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Phonetic Segmentation using Sample-based Acoustic
Parameters

Student: You-Yu Lin Advisor Dr. Yih-Ru Wang

Institute of Communication Engineering

National Chiao Tung University

Abstract

Automatic speech segmentation with-high precisimh @accuracy is considered worthwhile in
some speech recognition and speech synthesis ckesaManual labeling is the most precise way,
but a huge database with manual labeling and setgitiem are very time-consuming process. In
order to promote the performances of speech retogfsynthesis system, sample-based phone
boundary detection and segmentation algorithmgimeosed in this paper.

Some sample-based acoustic parameters are firsdiceed in the proposed method for
modeling acoustic features in the spectral of dpesgignal, including six sub-band signal
envelopes, rate of rise, sample-based KL distandespectral entropy. Then, the sample-based KL
distance is used for boundary candidates pre-saheand a target fuction labeling that specified
the state-transistions between different classeshwvlire pre-defined based on the transcription
level. Last, a semi-supervised neural network iplegred for final phone boundary detection and
automatic speech segmentation. Finally, experinheasalts and analyses for phoneme detection

and automatic speech segmentation are disussedlift@rent corpus.
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FELX(N) ¥ REF5 E.X(N) 235> £ & (Mean Squared ErrorMSE) & | » 2 28T 2

PPEIP

RPIEP| el o Tl RS N5 XS 4op 4P M2 (Auto-correlation methodl~ 5% £
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WE #ciEP § (Hamming window- 2 4= # 2 531 102 12 Z =L B 4
103 20% ) -

(2) 12 -1k & = F g (Fast Fourier TransformFFT) #-5 {2t {8 2 3 5 3 54 3 47
BRI g AR LA

@) #ri ]z a THENFE AT Y R = &3 @ jgik F (Mel-scale filter
bank) & 4175 i it B2 HHk B o @52 RF S W AL - B0 5 R

[ f -
Mel (f) = 2595 Iogo( 1+7—00J (4-2)

(4) @& * iz (Discrete Cosine TransformDCT) #-4t#ici 8 # & 547 3 38 12

F U prEEEOEEH i o H AT 0 N oy T
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X, =D x,co NS k k= 0,.N- (4-3)
n=0

31



i e s @ 101 12 Brides BT B © AR S AES Gk
Pk e B o d 20 AR B D el o B BB PR > W ART E S 20
WE R e 58 R B S S R 5 i S e

P BcAR R @ LR DI R e

421 B BN E S BE FEFR N

PR B E RO RIEHY O F AR YRR S 3E &2 RS B R
*1FF 6T Boit, BEAR I AN - EE e g ¢ gﬁ—giﬁﬁﬁvgggoﬂn%

R 6 LA S B S e b — B TR 0 R AL R AL L

=
(dn

A E B bldoein o

mm el

6 >0
Eln = Ze[nl 2.eln (4-4)
j=1
n, otherwise
KR RHY AT Sl 2 VR R RIE P EN RS DT EE G

¢ FRER TAolk 3.1.35 At ’%ﬁd BH Xz - BRRLE (Thy ) a2 RPEFT s 2

FEABEE o U KL SR AP E G PP R ¢ h R 1 L - R R

ol

S rE AR KL RS &7 5
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Eapghe, o YRS FERRIFIBE FHRTREY PP

(4) £5(1)~ () @)k HE 1 403 5 A AB T DB7E G £E5F Btz

.f:s\?
Em
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G

BT LA E Y P kiR -

Hd FEAEEE R RRA SRS 5 A (Segmendy F @ g 2 0 gl BAp o
KL EZ § ZFEERRTEf FRIVTRIBECT TP k% Gl K255 L5
FeBe— i 3 B¢ (Segment-basedi B8 Sl kit FERES R 2 F 5 HM o R EEF

% 2 sHEE P o

s
gL

o4

BA AHR R F RS IR 5L 3 (Segmental sub-band signal envelppg %
T2 BAR A B[C, Gl ~ [GoCu] M R R R ELEMRH A A 0 Bt T R 4.7 R TE
WP oo BP iR E k3R A TR KL iEdgEEE 2 < > o o~ 185 B (Segment k-1
Segment R R & &) & o1 feinE s gE R HF H Ayl i 0 B R E R BEAP AR G 3 F B2
RHELs AR  RAEFIRRERA G S E LT AR PRI et - R
B RGP ke o FlU AT R A G HEAP A SES(K) B ¥ k B E
[Cn Gl P HFAFE G B £5 0 R 1 enTiaE o doT 3¢

ES[qﬂ£d={:§f Ednﬂ/@k—qﬂ—Zd) (4-6)
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HP 0% 7+ ikig =h B KAPFE P~ R 8L 13 #c o

Candidate k& A
| Spectral KL
distance measure
Stable part v
Time
Ch-1 Ck Cht1
Segment £-1 Segment k

B 4.7: ’T | * i iE HBERSE S EREE A R e e % B

34



B Y RARS G E B R M BT B M 0 B
Bt - 338 MAEE Sl £ KT H KB EEAE 6 B R BT B

g 5k
(1) P % iFEHBEE S~ 15 iFEALz fdkc

(Ele].aE[ali=1.6 A& [a] . (d[c ] Hi[e;] AH[¢]) §=k- K k+

29 AE[G] + AE[CI 2 AH )] & 5l 5 3 | BAD A1 2 5 4R E R4~ 3
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(ES [Ck—l'Ck]’ ES [Ck ’Ck+l] =1 G TG G TG

2P G =Gy Gy ~C & 7T P hBELLE {5 AP AR B2 PERF T o

(3) &% 2 BApthdp Nt FE BB DI GERER 2 S - B F - B
Bidod g G PEE SR T B B FEA N O R B RS R
AR R PR o B A8E T T B SHOT E R -
Phonetic
transcription

o

Boundary SIERE |az5! Merge to form

Sample-based N . N boundary N
acoustic features candldat_e candidate & s g
pre-selection feature vector

Target labeling

Output file from
sample-based
feature vector

Speech signal —P»
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minimization) # * 5% L% & ;2 (Back-propagation algorithpn :#-

FHGE T REFT R DL FIREREA P EIEDLIT LT L
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f’—fg‘m— 2 xR EEW R B AT S 4

(initialization) 2" g 1 $g 4 & 3.2 4k F Rk

(iteration) { #7H-A| S#cz w5 2 o

431 % kBB A SR B

A R AR A SR 2 AT BT B B R g o

¥ ) # ﬂi;'l IN E@?] Jar e en TR $(training pain ki = kAL > TAE kg AF Y

2 03F 54 1A 2 (neuron) A S gt

d I AR o T - BEAH GeEREe 2
Bz 4tk (links)» Rt e & 2 7 el gl - m kB3 S A w45t

A R BT AR SRR

SR L A T IRHE R A

AR
4311# g 2 B
Miga (4oB 4.9) 284 gpRd A ANE - B f FARTHRZFAM G &
fre

RELT DR BA G A g T BB F O~ Sl A S A HE B S lx

Lis o § ERE N FEDERARD RS - BHEE (Weight> w) e &8 > 4 g 2975 55

ﬁ%ﬁﬁﬁiﬁﬁﬁ»%&%ﬁﬁ%’ﬁ%ﬁﬂ@aﬂm%ﬁﬁ(&mwnwﬁﬁ—;

(net) s & d %% & fic (activation function 2o M2 B g4k = e A g4 S oyl d
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net=> w,x +b (4-7)
i

a= f[Zijj +bj (4-8)

A Ak B R SR RIE I el ST A S Pl
WANEAE AP 48 T By B
I " I I

X

xn _\Y net

X3 a

XM
bias

B 4.9 ALE AR A DN 4 F

AEA P ST RRe R AR RERA TR 2 FH 1 EF L LRSS
PLARM Sl fb o @ e W B fERE R R > A i * Y 2 Sviic (Hyperbolic Tangent
function) 54 &2 i Sk HHEE N & T 407

F(X) == (4-9)
e +e

L EA

B 4.10%77 » A 5~z sx,@:ﬁ%l Mz kEpEFe-l+12 /-

Hyperbolic Tangent Function
T T T

i)

Bl 4100 ¢ 3 > Sz s Solicd 5]
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AR SR SRR Ao B 411 07T e T f%ﬁz?l * BB S AT B A L e e
A (Layer)» £ 5d BB 2 BFardd g ip 5 4aiEm ¢ B — B A58 cnilfdd ST gt o
AR RN EEAE S R I T F R
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BB B S AR YL Rl RenB i Ak iy Ligr £ 53810 &
ﬁ%%%ifﬁﬁ”xé 38 o
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A 0 et T R i R TR SAT R SRR IS e AR TR Y 208
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Output target /
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Output target N
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hhe LA R Y R }iﬁrf =22 %% (batch learning i 2. # I i3 @ Rw
BEABELAN G2 TSRS TTEBLAMCBERKE LA AT LB EE > &

B L R e Y s L A R Ly ToTE S

bt AT REF - KA GBS Y NN Ngs WP AR L8 SRR L]
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f;;
(w
S
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Fﬁ(n)=f(NﬁW%@h(n)+b@] (4-10)

O/(n)= (EiwﬁaHjUO+43] (4-11)

IJ&

e

Rl SR VR D ot 28 I & PR S RS AR TR o S

il o T B AR M L B 1 25 AR R B XD e A

E(n)=2 3 (T (n)-0 (n) =2 > & () (4-12)

CREA SRR S Y BT B {ATR RS AT A LA PRI B xRy~ P A LATRRE AR

B 2" (sequential training)] 7 A AT % - f@sﬁi%] *»ERAT T AT RS N
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T SICESUEE RS SEIOVEECER R R -OEAcy B ET 1R E S RY S,
%J%Kg{rpvp‘%] 751?&0

FERFE 22 AR A RIS AU B s 2 (Steepest decent meth))d;:ﬁ ERET R B 23

M e P EGEL Sk (L ap e ded T AT

E(W+AW)<E(W) (4-14)

SN -G EEELEAW o L SR B FRAS L RE RS R o PEL S

£ D TR i oA #1182 48 1 £ R A 4o (4-15)

(4-15)

Njy=1
29 g =g(n)0F(net?(n)) » net® (Nf2 X WHH ()40 2 %= k2 % i B g~z &

j=0

AE VS (Leamingratg - Apfe s » AP ¥ SEFK I8~ K 7 PREL Sl R E

Bl e £ AW £ L

oE
AWE|21) -n— awffl =n®,0,(n) (4-16)
N1
#¢5 =e(n)O '(netj(z)(n)) et (n) = > W (n)+h? s s kB AL

Flo A E IR SR 2 B A EE SR E LR S EABELE PR AR o r B

Ty s- g e i d uﬂﬂ)(t—l)%“?‘i%‘w\;\
AW (1) = u W (t-1)=n LS An®@ 4-17
7 (1) = paw™ ( )”NZO i (4-17)
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80l (1) = 7 (1-2) - = 5 ol @19
n=0
H ¢

N
Bofs o F G- PR L AT > H 2SR

w () = wi® (t-1) +Aw* (t-1) (4-19)

(4-20)
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e TIMIT GEALE 4 5 PR fhie > 3B F A 24 PRE > 5 RL RS
SRR N TR RV R RN R B F R e 5}? » H A2 B4 B 4.12:
> Sepl : -5 K B BR 2wk (likelihood) 2 1 5 %
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e B AL BRI BEBT

AR Ll R
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> Step2: (AT F @B pHEFEE
BF oo P FE 58 2 (Viterbi search algorithm & #7#-~ 5 & 8 1F53 16 4474 »

BT - B AT p B AR

> Sep3: £ATHE P ok

- BEEATH A RGN IEB b2 TN SRR e R ) L AT
RO Rl B LT - X3 AR BT I

> Stepd: (FTS AR B2 P ok
B AR B p Lok S HEF SN T2 0 .
> Sep5: £ § Sepl 3 Sepd I Jrar
Candidates from objective
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r v l .l v 7
L ! 1

Initial segmentation Target Function  Re-segmentation

Labeling T

Acoustic parameters
of candidates

v

MLP-based

boundary detectors Vit

Detector output

Bl 4.12° § AR ERRF Rl 2 A2 H
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Pf AR IRPUFE 2N e A RERE (& 282 TIMIT FHEE - 23Fe 5
LR 2 FEH TCC-300F AL 2 12 3 treebankCZ L B )z F LR iS % & »Ta A 47 0 %ﬁ“ﬁ B
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BRAEL FEABRIZE 2 F R AP ED 283 3 F M BB ENY #Tibant i) -
: . D
Miss Detection rateﬁx 106 (5-1)
WARF A TP G A AR R ARG AR AR BEHENE | 2 B fod ik ant bo

False Alarm rate= x 1006 (5-2)

| +N

Z 5.1 TIMIT FRE szt TR g%

TIMIT corpus Sample Candidate Phone boundary EER
Training part 226727341 509240 172461 13.0%
Test part 82786737 182858 62466 14.5%

3

GORIEIEAL Y SHPGE 0 iR iE AT T A ) 3 R TRt KR A B 0 R
ot i Plend & BB H TR SR SRR I AT s R R S % (L RUR A K st
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20% . \
15% h

=—t— performance in N

False Alarm (FA rate)

oo, (Rabiner, 2006) N
0 =
Test \“\\
5% i S— .
--—---Training
0% T T 1
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Miss Detection (MD rate)
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BES LI AR BAIER S B mA %R Y SR PRI E BT e 5 3RS A
GR kb T E AL RITI R A G p e S AP AR R ) e 3t bl R A

25 BRI B ki ko B¢ 4 D287 & EERGTA,T o WRTI g 2R ek
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F_k

PSR AEN (5210-15%F)) he - F 00 gk FiEp 2 41.72% PR 1=
FEP 5 87.32% & A2 2 F &% % ¥ i3 Rabiner(27%/ 10ms, 70%/ 20ms + % 5 p*
247 R o P B3 0y Z R BEM RIS 2 5 R ki o BID2H T 0§ AAEERE
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FE ©
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43.10% 76.31% 88.37% 41.72% 87.32%
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253 TIMIT FHAY 5352 053 47% bas =t adFa
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corpus
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2544083 2 AR B2 FF S S 22 RIAEL X

BErN Lt s

Test set MD rate (current and next)

Manners same different
Stop 23.0% 16.9%

Affricates * 6.8%
Fricatives 29.0% 8.0%

Nasals 58.2% 18.4%

Glides 18.3% 22.1%
Vowels 37.7% 11.6%

Silence 66.4% 10.2%
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TIMIT FZFAEF 2 & 5 %

Fg w5 BE  FEHFE FERB2Z2FHEE
b bee BCL B iy
d day DCL D ey
g gay GCL G ey
e p pea PCL P -iy
t tea TCL T ly
k key KCL K iy
dx muddy, dity m ah DX iy, dcl d erDXiy
g bat bcl b ae Q
jh joke DCL JH ow kcl k
B
ch choke TCL CH ow kcl k
S sea S iy
sh she SH iy
z zone Z oW n
. zh azure ae ZH er
REA f fin F ih n
th thin TH ih n
v van \% ae n
dh then DH e n
m mom M aa M
n noon N uw N
ng sing S ih NG
A3 em bottom b aa tclt EM
en button b ah g EN
eng washington w aa SENG tcl t axn
nx winner w ih  NX axr
I lay L ey
r ray R ey
wa oz pina w way w ey
y yacht Y aa tcl t
hh hay HH ey
hv ahead ax HV eh dcl d
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el bottle bcl b aatl t EL
Iy beet bcl b 1Y tc t
ih bit bcl b IH tcl t
eh bet bcl b EH tcl t
ey bait bcl b EY tc t
ae bat bcl b AE tcl t
aa bott bcl b AA tcl t
aw bout bcl b AW tcl t
ay bite bcl b AY tc t
ah but bcl b AH tcl t

R ao bought bcl b AOtcl t

i oy boy b b OY
ow boat bcl b OWtcl t
uh book bcl b UHkcl k
uw boot bcl b UWitcl t
ux toot tcl t UX tcl t
er bird bcl b ERdcl d
ax about AX bcl b aw tcl t
iX debit dcl d ehbcl b IXtcl't
axr butter bcl b ah dx AXR
ax-h suspect s AX-Hs pcl p ehkclk tcl t
SYMBOL|DESCRIRPTION

pau pause
epi epenthetic | silence

o h# begin/end | markdnon-speech events)
1 primary stressmarker
2 secondary stresmarker
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