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I. Author
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II. Purpose
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Three problems from speech 

representation learning

- Multiple sound units in each input 

utterance

- No lexicon of input sound units

- Sound units have variable lengths

Hidden-Unit BERT

- Offline clustering

- Applying the prediction loss 

over the masked regions only



III. Backgrounds - Offline clustering(1)
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III. Backgrounds - Offline clustering(2)
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< k-means clustering >



IV. Backgrounds - BERT(1)
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IV. Backgrounds - BERT(2)
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Word piece Embedding

- 자주등장하는단어와자주
등장하지않는단어를구분하여
임베딩

Segment Embedding

- 각문장을구분하기위해서 [SEP] 

토큰을기준으로임베딩

Position Embedding

- 입력토큰의위치정보를임베딩



IV. Backgrounds - BERT(3)
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< Pre-Training >



IV. Backgrounds - BERT(3)

9

< Fine-Tuning >



V. HuBERT(PreTraining) – The Name
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Hidden unit Bidirectional 

Encoder Representations 

from Transformers

Hidden unit

BERT



V. HuBERT(PreTraining) - PreTraining
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V. HuBERT(PreTraining) - Overview
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Offline Clustering masking Prediction Update



V. HuBERT(PreTraining) – Loss Functions
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𝐿𝑚 𝑓; 𝑋,𝑀, 𝑍 = ෍

𝑡∈𝑀

log 𝑝𝑓 𝑧𝑡 ෨𝑋, 𝑡)

𝐿𝑢 𝑓; 𝑋,𝑀, 𝑍 = ෍

𝑡∉𝑀

log 𝑝𝑓 𝑧𝑡 ෨𝑋, 𝑡)



V. HuBERT(PreTraining) – Loss Functions
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pf c ෨𝑋, 𝑡 =
exp(𝑠𝑖𝑚(𝐴𝑜𝑡 , 𝑒𝑐)/𝜏)

σ𝑐′=1
𝐶 exp(𝑠𝑖𝑚(𝐴𝑜𝑡 , 𝑒𝑐′)/𝜏)



V. HuBERT(PreTraining) – Loss Functions
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𝐿 = 𝛼𝐿𝑚 + 1 − 𝛼 𝐿𝑢



V. HuBERT(PreTraining) – 1st Iterations
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V. HuBERT(PreTraining) – After 1st Iterations
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CNN Encoder Transformers

k-means clustering New Label

Output

Intermediate layer’s Features



V. HuBERT(Model) – Architecture Summary
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VI. HuBERT(FineTuning) - ASR 
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CNN Encoder Transformers Projection Layer



VI. HuBERT(FineTuning) - ASR 
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CNN Encoder Transformers Projection Layer



VI. HuBERT(FineTuning) - ASR 
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CNN Encoder Transformers Softmax Layer

CTC Loss

“Freeze-step”



VII. HuBERT(Decoding) - Process 
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Fine-tuned HuBERT

Decoder

(ex. Wav 2 letter ++)

Second Language Model

(ex. N-gram, Transformer)

Output

①

② ③

Score
④ ⑤



VII. HuBERT(Decoding) – Score Function 
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log 𝑃𝐶𝑇𝐶 𝑌 𝑋 + 𝑤1𝑙𝑜𝑔𝑃𝐿𝑀 𝑌 + 𝑤2 𝑌



VIII. HuBERT(Result) - SOTA
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VIII. HuBERT(Result) – Self Training
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VIII. HuBERT(Result) – PNMI
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𝐼(𝑦; 𝑧)

𝐻 𝑦
= 1 −

𝐻(𝑦|𝑧)

𝐻(𝑦)



VIII. HuBERT(Result) – different feature
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VIII. HuBERT(Result) – Quality
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VIII. HuBERT(Result) – Effect of training objective
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VIII. HuBERT(Result) – Pre Training steps
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VIII. HuBERT(Result) – masking probability, batch size
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