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Course Introduction



Who We Are

ǒ Instructor

ƺ Juhan Nam (϶ל )

ƺ Associate Professor, Graduate School of Culture Technology

ƺ Affiliated Professor, the Kim Jaechul Graduate School of AI 

ƺ Music and Audio Computing Lab: https://mac.kaist.ac.kr/

ǒ TAs

ƺ Houn Su Kim (͟ ὡ), DaeyongKwon(̾ҍ↔)

https://mac.kaist.ac.kr/


Music

ǒ The most widely enjoyed cultural content

ǒ Associated with various performing and creative activities

Music at KAIST
Source: http://times.kaist.ac.kr/news/articleView.html?idxno=3835, http://times.kaist.ac.kr/news/articleView.html?idxno=3185



Music Listening

ǒ Music streaming services   

ƺ Digital audio: audio compression



Music Performance

ǒ Digital musical instruments: keyboard, DJ machine

ƺ Sound synthesis, digital audio effect 



Music Composition and Production

ǒ Digital audio workstation (DAW)

ƺ Recording, MIDI sequencing, mixing, and mastering   



Data and Processing

ǒ The role of computer is processing music data in a digital form to 

accomplish a target task

ƺ Music data : audio, MIDI

ƺ Processing : recording/playback, sound synthesis, digital audio effect, audio 

compression 

ƺ The computer-dcugf"vgejpkswgu"ctg"eqnngevkxgn{"ecnngf"ҵmusic technologyҶ

Input data Output data



Digital Signal Processing

ǒ Digital signal processing has been the primary computational method in 

music technology

Digital Filters,

Discrete Fourier transform



Challenges and Opportunities in Music Listening

ǒ Music at scale

ƺ Spotify: 100M tracks (2023)

ƺ YouTube: 500 min videos upload per min (2022)

ƺ SoundCloud: 200M tracks (2019)

ǒ Kv"dgeqogu"xgt{"korqtvcpv"vq"ҵqticpk|gҶ"owuke"vtcemu"

for music search or personalized recommendation



Content-based Music Analysis

ǒ RcpfqtcҲu"Owuke"Igpqog"Rtqlgev"*3;;;+

ƺ Annotate a track with about 450 music attributes
ƴ Igptg."kpuvtwogpvu."vkodtg."xqecn"swcnkv{."ҿ

ƺ Playlists are generated using the similarity 

of music attribute vectors

ƺ Not biased by the popularity 

ǒ Problems

ƺ Takes 20-30 mins to annotate a single track by a music expert

ƺ The dictionary size of music attributes is fixed

Pandora Internet Radio



Music Tagging

ǒ Audio-to-Text

ƺ Predict the musical attributes from audio



ǒ Multi -label classification

ƺ Supervised learning   

Music Tagging

Classification

Model

ñBalladò

ñRockò

ñClassicalò

ñHiphopò

ñSoftò

ñCalmò

ñExcitingò

ñCelloò

ñVocalò



ǒ Deep Learning 

ƺ Mel-spectrogram + Convolutional Neural Networks (CNN)

ƺ The cross-entropy loss between the sigmoid output and the multi -hot vector

Music Tagging

CNN

Deep Learning for Audio-Based Music Classification and Tagging, Juhan Nam, Keunwoo Choi, Jongpil Lee, Szu-Yu Chou, and Yi-Hsuan Yang, IEEE SPM, 2018
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VGG, GoogLeNet, DenseNet, 

Sequeeze-and-Excitation Net, 

EfficientNet



Music Tagging 

Juhan Nam (2012)



ǒ Deep Learning 

ƺ Mel-spectrogram + Convolutional Neural Networks (CNN)

ƺ The cross-entropy loss between the sigmoid output and the multi -hot vector

A fixed set of tags 

Deep Learning for Audio-Based Music Classification and Tagging, Juhan Nam, Keunwoo Choi, Jongpil Lee, Szu-Yu Chou, and Yi-Hsuan Yang, IEEE SPM, 2018
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Music Tagging



ǒ Mapping the tag labels to a dense semantic vector space 

Word Embedding

Ballad

Hiptop

Calm

Classical

Rock

Exciting

SoftVocal

Cello

Word

Embedding

e.g. Word2Vec (CBOW, skip-gram), GloVe

Pretrained word embedding models are available 

ñBalladò

ñRockò

ñClassicalò

ñHiphopò

ñSoftò

ñCalmò

ñExcitingò
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ñVocalò



Audio Embedding

The last layer of CNN

Ὢὼ
Audio Embedding



Joint Text -to-Audio Embedding Learning 

Similarity Metric

Audio Embedding

Word

Embedding

ñBalladò

ñRockò

ñJazzò

ñHiphopò

ñLight-heartedò

ñCalmò

ñExcitingò

ñPianoò

ñVocalò

Zero-shot Learning for Audio-based Music Classification and Tagging, Jeong Choi, Jongpil Lee, Jiyoung Park, Juhan Nam, ISMIR, 2019

Adaption layers



Demo: Query-by-Text



From Word Embedding to Large Language Model 

ǒ We can convert the tag annotation into a rich sentence-level description 

using LLM

ƺ Suggest more descriptive words 

ƺ Conversational 

Jazz, Happy, Piano, 

F Major, 130bpm
(Genre, Mood, Inst., Key, 

Tempo)

The lively jazz genre in F

Major key at 130 BPM 
tempo with happy, upbeat
piano melodies.

Human Annotation Association

Text data augmentation by LLM



Music Captioning

ǒ Cross-modal encoder-decoder

Audio Encoder 

(Listen)

Auto-regressive 

Language Decoder
(Write)

LP-MusicCaps: LLM-Based Pseudo Music Captioning, Seungheon Doh, Keunwoo Choi, Jongpil Lee, Juhan Nam, ISMIR, 2023



Music Captioning

Music and Audio Computing Lab, KAIST (2023)



Extending Joint Text-to-Audio Embedding Learning 

ǒ Fine-tune an open-source LLM (LLaMA 2.0) 

ƺ Use tags , LLM-powered caption, meta data (artist, track), similar artist 

information

ƺ Sentence-level text encoder: RoBERTa

Enriching Music Descriptions with A Finetuned-LLM and Metadata for Text-to-Music Retrieval, Seungheon Doh, Minhee Lee, Dasaem Jeong, Juhan Nam, ICASSP, 2024



funk song with female vocal, similar with Herbie Hancook style

User Input

funk song with female vocal, 

similar with Herbie Hancock style

Query



Multimodal LLM

ǒ Llark (2024)

https://storage.googleapis.com/music2text-public/index.html

LLark: A Multimodal Instruction-Following Language Model for Music, Josh Gardner, Simon Durand, Daniel Stoller, Rachel M. Bittner, ICML, 2024

https://storage.googleapis.com/music2text-public/index.html


Challenges and Opportunities in Music Performance

ǒ Mobile apps for music performance become popular 

ƺ Music education

ƺ Practice or stage performance

ƺ Entertainment and game

ǒ Gogtigpeg"qh"ҵuoctvҶ"hgcvwtgu

ƺ Performance evaluation

ƺ Vocal removal 

ƺ Auto-accompaniment 

Source: https://promusicianhub.com/yousician-review/, https://www.smule.com/

Jameasy

Smule

Apple Music

Yousician

Moises



Music Performance Analysis and Accompaniment

ǒ Need to extract music sources or information of the performance audio

ƺ Music source separation

ƺ Automatic music transcription, beat -tracking, chord recognition, and 

structure analysis

ƺ Score following 



Music Practice 

ǒ Music source separation, chord/key/beat/tempo estimation 

Moises App

https://www.youtube.com/watch?v=0wmiR8Zsv9g

https://www.youtube.com/watch?v=0wmiR8Zsv9g


Music Source Separation

ǒ Mix audio Ą individual sources (e.g. stems)

Source: https://source-separation.github.io/tutorial/landing.html

https://source-separation.github.io/tutorial/landing.html


Music Source Separation

ǒ U-Net 

Demucs V4 (2023)



Music Source Separation

https://www.youtube.com/watch?v=66SaSVa9R7g

https://www.youtube.com/watch?v=66SaSVa9R7g


Beat & Downbeat Tracking, Music Structure Analysis

ǒ Beat & downbeat tracking

ƺ Identifying the regular pulse (beat) and the first beat in a musical bar or 

measure (downbeat)

ǒ Music structure analysis

ƺ Segmenting a piece of music into distinct sections and labeling functions of 

these sections, such as intro, verse, chorus, or bridge

Beat BeatBeat

Downbeat

Beat

Downbeat



Beat & Downbeat Tracking, Music Structure Analysis

ǒ The two families of tasks are handled in a single model 

[1]

[3][2]

[5]

[4]

All-In-One Metrical And Functional Structure Analysis With Neighborhood Attentions on Demixed Audio, Taejun Kim, Juhan Nam, WASPAA, 2023



Beat & Downbeat Tracking, Music Structure Analysis

Music and Audio Computing Lab, KAIST (2023)



AI DJ 

Music and Audio Computing Lab, KAIST (2023)



Automatic Music Transcription (AMT)

ǒ Audio-to-Score  

AMT Model MIDI (piano roll)

Sheet music

Pitch contours



Monophonic Pitch Estimation

ǒ CREPE: classification -based approach using CNN

CREPE: A Convolutional Representation for Pitch Estimation, Jong Wook Kim, Justin Salamon, Peter Li, Juan P. Bello, ICASSP, 2018

https://marl.github.io/crepe/

https://marl.github.io/crepe/


Polyphonic Piano Transcription

ǒ Onsets and Frames

Onsets and Frames: Dual-Objective Piano Transcription, Curtis Hawthorne, et al, ISMIR, 2018

Website: https://magenta.tensorflow.org/onsets-frames

https://magenta.tensorflow.org/onsets-frames


Real-time Polyphonic Piano Transcription

ǒ Predicts note states (off, onset, sustain, offset, and re-onset) using an 

autoregressive RNN

Polyphonic Piano Transcription Using Autoregressive Multi-State Note Model, Taegyun Kwon, Dasaem Jeong, and Juhan Nam, ISMIR, 2020



Demo: Real-Time Polyphonic Piano Transcription

Music and Audio Computing Lab, KAIST (2020)



Seq-to-Seq Model

ǒ A generic encoder-decoder Transformer with standard decoding 

methods

ƺ Represents the MIDI output with text-based token sequences

Sequence-to-Sequence Piano Transcription with Transformers, Curtis Hawthorne, Ian Simon, Rigel Swavely, Ethan Manilow, Jesse Engel, ISMIR, 2021



Chord Recognition

ǒ Chord

ƺ A harmonic set of multiple notes accompanying the melody

ƺ Make the tone perceptually (and emotionally) rich: pleasure or tension  

ƺ C"ugswgpeg"qh"ejqtfu"hqtou"ҵowukecn"rtqitguuҶ<"g0i0"K-V-I, I-ii-V-I 

Beatles ñLet it beò

[The FMP book]



Chord Recognition

ǒ CRNN-based chord recognition

ƺ Structured chord labels: root, pitch, and bass 

Structured training for large-vocabulary chord recognition, Brian McFee Juan Pablo Bello, ISMIR, 2017



Chord Recognition

https://www.youtube.com/watch?v=tFdG8u-xWsk

Chord AI

https://www.youtube.com/watch?v=tFdG8u-xWsk


Score Following

ǒ Online Dynamic Time Warping (DTW)

ƺ Use chroma audio features 

Target Audio

Targ et C hro ma

Live Performance

Reference C hrom a

Reference Audio

Live Tracking of Musical Performances using On-Line Time Warping, Simon Dixon, DAFx, 2005



Score Following

Automatic Page Turner (JKU, 2007)



Automatic Music Accompaniment

Yamaha Daredemo (2023)



Challenges and Opportunities in Music Composition

ǒ Composing music requires musical knowledge, experience, and creativity

ƺ Need endless inspiration and motivation

ƺ Automated composition has been a long-standing interest in music history

Illiac Suite

(Lejaren Hiller and Leonard Isaacson)Mozartôs Musical Dice Game (K. 516F)



Challenges and Opportunities in Music Production

ǒ Music production is costly and labor -intensive

ƺ Recording sessions for vocal and acoustic instruments 

ƺ Incorporating expertise in mixing and mastering

ƺ Search samples in a large sound sample database

https://www.youtube.com/watch?v=G2Rhh_4GZmU
Sample Libraries

https://www.youtube.com/watch?v=G2Rhh_4GZmU


Generative AI and Neural Audio Signal Processing 

ǒ Recent advances of generative AI are actively applied to music

ƺ Symbolic or audio-level music generation

ƺ Neural audio synthesis and digital audio effects 



Google Music Transformer (2018)

ǒ Music Language Model

Music Transformer: Generating Music with Long-Term Structure, Cheng-Zhi Anna Huang et al, ICLR, 2019



MuseNet (2019)

OpenAI MuseNet, , Christine Payne, 2019



ǒ Change timbre of the input source while preserving the expressions

Tone Transfer

Input
(Vocal)

Output
(Violin)



Differentiable Digital Signal Processing (DDSP)

ǒ A hybrid model of neural network and spectral modeling synthesis

DDSP: Differentiable Digital Signal Processing, Jesse Engel, Lamtharn (Hanoi) Hantrakul, Chenjie Gu, Adam Roberts, ICLR, 2020



Tone Transfer - DDSP

https://magenta.tensorflow.org/ddsp-vst

https://magenta.tensorflow.org/ddsp-vst


Singing Voice Synthesis (SVS)

ǒ Generate singing voice audio from melody (MIDI) and lyrics (text)

ƺ Huge advances in neural SVS models over the past few years

ƺ Challenge: the lack of precisely annotated MIDI data to audio 

Melody and Lyrics Audio



Singing Voice Synthesis



Singing Voice Conversion

ǒ Singing Voice Conversion

https://www.youtube.com/watch?v=ge0Lw5I1Tw8

DiffSVC: A Diffusion Probabilistic Model for Singing Voice Conversion, Liu et al., ARSU, 2021

https://www.youtube.com/watch?v=ge0Lw5I1Tw8


AI Cover Song 

ǒ Singing Voice Conversion

DiffSVC: A Diffusion Probabilistic Model for Singing Voice Conversion, Songxiang Liu, Yuewen Cao, Dan Su, Helen Meng, ARSU, 2021

Control Input

- Loudness, F0 (melody, expression)  
- PPG (lyrics, phonetics) 

(speaker-invariant)

Conditional 

Diffusion Model 
- Timber 

(speaker-specific)

https://www.youtube.com/watch?v=PmOpnSuGxbc

https://www.youtube.com/watch?v=PmOpnSuGxbc


MusicLM

ǒ Audio language model using acoustics tokens 

ƺ text conditioning and/or melodic conditioning

MusicLM: Generating Music From Text, Andrea Agostinelli, Timo I. Denk, Zalán Borsos, Jesse Engel, Mauro Verzetti, é, Arxiv, 2023

https://google-research.github.io/seanet/musiclm/examples/

https://google-research.github.io/seanet/musiclm/examples/


Text-to-Music

Google MusicFX (MusicLM)

https://aitestkitchen.withgoogle.com/ko/tools/music-fx

https://aitestkitchen.withgoogle.com/ko/tools/music-fx


MusicLDM

ǒ Text-to-music generation model using a Latent Diffusion Model (LDM)

ƺ Use VAE on spectrogram to obtain latent space and HiFi-GAN for vocoder 

ƺ CLAP (audio-text joint embedding model) for text conditioning

MusicLDM: Enhancing Novelty in Text-to-Music Generation Using Beat-Synchronous Mixup Strategies, Ke Chen, Yusong Wu, Haohe Liu, Marianna Nezhurina, 
Taylor Berg-Kirkpatrick, Shlomo Dubnov, 2024



MusicLDM

https://musicldm.github.io/

https://musicldm.github.io/

