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Any-to-Any Voice Conversion Using Double Exchange
Representation Separation

ZHANG Zi-xu, JIAN Zhi-hua'
(School of Communication Engineering, Hangzhou Dianzi University , Hangzhou, Zhejiang 310018, China)

Abstract: In any-to-any voice conversion, the encoder was usually utilized to disentangle the same speaker’s speech
and then the decoder was used for self-reconstruction in the training phase, but the decoder in the conversion phase coupled
the content information of source speech and the personality characteristics of target speech. Therefore, there existed perfor-
mance mismatch between the decoder in the conversion phase and the training phase, which deteriorated the performance of
voice conversion. This paper proposed a voice conversion method named DERS-VC (Double Exchange Representation Sep-
aration Voice Conversion) using double exchange representation separation. In self-reconstruction process of the training
phase, the proposed method applied the speech of the same speaker to simulate the voice of different target speakers for self-
supervised training. Meanwhile, the conversion invariance loss and the cycle consistency loss were introduced, and the cy-
cle process of separation was conducted by double exchange representation separation to make the self-reconstructed speech
closer to the original speech. The experimental results demonstrated that DERS-VC had an average reduction of 4.03% in
MCD (Mel-Cepstral Distortion), and had an increment of 3.62% in MOS (Mean Opinion Score), compared with the
AGAIN-VC (Activation Guidance and Adaptive Instance Normalization Voice Conversion) method, and the quality and
similarity of converted speech both had been improved. This shows that the method of double exchange representation sepa-
ration can decrease the mismatch of the decoder and improve the performance of any-to-any voice conversion.
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& E Ak (Vector Quantization, VQ )2 R A A R
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DKPLS)"™“' JE 17 55 B4 4> i (Non-negative Matrix Factor-
ization, NMF) 25 )y ik | {HSC8E P-4 iR 7R R H
B i 8 Z [R] R AT IS (] 6 5% 38 8 9% I6F 2% g, AR 1 52 bR
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VAR AT R Z 8 B 5 S 4G 3 12
B A 5T, L T iE S5 59 Bl (Phonetic Posterior
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DNN)'7 A7 (1) 8 45y v . o A ok 9 45 ( Gen-
erative Adversarial Nets, GAN) “%‘é@?ﬁﬁﬁ%*ﬁ%%’%fﬁ
3 I G0 B ) B B AR Az i A, HRAE
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A — X —FE 4 . B A BT N 4% (Star Generative Ad-
versarial Network , StarGAN )" 1E 35 3t % 22 13635 A2
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ANAVERAAE AR e, S BB S e 4 . Hoh 25 kA
AdaIN-VC (Adaptive Instance Normalization Voice Con-
version) "' AutoVC'"™'. AdaIN-VC il iz [ 35 )i 52451 ) —
H ARG BB A MG BN A E BT b5 3] B
Hr Mel BE & . AutoVC F) FH 35 2 % 451 2% ( Generalized End-
to-End Loss, GE2E Loss ) %5 B BEAT Y11 25 , I 15 N 4 9
2% LB — AN E BRI, 285 4140 4 5 1) S04 1iE
L EAUAT N SRR E S - v € iy 72 1 S5 N & 5 =R )
TN Z ] e BB — 2 R R 2 AL .
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o TR AR T AU, — A Y R E R A R B fE
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RECHR , R TE 5 e RE .
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e B 5 YR B B iy 2 E R) et , 18 SCHe T — R H
WU B3R 7 53 88 [ i i e 497 15 (DERS-VC, Double
Exchange Representation Separation Voice Conversion).
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SRS A AP RR AR A B ST, DA B R 0 1
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f£ DERS-VC H B B, A5 B AL AA~
PEREAE i A A A 25 15 21 51 A 15 8 Mel 35 K], SIS &
Mel i € I FEUR 28 5 G it 4 i 75 31 EEAG 1B I N 15
BRI N o, HIRIRIEE N B e Z A i H N %
R Lo, 2R H
Lg=|é-c], (13)
[E I 7E I 3 P, M-AGAIN-VC TAYE 35 Mel 3K,
23 FH O i 2 45 21 AT 1A O U TE AR AR
5B s, 5 RUATE T 2050 A O 4B 15 21 A AH SE T im A
AVERRE s" 2 [RIF R H L AR Lo, N
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P, DERS-VC I B A I bR AT LR
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Sl VOTK B8 45 R AT DI 2R i 50d 4R 0k
T 109 M EE VLG N2, B UL A LA A AN
B 11 3 Al K 249 400 AN TR) A1) . S 56 Bl ML B 80 > Ui i
N AT A BEFLIE RS 200 N8 S VE I8 . Aei
W N GREN 2B A 242, AU E
NI 20453 HEAT 20 a3 et Re k. T
UMb IEAN AT B 035 A 2 ()35 35 1 46 1) M g LA R S 78 £
WALRE 7, 525 fd ] VCC2018 B4 4 HE A7 4T 2 15635 A
2 B R R IR AL B HLIE HR 2 4 5 7 2
AL A UETE A E T 5041 .

A S S 5 REER N 22 050 Hz, SEI 1 Je XHE
TS AT A, BRI T R R A R
B Mel 33 55 e A B -5 s, 2 58 31 35 A Bl i) o i
B, S 06 H MelGAN" VR Jy A i % . AR 3% MelGAN
Be XA WUS P TE B 55 EAT 1 024 550 A% s BL
A3, A 1 80 bin Mel i [4], I DA LE 1 128 Wil R4

4 0.000 5 X%} DERS-VC £ A #4791 25, IF 44k = 4%
—FE AN T Y F B R RE T B,=0.9, B,=0.999,
Batch K/INIRE S 32, Y2520 BR AL R 50 000. 52 40 5%
& Python - 5 3855, 7£ 4 GB GeForce RTX 3050 GPU
iEfT.
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SEI B AdaIN-VC , AGAIN-VC 1E Sy 5L 28 4 180 3 47
X HE, 398 FH MCD Xt b DERS-VC 5 54k 2 40 (154 e bk
A8, MCD H i B 55 5 J5 18 5 H AR i 22 8] 9 47
PR Y AR MCD A AR v S fil ) sh A s 1R
#% (Dynamic Time Warping , DTW ) X} % 4t 5 13 5 A W,
W) B ARG & 2EFT WO 55, S8 )5 RT3 MCD \MCD it
HAAXFRIT

MCD = 11?1{05 X AZE/ ,Z[ym(r)—y;(r)]z (17)

Horr,y,, () FLyr, (r) 53530 F B 85 IR 40 I o 5 Y 5
m WU R B RP 0E  E FR 585 - 2 R 55, R W R (B35 3%
AR, MR TR .

N T HE— 2L A L DERS-VC 5328 3R 55 (1 4
PERE , 52 56 [ I >R HT k357 931 5 1 75 AR 22 (F, Root
Mean Square Error, F, RMSE ) /F by i 1 15 & e 4 P RE (1Y)
HNAEAR . FETT A R AR S BT DTW (% 57525
KA RIS T8 I LAY H AR & Z 18] #Y F ) RMSE.
F, RMSE (315 AR F

[1 & )
F,RMSE = H;(FO,—FO,)Z (18)

o Fo FFg 53 53R B AR UGS HE & FUX R 19 7
S5 T RS Y S S % MR T TR

S8 B i M TR i W b £ S K N
AR N AR R AR | SR — B A AR
A . A ER IR B A (DI ZR 840 ) 22 1]
R VERE T 5 R R GBI TR REXT R L 2R
= #B4r K DERS-VC Z5%F £ (Y Zh B2 ) 15 35 5 v
AR 7399 AL 45 £ 7 G 40 3 Lo 75 (F2F) B R 46
F 5 (M2M) 25 B 45 21 55 75 (F2M) 1B 75 i 46 2]
2 (M2F )4 R i

SEHR R —EB i e A (16) BRI K s E b
B R EBE , DB E S L SEOF S TR 25
SEESFAILTE ] VCC2018 B a5 v 4 414708 Bl it
AP, A0 45 P2 58 75 R 4 L s | B 4 A 4 S50 A5
B AE 4 PR T ST 1718 3 e 0 i e
PRALEE . AT R RN AR K A 5 WA R
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PorE il T RE A, AN 1T . R o AR R e R
MHTHEUE T MCD /).
F1ATEIREE T 2, WBUEX MCDER I H{7:dB

Jame F2F M2M F2M M2F
0.2 9.202 8.354 8.866 9.633
0.3 9.271 8.467 8.724 9.677
0.4 9.074 8.191 8.635 9.427
0.5 9.093 8.265 8.651 9.476
0.6 9.220 8.764 8.972 9.673
0.7 9.163 8.394 8.803 9.534

1 9.228 8.454 8.863 9.576

MR 2 1 EE ol LR B, 76 A, = 0.4 5, 4 B 4
1% 0L B9 MCD #4 4 £ A%, B3 4 1 E e 4, 0 Bk B
ogame = 0.4.TF Ao = 0.4 BYHITHE T 25 L& ] W91 20— S04
R sEmIE, B Ag =0, it & 5 H ARG & 1 MCD 7¢
AP LT B A, 2 AN 2 T . R AORUA R
FE Y RTHUE T MCD fie/)h.

R2 ATEIRIERT 1, WEVEX MCDEMSIE  H/7:dB

Aeyee F2F M2M F2M M2F
0.2 9.147 8.383 8.783 9.587
0.3 9.276 8.391 8.728 9.651
0.4 9.217 8.294 8.676 9.569
0.5 9.037 8.265 8.592 9.475
0.6 9.184 8.403 8.728 9.562

1 9.161 8.551 8.992 9.794
1.5 9.217 8.796 9.172 9.819

F 2B R TE Ay =0.5 B 4B S BLF MCD 3
H LA BRI, HL A5 36 1 S 4% HU B 78 F2F FT M2F
18 LT e e e AT BT T, 76 M2M FlF2M )15 O T 7%
M BE o DR A L S5 A (B BT, SO I A, = 0.5 7224
Agame = 0.4, Ay = 0.5 I B TH & 55 H AR & 19 MCD 1E
4 BRI DL T Bl Ao AR AL AN 3 TR . 2 HoRL IR £ i
FER M BIUE T MCD /).
R3 ATEBRBET A WEEXT MCDERIZN  H07:dB

s F2F M2M F2M M2F

1 9.240 8.299 8.751 9.774
1.4 9.151 8.471 8.821 9.664
1.5 9.198 8.309 8.694 9.564
1.6 9.136 8.273 8.735 9.560
1.7 9.074 8.187 8.574 9.474

2 9.259 8.383 8.797 9.602
25 9.283 8.412 8.654 9.648

MR 2% 3 B0 vl LA R B, 2 Age = 1.7 B 7E 4 Fi I 50
T MCD ¥ AR, A 2 G 36 138 2 TR 3 i 4kdis i
FIXF AT AR IR, SAE B A e = 0.4, 2 = 0.5, Ay = 1.7

ff, M2M  F2M 5 50 MCD 348 fie 44, H F2F Fi M2F 5
LN MCD YR R 7E S FE(E N O, 25 Bk R BEH A g =
1.7.

FEVR B Ao =044y, = 0.5, A, = 1.7 J& , L HG 55 —
#B3 X} DERS-V C RN 3EL AR # At FHAH ] A DI R e 201 7
Yk, I F AR 1) A I 4 1 A7 A 2 835 N 22 ) Y
etk REIK . S5 BE ML B VCC2018 I3t 4 4 v 2
AR 2L BB ARG 50 N, 4 R i
PRSI N B 0u1B 35 1 MCD X e AN 4 iR |, 4 R et
o e i35 i F, RMSE X HE AnZ& 5 fis

*4 FEEURFEAZEIETERMNDERS-VCEELREN
MCD Xtk Hf7:dB
XFH R 58 F2F M2M F2M M2F Avg.
AdaIN-VC 10.250 9.174 9.901 10.423 9.937
AGAIN-VC 9.706 8.786 9.426 10.223 9.535
DERS-VC 9.365 8.611 8.882 9.745 9.150

RS EERIEAZEIEEFE#RE DERS-VCEEERFEN

F, RMSE XLk FfLfi:Hz
XL AR F2F M2M F2M M2F Avg.
AdaIN-VC | 50.504 | 38.578 | 37.829 | 47.851 | 43.690
AGAIN-VC | 49.375 | 38.041 | 37.289 | 48256 | 43.240
DERS-VC | 48.378 | 37.786 | 37.178 | 48.244 | 42.896

# 4 B4R B %, DERS-VC iy MCD ¥ 2 {4 M1 #% T
AdaIN-VC Al AGAIN-VC 43 il $ 55 T 0.787 11 0.385 (RJI
7.91% F14.03%). M5 584k F , F, RMSE -2 {15 1]
F T AdaIN-VC 1 AGAIN-VC 4 %142 & T 0.794 F1
0.344. X UiH DERS-VC FiETEAT B ULIE N Z [A1ES
o7 1 AR T AR PERE . R BS MR BIE & i,
DERS-VC #1 BE %} Lt AdaIN-VC Fll AGAIN-VC U] 55 47
PEFA T AE R e i, DERS-VC R PE BBt AR AH
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