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Speech synthesis of Lao language is significant to the cooperation and commu-
nication between China and Lao, but Lao speech pronunciation is complex, and
there are pronunciation characteristics such as tones, syllables and phonemes,
and the existing speech synthesis methods do not work well on Lao language.
The autoregressive model based on attention mechanism modeling is difficult
to fit complex Lao speech, and the model has poor generalization ability and
is prone to catastrophic errors such as word omission and word skipping, and
the synthesized audio lacks naturalness and fluency. In this paper, we pro-
pose a non-autoregressive speech synthesis method for Lao based on discrete
self-supervised representation enhancement, combining the linguistic phonetic
features of Lao, using the annotated temporal information of Lao phoneme
granularity to construct a non-autoregressive architectural acoustic model, ex-
tracting discrete representations of speech content and intonation information
through a pre-trained speech model with self-supervised learning, and incorpo-
rating them into the acoustic model to enhance the model’s speech generation
capability of the model and the fluency and naturalness of the synthesized
audio.The experiments demonstrate that the synthesized audio of this paper
achieves a MOS score of 4.03, and the non-autoregressive modeling approach
based on discrete self-supervised representation enhancement can better por-
tray the speech characteristics of Lao language at the fine-grained level of in-
tonation, phoneme duration, pitch, etc.

Keywords: TTS , Laotion , Non-Autoregressive , Pre-trained Speech Model

1 5§

EHBERAMIMXEEMNESZ— BEHARKNENES. WERE. ®i
FOBEEERW AR, MREREEE AN P ENEEESTRELEKR. [
I, WP AT R E SR IE SR = B AR RS S AERE . WE s AR IR ME S & K
BHEEHFY .

ERES P IEMX AR AR R E B R E IR, BRSERENIBIFERT
£, FAMBE AR AS R E, ERERENIETERFEEE T AEHAL
IR, RTHMSFMEE T, BREES &R EAERE EXELIRFE S &
R, FHR TR FAERKEME . WEERBRIES & RkZ B REMRG
HHABGEERE . 0, (Anh et al., 2022)HIKEH T ETHEMLHZRIEES &
B, ARTZ T R AR E S T BRAEE S G SN ERERE S & RIES
NMERHRER -

FEEEEMEST, TERWERANTTE: DERE: hTREEHETHE
IR, BRIBNZIIRE HRES PR - QRE: FEERMASRT, &E
EREERERBEEN . —DEBAES G AR5 SURHN (Lal et al., 2021),
FE AR A IS 25 (Oord et al., 2016)(Kong et al., 2020)- A ME AR H %, 4
HEREE S BT IEOT a2 B0 5 B2 H AR A 22T o 7R 2R AT ST
ASH AR B S B P AR U R AR, RS BRI S B 7R D 2 AR A K A 1 R

HrJEE TR S AR IR, FI0N
pay

100, W/R¥E, PE, 20234E8H3HZESH.
(c) 2023 P fFHEXWHIEFS S
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BREE, ETHEMENETERAREENRE T aREMREMHRE, I
BT AR 22 THI ) 4 RE AU R SR PR R R 48, Shen® AR H H) Tacotron2f& Y 2244 (Shen
et al., 2018), M T ZAIET ST S HAMBE RGOE T 6 HOT %, WRREE EiuH
TARBEMITE - RenSE AR H 2 T Transformer(Vaswani et al., 2017)#)3E B [\ )358
fiFastSpeech(Ren et al., 2019), #ER T ZGUER IHLHIN 7 3R B HERTE, EH T
BT K 5F R 7 2, R AR R AR AT LU AT IR, AR & T AR
HE, [FIREER T DRSS AR T M TS &R R . A ZJE, Rens
NAREEHR Hi FastSpeech2(Ren et al., 2020), YIZrFIHEIEEE b 5 B G284 B 8 R
HE EEWAREREA - 1F TIER7ETacotron2 i EE Al _F & B A 3E B B I (Elias et al.,
2021) o XEETAEFEAH ~ G REM ERES GRS TRERIRCR, e kB A E
Ml ERERIES &R TAERAN R - J T RREREES & RS Mk Z B RESER
AL ARSURFEZHROER @RS, HA R T0IZRE SR T R BCE I B R S
fiE, 7Et&SiFastSpeech2fJ1E & & BUE AR T ZEM (K 2 F A& E & R B REUL B I B RIE
HRARTHEREE S & BRA HIIERE - AR TTER AN T -

(1) LW THAEEEFZREEST GRES, BRTEREETEREST, HE
R, ERCEER, AR (LRE I Z R -

(2) 3T IIGRESEAE A VLI NS, RUATUIGE S, ST RES
FAERIA R B AR Bof TIEAES 6 BUTNEEERTE ERIERR -

(3) FEVNE 2 A B &5 AR YR8k £ Z R EE T & RE S B
T 4.03#IMOS{H -

2 MXIE

(1) B B 3155 & Al (Autoregressive Speech Synthesis) & — F3: T 5 71| #57 118 &
BRI AEBEFEFERT ., BEESEAN—1FH, DR T B
REAR - ZERGERHEEEE &TES, B RANZIEIAHEZEMLE  (Recurrent
Neural Network, RNN)(Grossberg, 2013)8(34 &R 4 M 4% (Convolutional Neural Net-
work, CNN)(Gu et al., 2018)REBIEEFE S HIFFII KR - XEARRIGEW 22 S 2EEE
SR AR, MMSEIMSCRENE S S . BRETES ST AR —20, B
BOEIREAEROE R B E(ES . [RINA] LLAE RS i & RSP -

R, HTHEHEREARE, BESRATREEE, BREIEEESERIEEEE
ETTEEN g, Rt —SSN s A ER, BAEERIEEE & ETEER DK
BEOLT, BEVIES GRS BT - RTEENS -

(2)FE B EHHEH A (Non-autoregressive Speech Synthesis) & —F5 HE &
HERMNES R AE . 5SEREESSRARE. 38 REFES SRR
RN B AR T B T AR AN R AR A BT RO R BB R A AR ROE AN IR
AIEEIR o Ren%s A$E H iFastSpeech2EFastSpeech H E: fitth L7 N T &/ (Pitch) ~ & =

(Energy) - W& (Duration) HISMFEZEER, & T &RETHRBES BRE -
F8bh, FastPitch(Lanicucki, 2021)3 T FastSpeech X #ll R 5 B #1717, /& T & AUE
HHRAE - 35 B REVFETIEELS NINEREEAERGES M, EH TEMNES G
HE .

EHEIEE G RA EIEER, EHHEERTES &R RETCIES ) B 2 )
BEZN, NMSSetlGsiZ AR, SFEOETRISELF R -

B TR E AR E SRR, HIOR-F1010, MR, E, 202348H3H%5H.
(c) 2023 wHHE hCfE B2t : =
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3

AL HE T FastSpeech2 L5, HRIEZHIBE S E TR AWELURS, EJI%
R A TEERHIE, X Fang® NG A (Fang et al., 2022), AR Wav2vec2. 052 BUHTE &
FHEIRIE AR, IR F 9 53&E R 2 B TR & I%R, KHgidask b a5/
NINERSIISD  (Jensen-Shannon Divergence) 26 3858 75 2 RFE X AE AUIE S AO 5200
HETNGRE .

3.1 HuEE

H T2 BB R H B8 & SR EE N, R MR FAMFASE T B (McAuliffe et al.,
2017) X EHSERIREATYIE], FHI, N TMEFENTT, ASTEMEEIEEM B,
SPREF| ANE ST EER TN, DFHES# SR MER, aEEEE
SHATIRNE « TUINE « 8 - ERES STAFERIE . RS HPraatF 55 548 L
H(Styler, 2013), N\FAHEHESEESHRIEE - T8 B8 . SEFEAASE
FHHE, REFMEFTEIRHTINE, SES T E 2R B E RIS R H 5
R, WBEEHRITTHTHEE, BAEEFEEEEE - RGBS L - FEE R
HENGREBATE R, WEHUEE. BRIBEETHAETAEHERE ZREEIMEX,
EREUT T NRNE T RO, UEENRIMMESRA . FHEBEEE R T &
BRY . AEEERIERE AT T AT EINE . WELFTR:

| v by ® 9 %) 13) U Iy) N | ew

KE | [m] | [n] | [ | (o] | (6] | [d | [p] | [0 | [k | [p"

FH | nw |20 w99 | os ) o) 3] 8,9 ®
& | [ | [k | [ | [s] | [h] | [te] | W] | O] | [

Figure 1: ZHEHER

FEEREF, ETERNIAFERN, EHRETNTFERE S TEIITHS,
E2m 51 T BAARRIPRE T2 -

FHE| b A A n | | P |y | P | e | A
RE | [kal | [kal | [kil | [kw] | [ku] | [ke] | [ke] | [ke] | [ke] | [ko] | [ko]
FE oz | Ho | B | m | B B n m | wn | M N
RE | ko] | [ko] | [k¥] | [ka:] | [ki:] | [kw] | [ku] | [ke:] | [ke:] | ko] | [ko1]
FHE | e | 5 |Her| By | Fe | Hor | Pe | I | W | He | me
RE | ko] | [k | [kie] | [kie] | [kws] | [kua] | [kus] | [kai] | [kai] | [kai] | [ki:g]
FF| ny | He | Do | nme | me | M

X
i

[kiza] |[kw:a] | [ku:a] | [ku:a] | [ka:i] | [kam]

—

Figure 2: ZH1EH T4 &L

, MR, hE, 202348 H3HE5H.
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Figure 3: 2T R B BRI RAZHER B BAEE & 50574

RETY F B AR G AN I3 FT 7R, AR B A 9 P AT R SOR-S AR X, B s A
SCRFFH R R E RS, xR RPN B E & 50751 - %A HERFE A B9
YIRS AR RN, HA R as - #6328 9 B AN Mtransformer Z4H K (N=4), 7E4wHY
2 5 5 2 2 18] 5] A\ 2B #iE B JZ (Variance Adaptor) FRAEE 2 2 [E 5 F Tl DL X &
W~ EORAOTII, faRRTY B A A S AL o 2 T A H S S B R
IR Gk, HTIUARSEESEMAR, BEERRK, BERELNNFES, M
MR BRSPS, B mixup 7%, AT DIFEANRIR S 22 (B3 S A A B
Wi, VB A SOR- AR T DAY B AR T 2 S B S OR BE F M A — B R, A
T HE R AN B A\ PO B B AN 2208 BE 7 (Fang et al., 2022) o W ERG 285 B 15 A A &b
ISDIL, GIAJSDIKH TEREAE MBI AR E BEEREARS A ZEINESR, Ef
DAFS B AR 22 5] A BB B AR AR, SR 580E B FF I A2 B 2 AR e 48 I ZR 3K
K (Gulrajani et al., 2017) - ZIKRECH:

Lyso (%, y,77) = S0 ISD {py (v | y<i, bi(s)) | 0
po (¥i | y<i, b2 (mixup ((s, x), p*)))
sk XK G E KWW %M E IR Mt
7R, h2(mixup((s,x),p*)) o 38 i T 45 7 5 L 6 IR 0 38 3 4 OF 1 R
4 H 6] R ST 0 R
MR SRR, R R O T

L= AﬁJSD (S, X, yap*) + LCE (S, Y) + [‘CE (mixup ((87 X)ap*) 7y) (2)

B TR E AR E SRR, HIOR-F1010, MR, E, 202348H3H%5H.
() 2023 P fE B2 : AR
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Hrp L BEHIISDIR R A E R 5.
3.3 AT SRIE SR

FFNEE C ¢ T T T W;———} { { [ { [

EEEHEIE

J Transformer
N

BUHEE Q \f,q I -

N—

BEEERMLT Z = Freezing BR

THEMIE |
=7

Figure 4: filiflwav2vec2.0

EHES P ERERIEMERER, EEATE T AN ORI ST e (R
MELATE IR, ARSCHE Hd e Bl B = IR = T T BE -

Swav2vec2 0fF &, A T ISR Z1E S B E A, FATRERIES I
SRR, IREEEEREST . BERME ., ARSUHTIIZRR wav2vec2. OF T 4514 HH R
T —" BERDIVLHZEREINE S EMRAE LN CRIERE MO, RIEEGEEHA
BT RS R SORIREL . SN EAREERORETI A PERE . FVEA S5 Rkt — 5
AT A ISR 2R o SE0LE SRR I A SO i AR SR8 S R B SR B H R AR
ERAE AT LU =8 5 R & 5 g -

TR RS, BT AR S B AR IR R RN KARE, A SO RS
s 0% R A T 5 SpecCutout R 5k SR HE (Kriman et al., 2020): FEHLZERE— L
TR RE K, X R KR RSN R KRB SRS, REEE 5 InE R
orE, BE—E RIS T & . 7EX L T B PGSR, SRR
TEINMFTEMIE E2TRER (AAHOREI LT RN e E) - RITEHERE
WS T I PHEEE R, 158 — SR RAR BE M AR 1 [ A A B R A AP 1]« AR
5 TRYIZRIN A [F] A0 B AN B] 28 KA o B4 A AR HARER -

~ exp (sim (¢, qt) /)
L= log o cxp (sim (1, ) /) ®)

Hrf
sim(a, b) = a” b/ all[|b] (4)

4 L%

4.1 THRE

ATCAE N ERI RN — /N B EHE B 48 B AT 75858, HACRFER 922,05k Hz,
HH AT H DR R AR B R/ N SORI A /R i I - E U R B11E 0 E S iE I B AR L%

L7, MRiE, hE, 20238 3HESH.
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FRH, EIGEMIIFER R/ 41 - IR batchsize 932, #FHAB = 0.9,8; =
0.999,c = 10 SAJAdamfb ey, FIEN1073-

4.2 FHIERR

FXIEANER 532 F RN FR R BT SR & BE AT 1Y - $ahn—: SRAFIIEL
43 (Mean Opinion Score Score, MOS) FIFAN & AUHE & B HINE TG E, Vg iRIE
B 5 BN & REAEATIT 4y, MOSEWFS £ RI-5HER, 10E, 20—, 35
IEH, 457 BIF, soriih, &ERBIETESHOERLSTEFIELS - fair:
K ABtest 77 #0EFE HUT & B FIFHIEM, ABtest T RS W EWANFIIEE &R
D EREM, WEEWWANSEMFREHRILEN—TT, &EiTEREREE ST .
DU PR T AL 9535 o 2 hd v R BB AOUT AR SE A, -

ZFENER 53K FH = FEA ¥ 6n, $8i5—: SEBFR FRTF(Real Time Factor),
ZAE 2 VAl 3R B (8] VI T 4 B f B WSS bR o FEHR —: MCD(Mel cepstral distor-
tion)(H, EFRRNIIRERGIEEFIMFCC FHESRER HIEEIMFCC FHERZER,
F RIS UE AR LB A A E B RS RHE LR REEE - $845=: SSIM (Structural Simi-
larity), B RN ER Z BRI RRE, A SCHRITAE AR EMS B E I |5
Mg /R v AR U -

4.3 SEWEER5HT
4.3.1  EWIFH KZ N

N T UEBA AR SCT IR RE W AR R UE S A BB HE R RN RSB E R HRES Y
&, ARIKE T 540 FB RTINS, H i Tacotron2(Elias et al., 2021)7& H
[\ 315 & & AU ZY | Tacotron2+G A& 7 Tacotron2& 2 i Z: it F il A T guide atten-
tion(Tachibana et al., 2018), 7 Ea = 1. FastSpeech2(Ren et al., 2020)5& 74~ [
FEVERAL o FastPitch(Lanicucki, 2021)s& % — > % T FastSpeech F3E B A AR o« B
LR DL R R SCHE AR (8 FH T 58 1| ZR U HIFi-GAN (Kong et al., 2020)fF A E 14
g, SEERA RS E 5 IR NIRRT A R 2. R IEN TR S R LT
T o

Table 1: ZXIENFEIRS FEMFEMFEFRMOSHEA) -

T MCD SSIM RTF MOS
Ground Truth - - - 4.5240.07
Tacotron2 776 045 2.31 x 1071 3.71+0.08
Tacotron2+GA  7.82 048 255 x 107! 3.86+0.07
FastSpeech?2 778 043 1.98 x 1072 3.85+0.08
FastPitch 838 046 2.16 x 1072  3.82+0.08
Our Model 7.61 0.53 2.07 x 1072 4.03+0.07

TN R FIMOSTE 4 34T 47, AR SCHR H P AL BB 7E HH — /NI A B S 45
AANGEIE NG H BB RESE A B, H B {FFastSpeech27E =LA 7 | AR B
T HEF Tacotron2, EBAARSGEM & 2R B E T FHE SRR R AE— ERE L
RAEZREIES A AR E ERI, H BBUS 7 LT 2R ERA T S s, M
BT H T FastSpeech2, ¥4I T 0.18FMOS TS

’%iﬂ“iﬁqﬂﬁﬁiﬁ(%#k%i@i%, FIOT-F101 T, W/RIE, 1, 202348H3H%5H.
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AT ] I SE G 45 R AT B M E AL, B FEMCD(Kominek et al., 2008){H LA
J2SSIM{E (Wang et al., 2004) LL X RTF{E - EHMCDETLEFE0-102 18], EF#k/Nit
BHPR B3 (R A 22 BE RN« SSIMPITE BEIFE0-12 (8], R U BRI A B A FOAR LU
S . RTFEFITE T SN CEE MR K/ BN K, E5—fR&iEE T, RTFE
/N A SEES B R o B R AT AT, T LUE HARSUR H R AEMCD Y PR LA B
FHMERT FastSpeech 21K 170.17- HSSIM{EHR S 70.1-

4.3.2 W KEH
HTBIEA SR AR B EA PR RE S AR, A SO & FE R TR AR K
FESCA EEAT T SEEG HEFER KSR SE R 5 PR

Inference time Tacotron2 -O- FastSpeech?2 FastPitch -O- Our model

0.12s

0.1s
0.08s
0.06s
0.04s

002 f—f

Os r T T T T T ,
1 20 40 60 80 100 120

Figure 5: A HEHEI KRN

ok EsAT LLEH - HT B B JFZEAE & AR ERE T 8RR
A, Tacotron2f) #E PRI K AR T H At F v A BAEEE K10 - MRS HAT1TH5H
A FastPitch « FastSpeech2 A S A 37 VA #F B B RO EHE - A7 A fE
5 b )RS H Tacotron2, ME T FastSpeech2t JLT- & H N FFES -

4.3.3 {HEER

T IRRR A E SRR RETT 2 DU R RO G A SRR B R TV RS T
BAREMIER, ARSCHT TIHMEIE - 25025 T X Tacotron2+GARR L B Hl&18
BUHIE B AL, X FastSpeech2RF 38 I J2 A% 1 5 FFIE 7] & BRI HHE - IIAER T
HLHI(Cross Attention) LA MR HIETY o SEIGEE R ANF 2077 -

B TR RS A SRR, B0 HI0II, R, HE, 202348H3HE5H.
AR : aPA

97



it EEE

Table 2: {HEESETE: ANFIRES1E S FFILT 206 2R RER RN

JiiE MCD  SSIM RTF MOS
Tacotron2+GA without finetuned wav2vec2.0  7.82 0.48 2.55 x 107! 3.8640.07
Tacotron2+GA with finetuned wav2vec2.0 7.88 047 2.71 x 107! 3.87+0.06
FastSpeech2 without finetuned wav2vec2.0 7.78 043 1.98 x 1072 3.8540.08
FastSpeech2 with finetuned wav2vec2.0 7.98 046 2.01 x 1072 3.8840.08
1T Cross Attention /7 ZURl & 15 & FHIE 7.64 051 251 x 1072 3.9240.07
Our Model 7.61 0.53 2.07 x 1072 4.03+0.08

X 2 AT T, A SCERE WA TR B RFE T IEEEMOSTE 4 B T S AT
R o FastSpeech2 NElA 1B 35 FHIE O FE LR BIMOSTE 4> ~3.85, TEEEMA T iEEF
EZ JG1RTF T0.030IMOSYES: , 1A% T73.88, fE—ERE FEE TIESH BREMREG
J& o T Tacotron2+GAFELL IR FIMOSTE AR T3.86, 7EBEEM A TEERIEZ ERA
T0.01FIMOSYE4Y, JR & Tacotron2iE A 2 [R T 5 [ VAR A G2 (LEEN 2, Ao H
IR~ BFEIEEE RS - ] IS HESE, AL ESRH R A EER
JRT AR SO A0 7 1k B AOEGH T AR ERTB SR & M wav2vec2.0 L AT R - AT
& H X FastSpeech2fll A8 B A E /7%, FEARIELA 77 30 _EAR R & T AL B A Al e &
FERT S AR, H BEAEMCDEMSSIMIE F IR GRS - B IRFastSpeech21B 7
FERTF LA LR TIE B I aE, (T A SCIR 0 5 1R 7R AR OB B B AR
WM E D EEFOED, HRTFPEMLEELE OB IER K, RGER KRS T &
EMOS PS> « MCDAE LA SSIMAE A 7 VA E R B A5 AY .

4.3.4 HFRIGEE ST

T M AR SR H W T VA 75 BE AR B PRI % B0 TE SRR A AR AN T i AT SR AT
&, A B EMEREINERES T T /R0 E et - InE6eRTs -

(c)Tacotron2

Figure 6: H/RATHE & 537

W Elo R B L1 E o AT MR SI0E B e A, YT RIFEN A RIEE . E Aground
truth®% #6 B /R 55 B an & o (a) BT 7R, A FastSpeech 248 BB /R 43 [ 40 B A (b) B

b E S AU, BO0T 1010, WURYE, I, 20234853 E5H.
(o) 2023 PR RS
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7N, ATLUE HAERGE K S8 g /R 50 R R KR E - 11 A Tacotron 287 A4 sl A /R 5
X R AT LK ISP | B SR Tacotron2 & BUZ MR T & &, (HETESM L
SEREMMAEZRKA, WEF ()fs o MASER HIET AT USE B R B AR A
FERGRPIIE E S5 A0 40T 5 R I IR T RE —2, WEH (d)FrR -

4.3.5 ABtest%

0T EEEMR HEAFITIRE T LR, ASGHTT T ABtest 5658, 1K 30 2L
W 6 W D AN [FIAR T 0 [R] — SRS A SR B AR, R Bt — 7 - 5%
WA —HE30A « MRS RANE IR -

$—4H
FastSpeech2 |  40% 60% T%’Xt:g;‘s*
FgTH
Wavoves 0. 67% 3% | nlane
$=4H
F\?\/S;?zp\?:f;? 36% R l\lzlJndae!I

Figure 7: ABtestSE%

Wit BoR, % —HABtestS25 o, Al — LA AL E 7 B EHZEY
HITacotron2t& M & B 18, VLRAZEZEUE £ b (U2 T FastSpeech2fT & B 1152 7
AR RTEEE M _E At Tacotron2 » @ 56 2% LR, % T FastSpeech2fli &1
BRHE R EY BT A AT TE B B AR B 3T T Tacotron2, X Ui BAXT TJE B A JF AR
U, A EERERSEREE A TRMEAERE IR e EEe - #at 5E = 25258
DI A FEEE 70T, AT BB I B FEERE, TS B AR SCE A H i iE A R
BIEERIER T -

5 5%

FEOhE S & MO IR Z E LR INRE AR AR & T R AL B I E R
EXg R B B EVTEST ST L, S ERERMETEERA, EEETEN
B EARER (G R, FERAE B RIS R 2R AR EHEZEE T G AR E, EidH
B 5] TR R B R R RAR BGE B N A AN = R (5 BB AL RAE, BB 2Rl
IR RS AR ), R E MR T TR B, I HARIETERER KL
AN SEERAER, ASUTIE G ME A E] T 4.038MOSH 4> -

’%iﬂ“iﬁqﬂﬁﬁiﬁ(%#k%i@i%, FIOT-F101 T, W/RIE, 1, 202348H3H%5H.
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