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안인규 (Inkyu An)

Speech And Audio Recognition
(오디오 음성인식) 

https://mairlab-km.github.io/

This lecture material refers to 
https://github.com/yandexdataschool/speech_course?tab=readme-ov-file and 
https://github.com/markovka17/dla

https://github.com/yandexdataschool/speech_course?tab=readme-ov-file
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• Source Separation literally means separate any source of 
particular interest...

Separation?

Separate signal (music, 
speech, ...) from noise

Separate audio mix into 
separate tracks

Guess when specific 
sound sources are 
active

Denoising

Source 
Separation

Diarization
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• Source Separation literally means separate any source of 
particular interest...

Separation?

Separate signal (music, 
speech, ...) from noise

Separate audio mix into 
separate tracks

Guess when specific 
sound sources are 
active

Denoising

Source 
Separation

Diarization

Source Separation + Denoising
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• Goal: guess what is noise and remove the noise from audio

Ref.: Izotope RX 8

Sound is Simple

• Spectrum-based Denoising
• Main idea: the noise is different, 

we will just cut it from the 
spectrum

• Early (and still popular) solution: 
different types of spectral 
profiling
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Sound is complicated (Two people speaking)
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• Goal: guess what is noise and remove the noise from audio

Ref.: Izotope RX 8

• Spectrum-based Denoising
• Main idea: the noise is different, 

we will just cut it from the 
spectrum

• Early (and still popular) solution: 
different types of spectral 
profiling

Sound is complicated (Two people speaking) The noise may not be well-separable
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• Deep learning approach: 
see what can be done on 
the spectrogram

• Main idea: we’ll still just 
cut it from the “spectrum”

• To separate complex 
audio, we need nontrivial 
ways

Sarah 
& 

Flute

Alex 
& 

noise

https://github.com/facebookresearch/denoiser
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• Deep learning approach: 
very similar

Song

https://github.com/facebookresearch/denoiser
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10Audio Ref: DEMUCS

• Deep learning approach: 
very similar

• Main idea: still just carve it 
from the “spectrum” (using 
DEMUCS)

Song

Bass: 

True: 

Drums: 

True: 

Vocals: 

True: 

The Easton Ellises - Falcon 69

https://github.com/facebookresearch/denoiser
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• ...
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Audio

Encoder

Masking

Decoder

Audio(?s)
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Audio

Encoder

Masking

Decoder

Audio(?s)

raw-format (e.g., wav)
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Audio

Encoder

Masking

Decoder

Audio(?s)

raw-format (e.g., wav)

STFT?, Mel?, or ??
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Audio

Encoder

Masking

Decoder

Audio(?s)

raw-format (e.g., wav)

STFT?, Mel?, or ??

Some deep network
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Audio

Encoder

Masking

Decoder

Audio(?s)

raw-format (e.g., wav)

(Mel?) Spectrogram?

Some deep network

Inverse STFT? or ??

Saperated raw-format
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Audio

Encoder

Masking

Decoder

Audio(?s)

raw-format (e.g., wav)

STFT?, Mel?, or ??

Some deep network

Inverse STFT? or ??

Saperated raw-format

Alex 
& 

noise

Denoised 
Alex
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● SNR (Signal-to-Noise Ratio) in dB: 

● Si-SNR (Scale-invariant SNR) in dB: 

● PESQ (Perceptual Evaluation of Speech Quality): 

● STOI (Short-Time Objective Intelligibility): 
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● SNR (Signal-to-Noise Ratio) and Si-SNR (Scale-invariant SNR)

Clean (s)

Separated (s+n)

𝑺𝑵𝑹 = 𝟏𝟎 𝐥𝐨𝐠
𝒔 𝟐

𝒔 − ො𝒔 𝟐

𝑺𝑰_𝑺𝑵𝑹 = 𝟏𝟎 𝐥𝐨𝐠
𝜶𝒔 𝟐

𝜶𝒔 − ො𝒔 𝟐

https://ar5iv.labs.arxiv.org/html/1811.02508

SI-SNR이 언제 효과적일까?
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● PESQ (Perceptual Evaluation of Speech Quality): 
● 사람이 느끼는 음질 (Perceptual quality)를 객관적으로 수치화하기 위한

지표
● -0.5 (bad)~4.5 (great)

● STOI (Short-Time Objective Intelligibility)
● 사람이 얼마나 말을 알아들을 수 있는가 (intelligibility)를 예측하기 위한

지표
● 0 (Bad)~1 (great)

https://ar5iv.labs.arxiv.org/html/1811.02508



마스터 제목 스타일 편집Spectrogram Information

21

● Spectrogram (Amplitude info.)
● Convert the magnitude (or 

squared magnitude) of STFT to a 
dB scale



마스터 제목 스타일 편집Spectrogram Information

22

● Spectrogram (Amplitude info.)
● Convert the magnitude (or 

squared magnitude) of STFT to a 
dB scale

● Idea: use spectrogram as part of 
the encoder and inverse STFT as a 
decoder from masked 
spectrogram

● How to compute loss?
● How to encode Spectrogram?
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● Spectrogram (Amplitude info.)
● Convert the magnitude (or 

squared magnitude) of STFT to a 
dB scale

● Idea: use spectrogram as part of 
the encoder and inverse STFT as a 
decoder from masked 
spectrogram

● How to compute loss?
● How to encode Spectrogram?
● How to handle Phase info.?
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● Spectrogram (Amplitude info.)

How can we use phase effectively?
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● DCCRN (2020)
● Why not to use the STFT coefficient (with phases) directly?
● Complex operations with complex data

Better PESQ scores
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● MDX-Net (2021)
● Complex convolution structure respecting Time and Frequency ... 

(inherited from U-net ideas)
● Separation model for each category + Mixer (즉, 각 소스별로 독립적

으로 학습)

SNR of separation

Real + Phase 
(2-ch)
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● FullSubNet+(2022)
● Idea: use separately magnitude and 2-component phase, encode it 

via dilated convolutions then fully convolutional

TCN-Block
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● FullSubNet+(2022)
● Idea: use separately magnitude and 2-component phase, encode it 

via dilated convolutions then fully convolutional
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Audio

Encoder

Masking

Decoder

Audio(?s)

raw-format (e.g., wav)

STFT?, Mel?, or ??

Some deep network

Inverse STFT? or ??

Saperated raw-format

Alex 
& 

noise

Denoised 
Alex
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Audio

Encoder

Masking

Decoder

Audio(?s)

raw-format (e.g., wav)

CNN with Skip 
(similar to wav2vec)

2-Layer LSTM (in time)

ConvTranspose with Skip

Saperated raw-format
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Enc
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RNN

Enc
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RNN

Enc

Dec
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RNN RNN

Enc

Dec

Enc

Dec
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RNN RNN …

Enc

Dec

Enc

Dec
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Enc

RNN

Dec

Enc

RNN

Dec

…

Enc

RNN

Dec



마스터 제목 스타일 편집DEMUCS Denoiser (2020)

37



마스터 제목 스타일 편집Hybrid Transformer DEMUCS (2022)

38Waveform 기반Spectrogram 기반



마스터 제목 스타일 편집Hybrid Transformer DEMUCS (2022)

39Waveform 기반Spectrogram 기반

Phase information (time 
domain)을 더 잘 활용 가능

Harmonic information 
(frequency domain)을

더 잘 활용 가능

Diagonal matrix 
(adaptive scaling 

factor)

𝑥 ∈ ℝ𝑇×𝐷
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● More Conv, LSTM, ... ?
● DEMUCS has various versions: from 

40M to 86M parameters

● Release version is highly optimized

● Reducing complexity through structed 
design: BSRNN (2023)
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TF Spectrogram 
(complex) split into 
frequency bands

The bands are 
processed by Dual-

Path RNN

Masks are 
reconstructed with 

band-wise MLP
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TF Spectrogram 
(complex) split into 
frequency bands

The bands are 
processed by Dual-

Path RNN

Masks are 
reconstructed with 

band-wise MLP

Semi-Supervised training + Supervised finetuning
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~37M params per channel against 80M of DEMUCS


