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Abstract

Speaker recognition system is the process of automatically recognizing who is speaking on
the basis of individual information included in speech signal. Speaker identification is the process of
determining which registered speaker provides a given utterance. This technique makes it possible
to use the speaker's voice to verify their identity and control access to services such as voice dialing.
The various technologies used to process and store speech signal include frequency estimation,
hidden Markov models, pattern matching algorithms, neural networks, representation, and Vector
Quantization. This research uses Artificial Neural Networks for identification and verification
speaker.

An artificial neural network (ANN) is an interconnected group of natural or artificial
neurons that uses a mathematical or computational model for information processing based on a
connectionistic approach to computation. This research applies the Kohonen Self-Organizing
Feature Maps (KSOFM) neural network which uses 25, 36 and 64 nodes to identify and recognize
the speaker. Speech input is collected from 50 male and 10 female speakers. All speakers speak the
3 phase that each phase contains at least 3 words.

The results show that the KSOFM with 25 nodes provide the minimum accuracy to classify
the group of speaker approximately 64.99%. Also the KSOFM with 64 nodes provide the maximum
accuracy to classify the group of speaker approximately 89.99%. Finally, this speaker recognition
system provides the average accuracy to identify the speaker 78.33%. However this is depended on

the phase of speech signal and the feed back and classifies function of KSOFM.

Keywords : Speech Signal, Speaker Recognition, Kohonen Self-Organizing Feature Maps,

Artificial Neural Networks.
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2.4.5 Kohonen Self Organizing Feature Maps (KSOFM)
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Initial centroid to
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Assigned data to set that has nearest

centroid until no data pending

Compute objective function

Is this minimize objective
Function ?
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the objective function
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3.2.1.2 myem IdiFosdefds wavread 1110 1Wa mainm vz1)510g 3 asidalunssdia

#1 4 [in_speech, fs,bits] = wavread(o IWldideq); 1 ldlasaneTuazae lild

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

TEpars and PLEpPLOCESS Vave-Tile
aux_spesech=in_spesch;

in_speech = in speech - mezan(in_speech(:
speechnorm = resample (in_speech,8000,1fs)
speech filt=preprocess(speschnorm,fs);
vavwrite (speech_filt,'original.wav');
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% get wave-file

[in_speech, fs,bits] = wavread('org.wav'); % getting from speech.m
% prepare and preprocess wave-file

aux_speech=in speech;

in _speech = in speech - mean(in_speech(:));

speechnorm = resample (in_speech, 8000, £s) ;

speech filt=preprocess (speechnorm, £s) ;
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speech = speech filt';
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frame=240; $frame size
frameinumb=fix(spisize(2)/frame)+l; Snumber of frames
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sp_matrix=sp matrix'; $transposed speech
matrix
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LPC coeff=zeros (frame numb,LPC order+l) ; $LPC coefficients
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win=hamming (framet+overlap) ; $Hamming window

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

% lpc/lsp conversion
LSP_coeff=lpc lsp(LPC coeff);

Q Handunlasar Lpc 1y LSP
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33.14 swmdulszanidyaroandesivdalunaazsuioad ndygrondesdivdan

g g

[ o

) 1 A A = 9 o o a = dy Y I o
meluussydeyainasimieunudyanadssauntiulasduilszanssoviiaglandudualslums
1913 W e Microsoft Wave

332 TuneUMIAElnsIvIEIAMIAUDY
v v £4
TuaauMINNUYedIasavIgIamsaueaTuneumsliamsaei
[ A= 9 YY) 1 = [ " a Q( A Y 9
33.2.1 owladssduntudamiadsudoaazanamduilse@ns LPC-10 o 1dad1s

a Iaq Y Y i @ 9 .
puNANNNoIN s lumsaiialasanedansauee Taglylisunsy mainm

clc; £81990

partition = -1:1/64:1; Ssuiessduanuusadly 128 szdu
codebook (1,1) = -1; SRS IMuAvIagIgadIUaD
codebook (1,130) = 1; SUNMHUAYINAZIARILDIN

for i=1:1:128
codebook (i+1) = (partition(l,i)+partition(l, (i+1)))/2; s @519
codebook
end
[samp, Fs, nbits] = wavread('org.wav'); %’0'114'11/1?51?{80

@

[index,quant] = gquantiz (samp,partition, codebook); sUSusEAUvMIAIED 128

o

EEA2l1)
s = filter(1,[1 1/2 1/3 1/4],quant); %ﬂﬁawnwnﬁﬁaq
a = lpc(s,10); s afamadunlszant LpCc-10
est x = filter ([0 -a(2:end)],1,s); senlszunandesde LeC
for (i=1:1:10000) s uriavlsdu s wls
slicel(1,1i) = est x(1,1); silsu 1 ﬁﬂlOOOO
slice2(1,i) = est x(1,(i+10000));  =wlsu 10001 ©320000
slice3(1,i) = est x(1,(i+20000)); %5y 20001 ©930000
sliced (1,i) = est x(1,(i+30000)); %5y 30001 ©940000
slice5(1,i) = est x (1, (i+40000)); $1l51 40001 D950000
slice6(1,i) = est x(1, (i+50000)); $l51 50001 9960000
slice7(1,i) = est _x(1, (i+60000)); sil51 60001 ©970000
slice8(1,i) = est x (1, (i+70000)); s1l51 70001 980000
end

517 3.8 Tsunsulumsdausiansudes. vav ) ; sdyapandodildainmsdszmasm Lec-10
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sum = [slicel,slice2,slice3,slice4,

slice5,slice6,slice7,slice8]; smsudeannlasudasigu

. . o R W a oA
save ('slicel.mat', 'slicel'); % unnaulsivlsudean 1

o

unnawlsilsdean 2

o\

save('slice2.mat', 'slice2');

o

U

@

nelslsudeen 3

o\

save('slice3.mat', 'slice3');

o

U

@

Aelslsudeen 4

oo

save ('sliced.mat', 'sliced');

o @

=
i
=4
i
=
l
unndw)smlsuden 5
=1
l
=4
'n
=4
i

oo

save ('sliceb.mat', 'sliceb');

o

U

o

U

@

newlsvlsudeei 6

oo

save ('slice6.mat', 'sliceo6');

@

nalslsudeeh 7

o\

save('slice7.mat', 'slice7');

o

save ('slice8.mat', 'slice8'); s1unnAw silsdean 8

wavwrite (sum, 8000, 8, 'sumorg

317 3.8 (o) Tsunsulumsdamiamsudes

est_x O#r x
) est_x <1x40000 double>

. : [ 3 | 4 | 5 |

1] [ -0. 0048 -0.0031 | -0.0018 00026 &
2

] soel <1x10000 doutie>

| | 2 E] ] ]
1

il 00048 00031 | 0.0018] 00026/ ;‘

3|

=\

51 3.9 dyaandesdunsigioinduilseans LPC-10

de =

A est x (HusdulszaAnsdyanaudeadauniizd LPC-10 Falsuiia 1x 80000 d2uen

a QJQJ =S 2

Slicel Lﬂumﬁuﬂisamammmmm uA1zH LPC-10 Tuilsudil vwa 1x 10000 wazmsnlSeu

v
= = %

Meudygandesduntiunudyarandoadananiaie LPC-10 $1491 1000 A2198197A 11119 4001

9 5000 VUEAAIAIAFS plot

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

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

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

31 3.10 naraamdalumsngeansm
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Qriginal Signal vs. LPC Estimate

I I I
Ornginal Signal
— — LPC Estimate

Amplitude
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= [ L4

51U 3.11 dygraudesduniuivdyaandesdunsizd LPC-10

33.22 smuagilunuTaseadwveslaseinelaslduournmasuuazdnululszam
a o o g Y ¥ " A o o a v Y o o . ¥
¥ 128 Yy MdanlFlumsainalasaiienei1d newsom , M338U3 1ATIVIAIWAIT train 1AZAI

Hulszeamdredrda sim Iasldsunsunldlumsadalassisiansauesas 1nd outksofm.m

Y
clc; $01N9D
disp ('Framel') SuARYBANN
load slicel.mat; sizondoyalumsui 11aluduls

reslice2 = reshape (slicel,25,400)  sulasuvinamasndides 25x400

net = newsom(reslicel, [32,4]); %ﬁ%NIﬂﬁwﬁm%ﬂﬂﬁﬁumnmUWQ
128

o ~ 9 3
net.trainParam.epochs = 1000; SUUANITIIOUZ 1000 A

. . =< [
net = train(net,reslicel); sAnHuIAs e
al = sim(net,reslicel); saneiynluilszam
4 1< a

target = full(al); sulasanordnatulszamliilumaing 25x400

for(i=1:1:25)
resultl = 0
for(j=1:1:400)

Ea
resultl = resultl + targetl (i,j); Widasimiliveyaludiwudn

end
E
numl (i,1) = resultl; sugaawamsdadoyaludraudn
end

for(i=1:1:25)

v v
51 3.12 Tilsunsumsadatudszamlusudrduianmsauies

u
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if (numl(i,1)== 1)
testl (i, 1) = i; smdumiaidesmsaudoya

end
end
busl = size(testl)

RT = busl(1,1).*busl(1,2); SsMuuadwmriandssnsau

for(i=1:1: (RT-10))
if (testl (i, 1) ~= 0)
nl(i,1l) = testl(i,1);

layer(nl(i,1),:) = [1; saudeyaludiuidrdou

end
end

lenl = size(layerl); % vwadoyaundludenaidos
layerll = reshape(layerl,l, (lenl(1,1)*lenl(1,2))); %
aauaInd 1xn

wavwrite (4.0%layerll, 8000,8, 'layerl.wav') % af1alndide

wlsud 1

v 4
510 3.12 (d0) Tsunsumsadulszamlududrduianmsaues

1) WaTllsunsu MATLAB 580 19@ outksofm.m 1t@31A8n Debug> Run 11/51n5309%

‘ﬁ"lfﬂﬁ%ﬂﬂﬁﬁ'%}%ﬂﬂi\1Eli1ﬂ%ﬂﬂ"li@]ul’f)\illﬂﬁﬁﬂlﬁaﬂuslluWﬂ 32x4 U 128 Yutlszam

Meuron Positions

positioni2 iy

position(1.i)
717 3.13 Taseviedamsauieaving 32x4 1191 128 Yutlszam
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2)  Smuediuaumsiseud IaseineiansauesInads main  luldsunsy

Y ) 9
outksofm.m A UHUHAHUTILIY 200 AF3 teUSuA NI, Mszezmasennaluilszam

1 Hetwork Training (nntraintool) _-lglﬂ

Neural
Meural Network

Trainng:  Batch Unsupervised Weight/Blas Training (1 arbunt )

Progress
ol _______ s
Time: 00009
Plots
SOM Topology {plotzomtop)

S0M Meighbor Connections | (photsomnc)

500 Weight Planes (plotsomplanes)
‘SOM Sample Mits (ploksombsts)
SOM Wesght Postions {photsompes)
N r——— eate

@ SopTranng || ) Coneel |

A o A = v "o
317 3.14 msduiiumsdndudeyalasavisiamsnuies

U

3)  msudaaaIugmMsieus 1nseiielaoilanii1a1e Neural Network Training
o a = ] t;‘ (% o 1 ]
Tsunswazaniumsdadulasavissesusuiumsduga lasdunaandiuruaa1agaazilsing

Y9A1NI1 Maximum Epoch Reached

) Weural Network Traiming {nntraistool) =1C1x

Neural Network
Tnput
K

Algorithms
Training:  Batch Unsupervised Wsight fBias Traning (&

Progress

Epoch: 0 [ 200 Rer akions. ] 200
Time: [ 0:00:11 ]

T soMMebor Dutances. |
" somvegnpna |
_ SoMsapemts | (RgisqssiiunasTrain
SoMwegtPosins | §isqeiig s TaRuy
prem— 1 1 wods
B

o Mamdmum epoch reached.

v

719 3.15 gadugavesvuIumsAndudeyaTas e
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4) MsuaAINaMInINUYed Insenedamsauesneraimsinduaiodu i
a oo
JYDTIDYAAIY
[ v a Y .. a A
4.1) mii]ﬂgﬂlmﬂIﬂﬂ"]ﬂﬂ‘ﬂzlﬂﬂﬁuwnﬂ Neural Network Training lagnani

AUNUS Som Topology

SOM Topology

o o . o
317 3.16 m3dagiuunIasnenunnnvasy

4.2) M3aunasrrIelulsraminaufesszlaniing1e Neural Network Training

HAZAANNA WK UIVDIAFI Som Neighbor Connection

S0M Meighbor Connections

N N R R R N B R N Y P A Y N S G G R G VAR IRy

0 5 10 15 20 25 30

4.3) aszeznamaron Teasznanadulszamazitlanii 919 Neural Network

Training 1Az AANTNALHUIVOIAITI Som Neighbor Distance

S0M Meighbor Weight Distances

317 3.18 MszezmarenTesszriwiulszam
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Y v
4.4) anihmiinuaazduilszamazialaniiiga Neural Network Train  tazaana

AN UIVDIAITS Som Weight Planes

Weights from Input 1 Weights from [nput 2 Weights from Input 3 Weights from Input 4 Weights from Input 5

D 10 20 3 0 10 20 3 0 10 20 3 0 10 20 30 0 10 20 a0

Weights from [nput 6 Weights from Input ¥ Weights from Input 8 Weights from Input 9@ Weights from Input 10
@I- Flr=c © = e Sl sl = "
10 20 30 o 10 20 30 o 10 20 30 O 10 20 30 o 10 20 30

Weights from Input 11 Weights from Input 12 Weights from Input 13 Weights fram Input 14 VWeights from Input 15

s e L . EL . MM s
0o 10 20 30 0 1o 20 30 0 10 20 30 0 1m0 20 30 0 110 20 30

;4
1

719 3.19 Andmidnveuluilszeam

1 Y o J 1
4.5) AIMINTzIWAIVBITeYaINMes Iuuaaziulsza1nazillaniie g Neural

Network Training 1a2AANNA MW UIVOIARITI Som Sample Hits

Hits

[ TN O S |

-1

0 5 10 15 20 25 30

d‘ 1 [ J
317 3.20 MMsnszneaIvesnmoInelutlulszam

9
4.6) Ahmdndumuvestulszamazilaniiin1e Neural Network Training

HazAaNNA I UIYDIAT Som Sample Hits
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SOM Weight Positions

Vireight 2

015 01 -0.05 0 0.05 0.1
Weight 1

0.15 0.2 0.25

d‘ o 1 ' g’ v ]
31U 321 dumrtavesanihminvesInseielulssam
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VNN 4

HNan135328

Y [
Tuuniiaznaildas1gazidsnvreInanIsITeLATHANITNAABUAIIN 1A 1NAIT

AUUUNITIVY

4.1 wamsnaaedldlnsenelssanifienuy KSOFM (Kohonen Self-organizing

Feature Maps )

o

nnmsnaaed @ 1dideslunsaeuszunisdya (Training Set) Fetlsznoudludya (T)

$1u9U 60 AU Usgneude3e () $1UIU 50 AU LAY WA () TIUIW 10 AU DIYTTHIN 19-40

1l Tao1¥fmanizn Ino lifindn 3 wened §1uau 3 98 (Phrase) Ysznoudae

Phrase 1 ﬁu%’nﬁu
Phrase 2 939893128
Phrase 3 102 15N1U
{ w =1 = 7

Tumsifuiinidoayavz Iaomniuindesni@eany

Mono tiuiinlugiuuy way ‘W

1¥#a1udlun1siiuinn 8 KHz 8 bit

v | A
MIVUNNLTEIN A

a Y U
T 60 AL Phrase 1 = AUU1INU } { Phrase } [
Phrase 2 959834108 } {
o 10

|
1 %. 50 {
|

3 fezlsmu } {

T 10 AY naaou (¥.58 )

10 AU adU 45

~L

<=

KSOM25 KSOM36 ttaz KSOM64

~ =

~—

U i Y Y
HAANSHANNYNABINIIZYH YA
KSOMG64, Phrase 3 Mudinnu

37% (%o Error g

v da Vv 3
AAANTHANNGNADINIIITYN A

Phrase 3ozlsmu
9333% ( Error i

9
o

719 4.1 Fupeumsiiuiindeayauaznaaeuszuumsislumsiuindesmadyauaazauoy

L=

U

9
HunnTeayna 18as 3 AT IUATY 3 93 1Y



Juafl 1 (T1) ufind@eanadrdd 1 (Phrase 1) dudadu Audinu dudhanu

Y

D.

=

TUNNFEINAIATN 2 (Phrase 2) 0708IUAY DIDYTUAY BIVITIUAY

Y = = aA = = =
TuNMEIyAIaN 3 (Phrase 3) oz lsmu oz lsnu oz lsnu
{ o o & o { o
Tagfozihmsiuindoayasunsy 60 au( 60T) Fuilugyaiiiufinzilsznoudlemane 50

a 9 Ao 2 g Y :1} a =) A
AU LA INAWYN 10 AU 3INUBUANVUNNNISLVIFUUABUNITAUATISHITIINAN Y E‘ﬂ‘ﬂ 3.1 M9

R1 U Y

o ¥

o Y Y ' ~ o /A
%1411!1145111/‘!5’33&]]6@58‘]}]_]?’%1Ejmﬂiﬂﬂi%jﬂﬂﬂﬂﬂﬂizﬁ1ﬂmEJNLL‘]J’]J?‘IE“IETLW’)??Q

File Edit uiew Insert Tools Deskiop window Help
DeEES K RAO® & 08 =
1 T T T
a [ o i
NUVIINU >
-1
] 2000 4000 BO00 8000 10000 12000
1
1 o <
DIDYWIUNY »0 .
1 I 1 L I
0 2000 4000 B000 8000 10000 12000
1
= » U
oz lsmu >
-1 I I I I I
0 2000 4000 B000 8000 10000 12000

(3 =

317 4.2 dyaraudsanaved 3 14
Tumsnaaeeldlnseiiedseanifeoniuy KSOFM (Kohonen Self-organizing Feature
£ 1
Maps ) Tag 1931131 TuaA199 Aetifie KSOFM 25 KSOFM 36 tiaz KSOFM 64 $4m3snaasd la

o 1 a J @ \
DU UANTINITTINNDITUDI KSOFM ﬂ\?@]'lﬁ'l\?ﬁ 4.1

M50 4.1 MIANMUANITINN3 Y8I KSOFM Hazmsfmuamsines lumsaauszuugi

Type Neural Lattice n. epochs
KSOFM 25 25 5x5 0.1 250
KSOFM 36 36 6x6 0.1 200
KSOFM 64 64 8x 8 0.1 150
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[ o 1 a o [l
IﬂElﬁluﬂTi‘Vlﬂa’ENW‘U'Nﬂ'liﬂ'lﬁuﬂﬂ']W']i']llm’é]3"1]@\‘]1‘?]5\‘1"1118‘]Ji$ﬁ']1/llﬁEI'LILL‘UU KSOFM
o a o 9o A A Y aw qa.: dy o
Llﬁ$ﬂ15ﬂWWuﬂWWTIlILGIEJ‘iGl,Hﬂ']iﬁﬂui%ﬂﬂzﬁn “I/I!‘I’Tll'l%ﬁlﬁ/]ﬁ]%i‘ﬁﬂTiﬂﬂUﬂiQuﬂﬁiﬂWﬁuﬂ

1 a ’q Y o 1 ~ @ dy 9 o
ﬂ'1W15'13Jm’é]iGIfViﬂﬂjﬂiﬂﬂﬂﬂﬂigﬁ'l‘ﬂ!‘ﬂﬂllllﬂ‘ﬂ KSOFM @31 KSOFM 25 ﬂ‘igﬂﬂﬂﬂﬂﬂﬂ'luﬂu 25

1250U (Neuron) UU1A 5x5 31UIU50U (Epochs)1Un5i58u3 (Train) 250 50U Tagiimuan
Aanatan1s3a1n , Uy 0.1 KSOFM 36 1sznoudied11au 36 1950U (Neuron) YU 6x6

319U 0 (epochs) TUMTIToug (Train) 200 50U Tasiviuanidana1anszer N , ludu 0.1

az KSOFM 64 1/52naual8911U 64119594 (Neuron) YH1A 8x8 $11IU50U(epochs) 11n13

iFou3 (Train) 150 501 Tagdmuamaanaiansdan N, lumv 0.1
& = v ' I 4
TuduneunsiEoug(Train) vo4Insiedszamiisunuy KSOFM Tumsnaaoa’ld
1 1 9 = I 9 ~ Y [] = o
uiengudeyaidsayaoeniu 2 ga Usznondregemsiseuivesnssiielssamiion S1u7u
[ a o_o
50 AL (T=50) nieiluimese 45 A WAL 5 AL 1A YAYDINTNATDL (Test) N153319117Y
g a
10 A (T=10) T umems 5 AL INANDI 5 AY
Tumsnageunisisrvesinseirelssarmiounuy KSORM 1dimsnageusz
E4
o 0 o g a [l
aail hdeyardoayaduau 50 au (T=50) nuiluwaee 45 A MAMQe 5 AL IG5z DUV
= ¥ A o X = I o ¥ ¥ 2 ) '
m3iseus Iaefiuaauaziiudin 218 (Phrase) az 3 A59 lumsihdoyadimsiseusdoyaunazya
9 o os.:‘ 1 = 1 a 1 ~
vgnmstlowdiszuusiuan 30 aSwAazad (Phrase) Tuuaazriinvedlasielszamiion

UL KSOFM flo KSOFM 25 KSOFM 36 KSOFM 64 1una13197 4.2

A15199 4.2 5ATIANVYNABIVDINITTZYHNA

T=50 T=50 T=50 T=50
Type Data Average Average Average Total
30 A39 30 A39 30 A9 Average
Phrase 1 = nut1291U 56.66% 63.33% 59.99% 59.99%
KSOFM 7=
Phrase 2 = 850899408 60.00% 66.66% 53.33% 60.00%
25
Phrase 3 = Hog 13y 73.33% 76.66% 74.99% 74.99%
Phrase 1 = nUT129U 73.33% 86.66% 79.99% 79.99%
KSOFM —
Phrase 2 = 85089418 70.00% 80.00% 75.00% 75.00%
36
Phrase 3 = oz lsnu 83.33% 86.66% 84.99% 84.99%
Phrase 1 = nu4121 U 83.33% 90.00% 86.66% 86.66%
KSOFM —
Phrase 2 = 950834108 86.66% 93.33% 89.99% 89.99%
64
Phrase 3 = oz lsnu 93.33% 93.33% 93.33% 93.33%
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1NA1519N 4.2 dasianugndesvesmsszydya launnaunasvesnnugndelums

= Y ' =~ Y Yo 9 2 Y =2
nadeuNamsiioui na1dfe lumsnadeunnugnaesidideyavesmsiseusd (T =50) A
PONNINATOVNITFTITIUIN 20 AL (T (Test) = 20) naziimsnageuanugndeslumsszyd

£4
WATIHAZIDIANANIINAADIAI1]

k4 1
a Y (%4 ) v A

KSOFM 25 1u Phrase 1 = dudninu ianugndsslumsszydyamdsnsan 1(T=50
9 v k4 [
Average 30 times = 56.66 %) ATIN 2 (T=50 Average 30 times = 63.33 % ) ATIN 3 (T=50 Average

30 times = 59.99 % ) 1AZANUYNAOUNAY (Total Average = 59.99 %)

1 v 1
v A

KSOFM 25 11 Phrase 2 = a3oadatag ianwgnaeslumsszydyamasnsai 1(T=50
k4 [ 9 v
Average 30 times =60.00%) ATIN 2 (T=50 Average 30 times = 66.66 % ) A59N 3 (T=50 Average

30 times = 53.33 %) uazmmgﬂéfmmﬁﬂ (Total Average = 60.00 %)

KSOFM 25 lu Phrase 3 = fiozlsmu fianwgndoalumsszydyamaensan 1(T=50
Average 30 times =73.33%) AN 2 (T=50 Average 30 times = 76.66 % ) ASIN 3 (T=50 Average

30 times = 74.99 %) uazmmgﬂéfmmﬁﬂ (Total Average = 74.99 %)

H 9 1
a Y U = 4 v

KSOFM 36 lu Phrase 1 = fudnaiu fanwgndeslumsszydyamasnsai 1(T=50
k4 [ 9 v
Average 30 times = 73.33%) ATIN 2 (T=50 Average 30 times = 86.66 % ) ATIN 3 (T=50 Average

30 times = 79.99 % ) uazmmgﬂﬁmmﬁﬂ (Total Average = 79.99 %)

1 9 v
v A

KSOFM 36 1u Phrase 2= asegduag innugnaeslumsszydyamasnsai 1(T=50
9 H Y v
Average 30 times = 70.00 %) ASIN 2 (T=50 Average 30 times = 80.00 % ) A5IN 3 (T=50 Average

30 times = 75.00 % ) uazmmgﬂéfmmﬁﬂ (Total Average = 75.00 %)

Y
[

KSOFM 36 11 Phrase 3 = fiozlsmu fianwgndoslumsszydyamaensan 1(T=50
Average 30 times = 83.33 %) ATIN 2 (T=50 Average 30 times = 86.66 % ) AT9N 3 (T=50 Average

30 times = 84.99 %) uazmmgﬂéfmmﬁﬂ (Total Average = 84.99 %)

1 9 v
Y % v A

KSOFM 64 1u Phrase 1 = fudhanu danwgndeslumsszydyamasnsai 1(T=50

U
9

Average 30 times = 83.33 %) ASIN 2 (T=50 Average 30 times = 90.00 % ) A5IN 3 (T=50 Average

30 times = 86.66 % ) uazmmgﬂéfmmﬁﬂ (Total Average = 86.66 %)

KSOFM 64 11 Phrase 2 = aJ0adwag ianwgndoalumsszydyamaensan 1(T=50
9 v k4 [
Average 30 times = 86.66 %) ATIN 2 (T=50 Average 30 times = 93.33 % ) 59N 3 (T=50 Average

30 times = 89.99 % ) uazmmgﬂﬁmmﬁﬂ (Total Average = 89.99 %)

1 9 v
v A

KSOFM 64 11 Phrase 3 = floz'lsmu fianwgndeslumsszydyamasasai 1(T=50
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