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SPEECH CODING BY NEURAL NETWORK

CHAIANUN PUNYAVUTVOURAKUL
TAWATCHAI PATTANASERI

CHINNAPAT NUNTAJIWAKORNCHAI ADV.

1995

ABSTRACT

This thesis is the study from Speech coding by develop in signal
processing method. This system use Neural Network and Linear Predictive
Coding instead of Fourier Analysis for an easier calculation,less time

in processing and higher accuracy.
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LINEAR PREDICTIVE CODING
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NEURAL NETWORK

4.1 Introduction To Neural Network
A a . as & &
Neural Network fio I8msvgeszuumsuseananadoyaifniia  $95eUUNeural
& a ¥ ' a A oA
Network Heetsznoutufiy nsfaseiiuifuemiwnnveemiisysemiaivadifuaiiSunin

3 a d . .
Neurode ##ax Neurode uuﬂgmﬂﬁanéauﬂuﬁou Connection Weight

Qutput Response
Output Layer
Middle Layer
Input Layer
Input Signals

jljﬁ 4.1 neural network

. : X
Angudt 4.1 iuguinseadienllanileses Neural Network Muguft 4.1ilifu
Network $afill 3 Layerinuaingufl Input Layer veifudufifudogna Input 910
¥ . ) . & .
MousnIMindgenanendeiiu Connection Weightluuddy Neurode 1usU Middle
Layer ! Middle Layer fludae NeurodesgmmssIndgRNERINInpuUt fignaaat*miin
¥

udIinunasIveedoENeas 15und1 NetInput 970UU NetInput %0udar Neurode
e .74 L4

YU Middle Layer dsgndniimilnfoussdivdiudas Neurode¥99 Ourput Layer
L z

IMMUAAE Neurode ¥89%U Output Layer MIMFUTLIAHAT AL ST ndaediid
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1. Neurode wAMIUMY Net Input f1du19 ndRNNBUWM
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Ij = Z(wji)(xj)
i=1

>

I

; P9 Net Input f1#a1n Neurode i

w:: 8 Connection Weight 310 Neurode i {4 Neurode j

ji

x; fo dognusuwnvoduday Neurode j

j
2. tﬂa Neurode U#dz Neurode R"MIUNASINYDN Net Input ﬂzuﬁﬁ1liﬁ1ﬁ
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f(1) = _1 , e fomtendiys iuuifoa
1471

df(1) = £(1)(1-1(1))

dI

fh

U 4.3 sigmoid funtion
3. Sumoufl szund £(1) f1dn vdoniSudr v w8 output

Y; = (1), £(I)>T

0,
T 1flud1 Threshold Value

4.2 Minisum Error Learning

. auufindieannsad1essuy Neural Network fidnwnsousnuuezdninput Pattern
ifiu 2 nduflo A uor B JABIT19eMMSANIASEUNAINITOM Input Pattern Udde
ar 8 [] [ a {1 %
Fuazdamnsounues1din Input Patterniuogiunguia(a wie B) 38msedreviled

}
1¢f0 Minimum Error Learning filo Tu29aMSANMMNSE VYA MUSE UL Neural Network
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awduf Tnput Pattern Awilwnde Input dnil1s1exdon mumuonuoz 1 feg undua
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Input Pattern §2ifusamauimii#ousy Connection Weight Komiredsiity
s?auqauniwﬁﬂ Error Y9NAIINUANAINYEY OutputdINIzUUiy Output Afiisn mun
1¥tou (A w50 B) umnﬂﬁqﬁuﬁauﬁqﬁﬁstvau¥u1ﬁ (flo1#n Error fwonduiduda f
LR INSEIYAINS D9z e AT aUenkuEd Input A1adudI ey iundia faenmisdy
Input AN TN T AN L e Mol UassULYNeural Network fd38n15v09

Minimum Error fiflo Adaline

4.3 Adaline Network

2 Desired answer

Comparer

Weight
Update Info

Y

. Category (+1 or -1)

zuﬁ 4.4 Adaline Network

& P 4
3INFUN4 . 4 lﬁujﬁmlﬁﬂ\meurode "M 1 Neurode A8 Neurode UITAWIU
1 Net Input (1) udwruivdsuifivuiy Desired Output 1f#lown Errortdiniy
AMALNISUSY Connection Weight #oluistdiesmsutendgived Inputeontifiu 2 ndw

flo A fiu B ( Desired Output)
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1Ay A= 1

B=-1

n
I = 22: (wi)(x;)
i=1

¥ 4
M 1 MEndreiimy) 3n

1> 0 ,Y = 1 ( Actual Output(Y))

1 <=0 .Y = -1 ( Actual Output(Y))

1ila1dn output (Y) u& 1M1 Error
Error = Desired Output - Actual Output

z ; .
MU Error ME1UAMIUNNSUSY Connection Weightnsfived Adaline

MR N19USY Connection weight 310 Delta Rule

w = wold 4 fEX
x2

;3 fo ansfinns 1 Souditiegsenine o e 1
x fio duym

E @9 &1 Error fian 2,-2,0

v A Y ol
LUVIENINNSUSY Connection Weight'lUi50893uninaee™ Input Mil1kiufife
A o
Qwuseuy Adaline Seuvazaifile B = 0 ifloszuuan Input Ausniéfisziudn Input
ddolunazeEn SISy Connection Weighti#99 Input #aft 2 vuaueididestd

u¥adoendulunsa9dey Inputfusnimiindeaitdniont 819 dfiSy Input 2 wsedey
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o @ o, bt . . & ¥
8n S1ENMARSY Input3 L foumnnsusud connection Weightlui5esq ddunou

t Qo ~ a Ig
1yua i df S uniaTdudnduiuasadouininaudd) Input AUSD
Pseudocode 4945¥UU Adaline

for(each pattern)in the Training Sgt do
{
apply the pattern to the adaline
compute the adaline’s net input, I
if (1>0) out +1ljelse output -1
compute error,E,as desired output - actual output
if(E <> 0) do

{

for (this pattern) back thru all previously trained
pattern, do
/% if adjust the weights for this pattern,must reconfirm
that all previous pattern are still ok */
{
apply the pattern to adaline
compute the adaline’s net input,I
if (1>0) output +1;else output -1
compute error,?,as desired'output - actual output
while (E<>0) do
/% adjust the weight using delta rule till this pattern
is correct*/
{
compute square of lenght of input vector(L)
for each element of weight vector,w; do

{
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change in w; =j3*E*xi/L
wj = wj+<change 1n w;>

} /* end for each element of weight vector #*/

compute the adaline’s net input,I,.for this same input
vector
(to see if done)
if(I> 0) output +l:else output -1
compute error,e,as above
} /* end while error not equal to zero */
} /% end for all previously trained pattern */
} /* end if original error was not zero */

} /* end for all patterns in training set %/

¥(4)., y)
SEUUY¥eN Neural Network uuilegwatyifdsniufie

1. Adaline
2. Outstar
3. Kohonen
4. Attractor

5. Backpropagation

aa 1] v v‘jl 2 a al
Faudazspufiiagmsunnaneiwafind 11 unoudud niufio Adaline Network
faiudsftetite uazty i fuftondiu uh adaline fifiuugiivesdnituiledeifiuds .
-5 a A - . - .
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begin
I EJ
-Total Error = Total Error+Ej

end

for each Neurode in Middle Laver do

end

for each Neurode in OQutput Layer do
begin
for each weight from Middle Layer do
begin
WIAW; 5 100 B¥E;*(1;)
LRIR A
end
end
for each Neurode in Middle Layer do
begin
for each Weight from Input Layer do
begin
M AW T0U 3¥E;*f (X )
1w
end
end
end {IUNITA"MIUVONYA Input Pattern Ynym}
end{9U Repeat..Until}

Until Total Error < 1 Error fususuts
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Program back propagation;

uses crt;

type xxxxx=array[0..329] of real; {lpc in 1 window}
rr=array[0..2] of double;
parcor=array(1..2] of double;
inp=array[1..11,1..8] of integer; {output from lpc to neural}
woo=array[1l..9,1..10] of extended; {output layer weight}
wmm=array[1..88,1..9] of extended; {middle layer weight}
inback=array[1..88] of integer; {input to neural}
fi_by=file of byte; {file.wav}

var

input:inp:

k:parcor;

r:rr;

Sn:XXXXX;

SnO:real;

fi_lpc:fi_by;

filewav,filew:string{15];

fi_in:file of ‘integer:

how,number, size,windows,more,poitt:integer;

i,j,choice,time:integer;

ch:byte;

{variable of backpropagation}

WO :WOO0;

WM WImm

x:inback;

wco:array[1..9,1..10] of extended; {change weight in output layer}

wem:array[1..88,1..9] of ewtended; {change weight in middle layer}
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im:array[1..9] of extended;
io:sarray{1..10] of extended;
fim:array[1..9] of extended;
fio:array[1..10] of extended;
fx:array[1.88] of extended;
eo:array(1..10] of extended;
em:array{1..9]} of extended;
smagerr:array[l..60] of extended;
n:array[1..10] of extended;
mwe:array[1..9] of extended;
va:array[1..10] of extended;
yd:array[1..10] of extended;
totalerror,n,maxerr:extended;
error,beta,u:real;
turn,a,b:integer;

c,y:char;

file_var:file of extended;

filename:string[10];

function Wn(n:integer):real;

begin

{net from middle}

{net from output}

{function exponential of middle}
{function exponential of output}
{function exponential of input}
{error of output layer}

{error of middle laver}

{max error in one pattern}

{actual output}

{desired output}

{hamming window}

Wn:=(0.54-(0.46%(cos(6.28318%n/330))));

end;

procedure lowpass(SnO:real;var Sn:xxxxx);

var n:integer; *
hamming:real;
Sn2:real;

out_Sn:real;
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begin

Sn:=8n0;

for n:=0 to 239 do

begin
out_Sn:=Sn[n]-(0.9375%Sn2};
Sn2:=Sn[n];
hamming:=Wn(n);
Sn{n]:=out_Sn*hamming;

end;

end;

procedure make_ri(var Sn:xxxxx);
var i:integer;
n:integer;
qq:double;
begin
for i:=0 to 2 do
begin
r{i]:=0;
for i:=0 to (330-i-1) do
begin ™
qq:=(Sn[n)*Snin-il;
rli]:=r[il+qq;
end;
end;
end;
if (0.25 <= k[2]) and (k[2} < 0.5) then
bggin

input(b,6] :=input[b,6] +1;



31

end;
if (0.5<= k[2]) and (k[2] < 0.75) then.
begin
input[b,7] :=input(b,7]
end;

if (0.75 <=k[2]) and (k[2] < 1) then

begin
input[b,8] :=input[b,8]

end;

end;

procedure countl(k:parcor);
var b:integer;
begin
if (-0.3 >= k[1]) and (k[1] > -0.5) then
begin
b:=1; count(k,b);
end;
if (-0.5>= k[1]) and (k[1] > -0.6) then
begin
b:=2; count(k,b);
;nd;
if (-0.6>= k[1]) and (k[1] > -0.66) then
begin
b:=3; count(k,b);

end;

+1;

+1;



if

if

if

if

if

if

if

if

(-0.

(-0.

(-0.

(-0

66>= k[1]1)

.72>= k[11)

78>= k[11])

83>= k[1])

.87>= k[11)

.92>= k[1])

.95>="k[1])

.98>= ki1])
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and (k[1] > -0.72) then
begin
b:=4; count(k,b);
end;
and (k[1] > -0.78) then
begin
b:=5; count(k,b);
end;
and (k[1] > -0.83) then
begin
b:=6; count(k,b);
end;
and- (k[1] > -0.87) then
begin
b:=7; count(k,b);
end;
and (k[1] > -0.92) then
begin
b:=8; count(k,b);
end;
and (k[1] > -0.95) then '
begin
b:=9; count(k,b);
end;
and (k[1] > -0.98) then

begin

P
e "

™ -b:=10; count(k,b);
end;

and (k[{1] > -1 ) then
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begin
b:=11; count(k,b);
end;

end;

procedure make_win(var SnO:real: var Sn:XXXXXi
var {i_lIpc:Ti_by):

var

j:integer:

ch:byte;

Snl:real;

begin
for j:=0 to 329 do
begin
read(fi_lpc,ch);
Sn[jl:=ch;
end;
Sni:=Sn[329];
lowpass(Sn0,Sn);
make_ri(Sn);
make_Kk(r);
count1(k);
S5n0:=Snilj;

end;

procedure clear(var imput:inp);
var

i,j:integer;
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begin
for i:=1 to 11 do
begin
for i:=1 to 8 do
begin
input(i,jl:=0;

end;

end;

end;

procedure output (wm:wmm;wo:woo;X:inback);
var
i,j:rinteger;
m:extended;
begin
for i:=1 to 9 do
im[1]:=0;
for j:=1 to 88 do
begin
m:=x[j]*wm[j,i];
im[i):=im[i]+m;
end;
fim{i]:=1/(1+(exp(-im[i])));
end;
for i:=1 to 10 do
begin
io[i]:=0;
for j:=1 to 9 do

begin
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m:=fim{j]*wol[j,i];
io[i]:=io[i]+m;
end;
fio[i]:=1/(1+(exp(-io[i])));
end;

end; {end procedure output of backpropagation}

begin {main program}
writeln(’Do you want to train or use ');:
writeln(’1] train ’);
writeln(’2] use ’);
write(’your choice ’);
readln(choice);
if choice = 1 then
begin
write(’how many file.wav you want to make LPC ’);
readln(how);
end;
if choice = 2 then
begin
how:=1;
end;
write(’what is the name_%f complete file ’);
readln(filew); B
assign(fi_in,filew);
rewrite(fi_in);
for number:=1 to how do
begin

write(’what file.wav you want to make LPC ’);
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readin(filewav);
assign(fi_lpc,filewav);
size:=0;
reset(fi_lpc);
size:=filesize(fi_lpc);
close(fi_lpc);
size:=size-44;
clear(input);
Sn:=0;
window:=(((size~330) div 300)+1);
poitt:=74;
for i:=1 to windows do
begin
reset(fi_lpc);
poitt:=poitt+((i-1)*300);
for time:=1 to poitt do
read(fi_lpc,ch);
poitt:=44;
make_win(Sn0,Sn,fi_lpc);
. close(fi_lpc);
end;
for i:=1 to liégg
begin
for j:=1 to 8 do
begin
write(fi_in,inputfi,jl);
end;
end;

end; {end how}
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close(fi_in);

{begin backpropagation}
for i:=1 to 9 do
begin
for j:=1 to 10 do
wco[i,j]:=0;
end;
for i:=1 to 88 do
begin
for j:=1 to 9 do
wem[i,3]:=0;
end;
write(’Type filename of initial weight ’);
readln(filename);
assign(file_var,filename);
reset(file_var);
for i:=1 to 88 do
begin
for j:=1 to 9 do
read(file_var,wm[i, j1);
end;
for i:=1 to 9 do
begin
for j:=1 to 10 do
read(file_var,woli,j]);
end;
close(file_var);

if choice=2 then
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begin
reset(fi_in);
for i:=1 to 88 do
begin
read(fi_in,x[i]);
eqd;
output (wm,wo,X);
for i:=1 to 10 do
begin
writeln(’output of neural{’,i,’] is ’,fiol[il);
end;
maxerr:=fio{11;
for i:=1 to 9 do
begin
if maxerr > fiof{i+1] then maxerr:=maxerr
else maxerr:=fioli+l];
end;
for i:=1 to 10 do
begin
if maxerr=fio{i] then writeln(’This sound is ’,(i-1));
end;
close(fi_in);
readln;
end {end of if use}
else
begin {else begin}
write(’Type filename of desired output ’);
readin(filename);

assign(file_var,filename);
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write(’Type value of learning constant [O..

readln(beta);
write(’Type value of momentum [0..1] = ’);
readln(u);
turn:=0;
repeat
for i:=1 to how do
begin
smaxerr(i]:=0;
end; {reset error}
totalerror:=0;
reset(fi_in);
reset(file_var);
for a:=1 to how do
begin
for i:=1 to 88 do
begin
read(fi_in,x[i]);
end;
for i:=1 to 10 do
begin
read(file_var,yd[i]); -
end;
output (wm,wo,Xx) ;
for i:=1 to 10 do
vali]:=fio[i];
for i:=1 to 10 do
eo[il:=yd[il-yalil;

for i:=1 to 10 do
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hi{il:=abs(eol[i]);
maxerr:=h[1];
for i:=1 to 9 do
begin
if maxerr > h{i+1] then maxerr:=maxerr;
else maxerr:=h[i+1];
end;
error:=0.1;
smaxerr[al:=maxerr;
for i:=1 to 9 do
begin
mweli]:=0;
for j:=1 to 10 do
begin
n:=woli,jl*eoljl;
mweli]l:=mwel[i]+n;
end;
em{i]:=((fim[i1*(1-(fim[i])))*(mwe[i]);
end;
for i:=1 to 10 do
begin
}oi-jgil to 9 do .
EY
begin
wcol[i, jl:=((betaxeol[i]*fim[j])+(u*wcolj,i]));
wo[j,il:=(wo[j,i]+wcolj,i]);
end;
end;
for i:=1 to 88 do

begin
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fx[i]:=1/(1+(exp(-x[11/2)));
end;
for i:=1 to 9 do
begin
for j:=1 to 88 do
begin
wem[ j,i):=((beta*em[i]*fx[j])+(u*wem{j,1]));
wml[j,i):=(wm[j,il+wem[j,i]);
end;
end;
end;
close(fi_in);
close(file_var);
maxerr:=smaxerr([1];
for i:=1 to (how-1) do
begin
if maxerr > smaxerr[i+1] then maxerr:=maxerr
else maxerr:=smaxerr[i+1];
end;
if maxerr < error then totalerror:=1;

else totalerror:=0;

writeln(’max error ’ ,maxerr);

',totalerror);

writeln(;totalerror
turn:=turn+1;
writeln(’turn = ’,turn);

until totalerror=1;

write(Type the name of file save weight ’);

readln(filename);

assign(file_var,filename);
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rewrite(file_var):
for i:=1 to 88 do
begin
for j:=1 to 9 do
write(file_var.wm[i,jl);
end:
for i:=1 to 9 do
begin
for j:=1 to 10 do
write(file var.wofi.j]):
end;
close(file_var);
end; {end else}

end.



43

ntusunsudedu (uiusunsufiesundn k; uae k, ¥99uMAy window ¥plot

U y [ o t - 3
alugIeine 9 et fle M1 k; 11 999 waz k, 8 ¥ wMifiannsaeienue 64
, 4 o & , X 2
#29 niufiaeiivaminvessn k flogiuudazdes udunasemauitufioui#iy Neural
Network

Tusunsuardiudent 1 ususunsuindiflouduwmiiifiy Neural Network Snuvufle

Mk uay ky Tufouineass



44
program Linear_Predictive_coding;
uses crt;

var filename:string(15];
trainfile,soundfile:file of byte;
ampli,ampliQ:byte;
w,Lampli:real;
jym,n,o0,p,I,L,posi,fsize,rest,lengh:integer;
ofile:file of real;
R:array(0..6]of real;
osig:array[0..499]of real;
E:array[0..6]of real;
K:array[1l..7]of real;
atarrayf[0..6,0..6]of real;

A3,K2:arrayl1l..26]of real;
begin

clrscr;

write(’' what file do you want to train ? ’);
readln(filename);
assign(soundfile,filename);

write(’ Enter filename to save in ')}y
readln(filéname);

assign(ofile,filename);

reset(soundfile);

rewrite(ofile);

fsize:=filesize(soundfile);
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seek(soundfile,44);

R

L:=((fsize~44)*2)div 47 ; {size=L+25[0.9L1}

I:=(L-(L div 10))*25+L;

rest:=0;
lengh:=L-1;
if (fsize-44) < I then
rest:= I-(fsize-44);
for I:=1 to 26 do begin
if I=1 then begin
ampli0:=0;
for n:=0 to (L-1) do begin
read(soundfile,ampli);
Lampli:=ampli-0.9375*%ampli0Q;
ampliO:=ampli;
w:=0.54-(0.46%cos(6.283*n/L));
osig[n]:=Lampli*w;
end; {for n}
end {if=1}
else begin
posi:=€Iv1lf(L—(L div 10))+44;
seek(soundfile,posi);
if I=26 then
if rest > 0 then
lengh:=(L-1)-rest;
for n:=0 to lengh do begin
read(soundfile,ampli);
- Lampli:=ampli-0.9375%ampli0:
ampliO:=ampli;

w:=0.54-(0.46%cos(6.233*n/L));
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osig[n]:=Lamp!li*w;

end; {for n}

end;{else}

for 0:=0 to 3 do begin'
R{o]:=0;
for n:=0 to (L-1-0) do

R{o]:=R[o]+osig{n]*osig[nto];
end; {for o}
E[0]:=R[0];
for m:=1 to 3 do begin

K[mj:=0;

p:=m;

0:=0;

alm-1,0]:=1;

repeat
K[m]:=K[m]-(R{pl*a[m-1,0])/Elm-1];
p:=p-1;
0:=0t1;

until p=0;

if m<4 then
a[m,m):=K[m];

j:=1

while j<>m do begin
alm,jl:=alm~-1,j]1+Kim]*a[m-1,m~j]1;
Ji=j+l;

end; {while}

if m<3 then
E(m]:=(1-sqr(K{m])*E[m-1]);

end; {for}



end.
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if X[2]>1 then K[2]:=1;
A3{1]:=a{3,11/10;
K2(1]:=K[2];

write(ofile,A3[1I1,K[2]);

writeln(K[1],". T,A3[1],7.

end;

for I:= 1 to 26 do
write(ofile,K2[I]);

for I:= 1 to 26 do
write(ofile,A3[I1);}

close(soundfile);

close(ofile);

write(’ work complete !’);

readln;

",K[2]);{readln;}



48

Program backpropagation;

uses crt;

const wsize = 52;
pattrn = 20;

nmid=9;

var ip,Emax.Etotal,lout,Inerror,delW,Finput:real;
Bet ,MOM:real;
n,A,B,C,mid:byte;
strt,turn,out:integer;
wghfile:string[12];
lpc,wgh:file of real;
input:array(l..pattrn,l..wsize]of real;
Wmid,delWprm:array(1l..nmid,1..wsize]of real;
Wout ,delWpro:array(1..10,1..nmidJof real;
Imid,FImid,finalE:array[1..nmid]of real;
Flout,Error:array[1..10]of real;
Elast:array{l..pattrr]of real;
deout:array{l..pattrn,1..10]of real;
lpcfile:array[L..}O]of string[12];

desire:array{1l..10]Jof byte;

begin
clrscer:

writeln;

write(’ how many file do you want to train ?

readln(n);
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for A := 1 to n do
for B:= 1 to 10 do
deout[A,B]:= 0;

for A:= 1 to n do begin

write(’ enter file name : ’);
readin(lpcfile[A]);
write(’ enter desire output : ’);

readln(desire[Al);

case desire[A] of
l:deout(A,1]:=1;
2:deout[A,2]:=1;
3:deout[A,3]:=1;
4:deout[A,4]:=1;
5:deocut[A,5]):=1;
6:decut[A,6]:=1;
7:deout{A,7]:=1;
8:deout{A,8]:=1;
9:deout{A,9]:=1;
O:deout[A,10]:=17

end;

end;

for A := 1 to nmid do
for B := 1 to wsize do begin
Wmid{A,B]:=random/100;
delWprm{A,B]:=0;
end;
for A := 1 to 10 do

for B := 1 to nmid do begin
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Wout[A,B]:=random/100;
delWpro{A,B]:=0;
end;
turn:=0;
Emax:=0.1;
Bet:=0.7;
MOM:=0.65;
repeat
for A := 1 to nn do begin

Elast[A] := O:

if turn = 0 then begin

assign(lpg,ipcfile[Al);

reset(lpc);

for C:= 1 to wsize do begin
read(lpc,ip);
input[A,C]:=1/(1+(exp(-ip)));

end;

close(lpc);

end;{if}

for mid := ! to nmid do begin
Imid[mid]:=0;
for B“iz 1 to wsize do
Imid[mid] := Imid{mid]+(Wmid[mid,B]*input[A,B]);
FImid[mid] := 1/(1+(exp(~Imid[mid]))):

end; {for mid}

for out := 1 to 10 do begin

Iout:=0;
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for B := 1 to nmid do
Iout := Iout+(Wout[out,B]*FImid[B]);
Floutfout] := 1/(1+(exp(-Iout)});

end; {for out}

for out := 1 to 10 do begin
Error{out] := deout{A,out]-Flout{out];
if Elast[A] < abs(Error{out]) then

Elast{A] := abs(Error{outl);

end;:

for mid := 1 to nmid do begin
Inerror:=0;
for B := 1 to 10 do
Inerror ;= Inerror+(Wout {B,mid]*Error{B]);
finalE[mid] := Inerror*FImid{mid}*(1-FImid[{mid});

end; {for mid}

for{out := 1 to 10 do
for B := 1 to nmid do begin
delW:=(Bet*Error{out J*FImid[B] )+
(MOM*de IWpro[out,B1);
Wout [out,B]:=Wout[out,B]+delW;

delWpro{out,B]:=delW;

end;
for mid := 1 to nmid do
for B := 1 to wsize do begin

delW:=(Bet*finalE[mid]*input[A,B])+
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(MOM*delWprm{mid,B]);
Wmid[mid,B]:=Wmid[mid,B]+delW:
delWprm[mid,B]:=delW;

end;

end; {for A}

turn:=turn+l;

Etotal:=Elast[1};
fbr B:= 1 to n do
if Elast{B] > Etotal then

Etotal := Elast[B];

if (Etotal < 0.99) then begin
Bet:=0.7;
MOM:=0.65;

end;

if (0.55 < Etotal) and (Etotal <= 0.75) then begin
Bet:=0.6;
MOM:=0.8;

end;

if (0.48 < Etotal) and (Etotal <= 0.55) then begin
Bet:=0.4{0.7};
MOM:=0.9{0.6};

end;
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if (turn mod 10) = 1 then begin

write(’ ’,turn,’ turn passed’);
writeln(' ©Elast = ’',Etotal);
end;

until Etotal < Emax ;

write(’ work complete t ’',turn,’ turn’);readln;
write(’ Enter file name to save weight : ’);
readln(wghfile);

assign(wgh,wghfile);

rewrite(wgh);

for mid:= 1 to nmid do

for B:= 1 to wsize do

write(wgh,Wmid[{mid,B]);

for out:= 1 to 10 do

for B:= 1 to nmid do

write(wgh,Wout{out,B]);

close(wgh);

end.
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if output = 10 then

output:= 0;
write(’ output is ’,output);
write(’ work complete !’);readin;

end.
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Program Usebackpropagation:

uses crt;

const wsize = 52;

var Imid,Iout,outmax,inp:real;
A,B,mid:byte;
out,output:integer;
lpcfile,wghfile:string{15];
lpc,wgh:file of real;
Finpu;:array[l..wsize}of real;
Wwmid:array[l..9,1..wsize]of real;
Wout:array[1..10,1..9}of real;
Fimid:array{1l..9]of real;

Flout:array[l..10]of real;

begin
clrscr;
write(’ enter file name : ’});
readln(lpcfile);

assign(lpc,lpcfile);
write(’ enter weighfile : ');
readin(wghfile);
assign(wgh,wghfile};
reset(wgh);
for A:= 1 to 9 do

for B:= 1 to wsize do

read(wgh,Wmid[A,B]);
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for A:= 1 to 10 da
for B:= 1 to 9 do

read(wgh,Wout[A,B]);

reset(lpc);

for B:= 1 to wsize do begin
read(lpc, inp);
Finput[Bl:= 1/(1+(exp(-inp)));

end;

for mid := 1 to 9 do begin
Imid:=0;
for B := 1 to wsize do
Imid := Imid+(Wmid[mid,B]*Finput[B]);
FImid[mid] := 1/(1+exp(-Imid));

end; {for mid}

outmax:=0; B
for out := 1 to 10 do begin
Iout:=0;

for B := 1 to 9 do
Iout := Iout+(Wout(out,B]*FImid[B]);
Flout{out] := 1/(1l+exp(-Iout));
if outmax<FIlout[out] then begin
outmax:=Flout[out];
output:=out;
end; {if}

end; {for out}



end.
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if output = 10 then

output:= 0;

write(’

write(’

b)

output is ’,output);

work complete !’);readln;
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program use;
uses crt;
var filename:string[15];
trainfile.soundfile:file of byte;
ampli,ampliO.yes:byte;
w,Lampli:extended;
jym,n,o.p,1.L.posi,fsize,rest,lengh:integer;
ofile:file of extended;
Ps1,Ps2.AP:extended;
R:array[0..6]of extended;
osig:array[0..499]of extended;
E:array[0..6]of extended;
K:array[1l..4]of extended;
a:array[0..6,0..6]Jof extended;
begin
clrscr:
ves:=1;
while ves <> 0 do begin
write(' what file do you want to train ? ’):
readln(filename);
assign(soundfile,filename);
write(’' Enter filename to save in ’);
readln(filename);
assign(ofile,filename);
reset (soundfile);
rewrite(ofile);
fsize:=filesize(soundfile);
seek(soundfile,44);

L:={{fsize-44)%*2)div 47 ; {size=L+25{0.9L]}}



59

I:=(L-(L div 10))*254L;
rest:=0;
lengh:=L-1;
if (fsize-44) < I then
rest:= I-(fsize-44);
for I1:=1 to 26 do begin
if I=1 then begin
ampliQ:=0;
for n:=0 to (L-1) do begin
read(soundfile,ampli);
Lampli:=amp1i—0.9375*amp}i0;'
ampliO:=ampli;
w:=0.54-(0.46%cos(6.283*n/L));
osig[n]:=Lampli*w;
end; {for n}
end {if=1}
else begin
posi:=(I-1)*(L-(L div 10))+44;
seek(soundfile,posi);
if I=26 then
if rest > 0 then
lengh:=(L-1)-rest;
for n:=0 to lengh do begin
read(soundfile,ampli);
Lampli:=ampli-0.9375%ampliO;
ampli0:=ampli;
w:=0.54-{0.46%cos(6.283*n/L));
osig[n]:=Lampli*w;

end;{for n}



end;{else}
for 0:=0 to 3 do begin
R[o]:=0;
for n:=0 to (L-1-0) do
R[o]:=R[o]+osig[n]*osig[n+o];
end; {for o}
E[0]:=R[0];
for m:=1 to 3 do begin
K[m]:=0;
pi=mg
0:=0:
a[m-1,0]):=1;
repeat
K{m]:=K[m]-(R[p]*a[m-1,0])/E[m-1];
p:=p-1;
0:=0+1:
until p=0;
if m<4 then
afm,m}:=K[m];
Ji=13
while j<>m do begin
a[m,jl}:=al[m-1,j]+K[m]*a[m-1.m-j];
Ji=j+l;
end; {while}
if m<3 then
E(m]):=(1-sqr (K[m])*E(m-11);
end; {for}
if K[2]>1 then K[2]:=1;

{write(’ 'WKI[11,' ',K[2]);readln;}
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if K[1] < -0.97 then Psl1:=0.1;

if (K[1] >= -0.97) and (K{1] < -0.93) then Ps1:=0.2;

if (K[1] »>= -0.93) and (K[1] < =0.87) then Ps1:=0.3;
if (K[1] >= -0.87) and (K[1] < -0.79) then Ps1:=0.4;
if (K[1] >= -0.79) and (K[1] < -0.69) then Ps1:=0.5;
if (K[1] >= -0.69) and (K[1] < -0.57) then Ps1:=0.6;

if K[1] >= -0.57 then Ps1:=0.7;

if (K[2] <= 1) and (K[2] > 0.1) then Ps2:=0.1;

if (K[2] <= 0.1) and (K[2] > 0.01) then Ps2:=0.2;

if (K[2] <= 0.01) and (K[2] > 0.001) then Ps2:=0.3;
if (K[2] <= 0.001) and (K[2] > 0.0001) then Ps2:=0.4;
{if (K[2] <= 0.01) and (K[2] > 0.005) then Ps2:=5;

if (K[2] <= 0.005) and (K[2] > 0.001) then Ps2:=6:}
if (K[2] <= 0.0001)and (K[2] > 0) then Ps2:=0.7;

if (K[2] »>= -1) and (K[2] < -0.1) then Ps2:=-0.1;

if (K[2] >= -0.1) and (K[2] < -0.01) then Ps2:=-0.2;
if (K[2] >= -0.01) and (K[2] < -0.001) then Ps2:=-0.3;
if (K[2] >= -0.001) and (K[2] < -0.0001) then Ps2:=-0.4;
{if (X[2] >= -0.01) and (K[2] < -0.005) then Ps2:=-5;
if (K[2] >= -0.005) and (K[2] < -0.001) then Ps2:=-6;}
if (K[2] >= -0.0001) and (K[2] <=0) then Ps2:=-0.7;
AP:=Ps1*Ps2%10;
if Abs(Psl)>abs(Ps2) then AP:=AP*10;
write(ofile,Ap{Ps1,Ps2});
writeln(Ap,’ ',Ps1,’ ', Ps2);

end;

close(soundfile);

close(ofile);

writeln(’ work complete !'?);
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readkey;
writeln(’ Do you want to train another ? ’);
write(’ press 1 for yes and 0 for no : ’);

readln{(Yes);
end;

end.
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Program backpropagation:

uses crt.dos;

const wsize = 26;
pattrn = 100;
nmid=9;

var Emax,Etotal,Iout,Inerror.delW.Finput:extended;
Bet ,MOM, addmom, Epr:extended;
n,A,B,C.D,mid,ChaE: integer;
ip:extended;
sh,sm,ss,sfr,eh.em,es.efr,uh.us.um,ufr,stime,etime,utime:word;
strt,turn,out:integer;
wghfile:string[12];
wgh:file of extended;
lpc,lpc2:file of extended;
input:array[1..pattrn,1..wsizelof extended;
Wmid,delWprm:array[1..nmid,1..wsize]of extended;
Wout ,delWpro:array[1..10,1..nmnid]of extended;
Imid,FImid,finalE:array[1l..nmid]of extended;
Flout,Error:array[.l..10]of extended;
Elast:array[l..pattrnlof extended:
deout:array[1..pattrn.1..10]of extended; .
desire:byte;
lpcfile.lpcfile2:string[15];

begin
clrscr:
writeln;
write(’ how many file do you want to train ? ');

readln(n);
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if n < 21 then addmom:=0.2;
if n < 41 then addmom:=0.1;
if n < 61 then addmom:=0.05;
if n > 60 then addmom:=0;
for A := 1 to n do
for B:= 1 to 10 do
deout[A,B]:= 0;
for A:= 1 to n do begin
write(’® enter file name : *);
readln(lpcfile):
assign(lpc,lpcfile);
reset(lpc):
for C:= 1 to wsize do begin
read(lpc,ip);
input[A,C}:=1/(1+(exp(-ip))):
end;
close(lpc);
end;
for A:=1 to n do begin
desire:=(A-1) mod 10;
case degire of
1:deout£k;1]:=1;
2:deout{A,2]:=1;
3:deout[A.3]:=1;
4:deout[A,4]:=1;
S:deout[A,5]):=1;
6:deout[A,6]:=1;
7:deout[A,7]}:=1;

8:deout[A,8):=1;
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9:deout[A,9]:=1;
0:deoutfA,10]:=1;
end;

end;

for A := 1 to nmid do
for B := 1 to wsize do begin
Wmid[A,B]:=random/100;
delWprm[A,B]:=0;
end;
for A ;=1 to 10 do
for B := 1 to nmid do begin
Wbut[A,B]:=random/100;
delwpro[A,B]:=0;
end;
turn:=0;
Emax:=0.1:
Bet:=0.7;
MOM:=0.65;
ChaE:=0;
Epr:=0:
gettime(sh.sm.ss,sfr);
repeat
for A := 1 to n do begin
Elast[A] := 03
{if turn = 0 then begin
assign(lpc,lpcfile[A]);
reset{lpc);

for C:= 1 to wsize do begin
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read(lpc,ip);
input[A,Cl:=1/(1+(exp(-ip)));
end;
close(lpc);

end; {if}

for mid := 1 to nmid do begin
Imid[mid]:=0;
for B := 1 to wsize do
Imid(mid] := Imid[mid]+(Wmid[mid,B]*input[A,B]);
FImid[mid] := 1/(1+(exp(-Imid[mid])));

end; {for mid}

for out := 1 to 10 do begin
Tout:=0;
for B := 1 to nmid do
Iout := Jout+(Wout[out,B]*FImid[B]);
Flout[out] := 1/(1+(exp(-Iout)));

end; {for out}

for out := 1 to 10 do begin
Error[out] :=.deout[A,out]—FIout[out]:
if Elast[A] < abs(Error[out]) then
Elast[A] := abs(Error(out]);

end;

for mid := 1 to nmid do begin
Inerror:=0;

for B :='1 to 10 do



Inerror :
finalE[mid] :

end; {for mid}
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Inerror+(Wout[B,mid]*Error[B]);

Inerror*FImid[mid]*(1-FImid[mid)):

for out := 1 to 10 do

for B := 1 to nmid do begin

{if abs(Error{out]) > 0.0001 then begin}

delW:=(Bet*Error[out ]*FImid[B])+

(MOM*de 1Wpro[out,B]);

Wout [out,B]:=Wout[out,B]+delW;

delWprolout,B]:=delW;

{end;}
end;
for mid := 1 to nmid do

for B := 1 to wsize do begin

delW:=(Bet*finalE[{mid]*input[A,B])+

' (MOM*delWprm[mid,B]);

Wmid(mid,B]:=Wmid[mid,B]+delW;

delWprm[mid,B]}:=delW;

end;

end; {for A}

turn:=turn+l;

Etotal:=Elast[1];

for B:=1 to n do

if Elast[B] > Etotal then



Etotal := Elast[B];

if Etotal > 0.99999 then begin
MOM:=0;
Bet:=0.8;

end;

if (Etotal < 0.99) then begin
Bet:=0.5;
MOM:=0. 3;

end;

if (0.55 < Etotal) and (Etotal <= 0.75) then begin
Bet:=0.45;
MOM:=0.25;

end;

if (0.48 < Etotal) and (Etotal <= 0.55) then begin
Bet:=0.4{0.7};
MOM:=0.2{0.6};

end;

if (0.4 < Etotal) and (Etotal <= 0.48) then begin
Bet:=0.35;
MOM:=0.2;

end;

if (Epr-Etotal) < 0.002 then begin

ChaE:= ChaE+1;
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end
else ChaE:=0;

if ChaE >= 100 then begin

MOM:=0.9;
Bet:=0.3;
end;

Epr:=Etotal;

MOM: =MOM+addmom;

if (turn mod 2) = 1 then begin

write(’ ’.turn,’ turn passed’);
writeln(’® Elast = ’,Etotal);
end;

until Etotal < Emax ;
gettime(eh,em,es,efr);
stime:=(sh*3600)+(sm*60)+ss;
etime:=(eh*3600)+(en*60)+es;
utime:=etime-stime;
uvh:=utime div 36003
um:={utime mod 3600) div 60;

us:={utime mod 60);

writeln(’ work complete ! ’,turn,’ turn’):
write(’ spending time : ’,uh,’:’,um,’:’,us);
readln;

write(’ Enter file name to save weight : ');
readIn(wghfile);

assign(wgh,wghfile);

rewrite(wgh);



end.

for mid:= 1 to nmid do
for B:= 1 to wsize do

write(wgh,Wmid[mid,B]);
for out:= 1 to 10 do
for B:= 1 to nmid do

write(wgh,Wout[out,B]);

close(wgh);
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Program usebackprop;
uses crt;
const wsize = 26;
var Imid,Iout,outmax:extended;
A,B,mid,yes:byte;
inp:extended;
out,out2,output:integer;
lpcfile,wghfile:string[15];
wgh:file of extended;
Ipc:file 6f extended;
Finput:array{l..wsize]of extended;
Wmid:array[1..9,1..wsize]of extended;
Wout:array[1..10,1..9]of extended;
Flmid:array[1..9]of extended;
Flout:array[1..10]of extended;
begin
clrscr;
yes:=1;
while yes <> 0 do begin
write(’ enter file name : ’);
readln(1pcfile);
assign(lpc,lpcfile);
write(’ enter weighfile : ’);
readln(wghfile);
assign(wgh,wghfile);
reset (wgh);
for A:= 1 to 9 do
for B:= 1 to wsize do

read(wgh,Wmid[A,B]);
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for A:= 1 to 10 do
for B:= ; to 9 do
read(wgh,Wout[A,B]); =~ .
close(wgh);
reset(lpc);
for B:= 1 to wsize do begin
read(lpc,inp);
Finput[B]:=1/(1+(exp(-inp)));
end;
close(lpc);
for mid := 1 to 9 do begin
Imid:=0;
for B := 1 to wsize do
Imid := Imid+(Wmid[mid,B]*Finput[B]);
FImid{mid] := 1/(1+exp(-Imid)); :
end; {for mid}
outmax:=0;
out2:=0;
for out := 1 to 10 do begin
Iout:=0;
for B := 1 to 9 do
Iout := Iout+(Wout[out,B]*¥FImid[B]);
Flout[out] := 1/(1+exp(-Iout));
if outmax<FlIout[out] then begin
outmax:=FlIout[out];
output:=out;
end; {if}
end; {for out}

for out:=1 to 10 do begin



end.
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if ((outmax-FIlout[out])<0.15) and (outmax<>FIout[out]) then

begin
out2:=1;

end;
end;
if output = 10 then

output:= 0;
write(’ output is ’,output);
if out2=1 then write(’ but not sure ’);
writeln(’ work complete !’);
writeln(’ Do vou want to use another ? ');
write(’ 1 for yes 0 for no :’);

readln(yes);

end; {while}
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Al fiuamuden Savaeadidos 0 89 9 man 6 gawn train UfuszuuLENEEn 790

48 y
iffu test pattern aeramuailifiuiuvovauauiion

6.2 HaNITNAaoN

nwsnﬂaauiu$unsuuuuu7n1ﬁwaﬁqﬁ

M5 6.1 WANTNARBIVEITUTUNTHUIUUTD

\due amouinedey  gndes o %
0 7 5 71.42
1 7 5 71.42
2 7 5 71.42
3 7 4 57.14
4 7 7 100.00
5 7 6 85.71
6 7 7 100.00
7 7 4 57.14
8 7 6 85.71
9 7 4 57.14

52 70 53 75.71
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q’Il
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A5 f 6.2 HARITNARDIYDITUSUNSIILTIEN

@ ewaufinedey  gndes dnifi %
0 7 5 71.42
1 7 3 42.86
2 7 0 0.00
3 7 6 85.71
4 7 6 85.71
5 7 2 28.57
6 7 6 85.71
7 7 2 28.57
8 7 4 57.14 )
9 7 4 57.14

59 70 38 54.29
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HANITNAAeL 1T MsTaguuuy Input fieedeutdhg neural network

fnadousedndamnn msudn K v st fiszuuainisos pattern 144
nnmsuady k feurdiusaunse uazmsuedevoanifiu 88 $99(K; 11999,K, 892)
uXaurmuweedn K TuudazdesfiifusedniangendanisundrFunuveuddaeffou
BN Inputi¥iV neural network

Emfam i siansetuuannsorndnaien e MTIAFUUULYEY Input

M N15180nS¥VY neural network #Son1s1d parameter 5u
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.949
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.950
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.0008
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2

.945
.878
.863
.894
.897
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.989
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.839
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.819
.842
.854
.868
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.821

.820
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.0193
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.0184
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.0265
.0637
.0369

.0435

.0412
.0624
.1622
.2930
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.3783
.3714
.3778
.3915

.4001
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6

.993
.993
.986
.960
.965
.935
.965
.922
.950

.927

.988
.980
.985
.759
.844
.721
.800
.767
.791

.819

.0060
.0066
.0098
.0444
.0169
.0665
.0457
.0228
.0485

.0425

0134
.0237
.0033
.0271
.0978
.0866
.0398
.0891
.0949

.0971
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8

.842
.833
.818
.802
.801
.811
.793
.786
.784

.786

.949
.840
.821
811
.813
.793
776
.785
.803

.810

L)

.3264
.3278
.3423
.3328
.3099
.3411
.2993
.2611
.2913

L2711

.0438
.2444
.3135
.3666
.4003
.4988
.5766
.5369
.4574

.4321
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