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Any-to-any voice conversion using representation
separation auto-encoder
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Abstract: In view of the problem that it was difficult to separate speaker personality characteristics from semantic con-
tent information in any-to-any voice conversion under non-parallel corpus, which led to unsatisfied performance, a voice
conversion method, called RSAE-VC (representation separation auto-encoder voice conversion) was proposed. The
speaker’s personality characteristics in the speech were regarded as time invariant and the content information as time
variant, and the instance normalization and activation guidance layer were used in the encoder to separate them from each
other. Then the content information of the source speech and the personality characteristics of the target one was utilized
to synthesize the converted speech by the decoder. The experimental results demonstrate that RSAE-VC has an average
reduction of 3.11% and 2.41% in Mel cepstral distance and root mean square error of pitch frequency respectively, and
has an increasement of 5.22% in MOS and 8.45% in ABX, compared with the AGAIN-VC (activation guidance and
adaptive instance normalization voice conversion) method. In RSAE-VC, self-content loss is applied to make the con-
verted speech reserve more content information, and self-speaker loss is used to separate the speaker personality charac-
teristics from the speech better, which ensure the speaker personality characteristics be left in the content information as
little as possible, and the conversion performance is improved.
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EERREENEGE T —, HiEEEGE
et g AT Zk0E, oy 1Rk
HEIEE RS, BT HRERCEB R AR
FAFEA SRR ST SR o 18 Fe R R IR
RRETE S N AR T, BIEE S T Uim NRHMERE B
e R ) B AR S RIS R — TR AR, 35
BB EEIEE T ZMNH, EREM. G
BRI EANEE . BRI mARE
e EEREH .

B R85 A 6 3 B T VAT VR R TR R A%
e, IS HRBOETE S HARTE & RRHE, B SLURE
B A EH AR 2 (B AR AE LS o B RS e R
MR &E®EM (VQ, vector quantization) FEAY I/ TREE
LB, 388 3 R A AT SR A L, 55 2R 5 S,
{H TR IE 25 5T B8, R E i
T R ANE N TRAAE 25 TR ANEESE 1) 1) R, SCRR[3]
B T EINE &% (GMM, Gaussian mixed model)
Jiid, TN GR— AN S I A e bR HIOBEADL SR H A
BOERMEZ AR R, e JiEEE, HagliE
R )RR, I H VA SR (A A () s A 475 .
N T IR SRR RIS A A G, SCER[4142
T BN 3 (DKPLS, dynamic kernel partial
least squares) [Al)4757% . DKPLS @i s & RFIE%
AT AN @R, IF SR ARE E AT sh A
AR, HBEERESHU S AL PR T
FRRAX 2 A ), STHR[S 13 T E SRR R 7 i (NMEF,
non-negative matrix factorization) ¥ 777%. NMF
MR ) R B — N E R il Dy 2 AR RE
HATRHIE A, 756 PRI SR EER s & e deh -+ 5
AR, AH NMF 75 R T PAT RS k. AT
B AR VR KTV AT B B 3 B 9% ), AN
FIT-SEbria FHIHE .

IR, ARPATIE SRR 72T, T
WL T57% J5 36 (PPG , phonetic posterior gram)!®),
TRIE M2 M 4% (DNN, deep neural network ) 2574
J7ik, H AR 4 (GAN, generative adver-
sarial network) PIEEAE A AN T 7 2R 45 B 3 AR (15 100
NEEY L BRI AR AT, FORAE HEER
AT P4 (CycleGAN, cycle generative adver-
sarial network) VRl FHI 47045 26 AIAE 3R — 0 R HEAT
Wk, X2 75 PATHE S A SR, (B

BT — X — /il & f e . B8 AR RO 40 M 2%
(StarGAN, star generative adversarial network )" 52
T A RRIERME DL T 1 20 215 S 4, (AETE
NG AR R, AR s Jei A k7 5T

R 220 2 ) AT R BR T IR AR N 1Y
B, FETHDN I ZREEA 1 & B, AR
e, B, (EEUE AN B RE S A AR
WHEEMIMEE L. FARFWIAT TREZHER, H
i AUTOVCH! 'R Fi ity Bt 5 b AT W S5, it
T—AME B, 2 A A R R SR A U T
AN MEFES NS B3 . AdaIN-VC (adaptive
instance normalization voice conversion) 'S¢ FAZ 43
Hzhgwhas, i E &R S IH— AR 7 3 Ui 1k
MNERMNBEE . XETTEARSEI VAR BE A
B EE S, HHE —EMAREZ L.
AUTOVC 75 % TS IR 4T (0 15 05 N 4 5 25 42 B
YTl AR, AL 5 2 P A v AR 150 15 A\ ik
ANHHERITE . AdaIN-VC ] 2 ML 9w i 2% 7
AR TE NIRRT A BN, (H 2 DS a3 £ L)
e LAE LA EE HRFIIGE 2.

FURT, AR RS A 8] R 25 e i 3k £ FH
BRI ARG NS aS, WA RIDERRIE S N A
(ERSY N = PRy S I el CIE SR VAR DN T
AR UOTE NP AE AT 5 23 1 O A
B ), AHAEYIZRO AR T 7 RN ZR 2 AN
2%, H A AD & AU TE A gmbth a8 i 1E F 28181,
I 7GR MR AR, T R R R 3
U, A r] U — ANt 255k 23 B N AT A
# A\« AGAIN-VC (activation guidance and adaptive
instance normalization voice conversion) MY i i B
At 2% BN AT 228 8 B AETE AR, 12 Again-VC
GRS Mel 1 B2 A 22 73047 2001, A BEAE e i
1328 Mel 1 K2 A2 RN, SEE P RAaE
A NFRHIEAE B S AEAR, kR E S
T A A A TE RN SRR B IR R 3
SO A R BE

BEXEH AT AR PAT IR B E T = s A 1A
N G AR AU B AN AR, AN BEAR 4 3t
SEIL A AR AU NRFAE B R R, S
B RERg )RR, ASCIR Y T — M RoR 7 & E R b
ZRIM1E & ¥ (RSAE-VC, representation separa-
tion auto-encoder voice conversion) J5ik. %57k

A I A 2 B 25 B AT 20 2 9 AN TR IR



- 164 - i

=

oiF

Ej:d B45 %

TEINZRBY B, a8 2 i 258 X0 18 5 AT REAE 2 X,
A B & R SEBH — 4k (AdalN, adaptive in-
stance normalization) F 15 & HH AL & 19 i 18 A M1
FRIEZ:br, MM A REEETRIARE S FR
2INHE WAL (SC-Loss, self-content loss) ¥
N 363% A5 2% (SS-Loss, self-speaker loss) ',
2P ARAE T T8 AR AIE AR e e B v ) — B
PE, HEMIRAS B A e b ge . BN ER, &
e o REE I EE NN AEEES BB S
UL TE NS BRI AL SR, RE R E S
FEAS AT B0 B 4 )5 V5 5 .

1 RSAE-VC iE&Eitin

RSAE-VC RAfHH— A gwtd 2847 NS A 30E
AR5, H IN (instance normalization) 2 1F K&
GRS A AR — P XA A — AR, TEE
B o PR AN [F) U 15 A IR AH [F) N 2598 R 48— XUk, ]
DIMLA 228 17 A TEGEE AN PNMERE, RAREEARTR
1Py 2fs 1O, TR AT LA SR 2 A R D 4% e
PREVHIBE S A ARG R, BiES N ARG EMUE
NI PERHIE /3 85, AT 0 DS TS A R4S
B ARE S AN AR, [ 8N Sigmoid s
5192, BIFrFEINBEE. 2 EENNEEE
F5E AdaIN ZEFRINM E bR U0E NG B
ARG 24 B H AR Mel 5. Rt g
SC-Loss 1 SS-Loss, PRl & Bl i & I 8 AT 36 A
= E 5 R GRE S N S AE NS B AR A E]
Mol —2, e R E .

1.1 1REN)IZ
1.1.1 AL
RSAE-VC 5 & ## R 508 H G/ i 28 4544,

HEgAGEE N IN 25 Sigmoid #UE 5 2)Z.
I SCHR[14] 00 S5 45 R e R B, 724 Sigmoid
WS R A E G5 S, A BN A B R UiE
NN AE R TR 0 AE R 238 DRI PEAES,  R] I 33 15 A
PEAFAEAS J2 b B 35018 N AN PR AE R A AE A 22 5
1k 93.2%, FHECT HARKEIE K3 ReLU. ELU #l
tanh 4 7 2Z RS, Fitk Sigmoid % 5| 5 21E
51 S5 S WS By AR R SIS . 7
fEhD A R AdaIN 2, ¥ H bRiEa s A
PERFIE S50 & F N A5 B A R Mel 1518, R4
AR Mel 3 B4 0t #5284 % B bR IE 5 .
RSAE-VC 1 & R4 1) 255 AR L W& 1 Py
N, AR ERESR AN 2 FR .

EE T IZRprBerh, IR aRiE S Mel 15K X 258
WS Es E, AERAAT BN BAE B e MUETE A VERRE
FE s . RN, JRIAIES Mel 1 X 20 H e 4mis
a5 By Jo B 2 2 NS R e B AR B A G B
ANMERHMEFE s" . WA R ¢ Uit NAMERHIE
R s BadAEE DS EM Mel iIGE X, H
B E M Mel BB X' 4 B2t guti 8% E, FIAHCGm Y
% B, 19 B HE A 5 NS5 B ¢ AAH G B1E A1
FRAES o BE A MHAHH e 5 ¢ Wit H N AR K
SC-Loss , s' 5 §' #4i& H i 15 A 45125 SS-Loss , MM
KHAX 2 MURREISGmILE E, . fRises D Al
RIS By o £ 2 FHpBerh, JEiES Mel
R X RH bRES Mel 1R Y 9 A4 gatid e E,
R RNFIE S ARG S o 1B ARE S UiE A
BEEE s, LML EE D Jomk ol LIS 2 i 46
B Mel WE Y. A Mel o B4
NEEES, SR 21 Mel 3 B Y i\ 75 545
B o] 45 2 AE X B ) 4 f5 1B S S T .

SC-Loss

2

SS-Loss
1 RSAE-VC & & ¥ 2 G0l 25 )5 FEHE 52
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2 RSAE-VC 158 54t R G0 45 S R HE L

112 BA TAEEA42
RSAE-VC i Fgmis &3 ML 4 1 254, JF H.
A — A gt 28 42 BOE & M A A5 B 5 uiE A
MERHIE . mfdds s WKl 3 Fis. fEgmiLas,
ffiH Convld ZAbEEAIA(E B, 7E Convld ZEZ JE{H
] 6 /™ ConvBlock, ConvBlock Hi ConvNorm JZ-
BatchNorm JZ. LeakyReLU JZF1 IN F4H k. WE
FREE IN BEERUEANERMES 2], g A
MERHIEZ IN ERBIMERE p M7 ZHE o
B X NI 2R E 8 4R b B AF = — BOE & I
Mel i K, E, Ronmbdds, DRSS, N
It BB E T EAE R RETY 2 XmN
2=E(X) (1)
133 z Ja, A IN 98 ok 2 b A B B i il A
PERFEH—1k, {BENEEMANEER
c¢=IN(z) 2)

[FIF, IN JPERT AR

64

IN(z)=z;(—’;(f) 3)

Hrdr,  u(z) Me(z) RoniBwErEMN T %.

T 76 18 3 e e Ao 18 3 o MBS RS B
G S RIS B, TG 5 KRS B B 3T
ANAERFE, B8 S5 WESPEEE, KIkE
BEERPET IN ERE S UE NMERIERYY
AT 2 X8R5 N FiES N AR, ARVEE
ANHF N ESZSH—E, M8 EBRBEAN
A EERRAE, RARE PR ARG R, DERIEE
THIAEAS K, T E AT 22 M FAEE S s A
AR .

43 IN ZJG, ple| X) M EHEMHE. A7
Tz E AR, AP

ple| X)=N(e;0,1) )

[FI, R & 7 0k IN ES R SME R E u F
T ZHE 6 FIVEULTE NRAFER IR A s

Bl 4 NAH AL AR £5 40, A F RN gt 2% —FF 1)

Convld
ConvNorm
BatchNorm
LeakyReLU
ConvNorm

K3 i

64>

N
El [E] I2] |E
AREREIRE
EHEHZMHE e
3 2 & 5
© e 8 O

R 441
A

ConvNorm

ConvNorm

Convld
BatchNorm

ConvNorm
BatchNorm
LeakyReLU

ConvNorm

Convld

4 FHRGiGHS L5
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Convld 2, HATRE IN 2 LR UE AN ERHIER
s WATE Sigmoid JZHEATHENE, Convld 22 )5
ffF 6 /1~ ConvBlock. ZtidAH4mhD 3515 2AH I 1E
BRHER R, IS Gt 2815 21 (1) N 25 R s B 78
[ R FHEENEE S ¢ MHRIEEFFE
FORGRE ¢ IS, TR R UEE N R AE
s U RoR N

(%)

frEhd 2R s Ml 5 Fros,  FEMRAD 2% I 25 v
5yt 2s A0 R ff) ConvBlock, it AdaIN JZ N
VI ANMERHIE, fJa45d GRU 2" Linear 2
330G U5 Mel 3% E .

T u(z) Mo (z) FER IS FE I AAR Y,
AT AR AR 6 AR . FE A RSB B, 43
FEHRHIE p(z) Flo(z) £ AdaIN JZHFERMEH, H
H AdalN & N

AdalN(H, u(z),0(z)) =o(z) IN(H) + u(z)  (6)
Hr, H ZPFIEE Mel 1 B &0t ahid 28 22 B ih A
MERHMEM ARG EERR, 72 BRiEE Mel K
227 i 2 LR B 101 AN PEARFAE B B00E AR .

TEVIZRR B, R3S 7 B G N RS B 5 1
T AMNERHEAT & B 152 EHEIE SR Mel i
K X'

s'=7"-¢

X'=D(c,s) @)

RSAE-VC FH U-net 224417, %1\t Mel #ii
K X i 2N IN ZE DL EBRBEAE B . P Uil
NN u(z) A o (z) Bbidd 7% 452 25 1) B 32 3 N i 23
HHIN I Z A AdaIN JZ2H, DA T UG e, Bk
AR Mel 35 8] X IR T B HE
1.1.3 EAH K

1 4 0 Mel i8RRS4 6525 Mol i
Z B R AR, RN

W EAE B AT TE NS S\ R 2% 45 21 54
HEE Mel #E, EMEE Mel 3% RS g4
JER B EMEENNSEER R, ¢ SHEEES
WG B ¢ Z M SC-Loss, KRN

Ly = "" ‘C“l

)

[E A, S IE S 1) Mel 3 0k AH K gm it 45 75
B HEFEE A UOE N MEREE R 8, 556G
T 40 A DG g i 45 15 3 IR A D¢ Uk T AN T REAE
s' 2[4 1% SS-Loss, N

_ler _
Lys =[5 -5

(10)

15 FH S5 R RE [0 1) P9 25 G B 2 B AAIE B Mel 15
KIS EEIEEMARGERE, 5 EBIESET
WARFIETZ R SC-Loss. TE4mAS M B INAH < Gmbs
THAT BIFN N 25E B AE [R]— 7 7 (8] 115 25 AH SRR
TR B Mel 1 B 5 A5 FH A [R] A AH SC 2 b #2315
B A B S AE R U IE AN R, R R
SS-Loss, ffifRA AE & AR GG TE 5 2 [ I Ui 1E A5
SRFFAAR, WA LR UE NFI P 25 2 (8] A B AT
(1o e AU RIP) AR R R BR TR A

Ligar = Lyee + ALsc + A Lgs (11)

Hr, A4 72 SC-Loss A E 5%, A, /& SS-Loss [
PE RE N TR RE B ol i S e A Rk
THERUR REBE B, AWt 30 AT SRR 2 5
e
1.2 EH|MER

A543 7 LA Mel 1 B 1 200 A % 1 U508
X FHPRES Y A\ QLG rdmisas =, gl
SHRIUETE S NG B o FHAREE AN PEREE
s, HREESEHINAEER ¢ 5 BIREE AR
1iE s 3@ fERS AR AT S G AT DA BOOR B RS
NS B FFEA AR A ERER S S Y,

L =X =X, (8)  SKELEE
o

[ A

- El ] 3] |E ElIE] |2] | &
= =) 3 [3} =] =} =] D S 5

=)

Z IZ> E E\ Z> ) E E ‘c_é ;Z> [~ E
S =] 3] = = g 2 5] G} —

@] o 2 S S o = < 5]

© M ) © © ) 2 O
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2.1 SRR

SEEGAE H VE B B N R T R B B BRI
F 0 R AR CSTR VCTKPY, % ¥#i 4 2 DLk
TE N BRE IR A A 35 0 S8 U s N\ SR 1S
THIEE, HoaEs 109 M, BAEIEA
B K2 400 MiER), EAUAS RN wav SCfF. 5K
IOBEALIEHL 80 AU TE A M8 & BT I 2, X
A YAE NFEHLIERE 200 A8 S A I Zh e . 7RI
WO, AT BAF PP AT = U E N )35 &
B 2 FOL R Bz Ak BE Jr, SR E fE A
VCC2018 i 4P AT MR I, H5 A SCHR H f
RSAE-VC }% 532 245 AGAIN-VC £ £ 4T
ERLE AT R . AN UOIE N, 4 AAE A
50 AN E A EAT I o

SIS S AT AL, B R
KON 22.05 kHz, FXEE (S 5 347 o s kI, 25
Fripa oy . BT A 202 Mel &K, [FR
X BT A B TR RO M B SO R, SeaG Al
MelGANWE G R 28, M3 MelGAN L &,
X oG VB S5 5 AT 1 024 A S 8 B
AR, AR AR 80 4E Mel BEIE, JELUESEN 128 MifE
ARG NEE S 5. 2K 8 ADAM 11k 2%
AT IR, LIRS 2 %4 0.000 5 %f RSIN-VC
BERLEAT ISR, HH RS E—FE e 3k
TIRREEN =09, $,=0.999, Batch K/N&E
32, B IRECH 50 000, SZL6HE 7E Python
F- 53N, 7E 4 GB GeForce RTX 3050 GPU I
B17,
2.2 BEWIEMN
2.2.1 PEAEAEAR

S5 i FH g /K {5 3% BE B (MCD, Mel-cepstral
distortion) PSRt B e 5 03E ¥ 5 H bR ¥ B4R
TR R, BELWATEE RSAE-VC J7#: 5 AGAIN-VC J7
SRR, MCD 5N

_IOﬁXLM\/

R
D @M=, (12)

r=1

MCD
In10 M

m=1
Hrb, oy, () My, () 2 52 B BRSSO 4 f5
B EE m WU R B RE R R E r 4 R5L, R 2
MR (B TE RECILEEL, M2 s

AiE— B % RSAE-VC /%5 AGAIN-VC 5

TRV RE , SRIG[R] N SR IR AR Fo 307 iR
# (RMSE, root mean square error) 2WE Ry (%
MIghrz—. F, RMSE [it5H XN

1 M 5
F, RMSE= [— F,. - F,. 13
0 \/M;( 0i 01) ( )

Hrr, R, fFy, 0527 B AR U E A & F 6 f5
B WIS, M RN S
222 HHRE

S E Se g (1) P B R S A 45 2K eR 4
HSH A A, EUE . fEE RS RS NEE R
AL AANERFE,  H AN A5 B U0E A ERHE
M E IS R, SC-Loss F1 SS-Loss X
RSAE-VC (1% RE 200 AH BT

24 L% FE SC-Loss X} RSAE-VC Y RER MR,
AR B A, REOS e )R AT X EL . BT
[F]— Pi1dE N AN H AR s & et vt wd NG B
ToiEM R 58 4 — 8, ARSI FELIE A VCC2018
HHRER 4 HPATIE S EIEHATIL, Hhahs
2B ERM 2 HAis, HAMR 50 K15 E. 1E 4
oA [t ¥ A T8 AT SE38, 430 R L 78 e 4 3|
7 (F2F). BEHHREIEHE (M2M). L5
BB G (F2M) M5 BB B LB (M2F). 18
it BANFE ) A BRI SC-Loss MIALE, X E
ARIEEIANAREESHEBEEENANEGEREZ
ZER, HFRE L =0, HiRiEs5HRESE
4 P BT A FIEUE XS MCD (520 a0k 1
P

*1 4 FEEAER T 4 AVEVEXT MCD
HISZAE( 2, =0)

A F2F M2M F2M M2F
2.0 9.111 8.284 8.831 9.427
2.5 9.119 8.401 8.897 9.420
3.0 9.174 8.421 8.862 9.672
3.5 9.075 8.358 8.641 9.466
4.0 9.318 8.388 8.835 9.760

M 1 T LLEH, % 4,=3.5 i, 7E F2F #
F2M %4 15 T H MCD /b,  HAEH AR 41
BN et B AL, Y IRRAE L5 SC-Loss
AR PR BRI B e i . BRI A, =3.5 .
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fE 2, =3.5 BJRTIR T, % & SS-Loss X % #i i
REMISEmE, 16 AN A A, REO8 RSAE-VC #EA4T
M. * 2 2 4 FEHGAETE T 4, EBUEXT MCD
FRY 5 o

*2 4 FEEHRIBZ T 4, RUEVERXS MCD
Y ?ﬁﬂrﬂ( }»1 =3.5 )

A F2F M2M F2M M2F
0.5 9.105 8.194 8.664 9.576
0.6 9.143 8.125 8.517 9.545
0.7 9.142 8.301 8.679 9.590
1.0 9.233 8.437 8.580 9.536
1.5 9.252 8.467 8.835 9.484

M2 U, 24, =0.6 I}, 7E M2M Al
F2M 4t I N H MCD i e/, HAE HAh#E it
T i RE R L, WEIEE S SC-Loss N5
& SS-Loss XA (1)1 RESZ M, AR 14 BEak 2]
Ao BRIHAE 2 JE SREe I PEREXT LLdr, BA A, =3.5 F
A, =0.6 5EEHERYFEATRIEL .

223 HEkER

T BEA [R5
W, SZU&%] tanh. ReLU AIAR[EZEN Sigmoid
ERIX R, 4 METE NG &) MCD K E
PR Liee X ELANER 3 TR o

®3 A EHERBIE 4 FEEHIER T %R
EEH MCD REMIRARIXEL

RIS 2 A S 0 bR Sl Al G A 0 BR 4L
(ReLU. ELU. tanh) HHATHUESI S0, 15 H]
(P8 7E MCD PERE_-#RLLAE A Sigmoid ¥ B%L
72, B4 Sigmoid T o BUE Y 0.1 B, ik /2 MCD
R E MR L, ¥IAPERE R AL, RIMEH Sigmoid
VERBEOE 5| 5 E AR LA S K% (ReLU. ELU
Al tanh) 5 7 RZFMRT. FAEATEREBIEA
Z AN e i R 8 Sigmoid R ER G0
%2

R RSAE-VC fEAEPATIE R RS L =
TR N 2 (815 e R e, SIS BE ML ik
VCC2018 i 4 HAE AT 5 & £, A3 HAh
(1) 2 AR 2 A, JFiESHHaE 50 418
T, HAESEAARE 10 45, BiES 5EHR
B E YNNG EE, B HbRE S FEE SN
B EAME. 2K RSAE-VC 5 AGAIN-VC. ¥
f§iH SC-Loss ) RSAE-VC (RSAE(SC-L)) 1X{#H
SS-Loss ] RSAE-VC (RSAE(SS-L)) DL %
AdaIN-VC FIW i3 RSAE-VC (RSAE(2Enc))
TEARPAT B R NE B U0 1G N 18] 115 & e 4
REdEATATLG, 4 P4t IE T 405 &1 MCD #
Fyy RMSE 5% 43l ik 4 15K 5 B

FT4 4 ERER TEIRIEEH MCD XfLt

J5i: F2F M2M F2M M2F
AGAIN-VC 9.706 8.786 9.330 10.223
RSAE(SC-L) 10.317 9.019 9.426 10.569
RSAE(SS-L) 9.588 8.557 9.190 10.069
RSAE(2Enc) 10.250 9.174 10.163 10.826

RSAE-VC 9.486 8.477 9.011 9.894

MCD
b CIE Lrec
F2F M2M F2M M2F

None 11.304 9.120 11.112 11.372 0.152
tanh 11.840 11.064 11.029 11.976 0.203
ReLU 12.163 11.917 11.919 12.237 0.174
ELU 11.874 11.827 11.714 12.010 0.150
Sigmoidl 9.730 8.792 9.216 9.576 0.151
Sigmoid2 9.105 8.194 8.664 9.576 0.147
Sigmoid3 9.736 8.792 9.639 10.189 0.149

£S5 4 ERIEE TERIEEM F, RMSE Xftt

Jii%: F2F/Hz M2M/Hz F2M/Hz M2F/Hz
AGAIN-VC 97.371 69.956 72.332 96.497
RSAE(SC-L) 97.889 72.759 69.878 97.418
RSAE(SS-L) 99.337 71.319 68.936 97.810
RSAE(2Enc) 98.101 72.779 69.377 96.677

RSAE-VC 94.483 67.662 69.358 96.579

% 3, Sigmoidl. Sigmoid2. Sigmoid3 734l
FornsE a BUE N 0.01, 0.1 A1 1. 3B 3 MR
[F 0 BR LT 4 BRI TE N b T 15 & e e (Rt bE mT A

M 4 TTLUEH, 4 FHEE T RSAE-VC 1
MCD {85 AGAIN-VC LY HE R Fi&, HAE
M2M Al F2M % i R B O0E B A K, U B
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RSAE-VC 7EARAIE & A HH R RAUR, £
AFALTE 35 B 3 i AGAIN-VC H BT Th. 24 {0 fd
FH E B0 R AT 2 Ul i N\ (8] 18 5 5 4 R
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