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Abstract: To improve the personalization and quality of the sound imitation of electric vehicle en-
gines,a generative adversarial networks( GAN ) model was introduced to construct the GAN active
sound model of electric vehicles. The structure of each layer of the network and the size of the con-
volution kernel in the model were designed. The adaptive moment estimation algorithm was used to
optimize the weights of each layer in the network. The model was used for sample generation exper-
iments. A phase perturbation operation was proposed in model training to solve the problem of pitch
noise generated by the upsampling operation. In order to prove the performance of different input
signals in the GAN model, a GAN model based on two-dimensional spectrogram input was con-
structed and used for controlled trials. The test results show that the model can accurately learn the
feature distribution of the original audio signal. The human hearing test results show that the authen-

ticity of the generated sound samples is more than 90% . The 1-NN classification evaluation results
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based on the leave-one-out method (LOO ) show the LOO accuracy of the native audio and two-di-

mensional spectrogram GAN models are both greater than or close to 50% , indicating that model

training does not produce overfitting , the method proposed in this paper is true and reliable in gener-

ating sound effects.

Key words: electric vehicles;initiative sound production ;generative adversarial network ;raw audio;
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Fig.1 Principles of GAN
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Fig.2 Schematic diagram of active generation system
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Table 1 Native sample GAN generator structure
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Table 2 Native sample GAN discriminator structure
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Table 3 Structure of GAN generator based on
sample spectrogram
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Fig.3 Mel spectra of some samples
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Fig.4 Schematic diagram of feature map phase

perturbation operation

PRI IR A A Zrad 72 b, A iR I 2R
FHER 3 P4ty , 42 2 i A 100 4 W75 [n]
AR N 4 x4 x 1 024 [RAFE IR, SR 5 %
5 x5 4B B (BB EUEE 2380 #E17
AR, it 5 WS TEAE RSB, &
JEFFE 128 x 128 1) 4k 75 31 I 4E R 40 ) 4 1 2
BUFEAKTA . [RIFE, 40 5048 U1 2k o Az i = 2k
A AR P 1 T R L SR A 32 B ) 7 33 (BT 48— Ry

AEREAS S I 28 I 2 b ok ) ) 93 PR R
HR AR5 TR AR RE AR SR AR R

SR ARIE R RIS AL 7 0 AT Lk IR b
HEXI I 64 A FEA T AR B 2% > RIIEHEH
0.000 2, AybRsd b B ™ bR A B B0 B ) A5, |
SRR T R OL ALY SR A A 38 N B ZI A8 ( Ad-
am) 5351 Adam AL IR SHOITEE N 0.5,
3.3 ietiE

iR 56 % /] NVIDIA GeForce GTX 1070 GPU
F1 CUDAO. 0 TH5E 05, EBEFEARLE T 80% 1 FE
AAEN VNG 10% 1R A ERAESE , HAr 10% 1E A
R, %80 MILK, 299 h Jeka T s, Wk
Mk niE 5 pros, B G_W 1 G_S 43 Bt 5
GRREZS IR i [ R A ) A i I gt 2 il 2k,
D_W Fl1 D_S Z3 5 R I A A Rl 33 A A Y
FIER NGB M, dE S T, 125 20 HEk
FiF, T X A S AR ) 6 1 DI 460 2 R (L 3 3
REaTFRE,

0.6

FA 59 45

o2} UL AN . e
0.1 7/”W‘W
b e e
0.0 10 20 30 40 50 60 70 80 90

HAK
B5 KLk

Fig.5 Loss curves

4 BB ESSH

SR YRS I I 25 0 A5 R o i, X T I A
BARE AR 43301 R FH R P R 1 A BTN 2
4.1 AIES

TEEMEEM TR TV W0 ik, BlibL
T H AR A0 GAN AR5 5] GAN BEAU AR
B EAEA LS 10 4,5 20 M ESEA FIR G, 7
PR B AE 7S 5 B PE A R e h, i T 3 4 il
SEHERAS R S REA I LM PP T A 25 A
Z5 MR MK 6 iR, FEAREMEER 0 F
IR BUREAS A BRI | FOR LA 70
ST BN KER A FEA I B SR TE 90% LA I
U, 530 A4 T S8 AN BB AT X 43 T o A A 2 ]



%2 x

PUF :GAN £ WA FE LA F Z%F o 2 AR 95

(22 5%, AN BEAT ZOPF A H JRURR 5 RS 28 s 3%
PRSI 2 [ 4 22531

12
1.0 :%X&Pf.l..oo.¥..>fo>f¥%

g o4l XFERRE @ ATHEM

0.0 X X XXKKK XX X

0 5 10 15 20

BARGE
(a) A4
12
10-.% XX ..%X% .X%%. %.
# 0.8 o0 o ° [ ] [
ﬁ05
& 04 ‘ .
H x BB M o A THEM
i 02
0.0 X XXX XX XX X
0 5 10 15 20
REAR GG
(b)BA

E6 EHITMER
Fig.6 Qualitative evaluation results
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Table 4 Comparison evaluation results of

generated samples
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