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What is Automatic Singing Transcription?

SINGING AUDIO

ONSET

OFFSET

PITCH

MUSICAL NOTE



Some
Basic
Concepts

Note segmentation

Pitch extraction

Singing transcription

Audio event detection



Some Basic concepts

Note 
Segmentation

Extracting the onsets and 
offsets from the given audio

Segmentation necessary for 
subsequent pitch extraction

Two Methods- Pitch 
Information & Spectrogram 

Features

Pitch Extraction

Estimation of the F0 
trajectory from the given 

audio signal

Traditional Methods based on 
time & frequency domain 

parameters

Current State of the Art 
Method: LSTM-RNN



Some Basic concepts

Singing 
Transcription

Challenging task even with 
monophonic signals

Use of audio processing 
algorithms similar to contour & 

edge detection

Current State of Art Method: 
RNN-HMM

Audio Event 
Detection

Research methods applied for 
both human & instruments 

audio detection

Traditional Methods used 
Support Vector Machines

Current State of the Art 
Method: R-CNN



Earlier 
AST Models

Method 1 : End-to-end approach to obtain 
onset, offset, and pitch probabilities. (note-
level results through post-processing)

Method 2: Onset & offset obtained 
first; pitch obtained through pitch 
extraction

Method 3: F0 tracking conducted to obtain a 
frame-level pitch curve; note-level onset, 
offset, and pitch obtained through post-
processing



MusicYOLO
Method

MusicYOLO inspired by the perspective 
of sound event detection and based on 
object detection

Uses YOLOX for onset/offset detection & 
spectrogram peak search for pitch 
labeling

Detects note objects rather than isolated 
onset/offset moments, thus greatly 
enhancing the transcription performance



The
MusicYOLO
Model

Waveform

Pre-Processing

Note Detection

Pitch Labeling

Transcription Result



Testing 
Environment



Datasets

SSVD
Sight-Singing 
Transcription 
Dataset

ISMIR2014, MIR-
ST500

Singing 
Transcription 
Dataset

Bach10
Monophonic 
Instrument 
Dataset



Evaluation Metrics

Using F1 Score

Offset (Correct 
offset)

Onset (Correct 
onset)

Note (Correct 
onset and 

pitch)

Note w / Offset 
(Correct onset, 

offset and 
pitch)



Algorithms



Preprocessing

Audio Noise Reduction

Time 
Frequency Transformation

Linear Intensity Matching

Spectrogram Cutting



Audio Noise Reduction

HUMAN VOICE
+

INSTRUMENTAL

HUMAN VOICE
UNET FOR 

HUMAN VOICE

UNET FOR 
INSTRUMENTAL

AMPLITUDE 
SPECTROGRAM

AMPLITUDE
SPECTROGRAM

ARCHITECTURE

HUMAN VOICE
+

INSTRUMENTAL
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+
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AMPLITUDE
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MASK

SPLEETER

MASK FOR 
HUMAN VOICE
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INSTRUMENTAL



Time Frequency Transformation

1D AUDIO 
SEQUENCE

2D 
SPECTROGRAM

STFT

Mel Transform
(Worse)

CQT
(Better)



Linear Intensity Matching

A linear intensity 
mapping effectively 
quantifies the original 
spectrogram according 
to the spectral 
intensity.



Spectrogram Cutting

Spectrogram 
Image

(Aspect ratio 
too large to 

conveniently 
process)

Obtain Ratio

Obtain Segmentation 
Points

Obtain
approximately 
square slices 

along the 
spectrogram 

time axis

Split audio 
into 

unmute 
segments



Note Detection

Note Object 
Detection

Post-processing 
the Bounding Box

Time Shift



Note Object Detection

Note Object Object detection to get 
bounding box

Left boundary = onset
Right boundary = offset
Bottom boundary = f_bottom



Post-processing the Bounding Box



Time Shift



Pitch 
Labelling



The Peak Search Algorithm
• The errors between F_bottom and F_pitch

(actual frequency) are due to Sacrifice of 
frequency resolution due to time resolution 
and Pitch fluctuations due to vibrato and 
portamento

• These can be tackled using the peak search 
algorithm



Results



Results For Different Model Configuration



Why YOLOX ?



Note Detection Results



Note Detection Error Analysis

• Notes missed consecutively

Successive Missing (SM)

• Single note missed by algorithm

Isolated Missing (SM)

• Extra detection errors in the middle of long notes

Successive Extras (SE)

• Caused by pitch fluctuations

Isolated Extras (IE)



Note Detection Error Analysis



Transcription Results



Transcription Error Analysis

• Caused by onset error

Wrong Onset (WO)

• When the onset is correct, but 
the difference between the 
predicted pitch and annotated 
pitch exceeds the pitch threshold

Wrong Pitch (WP)



Transcription Error Analysis

• The figure shows that the onset detection 
errors are the main contributor to 
transcription error.

• Meanwhile pitch errors are rarely found.

• This indicates that extracting pitch in 
singing transcription is easy

• Onset/offset detection is the key to 
transcription performance.



THANK YOU
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