
PAT 204/504 (Fall 2025)

Creative Coding

Lecture 21: Case Studies

Instructor: Hao-Wen Dong



• Presentation in class on Dec 1
 10-min presentation that demonstrates your design, implementation, results and 

discussion
 You may follow any structure that best suits your narrative

• Report due at 11:59pm ET on Dec 15
 A 1 to 2-page (excluding references) report that summarizes your design, 

implementation, results and discussion
 You may use any template

• No late submissions! Submit your work early and update it later.

Project: Presentation & Report
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• Presentation (20pt)
 Attendance (10pt)
 Clarity (5pt)
 Organization & presentation (5pt)

• Report (20pt)
 Writing clarity (5pt)
 Organization & presentation (5pt)
 Results (5pt)
 Discussion (5pt)

Project: Rubrics
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• Your feedback is highly appreciated!

• Enter at umich.bluera.com/umich

Course Evaluation
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https://umich.bluera.com/umich/
https://umich.bluera.com/umich/


Scientific Data Sonification
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5000 Exoplanets (Russo & Santaguida, 2022)

Matt Russo and Andrew Santaguida, “5000 Exoplanets: Listen to the Sounds of Discovery,” ICAD, 2022. 6

youtu.be/yv4DbU1CWAY

https://icad2022.icad.org/wp-content/uploads/2022/06/10-Matt-Russo-ICAD2022_22.pdf
https://youtu.be/yv4DbU1CWAY
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Audiovisual Art
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Processing Controlling Max/MSP
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youtu.be/NdY7KshDdtM

https://youtu.be/NdY7KshDdtM


Computer-assisted Orchestration
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Orchidea & MaxOrch (Cella, 2022; Lesueur & Bloland, 2022)

Carmine-Emanuele Cella, “Orchidea: a comprehensive framework for target-based computer-assisted dynamic orchestration,” JNMR, 2022.
forum.ircam.fr/projects/detail/maxorch/ 11

youtu.be/ltups7UrTh4?t=3807 youtu.be/ltups7UrTh4?t=3933

https://www.tandfonline.com/doi/full/10.1080/09298215.2022.2150650
https://www.tandfonline.com/doi/full/10.1080/09298215.2022.2150650
https://www.tandfonline.com/doi/full/10.1080/09298215.2022.2150650
https://www.tandfonline.com/doi/full/10.1080/09298215.2022.2150650
https://www.tandfonline.com/doi/full/10.1080/09298215.2022.2150650
https://forum.ircam.fr/projects/detail/maxorch/
https://forum.ircam.fr/projects/detail/maxorch/
https://forum.ircam.fr/projects/detail/maxorch/
https://forum.ircam.fr/projects/detail/maxorch/
https://youtu.be/ltups7UrTh4?t=3807
https://youtu.be/ltups7UrTh4?t=3933


Orchidea (Cella, 2022)

Carmine-Emanuele Cella, “Orchidea: a comprehensive framework for target-based computer-assisted dynamic orchestration,” JNMR, 2022. 12

(Source: orch-idea.org)

https://www.tandfonline.com/doi/full/10.1080/09298215.2022.2150650
https://www.tandfonline.com/doi/full/10.1080/09298215.2022.2150650
https://www.tandfonline.com/doi/full/10.1080/09298215.2022.2150650
https://www.tandfonline.com/doi/full/10.1080/09298215.2022.2150650
https://www.tandfonline.com/doi/full/10.1080/09298215.2022.2150650


Orchidea (Cella, 2022)

Carmine-Emanuele Cella, “Orchidea: a comprehensive framework for target-based computer-assisted dynamic orchestration,” JNMR, 2022. 13

perbloland.com/maxorch-about

https://www.tandfonline.com/doi/full/10.1080/09298215.2022.2150650
https://www.tandfonline.com/doi/full/10.1080/09298215.2022.2150650
https://www.tandfonline.com/doi/full/10.1080/09298215.2022.2150650
https://www.tandfonline.com/doi/full/10.1080/09298215.2022.2150650
https://www.tandfonline.com/doi/full/10.1080/09298215.2022.2150650
https://perbloland.com/maxorch-about
https://perbloland.com/maxorch-about
https://perbloland.com/maxorch-about
https://perbloland.com/maxorch-about


Orchidea (Cella, 2022)

Carmine-Emanuele Cella, “Orchidea: a comprehensive framework for target-based computer-assisted dynamic orchestration,” JNMR, 2022. 14

(Source: Cella, 2022)

https://www.tandfonline.com/doi/full/10.1080/09298215.2022.2150650
https://www.tandfonline.com/doi/full/10.1080/09298215.2022.2150650
https://www.tandfonline.com/doi/full/10.1080/09298215.2022.2150650
https://www.tandfonline.com/doi/full/10.1080/09298215.2022.2150650
https://www.tandfonline.com/doi/full/10.1080/09298215.2022.2150650


MaxOrch (Lesueur & Bloland, 2022)
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perbloland.com/maxorch-about

(Source: orch-idea.org)

https://perbloland.com/maxorch-about
https://perbloland.com/maxorch-about
https://perbloland.com/maxorch-about
https://perbloland.com/maxorch-about


Orchidea & MaxOrch (Cella, 2022; Lesueur & Bloland, 2022)

Carmine-Emanuele Cella, “Orchidea: a comprehensive framework for target-based computer-assisted dynamic orchestration,” JNMR, 2022.
forum.ircam.fr/projects/detail/maxorch/ 16

youtu.be/DJh6zTe6T80

https://www.tandfonline.com/doi/full/10.1080/09298215.2022.2150650
https://www.tandfonline.com/doi/full/10.1080/09298215.2022.2150650
https://www.tandfonline.com/doi/full/10.1080/09298215.2022.2150650
https://www.tandfonline.com/doi/full/10.1080/09298215.2022.2150650
https://www.tandfonline.com/doi/full/10.1080/09298215.2022.2150650
https://forum.ircam.fr/projects/detail/maxorch/
https://forum.ircam.fr/projects/detail/maxorch/
https://forum.ircam.fr/projects/detail/maxorch/
https://youtu.be/DJh6zTe6T80?t=139


Interactive Improvisation
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AI Creative Agents (2015)
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youtu.be/DggF9m9xqik & github.com/DYCI2/Dicy2

https://youtu.be/DggF9m9xqik
https://github.com/DYCI2/Dicy2


Somax: Generation by Reactive Listening (Bonnasse-Gahot, 2014) 

Laurent Bonnasse-Gahot, “An update on the SOMax project,” Ircam, 2014.
Jérôme Nika, Ken Déguernel, Axel Chemla–Romeu-Santos, Emmanuel Vincent, and Gérard Assayag, “DYCI2 agents: merging the ”free”, ”reactive”, and ”scenario-based” music 
generation paradigms,” ICMC, 2017. 19

Match

(Source: Nika et al., 2017)

http://repmus.ircam.fr/_media/dyci2/somax_project_lbg_2014.pdf
https://hal.science/hal-01583089/document
https://hal.science/hal-01583089/document
https://hal.science/hal-01583089/document
https://hal.science/hal-01583089/document


ImproteK: Generation Guided by a Scenario (Nika et al., 2017) 

Jérôme Nika, Marc Chemillier, and Gérard Assayag, “ImproteK: Introducing Scenarios into Human-Computer Music Improvisation,” ACM Computers in Entertainment, 14(2):1–27, 2017.
Jérôme Nika, Ken Déguernel, Axel Chemla–Romeu-Santos, Emmanuel Vincent, and Gérard Assayag, “DYCI2 agents: merging the ”free”, ”reactive”, and ”scenario-based” music 
generation paradigms,” ICMC, 2017. 20

Match

(Source: Nika et al., 2017)

https://hal.science/hal-01380163v1/document
https://hal.science/hal-01380163v1/document
https://hal.science/hal-01380163v1/document
https://hal.science/hal-01380163v1/document
https://hal.science/hal-01583089/document
https://hal.science/hal-01583089/document
https://hal.science/hal-01583089/document
https://hal.science/hal-01583089/document


ImproteK: Generation Guided by a Scenario (Nika et al., 2017) 

Jérôme Nika, Marc Chemillier, and Gérard Assayag, “ImproteK: Introducing Scenarios into Human-Computer Music Improvisation,” ACM Computers in Entertainment, 14(2):1–27, 2017.
Jérôme Nika, Augustin Muller, Joakim Borg, Gérard Assayag, and Matthew Ostrowski, “Dicy2 for Max,” Ircam, 2022. 21

Matching both the history of the memory and the future of the scenario

(Source: Nika et al., 2022)

https://hal.science/hal-01380163v1/document
https://hal.science/hal-01380163v1/document
https://hal.science/hal-01380163v1/document
https://hal.science/hal-01380163v1/document
https://hal.science/hal-03892611/file/Dicy2_for_Max.pdf
https://hal.science/hal-03892611/file/Dicy2_for_Max.pdf


Improvising with Somax
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youtu.be/AGZ4BaSqL4k

https://youtu.be/AGZ4BaSqL4k


Neural Audio Synthesis
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RAVE (Caillon & Esling, 2022) 

Antoine Caillon and Philippe Esling, “RAVE: A variational autoencoder for fast and high-quality neural audio synthesis,” arXiv preprint arXiv:2111.05011, 2021. 24

youtu.be/dMZs04TzxUI & github.com/acids-ircam/RAVE

https://scholar.google.fr/citations?view_op=view_citation&hl=fr&user=soZrPYAAAAAJ&sortby=pubdate&citation_for_view=soZrPYAAAAAJ:EUQCXRtRnyEC
https://scholar.google.fr/citations?view_op=view_citation&hl=fr&user=soZrPYAAAAAJ&sortby=pubdate&citation_for_view=soZrPYAAAAAJ:EUQCXRtRnyEC
https://scholar.google.fr/citations?view_op=view_citation&hl=fr&user=soZrPYAAAAAJ&sortby=pubdate&citation_for_view=soZrPYAAAAAJ:EUQCXRtRnyEC
https://youtu.be/dMZs04TzxUI?si=AJqHhJOasUZoTra-
https://github.com/acids-ircam/RAVE
https://github.com/acids-ircam/RAVE
https://github.com/acids-ircam/RAVE
https://github.com/acids-ircam/RAVE


Codec
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Enc Decmp3

Reconstruction



Neural Codec
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Neural
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Reconstruction loss



Traditional vs Neural Codecs
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Enc Decmp3

Neural
Enc

Neural
Dec

Traditional Codec

Neural Codec

Reconstruction loss



Training a Variational Autoencoders (VAEs)

Diederik P Kingma and Max Welling, “Auto-Encoding Variational Bayes,” ICLR, 2014. 28

𝑃(𝑧)

Enc Dec

KL divergence
𝑃(𝑥) 𝑃(ො𝑥)

Reconstruction loss

https://arxiv.org/pdf/1312.6114
https://arxiv.org/pdf/1312.6114
https://arxiv.org/pdf/1312.6114


Decoding the Latent Space of a VAE

tensorflow.org/tutorials/generative/autoencoder 29

(Source: tensorflow.org)

Latent space

Data space

https://www.tensorflow.org/tutorials/generative/autoencoder
https://www.tensorflow.org/tutorials/generative/autoencoder


RAVE (Caillon & Esling, 2022) 

30

youtu.be/jAIRf4nGgYI & github.com/acids-ircam/RAVE

Antoine Caillon and Philippe Esling, “RAVE: A variational autoencoder for fast and high-quality neural audio synthesis,” arXiv preprint arXiv:2111.05011, 2021.

https://youtu.be/jAIRf4nGgYI
https://github.com/acids-ircam/RAVE
https://github.com/acids-ircam/RAVE
https://github.com/acids-ircam/RAVE
https://github.com/acids-ircam/RAVE
https://scholar.google.fr/citations?view_op=view_citation&hl=fr&user=soZrPYAAAAAJ&sortby=pubdate&citation_for_view=soZrPYAAAAAJ:EUQCXRtRnyEC
https://scholar.google.fr/citations?view_op=view_citation&hl=fr&user=soZrPYAAAAAJ&sortby=pubdate&citation_for_view=soZrPYAAAAAJ:EUQCXRtRnyEC
https://scholar.google.fr/citations?view_op=view_citation&hl=fr&user=soZrPYAAAAAJ&sortby=pubdate&citation_for_view=soZrPYAAAAAJ:EUQCXRtRnyEC


Neural Drum Machine
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Neural Drum Machine (Aouameur et al., 2019)

Cyran Aouameur, Philippe Esling, and Gaëtan Hadjeres, “Neural Drum Machine : An Interactive System for Real-time Synthesis of Drum Sounds,” ICCC, 2019. 32

(Source: Aouameur et al., 2019)

Neural codec for spectrograms Spectrogram inversion

Allows a user to interact with the model and 
to generate sound from the parameters’ space

https://arxiv.org/pdf/1907.02637
https://arxiv.org/pdf/1907.02637
https://arxiv.org/pdf/1907.02637


Neural Drum Machine (Aouameur et al., 2019)

Cyran Aouameur, Philippe Esling, and Gaëtan Hadjeres, “Neural Drum Machine : An Interactive System for Real-time Synthesis of Drum Sounds,” ICCC, 2019. 33

(Source: Aouameur et al., 2019)

Top two PCA dimensions
Third PCA 
dimension

drive.google.com/file/d/1DDo0_KnwkWirCM4t0PT8cp6uotsfuufj/view

https://arxiv.org/pdf/1907.02637
https://arxiv.org/pdf/1907.02637
https://arxiv.org/pdf/1907.02637
https://drive.google.com/file/d/1DDo0_KnwkWirCM4t0PT8cp6uotsfuufj/view


Neural Looper
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unloop (Garcia et al., 2023)

35

youtu.be/yzBI8Vcjd2s & github.com/hugofloresgarcia/unloop

https://youtu.be/yzBI8Vcjd2s
https://github.com/hugofloresgarcia/unloop
https://github.com/hugofloresgarcia/unloop
https://github.com/hugofloresgarcia/unloop


Neural Codec
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VampNet (Garcia et al., 2023)

Hugo Flores Garcia, Prem Seetharaman, Rithesh Kumar, and Bryan Pardo, “VampNet: Music Generation via Masked Acoustic Token Modeling,” ISMIR, 2023. 37

Neural “codec”

(Source: Garcia et al., 2023)

https://arxiv.org/pdf/2307.04686
https://arxiv.org/pdf/2307.04686


VampNet (Garcia et al., 2023)

Hugo Flores Garcia, Prem Seetharaman, Rithesh Kumar, and Bryan Pardo, “VampNet: Music Generation via Masked Acoustic Token Modeling,” ISMIR, 2023. 38

Sample a subset of the most confident predicted tokens in each iteration

(Source: Garcia et al., 2023)

https://arxiv.org/pdf/2307.04686
https://arxiv.org/pdf/2307.04686


VampNet (Garcia et al., 2023)

Hugo Flores Garcia, Prem Seetharaman, Rithesh Kumar, and Bryan Pardo, “VampNet: Music Generation via Masked Acoustic Token Modeling,” ISMIR, 2023. 39

(Source: Garcia et al., 2023)

https://arxiv.org/pdf/2307.04686
https://arxiv.org/pdf/2307.04686


VampNet (Garcia et al., 2023)

Hugo Flores Garcia, Prem Seetharaman, Rithesh Kumar, and Bryan Pardo, “VampNet: Music Generation via Masked Acoustic Token Modeling,” ISMIR, 2023. 40

youtu.be/3XfeWlV9Cp0

https://arxiv.org/pdf/2307.04686
https://arxiv.org/pdf/2307.04686
https://youtu.be/3XfeWlV9Cp0


unloop (Garcia et al., 2023)

41

youtu.be/yzBI8Vcjd2s & github.com/hugofloresgarcia/unloop

https://youtu.be/yzBI8Vcjd2s
https://github.com/hugofloresgarcia/unloop
https://github.com/hugofloresgarcia/unloop
https://github.com/hugofloresgarcia/unloop


Sonifying Hubble Deep Field
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Course Promos
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Fall 2026
Music and AI
(PAT 463/563)

Learn about AI’s applications in music for 
analysis, creation, processing & retrieval



47

Winter 2026
Generative AI for Music and Audio Creation

(PAT 464/564)

Dive deeper into GenAI for music & audio



48

Winter-Fall 2026

UARTS FEAST
Join an interdisciplinary research team

Apply by October 12



Final Thoughts
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