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Abstract

Taiwanese has been listed as an endangered language by the United Nations and is
urgent for passing on. Therefore, this study wants to find out how to make a
Taiwanese speech synthesis system that can synthesize any Taiwanese sentences via
anyone's voice. To achieve this goal, we first (1) built a large-scale Taiwanese
Across Taiwan (TAT) corpus, with in total of 204 speakers and about 140 hours of
speech. Among those speakers, two men and women, each one has especially about
10 hours of speech recorded for the purpose of speech synthesis, then (2) establish a
Chinese Text-to-Taiwanese speech synthesis system based on the Tacotron2 speech
synthesis architecture, plus with a frontend sequence-to-sequence-based Chinese
characters to Taiwan Minnanyu Luomazi Pinyin (shortened as T4ai-10) machine
translation module and the backend WaveGlow real-time speech generator, and
finally, (3) constructed a Taiwanese voice conversion system based on the
concatenated speech recognition and speech synthesis framework where two voice
conversion functions had been implemented including (1) same-language:
Taiwanese to Taiwanese voice conversion, and (2) multi-language: Chinese to
Taiwanese voice conversion. In order to evaluate the Taiwanese voice conversion
system, we publically recruited 29 subjects from the Internet to conduct two kinds
of scoring task: same-language and cross-language voice conversion and carried out
the subjective "naturalness" and "similarity" mean opinion score (MOS) evaluations
respectively. The test result shows that in the Intra-lingual session, the average
naturalness MOS is 3.45, 3.02 and 2.23 points, and average similarity MOS score’s
3.38, 2.99 and 2.10 points while using 10 minutes, 3 minutes, and 30 seconds target
speech, respectively; in cross-lingual part, the average naturalness MOS score is 2.90
and 2.70 points; average similarity MOS score is 2.84 and 2.54 points while using 6
minutes and 3 minutes target speech, respectively. From those results, it shows that
our proposed system indeed could synthesize any Taiwanese sentences via anyone's

voice.
BRGREE] © &SGR TR - AR A - DR

Keywords: Taiwanese Across Taiwan, Taiwanese Speech Synthesis, Taiwanese
Voice Conversion



ATl E PRt R R IRLZ G At A TR AT 91

1. &% (Introduction)

1.1 Eff%ELHRY (Motivation)

BEBNEEE NIRRT GEEE > 2B RE

B NMESOE GRS - NIEAGRSCEHEEN  FEREEE (1) PO E AR

BHERRG > 1 (2) A EER N 2B S il B oA » B E RIS
BEEEEE » REAEZE N HGRERE - WAEETIDIH CHEENE S G G elst

iE,l‘- o

PEBEZER L HARA FEME R = Gt Eaatt - Wit » TFTE LS Bt GaEsEk
Fdse 2 Tk - B G EEEERE (Taiwanese Across Taiwan » TAT ) {E Fsift 3% &5k
EEE O RS B HAERE (1) TAT-Voll~2 » H IS &8k BIAY 100 /NEF/200 A

EEEsEE WY (automatic speech recognition, ASR) BB EE & (multi-speaker
text-to-speech, TTS ) FHzERE » Bl (2) TAT-TTS-M1~2 B TAT-TTS-F1~2 » L A{KEBEES
sEyRE (i) HEEIZGEES (G0 B & —-B—42 BA /NG QS G K

SERHEE o HAN - RGeS Y EAE R B A - Asw ¥ TAT-TTS 55k}
JEHELT A\ T a8 R B AT AR IEERI P B E Y E - BN B S RS
BUERC  DIE S HGEEEIRBREMGE - TMBIFI AL TAT SBkHE - Slikniil 2 a5k
FE O LR A 24 -

BESN - B AR TGS SR A RS - TR IR P
R GEEEEE > NI EE (state-of-the-art ) Y end-to-end ( E2E ) Tacotron 2 35
FERFLHRE > W EER convolution neural network (CNN ) 22 sequence-to-sequence
O AR G PR RS BT 45 B O] BIIF & AR & 1Y WaveGlow EH A % 4] -

i R S A EESN (W) B (EEFEREHTE - R
FA R RS WY (automatic speech recognition, ASR ) BHEE % &1k ( text-to-speech, TTS)
15i4H 7 cascaded ASR+TTS ZE## - H.rft ASR il TTS #54H » &5 FH LA end-to-end (E2E )
ZLHEHY Transformer S (HIZK4ERE

Wt > P P mean opinion score (MOS) THIFFA A2 It &3S & pL e
HEBR ARG BAE 0 BEEREE S ERAS AR S ER B sEE S ey AUE -
FEAE - AEIEA TRAY BARREE I SREBRIR A T - FHEEF ST ERREENEA
FERIARDLE - 2 58 S A 2 e ST A By B R

1.2 H& (Background)

HATERANEET KA 0 R PHEENEMEHEEH il - tE4 Google 2 HHY
Tacotron2+WaveNet Vocoder Z24#(Shen et al., 2018) » Tacotron2 H] BF $# DUSH S 4GRS » #E
T HRERERE » B — T 325 | # T Mel-Spectrogram | Y end-to-end Z2f#% - WaveNet
Vocoder 73 " Mel-Spectrogram | 8% " Speech Waveform | - JEZEREHIRLI% - 3B
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B E A T N - {HILEERY WaveNet Vocoder » Z—{[E LA sample y BEA7 i
HHFA R4S 204 - sample R — (B —(EIE AR EL - FRETREEMEE R
A > WA GETE » BEEE S EREEIEE 12 - M NVIDIA $2H 1) WaveGlow (Prenger et
al., 2018) R TE4F AT DA LR RE - WaveGlow & —{EZE AR AV AR B A » HOR Rt 2CEL
BREL i A pe B - BRI AR AT R E R 0 A BT eIRRE - &R PR E
EERIER D FHRE & 10 FPEUNAYRE S » K0E /DAY & R ] 48 4% P B2 AS IR Bl
Frapk 0 HHEARMEEE RS S (MOS) HE LRI > WaveGlow HYEE AT
WaveNet °

IMAERE B A 5 T > BIFEFZE EBEAE 2016 > 2018 F1 2020 4F > 53 RIERHZE Y voice
conversion challenge (VCC) #iEE - 2020 FHYELEE(Zhao et al., 2020)57 5% T Taskl : [EEE
SHYEE/TEE S EHR (Intra-lingual semi-parallel VC) » il Task2 : F5:E=2E =88 # ( Cross-
lingual VC) WifE{EFS < £ VCC 2020 H » X2 EBURATE S R R A (& In et i 25 1Y 128
FEAE 1 Fror o HH Taskl WUREE A S AE B NS AR UUE L EGE R (06 2 Frs) 0 8
REERESMER T » 348 ASR Al TTS Ffifdr & FaVihasgfE » — RN B 2R
E &% (phonetic posteriorgram » PPG) » BiiE ASR i TTS ZEfEAVEE S HEIHAR fl7 » F3ES
AT RN B A AR UUE b #5 dmad F (B DRV B B4R i5Es (Auto-Encoder ) B2
RIS (GAN) E44% - M Task2 LLEAESR: (2018 3 Aon) B AEHZK » PPG

s P A7 A ’ N
Fil cascaded ASRHTTS HyJ774 » #IRME & FIAEFSHE = o o P A L -
Team ID Task 1 Task 2
VC model Vocoder VC model Vocoder
TOl PPG-VC (Tacotron) Parallel WaveGAN NIA N/A
TO2 PPG-VC (Tacotron) WaveGlow PPG-VC (Tacotron) WaveGlow
TO3 AutoVC WaveRNN AutoVC WaveRNN
To4 VQVAE WaveNet N/A N/A
TOS N/A N/A PPG-VC (IAF) WORLD & WaveGlow
T06 StarGAN WORLD StarGAN WORLD
TO7 NAUTILUS (Jointly trained TTS VC) WaveNet NAUTILUS (Jointly trained TTS VC) | WaveNet
TO8 VTLN + Spectral differential WORLD VTLN + Spectral differential WORLD
T09 AutoVC Parallel WaveGAN AutoVC Parallel WaveGAN
TIO ASR-TTS (Transformer) / PPG-VC (LSTM) | WaveNet PPG-VC (LSTM) WaveNet
Ti1 PPG-VC (LSTM) WaveNet PPG-VC (LSTM) WaveNet
T2 ADAGAN AHOcoder ADAGAN AHOcoder
T3 PPG-VC (Tacotron) WaveNet PPG-VC (Tacotron) WaveNet
T4 One shot VC NSF N/A N/A
T15 N/A N/A AutoVC MelGAN
Ti6 CycleVAE Parallel WaveGAN || CycleVAE Parallel WaveGAN
T17 Cotatron MelGAN N/A N/A
TI9 VQVAE Parallel WaveGAN VOQVAE Parallel WaveGAN
T20 VQVAE Parallel WaveGAN VQVAE Parallel WaveGAN
T21 CycleGAN MelGAN N/A N/A
T22 ASR-TTS (Transformer) Parallel WaveGAN ASR-TTS (Transformer) Parallel WaveGAN
T23 Transformer VC (Jointly trained TTS VC) Parallel WaveGAN || CycleVAE WaveNet
T24 PPG-VC (Tacotron) LPCNet PPG-VC (Tacotron) LPCNet
T25 PPG-VC (CBHG) WaveRNN PPG-VC (CBHG) WaveRNN
T26 One shot VC Griffin-Lim One shot VC Griffin-Lim
T27 ASR-TTS (Transformer) Parallel WaveGAN PPG-VC / ASR-TTS (Transformer) Parallel WaveGAN
T28 Tacotron WaveRNN Tacotron WaveRNN
T29 PPG-VC (CBHG) LPCNet PPG-VC (CBHG) LPCNet
T31 Multi-speaker Parrotron WaveGlow Multi-speaker Parrotron WaveGlow
T32 ASR-TTS (Tacotron) WaveRNN ASR-TTS (Tacotron) WaveRNN
T33 ASR-TTS (Tacotron) Parallel WaveGAN || PPG-VC (Transformer) Parallel WaveGAN

B 1. VCC 2020 2EE (& /HETIEIEF4E(Zhao et al., 2020)

[Figure 1. Summary of adopted approaches in Voice Conversion Challenge

(VCC) 2020/
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B 2. VCC 2020 Taskl LEEEELZFE(Zhao et al., 2020)
[Figure 2. Benchmark Results on Taskl of Voice Conversion Challenge

VCeo) 2020]
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[Figure 3. Benchmark Results on Task2 of Voice Conversion Challenge
(VCO) 2020}
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BEAh - RS ELEGERAE - [FEE S EHHY E A B 8 # e8] DI
HEFHE TR - SRS AT E > NEER s £ 8 AREEREAED 2
[ > AEFES ST REE ERE L8 TS EIRAY R

1.3 W% H7E (Approaches)
E AR AR O EEE Gk
AR oA 8 (2) BEEE

WHFE A -

SRR E AR - DUTSRBARMTEE (1) 200

BLE
SR 2 B4 A SR 3 E

1.3.1 B A EEEEET & A4 (Single-Speaker Chinese Text-to-Taiwanese Speech
Synthesis)

FEZ & sequence-to-sequence-based H 3 X FHE G EE G EPF E IS BIGERTAR - BB
Tractron B E &K F2248 - B WaveGlow sEE &Rk %4k - LE IR &8 HEG 2 588
BAKERS - HAGOREWE 4 For - B AR SOCF R - o B esdieEsom S
JER) G EESE AN G BB SUA » FE I Tacotron 2 & EEHF S UABIAR G eE& EES
HIBHEE » fc1% H WaveGlow & 5l 0 & HVHEE SN E IR G EEEE S » AR R
k43 48 H (http://tts001.iptcloud.net:8801) » ZNBEHEA FLHIES o

2 ppae LRHE
£ )
PUXF =
TLPA
...) lll} &
’ aEEE

Chinese Text to ))

Taiwanese Speech

B 4. BN GHEEE SRR
[Figure 4. Block-diagram of the Single-Speaker Taiwanese Text-to-Speech System]
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132 FGEETHRNEREH L BB T B AL (Cascade ASR and TTS-
based Taiwanese Voice Conversion System)
Iﬂ:ﬁ[? 3% FH Cascade ASR+TTS Z2f#(Huang et al., 2020)E{TEEES @?ﬁl%%ﬂ’j@j*@
 HZUEAE 5 Fin - HEE=EEN > phleaE Gl o WalnEE B
Transformer based ASR model » & EF R H EEEE S EHY X-Vector » L/U;_Z%\ HikiEHE
Th 2 X-Vector » #{TEESES &K HY Multi-speaker Transformer-TTS model °
HAEINGRIEE: - A/ V& RS > SKEUEE X-Vector » A {## (fine-tuning )
RICTARA I 208 TTS A > FE2k BARGR#AY TTS B8 - (NI FE IR B - ?jEAl:ﬂE[J
Fi ASR Fijgh » HEACEEEE BB RS S W ARMEEFR TTS Gt B BiAEE
ERHEEEEAE -
BESE  Feffith et PS50 = a8 S TS - KR St VCC 2020 Task2 Y HER I GLEEHY
B2 (Kamo, 2021) » AR EERE & 5ERYRE S A 24 -

,.m m Source
speech

Trained
ASR model

Transcription

Trained
TTS model
Converted
acoustic
features

Trained
neural vocoder
v
Converted
speech
B 5. GEEeEEPERR SR Gt BB AT eI
(Huang et al., 2020)

[Figure 5. Flowchart of the Cascade ASR and TTS-based Taiwanese Voice
Conversion System]
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2. THEATZE (Related Works)

2.1 sEFEHE (Text-to-Speech)

sEE G B RO GEES (Text-To-Speech » TTS) AYRLily » fE i FHINYEHE
BEEAE > BRI AEEE TR . —HERS I EHSHER - B SEGEE
BEOKR TR FIRE A EUERE -

2.1.1 Tacotron2

Tacotron2 HYZEf#[E (Shen et al., 2018) & 6 i~ » H{#HF encoder-decoder + Location
Sensitive Attention [YZ2f% o AR EHE A encoder 1% > encoder FHTHASAERE HETT LA ST
M > ZEELH I A SR SCARFF 23 decoder B (IR SUARFH 28 > DA attention fEEE
el > 7% (alignment ) By ASCFELE K S RGE S IS IAEEEE > 5% 5 H WaveNet
Vocoder Fitg l ARG AT TRENS - SRS mBREEE -

Waveform

Mel Spectrogram Samples

5 Conv Layer + WaveNet
Post-Net 1 : MoL

A

Y
2 Layer 2LST™M
Pre-Net Layers

Location

Linear
Projection ]_b ST IEG

A

Sensitive
Attention

Character 3 Conv Bidirectional
Lzt _—[ Embedding ] l Layers I i LSTM ]
[& 6. Tacotron2 ZEfE 7 F2/5/(Shen et al., 2018)
[Figure 6. Architecture of the Tacotron2 Speech Synthesis System]

B[] Z Google 2 HiHY¥#f AT — (LAY Tacotron (Wang et al., 2017)fHEL » H FZ X B ZH
75 CBHG > I %3/ LSTM F1 Convolution layer » #E45—2 decoder p i H Al — 1@
frame > WGAEZ SN T —E 5 @AYIRE CNN 4EEE - 2R (60U Mg B AR 5 (R > fef&
BB EH Tacotron 7&IFHY Griffin-Lim » {UARE S EEE A S8 1Y WaveNet
Vocoder °
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2.1.2 WaveGlow

A FRE]AY Tacotron2 TL4KH] LIS R & pl H 22T N IS HE > {H1&HAY WaveNet Vocoder
B 5B A i G218 I GG < i NVIDIA #2417 WaveGlow Z2f#(Prenger et al., 2018)
BN B fE A T 7% - WaveGlow & —7F& flow-based generative networks @ HZ2f% E 40
7 PR 0 EER A — O] DLSESE RN T A N S A R T IR S e A A R 2R
TE4E i A SHERAS B IEARRE AR T » AT A FIRERVEE S SRR P B B — =T
S3AR z ZEfE o HIL - AR HEEE z ZM R ERUE - FHARIBAA E & R 8 0 S FEAH
FRROE > BIR] DUST A B T R IR Y z M & AT B B SRR
BRI o R By o B R A A A i S AR - RO DU THETCEA TR B - P DARS%

A LB & s dn B w B o

mel spectrogram mel spectrogram

]

]

]

E :

; @ [T e
]

|

]

[ ]

Train Synthesis

B 7. WaveGlow FlJ8% R = /5 38 F2(Prenger et al., 2018)
[Figure 7. Training and Synthesis processing of the WaveGlow Approach]

Hrp o A5 ET AR SRS RS A B PR AL E A0 8 AR o FIISRIHRIR ALY
i A Bl A ALY cost function 5[ » {RIBAGEMN G ERESEEFRIF - 2 XFIH
n] 35 (invertible convolution ) Eifi& g (coupling layer ) 4% » T =0 > 520
B2HENEFEEEET R ARGE x o SR E—H & i 2 SRR 2z iy m 8220 - WA
N SREFFR ] mapping b0 A2 A= - 200 - WaveGlow {E4 plaE = R AN - BIA{ERE
JECE R z ZEREETTEURR - P KIBAE E Y & B TEAREE R - & air =R - 2
z A& » ENEEEERIZHIE X
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-
E affine : T T
I | coupling layer | | affine
x12 | | 2 ! xform
' | invertible 1x1 |
|| convolution |! » WN
L ___ 4 _____ -l

squeeze to Xq Xp
vectors 1

mel-spectrogram

B 8. WaveGlow #8545 1E/E(Prenger et al., 2018)
[Figure 8. The architecture of the WaveGlow System]

2.2 EEZ i (Voice Conversion)
R EE T L > A TEERIVBEIE T - Bfat=A R EARXmE T L - fla
S HE &R ( Gaussian mixture model, GMM ) B EL 7 5 2 4% 1 fix A (locally linear
embedding, LLE)WEE S #H J774A% « Hph > gint =B AN T 22k E - RiEgiig
FriSEInVRE S S AR BN E - RIMPEE T 3B B EeEE A UE - AR
BHEHOTENEE > AR TJEEAGMETE - HEEABENS B2 EingiEs
HEE - T HEEENEE R g EE R AREN RS

WE IS AR Y = RS I - A S GRS 1Y RE B AR Sl M A B R - (B2
L HE4RIESS (variational autoencoder, VAE ) Z2f#(Hsu et al., 2016) » B DL AR ERLE
—HHEEARASENERE - HUERAVEEEETENNEE T  EBiEfEE S
R 2 & > A0 9 P -

Source Speech Input
Speech Parameters Vectors

Speech Converted
Parameters Speech

=T > e

'
Fennany

Deep Neural Network

B 9. BRI EEYGHESS (variational autoencoder, VAE ) 2325
BEHE 7% (Hsu et al., 2016)

[Figure 9. Variational autoencoder-based voice conversion]
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IEoh - INE AR S PR E REHEIRY 304 - B0 DIGEE e » StEEE PN
I ERESE ( phonetic posteriorgram > PPG ) (Sun et al., 2016) » WK HEFEE (FEES
SREENAEVERR - FHDAEEBIRE SR - WE 10 Fron o PREUATT DIS DR AT aEE & s
HYSE AR L B GRS EIR S AR -

Training Stage 1 Training Stage 2 Conversion Stage
( Standard ASR i) ( f\
Corpus | {TWE“ Speech o Source Speech ()
Parameter Parameter Parameter LogF0
Extraction Extraction Extraction | AP
MFCC
MFCC # MFCC
SI-ASR [:& Trained SI- MCEDs Trained SI-
Model Training ASR Model * ASR Model *
PPGs — - — PPGs Linear
i Conversion
i [ DBLSTM Traimed )
| Model Traming [:} DBLSTM Model )
S Converted
MCEPs "
+ means these two models are the same

B 10. ZEREBZBEEE (phonetic posteriorgram » PPG ) 255 EFEEH&
22 (Sun et al., 2016)
[Figure 10. Phonetic Posteriorgram-based voice conversion|

3. Taiwanese Across TaiwanzEk}EEZEE (Taiwanese Across Taiwan Corpus)

R TRIBE G SCH - frill 2 GREREE G ERE S 24558 TRV R E askaiit
R TR E e BN R E — R & GRS 5 RHE (Taiwanese across Taiwan > TAT) -
HA$E TAT-Voll~2 » 35 200 {i755% > 49 100 /NG RBE S WY/ 2B E B S A
sEft B TAT-TTS-M1~2 8 TAT-TTS-F1~2 » FE GRS (&) Bsesh (&1h)
WE > EEBIZL > FALY 10 /N A EEEE S S R AR o DUTEREA TAT sEklENYE
B SR AEEMEERF 0 N IR IE(EERE BN EETERF -

3.1 BRI EHRVEEET (Corpus Design)

Ty B # 2 A B —(E fE S M & SC SRR FEN » W Kl 7y G eBIEEr &3¢
sEEEERHE - ARRMBRRELYENREGHE K > TEEESHHEEEEREEA
BEATERRISE - WA R % B R B E K (metadata) AYET(LEHRIE - FTlL > &
FERE AR
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o HIEGREANS  (FHZEEMNGREIRAEE CrHEEEE ) AT RIEE
BLEFEM AN - WHEE HEAEHES - 85 tukSEE HsEa) > DB RE S Pl
B G RER -

o HIEGEREEY B SEEBHHEER M EELCHE G5EEE - WEKEREH
CFEIEEBAAR S  DURESERE B A EE AN E GBS -

o HIESREIRT | SrEEE S WRIEN - J|EASEE TR - £ R A =R S
DA e 2ot gr v i 18 BRI B b - SHEEEE S RIER] - AR #E B = B IE o B 2]
VNS E > ISP EANE TR - shl ] RIE S R e e a5 -

o BELAEFERKR | FBREVAE S S AN NERNE T EEEE REPATF A
—{l& Microsoft Waveform #&=HVEEE SHE » Bl a—(EH FERY json #8XCF4E - Halsk
TATRIERELENGERTH > SERESCERN S S AN SEHAE R - K
EaFIAE 11 frw o

Bt
pt-lal 18 Y

D "REAMNETE SR LEL N,
"gua tshi-14i & tidn-ug siI khéng ji sam sam lio'k lio'k kit khéng ngéo su",
am": "gua2 tshu3-lai7 e5 tian7-ue7 si7 khong3 ji7 saml saml liok8 liok8 kiu2 khong3 ngoo2 su3l®,
a chhi-14i & tisn-Se si khéng ji sam sam lio'k lio'k kid khéng ngé ™ si",

B 11. TAT s json XHEEGH]
[Figure 11. Recording Metadata Example]

3.2 3R ZTEXWE (Recording Protocol)

e BBk iy > FAAETE T UL T eBRE B s BB E AR > A 12 s
BRECARE ~ FRRBUE - 5 AHE - 85 A ASETHE - By - ATRIEHESE
THERE SRR - DUT B3 B 8BS 12 Py T 7 = -
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[—
. . Speaker |+ Prompt Sheet Assignment
Text * Article Collection Preparation |* Pronunciation Exercises

Material + License Authorization

+ Speaker Metadata Survey

+ Automatic Téi-16 Transcription | Recording | Microphone Calibration
Prompt « Transcription Proofreading N9 1. Test Recording

Sheet + Prompt Sheet Compilation « Official Recording (turn-by-turn)

l ) . . —t— + Automatic Tai-lé Recommendation
Speaker | « Taiwanese Min Proficiency Test| |  Validation |+ Manual Transcription Correction
Recruitment | + SOP Notice + Tai-16 Transcription Proofreading

+ GitLab Repository Creation
+ Issue Report

B 12. TAT 5/ EEETFE
[Figure 12. The recording protocol of the TAT corpus]

Release

3.2.1 EEEEA AR EHEE R FRI/E (Native Taiwanese Prompt Sheets)
PRI SR EEAR  TEARANRRTAIGE X EEeY > HHBE Y ERESEHK
rhEE TR CEENY 50 LEE » T AL 6000 FHYSCA - Eﬁﬂiﬁéézﬁ%xﬂﬁﬁﬂﬁmm
W HEEERIESOM - BRI BE M A A VB T 58 ~ EEEESRIE I I SR FRE A

g BISOA - BEHAYEY 50 (iR - ERNEEE =K d@piE 13 - & 14
DUKJE 15 Fm o 3 ilR(WEFER » goEitiit - HEf - E5EES > BAQHEEEEL
FBYESE » RILVE SR EESE (1-3 fh)) BEA&ERERYZ - B—EaT - FRiE
L\mj{ﬁl/j’% CIRE R (RIRMHIEHSZ ) ANEEREF M ERAREE

%ﬂiiﬂm%ﬁﬁ[ﬁqﬂﬁﬁﬁﬁﬁ

pan-kong-sik té-tsi/tué-tsi sT Sin-tsng-khu tiong-ping 160 439 ho

2
FH2016FHRBHHE
gua jT khong it liok nf ui tai-hak pit-giap

3
THRITEBER+A

siong-guan tsiat sT t7 kd-lik tsiann--guéh/tsiann--géh/tsiann-guéh/tsiann-géh tsap-goo

B 13. #FELETF-BUFEIVE 70
[Figure 13. A typical exampleof prompt sheet: address, date and digits]

! i kang khioh taiwanese cultural and educational foundation
https://www.tgb.org.tw/
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HyEEE NBIORME - &g > BEn RANERE > AERGER— Al - #83LEUsREH 30

SYEHEEE -

1
BN R

an-tdng koo kian-khong

2
TsiannA BB H, {RE--£REBkhahE,

tsiann ka bo kinn-bin, i khuann-khi-1ai G khah san,

3
kohttiEgike tsiokB TR !
koh pi tsin-tsing ke tsiok 0 guan-khi!

B 14. #RELET - HEHEE 780

[Figure 14. A typical exampleof prompt sheet: daily conversation session]

1

ThatE
that-tshia

2
B, SEETHENIEthatfE&K ?

ah, thau-tsing m tsai koh that gua-tfig?

3
Tshua—E55H, BREMAR, RHRR0MH:

tshua tsit tsiah oo-niau, khia sau-se/sau-sue pue/pe, tsin tshut-mia & a-ki:

B 15. #REFHETF-F X E7EPT

[Figure 15. A typical exampleof prompt sheet: short article session]

3.2.2 ASR§FZTERF (Recording Procedure for ASR Corpus)

3.2.2.1 $#Z BIHE ST B TEA (Speaker Recruitment)

BER A REHET R > RMEGESAVEIREIE - SRR - HEEENG
sEEE A 0 MR E HATE AR R REVARTE - EORHESORER - QIR RIS o M
WE R E SIS EAE GREER GEEEH# - £ TAT-Voll~2 FEfEH#FHIEE
o PSRBT B A - BEAE KR RN - GFAEREG NS B RE
BIFEEY > PIERBEERPPETIAR I NERREE 5% - HER e &I AE 16 Fs
BB AFHEEE L 50 rsE# - RIb—Mmn R - &% HgaesaluE A -
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& @@@@mﬁ
gﬂd[@w
- accent
: m&g@@g
£ mcccnt
r S “-
_. [@ﬁanﬁa@ﬂ
i a@@@ﬁnﬁ
\ B nﬂt
E@“ﬁm

B 16. TAT B/ ERR RS (FEF 7 17 B ]

[Figure 16. Distribution of locations of recording campuses]|
3.2.2.2 #EERMEECE (Equipment Configuration)
ASR FERIESE » BEBEELFN—RINAE  GREBEF R EEE - #f5R 0 &
TR FIRYEE AT N R BIRVERS o BE sk mECENE 17 Frr > (EHEE - Bl
USB 7 > #H 5% Zoom HO> S fir #5355 /1 1Hi - [ERFTUAR 6 228w My aRat » —ReR%L 6
FEAE - DURSEA [F 2 vl M gk 5 SR Y 2 2

2 ZOOM CORPORATION, H6 Handy Recorder Operation Manual, Available:
https://www.zoom.co.jp/sites/default/files/products/downloads/pdfs/E_H6v2.pdf
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Condenser Microphone :
Face to speaker, distance 5~10 cm

Pop filter

Z0OOM H6 6-Track Digital Recorder : Speaker

Face to speaker, distance 100cm _—~

Lavalier
| microphone

‘HMTE‘ = Prom pTer_
Face to
speaker,
distance

1520 cm

iPhone
Supervisor

Console stance 15~20 cm

18] 17. TAT 1 ERR R TP R AR

[Figure 17. Configuration of the recording equipments]

Hrp > Zoom H6 HYf = HUGARE - AI DI EF] 192 kHz - [ b /< & 28 v A e (5
FIIESE » vl B =8 > B2 R mEZE R - QR EE 1 AR 250k
ZOOM XYH-6 /£ 61 ZOOM XYH-6 53 iE » AL a2 el S 8UE » Hea
HE 2L 7 PR BB Y S0 ¢ S AR PR R AT Y R (I8 2R e - SUREREESRE T S E 10 8
5y SRR AT 3 A ERT TV E A R T E - R Y H e 28 v E > FH 2L
WS GEEE - HETEZ R oA R © E =R LIIERESR S 15 8 20 5y > fufE
T RAR ios F4% » LLR TN J7{m7=HY android TSRS, » 70 B 2K 23—+
RERBE TaE b -
3.2.2.3 %t Z 2 (Recording Procedures)

BERS REEE 18 fiR 0 H—HEESFEFHES > PUTEBRERKEHREN
SpeechRecoder FEH} BLEESF EHAS ° 0 — N —HRHE R RN » IR EEE NERTTTHE
ARERE (IMEER)  GREANBE - FEE NIRRT RER RS TR
[EIRF - Bagk SAHE - BiZEEE £ 8 R [ SpeechRecoder §5 = AR AT 25 HIAY /N = AR
o T BRI VR - MElEReE - SEEEIA/NE » SEEEEN S KR
SEIEIG S & RS » FHEFEERBER R R N —[ES0H - M EEETEE 25

RekFEEE

3 SpeechRecorder. Available: https://www.bas.uni-muenchen.de/Bas/software/speechrecorder/
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B 18. ASR #% E 555 E/E
[Figure 18. Photo of the recording site]

323 TTS#EERF (Recording Procedures for TTS)

3.2.3.1 $EZ EHEEIF T ETER (Speaker Recruitment)

TTS E 7 AIEEE R LA Gl LRSS T AW BW 2L 4 48 (387 5k M1
M2 > F1 B F2 > 4 fysBEEiUHRBA &A% 1 F]5R 4 For o Hoh M1 DU F1 SBEIRER F
BEGERENE (RN SR ) > M2 iR F2 R B5&ss e (R EINEY/&dbE) - 1t
Pafir st NIRRT AR R 2S5 el NN EREES » DURE R EEE
B HEER o

7 1. M1 FZEH &
[Table 1. Personal information about Speaker M1]
PR Flie BERE AR B EH frea
% 34 5% RE adtitME | GIbmEARE | REE

7 2. M2 FHEHEE
[Table 2. Personal information about Speaker M2]

PR iR LERE tH AN, HEH R
5% 55 % RE Bty k& | Brdbmiv b | RN
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7 3. F1 FZE &=
[Table 3. Personal information about Speaker F1]
P! Fle BERE AR B EH Kz
<8 52 5% (i s AT | AL VRN

K 4. F2 iHE &R
[Table 4. Personal information about Speaker F2]

4 Fe BEEE HH A= 34 PR fE I e
z 41 % = BRmiEREE | adbmHiEE TR
3.2.3.2 #ZERMHEECE (Equipment Configuration)

ELASR A[E - TTS A& HGHEMA AP SRS SR e 8y - [NIE TTS 5
sHEHEEREMRE T RIEE (A0 19 Z25F7R) RANFIZEREE (068 19 G5F7R) /Y
BEER T E kT o W HiR TTS RV AE A B E R ir s R EE A E TR - ITEgEE
TTok%d -

N,
I R

H 19. BFEptE s EE
[Figure 19. Photos of the professional recording studio]

3.2.3.3 8t Z 2 (Recording Procedures)

TTS FEREENSF B R B B AE 20 fin o FFH—2 S8 LI2AT » BRIFHEER T TE
UEERRS » MER SRR R AR — B (/N ~ BREERRERES) - Ih4h  WWREHEMNE
—HHGRBEMERNE TSR - AN —a— a5 EE0 GRS IR - 1A
F—REFER - T ERIES  EREA - IR RERRHTIYEE TME (session)
Al > fEIAE S AHREE - S8 ARCER R B 2t « i B > —RekE LIFAYRERE A
RERE » AR E NARMIRERE - R SR —30 FE R -
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[Figure 20. Photo of the recording workstation]

3.24 ATHIE (Transcription)

PREUFHVEEEAE - e A AL S EEEHE R (AE TAT-Voll~2) » HZTHIGEE
XEEeE WIEANE (AE TAT-TTS-MI1~2 Bd TAT-TTS-F1~2) - F| I B ERHLHIER
FEERHEREEEI LR (218 21 Fror) » AT AR FERIE AR - BURIZS = A DY
BIEHE  IE LR EHERT - EARRAHEERE -

Rk ke
a a8 E
L AR
. S = 28 z
D3 - WERER RE.  BER A s prrT bl AT
I W
tshuél@  tshué 28 s
mA? sidnn-
mih
lang? BLUREA
tshueE  tshué
E¥ - Ong
F--%&-  Tsing-
e kng,
Ong--
sin-senn
MR - sénn
fnig Ngdo.
behid Li sTbeh
et ? phah
kui hé ?

8 21. BERHE ERIEBE) LR &

[Figure 21. User interface of the online corpus annotation tool]
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3.3 sERERNESET (Statistics of TAT Corpus)
LUF 4858021 TAT-Voll1~2 8 TAT-TTS-M1~2 £2 TAT-TTS-F1~2 sBRHEN &L

3.3.1 TAT-Vol1~2

TEEE S PR SRR ) - KB — AR R - RSHEE T B I &
A E GREERN GaiaE EH L4y 200 A > BFEFSAE 91 A 2048 109 A - HAEGERHIS
INBOIARANE 22 Fros > Sl fe 18 21 80 pREhA » s i dlE 23 For -

Region Distribution

[B] 22. TAT-Voll~2 B » #% FaEZ BT
[Figure 22. Distribution of speakers in TAT-Voll~2 corpus]

79

42

~20 2130  31~40 41~50 5160 61~70  71~BO ‘l

18 20 19 18
, m

Age Distribution Gender Distribution
B 23. TAT-ASR 8¢ 5 a2 Z 8 770 R I FIEE

[Figure 23. Distribution of ages and sexs of recorded speakers in
TAT-Voll~2 corpsu]
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H ATSE AR ERARET Bt 4 104.36 /NEF - €855 B TAT-Voll~2 WEEHfEHE » &
st TEEVAEANTERRERES 2R ) *ARRT - ST RN R R
et BB E 24 Fios -

TAT-ASR-Voll

100 28833 339592 51.94

- Characters
100 28978 340607 52.42
Speakers Sentences Characters Hours
200 57811 680199 104.36

[B] 24. TAT-ASR 51 1801 Bl
[Figure 24. Statistics of the TAT-Voll~2 corpus]

3.3.2 TAT-TTS-M1~2EATAT-TTS-F1~2 (TAT-TTS-M1~2 and TAT-TTS-F1~2)
LB A B FINE R T T » AR T 2 OB 2 St RER - SRS
R SRR By — (A RO (EARIEIAE 440 json B « It json REARESY » ANIE] 25 FF
T SERERAY - BN - S EENE ST ANE IS -

EMI_]-].j@onﬂ'
1 B
2 Ir‘!{:tl: ng_33",
3 DS WAL R A,
4 di-udn su-iiju tsi-tong & kco-tuann sd-bl tii-sin”,
< &H": "taiS-uan5 sul-iau3 tsu2-tong7 e5 kool-tuannl su7-bu7 tai7-sin5",
6 "T4di-0dn su-idu chi-téng & ko -toar sfi-bfi tdi-sin",
5 "
8 ;o oM) 1
9 "Ml 1-17,
10 g
11 In
12
13 n.om )\,ﬁiﬁ_u'
14 "L AR,
15 EALAT A",
16
17
18
19
20 Ly

B 25. TAT-TTS json XfE&iH)
[Figure 25. A typical example of the recording metadatal

4 https://www.aclclp.org.tw/corp_c.php
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HERBRHE & ZEE THEVE AT EREETEE SRS, AMET - HATL5EK 4
UsEE > FAEEELY 10 /NIEIEERL SR EIL4Y 40.6 /Y - SZAESFAIE SHANE] 26 Ao
DI B BRI 4 R UEE » FE TAT-TTS-M1~2 Bl TAT-TTS-F1~2 » Hft M B F 435l B 5B 4
B A SEFNARER - 1 B 2 RISy il Ry s SARE B R S BA E N 4R TS o

Sentences Hours Extension  Channels Sample Rate Precision Sample Encoding
9625 10.4 wav 2 192000 24-bit 24-bit Floating Point PCM
Sentences Hours Extension  Channels Sample Rate Precision Sample Encoding
11532 10.1 wav 2 192000 25-bit 32-bit Floating Point PCM
Sentences Hours Extension  Channels Sample Rate Precision Sample Encoding
12917 10.0 wav 2 48000 24-bit 24-bit Signed Integer PCM
Sentences Hours Extension ~ Channels Sample Rate Precision Sample Encoding
12422 10.1 wav 2 48000 24-bit 24-bit Signed Integer PCM
B 26. TAT-TTS-M1~2 B8 TAT-TTS-FI1~2 3ERIEE S L4 2 fi ) s 78t -
RF B F R

[Figure 26. Statistics of the TAT-TTS-M1~2 and TAT-TTS-F1~2 corpus]

34 EEBFHEEBEEERAESE (Annotation of Tone and Prosodic
Boundary)

LA TAT-TTS Y M1 sBEAE R SREERL » SER A GREE T G AR BB AHE

HEA GRS EIEAY R B T 2R E YR AT 7R E TAT-TTS-M1~2

B TAT-TTS-F1~2 B » HDIEFEARFMAT - WA GEEH » BT A TRIE » 5

I EEEEEFEDE - Rt - oMM TAT-TTS-MI GERHE » 0 o SCHlE - 2

S EEEE I G BRI R R SRR -

3.4.1 sER}EEEEET (Corpus Design)

FAMETE T LU T S 0 B B A S T AR R (R 2ERR T » BREE U7 A R E R SaE R json AEHE
F TR o Rl ENEE - QGBS TR IED R (3) I AR TE ¥ Ba 8 ST 5%
G RT3 - Hrig s & IR json FERY AT LLELAIE 27 R
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l.E"EE‘é:‘I“E'F%t‘&—""EFS‘C"
2E"ARUFH E N MIE—1T S2HEETLPA"

Before > After
B 27. TAT-TTS £&3Z3ZFHCIERTELEEE

[Figure 27. Comparison of metadata before and after Chinese Text, tone
and prosodic boundary annotation]

HAp AR SUE Ry T PR RE ST th S0 5 S o SO 5 R 1 WO R A S5 B2 - e
IES A HETHYW T BREERT SR - 2R 1 laE T S AR - w] ISR E SR AR HI B R
S -

3.42 ATAEZFERFIE (Annotation Protocol)

W IEHE TSRS — A GBS g » DA TR AEREER RN ST IGTE json FHAIA
—{THR ST - #fIAE 28 AR

_::'r-n 114 34u

G "HMEILESAEERIEN R -
: "t 6 1 kdu-pah-ban lang tiann-tidnn @ koo-tuann & kam-kak,"

Before

.. -‘:‘- ||: n4 34"
" "gAEN [\'1'1 A JE SETT LAY B
;R UETH AR IR -

“TEE": "tid 0 kdu-pah- ban lang tiann-tiann @ koo-tuann & kém-kak,",

B 28. TAT-TTS GaZ2R A FXEVERE )
[Figure 28. A typical example of Chinese translation]

AN IEET A — G E S PSSR B AR S kR
BRI TR ETEE - N RANVAYEEEFENILE - SEE I HIM T 4 R ZE g e
REBERTSE Ry IR > NP o gl B A RE R0 5 W Ry SR B R RS R o (B B 2
%) WAZHE S - (HATEE B AN T R ZERE EIJﬁﬁﬁ%%ﬁ%ﬁ%ﬁzéﬁﬁéﬁﬁ%ﬁ
KT Em R B M e ZR Wit Y BRERTF9R - 70l Ry(DERE S - ARFFR Rhnse "+ » (2)BaE:
F &8 REFFIR R R " - json B IETE AR AV EI BN 29 Frow » PLEafIE 1 Fs TAT-
TTS-M1 {##EHH M1_1-6.wav ZF5 -

, m
r

After
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kah kok-tsé kuan-h& & koo-tuann na-tshifinn koh hé pan,",
: "kokd- La' e5 ui7-ti3 kahd kok4-tse3 kuanl-he7 e5 kool-tuannl na2-tshiunn? kohd4 ho2 pani,”,
"kok8-kal+ed ui3-tid kah8 kok8-tse2+kuan7-heT+e7_koo7-tuannl nal-tshiunn3_koh8+hol+pan7,",

R0 0B | A EE G NE | B8 g

BRFE  ZEAREE
18] 29. TAT-TTS GaZ 71 B IR T I [E AT

[Figure 29. A typical example of tone sandhi and prosodic boundary annotation]

3.4.3 BRIEERMGET (Statistics of Corpus)
KaEREIE AN BHYE5 77 HRTE&E M1 B E BRI 2 BIRIET &2 ﬁ:E%W?ﬁE’J%Mﬁ‘ Json
SCAEFEBIAIE 30 s o REHGEHEFITHY M2 > F1 FI F2 sEEHVRERETRIE -

[ M1_1-16.j50n E3 |

B e, g 3w,
L= = 2
RLE Y A= e

7 S JBRAMIE - °,
- "lan sin-khu-pinn Q bo lang kbéo & lau-tua-lang, ",
= A": "lan2 sinl-khul-pinnl u7 bo5 lang5 koo3 e5 lau7-tua7-langs, ",
3) - LPA": "lanl+sin7-khu7-pinnl u3_bo7+lang7+koo3+e3_lau3-tua3-langs,",
" ~": "lan sin-khu-pir @1 b6 lang k¢ & lau-tba-léng,",
" n13n
10 " | - "Ml l"
11 o Rt "Ml 1= 16"
12 = Mgt "Ml“
13 i x wERw
4

& 30. TAT-TTS-M1 FZIEZE json EEEE 01
[Figure 30. A typical example of recording metadatal

4, P Y VFHESEEST A ALY (Chinese Text to Taiwanese Speech
Synthesis System)

TS AR & 58 F IR R GAT > TPV A GHEE T AR AT B EE - 1t
UK ERERE S G EHB R e - REHEEES AGHEET el AS  IRaEETE
BARS - IS WASBANEEERS G SR EHE - NILRMEEIME & 5EREE S

ZERH R > FDI_E— (8 SO S EE S I SRR - BUE— T HooeEEs

.
BB E O AR, o
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4.1 Z4ZERE (System Architecture)

XN GEEE AR AT EE » DIATmAY S & 251 (Chinese to Taiwanese Tai-
L6 Pinyin (TLPI), C2T ) #&2SEIZEFE4H » i1 18 ImAY Tacotron2+WaveGlow 353 & i 28R
Fy baseline ° |4 Tacotron2 Y & EEERIAIZEH TAT-TTS-M1 §y 5B 4 iR EAHERE T - WiSE 5
json REH T SEEHTHE | EEIIGRSIA > SBR[ FEERAT B R Z iCorpus ZHESF
1T I RE R R - 2 4R MR (Sih4, 2015) - ELES 24 24808l 31 w58 F Eim A R o0d%

C2T i Sk S ER PR (k1% T 2 BRI FREE S TIPS T 1 GAE T > 2008) > &4k
PFEE B SUARg A Tacotron2 B R AHEE » i {% i WaveGlow [RFAHEE RIS AVEE Ky R 20

EHGEET -

seq-to-seq based

Chinese to TLPA

Machine Translation

AEF - EREREGEN®RBE L and - T
iy . —
Encoder . L% | % |
affine T .
coupling layer affine
N xform |
invertible 1x1 1t
t + convolution
T squeeze to I Xy
.ocation
Sensitive vectors 1‘
Decoder Afaeten
. . e Chasacter 3 Come Bvectonal L 2 upsampled
TS ke he? - goal 57 hong? taiS giZ €5 ki Khid langS input Text Embed Layers LSTM mel-spectrogram

B 31. FXFBEEEE CHRT
[Figure 31. The architecture of the Chinese text to Taiwanese speech
synthesis system]

4.1.1 P FEEEPZTH4ESEIEE (Chinese to Taiwanese translation)

TES SR LR 2SR A (E AV TP SCH E S REPF - TeErt i - (EA TR iCorpus 2
AT R B E S EZ R R (Sihd, 2015) » DL FAfEER A - BT AL EREA S
a0 A R ANREILS  DUR/DERS HhSCEERRAYIN DT o (EEISRSCA T Fy IR > &CEHTR
35 60323 H)JFIEFATEERE « TRLEH iCorpus FATRERNE A B S AEEFT5E - R
Z RN RE A B R ANV IR R SR - A SR RHET DU T iR -

WOE R SCARE BN 1% » B— I AFIA—TEEERT9E - o al RiEsk - a5k - B
WEST - [5% - B 9tEL St SRR o AW A R > B BTEE RIS R AEE
BRFSRR o BEfREE L —WREI T BORYEATRER SRR SR IR AT B N — R AT
H7750 0 BERERERLFFIRIVF R A B 2R - (HREEE R IR pe IEMELpE ISR 2 - IR FAT
st SZHVER oy DAZE MR B B — S0 BEEPFEAVER Y IR I DAZE RS R
FEPATEERI DL phone ¥ phone YT UEIE « DL ELE AR IR HTER /3 ® I 5= 5 B3
6 7R e
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F 5. iCorpus F{TaE F X7 EEHY

[Table 5. Examples of the Chinese transcriptions in the iCorpus corpus]
HEERREEASTENFHE UBME —RKRBEIZ=852T
EE BB R EZHAEYE RGN E DR E %L

EFEFCRBEENZTH LBEBRMEE TEAAE -+ E
=

2 6. iCorpus F1T5E0 B ED EE 785

[Table 6. Examples of the Taiwanese transcriptions in the iCorpus corpus]

tsu3 bi2 tik8 phai3 uan5 tso5 hiok4 hunl hua5 hu2 po3 to7 , tshut4 hai2 liah8 tioh8 tsit8 tiau5
ua2 beh4 sannl pah4 kongl kinl

tshua3 ingl bun5 ma7 tamS5 kau3 si5 sinl ingl kail tiau5 tsing2 ? tak8 kang1 khail iong7 si3
tiam?2 tsing! ti7 hun3 lian7 bin7 ting2

tsit4 ma2 tu2 ho2 suainn7 a2 tua7 tshut4 e5 kui3 tsiat4 : pak4 poo7 tsa2 am3 ke7 unl kho2
ling5 tsi2 u7 ji7 tsap8 too7 ting2 e7
RFIF-PATEERR - TS 54EEE LRRIRNY fairseq HEESEHEEHE HA(Hsy, 2021) » H
TN sequence-to-sequence 224 > 4GRS ANE 32 AR 0 ELFE— encoder Hijli#l— decoder 1%
Ui » Hiflis encoder B FHATEM A P SSLF A1 - o i HEE BRI H SCIRE R & - 120
decoder F X ARE A= 2~ [E 0 attention 7 {4l Ei convolutional neural network 7 3/l 4#
PHAEI T {8 encoder HEEE » A SCHIE GREPFE FATRBRE TSR » DU EIE(E
NG &SR -

b |

AKEF - REMESE DN M BV A <end

Encoder

Attention /

Decoder

Tak8. ke ho2 - pgoa2 si7 kong2 tai5 gi2. e5 ki khi3 langs

B 32. FREBEED s aa | R
[Figure 32. The architecture of the Chinese to Taiwanese machine
translation system]
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4.1.2 Tacotron2+WaveGlow

A TAT-TTS-M1 £ 10.4 /N EY S EEEER] > DL 22050 FR2ZHY S A& HUBEAES » DURR
1B T SRR | B ESUA 0 LT Tacotron2 HYF4E(Valle, 2020) - WaveGlow EHHE 2%
EEERHEEGNEES - IR EFEARENEE - AHEICE A » BEIEHEREE
= Bl Tacotron2 G fE{EZE o [tk WaveGlow YE7 » B = C&E BRI
B E T SCRERE LT Speech Fll4R Hi Y WaveGlow 7R (Valle, 2020) » R/E{# H & 58
sERHEE B4R o

MRt T RIE A DA BRI TAT-TTS-M1 5k} - #REHrbg Yy &
FaERE TLPIME RydlllBRSCAS > B B AT 7518 - Ok +" DA S JEE 4R "B b 2 253 s 1Y
=5 AV RFR TR » SISk T —hi5 e S 38 DR b R AR BR R T 957 Y Tacotron2 » {E By (%48
HERAIEbE: -

4.1.3 A2 4R E (Prototype System Demonstration)

WS E T OE S EPF SRS E A GEE T a AR T — B H
WkE 33 Fors o (B FEEA R XOUFR » #% NE i R B O B G585 WRE—
PR R R RN G E IR TR - H9NEET T il A G aEPF i - &
A MR G SR AR A B v DU AR R B W S AEE N G35 -

SN Chinese to Taiwanese Text-to-Speech(TTS)

Yuan-Fu Liao, National Taipei University of Technelogy, yfliac@nutecu.tw

Update by Wen-Han Hsu (188 BRi ..

Approach:

Key in Chinese sentences { BASXE ) :

et FH el N

Show TLPA and speak Taiwanese ( BRI S BB EEAE ) Just show TLPA ( SRS )

« TLPAdisplay :

1ak8 ke1 ho2 , gua2 si7 &7 konga tai5 gi2 €5 ki1 khid lang5

Finish!

Synthesized speech:

> 0:04/0:04

® i

8 33. PR XFHBE A E /KRN IR

[Figure 33. Demo website of the Chinese to Taiwanese machine translation]

5> NTUT's Chinese to Taiwanese Text-to-Speech(TTS), http://tts001.iptcloud.net:8801/
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5. EmE e ek o 2 HEEE G S B RS (Multi-Speaker
Voice Conversion System based on Cascade ASR and TTS framework)

BT Gt E GRS ERN B2t - IMBBRITE G G S ERUET )% - |

B —(E IR AT T G RERE S R A4 -

50 FRBEZEREHEEETHBBRAHKEE (ntra-Lingual Voice
Conversion)

FefMLL VCC 2020 F7 IR Y Cascade ASR and TTS J57£(Huang et al., 2020) % baseline > H

HEE AN G T ER AN - AR AR AE 34 o BRFEERENERE > Db

rhnh B LR B PR 1R 0 A DK TH DL B AR EE R R B G RE S sE EEE

BERE AR AR ALK B RS B i S R A -

Conversion
Training e Souree
speech
— - - I
ASR model Trained
_w ,W‘,, —p | ASR model J ASR model
ASR dataset ’
] — J=]] Transcription
M =l | TTS model
pretraining L ) |
TTS dataset | Tg"“ﬂ: | I
mode
< CE—
TTS model
T ”' TTS model
fine-tuning - mam  Converted
= acoustic
e
— ( \
Neural vocoder m Neural Trained
training — | vocoder | [ neural vocoder ]
VC dataset ’

Converted
speech

B 34. G555 E PR R G BB G atas & PR A
(Huang et al., 2020)
[Figure 34. The architecture of the Taiwanese voice conversion system]

PETT AR A= TE THAII GRAE AT By BLBRE - 73 A1/ (1)X-Vectors » (2) Transformer-based ASR
model DA Bz (3)Multi-speaker Transformer-TTS model - {735 S HAAYSEI » R fy b b BI:E
YR o R SRRV EE S R B S = T o TN e = (E P SR AL (5 A Y
Bt A T (DTAT-TTS- M1~2 81 TAT-TTS-F1~2 PUfirsEs - 22 552 2 FA
&IH 10 /NEFEERL - SERTEL Ry 40.6 /NI > DUR(2) TAT-Voll~2 sERHEEREEIAY 200 fiz 4
HEEE 0 91 55109 % - G ALIH F/NEFRER] > SEEELFy 104.4 /N
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FERNGROOAR YRR | TR E A" S B TR" > WR SRRV SR RON - DIEg
BT T Rl B aePILiE 35 Aon - S J7 I i PRSI GREVEERE > thm] L
PRAZ IS TE = (17 (F AV SERERE RHEUM (R A S E -

sl A1 Al bing5 e5 hoo7 tsiau3 ho7 be2 si7 pat4 ngoo2 su3 it4 ji7
saml liok8 ngoo2 ngoo2

Al#3ZA2  ah4 gua2 bing5 bing5 toh8 ka7 kong?2 tai5 gi2

= tioh8 sui5 u7 be2 tsit8 kil lian7 a2 ku3 lai5 tso3 khang1 khue3
3T e5 sim1 liam7

18] 35. GBIV L E ) EA)

[Figure 35. A typical Example of the Taiwanese speech transcription datal

i & i i 2 A E F AR Y Parallel WaveGAN (PWG) » [RIAEIEE N GRERE S &K
{1 WaveGlow » BEHEZRAYEN 53 A T S EHralll 4R -

5.1.1 EE M E4REIESS (Speaker Embedding)

{5 T L Ry BERERY X-Vectors J77%(Snyder et al., 2018) - 41lE] 36 Firow i AHYSEH #L
B g —/ N EE S (S 5 (H AV R R — (8 mean LK variance 3 H concat AR -
A DNN &7 HE 2 —/NREE S ML sE E B E &N » Mk S/ NEREEF Y45 A
By speaker embedding ° & 204 A\AYEEZHELL train set 194 A - test set 10 ARVEREHEST
FBE [A) 2 4R T 25 HY )| 4R (esdeboer, 2020) -

mean °

8 <
x-vector ~ DN — o Which
[Snyder, et al., ICASSP’18]  variance g‘ peakers:
x-vector

statistical pooling A
f A\

f f f f t

DNN DNN DNN DNN DNN

whole utterance
& 36. X-Vectors ZEJE(Snyder et al., 2018)
[Figure 36. The architecture of X-Vector speaker embedding encoder|
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5.1.2 EEEEEE PSS (Taiwanese Speech Recogntizer)

DA i ASR ZRf#(Dong et al., 2018) » 41[&El 37 o » DLEsE S REFIE ERY SCAS » F1 E i
EL4E ISR 4F 1Y X-Vectors » #{T Transformer-based ASR model Al &f(shirayu, 2021) - 1F
BRME . B {E AR FAGEEE 1 S 4RTEES — 1 194 AN train set » AGEFAHIE 10 AHY test
set 43 H 5 A4E dev set o

Output
Probabilities
Softmax
Encoder
Outputs Linear
[ m r Norm
e orwar eed Forwar
Networks Networks
r Norm r Norm
Ngx ¢
Multi-Head Multi-Head
Attention Attention N x
d
Layer Norm Layer Norm
L
;_/ \\:

Positional o)
Encoding £ Input Masked

. Multi-Head
Encoding Attention
( Linear ]
(" Additional | J
i Additional ! i
1
Mx | N}gdlsle E J Positional
' D ; Output O— 9 Encoding
Encoding
Character
Embedding
Inputs Outputs

[& 37. E2E-ASR ZEf#(Dong et al., 2018)
[Figure 37. The architecture of Taiwanese speech recognizer|

5.1.3 ZEEEFETAHRES (Multi-speaker TTS)
LB E RS B SRR o B A S DL & 38 224 (Chen et al., 2020) » DL & E S IEFIETE
NS » Rl E 28| SR 471y X-Vectors » #E{T Multi-speaker Transformer-TTS model [y

3|4k (shirayu, 2021) - ERHEESEC FHIER Filt ASR 524 —%( » train : dev : test=194 : 5 :
5
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_

Di 1 _I Mel Linear I l Stop Linear I

Con_:traint
ﬁdd & Norm
Feed Forward
Nx
Add & Norm
-Pl Add & Norm |
Feed Forward
|_Add & Norm |
|_Add & Norm | Masked
Add & Norm Multi-Head
Attention N
Multi-Head X
Attention ! ! ’
t ‘k Er L E
—1 Module “3 : Q ,
Positional

‘ E)_.,EB Softsign C Encoding
A Ii Dense :
L

Positional Decoder Prenet

Encoding Layer Norm
Speaker I (Bottleneck) |

Embedding

| SgeaI‘(er ID |
[& 38. E2E-TTS Z2f#&(Chen et al., 2020)
[Figure 38. The architecture of multi-speaker Taiwanese speech synthesis]

Phec e

52 BEREEZERHNOERTHIRALREE (Cross-Lingual Voice

Conversion)
1E VCC 2020 tf > tEEE N 57 fy Taskl : FERES (LA Task2 © FSEES (T > 208 39 Fr
TR o MAEBESEBT - bETRE B EEENRES o RiEsE - SEENUARE > RS
F P RE S R A B AR VRE S R EER B s a7 -
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English English
Sentence 1 Sentence 1
=p Parallel <=
Task 1 Sentence 20 Sentence 20

Training Sentence 21 Sentence 21
= Nonparalleit=—
Sentence 70 Sentence 70
English Mandarin
=nglisa /IGerman/Finnish
Task 2
Training

Sentence 70

English English
P ——
Conversion 1 g
{ Input - [ - Converted t ...

sentence model \ sentence |

B 39. VCC 2020 EEEEM4H(Zhao et al., 2020)
[Figure 39. The Intra- and cross-lingual voice conversion tasks in VCC 2020]

Cascade ASR and TTS J57AR R AUEAYRHE - o] DUSEIRS 58 = AsE S i HfIk
HIEE IR S S R iEss - HARRE (M el yE R Ay - REESVEE
HE A TR ARGHEE - IR S RRIERAER TTS IfyE sy - AfE 40 AR - B
oA HIRE B B NEEER - BMEEEE S AR R R A BT RN G5 2 fEE S
A REERE S SRR E RS Bk o
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Conversion
Training Source
d‘!\ﬁ/\r speech
, , I
ASR model — ASR model [ Trained ]
training | ASR model
ASR dataset
— — "=]] Transcription
IIS model m-ot-ie.' m = | TTS model
pretraining L J |
Wit 4 At Trained
EIRIAE -+ BIREE TTS model
TTS model m_ _‘,—
fine-tuning TTS model mam Converted
Target speaker TR acoustic
dataset features
Neural vocoder [ Neural [ Trained ]
training — | vocoder | neural vocoder
VC dataset ’ Converted
A\JIW speech
B 40. $FEEEHERR IR 2 ErE B L E it IR A
(Snyder et al., 2018)

[Figure 40. The architecture of the cross-lingual voice conversion framework]|

BMAEERES ARy WA T RSt H librispeech S5 SCRERHFTH 4K X-Vectors » il

DLFESZHY X-Vectors EEH I G EEMN 2 E

FiBE O T ISR

SR RS

PERVE AR K - RILERSEESIVELY - WFIE X-Vectors HYES3 G T RS 00E

IR -
AHGAF T PWG -

H

ifi ASR BYEL 73 e EIRE =

(E75 E 3 ey e -

5 as R EE (L R

FE PR FE FI T P ol = 5t & ARV EEEERERE - & VCC 2020 H » Cascade ASR and TTS 5

FAE R SR SRR T

e

FHATEERL - £47% By csmse » F£FH 10000 25515

A sk SR EERERE A -
Fo T EEERE AR B 58 XA —
BEFHI SR ASE Ryl SRS

I

RO = &;gﬁgggé&%%(Kamo 2021)&1‘{%

» AR IERY 11.86 /N - Fy— REREZL

B M R T R G RE A
oy E A0 E 41 Fros
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AlfESIA1  zhao4 di2 yuel cao2 yun2 teng2 qu4 gui3 wul

A#RSZA2 gaolyal tie2 ta3 xiad de5 dil ai3 peng2 wul

FE&3ZA3  yong4 bu2 yong4d wo3 ti4 ni2 wu3 zhe5 zui3

B 41. FEEZE ISR B 7 &)
[Figure 41. A typical example of the Mandarin speech transcription datal
R R (o8 A T W3 5 (F Rl SRCA > By T @y SURIEE S B - R AR S AT
M EFESW > MFSCTHE Fy<en_US> > FEXXFA fy<zh ZH> > WAHEGFETTHAET B
<tw_TW> - fil 58 S MR A SRSCAES 7y S B4 E 42 Fror -

TS_TSM0020 99 <tw TW> hiong3 kok4 tse3 tshut4 siannl ting7 gi7?
csmsc_000001 <zh ZH> ka2 er2 pu3 pei2 wai4 sunl wan2 hua? til
B 42. Bat = #aE =ia 0 #h)

[Figure 42. A typical example of the language code embedding for cross-lingual

voice conversion task|

FEMEF csmse FEREERL LUK FIRE S (BB ERAGREER - DUR R e s SRS
X-Vectors » JREHISREFER S B E RS G Es(Kamo, 2021){% » FfIpEE T—
(EEsHE S 2 B At TR A -

6. ‘BEs (Experimental Results)

61 EASEETAHAHKEE (Single-Speaker Taiwanese Speech
Synthesis)

Pl (s PR o 1E DU R DIBR IR SR AV BT SO - ISR G sBRE S S AT H A » DA
JR A F G A 25 DU 278 25 8 AR T A B R RT 9 1 88 SO R iy S R AR g L > fi B
BT T AT E RS o oy BERS 10 &) SO TR IE BN G EEPE S - 1F Fy R
AXAKRERES  RMEFEREANELMERAIAE 10 E@EH T8 T IED
TRFFFRARN - 1F R ARy SO &SRB © 10 A E AT (S1~S10) RIERTE
()& EEHE R ELE A 43 PR - R0 AL Ay H T By 8 5 B IR FIBR AT SRR B T -
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(SHARY - BEBRAFIHBEA -

[R#%% tak8-kel ho2,gua2si7 e7 kong2 tai5-gi2 5 kil-khi3-lang5.

rEE tak4-ke7+ho2,gual_si3_e3+kongl+tai7-gi2+e7_ki7-khi2-lang5.

JRAEE kinl-a2-jit8 thau3-tsa2 khi2-lai5,thinn1-khi3 tol huil siong5 pik4-juah8.
HEEL kin7-al-jit8_thau2-tsa2_khi2--lai3,thinn7-khi3_to3_hui7 +siong5_pik8-juahs.

(S3)—FmEa=+TIUBATF "Et+/\RTAER -

B tsit8-tshingl nng7-pah4 sannl-tsap8-si3-ban7 goo7-tshingl lak8-pah4 tshit4-tsap8-
- peh4-tiam2-khong3-kau2 bi2-kim1.

a1 tsit4-tshingl+nng3-pah8+sann7-tsap4-si2-ban7_goo3-tshingl+lak4-pah8+tshit8-
’ tsap4-peh8-tiam1-khong2-kaul+bil-kim1.

[RHEE tsitd-ma2 ui7 lin2 po3-to7 am3-si5 sinl-bunb.
FEE tsit8-ma2 ui3_linl_po2-to3_am2-si5+sin7-bunb.
(SS)EEMARLIR - BSHRMABEBREHOSE -

bu2-han3 hi3-iam7 e5 tshut4-hian7,hoo7 tsuan5-se3-kai3 e5 lang5 long2 khail-si2 ti3
tshui3-am1.

s bul-han3+hi2-iam7_e7_tshut8-hian7,hoo3_tsuan7-se2-kai3+e7_lang5_longl_khai7-
’ sil_ti2_tshui2-am1.

[R#%ZE tsoh8-jit8 te7-tang7 si5,gun2-taul e5 huel-kanl lak4-loh8-lai5 siak4-phua3-ah4.
HriREY tsoh8--jit8_te3-tang7+si5,gunl-taul+e3_hue7-kanl lak4--loh4-lai3_siak8-phua3--ah4.
[FA2E! sitd-paiT7 uib singb-kongl tsil bo2.
MAEE sit8-pai7 ui7 sing7-kongl+tsiT+bo2.

(S8) ik i FBS » 3% P14 Mo ?
424 huanl-ging5 kngl-1im5, tshiann2-bun7 u7 kui2-ui7?
& huanT-gingbtkong7-1imb, tshiannl-mng7 u3 kuil-ui7?

[RER

SNAREM K ERNGFRE  PRLREF TSRO EEREELRE B -

[EAEEY u7 hongl-thail tuid thai3-pingd-iunnd laid eb sib-tsun7, tiongl-iangl-suannl-meh8
tiann7-tiann7 pangl taib-uanb eb sel-pooT tong3-khi3d tsinl-tsue7 tsail-tsing5.

BAEE u3_hong7-thail_tui2+thaiZ-ping7-iunn5+laib_e7_siT7-tsun7, tiong7-iong7-suann7-
’ meh8_tiannd-tiann3_pang7_taiT-uand+e7 seT-pooT_tong?-khiZ_tsinT-tse3_tsai7-tsingb.

CLO)EXERE  EXERE -

[R#E2 kul tshio3 pihd4 bo5 bueZ, pih4 tshiod kul tshool-phueb.
¥AEE kul tshio? pihd boT+bue2, pihd tshio? kul tshoo7-phueb.

B 43. FIEFTEHIGEHF EFILEE
[Figure 43. Comparison of Taiwanese transcriptions before and after tone
sandi annotation]
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BAFIFRIEE B FR A LR s A 2% 10 (85 TSR ey BT B RS HIRF T - &
fRUTSEE 27 U IEE ATy > R DL RS R A B Bt SR AN TR 44 K [8] 45 A -

RERBARED M ARBETS

ol &k &+
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S1 S2 S3 S4 S5 S6 S7 S8 S9 S10
aFHRR

B 4. R E 28 B G R =

[Figure 44. The box-and-whisker plot of naturalness scores of the baseline model]

MIERBAED Y _AKRBHETS

& i olll 04 5

S1 S2 S3 S4 S5 S6 S7 S8 S9 S10
FER

B 45. BB R R
[Figure 45. The box-and-whisker plot of naturalness scores of the improved model]
HEBRERGH - I ARRBRERA SRS IIEES - i A DU F SR 224
B REREERF IR SOAR S R YRR S - AR R R A AN E A AE S8 E — ashis e A Y
NEHE RS - B/ DG AE Ay BRI D A0 o PRI — (& HAR - RIS (o0 L s ekl Sk ae 2 =
REREEAR Ay oSO S SERER B - DASe R (B SRBaE 2 S ARSIV E -
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62 GEMEPRRCHMUEY CHESFERTHRAGER Multi-

Speaker Voice Conversion)

DUR 48 TAT-ASR DUK: TAT-TTS & SCGRRHEASE 204 4557 - 247 145 /N\IFHY
BrbaeChall SRV AR - DU G GaB 5 P R G A 2 B e el B R SRR H R E
B

6.2.1 FEE M ELHFIESSEEREER (Performance on Speaker Recognition)

B 204 NV EEEETEL train set 194 A - test set 10 NAYEE HEfTaEE 7] & 4R 5 254k
(esdeboer, 2020) - i A test set Y EFAEHEHENE EER HYMIEAEZE - K 10 MG E HLH
1m’uﬁﬁ%%’#ﬁ@%%m&ﬁ$ﬁmﬁ%%9mﬂ@ B EEE PR -
A B PAE 775K 10 A HEREEE 2l Mese s - JHIEE 2280 oy s faiE 46 Frs - Hie M
w4ké%%ﬂ%ﬁﬁ%%%ﬁ%%%%’%ﬁTEwﬁij%%%ﬁ%%’mﬂmF
1F p-target = 0.01 AYEL T B 0.7101 » {F p-target = 0.001 Y5 T 5 0.8318 «

[U_IUF0023_1 IU_IUF0023_22 target
IU IUF0023_1 U [UMOO17_43 nontarget

[U_IUFQ023_1 IU_IUF0023_184 target
IU_IUF0023 1 KH_KHF0030_190 nontarget
[U_IUF0023 1 [U_IUF0023 214 target

IU_IUF0023_1 KH_KHM0O024 38 nontarget
IU_IUF0023 1 IU_IUF0023 2 target
JUF0023 1 KK_KKF0015 105 nontarget
_IUFOOQB 1 [U_IUF0023 169 target
[U_IUF0023 1 KK_KKMOO15 81 nontarget
[U_IUF0023 1 ITU_IUF0023 19 target

|

U TUF0023 1 TA_TAF0020 248 nontarget
IU_IUFQ023 1 1U_[UF0023 O target
[U_IUFQ023 1 TA TAMOOZ0 55 nontarget

IU_IUF0023 1 [U_IUF0023 112 target
IU_IUFOO23 1 TH_THFOO22_317 nontarget
U_IUFQ023_1 TU_IUF0023_83 target

IU [UFQ023 1 TH THMO018 44 nontarget

U_[UF0023 10 1U_IUF0023 14 target

IU [UF0023_10 1U_IUMOO17 115 nontarget
IUF0023 10 1U_IUF0023_16 target
[UF0023 10 KH_KHF0030 234 nontarget

E§A46 Pl o F i

[Figure 46. A typical example of the speaker tranacriptions for speaker recognition]

6.2.2 SEEEETIEEESSEEA®R (Performance on Taiwanese Speech Recognition)

EEREEC EEE AR iR A E 4RSS —FE 194 AfY train set> 7 FFAH[E] 10 AHY test

set ﬁﬁ 5 N4 dev set » Bef&alll G HZRIVEE B YRS » SEA R4 Ry 2.9% » sEIEA0NE 47 Fir
o S SR ABFEAHRE loss EENAIE 48 FR
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| SPKR | #8Snt #Wrd | Corr Sub Del Ins _EBrr  S.Err |
T RV T A R W W R Y RPN TP
T R VTP B X A R B F W RPN
R A R R A T P T
R A R R R I P N
R R R A R R R

Sum/Avg I 1274 12680 | 97.2 2.6 0.2 0.1 22.3

| 254.8 2536.0 | 97.2 2.6 0.2 0.1 2.9 22.4
S.D. I 21.4 1282 | 0.9 0.8 0.2 0.1 0.9 5.6
Median I 262.0 2506.0 | 97.0 2.5 0.2 0.2 3.1 23.7

Hean 1254.8  2536.0 | 2465.2  65.4 5.4 3.6 . .
S.D. I 21.4 128.2 1 120.9 22.6 4.2 2.3 259 14.4
Median 1262.0  2506.0 | 2431.0  61.0 5.0 4.0 .

B 47. G 2E a5 B Dk e | AR

[Figure 47. Experimental results of the Taiwanese speech recognitizer|

| SPKR | # Snt #Wrd | Corr Sub Del Ins Err  S.Err |
oo 1w e a s 1 s 40 1
hedmooty T s T e 61 i /R a7l
| khkhrooso TR e T s T s 2 4 s 57
| khkmoond T2 Rs0s e 7R T 4 e &l
riikfools 1 se e 1 a0 loo T g 7 1us %]
i Sum I 1274 12680 | 12326 327 27 18 372 284

:

|

12 1

== main/loss
—— validation/main/loss
i —»— main/loss_ctc
—— validation/main/loss_ctc
—»— main/loss_att
g == validation/main/loss_att
E-
4-
: emeflassks 0 K\ [ WY
21 ’ '_"w‘&_}.;o%‘!’ ot ; -
04 T T T T T T T
50 60 70 80 90 100 110
epoch

[ 48. G EE B PR 5T B 7E loss

[Figure 48. The learning curves of the Taiwanese speech synthesis system]
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6.2.3 EEESETER AL EE: (Taiwanese Voice Conversion)
Bef% > Pt B G RH A GRS PRl R G A 2 GRBE T A4 » 3%
SHTEREAE T B 0 T AEOE ) B BRI - R E R AR T 29 R
HEE &SR - BF A RIA R E P EEBE IR S EEA L REARHHIEES
HHRASEE AL - GEEZATDL N FEIER =054 -
6.2.3.1 EB8 75745 (Experimental Settings)
HEME (D EEY G T BN Q Y G T B E 7 80 A 4
HIEEEEMN ST - 58 0A 3 L HEEENGRERE - & 1 il B E A RERE
SUELTRE TG RCEE - F0 1 (B R 4AE 1E DAL S -
(1) BB EEEEERAE T - 12 ([EERERE 7 A
(1-1)4 {E{E Y 10 735 fine-tuning FERFR M AR S EHR S EE
(1-2)4 {El{E &Y 3 738 fine-tuning FHFHE MUHAVEEE IR S ECEAE
(1-3)4 {E{E %Y 30 F fine-tuning B} Bl AV FE S EHA S RCETE
(2) FEFEHOEETEHAAEY - 8 (EE RS A K
(2-DA {E{EHIZY 6 734 fine-tuning SRS MU HVRE S EHRE R E1E
(2-2)4 {E{EI4Y 3 734 fine-tuning FERFE MU HVRE S EIRE R E1E
S BERETARERER - RIB TE R S E SRS ER R T B -
(—) BAE T
RIFIESIEY T HRE ) 1T 1.0 3] 5.0 BY5F5 » et 8/ INEEE—Ar
BED 1.0 7 REe NG EA#SENES
EE7r 5.0 07 REeBrEE ANENES
(MR EE 8
FRIEEESIEY T AHDUE | #E17 1.0 3] 5.0 BY5F5 » et 8/INEGEE—Ar
& 1.0 77 <JFIAERE>TI<G RS 8> 5% 2 AR —E A g
EE7r 5.0 77 <JFIAERESTI<GEE> w2 B E —E \HEaEaEs
6.2.3.2 FEESHEBERESE (Intra-Lingual Voice Conversion)
BB G RERE E IR T RENT MOS 43 #&x52[8 (Box-Plot)
(1-1)10 7% fine-tuning 3L & - B 2R 7T BOFIAE DU 73 B & 49 FfE 50 fow
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BRAED M_ALRBETF

5 —
* o, [ .
9 * 7T [05 0.5] 345 ppgan o
B 5| [05 05 0.525 08
,E _ }
5 2 1
2

—
L

21 51 %2 582
aEBiREE_AN105 Efine-tuningz& i}

B 49. [FES{EBES 10 778 fine-tuning 7B 8 2 H 287 B 2K E
[Figure 49. The box-and-whisker plot of naturalness scores using 10-minute
fine-tuning data for intra-lingual voice conversion]

BEUED B _ARBETH

5 -
EF 4 — T
19 0.65 047 338 [05 0.5
= 31 [035 A 05 U5
=
= 2
i)

1 i

%71 21 %72 82

B EIREE_L105 #fine-tuningz&

[ 50. [GFESTEBE 10 578 fine-tuning 55HE 2 1L E 7 B = 5 E
[Figure 50. The box-and-whisker plot of similarity scores using 10-minute
fine-tuning data for intra-lingual voice conversion]

(1-2)3 57§ fine-tuning SHRHE - B 28 S BORIAH U 73 B 51 FOE 52 Fom
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REDB_ALBRRDBTLY

5 -
E'Z
#9471 o5
= 3 | 0.5 3.02 0.8
=] 0.5 05
5 5 0.525
p2)

1 .

%1 £1 72 82

aiEB1REE_37 #fine-tuningz&

B 51. [FEEE{EHES 3 7 # fine-tuning 55182 BAE B KIE
[Figure 51. The box-and-whisker plot of naturalness scores using 3-minute
fine-tuning data for intra-lingual voice conversion]

BEUED B _ARBETH

5 -
¥ T
5 47 o5 57
= 5 0.5 2.99 : 0.725
=} 0.3 07 0.525
§ 5 0.7
i)

1 4

71 81 %72 82

amBIREE_A37 #Efine-tuningsdi

8 52. [FEES{EFEN 3 778 fine-tuning 2B H1IE D B RIE
[Figure 52. The box-and-whisker plot of similarity scores using 3-minute
fine-tuning data for intra-lingual voice conversion]

(1-3)30 ¥ fine-tuning 5B} E - B A 73 BORIAH (DU 53 BeanlEl 53 MIE 54 Fm
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FIXE F

BAED Y AIRAETFS

5 -
':éﬂ‘ 3 1 -4
2 1 [oal o8 2 =
5 2 - 775 O3S -
7 T |1 1
1 - |
1 51 72 52

BB EIREE_430# fine-tuningzE

B 53. |FESTEBE 30 B fine-tuning 521548 <~ B AYVE 7 B2 KB
[Figure 53. The box-and-whisker plot of naturalness scores using 30-second
fine-tuning data for intra-lingual voice conversion]

HEES B _A R BB

T

> i o ek 5]

0.925 04
5 | 055 07| 2.10
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1 21 72

H

aEBREE_#30# ine-tuningiE 1Y}

& 54. /7;,5,,:,&"%[@‘#30 2 fine-tuning 3%

[Figure 54. The box-and-whisker plot of similarity scores using a 30-second
fine-tuning data for intra-lingual voice conversion]

2.3.3 BESHEBEEREE (Cross-Lingual Voice Conversion)
HEEH AR D B EHAE AT MOS 78 & 5a[E (Box-Plot)
(2-1)6 774 fine-tuning FBRFE » H 2R 73 BORIFH DU 7r B & 55 FiE 56 Fror

MBI 7 B 2R
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BRED Y _ARA/EFIS

5 —
E'Z
=
B ;3 06 | 290 — [0.525]
% 075 U7
§ -1 0.5
n

1 -

REREZ REERES aigiEs

EEBIREE_H67HEfine-tunings&iy

B 55. EErESTEBEN 6 7% fine-tuning 5512 2~ A E 7 B 256
[Figure 55. The box-and-whisker plot of naturalness scores using 6-minute
fine-tuning data for cross-lingual voice conversion]

BEUED B _ARBETH

5 -
ol 1 |
2,0 [958 28 0.525
=] 05 y
F 5. 0.625
. | |
REEREZ REERES 8iEES

EEBIRFE_H6n HEfine-tuningiE

B 56. PESES{EFENT 6 778 fine-tuning 521 E. 2 H1IE 7 B RIE
[Figure 56. The box-and-whisker plot of similarity scores using 6-minute
fine-tuning data for cross-lingual voice conversion]
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[Figure 57. The box-and-whisker plot of naturalness scores using 3-minute
fine-tuning data for cross-lingual voice conversion]
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[Figure 58. The box-and-whisker plot of similarity scores using 3-minute
fine-tuning data for cross-lingual voice conversion]
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7. 455w (Conclusions)
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[Figure 59. Experimental results on the naturalness of the single-speaker
Taiwanese synthesis with and without tone snadi and prosodic
boundary annotations]
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[Figure 60. Experimental results on the naturalness of the intra-lingual
voice conversion]
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[Figure 61. Experimental results on the similarity of the intra-lingal voice
conversion]
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[Figure 62. Experimental results on the naturalness of the cross-lingual voice
conversion]
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