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Architecture



Model Architecture
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▶ The input of the network is speech and text.
▶ We applied Data Augmentation to the speech
waveforms.

▶ Self-Supervised Learning Models were used as
feature extractors to produce hidden state
vectors.

▶ These vectors were merged into one using
Attention Pooling.

▶ The final vector was projected with some
dense layers.



Data Augmentation
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Feature Extractors

We used speech and text pre-trained self-supervised models to extract relevant features. The ones we
experimented with are the following:

Speech Feature Extractors
▶ WavLM: Trained with 80,000h. The model
has 316.2M of parameters

▶ XLSR-wav2vec 2.0 : Trained with 436,000h.
The model has 317M of paramters

▶ HuBERT: Trained with 60,000h. The model
has 300M of parameters

Text Feature Extractors
▶ BERT: Output dimension of 1,024. The model
has 355M of parameters

▶ XLM-RoBERTa Spanish: Output dimension of
1,024. The model has 355M of parameters

▶ BETO: Output dimension of 768. The model
has 110M of parameters.



Speech Feature Extactors

From the different feature extractors, we selected XLSR-wav2vec2.0.

X<latexit sha1_base64="eFc/CcufjQXkIIgegQKZWdirbK0=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeCF49VbC2koWy2m3bpJht2X4QS+jO8eFDEq7/Gm//GTZuDtg4sDDPvsfMmTKUw6LrfTmVtfWNzq7pd29nd2z+oHx51jco04x2mpNK9kBouRcI7KFDyXqo5jUPJH8PJTeE/PnFthEoecJryIKajRESCUbSS348pjhmVeW82qDfcpjsHWSVeSRpQoj2of/WHimUxT5BJaozvuSkGOdUomOSzWj8zPKVsQkfctzShMTdBPo88I2dWGZJIafsSJHP190ZOY2OmcWgni4hm2SvE/zw/w+g6yEWSZsgTtvgoyiRBRYr7yVBozlBOLaFMC5uVsDHVlKFtqWZL8JZPXiXdi6bnNr27y0brvqyjCidwCufgwRW04Bba0AEGCp7hFd4cdF6cd+djMVpxyp1j+APn8weYEZF+</latexit><latexit sha1_base64="eFc/CcufjQXkIIgegQKZWdirbK0=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeCF49VbC2koWy2m3bpJht2X4QS+jO8eFDEq7/Gm//GTZuDtg4sDDPvsfMmTKUw6LrfTmVtfWNzq7pd29nd2z+oHx51jco04x2mpNK9kBouRcI7KFDyXqo5jUPJH8PJTeE/PnFthEoecJryIKajRESCUbSS348pjhmVeW82qDfcpjsHWSVeSRpQoj2of/WHimUxT5BJaozvuSkGOdUomOSzWj8zPKVsQkfctzShMTdBPo88I2dWGZJIafsSJHP190ZOY2OmcWgni4hm2SvE/zw/w+g6yEWSZsgTtvgoyiRBRYr7yVBozlBOLaFMC5uVsDHVlKFtqWZL8JZPXiXdi6bnNr27y0brvqyjCidwCufgwRW04Bba0AEGCp7hFd4cdF6cd+djMVpxyp1j+APn8weYEZF+</latexit><latexit sha1_base64="eFc/CcufjQXkIIgegQKZWdirbK0=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeCF49VbC2koWy2m3bpJht2X4QS+jO8eFDEq7/Gm//GTZuDtg4sDDPvsfMmTKUw6LrfTmVtfWNzq7pd29nd2z+oHx51jco04x2mpNK9kBouRcI7KFDyXqo5jUPJH8PJTeE/PnFthEoecJryIKajRESCUbSS348pjhmVeW82qDfcpjsHWSVeSRpQoj2of/WHimUxT5BJaozvuSkGOdUomOSzWj8zPKVsQkfctzShMTdBPo88I2dWGZJIafsSJHP190ZOY2OmcWgni4hm2SvE/zw/w+g6yEWSZsgTtvgoyiRBRYr7yVBozlBOLaFMC5uVsDHVlKFtqWZL8JZPXiXdi6bnNr27y0brvqyjCidwCufgwRW04Bba0AEGCp7hFd4cdF6cd+djMVpxyp1j+APn8weYEZF+</latexit><latexit sha1_base64="eFc/CcufjQXkIIgegQKZWdirbK0=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeCF49VbC2koWy2m3bpJht2X4QS+jO8eFDEq7/Gm//GTZuDtg4sDDPvsfMmTKUw6LrfTmVtfWNzq7pd29nd2z+oHx51jco04x2mpNK9kBouRcI7KFDyXqo5jUPJH8PJTeE/PnFthEoecJryIKajRESCUbSS348pjhmVeW82qDfcpjsHWSVeSRpQoj2of/WHimUxT5BJaozvuSkGOdUomOSzWj8zPKVsQkfctzShMTdBPo88I2dWGZJIafsSJHP190ZOY2OmcWgni4hm2SvE/zw/w+g6yEWSZsgTtvgoyiRBRYr7yVBozlBOLaFMC5uVsDHVlKFtqWZL8JZPXiXdi6bnNr27y0brvqyjCidwCufgwRW04Bba0AEGCp7hFd4cdF6cd+djMVpxyp1j+APn8weYEZF+</latexit>

Z

<latexit sha1_base64="AbUB20ZkMBJJrNGS9CvvOZFQGF8=">AAAB8nicbVDLSgMxFL1TX7W+qi7dBIvgqsxIQd0V3LisYh84HUomzbShmWRIMkIZ+hluXCji1q9x59+YaWehrQcCh3PuJeeeMOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo2WqCG0TyaXqhVhTzgRtG2Y47SWK4jjktBtObnK/+0SVZlI8mGlCgxiPBIsYwcZKfj/GZkwwzx5ng2rNrbtzoFXiFaQGBVqD6ld/KEkaU2EIx1r7npuYIMPKMMLprNJPNU0wmeAR9S0VOKY6yOaRZ+jMKkMUSWWfMGiu/t7IcKz1NA7tZB5RL3u5+J/npya6CjImktRQQRYfRSlHRqL8fjRkihLDp5ZgopjNisgYK0yMbaliS/CWT14lnYu616hf3zVqzfuijjKcwCmcgweX0IRbaEEbCEh4hld4c4zz4rw7H4vRklPsHMMfOJ8/nvuRjA==</latexit>

……

C

<latexit sha1_base64="MdYkdScTEPCFZ+zkzFYHzx6vsfU=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjNSUHeFblxWsQ+YDiWTZtrQTDIkd4Qy9DPcuFDErV/jzr8x085CWw8EDufcS849YSK4Adf9dkobm1vbO+Xdyt7+weFR9fika1SqKetQJZTuh8QwwSXrAAfB+olmJA4F64XTVu73npg2XMlHmCUsiMlY8ohTAlbyBzGBCSUia82H1ZpbdxfA68QrSA0VaA+rX4ORomnMJFBBjPE9N4EgIxo4FWxeGaSGJYROyZj5lkoSMxNki8hzfGGVEY6Utk8CXqi/NzISGzOLQzuZRzSrXi7+5/kpRDdBxmWSApN0+VGUCgwK5/fjEdeMgphZQqjmNiumE6IJBdtSxZbgrZ68TrpXda9Rv71v1JoPRR1ldIbO0SXy0DVqojvURh1EkULP6BW9OeC8OO/Ox3K05BQ7p+gPnM8ffAiRdQ==</latexit>

Q

<latexit sha1_base64="edUm7D+Sm7O5bC2L0byZugOTXbo=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjNSUHcFNy5bsQ+YDiWTZtrQTDIkd4Qy9DPcuFDErV/jzr8x085CWw8EDufcS849YSK4Adf9dkobm1vbO+Xdyt7+weFR9fika1SqKetQJZTuh8QwwSXrAAfB+olmJA4F64XTu9zvPTFtuJKPMEtYEJOx5BGnBKzkD2ICE0pE1p4PqzW37i6A14lXkBoq0BpWvwYjRdOYSaCCGON7bgJBRjRwKti8MkgNSwidkjHzLZUkZibIFpHn+MIqIxwpbZ8EvFB/b2QkNmYWh3Yyj2hWvVz8z/NTiG6CjMskBSbp8qMoFRgUzu/HI64ZBTGzhFDNbVZMJ0QTCralii3BWz15nXSv6l6jfttu1JoPRR1ldIbO0SXy0DVqonvUQh1EkULP6BW9OeC8OO/Ox3K05BQ7p+gPnM8fkU6Rgw==</latexit>

Masked

CNN

q q q q q

L

<latexit sha1_base64="Uo4sFAN+3pvZ3Umv6/JoBHX7l0Q=">AAAB8nicbVDLSgMxFL1TX7W+qi7dBIvgqsxIQd0V3LhwUcU+YDqUTJppQzPJkGSEMvQz3LhQxK1f486/MdPOQlsPBA7n3EvOPWHCmTau++2U1tY3NrfK25Wd3b39g+rhUUfLVBHaJpJL1QuxppwJ2jbMcNpLFMVxyGk3nNzkfveJKs2keDTThAYxHgkWMYKNlfx+jM2YYJ7dzQbVmlt350CrxCtIDQq0BtWv/lCSNKbCEI619j03MUGGlWGE01mln2qaYDLBI+pbKnBMdZDNI8/QmVWGKJLKPmHQXP29keFY62kc2sk8ol72cvE/z09NdBVkTCSpoYIsPopSjoxE+f1oyBQlhk8twUQxmxWRMVaYGNtSxZbgLZ+8SjoXda9Rv75v1JoPRR1lOIFTOAcPLqEJt9CCNhCQ8Ayv8OYY58V5dz4WoyWn2DmGP3A+fwCJtZF+</latexit>

`

Contrastive loss

Context 
representations

raw waveform

Quantized
representations

Latent speech
representations

Transformer

Figure: Figure extracted from the Wav2Vec2.0 paper.

▶ Trained with 436,000h of
multilingual speech.

▶ It has a quantization module
which transforms continuous
speech into discrete speech units.

▶ Unlike the Transformer, it doesn’t
have a Positional Encoding. It uses
1-D Convolutions that acts as
relative positional embedding.

▶ It uses contrastive loss.
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Attention Pooling VS Basic single-query attention

Let {ht ∈ RE |t = 1, ...,T} be the hidden states of dimension E . We define the Attention Pooling as:

Basic single-query attention.

wt =

exp

(
q⊤kt√

E

)
∑T

i=1 exp

(
q⊤ki√

E

)

c =
T∑

t=1

wtvt

where ki , qi , vi are trainable parameters.

Attention Pooling

wt =

exp

(
u⊤ht√

E

)
∑T

i=1 exp

(
u⊤hi√

E

)

c =
T∑

t=1

wtht

where u is a trainable parameter



Experimental Setup and Results



Waveform processing

Audio Cropping
In training, waveforms are randomly cropped in windows of 5.5 seconds.

Data Augmentation
The data augmentation is applied on the fly, allowing each batch of data to be augmented
dynamically. It was proven that 0.3 was the best value. The intrinsic details of the transformations are
the following:
▶ Speed Perturbation: The waveform’s speed was randomly modified x0.9 or x1.1.
▶ Reverberation: It was used OpenSLR [13, 20, 26]
▶ Background noises, music or voices: MUSAN.

https://www.openslr.org/13/
https://www.openslr.org/20/
https://www.openslr.org/26/
https://www.openslr.org/17/


Feature Extractors

To choose the best-performing feature extractors we made different tests combining them.
We created a Validation Set from the training set to avoid sending submissions.

Text Model Audio Model Output Dimensions Validation F1-Score
RoBERTa WavLM LARGE 1,024 80.04%
RoBERTa XLSR-wav2vec 2.0 1,024 89.73%
RoBERTa HuBERT LARGE 1,024 76.033%
BERT Large Uncased WavLM LARGE 1,024 83.27%
BERT Large Uncased XLSR-wav2vec 2.0 1,024 86.59%
BETO WavLM BASE PLUS 768 74.79%
BETO-EMO WavLM BASE PLUS 768 73.19%

All of these configurations had their corresponding hyperparameter tuning, and the best of each one
was selected



Hyperparameter Tuning
We tested different model configurations with a wide variety of hyperparameters. The ones that
gave better results are the following:
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(a) Hidden dense layers = 3
Weight decay = 0.1
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(b) Hidden dense layers = 2
Weight decay = 0.01
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(c) Hidden dense layers = 2
Weight decay = 0.1

Figure: Confusion matrices in the test set. The drop-out was set to 0.1 and the data augmentation probability to
0.3.



Results over the Test Set

We combined the best three models using hard voting. These are the results obtained over the test
set for each submission in Codalab:

Model Name Hidden dense layers Weight Decay Test F1-Score
Top 1 Model 2 0.01 86.20%
Top 2 Model 2 0.1 85.96%
Top 3 Model 3 0.1 82.43%
Model Ensemble - - 86.69%
Baseline - - 53.08%

The Model Ensemble obtained the best performance in the multimodality part of the competition.



Thank you for your attention!



Additional Slides



Attention

In Slide 11 we used Single Query Attention. The Attention algorithm follows this formula

wt =

exp

(
q⊤
j kt√
E

)
∑T

i=1 exp

(
q⊤
j ki√
E

)

cj =
T∑

t=1

wtvt

where ki , qi , vi are trainable parameters.


