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Intelligent Music Production
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Music Production

avid.com/pro-tools/whats-new
(Source: Avid)
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Music Production

avid.com/pro-tools 4
(Source: Avid)
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An Overly-Simplified Music Production Workflow
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Recording Editing Mixing Publishing

Composition Arrangement

Performance Ticketing



iZotope Neutron’s Mix Assistant (2019)
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youtu.be/gUD2G9nCc0k?t=458
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iZotope Ozone’s Master Assistant (2017)

izotope.com/en/learn/10-steps-to-a-quick-master-in-ozone.html 7

(Source: iZotope)

(Source: iZotope)
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Audio Effects
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Insert vs Send Effects
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Send FX

Insert FX

EQ, compression, gating, etc.

Reverb, delay, 100% wet, etc.



Audio Equalizer (EQ)

support.apple.com/en-us/101857
support.apple.com/en-bw/guide/logicpro/lgcef1edce5b/mac 10

(Source: Apple) (Source: Apple)
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Dynamic Range Compression
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Input level (dB)

Compressor Limiter

-50%
-75%

4:1

2:1
-100%

∞:1

Threshold Threshold



Leveling & Panning: Spatial Placements of Sounds

smtd.umich.edu/event/30-may-2025/
commons.wikimedia.org/wiki/File:PresHallBandJaquesA.jpg 12

(Source: University of Michigan Symphony Orchestra)
(Source: Infrogmation of New Orleans via Wikimedia Commons)
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Leveling & Panning: Spatial Placements of Sounds

avid.com/resource-center/panning-audio-guide 13

(Source: Avid)
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iZotope’s Visual Mixer (2017)

izotope.com/en/learn/introducing-a-new-way-to-mix-visual-mixer 14

(Source: iZotope)
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Quieter

RightLeft
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iZotope’s Visual Mixer (2017)
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youtu.be/_FLRDh-fZKg
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Reverberation

wien.info/en/art-culture/music-stage-shows/classic/new-years-concert-354184 16

(Source: Wiener Philharmoniker)

Listener

Direct sound

Early reflections

Late reflections
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Reverberation
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Sounds like
short delays

Irregularity appears, 
everything blends



Neural Audio Effects
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Neural Audio Effects (Steinmetz et al., 2021)

19Christian J. Steinmetz and Joshua D. Reiss, “Steerable discovery of neural audio effects,” NeurIPS ML4CD Workshop, 2021.

(Source: Steinmetz et al., 2021)

csteinmetz1.github.io/steerable-nafx
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Neural Audio Effects (Steinmetz et al., 2021)

20Christian J. Steinmetz and Joshua D. Reiss, “Steerable discovery of neural audio effects,” NeurIPS ML4CD Workshop, 2021.

csteinmetz1.github.io/steerable-nafx
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Neural Audio Effects (Steinmetz et al., 2021)

21Christian J. Steinmetz and Joshua D. Reiss, “Steerable discovery of neural audio effects,” NeurIPS ML4CD Workshop, 2021.

csteinmetz1.github.io/steerable-nafx
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Neural Audio Effects (Steinmetz et al., 2021)
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youtu.be/Zmo8kB-SfF4

Christian J. Steinmetz and Joshua D. Reiss, “Steerable discovery of neural audio effects,” NeurIPS ML4CD Workshop, 2021.
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Effects Transfer
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DeepAFx-ST: Effects Transfer (Steinmetz et al., 2022)

Christian J. Steinmetz, Nicholas J. Bryan, and Joshua D. Reiss, “Style Transfer of Audio Effects with Differentiable Signal Processing,” JAES, 2022. 24

(Source: Steinmetz et al., 2022)

https://arxiv.org/pdf/2207.08759


DeepAFx-ST: Effects Transfer (Steinmetz et al., 2022)

Christian J. Steinmetz, Nicholas J. Bryan, and Joshua D. Reiss, “Style Transfer of Audio Effects with Differentiable Signal Processing,” JAES, 2022. 25
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DeepAFx-ST: Effects Transfer (Steinmetz et al., 2022)

Christian J. Steinmetz, Nicholas J. Bryan, and Joshua D. Reiss, “Style Transfer of Audio Effects with Differentiable Signal Processing,” JAES, 2022. 26

youtu.be/IZp455wiMk4

https://arxiv.org/pdf/2207.08759
https://youtu.be/IZp455wiMk4?t=100


Automatic Mixing
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Differentiable Automatic Mixing (Steinmetz et al., 2021)

Christian J. Steinmetz, Jordi Pons, Santiago Pascual, and Joan Serrà, “Automatic multitrack mixing with a differentiable mixing console of neural audio effects,” ICASSP, 2021. 28

(Source: Steinmetz et al., 2021)

Mean embedding

Spectrogram-based VGGish model

Track embedding

https://arxiv.org/pdf/2010.10291


Differentiable Automatic Mixing (Steinmetz et al., 2021)

Christian J. Steinmetz, Jordi Pons, Santiago Pascual, and Joan Serrà, “Automatic multitrack mixing with a differentiable mixing console of neural audio effects,” ICASSP, 2021. 29

(Source: Steinmetz et al., 2021)

github.com/csteinmetz1/pymixconsole

A differentiable (and thus trainable) mixing console! 

(Source: Steinmetz et al., 2021)
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Differentiable Automatic Mixing (Steinmetz et al., 2021)

Christian J. Steinmetz, Jordi Pons, Santiago Pascual, and Joan Serrà, “Automatic multitrack mixing with a differentiable mixing console of neural audio effects,” ICASSP, 2021. 30

csteinmetz1.github.io/dmc-icassp2021

Input Target Output

Transformation Network
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Differentiable Automatic Mixing (Steinmetz et al., 2021)

Christian J. Steinmetz, Jordi Pons, Santiago Pascual, and Joan Serrà, “Automatic multitrack mixing with a differentiable mixing console of neural audio effects,” ICASSP, 2021. 31

DMC Mono TargetRandom

Drum mixing

DMC Mono TargetRandom

Multitrack mixing

csteinmetz1.github.io/dmc-icassp2021

(Same mixing style) (Diverse mixing style)
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• Christian J. Steinmetz, Soumya Sai Vanka, Gary Bromham, and Marco A. 
Martínez Ramírez, “Deep Learning for Automatic Mixing,” Tutorials of ISMIR, 
2022.

Resources on Automatic Mixing
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https://dl4am.github.io/tutorial/


Beyond Fixed Processing Graph

33



Estimating Audio Processing Graph (Lee et al., 2022)

Sungho Lee, Jaehyun Park, Seungryeol Paik, and Kyogu Lee, “Blind Estimation of Audio Processing Graph,” ICASSP, 2023. 34

(Source: Lee et al., 2023)

Can we predict the audio processing graph used in a reference recording?

https://arxiv.org/pdf/2303.08610


Estimating Audio Processing Graph (Lee et al., 2022)

Sungho Lee, Jaehyun Park, Seungryeol Paik, and Kyogu Lee, “Blind Estimation of Audio Processing Graph,” ICASSP, 2023. 35

(Source: Lee et al., 2023)

Supported processors

Data statistics

https://arxiv.org/pdf/2303.08610


Tokenizing a Graph

Sungho Lee, Jaehyun Park, Seungryeol Paik, and Kyogu Lee, “Blind Estimation of Audio Processing Graph,” ICASSP, 2023. 36

/

https://arxiv.org/pdf/2303.08610


Estimating Audio Processing Graph (Lee et al., 2022)

Sungho Lee, Jaehyun Park, Seungryeol Paik, and Kyogu Lee, “Blind Estimation of Audio Processing Graph,” ICASSP, 2023. 37

(Source: Lee et al., 2023)

Blind estimation framework

Prototype decoder Parameter estimator

Tokenized 
graph 

representation

Sources are not given!

https://arxiv.org/pdf/2303.08610


Estimating Audio Processing Graph (Lee et al., 2022)

Sungho Lee, Jaehyun Park, Seungryeol Paik, and Kyogu Lee, “Blind Estimation of Audio Processing Graph,” ICASSP, 2023. 38

sh-lee97.github.io/apg

(Source: Lee et al., 2023)

Reference

Estimation

Dry

https://arxiv.org/pdf/2303.08610
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CTAG: Synthesizer Programming (Cherep et al., 2024)

Manuel Cherep, Nikhil Singh, and Jessica Shand, “Creative Text-to-Audio Generation via Synthesizer Programming,” ICML, 2024. 39

ctag.media.mit.edu

Non-gradient-based 
optimization methods

Does not need to 
be differentiable!

(Source: Cherep et al., 2024)

https://arxiv.org/pdf/2406.00294
https://arxiv.org/pdf/2406.00294
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Compressed Music Restoration
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Restoring Compressed Audio with GANs (Lattner & Nistal, 2021)

Stefan Lattner and Javier Nistal, Stochastic, “Restoration of Heavily Compressed Musical Audio using Generative Adversarial Networks,” Electronics, 10(11):1349, 2021 41

(Source: Cherep et al., 2024)

sonycslparis.github.io/restoration_mdpi_suppl_mat/
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Multimodal Systems

42



(Source: YouTube)

vanish, “Star Wars scene with different music,” YouTube, https://youtu.be/xXTnSFXt__E, 2018.

https://youtu.be/xXTnSFXt__E


Video-Guided Text-to-Music Generation (Kim et al., 2025)

Haven Kim, Zachary Novack, Weihan Xu, Julian McAuley, and Hao-Wen Dong , “Video-Guided Text-to-Music Generation Using Public Domain Movie Collections,” ISMIR, 2025. 44

https://arxiv.org/pdf/2506.12573
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• 736 video clips from 299 films in public domain or CC-licensed

• 36.5 hours in total

• Mood annotations as Russell’s 4Q (arousal-valence model)

Open Screen Soundtrack Library (OSSL) (Kim et al., 2025)

Haven Kim, Zachary Novack, Weihan Xu, Julian McAuley, and Hao-Wen Dong , “Video-Guided Text-to-Music Generation Using Public Domain Movie Collections,” ISMIR, 2025. 45
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Open Screen Soundtrack Library (OSSL) (Kim et al., 2025)

Haven Kim, Zachary Novack, Weihan Xu, Julian McAuley, and Hao-Wen Dong , “Video-Guided Text-to-Music Generation Using Public Domain Movie Collections,” ISMIR, 2025. 46
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Video-Guided Text-to-Music Generation (Kim et al., 2025)

Haven Kim, Zachary Novack, Weihan Xu, Julian McAuley, and Hao-Wen Dong , “Video-Guided Text-to-Music Generation Using Public Domain Movie Collections,” ISMIR, 2025. 47
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Dance, Music & AI

yamaha.com/en/news_release/2018/18013101/
Yamaha Global, “Yamaha Artificial Intelligence (AI) Transforms a Dancer into a Pianist - Short Version,” YouTube, youtu.be/21injmy1wsU, 2018. 48

(Source: Yamaha)

EMG
sensor
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Dance-to-Music Generation (Li et al., 2024)

Sifei Li, Weiming Dong, Yuxin Zhang, Fan Tang, Chongyang Ma, Oliver Deussen, Tong-Yee Lee, and Changsheng Xu, “Dance-to-Music Generation with Encoder-based Textual Inversion,” 
SIGGRAPH ASIA, 2024. 50

(Source: Li et al., 2024)
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Dance-to-Music Generation (Li et al., 2024)

Sifei Li, Weiming Dong, Yuxin Zhang, Fan Tang, Chongyang Ma, Oliver Deussen, Tong-Yee Lee, and Changsheng Xu, “Dance-to-Music Generation with Encoder-based Textual Inversion,” 
SIGGRAPH ASIA, 2024. 51
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Dance-to-Music Generation (Li et al., 2024)

Sifei Li, Weiming Dong, Yuxin Zhang, Fan Tang, Chongyang Ma, Oliver Deussen, Tong-Yee Lee, and Changsheng Xu, “Dance-to-Music Generation with Encoder-based Textual Inversion,” 
SIGGRAPH ASIA, 2024. 52

youtu.be/y2pG2S5xDLY

https://arxiv.org/pdf/2401.17800
https://arxiv.org/pdf/2401.17800
https://arxiv.org/pdf/2401.17800
https://arxiv.org/pdf/2401.17800
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Brain2Music (Denk et al., 2023)

Timo I. Denk, Yu Takagi, Takuya Matsuyama, Andrea Agostinelli, Tomoya Nakai, Christian Frank, and Shinji Nishimoto, “Brain2Music: Reconstructing Music from Human Brain Activity,” 
arXiv preprint arXiv:2307.11078, 2023. 53

(Source: Denk et al., 2023)

Brain as the encoder!

Can we decode human brain-encoded music?

https://arxiv.org/pdf/2307.11078


Brain2Music (Denk et al., 2023)

Timo I. Denk, Yu Takagi, Takuya Matsuyama, Andrea Agostinelli, Tomoya Nakai, Christian Frank, and Shinji Nishimoto, “Brain2Music: Reconstructing Music from Human Brain Activity,” 
arXiv preprint arXiv:2307.11078, 2023. 54

google-research.github.io/seanet/brain2music

(Source: Denk et al., 2023)

https://arxiv.org/pdf/2307.11078
https://google-research.github.io/seanet/brain2music/
https://google-research.github.io/seanet/brain2music/
https://google-research.github.io/seanet/brain2music/


Brain2Music (Denk et al., 2023)

Chittka L, Brockmann, CC BY-SA 2.5, via Wikimedia Commons
Timo I. Denk, Yu Takagi, Takuya Matsuyama, Andrea Agostinelli, Tomoya Nakai, Christian Frank, and Shinji Nishimoto, “Brain2Music: Reconstructing Music from Human Brain Activity,” 
arXiv preprint arXiv:2307.11078, 2023. 55

(Source: Denk et al., 2023) (Source: Wikimedia Commons)

HighLow
Frequency

Audio embedding to brain activity prediction Auditory cortex

https://commons.wikimedia.org/wiki/File:Auditory_Cortex_Frequency_Mapping.svg
https://commons.wikimedia.org/wiki/File:Auditory_Cortex_Frequency_Mapping.svg
https://arxiv.org/pdf/2307.11078


Recap

56



An Overly-Simplified Music Production Workflow
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Recording Editing Mixing Publishing

Composition Arrangement

Performance Ticketing



Insert vs Send Effects

58

Send FX

Insert FX

EQ, compression, gating, etc.

Reverb, delay, 100% wet, etc.



Audio Equalizer (EQ)

support.apple.com/en-us/101857
support.apple.com/en-bw/guide/logicpro/lgcef1edce5b/mac 59

(Source: Apple) (Source: Apple)

https://support.apple.com/en-us/101857
https://support.apple.com/en-us/101857
https://support.apple.com/en-us/101857
https://support.apple.com/en-us/101857
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https://support.apple.com/en-us/101857
https://support.apple.com/en-bw/guide/logicpro/lgcef1edce5b/mac
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Dynamic Range Compression
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Input level (dB)

Output level
(dB)

Input level (dB)

Compressor Limiter

-50%
-75%

4:1

2:1
-100%

∞:1

Threshold Threshold



Leveling & Panning: Spatial Placements of Sounds

avid.com/resource-center/panning-audio-guide 61

(Source: Avid)

https://www.avid.com/resource-center/panning-audio-guide
https://www.avid.com/resource-center/panning-audio-guide
https://www.avid.com/resource-center/panning-audio-guide
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Reverberation

62

Sounds like
short delays

Irregularity appears, 
everything blends



Neural Audio Effects (Steinmetz et al., 2021)

63Christian J. Steinmetz and Joshua D. Reiss, “Steerable discovery of neural audio effects,” NeurIPS ML4CD Workshop, 2021.

(Source: Steinmetz et al., 2021)

csteinmetz1.github.io/steerable-nafx

https://arxiv.org/pdf/2112.02926
https://csteinmetz1.github.io/steerable-nafx/
https://csteinmetz1.github.io/steerable-nafx/
https://csteinmetz1.github.io/steerable-nafx/


DeepAFx-ST: Effects Transfer (Steinmetz et al., 2022)

Christian J. Steinmetz, Nicholas J. Bryan, and Joshua D. Reiss, “Style Transfer of Audio Effects with Differentiable Signal Processing,” JAES, 2022. 64

(Source: Steinmetz et al., 2022)

https://arxiv.org/pdf/2207.08759


DeepAFx-ST: Effects Transfer (Steinmetz et al., 2022)

Christian J. Steinmetz, Nicholas J. Bryan, and Joshua D. Reiss, “Style Transfer of Audio Effects with Differentiable Signal Processing,” JAES, 2022. 65

csteinmetz1.github.io/DeepAFx-ST

(Source: Steinmetz et al., 2022)

https://arxiv.org/pdf/2207.08759
https://csteinmetz1.github.io/DeepAFx-ST/
https://csteinmetz1.github.io/DeepAFx-ST/
https://csteinmetz1.github.io/DeepAFx-ST/
https://csteinmetz1.github.io/DeepAFx-ST/


Differentiable Automatic Mixing (Steinmetz et al., 2021)

Christian J. Steinmetz, Jordi Pons, Santiago Pascual, and Joan Serrà, “Automatic multitrack mixing with a differentiable mixing console of neural audio effects,” ICASSP, 2021. 66

(Source: Steinmetz et al., 2021)

Mean embedding

Spectrogram-based VGGish model

Track embedding

https://arxiv.org/pdf/2010.10291


Differentiable Automatic Mixing (Steinmetz et al., 2021)

Christian J. Steinmetz, Jordi Pons, Santiago Pascual, and Joan Serrà, “Automatic multitrack mixing with a differentiable mixing console of neural audio effects,” ICASSP, 2021. 67

(Source: Steinmetz et al., 2021)

github.com/csteinmetz1/pymixconsole

A differentiable (and thus trainable) mixing console! 

(Source: Steinmetz et al., 2021)

https://arxiv.org/pdf/2010.10291
https://github.com/csteinmetz1/pymixconsole
https://github.com/csteinmetz1/pymixconsole


Estimating Audio Processing Graph (Lee et al., 2022)

Sungho Lee, Jaehyun Park, Seungryeol Paik, and Kyogu Lee, “Blind Estimation of Audio Processing Graph,” ICASSP, 2023. 68

(Source: Lee et al., 2023)

Blind estimation framework

Prototype decoder Parameter estimator

Tokenized 
graph 

representation

Sources are not given!

https://arxiv.org/pdf/2303.08610


CTAG: Synthesizer Programming (Cherep et al., 2024)

Manuel Cherep, Nikhil Singh, and Jessica Shand, “Creative Text-to-Audio Generation via Synthesizer Programming,” ICML, 2024. 69

ctag.media.mit.edu

Non-gradient-based 
optimization methods

Does not need to 
be differentiable!

(Source: Cherep et al., 2024)

https://arxiv.org/pdf/2406.00294
https://arxiv.org/pdf/2406.00294
https://arxiv.org/pdf/2406.00294
https://arxiv.org/pdf/2406.00294
https://arxiv.org/pdf/2406.00294
https://ctag.media.mit.edu/


Video-Guided Text-to-Music Generation (Kim et al., 2025)

Haven Kim, Zachary Novack, Weihan Xu, Julian McAuley, and Hao-Wen Dong , “Video-Guided Text-to-Music Generation Using Public Domain Movie Collections,” ISMIR, 2025. 70

https://arxiv.org/pdf/2506.12573
https://arxiv.org/pdf/2506.12573
https://arxiv.org/pdf/2506.12573
https://arxiv.org/pdf/2506.12573
https://arxiv.org/pdf/2506.12573
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Dance-to-Music Generation (Li et al., 2024)

Sifei Li, Weiming Dong, Yuxin Zhang, Fan Tang, Chongyang Ma, Oliver Deussen, Tong-Yee Lee, and Changsheng Xu, “Dance-to-Music Generation with Encoder-based Textual Inversion,” 
SIGGRAPH ASIA, 2024. 71

(Source: Li et al., 2024)

https://arxiv.org/pdf/2401.17800
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Brain2Music (Denk et al., 2023)

Timo I. Denk, Yu Takagi, Takuya Matsuyama, Andrea Agostinelli, Tomoya Nakai, Christian Frank, and Shinji Nishimoto, “Brain2Music: Reconstructing Music from Human Brain Activity,” 
arXiv preprint arXiv:2307.11078, 2023. 72

google-research.github.io/seanet/brain2music

(Source: Denk et al., 2023)

https://arxiv.org/pdf/2307.11078
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Music Search & Recommendation
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