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Abstract

High quality linguistic features is the key to the success of speech synthesis.
Traditional linguistic feature extraction methods are usually relied on a word-level
natural language processing (NLP) parser. Since, a good parser requires a lot of
feature engineering to build, it is usually a genral-purpose one and often not
specially designed for speech synthesis. To avoid these difficulties, we propose to
replace the conventional NLP parser by a character embedding and a chacter-level
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recurrent neural network language model (RNNLM) module to directly convert
input character sequences, character-by-character, into latent linguistic feature
vectors. Experimental results on Chinese-English speech synthesis system showed
that the proposed approach achieved comparable performance with transitional
NLP parser-based methods.
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[Figure 1. The tranditional two-stage TTS approach]
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581 POS Tagging W4y > N7 @ el P PEART: - el At s e B i E 1y
J7 A AT R R Y A E RS TSR ke B S (E R R e~ B
S B RIGESES - BT SRR TT LA R (Brill, 1992) KLY POS AEEEEAY fE BEAR ANl » (23]
PRGNSR E N EE A ENHEE L > BEREEE B S TARSHEEAGEER
> MEAEM TG EHEE - BN AERENS SRR RLEE S
PERR - (HEEI BN SHAESE S - ERERHEEET R AR HE S SRR E
AR T N TR SE R A TSR SEERHE > A LRI CRF EEHIMFFIK
HHERFIR = M ASERHEANE o SIS T DL RIMHRBIRST - Flan(E KT
2002) 132 parser ZB5% » NSCERES T 8%at parser B FH AV E GBS R AR R > FIREECEEH
i — e -

£ NLP s {sE A parser 2IEH RN - B9 = parser e 2 A 50945 R > (=
AR SUERLRAIA AR - AR EEBTEEENE RARSE( > FEREE LT
REIER > L BEMSE N TR RBEFHETFTA TR IR MBZE B A kE
SLRRE -

3. FILIE R SURER S BT A SR T SRR

FERT— R AT 2 AR E R R GE S R R g B EIAV R - AR PIA ZEREE A
R BT B EE ST R B B U5 (unsupervised learning) Sieal[ R e ST AL AiEs - 22 1466
AL A Es B EHERE SR parser - FEiE B0 T PRI A DL TT R f 4R e a)11 4
T AR E R BRATE LAY HAY « £ F T B MR AL AP PR ] word2vece A SUAHEF T 7T
WEEEELOEAEOE  FoT L FRIRHT IR RE (BT R i aC g g - fSHUTTT
FERITPHLRREAR E(ER PR (4 & 15 2] 7o B M B T iR REHY SRR EL

3.1 WAR&GHRE
By T EERIATFTTE S Rl AR H Y > BAFIEET 55— (ERT R - i parser B U4 -
TEHEEHFICER » SOEATCEENAIA word2vee KELE - FrIThFEIATE & A H]
RNNLM FHEL > SR PR — (B SCAREHE 2 B2 ies B T8 R R A AR
A > ERERE EE AP F T e AR e H Rt BE BB 47 parser HYRTREE © LUN Ry %
G 2Rt LR HT AR TSR B -

B B 2 REFIHHEES BRGNS - R OB IR - SO 5
R FATE S S - B0 A5 B 4y HL R e B 3% (T B B 5 Y AR, R S —
HPFEAREIE - B EE R o WOTEBIHYHTE0G parser 24 > DL word2vec Ei
RNNLM i > %2 word2vec B2 RNNLM SKEUFITEEE ~ SOEA &S T IThE
AT R &R E (F RS - DLE R EES -



BRI a5 /S AR S A 75

TR
LA & X HEHBE HETEHBA
D -

B 2. ¥raEE &k RS
[Figure 2. The proposed character-based TTS apporach]
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HyETam AR PRI Fs 58 P E RE S A Y seliE 3 [m) & 22 ] E TR - ot el DA
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[Figure 3. The continuous bag of word (CBOW) and Skip-gram

word2vec models]
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HES AR BT 22 B A M AR sE U AHRA 1 -

R AR A word2vee FVRHYE - A By - =) S 22 [ - W T3 08 e e
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[Table 1. Experimental results of character embedding-based character clustering ]
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—
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& 4. Mikolov Z¢ £#7RNNLM Z2fE
[Figure 4. The block diagram of the RNNLM model.]
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[Table 2. Experimental results on RNNLM-based sentences generation.]
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FER MR E ot F B BT ENA -

4. EERGERELT

AERT EE’JE%T@‘EH%%E%EEW"”)ZHWJG?E% parser (BT - POS Eall - SRR LM

ARG - RAGE S B A GHGE S » W HLEGT7X parser (ELEL » Hr AL 8 %

Gy 2=l A A SRR E R E] %”f%%@ﬁﬁﬁ parser ARSI > TR B SR T
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A SREE AR IE R B - MM E LA B E A SRS 2R - B a R

BHE SRR 2 A W SRENRTED 77 S & B A A ELRY B iR B B[Rl — HJeE LR A
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WPIEFHAIISREER - SRGER S hIRMH BRI AR SR G G FEREA NTUT

Audiobook Corpus Vol.2" - £ JEFERHE th 155 R 8k F B R M BB RE R - Fra
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[Table 3. Statistics of the speech corpus for speech synthesis experiments.]

S RHICHEERLCE | MG
SRR | AR AT B 4 bk cMU
T ECEEE) | (PR
Bl B 7 4800 4 47 3500 45 7990 4
R 2035 3 10-30 3 5-15 Bl
ST 4] 172 535 ) 201 44 4179 44l

4.1.2 XHRERE KRBT /AR E

¥ R A HARTRCCAR S AR E > RAITEE S &K £ 4t (HMM-based Speech
Synthesis System > HTS)AJEEE » W& SERAHE 8 ARG SCREREM AR parser 25347
XA RS SARERE IR LB parser FEAEMVERN - o T C/@4y word2vec
RNNLM 24534 > $-AFTF word2vec 7 TR fHRL 64 5 > RNNLM (S /gss 256 4 - f
FybEiE g T &EE neurons HYARREEE E P (threshold)fis & LAk 0 B¢ 1 - fERTRESE I
M EwA G HETEE R POS BYIHE - A& II{EH word2vec A1 RNNLM FEAHIH#HE >
IMBTETLHTH SRS - 3% 4 BB AL A AEE S RE. HPhE ARG Pal et
BE 7 o AR FRAT T 2o B e R IR B I A S o R BE 525 43 B word2vec B RNNLM 11y
nfaness Il

KA B TTS RTAIFREL I SN S 2

[Table 4. Comparison of linguistic features used by the traditional and the proposed
speech synthesis approaches.]

HAE SRR HZREE SR
# Z(PHONE) HEAEFETRME HEAFETRMIE
HHI(SYLLABLE) HEHE PRI E X
a1 (WORD) HETEE  TEREE I X
i 5H(CLAUSE) 8 AT HRE 5] E
] F(UTTERANCE) MEEHE - EEETENE | EEEERE - EEETEUE
B (PARAGRAPH) HFHIEE ARV E
WORD2VEC J5j] X FICAEB
RNNLM X FILIETFT AT ENE 7
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4.13 EEEEREE

AR BRSBTS R A H A" NTUT Audiobook Corpus Vol.2” ZERIFI HTS &
B B SR R SRS S 2 R 4 — (A X-SAMPA 45 R B AE o fE 3| GREE T A R
RUNS - P $f 0 B By 48KHz » BB PPN 34 4Ei B EIHEE A B (MFCCs) » & 3 (pitch)
ImEE 5 2% 25 2 R—FHE(frame) &5 - Fei% &H(EF Z (phone) FM{E ] 5 {ERAE
(state)ry HMMs 22148 -

4.2 FHETGE
ZS RIS T R AR parser VEE S & R A& B MHe Hi {8 oo fs /g s kT
FAVHTEE S G ARG LT - P IS BRI ~ B 2R ] B AR e Ah 5 =0
HBERIENETESS 10 fir DABREE Ry RESERY N LHETTE 00 e A SR ar OHEt fy 2 288 1 055
FfE AIBIXCHIER » RFAE & B4 5 THES 2485100 SR8 FE{E 7 B (mean opinion
score, MOS) sl » HFFI3 705 1~5 73 « & 5 FyAlsl S E -

5. WA FHERE

[Table 5. Statistics of the synthesized speech database for

all evaluation experiments]

NTUT Audiobook Corpus Vol.2

Pl SEi) 3 SIS 3
HaHH 60 4] 40 4J
R 10 {i 20 (i

FRTH 10-20 ¢ 10-20 ¢

4.3 BEBER

5 BlE 6 735l R ES A SRR &l FR S B AR AR AR (DU ~ B 2R B o] B AR (R A A LD
B0 6 B13 7 Q0 B Rl B A SRR A0 TP S SE A Y 8 MOS 3 8 ELEL - FEEL R
YFER Y FERERAS IR R HAM AT LASE R - FEE 5 BifE 6 P AEBAEMADE - BB aE
FRIEARTE » REVTHEEREH R4 - MHER 6 KEH ASNE T tLESZEET G
SRR B T TR E BB (B E VS - EAER 7 oy lisl o BoE A 8 24057
BENAKR - PP AR W & KA E - RaEMEI KB vl DL IR =T JE 4k
(character-level)ify word2vec 2 RNNLM FREU{E4T parser #E1TCkER EREEY » BE&EH
HHE AT N -
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8 (word-level) ®f(character-level)

HEE BT 70%

=Eidi 4= T0%

0% 10% 20% 30% 40 50% G0% T0% B0 90% 100%

B 5. ¥rERTHF I LLE
[Figure 5. Experimental results of the A/B/X preference test on
pure Chinese sentence synthesis]

t=1

B (word-level) ®#f(character-level)

aEREER 54%
E=) 58%
B 62%
0 10 20 30 40 50 0% 70 80 90! 100

[ 6. BrE R T EIGE LR

[Figure 6. Experimental results of the A/B/X preference test on
mixed Chinese-English sentence synthesis]
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6. B RH T E MOS TH 7 BIILE
[Table 6. Comparison of the MOS scores of the conventional and the
proposed approaches on pure Chinese sentence synthesis]

ahirpsr BFREE B R HRE B GRS
H Ay 3.09 3.44
MRSy 3.25 3.38
AR R oy 4.27 4.27

H 1. BRI IRE S MOS ZH 7 BILE
[Table 7. Comparison of the MOS scores of the conventional and the
proposed approaches on mixed Chinese-English sentence synthesis]

B BB SR AR =R
EIZARERET) 3.26 3.22
MR 3.26 3.36
AR ST ) 3.24 3.24

4.4 BT

HEARERE TR AGABIES 3 BZ 0y fETHE LAY TTS SRR Z K 4 /7 LA L - BEEE
A ERAFRIERZRSG » FPEESBEEREHE » [SHENT TR SRR B EEE
Bk ERFTHY o SRR G E AR - ZA R E4E parser ~ POS 2 AT
sty HEHEOSE ERMAA —EgEkne MM RS A5 A TiEt - %
o 5 CIEEERNE P EE A TRtk - NI RE SR ARIVE Z & ELEURE © A BEEF 3K
FEMIEL T W& 7 BEEEEA A 0 AT RE/Z RNNLM fE S ey 50 a) 18070 /b > i A&
ABAFHIFITIE A THIRRE - N RSB A RS E A LLRUr I - EEATIE R
25 BB A A L B SRR ARG H Y FLL Ay - HIEEEEr ARl R R TR R
RS ASRET -

5. &im

AT - PP — B S SR SO M e » R AR DR By B AL SR EUCCRE
BHYTTE - B R LA T I Ry R B BT » Y word2vec SREUFITHYE BB ESOE A 48
FIFIF RNNLM 55T AE A HIRER - PUSTE T A AES0 B il - POS FREAE A
TARGERREAYEES T B R SR e T EVE T A S R AR B AR R
Fit EARAPT B Y - 7T e 8 9 SRR RS RS VA B B RE 2 B B & 22 (B 48 77 =UAY B

& -
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B

AT ED AL A B A S (AS6 95) SRR
& (MOST 104-2221-E-027-079, 105-2221-E-027-119 and 103-2218-E-027-006-MY3)
5 -
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