.

%

% F = ENFRAME(X,LEN,INC) has frames
beginning at increments of INC

% The centre of frame I is
X((1-1)*INC+(LEN+1)/2) for 1=1,2,...

% The number of frames is
fix((length(X)-LEN+INC)/INC)

%

% F =  ENFRAME(X,WINDOW) or

ENFRAME(X,WINDOW,INC) multiplies
% each frame by WINDOW(:)

% Copyright (C) Mike Brookes 1997

% Version: S$Id: enframe.m,v 1.3
2005/02/21 15:22:12 dmb Exp $
%

%  VOICEBOX is a MATLAB toolbox for
speech processing.

% Home page:
http://www.ee.ic.ac.uk/hp/staff/dmb/voice

box/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.

%% % % % % % % % % % % % % % % % % %% % % %% %
%% % % % % % % % % % % % % % % % % %% % % %% %
%% % % % % % % % % % % % % % % % % %% % % %% %
%% % %% %

nx=length(x);
nwin=length(win);
if (nwin ==1)

len = win;
else

len = nwin;
end
if (nargin < 3)

inc = len;
end
nf = fix((nx-len+inc)/inc);
f=zeros(nf,len);
indf=inc*(0:(nf-1)).";
inds = (1:len);
f(:) =
x(indf(:,ones(1,len))+inds(ones(nf,1),:));
if (nwin > 1)

w = win(:)';
f=1f.* w(ones(nf,1),:);

end

function dist = dtwl(t, r)
n = size(t,1);
m = size(r,1);
% Mt IG e R 2 R
d = zeros(n,m);
fori=1:n
forj=1:m
d(i,j) = sum((t(i,:)-r(j,:)).*2);
end
end
% SRR B AR PR

D = ones(n,m) *realmax;

fori=1:n
for j=1:m
if i==1&&j==1
D(i,j)=d(1,1);
D1=0;
D2=0;
D3=0;
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end

if i==1&&j>1
D1=D(i,j-1);
D2=realmax;
D3=realmax;

end

if j==1&&i>1
D1=D(i-1,j);
D2=realmax;
D3=realmax;

end

if i>1&&j>1
D1=D(i-1,j);
D2=D(i,j-1);
D3=D(i-1,j-1);

end

D(i,j)=d(i,j)+min([D1,D2,D3]);

end
end
dist = D(n,m);

tic
load character24_plus.mat;
true=0;
sample=20;
for m=1:100
num=round(rand*9);
[k,fs]=audioread(['D:\’k = .\ (5256)
o7 5 5 & o# o\ Mt
\test\',int2str(num),'.wav']);
cc=MFCC2(k,fs);
dist=ones(10,sample)*realmax;
for k=1:10
for i=1:sample
j=randi(20);
dist(k,i)=dtw1(cc,
Character{k,j});
while isnan(dist(k,i))
j=randi(20);
dist(k,i)=dtw1(cc,
Character{k,j});
end
end
end
number=zeros(10,1);
fori=1:10
for j=1:20
if dist(i,j)<2e+05
number(i)=number(i)+1;
end
end
end
% fori=1:10
% minum(i,1)=1/min(dist(i,:));

% end
%
minum=(minum-min(minum))/(max(minum
)-min(minum));
%
number=(number-min(number))/(max(num
ber)-min(number));
% final=0.5*minum+0.5*number;

[~,jl=max(number);

=-1

if j==num

true=true+1;

end

forintf(' B SC{H N %d , i
N%d\n',num,j);
end

SO
o
—

result=true/100
toc

function j=shibie(cc)
% load characterl.mat;
% dist=zeros(10,1);
% for k=1:10
% for i=1:18
% J=randi(100);
% dist(k) = dist(k)+dtwl(cc, p{
ki});
% end
% end
% [~,j] = min(dist);
% j=j-1;
% end
load character24_plus.mat;
true=0;
sample=20;
dist=ones(10,sample)*realmax;
for k=1:10
for i=1:sample
j=randi(20);
dist(k,i)=dtwl(cc, Character{
ki});
while isnan(dist(k,i))
j=randi(20);
dist(k,i)=dtwl(cc, Chara
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cter{k,j});
end
end
end
number=zeros(10,1);
for i=1:10
for j=1:20
if dist(i,j)<2e+05
number(i)=number(i)+1;
end
end
end
[~.j]=max(number);
=L
end



