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Abstract: Aiming at the problem of low language recognition rate under low signal-to-noise ratio, a language recognition
method based on fractional wavelet transform was proposed. Firstly, the adaptive filtering algorithm was used to filter the
noise of the noisy signal, so as to reduce the influence of noise on the feature extraction and improve the processing abil-
ity of the system for non-stationary signals. Secondly, the motion of the signal on the basilar membrane of the cochlea
was simulated, and then the signal was compressed by a nonlinear power function. Finally, the improved CFCC were ex-
tracted by simulating the human hearing process. Experiments show that compared with the traditional CFCC, the lan-
guage recognition rate is significantly improved, and the language recognition rate is increased by 11.1% on average un-
der the 0 dB signal-to-noise ratio, which verifies the effectiveness and robustness of the proposed algorithm.
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(FCFCC, function of cochlear filter cepstral coeffi-
cient) 53T ML BR AL FEL MR R BB EN) CFCC
BT AU R, SRR T 448 CFCC $#iE, K
FIASC T S AR 2tk e b B (32) R HUK). FCFCC
i, SRR A 3 060 B 2 A1 R 000 B o i U8 2
513 2% (LCFCC, logarithm of cochlear filter cep-
stral coefficient) LA SCHR[12]. SCHR[251FTHedE T
R PER R ALY CFCCO. CFCC1 H§fE. iRFFAE
FEHTALGE CFCC PRS- IR 1, A B3 1 $RHL
AR R AR LR R, R N 7 R M 4%
FcaNet-MobileNetV2 Hgk47 43 25110, AN [FWT 50
P B BOF I HER R 3R 3 PR .

MR, fE-5~15 dB {5MELL T, A
Jr iR AR LRt T B AR Y FCFCC R IESH0E RPN
SERA 2R SCHR12] SCHR[25]Fr$& CFCCO. CFCC1
PLEcAE S CFCC A —E KTt 5 R HEEZ
BR FIRABLHOU T B 45 14 bR BUHE HL 1) LCFCC RHIEAR LE,
HOP YR BIER SRR T T 4.79%. SR 1K
AL P A 2 1 T ok EORE AN BT o e 1 R B AR
U FCFCC FrESEEME B IS N BA — & 1t
WA R
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N T B AEAR SCHE H B 2 0y B /N AR A
LSRRI b 0 Eo g 8 i ok B B X 1) NFCFCC
TESEREYE, 7 R FERELL N CFCC %
fIE. MFCC ##{iE. GFCC $#{iELAJZ Fbank 4,
HAi N 725 4% FcaNet-MobileNetV2 F1iE4T4328H
B, ANFRFESZORAERR R K 4 Fis.

T 4 BT, AR SORI BT AL o3 B /N Dk s e 4
RIS 5 NE IR Erigahid 2, Hol NG
% Jz B 7 25 i B R WA K = BB $ B NFCFCC
TE A AR R AR S PO N HER R BT, 5
MFCC H#EAH LIP3 R A HER 252 T T 4.77%,
5 CFCC 1 AH bt 37 35 1 5 o R 48 T 7
6.58%. K, SKF 51N WEBK S E 8 5o 2 /s

%3 B0 58 45 1 Bk B Bl AR R =
] o S o
RHE BRI 5L W S U B 2 ST TR %
-5dB 0dB 5dB 10 dB 15 dB
CFCC % 66.8% 70.76% 72.77% 74.16% 79.34% 72.77%
LCFCC it 63.73% 68.6% 74.83% 75.06% 78.7% 72.18%
CFCCO0 0.101 67.73% 71.46% 75.36% 80.96% 83.46% 75.79%
CFCC1 % 65.63% 73.8% 76.86% 78.43% 80.1% 74.96%
FCFCC 0.25 68.97% 73.4% 77.5% 80.36% 84.63% 76.97%
F4 T EHHES IR A ERRE
A BT ‘
S A S B %
-5dB 0dB 5dB 10 dB 15dB
MFCC 59.07% 70.03% 76.96% 82.23% 84.6% 74.58%
GFCC 70.9% 72.86% 74.86% 81.5% 83.2% 76.66%
Fbank 67.06% 73.2% 77.16% 80.3% 85.56% 76.65%
CFCC 66.8% 70.76% 72.77% 74.16% 79.34% 72.77%
NFCFCC 71.3% 73.3% 79.96% 84.53% 87.67% 79.35%
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HPTEPER) NFCFCCAF FSCRR[12]FT 33 T 1% ik
1 5 AEL M T B BT FEPSS HHFS 4k, 4 HIFEA R
{5 LR R/ 2EM 4% FcaNet-MobileNetV2 #E4T
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FiR o
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FEHL NFCFCCAF FHiE5 SCHR[12]32 LY FFPSS
FRAE, 2 IAE =5 ~15 dB 15 W L T 40 B3k 4T 18 b
WU HEE , NFCFCCAF H#AE 2 £ 08 i iR 1) 7
KA RERT . KRG8 T, NFCFCCAF $HE
B FFPSS FHAE P35 R A HERR R 48 T T 2.47%,
Ut A SR B — @ P 5ol T . X EE
4 53£ 5 ¥ NFCFCC ##{if 5 NFCFCCAF F#1iE
IR AR | M S S TN = B A58, 13
AR B IE R I [ T B 4 I R AR B 2 T T
B AHER R, TR MER R ST T 3.7%,
HEf44: CFCC $#-1iE, P33l a2 ie 7t T
10.28%, #=JH T KRG MIFMENE

M 6 TTHI, =5 ~15dB 15 W LL T %18 Fh #1551
RO, HARBIEMR SRR s, W T
KA SCEIERNE 15 5125 NFCFCCAF H#{EF
FIFH FcaNet-MobileNetV2 M 4&3E 177321 51 fe 1%
B b B HOE B2 R (A DG AS B BLA B T B
X E. EREMLL T, MRTIHMEM, 208
(B AR HERA R AR, PR BT R IA 80%,
T 38 1R 3R 00 4 B %6 B v, P 38R 0 HE A R A
88%. X Ut VI SR I STANFAE X 4 PR LA 1
FhHEA R, 1 SHE SR SCARIE S 5UX o 1 A
o

4) 5256 4

i NFCFCCAF H#ESH T RN NG & 15
SERSRHE, HA R R I B R SEBRE)
AR AMERASCArE NFCFCCAF BB R
HRME, SREL NFCECCAF $51ES 51— M 24> %
P, 5 NFCFCCAF HHIE kTRl & ab ¥ 15 5 i
& F#iE NFCFCCAF-DS.

N7 W U AR BT 82 o KW %
FcaNet-MobileNetV2 [ TERE, RAANIF K728
M 2% FcaNet-MobileNetV2 . MobileNetV2 L K&
ResNet™ U HR-IE S HHEAT 43 FER . FLR 545 S
x 7T HR.

M 7 ATHN, fE-5~15 dB fEMELL T, RIAIRHE
TE R[] 43 25 W 448 P 10 35 B0 HE 0 PR AR 3 SR o 7
FcaNet-MobileNetV2 732825 H, 2 FpfE P14 1H
AIWERIRIE 83.05%41 85.65%; £ MobileNetV2 4>
L, 2 FHRFIE TR R R IE 81.04% 5
83.6%. fEIX 2 FiHEE N FcaNet-MobileNetV2 4%

%5 A EEFAEIR R E R R
TR AR B
FEIESHL TR S HER
-5dB 0dB 5dB 10 dB 15dB
NFPSS 73.8% 77.03% 80.33% 83.77% 87.96% 80.58%
NFCFCCAF 75.5% 81.87% 83.66% 85.8% 88.42% 83.05%
6 EZEMEAREEREE TAIR A ERE
R ff 2
T
-5dB 0dB 5dB 10 dB 15 dB
s 71.5% 78.5% 80.5% 82.12% 86.16%
BRFE 70.5% 79.56% 83.16% 84.2% 85.16%
FUYEF i 74.16% 82.4% 83.5% 85.16% 87.26%
liyE 78.83% 81.56% 82.64% 87% 89.65%
YR 82.5% 87.33% 88.5% 90.5% 91.5%
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FFAE eSS oy odB pa 0B 58 SRR 3
NFCFCCAF  FcaNet-MobileNetV2 75.5% 81.87% 83.66% 85.8% 88.42% 83.05%
MobileNetV2 73.62% 79.7% 82.33% 84.37% 85.2% 81.04%
ResNet 74.2% 80.36% 81.9% 84.5% 85.63% 81.30%
NFCFCCAF-DS  FcaNet-MobileNetV2 81.2% 82.97% 85.93% 87.8% 90.37% 85.65%
MobileNetV2 79.5% 80.63% 83.82% 85.97% 88.1% 83.60%
ResNet 77.16% 80.2% 81.2% 84.54% 88.25% 82.27%

X MobileNetV2 [ 2&~F- 351 5 #ERH 252 T 1 2.01%
5 2.05%. X UEHIZ T 51 AU AL A
IR 28 A5 1Y R B Hh R AR R (A B, e T
FREAIAIFR M, $-TH T A HR BT RE .

£ ResNet 7328 /2% 1, 2 Pk AE 7 538 ) v f
ik 81.30%F1 82.27%, FcaNet-MobileNetV2 4%
B ResNet PR AR R IR TE T 1.75%H01 3.38%.
i I B T35k Z 4544 FcaNet-MobileNetV2 W& fe
WA AL NREAR, BRI ERE 5 2 (1 = 4
BUCARAIEAE B, W T RHIEE B, TRAN T2
TR ZELEHI ResNet X T/INPEAHANREA 2 HL
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FcaNet-MobileNetV2 2% )R] 1714 5 TR A B
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