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Voice conversion based on quantum particle swarm optimization
of generalized regression neural network
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Abstract: In this paper, a new quantum particle swarm optimization algorithm is used to optimize the
voice conversion model of generalized regression neural network in order to solve the problem of slow
convergence and premature phenomenon in particle swarm optimization. The quantum particle swarm
optimization algorithm changes the position vector by changing the quantum bit phase and uses the
quantum non-gate to perform the mutation operation. Therefore, we first use the quantum particle

swarm to optimize the network to get the best smooth factor parameters, so as to establish spectrum
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mapping rules. After that, we use the correlation between the spectral parameters and the
fundamental frequency parameters to convert the prosodic characteristic fundamental frequency.
Then, the STRAIGHT model is used to synthesize the target voice in conjunction with the converted
spectral parameters and the fundamental frequency parameters. Finally, we use the subjective and ob-
jective evaluation methods to evaluate. The experimental results show that the natural and similarity
of the proposed method for the transformed voice are improved and the spectral distortion rate is re-
duced by 2.1% compared with the traditional particle swarm optimization algorithm. The proposed
method has better voice conversion performance than radial basis function neural network, generalized
regression neural network and generalized regression neural network optimized by particle swarm opti-
mization.

Key words: voice conversion; quantum particle swarm optimization; generalized regression neural net-

work; quantum bite; smooth factor.

Di—EME AR E R e E. A
R R B SIS . QPSO B4y T iE
3B 8 5 T AR I 0 R T BE AL fE (PSO) 1%
IAHEREHE B GRNN (9 bV 5e A 4 1, [a) i
PR W 482 X e ) MO SIGRE BE L I Ah AR SCXT Y
AR S S B 0 AT T 4 B B E 2 4 A
FRAEAE B, 45 5 1938 & 5 B bRl 1
/3l

nn\l

1 7]

185 # # (Voice Conversion, VC) &2 7E /£ IE
HE S XARBUERM ST R — A NI
FROERE 45 Ry o — A N B985 A VERRAE L T I Ui 0%
A (source speaker) i 7 & W7 & A% H A5 i34 A
(target speaker) Y4 351, e 20
1A & Tz 1Y T HT S, W aE B R 2 R
B0 A

H T e A Ry SR B O VR A S AT
FW (Frequency Warping)™ | B & /R A] K 5 Al
HMM (Hidden Markov ModeD) ™ | & Hir {f 44 152 750
(Gaussian Mixture Model, GMM)™ L] K A T #ii
Z M 4% ANN(Artificial Neural Networks)™ ., 7F

2 XA ZERL

I S T #2245 (Generalized Regression
Neural Network, GRNN) J& 72 [r] J #it 25 [ 2% [y —
i, GRNN H A b RBF B 5 A 19 Al 2k 1 i 55 g
TR ) SRR AR 0 R A R g D SO AR AR

N TR L, ) SCR] I P25 I 2% (Generalized
Regression Neural Network, GRNN) 1 H 4 & o
AR RE 2 S M E A HRA —1 A
B ZE RO R T o BA BRI F AR H L
N X T O A A o B 2 e AR S
AH 5 SCHR 3R H R B R 7 Bf (Particle Swarm Opti-
mization, PSO) 5 3 L fb GRNN i 17 iff ¥ 4%
et AT — R AR AE S BR  H H 25 5 AR
LABTE SR

BEXF LA B TA) 0, A SO M SR — BT B & 1
B FHEB E: (Quantum Particle Swarm Optimiza-
tion, QPSO) " fl . GRNN J il 3 5 %% 4 b5 Y
1Z R R ] S bR X ROk A R AT g
i 38 3 k2 R A7 2 T S A R L O R T
BT THEATAS SR . R AR B TR R OB T BB

U o S UIZRAEAS B 2 I AR N A 0 26 235 g 0 Aol 222
T 22 (8] ) T F AR AP U A, I 2% )1 2 it LR T
T HME—Z RO N T 0.

GRNN Z5fy e 1 s i A= EUZ R
A2 5 f T2 A T G O o 2 X A 5 R

LTINS B2 AR B2

BE1 ) SOl 22 I 4 25 4
Fig.1 Structure diagram of GRNN



Beol

FORLEE TR R REU AL SO A o2 19 2% 1) T e 4 5 12k 167

ARG SRR . W
AldE X 0 p 4 X =[xy axsseox, J7 Hil 1)
Y Jq 4E AN o, BAJZ TR BIZTT

(X X)) (X X))

B ST I REA T A ) R A 4ERL p  BEUR
MEITLEH T2 IR n B ILRS
W45 A AR R REAS M2 00 @ B9 15 3 R BCH

-

20°

Forb X M2 AR X 25 0 DM & IT R
78 2 ST REAR

PR SOPRER AT 2 4435 RS AR [ (1 272
SIREARXIRE . 2 U RO 55 TN GRREA B n W 3

:|’(l'192,...

Hor, X AR g A2 5, X 9200 ¢ XY
SROFIZ A FH P 28 B A b 22 JE KSR AL, R ]
o — e i 22 008 Bt A7 A 502 o 28 70 9 i {3

e . | X=X, I*
ROV RIIERBR, (O =exp (=250 G 1 RS ARRAL, AR AN
SDZZ'Ip,vEZ'Iexp{ (XX’;@(ZXX")] : (2)

7 —FORF T SRR A B UZ AT R I AT IRGR A, Rk

n n X7X, T X*XJ
S~ :Ziily,ﬁ, = leYl»eXpli ( 2)6 (2 ):| . 3

Sy PR PR AR Y R B DILR . Tim(t+1) =20 v, +1D), (6)
 Shy 2 AL, Xof A2 2 T2 X 17 £ 1 28 78 R AT i AR Hr.i=1,2,N3;d=1,2,,M;w 2K

SR,
gy 2 HR A A 2 TR SR R H R SR B T A A
(OB R B 75 H A 33 4%

775‘\"

Y—g . D

3 ETRTHEEAT LA E W%

3.1 PSO HiEEAR[FE
2590 PSO Sk e i B AR 50 23 ) 2 2
M e KL RRERL Ry N WSS @ AR T A8 AL
BEM G hRRN X =[z0 20 xm ]
HIE RV, = (visvimsrsvm) s 0B 0 DKL E
77 W b RN E N P o=
[PisDizs D] AR T FPBE P B B B
P,=(pasPerssPen) o MWEEADHOE i 75 M 4
23 [ v 3 A 1 8 T =0 i)
Vin (1T 1) =w * v (1) Fci o r (Pin () — 230 ()
tesors et (P2 (1)), (5)

Ficiaco FEMERE . r, JEL0,1]Z B A BEML
Bopim MR F DK AT, pow IR F 2 R
fEf#%

3.2 QPSO it & ik

FEA PSO BILTE PRI I v L 45 5 77 A W8k
WEKE. RRARALFE LR TR TR
2B DL ) AR SC A 2 — ORI T
BT REAL AL S 1 (Quantum Particle Swarm Opti-
mization, QPSO), QPSO 5 4% & 7 iz 5 il A
PSO it SR Y i e OkE H i 9 7 8 E AT
S, I o e A 11 38 o ek AR TRORE Y A L RE
AR PSO h Ry vV, K174 S, FIH
AR MO RORL SR AT AR S 4 AR e T R s S
R AL,

L Rl AU R i ol D SN R O NI R VAN g il A 2
NFR R T, — D F AR AT RAE N ) =
al0)+pI1) s Fl B 2t 07 19 AE 0 L I 5L il 2
ZtEla|*+ [B]*=1.% a=cos(0),f=sin(0),
A AT LR 7R N [cos(@)sin() ], 0 52 & F



168 Wi

5 WR

%33 %

A7 P IE AR 5% RR Y AR

TSR M2 253 [ ] 850 o G il B R M 4
235 fifE v B R B O i DR AR e UG A 1 2o R T LA
T maxf(x)sxy o axy) il o, <X, <850 =
1, 2, s My M 2y JF If 1 Ak 28 & 19 % B
[a; 3 12784 X, WAL ; £ 4 H AR &£, A
A I SRy ok 35 1

QPSO Bk 1 52 BL 2 203 00 U b B 30
fiff 2 [t 4, YRR A A BB, AR R AE 4 A
IR,
3.2.1 ¥ FELE

TE QPSO vk v B it LU e (9 A8 232 R Y
YEMOR: H AT AL B % = i g i . i T R w0 46 1k
B 2 5 A7 7E — 22 1Y BEAILME L DR OSR A0 4 5
i

7

Hrpr g, = 2n X rand; rand J& 0~ 1 Z [0] (1) B #L
Bii=1,2,.N;j=1,2,,M; N Fxf Bt
MR, My 23 ) B HE %, MK (7D R, FhE b
JIT A HOREL 14 A5 " 25 Pl 6 7 48 R A5 TR] A A £
BB P L B X B iAo A 1D A
HRIEA
Pi.=(cos(g;1)scos(pn) e

cos(¢;1) | cos(gin) cos(@in)

sin(g;1)

cee
b b

AETEIN

sin(g;,) sin(@y)

scos(pn)) s (8)

P = (sin(g;1) ssin(@;y) s+ ,sinlom))» (9
Hrh PR E PN IESE A E
3.2.2 M=%

TS0 A5 M b AR A 2 AT A L
4 P CRE BT A B R TR A E] T =
[—1.17" B 2000 1k In) B0 S5 B fif 25 ) 1.

T LR Y B — MR MR ER A 2 ) g — /\fjﬁﬂﬁ%
wHZ XN, HRT P, R AT R
[al bl WUXT N i 25 ] () K B

1 , ,
=5 [B(tal) e d—aD]. A0

1 , ,
Xi= [B: 1+ +ta,(1=6D]. (D

23 CLO) AL AT AL 45—k 740 5 1
e 5D B0 5 AR X 3 BT 2500 09 B 0
%R X F A5 |1 B B0 b R XL L i =
1,2, N j=1,2, .M,
3.2.3 BFAZERSN EH
QPSO 559 | It 7 Jig & 11 5% £ 000 728 AR
B PSO B3 vl BE 0 78 Ak ok 5 BRAS B A RS 5l
WK A2 1) % 2l % 72 S BORE ) 7 LR AR AR R
AR, WOk F P, HOETHE S B0 A B m A
HHN
Py =C(cos(@ip1)scos(@uz) s+ 5cos(@am ) ) s
(12)
TR Y B S R 2 0 2 Ry A A8
P, = (cos(@,1)sc08(@u2) s scos(@em) ).
(13
b DRL IR 25 Y SE R AT DhadE i LR
J7 S

(DKL P, B 5 LR HE 25 0 pR BSORE o 3
i iy A2 57 AR
Apy; G+D=wlAp; (1) Fcir (Dpy) Teors (Ap, ) s
(14)
ARAD .
2t — @y (Pu @i~ —m)
Ap; =P — i (TS @y =m)
Qi @y T2 (Qay @i )

e P I (PRl RS
A%: Pei — Pij (77{<90u SD]\T()
Poi TPy 2T (P @y )

(2) # 1 Lo R SRR M T e e T
A

[cos(go,, (¢ Jrl))}_ [Cos(Ago,, (t+1))—sin(Ag; (¢t +1))

sin(gD,-j (t+1))

sin(Ag;; (1 +1))

cos(Ag;; (t-’-l))} |

|:COS(50,](1§))}:licos(go,,(t)JrAgoU (t+1))} 15

sin(gD,-j ()

;H\:EFI i:1729""ij:1v27"'7Mo
WPkL 5 P 28 3 B85 . PS8 0 AL

SII'I(SD,] (t)+AgD,] (Z’+1))

ﬁic:((COS(SDil([))—’—ASDI_)’...’



FORLEE TR R REU AL SO A o2 19 2% 1) T e 4 5 12k 169

COS(QO;[)(t>+A§D;1)(f+1)>)’ (16)

Po.=((sinCon (1)) +Ag,) seee s
sinCeup (1) +App (1+1))) . an
A 16) (17 WAL, & F e % 11 AT DL o
ST = e n o o S VAR -l o | P R A A L A
PRI A8 o R R ASE O /N 2 I 1 ) 8 LU R 4 B
AE A5 A I 47 Ji Xof 48 2R 4 [ 1%k Iy A 4 v 2R A5
42 Jmy i A0 A )RR 2
3.2.4 B ¥R
£ QPSO 5| #F 48 5 8, M4 A2 S5 A8 58 Xk
K AT AR T S (00RL 5 BT R AR 19 P S 2
BRI S P T A (Al Py PE L B T AR 2
FEVE DTS R S, REAERER R p
T v A — AR 7 AR 7 — A4~ (0, 1) 1 Bl B %X
rand; , W %R T rand; <<p , ) BE B2 i 06 25 11
*iﬁ‘tlﬂ[n/zj/l\%¥tt%ﬁﬂﬁﬁ%%ﬂkmxffﬁi
i 7% S AR L RIR R
l:O lj||:C?S(gD;j)j||:51n(¢;j)j|’ 18
1 0]|sinCe;) cos(g;;)
Hrpi=1,2,,N,j=1,2,--.M,
3.3 QPSO {£4t GRNN
GRNN H 2% 5] BE AR 7, DU AH 7 Y X 246 445
Fa FIR 28 50 22 18] ) 4 4 AUE B B 2 B 2 . 25 3)1]
SRt B HoE— 28O0 I+ o 19 B i .
A3 GRNN W6 728 0 BE QPSO 1
LTRSS
QPSO 1%k GRNN Sk S AL RN .
Stepl : W) Ih AL 1 L 150 AR K /IN L 25 ) 4
BE R R E B R R B R S
T A R T 00 U6 A B G 5 2 R L PR
Step2: ¥ T B A WKL 09 07 B B I
GRNN i I+, @ 57 GRNN W 45,

Step3 MRIEA R (10) L (1) FEAT 25 ) s 462
W DI At A S HH R0 S B L 22 [ 19 359 O 254 Ol 338
JE BRE, AR A ORI 35 1 R L A5 B0 4R 14 1A
D A B A R B AR B

Stepd : A A (14)  (15) % A R T 9847 5
(RN TN A U YA R VA S-S 2 YA Y AN WA [ ) SR T VA
JEE I T AN 7 S i A7 5 F 3 S R DU ke A7
A Py e e DA . 72 T s FORE 8 A  £14) T sl
SR E VA K e B R ) e U GG E WA B i
AR A B AR Ry 4 ey e A B AT T A

Step5 « P8 AF S A% 2 % 42 SRR ik A7 a0 A 28
(18) 78 TR AE L A8 T TH A S I e A 47 B 4
Jr e AV B a0 SR 3 R A L (A D)
e de .

Step6 « FI W7 2 75 35 B S Z% 14 L 2 1k 2 0 4
WA TR, B GRNN (S 5. %
] Step7, 75 W% ] Step4.

Step7 : 15 Bl e H 6T H i L ST 4 3R

4 T QPSO-GRNN #4i5 & 434
VES

STRAIGH T A58 A J2 — b = K5 5 1918 & o
Wi R A, iz Bl STRAIGHT #5 8Y X6f Y5 35 35 ik
1750 A A5 B S SO B G B . R T4 Mg
$i % (Line Spectral Frequency . LSF) M 0] LR 4
M FE A 75 T8 A R 0 R M T LK A A 4% B AR
16 By LSF AF R Wi A 1k S 800 AT e 3 . TR B
KHoAEE S A F, B2 & BRI, ZEES
IR R AE AT 3 A K A DG DS BT LA SC i i
QPSO-GRNN i JE 40t oE A7 T %% 8, L4 4o it 34
mE 2 s,

[}~ o |~ o[ e

I

H#RLSF

H#xs '_.| STRAIGHT
B pxis]

IR B

B

STRAIGHT

e2N ke ST

LA e
F

STRAIGHT
B

Pl 2 i S B A ]

Fig.2 Voice conversion realization diagram



170 W5 B

%33 %

YRR B -

(1iz [l STRAIGHT #4351 X3 5 1 5 #5
I N B IR & BEAT 43 A, 32 B0 A3 R AR 2
BN ZHL, R 5 B s 2 8054 45 LSF 248
VENE & 5 R IE S 5.

(2) % H 3 2 B[] #f % (Dynamic Time
Warping, DT W) 53 5 I 6d 35 A F1 H 5 U8 35
N & 1 LSF Z 80X 55 . 1 J5 i J QPSO-
GRNN #5558 52 jifis Yl Z5 . 15 ) 5 3% 4 1E = 50
e S5 R0

435K HARIE 2 ) LSF S5 S 5
fE R QPSO-GRNN 5 R (1) 5 A Fl i 3 i 47 1)1
Yy, TS R AR S B5ORN FE A Y B S R

e B B .

(1) JH STRAIGHT #5875 %% 4 1) M 38 7
B AT 50T A5 B S8 SR 5 R S 8
b1 LSF S840, SR 5 FHE 21 25 g 10 01 3% 5% 450 0L )
Xof HL AR, BB 5 3 05 1Y) LSE S 550000 5 e it Aot %

(2 ) FH 26 55 AT 23 e S35 0 O 85 715 2 48 75 1Y)
LSF S ¥ 45 h B 25

(3 Je 460 5 49 31 10 50033 5 B0 A5 5 B4l
it STRAIGHT #8347 18 ¥ & W, 158 3 & T
QPSO-GRNN #5546 J5 (4 15 ¥

5.1 SEIEIt

TH O E R AR N MK % CMU
(Camegie Mellon University) i Arctic & & J&,
M5 P v Bk B8 SCAS 9 25 4 () 1 7 58 5 £ 1)1
100 B, UE 47 [R5 P R 0 o 3 e, H
80 Beifs # 1B MU ) 4, 20 BB 18 0 iR
BB E RN R 16 kHz,

AW EFILESEON R FEHE N=30;%
[ AEH M =24 BPER F w=0.5; A= 2] B+
=22 RFEIRT ¢, =2;ZFMF p=0.04;
AR EL R 500 IR,
5.2 EWEMH

FWAFH R T MOS #l ABX 5 fh J5 1,

MOS 3280 1 5 & BV A SCE T 20 A
Ll T DTN B e ) T AR 1~5 32
[ETRSE7 8

1 ~5 r X RLE 5 AN - 22 | A E  —
JBE Gy AAR g

£1 MOSMIELR
Tab.1 Result of MOS test

L2 sy F1-M1 MI1-F1 MI1-M2 FI1-F2
RBF 2.5 2.6 2.7 2.9
GRNN 2.7 2.8 3.0 3.1
PSO-GRNN 3.3 3.2 3.5 3.5
QPSO-GRNN 3.6 3.7 3.9 3.8

MR 1A LLE A [E A ) =2 8] Hy T 2
S R/ B DL & e 4 Ja 1Y A SR R L S PR TR Y
BUUf . A bE A FE 4 07 L AR SR I QPSO-
GRNN #8551 5 5 240 R B 18 T RBE i 28 9 4%
A GRNN B L)L K PSO-GRNN 7

ABX & Iy —Fp W0 P 7 2, 2 2R X i 4
WS AU A S AR PR . H A
RS & A H bR 5 0 ALK E S 2 B0E
H0~1 Z 8], A58 bl 20 A7 Ll I 3P A%
A A5 B0 10 ApEE HEAT IO . Mg 2R an SR
2 N,

T2 ABXMEHER

Tab.2 Result of ABX test €23

gl FI-M1 MI1-F1 MI1-M2 F1-F2
RBF 32.1 41.8 33.4 37.8
GRNN 33.4 43.1 35.2 41.5

PSO-GRNN 44.6 54.6 46.4 51.2

QPSO-GRNN  49.6 59.2 51.5 53.3

M 2 ] g, AR SCHR R T QPSO-
GRNN 158 7 fy i e 0 R Y 0 7 oAl 3 Ak, i
HAEBAR L i AR P UR T, 53 Ak A%
B W] R )P D 2 45 0 R AL L £ 7S AR
FH PR R B B



Beol

TR TR TR REUL A SR e 22 00 25 14 1 5 e 40 7 vk 171

5.3 EBEMIEM

W5 ¥ 5 0 RRIE S BOR T STRAIGHT
B A e 4l OF R G & L H AR & 2R 4T X
. P iR B 3 — Ak BN 3 P

BT
1 : , : : :
of e 1B B BB D
1 1 2 3 2 5 6
X104
BHiREE

e T Y e
1005 1 15 2 25 3 35 4 45 5 55
FotiiE e
i TRSEE B ORY W W W e

1005 1 15 2 25 3 35 4 45 5 55
X104

3 TH R X L

Fig.3 Comparison of voice conversion effect

(LR AR 18 5 D TV A LS T 6 L 40 1 B £
5 LB AR SCSRe FH V5 1 90000 2 A Sk 7 R A
s

1 i i/
sp—Ltylyzy a9

ni=i |y —a I 7
Krfon HIEFHWE 2.y, Ay, 505 R
LSF K. Hx LSF & it F G4 f5 1) LSF K&t
4 FNE 5 43 5 R 55 2 2 1R R P f 1 A
KA,

0.80 N
—6—RBF
—&—GRNN
0.75 —8—PSO-GRNN
—2—(QPSO-GRNN|
0.70 .
ﬁ ) et
0.65 ]
& WS
Hr
0.60 ]
055
0506630 40 30 60 70 80 90 100

L7E4
P4 i RS R B (e — B )
Fig.4  Spectraldistortion(F-M)

T ST R BCHE T AR, SR & B i at
QPSO-GRNN # # i) - ¥ 41 3% 2% B 3 1 PSO-
GRNN #AI R T 2.1%, @idK 4 ME 5 0
K H GRNN A5 RY 19 5% 46 77 X LG R H RBF A

0.80

WEEE

0.50 . . . ) ) ! . .
10 20 30 40 50 60 70 80 90 100
Mgk

Bl 5w RS e L (B S — L)
Fig.5 Spectraldistortion(M-F)

25 I 4 11 A e O 20T A I 0 S 2R e /N DR T
GRNN #5571} 5% 6 M G2 W& A0 T RBF i 48 [ 2%,
SR . 552k Bl RBE i 28 9 4% F11 Rl GRNIN £ 7Y
(5% 45 75 CUAH B AR SCR A STRAIGHT 53325 Al
QPSO-GRNN #4025 & 1Y 18 & 5% # J7 =X AE [A)
I 2% P LA 115 O T BB 08 A 800 BRI Ok L L Al
BRSO R W AR . MRS AH T
PSO-GRNN #5% R 14 5% 4 J7 vk , A% SCHY 5 15 1 AE
AL e 5 0 TE o R JE D U R U A et £
R

AR A QPSO Hik X GRNN #4714
A DT B ST S AR AL, fE QPSO i i el AE
i F R AR A AR B PSO gy s BE V1) 6 ok 4
g2 ) B SR A A TR s R AR T A AR
SEERAE L BEAZ R PR S K QPSO Bk
Y% GRNN [ A ARAE R E il B+ S 400, AT
3] S5 A 1 03 e SR D [ B ) 8 R AR
BRI S FRAE (14 AH OGP X 600t E A7 T % 4, I
JE M STRATGHT #5858 X6 5% 3 5 (9 59 1% 2 BOm
B SEATHE G A M. LREERERYE PSO-
GRNN #H Fb A SCHE B9 56 T QPSO-GRNN Y15
WA T R TR AT R S H AR IE S A AR
FUARRLRE S5 P 3 2k BUR R 2,100, L H 2 S
PR ORI 8. 534, 5 RBF
P2 26 FT GRNN X LY L 1205 76 B 88K 1 B
.



172

W5 B % 33 %

B

zZ

(1]

[2]

(3]

(4]

[5]

[6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

% X W

GHORBANDOOST M, SAYADIYAN A, AHANGAR M, ez al. Voice conversion based on feature combination
with limited training data [J]. Speech Com munication, 2015, 67 113-128.
GODOYE., ROSEC O, CHONAVEL T. Voice conversion using dynamic frequency warping with amplitude
scaling, for parallel or nonparallel corpora [J]. IEEE Transactions on Audio s Speech , and Language Processing ,
2012, 20(4) . 1313-1323.
LIL F, ZHAO Y, JIANG D M, et al. Hybrid deep neural network-hidden markov model (DNN-HMM) based
speech emotion recognition [ C]//Proceedings of 2013 Humaine Association Conference on Affective Com puting
and Intelligent Interaction. Geneva, Switzerland: IEEE, 2013. 312-317.
NAKAMURA K, TODA T, SARUWATARI H, et al. Speaking-aid systems using GMM-based voice conversion
for electrolaryngeal speech [J]. Speech Com munication, 2012, 54(1): 134-146.
BHARTI K S, KOOLAGUDI S G, RAO K S, et al. Voice conversion using linear prediction coefficients and artifi-
cial neural network [CJ//Proceedings of the Cube International Information Technology Conference. Pune, India:
ACM. 2012. 240-245.
NIRMAL J, ZAVERI M, PATNAIK S, et al. Voice conversion using general regression neural network [J]. Ap-
plied Soft Com puting » 2014, 24 1-12.
A e SE T WG W 4 (B T e B R SR (D] VS & VG 2 R SR KA, 2017,
YANG X F. The research of voice conversion based on neural network [D]. Xi” an: Xi’ an University of
Architecture and Technology, 2017. (in Chinese)
E SR BT TR T REE R N BRI ZAMITE[) ]k & B 27 .2014,29(5) : 800-804.
WANG H T, LI D. Image edge detection research based on improved particle swarm optimization algorithm [J].
Chinese Journal of Liquid Crystals and Displayss 2014, 29(5): 800-804. (in Chinese).
F+ 5 Fwr b SR % L B LA R B TR T RFRE )] 2 F 3R 2007, 24(5) :569-574.
LISY, LI P C. Quantum particle swarms algorithm for continuous space optimization [ J]. Chinese Journal of
Quantum Electronics, 2007, 24(5): 569-574. (in Chinese)
KENNEDY]J, EBERHART R. Particle swarm optimization [C]//Proceedings of 1995 IEEE International Con-
ference on Neural Networks. Perth, WA, Australia: IEEE, 1995. 1942-1948.
SR M B LB T, AR AR LT B R TR O AL AR )RR pR RO G 4 B S e [T S R R B 42,2015, 30
(2):336-343.
ZHANG L H, YAO S Q. XIE W C. Voice conversion based on adaptive particle swarm optimization radial basis
function neural network [J]. Journal of Data Acquisition and Processing » 2015, 30(2): 336-343. (in Chinese)
RE R, AL, RAR, F R B IE N AR TR SVM AT AIRANT ] L& % T 4,2017,25(6):
1669-1678.
ZHANG G L, JIA SM, ZHANG X Y, et al. Action recognition based on adaptive mutation particle swarm opti-
mization for SVM [J]. Optics and Precision Engineering » 2017, 25(6): 1669-1678. (in Chinese)
RERMHB, 62X, F M= B G FE TR PR ERG AT 2 S MR A Ml esd #HE L
#2,2013,21(9) :2445-2451.
ZHANG Z C, LINJ, SHI Y W, et al. Joint estimation of Dopplers and DOAs by WSF-QPSO method [J]. Optics
and Precision Engineering » 2013, 21(9): 2445-2451. (in Chinese)
KOIKE H,NOSE T, SHINOZAKI T, et al. Improvement of quality of voice conversion based on spectral differ-
ential filter using STRAIGHT-based Mel-cepstral coefficients [J]. The Journal of the Acoustical Society of A-
merica, 2016, 140(4) . 2963.
A A8 T e 4 v P B S S ORI AT AR e Sk 9 W SR LD R 5T« e T S L K %2, 2013,



TR TR TR REUL A SR e 22 00 25 14 1 5 e 40 7 vk

173

XIE W C. The research on vocal tract spectrum and pitch frequency transformation in voice conversion [D]. Nan-

jing: Nanjing University of Posts and Telecommunications, 2013. (in Chinese)

[16] SHAO X, MILNER B. Pitch prediction from MFCC vectors for speech reconstruction [C]//Proceedings of 2004

IEEE International Conference on Acoustics s Speech s and Signal Processing. Montreal, Canada: IEEE, 2004 .
97-100.

EEEA ERA959—), B LML BT L LS, LR R FEESEEIERAE L. AP EE LR
O E FAT, KW F R 85 B 7 I A BT 98 TAE . E-mail: wangminl329@163.com
BN (1991 —) B B PE A AR, BB 5T 2E , EEM SR B e (5 B AL BEAH G AR . E-mail:1098234739@qq.com



