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Abstract: To address the issues of low audio realism and insufficient style diversity in sound effect generation, a genera-
tive adversarial network (GAN) model based on a multi-band attention mechanism was proposed. Firstly, a multi-band ex-
pansion mode was adopted to extract audio features at different sampling rates, and a relativistic average hinge GAN (Ra-
HingeGAN) loss function was introduced to improve audio generation stability. Secondly, a Transformer attention mecha-
nism was incorporated to enhance the expression of harmonic information and spectral structure, while an Alpha Dropout
adaptive regularization layer was applied to mitigate overfitting. Finally, an audio style transfer module was designed to
enhance style controllability. During the feature learning process, Mel frequency cepstral coefficient (MFCC), Gamma-
tone frequency cepstrum coefficient (GFCC), and their higher-order differential coefficients were fused to capture the dy-

namic characteristics of the audio signal. Experiments demonstrated that the proposed GAN model based on the multi-
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band attention mechanism outperformed existing models in terms of sound effect realism, style diversity, and generation

stability, effectively improving the quality of sound effect generation.

Key words: sound effect generation, GAN, multi band, Transformer

][l

0 3l
BRI S T RIS W
PESEATIR s A GE 10 35 BRI AR 22 R M1 25 44 B 48 B
M E I BNTF Tert, BRI, BUARARNT
B, drsEsk, FRCERIEARFMATERE, i
YNGR AREA [ B R R (5 ), gk
T—BE4ER T HRAREA, AR AN I B RS
AR R LA o B R B R R 4 B 58 R R
it WMAOEEE, MMiEmEr el maE.
b, IR Rk B R A A

BRI SR A AR A SCAR . ML
AN R AR B S, B A0 o A0 A R B 2 ) ) ik
fith, WISCA. WS, FAAREEIE KRN, 18
b 2 AR B R SR T A R AT AR R
Karan 25U 540 0E RN RREA, SR S5 Atk
BRI EE, ARERESTN. TR
TR B AT s, Yang SR YR N SC A
HIRE R, Y B SEEL 1 SCA R A s A5
AER. T LB AR S WATE BRI, =%
AT T AU 5| T 2 o>, AT
AR E R, LinZ 5] NRAIRRSE, 45 A B
I AR IA 5 2] T3, AR R AR K R B AR %
R, ATAERNRBE—ER. R TERE IS
A, HAEMEREZ, FEEAL, R E B
AHEAS “BAN B, WEEA . HHBE—
FLESUE SR RINGREA, BEAT AR ORI I 2R A
B, SRR S RS HERT . DR, S R
AN RS 8 & AR A B NME .

A58 FH B — 5 AU 5 P 3 280 A S 2R i 2
T8 ECRE IR, Le gy A, Wi R R 0 AT A Y 7
A 18 28 ST DLVR BEA 2 N 28 2, R
AAEEBER, A2 HYmbS 8% (variational autoen-
coder, VAE). # HUBA! ., Transformer 5 5 £l 4L Bl
X HT M 2% (generative adversarial network, GAN)
. BB T INE T8, BeA S0 A
TE I SARRAE, — R AN B T 3 471 44 8 000 A= ol 5 43
55, HRESE, ENEEREET. VAE®T
bl 2% I FEARIGAERIL, (EIAERIA A [a] R

AR B8 SRR A R AR (5 A 51, AR
USSR 2N, B4 RUE 5 I LS EAE DUORIIE .
PHORE R S sk J pe A ORI ) AR OB AR 2R, RERS
R ERE SIS S . B0, AudioLDM Vi L ¥
23 Al B Se B SCA B35 4 4E B, Make-an-Audio™!
2B 5 NSRS LRI T 2 e, (HPE
JEE ORI SR B 4 AR 5 5 8. BT
Transformer [, 41 MusicLM™ i it K 7 %1 4
B IR AR Y, H 28 R HORH 3 R A 1) i
FEVEAJE . GAN 152 B A= b o A ) s A A, AR
FC A AR 8 FL I AR A, F 2% T IX g T
ST A R RACLEE AT TE 4R B
B EE S . ALY B AL, BT Transformer
IR, GAN BB FEAE LA AR RIE, PR YE
(RS RRE, AR )& A5 5 Bl B S o A, A&
FHEATERKE RN T 52— HF R GAN L
RIBKG 22 LA 45 5 O B AR AT U R A A
ZAEKARE R TR, S EUE RS 5 A
WS T, BRCEEEAY, HOAEE. WA
TN FBE R ITVET, Greshler 2P T 2 R B
GAN LAY, T B A58 28 AR 1 1) 3 A5 5 7 Vi U AT
W E AR, (HJE, AT I B — R A
WGRIHE B R R A 75, W& BTG
SAHMETURE S R0E . @A, DUAIZRd R
AFEFEARL, HARE)E0E S IIRAAAE “ R
527 MRS AN AR Y )

AR, S BRE AR I GRABE A A B & AE 2 FF
PET7 T ARG PR . A & R KU A A8 2N
B T 1 25 R FH 50738 I 24 A R A S A BRI 5
W, i, Yang 25UV EBEK g AN KB E A
B 52 K S8, Greshler 2570 i 1o {4 5 1 25048 35 i
KR, DA EJTE# o RERRERIE R R . A RUE
S AT . Wu 25PN Transformers 5 VAE 454
T & RAER, %7775 E T Transformers K7
HIERBLRE S A VAE B FH P 45 R 1, S TR
IR XA P 28 B T R E R Koo 2P H 1 3 313
B ORIRE R IT R R geid i 0t b2 o) FE B
>, SEEL TR N 2 S R R A e o 2
XU . Zhang 257 HY (1 StyleSinger 5K 7%



- 470 - BRERRE SRR AR

BT

ZE NG RC A A E R BZ A —1, ST
FEA KART R . Wu Z8P4R L (4 TransPlayer i [
G B 2 AR T A Diffwave B8, SCHL T —XF— M2
2 S R SE . L EJTVEAE KA Y
AP R IR T I B8, FER IR KR
BAUAMSRRAE T S T — e gk, (HAE RN i —
o RURE AR I XA 22 R AN AR U 5 B AR R,
MRAR T I Bk i o

B I B RUE OTE AN R, AR T
— P 2 v B R B GAN RS . A Y
FHEAF AW,

(D ZHGTERIERIG . H 200 R
LA AN [F R A 241 B AURFIE, 454 Transformer
TR NI B A TR IS B B o MRS bR S04
M, RV 8 GAN B AL A0 Il 255 B0 AR~
T VE AN R T ] R

(2) PFEARZARA TN o 75 B 0 B 5 53 5
A Alpha Dropout [ 1& N 1ENJZ, @i B & 2 54
KGR E . FIR, KA RaHingeGAN (rela-
tivistic average hinge GAN) 5K R EU 2 2L Al 2% 5
balPIE TP KT o T PR E el s [ 22 el g
.

(3) IMAZHFAERLE XA TR B . A A&
TR 28 I 27 >0 RS & A0 PN 28 8 AR VR 5 R A
FHAERFAE 7 S Rl R v, A A 2R A0 151 3 2R KK
(Mel frequency cepstral coefficient, MFCC) . fil¥%
I A A5 1% 22 40 (Gammatone frequency cepstrum

coefficient, GFCC) JH 2B 2 7 R F i # & Wifs
SENRHE, MG St S XASCRErRE 11, R
YA S 5 A e AR RN 22 FE AN 2 1 R)

1 ETZIMHEIEEN GAN I FHE iR

BIRRLEHELS
2 PR A B 45 A SinGANT RIS
GAN [ & 4l % R £ 5 7] Catch-A-waveform™® [
K, Bt TR T 240 GAN YRR, 12485
BUR] AR 2> 238 5 0% — B AR R 20 e A
FSRPIZEAESR G 1 o, BEAMRRSR e i =X
(22 FROBESENE, A 00 AR i A ) S A i o
B — B A THER R BT S S S E
MRS (500 Hz) 3Z =) L, 385 5 5 A 5l i
P 200 5 M T P, B A AE Fe B (16 000 Hz)
TERIEARAE T IIE IR . AP A R
S BER R P A AR, SRR 56 B 2R A0
FRZ G 5 . AR R Y SR RS AR R AT R
AKx, BAEMIE S A ST IF A ORI BERLAE A .
FENNZRHT BCRT, Sext i NG 5 x AT e i CEPJE
RRKAXHE N D, F Pk #5ME 5 I iE 0
i CEIETND

(1D FREE: MERISGET X FRESHEA
MH A RIE TR
xo=x¥
xX,= (x-hn) »Ldn,nz 1,---.N

1.1

(D

’
I
HIMFEX, || KA 155S, S ) I
16000 Hz | 16,000 Hz Rt ERB R St '
I I
| I
= — —— I
| FRFERE B X, S Y, EEAN, |
"l 16000 Hz 16 000 Hz 16000Hz |!
| SRR 16 000 Hz !
e e = —— —— }_ _________________________ 7
R R S Xy B HERAES Y, G TN,
14 400 Hz " Dt [ 14 400 Hz w1 14 400 Hz
mﬁ]]] EREEF 14 400 Hz
|
B I C
‘ oRFER..
TREES X, 2 HERESY, G TR TR N,
640 Hz " D 640Hz ' 1 640 Hz
Elfl:l] T oRAEE]640 Hz
\
TREAESX, 2 HHESY, = TR N,
500 Hz o 500Hz " 0 500 Hz

AR SIS S AR
B BRI HES



5 4 1

SRS AR B S R 5 0 B GAN B .« 471 ¢

Hr, d N REERE T,
FHN TR B I 2 -
x ERAEAZ N £ (5256 R ¥ B 16 000 Hz)
FnERAIRRNS = 1d o« K, 5, TR S
SR n ERUH RN .
(2) ERAE: FEBARFERGN EAKRAE S
AT — AN SRR, F B MR 2 5 7 P04 7 A2 1k

VIR TTRAELRE, bR

BFEA s ERFESE T HEC R RE R
)ZN:GN(NN)
2)
)zn:Gﬂ(Nn’()zn+l) Tan),n:N— 1,---,0

He, N EEHERE; G2 M ERMEmE
Jl A s L%*il?a,,%bbﬁ?ﬁnﬂ*Di)ﬁnglEﬂE‘Jm

FEHR, a =d . /d; ()T "R FfifE ER
Ffaf; X, e m&&#ﬁ
W46 457 1T DA AR R 5 A0 5 % A0 1 3 BE

AL tﬁFﬁiﬁ%\%Efm*Aﬁﬁ

1.2 RREIERKES. FIRIRR T

B iy B A R (G MHEEE (D)
HEA A A BRI HELS . A s F 88
ek E 2 s, Hdr, BEEJIRHERRIUZ
B IR R JE R 3 B T ) J2 P S BRI 4 T R I

LA &R 9], g 5 E RS o
EoE, MEAYIGEZIKE T8 1 ARG

TR I gmAs SR 8 B S RS U . IR
BIREE, B 6 MKIHES B KBTI B,

AN K A A S At 3 — AL AR 0.2 11 leaky
R&Uﬁﬁyﬁﬁ%ﬂ%.%ﬁwgﬁm2h0A
2R A 1 oK 2 A HH tanh A sigmoid 112 70 2 7€
TR R 1B BT, 1% 1< BN BN FE
WIKE. TASBRZENERZ KNI, B
A (1) S I SZ B O 2 040, FHEAE FHACE 1 — ik
WRE k. B, FEIIZRRR BN B &M I
M)z, BPKt Alpha Dropout 5 SELU i b AT A 18

s 2 . 2o > > =5 > = .
ARG S I — A, R RER &SR K, P2 MR ER ERE. R, fTH
P puus Ny . Y
AT o & 2 ) AE LR P TN & (pre-emphasis, PE) JEJ 7%
A A FE
— — . / HIEE SRS
TR N, ‘ ’ HERESY,, ’ ToRFEE S X, ‘ UGS Y, / ‘ Cony(in_channel=1, out_channel=16, dilation_factor=1, filtersize=9) ‘
// ‘ Transformer encoder(d_model=16, nhead=4, num_layer=1) ‘
- //
~ , J/
' s
/ // // B Z
/ 7/ . — = ilation="

H {i%)‘j#ﬂﬂ:ﬁﬁxﬁé H E%ﬁ#ﬁ?ﬁ%w% // /// ‘ Conv(in_channel=16, out_channel=16, dilation=2) ‘
‘ r ‘ Conv(in_channel=16, out_channel=16, dilation—4) ‘

7/
‘ ’ ‘ Conv(in_channel=16, out_channel=16, dilation=8) ‘
%@‘W/EE ﬁg@ﬁ’g}% ‘ Conv(in_channel=16, out_channel=16, dilation=16) ‘
‘ Conv(in_channel=16, out_channel=16, dilation=32) ‘
+ ‘ T~ - ‘ Conv(in_channel=16, out_channel=16, dilation=64) ‘

| | |
St 1 L

’ r:—l EMIE IﬂJJ = ‘ Normconvl1d(in_channel=16, out_channel=16, kernelsize=1) ‘
° N ‘ Linear(in_channel=16, out_channel=16) ‘

N

N SELU()
\\\ Alpha Dropout(p=0.2)
1 38 B TE )2 \\ ‘ Linear(in_channel=16, out_channel=1) ‘
\
A S LS 5 AR
B2
L———»
/EEEYAH 77Y

B2 Aol AU ds 2 St



- 472 - BRERE SRS

B 5 AR

A HE S BRI |
U2 A0 B S IR K

RS n JRAE AR IO Hbn g, SR RME 5 %,
HREE DN T B K 73 A1 S AT REML B R SRAE 28 n 43
B S5 5 x, PR BN TRIEB G 70 A e (A —A
FIR AL D, KA E BN T N
A B 1 2 RO R, e RO S
FAF BI85 48 R S 22 00 0 K 1%
IPRFPIINPFEME. BRI S, BRIZRE R
LR A 1) i -

. HingeGAN  ; HingeGAN
min max L, + L + Lm(Gn ) (3)
G D, n n

Hrr, ng‘gCGAN\ ngjgeGAN\ L. 77 IR 5 n BT
#4511 RaHingeGAN 451 25 B3I 28 n AT A6 J
[ RaHingeGAN $1 Jk B . G IBN4 2 i 4,
00 1.2.375,
12,1 AEZTAHERRE

H = 77 R AE 52 HUZ 2 Transformer 22 14 71 1)
— N ORBRAAE, H T AR B ARTE F AT A BT T
55 o 3K — v B 4 T 2% 2 JE T Vaswani 2557 ) T
1B, FEARFLINER:

(D ZLAFEES: HEEH (@, # KD,
B ) WA, DU LR N\ 7 51 A [R5
TR T X — B VAL A I AL 37 51 vh 24
AERMES, FFdd LT RS AT 5
oK'
Vd,
Hi, QKVeR™™, dmimse.

THEA BN B R R IE S, REK
BCE A A N THEF A . 23Sk 2 100 % i A
BAMERIIRMAER, HHrERieAm T
MultiHead(Q,K, V) =Concat(head1, headh)WO(S)

Attention ( 0. K, V) =softmax | O]

MW E N Attention(QWiQ=KWiK’

v, ). SRRIEAT SR T 00 8 1Sk R BL
P T RN P B4 R Ok R IR R 7D
() FIRARZ ML Gid 2k HEE I E
Ja, AL E N — AR A E A
4, W
FFN(Z) =max (0,ZW,+b,)W,+b,  (6)
Horp, Wy W RS BLESERE, by by

BHIFE,

(3) BREEBLMZH M N T RRBAEN &
i) I SR R, RS R R H  H  Ngk
ITHR R, IR — AL B,

122 AZFENE

{E A5 #E Dropout H1, &AM & T HA — & HIH
RYBENLEFE, RIFE VISR R o i BN 0.
TXAEACA BT ol D e 28 X 288 ) 4 o A 48 e )t AR
w, FEEMAIZALEE ST, SR, 448 A ReLU B
BRI, FR#E Dropout A RE5I A —LE 0] @, KAE
KBS EEREE MO,

Alpha Dropout A& — F £ it 24 it (1) H 3 B2 1E )
AR, Hih BRE TR EH IS — iRt B
VA — 4 E i 3% B E I OE BR BRI G A g
RLIARFE S AbR v 2= A e v, A Bh T8
ZRAEVN o R b H I 0L Ot B 2R S5 1l R .
%, Alpha Dropout 5 SELU ¥i% pR %t — & H, LA
R4 Y B A

TEIZE AR, X T4%i A x, Alpha Dropoutifiid A
AR oA b 3 R AR BEA LB A — 2408 . BRIK
il 1) VA A BN LIE B SRR I e 3, TR AT 4
Afite, CAORFF OB bREZE . BAKT S, X
TR TERY, SRR p TR (B0, W

0, IR p

AlphaDropout(x; )= lxilp R 7
FHH, p /& Alpha Dropout 1 &M%, x 2N TK
iGN RTve

EFEMUITEOLR, TR E 0 AP RIS
DR, JEEIE/(1-p) EeBIEAT 468 1248 B LG A3
FET AN, 7E Dropout #E/EH, %% p 5
PREE TCH B 0, A5 AN K R B 5 i 1 5 40 2E AT 4
B o RO AR R B AE PR K. A T { Drop-
out J& a1 H HAEE 54 AN AHE] CRICREF IS 4040 1)
BEAE), SHHHEE[ XN

E[xT=p-0+(1-p)- 1=

BUb AT, dE0#5r FE LA 1/ (1-p) A g 17
R AR,

123 FTRERBA

FIH D, R BEPITEHRND,, S BA
s/ MGBR LRSI, FEAEAE A G, LT — IR

=x €




5 4 1 SRS AR B S R 5 0 B GAN B .« 473 ¢
ST, R (3) T2 (LN gy neeoaNy B,(x,)=C(x,) ~E, , C(%,)
n : r .

RaHingeGAN ik S FEAE 11, BARBIGT a2k
XAnF

bn(in) =C(£n) _Ex,ﬁl’x C(xn)

. . Hobt, w3, 20 BURF IS P, AR R
LHineeGAN g @nax(o,l—zzixnn] ) ) "
ol AP, o P i=ex,+ (1-¢)X, MM, x,~P e
*E; _maX(O’I_Dn(in)ﬂ 9) [0.1].%,~P; e [0.1].e~Ue [0.1]
T ( v.C() _1) BRAEF kA, RiAR () RHINL,
P ‘ S P O B R R R A, LA T AR RO B R 2
inge | S B PIRFE, WU FIm & (loudness) # (pitch)
HingeGAN _ B
L=y [max (01-5,(5,) oy FIEE Ctimbre), LAEERFHHHE KIS
+E, [ max(0.1-D,(x,))] HHE RS R -
ZAK(GH)—alPxn—£;P§+‘%iM_WHSTFTm(nJ —‘STFTﬁ(in)H TN - (12)
m=0 2
2 1 M=l 2 211 2
memm:HMFCC(Q)—NﬂCCL@)2+ﬁ2 A,(x,) -4,(%,) +”Pmm(&J—PﬁdﬂiJ‘z (13)
m=0 2

Hodr, A MFCC 7R & (o3, X124 MFCC fi
AR G A 4 A AT s A I BLE D A8 A(x) T
SR RE, X U A e B AT R s BN E AN R AR
FERERA: MBERRFE AN & Pitch(x,)
1 F torchaudio /% [ detect_pitch BRI A, Jili $2 %
R e AT 3 BN DR A4 2 B A AU i
RENPR R, A RO R S E T R E
P R R A B A R B

TESEE, I RAAHRIE 2 fpyHd
— Il CHR—NE o, BN, BARERT A
KM R RRERIA X, FER IR B
H‘JE%T%%if,:Gn(x;)5@5)‘1%5‘]5%%%%%
i, BRHROR TSR 8 A 23 8] A A /A — R g 2
HfE T . W DL E SR B T 2

GAN )5 204 B R (multi-band sound effect GAN,
MuSEGAN) .
1.3 ETFTXIgE B E8SHEEES

TE 22 B0 7 B 7 GAN [ 550 200 A8 RSO 78 1 2 it
BRI RE AR e, My T XU IR 1) B A 2
FEME GBI . BT IR A s A AR 2 (5 5 4
BCHAH RS B AUE S, SRS IT AR A 3
FiR. &R FEE RSB Ok B > 32 ZH
BN — AN AR RUEE T AR ER
RNy A MNRANEGES (WEXRR, BIE127
T GAN B A A RS 5 o 2 — N XU B4 5
MBS S, E4E T MANERE SCRAEF H br
AKE BIRFIE o 1245 50 DR AE N 258 A 45 A AT S
e, RN RN H AR XS B8 R

QL

L
N i - BT B
% FALHL CNNFAY : Rp s
s T G ) Cregte) [ fLUER R > e [AR

( Gram #HF% )
A

A Ak CNN#ERY
i T GlEEE) [ CREESE)
DRI

I3 EHRE R



- 474 - BHERF ST

AR 7%

(D WERESE: HRBEHE S M4 E
HEBAEREZER, FICRA T —Fhgi & e
W AR ER Z MBI E M4 (convolutional
neural network, CNN) #%8Y  Hrp R A% FH AT AAT 11
YIGRALE, PREFSm A 25 38 M 5 e w1

(2) WALHE . 805 5 75 56 IR 104 e 22 40
f,  DASHGF RS F AR AN AR S A0S (S B . A%
G ER SRR RHE R BUS AR PSS 5 B A
SR HERE ST, ABAE R o B X 7 RE VB85, Ak
DAZ TR AR ) Bh A8 B8 o 0 B A XA AT #5451
T r e V5 MR A S A, 2R
T M4 NH-MGFCC 5%, 1ZFEIEFRRINEIM 3]
ADFHESESE = TR I e e . itk — 2P
SRAB AN B AR BN RE /1, A SCHERFESE Y
BOHAT Va0 B, RS AUE 5 AT R
B {8 B 4536 (short-time Fourier transform, STFT)
DISRIIIg KRR, BISTFT; Bfije, 2332 HMFCC
5 GFCC, RIMF, M GF, IFxfHi#ET—F ZH
LM ENIBE, PRSI, B D'ME,
D’MF,. D'GF,. D’GF; %, ¥ STFT 4L .
MFCC. GFCC F I Z B ah 2 2 77 28U & ) i
21 5 N AE [ B, B D-MGFCC 5% . 53
LU

[STFT, STFT, STFT,, |
MF, MF, = MF,
D'MF, D'MF, D'MF,,
0. .=|D’MF, D’MF, D’MF,, | (14)
GF, GF, .- GF,
D'GF, D'GF, D'GF,,
| D’GF, D’GF, D’GF,, |

PR E ) R HEURE TR A R AE [ 2 4 P b S
Pk NI L AT ISR, DASRICE i i A )
BRHE. iR mERRNT

H,=CNN (x,) (15)

(3) ARG P E R T4 B 2R R
WALIE S AR A, AR N RS BIEAE AL
FbR, DRUHAT R 2% o Hioh 2088 N AR FFZI R, X
PARRS UCBE 94k H bR, BRI R g . %
TR RERAREL, {3 Gram %6FE G e RYY:

G,= szikFik (16)
Hor, G RRFHAEWE i AL IR, N REAIE S
EEA . a2 RS, X R S e
B AR IR & 5 A (R R 4D« 4 ALY N X

I A M A XU R o A R B XU
2k
2
>(x,-4,)
_ - > _ [“/
Ltotal_Lstyle(a’x) - W <17)

(4) JEAb: R T NI e [ml 3, A
FEig#E (Griffin-Lim 5320 PYaEy. @bl s,
132 51 N R T # £ FEME I 2 8 GAN (multi-
band sound effect GAN-style transfer, MuSEGAN-ST),

2 I

2.1 ZHWFE

(D Eg-F&: SLEKH PyTorch iR ¥ % > HiE
%%, Ubuntu 18.04 LTS #:1E R4t . f{F A& 151
i Y. CPU [#] Intel(R) Xeon(R) Platinum 8358P 4b ¥
#5 M1 Nvidia A40 &, HA7 80 GB )N 17148 GB
() AT

(2) & ARG HE LM 10 &L
R, RA/NMESERS . B, RIRAE . BHEA
P MR Mg X RIPAE R B
TR . FESR G RN . BT ISk
SR EER Y 16 kHz, WK N 5~25s. FEAK
JE T Freesound 350,

(3 WZKE: X TRAUIZ, LR H Ad-
amW AL 3EEY, 250 (B, B) = (0.5, 0.999), ¥
G5 212655 0.0015, YIZREN2/3 B BN RE 27 2] 22405/
NIE K 10%. Y ZRid #2217 3 000 /> epochs.
TERTE B 4E FAE AT S H0RE, DA fRxS b
SIS — SO AAT Bt . ARSI AR b, TR
DU USRI H AT IR, 7R 5 TR 2 T g
TV . FESREEE R BARIREL A AR,
WEE T KEN25 s, FRAENRAR AT 5 KR
W (5 5 DU B I S 5 fEshis . JEA
RIS A, GBS KENSs, B
TN R 17 A 10~20 s IBERLEEAS 5 78
N (BIEEES) LR ERY, ISESKE
H20s, AR ELE 20~60 s IBENREA S 5 .

(4) ERIPPAl . BT s — S AR & Uk
AT R AE — AR/ I FE AT, A7 LR %
AR, BED T R E . N T R ENX
— KRR, B3O IR T 4545 2400 AP
77 AT S PO IR I T30 £
SERSTE 18 % LA L [ K = A AT 78 A 30473 Ui 4K



54 LMEE: U B JE S ISR 5 R R GAN AT - 475 -

Z 5E WS SUE SRR, FERREA I A5 FEAAR
PRRELS TSy o JE MR 75 35 1 AT 45 PR AN AR Ak 1
BEAT VAL o ATAETRAR A SRR AR I LS, BIAEAR B
SR, AR ARG R ISR AR
PENE 12 75 B AL R OS A2 R 2 I 2R,
B 5 2 5 2 05 19 78 (b SR AR 0L B S R ) s
;A

N T BEAT SRR R A I R, R LG T A
T (Real). HZRZRS (CAWP, NeurlPS 2021).
AudioLM™ (TASLP 2023), VLK% 430 $2 H 1 MuSE-
GAN. MuSEGAN-STiX 5 M R4 (£ I . Real 3
A ) 75 % K H Freesound Yl o, B4 FH 8AR
P AT IE M (B WA . VR AR
H, AR SR SR, S5E[HH1
CRENTE/ARZA) BT (EAAMEAE 421k
(52 ke xt 7 B AT N T RIS E A,
A K BB, I BP0 B R @ N
H1E
22 SRS

ASCIEE EMA JRRREED T (EUR
B AT, DL W B SR, R AR AT 4
B0, AR (D IR 10 R0 35 30851 5 45 )1
GfET . BRI UE 5 L MuSEGAN A (&
SRS EX () TR (3) JF
JEWT B MR LB, A 235 A5 AudioLM £ A4
(R %F LA AT, B 3 2845 SR 43 #T 1R IE A SC AT 75 v
R34 o AR P B AR SR I TR, S AR R A
K, BEREANENRERGES MRERME. HLF,
MuSEGAN-ST B8 iy KBS I B A2 i &
BRAEATRE RRAE | O AR RS AR, A 5
IR BN SRR AE AR R 2 57, WeT T Ak sege
JE R HAEAFIREE S 2] 77k B2 5
221 10FEFRERNNAETERET

KK EE T R IG5 (Real). CAW f MuSE-
GAN 7EALHE 10 Fh 3 SR RCR, Bk o/ g
. WEM. KRR, BN hEAs, by
PO RIS, SRR FRUR ST . TS
SRR R NI o 10 B R0 AR RS T A
KX ECan P 4 B

HE 4750, JFafxE (ReaD Bn THEEM
BRGS0 A B A . CAW R GEAE & 2535 4 b i
WAELEMEMBERE M AY, FHERAHR.
MuSEGAN 7E £ B A 1% &5 # R /b e 75 7 THT ¢ LA

Uf, (BPERELePR FVEA k. Bk E,
MuSEGAN 1E & £F 7 & H 28 P F0 40 75 75 i A T
CAW, (BT 75 cScidh i AT =75 A B DASR T2 40T &2
222 HEREIsE Rtk

(1) R I RaHInEGAN X Hiia 2 sk $ . v
B AN 3 38 N R M E S AR S
pagae

S | N E BN R R, RS S R
AT A kA . LRGSR S R E L
55 LT, R P A R R L s RS R A 2
PR AR B BB AN A A, i A s — b —
HILHK . ASFIREER N 5 5 A R L 5
Bl e SEU TR AR B AE 5 02 2 0 GAN S 241 4E
&R, BREVIPMZRERMN, 5EGHSES
AN FEUCHA b, SRIG(E 5 RAE 28 16 kHz,
SRl LR SR RN (RIES(E5) L&ME
B, R EOAS RIS R AR A S s L Sl 6
ME7 R, Hd, SRESERILFMEAEN: U—B
25 s HLE /N BRI RO SRR, AR S S T S
FKeAGE Rt R AR i 1A R BRI R M 28 A5
(BHBEEES) LHEMFER: L—B20 s B mE
NSEES RG], AEREIE SR T UOEE A, H
JEIL Y . BAR . VB VR ER 1A B T 4L A

BISRM, Ak s mERES (o
K5 (o) ) BIRHELEM (nEls (b ) Bk
FRIEERIMES AnEs @ ). WNEeMETEL,
B2 CAW BRI A M5 SAAE R ERE S, LAt
PR AERE S (e (o El7 (© ) 1E
ARRE LR . e R AT AN SRR Y Ty T W R L SR AR
B dnEe (). E7 (b)) HATHEE 5B AR
B, NN B ERE SRR EUZE A E MR 2
(nEe (. BW7 (@ O MW E & ERE T
TE R B A

(2) AN B ERJIRHESEEUZ J5 B8 1 a2 1By
paged

MBS A IES S, ERNES A —ELR
AIFRRER . AR RS S AR A T T e e A A A R 1
A2 B AT RS B, K ESZEF N4 sI/NE 2 s
SAEEMBIRIA—F, A TR ST R B2
W IR £ 1 s R RO B S N2 8 s, MR B R H I
A5 S HEN TS R

IO B B T RFE SR EUZ R B AR s 5 1k
W R 8 AT, Hodb fake 4545 A AL R RS



. 476 - BRERRE SRR AR

7%

Real MuSEGAN
16 000 16 000 16 000
14 400 14 400 14 400
S 9600 9600 9600
#
= 6400 - S 6400 6400
3200 3200 3200
0 12345678910 0 12345678910 0 123456780910
B /s
= £,
(a) JRasr (/MEZ)
Real CAW MuSEGAN
16 000 16 000 16 000
14 400 14400 14 400
N 9600 9600 9600
®
= 6400 6400 11 Y 6400
il
3200 3200 SMEUTMEMAIR TR 5 500 SATRRRIRNE R RN
0 12345678910 0 12345678910 0 123456780910
B /s
—honE (e
(c) s (RIK)
Real CAW MuSEGAN
16 000 16 000
14400 14 400
S 9600 9600
#
= 6400 6400
3200 3200
0 12345678910 0 12345678910 0 123456780910
/s
Yo =
(e) &/ (&)
Real CAW MuSEGAN
16 000 16 000 16 000
14 400 14 400 14 400
2 9600 9 600 9600
£
= 6400 6400 6400
3200 ",, 3200 | 3200 H b
B il B )R
1 el BIRES
0 12345678910 0 12345678910 0 123456780910
/s
> e ke
(g) HEIEER (XH)
Real CAW MuSEGAN
16 000 16 000 16 000
14 400 14 400 14400
g 9600 9600 9600
£
= 6400 6400 6400

012345678910 02 8910 0 12345678910
/s
(1) AR BRI (RS TR )

B/ Hz

i/ Hz.

B/ Hz

B /Hz

B /Hz

Real CAW MuSEGAN
16 000 16 000 16 000
14 400 14 400 14 400
9600 9600 9600
6400 6400 6400
3200 3200 3200
0 12345678910 0 12345678910 0 12345678910
B /s
Rl
(b) SR (ZEh )
CAW MuSEGAN
16 000 16 000 16 000
14 400 14 400 14 400
9600 9600 9600
6400 6400 6400
3200 M 3200 5 3200 [EREE
0 12345678910 0 12345678910 0 123456780910
B /s
ke
(d) A (5)
Real CAW MuSEGAN
16 000 16 000
14 400 14 400
9600 9600
6400 6400
3200 3200
0 12345678910 0 12345678910 0 12345678910
miH/s
= S B
(f) ARG (R )
Real CAW MuSEGAN
16 000 16 000 16 000
14 400 14 400 14400
9 600 9600 9600
6400 6400 | 6400 F
3200 F 3200 3200 [
0 12345678910 0 12345678910 0 123456780910
I/
i i
(h) JE AR (RIFETE )
Real CAW MuSEGAN
16 000 16000 16 000
14 400 14 400 14 400
9600 9600 9 600
6400 6400 6400
3200 3200 3200

0 12345678910 0 12345678910 0 12345678910
/s

(3) A AAATREEFS (TSR I RIS )

B4 10 Fh & RS B AF 5 A B X E

5, convnum 8 K EZ M GFREE, fake@our
i MuSEGAN £ lids 42 S RS 5, fake@CAW
i CAW BEZA R A il A B BB E 5 TN BTE
BERERIZ 5, W EES (o ~K8 ()
HE8 () K8 (b, WKERZEHIRIEE6~T)Z
HR AT LA B e Wi 41 05 R OR BRI 21 B AR
RIEIPIRAS, BRI BV R U RHE SR BUZ LE BT IR
P R R T EEAER .

(3) JInA Alpha Dropout i B8 I RIS SO L

BRI ZREAS R R 284k, @il 9 frs .
HArD (Real) F1D (fake) NFIAZES HIANZFEA N
HARBIZ, D (oss) F1G (loss) 477l Xt
07 2K BRI B ) ) 2840 S A AR AR A 2K

MEIOFTLAFE i, AEARMAKT B 2% e B 15
BLR, R CAW B 2R 45 2K AE 8 000 s J5 T 42
€, 1M 0N Transformer 4t )2 2 J5, I H) 28 45 2%



i 4 1

LA U

. 477 -

T AT R 10 35 AR i GAN 7Y

4000

4000

B /s

(a)

Real@16 kHz

4000

¢ 5 10 15 20 25
A /s
(b) HLLCAW ERE(E516 kHz

4000

Si#/Hz
[\S]
g

10 15 20 25
I /s
(¢) fmARaHingeGANA i sk FHEAE 516 kHz

K5 ANFEBHR T ERES

5 10 15
/s
(a) Real@16 kHz

f /s
(¢) fmARaHingeGANA i sk HHEA(E 516 kHz
6 ARKHRTAERES

D (ReaD 7E 13000 s#ii2k TR, HIIZREHHA BT
e FEARAT B R RS, Bk ek E s ey =
KA, 7E loss A 1.0 bR LR VS Bl N %80 . X
AL FLa S, AT I 25453 2% BE A [ A ] 25 £k
7£2 500 s & T 425, 1A Alpha Dropout Z & 7E
2000 s TfaE, HEA/NEERS). 1£5]

A Alpha Dropout f&, A58 7E Il ZR W1 o] G 2> R 3

¥ 5 10 15
B /s
(d) jJII/\ R SR BUZ A0 S L

D

TEN)Z HES 516 kHz

¢ 5 10 15

15 20 25
RIS
(d) A BES I FHESREBUZ A A E R IENZ EEE 516 kHz

Bk R (RN RED

tHANFEE 1 . Dropout M Bl AL A8 5L B 78 454> 1 25
WSS E ST — M M A e EaE R, XAT
A BN ZRad B v B B2 SRR S OR, BT AR AR
RILEUSC ST SIRE DLk BIAS € AR A2 . SR Alpha
Dropout /] AZZ i &, Han Rk HEA Y, e
) Dropout &t 1] 5 3 EU AL R A5 o

(4) N XA IT R ARE 5 7 AL B 1 5 40U = A

5 10



© 478 -« BREFE SHARS

5 10 15 20
/s
(b) FELCAW ER(E516 kHz

(d) A A ER IV RHERIUZ A A &R IENZ BEHAS 516 kHz

K7 AEBEE RS S S X GESES)

4000
N
T
3 2000
=
0 : [ 250 t
5 10 15 20
/s
(a) Real@16 kHz
4000
N
=
g 2 000
0 § g 1t 11284 : B
10 15 20
/s
(¢) fmARaHingeGANX it sk FHHEAE 516 kHz
WX H

IINRAITFERHS,  AS [F] Pl A 22 57 2387 AU
G5 mink b 10 s . fEE109H, AR
iy Sy RN S A L) R i PR AS R
AL P77 X (STFT il kb ¥LFI D*-MFCC 5 4b 2
BB A B AT . BRI, B10 () @
R TR /MESEE BN EEM, ks BRI
BRI AN S, K N 7RI AT RS RS ) 1
iR, E10 (b M2 S HEEREEEANE
B, B NREEBUE N RRE S, 3T RS IR
(s ih gl R .

MBI 10 7] LAE H, AR A STFT B2 42 B
PN 2% 5 AT XU 5 AV S A A I, AR A TR A TR
Fl, HHUEEER™E, D -MGFCC 8 ik %5
BNASFHERATAN T, AHRA 23T R & 405 5 5
NoedE. T
223 U RATR K K I

RS 5EX “FEUGEE” 5 “HEEMH
7 TR A A 11 B 11, BANE
RS AT /N EE IR, 43 A AN R 2%
i H R : Real. CAW. AudioLM. MuSEGAN,
L J2 MuSEGAN-ST. /N B H FH 2 FE Al 1 ok 4
R A, HTE R R TP IR RS, W
(B 48/~ AT o X (AT B8 2 A v B
F AR ic o A, SR 2R ) 2R s B 1 DY 40 7 %
Ju .

M A5 A, MuSEGAN 7E 5 2535 2 ¥
DB T CAW ik, RHAE AR EH, Koy
A I BCSERE A, SO WA 1A 5 A A T A
A& JJ o AudioLM fE N 75 5 SR 48 F Hh UG 1 AN B
T ATAE BEVE A3, RIS BN 705 5 2
5 s A B AR SS, (RERR S R BRI
AUTMuSEGAN: WA EHAZWEE, MuSEGAN-TS
TEZA RGP R 2 AR E A, Rl
EEHRUEE RS b, HamaE5EhRERT
AudioLM 5 CAW, " & | XU IT B B /e 42
A0 22 REME 5 T A 2 . MuSEGAN TE SRk 28 5504
KA E PR AL T AudioLM, Tt HZAEZNY
7, MuSEGAN-TS R ILEH W F A, HE—b5
UE T HAEARTE 5 2575 SR b AR RE )

2 L ATiR, MuSEGAN K H KT R A
MuSEGAN-TS 7E & 4 H S8 % 5 Z FE P AN 485 T
BBl ke, RHANEESEESHAE S
AT 55 T R I, B6IE T AT AR A AR 2 25
AR AT S ) 2 s S R

BT B AN 2 IES AR, RIkA
KHAESH - A7 (Bayes factor, BF) 74T
KL RGBT IR IR M TR LA
RIS, BF T AU AT DLVPA RS 2% 57
I R] DAFE O SCHRFI BRI, “ RGEETL R EE R 1)
EYE S FEY . BARSZELF, 7 JASP Ht bR I
T T A SG, P SE256 DU R 7 BF SR &%) bk



54 LMEE: U B JE S ISR 5 R R GAN AT - 479 -

4000 4000

/s
(a) Real@8000 Hz

4000 4000

1 2
RN
(d) fake@Our_convnum=7

4000 4000

3
/s
(g) fake@Our_convnum=4

M MK EFRE, MER (KGR SAFEE
=5 EER P

1% 15 Real 7E 7T {5 J5& 138 4 B2 T 11 #B AL T4 A
HoAth 24, BF 40 M &K B 13X J7 T (19 4% 3 1F 48
(BF,;>100); KT AMFE, &% MuSEGAN £ K 4%
AN BRI TS ) R AE A T
MuSEGAN-ST, %}tk BF 73 #7173 #2 fit 1 %k S 1Lk
# (BF,=0.018. 0.323. 0.187). {&i% MuSEGAN
FEZ) ) 5 J7 TH 1WA £ 5 T MuSEGAN-ST, BF 47
B B 13X T T A% B 5 AT JJUEYE  (BF 3>100) .
15 5 MuSEGAN 1 CAW 7£ A\ 75 ) Al {5 FE _EARAL,
{H BFA 5 58 71X — &5 (BF,,>100) . #( 4 &,

3
B /s
(e) fake@Our_convnum=6

3
i /s
(h) fake@Our_convnum=3

8 ARG T R

4000

/s /s
(b) fake@CAW_convnum=8

(¢ ) fake@Our_convnum=8

3
A /s
(f) fake@Our_convnum=5

4000

3
/s
(i) fake@Our_convnum=2

MuSEGAN £ A 7 J5 i [ A5 2 5 T CAW. R IX
MuSEGAN 7E 4 5 28 38 53 75 77 1 1) AT {5 E AT
MuSEGAN-ST, BF 73 #r &K B 73X J5 [l (1 584 71 3F
i (BF,(=28.446); K TZME, KX MuSEGAN
ATMuSEGAN-ST (I{EAAHLL, BF Z0#rffiih 13X — ki
(BF,=10.609). ##i7H], MuSEGAN. MuSEGAN-
ST IR ¥ = T CAW  (BF,>100) .
2.2.4 Y GEEGHT

ENGRERTTH, R AudiolLM £ 3 44 %
i BRI, (R R, SRR
KI5 5 ) B8 . MRIE LT 7500, Au-
dioLM 1 Fi1 £ 60 000 h 1] Libri-Light 4%, 7F 16 1



- 480 - BRERRE GRS 7%

—=— D(Real) 03}
«— D(fake)
—— EHHR 02
= 01t
ol
B ool
I —— D(Real)
/ \ —0.1F )/
/ ¢ I] +— D(fake)
s : q .
VT T Y| R N N
0 2000 4000 6000 8000 10000 12000 14 000 0 2500 5000 7500 10000 12500
A Ke/s /s
(a) FELECAWMIVIZAR AR i R 251k (b) JMATransformer5 Il 235 2 bt a1 25 4k
125} ‘ 12+ .; LN e S S S
l'oo_if:'(.-‘ir —— : — 1.0_‘\/.__'_’_,’\,—/“%
0.8 —— D(loss)
0.75 Eu|
’E —o gglloss)) K o6l +— G(loss)
B L — G0 B 3 - 5
0.50 —— EE sl EHERK
025 02k
0 C I'A 1 1 1 1 1 0 L r ——-T 1 1 1 1
0 2500 5000 7500 10000 12500 15000 0 2000 4000 8 000 12 000 16 000
fif Ke/s /s
() RASTHUR I SRR K11 Gt 2 B e ) A8 4K (d) fin A Alpha Dropout/g Il 215 < it ] 284k
B9 AR R T PR
STFTHiAbHE D"-MGFCCTikt 5
16 000 16 000 -
14 400 14 400
E 9 600 9 600
i
K 6400 6 400

3200 3200

0

(a) IHHFBVMES RA AR TR

STFTHAbFH D">-MGFCCTikb3i

16 000 16 000

14 400 14 400

9 600 9 600

1 6400

!

3200

KMe s
v yllt u":-“'!v' ¢ y i 1

n ey e gtV e e Tl Y g

oyt kb i i == o e

1 2 3 45 6 7 0 1
A /s
(b) /MEERBINES RIGTER
10 AS[A FRALE 5 7238 A AR 5 000 ot

TPUv4 b4 1%k, ®EMBTHEZ100 7525, JIZkAl TR A T 55 B8 Y5 RN )1 5 28R 7 T B L s B T 47 1
B RRA N E . MR, ASCHEH ) MuSEGAN R LT8R A40 (48 GB i A7) hEE. fF LT



i 4 1

S AU R IR & R R GAN BT

- 481+

S E

Pig:d

Pig: o

SHE

S8

HEARE RasH )

FERLIE R

L oL
L sl
| ‘ .0
| | ’
I L
Real CAW  AudioLM MuSEGAN MuSEGAN-TS Real CAW  AudioLM MuSEGAN MuSEGAN-TS
(a) SR
FEETILERE (S ) A (S
7
L il I
L sk
L ﬁ 4k
L L
L 2k
Real CAW  AudioLM MuSEGAN MuSEGAN-TS Real CAW  AudioLM MuSEGAN MuSEGAN-TS
(b) s
FEAGE (AH) . FEAE ()
L ml
L sl
i ‘ %4l '
L 5
L il
1
Real CAW  AudioLM MuSEGAN MuSEGAN-TS Real CAW  AudioLM MuSEGAN MuSEGAN-TS
(c) AFE
FERIEIE (FIATRHE ) } FEEALIE ( FRIFHEAT )
L z oL
L sl
i %4l |
I L
L L
1
Real CAW  AudioLM MuSEGAN MuSEGAN-TS Real CAW  AudioLM MuSEGAN MuSEGAN-TS
(d) ARIEES
FEETRE CIEE AT ) FEAIE ClEFATE )
7
L oL
L SL
i ‘ %0 {
L 5L
- 2
1
Real CAW  AudioLM MuSEGAN MuSEGAN-TS Real CAW  AudioLM MuSEGAN MuSEGAN-TS

(e) dEH RIS
BT 5 m] A5 EANAR AL E R 7 D123 B8 23 A 0L



© 482 - ekl 51

AR 7%

®=1 ONEHEDR

WAL TR I GRE RS TR PR R BEAUIZRAERT P SN N RIS BICE =Y
CAW(baseline) BT CE RGBS i RTX2080 GPU 2110 h/25 sFEA i i
AudioLM #160 000 h(Libri-Light) 16xTPUV4, Y5 1345 453 T B R ECR e i
MuSEGAN(ours) AT CE 2D 4 A40(48 GB A7) 299 h/20 s FEA i g

NGRIE SRR RTHE R, IIZRH2% 20 s B IUREAY
TLI9h, BARYIGRE R ZERL T AudioLM. Uik
Ah, CAW J5¥:4E RTX2080 HiF Filll4:—4625 s i
BIFEAZI T 10 ho 75 8 2] A40 FHEL T RTX2080 H
HHEERHEYERE, MuSEGAN EHALE /) T R
AR ISR RR . B CAW(baseline)  Audi-
oLM Fl MuSEGAN (ours) I R XK T IR 1.

LA RE, MET AudiolLM [ 5 ¥ VB 4K #i
MuSEGAN fABLH B 5 () 2 i Ak . SEF AR E R
TEPE, TERIEAZ PRI N AN CREE T BRI AR AR
RAES, RO Ry RE .

3 4RiE

IR SCHRVT 1 30 e % P 0 28 I 8% D B — 5 A~ 151
S NS THE BT, SR T MR T 2
TR I GAN LAY . sk A 22 AT 4R 1IE 4 Y
A Transformer ¥ & /I HLH], 7 EA AR T &
R Rk Re AN AR AR e My RIS 51N XU T
FERTEL, S T RS AT AR . SIS A R R
B, 2L BRI AR T R FEIR, e
T AIE B 2R

RERFTIAG T — i, BIFEERILs
[F] o ASRAVBE FORG i — 2D O B 254, AR
BT B RIS ) DL R AR Y B Ak 3 AN SC R U Tk —
RRTH LA, R N T R S ST
ARG, HEBNE U BT &N U S .

EEPEE

[1] NATSIOU A, O'LEARY S. Audio representations for deep learning in
sound synthesis: a review[C]//Proceedings of the 2021 IEEE/ACS 18th In-
ternational Conference on Computer Systems and Applications (AICCSA).
Piscataway: IEEE Press, 2021: 1-8.

[2] R, MK, B, 55 ARG AL ORI R RS 7k, BUIRS

JE B[], AR S HOR M, 2024, 6(2): 115-133.
HUANG J, LIN F, YANG J, et al. From prompt engineering to genera-
tive artificial intelligence for large models: the state of the art and per-
spective[J]. Chinese Journal of Intelligent Science and Technology,
2024, 6(2): 115-133.

[3] AE4ER . AL AL AR 4k FE AL AT S I BF JE (0], AR S 4R,
2024, 48(10): 110-112.

REN W J. Research on the application of Al audio generation in the field
of radio and television[J]. Audio Engineering, 2024, 48(10): 110-112.

[4] ARSGHE, TKEE . ARE R BORIESE R UTR A& S R T R R
5. BUCHEEA, 2024(12): 42-49.

LIN Y C, ZHANG Z. An exploration and reflection on immersive audio
space configuration schemes in non-rendering technology context[J].
Advanced Motion Picture Technology, 2024(12): 42-49.

[5] ZHAO Y J, XIA X J, TOGNERI R. Applications of deep learning to
audio generation[J]. IEEE Circuits and Systems Magazine, 2019, 19(4):
19-38.

[6] MLifhe, B, b, 85 P47 R KB AR I AL & 5 2R 6
T[], B BERHE SHOR R, 2024, 6(2): 150-163
NIQH, LUY, LIN F, et al. Parallel music: human-machine hybrid music
creation and performance in the era of large models[J]. Chinese Journal
of Intelligent Science and Technology, 2024, 6(2): 150-163.

[7] EARSE, SR, AR, &5 T 50 R IBCHONE S2 1) 5 SRR R AR AR
REFFLI]. B RERGi2E4], 2024, 19(5): 1331-1339
WANG J Z, ZHANG X L, JIANG G L, et al. Research on audio model
generation technology based on a hierarchical federated framework[J].
CAAI Transactions on Intelligent Systems, 2024, 19(5): 1331-1339.

[8] e, Evh, S0, & @G & RS R B A BT 2 ae Rl
HHE AR, 2023, 5(3): 397-405
JIN C, WANG J, GUO Z C, et al. Lipsynthesis incorporating audio-
visual synchronisation[J]. Chinese Journal of Intelligent Science and
Technology, 2023, 5(3): 397-405.

[9] GOEL K, GU A, DONAHUE C, et al. It's raw! audio generation with
state-space models[C]//Proceedings of the 39th International Confer-
ence on Machine Learning. New York: PMLR, 2022: 7616-7633.

[10] GU A, GOEL K, RE C. Efficiently modeling long sequences with
structured state spaces[J]. arXiv preprint, 2021, arXiv: 2111.00396.

[11] YANG D C, YU J W, WANG H L, et al. Diffsound: discrete diffusion
model for text-to-sound generation[J]. IEEE/ACM Transactions on Audio,
Speech, and Language Processing, 2023, 31: 1720-1733.

[12] ZHOU Y P, WANG Z W, FANG C, et al. Visual to sound: generating
natural sound for videos in the wild[C]//Proceedings of the 2018 IEEE/
CVF Conference on Computer Vision and Pattern Recognition. Piscat-
away: IEEE Press, 2018: 3550-3558.

[13] 50, FAERAE, FIVERIN, 55 . I 0 55 A0 S R A W 14 3 A2 R T
VR THENU B BT B 5 R, 2022, 34(10): 1506-1514.
XIE Z F, SUN LY, SUNY Z, et al. Sound generation method with
timing-aligned visual feature mapping[J]. Journal of Computer-Aided
Design & Computer Graphics, 2022, 34(10): 1506-1514.

[14] XIE ZY, LI B H, XU X N, et al. Enhancing audio generation diversity

with visual information[C]//Proceedings of the ICASSP 2024—2024

IEEE International Conference on Acoustics, Speech and Signal Pro-

cessing (ICASSP). Piscataway: IEEE Press, 2024: 866-870.

LIU X B, IQBAL T, ZHAO J Z, et al. Conditional sound generation using

neural discrete time-frequency representation learning[C]//Proceedings

of the 2021 IEEE 31st International Workshop on Machine Learning

for Signal Processing (MLSP). Piscataway: IEEE Press, 2021: 1-6.

[1s



54 LMEE: U B JE S ISR 5 R R GAN AT - 483 -

[16] KREUK F, SYNNAEVE G, POLYAK A, et al. AudioGen: textually Information Processing Systems. New York: Curran Associates Inc.,
guided audio generation[J]. arXiv preprint, 2022, arXiv: 2209.15352. 2017: 6000-6010.

[17] SHEFFER R, ADI Y. I hear your true colors: image guided audio gen- [33] 2544, W5 48, AT BRI . 36TV A R AR AR B B AR A R0 TR i 2
eration[C]/Proceedings of the ICASSP 2023-2023 IEEE International AR SR T]. THEHLNFH, 2024, 44(1): 86-93.

Conference on Acoustics, Speech and Signal Processing (ICASSP). LI M, YANG Y H, KE X Z. Emotion recognition model based on
Piscataway: IEEE Press, 2023: 1-5. hybrid-mel gama frequency cross-attention transformer modal[J]. Journal

[18] BORSOS Z, MARINIER R, VINCENT D, et al. AudioLM: a language of Computer Applications, 2024, 44(1): 86-93.
modeling approach to audio generation[J]. IEEE/ACM Transactions on [34] WEBBER J J, VALENTINI-BOTINHAO C, WILLIAMS E, et al. Au-
Audio, Speech, and Language Processing, 2023, 31: 2523-2533. tovocoder: fast waveform generation from a learned speech representa-

[19] GUO Z F, MAO J G, TAO R, et al. Audio generation with multiple tion using differentiable digital signal processing[C]//Proceedings of
conditional diffusion model[J]. Proceedings of the AAAI Conference the ICASSP 2023—2023 IEEE International Conference on Acoustics,
on Artificial Intelligence, 2024, 38(16): 18153-18161. Speech and Signal Processing (ICASSP). Piscataway: IEEE Press, 2023:

[20] LIU H H, CHEN Z H, YUAN'Y, et al. AudioLDM: text-to-audio gen- 125,
eration with latent diffusion models[J]. arXiv preprint, 2023: arXiv: R
230112503, [35] FONT F, ROMA G, SERRA X. Freesound technical demo[C]//Pro-

. ceedings of the 21st ACM International Conference on Multimedia.

[21] HUANG R J, HUANG J W, YANG D C, et al. Make-an-audio: text-to-
audio generation with prompt-enhanced diffusion models[C]//Proceed- New York: ACM, 2013: 411-412.
ings of the 40th International Conference on Machine Learning. New [36] LOSHCHILOV I, HUTTER F. Decoupled weight decay regularization[J].
York: PMLR, 2023: 13916-13932. arXiv preprint, 2017, arXiv: 1711.05101.

[22] AGOSTINELLI A, DENK T I, BORSOS Z, et al. MusicLM: generat- [37] BARAHONA-RIOS A, COLLINS T. SpecSinGAN: sound effect varia-
ing music from text[J]. arXiv preprint, 2023: arXiv: 2301.11325. tion synthesis using single-image GANs[J]. arXiv preprint, 2021, arXiv:

[23] LIU S G, LI S J, CHENG H N. Towards an end-to-end visual-to-raw- 2110.07311.
audio generation with GAN[J]. IEEE Transactions on Circuits and Sys- [38] GRAY K L H, HAFFEY A, MIHAYLOVA H L, et al. Lack of privi-
tems for Video Technology, 2022, 32(3): 1299-1312. leged access to awareness for rewarding social scenes in autism spec-

[24] GHOSE S, PREVOST J J. FoleyGAN: visually guided generative adver- trum disorder[J]. Journal of Autism and Developmental Disorders, 2018,
sarial network-based synchronous sound generation in silent videos[J]. 48(10): 3311-3318.

IEEE Transactions on Multimedia, 2022, 25: 4508-4519. [39] ROUDER J N, SPECKMAN P L, SUN D C, et al. Bayesian t tests for

[25] BAOUEB T, LIU H C, FONTAINE M, et al. SpecDiff-GAN: a accepting and rejecting the null hypothesis[J]. Psychonomic Bulletin &
spectrally-shaped noise diffusion GAN for speech and music synthesis Review, 2009, 16(2): 225-237.

[C)//Proceedings of the ICASSP 2024-2024 1EEE International Confer-
ence on Acoustics, Speech and Signal Processing (ICASSP). Piscat- [ e ﬂ\]
away: IEEE Press, 2024: 986-990.

[26] GRESHLER G, SHAHAM T R, MICHAELI T. Catch-A-waveform: =8 (1977- O, B, L, Wik LEKRY
learning to generate audio from a single short example[C]//Proceed- NLREGe Sttt H 2, FEMR
ings of the 35th Conference on Neural Information Processing Systems TR EE AT, IS AN A,
(NeurIPS 2021). New York: Curran Associates Inc., 2021: 1-13.

[27] WU S L, YANG Y H. MuseMorphose: full-song and fine-grained piano
music style transfer with one transformer VAE[J]. IEEE/ACM Transac-
tions on Audio, Speech, and Language Processing, 2023, 31: 1953-1967.

[28] KOO J, MARTINEZ-RAMIREZ M A, LIAO W H, et al. Music mixing
style transfer: a contrastive learning approach to disentangle audio ef- . ) N "
fects[C]//Proceedings of the ICASSP 2023—2023 IEEE International EERA (1998~ ), 5, IR LE KR fE
Conference on Acoustics, Speech and Signal Processing (ICASSP). TRSHEREEsE A, T2 TIT
Piscataway: IEEE Press, 2023: 1-5. Fﬂ?ﬂ%‘? ﬁéiﬁ%ifi\ E] ’;&ﬁiﬁko

[29] ZHANG Y, HUANG R J, LI R Q, et al. StyleSinger: style transfer for
out-of-domain singing voice synthesis[J]. Proceedings of the AAAI
Conference on Artificial Intelligence, 2024, 38(17): 19597-19605.

[30] WU Y X, HE Y F, LIU X L, et al. Transplayer: timbre style transfer
with flexible timbre control[C]//Proceedings of the ICASSP 2023—

2023 IEEE International Conference on Acoustics, Speech and Signal S e N 2
Processing (ICASSP). Piscataway: IEEE Press, 2023: I:-S. : o %:ﬁj (1997~ 0, %0, Wi LRAEAL

[31] SHAHAM T R, DEKEL T, MICHAELI T. SinGAN: learning a genera- LR ol e S S )
tive model from a single natural image[C]//Proceedings of the 2019 POV EREH AR ERCE A
IEEE/CVF International Conference on Computer Vision (ICCV). Pis-
cataway: IEEE Press, 2019: 4570-4580.

[32] VASWANI A , SHAZEER N, PARMAR N, et al. Attention is all you

need[C]//Proceedings of the 31st International Conference on Neural




