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WARPING
PHUBES TOHLONG : THAlI SPEECH AUDIO RETRIEVAL USING VOICE QUERY.
THESIS ADVISOR : CHOTIRAT RATANAMAHATANA, Ph.D., 66 pp.

Multimedia has increasingly become a prevalent resource in various formats including
audip, video, and image archives. Among the varieties of refrieval, this thesis focuses on
retrieval of speech audio collections, which include electronic lectures and audio books.
Currently, most of audio retrieval systems are based on typed keyword/ftitie/author search or
based on voice queries where a speech recognition technique is generally used. However, the
main limitation of the speech recognition technique is its slow retrieval time if the audio files are
large. Therefore, this research focuses on finding an alternative to speech audio retrieval within
the large files with satisfactory retrieval time and accuracy. This work uses Thai tones to help
spotting the words because Thai language has 5 different tones, i.e., Low, Middle, High, Falling,
and Rising. By exploiting this special property, Fundamental Frequency and Dynamic Time
Warping techniques are used fo improve performance and o speed up retrieval time. The

preliminary experiment result gives a retrieval accuracy of 59%.
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2.1.1.2 nﬂﬁLLﬂﬂﬂﬂL?ﬂ§ﬂziﬁﬂqu (Fast Fourier Transform: FFT) [7][8][9]

a &I a 1 A o [ v o A = | ) A

AeilalaunuaInANederiunsldEusesnymd Ae i dadursuudle 7
HanularieaNAueINIANIN Nyetayianldiufsaiie n1stindnynmiuiaunsyuou
Taguluyduse) wanimesunedesnldguludsannisaiinananildgesdnenizndn

A Warffunanan (Time Domain) wasHaiduniI9AINND (Frequency Domain)



HarfdunI9an a18190a5u7e8 luANHZANNAIIadLAe TudaananMilasuuas
Twineiu wsildarnnsouenldlwd@anaundndaunanvsegs lusnenlaidunisaniud

a o a 1 a o o 0' % d! [ ¥ dl o o ¥ K
mm?ﬂﬂﬁmﬂmwmwmmemmnwm:zﬂqm@mﬂm Falflutayangn aﬂumm’mq

a

v
899I RALAEINITU

Tnesssntng yasanywdaziinisulasdryonudealiegluglassunuaanunides

al/ A a . dl d” o ¥ o o
UUAD LLBNNAIA (Amplitude) LazA3NND Tnansudasuuufignunsannle lnaendaudannng

a o

a o—dld I . @A o
NNAMRAIARTNEENIIN1 UL UL i3S (Fourier Transform) ARantsuLlasdeyaynnsly

1
A o

Tawunan et lulamuasspaiuntules wazi@esniuinialdvialiduaze lugilaas

Tamwaian (Time Domain) tngdaetivuesnisutlasyGafidullaingly 2.4

U

0.1 : : : . g
0.05¢ .
4 L 4
|:| &
2 L i
005 .
0.1 - - - - 0 - e
1] 200 400 S]] aoo0 1000 Q 200 400 GO0 EH:IEII 1000
A9 “ANN” Tulp g A7 “AN” TlpLNuAND

77 2.4 fivedenisudasdtynyinedasann tmnaan (Time Domain) i Tawuaaad

(Frequency Domain) Aaginsuiladuiiny Fasasingin

a1ngUn 2.4 naasudreduns i inudeslulawuean daiudnyoondes
Wl Tuaueinsnduaanaans it ldainnisutlas@yoiondasanninuuingn

1 o/ Le

TatuaouddagnisulasyEafadnaia Iaantswaannsnadenanaviinisldaduysnl

(Absolute) m@\imﬁié’mﬂmmﬂmﬁﬁﬂi‘r@ﬂw@q
miu;ﬂmLLuijﬂf&uﬂizﬂ@ué’w
- mmﬂmvxlﬁﬂﬂmuﬁmﬁm (Fourier Transform) Jagn12a1uanslaeing
AUNLNIA
— ﬂ’]?LLﬂmﬂﬁﬂ‘iLuﬂﬂﬁi@Lﬁm (Discrete Fourier Transform) 193201991
NALANLNUNIAUNLNTA
nsuilasyisasacinada (Fast Fourier Transform 139 FFT) shufluduneud sl
m@ﬁ’wmmﬂmﬂdF'iﬂ'ﬂmuimi@Lﬁmﬁﬁmmﬁ@ﬂ%qgﬂﬁmé’u%u‘ﬂmﬂ James W. Cooley uay

John W. Turkey el A.A. 1965 Inaidumneandanail [9]



PPk

WN =e—i27r/N (21)
patiuanazidiay annisnisulasyFasuunlisaiiies (F(s) Timal

N-1

F(s) = Z fOOW,. (2.2)
win N luaag 39 N Ae Auugatays

N =2M dm5u M o (2.3)
Hauny N fae 2M Lag

2M -1
F(s)= —2 Z FOOW, - (2.4)

©

rdl o 1 [ dl v Yo A
WENWAUN M Lﬂummu@ LAZANUIUA LLﬂ’ﬂﬂﬂ\‘iu

M -1
F(s):E{M D EROW, oy +—— Zf(2x +1)W2MS<M} (2.5)

x=0 x=0

lesann W2 =W, uaz W™ =WSW,5, azléd
1 M-1 M-1
F(s) = 2{ Z f(2)W, .. + Z; f2X+DW, W,y } (2.6)

‘EmmmmmwuuﬂmmwuﬂmwLimmmwwmﬂummuﬂ (AZNUAE Foven(S))

‘].I'Jﬂﬂ‘].lﬂ’]ﬂ\‘ﬁ/l WzsM @m%’)ﬂ@ﬂﬂ’]?ﬂq?uﬂ@ﬂﬁL?EI?“IIT’NW“’QLW] Lﬂummuﬂ (QZLLVIH@IQH

Foad(s))

ol/ A . S o dw
1iAa M W"’QuLLﬁ‘ﬂ“lI’rNﬂ’]?LLﬂ@\W;!L?H?@ﬁ@ﬂﬁiﬁ?ﬁﬂ’]uqmiﬂﬂﬂu

1
F (S) = E {Feven (S) + I:odd (S)WZSM } (2'7)

Y o

v
NUAUALITU M NAUNAIAZa111T AU A A9t

F(S) = L { even (S) Fodd (S)W } (28)



10

' o o v @ el @ o '
MN’WEIWJ’]NQ’WW?LL?J@\‘I“H@H@N fim%mmmmimimmmﬂLﬂuwwmﬂummu@

LATANUIUA TAEAIUIN N/2 WALTLAITINNATBNENNNTN 2.7 WAL 2.8 1Hsnefiu

win N fluwaraningares 2 AnndaldFess) auldtedgiu innssanluFes uuy

Recursive gavintazldnadniaainisutlas funendsuiivsieduaziansuy  (Divide and

Conquer) Aina1aunildaan O(N log N) Tedfeaninduneultuuusssian M4nan ON)

Taeludumne1d sl a1unsa g e lunsiin N waaannidsaad 2 windu

'
o =

[HasannudsuiiatmnaeIn AR udayadsludnsusngwadaanuides
Y o K al o v 1 dl 1 ]
wazfiunnideaiunuazawuiu (Speaker Independent) 18 usiannuanimaaesiag udou
19407AKUIN N UsngdnisudasiFesadadalid1AnusiudAa it lunsAumu
o o R =

Iy = Ny » o = 1y e o o oya =2 A o
ﬂ@ﬂ;ll@L@ﬂ\iiuﬂﬁ‘mmﬂﬂmﬂmﬂﬂqﬂquL@ﬂﬂﬂuaﬂuﬂﬂlﬂﬂ\?Lﬂuﬂu@gﬁﬂuﬂu ﬂﬁuuﬁjL"ﬂﬂu@ﬂL@ﬂﬂim

' A ¥ Ay e @
ANANNDNAFILIUNAIN ﬁ]@’ﬂﬂﬂﬁ‘ﬂ%ﬂ%ﬂl’ﬂﬂ@LLV]uﬂ’]ﬁ‘LLﬂ@\W\JLﬁ‘ﬁﬁ"ﬂﬁ’]\i 639

ad 49 a

2.1.2 msuasdayaliiiluussing u (Data Normalization)

o/ 1 v

nsudasdayalinflunsmingin iWunisUiudiresdeyaliliseuanetludendnas

a

1
adaa

i agluga9 -1.0 119 1.0 ¥Fe 199 0.0 D9 1.0 B3RV HeNld et aunsnan gy n1sulas
FINAIR14A-49gA (Min-Max Normalization) N134UaImINAIAZUUUNIRSFIUT (z-score
Normalization) waznnsiiunImsmeAiies (Decimal Scaling) tlusu wsiluwanuddaigiaiew

wenldnisulasdeyaliiuussingauseer1AzuUNIATIINE (Z-Score Normalization)

2.1.2.1 msuﬂmmuﬁhﬂzu,uummgﬁu% (Z-Score Normalization) [10]
dunisulasendayalasldaiaas (Mean) a0 uas m'%ﬁmmummdim
(Standard Deviation) Wiiu-1 ASANANT

. V=mean(A)
7 SD(A)

Tneil v e ArAnIdNEZLAN

V' Ae Apudnsne
mean(A) A ANDALTBIANIANHIUE A

SD(A) A ANTIELUNIAIFIUIBNATUAN I A



1"

2.1.3 maidFaunaud s

al '

= o/ ¥ o a [ al dl 1
ﬂW?Lﬂ?‘EIULV]F;IUZQD.IQJ’]DALZQEN‘EZM’J’N‘U@ﬁﬁfﬂllLZQF;NT'H_I"II@N”@L@ﬁﬂ%@%ﬂ’miuuﬂu

[~

¥ = = as ] a o dy v A ad = o = v
TayalAsatasaneas Wi luaulaeil gjLmﬂum@mﬁmuﬂ?ﬂumwmmmpmmmimﬂmm

U a

[ %

TMTTEENULLEYAAR (Euclidean  Distance) wazAadnsrazn1anuL launininsdae sl

(Dynamic Time Warping) lun1sifFauifeudyannudas ieAn®1913 8 a8 AlAL

v o

1
¥

= v ¥ o = e al
‘I.I‘ﬂﬁ;llﬂL@EI\?I]’]H’]VLVIEI@’Jﬂ"llﬂﬂ’m’m@ﬂﬁiﬂﬂ%@ﬂ

q

ad o a ax o a s o |19
ATIATSHTN NLULLE ARA 9189 @?ZEIX‘V]’NLLUU1®M’]NH1WNQ@?‘]J‘]JQ

dl = o a ' ad o a as o
gﬂ‘l/] 2.5 L‘]_leﬁl‘ﬁl‘]_lLVlF;l‘]_l SUEUIRAENTEVINITINTEL N WUUUL ANALATITINTSL SN INLLLIL

TaunAnTnaaasltls @nA : S. Chu, E. Keogh, D. Hart, and M. Pazzani)[11]
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[13][4]
Tuanudde il adnszaeniaunauniinnidaesUtls (Dynamic Time Warping) 1w

o a !

= ~ % o = o v o = =
REISI RIS fyﬁy']ML@ﬂ\ﬁ‘gﬁgq\‘lsﬂﬂﬂqﬂqNL@ﬂﬂﬂum@ﬁ@luLLﬁNT@H@L@ﬂq FANBUN
a4

sraizineszuinedynynnuden delauniinindaesilth (Dynamic Time Warping) udunau

359 du19z8Ene (Distance Measure) seudngdaya 2 4m Teaunya liunseazniauny s

E
ad ak

duidaduls (Non-linear  alignment)  AaHARan g lun39nANAd e AR (Similarity
Measurement) 1a4tayatlszlnnaunsuiean (Time Series) NanadAMHNEFNAU UaLlAN
nsinlddseynsfldlunasimunszuuiandas sauvienisAunnaslaani1sfaeinuas
(Query by Humming) 8EM9uNInane HedaInn13n19uaesssLLisdasnaadesiunisg
= ¥ al dl = % rd} a [~3 A
Wrauisudeyadesnuiainnisyavzanideslaguyed Geanadaauiialunisyauze

Angsasnuanseiwlyl e
Reuaaslauiininiqiasilila

Wideya Q = q,, g, ..., G, 482 C = ¢, C,y ..., C,, IALATANNITOHULINIZEN

Inheftlafuannsdauinldseneldil
DTW(Q,C) = y(n,m)
y(i, J) =D(q;.c;)+min{y(i-1,j-1),7( -1 j),»( j-1)}
D@.C))  =(Ci-Q))°

Tnel Yy e szznniazan
D An WrfdumszaznIesnd9qnaedqn Las
1<i<nuazr 1< j<m
Taunfinlndaeflilsldnadsn nuaniswadn (Dynamic  Programming)  lun1g
] dJ 124 ° 3| & o ¥ ¥ . .
Auand aeldinanlunisvinnuduisidunyuinninauiadeyaaidi (Polynomial Time)

o o o

aedndnaiiannuEa liunniin Inalewizidameuiiigdnssasnieuuugafna (Euclidean

ERXb



13

. d‘ 1 ) [« a 9 . . o va v Qdd‘ 1
Distance) @4l19a1n19M1luiuLiE@aduy (Linear Time) i luHElauanaianazdas

dsulgaliifimnuisainauaguananaissosiu

Fauluisaulanasau (Global Constraint)

ReulatieAvuTaasanitedunidluitlfullszdnsnneslauniinndoafilils

TpeRatifunnTeAulFnszuqunislawiin nide st uluaeuannandaly danaled

] [ % a

1 o a dl o 4 dl o A dl
VLN@WNW?DVI’NWHLﬂu‘ﬂ@ULﬂm%ﬂqﬁuﬂiﬂ L‘W‘ﬂﬂﬂﬂﬂuﬂ’]ﬂ@‘ﬂﬂ“ﬂﬁ%ﬂ’]\iﬂuﬂqﬂLﬂuiﬂll’]

NATUIMNTZEZN TID1ARIEATALIATIAAAINN WL TBINTT LU
TuwanvRdstidanfuauaesanin-Guy (Sakoe-chiba Band) [13] B9Haneausiilu&y
TuUAeEuINANTNIATNI NN IndaesilTls Tnanunaaaudnlunne anaase

]
¥ =

dayaniinifansuInIAIszaznig auyIalinansuaengatayanaziinIiinig

a a

v v
o % 1

1 v 1 1

Atz ldne s A ruaintl Tsve LA Twiaistadeys Taai
a o df 7 dl v o 1 o & o dl o 1% Pl

madaBldAReulaierulnsgauyinay 3 wlefidus esaininniamaasaudaliAipany

ETRETNGT

fearnaadlawrinlndiasitlenldidawlaisdulngsanwuunauaasdiin-

2D
c
ee

U

Tidaya Q= Q,, Q, ..., Q. 4az C = C,, C,, ...,C, azaumnianszaznvingdaas

Uil devlatesulnesanuuuianeeseiingus Huaunisiswialgsesie 1l
cDTW(Q,C,r) =y, (n,m)
7. (i, 1) = Dist (Q;,C;)+min{y (i, ] -1),7, (-1, -1,y (-1 j)}

Distr(Q,C)={D(Q"C") PR

A v )
WA i-j =T

4
laei -y Ap sz8LnNasan
D A8 UM N NIZNI 199 A834 A
A 1o dl v o a
rAeAn U ReultieALTeun Ul In-Fus

1<i<nuazrl< j<m

= 4 1 ad o a s |
Q’]ﬂﬂ’]ﬁ‘Lﬂ?‘EILILVIEIU ﬂ')’]ﬂJQﬂﬁ]@\iﬁ‘xﬁ"ﬂ\i’)ﬁ')mﬁ‘zﬁlzﬂqﬂLLUUiﬂquﬂllVleJ@ﬁ‘ﬂﬂxﬁLLﬂz

1 ad o

ABIRTLULNNULLYARA AIANTNN N3 Tuddruaasnialuan N au1snagdlianisdn

seazneuuy lnuniinnidiefitharuisadupudeyaanuindayadasnim Inasoada



14

v
o =

o a ¥ ¥ 1 ad o a [ ¥ =2 A s o
ﬂ’]ﬂ’mL@ﬂﬂi@gﬂﬁ]ﬂ\‘lﬂﬂ]’nﬁ’)ﬁ?tﬂle’N\‘]LLUU%ﬂ@ﬁ PN L gURILABN I T ATTUTN LI

TaudnmdaefllunsAupudaya
2.2 UARETLNAITRY

v
a o [ a o

1% b dl -dl 3 ¥ o a ¥ %
RAMNNITAUAITNNTIU ﬂ‘wmmmmﬂumeqa‘a‘mqﬂmﬂluma‘gmLmﬂmmuu NL°1IEI‘L<L1£°]W‘].I

a
'

a o ] dl dl ¥ o v o = R = [ 3 1 d”
s MNeadeeiunisfandenssaens alsaavieundsallil
A.  Tungthangthum [15] ian1s@nsninaaiunisfandeqnssaensniminesae
wuyAnaasdaaunisaan Tagnanistiunniassdnasiaaunts nAaNinIsindaating
. o Apyo = N = P
(Sampling Frequency) 8 kHz $RdadliMIn1saen@eaaszan 10 W@e9ATT LINeNiINNg
o & P = o = o . > ~ ) 2
Tunnidugudeyaides A9 2.2 wazvinnisitgiudeyaides aandu 3 90 Ae 70
dayadau (Training Set) gadayanaaaLgan 1 (Test Set 1) LazgatayanAgaLYAN 2

(Test Set 2) AIAN39N 2.3

A19199 2.2 BanaRease lun e e 19 lun1meang

Vowel In Thai
V1 21
V2 R
v3 28
v4 f
v5 L8
V6 LLR
VT 18
v8 A9
v9 5a[a)|

v10 1Bl

F1979% 2.3 uansgatayanlilunimaany

Speech Data Vowel Number of Syllables
Training set v1itovh 200
Test set 1 v1tovb 100

Test set 2 v5 to v10 100




15

a o dgl v 1 ad d‘ v o al & :j/ A
NuAdsiliuiasnn g lunnsiandasssugninim Inaeanidu 2 duneu As
TuRauKINNINITATAA1AYINDYAFIY (Pitch  Frequency Detection) Aaedgandunug
85 1sTR (Autocorrelation) waNANTUWlE HMM (Hidden Markov Model) lunns¥anidss
L8 ldj 1 ¥ al 6 Y 1 al % ij/ Ié’ 1
a9snugndnIEnng danudn widesassnensazdauaguudevasy widayaisaesldauun
o -lf o 1 ¥ o al LG o 2% o a al o
AU wananidenudnisianidaaassaugneins dnlinadnidanainidudsasndoy
pry \ o & P > A = v o o
\Hasanglieneuiindansaindyaguzeivdeadeaiinnulnaiasani
a o d’l o £% 1 Yo dl v o a s
ANUAfe I lnudn idnnsaliAmNnyagulunisialdee st ng

e Inelle

A. W. Fu uazanuz [13] TaAnengeiudsnisvnlauniinindaesltls (Dynamic
Time Warping %78 DTW) $auiun13nginasugainad (Uniform Scaling 138 US) igaindn
ananauaz InifaesUile (Scaling and Time Warping) Iaginnsvinasnnsvisdeslddaaiuii
anduluntsdanistlymannstlssinnve lilduadansnauazgnae i Toymludu
= . . P = X e 2 £ o ¥
dINNRT (Biometrics) N174971878N 8 (Handwriting Recognition) $TaLNNTENINITAUNN
waslaanis¥asvinues (Query by Humming)

v

n1gAuUILNGY TnunnsfesniuestuadusagsasfuauidanaInang g
[~3 al v o 1 [ %2 U o U al 2 v A
AHITTRNAL TR U liRseALINaIAURITL wazilda1aiinnsfaeldminasananie e
a SJd! ] :l/ £ a s a 1 v 1 o/ v
nuls detloyunetinausniuasnaldainasuanaddosld douiloyuietinandsainnsnld
TaunfinInihasutledonls seiiuasnisisdasasandulunisduniinaelnanisiaaniuas
] aal df o 2% % % o = ] o = a a
N7 1438 L3 11T a9 N1 AU LN AN IAEIN12 T AN IUBI R AN L UE LA LT AN B AW

dl 1 1 dl
AlRwinNeag

aa

dufudensoaulaluanuided e nagldginasuainadanidoslunisudilomun

ANMNRANAIATUN1759NTRAIAINNLTI1a R eFaa T A saR U R AuatTU B9 dauAnIn

a

ezt ldlunisuddymmeaniianaianunisfupudeyaanuiludeya@asniming

poadaA1n1N@ee A TuEeTa9AINIEITaIN 1Ty AT ATNNLAEN

KR a

Y. Zhu way D. Shasha [16] I8ANIDNITN1INANAMHNIETILAT AN LN UEN NS

a

Aunnadlaan1sfainuedandsauan Inadaiiumauazulaadssdasiouasliaglu
stluunaasaynsnan (Time Series) Tandarliinliifailymainauianainlunis
4 1% o

[ £ dl R A 1 o ¥ o o a/dl = 1
SN2 Y830 ﬁ‘tUUVIiﬂ’WJ\IﬂQ’]NLLNuﬂWQML@z@ﬁ"H’BQWﬂWI]@Qmﬂ]%@zm@di@ﬂmqu'ﬂ\uw&l\um

al A
LAEN N1 TR AN



16

v 1
o 3

wananiiledniivmaslugtuuugiudeyasynsuiaa (Time Series Database)
Az lannsndnadsnisinnssrivesgiudeyseynsunainndivd sy dlss lamila
Tnald33nseaslaundniniefilils Weldszuuildaunsnsesfupnuianaintes
gl unauiaressteanad llpsiivielinsemumasiuaiy s ez

= < % QI dp a ¥
LAUS IUNTAUINNNINARENANY

=

dgl £ dgl EZ2 1 ad dgl [~ 1 ad ij/ a
nan1snaaaLsruL llieemud WiRI19 EN19 RN ANNIEININNIIR BN TILLIASLAN

IS ¥ 1 [ dld
hATH ﬂfm\lgﬂmm'aqﬁlmmuwm



=)
w

un

mumaumsmmummw

nsinANsazlss&nin nlunisdupudeyadesanuiludayaidasnimslne
¥

2 ¥ o a a e aAa o -13’
ﬂQﬂﬂﬂﬂqﬂqu@ﬂﬁ1MQWHQ@ﬂuNmum@uﬂW?®quﬁNWuﬂﬁm@lﬂu

o K

1. Tunnuisdeyai@asnimnauazdanionides e lulasinudiullsunss
o K a
Tuiinides
A

aripAANDYag U Aaeldsunsy Praat

a

Nn13U5uERL (Smoothing)

[ P o 4 { =
ﬂqiﬂ?UﬂQHQIMUﬂuU??WﬂﬂquﬂQﬂﬂqﬂzuuuNWM?gquﬁ

o~ w0

R89mszaznaaiuytauniinngdaasdtls (Dynamic Time Warping vsa DTW)
Tunsulsauidieudtynnuasssendnsde Annandesiudeyanag luududays
=
1Rerant Ing

Y A 9 o Yy o o o o o
6. NITUAAIHAANSNbFAINNITAUARIEITN1IaLUNUseANLLL K a1sunlng
ﬁzﬁﬂ (K-Nearest Neighbor)

4 1

Ao oK Xy v A 9 = o
mMMQuﬂﬂ?mﬁruuﬂﬁuﬂﬂﬂﬂﬁu ﬂliﬁﬂiu uﬂ@ﬂﬂiﬁuﬂumﬂgﬂLmﬂﬂ@Wﬂuﬁum@g@

¥
Resnmnnadandadniandes aamnsouansdegi 3.1 selu

The Raw Input Signal (Wav file)
0.05

Arnplitude
=

| Time

5EIEI 1EIEIEI 15EIEI 2EIEIEI 2500

]

The Raw Input Slgnal (Wav fue)'

=
m
"4r

Amplitude

=l 2 4 B g 10 12
Mumber Sequence (Ten Minutes Total) A

Raw audio Flle
dl -] v A U b al b v o al
gﬂﬁ/l 3.1 ﬂ’]'i‘l’]”]\i']uﬂuﬂmmuu@mﬂLL“NMJ@H@LZQEQJT]HWWEWJEI?J@W]O’]NLZQ?N



18

3.1 MSIATENTRYA

naifudayaBulaanisiuini@asannlulasu (Microphone)  einulilsunsy

=KX a

Tunnden wardniulugtluuuaesng WAV 1dmnsnisdnsaneting (Sampling Rate) 2000

o

v
d@and uaziudeyaruin 16 On wLLTesdtyy1ndlAee (Mono) A uidunaunismsen

1
= =

dl [ o K &l/ o 1 o v K o 1 dl
mﬂmﬂmmmiuumuu ’Qtu’]LL‘INN‘IJ@N“Z\]LZQF;IxWWﬂﬂ’]‘J‘lIHV]ﬂN’]ZQﬂﬂﬁ’]ﬁ"J’]ﬂJﬂNﬂ@g’]u

=2

(Fundamental  Frequency) wazinbdenunszuqunisdfuaunnsiantng (Resampling)
o 2’/ o o =l . 1 Y %
NaYANUUNIN1TUTULIEL (Smoothing) warnisutasteyaliiiuussingiu (Data

Normalization) wam4sagila 3.2

Query

Amplitude

0.05

»J»"'.L ] ]
‘ ) O

: i : : 1 jhan
0 500 1000 1500 2000 2500

0

ANABLATIY Bezample Eize ANByagy, Fundamental Frequency
200 1 200 ]
0 ]
. ’ nan m A"
0 100 ﬂ 200 300 0 a0 100
mmﬁ'mﬁm Emoothing mmﬁmﬁm Data Normalization
“Joo - 5
100 {
-2
0 1 g !
; ; 1287 - s nan
a 100 200 300 1] 100 200 300

= o = 1 o | ¥ y
gﬂ‘V] 3.2 LAPNUUABUNITLATEN LRI AATTY “LLﬁﬂJﬂ’ﬂNﬂ@ﬂ’muﬂﬂ’

L4

3.2 nMsAuAuTayaaMuindayadeanIE Ing

2 13

% i3 a :// | = o al
mmmumuﬂmmuﬁmm@mmmmimuu dunslFauiay TUTUNULAEIN
' ¥ o a v Y a 1 2 d@l a o dgj yaa o
??JVIQ’Nﬂ.I‘ﬂﬂ’]ﬂ’]llLﬂﬂ\iﬂﬂ“ﬂﬂﬂu@mﬂ\ﬂuuﬁﬂﬂﬂﬂu@L@ﬁlﬂﬂ’]‘]‘_‘miﬂﬁl F9lus1137ai 119590

sraiznauuUlnuniinnidaefltls (Dynamic Time Warping %32 DTW) ludauaeanis

1%

[ b‘d‘ v v A vaa] o o o dl dl
LLZQﬁ\‘lIZJ@@Wﬁ‘ﬂ1@@Wﬂﬂ’]?ﬂuﬂulﬂﬁﬁﬂ’]?@’]LLuﬂﬂﬁ‘ZLﬂ‘VILL‘LI‘LI K @’]ﬁu%lﬂ@‘ﬂ@@ (K-Nearest

Neighbor) dslugauilldasnisundeyanlndngn 25 dusuusn nnsdunudayagunsauans

gL 3.3



Query
[

Amplitude

0.0s
-0.05

S P |

19

a 1000 2000

4
mmmﬁ,@ﬁ%u Data Normalizatico

.|:|

4

a

ol 4

/A BN

L3QN

01
12 0

4

Return the position in the audio file where

the best match occurs

91I7 3.3 wansmaruRudayaldtsanuindaya@asnmnlng

AN 3.3 @N1enes LN EIuABNN1INL LR

o A o Yy ¥ o = A, ° - dl
LAENNIABANNITALALILLAD m@ﬂqﬂqﬂL@ﬂququgﬂu{Lﬂ’&ﬂ@ﬂqﬂqqﬂﬂfﬂ@

De

1 Wagyaninisnadaniniu

F1U (Fundamental

d9

Frequency) #adanniiusudunaunistfuauin (Resampling) n1sdfuEeay (Smoothing)

waznsulasdayaliiduussingiu (Data Normalization) iadafiniuideinudunaunis

= 1 = 1 ¥ i’, ' | =
WWTEHNUDHALTULTAEILAD wm@umiﬂ Lﬂuﬂ’]ﬁ‘Liﬁ“ﬂ‘leEl‘Ll

o

=l
LAeNNY

% a :j/ [ v A v = ¥ a 1
TUTUN LA EINUUN ﬂ@mmuﬂum@wmemmlﬂmmm@mm

3.3 NMSWIANBATIANNYNARY

[ %

AgUtUN UL

a7

a ' ¥ o
ALNTENINNUILAIDN

v £ =2 d’ I = b7 2 1 o z// =
fayaluwindeyadasndiunismsandeyaudomuivu luduneunisifsaunay

a o ay ¥ oA 1
mmmmmmum@gm@im

PUAIANNNTIUIRE U Lﬂuﬂﬁiﬂuﬂuﬂlﬂﬁ@@’]ﬂLLﬁNﬂﬂNﬂ@L@ﬂ\iﬂWHWiV}ﬂ PNUUNAANEN

A v 2 o o A = o » o a0 Ay Y =
@@ﬂNqLLﬂzﬂﬂquﬂm@\?uu "Q:ﬁﬁ]'ﬂ\uﬂuﬂqﬂﬁﬂﬂﬁ‘zi‘ﬂﬂLﬂ‘i'il"Jﬂ‘]_l“ﬂ‘ﬂﬂf]ﬂqﬂJL@ﬂﬁmm‘ﬂ\?ﬂq?ﬂuﬂq i

Yo o

NI nam

{ ¥ v A
ATNAINHYNABINITAUAL =

¥ 2 o d’j L7 ¥ v A o ' d’l
TNAINNINABNTDINIUINEU Mmmmgﬂmmmmuﬂu mqmmﬂﬂu

o ¢ v A dl ¥
N@@Wﬁﬂ’]ﬁ‘ﬂuﬂuVlQﬂﬁlﬂﬂlu K $18IN1TIan

v
mmu‘*ﬁﬂmmu@mﬁmm

¥

4 %
AMNFATUIWNAU T

WasanliAraaugnieanisduaneg ussAINIMNNZaN ANNHNTEY HARNENIAY

Y
NnanmAa

u

a v a A

UIREULARN

FuadninisaupuLazansasly K = 25 anauwsn
a

=

AL

= 9 o ey A o \ o o
\‘ISL'H 25 T18NTLIN UNIEDN ﬂ'ﬁ)ﬁﬂN@@Wﬁmﬂuﬂu@ﬂﬂﬂqLL@szﬂ[ﬂ@\‘]@%lu 25 annu



20

wsn azdAziuu Wi 1 uidnadwsngneaasliadlu 25 a1auusn azdlaziuu Wiy 0 a9

azDadldnuAtiuluuindayaides

Tudruaagnanldlunsduandeys waninedgldaaniulaiin Aa wanldlu

u

v A k4 ¥ a dld 1 £ = L% 13 v A
ﬂﬁ@ﬁuﬂu‘ll@}lu@’ﬂqﬂLLTNN%I@&I“Z\]LZQENV]NP‘]Q’]MEIWQ@E]’NH@‘EI 60 WM azFasliinalun1sAuAL

Tdiniu 10 wn asastalfdnduinngldaunsoaaniule



4

<b.

un

NITNARABILLASHANITNARNR

TUUNHAZNA1TINITNIINAADILAZNANIINAABNTDINIUIAL (TAY NTAUALDRY A

anuiudayadasnim inasaadaninin@es dadunimaasandnsaugnieans

v A o = a = a o =< o dl [ o [

nsAupudayaideuasiansunnaaaiiglunisinenu fadunanngldarunsaaeniuls
Tunmasasuindeyaidasildiunnann 2 umashe

1. mstiunnsaelulastiudauilsunsuiunnides vy ulndaya@es@anisiEen

Aa o 1) = o & [y
nsaaudLdnnsatingd uazunndeayaiaesnislauananedns sy

2. annaulainieanimasiin

4.1 38N15NARDI

¥ A i 2 = 2 [ o =l =
ﬂ’]ﬁ“V]ﬂ@‘ﬂﬂﬂ’]ﬁ‘ﬂuﬁuﬂlﬂ&lﬂ@@ﬁﬂLL‘WN?I@E;I]@L’&EI\‘]ﬂ’]H’]i‘V]ﬂ@'JEI%@V’WE]’]NL@EI\‘INW\?

o 1 a 6 a1 dl o/ 1 dgj
ﬂ'ﬂ)iumﬂ'W‘l’]'j"HJLm@iLL@Z@N@NUMM’N"’] Nlunnmaans mmiﬂu

411 NSNAABIANANTANAAINLANTEYALAEINE INaAEAEINTzaENg
wuulauniininaaesilih Tasldminnanyagiulunisaunu
1. wilndayanldlunismaaessasdsnisAunnudeyaanuindeyaids s

v 9 o PR 7 o X
ﬂ’]‘]:f’ﬂ‘l’lil@QEI‘I.I@@'WQWNL’&HQNVNMNQ 2 o0 ANU

— uilndeyaideaanisaaunisaaudiannsating  uuudeys

1
=

AN N13819894A]ANTDYS LavseuUATUAYUNNS

%

sinaula [17] A218879 62.54 1Tl HANUIUANTINNA 8,171 AN
A Aegve = @ o o
wazi@ed lrunnidwdesdane

% al a c & (= 9 al dl o
- LLWN%@H@L@HQQ’]H@T‘LLVI@?LNM L‘]J‘HLLWN%I@N”@L'&ENLﬂEI’Jﬂ‘LIﬁ??lIX

o

Gaaws lnagiaiugiglon aanuide “@uans...ausnelalls

87117 18] AAHLND 124.23 W HANUIUAITNUNA 9,159 AN

a o K

Tna@aen ldiunnidudesdnds Tunntey Auedan ansauut

andu s http:/dungtrin.com
2. anudannind@eanldlunimesasdaeisnisdunudeyaainuiludaya
a % 1 o al = i// o 1 d’l
@enen inadaadainnuides Bvane 2 90 fesielili
4, o o . y
g 1 udeAinin@asildlunimeaesindAininugnsiedans

v A 9 aay o al o Y al [~
N1IARAULDH A ﬂﬁ‘m‘ﬂﬁl@ﬁ'\ﬂﬁmLZQF;IQT]ULL‘INN‘LI@N“@LZQ‘ENLHH



22

a o a o ¥ o a ¥ o a
ALNARLALTY HauiudeAinnuidee10 deAninides
Tnedwdsvaesdyanuwnoaiuuindeyaides  Geilde

ANDNHIRENAIRNITIN 4.1

;19199 4.1 doAnnuidesi i lunsAunudayaanuiludeyaidesdaniszaunisasy

a o a da‘lw o al o ¥ al [ a o
alannsating ﬂ?mwm@ﬂqﬂ’mL@ﬂﬂﬂ‘i_lLL‘WN“]J@%J@L@ﬂQLﬂuﬂqumﬂuLﬁﬂ')ﬂu

Hamonuidesd doAnuAL
1 FINBEN
2 Tasaadredaya
3 nsfAudays
4 nsFnaula
5 nasLsItaya
6 n3dsasdaya
7 1ANINT
8 n1seenuuuguieya
9 F1udieya
10 FanuAnyun
07 2 ithdafnandasiiflunismaassiadaaugniesses

nsuAuteys nadifidesnnudasuuiudeyadaaiy
ALNAAUATAL F91uandednimdeionnn100 de
ArINIAEs Tnanaaandne 5 au wiadumetie 3 Ay
UATINANEDN 2 AL Tednausiazey azinnisidendeAinnn

a dlyd ¥ o o 14 o
LZQEN’Q’]ﬂL@ﬂ’&’]ﬁ‘V]NL‘U‘EIL&IIQVI’]ﬂWﬁ‘LL’Qﬂ MU 2 TANTIENL

k)
3 1

A dld = % £ = =
TALINADLANANINH IHaN AT L LANT ey AR 9sRanTg
~ a & o \ = = Ao X
Fuunisasudiannsating doutganaashaianansidiiant

o U a a & & dl £ 1 1
paafiuuAndeya@asainaumediin Inengnaurazviou
ALABININITAANTAAIDHLALNNALAUNNIANNLANAITUFARE
A gAaz 10 TaANDINALY IHaTINUAIENA 1 inuaziaen

g
dapnrudean 1 lunisaunnls 20 faa1anuidas Ined




23

¥ o a dl ¥ ' ' o A A o dl
ABANDTHLAENNHNALAASNIUNINITIABNNANAITINN 4.2

LAY AN9199 4.3

dl ¥ o al a o 1 A v A % ¥ al dl
M13NN 4.2 mﬂmmummmmmLLmamumﬂﬂ‘Lﬂummuﬂum@gmqﬂLLﬂumﬂumammmmi

FeunisdauaannIating

& o a
ToAINNNAEN
faAnIN -
o 4 WNANES \WATE
GENT , : : : :
AL 1 ALY 2 ALY 3 AUY 4 ALY 5
v al
. SRIGHL TN
. wAlulad . B
1 DSS I FGGHE nsfgudeya | n1sdmnng
GDSS .
LG
¥y A
7 N32UUNN3 5 Tom184n"3
Tasaasng N FiaN _
2 3 lunas \ n3indula AN"3
da3a L. 1o3a 5
AnAula 31Ul3A
1\ y AINNANNNTD)
> - N3P GRRHGRE G "
3 nsfdeya | nasdaLaen g y Tunisidnng
103/A 193903/A 3
To3a
4 nMgAILAN | N13A1989 | nagAnAula AR 31udaya
A % a
x> NIALAW | N1ILEMNS 37U L
5 n3fndula ] p . FRENg
To3a To3a LULAA8N
nN1361989 5 REREGN s
6 ) 31udeya 5 98Ny 1AAIN3
103]a foya
o A % ¥ a
N1EIAN NN3AUAY AHIETRR .
7 Software | _ 5 . UseaAndua
Hgndeya GTGH F1udaa
ARAYIN | N19BBNULLL .
8 1AATNS | 5 wauynsn | dsz@nanan
glEN F1utaya
svULdANIe | MEIinnanis 3 I )
9 5 . oudeya | Ndeewniiamed | dnguUszad
Fudeya AAN13
ad c g
ehineh gun3nl o FLULINEN 5
10 y FonunLoym . GHpG
Uszanana aaang AINNLARASY




24

- % o a Aw , & v A 9 Iy a
M19NN 4.3 m@ﬁqﬂqmlﬂﬂ\‘]mfﬂ @LLmﬂﬁﬂuL@@ﬂiﬂuﬂ’]?ﬂuﬂuﬂ@H@qqﬂLLﬁNm@H@L@ﬂ\‘]@qﬂ

u

aumesiiln
v ¥ o a
BN ATRAINNNLAEN
Y] o
TR0 "
o SGPRIN \WATE
GHENT , : : , :
= = = = =
AUN 1 AN 2 AUN 3 AN 4 AUN 5
NPT 5
U1NULL _ wdan ANHUY
1 o uilan ALNNTTN oo
13gna Usznann dnue
sznann
NQPCISTRN | n@zmouRn | mausas NQHISTN
2 . ALLAIN ~ . |
BAUNIY amla ASNE AAUNIY
INIQIGIER 4 Trasendu S| s
3 239390 NLLEdN .
AN N AINE
. ¢ INULLLE
UNH199 AN » _
4 | AINFANN AR NIrdlsrau
ALY dnue
WA
. 2 NI .
_ NINIUGLE UNA199 5
5 Ufjunns = utlan WILHNFLAN
ASNE AULEY
seuann
= UNHI793 . 1.
6 00 HULLAN AEpINIQEY a7l
AR
WU AR AN o
7 NILIUAT - NUNAANIIN | Fnlasiummn
N353 Wjate]
GRIREVENIE | s . .
8 . NIENUA . Sneda SnenAa
WaTABAR AINEN
NN AR o ANELY .
9 a7l FNEAR oo AQEITN
n3Isa dnuels
GRRREVRNE NN AR
10 YL . s1/lay GRRREVRNE
wATITAN n3Isa




25

3. damnu@suaruindayaideainldlunnmaaeaasdsnisdupnudays
anuindeyadesniminadaadaniniuidet daivee ugdid wav

NN1IARBAIINITTNFALBENS (Sampling Rate) 111ae 2000 1@5ad waziiy

o

%’@Hmmm 16 U LLuuﬁ@qmmtyﬁmLﬁm (Mono)

o

v A 1

4. fn1sdfuArnslimessine NlflunsAunudeyaainuiindeyaides

k2 [

ﬂﬂ‘]:f’ﬂ%ﬂﬁ@ﬂﬂﬂ TNTHLAEN LW@I‘M1®ﬂ’\‘ﬂm‘ﬂﬁmmgﬂmfa\‘]@wu i
1 a o‘d‘ o o a o 1 =
ATNITINLARTNAN [JERNIAN @llﬂu
= o4 . . e R R o
—  F2UZNITIAAUNTALNUIANY (Window Shift) INTNUATINUILRTLA
o = p A
ATDNTNLALIN Nq@qﬂﬂqﬁ/]ﬂ@ﬂ\?Lﬂ?ﬂULVIﬂU?gﬁﬂ:ﬁﬂq?L@@uﬂ?ﬂu

PUIANY AaLdAalNIAKKAN 1 ANT99 N-6

— 14931941 (Time Step) NdlunasainA1AINDYAF WAL 0.01
a =l = = 1 dl b [ 3
U H1anNnaeaaedngilFaueudasanldlunisanin

AIAYINDATIN AauaASlUNIARLIN N AN9199 N-9

49

— Reulaiisduasaungy (Global Constraint) 199359AILEENIY
puulpundanngdaasilils  windu 3 wWefidus  1asannninig

NARBILAL AIA NN LHUEN49gR

4.1.2 NSNARBINANEITINITNINIUTBINTEUIUNISSANAINA UALIBNITAY

Audayaanuilndaygaidasnmelngnagdginszaznawuulaundnlndoes
Uil IneldmmanndyagiulunisAunu

1. iNNN3NARBILNAANEIAINIININIULBINILUIUNIFFI1ANA (Speech

e ac v A v v a 2 ad o

Recogpnition) wazdanisfumudayaanuindeyadaanim nefaaisin

szazniuunlnudinindqesyils Ineldhinaannyagiulunisduan u

NuRAelEanlEnszLIun193R 1A A AAENa3aNNIMIANANATY (Keyword

Spotting) {191~ Tudauresdeyadeenldlunisnaaasdosdsnszuaunis

o

v o % o I al dl v [~ 1 % FY
FarAnne lnaassiunguidasnlainisivetudn Tnaldlusuassnig
laugna nsdniinialuasdns daaanlfidaelunislausns nsdnsinielu

ANATTITAINIINARNAILADT ANLLIAINTIINANANT 9WNaanTn]

o % o

wnanende lun1mesan luanulanaansAnyiil AN A1 ATUA11IL 48 AN

o

dugeymainsluniaia uazdenioaanuwluniaden W 99019 §dae

u

Fautnnna sy Faatinaudsaininiaiutiu lenin1aiunnnamnsnig



26

v o =

nFnetine 8000 tEemd nswivdeya 8 T wuuTesdnysyrndata (Mono)
wazaniiueg uglaadlng WAV lunmaassldulsdaetinadssaaniiy
oo oA Sy s £ a a
2 ngu A8 naNN I lun19Eeus warngun i lunnmegey 9NLazIRA
pasialilil
1 o 1 al dl = Y o 1 = dl = 9/?/
— nausletdeanldlun1sFeud saatradeen i lunismeuii
wiaaniiu 3 tszinmn e
1. nstiuiiniaelingusnedna@aswn unaanusiall Tungu
o 1 = d’l v o o K & { o 1 a o
Aoaginadent lavinnnstiunnlaanislingusnasinaudeanin

o 1 a o

vy ¥ =
ﬂW?mQUVIﬂQWNWiﬂLM?ﬂNiq TALNNANFAIRENUALNATUIY

q

59 A wiTluATIE 37 AU LATINAEN 22 AU
o K = 4 { o 1 a o o o 1
2. mstunnidesinalinqumaacnudaann Ard1Any Tungs

o 1 a d’j ¥ o o K 04 1 o ' a ]
FABLINNLAENY 1®WWﬂﬁiuuﬂﬂtﬂﬂlﬁﬂ@qmﬁlﬁ]'ﬂﬁl’]\iLZQ‘EN WALLE

|
[ o [ <3

A1 AR luITLLENRe TayAAINTLATIUNENWANAT Tae
naxFnedIAEaliauau 22 au wtailuwAeig 13 A
UAZLWAUILN O AL
o K al £Z 1 o 1 1 o dl 2
3. nstiuiiniaasleaalingusaatine wanguANlsznaudon
1 =l dl 1 a dl 1
VUAELRENTIALARY LHBIa N IULImae RN lsznavag]
Tupanaiialildeudasiian 1 /ia/ (Miaa@asasziany) /@/
1 al o £% I al 1 dwd [J 9
(MiloAegassiany) M limaidasmaniiiianuiudayaly
nnsizauitias Aetuaslanmualingusnatinaden 1an1s
o = u— CoAa = X o
TUNNALNguAILNNNgH NHwaeAssa aLAauility
doutlsznay Iagvinnasiuiinainngusaetnades 8 A
wilaluATng 6 AL LAZINANED 2 AL
1 o 1 al dl X o o U o 1 al dl 3
— ngusted a@san i lunimesey A uiunguiaatnadaanld
Tunnsnagauil nnsiuduiinannngusiaesngs g 23 Au
AU 250 1selam FINIANWATIE 20 AL UWATINANTY 3 AL
Tunnstiunnidestiu lenmualinguietinadeaaanludanas
waea Nglalamuaaanisalauans ingdwi
2. daAnnuidesildlunmaseaiNa AN HIN19M9IL8INITLIUN1TFA

AR FEINATBNIIUIAIATATY (Keyword Spotting) uazdsnisAumudays



27

ad o

F7 = o Y a c
”’Q’mLLWN?.I@N!J@Lﬁﬁlx‘lﬂ’]ﬂ‘ﬂu@’]ﬂimﬁ‘ﬂwwﬁrm')ﬁqﬁﬁ‘:il%‘Vl'NLLUUVLQMWNH1V]N

205Ut IneldArpananyagulunisdupu Asnnsen 4.4

p ¥ o a A Y A o Y a o &
M19NN 4.4 m@ﬁqﬂqmL@quimuﬂq?ﬂuﬂuﬂﬂuu@qqﬂLLWN%@H@L@H\Tﬂqﬁiﬂu@qﬂtcl’]?ﬂwm Iﬁﬂ

o ¥

aal v o aal o o o . aca v A
ATNTSUIUNITIIATNA ANBEINAIENITUIATANATY (Keyword Spotting) Laz3aN19AUAY

a

1 ¥ a o Y ad o a Ly o |
dayaanuindayaidsanislanansinsdniisnendinscaznauuulaudnndoesiil Tng

Mr1AunyagulunisAunu

FaAnnaResd daAnnNAe
1 RN
2 Hqeviantinnia
3 Yeyde
4 lRANLAN
5 WA
6 Tdsmileu
7 ANl
8 IR
9 99N19
10 asgnIng

o = [

Tusaduufiasulininiameasssupudayaainuindeyadsanmnafoeisdn

szeznuutlnunfinindaefuth naldrraanunyagiulunisdunu uaziinnimaasddu

o

A % 9 al £ v o o v aa o o
Audayaanuilndayai@asnimnlne Iaaldnsyuaunnsianaine saanadsnismAdiAny
(Keyword Spotting) aqutisnisnaaaseantili 5 ganmaaes sesalilil
dl o o 1 % v A % ¥
NINAasdta 1 n13diRdnIAtANgNFesTaInIsAuALdayaanuiudes

al v ada o = s & |1
WReannsn nsaaeaasnsveenisuuilaurinlngaasdtla Tne
~

AR NI NaF1UIUNITAUAN NFNTAaAIDNLALIAL

a4 49

v a | a [
wilndeyadeadunuynnumaaii
dl o o 1 % vy A ¥ ¥
NINARENTAN 2 N13TRERTIANANNYNABITRINTAUALTRY A NN Ty A

W@eanim nasnedsdnrzasnisuuulauiinlniaasilils Tae
~

AR NDINAFIUIUNITAUAN NFRTaAID T NLA89AL

a 49

uilndayadeadunuynnuazay



28

NINAAENTAN 3 N19RdRIIAIANNYNAaYIaINITAuALday s nuiluday s

@eelunislauananedny agldnszuqaunied

20
]
)
2
=
>
®
!
a3

NaIaN1IMIANAIATY (Keyword  Spotting) FeldAnduilszana
wWanTAduTIAlansea 39 A5 (Mel  Frequency  Cepstral
Coefficient 1178 MFCC) Tun133an

nMenpaesgal 4 n1sdadasArArNgnARseIntsAuRudeyaanuiludeya

dealunisleuarsnadnwdt Ineldnszuaunisiandanye Aqe

a

1
=

NAaRaN1IMIANANALY (Keyword Spotting) T lAmuDiyagiu

ad 49

(Fundamental Frequency) sluma‘;ﬁﬁ’]

NINAAeITAN 5 N13INBRIIAIAINGNABITa9INTAUALTayaanuiNdaya

[ %

= Y ad o a e
WRaslunislauane ngAny QEI'JﬁQﬁ‘J‘tEIt‘V]’NLL‘]_I‘]_IVL@u’HJﬂVLV]N

na5UTle IpeldAmntuasiulunisAuml

a4 d9

o/ o 1 A

NINAAeTAN 1 UazN1IMAABdTAT 2 LuN131AeRI1A1ANYNABIIBINITAUAL

% 9 a dl = a @ a % al a o &
‘ﬂ‘ﬂﬁ;ll@@’]ﬂLLﬂNﬂ’ﬂNu@L‘Zﬁﬁ\‘m’ﬂﬂ’]?lﬁﬂuﬂq?’&@u@L@ﬂﬂ?@%ﬂﬁLL@ﬁLLW@J‘H@H@L@ﬂﬂ"ﬂqﬂ’ﬂum’ﬂﬂum

|
Ay

% ad o a L8 & | Y 1 all v A ilz
ﬂQﬂQﬁqmﬁzﬂzquLLUUl@quﬂllV]NQ'ﬂ?ﬂﬂq Imﬂimﬂqﬂqqﬂﬂﬂuﬂﬁquiuﬂqﬁ'QUﬂu YNNTTUNIUR
° A o y = o Ny o a o Y =
ﬂ']ﬂ’]ilL@ﬂ\l]ﬂuLUNN?J@H@L@ﬂ\‘il,ﬂuﬂuwmmﬂu@:ﬂu LL@gﬂ?mV]m@ﬂ’]ﬂqNL@ﬂ\iﬂULLWN%@H@L@H\‘]

HupunaauazAl N1aNAaeTAT 3 T N19NeaasAT 5 unsindnsAANgNFiesaas

¥

nsduAudayaainuindeyaidasanaslauasinsdnd lnafinismeaasgain 3 waznns

dl | o o 1 ¥ ¥ v o [ v aq [
NAXAITAN 4 Lﬂum?qmm’1mmmmmmimhmzmumﬁmmmm AILINRITNITVIAN

L1l

o

&1A1y (Keyword Spotting) T ldA1dNLlse@nsinanTiaiudinlansea 39 A5 (Mel
Frequency ~ Cepstral  Coefficient %38 MFCC) lunn3§an uazldArasiunyagiu

(Fundamental Frequency)-1l1n193a0 muanfu nsnnaesgad 5 iunisdndnanainay

(3

¥ ¥ aa a e |19 Y o dl v A
gnsiesdaedadnszaznieuuy i inndae sl IngldAnentyagaulunisduan lu

A ¥

. X o oA S 9 | Y Y ~
mummmmmmmmmu@uj NINEAUBY LTY mmm@mumummmnLL‘WM@H@me

a

nuingdeadaniniddasngnsAana uaynimaaadsuaudeyaannuilndeyaides

¥ ¥ o a r:j/ ¥ { !
ﬂ’]‘]&f’ﬂ‘lﬂﬂ AETBATDTNLAENUATELWEI ALY VL@ﬂZQ’]'JVL}ﬂu@’Ju‘H‘ﬂ\?ﬂWﬂNuQﬂ il



29

4.2 NANISNARRY
o ! ¥ ¥ ¥ o dl =2 dl
AMNNITNARBIAINANIUINAU 1@N@ﬂ’]ﬁ‘%®ﬂ‘ﬂ\iﬂ\1[ﬂ’]?’]\1ﬂ 4.5 0N A1979N 4.9

pasia il

F1979% 4.5 NanAaestAR 1 kan1adndnaAIANgnaesTesnIsAuALdayaly 25 1enng

%

% al ac o a s || Yo ai
wsn anuindayai@asnim inasaedginszaznieuuulauninindesith lagldriaoud

1
Ay

yagulunisdunn nsindenndesiuuiindeyadeaiudyaaunentiu

daA1IDINLAEN mam?ﬁuﬁuﬁ'qmﬁm 25 9181N1953N (0 3138 1)
LI 1
Tsaainedoya 1
nsfpudaya 1
REL G 1
N19LTNIY0YA 1
N198198910A 1
1AAINT 1
N1788NLULIUTDYA 1
gudeya 1
fanuiilnyun 0

AIAMNONABINITAUAN (%) 90.00

ANANINA 4.5 HlunsAnAtANgnFiasradnIsAuRudeyaty 25 s1anisusn an
uindeyadasaenisizaunisasudianniaindmedidnscacniauunlauniinindqesiltl
TneldAraanungagiulunisdudn . nemindedinndeaivuiindeyadaadudynnu

al o o v o a dl
e TuseAL1a99a AN DN NIAENT M N1 NAaaa



30

FN3IN7 4.6 NINARBITAT 2 HANNFIATAIIAIAINYNFasTaINIsAUALdayaly 25 :1anns
wsn anuindeyaidasnim nefaedadnsraznauuylaunfinindaesilth Tnaldripanun

v A dd‘g/ o al o ¥ al 3|
mﬂfmiummuﬂu ﬂﬁ‘m%ﬂ]ﬂﬂﬁﬂﬂwLZQEIQT]ULLWN‘H@NH@L@ﬂﬂLﬂuﬂuﬁﬂﬁu@?ﬁﬂu

szinm gwadafinndes (we) ANAINGNFRY (%)
AUN 1 (W) 70.00
uilndeyaideade AUN 2 (ME) 50.00
A7FEUNNTARU AUN 3 (T8) 90.00
alannsaiingd AT 4 (1nE) 40
4
AUN 5 (T18l) 90
oY 68
AU 1 (VIEDN) 50
} AL 2 (VL) 60
wiludayaldeaann y
- o AUN 3 (T8) 30
Bumesiin ,
AU 4 (T781) 60
AU 5 (T781) 50
oY 50
LRI 59

dl 3| a 1 L4 v A ¥
AINAITINN 4.6 Lﬂummmmmmqﬂmmmmmmumum@galu 25 318N17L3N AN

[

windeyadasaanisFaunizaeudidnnsatinduazuiindeyadesaindumesiin Aoedsin

1
Ay

svaemanuulpuninindiafilile Tnelda1AudiagiulunisAuan naciidan1nuLAs

ad d9

¥ ¥ o

o 17 a [ ¥ o o a
Auuindeyadaadudnaruazauiu TuseavaesdyadaAinuides




FN3°9% 4.7 NINARBITAT 3 NAN9IRSRIIANANgNABITeINIIAuALdaLAaIN

o

uwilndayadaslunisteuanainedns Ineldnszuaunisidnanm deenadsnisunAdidny

(Keyword Spotting) @ 1dAdutlsyana maniiniudinilansea 39

Cepstral Coefficient %178 MFCC) lun1s5an

a

aa

R (Mel Frequency

el ANAINHYNHB(%)
pildfum | meieu | AnAsnausiugn ANANNNITAN | AINRITR F
(ui) (Precision) (Recall) (F - Measure)
YoLATN 2.97 60.00 60.00 60.00
Heiantin
3.78 69.23 90.00 78.26
AR
Yeyfe 9.98 14.29 60.00 23.08
\aANLaN 3.22 83.33 55.56 66.67
Waninae 3.12 41.18 82.35 54.90
Tdemtlenu 3.14 11.11 10.00 10.53
AN 3.36 50.00 54.55 52.18
nang 3.79 45.45 71.43 55.55
§9n19 3.25 50.00 75.00 60.00
29909l 3.35 26.92 77.78 40.00
2Rt (%) 4.00 45.15 63.67 50.12

FN39% 4.8 NNINARBITAT 4 HAN9IRERIIANATINGNFRITeINIIAUALTBYAAIN

]

uindayadaslunnsleuanalnadneg lasldnszuaunnsianana foanadanisuadidny

(Keyword Spotting) @914/ mmﬁg@gm (Fundamental Frequency) élum'a‘;'i’:'ﬁ’]

e AIRINNYNADI(%)
Mildum | nsvinau ANAYNLN SN ANAINITAN ANNRTTA F
@mﬁ) (Precision) (Recall) (F - Measure)
YnLasH 1.23 5.00 20.00 8.00
Haeiantin
1.72 10.00 11.11 10.53




32

FIN3199 4.8 (519) NNINAABITAT 4 NANITIABRIIAIANYNABIIDINITAUALT DY AN

o

uwilndayadaslunisteuanainsdns Ingldnszuaunisianainm deenadsnisunAmdidny

(Keyword Spotting) FaldAn mmﬁuﬂ@gﬂu (Fundamental Frequency) Iumiifi’w

el ANAIINYNFDI(%)
AT A um N3NNI ANANLALEN ANAINNIZAN ANNRITA F
@‘mﬁ) (Precision) (Recall) (F - Measure)
yeydel 4.56 3.13 20.00 5.41
LlAANLAN 1.67 425 22.22 7.14
Wautinia 1.43 3.09 17.64 5.26
RIE MR 1.44 3.13 10.00 477
AN 1.49 2.86 18.18 4.94
nang 1.72 2.22 9.09 3.57
99n9 1.45 2.24 25 4.11
a99nANg 1.50 2.25 22.22 4.09
\aRe (%) 1.82 3.82 17.55 5.78

FN319% 4.9 NINARBNTAT 5 HANIIRERTIAIANYNSRITeINIIAuALTBYAaIN

uindayaideslunastouanamsdniisiaeisdnszanaaunlauniininidasilils taeld

‘ = Y
mmmm&@gm’mmmumu

AZLUL (0 1198 1)
bIRN
Y o - . 5 10 15 20 25 30 35
PAANDTNLREN | NN
~ | T8N | 908IN1T | IIENIT | FIEUNIT | FIENIT | TIENIT | T1ENIT
()
LT bbTT BTN bbIN LLIT bLTT LI
Yoldsu - [ 184381 | O 0 1 1 1 1 1
Haeiantin
113.02| 0 0 0 0 1 1 1
nA
yeyde 22322 | 0 0 0 0 0 0 1
WwaNlen 82082 0 1 1 1 1 1 1




33

F1N3199 4.9 (519) NNINAABILAT 5 NANITIABRIIAIANYNABNIBINITAUALT DY AN
uwindayadeslunislouanamedniidaedsdnszazniauuulauniininssesilil taeld

! dl v A
ﬂf\mmmmﬂmlm’]muﬂu

AYLLL (0 9158 1)
LI
. . . . 5 10 15 20 25 30 35
PAAIDNTNLALIN NINTU
- FIENIT | TIEINIT | TIENIT | TAENIT | TIAEINT | TIRNIT | TIEINOT
()
LbIn L3N LI LI LbIn LbIN LI
FauunnnA | 196.80 0 0 0 1 1 1 1
Tlsmilsu 187.48 0 0 0 0 0 0 0
ANTNEl 241.73 0 0 0 0 0 1 1
Nape 225.39 1 1 1 1 1 1 1
99N13 187.88 0 0 0 0 0 0 0
a7509Ng 240.88 0 0 1 1 1 1 1
\Rae (%) | 26216 10 20 40 50 60 70 80

4.3 LASIZURANITNARDY
dl a =3 3 o =l dl v A %
aInMsmeaes  afaasnntdaainiddesildluntmaaasnisduaudayaain

% al o 9 al A = a o a ¥
wilndayadasnim Ing deududayaidasaanisBaunisaaudiannsatinduazuindaya

1
a

= a s @ o qu ! . » o a  alg
LAENANNALLNATLUR V\’]SLW'W‘UQ@ u"l@uﬁlqﬂ@ @'\N’]?ﬂLLU\?ﬂ??ﬁLﬂV]"ﬂ@\iﬂ'ﬂﬂqﬂqﬁJL@ﬂQVﬂﬂjﬁlu

q
¥

ANgAuALaanttlu 4 Uszinn fail
v 2 A ws 4 d o v e
1. damnnuidesniily viade Taises uazsite agluumaniu iy A9 “gilile” A

319 4.1

C> a

a1l (Inductive approach) Wa¥ATHse (Deductive approach)

s

adils  niresnwuugiuteyadiedsglile iunisaenuuy

ST Nl B q

)
(=)))}

1.

2
TufayaaINadIuLL (Bottom-up  design) AR8INNTLALIIALN

e 2

ayaninisldenegudanialuniaeeudie | 28929407 17

|
=

denlaaddefuiedarindusruugiudeyavesesdns el

[} [ o A o adal
AANA AR NITUINTINITEDE °) ...

= o 19 o R N T T = :
gﬂVl 4.1 snattaA D NResnlL it Tales Lay/viTe ﬂg‘l,uummm




34

=

v o al dl | v Y d‘ dl A o (54 1 4 1 o
2. dapniuldeaniiu Wiqde TalTa9 UWaY/1iTe ATNBERNUERUUN LI AN

“Inseaiedaya” g 4.2

Tﬂ‘iﬂﬂ‘g‘/ﬁ\‘iiﬂﬂﬂ (File Structure)

1ASIASI9TBYA ML ANEUEN1I3AULNRTARS 7 293deya ...

'
o ¥ o = 1 L

~ \ A A@ o v oA A A o v
gﬂ‘VI 4.2 FINRENTRANDNLIALNNLIL Y90 AT WAZ/UTR ANNBEMULIBDNU

v o

a dl 1Y 1 4 N 1 o I
2. ?J@mmumemﬂﬂﬂg@gmuﬂwmammm 1 A9 “niusudaniizuana”

gL 4.3

= A a ¥y
Nauuuwilanilsznain UNABINAIRNNBIABITY LNYNAUAIR
al v 1 v 1 G ] [ % Y v
anyugudseting w1 liuanseldaindnuveeldsutuu dasligaiies
TuaRRTIRNANRINNINIUNDL TN SNHIAANALTZHIU LFATALNANNAR

=

ak K g a o =
YN WANNNNA 1Nﬂﬂﬂ@ﬁ1@@uWﬂUWWuLLﬂ$ﬁ@

= ' o

7117 4.3 fivetedio A nAe et siutianil

4w i A9 RRgLeR” Gadudesinnuidasitenges uumanis Ineldld

dsngegludiuen 1 iade vee Faieq AL 4.4

dmfusismeuuigUnaTiauanzas vief undn ‘aanda’ fu
weedn’ 4 Huyppadszinniilanirlsifepanduauguingla asuane
waedn| @ N snszFuliiinANAAnaINUaTE viFeaiaEen idisunauli
AUILNIzIUNszIelARnLNG LW?qzluﬁQLﬁmﬁﬂﬂﬁﬁﬁLﬂiﬁﬁiﬁiﬁ@ﬂﬂmﬂgﬁﬂ

Tunaiuuaraiialil Wamuen ldainisneduna@ansatagdiuaansidl ..

o 1 ¥ o

g1 4.4 Fethediornndasmlsangesluumaay

PAIANNINLNL sz INNaIastan 0 NAsaantdulAarlssnnuan tHaRansn
=3 1 o v A v U al U U o al 1
ANGLREY LLmum"Lummumumaﬂ@mnLLﬁmmﬂ@memmimmmﬂmmu LR LLBIAY

dszinn dengdrirnAnugnaiesisnieei 4.10



35

dl o  a 1% ¥ o al !
713797 4.10 N@mmm@mmmmgﬂmmmm%mmm@ﬂ\mmzﬂ?:mw

Uszinnaaadaninnuids ANAIINGYNFIRY (%)
HoArnadaediily vade Taides uaznide agfluunAnu 69.44
Hadnnandesiiilu sade Taies uaziite Aflesdutamtd 70.00
fadnudasiitngesdudeniiaaiien 53.85
B 48.72

| | 1
{ v . §o v A A A o a ¥

dl % = o dl [~ o 1
ANA997 4.10 agUl1690 darnnuidenansusiiiy Wode TeEe visariatsiu
UszTamazlipmonuududinisAupuIInga FaUnU 70 wafidus Wasaindaninuida
a v v a4 A4 A 02 . o = o g Y A e
M vindevizemalzes U LDAINASTHTNUNIIIENINAT TN IHN1TAUABTAI AN LN
" v o = ~
NINNINTRANDINLALNL TN N AN

o ¥

ANANTNT 4.5 UAZAN3997 4.6 471190 ARsIAdINgNABTRINIIAuAUdayaaIn

[y a Ay o = >y, [y a @ v = o 8 ¥
LLﬁNmﬂH@L@ﬂ\‘]ﬂ’]HWIWﬂ ﬂ?mmﬂ@ﬂqﬂqmL@ﬂ\‘]ﬂULL‘WNﬂ@H@L@ﬂﬁLﬂu%WﬂﬂﬂuLﬂﬂQﬂuiﬁﬂq

1
Ay

] o ' [ al o 7 =l G| ¥ dl Y1
mmuuum@;amq mmmfammmmmnuLLﬂumfaH@meLﬂummu@mu T4l AIAN

andaawinfu 90 wafidus tay 59 wasidus nananfu wanannisaaslledn nnsfuAuda

u Q

o A P A P o v o ) Iy =
'Q']ﬂLLWN%@H@@@ﬂ'}?L?ﬂuﬂ’]?@ﬂu@L@ﬂ‘ﬂ?@uﬂﬁIﬁmﬂﬂq?ﬂuﬂu&ﬂuﬂqﬂqqLLWN?J@@;I]@L@EN

<

ANdumesiis d9liAANgnsaswiniy 68 ulefidus

(%)

o

ANONADY

10 o mm o m oo

5 10 15 20 25 30 35

R1UIUTIENTG

A ~ ' o v A ' ) ° v A
gﬂ‘V] 45 LL]_EFJ‘ULV]H‘UV’V]ﬂ'}’]llﬂuﬂm@ﬂiuﬂ’]?ﬂuﬂui‘uum@?Jm')\?mﬂ\?@ququ?qﬂﬂq?ﬂuﬂu



36

1
¥ ISP a

ANgUN 4.5 azwingn L ldN99AERI1AINYNABNH AN UEAI1WIUIIEN IS

a 1 o 4

Y A A A oA X | v y A A ]
AUAUENNATLANUL b1l OIANATARATIAIHYNARITAINTITALALN 5 78N17LIN QZIﬁﬂ’]

a | o k4

ANYNABNWINAL 21 nlefifius urdnAnAERINANNYNADITBINITAUAUA 25 $1ENNTUIN
AelviAANgNAeWiniL 59 wasidust s

AMNANINA 4.7 B3NN 4.8 UazAN3199 4.9 agtlldan nsdupudeyaanuiludeya

[ %

= o c ¥ v o o ¥ ada o ]
@elunisTauansnadnid Ineldnszuaunisianaine Aaanadsn1auiAdifey (Keyword

o

Spotting) B4 ldAdNse@ndmanTiadudintansea 39 AR (Mel Frequency Cepstral
Coefficient  #7a MFCC) lun19§41 TipAaauusiugngendn nsldArnauiyagiu

(Fundamental Frequency) tenasdnainealunisdan IneliAraangnsies windu 50.12

P%
& o o =

wafidusl uaz 578 wafidus mna1an wanaanidslasn nsduaudayaanuiludays

ad o

@aslunislauanalnsdwidnedtdnscaznisuuulauadnlndaefitls InaldAraauiya

gulunisAuAn  WAIANNAB989N13ANA WAL 60 wWefidud InnsAuAL 25
dl ° o =1 dl 173 o v ¥ dl v A

918N15UIN waza M iuniavianudadunaing daeniuls tnaldnaeanlunisduau

WINAU 262.16 U7 1FaLsZHIUL 4 W



5

<b.

un

asUnanisidauazialauaLuy

ae X g = 4 o v Ay P = v 9
nuddpiiflunisdnyineaiunisfupudeyaainuindeyadasnim inasoade

° = Y o - v A A = o
AaNAes Tnanisldidasssugndnim naluntsduau iesainnnw Inaiinasiu
2950ugNA 5 STALIALANaTI AN liAN AN YA IuTeIWAR AFNS WYY AU T

= o . a -
'QQH’W’V]ﬂqqﬂﬂgﬂiquﬂqlgﬂ,uﬂq?uﬂﬂL@ﬂQQ??MHqﬂm

5.1 dgUaan193e

2

a o/ dgj | v A v al v v o al d’ I
amqwumummuﬂummﬂmmLLWmmﬂammmmiwammﬂmmuL@m GRISIMT

v A ¥ 3 a 1 v al =
mmummmﬂmwLL‘WM@H@mmmm%mmmiwm Iﬂﬁlﬁlu”l@uﬁﬂﬂl‘ﬂﬂﬂﬂL'&EN&I@Q’]NEI’]Q

[

atin9dae 60 w9 wazuilndeyadesdonsInsdnfaetne (Sampling Rate) # 2000 L@smed

= < ¥ = 1 o a 1 ¥ o al dl
HNIFNUIDYAAUIA 16 LA BULTAIATUTUEULALID (Mono) lugaurasdaArnn@e s 14l

v A 93 = v o dl [ c o rd} %
mmuﬂummﬂ@meimmmimm@mmwLﬂum‘wmmmeLL@mwmﬂwmm 79 lUn19AL

b2
% o v v ¥ .9

A ¥ 1o | ¥ v =l = ¥ a o
ﬂummﬂ@uﬂmmmmmmLLWM@H@Lm\‘mumm@mmumm%mmlﬂuuﬂmmeﬂuu,@z

1 v
Tdaimnwadosiduiy (Speaker: - Independent) &145UA7 M lun1sduAndayaideiiu

=

A 7B dl v A U al uaa
AeuaenldAIAINALagIU (Fundamental Frequency) lunnsauaudeyaidsauazliig

a

©32p

[ %

Jmszaenawuulaunfinindaefltls (Dynamic Time Warping #38 DTW) lun1sifFauiiay

o a 4 ¥ o a o ¥ = ] [ o‘dl
AT TUNDULARNTEVINNURAIDN LZQEI\‘]m_ILLWNN?I@N”@LZQENINH’]VLVIEI TUgIUIBINTUAASHAANEN

TannnsAuAnldIanIsakBnUssIANLLIL K AIaLTINATNER (K-Nearest Neighbor) a1n

= ¥

> > oA = P =
HANNINARBINITAUANTaYaaNuiNTayaldsdan s FounsaauLavui Ndaya @ sann
Bumasiin A AWEANYNABIRAIBINNTAUAN WAL 59 lafidus daunisduau

¥ ¥ a o I8 13 v o o ¥ aa
fayaanuiudeyaidaslunisleudna insdnwi InaldnazuaunisianAinm Aaanadsn1aun
a? o 7 o

"d1#ty (Keyword ~ Spotting) e ldrndniss@nsiuaniiniudintanses 39 TR (Mel

Do

Frequency Cepstral Coefficient 1138 MFCC) un193an Tiaraaanududingendn n1sAumu

&

4 a o & 3 v o o % as
dayaanuindeyad@aslunisTeuaatnadne e ldnseuunasiannanm Aaanadanism

o o dl

A1E1ATY (Keyword Spotting) B4ldAIAMNTIYAT1 (Fundamental Frequency) LiieNeting

wenlunnsian taeliAravugnsias windu 50.12 wafidus uas 5.78 wafidus auanau

ad o

dounispupudeyaainuindeyaideslunislauanamsdniidoadgdnscasniauuulauniin

Tnidaesih Inglddraannyagulunisdupu WiAiaugnieszesnisAua Wiy 60

i
=

T & I3 ¥ A ¥ ai o :J/ % 1 1
Wasidus NN17AUAL 25  §18NITULIN Ium’]uﬂlfﬂ\‘iLQ@WﬂﬁlﬂuﬂW?VIWGWHM%LLQJ’JWIN@’W@&

anngnsx g Bunuendslaiaudaninieandiiuiesls WasaInuadwgainnis



38

ad A o ©°

o | o A4 o ' o v ad T
ﬂuﬂuluLLWQZQﬁNﬂq?@ﬂ@’]ﬁummq\?ﬂu LLm@’]3\]q?ﬂ@ﬁ:ﬂﬂﬁ?mﬁﬂ’]uiﬁﬂ?@ﬂimqq AANITAUAL

fayaanuiindeyaidasnimnefaedsdnszazniuunlauinindoeflldinanlunng

o o

et luseaungldoaniuls Wameaudunszusunisdanamine foanadsnisuAdAny

A Y P SN v P " ' = - » o a
Luﬂ\?@qﬂimm’ﬂ\iéﬁyL'&ElLQ@qluﬂq?L?ﬂugLLﬂgﬁNﬂ"J’]Nﬂﬂﬁﬂ]uluﬁ@ﬁ‘ﬂ@ﬁﬂ’]ﬂ@’ﬂﬂm@ﬂf]ﬂ']llL@EN

1 v
al o o o %

PazAupunInnd ez liaanIzUaNNNIiA AR AdeNadansMANANATYTUN ANFednng

wad Ay ldeglulamunaulaanadasinnisGauiiumanldlunisianlua

5.2 UARLAUDLUL
1 v Ql 49( v £ b2 o al v = dl
1. ANAINDNABIRZINNINTY A ENadaA101sResuazuANdeyaide e 14y
- No i
NINAABINATAAULATHALHINIINATIA

2. dupaUNI@RUNIAUNEAIS (Window Shift) lunisifFauaudnyyiuidas

v ]
=

1 ¥ o al o ¥ 2 = d‘
@zmﬁw@mmuLmNﬂumng@"LuLLﬂmmmmm ATIRaUTUITaLNAUAY T9ay

b

al

o g% v A g XA . o
M linan1sAuAudayaidenan 1egainlun1syngeauda AN AN Ty
WAZYINUANTBS NN ATIFINNT
3 maduassanmaya luuindeyaidasuazdenininides AasiaaNAd ey 49
azdanaliiniafuALdeyaliAINgNABININTY Afaeti 9Ty
o K 2 = v & a ! « o
— nmstunnuindeyaides guauindesysdaamadi “ssuvatuayu 19

Aula”

3)(

o =l

pdRAIDINIALNN AN “FruLaTUAYUNNIARALR”

230

E1)
o @ 14

annsiregNdeAuaziiugd nasnadasinindasiudayanag luniudesya

a

IReNnALINNTIAFNINY BeazdenalinnsiuauliA A ugnsiasaniiaaa



518N15A14D4

[1] \@ew, Available from: http:/th.wikipedia.org/wiki/%E0%B9%80%E0%B8%AA%EQ0%

B8%B5%E0%B8%A2%E0%B8%87 [2007 February 25].

2] Laﬂ\‘i, Available from: http://tcmc.nisit.kps.ku.ac.th/tcmc/modules.php?op=modload&

name=News&file=article&sid=92&mode=thread&order=0&thold=0

[2007 .February 25].

[3] Lam, Available from: http://classroom.psu.ac.th/users/wkomson/data/western-

musuc/Chapter2/chap2-1.htm [2007 .February 25].

[4] TTTWiin ARAEY. N9 lddayaIANI 90 NA 1WNN933 LA NAN 1 e, TATIIUNIS

AAINTINILALTNFE NIAATNAAINIINAINANDS AUZAAINITNANART
AN TINUINENAE, 2549.
[5] Boersma and D. Weenink, Praat doing phonetics by computer (Version 4.5.14)

[Computer software], Available from: http:/www.fon.hum.uva.nl/praat/

[2007 .February 25].

[6] nsutlasyisefacingida, Available from: www.kmitl.ac.th/~kchsomsa/somsak/

crse_dsp/chap 6pn.pdf [2007.February 25].

[7] anysod udidn uazauws gnana. n1aimWlszLLlaviiudeiaana. TAseunig

AANIINIZAULTUIAT NIARTIIANITNAANAUADS ATUZIAINTINANART
AN TINUNINENAE, 2549.

[8] W. A. Barret. Introduction to Digital Signal and Image Processing, Available from:
http://iul.cs.byu.edu/450/F2000/ [2007,February 25].

[9] S. Chu, E. Keogh, D. Hart, and M. Pazzani. lterative deepening dynamic time

warping for time series. In: Proceedings of 2" SIAM international conference on
data mining, 2002.
[10] L.Tan, M. Karnjanadecha, T. Khaorapapong, and P. Tandayya. A Study of Thai

Tone Classification. In: Proceedings of 4" Information Engineering Postgraduate

Workshop 2004, pp. 24-27, Phuket, Thailand, Jan. 22-23, 2004.
[11] A. W. Fu, E. Keogh, L. Y. H. Lau, and C. A. Ratanamahatana. Scaling and Time

Warping in Time Series Querying. In Proceedings of 31% International conference

on Very Large Data Bases (VLDB), Trondheim, Norway, 2005.



40

[12] Euclidean Distance, Available from: http://en.wikipedia.org/wiki/Euclidean distance

[2007,February 25].

[13] warng San1nned wazlreniyil 1eeaslszdns. nsdunmasiaanis¥esinued.

TATNNUNNAANTTNTZALUT AT N1ATTNAAINTINABNAALARS AL
FAINTINANART AWAINTINUNINNAE, 2549,
[14] AuUANY WAWHA, 3961 BNINeENg, Sugnsnd Auanysnd wazannsnl anauad

Jung. MaFauRsUWARANIIEAAINLANFINAINSTUN St adaANN = e, The

Proc of NCSEC, 1999.

[15] A. Tungthangthum. Tone Recognition for Thai. IEEE Trans. Speech Audio

Processing, pp 157-160, 1998.

[16] Y. Zhu and D. Shasha. Warping Indexes with Envelope Transforms for Query by

Humming. In Proceedings of the ACM SIGMOD, International Conference on
management of Data, pp. 181 — 192, 2003.
[17] sruuadiuayunissn@ula (Decision Support Systems), Available from:

http://www.sirikitdam.egat.com/WEB_MIS/107/index.html [2007,February 25].

[18] famau. Wamne... Aundeldléas, Available from: http:/multimedia.dungtrin.net/

siadai.html [2007,February 25].

[19] S. Tangruamsub, P. Punyabukkana, and A. Suchato. Thai Speech Keyword

. . . ! h .
Spotting using Heterogeneous Acoustic Modeling. 5" International Conference

on Research, Innovation & Vision for the Future Information & Communication

Technologies, IEEE RIVF'07, March 5-9, 2007.



AONUUINYUINNS )
ANRINTUNAINENRE



MARNUIN N

N1SNARAINLNLIT DY

a o

X o = ax A Y A o = >
U U Wqﬂq?ﬂﬂHqQﬁﬂq?V]mQﬂ@ﬂL’]@qluﬂ’]?ﬂuﬂuﬂﬂﬂu@L@ﬂﬂﬂqﬂiuuﬁﬂ"ﬂﬂﬂ@

a

' £
1 =

al % % o al % o aca = a a dl 1 [ % o o
WWesaunaluny Aradaminini@sy TEAa UNaneas wasNUse@nsnInne9iu Agiiu

@

=

=® o [~ v [ a a o dl N v dl aa dl
wauasanusaawmagauuazinlsz@nsninlunisnieu LW@IMiﬂNWﬁQQﬁﬂW?VILMNWt@N

e3¢

¥
=

= a a Qi dj aa dl [ % a a A o
uwazflsz@niniwannngn 39350199 4 lunsinlss@nsn iAol

1 AAANUNRE (P) [14]

'
o a

A [ % ] k% o ‘dl 2 % 4 o L4 %
ABRNITUIBATIAVUABRINITAUNLATN mmmmumim BAZATINUATINFBINITALUN

AMNANUIUAN AU IAVIIUNA A9dNNNT

pe P AR ANAYINLANLEN (Precision Value)

! 1
o = v o

A o ¥ o ¥ v
C AR A1UIUAN ﬂumimmzm\mu ANNFIBANNITAUUN

A.AD ANUILAINAUNI AT A

faaeaN1Iu AN LENT 89N 9 ANANT ey aa NuANdeyadeafaadannin

RSN 11 ATUILANNFAINTAUMININHNAN 5 AT HARINNTALALIAIAINABINITUININNA

v A o ?.'/ 1 1 o al 1 o 5 A 1 o
AUAUAANHN 8 T18N17 ANUUATAIINLLNTIEN NALNIAL g “ramINy 0.625

2 AMAANSEan (R) [14]

o

A9 N1IUNBAINAIUABINITAUNL AN FAIN1TA UM LA AT AT LA ARINTALUN

ANNANUIUANAFBINTARINTINUA FadNNS

R=—"_
A

=)

Tpa? R Aa ANAINNIYAN (Recall Value)

' f
o A

= o o a v % [ % %
Cna mmumwmuuﬂmLmzmqnum’mmmmmum

A o 3 dl v 1% i//
A AR AMUIUATNABINITAUNTIVINUNA

a ¥ ¥ [

Fnatnan1sunAIANITANTaIN1sAuALTayaanuiudayadaedoadaniniy

1 v
o

al 1 o [ dls./ 9 ij/ = [J v A o a v
VAEN b1 AMTUAUAINADINITAURINNIUNAN 5 AT HARATNNNTALALWUBIATNADINITUININUNA



43

(&)}

AUALAANNA 8 918017 INTIzaztuAINANN1Tals ANANIZAN HANWINAL = viralvindu
5

—

3 ANR5IA F (The F Measure) [14]

HBNIUAAIANANRUSILUINANAMNLNUEN (P) WAL AMAIINTZAN (R) HANNNT

ADQ
She

(2>< P x R)

F Measure =
- P+R

v
o 1 1

L‘fimmﬂmﬁmﬂ?zaw%mwmmmaé’uﬁu%rﬁmmmmmmLmuﬁ%mzﬁhmm

al

=K dj o 1 o Z// a o dsjﬁ Y o [ % a a v A
?ﬁ@ﬂsﬁﬂmqimNNZGﬂﬂ AaHUARE A LT ANIATIR F lnnsdadss@ninanaasnisAuau
o 1 1 o v A ¥ ¥ = ¥ ¥ o al 1
FIRENNNITUIATNNRATAR F ‘ll@\‘]ﬂ’]i‘ﬁuﬂu?l@wu@@']ﬂLL‘WNGI.I@N”@L@EI\?@QEI?I@V’WG’]NL@EI\‘I b

o o dl 1% % :l/ = o % A o dl % zj/ 4 A
AMUIUATNARINITAUNINIUNUAN 5 AT HAATINNITAWAULRIATNFABAINTITRNNNUNARAUAL

(2X0.625X1)
0.625 +1

= aa A v A 9 Iy = .

eLuﬂ']?ﬂﬂH']Qﬁﬂ']?V]‘ﬁQﬂ@@LrJ@'ﬂ,uﬂq?ﬂuﬂusﬂﬂﬂu@ﬂqﬂiuuﬁﬂﬂﬂgﬂ@L@HQTH’]@IV]QJ

v
AANNN 8 $18NNT FTIUANNINIAR F HAwINTL YraLinAL 0.77

v 9 o al X A v [ ada a a Aa dl 1 o o %'/ v =& )
ARTAANDINLALY TINAEAUNATLT LasHTc@NsnINNFNeiY PNUUH UL UANNINAT

naaasumaeagUuiuasse i

Y ¥ =] ¥ =] ¥ aa v a
n.1 mMsAuANdayaRasanuNtayaldssn s lnemedsinssazniauunlaundin
2 a 1 <
Indaasiils TnednisuilasyiFasasnesy

'
% o ==K

= | = v o Y =
ﬂ’iﬁ‘ﬂ’ﬂmﬁﬂ\ﬂuﬂﬂﬂ’]ﬁ]’]ﬂj NIﬂﬁ‘\i@ﬁ"]\‘]Wﬂ@ﬁﬂﬂusﬁﬂﬂ?$ﬂﬂu1ﬂﬂﬁﬂﬂ']’mmg@ﬂﬂu A

aa oA a ‘ a Ao @ A A | a
AAMNONLLAAIATUANLAUDILALIN ﬁuQﬂﬂ'ﬂﬂL@ﬂ\‘iV]N"ﬂuqﬂL@ﬂ'ﬂ@ﬁﬂ'ﬂ NUELAEN (Phoneme)

q
'

d! 14 al o al ¥ a
Tisznavsae i@evaandyauy wazi@aereasy lunie nes o udyagiwdy

a4 49

o o o Py a = A Ny o o A o
AINTNUATEALURIATUTUDLALIN (Tone) sﬁﬂL@ﬂﬂﬂﬂHﬁi%HNﬂ’)ﬂﬂu 5 93¢l AR AN

] |
= A

(Middle) tan (Low) In (Falling) #13 (High) uwazaman (Rising) Taiilaini@aslinunisudas

Tiaelulamuaandd (Frequency domain) Aagaanasuilasy e fatinniaaslinadnssag

a
v

7 n-1 el

D



44

05 Middle 05 Lo
(1 [-eoh i ttatiarr = — - [ |oobtb e
08 : s -
0 2000 4000 o 2000 4000
=0 Middle 20 Low
0 * [ 0 1 Loy u & U_‘ e
D 200 400 800 0 200 400 60D
s Falling 0s High
0 |~—--"-"w—~ { [0 oot —
035 - L :
0 2000 4000 0 2000 4000
=0 Falling =0 High
0 I_E'—h—t——ﬂ':m-l 0 J—ﬂ—d—n..M-uum—u
D 200 400 00§ 200 400 6ao
s Raising
-~
05
0 200 4000
40 Rizing
20, :|
0
D 200 400 GO0
317 n-1 drynyroudesneglugl d WAV uazduaiaudeasiiiiunisulas e lulaiu

a v as = I's 1 (-3
AYNNDAIENTNTILANTEFREN9LTT 18

i
=

dl < ' o =l
mﬂgﬂw N-1 AZIUAT ATUELEULAEINT

2]

SLAULALN ABANIN A1 A1 A1 AN

o e

U7 (Absolute)

u

AN 10447 liaannisuiaey

o
2

NARBAUNLINUNALITZALATY Y1 ULALNN T

¥

o = v A a !
‘Vl’\ﬂ']ﬁ‘lf].ﬁ‘m_lLVIEI‘]Jﬂ’]ﬁ‘ﬁuﬂu‘ll'ﬂﬂ;lj@LZQH\T‘J‘%‘VVJ’N

%

AounuNnuldeN 5 7Al

T o

1 v
irunasutaslieg ulamuaaind 1999 5

AN NANNUANANNTY TAN1INARANIINFINAIININ1F LA

a5 1 @ o :j/ ¥ =KX o =
LIEITREINLTY ANUUH LU UINININITANBILAS

al

v A 2 = v A 4
NITAUAULDHALALS 'Q’mﬂ’]ﬁ‘ﬁm:f’lﬁ!\lllfﬂﬂuiﬂ

9 a o [} o al % ada o
LLWN%@H@L@H\?T]U‘?LI@@’WG’]NLZQEI\‘] AIEIBIA

sraznnauuulaundnlnidiefiltauasisnismscasinaiugadn Tnadasiniui@eeiu

uindayadeailu@asyarameniu (Speaker

Dependent) T4N1N19NARBIAIT

n.1.1 Menpaasunissinnidesassugnaans e 1

\funnsmnaesdupuiayaidesannuilndeyadesndunanewAinaauazidogming

FLUINATLTENIDL 0.5 - 1 U U A1 A1 A1 A1 A 15115

AMNNANIINAARINLINF T ATzezn1aLLL lauin Inidesutlsannsananilezinn

va 1 ad o

al 6 o dl
VASINATTEUE NAIANHUEN 1 1

98.18 wlasidus IWaRINITOWAASHARNE WINAT

AANINITINTIE

P k4

LNNULLYARA T MHANAINYNFBIWMNTL

nuszinnaesnue e e Aamn3ed n-1



45

AN3IN7 N-1 HANIIRUUNLISLNNAENITTURNAAN T 1

AANHYNFIBY (%)
AN NIUNTLLTUNULLL AR Fadnszeznauulaundinlnisesili
IIUYNA | ANAN | ANAN | ANEsR | AdAeN | AAaN | .
o . . - ANNIATIA F
wuein 7EQN F e 7EQN
adey 83.33 100 90.91 100 100 100
AN 83.33 100 90.91 100 100 100
n 62.50 100 76.92 83.33 100 90.91
b 100 100 100 100 100 100
AR 100 100 100 100 100 100
L’ilaiﬂl 85.83 100 91.75 96.67 100 98.18

n.1.2 ﬂqﬁﬂﬂ@'ﬂ\i'ﬁqLLunﬂ?glﬂWLa‘ﬂQQ‘J‘imﬂqﬂﬁﬁ/ﬂﬂmgﬁ 2
= v A 9 = o A  A@ o - M oA \
Lﬂuﬂ”]?wm@'a\‘]ﬂuﬂu‘umﬂ@LZQEI\‘i@’mLLWmmH@LZQEIWHJ‘LM’]WE’N@L@E') LL[?‘]%JN%'J\‘]V’N
1 [ 1 1 Y &Y + 3| L%
FENINAN WL ANAIAIANAT LIRS

v
o ada o

AINUANIINARBINLANTIETRTzeEnsuL L lauain nde ftuasdsinsrasnis
LuugARAaNIsnuendssini@asassnienaaneey 2 IilndiAeaiy  lnsainnsouans

HAANSUENANLTZINNITTUY A LARIR19797 N-2

F11979% N-2 NanN1gRuUNssmMIReassnuen AN s H 2

ANNYNHDY (%)

RN NINNTELTUUL LI AAR Aadnszaznuulaundininiaesiil
9TUENA | AIA9IN | ANAN | s e || AdAnE AN | .
| & - 1. - ANNIRIIA F
wHuEn IEQN F W uEN 75aN
andlny 100 100 100 100 100 100
L\an 83.33 100 90.91 100 100 100
n 50 100 66.66 62.50 100 76.92
Fi3 83.33 100 90.91 62.50 100 76.92
M7 83.33 100 90.91 62.50 100 76.92
L‘ilaiﬁl 80.00 100 87.88 77.50 100 86.15




46

n.1.3 Menaaaskunlszinnidesssugnaansuzi 3

|

unismaassdupudeyaidasanuilndeyaidesiiiuainanuinndn 1 wened

I . i o a a4y v o va @ v = o gy

WATHTMTENINAI TEN 0.5 — 13U LU Alanis gnan 85 R sy 3aAnld
o 1 v

@ ¥ o oA 2 o ' a o o
WRIRAIDNLEENAR AN9T FIBNNIT GINL‘]JLLM?N'&N%MQ’NLmﬂm?"a‘mqnﬁVIﬂum’mm LS

[~ o Qi LA v
\HuanlvirAngnsesIngn

dl = ¥ J as o a Ly | as o
ANTINN N-3 L‘LEEI‘LIL‘V]EI‘LIﬂ’l’?lltq]ﬂﬁ]ﬂ\ﬁ‘&ﬂ'ﬁ’]\ﬂﬁ’)ﬁ?%ﬂﬁf%’]\iLLUU1@HWNﬂ1VIN’J@?ﬂﬂ\1LL@ZQﬁQ@

FEUTNNMLILEARA
ANYNFIDY (%)
Bh ANAIN L WEIN ANANNNIZAN
F-Measure
(Precision) (Recall)
YARAAN 68.42 81.25 74.29
TaunAnTnaaesfltle 80.00 75.00 77.42

ad o

a1NAN399 N-3 aanngndgullan Aednszaemsuuulauninindhefiltharunsndu

A v = b7 al % ¥ o = v v 1 ada 1
ﬂu‘ll‘ﬂ&lu@mil\‘i@’mLL‘WN‘H@H@L@ﬂQﬂWHW1WH®QEﬂ@ﬂWﬂWNL@Hﬂiﬁgﬂ[ﬂ‘ﬂ\‘lﬂ'ﬂ’]fJﬁﬂ’]?ﬂ’]‘j‘zﬂzﬂﬁx‘l

'
a =

wuLgAdn BalHAANGNABNWINGY 77.42 e fidus AINNaN1IMAaeITinaINT Hilauas

v o

Wwanlnadnszaznianuylpundnndaasdtlalunisvinnimeaassalil

[~ 13
n.1.4 NMTINUABHAR

b

tlaqifuuindeyaidesianasivdeyaatn 16 1m Walie1a NI deTutsaiun

@ v A ¥ a v =2 Z’/ Y A ! <3 1 dl b ! a
ANdalunsAuRudayaLden ilauasradeduilegiudl nsiudeyantiesndt 16 On
¥ v
= v o =

o o v A 9 = @ - o o = o 2 Yo
qgmﬁiﬁﬂq?ﬂuﬂuﬂ’ﬂﬂu@LﬂﬁlﬂL?’JﬂﬂﬂuLLﬂzﬂquQﬂm@ﬂﬂﬁ‘ﬂ%ﬁluﬁﬁﬂ‘u@ ﬂuuﬂgl,“ﬂﬂu@\ﬂmwm’]?

<3 ¥ A a v A v o =] al
AANTTINUADYALNAR 8- LR Eluﬂ'}'a‘ﬂﬁ@ﬂ\‘]HL‘HHML@@T]I%FWM@’]EIWEIWQWNLﬂuﬂﬁﬁ‘N@NLZQ?N

)y

¥ o = Yo % U t4 o % = U o o [ ¥
ANHNTEALLALIN “ﬁ\‘llﬁﬁﬂuﬂ’]?‘ﬂﬁﬂﬂﬂﬂqLL@QQWIMN@@Wﬂuﬂ’]?ﬂuVWﬂﬂfJ’]ﬁ’]‘Wﬂ’}\‘]ﬂLﬁﬂ’)l,ﬂu“ll@

'
a v A A

[ al o v o 1 4
ANDIMLAEN ANEBILAAN I EARA9N FIaNNNS

U

d‘ = ¥ < Y a A a
FN9IN9N N-4 Lﬂ?l‘il‘]_lL‘V]ﬂ'i_lﬂfJ’]NQﬂ[51@\‘1N@ﬂ’]ﬁ‘ﬂﬂmu’]ﬂﬂ’ﬁmu%@ﬁq\l’@@’m 16 UR a8 8 UR

AINNYNEBY (%)

nisiudeya (On) ANAYINIHUEN o
ANTzAaN (Recall) F-Measure
(Precision)
8 75.00 75.00 75.00
16 80.00 75.00 77.42




47

ANA13199 N4 wudanasfiudeyauin 16 Oa adnisnAuAudeyaidaeain
wilndeyadesldgnaesnninndiniaifivdeyaauin 8 0n GeliAraaugneiearindy 77.42
wafidusd Tnannanldlunisduauldsnsiuuinin annanismasesinaoun§iaiuas

A ¥ [~ 7 a o !
Lﬂﬂﬂiﬂﬂqﬁ?l,ﬂ‘i_l"llmﬂﬂﬂu’]ﬂ 16 UM Elumafmmmmmmﬂﬂ

n1.5 mswdasdayaliiiluussingiunis AAzuuuNInggIuE (Z-Score
Normalization)
g = ) % P~ o v
nsnaaesil iun1snsaumeunauesnisiinisudasdeya iiduussingusdae
ANATIUUNIATFIUT (Z-Score  Normalization) ddluasien1sAumdesanuindeyaides
% % o al A 1 v = v o rdl |
nmenadaadannin@aeield lunnsmesesdaennaanldaivaaneneitadunisuas
al % o al d! 7 % 1 U o/ % a I o o
Rednusraudes Telduann1naaaInLda9 I adns lun 1 sAUMNANINAINENSA LAY

=

@ v o - o Ay P YA o, »
Lﬂum@ﬂqﬂqﬂlﬂﬂ\j ﬂrW]HL ﬂuLaﬂﬂimﬂﬂﬂWQﬁ ZRNANE)

dl = ¥ o 1= £ V| o % 1
FNTI9N N-5 LLG‘EI‘]_IL‘V]‘FLH_INﬂ‘ll'ﬂ\‘iﬂ’]?LLﬂ@Q?J’ﬂ}lﬂ@ﬂ‘]_lllllllﬂﬁiLLﬁ@\iﬁl@Nﬂ@iﬂLﬂuUﬁ‘ﬁ‘Vlﬂﬁ’]um')Hﬁ’]

AZULUUNIATFIUT
AINNYNEB (%)
as 1 1 o 1 =2
B AR NN NN ANITAN
F-Measure
(Precision) (Recall)
nnsudasdeyalviiluussyia
o ) 80.00 75.00 77.42
UL ANATUULNIATFINE
Tiinsutasdeyalintuuseiin
o < 62.50 62.50 62.50
UL ANATUUUNIATIIUE

A1NM13999-0-5- wud e skl asdiaya liduus i gauda A AT LN AT

= o b4 v

& inlianusoAupuiayadasarnuiludaya@eslagnsasuina d9liaarugneas

WAL 77,42 wlafiiud. aanuanimaaefinataNlanataenintsulasdasya i

miﬁmgﬁué’fmﬁﬁmzLLuummﬁm% AN maaadsall

1.1.6 N9LAAUNTALNUIAY
X 4 o o ¥ oA
N13NAaa9RiuN1INAaUNLINLNIIUN I L LTRINITLADUN I LN AILUNIZAN
= o

Tnednniszasiuaninanazuiszazinngn ninlinanisAunudayadasanuiludaya

a 1% 1 o al a 1% ] o v a A ¥ o
Lzﬁmmm%mmm'ﬂmmmmeummmgﬂmmumum@;mm FLuﬂW@Wﬂ@ﬂQQLﬁIHuL@@ﬂI‘ﬁﬂ’]



48

= o v o =2y v 1 qw o
PAYNE AT WNITNANLRALTTNTZALILAN sﬁ\iiﬁmquﬂqﬁ‘mﬂﬂﬂﬂﬂqLL@QQWIVW@@Wﬂuﬂ’]?

=

[y a4 o o y o = o Ay & ¥y o |y
ﬂuﬂf]@ﬂqf]ﬂf]‘w%}"]\?ﬁLmﬁ')Lﬂuﬂl'ﬂﬂf]ﬂqNL@ﬂ\? ﬂf]V]QLﬂlﬁuL@'ﬂﬂﬁlﬁjﬁ@ﬁ’]')f] FANNNG

dl = &I b4 ]
139N N-6 L‘Ll?‘m_lwmmwzmim@um@uummq

y o ANNYNEB (%)
FLEZNITADUNIDUNUNAN . — —
ANAIH 1SN ANTZAN
(Window Shift) F-Measure

(Precision) (Recall)

1 1410 vR99D AN DNNIR SN 62.50 62.50 62.50

ANUTINTRANDNLRLN 80.00 75.00 77.42

WINALUUI AR AN DHEAEN 76.47 72.50 74.43

b

¥

AMNAIINN N-6 WLIIFLLULNN9AUNIDLNEIFANL T UATNTNTRITRAIDINIA LN NN

]
A % % 4 =K A %

TianunsnAuAuieyaiaeanuindeyadaslignsasuinings TslAANgnaaamniy

a u
|

77.42 wlafidud anuanIImAaesinaIaNIdllisuAsaanszaznisiaaunsauinsingiy

d@l dj 2 o a o 1 dl 1 1
ATINRUITBAIURANDTNLREN 1un’1:‘mm@mmmm1ﬂ AMNHANITNANBINNIUNN ﬂﬁ"]ﬂ{]"l’]ﬂ’]ﬁ‘

'8 1 1

= \ @ 8 v o > 5 Y A o - aaly Y
LLﬂ@Q‘V\JL?ﬂ?@ﬂ’]\?L?(JSL‘WW’WVJWNLLQJMHWIH?:@UQIUﬂq?ﬂuﬂuﬂ@H@L@ﬂﬂluﬂ?mm%mﬁﬁl@

[ o K a =

° = > = [ 0 P Y Ay = Yy
ﬂ’]ﬂ’]lllfﬂﬂ\?ﬂ‘].lHUuWﬂLﬂﬂQLﬂUﬂuLﬂﬂQﬂu LLmIMN@iN@SLUﬂq?ﬂuﬂum@H@Lﬂﬂﬁiuﬂ?mﬂ/]ﬂjwmﬂ

=3

faArandesiudiuindeaniuanazanuns Auiasuamasesldainnuiyagiuly

a

v A ¥ a o 1 1
NITNAKNBANNITAUAULDL A LLWHﬂW?LLﬂ@QﬂL?H?@H’NL?’J

n.2 nMsAuANTayalResanuddayatdesn w nanleisinssazyauuulauiiin
ndqasils TneldAnAN3DYag1U (Fundamental Frequency)

oY o

A o 2 o Aa o i p
1uﬂqﬂq1ﬂﬂuuNQ??MHqﬂmﬂQﬂﬂu 5 7¢AULAEN GﬁﬂﬂqVINL@ﬂ\?Q??M‘ﬂqﬂmmqﬂﬂu RPNl

v
[ o o =KX o

ANBUTABIAINDYATIUANIUAE  Aelu @ auAsinAtANDyagunn N suen

U 49

Uszinmidenssuans

X o

A Y v wa = A > ! A
QqﬂLﬁﬁlN@Vlﬂ@’]')Nq‘?ﬂ\?ﬂu NI WAININITANBALATIN ANDINUINLNAURAIANAITND

a

1
] v A ¥

A = =2 ¥ ¥ o vy A ¥ =
H@ﬂmmummmuﬂm@mmm @Wﬂﬂ??ﬂﬂ‘]ﬂf’][ﬂLﬂﬂuiﬁ%’m’]ﬁﬂ@@ﬂﬁﬂuﬂuﬂ@m@L@?;I\‘]"ﬂﬂ

a a

o

¥ 2 ¥ ad o a Ly o |19 dl o d”
LLWN‘H@H@L@ENWJEI')ﬁ’Jﬂ’a‘:ﬁﬂﬁ/]’]\‘iLLU‘].I1@M’13~IT‘I1VI3~I’J@?‘]J‘1J\1 DINTINITNARNRIANL




49

n.2.1 Menaaaskunlszinndesssugnaansuzi 1

= '

unnmesssdunudeyaidasainuindeya@aeniluaineafinaouazidasmii
o3 NANLITNIRL 0.5 - 13U iuA9 pw 811 AN T 40 dwdiu Tudauaesdediniu

Rean I lunsAupudeyaidaaziu@asasdyanadu (Speaker Independent)

B3NN N-7 HANIIAUUNLISLNNAENIFTURNAAN AT 1

. AINNYNER (%)
LALIN : — : = : =
. ATAITHLLN LI ANTAAIMNTCAN ANNIRTIA F (F-
1330UE NP
(Precision) (Recall) Measure)

ANny 40.00 100 57.14

1an 28.57 100 A4 .44

m 28.57 100 44.44

7B 18.18 100 30.77
BN 8.70 100 16.01
LR@AE 24.80 100 38.56

'
A v a @ o A v v

ANANINA N7 WuddInasnAsAuteyadasldasunnan niduaunsaiude

a

[ '
1 o A

[ a :J/ dl P20 £ dl 1o & o o
ATDTHNLABINUL sﬁ\ﬂmmmmnmmummmﬂu 38.56 LUafiEus UanaNNUEINLINANRUN

D

o

v A ¥ :j/ G| aial o o al = o Y o a
AUAUBBNHNIATE UL Lﬂummmmummmmmm (tone) IAEINUUBANDINLALN

n.2.2 MenaaasakunUszinnidesissagnaantuzi 2

) y Ay = 3y o o ° ' -

dunismeaesdupudeyadasarnuilndayadasiiduAinanuinngn 1 wanea
UazHE9N9sENINeANlszins 0.5 — 13U i aziiuldan Tian amluls qasfanung

fanFuas sssnanffludiu avand ddude Aoanidesae Ardaamnlulis daiuidasaesy

waAuazAuiLRsTuLANdaYalde (Speaker Independent)

13997, N-8 HANNIRUNU TN NIRRT NFAN BT 2

AINYNAR (%)
ATidaanedum AR LHUEN ANAITNIZAN ANNNATIA F
(Precision) (Recall) (F-Measure)
A0 TUTR 100 100 100

A ! Y A 9 = % o o o o o v
RINFAITINN N-8 Wuqq@qﬂf]?ﬂﬂuﬂumﬂﬂu@LmﬁQVLﬁﬁ?UVJﬂﬂf] VlLﬂuﬂﬁLmﬂQﬂU‘ﬂ@

o al ZI/ d’ 2 v 1 o o & &
ANDTHLALNUL m%mmmgnmmmmu 100 tasidus



50

n.2.3 Menaaaskunlszinnidesssugnaansuzi 3
Ho o4 , o d o das s a4

NINAALIH 1INeNIATI9L981 (Time Step) Nnzanngn ialinisAunudaya
al ¥ = % ¥ o a = % dl da’ v
Wesannuilndeyadassedannidesinngniesiinign lunimeaesiluiindeys
= o =2 oA = o Aoy @ » o ~
Aeadlunistiuinideetinesieiio arnenadszunm 3 Wi TnaAnldidudesiniudes
A A191 aaTudd dadudevresdyanuazauiuid@eslunindeyai@as (Speaker

Independent)

F19799 N-9 NsifFeLmeLgaaean (Time Step) Nl luntsainAIANDYAF W

ARINYNAR (%)

. - 1991947 (Time Step) WY 0.01s | T9919a1 (Time Step) WL 0.05s
fafnnudes — . . . . .
AANNN | ANANN | AINART | AIAYN | AIAIN | ANNAAT
Wadtiein “an S0 F Wadngin 9¥AN S0 F
AR 1UNR 22.22 100 36.36 18.18 100 30.76

o

dl 1 1 1 2’/ U v A ¥ al % dl
AMNFAITIN N-9 wmﬁmmqLf;mmmmmmmmmuﬂmmﬂ@mmimmunﬂm N

o Y

| o a
uAiagaiutan

0.05 317 Tale

P2

ANAYNHYNABNYINAL 36.36 tlafidus

o

N0NHLA LN WATNEI91987 0.01 319 WANANNABININNgEI9RaN




NISUANUAIARFIAMNYNABINITAVAUTAYA LUNITNAKDILAT 2

MARNUIN

NNFUANLABRTIANYNFaINITAUALTaYaTuN IMAaasATl 2 Usenavmanasig

dl =2 dl dl dl =2 dl a o 1 ¥
N 2-1 04 ANTINN U-10 DIATTINN U-1 09 AN U-5 Lﬂuﬂ’]ﬁ‘ﬂﬂﬂlﬂﬁ"]ﬂ’]ﬂ’NNQﬂm@\W@\?ﬂ’]?

v A ¥ ¥ a dl = a s a v dl =2
ﬂuﬂumgamﬂuﬂmag@memmmﬂumimu@L@ﬂm@uﬂﬁﬂjmmmﬂum 109

v

'
=

B AAUN

! dl =X dl | ¥y A v ¥ a a T @
5 29UAITNN -6 0N A1719N 2-10 LﬂummummmﬂmqﬂLLﬂmmﬂmmmmnﬂummmm

y <
VRIENAAUN 1

= ¥

09 {AAUDN

5 Tne lUN12AUALITUALNNINTAUAUN K = 5 T4 35 $12AN9HIN

A o ) o Y A o o o A ~
ANTINN 1U-1 ’ﬂm?qﬂ’]ﬂ’)']llﬁq]ﬂm‘ﬂﬁm@\iﬂq?ﬂuﬂumﬂﬂﬂﬂ@qﬂLUK]N"H@N“@L'&ﬂ\?@‘ﬂﬂqﬂ?ﬂuﬂq?@ﬂu

aanvnseind 109dnanun 1 Taidunwands

10U AL (0 %138 1)
ANDN
. . . . 5 10 15 20 25 30 35
PAANDINIALN | LRSI Y
4 $981N19.| 3981097 | 9181073 | 9181119 | $18n19 | $78nNT | 918nNg
FudaNA
¥ Lan LN L3N Wan Wan Wan LN
PIUNA
DSS 112 1 1 1 1 1 1 1
Taseairedaya 4 1 1 1 1 1 1 1
RERSTGHE 3 0 1 1 1 1 1 1
NI1FAILAN 3 0 0 1 1 1 1 1
NNsFARAULA 109 1 1 1 1 1 1 1
N1941994
N 5 0 0 0 0 0 1 1
daya
Software 8 1 1 1 1 1 1 1
UANINS 15 1 1 1 1 1 1 1
LULAANTT
. 2 0 0 0 0 0 0 0
Fudeya
33019
1 0 0 0 0 0 0 0
SIEEA R AIAT
L1RAE (%) 50 60 70 70 70 80 80




52

dl o 1 % v A 1 ¥ al d‘ =
13NN -2 @mfﬂﬂ’]ﬂ"J’]QJQﬂﬁ]‘ﬂﬂﬂl‘ﬂﬂﬂ%‘ﬂuﬁuﬂ]mﬁ”@@ﬁﬂLLWN‘H@N’J@L@ﬂﬁ@@ﬂ’]ﬂﬁ‘ﬂuﬂ’ﬁ’&ﬂu

auannsetind veedwanuin 2 Faiuwands

ANUIUTD ATLLL (0 Yi3a 1)
AN
.. . . 5 10 15 20 25 30 35
daAD MRS | 1@ealu
5 218119 | 978019 | $18n19 | 918NT | 91819 | 91enng | 9enng
guieya
y Wwan 19N LN Wwan Wwan 19N 19N
FIIUNA
wiludaya 9 0 0 0 0 0 1 1
N921U91N19 b
o 1 1 1 1 1 1 1 1
NNIARAULA
NN2ARLARN 3 0 0 0 0 0 0 0
N19819849 8 1 1 1 1 1 1 1
A %
ANTALIAL
N 1 0 0 0 0 0 0 0
faya
Fudeya 82 0 1 1 1 1 1 1
ANHIATTENN
} 1 0 0 0 0 0 0 0
faya
ARAINN
. 1 1 1 1 1 1 1 1
glEN
NINAN9NIT
. 1 0 0 0 1 1 1 1
AAN9T
ginsnideans 2 0 0 0 0 0 1 1
L'ilaiﬂl (%) 30 40 40 50 50 70 70




53

dl o 1 % v A ¥ ¥ al d‘ =
139N 2-3 @lﬂﬁ"Wﬂ’]ﬂ'J’]QJQﬂﬁ@ﬂm@ﬂﬂﬁiﬂuﬁuﬂ]@ﬂu@@ﬁﬂLL‘WN‘H@H@L@ﬂﬁ@@ﬂ’]ﬂﬁ‘ﬂuﬂ’ﬁ’&ﬂu

aiannsetingd 1e9wanun 3 Taiuwaaiy

RIS ATLLL (0 Y78 1)
AN
.. . . 5 10 15 20 25 30 35
damnnuid@ed | 1Al
. $18N17 | 918017 | $78n19 | $1En1g | 91enng | $1enng | s1enng
31UdR3A
Y Wan Wan LN Wan Wan LN Wan
FIIUNA
walulag
1 0 0 1 1 1 1 1
GDSS
TAg94519
Y 4 1 1 ] 1 1 1 1
faya
nsfAudeya 5 1 1 1 1 1 1 1
NNTARALLA 109 1 1 1 1 1 1 1
N19UFINT
Y 2 0 0 0 1 1 1 1
faya
N1341984
) 5 1 1 1 1 1 1 1
foya
AN9ALAU
5 1 0 1 1 1 1 1 1
foya
ANTRANLLLIL
N 9 0 1 1 1 1 1 1
FIULBNA
49 al
G 82 1 1 1 1 1 1 1
fanufiloym 1 0 0 0 0 0 0 0
mﬁﬂ (%) 50 70 80 90 90 90 90




54

dl o 1 4 v A 1 ¥ al d‘ =
RM13NN 1-4 @mfﬂﬂ’]ﬂ"J’]QJQﬂﬁ]@ﬂm@ﬂﬂ%‘ﬂuﬁu‘ﬂmﬁ”@"mﬂLLWN‘H@N’J@L@ﬂﬁ@@ﬂ’]ﬂﬁ‘ﬂuﬂ’ﬁ’&ﬂu

aiannsetingd 1e9nanun 4 Taiuwaaiy

10U AYLLL (0 915D 1)
AN
. . . 5 10 15 20 25 30 35
daAIDINIALN | 1ALl
. $78IN19 | $78N1T | $7801T | 918019 | 918N1T | 918NN | 91eNIg
P SIGHE
Y Wan Wan L3N Lan e Wan Wan
IR
n13f31udeya 1 0 0 0 0 0 0 0
nNsRnAUlA 109 1 1 1 1 1 1 1
ANNTT AL
. 2 0 0 0 0 0 0 1
S NG
1AAA 14 1 1 1 1 1 1 1
37U
. 4 0 0 0 0 0 1 1
LULRNAR
NENUTY 3 0 0 1 1 1 1 1
H13909
5 3 0 0 0 0 0 1 1
FAIUTDNA
a9 Q
WAUYNTH 3 1 1 1 1 1 1 1
AUAANNIRDT 2 0 0 0 0 0 0 0
TEULSNEN
. 2 0 0 0 0 0 0 0
ANLaaANe
Lﬂgﬂ (%) 30 30 40 40 40 60 70




55

dl o 1 % v A 1 ¥ al d‘ =
1919 2-5 @mfﬂﬂ’]ﬂ"J’]QJQﬂﬁ]‘ﬂﬂﬂl‘ﬂﬂﬂ%‘ﬂuﬁuﬂ]mﬁ”@@ﬁﬂLLWN‘H@N’J@L@ﬂﬁ@@ﬂ’]ﬂﬁ‘ﬂuﬂ’ﬁ’&ﬂu

aiannsetingd 1e9wanun 5 Taiuwaaiy

UL AYLLL (0 915D 1)
ANDN
.. . . 5 10 15 20 25 30 35
TAANDINIALI IR
. 218019 | 978A19 | 918nT | 91enng | 2980T | $1eng | $1eng
Fudaya
Y Wwan 19N LN 19N Wwan LN 19N
PIUNA
IGIENARE)
B 5 1 0 0 0 0 1 1 1
Ann3gudeya
dapua4n1?
. Y 1 0 0 0 1 1 1 1
Ann13gudeya
ANNAINITD b
. 2 0 1 1 1 1 1 1
nsdindedieya
Fudeya 82 1 1 1 1 1 1 1
A8 6 0 1 1 1 1 1 1
UANINS 6 1 1 1 1 1 1 1
Us2ANTHA 4 0 0 0 0 1 1 1
MnUsraed 5 0 0 0 0 0 1 1
11Tt 3 0 0 1 1 1 1 1
LQE\]‘EI (%) 30 50 60 70 90 100 100




56

A o , Py Y A 9 o = a - @ o
19NN U-6 @m?qV’nﬂ"J’]QJQﬂm@ﬂm@ﬂﬂqiﬂuﬁumﬂﬂﬂﬂqqﬂLL‘WNT@H@L@H\?“]Wﬂ@uLW@?LuF‘] RN

o =
WARAUN 1 mlﬂummz‘yq

AUIUTD ATLUL (0 113D 1)
ANDN
.. . . 5 10 15 20 25 30 35
daADINIALY | 1Aealu
. $18n19 | 978019 | $18n19 | 918017 | 98019 | 918nnT | $1enng
S GHE
y Wan LN Wan Wan Wan Wen Wan
FIUNA
YNPIVN LI
o 1 0 1 1 1 1 1 1

UTgNa

TN

| 1 0 0 0 0 0 0 1

ADUNIL
UYINIDIAINH
1 1 1 1 1 1 1 1
KoY
UNE1999
1 0 0 0 0 0 0 1

ALLAY
Ufung (dse

- 2 gl i 1 1 1 1 1

ANINT)

NITRD 2 0 0 0 0 0 0 1
NUINAANITH 1 1 1 1 1 1 1 1
AN 1A

o 3 0 0 0 0 0 1 1
LATITAR
a7l 3 1 1 1 1 1 1 1
YU 1 0 0 0 0 0 0 0
LA (%) 40 50 50 50 50 60 90




57

A o , o Y A 9 o = a - @ o
ANTINN U-7 @m?qﬂ’]ﬂ"J’]QJQﬂm@ﬂm@ﬂﬂq?ﬂuﬂum@y’@@qﬂLLWN%@H@L@HQ@Wﬂ@uLW@?LuW RN

o =
WARAUN 2 "INLﬂuLWﬁMQ_N

10U AZLLL (0 915D 1)
AN
. . . . 5 10 15 20 25 30 35
daADINIALN | 1ALl
. $18N19 | 919019 | 978019 | 918n19 | $8n1T | T18ng | 91anng
FIULDYA
Y L3N Lan Lan Lan L3N L3N L3N
PN A
ELBLUkLAN
1 0 1 | 1 1 1 1
Uszuanm
QIHLLILZNN 1 0 0 0 1 1 1 1
2993704 1 0 0 0 0 0 0 0
ANELEI RN 1 0 0 0 0 0 0 1
NINLAE
5 4 0 0 0 0 1 1 1
ATNEN
1UNA1979
1 0 0 0 0 0 0 0
AILALEN
WTZLUBRIT 3 0 0 0 0 0 0 0
NIZNUR 4 0 1 1 1 1 1 1
UM AANTIHN 1 0 0 1 1 1 1 1
A1N19N19 A
. 3 0 0 0 1 1 1 1
LA AR
Lﬂgﬂ (%) 0 20 30 50 60 60 70




58

A o , o Y A 9 o = a - @ o
FA19NN 1U-8 @m?qﬂ’]ﬂ"J’]QJQﬂm@ﬂm@ﬂﬂq?ﬂuﬁumﬂﬂﬂﬂqqﬂLLWN%@H@L@HQ@Wﬂ@uLW@?LuW RN

dod @
WAAWN 3 BaduinATg

ANUIUTD ATLLL (0 i3a 1)
AN
.. . . 5 10 15 20 25 30 35
daAIDINIALN | 1AL
. $18IN19 | T80T | 918019 | $I8NNT | $I8INNT | $18INNT | 918NNg
Fudeya
Y Wan Wan Wan Wan Wan Wan Wan
FIIUNA
AUINNTTN 1 0 0 0 0 0 0 0
azAupy
- 1 0 0 0 0 0 0 0
A la
Ivianenil
2 0 0 0 0 0 0 0
U
IHWLILLEN
ANIANNNN 1 0 0 0 0 0 0 0
LA
NBLUkaN
1 0 0 0 0 0 0 0
szuanm
NULLAN 1 0 0 1 1 1 1 1
ANl
. 1 0 0 0 0 0 0 0
Njte]
NINLAE
. 4 0 0 0 1 1 1 1
A3Nan
fnuAa 11 0 1 1 1 1 1 1
sulay 8 0 0 0 0 0 1 1
L’agﬂ (%) 0 10 20 30 30 40 40




59

A o , Py Y A 9 o = a - @ o
A19NN U-9 @m?qV’nﬂ"J’]QJQﬂm@ﬂm@ﬂﬂqiﬂuﬁumﬂﬂﬂ@@qﬂLL‘WNT@H@L@H\?“]Wﬂ@uLW@?Lum RN

4 4 a
WAAWN 4 BaduinAT g

AUIUTD ATLLU (0 138 1)
ANDN
.. . . 5 10 15 20 25 30 35
daADINIAL | 1@y
3 378019 | 9181017 | 919N17 | 18N | 81T | 918nNT | 918nng
Fudeya
y Wan Wan LN Wan Wan Wan Wan
FIUNA
wilandsznanm 2 0 0 0 1 1 1 1
NINLAE
B 4 0 0 0 1 1 1 1
A3NaN
AIHLLAGN 1 0 0 0 0 0 1 1
Y)AB 2 0 0 0 0 0 0 1
UNA1TIAALLA 1 0 0 0 0 0 0 0
AFYPINGIV 4 0 0 1 1 1 1 1
NNNARANTIN 1 0 0 0 1 1 1 1
A 11 1 1 1 1 1 1 1
ANTEUTTALLEN 1 0 0 0 0 0 0 1
ANNTN 1A 5 0 0 1 1 1 1 1
L’Qaiil (%) 10 10 30 60 60 70 90




60

FN3199 2-10 aRgIANAINGNABNRINITAUANT By aa NuHNTaY AR NBUINasITN 184

¥

1
=l

5 Bl uumeTng

HINAAUN
AU ATLLL (0 i3a 1)
AN
. . . . 5 10 15 20 25 30 35
dRANDHIAEI VAR T
o FNENIT | FIENIT | TIYNIT | TIHNIT | TAENIT | TIENIT | TIBINT
1LY A
v LI LI LLIN LbIn LLIN LI LLIM
NINNA
ANMUTT AL 1 0 0 0 0 0 0 1
NEEVSENE
. 1 0 0 0 0 0 0 0
AUNINU
NINIUADE
B 4 0 0 0 0 0 1 1
ATNEN
Nezilseau 1 0 0 0 0 0 0 0
WITNNELAN 6 0 0 0 0 1 1 1
a7l 3 0 1 1 1 1 1 1
FnlAsiummn 1 0 0 0 0 0 0 0
SHAa 11 1 1 1 1 1 1 1
Ana993 2 0 1 1 1 1 1 1
Nﬂﬁﬂﬂ@ﬂ??‘é\l 1 0 0 0 0 1 1 1
LRAE (%) 10 30 30 30 50 60 70




NMMARNUIN A

NATURANNN

UL NITINTUN U AT DIAN AR AR T eI pfefi o (@"  International
Conference on Asian Digital Libraries (ICADL)) 3¥MINaTUT 27 - 30 WEAANTEY 2549
umAnendadienln eufaaln Uszwediu luunaauides Speech Audio Retrieval
Using Voice Query ANN#114313813 Lecture Notes In Computer Science (LNCS)

Vol.4312: 494 — 497, Springer-Verlag Berlin Heidelberg, 2006
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Abstract. Multimedia data has increasingly become a prevalent resource in
Digital Libracy system; this includes andio, video, and image archives, How-
ever, each lype of these data may need specific lools to belp facilitate effective
and efficient retrieval tasks, In this paper, we [ocus on retrieval of speech andio
collection, which includes andio hooks, speech recordings, interviews, and lec-
tores. Cumently, most of the audio retrieval sysiems are based on key-
word/title/anthor search typed imo the system by users. The system then
searches for partienlar keywords and gives a list of entire avdio files that poten-
tially are relevant o the query. Nometheless, browsing andio content for par-
ticular section of the audios without knowing the acteal content is yet a very
difficult task. Moreover, sinee andio transcription or Keyword annotation is very
labor intensive and hecomes infeasible for large data, we iniroduce here a pre-
liminary framewerk that locaies subsections of the audio that correspond to the
voice queéry made by a user. We demonstrate a utility of our approach on query
retrieval tasks in varions types of andio recordings. We also show that this sim-
ple framework can poientially help retrizve and locaie the voice query within
the audio accurately and efficiently.

Keywords: Audio retrieval, tme series, query by example, voice search,

1 Introduction

Speech processing has established itself in research communities since 1950s. How-
ever, it still has many unsolved problems and remains a very challenging and active
area of research nowadays due to its exceptionally complex nature of the problem
itself. Many speech processing techniques have been proposed for speech audio re-
trieval [1][6][7]. = In spite of this, none of them have really solved a problem of
searching the actual content within large retrieved audio files. Instead, the search
processes usually are text-hased or voice query, searching for entire audio files ac-
cording to provided titles, authors, and keywords [1][3]. Some system may need man-
ual transcription of the speech/audio-into text before searching can be performed. It
would be very helpful and more convenient if we can search any part of the speech
audio using our voice as a query without having to do the transcription. This paper
proposes a preliminary alternative to textual annotations, which is based on time se-
ries features extracted from the raw speech data.

5. Sugimoto et al, (Eds.): ICADL 2006, LNCS 4312, pp. 494 —497, 2006,
2 Springer-Verag Bedin Heidelberg 2006
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1.1 Motivation

Onr motivation started from an attempt to search the recorded lectures archived in the
digital library collection. At this point, we can generally search for audio files as a
whole, based on keywords, titles, and authors. However, if the retrieved audio file is
very long, it is still extremely hard to browse or locate the exact content within the
audio, when we are interested only in some parts of the recording; it is more likely
that a user would like to only hear subsections within the audio file instead of having
to listen to the whole audio from the beginning.

This work is based on a query-by-example (QBE) technique, where users provide
voice/speech examples of the word or phrase they seek. Some may argue that this
query-by-example approach has a major limitation when the users really want to
search for semantic concepts rather than the “exact” word or phrase; rather, query by
keyword approaches may be more appropriate. Since these types of research have
been a research of interest within speech communities for years and still have not
been considered a compleiely solved problem, we are taking this opportunity to ex-
plore an alternative in approaching the problem without using the full speech process-
ing techniques: We would like to be able to search inside each audio file to locate the
exact content that we want based on a given voice query.

2 Time Series Representation for Voice Searching

More complex analysis of the speech andio cannot be achieved by locking at the raw
audio plots alone. To get some information about the frequency distribution, harmon-
ics, and others, some signal processing such as Fourier analysis is needed. In this
work, we propose a simple approach to approximately represent audio features using
time series representation, an approach recently used in query by humming system
[4][5]. Note that by looking at-the raw audio plot (WAV file), we can extract several
features, such as volume from the amplitude and the “timbre” of the voice. However,
these characteristics are irrelevant fo the task of differentiating one word from an-
other. Instead, we propose ta simply use the frequencies information as approxima-
tions of words in the audio. Note that the effectiveness and accuracy of this approach
essentially depend on the nature of the spoken languages themselves as well. In this
work, we test-dur method in Thai Tanguage, a tonal language with 5 tones.

We start off with acquiring the Thai digital audio recording in WAV file format.
In our experiment, all recordings are originally recorded at the sampling rate of
22,050 Hz, but we decide to downsample the data to only 2,000 Hz (16 bits mono) to
significantly speed up the search process and make sure that we do not lose too much
of important features during the reduction and caleulation. In speech community,
such sampling rate is considered unacceptably, low;-however, our-proposed work has
one big differénce in the algorithm in that we process(the speech in word fevel, in-
stead of phomeme level as typically being-done in speech processing.  This in tum
allows us to easily process a 1-hour-audio which almaost seems unfeasible if we were
to emplay a-raditional autematic speech recognition progess.

We then preprocess the data by transforming a raw audio into a frequency domain
using Fast ‘Fourier Transformation (FFT), which gives the frequency distribution
information about the spoken word or subsequence of the recording. This is a time
series to be later used in similarity search in our framework. In addition, to further
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remove noise and outlier, we also apply some smoothing and z-score normalization to
all datasets in ow work before utilizing a Dynamic Time Warping distance measure
{DTW) to locate the K-nearest neighbor query word within the given recording.

The algorithm is simply a subsequence matching using a sliding window of the
size of the query window. Starting from the beginning of the recording until the end,
it looks for the one with best match using a similarity measure. To simplify the im-
plementation, a Euclidean distance metric could be used. However, we believe that a
more sophisticated similarity measures, such as Dynamic Time warping [2][8], could
significantly improve the accuracy of the result since it could gracefully resolve the
problem of discrepancies or miner time yariation in the time series, where we could
intuitively map the time series query to the appropriate section of the recording.

3 Experimental Evaluation

We have put together a collection of various audio recordings for our experiment;
some are audiobooks, and some are real lectures with both male and female speakers.
Each one is approximately 45 to 60 minutes in length, with word content ranging
from 6,000 to @000 wonds, We have chosen some words from each recording and
exclusively removed those oecurrences from the recording to avoid getting an exact
match during the search. To evaluate the retrieval’s effectiveness, we calculate the
Precision, Reeall, as well as the F-Measure to compare results among various parame-
ter settings and approaches.

3.1 Experiment Results and Discussions

At this preliminary stage of our work, the evaluation process must be done manually.
After the query words are selected, we have 1o actually listen to the whole recording
and mark all the actual occeurrences of each word within the recording, since there is
no transcription available. The main contribution of our work is an ability to perform
a voice search within a large audio file, where speech processing community may still
have difficulties with. We demonstrate our utility by querying a word in an hour-long
audio then measure-the-reirieval-effectiveness-boih-by looking at the precision/recall
as well as the running time. Up to this point, we have demonstrated that Dynamic
Time warping distance measure always outperforms the classic Euclidean distance
metric in terms of the aceuracy but with the price of higher time complexity.

In addition, we also consider another approach using Mel Frequency Cepstral Co-
efficients or MFCC that is regularly employed in speech processing to see if its
superionity stillholds for voice search.in the word level . We-first compare its time
complexity with the Euclidean and Dynamic Time Warping distance measures. With
exactly the same parameters and settings, MFCC measure is rurming 30 times slower

Table 1. Comparison of results between FET with DTW and MFCC measures, showing that
DTW gives more accirate resulls

Approach Precision Receall F-Measure
FFT with DTW B0% T5% 77.42%
MFCC 61.11% 68.75% 54.71%
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than Euclidean distance and about 5 times slower than the Dynamic Time warping.
The retrieval’s effectiveness between the two approaches is shown in Table 1.

Since the MFCC’s running time is larger and its F-Measure is much lower, FFT
with DTW distance measure is then emploved in our experiments. With speaker-
dependent experiment, as expected, we get much worse results; there are many more
query words that were left undetected, as well as a lot more false alarms. Ideally, we
would like to minimize the number of False Negatives as much as possible, with an
acceptable number of False Positives. Looking closely, we found that the results are
affected across genders as well. We look at the Fourier analysis of the same word
spoken by different speakers and discover that they approximately have the similar
shape but relatively shifted along the frégueney axis. That means the structure of the
word spoken are quite similar across the speakers, but the overall speaking frequency
for each person differs and can be thought of as a frequency offset.

4 Conclusions and Future Work

In this preliminary work, we have proposed a simple approach to approximately rep-
resent speech andio features using time series representation, then to locate a voice
guery within the andio recordings. We have demonstrated the utility of our approach
on query retrieval tasks for audio recordings in Thai language, i.e., to locate a voice
query within the lecture recordings. From the experiment results, we have demon-
strated that this simple framework can potentially help retrieve and locate the audio
according to veice guery inputs, especially in the speaker-dependent situation. Since
the pitch discrepangies among speakers pose a limitation in our current framework,
we need to look more elosely into these features and see if any normalization among
various speakers could be attained. Together with a Dynamic Time Warping distance
measure as well as some lowerbounding and dimensionality reduction technigues, this
could potentially resolve the problem and to help speed up the overall search process.
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