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W OB ETORHAIEBRAATRGERERETORE, RET a2 aHERETSREHE
15 EARLE A0 F ko 4E Tacotron BEA &%, 09t B E 5 A b b AT 3 RS0 15 70, R 3 6 R R R 0 1 &
FAE o B RAR R KA P E A 9 4 Tacotron B AL, Bk A N AL HE BGE AL D Sk, AR B LA T R 6 3E
F . UG KA Praat F oM T AT EAE PR BRET WSO FEERRAFERE T AHK
HAE G H B i MAE 2t Tacotron &~k 49 48 5L Hr Be & F 69 IR (B K Ao de T3 A705 08 800 R R A & 0 4%
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Expressive Speech Synthesis Method Based on Tacotron Model and Prosodic

Correction

ZHANG Xin, HU Hangye, CAO Xinyi, WANG Wei
(College of Education Science, Nanjing Normal University, Nanjing 210097, China)

Abstract: Speech synthesis technology is becoming more mature. In order to improve the quality of synthetic
emotional speech, this study proposes a method combining end-to-end emotional speech synthesis with
prosodic correction. Based on the Tacotron model, the prosodic parameters are modified to improve the
emotion expression power of the synthetic system. Tacotron model is first trained with a large neutral corpus,
and then a small emotional corpus is used to train and synthesize emotional speech. Then the Praat acoustic
analysis tool i1s used to analyze the prosodic features of emotional speech in the corpus and summarize the
parameters of different emotional states. Finally, with the help of this rule, the fundamental frequency,
duration and energy of the corresponding emotional speech synthesized by Tacotron are modified to make the
emotional expression more accurate. The results of objective emotion recognition experiment and subjective
evaluation show that this method can synthesize more natural and expressive emotional speech.

Key words: speech synthesis; end-to-end synthesis; prosodic correction; emotional speech
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P AR AN B & B L B mA Mk A LUR 38 BB PRk B AR IR B 2
1 DL R BT B 5 R ] KRR (Hidden Markov model, HMM) 45 ik o T2 9H4E 05 i 575 2R
2 1 1 SRR 2 b 8 S I BRI R R B, O AR — S B A AT A AR T R A i
fe FLHE A Be DR s Ak aok 7 2B A HfE DL G OB RL R Z A L B R AR IEAS R A ROk S R
ke 2 A R AT, A0 DA AR AR A D AR o i T R S K AT A AR (Hidden Markov model , HMM) ) 75
2,2 N TR i/ AR i T HAE B 2 B R ZHUTF 8 A RN A T TR A AR
IR R TR ) B PR R R A S IS I E S AT B T A B A R A R AR A T
B AL JC T D SRR RS A DU IE R B 75 2R R AR 4 0 ) R b A o) B B A Ar )R AR Lk
AR PR R A B O T B . 10 WaveNet " & 3 T Pixel CNN 42K 78 A 30 58 A 11 4% 1
A A I A R A A B P B — R B A o) S U R G U RO T AR G vk A R
AT R L = B 0, 17 HL OB R AR A7 1 i SCAS B el itk A Bl Char2Wav 8 47 [ i RS S , FH #f28
P ith g R MRS 2H A, e D SO A i A B A T A AT 9K 2 Sample RNN Bt 28 75 fith 25 22 Fif i) 15000 75
2R S . Tacotron Ji— 0 3 T 7 55 1 ML A9 9700 b 50 05 A OB D, 12 J8 T M) | R 75 BEAE 35 R
G AT R FARAE AR AR, &0 X, SR B L) 16 A6 7 SN YN, O 8 7 22 Fh s 2 550808 vh iz ik
FIyJE . Fastspeech il 1 M 5 2 B 25 18 45 J7 15 I AT A2 i 1a] 6 40F L AR FL 2 T 1 [0] 0 9 75 2 B 0 4
I AT S T S AR AR 45 4 o Y Pipeline HoB A 2%

Tacotron %5 28 SUHL Y T F: oA 15 B b S B35 AR A A8, & BP0 345 3 AR EL L2 A R A5 2 AR I
WA T AT — BB T ey SR B 3 R n A RO S A . A U BGE T — OA LUR PR 7 =X

(D)5 G Bt v 7 A T8, PR AR B AN R B A TR A 7 2 R R T v 37 38 3 HEA T8 0, )R 75 3
N IRIE B o T B S ST T e 2% AR AR R TGO 4 G R ) A R A AR, A B 3 AL [R) B
B9 (Time domain pitch synchronous overlap add, TD-PSOLA )8 3k XF i PR S 0015 & S H0lk 118 4%,
A B R R A A TR A TR B R R S T HMM AU A O A R SR
I8 3 o3 B P w2 AR AR A A R R R AR R AR A A IR L T Praat 8RR X R ST SRR AE S 8
AT B, B 24 MU I 1. Wang S48t T —Fh 2 G B R 30 O ok, A 7 5 T AN A IR 34
J2 WK BT I RE R AT G B, B P R S R O RGE L X R T 1 BRI R K o
W 28 N3 TR 0 AR B2 5 A T Rk,

(2) 38 3 %155 SR B 4 P2 o 1 5 AT I, e A A H B R G o 0 Lee 55 7R 8k 5 1% BGH BHE b
Y2 Tacotron 155, i i Dy i Ay 24 12 1 T8 2 Ak B 5110 SRy BE 76 38 5 (9 4R 18 0 1 B AT R4 Y
T A RAE RS 1 0O B b FEERIR BN O R R, 5 H AR B AT — e I 25 . R — s
WEIE A T XA B 15 B & AT R R R AR SO T ik AN BRI AR ST T % R o DL &
HTAK 4 AN [ 175 SRR ) 1 B B A AR 2, DN TP BRI A & H R A 28 1 TR R B a8 TR R 20 & B 6 il
W, I 16 oA BB 3 I S8, 5 8] T AR S GRS Zhang 45 SR A B 428 ) 4% (Deep
neural networks, DNN) 5l H A5 175 & i & 75 5 2 500, X B B 30 B2 3 (Pleasure-arousal-domi-
nance ) = 4 1§ J&% 25 ] 45 28 A b (H HE AT R ETFARIE Oy ZE RN AR 5SS FHHZ BRI E , 1% AR
7 AT 1 e AERORT AR R 180 e 2 RO AT R R, LB 4 3 (Mean opinion score, MOS) 45 3R & B 1% 5 ik 1
T A BOICRAR T 15 52 (%9 DNN BB R HMM AR

% 1§ 3 Tacotron # B 58 % a7 50 55 20 A B HH 8 Ry H R A9 5 R JER R 38 3 SRS AR SCHE IR Y
(Al b, HEAT S 2 i 04 15 B E G U X A 80 A R AT R R AR 0 U B DT G B N R R
IKHAHFEEWIES
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1.1 HRE
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(LT kg

LT bVt e by — 7 B35 B2 A2 13 1004 R Sr il &, i i R 18 RL R 3 A 15 8 AR ) 7 SCAS A
K [6 2 89 1D J7 91, £76f 78 Metadata B0886 S04

(2)Emotional Voices ¥ i 4

Emotional Voices ¥ ## 4 & H1 Adaeze 252 '45 4 24 vh 57 808 48 (CMU-Arctic 35 15 504 4 Fl STWIS
BB B AR ) B SR A% B A BB R o TR R AL 20 53 R I IR 0 N L2 A M g [ U AR ONFN LA
B B PEBE N o A SCHIFSE S 0T Hrp — 67 0 [ Lok B LS v R A 1O RIE R 5 R
B, Ho B SR IO SR
1.2 E T Tacotron EEMPBFMAEMBUMBERET S HIESR

Uity 1) 0 1 G USRS AL G A BUR GE T I 3 KB A B e T — A B ATk AN IR 2T
SN B IR SCARRRTE 25 S, BB AR T 38 & G U9 38 TE & WL O T TR L B R A8 AR A A 1Y S
AR HIEA O A B AR &, A SCHIFFE R BT S AT 2 0% o 3 3 1 & A RS Tacotron,
JEAE I EER b 38 in 7 R R EOR R T i 3 o A R E AR 25 G R I GRS NESE . BE T Taco-
tron FH #8355 4 0 1% JEGE 5 B U TERE R Q] 1 BT R o AR HEZR AT 430 3/ BEHL : Tacotron Y R B ; K¢
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Fig.1 Framework for affective speech synthesis based on Tacotron model and prosodic feature modification
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AIE 3 B A B RIS B G BT . B 1 CBHG S B — 45 B UE I A% 55 38020 I I 286 0L Jia) [ 47 38 U
JL A R EE (1-D convolution bank + highway network + bidirectional GRU model, CBHG ) .
1.2.1 #A N %

FERTH B B, % A I 256 0% SCAS G 325 47 RH R B X, St 30 R b B T A BRAERAE 430 B AR LSO
FIIE 5 Z2 Bl A [R] 5 J A A Tacotron B, BRI LRI VR BE 1 28 I 246 e PEASE TR | AR 418 4ok A\ 1) AN [] 1 Jel itk
ATIE R 2 2 RN 3 2 2T, U s A I R Y | 5 i 5 DI 5 47 1 R Rz 55 R B OB B 45 [ AR A LA
i J5 26 1 H AR IE OB &

Tacotron 3 B i 3B 2H IR, 43 900 A G 2 A T T8 0 WL A 100 A7 0 o LA B b B R 245 o )
HENE P SCAS P B B R {8 2 51, 38 5 Pre-net T Ah BB 25 44 %o 7 447 ) i b A7 B 26 ME 524 , H 7 Y Dropout JZ
Py B AT B Pt i SR Ak B S % B — > CBHG Bl X ir & 5 B2 dE 173tk & 00 — fb 915 A 2] High-
way net #8473 7517 55 2R AE 32 B, T8 B X 1A] 1] 45 46 2R 59T (Gated recurrent unit, GRU)$2IH 1 F 3C
FP A5 B o A A SR F L T N 2 00 T = 0 HLHIRE B B T LA BRI 28 1 2% (Attention-recurrent
neural network, Attention"RNN) (1) %y tH Fl 45 5 £5 1% 3% 8 I F SCR & 3%E 8, I AE 4 Decoder-RNN 19 i
A HC S5 iR 2% ) T U A S5 S AR A R Mel 15 s A S AT 5 4 A 2% AH R 45 44 ) Prenet il
Ab PR 45 | I ok FH 2 T AR 25 1 HE 0 GRU NP WS ST T o i RS i D AT B B0 o B Ak Sy B g 2 AN
[ F i i 7% 2 5009 CBHG BEHAE N 5 A BEZ5 44, & ] LU BT 58 34 09 i 65 77 2, SR U 91 R AE | ) B 3 2o
L i) A% 36 o B AE 45~ I BT 4 B0 B9 AN DG i () 850, 28 05 ) Griffin-Lim 530200 J5 A B 0% a1 & oh 7
1.2.2 HAEpH7

PR R AL 3R T WO BB A AR T 2 kol 5 09 T R AR A T E RRAE . 3
B B FIBE R BT BT R AT B T ARAE . SRS S RS R e R U TR A S B S
AL, 2 AR TR T VA A e I o RO R R TR R RO o, A A R R K 5 I R AR A 1 R U R
AR ARG, 728 A B /DN o B S B g 2 o R P PR BT 5 R e AT AL T IR B v A 2 IR
AT, MBI IR ok 0 B R B U0, BRI — M A, B B o 5 R YR B T LA O R e AR Ok
FER , o AR T IR R R R, R TR B R

A SCHIEFE R T Praat 75 27 50X 55} 2R v i s o 00 3 B RR AR HE AT 4 BN 3 T, 38 0ok BROA Y B A DG
T A WO [7) 28 550 475 J% 11%) S 331 1 o A L il 2 28 Ak AF B 45 52 B K RN S 24 2% 8 3l R 00 BT AN TR 1 TR 2 5
bl 352 5 B B ik 9 S8 | e KRB R B /M 55 I M 2 5018 0T 43 T AN () I TR 1 i o it £k, 3 T U 400 S % i
A RISy R 4 A, B DR 7R 55 2795 TR TR Al e AR
1.2.3 HREEFERAMKL

H 4 1 B WSCAS 1 R SCE R 98 I 2 B BT 6 18 14 i 1) B AN [) 17 J S 280 A= ol B B 19 SRR
R 4k 23 B B BT 3 A5 04 AS [ 475 8% 0 2 10 B R S B0 A, A ORI 2 U 000 i 2 A A8 T 4 A o 8 A0 2R
F 2 B 0 3803 22 () LU 491 DG 22 1 2 LA SR 20 e 5 b 49 O 3R 1 I 0 L A 280G 3R 6 H A I IR
TS EOR AP RS, A& R R E FE T O BOE BT S ITA U B R, BRI Ty
PR RS 270 TP A A

2 BEBERIESHNSWSEIE

R IR 5 5 BT AR S 1) 7 2 2 M L B 5 52 ) TR RIR R B B X LA - S O o 7 SR
fRRAZ Al RV EE I RE A XS AN [ 175 4 RS F B A PR AR AT AR 2 3R RS AP S I B B R R ULIh
L A PR 5 R e, BB B S T RS TR RIS AR A S AN R AR B P o B A s (I 5 B
PEAT B, INAE A S BT R DL, by e LA G 2, AT 2 R B, A BT 5 T
TEXfERE DERAANH AL T, P & R LA B . DRI IR BIF ST 0K 3 AR i) 2 R AT e B S 1 2
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2.1 E4;

1E B AR &, B A (Pitch) Y e & BLIE # (1) *£1 SHEREBESHENE
J R D K 5 €8 AR Ak DR e A 6T i oY A Table 1 Fundamental frequency values of
TR o SR AH H Praat 7 22 43 AT BAEVE D $2 1 five kinds of emotional speeches Hz
ARG TR TR Bl LR Z R pmeem Ll WAl R/ ME
R FENN SR, B AR A TR BORAS T = 2 4L 38 I 399.96 500.25 133.34
FLA AR AR 8 R - ST IR I (B L U B 9 e 244.71 501.22 109.51
(BT TF 0 17 I 5 3 SR A L (k=2 (H L % 271.82 383.02 96.55
e T {46 1 5 A AB R v 2 R A I J ) 1 A A ke A5 359.12 515.18 220.87
RELZ, I A 3 A IR I 5 A vl P 17 J 11 o it 204.56 251.54 78.55

PR AR T 104 20 I s 0 R I JR , =38 1 R X (L
M B AR VR R 1 g i A e . 6 1 ok Hop — 1) 1 % “Her own betrayal of herselfl was like tonic to
Philip. " 7EA [F) 17§ 18T HEA i) 24 B0 F 2 AR AR

AR SO G A WO AT o 5 X SR A A R AR Ak DX T 45 A A A L A R A8 R A (I, AR A
B T T I AR R V(R 2 TA) Y LA (B Sy ) HE AT R N 9 3%, 4n G R A I SR R A 0% v L

F18g DX 1) 157 L2 ) A5 ) L 910 A5 A 4, DR 0HG 2 A SRR L 7 422 JE X IO L 4510 48 i, 1] P £ 455 I IS S 1) AN
2.2 B

i< (Duration) 48 B ih A 38 58 — 4> 58 1 %2 SHERSSHHKSTEHER
) BT P 4 I ] ] B e B 0 T R A PR . Table 2 Duration and average rate of five
FL #8225 18 ) FE N AR IBOTR 28T 18 B K R 1 3 25 kinds of emotional speeches
S, 0T LU e B A R T R I I B KL T s i K /s B R AR (s )
T A 1 5 I 15 R H e S TR R R A, e i 4 3.63 0.275
APy % b AW 58 AR L AT S E R 9% s 5.16 0.194
T HURAR R I i J, G R AT HR IR R 5.62 0.178
BEAR R o 3 2 R Hi — 4] 1% 3% “Her own betrayal S 2.55 0.391
of herself was like tonic to Philip.” £ A [A] & BCR & ik 4.48 0.223

TR R R, R B AR LR

AR DL L2 A, I 2 B i 8 T R B o A R ORI o 7R A8 R i AR b N IR R A S
BORAS 4 B JICE 57 A IR 5 5 v IR =2 8] ) Lo 1) (B82S 2) 50 5 A0 A S E o 48] 22 /0 BRI
AT LR T PR 247 5 BRI R R e R

TN B JE Sk 4 1/ 1 R3 SHEBEREENMRE
Table 3 Energy of five kinds of emotional speeches
2.3 HEE
dB
fig it (Energy) 467 3, BV E MM BRAUR Y, —pm e e
S R R P RO AT T e 6600 w07 P
GRS B P & R R &R E . ERRE 9 66.47 87.23 49.87
(& LR T OF FOIRAS T S AR DUAT e R 55 . LA 59.34 86.21 31.11
# 3 N AT 1% %38 & “Her own betrayal of herself S 69.04 87.97 50.13
was like tonic to Philip.” By fig {218 . o 62.02 86.88 40.93
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TEV & VARSI, LA 05 5 (9 422 Sl i 32 BV ATk B RE RHE TEAICR o s 25 BON Bshng, e s g, vl
AR 5 PSR -5 2 R R L , oK B e R B BB )97 R 247 (3R el SR A 2 O IRy i, RESE (ELAR AR, &
(E4R/N e D380 RO 15 i 2 ARy r 18] 5 {05 , A S O (LA A0 2 380, Sl A AR B 1) o LA

3 KRERSHW

T BRI R ROR TS AT T RGN S DA e WL B S R R I AR B TE Y
ity 380 it 19 RS B B IR A T 200 ) IR I B R R R 1 A I B R AT H A
3.1 ERIRAIZ

0 LA B3 I UL 56 0 sk A B i R4 A9 36 B 22 I 45 (Convolutional neural net-
works, CNN) 73 2 4% , H 5 eGeMAPS A4 & BURFAE , X 5 M B E#E AT F1 5 . GeMAPSs ik 4 X 7%
WAL AR IR R AR VA 2 50O N0 18 AR RRAE 347 38R 1 (8 R b v 86 2 e H 4 A6 o s R o) 2
(9 DA T FA GE TR A L P AR [R] 2 800 4 A1 3 IXRRAE B I 62 4E4F1E . eGeMAPS 7R It B&filli
TR 7 AR A5 3% 2 B0 X8 I i A DXl ST it B3 50 140 R0 A8 S R A 3L A SRR WA T S AL i AU
A AR AR5 R H L ~4 i o DRV L 5 (078 2 DX T e 1 oR 8k, FE IS5 380 93t 26 DMRRIE 2288, 3t
153 88 YEHFAE " I 7 £ R ILA F F AR IR T B S HONE LR S A B 7RI EAR BIE
5 o LA B 1B ek . 2 2545 AR IR S A P24 4 [1] R (Unweighted average recall, UAR)"'#E47 3
o, HO S r e an =X (1) s o A5 B RIASE A 6F R AR 38 1E 19 & iU 88 2 A 00 28 2y 0.7, 1 %
N T R R () A7 B AU Rk 0.76 , 33X 3 B 5 B o R4 T B AR AL i SE R 4R TH A LR .

1 &
PUAR:NE* (1)

=1
A N R A S 5 ¢, b B 4 o1 SRR A R Ay PO A5 m, SR S 0 R R AR AR
PR i 15 SR IR VA R a1 2 s o NI 2 v il DU, X R AR AR IR AT B U L ar R
157 I A R0 S AR S 23 2R MR BRI A B T B T, R B AR T v R A R ORI R A R SR TR
VA R 5 H 2 2 A A0S T IR 2 IR AR TS R T, XS PR SR AR AR AR LA G o FETR — 2B i BF
T T SR 1 B by RS 1 B Re A 23 A O 125 o IX 0 3 TR A IR

CNN normalized confusion matrix 5| /i 2% CNN add-prosody normalized confusion matrix 7 5| yie %
Neutral ROV Neutral SR
Angry Angry
2 Amused "o Amused
E &

Sleep Sleep

Disgust Disgust

Neutral Angry Amused Sleep Disgust Neutral Angry Amused Sleep Disgust

Predicted label Predicted label
(a) Synthetic speech emotion recognition confusion matrix (b) Synthetic speech emotion recognition confusion matrix
without prosodic feature modification with prosodic feature modification

P2 PRk T 0 R TR I R R

Fig.2 Confusion matrices of emotion recognition in two cases
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3.2 EVRHEIE
SEWLWT RS AE M G AR BT S I X S R IR R BE AL A IR 10 AR AR R B
3~5 s AEE, IES0HEAS , I MOS it AB i -0 56 50530 A AN e G A JEGH 5 1) F AR BE AN TR B ) <
GrAEEER S 2 HAE RS Z LT RFE AT SHMOS HR 24 FEBRAKBERIES MOSITS
PEIFI, 1 FRRARA AR 2RIREA AR 3K /R — M, 45R/X Tabled MOS score of emotional speech

BHKSRRNB AR, FHE WAL 83,78, MFE AR, synthesized in different ways
Wang %) Tacotron B MOS 1343 H 3.821*, Zen 45 3 F K fii F ik MOS
A0 A7 P 2% 19 1% R IE 5 MOS 15:4% R 3,723 3 2 B uifs 5] Tacotron 3.82
Uiy 3 B AR 0 I SRR B AT R R R S 2 — o R AR O I Tacotron—+ # & IE 3.78
(AR AT AR v T A v 2 v 0 R S O YR AR AT SR KA AL P 4 3.723
b T N H AT 32

AR T F AT 5 B 0 B O R o0 o, =

S UUR B ROEE (LR PHEAE—R , A Ik g-gg:

W5 4 FAHERN 5 44 Lt B0 AT ABRF I 3E 5 03]
e W A R A R S AR g 02

0.20F
3N EEIR AT I RS AN SR . 7ES B ot

FIE S5 P R R e e 25 S oh  se s Al ot 5 0107

0.05F
A ¢ SE R 2 4% T Ty .
f:‘[ﬁﬂﬁﬁj‘iff‘m,ﬂ,)JJJ'Jj‘JO.44ﬂlO.47,ﬁ'ﬁX]Lﬂ:ﬁ 0.00 25 = e ey
R T STk TR 2R S, oF R 2L 194l e 52 i B iR — miE WHA mEH

SRS AL 0.05810.03, X R G K3 BB IEGUS 4R EGE Y AB 00 25
IR — EFLE RO R B S A gy 5E 4 Fig.3  ADB preference test results of four emotion catego-
T 9 58 JR 1) 32 B 7 B8 E 75 o) 99 o TR I ¢ ries before and after prosodic modification
PIRN R B R B LA S K T B T A A IR

S X T R A S TR AT BT v, U X R R A R A T R E I A S TS

4 HRIE

AR SCHIF 52 R I Tacotron 5 7 B A7 s 51 i 175 80 5 & 180, I B A2 ok 3 5 2R 0 TR 5 Z M i S
HOEE % FAR U 5 B0 0 I R i 25 38 AR AR A B I 0 O 17 R S S 8 R 3 LA 6 14 0 B % 07
T X AR A BRI U S A A R, A S A I R A R i — PP SE. MOSIE B &
BT B AR AT IR B, X R RE R 2 BN B B B R e AR TR AE P EZ SE 2 . AR
IR RBCRAR T T 0.6, 1 AR 0 9 1 80 B2 A — S R JBE AT P4 7 o

ST 5 1 S A SR TRV R L, AR OR B TR 2y B R T R A A 23 BT O 3k 3 i — A 5T
B3R TR AT A0 B0 At P 2 R AR X T SR A BRI o 3 A AR SOR S i O SRR AT SE L Y LAY
B, R — 25 W 53K 5 P 22 Al e 25 090 17 JR o DA A R 3 1 R 0 £ BE R AT 42 4 L 31 SR R 0 A AR IE
T R AR B HT R T L IR B A S R R T, R B R v
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