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Design and Implementation of Audio Classification Algorithm Based on Long Short-Term Memory
Network (LSTM)

Abstract

Audio classification plays a pivotal role in the field of audio signal processing, with
widespread applications in music retrieval, speech recognition, acoustic monitoring, and other
scenarios. Traditional methods typically rely on handcrafted features, such as Mel-Frequency
Cepstral Coefficients (MFCCs) and spectral centroid. However, these methods require extensive manual
intervention in the feature extraction stage, making it difficult to fully capture the complex
characteristics of audio signals. Meanwhile, shallow machine learning models, such as Support Vector
Machines (SVM) and decision trees, have limited expressive power when handling the temporal
information of audio, and their classification performance often fails to meet the demands of
practical applications

To address these issues, this paper conducts an in—depth study on an audio classification method
based on the Long Short-Term Memory (LSTM) network. As a specialized type of Recurrent Neural
Network (RNN), LSTM effectively addresses the problem of long—term dependencies in time—series data,
making it highly suitable for audio data which exhibits strong sequential characteristics. Firstly,
this paper preprocesses the audio data and employs MFCC feature extraction technology to convert the
raw audio signals into feature vectors suitable for model input. This step preserves the key
features of the audio while reducing data dimensionality and improving the efficiency of subsequent
model processing. Subsequently, a multi—layer LSTM network model is constructed. By fully leveraging
LSTM s ability to memorize and process temporal information, the model automatically learns complex
patterns and long—term dependencies within the audio features, thereby enabling accurate audio
classification. To prevent model overfitting, a Dropout regularization strategy is introduced during
training, which randomly deactivates a portion of neurons to enhance the model’ s generalization
ability and improve its performance on unseen data.

Experiments conducted on a public audio dataset, in comparison with traditional audio
classification models, demonstrate that the proposed LSTM-based model achieves significant
improvements in evaluation metrics such as accuracy and recall, exhibiting superior classification
performance and adaptability to audio data. The findings of this study not only enrich the technical
methodologies in the field of audio classification but also provide effective technical support and
reference for related practical applications, thereby promoting the application and development of
audio classification technology in a broader range of scenarios

Keywords: Audio Classification; MFCC; Feature Extraction; Deep Learning
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B 2 6 11 i 2 1) e

il (Output Gate) HETFACAZ MICHUIRA YesE LTI B IO . & 6L Signoid BECHIMFIIZ I
SRS B, B H O, ARERZ I tanh BRM TS (01047 8 e COIEA T, A i 2
AR, R LSTM B IR AR
0 = U{Wc. lheoqrxe] + ba) 6)
he = o, - tanh(C;) (7,
Ko, Ut Ik, B i zineias, We i 1 I0R R, Do it 100 E F L.

SRS T N T TR T R, LSTM BERSARAEA A HOSD A AL (S B, AT PR Oz . A
SRR S, AT B A A A e A R OBIOC 2R . SRS RNN AHEL, LSTM @ik [ 1 pLHIAAZ e vt
OCHIR 3R T4 BB AL AE S, R s BUAT S (AR 538 T 30 TR
2. 2. 20 LA T AF B

LSTM. {37 TR LR L RES A A I P DSRS0, 0051 )L ST DR 1 SR o U ) T,
WAL 5T (R B B R E . (7, 9]

AT BSR4 A i A KR LI 2 0 B s B, i 24t
fo = oW~ ther ] +be) oy moaft, piin, 7eabmmseAsv i, B i i b5 2 A 6%,
BT e A S AR D e AZ BT R o, AT IR A S L, A C AL B TR TE Y B A

B ST T T HE . AT A, e = S(Ws - Do xd +00) i mpem, mms
Cy = tanh(We - [y xid +bc) e e o b i ez 7 1 2 0 Cocp b 4 e R B A2 .
Tot. B, (EVERFUL T, R RN, B T AR A R R A LT, W
FONETHEE s BIHE) T A BN T, DU 5 P A AR

(BT TR T S AR AR I TR A2 TG, BRI e e C R B A ik, — oM SR i RS | T4 3D
i bz et © Cot, 53— g A Tk R ok B sk © Cr,
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C=f0C.+iOC, xmuORRETEMB, M, (02T R T RN B R, LA
T HIOAAS B

S S TR e T AR A AT AR o kshen, o= o(Wo - Theyxd +5)34
S AT R4 tanh B Eb s miodz e ocanh (CO) g v m e &
hy=oy-tanh(Co, hegey Lt fostt, aTHFIRGMOES AL, W52, TS, B, ZEm a5,
A H T T AR EZ 20T T A7 8 117 SR T L s 0 4 I 205 o S ) 5 T

SEREHA T, AT TR T R ME, LSTY RS E RTS8 T, RIS ET ISR, A R0
KA, SR S RS RS BRI, b RS 2 0 B ) AU T 47 9 1528
2.2.3 LSTM Rl Aks

LSTM 5 s IR IR B %%, MR 1540 RN oA 0 7T S A0 Ay, B B e H 7 AL BT % 51
HORAT 5 B, B

LSTMEE fig 1 EEinlRa RiGicliZiis

K1 LSTM HfE4: RWN it EL iR =K

58, LSTM B ke ) I I LI S MR T 0 P2 T AR RIBB P I I . AEAR 48 RN v, plg T P 7 S I A 47
WA Z AN D RS, K5 3B R BRI, AR AE DL S KPP A ARR & o T LSTM FJad
A TOR T e PR ST 77 2, I T 1 ML B S R AR, 38 e T o B A A% e R o 13 B o o
Ko, AFAFAEAY e 5 A2 2 ST HE K P A1 KRS B e X —RRPEAlAS LSTM ZEAR RN GR SCAR BT . KIS
)37 B 000 5 5 2% B 7 8 435 SRR 45 T AT 1 gy, (10031

Hok, LSTM HA RIEICIZEe ). BT TS SN IRt T TR P Rl AR, 45 LSTM AR A4 % A\ 25040 Ry A%
1, Bt PoE R A EE T G B EALB ST ST, LSTM Af LURE AN [R5 At 2 (8] (R e AR 4k, i
PV R B 5 S ARG GRS, R A BTE DGR B, AT S0 e i S AN [RGB RIRHAIE 1) & A 41,
B FIHERE o XD RIEHCAZHLENEAS LSTM Refs AL &R & 2 (MR HIRER, 38 N 2 R AT 55 1 3K

B, LSTM HARERZARE ST . i T ILaMOK 122 2 B U6 e A1 HH ks IR A A BERE ), LSTM AMYAE 403

KALL RIS, IEAE ARVE F OB, T . I R E S B A SR B T T N . 72 [ AR 3 b B
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N LA RIS, LSTM m LA2E SJJ0E 5 A1 (T8 CRTE LS B, IR b 30 B ARTE & E1E S IR0
, LSTM Ref 0B (5 5 R IE A T 52 S AN a2, SRR IR 8 i 507 o R EEITF ST R AN 52 Br Y. F S 918 78 4
UER] T LSTM TEFF A5 245 P AR, DAy figf ke 4% T 52 2% (1) SEE B o) S 3 17 A7 AR R T B
2.3 HHF R CHEAR
2.3.1 HHUE TR

TG S TIAL B S AT S5 T I IR, H KR R SR AR S S AT — RPN AL B, DASR & & A
GO, TS S E SRR A 2. T SE B A B 1 S R A 2 B & AR A T, BA
) BSC A P RE A AN R R A PRI RO 20, IR SO AR 5o me S Aoy SR TR v, DR P 5 AT Ak B ok
TH R IZ L AT 50 o

KRFERGE R BI R O IR — o AR S 4 R AR IR AT g o 3 B80S 80 BT AN R RRAE SR,
WILIKRFER A 8kHzy 16kHz. 44. 1kHz %%, WIAEUEAT S ARAC RIS, 304 5 208 Fr A7 a e IR FE R 4 — 31— A
PRAE(E, AR — SR Lotk . — Ok 16kHz VEARUERFER, DR e fEil i — B b 2 o RERE 45
TP AT T SRR T R n] LU S 4 Ab %2, 40 Librosa W (fresample R HURSCBURFER (e, %R %00
Tl F R A SRV T A AR R AL 3 L AR R A . 2.

[RiE SRR - Librosa resampleFR 42 1R 16kHz E5REIE

[ a 8kHzEH g 16kHZESA

%,

( 3 | p E
L=

E 16kHzES ——— - — 16kHzES

/ \ i 16kHz S0

1. WA RS SR 2. #ALibrosa resample & 3. IR 6k Hz S50

L.

L.

"

:1_ 44 1kHz S resample(orig_sr,
X _ target_sr=16000)

BN AR BRI N ANF D) o E AU A RSN i R P R 2 S RIPREIE F B A e PR AR (T, I B oy
FEME IS S PR AL SR IBURT 7> SEUERATE o 3 DL PR B 5 3k Al 1 o8 L 3 f0 (R An s 5 A /N A 4 1 /N
BRI o AU PN IR 1L 3 5 S 5 AR AR R, R 88 75 BT A ROIA R BB s /D 5 B I R IR /e A e
LR DNRAE, RSP S M AR FBRN 55, RIS 5 ST, HEMERES. DET
AT LI 2 5 AR B IR D0 191, SO0 e AT o B TR I8 LI A e, g FL I B, A% AR A T 75 18 4 9
BT UEPEES, R PSR B AR MR R 2 ml )y AU B0 o {8 L P A oy A P (RO S e e m I e, 15
B B A 1R S A S

B O T A R (AR BE . V22 E SO T e SRR B FRE Y, A 2 A A 15 S
BAE— S5 P RATS R, AT EMA 2 HEEE, HE2REEE SR vk Ea . B, %R 2 A 5 0 e

il
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KT, 7E Librosa 1, W LM to_mono bR 0K 20 751 S AU F 40 0 B I o A% RR B R AN PRI I
ST ALY, 493 P AT 5

BRI EHOCIROM N2, s W) WAV, MP3 S5#6 0, AERRHE SR I ] RE B BUAA LI L. A T ok
X—n#, FTLMEA] Librosa FE. Librosa $#&ft 7 48— &AM 1 load B AL, 1% RELAENS F 2R BN
BRSO, R SIS R A GEHR numpy $020) , WIRHR RS AR R . 7R 5208 Y
Frh, B B RSO DA AU 4 B SO IR ) fB . A T S X R L, R AR B AR R, 5B
SO A UEAT R AR EE, ) ] REAEAE D) SCPRRs 20, SR TEAT A% U e sl 52, DA R AE RS IR B 57
SRR, h IS R B A AT S B T S e s, (11
2.3.2 MFCC FFAEFRH L S

M SR B2 5] 2% (Mel — Frequency Cepstral Coefficients, MECC) Jf&—F) V2 N FH T- 35 4 kb BRAGSE, JudL
SV PN AN S AT R SR U e oA O R BRI T N E T SEe I, BB A B Hboe I Sl AT 035 e ik
Ay ARV AE s, 8PS 5 (R DGR AE, R ARSI AR, 3R Ja SRR B b PR

MFCC (R4 IOL B E LG LN JLASSREEA I, B2 N, a5 5 5 e E EEE DRI, S
WA ARG, S T RS R, BT ME S I SRR, R SR AR S AT i n— B 2 o iRy, AR
¥ln] = Xn]mex|n—1] - yeqoXind g gonsmon iy Yl ssm g, eymmERy, I 0.95 %1 0.99
Z ), HIWWE N 0.97.

e AR AW G o B S PR PR RS, BERIN T G 10 - 30ms) W] LUERVE /R
Bl B, ST, SR WA KIS B 005 h 2 AN B, BT RBAT. BoRbesbls, vepepigN

Thame = E
A U SR ) Lo, MAEWIZ M@ HAEAE TS, HHWE (Frame Shift) KL ESEE. T
/D ST R AT YR R, PR — A 5 AT N AT, R B SR U 7 (Hamming Window) , HAIH
2nn

w(n] = 0.54-0.46¢c0s (m) 0<n<N-I
3. 2 A e 7 i B

SRIGUAT PG L AR (FFT) , WP INE 5 I —Wifs 50T FRT, KRS SO RS S, 33048
PIBRE o A Je /R ROBE DRI 2R 4 Ab 3, N EEXT A (R B A AR e P 1, Mg 2R3 ROBE B A7 N B I T AR 2k
b, R AR DR AL, IR SRR AR AR AR R LA 0 A, w8 . R T LSTM R Siior Al i
il
3. Bk
3.1 HdRgEis 5w
.11 SERER A

AHWFFAL T A BRI B, DA GRS L B 65 2% ) BRI 5 AR AE . Hovh, A TR R4k
GTZAN ¥ R IRE IR e 2 N T 8 AR IR - R0, 28RS 10 DARIMEIRRIR, WRR. A, &
A, BENIRAT 100 ANEIREA, AR N 22050Hz, WK 30 Bb. by T b B HESREO Rz ALRE S, TRATTIE
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R T — A LIS LS A s B A o 12800 A0 T ISR AR ) NP B S 2 LA B A FH 5 L ) SCAR B i 5 1 |
AR E S AR T R, S 500 AN N FREAR 500 MLEE A RFTREA, REERG—N 16kHz, HHKAE
5 - 10 Fhziul.

TERARAER Sy 7T, BATEIR 7:2:1 FOLLBIRE & I 5 B AR I 20t B USRI AE . 7kl oy
B, SR R 75, BRI IE S AT AR T K 40 A7 LU A 5 R s A rh ) 0 A e — 3. BL GTZAN #i¥ig
FEAP, BARIRENGE DT 70 MEAR, ERIFEPAE 20 MEA, EIREPAE 10 MEAR; ST H
RN 5P S s EdR A, SO NS RIS A B E I ZREE . B UE SRR AL P2kl & 350 4N, 100 AMAI
50 AMFEAS . IXRE MR 5 75 2T AR UEASE R £ 11 ok Rt v R4S 78 03 2% 31 B SRS MU RAAE ,  [R) IS A 50 UE AR R 4R 1
RE S UER T AR AL M Rl 18k S DRI 5008 3 A AN 38 i 5 SRR Al 2
3.1.2 Hdls B E AR

FATECE A E A T LSTM A2 S0 03 MR () SRR IR, L AR e S s 2 A 5 e 4k i A A AN
g, HFERHCHE RES A AR IE T SRR (K 1) f o ARWF LBV 1 P S a0s PUAL BRI R = AR P S H . MFCC A AiE
PRI BB AR LA R R K g — 2 g, [ 11712

{EE AU BL, ALsE M Python [wav. read s HUEARUSCAE,  LAAREUE AR B 3805 5 FERAE 2 . (HER T
SEhR SRR N R, B4 SCIE AT BTSSR AR 8 way. readdiil . WMRHLX A, Hwav. readEHUKRIK
B, P Librosa PEF I load BTN, Librosa FERA A TIALILAY ), REM A 2 siiks =L,
T R AH B R E

MFCC AHFAERE IR T — 4 T 405 5 4 o — eI PR R AR PR I B DB, AER I MFCC AR, 27 Sk g
AT T ALEE, @k SN — B 22 0 R as, $2THE UG 5 1 e, TUINE REORE 0. 97. BEHHT it
THRAE, B S PE SRR E ANER B, MWK RN 256 ASAES, Wil 128 ASREEA, i U] il /b i
WM o AR JE AT RIS S AT PRad g B A (FRT) , ORI S o U As 5, PRl 41 40 AMME/RUED
PRALRIOME RGP A AL, AT B BN R RE b, e AR AT O RO AT B R % 28 e (DCT) , 13
F 40 Y MECC HFIE. Z0Rbik— RAAE, RSP — AN K [iEL, 401 (4 MFCC RefiEAR
B, H D BORR A 25 AT R0 23 it 2 B o

MFCCHFER AT
=l

SHEMERTE WE: 128 EEs

BWEE: 256TRES WREN R

||I|||III--~ —mESRRS | FOLEN: 097

DODODEEE - o |

40 TMEREES
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3.1 MFCC A AESR LR I 7 5 &

N TSRS e A8 T A MBI 2% 2, RHREUR) MECC R AE AT AL brvfE (LA . S H] Z = Score brifEAb 1%,
AR MPCC REAELEFE M BMERIARUE R, RERFAE (AT AR AL 4, AL 0, ArdEZD 1. ARUEL)S I
MFCC RFAiE B I BRAS FIRFAE 4 B 2 [ P A9 22 5SmSR N 2R A e MR R

T AN S SRR, 2858 MPCC R AESR BUS 3 B R AE P JIK BE A —5, 17 LSTM R ZEREA
RFE P A RE [ e o PRIE, T3 BRI P A AT K B 4 — 34 . SR (Padding) FI#EkMWT (Truncation) AHZ;
BT, BREBRFEAIKE N 200 M. 4 TKENT 200 WIEEFS], (ERFIARREAE M, HLKEE
F 200 il; XFREERT 200 WUKAFAE TS, AFPFUFE RN, REAHT 200 Wi, X —HRAE, BT ST
MFCC 7R e — R R A [200, 401 [RERE, W2 T LSTM IR NZEK, b J5 S B I 4R T 4k
fiilh o
3.2 LSTM 4y ZRMimt 4 it
3.2.1  BERUEEARE K

AR T LSTM I3 400 BB SR F v B (K 480, E i At X2t LSTM J2. Dropout 1ML
2. RS Softmax Hiih 24

BN AR e e DT SRR UEA S 1) MECC HEAERP 1, A ANTER A [200, 401, b 200 FRosmfn)D
K, BURFHESF AU RE, 40 FoRBEA IR R HELE S o i N 20 IX SO E A 330 405 i 2 1) 9 44 S AT Ak ¥ . [15]

H—2 LSTM ¥ Ereturn sequences=True, IXEMRAT 1ZEAN G — M RED I RGECRA, &%
AR D 1 BRI AS, DMESCREZ S LSTM MES . 122308 128 ANRIBFIT, XM AT RERS % >) 3 MFCC
REE T HULERT I 4E R ERRDIRBOC R, Wi LSTM [T I HLH], S AR IERAT I PP 2 Ag s, TR HLH
S T B PR

S LSTM EHaEE— 2 LSTM 24 (AN )0 IR RROBOIR A, JEIE— 20 2% SRR 17 91 v (g K Al %
. ZEFRFEEE 128 MU IC, (HX B return sequences=False, Wi )5 — AN A28 I BRUECIR A, 1E 3
A LSTM IZ0 AN MECC R ik 7 51 ) B 28 I PP A AR R 1R

KT B IR G, )R LSTM 22 JA3IN T Dropout 1ENLZ. Dropout ZHEFRKE N 0.2,
ENRE R, ZEaL 0.2 MIMERBENL LS — 5 M o, AR E I S5 AN B Jek A e e o (1 o
2590, NIRRT ARE ), BRI AR .

AEREZHS Dropout JZTHIM 128 ZEITPRFAEMUE 225120 RS H SRR AR R 2o,
TARGIC P E RS, SHASONECR 12 CELEE GTZAN HHHAE ) 10 AN SRR LA B A 46 b i A S Rp LS
ERFERID , BIAIEREA 12 MNEIC. AR 0 i BT MR N IEEA T 2ot 4, £3 BIAN 28511
$47 .

Softmax % JZ X 474 250 1S4 3T Softmax &, B SLEEHON S0 MR 94l « Softmax BRI

.
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seore(i)

P(i) = m

AR i=1 , P @ mmir o, Seore (1) 54 B 2 H 1 KB 434y, N

FON R T Softmax PREL, A AR EHUREA S TSI RER MR S R KIS B A ARSI £ 2K

3.2.2 BUESHRE

RO P 2 A B B (O PE R RO M AT 2 T . 25 K USRI B AT, s T Ay
B

LSTM B M8 E RO B T 128, W MR8 e MU sz T U021 i ) Rk Ry s s it
>, KR TR ) BT 0 B RO R, SIS TR TR S, AR &
SR, BB E AL REB Ay  FIIb2 T 5 VSRR R ) . ZETISEI R, IR T B s T Bt
64, 128, 256 IPHUBAIPEAE, 25 RAe0], HMZICHY 128 I, MURZEMERRIA S by LRI, A
SAEAT A S T AL I, G B ) B, B T A«

HEK/ (Bateh Size) BEE N 326 U/ REFGTE— IR AL O REABOR . 0/ MUK N AT LA
B 2 St R S o 2 B IR OB, 4 B T OB R e R, (LI I 2 SR RE i1
FORRaSE, IV BRI VTR AR B e, AP (o BB, (T R 2 AR B AR
8, JF FLA AP Bk R e SR L, RIRRN 32 I, RURZE IRk R R E T BT R,
RN A B 00 Y S 25, F FL AR O SR

PIZREEH (Epochs) BBy 50. YIZREE B B ISR A (T R B, IR ¥t b, Bt oy
RETEVE 60 STV MCR T ORI, SR A TIVIAREOL S, W25 st s, MRRE I k%
LRI, (HLEIRAE VRS R R . BV RE, AR B T I, MM TE S SE 5 Bk I,
ST AL %, LU Gt 2. 2t SRS, RIIIGREON 50 I, HURE RS B AEhs 2t
e IR OTERE, FLRA I B A I

A Adam, 2 STFRBEN 0.001. Adam HLALIIE b EEMN RIS, S AT Adagrad
1 RMSProp BEVEMOMR A, AEUSHLIRAT A 2 ARG 1T ARSI %, 7S b 2 B0 O A I P TR
Efh. SRR T A RS, SRR SR K. Rk, WAL SRR e it
RIS, BURBR ORI I3, WA MR IGh t i, IZit K. EFS b, SRR
FODEAL B R S 34T T IR, 45 2el] Adanm (RALETEE 100 0,001 I, RENS(RUAIZE NI St B b B e B8,
R (R B 1 P

Ik BRI AS X% (Cross — Entropy Loss) o 28 SUBSR T2 4 J WM, ¢ bbbty SLBUASHIN 1y
WA AT 5 EUI R I 2 5o ZEAWITTII T KA o, B AR A S BRI T 45K B s, )
S8 SRR 56T A A g S 50, AR T (R 43 A R T R B FUShR S A A, TR R IR P 43 o
.
3.3 I e

TEBRNIL R b, Ol T WA s A M0 I AT 5K 2 MO e 3, IRt B, SR T —
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IV

45 (Early Stopping) HLHIZERT IEBIAGS lA W EE SN2 —. EIGIdRErt, A5 UE SRR AT S
4%, R T—RINGBRAERIEE LB MRUFERIOES: 5 R NI, YONBE QA IF 4G H I 1
Flad, BCRHF IR, DR AT S, RS HLHI T LU G B8 7 U 5 m SIS DI R, T4 i A2
FEMRREE Bz ALRE s . B, EVIZRPIIA, B0 50 UF B 451 2 Bl VI SR 4000 1 a1 B, R WS AR A6 AR
1 A (S = B[ ek i I ATI R S B = /5 2] B2 el wo ) 1 N 1 i - S P Tl | 2 i
IERET AR A

BREEHEBY (Gradient Clipping) AR T-#BARENEIE R Bl (EIRIE AL AN SR R b, ABh B2 R0 KT
RSB SHCEERL R, AR TC S T . B R B PR R R YR, BB R s A — e e
W, AT ERUE IR RE MRS e v . FASEB, THERAIER) L2 a4, il doe e Can 5.0) , it
B BEVEAT AR Al B T i o TR 1T DAEE G B FEE RN BRI ¥ 5], R ORASE Y BB A8 I 22 50 .

W, ZUNRFEIAE L RIFEMUER S, BRI IRbr . HEfR e 7 BRSOl =i o REAS L o, 46
AL D) R 1 R T 4 SRS LSRR AR 2R ) 2 AR R . TR S R BRI R R, AT LB T ARSI g I Rtk A A
PEREARI . EVIGVIY, hTREIERA 222, ISR IR UER R A, BURMEE A B 2R AT
RS2 27 2] 21 EAE S IO 2 R G &R, MEMRR BT BT, BURMLZHT N R, W SRR IR AR e Rt |-
Tt MSEERE AT BT R R, R RAEESURE A T, X TR R AL G IR Y, T A A
YIZhsems, R F A LS AR RE o 30 b 6 X F g bk (1) M 2 R AT, n LB I R SIS AR )1 el At vt B
(i), SR IO N (RS i EAT AL, i DRAST2Y R 06 08 B L7 ) Tk i
4. I S SR
4.1 SERIRIERA A
4.1.1 MRS

SEAE T — A Atk R LAER TR, HAIFRE W . AFERE T Intel Core i7 — 12700H, #i47 20 #
D 24 EFE, FHAIL 4. TGHz, RetSmBUb B S AT SRS, S 1 A A RIS R )1 R (A 1) T 55
ff. %R NVIDIA RTX 3060, H.#& 6GB GDDR6 A7, HHA5RAMIFATIHELAES), RN IR 7 SR I Zhid
FEP AR SO RURAT, W RTHEINZE B . WAFRCE h 16GB DDR4 3200MHz XGHEIE A7, AIH A2 S5t
P b R IR ALS AT AR TR, ORBEEER M Padse s, kN A 2 S BUN R T R AT i

TEGRPES: BN L, GPU Iidie R OCE B AMEM . DAARSER IR T LSTM (R oy RN G oh i),
SAEH] CPU BEATIINZR, T CPU B K A0S HHE ST, (EAFIVR L > v K i AR B afeis A 45 B s S5 AT AT
SIS BRI, BN SR (a2 KURHE I, T Be R ZEBUN FE R BORA R se il — 8 I k. TSI\ GPU J5, RTX
3060 MECE L T4 CUDA A%.LrREME FHAT AL FIX BIE B, B JRA AT RAT AT 55 AT, (AT I bt ) K 4
K, T DRI ZRIN TR 4 R RO B BB B, BROCHBER R T SRR ORI T AR KR R, AT
YETA T K eI A
4.1.2 A EE

AP E AT ST Windows 10 #4E RS, ZRGAMA AU FOmA) 2 KA FHArE, L
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PAL T RUE MBI G .. MASESIEM Python 3.8, Python SR H =S MRV RIRTIG (R, 0B A FEAIA
JESF U T2, Befg T (T S AR B . R 5 I R4

VRPE 2 SIHESER ] TensorFlow 2.8.0 Fl Keras. TensorFlow 1F4 VMR 5 SIHELE, $RAE T @ik =it
AL Mg TR, SCRFE CPUL GPU 2 FPhif % HigdT, Aep POt s MBI (5 A 25, Keras MIIJ2
5T TensorFlow Mym/Zm&ess APL, RAWRLH . BHULIFR AL 8T Keras w] DL R AL A2 b 2%
B, R RS T R I TR R A

TR IR TT 1, FEAKME Librosa 0.9.1 FI Python speech features Ji. Librosa J& — Mk & 474k 51
i, BENSSEHLE SO I, ks U RRAESR IR T RE,  FEAS S T T TS SRR IR L MFCC HFAE,
BRI AL AEH A S FF . Python speech features PENIERAL T 2 Fhif R IESEICE L, 4l Bh 58 BEE SR AT AR SR U
JiSEiR

HAE AR NumPy A Pandas JE. NumPy /& Python MIRZOMBUE S SZREE, 4L T 24540 R R 1)
ez e, RENS m R b A S A Bl » Pandas PRI LTRGBS, i 0E. TR BE, RS
I TN HERRAL B E AR AR, S SR AR AL I SR A e 2%

AIAL D0, SR Matplotlib 1 Seaborn FE. Matplotlib & Python HIZEIE, Beg /B &RIEA. 2h&
A H AR, H LB fE T i fdaitl 25, Bk hEess, B RRBR YIS FERITE R4k . Seabo
rn MEHET Matplotlib 1wy G v ML FE - Sl 7 B, 18T v RO 2 B XU R = I e ok IR 2R 2, B T
UG A5 FAT S EA RN TR R
4.2 SEEIT W
4.2.1 VHGTRIRE R

T AT HERHBVEASRE T LST™M FREr AR SR (P fiE, ACSIR B ] T HERf% (Accuracy) o K54
(Precision) . AF[ZE (Recall) 1 F1 2p¥dEk EEIFAETEFE.

TP + TN
Accuracy =
@%%%E&ﬂﬁ%m%%ﬁﬁﬁﬁ%ﬁ$ﬁ%w%,EH%Q&%:J } TP+ TN+ FP + FN, L

TP (True Positive) FIRILIEBI, BISPRA IEK BRI N ERHREAS; TN (True Negative) #oRE
B, BISERE A  2E H R T A 2 25 Re A FP (False Positive) FmMBiEMI, HISERR b i A A 75
Wk ARG FN (False Negative) ForfB M, BISERs b iE S H BRI T [ JEMREARL . HERIR RE
UL RS S RS TR HEARRE A 1R 70 R UERA LS

TP
. . , . S . . " \ Precision =
R 2R T B 00 Ry IE 2R BRE A, SEBR g IEZRBIREA T b B b, oA R TP+ FP,

AR A SGUE (R AR TN Oy TR R SR, RSO R B I, U IR REAE IR IESRREA R, TR I LG 14
Ko BRA IR DL D

TP
, ) ) . R i ) B o i Recall = ——
AR RSB A IERREA R, BB A T (2RI BT B e, S A =0 TP + FN

o AT T BRERFEAR SR Ty, ARG, R B RE s B 4 i R on B SEBs O IESRAOREAS, R
IERFEARE DL D
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Flosaore — 2% Pn_:c_isinn » Recall

IR o ey 1R SRS [ B Seiap R I S o G o R/AS WS Precision + Recall . F1 4p%si6%
& TG A B4, Refg TE A T PP RO AE IE SRR A 28 LIRS, R A R m i, F1 S 8is
Bom, Bk P12 BCE o T 2R G PR AL

BT RIRIERRAS, ARSEIGIESI N T IRIE R R W R R R A 4 AN B A SR IR AR X DYy
FERE, Hrpmoh s, FEREAT RN SRR, BRI TSR, R KRR 0 38 R SE Bk B RO R R A B
TIN5 — AR AR . I VRIE R R, RIS BT A R AR R B S IR, A HT iR A 2RI IR
R, S TR AR ARADI M . REARKCEE AN TS, AT BT P 6 B R AT AR, o
4.2.2 XHCSEE

AT RAERET LSTM (& 3y B B i, ACSZIGBETE TR LSSy, R UL ML A 7 ST SOHF ) BEAL
(SYM) EjUR e SIBTR GBI 2 M 2% (ONND A 4y 0] 4

TESERE R, ORI AR AL AR F Y MPCC RREA/E A . 0T T SVM LAY, SRR I HE iz e 2 (RBF)
A W A 28 e 7 SRR BB S B BTV, DRI B S & BT OW B, Hgk T
AMNLE DA Z T 210 Y 2% 2544, A FRUZ T T S IO SRR A 1) JRy i A, T J P T B AR I RO 2 2, ok
DT WEE IR g JT IR AR AR Sof tmax 432REY, SEELE AT . NG RS, A Adam {4k
A, AESJEBCE A 0.001, INZEHECN 50.

N T RAER LESEIG I P, B A AR B AEA R M N 258 . S0 E SRR UASE EEAT N APl JF HR FHARTH]
MPEffabr (MERGZ. M. HRE. F1 XFNREHE o EEARTACBERBL, X BTG A 2 i dm A B e T A1
[ RIARAE LRI — A AR BT, A R 1) — 350k 7B B g R, Pl ARSI A ARAR ], Wl ZRie & BRAFER
WA, NSRRI SR A, AT BE SRR S LA R RAE B0 AT S5 I P RE 22 5%, B EdE T LSTM 1 & 4isy
FATI A
4.3 SEREERE b
4.3.1 RN ZRad R oy

FEFET LSTM [ &40 R ZRid R b, AR I ZREE AN IG LR AR A HERf 38 5 40U RAEREAT 1 S i g2, IR
THIN e, BURA T B A Gl BRI PE AR AL o

MINZREEFIRAE R LR A 2R, RNV, B HER R BUR, BEAE VIZRAe B g n, BEAdg i )
B PSRRI 2 (R WU DG R, Wl BTt AEUIZREIE 10 Se2camt, IS ERuERZiA R 85% Aiti, %
UESEAER AL ] 80% /idie BHATIZRMARSEIEAT, WM ICH BB, B REE ETHES . HIIZEIE 15
WA, BIMIEARE TS, SRR REAE 95% id, WIFSEMERRRELE 92% oAy, HAE)S 24
kb, RUFARER AN, RUEEAT I B2 d a %, Rz IR

1k M2 AR A SR R A R . RV, TR S EIMG A 5 iR S B R RO e, B
SR (1) 73 2K e L9, BURMER R . B WIZRIEAT, BB S n AR R EE AR 24, HURMERE T
B, FEVIZREIE 10 $e20h e, IZREEHUR FREE] 0.3 2oy, RAFERR NS 0.4 Adi. ZJh, E FRFE
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JEBWRDE, IR 15 B AN, INGEDURISEL 0.156 fifi, KUESURIRELE 0.2 A, UiWIBAAER
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WIZREE X
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DA RS
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LAl S AES
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K, rREESITY

TR T 2 2 ) S AR IE - e &, 1
L0 LA 185% AT 80% /A7 0.3/ 47 0. 444

R T, BURE R N &
WA I 195% AT (Fa 192% 254 (B4 (0. 164547 (Fa (0. 24547 (BRI BE AU S, 2% > B0 S5 35 3 BURRE
¢i's5®) 5E) &) 5D (e | uEERRI SN, T EERE
Y- (9% A5 A M Hr92% /a4 [RFFR0. 16454 BELSH L |FENUEIAER, &b, B RONE L
§ FasE /K FasE /K FeE KT i A, PRBER Y AL

FEVN R RE D, RUSHLRRAE T AR M UEARBUGELE 5 AR MR, BAUS RIS, ARGE % T
TR T RASHLE], B ORRR BT ISR M RE R R IN,  Af Or T AEB R AR AN A Bz ke ),
ST AR 2R R A T A S T S B i AT S5
Gr R A R T

Zidilgr, HT LSTM a5y BRI BRSO R e RE LRI B AERG 2L 3] T 92. 5%, 1X5X
MR AEMRRAE T, AT RS IE A 4 S S AR A L SRR ARH 92. 5%, R IIRIALEREAR b HAT B R o AR 1
FL 0 HORST 91.8%, LRG58 TR IR 5, E— B uEl] T RERAE A28 B 40 KR Re A T,  RefbiR
i3S NP IR NCIESSHIITR= v

TR SREF R 30T, FRATT AT LASE EOULM T AR AT AN 200 2 - Dl ZEX il iU AR S B SRR
ANFAALSEI, B I T 5 R B . FETRVERERET, A 5 ANSERR AW SO IR IR A A BRI
AT 3 ANSIEBR A B AR IORE A 58 ) A oy B AR o 3K S R DR R oy B SRR B L SR AE S SR A A AR — i IR AR AL
PE, WTERER G APE. AR RS T, SR 2% S R W I 25 5 R BRE . IbAh, A SR A R AR
VE R REAFAE € [ TR R I, 2 AR 1) 3 2R 45 ™ AR5 o BT XX — i), w] DAk — A A E S A 4
WOk, $RMCE BLIX - PERRAAE, B Il 2Rt rhoX g AR R A ECE:, SR m B AR i DU e )
4.3.3 fHbszg g R
FeIET LSTM (o MR L5 SVM R ONN SR (R PE REFR R EA TR L, 45 SRt R R i
Rl PEREfEbR &

4.3.2

B HATES RS IR F1 34
LSTM 92. 5% 91. 6% 92. 0% 91. 8%
CNN 84. 5% 83. 2% 84. 0% 83. 6%
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SWM 2T+ T 23%, AHET ONN #2717 8%. IXTEZLZEPA LSTM B GEMAT Rli#e & 47 S M KUk ioC R, @il
[ I B AR AT PR ICAZ RIS, AT S 4 bl 2 ) S5 AR v () IS PP AE AR S . Mo CNN AR BARAE
G R SR DL £, BE0S [ SR IUEER (1R Rl (PR AR B35 A0 Rl AT KA R I e i, 3
SRR SR I AR FAME LA R 4 I HE, R P S AR AR A E AR A HE A, 5 B0 R PERBAR AR . SVM BT S # 45¢
RIPLAS 27 IR, HOET B IR AE, V2 ARBE 0SS, (RTINS S 2 e SUBcH e I,k A2 =) 2808 v 10 52 284550
FURAE, R PERE R 22 .l s ae 45 1, FEAMAEIE T LSTM BB ZE 5 A 0 FAT 45 A 3s, Ry i 258
RIVRESALT B IS F

AT RFOBEESHOSIET LSTM 12000 JSB M BRI 5, ARSEES /> HITHEE T LSTM Bl 2 & o
Dropout EFFHHIZ A, JEABIAIVERESEAT T PFAL .

EEE LSTM Baisl )28 oA I, 4 I B A 64, 128, 256, “YRail Zeh ol 64 I, BRI ) fe
JIAARIAESS, Tevk g or 2 o) B S AR AR T 1 AL B CRIO G 3R, S BURRIZEIINRAR Rl 88. 5%, F1 434
N 87. 8%, BHARLBUZAMZ TCHGRIGINE] 128, BRI ) 3G58, RefS S AF Al BT SRR AE,  MERf AR T 3]
92. 5%, F1 #rH3TFHH] 91.8%. AR, UM ToHddl — b1 ns 256 0, BRI IE RiEdt s, 25 0
P A IS, BOREIZAEE B A BT Tt, AEINREE By R RS 90. 0%, F1 48U TRER
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7EP®E Dropout EFERME, ZMMBEN 0.1, 0.2, 0.3, MEFFN 0.1 I, BRKIENLECEA S, 7
WA SIS, WRAEERR D 91.0%, F1 20808 90.5%. HEFERMmaE 0.2 i, BMEZRIA
FURR, AROE S TGS, ERRR FL OIS, A0 92.5% I 91.8%. LT A4k N F
0.3 I, BIRUEFMEITE L, FERANY 6T TR, AR TS 90.5%, F1 2280 89. 8%.

FEVIESE )R, A ABE N 0.01, 0.001. 0.0001. 42725 0.01 W, BARGSHI LKA, S8
BN ZRL R D TR, BURMEARIES), HEfAC, 85. 0%, F1 22480 84.0%. 4% A% 0.001
I, BB AERERUE IS, 2 SRRy, HERIRILE] 92.5%, F1 HHUAF] 91. 8%, 4R K H] 0.0001 A, A
MWSHEER KA, WSCR NS, BARTEIIZRS B PERe A i T, (HARERG 20 91. 0%, F1 230k
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RO LA ESERG R, 2 LSTM Bt R A& ot 128, Dropout EFEHA 0.2, #J%A 0.001 I, BT
ResmeAlo FEUEATRN S H ORI, AR HARESS RIAER AR IS i, S ELE RGBS H, BB LS BLAEUR
WAEIMG, DRI EVERE . XL S HOR B A o Se B et T RS, A7) Tk DT
T LSTM IR 403 AR TS ) 1 B
5 AEARAL S Sk gy
5.1 JETRABI IR

5.1.1 LSTM-Transformer Fli&HEH %1t
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JRUESET LSTM [R5 o SRA R CURE B AP PERE, (RAEARBE PS5 AR IR, LSTM FEA #1242 R MO R AR 7
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SUHHATHIU AR EE . LSTM (K1 NI RES A7 ROCIZ AN &5 AU 1 b IR 05 R SRIBCHE A 5 AR I ) 4E B IK )
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L ARSI HURIRENE V5 51 AL B A AL B 2 AR SCIRRRE, M ARY B g SR AR T x5 1 RAE Sl A
KRBT B RN 2 5 00 1) R MR 28 o Il IXRP 5, e UM E DR B LSTM X Jai I s
R > Be ) IEERIE, BB E AR 21 4 R R BEAR SR T I R HER L
5. 1.2 RAHBISEKHIE

ANBAIE LSTM-Transformer FERIRAAARNE, FATME TZIRAHA, JFAE S Z AR R i e o 48 Lot AT
SChy . SCHRBCE AT LSTM [ Sy SR SCIG ORFF 80 QAR AR R (0 s AL BEARE  PPAS AR USRS AR
i

I

o

S AR, LSTM-Transformer A HALTE S A AT 55 IS T W3 PR R IR T . BEAYMHERf %L 3] T
95. 7%, AHEL T4l LSTM BEAYfY 92.5% $2TF T 3.2%, F1 -8t 91. 8% $2TF% 94. 8%, IRl RHEIE R 7047 A
I, Al AR DX G ATARA P A I IR Ky €, G DX 43y B SR 5 B AR, R I A B i s

XEEAGE T Transformer [¥EVER NG, & REW AR TE 4 A4 S 4007 71 h I SCRE 1R, A72800kHh
T LSTM 7E4 KAl ERA o B, 7EAb P — B & 5 R BE AN 15 2278 A0 1y L5 SR 5 AU, Transformer
3 1A S WL BB 88 DI BN [ ) e B BEHERI 22 MR 0GR, DA XSO AR 5 7 SR IR IR AE 2 IR R 2R, AT
A T2 AU T ol S SR

SRTM, LSTM-Transformer Fl&HIMAAAE—@MRMYE. T Transformer BRI LS4, biG T
FUKBERREIN, T RSP R, SEE AR R ISR R R SR P A SN . ARSI P, Al AR
UIZRI AR T-41 LSTM RERYAE K T2 50%, AR UOX — )@, J5 S5 R R AN Transformer 45#4, BR
BRI AERAR, TEA B AR PR RE T3 T, DB v S ATy £, SR i s PR R R 7 e
P
5.2 IEMMb AR

RN BIRE SCR, HET LSV i BB S ML B4 108, S BOS B e A ER F iz A reJs FIE.
AT AT YE R, SRSz A RE ), ARFSCTINT L2 IENAE S B e s R

L2 IEML, R (Weight Decay) , Wit 7EHi 2k kA A INBCE A 1000, PRGBSI S 400 A, B
WA o) BN AR A, AR Gl o FEFET LSTM M50 KB AY p, 12 1E ML IT R % in 2128 S 6%
Kefot, HoatEAR .
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A, Lpsmgonikms, Lo g sk, MEEMRE, BoplfE ooy, Wi Bt s,
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L2 IENAG S SR B R D5 (OB, ZESGE S LIRSS W B, B2 A RE ) S5 b T, 70k
TSR SIS, BB A0 UE A [ AMERRAE 85% — 90% X IMa: TR AL Sems 5, BERIAE I UE 4 L IHERT %
R de 92% ZiAi, HAENRREE L MvERR BN ERIG 88% $2TFE 91%, Akt 7RI e NECRAE b5t L4 il
BT BRI A Pk R IR E T
5.3 HEMATRIT RS

FESEBRR I, R AR N B 5 AR B 2 S Y U2 PR IR, BRI R i (b B B . PR T
LSTM f)35 40153 AR £ SR 8 38 b (K 5K, AP Hh 7 AR A A Py 503 7 1

WSRO B A BOR S A BRI p R T B R 2 TG, IR I S R R R 5
B, ERET LSTM (3404 2Ry, my USRI AT (R 7 v, AR BT FR 4 (B /I SR ) 3 o £ 26
VE, A dont s N R %, T SCBUR R A . I BRIV AR A, AR e, TR
I 7E— S R LG TRk . B, ESERh, A LSTM BURLUHTEIRG S, AR S EOEORED T 30%, v
WAL TR T 1% — 2%, LA I0TE M .

AR iR R (AT RIS L A o P2 B SR RS PE S 2, Wy 32 Ry i gty 8 A
BRI () A RIS i 26 B R, SR AL BOR AT LR 3 PRI B AR I N S B 4 E 147
it T SRR SRV HE, S I . RIS b TR A SR BB BE R, T U AR 1
(Quantization - Aware Training, QAT) AR, FEVIZdFEr BRI YE, FERALE N UK R, MIT7ER:
FFRIPE RE IRITTHE T SCBLBLAL K e i Ak

B TR B R R AR, R R A R SEL B R R T R R I, A L B 2
L8R (U1 MobileNet) 5 LSTM AHZS 4, #% MobileNet — LSTM Ki%l. MobileNet SFH¥RSE Al /B 45H
(Depth - wise Separable Convolution) ZHiA, KMk T B AR M S5, 76 KGR SATR A L RLAT
(R, KT LSTM 456, A BRI S KPR IRTIL T, PRI T 3T A A% RN A7 T e ok
HMIWEFTHE, AT LAE DA R G A B, PR IS A S KA S IS, JRIBHET LSTM 1
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