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(57) Abstract: Provided is a method for generating a speech signal by means of a neural vocoder which generates a target speech signal,
by obtaining a plurality of acoustic parameters including spectrum related parameters and excitation related parameters, estimating an
excitation signal on the basis of the plurality of acoustic parameters, and applying, to the estimated excitation signal, a linear synthesis
filter based on at least one of the spectrum related parameters. The neural vocoder can be trained by a training method comprising;
setting, as initial values, weight values from a source model which is speaker-independently trained for sets of speech data from a
plurality of speakers; and generating updated weight values by training a set of speech data from a target speaker with respect to the
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initial values. The updated weight values are used in order to generate synthesized speech corresponding to the target speaker.
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No 5 YA s8] el A& = F A ol AW, A E A s fl el AR =
shepu E A o

HA (120 =& 22110)00) ol A8 &F e E 24 e E
Ao v A A 4 A E A = vk BAU (1200 wEH BRUY
Atk 7 B = el s AR ste] FH " Ad 5 vk
H A= o 71, WaveNet, SampleRNN, B WaveRNNY <= it} HEgH w4
H U= o] 5ol Al d A ez AubH )l 4] B (generative model) . 5= 1Tt

i BT () 24 A A S A8 FEE EE el A,
WaveNet, SampleRNN, WaveRNN 1= JHb2] ol w.dl
A E e Y] el AHEE 5 ol

HAU(120)= ¢ 211025 I58 &3 ahol &4
Az 9] o 7] (excitation) A &5 FT = vk =, &4 A= o7 Aa 7t
X A (120)2] Bt7lo] € o= Sl
A7 Nz A ANE T a4 9H S UEhl= AR e rA, E3iAt
| E ko] whet sty = 4 A5 WEE veh s AT ER

- (spectral component)) 2= 13-4 F° At} o 7] A5 o] W3t W 3hA) o
tf 9] &2 ¢l (vocal cord movement)©l] 2] g+ A1 0 27k A §HE 4= 9t} o 7]
ME = A Az o 2EAF 4l S (residual signal)d 5= S

H At (120)0] &8l F4H o7 Ao sl 54 A5 2 EH A&
Ut = &3 atetr| g o)) 7]gkete] A4 H A of Z(Linear Prediction) 3 B 7}
Aggol whet 87 54 A S, A 24 A )7 A E =

H AU (12007 &4 Ala 7t olbd o7 A5 &5 Bl e = shar, A o]7]
Moo thaf A oS FHE A 8ot Ag Bal vl 24 A STt

o
ol
i
o,
o,
i,
o,
0%

4
=
N
m

=
rlo

o3

(Z

)R 71 NEl B EHehe

1=
k)
=)
o,
et
2
N
(T

H

[e]
H
3
3
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Ao 2 AdE A 24 A5 F42 59 7 doH, 53], 24
ANz o) aFakag o QoMo A ED S A7 ¢ Uk

[73] A7l A5 FAst= Al B3l Bl 24 A E Aok B A4 4 <l
Wi, 7] A E FA4s] f8 vE B E A7 = B A A<
WhHof tia A= ed 2 X 58 Fxste] o AA A A

[74]

[75] L2E A Ao & wE BRIy A 2] 7 2E YEhl = 5 5ot

[76] 25 Fxste] i Bar Al 228 (200)9] Bl Al g A ol o &l
ARt mAlE 7 B A 2820002 wE KAUE 9ol A H =
AFE(HFE Al =wh)S vebd 5=

[77] E BAE AA200)2 AFEH AlAFle R 7R Y= 2 Y ddol Ay

oled Wi E A 7 vk A7, 7w d BAT A 2~¥(200)S Al =3 A,
2~vLE ¥ (smart phone), &, W8] Aol A, F55H, = E&, X W58 o
PDA(Personal Digital Assistants), PMP(Portable Multimedia Player), B &% PC,
Al Q) $2£(game console), 9] 2] & ] vl o] 2~ (wearable device), IoT(internet of
things) Tl H}-©] 2=, VR(virtual reality) T] H}-©] 2=, AR(augmented reality) T Hf-o] 2=
ToE FdE g Ak B, i d BT A2 5(200)2 AeE g
]E-‘ﬂi%‘ T3l TAlehE A = Ve A AA 2 Al 5 A

[78] e HAEY Al 2E0200) W .2 (210), EZEZ A A (220), 54 5(230) 2
?ﬂ]%e—j‘ el o] ~240)F 23S = vt W 22 (210)+= B]-L A A <1 AFH

I 7158k 7] S v A 24, RAM(random access memory), ROM(read only

memory), U 2= = 2}o] B SSD(solid state drive), = @ A] | % 2] (flash memory)

S 22 v AdA] -85 A% 24 *] (permanent mass storage device)E X &3 4

At o714 ROM, SSD, & A #|=2e], ] 2~= =efo]l v 5 & v Ad Ay

&% A A2 = v 2 210)2k= TR = HEY A A AXEA v

Bt Al 251200yl E3HE 5 vk g, w22 (210)0l = & A Al <F

Aol shte] 229 a=(ddlE, 7 BTl A2 5200)0] A A+ o

TEE = H a]r‘rxi‘/} 5 Mu 2o Ala& Al By A2 5(200)°0

A2 ol Ee Aol 58 A% Z=)7t A= 7 Tt o] 2 3 Az E Qo
TALAEL l;a(zlo)sﬂrb HE o] AT A 5 7hs 7] S v A 2 5-E
2RE o) ol e g H o AFE oA T 7 7| S A = E2 Y
= *3/_, | ©] 32, DVD/CD-ROM Egfol B w2 2] 7}= &2

AE oA Hi5T7hs g 7liUH A5 3 7 Aot thE A A of ol A
AZES O A AEE AFHNA A57ks g 7S A7) ol B2

T E5(230)2 531 Iﬂual(zlo)oﬂ 29E St} o & 5o, Ho] L Fi}e]
ER2IO|E NAE L= o Z g Aol e] X atd & v E el w9 v

do

°| o
Al =]l A, 23 MBS F8ll Al g sk A 5ol o8 d A H = A S5E

Z23e) y]uksle] v Bg]210)0 2P € 4= 9)
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[79]

[80]

[81]

[82]

[83]

[84]

[85]
[86]

[87]

[88]

ALE Ao =M, AFH
-2 W X2 (210) == 521
ColE Bo] ZEAMA220)=
Aro) upe} 2l E = WEH S

EZAA(220)= 7] A Ak, 2 A D&
RO PdE S AYstEs 7AE 5 AT
R E5230)0] o &l ZZAA2200% A &=

] 2.2)(210) 9} -2 715 Aol A 4E =

Aget s A3 o ok

A BEQIE HEYAE B8 wd HAU A 28(200)°] tFE A A7 V]
Tz AW et AR B8] /8 75 S Al s 4= )k B4 RE(Q230)> 7Y
HAT Al 28120009 VES A AE o] A~ 7= HE 42/. A Aol H
HELZ QI Flo) A~ L E T3 & st=9o] Wi H= Y ES A tnto] X~
ol H(driver) B = U EH 7 T2 033 2 LA EYo BEY »]E}.

= AE l*(240)L (SR E A e5-2) d5E9 AR ek I #o] 2~
gt 5= o) o & A8 AR = 7 e, v, H}Olﬂi%,
ZHel et 5o A E :Lahge—% A= vl =& o], 3ha, e o=
t]Hl-o] ~(haptic feedback device) & -2 FX| & £ = vt tHE o 2,
A= A H o] ~(240)= B X 2A I} o] g3 2 93 7] 5|
st 53w A 9ke] Sl ol A5 A3 it 5 gt AEE A=
wd AT Al AE020009] 7Y g UATh wE BAT A~
TAE = A E AU A 2200 dEH AA 2 4EE
e 9| 0] 2(240)F 39384 & 5 3
oNA ¥ d B A]*E“(zoo)—o— A" AL AERT Y
Lot :Lﬂiﬂr o] S H 7] =4

cg me -
FARLEE WIS AT AL G v ol i AL

538 QA do) el mad s ZRAMY FEE e

=E 2 311]7‘1(220)/] T4 5310 WHA| 340)2] 2242 3t o] 49
Edo] BE /e studo] REE A E 5 vk AA o whet
A (22008 T L AES A B A 0 =2 3R A (220)0]] E3HE L A 9E
ATE G, A A ool uhet =AM (220)9] T R AE S TR A (220)9]
715 S Al Fo B HEd 5 v
ZEAMA 22000 T8 AES - AT A 2E(200)00 A 2T
FET7F Al F sk W ol e LR A (220)00 ol 573 ¥ = 3 2 A4 (220)9]
A &2 TE 7] 5 & (different functions)2] T HEY 4= T}
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[89]

[90]

[91]

[92]

[93]

[94]

[95]

T a2 A 22009 Fer & 57310)= 2T Eq] WA 9 e ] B S (spectral
parameter) 2 o] 7] (excitation) 2] =7]4d ol whe} R = o] #d delvEHES
o}l Bomo] o8 vlalu|E S-S Q‘f‘%‘ T Atk s 8 557310)7F
5ot 579 5F A HES A AR TH HE 9 AE B
SRR dEE 24 AlZe ]‘ﬂ'ﬁ}oﬂ £ 8F 22 (acoustic model)°l ] 3]

MA=E A 4= 9]

2L B2 A4 (220) 2] 0471 A% FAHB20)= Hae] & st e Eo) 7]Hksto]
o] 7] Al 3 (excitation signal) & FA & 5~ At} o 7] 2T FAHRB20)(FE
B FdE ddl d899 54 Azl vletate] i E AL 55 vk o7
/\]E FALR0)= THE T mdYHH o] Az gE
o g5 S E S 0§ ol7] A s 5 243 5 Al
5]

[
r
r

4?-—‘1]7‘1(220)% i BAr e FdE 53
CEZEAIM (22002 7] A= e (342) 3]

EH 3 A3 o S ¥4 FE(linear prediction analysis filter) & 4] -&
el dHE A AT ZREH AV A E Ed e = v o7 A=
Ea$(342){_ e e _ﬂgﬂ lel ¥ -4 Xl 3 9] g]_o] ~HES T_A»T(Llne
Spectral Frequency; LSF)E Y eI = 32l B & A3 o & =9 (Linear Predictive
Coding; LPC) 2. & W 315}i= W33 (343)& 55?}; Sk ol A7) A8 o 2 A
ZE = LSFE et = dheul ol 7 ikshs A o= 1 %371 M gkE LpCol
7|dbsto] A B = A 4= Ll Th ZZE A A](220) 4 ZA¥ 2 (344) = o H o]7]
{\JE/] Q—E %ii I E-UFQSE} Ea O]Iq_

=2 -1- =2 0
LA (22009 4 AlE A H(330)= 9171 A= F=A 5 (320)°0 <4l
244 o]y Azel g3l 2 =Y A sehilEE 5 ol % st /]ukal
A (el Z) T4 BEE A8 orM el 4 N5 E AT 5 3l g
%Aé /\Ji% 6LHE] SL/K—] ]Eol 2= 0]

UO{'

e} =2 T A
T4 AT QB30 454 iélE*%j o et HE $ 24 A5

LSFE YEeh = gat g & A9 01]5 39 (Linear Predictive Coding; LPC) 2.2
WA 3kal= W3R (332)8 £3Het 5= ok AV MY o 3 HEl = g 5d
~AEed Ad s HE F &4 A9 LSF & Yeh &= Ihebv] g o
79keh= A 0 2 A A7) gk LPCo 7| Hkato] A E = A 5= At
e, A4 A S AAFG30)E FHE o 7] Azl tial HskE LPCO
uke e o 2 gy MEl S A Estow A B 4 B A 5 Tk

&} 5F

o]7] A58 2= 1S 25 g7 &4 A5 2 A= Bl A4 ol
WO Ty 40 2L E AZE ] o AAEHA Ay o, oY) AEE
2R517] 98 Fd BAUE FAA 7= Bt A Al uhf o) tha A=
T LE v 59 s8R E HEEte] u] A A5 A A E o)

o, =1 R 5225 FEst] A=d V=4 S thah 242, & 39
M e 22 HEE = 9lorng FHy = Aye A}
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[96]
[97] S A Ao e 24 Al A WS Ul = EE 5ot
[98] GA@10)01 4, FetvE G57G10)E A ER] B debHE 2 o] 7] 9

F7) 4o uhe} Tz o]7] 2 shehi] B 52 L3 2o 9
Shelu e 52 853 5 9ok shebvle] 857E107F 855 B4 23
S HES A AR QY BAE £ H4ErE QY 24

NiOﬂ 7|gksto] &3 Wdle] o] Al A = vk =, g
H533G10)E &4 BAZ2 R g7 559 & e HES FAE 5 o
[99] /\)ﬂEEJ i].aq jrglru]agg_ _AH = ;LH }L /\)ﬂ 4 élg Z:@E@
/d -(spectral component)= YEFU = FHebr| B A 5= 9l Tk o 7] #A
FJenEHEL &4 ANZoA A EH HJES Ak 2dxt 2T 047] /\Lli)oﬂ
Sl ehis AR el sheul B 5 ik, 2= Y] As
w5 o] Qe wel MslE i 84 A% e BES e 4 . o))
NEE S4 AE F 240 S el 4 A5 PR e 5
itk o1 7] W& o] Wakiz Wakaol Jehe] A o) o3 Ao AP

o]

[100]  =FEY A v EHEL oA, &4 A5 9 A& vehl= a4
T B (FO), &4 A Z 9 ol YA E vebl= ol WA sheu]ef(dH =
o] 5(gain)= YEM = b ), 24 215 9] f-4 S(voice) ==
4 (unvoice) A= WEHH = SHebv B (vuy) R 54 A B o] gl AT EF
= 3}9(Line Spectral Frequency; LSF)E WER = 3tebv H & 233 4= 9l

[101]  ol7] @& s E & o 7|9 Fr]A e whet v = e HES 23S
T At o 7] #H ghepn| B &2 o 1o, TFTE(Time-Frequency Trajectory
Excitation) J]ra]r‘j] B 5 5 Ak TFTE= T3t & w2 o 7] 8 A9 EY
EFI A FHE wh2E ol g o] AN (evolution)E WEFE 4= Qlt). o]
Hd e HEE 7] A S T ARE-F g Soll A o] H 38 Wsteke AR
R = A1 o] 7] sF2ba] ] (SEW(Slowly Evolving Waveform) 3241 E]) 2 o 7]
2NT F AT Sol A v w2 A ¥ 3kshE WS YER = A2 o 7]
v}2}v] B} (REW(Rapidly Evolving Waveform) 32}1] E])E £ 313t 5= 9l ),

[102] A1 oA7] FdeprE = 289 AL E Fu5=5 o6t o 7] & vrekd &= 9oL,
A2 o} 7] stefu = A Q2 FakaE 20ke] of 715 vEkd 5=l Al o] 7]
gt B = o] 7| o] i xu A E (harrnomc spectrum)S WEFE 4 911, A2
o 7] stebul Bl = o 718 71 99 g WER = Qlnk o A, arx st o} 7]
2~ ¥ E & (harmonic excitation spectrum)®ll 3l §3l= A1 &1 7] a2} | (SEW
et u| )= TFTES] ZF 3t A& A 99 & weh (a4 A o=
FarR) A T3 e e g g 5E ¢ lnk. 2o A o S E
ZapehE AR A2 2 EGS A2 7] stebv B (REW S| )2 A,
TFTEE B SEWE 76t A& B8l 854 5= vt Al o17]
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v B (SEW HebulB)) B A2 of 7] apeju| B 7F AL o v, o 7] 9
F71Aol Hoh mabA o2 dd 4 qlvh Al o] 7] stebil e 2 A2 017
v} 2}v] B] = ITFTE(Improved Time-Frequency Trajectory Excitation) 3}2}1] B o]
st 4= ¢l
[103]  ©AI@20)001 A, o17] A= F47(320)+= H’\/] & ghep] | o 7] Hhato]
o] 7] 21 % (excitation signal)& A 7 At} =, o 7] 215 F=HF(320)=
LA B S 9 )] 9 el S e oA ol7] A5 S
Ast 4 9lr). 24 ¥ = o]y A5 i= o] 7] A5 9] A 7F Al H 2 (time sequence) Y
AUTH

_i'_
2= 0]
TR

[104] o] 7] N& FAFB20)E T Al 88 4 2% 7|vkste] Fd ¥

Job 3o M o
Loy 8 W o
i
S
N>
> 2
o =
T e
E&E{O.u 1'01'
_&i ol
oW Moy
JAILIR \O]
Ns il
L
=3k
;ﬁ
ﬂ =0
_gruﬂi
HI
il
o

[105] AH(320)+=, ol 71 o, WaveNet, SampleRNN == WaveRNN O 2
T AT} EgH 7] AT F4HE(320)= o] Eoll AR g drbA <l
5.9 (generative model) 2 T = 5= Q)

Al430)01 A4, &4 A& BAH(330)= 047] AT F445 (32090 9]
o] 7] Azl sl ~FES] #a stepn| e & 5 4ok shitel] 7 nkst
(15 T4 28 & A 8o =2 8 24 A E AL 7 At B
A=A 54 AT 5 vk GAl 5432 2 434)S Fxsto] &
Ul Al stAl A 6}@

[107] A 432)0 A, W8T (332)= & 58 A EG A g HE 5 54
A% o] LSFE YER = delu & A8 o & 79 (Linear Predictive Coding;
LPC)o = WMhel = Qlth. A Y o5 §4 dEl= 589 A~ ey dd
e HE F 544 A% 9] LSF & YeER = ghefn| o) 7| vkahE 2102 A,
HSHE LPCell 7]gketel A o= 3l

[108]  ©HAI@34)00 A, &4 AT A ‘ﬂ(330)b FAE 7] Aol o s
WA1(432)01 4 A EHE LPCell 718 g A& o 5 4 HHE A &3 o2 B
2 A E AT = A

[109]  ©AIE410 WA] 430)°0 o8] A Bl 54 A o=, AV A E

7i O RA FAEA il 54 AT E ulE FAS] AAE A4 Az H] 8]

O}UJ] 53], 4 2z o aFatag ol gojA o AFER of o

4
r.B{.Iz
gt —

o
o,

Z44
gz

e

[106]

2L od T

nﬁ iy
e

ol %
2
0] ol & 1 A 5 32 Asho] A% 144 S0 et 4

AME 1R HeE 5 glons Fuy dye Ak,

my

_f“:

[111]
[112] E5Ed AAde wE 7Y HAUE FAA Y] = HE S e =
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[113]

[114]

[115]

[116]

[117]

[118]

SESoth
558 s, g 5d &% st EH g 7wsto] o7 A EE 24T
A= A7l Az B8 LEE FEAH s e AAsHA AR d.
SAS10)N A, 57 E BT A 282000 FAS A A4 NS E FAE 5
Ak RS AR 5 A= AR H A4 v BAU A[~"02000 22
o)

Hil

AHEH 7, &4 A8 236h= dolH7E 4 A g A7
AN 25 AFd o 24 7 Bay A/A7200) 22 1 5E 5= v
A|(520)01 A, %Eqﬂﬂﬁﬂam%ﬂW31%”NEETHi%E@
a4 shebu e & B o 7] o Fr)A ol whet - H = o 7] B ke E E
@ﬁEHAJOdﬁﬂﬂﬂﬂ—$%%?ﬂﬁ%%ﬁiiﬂNi%@Mt
&7d w2 (speech analysis)= &3l &4 AT ZHEH H59 &3 g HES
FEE g Aok A, v BAE Al AE(200) L W s 9
FAhe sheb £ 2 BT S ALE st 4 N E 2 B 53
FepHES FET 3

iﬂE@%ﬁﬁﬂMH~~]ﬂm 4 Az el JAE et = Stk
S B (FO), &4 A= 9] ol A& HEFd = ol | A shebvle(d =2

o] S (gain)= WEI = SHeba ), 24 A5 9] {4 S-(voice) =
7 Fr(unvoice) ©13F 5 YERH = Sebr|El(vay) B 54 Al Z o] 2kl A EY
=3}~(Line Spectral Frequency, LSF)E Yel = et H & £33t 4= 9l
ol 7] ¥ shebu &2 o 7] o Fr| Aol whet 1= 4ﬂﬂﬂefu£%%
T At o 7] #H ghepn| B &2 o 1o, TFTE(Time-Frequency Trajectory
Excitation) &V HE A 4= Itk TFTEE 35 & 2= of 7|9 ~dEY
Wk A7 &S wp == o] gk ko] A Al (evolution)E WEFE 4= T} o] 7]
Hd s EE o 7] AT T ARE-F kg FHoll M v A 3] MB}shs A
LER = SEW stetif B B o) 7] A3 5 A RE-SakeE ol A T w2
W 3}ek= A -S YEH = REW 3tet B & 23S 5= Qlth SEW 3teh ] Bl =
el Aoz FakE olste] o7& vEkd 5= 9laL, REW e B =
295 F 3k 2he] o) 7] % vebd S Qlek SEW shehu] )= o) 7] 9] 1w}
Z=¥ E &l (harmonic spectrum)& WEF 5= 131, REW 3He}u| B = o] 7] 9] 71 9] ¢
g verd = ok A7), sz 9t o 7] 29 E 2 (harmonic excitation
spectrum)®l] 3l @3}= SEW 32} 1] B = TFTES] 7+ 315 A& A1 4 F
Ze w280 R 9= FA5R) A9 $0 AeP o s 251 5 o,
2ol A 9 oS 2ubals AR S 29 =Y REW shebi]E A,
TFTEZ-H SEWE 7Hibsh= 41 & S8 54 5 9l

A GAEG10 B 52002 T2 dAS(530 R 540)3 vhR7EA 2 57
H AT Al 2= ¥1(200)9] 2 AA (220)0l o5l = 4= 9l

QAGI0ANA, 017 A% Vel ieani A $4 sl e 29w
T T EE 5 Ao % shitel] 7]9ke A3 o 5 4] E El(linear prediction

]

1 i

-
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[119]

[120]

[121]

[122]

[123]

[124]

[125]

[126]

[127]
[128]

analysis filter)E 48324 A= H &4
o

ATH A o5 A H = 24 A2 HE A9 Eq] I E (spectral forrnant)
TEE et HA vk HeE o] AeE e 24 Aol gk
ZEAF A F-(residual component)(55, XEAF 21 ) = ATk V] Al E AR

Zol7] gl8) A3} 155 s B AHE(PoN), Y 85714 (BAP), A3
o] 7] (glottal excitation), 2 A {h-F 3= H 4 o] 7|(TFTE) 2.9 &3 -2 ot
o] o7] B E 5 Aok shitol] ol FASE A 5 T

G A(532 E 53408 Fxste] &4 AFTRRE 7] NI E
AL A A g g

GAI(532)01 A1, 7] A% T2l H-(342)2] M3R343)= ~FEY Hd
g HE T d9H 24 259 LSFE Vel = deli e & LPCE ¥ kst
T Utk Ay o FA dE = g5 A¥EY 3 v HE 5 24
215 9] LSFE e = ghehn| o) 7| vkt 21 o 2 A, ¥ 3kg LPCel| 7] REsho
xg/g 2= o]t}

GAI(534)0l A, o 7] A& B 342)= 4 H 4 A5l tial A7) LPCo)
et A8 o5 A HE A& o2y A RNEERYH o7 S E
El%‘ T 3

(540)011*1 FAERGHE FEE oV AEe] g E FEXEREET
9} 2 Al E 3 (344)= o 71 o), WaveNet, SampleRNN, "=+ WaveRNN 2. =
A= Qo) e, Rl (344)= o] Bl A e A] &= dubA < A
5.9 (generative model) &= T = 4= Q)
0471 ANz F45(320)0= E‘*‘%‘Pr(344)°ﬂ ozl =¥ 7] Az T
B ARES], A 942009 o7 A5 A A 5 AT
LHXI 45 Frxsto]l Aey AAjd el d HAr = NEE
i, o7 AEE FAGA A 24 AN E AT A
2 T A
*114 W sh= dhslab o] Ao o] w2 el o g Ao =R A
g ol Az E FdsE AAZ S (A ANEE = 4
2 31\* ULt B 0471 Noo FUAg AnE ETMJP—E

71H

HE

—~

{J

i
ke
fu

H

o
(i
Q‘L

rl
T
=2
2
m
>
8
Z
@

2l

(o g
HU
ol
of
ﬂ
>/

Y

b B xo

i Y S jo
ol o

o
o
M b o

-

obehol A3z, = 6 A % 82 Fadtel, el SR E| o] 2Fl(Z, H S
o o FAd el shae] G4 24 AT 5
=3 489 RO TE I, B 3hael B4 S A e el
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[129]

[130]

[131]

[132]

[133]

[134]

[135]

[136]

39 20 FE3to] B sl

= HolH & Yekd 5= Sl o A, &4 HlolE Al Es= 3t 24
Al wad 54 A5 E v 5 gl
2 BE(610) 9 A= 2T o 54 HolH Al EEl o5
A = Art &2 RE(610)2 9] spalEel thal Bk} 57 A

o Rl = Qv ol A, Ak Bd(610)2 109 9 A=
S 2B o] 1AREY] 54 HolE A|EE AMESte], 3kl S A 0w
2dd & vk &2 BE610)2 Held 716k FA 4 s EY 2
314 (Statistical Parametric Speech Synthesis; SPSS) A] 2~ 8l-& A-8-3l o] AH A1 ¥
A Ak 53 ZH110)2 o, DNNTTS =5 5= 3t

o sixE2 o 24 tolH AEES &3l A 534 o= Fdd
s 2E(610)2 314F 438 22(620)2] Z713}7](initializer) A4 AF-&E 4=
ek EekAbd, 22 W A(610) 25 o] 7hE A gh(weight & 2, 344 4159
2d9(620)°] B AR O §A HlolH A Eo) thgh F1dol lolA 27
lom dAd 5 Qv A2 BE(610)ZFH o 7 A e o, A
+3F ghehrl e o) -3 4= QdT

A} A8 w6200 FE BAUE AFRSte] TEE = Ak v E
HIAv e Hod Bd 3 ARgste] 8 Ad o otk wd By = o7,
WaveNet, SampleRNN, ExcitNet 3= WaveRNNY = It} 3 7Y B AT =
ol Eoll Al g A 3= AubE Q1 YA B dll(generative model) ! 5= ST},

kA A 53 29 (620)2 3} A} 4 -S(speaker adaptation) ¥318] 5
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g7, 3tk A8 EE(620)> 54 F A skl A, A, /A T
2d& Aghel el A EEHA o2 FHdE AT A 488 B (6200
7l A= o] 4 HlolH MEE Fd g o 2H ol EX 7t X
HEYSE LS 5 A

A} A3 EE(620), A Fho] ofd, s YA o2 Fde
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shAe] 54 HlolH Al E
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[147]

SR A (220)3= &3S FREte] A4R
Z A 22000 & =g Z R AAM220)8] 75710 WA
720)9] 7 7h- St o] el AXES o] BE J/E= =Y RERE FHE
Atk AA ool whet 22 A A (220)8] T LAES AE Ao ®
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222009 TAHLLAEL ZTEAM22009] 752 TS A ] =
BEE 75 ok A ET10 WA 72002 7 E B Al 2= ]1200)00 A 4E
23 FET) A sk W E el mef L2 A A(220)00 2l 58 = =
2 2 A A 22002 A & tHE 7] 5 E(different functions)?] £ HEY 4~ A}
Z2AM220)E A 488 2l FEHR(72008 E3Hs = Qo) 3kA 229
2l 557200 579 SAERRE ] &4 dolH AEE) tid] sk}
SHA R FEH A2 RAGI0)ZFH Y 7h A h(weighhE S 7] 4oz
AR 9o, A 270 kel gial, BHA siA 2R E 9] £ HlolE A EE
FTdgozH ddolER 7taA] HES WA A 458 26200
%3 5= 9lth 34 458 262002 B8 AAE ool Ed 7R HES
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E
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A 220)E A= BE FHELT10)E U] 2T F Utk a2
TEHHT10)= 579 SAERFE Y £4 tolH A EES 314 514
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%713}7](initializer) 24 & 2H€ 4= 2t}

L2 B FEI(710)E Z2A220)0] E3HE A ¢ yd By
Al 2= 81200) 7= IS A Wl A dE 5= dvk 34 A3 BE
TEHH(720)3= ol 218 E) o A ol A | &2 B 551(710)°] ©f 3
T A2 RH(610)ZFE 7 A 418 g 538k, 3kt 453 2 E(620)S
T=at7] Ag el el £4 tlolH A EE ST < 9l
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i
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[148]

[149]

[150]

[151]

[152]

[153]

[154]

]E%g At = A o' FASE A2 RAG10S 75T 5 Arh H579
FAELS A EH‘(610)% AN 7] g 24 HolH A EE Al g sh=

doo] AREAEA 5= 3

DP7ﬂ(820)<‘)ﬂ*1 A A B 7 E5 (7200 A2 RE(610) 2 H 7 A
FES 53T 5 Yt 22 ZAG6I0)REH Y 7 A HES B9
sfAFEEFEH O A4 HolH AEEC 289 A HE i A g =2
EAS Yehl = 4 Ve vk =2 S &, o7, 58 ¢

han I o]

e (dE = 'O}(ah)' = 'ol(ee) & ] 3t ¥ W E (formant) 54 =
AE-Foka 54 E)E HEd ZF it} ek A, A2 BE(610) 429
shatE TH/] =4 Hlol8 MEEE ARE8te] o] & & &4 9 st

ZglAol 2 EXS S 4 9lt),

SA830)0N M, B4 A58 2 FHE(720)= 22 RAGIOERH 549
7P A HES 2V gher A e ol EekA i, 22 RE(610)2 A
Agd 2l T FH72720)00 o8 75 = 3 A& 2 H(620)9]
Z713p71 2 A A 4 Sl

A 8400 A, 312t A& F W&

4 ngt

A 5357200 F5E 271 ghell thal, Bk
AR HE o 24 dolE A EE Fdstozy ol Ed 7154 #ES
AT 5 oleh kA, St 488 B El T HR(720)E 22
FEl(610) 5B 9] 3271 ghell o 3 EPi] SFAZFEH 54 dolH AEE
FAso 2 e slalol] thal] AL H (2, el Ao v &l 42 el 3}
A9 Zd620s THL 2

S A58 B T ELT)E 22 BAGI0)IE ] 75
SARFE O 54 dolH AEZ 2etsh B2l $hxhe A gt
Nt H S 2o B2, fulol B THeAl ghae AT o vk ol
Al 58 2 737200, B e R E o] &4 dlolE] EE

2 5o, hs HREIORYE ] S AR TR A g 2=

Hov

FeaH: A
4 ehls g B Bhae] AE 54 S EHEE v A
Ao RN dulol 28 AEH gEe AN 5 k.

AAE el Ed 7] ghES B Aol t-$3hi 3 24 MEE
Adstr] sl A= = ek BEAL Bpabell tg-shis A 24 Al e <7,
B shatell gt Ao F4 249 vk

A2 BA610)S TN A8 B s R1E O] §4 HlolH
HEEC] Zt7e] A7|(F, H48 &4 A9l o), o7, 1212 ol 4hiz, B A
AR o &4 dolH A EQ AV|(F, 55 &4 A3 o] Ao, oAy,
10 EH Y = 4 3

wAI(830)0 A HHE 7/i3ﬂr 22 Hg Z2A 22 v Al A (fine-tuning)

HAYEE B3l A= B 4ol o4 ol e A ERRE] Bt shAbe] K-35

540l AWAE 4= vt ek, A | A A oo WS Sl A= B
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[155]

[156]

[157]

[158]
[159]
[160]
[161]
[162]

[163]
[164]

[165]

[166]

[167]

[168]
[169]

Rzahel e Axale] re warlel F e 4 24 e s A4
W H gk 23kE 4 9o o 71, A= ¥ ExcitNet B AT = &= 6 WA &= 85
Faste] Aay A el 23 5 3l

4,
uly
k1
=
N

A=, GA=810 A 840)= Tl T =M T wd B
545 Fz2ste] Aoy 7 Ay Al 2~E00)0 o33 4= ATt
A 430001 AAE B A AT = 3k 228 wd(620)0] THE e
shaboll o-g-35h= 3 &4 Aled =

L6 WA X 8S Fxdle] ded wd REde] 4 Wy
2z 5ho] A< ¥ ExcitNet 2.2 2] 7|42 E4 8 2339

e
O =] & [e] 3L o] 2~
Bgshs B4 249 F42 ¥ & vk

;

O

o, 1WA = 7& st dud vled S0 it A, = 8
el A e IR A 8E o SRy Ay Aefech
E o= ool mE S Az " ] Aleek T wAE eI,

1=
A AA™, A4 A E S & 7H8 8L, Sm)ol £k A7 B E

e(n)o] &L 7FAE A, ST} e(n) Q] BA = of#) 4814 131} o] maAE = 9

S(n) = e(n) * h(n)

h(n)= A& o] = 4
L] 2] A5, A E
vhefu| g ol 7] ukato] A= = gl

22812l 9] BA o) whe) & 48 FZEFe] e WA @20)0)] o8 =4 ¥ o7
AN2(F, empell hall A A5 4 ZE|(S, hn)E 48224 B 54
AT Sm)7F A E 7 Atk A o5 34 ZE O A A L dl Aol A =
L 148 Fzsto] o ApAlskA A

G2l 19] A= & 55 Fxste] AL w5300 7] AN E(E, e(n)
Helo) thal| A &= frAFSHAl A8 = vk EetAbE, FHE Al A" =4
Az (Smyell thal) Ad o= 4 HE7E 480 24 54 A Z(Sn)EH-H
7] A Z(em) 7t 2l E 5 Aot A o5 FA FE o] A Z QL oAl

AT h(n)L S(n)9] e(n) A& A 2| 3
= At} h(n)2 Sn)¢] LSF& YER =

m oL
L
ox, T,
il
i
il
s
e >

|4 E7ol gk A&, 599
A E IR H8E 5 Jornd FEyE Ay Ak}

i

5 10a WAl 10c= 42 g2 E79 BadE AFSSHE 34 24 A A&
_]
2]

[
A EAA s EE 34 3/ (Statistical Parametric Speech Synthesis; SPSS)
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/\] 2~ Eﬂ < 14_};]_14] q_
[170] 5 10a= =& 22101003, =& E21010) 2 o & JA(+F

[171]

[172]

[173]

[174]

[175]

[176]
[177]

[178]

[179]

[180]

vt} B)E LPC(Linear Predictive Coding) I 24 &4 25 & A A 8h+=
LPC 34 2&5(1020)02 £33 24 342 As 24 A a5 et LPC
SHA WE(1020)2 LPC AT 2A, o A, Axd A8 o= Al ZE
o8} 2= 9

5 10bs 5% Eﬂ](lolo)ﬂr = ZE(1010) 27 H o] &3 A (=T
gl g)el] 7Hksle] &4 A5 E FA 8= wd A 24 WaveNet
HAT(1022)5 *3tet= 24 A S s UL =25 ek

5 10ci=, B 1A 58zt ded A 28, ExcitNeti?ti(lozzt)%

AbEShE w4 A = AR 2 A E vErd o vk 5 10cel A A"
TZ&F % 10a2] LPC U (1020) 2 % 10b2] WaveNet E?tﬂ(mzz)ﬂ z3h5
ﬁ%?%

% 10c9] 0l A, ExcitNet 5. 2](1022)= 2 6(; HE(1010) 2 E] o] &3
% & gefvE)ell 7wkste] o 7] NS E F4 T 5 vk 4% Y]
AT = AE o= g4 E(1030)5 53 LPC(Lmear Predictive Coding) 34 ol
kel BRA S A e 2 A AgkE S 9l

L

5 10ce] TR B A d A= 12 2 5 145 Z235E] o] 2HA| e
GhERi=

o/, 1WA =95 Fxetd] Ay V&4 A tg AE2, & 10a
WA 5 10col] sl It = A8d Fong SREE A Agd)

T E R 138 U Ao e THS Y8 JdEH A AT REEE o]
AN E g Y RAgE A7 E BES YeRdT

L1oA B=AE AAEH, S A8l dEE 24 Alsel i, setHEY
HIAGA0)E S FZHES 5T 5 v d8d 24 Ao
HeiM = 59 2 e EHE 5 A9 EY 348 gtebu] g o 7]kl
AAE A o B4 E(1140)7F HEH 024, A8 24 M5 2 HE

o]7] Az ¥ 4 9l
WaveNet BT (1130)F= %—%-ﬂ 8 &k st n] B B8 B2 3] A (auxiliary

feature) S 2 A A1 810](1120) 7418 4= o). HZ I3 = Aad ~F9E
T e e E 2 o7 #4 J}E‘rﬂl B &S 233 4= 9t} WaveNet
HAG130)E B3 3 A D L8y of 7] 2z 7|dkste] of 7] Al o] &&
WX E walgd 5 9t} WaveNet B T (1130)+= ExcitNet E:ﬂﬂ o= 71Ed
192 91 A A 2 dl(generative mode)) 9] wE RAUZE T = 4 3)

138 F2ste] = 119 725 HBu) A shA A skt %E’d% kR
4 A E A HAA310)0) wet &3 A E(E=F e EHE)ol F
At & e HE F LSFE Ve &= e B = LPCE W3 &

s
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[181]

[182]

[183]

QTH(1320). W3HE LPC] 7] ukate] A o 5 4] LE|(1340)7F TAE
Ak AHFH SA Aol s AE o= A FE(1340)7F A S H o 2H
dEd A4 MNEZEEE 7] Aar elE ¢ k. BEE v s s
ExcitNet 7. 2(Z%, ExcitNet .20 ) (135002 92 € 5= o). kA, &-3F

st} B 52 B2 I A (auxiliary feature) 5 2 A1 A1 4= 9131(1330), B2
3] A 52 ExcitNet -2 ((1350)Z &€ = AT} ExcitNet X2 (1350)-> 5 &

o mE HE

Bz IAAEE, F g e 53 228 of 7] Alzef 7Rkste] of 7] A5 9]
g8 FEE Tdys = o DA Ao A, e & el H o] 7] AEo
o33 4= ATt

L 122 147 d Ao e ¥ g aEof y[Rkete] 5-3F Fdlo] o g
AAE S e EHEZEEH o7 A E F4gto T4 24 2NEE
A sk S vERA T

512004 =ATE AAE, S EE1150)2 A1 A of sefr| B Eo
7|qksto] &8 st H E& A o 7 A Th WaveNet B AT (1170)F &%

o)

B HES BE I AE2A T4 80(1160) 741 5= vk B2 94 =
Aed ~AEQ 3d gu g E 2 o7] 34 e HES 233 5 ok
WaveNet B A T[(1170)F &3 FFefu g &l 7|qksto] o] 7] A5 & 43 5
AtH WaveNet ¥ 51T (1170)<= ExcitNet ¥ 50 1= 7] BF Adub2Ql A4
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qeM = 58 % e E 5 A9 ER 3 ghebn| o
AAE A9 o5 A FE 1807 A &H e 2M, B A &
AN

L 148 Fxeto] & 128 2 E B A
A el dHe g aEo tja] gl AE W LOf’a’>‘1(1410)(ﬂ€%
Ao gteln g & t&8he) o] 9 H Eol At Ao A E
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NAEZRY SF IAEEF e HE)S A4 5 At 3 e HE
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upe} ¥ = g E o] AR of ihol] i E Xfol & LpEhl = L ol

& ¥ (training) ¥4 o] 2101 A NLLo] SH&45 Rl o] A7t 2 5102
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AR e o] &4 dHolH AEZ FA R whel Bl At e] a1 78 A&
Hhg st Al 289 = vk B=A1E A |, A2 BE610) B kA A5
5.d(620)2 ExcitNet &9 5 A}-8-&}o] ??‘i T AUTH E’\1P4 A, AA A E
Ea= 58 B e 3} } -&(speaker adaptation) ¢a1e] 59| 483
T U EAE A= ke, A2 BE(610)0] s8-8k &% Pl 2,
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=
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of ol wpet A e 4 A s FAES v FrEe A3E Yt
518 B 52199 Scores= B7HAHEC] 4 ANBE A F te] H7HEE 251019
B& e T RAWSE & 4 Alsol sid e 5= 3l
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Al FE 48T Ao T Y NEol 3 FAol A AL
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ofgfol A=, = 1 WA & 55 Fxsto] A< ¥ ExcitNet 2o 8] ®.o}
AABA A e, o gk o] o AR Zshol el o] Ak
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Al 2~ B2 918F WaveNet 7| W2 w7d o] 7] 22 A 4= It} WaveNet 7| HHe] 74
W AR T S NEe A4 ERE A PRI, EE 24
NEel B AN S EHeA Bal 4ok YOnE wol 28
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w7 NS5 AT oM A7 AEE BACEAM FHT = g O] Fﬂﬁi
WAS Sl A=, Held 2ol o 24 Aae] A ER A
X 4 a1 2 A E-2 WaveNet Zd D el =10f ola) a& 4oz
A ER, FAAE 24 Mse FHo] g4td 5 3l
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[206]

[207]

[208]

[209]

[210]

Hold Ad5& Hol= 3 o= EMSTh

Ald & el e, 58 2l 314} E<4(SD) ExcitNet H. AT & FH A 7]7]
el AR FEHoE FHE T e 29X ZH] 7 AEE AT ZH
¥ 23z A3 ghepo] o A (KRF) ¥ ;} il bW(KRM)O] e ek slolth &4
MNZE 24 kHzol A MEHE) gl a, 74 < 16 H|E & Y23 ATt of ) &
1& 7F {3ko] ksl == bl §};<} %X*(SI) ExcitNet 2.7 &

FAAT 7] el = el oA 5 gl WA 5 o] HEd 54
A 7F ARG E AT F 6,422 7H(10 A1 H 1,08070(1.7 A Zhe] E-3} 7t 747}
T8 2 A Z(validation)ol] AF-& % St} ST Hlo| B M| Eof] F &5 A ke Eo 3
KRF 2 KRM &} 2o ]3] =55 4] Aol Alg S 98] AF&5 Sk
[3E1]
32} 4 AZ A9
KRF 3,826(7h) 270(30min) 270(30min)
KRM 2,294(7h) 160(30min) 160(30min)

ol ¥ 2% # 32 MR Alg o A YE s-Aa AAH S-A] 719
9l =& LSD(Log-Spectral Distance)(dB)2} FO RMSE(Root Mean Square
Error)(Hz)= 242+ L EFA Al o]t} WN-2 WaveNet H. 76 & Y ERH AL, WN-NS+=
WaveNet H. 3 C|of] ko] A-4 o] vhH & & 2351 718 e W, ExcitNet2
ExcitNet B U] & VeR T 7F 2He @ 571 veld A8 & B a2

FABAT 22 T 32§40l ol 229 A+ o,

3} 2} Al 2~€l SD SI
1h 3h 5h 7h

KRF WN 4.21 4.19 4.18 4.13 4.18
WN-NS 4.15 4.12 4.07 4.01 4.06
ExcitNet 4.11 4.09 4.05 3.99 4.04

KRM WN 3.73 3.72 3.69 3.67 3.70
WN-NS 3.54 3.46 3.41 3.41 3.46
ExcitNet 3.53 3.46 3.41 3.40 3.45
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3E3]
3} 2} Al 2~€l SD SI
1h 3h 5h 7h

KRF WN 32.61 31.69 31.56 31.49 32.30
WN-NS 31.96 31.75 31.52 31.38 32.23
ExcitNet | 31.44 31.43 31.37 31.29 31.88
KRM WN 12.60 12.39 12.05 12.05 13.96
WN-NS 12.32 12.16 11.97 11.97 13.34
ExcitNet | 12.72 12.10 11.93 11.93 12.96

2111 32 % 304 ZAE A, SD E S19] tf -39 4 5ol 4] A] ExcitNet
HAvo] 497 A& 243 AR 24 He i =to] 71 AA et
SIs = o) ol 4= FAAS 2 EWAAH o F(transition regions)©l] T 3l
=74 ¥ LSD(B)E el

[212] [3%E4]

3} 2} Al 2~€l SD SI
1h 3h 5h 7h
KRF WN 4.19 4.16 4.15 4.09 4.18
WN-NS 4.26 4.18 4.12 4.03 4.06
ExcitNet 4.15 4.10 4.06 3.98 4.04
KRM WN 3.95 3.96 3.92 3.92 3.70
WN-NS 4.41 3.95 3.88 3.88 3.46
ExcitNet 3.91 3.83 3.76 3.76 3.45

[213]  F 44 BAIE AAH, SD F SI19] BE A -0l 9l 4] ExcitNet H.3T] <]
A7 wAd T A" 54 ke dl=reol TR A e S Sl
ATk okl 5 H 62 FAAJ AN G A2 Hes 1*‘54 A %)E
UrEME} %%ﬂi%ﬂrﬂ T ALY P2 S Bol A BEAR

FASFA T v A E ol Bl 8l ExcitNet BT 9] Z-5- §H4 &4 9] 14 F2 0]

aﬂ_?ﬂ A e i@l%’l?ﬂ T Atk B7EAbE 12919] dhmol & Bmol R
AbgBhE HFAbECIH, 2070 9] M o= AEE w3t el A F ol
o] Fo A

[214]
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[3£5]
KRF WN WN-NS ExcitNet Neutral p-value
SD 6.8 64.1 - 29.1 <10 30
7.3 - 83.6 9.1 <10 %
- 12.7 58.2 29.1 <10V
SI 12.7 66.8 - 20.5 <10 =
8.6 - 73.6 27.7 <103
- 19.5 38.6 41.8 <10
[215] [3%6]
KRF WN WN-NS ExcitNet Neutral p-value
SD 11.8 60.5 - 27.7 <10-
17.3 - 77.7 5.0 <10 >
- 16.4 73.6 10.0 <102
SI 27.3 48.6 - 24.1 <10
13.6 - 75.5 10.9 <107
- 17.3 63.6 19.1 <1015
[216] =202 A 4of] w}E ExcitNet H. 2T 9} B} B 7T {F2] MOS(Mean Opinion

[217]

Score)(MOS) F 7} A7 & YEtITh w88 SACZ R &3 A7 F=55 =
752 AR AS) o] Aol gk H v Y 53 Rl R E &3 9 X7}
A3 ¥ = 7 5-21 SPSSell ol A o] Aol s 7Ert o] Fof At

S/A°l 91o] A, SI-ExcitNet B. 3 U] = ITFTE X 3T ¢} F-A}S A&
L EF S 1 WORLD Al =81 H Th= A ol 31 0 2 YEpyt) 2

= 7359
86141 SD-ExcitNet H. 5T 3= % 319] 124 2 (KRF 'R KRM 34t thsff 742}
4.35 2 447 MOSE YEIDHS YEFIL 2152 A4 S48 133 Aol

o] 9 7] w]F-of]l KRF &}A#}bol] o 3 MOS 4 3= SI B3] 5 (WORLD, ITFTE %
SI-ExcitNet)¢l] 91141 KRM 3}2pe] 4 -§-RB.rh £4] A VrebsiT). jEA,
SD-ExcitNet2] KRF 2}#}o]l tff 3t A 3} = KRM 3} Aol o] 3F 2 1} 9} v] =3} t}i=
Aol A, a1go] HAEE add e gdsty] el A d 54
wa g ofof gk L}ERI T SPSSQ] S ol A1z, SD ¥ SI-ExcitNet K. 5T
25 gtef EE ITFTE A 2of 84 958 Q1A S48 Uersith &3
T dlo] XU Al sgekst 24 v /) A5 A A A RE, ExcitNet BT = A[LE
A Ayl Mo s AH F4sto =N HEs) ais st 5= gt

A& 0 2 SD-ExcitNet B.Z T & AME-3}5= SPSS A =812 ZH7F KRF 2 KRM
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[218]

[219]

[220]

[221]

[222]

[223]

shate] &l 3.78 2 3.85 MOSE €4t} SI-ExcitNet B30 = KRF 2 KRM
s}Atel] el z+2; 2,91 2 2.89 MOSE E A4 gt}

ofgfoll M=, 5= 6 A &= 88 Fxste] H=H 3hA) A&
T-Eote i B o disl] Bot GAlstA A eta, =l
Aol el of A gt AAle o] 7d Bt w10 79 54 tﬂOl 1
A E S} o], BHA statE - o] ¢ Ho| B 7} B itg 4 9ol &= i EA 9
0 /H ?sL/H /\] /\Eﬂ 0 rrL.:,:sL 4= 9}

A Al o] yd AT = B ﬂx}oﬂ o $F A ghE T o] B & <13
WA SHE R sl A #E R o] B A E sl Astr] 6, B gAlE
e maAe s 522+ shat =9 AE A
261002 FH 9] 7FA] 4h& et ol ¢ 2A(610)2FE 2
b A & A A8 EH‘(620)4 i A8l ALE-E, B
shate] sl 54 YER Y] 913 ol & gk A3 7}7g o
weh, o w5 E U EY A7 e gafe

—EOO

Ot
olt

FF

o] =
A

A
1

. o
N _IZi rUhL
¥

? e

R
)y b l‘% lo

st

L:d

=Yg AQl wdlo| A WAlsh = EAEA j‘fcxﬂ%— T A G g FeE A
Avt AA Al d o] i B 7 g o] Wi vEl 3 E 4o Q14
FAE AA 3] PPN S B

SD= (&2 BA6I0)ZE B 9] 7HA 5 27 gho & 3hx] &a1) 34}
FHAow FUy vIe YeEh o SIE s S dow FUd v
UER AL, SATE & 6 WA & 82 Fxsto] dedhulel 22 3ix A& o=
T P, &2 RAGI0)ZFEH Y 7THEAE 27] $he 2 st At
F&H o FAy wd)s el

SD X SA X o] gloj A, gk of A 3R 7L =588k 24 I3 7F AR E Sl

24 NT =24 kHzol A MEHE A, 24 MEL 16 M ER AT &4,
= 2= 9070(10 ¥), 4070 (5 ¥), 13071 (15 ¥)2] 23}7}
22 FdA77] el SD9FSA Bl Fof = 9 A &5
g o] gk T 3k B 58 9] ke o] A 37 =gk S A el B vt
olE +d 7 74201] k7Y 6,42271(10 A1 ZH 2 1,080 70 (1.7
AlZhe] ksl 7 AR E Ith SD E SA Fdl o] HlAE A Ei= S RS 97
A A g AR AT
olg] 72 E e AAAN AN Fe AypaA JE ST JAHE &4 7k
9l =& LSD(Log-Spectral Distance)(dB)2} FO RMSE(Root Mean Square
Error)(Hz)Z 242} YEl W Alolt)h T 72 558 2423 H 59 3
DA S0l Hz 9 AE TS g6 AP A 0w AL H = 5o B/ ol
Aol th et H7HA/S)E LFEFITE 3 82 SPSSol| 9loiAle] Aufel HIME
thebdlth 7 28 QR YR RS BE A2 2450

ﬂl
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[224]

[225]

[226]

[227]

[228]

[229]

Al 2~ €l WaveNet ExcitNet

LSD FO RMSE LSD FO RMSE

SD 3.65 38.27 2.10 19.83

SI 2.00 10.64 1.32 10.48

SA 1.79 10.70 1.12 9.66

Al 2~ €l WaveNet ExcitNet

LSD FO RMSE LSD FO RMSE

SD 4.78 48.75 4.50 39.14

SI 4.51 35.53 442 36.28

SA 4.45 35.45 4.36 35.47

kx|

7 2 3% 8o A, WaveNet E.F U 2 ExcitNet .0 X5l 1o A SAL]
HE AT AL A4 ZHe i =to] 7 A A YEeRd s EelE 4
212 ool whE FO A 9 ¥ 2 E(scaling factor) & “d-o| 8t A| 3}
A A AGE 2dlS & vl HAd e A HIE

oo X0 ont
T oo
e 2 i
v

o SAE A& T
_]

>,
>,

£

o &
o
=
1o,
4r
Lo
H
o K
An}
1o,
0>~

- oZi
e

zzu
.—@k
w2
>

oot (B

21 ox oy

i o g
)l ox
olo flo
Q‘L
F
E
E
o
Iz
w
w,
>,
u
E
E
Oft
_>.:
FF
it
rlo
o AT
ol
o
o?
e
PN !

N

| Shol A, FO #1142 SPSS 2| ¢} ¢] =1l olsf A F Bz 3%
FAsH7] A8l 2ALE HE(0:6,0:8, 1:0 H 1:2)7F e Ak &4
= B A 2FE ARE o] A E AT
2 Joldt Fo =AY ® HE ol ] g FO RMSE (Hz) Al & 2 3& YERdT],
F3l, SA Edlo] 7[&29 SD EHof vl A & A
F+(modification error)& X +3lal - &0 4= v} SI » L 3
A A= SA-ExcitNet BT &= FE 715X 71 614 3121 ¢] E41of] gk
HAZH Aol % T FHo] AL Y G+ 3

3k ExcitNet H.Z U = WaveNet H AU Ht} A $-5=3 Al & ‘/}E]'

H

>,
1%
o

A=)
jolr I

k1
Br

¢ o

[\
[
mlo

= fo i

N

gkol st 5= Q1 T}, ExcitNet BT = Al th 22 1 o] W 3}(o]7] A& 9] Hﬂ§})-§
T8t R, WaveNet 7| 1Ee] F WA Bt} 718k FO =78 € =4
ATIRES ATAE S F = Ao2 &5 3
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[230]

[231]

[232]

[233]

TA A A E A EA, SD, ST E SAQ] AT E 7Fe] MOS E 7t
7é AR ST AT FEH = A
wAd/st J(A/s)ﬂ Aztol] o3 Hr 2 2 E%‘f’a%’rﬂ w3 A7 A=
7921 5Pssel QoA o] Aol 77} o] ol A

A/S o] Axte]l gle] A, SD-WaveNet B Z T = x%]ﬁix—*, Q& dolH 2= e
spate] 5A4AS FAS g %= vk 7HE W A 97 YRS T SI-WaveNet
H I = ITFTE B.29 9F {4 A 58 LE 21 WORLD A] 2~ 8] B.U}=
Hold AF& Hol= 4l o2 YE T BE WaveNet H. A ol 9loj A 2] SAL]
282 3k g etk slo] & 1ﬂ ) T} ExcitNet R 5T ol off $t
4 7} = WaveNet E:’H o] 74 9-¢} vl s=ek 4 gFS B o1 ExcitNet .3 U &= LP
A2 WS Tl 4 Ame] EUE T g 248 ¥FoEA A
NEo BAY ARES FPATE o AAHOE DA S5 Y SS Mol
Ao ebyeh Aaba 0 2 SA-ExcitNet 22T = A/S 3ol 91014 4.40
MOSE &4 gt

SPSS<| Aol 2l o] A, SI-WaveNet 2 5T 9} SI-ExcitNet H.Z U = .5
shebd] E2] ITFTE 20 B} 58 Q12 28 A F8hi= 41 o & YelRtt).
Ao Aol SA T LAl 7|E] 3kaf o &2l Wy 2t 3k}
A/ H o vl & FA A Am o FES A FY AR s Feled
T UM A/S Aol M 2f vERF7EA] 2 ExcitNet B 52U 3= SPSS 2 3ol 9l o] A
WaveNet B 51U Bt} 7% A 5o YERT & L do] Ay A Hehgh
SA) w7 M5 A P AT ExcitNet H. AT = Al {F S of 7] Ao s A H
FATomN B3t aAE st 5 A A A O 2 SA-ExcitNet
B U7} 3= SPSS Al 2= ¥12 3.77 MOSE 27 gt
DEPRRERLE

ol el M A= Ao TA Lk, 2TE O] T RA&, WEE
Sodol FALL T 2TEo] THLAY 2HOR TAL 5 Ak B
Sof, Al el Sel A AR E X L P s, ZaAN, ZESE,
ALU(arithmetic logic unit), B A & 41 & 32 &2 M| A (digital signal processor),
njo] A 2 7 37§, FPGA(field programmable gate array), PLU(programmable logic
unit), "Fo] A2 X 2 A A, = W ® (instruction) S A A8t SHT 4= U= HHE
o]tqa X]—;‘(]ﬂ- 7Lo] 3t ]/\1—/] He 74 FHEE E4 A 74 FHE

ol-g3to] T d = vt A A= & AAOS) R BV &G A A Al A
TP = shit o] o] AZE S ofEg Aol S 7T 7 Ak = A
FA= AT ES oo A FHste, HolHE 32, A, =4, A &
A 5 Q) ol o] HelE ste], Ay AA|= styrt AR H= AR
AR 55 A Sl 7w okl A T A4 Pﬂ A=, A
AR 7F 2 9] A 2] 2 A (processing element) R/ £ /539 A R A4AE
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T 5 9eS &5 ek S Fol, A PN e B e LA EE
shtel ZEAM 2 shie] ZESUE £RR 5 Uk B8, WY

[234]

[235]

[236]

[237]

3% 22 A A (parallel processor)2} -2, TF & A1 2] <-4 (processing configuration) =
7} 8k
A EQ o= AFEH ZZ 13 (computer program), = = (code),
'3 & (instruction), *£3= °]& T &fL} ol o] 28-S Fohe = glo, deki=
2 26 E Ay AAE FASHAY =HA o =
A3 0 Z(collectively) H 2] A& HaEH e 4= vt AX E o] L=
tlol Bl 3=, A 2] Aol ofste] s Al = A v; A g] Aol HE = volHE
A F3t7] Y], o | 78 2] 714, -4 8 A (component), =] 4 4X], 73 E
H ﬂ = Aol 1A 3Hembody)d FF AUt AZE o= U EY AR
Exa 1/\]/\91 /\1-01 H/\}Qo{/q %u]—ﬂqoiﬂz}gﬂb}ﬂ%g
Edlo] @ ol B = st o] o] A FE ¥ 7hs 715 v Aol

Ak
=
Wi

2L o
o H1 oY oX
4 Doo¥

b
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LA Y] AR, S 2 z}7] g o] X 9}
,CD-ROM % DVD&} & Jéfﬂi 1] Xﬂ, :EE & El 4 v] 2 = (floptical
71-34 vl A (magneto-optical medium), ¥ ROM, RAM, = 2| A|
gheto] 22 a9l Yo7t A HEE 74" Aol A& A
E%ﬂ%uﬂo11301HH1L3%%&%%¢EQ%7 SRS
AT ES S 5w WA F58h= Aol B, A Fol A #efst= 7] Sl A WA
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[ 1]

[7d - 2]

[ 3]

[7d - 4]

(%453 5)

[ 6]
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A9
AFHo 93] 75 = 2 X ZH(neural vocoder)?ll 2| 3l 43 ¥ =
w4 A S A Bl JlofA,
A E] 7y 92} B & (spectral parameter) 2 ¢ 7] (excitation) 2]
71900 ok 1 7)ol S e 69
S B 52 858 W
7] B4e] 95 ShepulEl Sol 7]
FASE dA 2
B71 FAE o7l Aael sl 7] 2 ES v gguEE 5 4ol
Stupol 7lure A G4 AEIE QGO M A 4 N BT
A k= A

= 3z ﬂ;}

sho] o] 7] Al % (excitation signal) &

H/\]Ez\g um

A1l § ﬁﬁ
&7 7] 2 ﬁﬁﬂﬂﬂg%*ﬂ4ﬁ3i$ TE sk V=

3 ks 2ol oV E

4 AT A .

%E]'LH*‘ Xﬂl 047] J]»E]—U] ]:/1 1 /\].7] AR
e = A2 o 7] e el & E3et=

A2gkel] oA,

71 Al el 7] shetnl e = 7] ol 7] 9] a1z 3k A~ 9 E o] (harmonic
spectrum)< WEFU AL, 7] A2 o 7] E]rE‘rH] B= 7] o719 1 99
TTEQHW 4 AE A .

A 1% /\O']}‘i

’%7] HAEH Id J}E‘rﬂl H =,

w74 As o] 1A T ghefaH, 4 AlEe] A&
e = ﬂﬂﬂ#ﬂﬂﬂ “““14°“~mmaﬁt

/4 B (unvoice) o1 -5 e = shebv B 2 54 Az o] el A EY
= 3}9*(Line Spectral Frequency; LSF)& WER = Stehv| B & 288,
S Al A U
A 48kof] Qo] A,
A7) BFAl S-A] Al 35 YA EE v A =
71 LSFE YeEt &= J]ra]r‘j] HE Y ]—:
Coding; LPC) 2. 2 H 33} ] 2t
%ﬂ%@%ﬂﬂﬁiﬂmﬂ 7] W
LE S &5t v
£ ek, 24 Al A Uy
A1kl ol A,

A7) B4l Lk miglu|HEL dEH HAE = ey 24 Al
71 4ksle] 8-3F ¥ 9l (acoustic model)oll &3l A H A2l 54 A5 YA
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[7d -8} 12]

[7d -8 13]

[7d -8} 14]

[7d7-8F 15]

[7d7-8 16]

Z)ikE 7] A9 ol 3 ] eI B A ga 9
& ek, ird mavle] S W

A7) 7] #-d vﬂra]r‘jlﬂ = Ao AR Fuba
WER = AL o 7] shepr| B R 4] R e S0t
et = A2 o 7] ater| B & E ek, 7 E B
e BTl QlojA,

2 Ed] 7 ubebn]| B E(spectral parameter) 2 ©] 7] (excitation) 2]

Z 4 0] whel TRE = oY) el st E S 2 mabehis Be] 9
el E S S 85 el el e 850,

A7) B 2o] S8k st S el 7]vkahe] 0] 7] 41 % (excitation signal) &
25 o7l A5 24

7] 248 o17] Aol el 4] 2AET B e E F Holx
stpol Zlua 49 44 HElS 4830 24 el 94 A5 E
MAEE 24 Ao A HE

5 ¥3hehe, wE Ay,

AJ138ol 1o A,

A7) S-A Al & /\gﬂlﬂ:/g-ﬂ _/_\‘ﬁ_}E EagEug=] J].glru]ﬂ = 2.4 Al 5 9]
LSFE YEh = Fetv B & A3 o = F 9 (Linear Predictive Coding;
LPC)Co = W 3eli= HE R & }:?}%}ﬂ
A7 FAE o 7] Azl tial A7l W3 LPCol 7| Hksk A7) A 34
AE 2 Hess, el Bag.

AJ138ol 1o A,

55

0

A7l d Ravs FEE el dEE 4 Sl 7ekste] dE
7] 01—7

A7 dEE 4 Azl tial A oS 74 = E (linear prediction
analysis filter) S 2] &3Fo 24 47| AHH SA AT ZHEEH o7 A E
w5k o7 AT el

o "f‘j/]-t“] 047] ANz 3tE B E vdysis nddE

719 A A ) S o] A 3 s
ARgatol, 7] B4ee] @ sl e Sl Bt o] ] AEE FA e,
T EEE

AFE o oaf = E Bare FA gl glojA,
Lo SAER R 54 dolH AEE sl ¥ &~
R 2R 75 A Fhweigh) B S 27] Ho 2 AASH= v, &

&71 271 gkl s, Bkl Q’X}E—TE14 w74 "ol ¥
FAgte g lHolEH 7tsA ghEs A sk %741

=
_4
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Z x3ghsta,
271 Aol EH 7hEX] ghE S 7] A At v-gekE 34 24
Nz 5 At 1 A ALg¥ =, i B ¢ uha.
(78171 Al16dkel oA,
A7 A BAZRE 9 ThEA] gh(weigh)y B2 37| =4 dlolH

[7d7-8F 18]

[7d7-8F 19]

[7d -8} 20]

A
[e}
o Tdd A HE FEHA = 22 5S4 YEh=

s el o] 84
Aol wked | 5

WA she, 7l B9

Jmﬁ

[—
(@)
o
=
o 3L
_>.:

il

=<

&

Al

71 250l A ELE S 24 el ARES B4 HY o
FAs s Ax S TEHEE G Z

A7) A md 2 RE Ay 7R eSS 85 v

£ Y st

A7) s BEE A7) BA AR o &4 tolE AEE Edal7]
3k wdl o] %7]3}7](initializer) 24 AFE% =, wEd HAU o 3 Wh.
1632 A el utek Y 7Y mavlo] oo 96 24
NE A el gojA,

VY B LE E Y :

= A E &4 AlZol 7IHkste] &3 Y (acoustic
model)ll &3l A H ~H E-] #H 32| B E(spectral parameter) X

o] 7] (excitation) ] 7]/ ol whe} 73] 3= o1 7] ¥d s EH E &
3ok Sl 2% St H e S 55k 9!,

AF7| Baro] &3 VL}E}U] E| &9l 7|Wkale] o] 7] Al 3 (excitation signal) &
FA = @A

71 AR AV Azl gl 7] 2 EY A sehiE & § Aol
shufol] 7]Hkgh A §A HEE Ao 2ZA B A4 A E
A8k @A

= Xk,

71 B 24 A 2= A7) B skl digekE i =8 ¢

R s L

193 glo1A,

7] o17] - el E = & 44%0
e = Al o 7] sebe e 2 ] AL
e = A2 7] stetr Bl S 236, 24

d

ox 2 > ox
o
o
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