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A Neural Network based Mandarin Speech Attribute Detection

Student : Yio-Jun Zhang Advisor : Dr. Yi-Ru Wang

Institute of Communication Engineering

National Chiao Tung University

Abstract

Next generation ASR system is a knowledge-based and data-driven paradigm.
It’s front-end is the bank of speech attribute and event detectors, and it’s function is to
detect the speech attributes and events in the speech signal. By organizing the outputs
of front-end and knowledge, it would be sent to next stage to make evidence verified
and decision. It would be expected to exceed the current state-of-the-art HMM-based
ASR.

Based on the concept, firstly, because there is no manual labeling for Mandarin
corpus ,we start with syllable labeling and then forced-align the corpus to get initial
phone labeling. Then we use Segmental Kmeans Segmentation Algorithm to
automatically refine phone labeling and use this phone labeling to train Mandarin
attribute detector. First, we train linear GMM based detector and then train nonlinear
MLP based detector. Then based on concept of segment-based ,we add state transition
probability to MLP based detector to examine Mandarin speech detection. Secondly,
we use confidence measure to evaluate the result of attribute detection, providing
confident speech information to recognizer for reference. Finally, we would make
error analysis and performance evaluation of different Mandarin speech attribute

detectors and confidence measure.
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% 3.2 4e 0§ R B2 18 s R st

MLP MLP + duration model

False alarm | False reject | Frame error
manner | EER(%)

rate(%) rate(%) rate(%)
Vowel 8.29 8.71 7.05 7.92
Stop 9.98 6.99 10.53 7.13
Fricative | 10.06 7.08 9.68 7.31
Affricate | 9.17 7.74 8.47 7.80
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Liquid 9.16 6.91 9.26 6.95
Silence | 5.72 3.59 8.21 4.52
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F OB R EF T ROt R F ¢ ¥ ¢ T e S 0 Fricative 1 2
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233 e REBBPF DR PEHEFFAREE R
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manner MLP transition probability
Vowel 8.29 7.93
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Nasal 9.25 8.30
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%o R EHE AR A g T BE R RS s R R

TR EL SRR > T ED R R R 2 8P R

i

Ak dirg K 5¢ (hierarchical) e E & BRI H > SR 5 - fEF R 24
EH .

=

3

bretex B(Breath): ~2g 8 p| Benf Pl 7 TR ER
Al % 3 i oo Fricative &2 Affricate v 2 Vowel £2 Nasal i3 Vowel £ Liquid 4
WEEH o R - K #2258 (non-sonorant) & 7 Vowel ~ Nasal ~ Liquid 1 2 355

B

(sonorant) - Fricative ~ Stop ~ Affricate & & f— 4= » @ &+ & { £_%-3% 5 (speech)

g

3R> & #& Vowel ~ Nasal ~ Liquid ~ Fricative ~ Affricate ~ Stop & & 11 % £33 5

m

(non-speech) =R i» # 3= Silence ~ Breath & & - 2t ﬁ@ fEe 38 4 ARFrEn id Bl

AR Z F IR AR KA D RIG &yﬁﬁwmm’ Wfawzﬁﬁ

¥
oz
=

VLRSS R AR R AR b AR G ER MO PAREE S AP % R
RS K ES PR Rt TR ERD Bhe i A - kR A
PHEE AP RRES Ead RSS2 52 K § 0 fhahis i

A

BRZFIEAS A DEERPDERY P (I EEFSs 2 AR E
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B A 0 A TR 3.20 2% R

Speech Non-speech
Layerd
L&) aresheb e s _{ ___________ % _________________
! ;
Layer3 i
Sonorant Man Silence Breath
= sonorant
R2 Thethiodd T __________ I _________ . T R T T T T ]
=
Layer2 3 i | |
Vawel & Vawel & Fricative & ;
Masal Liquid Affricate SHhop fileris Heah
= f
Rl Theashold _ _ _ _ _ | _ _ _ _ J ________________________________
= Laverl I
’: : ] | ]
Vowel Masal Liguid Fricative Affricate Stop Silence Breath

B13.20 : Fg & s R R BT R LRI AR
P ERBAREEDTER > F ARSI RE DRSS normalize

ES

#dgfe s L

N
APtotaI = z AP| N:8 (37)
i=1
R 1=i=8 (3.8)
APtotaI

AP % & f& 18 p| B & target model } 4 dco 32 F #1538 normalized 14 i % AP

FH R B =0 0R% % gt A (entropy)[9]:

N
1
H=>» AP'log(— N=8 3.9
; i g(AR’) (3.9)
FE MR H 2 81T % H &~ sigmoid function 3] A R jv & H % L4x14

g@ﬂ@%ﬁRﬁ’J%{ﬁﬁ%ﬁ%@ﬂ%%@é?@

R - 1 (3.10)
1+exp(A(H - 2))

He A BenEp AL G EhER TREDAF L 0~12 Fo@FEEAZ
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3321k = A iRl

VRS {}!‘f%&)’é’ﬂ}f?@ A e ;l:l-’)if'ﬂa}i ‘}\%f,'gf—,-‘;r i??mﬁﬁﬁ

TR A R 5 % e

18

16

14
% 2 —— layer-1
10 —=—layer-2
% 8 —o—layer-3
= 6 —&—layer-4

4

2

0

0.8 0.85 0.9 0.95
Threshold

B1321: 2 b PHEET 218 A D RS

T Hf““m“*%ﬂ’%%%wiiﬁﬁﬁ?%ﬁé,Jﬁﬁ

7

[

-\

T ER

7,

4 742 et pi(inclusion rate) & 22 §] 3.21 — A2 A 47

B P T R
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L340 LPHEET LK G ER S PR AT 6

e
0.8 0.85 0.9 0.95
e &
1-layer 28.6% 21.8% 16.7% 10.3%
2-layer 19.6% 21.8% 21.0% 16.7%
3-layer 24.9% 21.0% 20.0% 21.0%
4-layer 26.9% 27.1% 27.0% 28.0%
Total 100% 91.7% 84.7% 76.0%
Correct rate 90.1% 95.8% 97.2% 98.7%
Undetect 0% 8.3% 15.3% 24.0%
Undetect correct 61.1% 70.8% 77.6%
rate (speech /
nonspeech)
No hlerarr;:gy correct 81.0%

W3 E-ka3  FAGERERPEZNFEREL LELE T - g -

1:_4

0 B
=

F R BB BAAFEF S F R ELES RS FPEFMEERSF

—

FPRTE R SR F AR PR TR FEIFAGEIRER

=

BTG odm R RHEFERAE R S EE 0 R 321 PV U iER

LRSS N NE B OEET 3 B LB AR E T - A

3
o
F_*

R GEOFS - ARy BRI RO R ET G S
—Ar o B AR EREFIHNG S oA F = K IES (sonorant) 2 L85 £ B
g R G R - SR ERBRISED N FAEF S B Y R
e - Az P ARMAPEET £ Z R ERIFrTi g < gitE e @ Bt
R c13% 3 (speech) £ 2£3% 3 (non-speech) iy = & & BRI R & % = & 3 02 enff
o ARMDOFPFEETHFF A RO T BFRR RS FFE S G

Mo &R 32002 £ 34 S%k > T Y ?3 I"EF P ERF B IEZRE RO
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FHQE2 M R ETREFPIEERF I 09 B A BRIRE FRKRG 4
X 85% PRERZERPIAFED 7% P 0 A BEEELR DI E B D
3 CF L BRE G - TR AR OPEE  d BP P T Ul Tk A

PHE S 0.8 PRd ¥ 5 4 286%  MARASARAR NP M HFnes”

—\

IRER

o

PERE LA

FUBRE DT IR EPIEFE L WRRDE PGS L DR G e 47

BEFLTRY Y APHEHNEERER S

L P p—
waveform e — — .
o + = WMMMMWM e
label 2788
layer-1 Confidence  :ielekl al s =) ¢l wl il d el 3

s

measure m /M\
05
\_/ N

Vowel ffRH55 8

L

W ]
g

NI

Stop {FAH53 B

Fricative [{if>7 8 fL/ F

Affricate [frfl7 8,

Nasal [ 3 5 ==

e
05 j
Liquid [iRgl>7 5 2= Rl
s
00
Silence g 53 B¢ e
A5
oo S — \/’\/ = =
Breath {{RI 6 .
00 fL =

ime s 350 a.55 2.60 265 3.70 3.75 2.80 9.85 2.90 2.95 4.00 4.05 4.10 4.15 2.20 4.25 4.90 4.35 4.40 4

W 322 5 ERBRBE S AFF S E GRS R R

4

NPT BY AR RS R ERT LR (IS e )F 4 &

FERORIRGIINMNEFF I F LR 3O FLF ERIR I AAT

¥

IR
-

i

ffg%z%aﬁ%%%%@w&&ﬂ&$FW?%%<?&£ﬁﬂ“*m

B A ARE R ARE RS LR G
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A4

PR P TSR RRIF R DT R

ﬁtﬁf‘ﬁiﬁ““:—#ﬁéf’\lﬂ?'é? #f?gﬂg’?—'&#lé/?]:ﬁ%pﬁﬁ
BRI T P A b R R BT i AT R P AP - H 2 AT
RIS Z 32 R R E 2 R L AT S AR AR v
FFAF " FFPV AP AR LN R R A E BRI LE 356
ORI S 2 G R R LRI R el B B R R B

AR Y S W RN Y § U S S R R R R
417 2 FF 32 WRIEHEELFF SRR E&EFLAH

411 MLP 1R B % 5 8 pl4s e 3 2 2 850

A 31& 4 P sitx 1 frame-based MLP i P B & #8552 A L e o %
GBSt APRFEHWESELFF OB WRSFOR TS T, LIRS
LRAF R AU RBE IR HEPFLERGE S 2 F L R E TA4LE
EREF L F R T Ap R R A AR .
W A ALY E - B FHE S MO 2R ERRER) 2Nk
AT GG R g § 2 2 BRI BT m X 4R R 5 target enid B 4E Tt B
(P14 4179 47 RS enlicE 6.72 5 bzt & wArF Fricative § 124 ¢ 7 6.72%

673 12 € 4k Vowel ff je] % i je] 5 target):

detect "fricative" as "vowel
total "fricative" frame

error rate =
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410 L F 2 B3 Ap e L
Desired
(%) . o . _
vowel | fricative | Stop | nasal | liquid | affricate | silence
Detector
detected as targst
\Vowel 91.71 | 6.72 |11.71]20.10 | 36.34 | 4.83 1.63
Fricative 359 | 89.94 |21.28| 470 | 3.63 | 48.19 | 12.24
Stop 6.46 | 15.35 |90.02 |10.73|33.96 | 10.20 | 13.57
Nasal 1292 | 4.31 7.14 1 90.75 | 28.94 | 1.84 4.08
Liquid 1260 | 2.06 |1453|18.12|90.84 | 1.96 0.96
Affricate 2.68 | 50.80 |16.46| 2.11 | 3.40 | 90.84 9.03
Silence 185 | 1274 |22.02| 481 | 1.45 | 15.65 | 94.28
d 4 4.1 ¥ g 4y Fricative R % 0 2 Affricate W RIE 3 4p 0 R| 44

PE o i A e RIAE RS 39 50% = + 0 15 A %] & Affricate ¥7 Fricative i f&

B R A T SERA P T AT B E A S R A
MFCC #%#icd ¢ C1» C2 A % [5]5 &1 %:
TCC300 : fricative & affticate
20 T T T T T
#  fricative
L . +  affticate |
N *d@ *:
+ +,
L e * +
o 5 e et
#okE +h L IS
¥ . + * T ey +
5t PRI T g, ¥
oo gt g R £ L el
Ty iﬂ;: M R
N e, ¥ F i ﬁ#*
+ *. & -fH* z‘%’.#
. # e
e N ﬁg*
+ + 55
I HE
ok N et
M
REAS

B] 4.1 : Fricative 7 Affricate C1,C2 L 28 & i#
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N RN GIE SR SRR e TR NS S

Az o B G et § SR BRI SES > ¥k Liquid » 5 7 o] gt B ¢ 4% Nasal

—g Vowel i ] % R 5 target » i&¥ & A% ¥| Liquid &7 Nasal 2. ¥ 5 P ¢ F] &
kY hiens BHAE R F[E]A @S R > ¥ ob Liquid ~ F b g H g

e Vowel 3 4 @3 RGP B Fp A i 1R IR G o

412MLP BR Ee » R EB S F 5 RIS FDE | 2 E g

% 7| frame-based MLP # = 3§ * 2 B p|Ben S U 2 L g3 222 B
FARR G WRIPEA 2 0 ¥ - 2 G PR A R AES SR S 2 (R
s R TR N e il g P R i

#0420 L5 2 B3 AR R auR X B

Desired
(%) - - . _
Vowel | Fricative | Stop | Nasal | Liquid | Affricate | Silence
Detector
detected as targ
\Vowel 92.07 7.38 11.86 | 17.84 | 39.99 5.97 1.14
Fricative 251 91.68 | 16.21 | 3.46 | 2.15 45.20 8.96
Stop 5.02 1514 9142|884 | 28.75 8.56 14.93
Nasal 12.21 3.84 6.30 | 91.70 | 26.44 1.65 2.86
Liquid 11.11 1.38 12.38 | 16.70 | 91.99 1.43 0.57
Affricate 1.89 5146 | 9.83 | 1.74 | 1.45 91.93 1.76
Silence 2.18 11.15 18.46 | 5.79 0.61 12.42 94.61

P2 4182242000 % PRI SFFPRETHEDES 2 KRR T o
mAEEF P A RPEOIAE TR > AASETRE I A 2T

s A\ u;}‘;—*{'g Floe F A S 2 (8 WP B < IR ﬁ”"fﬂi‘/‘m;ﬁwégggi% i

=

41




W e R AL FI A AR Edrin e PR 5 78
B F %R en Affricate &2 Fricative 2o PR 3 enfg & ik SR 254 B 3575 4218 45%

YL HNR AR o
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427 > H [ 22 WRIE L H R LR & AT

A421MLP BRI B RIE BP 2 F & e E N L 47

v — & frame-based MLP R B 240 & B § > 2 BRI BHFEHLY ik
BEE G AERRI AT BRE A RREHPREEF 2 2% BRIGETF
AAEY A PRms S EBES PIRE LB 2 3 ERR BB
CEURELIEHR - FF ORISR R 2 R

MR- A EEREEN T AL ABY e FF 2 E MLP R B RE B

TREAA3F Y hE - BEE S FHREEFEY A REBOT FHAFERINE K
3 G R g 2 2 IR BT RA x AR R S target e i p4E L
Bl £ P 4o 7 R GciE 64.97 5 b 0 i & o1 e g/ TF R o Fricative
iR R a-H 1R 5 target (vt B 5 64.97%) o

detect " < /g/ " as "fricative"
total " < /g/" frame

error rate =
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44317 253 35 MLP BRI B F 5 ples Eend &gt
Rank
Detector 1 2 3 4 > 0
vowel Irl Hil Ing/ In_n/ 4 bl g In/
42.84 31.78 22.02 20.05 18.79 16.94
stop ~ In/ T /fl g In/ 1 /m/ 4N Irl
57.18 48.32 37.49 37.31 35.81 31.32
fricative < gl + Ic/ 4 Ich/ T Izl W /zh/ Y Jjl
64.97 51.59 46.96 45.71 42.77 41.85
affricate T Ix/ Lo Isl 7 Ish/ = It T /f/ LY
66.50 65.80 60.25 39.45 25.56 17.15
nasal Hh N | L le_ng/ |FNULL2 | & [le_n/ Irl | £ la_ng/
37.31 29.63 24.96 24.75 22.23 |18.28
liquid g Inl m /m/ u /yul 57 1d/ \lei/ - lyil
71.47 63.29 30.49 29.94 16.35 15.14
silence T /fl = It 2 Ipl + Ic/ 75 Ik 4 bl
49.43 30.27 30.10 25.16 23.81 18.07

ix:ng-nnif

K 437

e+ 3§ Liquid § ¢ A/ 2 lF £ B

% 3pE ~FNULL2 3 %35

S

» 12 Vowel 1§ 7P| %

8P4l R

4o pise £

Bple 2 F REEIERY N B

£

A

Rl eng ARG nasal - 4 & A4 AL T TIR % 0 ¥ 0 nasal (0 1

g A e S
RIFEEAR Y nasal
Fh A I e 2 At vowel 22 8 F 3Rk R Bk

4 B dept o BRI T Y § 2

AR - A e R E S Y A SRR A D K A
PHR-ET - &g ¢ Bt 2R L F 18%h i plaE R AL G Hd b/
S £ BN R(TF E AN S %4 24 F 535)F HMM 526 > 2l
wE LA kKGR § R A ok g S R RS
oA e i B F R BT B TR P B EITL B shi

In_n/~Ingl 35 BF3pEF F 0 A SRS E DS i

ZHcer 80% 2 ¢ o “,f 7

44
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¥t Stop BRI EA 3 0 RS R F DI A S E 7+ e Fricative :
Fihg TS % » 42225 % 57.18%% 48.32% o & %+ Nasal ¢h3 3 Z/n/ »
m/m/r2 2 Liquid soQ /& HI > @ ples 35 5 31~37% > @ pl»c%k 7 4 o

I % Liquid 3% > » Nasal en%/n/22 T1/m/en i iRl 45 355 842 :8 60% - 77
v AT G F LA T R FATI 0 ¥ b4t Silence Wl R A T o
Fricative 4 ¢ chT/f/ i P42 F B B R Flaz mhd = TR d P ¢ o
HF L Fuk e T ok e Stop | &/~ RIp TIKIE RIS 4 20~30% -

4.2.2 MLP + transition probability o jp| 2 i jp] & ¢ < § & 9% 47

P TE AR R E A L R R EB P AT REE 0 FRE AR

BELS 2R ELIHE - F 3 kR f R o

B Rk - SR FF FrE 0 A AFF 2 MR BEURS I A LT F R
BT e
# 44 MLP R B4 P EHB T8 F 5 LRI TR &AW A3
Rank
1 2 3 4 5 6
Detector

vowel Irl Hit Ing/ 7 bl In_n/ g In/
45.85 36.02 19.31 18.94 18.94 18.17

stop ~ Ihf T /fl M /m/ g In/ 4H N Irl
58.50 49.08 32.83 32.46 29.77 27.25

fricative < gl + Ic/ £ Ich/ 7 /z/ w/zh/ Y /j/
66.87 50.11 45.23 42.14 36.84 35.40

affricate T X Lo Isl 7 Ish/ = It T 5 Ikl
70.40 67.89 63.31 30.29 16.18 9.39

nasal L lengl| & lenl 4 Nl | FNULL2 | £/a_ng/ Irl
34.68 30.22 30.18 23.84 21.61 20.93

liquid g Inl m /m/ u fyul | 4 [dl \/ei/ - lyil
73.45 65.12 30.27 27.90 14.18 13.73

silence T /fl 2 Ipl = It + lc/ 5 Ikl 4 Ibl
47.75 28.42 26.64 21.94 19.50 15.02
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443044 B R R ARG A PRBTI S BRE AR A BRI

R RN FERA DT FORGEFFALET A (kY 2 B

o

5

AFP e PR RS L e Rl R A T o SRS Ly B iht B 2B R T

EF 5 p bR 3

4
e

£ W) 1= & MLP i ;2] % target model !+ 4 i+ % B IR
S HRREGS BT IHAF O T e LR EEB P T L F A G LR S

R N L L

™7

waveform

H Al Y 111 I PPN L i AL L1 | TRER
URIID itk e T AT

12766

label pen ) =

y:\l eh| =h| FHULLL

1.5
10
B8

{fé/ﬁ 00

05-

frame-based 15,
10

Affricate i 7] 2% AN

i plg %

U:E:
target model 08+ /_\/\ /\/\/\_J\f\
e B Y LA

[ W

frame-basedM ;5

10-
LP @Rl E+ s | |
00
transition el
a0
prObab"'ty ime |ZBjID 28‘15 ZB,‘ZB ZBjZS ZB‘BD 28,‘35 ZBj4D 28:45 ZBjSD ZS‘SS ZS‘ED ZB,‘ES ZB‘?D 28,‘75 ZBjSD ZBjSS ZS,‘BB ZBjSS ZS‘DD 29:(

R %

Bl 4.2 0 4v P AT 2 188 b5
TRIP R %Eéiiéﬁv?pfé%i]&{Fricative 3B R A2 Affricate 1 jp) B

R4 SEgE 4 BT > APT USG Td LR Y hT 0 i F o TR

pau

e b e segment FEA ik AR 48 S0 ez 15§ i S F AR R 5

Affricate ehis % » @22 F 2R A eng 2 Pl FE I + 2 o
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n@k%g%LﬁﬁN@meamghjﬁﬁ%$9&1§ﬁ%ﬁ%+

R4 jitter

F 404

2 A e R A R

T, T LL|j—L‘1\.|F35~‘-)J-4

N s

L X
I S

Wi bR A g

>R RE

-

Fpt R B F bR R

*‘ija—@'ﬁl? 4 F

F & W Ean T~ %

PR R

Rank
Detecto ! 8 ) 10 1
Vowel Frame-based 571d/ Kol ZIpl m/m/ &
MLP 13.18 12.84 12.80 11.56 1.72
MLP + transition 571d/ Kol 21pl m/m/ &It
probability 13.69 11.49 11.32 11.60 8.28
Stop Frame-based £ Ich/ +/c/ Plzl A lwu/ w/zh/
MLP 19.95 15.33 12.11 11.37 9.11
MLP + transition £ Ich/ +/c/ Plzl A lwu/ w/zh/
probability 19.53 15.81 10.12 10.32 6.93
Fricative Frame-based Tkl ZIpl =l Klgl “1/b/
MLP 36.19 35.38 32.99 20.25 19.50
MLP + transition Zlpl 7kl &It Klgl 41/b/
probability 31.59 31.39 26.29 11.94 14.97
Affricate Frame-based 2 Ipl 57 1d/ I~ In/ “ bl - lyil
MLP 14.93 11.94 6.63 5.75 4.80
MLP + transition Z Ipl | = Iyil 57 1d/ U fyu/ I~ Ih/
probability 7.42 4.15 4.08 3.37 1.37
Nasal Frame-based U /yu/ \lei/ | FNULL1| 5/a_n/ A fwu/
MLP 17.56 17.24 16.81 13.63 13.48
MLP + transition Hla nl | ulyul \lei/ | FNULL1 | XA/wu/
probability 17.14 16.19 14.89 14.07 11.79
Liquid Frame-based “1/b/ nn T lel Ahwul | Fla_n/
MLP 13.23 12.58 12.55 11.52 10.99
MLP + transition < lel “1/b/ nn Sla_n/ | Alwu/
probability 11.05 10.43 10.30 9.41 8.90
Silence Frame-based Kol Plzl 521d/ w/zh/ Llsl
MLP 17.89 17.80 17.69 15.81 14.50
MLP + transition Plzl W /zh/ Klgl 571d/ Lsl
probability 19.44 | 1669 | 14.27 13.29 12.65
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d + A ¥ g 3 2 Affricate R B+ > R R ET BT 10%

|
~my

+enIplE 571dl & F85 & <o error reduction 42 18 50% 0 @ T /h/& 47 [bl ks B
FLAJE R AD6%+FFIFIT A P 2% Affricate 2 18 F Fe® F - Jyi/ER U
Iyuls® 5 > F) EERE A 2 Affricate o B B s £ b 4 ih o H 1 P R ok
ﬁ%ﬁ%@ﬂﬁ%ﬁ—éﬂ*uKPMT*S%mm%? TR A E iR
FEWG LA (ed P e d ladhor )2 o i - A Dy R RS R
A (dedo? B B RGT )2 b A 30 Y & RIS NG RO (ded ¥
EJ BcEikom)  J RIS Mehy B TR P RATE W RIS
BEFTRE I EEA T e R BB

5 SR E R A ST

oy
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437 @ FF R % ¢ E R RS BIE RIS RS 4T

ol Eg P e R S PR 2 0E AN adr s B

APARFVEFE - E R EId e RS A

=
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%
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(S
=
Bk
i
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2B EREFRACFEE AR A e kg A

B i 2 Vowel egs 28 0 302 2 Nasal 4535488 5+ 2> 0T £ B F g anb]+

N
/

[ W i N bi A A ot
. T AT vy (L8 M. |
§ [ B Ib A MA g ‘ rH
spectrogram : 4 W
b k B o
L A - asnggpb|

waveform

phone label

T
5] vreacn) Y wl  al wiloenl nalsl al o e
. 1
j i ]
10-] 1
o 05 -] ]
Vowel %4 % % m_______J X_J \__J : \_____Jﬁg\_
0&- |

frame-based

Vowel 1 ip] » #c

frame-based +

transition

probability Vowel E:

% Pk % = - -

i : i
frame-based +  to- /—\ i !
i \ !
transition o0 g J
05 -] \ .I
.y y 1
probability Nasal ~«= S

f/‘ié% o« 13 > , ' 2 .
il %4.3'@‘§F%gi$ﬂﬁ E]EF'&/}‘Z;B’;JQ :'1,” —?'}IJ

d bk T g dl s Bl d R ST ehie B R b HRie £ Nasal > 2 &
FRIFEDRG RFEORL A K FI SR 1= A Vowel ¢ target
model & #cix® > @ JARHF L kg2 45 4p 02 Vowel » 4ot - ko 2 B AT 2
7O Vowel @ 3 B4R SRE A i P4 A E Nasal @ 3 B A4 354E 9 i i)

R R TTORALIRRIRRE R A f{vﬁz\ﬁ g‘dm/ ;f'ﬁtfg B j\“’ﬁﬁ‘x

=
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F 4.6 1 RIFRFOREE R F 35 £ missing detection it
Nasal events(counts) 9914
Nasal missing detecttion count(count) 642(6.48%)
Nasal frame(frames) 65639
Nasal missing detection rate(frame) 2563(3.90%)
d b st TR E g 0 B Nasal 3R fR] ) ko e Rl T 9y

Nasal 4 12:13.90% > & 4%~ * 8237 Nasal 1 ip|4s

& B B miss detection -7 Nasal &

TR LIV B PR BT

’::\' IE# /?J

Nasal % £ missing detection events count:59

A7 W RBEBREE A 3 55 & missing detection s i st

R &5

AR 0 AT AP

At AL TR E Mg LT

counts %
Tatal events 59
AEdpEGad %k 12(20%)
R | R ER 47(80%) | 5 (a_n+n_n):28

/- (e_ng+nQ):6
L (e_n+n_n):4

7 (a_ng+ng):9

LR 2

[k fl 5 4Rk R R ¢ 9 80%E

FERFEF AL R G Eavas S ko R A Flann n/igifand F it * 3 2

B FiRE AR FER F Y A
AR R I F e S
- H e oo

50
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eic
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4.4 3 £ B i B o R R (R 4 RS e

W T ied W RS AR OERFT 0 T F PRS2 5

B R0k st i S ORI E L & R — o Bk

PN B R R R S A PR TS RS ES 2§ A

B R ek ey R R
AT

2A8E Y APE AHNE RSP

Z_t4 el Pl & A

3 +=%+>* frame-based MLP 14 ip|

B?rmg,;aj R A VPSS E R o

i -;"ﬁz., i
L e o uedddddddddddtdiddddddioi.
: WA N, }\A.' : r\ﬁ;nnhhhhhhhhMMMMMJ\MMMMn v
YRR
I
\ 4 \ 4
Frame-based MLP +
Frame-based MLP . -
transition probability
y I FA : 33.78% FA : 32.95%
owe
W FR : 15.24% FR : 15.69%
S FA : 48.92% FA : 52.75%
0
P FR : 10.03% FR : 9.13%
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