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ABSTRACT

Linear Predictive Parameters (LPC) Model is wildly used to represent speech future for
speech coding. These parameters extract to speech spectrum in short term corresponding that varies
from 0 to co. The consequence of this technique provide the efficiency quantization less than Line
Spectrum Frequencies which takes corresponding between 0 to 1.

This research uses the LPFs to be the speech feature for speech coding system. A Finite State
Vector Quantization, which used the Kohonen Self Organizing Feature Map, is used to improve the
quantization technique for reducing bit rate of speech parameters.

The results show that the technique can be reduce bit rate to 5.5-37%. However the quality of
speech signal is reduced in the term of high frequency when compares with the original speech. In
the future work, the post-processing will be research to improve the quality of speech signal in term

of high frequency.

Keywords : Speech Processing , Speech Compression , Speech Coding , Line Spectral Pairs ,

Clustering , KSOFM
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3.2.1 MIafamWI5ines LPC

e

9

msanaAImsIimes LPC Jdunoumsdfiianmseail

1) Walisunsu MatLab Son 1Wa *m Tasi@enmuysds File>Open

Eile Edit Debug Parallel Desktop Window Help

E:w L ﬁj|@

Chrl+C

Claza Cammand Window

1 3.4 msldmdaia «m Tl

2) m3eulldidesdrod1de wavread 11 1WE mainm  vz151ngIRasdlu

@ d' A ~ ' - dl ]
VFINAN 4 [in_speech,fs,bits] = wavread (Fo IWaideq); 1ldlaSaneTuasye lnd
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clear
cle

5 get yave-file

[in_speech,fs,bits] = vavread('org.wav')

! PLEpPALE and PLEprocess wave-rile

aux spesch=in spesch;

in speech = in speech - mean(in speech(:
speechnorm = resample (in speech, 8000, £s)
speech filt=preprocess(speechnorm,fs);
wavyrite (speech file,'original.wav');

5107 3.5 m3lFirdamson Indides

G

[ YA a < 1 [ o
3) msanamwsiiaes LPC azmnuswaansamlslu LPC_coeff Iugilves

a o =& = o o o .
LM@?ﬂ%WQ%&%ﬂHﬂTﬁQTﬁWQﬂ%Hlnmnnl

% Frame variables

sp_size=size (speech)’ E >h size
frame=240; rame size
frame numb=fix(sp size()/frame)+1; $number of
speech{l, {frame numb*frame))=0; % j
speechy=speech;
sp_matrix=(reshape (speech, frame, frame numb)};
sp_matrix=sp matrix"';

LPC_order=10; 3
LPC_coeff=zeros(frame_numb, LPC_order+l): 5L

nsposaed speech matrix
r of LPC-Analysis

> coefficients matrix

% window variables

overlap=100; %50 samples on each side
win=hamming {framet+overlap) %$Hamming window

% Analysis
LPC coeff=get lpc(speechy,frame numb, frame,win,overlap,LPC order);

510 3.6 mslddulsiAum LPC coeff

a 1w a S v S v
4) M3VATLHATUUTZANT LPC coeff  Tuilan®u mainm vzi5onldiladdu

get_Ipc TagouilanduiSonls (Callback Function) 11 m-file 8 TWd1ilsfo GET LPC.m

25



function [LPC_matrix,gaini]=get Ipc(speech,c,b,window.d,e);

. e get Ipc
% b=framesize -

% c=framenumber

% d=overlap

% e=LPC_order

%function variables

win=window",

coeff=zeros(c,e+1);

%windowing and Ipc analysis

for n=0:c-1
if n==
coeff(n+1,:)=Ipc2(speech(n*b+1:(n+1)*b+d/2).* win(1:b+d/2),e);
weigh(n+1,:)=lpcbwexp(coeff(n+1,:),0.015); %15 Hz bandwidth
elseif n>0 & n<c-1
coeff(n+1,:)=Ipc2(speech(n*b+1-d/2:(n+1)*b+d/2).* win,e);
weigh(n+1,:)=Ipcbwexp(coeff(n+1,:),0.015); %15 Hz bandwidth
elseif n==c-1
coeff(n+1,:)=Ipc2(speech(n*b+1-d/2:(n+1)*b).* win(1:b+d/2),e);
weigh(n+1,:)=Ipcbwexp(coeff(n+1,:),0.015); %15 Hz bandwidth expansion
end

end

%LPC coefficients matrix

LPC_matrix=weigh;

g‘]J‘ﬁ 3.7 M3e519 Callback Function IATTHM LPC coeff
5) MILAAIAINAGNTVRIEIMUT LPC coeff 11 workspace Iaomsifivu1u1nd Excel

Meld¥e LPC coeffxls 92 19A189 xIswrite(LPC_coeffxIs,LPC_coeff) Inatlouruussiamida

(command line)
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L1

LPC_coeff [Tnuamnudnnuls] - Microsoft Excel

usen uwsn vlasmwihnszay qog fnya ATV YuuDa Add-In
3 - |
B C D E F G H I 1

1 -0.73444 0.82792 -0.72057 0.725346 -0.55509 0.620613 -0.34503 0413684 -0.25117
1 -0.74145 0.885377 -0.73744 0.68888 -0.54541 0.665435 -0.34469 0.391633 -0.17533
1 -0.71543 0.682767 -0.49176 0.568462 -0.49532 0.515827 -0.32985 0.40976 -0.21702
1 -0.50678 0.484752 -0.43443 0.496055 -0.33831 0.468145 -0.27401 0.282037 -0.17785
1 -0.88484 0.501346 -0.41733 0.795915 -0.62694 0.452078 -0.28052 0.358983 -0.23584
1 -0.60612| 0.499264 -0.45154 0.53975 -0.29729 0.433909 -0.3375 0.343841 -0.03627
1 -0.66181  0.331753 -0.45095 0.480416  -0.36658 0.367415 -0.21%966 0.227138 -0.1776
1
1
1
1
1
1

-0.43408 0.522851 -0.63089 0.594832 -0.41502 0.485%65 -0.34683 0.273647 -0.18304
-0.36357 0.547977 -0.51523 0.627349 -0.40135 0.550501 -0.27485 0.355253 -0.13124
-0.28803 0.531652 -0.30496 0.555004 -0.32584 0.440342 -0.09645 0.213951 -0.11865
-0.29432 0.724186 -0.39794 0.800242 -0.38098 0.5341538 -0.15135 0.376676 -0.14649
-0.36869 0.503591 -0.55307 0.52863 -0.4933 044971 -0.22775 0.270723 -0.1802
-1.20636  0.675089 -1.01952 0.963759 -0.63391 0.722875 -0.318957 0.189847 -0.35406

ok
[

3.8 mduilizans LPCkcoeffGlu]lWﬁ’ Excel

=h.

71

[ d
3.2.2 ﬂ"liﬁﬂﬂﬂ'1w1§1ﬁ!ﬂi’)§ LSP
Y a J = 3 a ua @ dy
NITEANANINITINNDT LSP mumumiﬂgmmimu

o 1 a 4 S v 1w a Q‘{ I
1) Myanaamsimes LSP azlsilansulumsuilasadualszd@nson LpC 1u

LSP (LPC/LSP Conversion) @ai@eu 1311 1Ma mainm  JTaoSonldaumuiladsusonls

£ A A

(Callback Function) i #aridu Ipc_Isp 1311 m-file 8n'lWdnilediolva LPC_LSP.m nansdszii

39

a S o a Py s v
2)  mMsanseHAIdusz@ns LSP coeff Tuiladdu mainm vzSonl¥lendu

J =R A

Ipc_lsp Taoidouilafduiionl¥ (Callback Function) 1511 m-file §n'lMldwilefio LPC LSP.M taas
393107 3.10

3)  MIUAAIAINAaNTYeIAIUT LSPC coeff 1u workspace Tasnisifiululild
Excel n1old 6Id;i’) LPC _coeff.xls %ﬂ%’ﬁwf‘% 3 xIswrite('LSP_coeff.x1s',LSP_coeff) Taetlounu

V3391199 (command Line) 1a@gdagii 3.11
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% get wave-file

[in_speech,fs,bits] = wavread('org.wav');

% prepare and preprocess wave-file
aux_speech=in_speech;

in_speech = in_speech - mean(in_speech(:));
speechnorm = resample(in_speech,8000,fs);
speech_filt=preprocess(speechnorm,fs);
wavwrite(speech_filt,'original.wav');

speech = speech_filt';

% Frame variables

sp_size=size(speech);

frame=240;

frame numb=fix(sp_size(2)/frame)+1;
speech(1,(frame numb*frame))=0;
speechy=speech;
sp_matrix=(reshape(speech,frame,frame numb));
sp_matrix=sp_matrix';

LPC order=10;
LPC_coeff=zeros(frame numb,LPC order+1);
% window variables

overlap=100;
win=hamming(frame+overlap);

% Analysis

% getting from speech.m

%speech size

%frame size

%number of frames
%cutting the end

%speech for windowing
%speech in matrix
%transposed speech matrix
%order of LPC-Analysis

%LPC coefficients matrix

%350 samples on each side

%Hamming window

LPC coeff=get Ipc(speechy,frame numb,frame,win,overlap,LPC order);

% lpc/Isp conversion

LSP_coeff=Ipc_1sp(LPC _coeff);

Hansunasar LPC 13l LSP

U 3.9 Wedduumlasar Lpc 1ilu Lsp TuWd mainm
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function Isp=lpc_Isp(Ipc)
—

" flafFumlas Lp
[nf,p1]=size(Ipc);
p=pl-1;
p2 = fix(p/2);
d=0.5/pi;
if rem(p,2) % odd order
for k=1:nf
aa=[lpc(k,:) 01;
r = aa + fliplr(aa);
q = aa - fliplr(aa);
fr = sort(angle(roots(r)));
fq = [sort(angle(roots(deconv(q,[1 0 -11)))); 01;
f=[fr(p2+2:p+1)."; fq(p2+1:p).'];
fipr1) =I[1;
Isp(k,:) = d*f(:).";
end
else
for k=1:nf
aa=[lpc(k,:) 01;
r = aa + fliplr(aa);
q = aa - fliplr(aa);
fr = sort(angle(roots(deconv(r,[1 1]))));
fq = sort(angle(roots(deconv(g,[1 -11))));
f=[fr(p2+1:p)."; fq(p2+1:p)."];
Isp(k,:) = d*f(©).";
end

end

v

g‘]J‘ﬁ 3.10 M3e514 Callback Function IATIEHM LSP_coeff
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7 [SF coert MU mmI 1L
Ep . = v L5P_coeff [Tnuaaud
—— miusn wnan wlrsawinnszes qns fdaya

<323 -0 £ |

A B C D E F
1 0.0576 0.085036 0.126976 0.177918 0.215794 0.252349
2 | 0.058929 0.081586 0.131313 0.177397 0.221245 0.249174
3 | 0.055259 0.080452 0.135433 0.168236 0.213194 0.247884
4 | 0.053865 0.084481 0.127126 0.1738536 0.2239060 0.260365
5 | 0.054781 0.081771 0.118712 0.153099 0.196261 0.250134
6 0.0577 0.081498 0.128293 0.16576 0.215724 0.266842

4
[

Nilszans LSP_coeff 11198 Excel

3.11 A1

=h.

71
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332 TunuMIa319lATINeIANIIAURY
Y v v
TuaauMINNUYedlasaiigdamsauelvuneumslfiamsasi
1 = 9 v @ 1 = [ 1w a ad A
1) s Wdideeduatiusamiansudeaazanamduilssans LPC-10 1o

1¥atdunannmesilFlumsatislnssiedansawes Tasld1isunsn mainm

cle; %a1499

partition = -1:1/64:1; %I EAUA NI U Y 128 T
codebook(1,1) = -1; %M UAYIATITAG LA
codebook(1,130) = 1; %UUIMNHUATLIAGITARIUUIN
for i=1:1:128

codebook(i+1) = (partition(1,i)+partition(1,(i+1)))/2; %@ 314 codebook

end

[samp, Fs, nbits] = wavread('org.wav'); %E’J'”IHUM’SL?TEN

[index,quant] = quantiz(samp,partition,codebook); %USUsTAUVUIAITYS 128 AL

s = filter(1,[1 1/2 1/3 1/4],quant); %n5BINNRIHD

a=Ipc(s,10); wafiamauilszans LPC-10

est x = filter([0 -a(2:end)],1,s); %Alszanandesdne LPC

for (i=1:1:10000) % udavsunilu 8 wisu
slicel(1,i) =est x(1,i); %53 1 99 10000

19 3.13 Tdsunsulumsvauvansudes

Qan
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slice2(1,i) = est_x(1,(i+10000)); %53 10001 99 20000

slice3(1,i) = est_x(1,(i+20000)); %53 20001 D4 30000
sliced(1,i) = est_x(1,(i+30000)); %53 30001 D4 40000
slice5(1,i) = est_x(1,(i+40000)); %53 40001 D4 50000
slice6(1,i) = est_x(1,(i+50000)); %33 50001 D9 60000
slice7(1,i) = est_x(1,(i+60000)); %353 60001 D4 70000
slice8(1,i) =est x(1,(i+70000)); %153 70001 D9 80000
end

sum = [slicel,slice2,slice3,slice4,...

slice5,slice6,slice7,slice8]; smnlsudesiidousas gy

save('slicel.mat', 'slicel"); vriudndanlslsudosi 1
save('slice2.mat', 'slice2"); viudndanlssudodi

save('slice3.mat', 'slice3"); viudndulsmsudoad 3
save('slice4.mat', 'slice4"); vriudndanslslsudoi 4
save('slice5.mat', 'slice3"); viudndnlslsudoi s
save('slice6.mat', 'slice6"); osifuiindalasudosdi 6
save('slice7.mat', 'slice7"); veaiunnaalsmlsud EN‘ﬁ' 7
save('slice8.mat', 'slice8'); veiiunndalsmlsud EN‘ﬁ' 8

wavwrite(sum,8000,8,'sumorg.wav');  %danaudesi lannmsdszanaa LPC-10

59 3.13 Tolsunsulumssauiansuaes (@o)

est_x 0O=» x
[ #st_x <1x40000 double >

E 2 | 3 1 [ 5
1] 0 -0.0048 <0.0031 -0.0018 <0.0026 ;I
z

[ stice1 <1x10000 double>

£l 1 | F] 3 4 5 |
1) o -0.0048 -0.0031 -0.0018 <0.0026 ;‘
2
A [ = @ 4 @ A
719 3.14 dygraudssdunszinndulszans LPC-10

4

2
M est x Wuaduilszans dyaaudesdunsizd LPC-10 fasuuiuna 1x 80,000

99

4
a

dud slicel Wumdnilseansdyanaudosduniizd LPc-10 Tumlsuiil vuna 1x 10,000 way
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'
[ 3 S = % 1

arandssduntiviudyanoudesianaaiae LPC-10 §112U 1,000 A29819%0

9 g 9

| = %
mslseuneud
=R

AWMU 4,001 D4 5,000 ILLAAIAILAIA plot

plot(1:1000,quant(4001:5000),1:1000,est_x(4001:5000),"--");
title('Original Signal vs. LPC Estimate'");

xlabel('Sample Number'); ylabel('Amplitude'); grid;

legend('Original Signal','LPC Estimate')

'
o o

U7 3.15 Mdalumswaeans

Original Signal vs. LPC Estimate
T T T T I I I
: : : : Criginal Signal
— — LPC Estimate

Amplitude

0 100 200 300 400 500 600 70O 800 900 1000
Sample Mumber

= @ d

517 3.16 dgyaraudesduntuiudyaiandesdunsizd LPC-10

o ' { 4 < {
2)  Swuagiluouassadieveslaseenuunnmasy tesnndugduunnly
3 o o o & 4
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