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Abstract

With the popularity of speech synthesis, people’s requirements for the naturalness and accuracy
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of synthesized speech are increasing, and the prosody boundary plays an important role in these
two indicators. In people’s communication, the part of pause between sentences is the boundary of
prosody. How to improve the recognition rate of prosodic boundaries is still an important re-
search content in the current academic circles. Based on the existing research theories, this paper
proposes an LSTM Chinese prosody boundary recognition method based on the vowel structure.
This method first extracts features from the corpus, then uses the structural features of the finals
to normalize the duration of the finals, and finally uses the resulting feature data set to train the
LSTM model to obtain a prosody boundary recognition model with a higher recognition rate. The
results show that the recognition rate of the model that replaces the vowel duration with the
normalized duration is higher than that of the model before the replacement. The F value of
prosodic phrases is increased by 4.9%, and the recognition rate of other prosodic boundaries
has also been improved. The average value of the recognition F-Score is relatively increased by
2%, which represents the effectiveness of the vowel structure characteristics in improving the
model recognition rate.

Keywords

Chinese Phrase, Vowel Duration, Cyclic Neural Network, Prosodic Boundary

Copyright © 2021 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

1. 51§

MATE B8 A b 2= R AR 2 07 2T (5 BRI DL A Z iR, 16 8 RSt 2 b i H Bz, AR —
AH R BTG B N F IS5 BAERGE R, PSS % LR ok 21535 T by
JRZ AN S B R B K BB AT T ARG, RTINS T s SR P s )RR AE 1]
o, FEAEA) IR R o B A S, H AT R R R AR R S MR o T R s R R L R e 4 A
23], s3m7y BO. B1l. B2 #1 B3, Hrf BO NEMIAIL S, Bl NERAEIEL S, B2 NiliHRIELR,
B3 NHARIN S ASCHRAHIERRI > J57%, LA “ERSER R IMR, ST K. 7 X A& G, X T
BRIl 1. Hrh PW (Prosody Word) X3 #43 ia] %t )82 BO, PP (Prosody Phrase) {3 #3515 X}
I B1, IP (Intonation Phrase)fX & i& 45 15X B B2, U (Utterance)f2 1% Bt v B3, IERf AR /018 35 BL)
B S H T LA 3 AR THHLES 1018 S IR AR LA S OB S I BRSS9k, BE AN, HARE
TELE . TR B S ST SR ISR T, AL A SR B R AN R D B — AN R SR
IR T2 E N EMN.

FEASCH, B R AR B S =30, il ih S5 T TRAL B . REAE S U DL R
FHRTI A, b, RSEASRUNHE AR R — A BRI A R R HURRHERE R, P2 FENITRE T REMN
WAL AR AT 955, A BB F 3 B 22 AR RHE, 36 15 & 520 (POS)bRiC, REERIEAH LA A HEATI(FO)
(R B AN AR 2R AT A TR g 7 DA I 35 v RNV A o AT FAOIF 70 3 DUSE P Bl R A8 ), B4R 1
PRFEANE SR BT L, RS AL, B R EcE N ThRE[2]. WA T A SCAR RIS TR
AT R T R A IR B AT L. 0TI, AR RIS B0 R RE AR 45 A TR AR A R )
L FRAIEER, 76 SY-CART BRI FEUE T 78.3% M IEMZH[3]. Hig, XL TIREURFERIRF 7T 2 7E
HRA ), IR 2 T S AR, SR IE I A IR B R B,
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Figure 1. Examples of Chinese prosody boundary types
1. MIEBRIB A LKBIRG)

FESEARGE, XTI TE R A MBI IC N B T RS K2 MR R, ROARZEHE ML T
KEBIT, FHRAESGE T . Wightman SE5EH T AAIER B, I8 H 20k R AN B K AT 5E
1, N A SRR A R RAL I AR [4]. TR 2RL %, Beckman fE 4 RTRT FU LA [, fi5
X 2 E R B TR R I KB AT S I ARt 5 B iE 5 o AR A, JHENNZI BRI E S
AR R, BZRMNRHAE, X TARRERES, BERA ORI IR g AR, it
FEULIZ T FE B T 5 R A e T A A AL 5] o

FEDGET, FHRKSHEL A2 BABE RN, JUEE TG REIE s, K E
F HH P BERT REA R (6] AT W TER B, BIHEL A R I R R AR K, 5 75 BT KRR
it AEBLAE (A AT TE b, i 2o B BH KA — N AR [7]. AT AF R RS th 3
HIRFIIIHAT B At 30wt 3 SCEL3A F #) BE AR VR A5 2 AR AR LR AR AR AR BEAR . AL
B REMNEIRFE Y A, SRHGRI RS MIRHIE, SR )5 A TR B A KRR 0T B B HEAT VA — 46, AT T8
BEGE R AN 5] X08 8) BEN AT R AR, 5 B IX SE AR AR 5 G TS AR A 285 5 X i A TE IRUREAT B e S A 101

2. PIRHEHREY
21 B85S EK

POEE TR ENES, HRZHOIRHAN S WEHR. EDOERE PAAEYIIR B R A5 &
o — A TRB A RRAT LRI SN CV, CVN, CVG, CGV, CGVG, M CGVN, fEiXxH C %
W, GAREWEN, w, o/, NAREM, v/, VIRES, v, u, o, e EDABEF, —AFIIEF B
BIREM L, AR s, HliE CAY. B FAEREC Z)E, @E hEk. PEARRAEMS,
BRI 39 4, HIm B RR TR N V, VN, VG, GV, GVG, GVN [8]. #id TR mst
AU W AR KRR B KA — AN EERE. N T EEE TR R BB SR B K
Z AR R, ASCRIFTFRCR SCERE, 34T T MG R T S SRR A n i 1 51
2, MRIEFRERT DU DL BER KB A K, 2F — e RN, JLHZLE BO #| B1 Al Il
T B EER, XU T BO Al BL (X 4) i DAPR AL B4R R . I R 8] 53 R 4h
R ARME 3, HERTCURIL, SHFHRIBHORRSE ], v S5 REm ke, JLmHK b A BE 25
MPI KR T 37.2 ZF0. GVG il GVN GBI R [, VNL VG K& GV SR JE o, i
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Table 1. The distribution of vowel duration at each boundary

1 ZBBRNBEHKIHER

120

HL BN (RD) BRI (FD) PHEED) TiE (W) FEAKL
BO 0.026693 0.32267 0.128164 0.001527 34758
B1 0.053571 0.418968 0.204478 0.001888 12357
B2 0.083599 0.520997 0.21877 0.001809 8611
B3 0.082275 0.417873 0.23635 0.00219 8733
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Figure 2. Relationship between prosodic boundary and
vowel duration
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Figure 3. Relationship between prosody boundary and
vowel duration

3. ML SRR XRE

2.2. ETHBEHNRKA—LER
TERZHAFIEDL TR, BRI K@ E S RVE N — N BB A R IE . (H R

AL T

=/,
27

VNI HRIA SR B SR AR
B, BRI KER 7 SRR AL T AR AN, e R 2 PR, B A E AT R
I R 240 B L R AT LI AR SCHE TR REAE R B L 2 24 2 (1) B B RIS G U — AR A,

Wi, HOb o % BRI REAE R SR RUAN [ i il RIS MA 9] ORI RF G R 45 5 B SR K
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m:d(i)—,u )

HI ST AT, ANF ) BEEH 2 S EGR RN KR, 9 7 HEERIZF A ST SN — A B 5 a
DA 1% Ee R 0 BB p bR e Z2 o 5, Bk an A2 2 A= 3:

H=ou )
=00 (3)
LB T o WA 4 B
1 m d(i
a-pyr 20 @

S it al s, B EAE F N V, VN, VG, GV, GVG, GVN AFEM, 7 Hik# &
LR, X T ke {V,VN,VG,GV,GVG,GVN}, HHMIEN 4 7355 H & BB T o, A5

SRR ZE Ol

®)

oy
Hep, 4 M6, BE k KBRS T o RARZE,
3. EFHBE#F LSTM B8 F 1R 51

3.1. EF LST™M psana 205

BIHEL TR IR A, X R I B HEAT B TUAR PR DL AL A S S B AR (Y, X). Y 2
PRSP, XRAFIESE, T X, HARREE jMEA ()R /2 —A> D 4 &, SR SUARRHE, 5
BURFAE, AHSRIHRAFAE, BIBFES R, Pl USRI BEN AL . 3 B8RSR (Y, X)aR AR LSTM
W g B L 2%, BRI 4, AR B DREEXI NG P S IEAT I A N I I 45 AR

ETH

BREEH
N]RS
H—

VERLEE N ng :>

AEHEHL

Figure 4. Identify the model flow
E4. RAEELRIZE

; RarESvE S

3.2. HFEIEEL

PRI BRI B T, KRR IEBCR AR R R — 25, HEBUN S5 0K BRI SCiR 4 R .
AR IR AE 73 9 SCA R AE RS SR, M AR IR R RN B o e SCARRAE 7 N ia PR R E AN
HHRFIE, AEARAE 2 B, PRI, B I, A R TR B R — AR BRI AR

3.3. LSTM =&
A7 EHRER IR, BT B E A IE B EAT @A, A SCERIU 2 LSTM 4% LSTM (Long Short-Term
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Memory) i — FithE i 10 4 B2 0 24 (RNIN) A5 22 1 KU RLE, HL % 45 Ko 1) 6. 252 fh Hochreiter
15 Schmidhuber 75 1997 43 41, I ELZE S K I T A iV 2 AR R [10). & 07 B BT
SR 0 3 0 DA CU 2 O P LSTM Tk 0 A T B TR (8 S0 B A7 7 B R 2 1 B
it
SCARFHE
GRS

RFIE

FEE . BENK
il

BT HR KK
VAR

Figure 5. Feature set relationship diagram

B 5. HHERXRE

A4

Jrt | | T h

Figure 6. Long short-term memory network structure
6. KIGHRICIZM LR L5
LSTM HA=ATT, rnlb@imA T Sl 38T], LSTM IERHF A 1R IS sk 74K 1
SR BT EE A ER MW, AU AT TR 1]
BRubz 4k, T T EREMANZ DHHE BB Az TT T, BATHE ZLLE R xR e Eek
SEEC MEHRE,
it = (Wx +Uh " +b) (6)

¢ =tan h(WCxt +Uc.h"1+b5) @)

Horbr, W AU, AT T RRORLCEAE RS, W, A1U SR 2 SR e RS THE R B R RS, by A1 b, 2 i & 17 .
RFAE TR IR M B SRR, IR ERATCIZERRESE S

¢\ =(f'xc™+itxc') (8)
B RARE L aIRASE R o SR FEZ 5 n', X B TR IR, BEd i 15500 5

il
o' =a(Woxt +U0h"1+bo) 9)
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W, FTU, A4 1T SRR AR R, b, 2 B A
H1 BA_E 5 SR BN SRR H BRgslZ 4 i h', 1) R A SR RIRNN T it — 2 8 240

3.4. VM iEER

FEA RS, 25 [E B POE B FPPIIER AR R — > 5 7 RIBRL, AR 1Tk 18 F IV 2 2 43
K FL k. AOEE R AR AR R PPN A R B E TRk, BA1 72 % (Accuracy).
& 12 (Precision). 7 1% (Recall) LA [z F-score. 7€ X U1 :

i =m0 .
g L EMUSDR R R RS a1

HVIPSREZES: RE SURTIIRY S S 4
_ IEIRAONIZ SR I AR A L

Al = )
ST SN e R (12)
FAf = 2x JF 26 x 4 ] 26 "

R + [0 %
4. ERERE S
4.1, NEEE

AR YR 5 A SR B S P SO Lo 5, R R P R AR R S, AR AL
116 T/ Ao WERHE F I BT THRME o S0 SO ARy WIS Sl = RN AR BHE S5, e RAT
REMIASTHI 7 o5 7 2RA. 5. S0 T A8, BB ERYE & B 5 2 bR e 35 E BT T8
BELARE SCRE TR IBE IV EhrE[12] . ARREEEIAEE: 1. winl0. 2. python3.6.4. 3.
pip20.0.2. 4. tensorflow1.14.0. 7EEHESE L, ACH 10000 A sigiEwhg i — e tefl /8 3 41, UIZ4E
ik 70%, B UEER AL 230 15%. BT IX SE R AT IR AN IR 4040 (0 2 A, ARSI AR R A3 B AT R
B35 S B ML 1) 7 0 DAk B A = R A AAAE S BRI L o A IR SIE 0 R FH ) X 28 B Y & LSTM 7Y,
HHSHEE WL 2,

Table 2. Hyperparameter configuration
#2 BEHRE

¥R 28 A 24 num_layer num_hidden batch_size time_step dropout learningrate

LSTM 1 64 128 3 0.5 0.001

4.2. SKIREERIH

ARSCIEIGA PE A B P BRI i I A IR D9 LRl RS LSRR (B, basic features template),
KA LSTM Mg SRR Dy e pipii i, AT # I R U0 R A . O 17 e i VA — A B BRI AL R A
Bk, ARSER AL & (07 AT SR8, SEIRES RUE 3 Pros. MR HORE, PIALSCis B
ISR SRR T AR A T, Xl R I 1L TR AN 7E 0 SN . AR EER
G RSB N E R AU S A TR R SR R A KR, B AEE BRI RS R T
A1%HIHR T, AL SRR AR B R] 1 — 2 MIBGE AR, BB — R &1 8 F{E N 7175,
9 RGN 73.375, Ty FARSE R 1 HGE 2%, IXR W THIBEES M HH BERHC R AR W] AE —E R b
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Table 3. Phrase boundary detection results under different feature combinations
3. TEWFHEAE T RO FEMER

All R B E ARG R
FFIEA & Acc F-score F-score F-score F-score
(%) (P, R) (%) (P, R) (%) (P, R) (%) (P, R) (%)
Bft+ 13—k 783 68.7 47.1 88.2 83.0
RS ' (66.2,71.4) (53.6, 42.0) (80.8,98.2) (91.5, 76.0)
Bft + JET-#IREI)3E 20.0 69.3 51.2 88.9 84.1
A — 1R ' (67.5,71.4) (54.2, 48.5) (81.4,98.0) (91.8,77.6)

5. &ig
ASCHEH T HET LSTM L8 BRI 3T 8 BF 73 2R I A — 0 S SR AR BEAT DUE B A I 5 R0 7

W, il SERIOUE T AZRHERT B A SR R A R . ARSI LAR S, Kt BRSO R

0 285 BT o BRI SR A FE R R, DA — B il SR A (R R 3R
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