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221,  QE 'R $iifs-
A o AR fIF O3 B Fd kDR QE #-3I[8] 4ok 1TT 0 @ 7 = Mk
e B0 16 BREP-P ES AT S E 57 BRPP F 3 03 S 20 BAEPA GRS R
LA FRLE R R & Sl e

% 1 QE #3133 S 4

Signal(16) | Total segment duration (sec), Mean/Min/Max raw energy (dB), mean
MFCC(12).

Hybrid(20) | SNR, Mean/Min/Max word energy, Mean/Min/Max noise energy,
max word - min noise energy, No. of silences, ratio of silences and
words, words per second, silences per second, total duration of words,
total duration of silences, mean duration of words, mean duration of
silences, ratio of total duration silences and total duration words, Std
of word duration, Std of silence duration, total duration words - total
duration silences.

Textual(57) | Mean of the probability of each word, Sum of log probability of each
word, Perplexity in a sentence, probability of each phoneme.
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TRl ess 5 B ehis= Z (Mean Squared Error, MSE) -

Signal

features

(16)
Speech quality
Estimation (WER)

>

Hybrid
features
(20)

Textual

features
(57)

] 7 DNN-based QE 7

3. FHEKT

3L FHENL

bk d o APLRE S B G Y v EY R EARPEEE VRET
ALY R LOE EE SRV S £ 8 S hit LA S S R
Fheo I A B BE B D iR F fp RIE RIS RS & 5 B % (Confidence Measure )
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kR o
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B FH IR B SGE e A 2997 0 ¢ § 5 BEAE > £ 5 400 o] B o IR
Aok 397 0 & 7 T EPIEFEA o X B F A PREFZAINL B 4 ERTRET L
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%02 B A HGER

2R A Pl | B Bk
TCC300 (all) 26.4 | 300 | 27,375
MATBN (train) 127.3 | 5,207 | 29,549
OC16-CES80 (train) 63.8 | 1,163 | 58,132
SEAME 95.1 138 94,034
Librispeech (train-clean100hr) | 100.6 | 251 28,539
Total 413.2 | 7,059 | 237,629

%3 X ER Ak AREE

R Pri | 5 |
NER-setl 1.75 35 438
NER-set2 3.23 23 640
MATBN (test) 3.06 273 729
OC16-CEB80 (test) 7.93 142 7,099
SEAME 13.70 18 12,104
Librispeech (test-other) | 5.10 33 2,939
Librispeech (test-clean) | 5.40 40 2,620
Total 40.17 | 564 | 26,569

312, QEHAYHAFH

gt F AL AR KT L AEAFRAE > KRBT QEAFF IR R -2 P

Gy NBARED BT > 83K 65 ] P 10526 3 S B o s Eplhod 4 sh g o
# 4 QE & 355 3 R 212" SE AL

PR Pl | 3F e dic
£]z%# & On-Air | 10.73| 3,000
€ pe - B | 677 | 720

2% 3TH 0.86 | 166

Rescy b8 | 323 | 640
B A 1.75 | 438
#4 So Easy 1.84 | 208

i 34.49 | 4,042
v RKATH 5.46 | 1,312

Total 65.13 | 10,526
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3.2.2. PRRE T
Ak ) X-SAMPA 5 190 B 2 SR 2R A > FRELS- B ®
MEFE > HRE A Pediiry 2 EAFNE R T R X-SAMPA e 15 £ o

Afpend FIR S 30 A% G 455715 B 3 30 o

3.2.3. ¢ EREFT A
2OR5AF LAFTHAUNIVR 2 AP FHRAPREREH I FRES 2B

P L 5T WA Inside teSt A 4 0 AP R R B E GIRGERZ 2 ARG PR
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6 fAF FRFE T RANR R A

PR A welic | Fik
TCC300 (all) 27,375 | 186,369

MATBN (train) 29,549 | 1,264,625
OC16-CES0 (train) | 58,132 | 509,657

SEAME 94,034 | 1,200,121
Librispeech (train-960) | 28,539 | 9,403,555
Giga Word 500,000 | 9,899,664

Total 737,629 | 22,463,991

4, BHEEBLH

4.1, R - 5T 3FF PR BN

SPL BRSPS SRR £ 1 AT AT L W 0 g
e d g £ - NER-setl (;ﬁ:}%ﬂﬁx'@ )02k fdF O NER-set2 (R % 7 < 41)>
A W] RAGRIEE 0 12t fa L Baseline [k sttty %% @ o

%65 ﬁ—:" ?’%’é&%?’%’é&éié‘é 7 Gl S o G T ¥ 1Y —fﬁ 3] o B AR s]grg T %kp %Y Fé: ¥7
R G R S R AT R Ok R e Tt
Byt 50 BRIEER USRS LR+ (P L9 10%) -

=+ EE 4 P Y
27 B3 S FEL R SFRELY

RIFAFE R o+ Al
NER-setl 25.00
NER-set2 14.24
MATBN (test) 13.18
OC16-CEB80 (test) 16.30
SEAME 36.32
Librispeech (test-other) 18.17
Librispeech (test-clean) 5.00

42. %= -QE H A R %
PR Y RPN 03 B AR fIT 2 FREFVRER F 7 (D) AE

£ v jF (Support Vector Regression, SVR)[9] ~ (2) &=L #$#+ (Extremely randomized
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trees, Extra-Tree) [10]22 (3) DNN > & W23 = 48 QE 455 F R RIHCE] » B 74 FF
FRprcig v o B¢ DNN et S8k 25 learning rate= 0.001 ~ epochs=100 ~
batch size=500 ~ dropout=0.1 » DNN &k #cp| ¥ 31 * 1~3 & "5 & o

Tl EE AR 0 A T g = fE 2 5N > A 4] Cross-validation 3R E Rl R
B BE - AR Y - B E R EREATR R BEPF FYRTR B R
AN VRE RS B M RRES % AT B SO MAE » MSE 4r T o o

% 2L > d 3t SVR & Extra-Trees £ 0% & 445 » & DNN 84 £ 7 i * — &5
% 22 SVR fr Extra-Trees ' §i o # S % 4od 8 577 » ¥ 15 3] * DNN % 43" 5 )
R eIERIEEE] 0 B RS EA ] o

% 8 QE 45 -5 TR R = A g % v R

R 1 layer DNN SVR Extra-Trees

LA MAE MSE MAE MSE MAE MSE
% p e - BB 0.0819 | 0.0101 | 0.0769 | 0.0110 | 0.0893 | 0.0194
£ & On-Air 0.1134 | 0.0201 | 0.1057 | 0.0230 | 0.0991 | 0.0196
23 ATH 0.0938 | 0.0141 | 0.1006 | 0.0157 | 0.0979 | 0.0147
RSy u B AR 0.0742 | 0.0100 | 0.0875 | 0.0129 | 0.0930 | 0.0138
2 N 0.0898 | 0.0128 | 0.0878 | 0.0138 | 0.0944 | 0.0153
% So Easy 0.0676 | 0.0069 | 0.0793 | 0.0098 | 0.0688 | 0.0096
EEATH 0.0989 | 0.0163 | 0.1103 | 0.0220 | 0.1078 | 0.0219

~ KATH 0.0966 | 0.0133 | 0.0932 | 0.0141 | 0.0965 | 0.0146
Average 0.0895 | 0.0129 | 0.0927 | 0.0153 | 0.0934 | 0.0161

FRis > NP R IR S é] DNN > 'ﬁ 4 }@1 DNN & % # it — # 3% 2L 3ppre %k o K7
itk 6% 2layer DNN ¢ F i endg P4 > Bg4e™ £ 9977 o Fpb > u™
G E RSB Y R 0 A n DNN HE L QE AR -

# 9 QE 45 255 TR IR 5 5

R %5 1 layer DNN 2 layer DNN 3 layer DNN
MAE | MSE MAE MSE MAE MSE
Average 0.0894 | 0.0164 | 0.0855 | 0.0130 | 0.0865 | 0.0134

43. F%=Z-A*» CM 2 QE2Z L EF NPk v ik

*REFFQELZCM A A7 i PE > 2 AP KT LA HFRY - L5016
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BARED W3R 7T p AR - BB G0 RIEE CM 2 £ 6 E QE
A % QEL> QE2+ CML ## CM2 m fE.44:E 4] « CML $+ 41 g 210 /| p (- 384 FI35 4L P
B3 ko %47 ) A QELY QE2 1 CM2 & 34 9 95 38 | phens £ R 4 ¥ 3
PEFA > Ao 10«

410 L -E\.\ B9 2 GO AL P E

(A=Y N5 Total | CM1 | CM2 | QE1 | QE2
R A% e p E4(hour) | 377.58 | 209.25 | 38.28 | 38.44 | 38.21

He s CML E = - 2HDECRITR > RRIRE #8542 R (score = 0.9) >

MR H g c CM2 RIE AR R - 9P 3 IR CRTRE LS G H B
T ia(score = 0.9) > B FPE o QEL @ % 93 B AL TRR BT 0 PELEEF
(wer < 0.3)# i e3F 1 o $fs » QE2 £ CM @& 4 » B § 93 B4 Sl > W 50D
#reh QE & 355 TR RICD] 0 - U T i (wer < 0.3)575F o B 4 PriE o

RPE LS AP L P RPN A e » RAGRIYGER £ 3T e B EE
B LREER e APE E EE S F Y GRS 2 gk o

BRER R drd 11977 > ¥ U Y QE & & CM EHFE TR » a0l k ende
FHA > &7 P RIEEF A GE S PR RiE MM g 0 £ 2 % QEL & _CM2
PHEPIHGEA - DR N DB R > AT IOF G SRS L 30 RUF AR o

UL ARZERSEY REEAUT RS

RIGAFE A &+ #3] | CM1(610h) | CM2(438h) | QE1(438h) | QE2(438h)
NER-setl 25.00 24.66 23.88 24.04 23.88
NER-set2 14.24 13.85 13.26 13.11 13.35
MATBN (test) 13.18 13.19 13.00 13.00 13.24
OC16-CEB80 (test) 16.30 15.96 16.10 16.08 15.95
SEAME 36.32 36.70 35.85 35.96 36.13
Librispeech (test-other) 18.17 18.00 17.83 17.87 18.15

Librispeech (test-clean) 5.00 5.18 5.02 4.96 5.2

Averagel (with SEAME) 20.53 20.57 20.19 20.22 20.39
Average2 (without SEAME) 13.21 13.08 12.93 12.92 13.09
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fOE R AR T T A RRER 'ﬁ ERSEV v RERE e A2 25

PRI Faod 12 5 o 2

.mly

Fe A o NER-setl  (FEB &0 ) B i3 4p
$hecd & k7] 4.48% (QE2 22 CM2) > &3 & it s NER-set2 (R &7 < $4) h
EApecd k7] 7.94% (QEL) -

%12 RBARFARIRE S _p i 3
CER in% tptec L &

NER-setl | NER-set2 | NER-setl | NER-set2
fa+ 3 25.00 14.24 - -
CM1(610h) | 24.66 13.85 1.36% 2.74%
CM2(438h) | 23.88 13.26 4.48% 6.88%
QE1(438h) 24.04 13.11 3.84% 7.94%
QE2(438h) 23.88 13.35 4.48% 6.25%

44 RBE -PEFP LR VR

D i S ]
FFaa -

PR B g4 QEL A5 SRS ERIBCA AT Ak o R en S N X RS
VGER EATYIREE HCR] 0 RREPE TR R B oni o TR PE R R SRR
RIB LT F o e e £ 38 ) BF > 50 ] B~ 50 ] 2 60 ] B o Tt 2R
TR A PEECAS A L 438 ) pF 488 0] BF - 538 /) pF ~ 598 /] FF e

PEFRE L TSRt 1357 o ¥ b B8 L R KT T A REER
KL EAE Y Ak sed F S P 5% S BT 3 NER-setl s S ¥ 4o » i BUE R D
PRt S o ATV R R FRRE 0 g { AF LT o

#1373 FEAEHEEFALY UPRE L PP

RIFAE fa+ 13 QE(438h) QE(488h) QE(538h) QE(598h)
NER-setl 25.00 24.04 24.00 23.86 23.61
NER-set2 14.24 13.11 13.23 12.96 13.24
MATBN (test) 13.18 13.00 13.04 13.12 13.28
OC16-CEB8O0 (test) 16.30 16.08 16.08 16.11 16.40
SEAME 36.32 35.96 36.15 36.45 36.84
Librispeech (test-other) 18.17 17.87 18.01 18.59 18.51
Librispeech (test-clean) 5.00 4.96 5.22 5.19 531
Average 18.32 17.86 17.96 18.04 18.17
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QE Select data

700 26
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20 —

¥ 400 3

3 18 =

T 300 I 6
200 u

100 . . . "
0 . 10
echo model training

m GLAEGREER e QR SREER) NER-setl NER-set2

B8 LEHNEY EFHARRE % (g @)
45. R B3I -F3 WAy
b - HP %Y o AR R KR A R 2 BGE R 400 ) PR 4
198 |- e £AE N Y D HGE AL E AT L ARR ¢ SABIT I raohk B o A B F
T A s LR AR R RPRA P AT R R A S ST
A A¢ o 4T L RS & GigaWord2 o H st Fkldod 14 477 o

3014 3 AR A

PR A EAES F
TCC300 (all) 27,375 186,369
MATBN (train) 29,549 1,264,625
OC16-CES80 (train) 58,132 509,657
SEAME 94,034 1,200,121
Librispeech (train-960) 28,539 9,403,555
Giga Word 500,000 9,899,664
Giga Word2 16,500,000 441,889,701
Total 17,237,629 464,353,692

Fohiy % drd 15 977 0 T IET RSN 4 R s R - T
S RIRLE A i NER-setL( b 3 SO 4p #1504 5 % 5] 7% > Fiin s ks o

NER-set2(F's % 7w f s Ap $ec 4 5 £ 5] 11.3% -
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55 Giga Word 3542 18 2. B #5338 AL psnss sfAp e § &

FH AT LR
23.25% > NER-set2 g i

(CER) % 3] 23.61%> 705

gRE S AP R < & Giga Word2 o it 3B NER-setl ki

D W &
i?"ﬁzz}—t 5 Q

N CER in % e )
T NER-setl | NER-set2 | NER-setl | NER-set2
j8.F 41 2500 | 14.24 i i
5 #3+LM2 | 2454 | 1327 | 184% | 6.81%
QE1(598h) 2361 | 1324 | 556% | 7.02%
QE1(598h)+LM2 | 2325 | 12.63 7% 11.3%
Afpr QE FCAME LSS F YR SRR ROL D NERSetl 3

fdF eI NER-set2 3 ~ 45 3% 5 (CER)H F43u5 &

31 12.63% o

B fs 0 ffﬁﬁ LR hti BEAeB 9 oy 0 B Bai* QE B R PeiE L

AR

3] 13.24%-

'+ =

= 7?\1:\.};’ j\ EIJ

% P Al

BGEHL TYVREE BA] > R a7 o BE A2 v o
25 23.61 23.25
20
14.24
15 . 1324 15 63
0 ]
NER-setl NER-set2
B fETYEEEE  mQE1(598h) QE1(598h)+LM2

glg}%'ﬁ% ’}“/Ppé"‘%E %ﬁ_‘?
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