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https://en.wikipedia.org/wiki/Jacques_de_Vaucanson

Automata

The Flautist

Made by Alexandre Nicolas Théroude

Paris, France, c. 1869-1877

60"h x 19-1/2"w x 15"d

The Murtogh D. Guinness Collection
2003.18.74a-c




Toyota Violin Robot (2007)



Teo Tronico

Human VS Robut Piano Battle (2016)



Orchestrion
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Pat Matheny Orchestrion Project (2010)



Human-Al Interactive Performance
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Al for Music Performance
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Human-Al Music Ensemble
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Piano Performance Rendering

0 Rendering expressive MIDI performance given a music score
3 Adjust local tempo, note velocity, note duration, pedal control
3 lgpgtcvg"rgthgtocpeg" OKFK" ht qo" owuk

F
s
Score (MusicXML) Performance MIDI

Allegro moderato
T W, ~
@ﬂ{,‘" F “F "'é/ij ’
T T

Y HE L
1\
Tt

| P o
7] ko A W S N W -

| [ | 4j$




VirtuosoNet

0 Based on conditional variational audio encoder (CVAE)
3 Condition: score embedding

3 Generate performance features given the score embedding
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VirtuosoNet

O Score encoder
3 Regard score as an 1D sequence

3 Hierarchical attention RNN to learn context
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VirtuosoNet : A Hierarchical RNN -based System for Modeling Expressive Piano Performance
Dasaem Jeong, Taegyun Kwon, Yoojin Kim, Kyogu Lee and Juhan Nam, ISMIR, 2019



VirtuosoNet

Deadpan Rendering
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Piano Duet

KAIST 50" Anniversary Event (2021)



Vocal Music Accompaniment
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Sumi Jo Concert at KAIST(2022)



MatchMaker

0 A benchmark framework for score following research

3 Python-based open-sourcer t gl gev
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Matchmaker: an Open Source Library for Real Time Piano Score Following and Systematic Evaluation

Nam, ISMIR, 2025
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, Jiyun Park, Carlos Cancino-Chacén, Suhit Chiruthapudi, Juhan



MatchMaker: Demo

o

R. Schumann (1810-1856)
Symphonic Etudes, Op. 13
Appendix: Variation V




Interactive Music Performance: Relay Performance

Daejeon Art Center <Haydn Avent> Concert (2022)






RealTime Lyrics Tracking for Singing Performance

0 Online DTW
3 Use both chroma audio (melody) and PPG features (lyrics)
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A Real-time Lyrics Alignment System Using Chroma and Phonetic Features For Classical Vocal Performance, Jiyun Park, Sangeon Yong, Taegyun Kwon, Juhan Nam,
ICASSP, 2024



RealTime Lyrics Tracking for Singing Performance

0 PPG model and evaluation
3 Phonemeb: vowels, stops, fricatives, nasals, and silences
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Spectrogram
P 9 (3x3, 64) (3%3,128) 1024 50r39 (PPG)
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[J convaD + BN + ReLU [] MaxPool + Dropout

QO FC Layer [ uni-LsT™
Phase Feature Type AAE (ms) | | MAE (ms) | | Std. (ms) | <2mr::;cemig;03fn$m°£g;;“§cOL(?;’))OOM :
Offline Chroma & DLNCO 302 137 733 67.71 83.35 93.31 98.1
Chroma 1,366 1,098 1,086 58.99 69.42 79.19 85.92
Mel spectrogram 1,222 1,062 692 66.69 75.75 82.22 86.71
Online Phoneme39 2,637 1,924 2,294 31.94 37.25 43.39 52.09
Chroma + MFCC (13) 1259 950 934 59.54 69.56 79.06 85.96
Chroma + MFCC (5) 453 144 766 62.85 73.13 83.46 90.56
Chroma + Phoneme39 1,010 511 1,317 63.96 73.32 82.13 88.04
Chroma + Visemel4 1,007 735 1,010 63.62 73.65 83.65 89.63
Chroma + Phoneme5 376 136 630 64.75 75.49 85.82 92.26




RealTime Lyrics Tracking for Singing Performance
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Music and Audio Computing Lab, KAIST (2023)



RealTime Lyrics Tracking for Singing Performance

Innovate Korea, KAIST (2024)



Automatic Music Transcription (AMT)

0 Converting acoustic music signals into some form of music notation
3 MIDI or sheet music







Piano Transcription in Violin-Piano Ensembles

0 Problem: the lack of transcribed MIDI for violin-piano ensemble

0 Solution: mix the transcribed piano audio tracks with arbitrary violin
audio tracks
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Mix

L]
Solo Violin dataset _
with various

i * volume ratio

A Study of Audio Mixing Methods for Piano Transcription in Violin -Piano Ensembles , Hyemi Kim, Jiyun Park, Taegyun Kwon, Dasaem Jeong, and Juhan
Nam, ICASSP, 2023
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Piano Transcription in Violin-Piano Ensembles

0 Random Mix |
3 Random matching without alignment ‘
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0 Key-based Mix jﬁﬁ?ﬁ N

3 Matching two tracks based on tonality mnorsce N Tu — Vﬁ —8

3 Key:. same/dominant/subdominant ‘é? o b E |F o

0 Onset-based Mix

3 Matching two tracks based on time alignment ; ]

3 Maximize the count of simultaneous onsets

A Study of Audio Mixing Methods for Piano Transcription in Violin -Piano Ensembles , Hyemi Kim, Jiyun Park, Taegyun Kwon, Dasaem Jeong, Juhan Nam, ICASSP, 2023



Piano Transcription in Violin-Piano Ensembles

Frame Note with onset Note with offset Note w. offset & vel

Mixing method P | R | Fl P | R | Fl P | R | Fl P | R | FI

PFVN-synth
Lower bound | 718 | 62.5 | 66.2 | 63.5 | 75.0 | 684 | 36.4 | 43.1 | 392 | 263 | 31.1 | 283
Random mixing 823 | 754 | 784 | 925 | 815 | 864 | 57.6 | 50.7 | 539 | 456 | 40.2 | 42.6
Onset-based mixing 834 | 739 | 78.1 | 89.8 | 81.1 | 85.0 | 57.6 | 52.0 | 54.5 | 45.1 | 409 | 42.7
Key-based mixing 852 | 751 | 79.6 | 92.3 | 83.1 | 873 | 59.0 | 53.0 | 55.7 | 46.5 | 41.9 | 44.0
Key and Onset-based mixing | 82.9 | 745 | 78.2 | 90.2 | 81.0 | 8.1 | 570 | SI.T | 538 | 446 | 402 | 427
Upper bound | 78.7 | 87.7 | 827 | 89.3 |93.0| 91.0 [ 56.1 | 58.6 | 57.3 | 43.9 | 459 | 448

MusicNetEM
Lower bound 751|503 | 59.7 [71.8 | 80.8 | 759 [ 289 [322| 304 [ - | - | -
Random mixing 78.0 | 58.2 | 658 | 87.7 | 784 | 8277 | 36.7 | 32.9 | 34.7 - - -
Onset-based mixing 789 | 57.4 | 65.6 | 87.4 | 784 | 824 | 37.1 | 33.4 | 35.0 - - -
Key-based mixing 79.2 | 56.8 | 655 | 87.7 | 794 | 83.2 | 37.1 | 33.7 | 353 - - -
Key and Onset-based mixing | 79.2 | 56.6 | 65.1 | 87.1 | 79.1 | 82.8 | 37.0 | 33.8 | 35.3 | - - -

Table 2. Transcription results from training on the artificially mixed real performance dataset and evaluating on PFVN-synth
and MusicNetEM.



Demo: Piano Transcription in Violin-Piano Ensembles
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Ongoing Work

0 A multi-track dataset of piano and violin duet
3 Audio, MIDI, score, beat annotation, note alignment
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