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Multi-scale Expressive Chinese Speech Synthesis
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Abstract: Common methods for enhancing the expressiveness of synthesized speech typically involve
encoding the reference audio as a fixed-dimensional prosody embedding. This embedding is then fed into
the decoder of the speech synthesis model along with the text embedding, thereby introducing prosody
information into the speech synthesis process. However, this approach only captures prosody information at
the global level of speech, neglecting fine-grained prosody details at the word or phoneme level.
Consequently, the synthesized speech may still exhibit unnatural pronunciation and flat intonation in certain
words. To tackle these issues, this paper introduces a multi-scale expressive Chinese speech synthesis
method based on Tacontron2. Initially, two variational auto-encoders are employed to extract global-level
prosody information and phoneme-level pitch information from the reference audio. This multi-scale
variational information is then incorporated into the speech synthesis model. Additionally, during the
training process, we minimize the mutual information between the rhyme embedding and the pitch

embedding. This step aims to eliminate intercorrelation between different feature representations and to
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separate distinct feature representations. Experimental results demonstrate that our proposed method
enhances the subjective mean opinion score by 2% and reduces the F, frame error rate by 14 % compared to
the single-scale expressive speech synthesis method. The findings suggest that our method generates
speech that is more natural and expressive.

Key words: speech synthesis; neural networks; variational auto-encoder; attention mechanism; prosody

enhancement
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) o MR D, R SEE 2 X2 R, BAMFE AN EEANLEFIFAZE—
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WL B SR B A DGR B TE XM A RS 1 AR B 0L T IR, 2 2] SOAR 5l — X
22 0 WS, BT A TR B M R A AR S TP, A ) T A o) B AR 7 2 R R AN 2 2k )
Fp— A AR, XREE MG E T R ERMER S e ARERE.
HNHE A — @ 2200 . S5 G BB & 10 3R BT 09— G5 A B SCOAR (R B 518 & RREZ ] — X £
MBS O FR o A B R S AR A IR G OB, O X i 245 B AT AR W LR i DL b 1)
B, B A B B R BN AR R RS N B K S 2 A A I A O R e A 2 — R
AR B SIATHRE & ARt 7RI 887 b 3l W O 0l i 2 5 G i 2R 2 05 g A O R RO
Wi ) A AT SO A — R A S 2 AT A . B0 Wang 4514 Hh 9 4 )R BE AR AT (Global
style token, GST) , 3% Fl 7 1 3o 2 7% i G 2% Al — A~ T 2 L B S 19 GST )2 $2 S 2% & 4l 1) ) -1 4%
SR AR o 2 GST AT, B 2 E M hRic , 3% S bR ic B I BCRTE g & 00 1 3 A . )
— ISR A E T By Y 05 vl a8 4y 1 8 4 B £ (Variational auto-encoder, VAE) ' 'SZHL . VAE i@
aob MV AR B A 0 A SR A DT A R AR E R AR o Y RS R I 20T HonT DU E L 28 TR
TR BN AE o Zhang % SR T A BB R IR N T — AN VAE R4 ok 2 2 AR R S B A G B R
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FRTFETE R ) S R AR R T R I RAF AR RE IR AE — B B T A RUE S R
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NZEE - D A R AR T R 22 RUBE (Y, DOKEDRE B2 28] 20067 5 30 0 A7 PR B, I AN ANEE B RUBE | e )T
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Mo DUE A AR Z 0 [R]85 7, 30 A W] 00 5 9 FH R X430 o 3 98 ) DA B W & 3L s i 3R 3k 1 %
SCHT T U R A R AR B 2 ) R AR AR A AU R R B AR R G R AT R & B AR Y
RPN 05 A AE B R AR A BDUE ) I A S E S AR A AR ORI R R AR R
i o 45 ) L

B RF b S0 AL AE B — R 2 o 5 BB A A B AN 9 40T, A SCHE Tacotron2 #5678 f) S il
AR T R 2 RERDUEIR & & ROk, BTEE Y 2 RE MRS S . Tacotron2 J& Tacotron Ay i i
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RS, 2 R B STk 3 5 A OB A 2 — R ST R U 14 Tacotron2 #E4T T4 . 25 BB BUIE & 96 A
A 32 B Ay 5 e I T 7 25 A AT B A 5 0 R R AE 0 6 AR B 10 3 L 9T AAR Sk
TR G A& & Bl B 22 ) F R 5 R . O T RISl B R R LR ZF] VAE
PO 268 7E 1 & G BTN T 05 K, AR SCHR M TR T VAE [ 2% 1 2 RUBE B 4 ) 090 245, % 55 8 AN R
AR R IEAT 2 RUZ AR . B AR UL, 75 20 RUBE# A 4 T W 46 b il o — 4> VAE XF 22 35 3 14 38 A 1 B
TE 4] TG BEAT AR B 225 1 v B ) AR R A A D — A [ 4R 9 A R A L X VAE 4R
BT T G T 45 5 1 22 RUPEE ) A 2 B I 265 71 19 53— A VAE [ 286 % 2 25 35 B0 i R iE AR 3 28 GO0 R A7
B 225 00 T E 0 SR S — A B R GO AR R AT A PR AR A A o il
A VAE 2 > SRR B 04 22 RUBE B9 % A A2 A, 6 Bl A A R AT SOAR 211 35 AR A 1 — X 22 W S Ay 2 482, 344
SRE R E R T o BeAh B IR R VAE ARy — B0 o o BOBERL o o] B R R T A
FAFAE AR & RR o A B RR AR A L 2 Z7E — R, 0 — SRR AR AT 5 4 T R 2 7 i) HL Al 2 32 A Y
JC 1 % ) AR SR AT S W ORS E A S o OF ELUNZRIN, R O A B9 2 25 5 05 A A R U 1]
JIt LA A G % 2 2 1 BRAR B T AR B AR 0, i B g 2 6 PH — 1 20 B 19 2% 2 o B 9 15 L L il o, (R
W — A i Ao S AR B A BRI R e B T R R o B DL R SCBeTE R I o A vl e
AN B R I A 2 8D LA S o — 20 0 e s R R R R AT 20 B B R [ AR AR 22 (8]
R ST D G i 2 T IR R T A B G, S B X 5 G Y A T S R

1 Tacotron2 f28I &5 44

A SR 7 ¥ 3 T Tacotron2™ 3 3 A UMY B2 — Bl 26 1k 14 34 0 00 3 3 4 OB AR, Pl 48 AR
AJTE 201844 i1 . Tacotron2 J2& Tacotron B RS (1 T, & U0 Ak 1 A7 1) Zht B 45 R A 045 25 45 4, %
B e A VR R I HL DT S PR T T A R . Tacotron2 38 5 1F 2 09 ) 371 2] 3 51 R AR B0 AL A
SCAS N 25 B 45 WL B AR SR A, S0 I 0 0 D\ SO HEAT TR G o 33X P g 3 o ) B RE A T 24 B B
ML B2 TS R o R, Tacotron2 B3 2 g ML R % A5 A% b G 1 SCAS 5 5 430 2 [a] A % i G &R
AR A s & B BRI A AR -

W 197, Tacotron2 f PSR 3 28 (1)1 A7 T 58 7 HLHI 0996 20 77 510 21 1 50 4 A 00000 09 2% . &
NI AR -4 1 50 v 5000 A 2R B A5 3 51 (2) 7 s o S AR R A | AR R B Y . B
KU, 5 51 B 51 R A T 00 ASE A Ry S 5 s T A R L B A B S A 2 G A 2R AT
G0 Bt A8t kg K L ) B 9B AR I R 7 T A7 R 25 8 o R 25 A Y AR I 2 O ke SR 1 1R . R 2 3 )2 A
T 28 ® 2% (Convolutional neural networks, CNN) 1
— 2 B & 5 90 12 W 4% (Long short-term memory,
LSTM)Z Mo 5 XA T S5 A G , S it o 2 i i AR LY
1) G B 5 S R SCAS R o SCAS i AT 81 38 2o 7 )
0o 268 A BT S K RE Y N 2 el i, TS S A i A E AT
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TRV ) e ol i A 2% L BE B 1) R AT R AD e D
T — SO WE A G A B 2 o A R, R g 2 —
A A TE] VA 0 p 2 I 4, B RE A R | — AR Rk
DR — A5 B o A B 25 B DN A 194 2 ) 50 00— it A
VNSNS S IPT S i 1 R | o P g a0 W 51 3 2 SN 1 B 1 Tacotron2 %ty
) 235 538 2ok — A A 4 3% 92 2 ) B T A 3L R £ Fig.1 System architecture of Tacotron2
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JEUUR (1 Tacotron2 A5 Y 45 14 3 2y 4 % 45 1415 A 3 T8 0 AL 0 A % e T 20 208 A B T JBUER 1
Tacotron2 # A4, A SCHE Y BB RIS AN 1 3% T VAE 19 2 KU H 4 14 00 25 0 — D AR Al Th . 2T
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Fig.2 System architecture of the proposed model
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AXFEMPFRENEZATUAREETS . SARAIES . W HEFHERA SO SR E L
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S R BCA R A SR BRI T AR R /I . BE AR D B Bl MR A TR R Y SCAR R =
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A SCAE R SE T B ALAM T 100 A5 8 R B DA KRR X R 9 SCARAE S I 22 i R E o BRI 2 AR T
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WK E T E B RAN o IRIGR TR 58 & B, A SR B8 & 7 Boi It Sk (46 R S A v a) i 4
] (R R T20.2 s) R i B 40 S B 0.2 s 19 & 7 Be . (P EIE & & mUBERL 1 I i 5 2 1 Bt
T A X I (8 AR 2R AT R e 81 o FEAS SO Mg R A S ek T R 1024, WK 1024, i F8 Sy 256 1Y
5 B e B A5 £k ( Short time Fourier transform, STFT) %3] . 15 89 F, 5 538 o 4l WORLD 7= 5 #%
AT AT SO R SR IO B o AR R R ) = R AR B R RS R AT . B
L R A AR L ) TR OR X ARAIE T F R 8 5 R 0 AE WU R 5
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PO St B 4 (R A B 25 45 A0 AN T 3 TS o 555 4 R 25 AR 16 i A 2B B 32 4E I W AE Il it o SRS VR AE
] i 3 2of 42 3% 45 2 AT ) 256 4E 19 R RO o X B R A HEAT B K LY R BRI SO R A 81 K AR
6], ZJ5 5 SCA AT 51 3 2 i A ikt g T 000 A 2R 43133

ALY (‘The proposed ) : R FHAS SCHE M ) 22 RUBE A Mtk & L i, B Sh i dn b3 prik .
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3330 &

T R T AR R G RE AR SO 3.1 A 48 I G A PR R 20 AN BT R RS B YRR AR SR [
B PEAT 4R o IXSEREA B K 35 78 20 s AN o R PR IE SCAS R — BOFHEBR A TR R 9 ar4 T, AR 3
F T T o X A A B AT P [ B A R — S U R A X 5 28 A o B
3.3.1 EWHH

B RE S W R T8 R IR w48 b 73 & LA 4 (Mean opinion score, MOS) , Bl
WA N W 5 D G2 X W ) (918 3 dEAT IR AT 0. S 5T EE 2L 18 N BB DR . BIEH
A A R 3200 T 5 SR SZ X AR 4Gt 1~5 20 JF L 0.5 40 S LA BS FE A 20 8. MOS 3 Bl sy AR 3%
PAGRR LT S S A=/

IR SO HE 2R AR 1 (Baseline 1) (LR MY 2(Base-
line 2) A C#E I (The proposed ) LA K B 52 35 45 43 1) 1F
T T MOS P43, 88 Ja X 345 W 888 647 T 4y Br i 2

x1 EFEUTNER

Table 1 Subjective evaluation results of speech

ViR MOS i
X AR T g BARSE A 0 3.2 W Tk . S MOS 14011 Gromd Trath L1320.07
I I 95% B AE B X s Rk 1 s, Hd Baseline 1 4114007
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