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g | |z Model: ECAPA-TDNN
l‘ﬂ % g softmax . h h H
3 5 | |2 . Ao ] « Channel- and context-dependent statistics pooling
_— N RERN 3 ELg Sy |  Dimensional Squeeze-and-Excitation Res2Blocks
g 3 ;f' : 5 * Multi-layer feature aggregation and summation
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(AAMSoftmax>StandardSimilarityLoss>PairDistancelLoss)
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(FRIM-FI > ERN-FI > ER-FR), BETHEED
ECAPA-TDNNZR &%k
EACRREE Reotts | 0 R | KPR SR
AAMSoftmax 38.17 37.21 23.22
StandardSimilarityLoss 32.03 30.78 22.81
PairDistancelLoss 8.74 14.20 21.61
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Pre-trained Model

I P —— . R EIRAHETREM.
' x Embedding
Transformer Layer L : l ] : ﬁ}}” ﬁi*ﬁﬁl_(h ugg I ng fa Ce):

WavLM -Base

Transformer Layer 2

[ Attentive Statistic Pooling ‘ )

: . i WavLM-Large
ool i1 08 - I e HuBert-Base
| T || « HuBert-Large
| & ! I (o | Mk o * MMS
Zae o8 — B . A e Chinese-Wav2Vec2-Base

STFT + Mel Filter Bank

A * Chinese-Wav2Vec2-Large
:  Wav2Vec2-Large-xlsr-53-chinese-zh-cn

i CNN Feature Encoder

X e e ]

|+ -+ Il | Hidden Representations Sequence | ¢ Chlnese_ HUbert_ Base
| : « Chinese-Hubert-Large
w : Learnable Weight '

Z‘lﬁ;lﬁl)lltf,ﬁ ECAPA | WavLM- | WavLM- Hubert- Hubert- Chinese- Chinese- | Wav2Vec | Chinese- | Chinese-
EEIFFEE “TDNN Base Large Base Larde MMS | Wave2Vec2 | Wave2Ve | 2-Large- | Hubert- | Hubert-
IR 9 9 -Base c2-Large | xlsr-53 Base Large
FEPFR 10.6 8.27 7.9 7.7 7.6 7.6 74 7.3 74 7.3 7.12
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Tencent Chinese hubert{{i 175 /)ifwenetspeech#4fs # AT Ml 2k, H A &A K2R B EIRE,
KPR T IONGREET 2 ACRE T . FATVEEIE 1 50 22 B A, 605 5022 0 JXURS DX 148 23
MG E HESE, R RS DR AR A B

SLR18 SLR33 SLR38 SLR47 SLR62 SLR68 SLR82 SLR87 SLR93 SLR111 SLR119 SLR121 SLR123 SLR124 SLR133
Training Sets ime-
- THCHS-30 |aishell ST-CMDS \i/rcl)rr%es Aidatatang |magicdata |[CN-Celeb |mobvoi Aishell3 aishell4 alimeeting \é\r/]enetspee XAGlCDAT Tibetan XBMU
Hours 34 178 110 99 200 755 1358 224 86 178 1386 12482 155 85 31
3D- CommonV
kespeech [Speaker [VoxCelebl|VoxCeleb2|HAL oice Finvcup TOTAL
Hours 1542 1275 352 2460 645 3600 106 27341
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- X16KFHREFEHAITTERME (16k->8k->f816k) , EFINGKEELFTFEEIE (8k->{h16k) AYhubert-base.
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Acoustic Unit Discovery System
(e.g., K-means on MFCC)
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- Fine-tune%t

| Model

Num. of
Params

- HuBERT-itl 95M

HUBERT-it2 95M
HUBERT-base  95M

" HuBERT-large  317M
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K-Means {50,100,500} on the 39D MFCC+delta+ddelta

K-Means 500 on the features from the 6th transformer layer of the HUBERT-it1

K-Means 500 on the features from the 9th transformer layer of the HUBERT -it2

K-Means 500 on the features from the 9th transformer layer of the HUBERT-it2
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Chinese-Hubert-Base

Hilll&Hubert-Base (1w/)\BY)

BiJl&Hubert-Base (2.7w/\kY)
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o BTG IR hidden embeddingsiF{THR{ELE
B Z B iR & embedding:

Baseline

B 1,2,3,4...N

Pretrained-model
+

ECAPA-TDNN

Y

Pairwise Distance
Loss

—IiiB&embedding:E'=E;xa+E;j*xa, (a=1/2)

=KriB&embedding:E" =E;xa+Ejxa+E,xa, (a=1/3)

shu

« ZMRE T Sembedding5 E M= embeddingfy
FREBEE A
D(Eo,E') =D(EoEj)*a+D(EoE;)*a, a=1/2
D(EO,E”)=D(E0,E,')*G+D(E0,Ej)*a+D(Eg,Ek)*ﬂ, ﬂ=1/3

e Multi-Mix PairDistancelLoss:

PairDistancelLoss: Lossq=MSE(CDIST(EoEop =2),D(EoEp))
2MixPairDistancelLoss:. Lossy;=Lossq+ MSE(CDIST(EE"),D(EqE"))

3MixPairDistancelLoss:. Loss, =Loss;+ MSE(CDIST(EqE"),D(Eo,E"))

Hdv D(EO, EO) F =batchf M EIEAIES KA E,

ffle
Pretrained-model E' 2-Mix Pairwi
—> S5 4.2.9.7... > + —» Ei interpolation > ]5 ix Pairwise
ECAPA-TDNN istance Loss
Pretrained-model E" 3-Mix Pairwi
—>» =31 5,8.1,10... > o+ —» E2 interpolation > ]5 ix Pairwise
ECAPA-TDNN istance Loss
%Sy e
Pretrained-model ; o
—>» =M 3,7.5.8... > + —>» En 5 interpolation > ND_MIX Ijalrxwf1se
ECAPA-TDNN istance Loss
BN ER £R-&5b S-S5
PairDistance 12.20 23.58
2MixPairDistance 1041 23.01
3MixPairDistance 8.93 23!
4MixPairDistance 8.11 22.84
5MixPairDistance 8.14 23.67
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model_avgp,n = HZmodelj

epoch-21 epoch-22 epoch-23 epoch-24

—0-0-0-0-0-0-0-0-0-0—

n
model avg' = model av X + model,. 1 X
L . ] - g - g[1,n] n+1 n+1 n_l_.l

model average

model_avgp+1,q = —— (model_avgp,q X g — model_avgip X p)
a—p

BaMIKER FR-FE5H 55N
epochl10 11.89 23.58
epochlb 12.68 25.15
ave epochl10-15 11.87 23.50
== K2 h10-15 11.84 23.45
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Hubert-Large Hubert-Base Hubert-Base Hubert-Large
Training + + + +
ECAPA-TDNN ECAPA-TDNN ECAPA-TDNN ECAPA-TDNN
+ + + +
4-Mix Pairwise 4-Mix Pairwise 5-Mix Pairwise 5-Mix Pairwise
Loss Loss Loss Loss
Y Y Y Y
Test
Prediction1 Prediction2 Prediction3 Prediction4
L J
ki3
Average
RAGER
Hubert-Large + 4Mix PairLoss
Hubert-Large + 4Mix PairLoss +

Hubert-base + 4Mix Hubert-Large + 4Mix

PairLoss PairLoss + Hubert-base + 4Mix PairLoss

Hubert-base + 4Mix PairLoss +
Hubert-base + 5Mix PairLoss

Distance 11.16 11.10 qmers 10.52
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