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P, WA, FAEE,
THME R TE (7HD AIRA A

WE

AT T R IR FEE 2 ST A5 ECAPA-TDNN S 75 S i Bt gk A7 B AR i i ik o 75
RETHASE —Fh BT TF B, A£G ik 2 M0 T S 808, i e sdE 2 &
ZER, RERIRAFEE . ECAPA-TDNN A 5] N\ SE-Res2Block il % EHFE S
GE5RA, DLRER AL, e A SOl T R A IR TR, SEPUXT TS BEEE. BAVK
Ao S 7 R S RS 2R SR GPU I, 45 A B T AL HE R B B s R
BERE TGRSR SR . g5 RRY, Z7 R e ARG B R R 5 A 5 5 2
93.7%, U0F T AT 7S RS TR A o b b A R S AR o AR ST 7 R A A I B A
(R FESRAE TR I BB AN T 5, RIS o AR PR AL I S B 25 T R At

BRI RS BUR A RES 2] GPU+CUDA; ECAPA-TDNN

1. 5|

(|3

75T (Acoustic Emission, AE) 57 A& — Pk T A} o St B R 2S00 Mk 25 s U 1)
TR Ty ik o S RS RIAR, REE S WA RLE 52 BN Ve R R RPIRZEAAL, i
WA H (R R o A5 S8 IR P RS BOR B S BB E 34T 04, WiRIE . REE . BT
(55 SR, PR SRR 25 & 5 O FE ARG S, X JySeIl s mks B2 A =GR
AL T AT REME

BEE N THGE (AD FEARM SRR, Kl 2R %] (Deep Learning) ) 2 S,
P ORS U E E A R B TR R . I S A Al O RIE SRS S S, w]
PA7E 3 42 4 38 T B8 v 45 J208 70, SEIIRE B2 0 75 R AR (R s Ao R SR . ASCHRH T
— R T AL BRI S R A SRR A R S T AR A R A U7, B RS R
A, Bk HAE SEPR L A e A7

2. g 5T

2.1 BRETEEEYE R R

FERSHPOB B RS T Bk G2 Bl B O R 2R (I R AL o IX SR AE AU T 75 I
MISEAJRYE, OIS 7R NS E R B SR B o A X SRR s, AT DU A
PN A FI B A A G A, BB b, AMEREAVE L i A EE AR SE

2.2 IREESEIERLER]

TE 75 5 T B0 B SR 25w, e 30 24 (R i 25 ST AU T-4 i 40 RvEff e A
PRI R B S B, A T ECAPA-TDNN #E7Y, %L f 4] %y VoxCeleb 75 SCiR 71 4k
SRR BT, FEACERE A5 (5 5 2 S5 R I - ECAPA-TDNN J# It 5] N £ 24§
TER G 2 RIEEBRME R IALH], A AR RS A £ 1R b B B 25 04



2.2 EHEEEETAAE

TER AL 2 |, 75 RS 75 B A d — KA A ED R, B, SRR E
A5 ¥ (Short-Time Fourier Transform, STFT) /I%*Q’Eﬂfﬁiﬁgﬁfﬁ%ﬁgéﬁﬂj‘ﬁ ], K T
IRAE (Mel-Spectrogram) /E NHINFRE, HAFH AR N:

() =2595%x 50 (1+—)

700
Forb, fRORMIE, MR U E I R UEUE 5 Fe Mg IR AR L
Mﬁ%ﬁ%&%ﬁ%ﬁ@%‘%oh%%fﬂqj SHREFFOHE  RFE 2R sample_ rate} 16000,

FFT K J¥ n_fft =512, % K E win_length =400 , i hop_length= 160, LA HF /K I o
M n_mels = 80

2.2.2 ETFMKLEEM

ECAPA-TDNN ) = BRI 25 -

input l 80 x T

‘ Conv1D + ReLU + BN (k=5, d=1) |

l CxT

’ SE-Res2Block (k=3, d=2) ’

SE-Res2Block (k=3, d=3) |

‘ SE-Res2Block (k=3, d=4) | BT 5
l IxCxT l

l L'onleiJr ReLU (k-‘;;]_ d=1) } Res2 Dilated ConvlD + ReLU + BN

| 1sa6xr l
’ Attentive Stat Pooling + BN ‘ ConvID + ReLU + BN

l 072x 1 l
’ FC + BN ‘

SE-Block

l 192x 1

’ AAM-Softmax ‘ H— ]
aulput l Sxl auipit
Pl 1 ECAPA 4544 K 2 SE-Res2Block 54K

2.2.2.1 5| A\ SE-Res2Block &bk

SE-Res2Block 15 & ECAPA-TDNN FIAZ 0o 4 Bl 47 o A5 45 & T Squeeze-and-Excitation
(SE)HLHI AT Res2Net (122 N EEHFAE 22 ST fE F7 . SE HLHIE IS B 3E B FEAF AN @ 18 1) 8 2, 4
o RIS SRR E R P B8 )« EARSR UG, SE B Seil il 4 /P 4tk (Global Average
Pooling, GAP) X &R/ NMETE PR IE AT &/ R4, e Rmfidm . RE, &msld
MNEERE (Fully Connected, FC) #EATIARZE AR HAIZET, B )5 8L Sigmoid p&EA: A
HIEMAE. AT

(W5 - ReLU(W - GAP(Xc)))



Y=X-s
b, XOWRINRHEE, s VAR RIETERCE, v Jdan R o s X — AL, A
RE % 5 1 B TERE, ) To R BT 5 B
Res2Net 45 FJiH LK A5 A= A N BEAT Jr ZHAL 2], A543 454 20 ALK R AIE BE % 76 AN () 1) Ik
2% (Receptive Field) FHEATEREAE, I 22 RUZRHHER R . XA 2 RUZHRHIE
5 S RE IR 7 RS Bl o AN R 18 73 PR 4l JE N B2

2.2.2.2 ¥ SE-Res2Block #EHt B )5 & # 5 SE-Block itk

f£ SE-Res2Block #HL T, JRAS bR AEGFRAE 4B 0y SE-Block B, DLt — D mis
RIRRFIERIERE T o SE-Block I 3 B I B Ak MM IE A, Ak 10 B 25 B A 4l
. BARIME, SE-Block B SEilid B AR IRIMAIP AL, IR )5 R IX LLRpAE fay A\ 21 SE AR
FREATIEIEE TS, SR BRI Uy U R 2 RIS o 55 1Y) SE-Block AN
TREH T Res2Net (2 REHRFIES ST RE /), Gl SE HLHIE— R T1 1R8SNS S SRFAIE (1) 1%
L

2.2.2.3 ZERER A (Aggregation)

ECAPA-TDNN iiid 2 EAFIE SR A L], 2t — D37t TR R R IE R AR ). 2 B4R R
HIRH R 4 — 2 SE-Res2Block H% H AL OR B A v ) S22 A A RFIEZ — . X
TR HIAFALAE T, AFZE IR BRFAE T DR )5 S5 FUE AR 23— D RS TR ] . AR
L /(I

z = Concat[zq,25,..., znl

Hrr, 25 i |2 SE-Res2Block {1l tHHAFAE, Concat FIRFHIEMPFEERAE . XPRHIE
RE 7R AR RE U8 25 S R T2 IR AE AR J2 B i R AL, ST 1 B 2% 7
REHE 5 KR e

2.2.2.4 ZEFHERF (Summation)

7f ECAPA-TDNN ', Z JZHFIERAEF8 K 5 822 1Y SE-Res2Block R (1) 4r A 2 i TH F
B2 A . X RS — E A RS @ i AU 7 KRBT BTS2 FRHIER R,
MITAE JG S5 R E P N 7e o R 2 R IEE B . A F:

=1
Hrp,  FOREDRMRARHME,  OBESEL 8T R HRE . 8RN 2
JERFAESRANEI L], AR RE S S U b ER & AN R R IR INRFIE, SR THRAIE R IK RE A S HE 1

2.2.2.5 FINER T4 (Attention Pooling)

TERE AL AE ECAPA-TDNN H 5 FH DRt — 25 1 s B AR X SC B AT 2 IO I o TR )
ML S I PR AE AU 5, SR IR NS 73 AT 55 B A EE B ST ik K I 1R 7 B, AT 41
R B RAE BT, Bk, Rt Satt AN TR Bt R AL,
SRR B I BRI 7 A R & I RHE R R . A R A O8:



=1
H,  REE R BEEREINE, RN RHER R, A AIIBCRAE 14
JARFIER R o I iX P 5 30, ECAPA-TDNN BRI 38 b B8 IIoks ff Hb e 92 75 i 1S 5 (AR 4,
T+ R
XL BHT S ISR A N, ffi£S ECAPA-TDNN FEFLLE 75 i B o 72 500 A QLR ) v R B
o, BEA R AL IR . BRI ARG S, SEIL SRS PRI 7 R AT SS

2.2.3 AN

PR FE R, KA X 5<% (Cross-Entropy Loss) R & TIME 15 52 Brbn 2
Z I ES, AXWr:
N
L=—=yilog(y:

i=1

Horb, Yy NSEBRARRE, Y R TIE . O T IR RS, (] Adam fifb s, H
BEHT R -

+1: _r]\/—_'_e
Hep,  RoRZH, NEhEDL A TIEENL N,

2.3 GPU+CUDA T35

WGRCR . HEAEGR CPU TH5, GPU 7EAL KRB PR i S HoAA RARIIE 3, Tt
HORTEIR B 22 SR N G FErp, RERE AR R L4 JE T SR 18], R AL (R I 2R SR . A
1% FH A 44T 5 6045 NVIDIA RTX4090 GPU, FL# CUDA 12.4 #3155, A ECAPA-TDNN 7Y
R RO GRERAIL T 5 A S B 3R

7EHARSEEL 1, FIF CUDA Xt ECAPA-TDNN HERLIEAT T IRAT 104k, (EFF AR AE I 2t
TR IR . BAERAE . R IAME RS O it HOb R A RE S 78 0 K AF GPU HIFEAT TR
o @A ARSI 2RI FE A AE RS 8] B A3 30 T BRI 4a o, R FE T 550K B A5 21
TR

3. ST S5
3.1 BIEEWESHAE

N'Y PPAL ECAPA-TDNN HRERYAE P e S I8 T B A s QiR o (A 5k, AR SR T 1 DY
RSP R AR A . WY, BAVE . PEEERIEGE . B ARt 2 MBI EOR AR, TRIR T
ey 2 FEEARER L . BRI PR .
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3.1.1 BIBERS

RS BN 1L B 22 1B 33 AL E M 44 (7 B RAEMWTET. BAVE. BEHE. Ak
G, Hit4) 344,655 PMREA

ARAE: IR F A Hds (4% 4 R, 250N 44 (7 B FO RS, 55 17 B RIBA TR
i, 66 i B RmEAE, 77 AL E BT AR .

BARFEAR AR
1 BRI
T BATK JEE % BEn
LN 13737 130640 121027 68251
A 5301 31703 27963 18293

T RARBCE N RSO R i
3.1.2 BaEmisE

ST N R AR IR S N A AR (STFT) R LS o Mg R A
IRITE ) SRR BN KRFEZ 16,000Hz, FFT K 512, HE/RIEI ST 80, sH4bspa i

3.2 AW SYIGRE

3.2.1 ECAPA-TDNN &7 £E 4



SE-Res2Block #HR: 455/~ SE-Res2Block B i 22 J2 A5 AAF SE AL 3 i o) 188 18 e A1E (1) 1%
P o AR N G S KA A 3 1 7R R S R B s, Bl STt £ )7 SE-Res2Block 34T
TEFEHL o ZAH BT fR 7 2 REERFIE R A Sl &, FRiEd SE ML B R 1 5w A .

ZERHER G 53R %2 SE-Res2Block ¥l Hi7E J5 222 HR b AT RAIE ZE A AR AL 2
AT RVFEBERLZR SR R B A RZERRRE, 358X 25 5 MRRAE ). BARRHIER
HHAAN:
= (QETRETIN )

Hrp, N5 | R RRE

R (Attention Pooling) : TERHIER A5, BB E Ay, #—
A 1 50T DGR B T AR AIE B A o Y it AT SRR AN TR B RCE, R REAEREAT AR
AT, AN A R A 2 1 4 TR RE IR R R

3.2.2 W&4HHRE

RAER SRR AL (] Adam TRALES, WG IR W E N 103, & 10 405 30
—2e . BUR R ECR A @R, T EAE R TN 5 Se bR AR s 2 B 22 . YIRS AR, i
I HURAEAER 2, DUR O Y A e sk

IR FE: YIZRTE NVIDIA RTX4090 GPU LiEAT, CUDA WASA 12.4. SIZRECEN BN
2000 %6, FFRICFEPUREBAER R ok, 75 CPUMEE FIEAT T 5 #eillgextth, LA
JEIR GPU I I 2R K2 Tt

3.3 WEFE S TER

3.3.1 WARE

TEMRIT B, AL TN AL 8, SRR 12 A Re 77 B &0t 51254
AR R AR B IR, DA DR — Bk

T I VRVE FE R 3 B S SR AT R IR, R AR TEVEN PR AR W HER 2 (Accuracy)
FE#i% (Precision)  H[EIZ (Recal) I F1EHIEATITAL .

3.3.2 PFr RIS
HERIZ (Accuracy) + FRLAUCHI B B AR - R e e, @ XON:

TP+ TN
TP+ TN+FP+FN

Accuracy =

H, TP NEIEH] (True Positive) , TN NEL 14 True Negative, FP ANME IEH (False
Positive) , FN NfEfifl (False Negative) -
KA (Precision) : R, IEM N IERIFIFEA L
TP

T

HE# (Recal) = HF@Folrh, SLBrNIEGIRIFEA bl IR 73 28 10 L] o
TP

R=ETp N



FLAE: FEHRAE BRI AP 5, A08:
Precision - Recall
"Precision + Recall

F1=2

4. SKWMERG T

4.1 YIZEBRH KR

4.1.1 GPU 5 CPU &5 He:

YIZRIHE] . GPU IIZR KRR BAR T cPU. 7E 2000 #il4:d, GPU I 36 /NiF, 1
N 4, B 5 Fias; T CPUANEHEAT 5 8l Zr(EFERT 8 K, W NI 6 s,

98-31 12:07:51 [1120] Lr:
98-31 12:09:06 [1121] Lr:
98-31 12:10:41 [1122] Lr:
98-31 12:11:55 [1123] Lr:
98-31 12:13:10 [1124] Lr:
98-31 12:14:45 [1125] Lr:
©8-31 12:16:00 [1126] Lr:
98-31 12:17:35 [1127] Lr:
98-31 12:18:49 [1128] Lr:
98-31 12:20:04 [1129] Lr:
98-31 12:21:39 [113@] Lr:
98-31 12:22:54 [1131] Lr:
98-31 12:24:08 [1132] Lr:
98-31 12:25:43 [1133] Lr:

.08811, ACC: 98.01%
.08707, ACC: 98.03%
.08629, ACC: 98.04%
.08887, ACC: 97.99%
.08583, ACC: 98.05%
.08737, ACC: 98.03%
.08756, ACC: 98.02%
.08754, ACC: 98.02%
.08724, ACC: 98.03%
.08829, ACC: 98.02%
.08806, ACC: 97.99%
.08746, ACC: 98.02%
.08544, ACC: 98.07%
.08871, ACC: 98.00%

000715, Training: 100.00%, Loss:
008715, Training: 100.00%, Loss:
000715, Training: 100.00%, Loss:
000715, Training: 100.00%, Loss:
000715, Training: 100.00%, Loss:
008715, Training: 100.00%, Loss:
.099715, Training: 100.00%, Loss:
000715, Training: 100.00%, Loss:
000715, Training: 100.00%, Loss:
008715, Training: 100.00%, Loss:
000715, Training: 100.00%, Loss:
000715, Training: 100.00%, Loss:
000715, Training: 100.00%, Loss:
008715, Training: 100.00%, Loss:

B a GPUIIZITEE GRED

99-01 ©3:48:00 [1987] Lr:
99-01 ©3:48:53 [1988] Lr:
99-01 93:49:47 [1989] Lr:
99-01 ©3:50:40 [1990] Lr:
99-01 ©3:51:34 [1991] Lr:
©9-01 ©3:52:27 [1992] Lr:
99-01 ©3:53:21 [1993] Lr:
99-01 ©3:54:14 [1994] Lr:
99-01 ©3:55:07 [1995] Lr:
99-01 ©3:56:01 [1996] Lr:
99-01 93:56:54 [1997] Lr:
99-01 ©3:57:48 [1998] Lr:
99-01 ©3:58:41 [1999] Lr:
99-01 ©3:59:34 [2000] Lr:
53.46326381404651

o000 0000
o 000000000 ee®

.000561, Training: 100.00%, Loss:
000561, Training: 100.00%, Loss:
.000561, Training: 100.00%, Loss:
.000561, Training: 100.00%, Loss:
.000561, Training: 100.00%, Loss:
.eees561, Training: 100.00%, Loss:
.000561, Training: 100.00%, Loss:
900561, Training: 100.00%, Loss:
.000561, Training: 100.00%, Loss:
000561, Training: 100.00%, Loss:
.000561, Training: 100.00%, Loss:
.0ees561, Training: 100.00%, Loss:
.000561, Training: 100.00%, Loss:
000561, Training: 100.00%, Loss:

.06772, ACC: 98.47%
06717, ACC: 98.47%
.06633, ACC: 98.50%
.06608, ACC: 98.49%
.06719, ACC: 98.44%
.06698, ACC: 98.46%
.06746, ACC: 98.42%
06675, ACC: 98.48%
.@6755, ACC: 98.43%
.06569, ACC: 98.50%
.06758, ACC: 98.45%
.06701, ACC: 98.48%
.06685, ACC: 98.45%
.06640, ACC: 98.49%

Lo I ov o B ov B o B ov B ov B v I o B wv B ov B o B v T v
Low B ov T B ov B o B v T v B v B o IR v T v B o B v I v

Kl 5 GPU VIl 2000 %K (&)



warnings.warn( 'torchaudio C++ extension is not available.')
C:\Users\gingcheng\ .conda\envs\ECAPA\11ib\site-packages\torchaudio\backend\utils.p
in 8.8.8 to match that of "sox io" backend and the current interface will be remo
NTERFACE = False™ before setting the backend to "soundfile". Please refer to http
warnings.warn(
08-22 18:10:01 Model para number = 14.73

@8-24 14:15:00 [ 1] Lr: ©.001808, Training: 100.80%, Loss: nan, ACC: 35.88%
08-26 10:07:31 [ 2] Lr: 0.001000, Training: 100.00%, Loss: nan, AC .54%
08-28 ©5:59:40 [ 3] Lr: ©.001000, Training: 100.@0%, Loss: nan, ACC: 39.54%
©8-38 ©3:10:29 [ 4] Lr: 0.091800, Training: 100.80%, Loss: nan, ACC: 39.54%
99-01 ©5:41:47 [ 5] Lr: ©.001000, Training: 100.00%, Loss: nan, AC .54%
EQ—@E 10:35:49 [ 6] Lr: 9.00100@, Training: 62.84%, Loss: nan, ACC:

6 CPU IZk 5 5 HIT
Weshtt:: GPU N ZRHIR RABIRGE T B, JHAE 500 %0 2 IS RIS, HE R B W &
ifii CPU HHT-IHEREJIBR A, IR fEdhilcshazte HARRE, RMERSIR K. B7ERT
GPU 5 CPU YIIZRHIH R AE AR A 45

n
0
o

15 Training Loss Training Accuracy
' —— Train loss
1.0 95
0.8 1
90
Q
0.6 g
85
0.4
0.2 K\~h&k 80
—— Train Accuracy
5 500 1000 1500 2000 0 250 500 750 1000 1250 1500 1750 2000
epoch epoch

7. GPU 5 CPU VI Zxick 2 1) 451 2% R 5028 Ak il 2%

MR LU, S I ZRIS TR A3 00, 3355 eR BUE A B, R0 HERA AN B
UHENIZR I RE A ARERER S

4.1.2 BB EREE

7E GPU Y1 F, ECAPA-TDNN HZIZES 500 $ IS8 TAa i, kA L fovie ik
5] 93.7%, FILU RIFRIEE. HIHZ R, CPU Ik 5 55J5 i A ik SIBRAR F I SIURA .

4.2 PRGN RRHT

4.2.1 BEHERHER

MARZE R EoR, ECAPA-TDNN RS 7E AALE b (1B R HERf Rk 2] 93.7%. o, My
BRI A VK AT R DR ILE AT, WERZ 5 N 95.2% 1 94.8%; R4 Al o 1 1 1R ol HE 1
HRAR, (HIHEE 90%.

T 1JBIR T &R RO A BRI

F 1. FHFE RS FAR




HFRA | BT | IHEREAYE | R JE
HEfE | 95.2% 94.8% 91.5% | 90.3%
W RONAERR R By, 1 BAG 2 T R B R o) o VRV AR s, RS
JUFAR IR

PEEEHAT: T 5 HARFAAE AR E R, BEEE A A I R AR 0 N
HHEME, FEUES R,

BAVEFE: RS &, RARRE . HERIERIK 94.8%.

i A 5 SRR, {H ECAPA-TDNN A BT SRR 7t #E HLRFAIE,  HERF 2R AE 90%
PL s

4.2.2 FREHHRHIMER

R 2. BRI AR R

IR R
T JEE i i it BAYK
FLSIARZE | 5154 124 14 9
JEE 5 19 27761 143 40
Ei&in 0 3081 13983 1229
BATE 0 40 520 31143

RTINS TRV AR R A

Wrth St A/ BB R R 7 A S, R B AR SR AR R
Yo T E S R W B R A R (1 R U O

Facelr S 5 SIS AMESR . 47 3081 MEARYCRAN R 1 BESE S, A1 1229 MEAPER
T AR

4.2.3 VM IERR S

R 3. ARG RGTEAFR B TR . A BFA FL

W JEE 5 Ei&in BATE
RS 99.63% 89.53% 95.38% 96.06%
AR 97.23% 99.28% 76.44% 98.23%
F1 98.42% 94.15% 84.87% 97.13%

g ol A 4 012 PO (BRI, il R 0 B R il 1 HLAt Bt i AR R R

& 5 R SR B RE 1 IE 4 o

4.3 AR S SOETT

BRI EE R EIR VBRI ER R, (B AR S F A AR — R,
JEHAEAE Ry S AR IR o AT BE Y B IR AL 47 -

HAEATT: AR FF SRR B BAF AT, IR RE- 7 B0 AU DS AR IR R
MERF AT B o R ORAT L o 50408 1 9 i R s e R B R i X — il R



S P RS B oA 5 RFIE s RORATEAE ECAPA-TDNN AL FiAL B8R, %558 LBk
HEZRAUE LB IR B U5 R, T RESR T MR i s A S AR RS L o TR, R IRIE
U B R R B AR RE 2R, AR AR DA T ) IR R 2 5

5. iR ERE

AR SET LA A TR GRS IR, RIS E TR R R S B B v o
P S26 2k B, GPU HIIEIAEE R Y ECAPA-TDNN A5 7Y A% 78 50 ) 1a] P S HE Al 6
PRI, MR TR SR S EEAE oA B

KR TAEF, AT LE— DR AR 2 ST R 45 1, 3R TF LA [R5 R S R iz Ak
REJT. MEAb, PRZRTE A AR AL B R, JUHREN R AN T e 7S Ab B, A B TR
FHAE LI B P o 90 45 A TR I R 1) R At T I B A TR, ARSRAE TAE R H
W LA T R AT

EEPEN
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