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Music & Technology Co-evolves

Hildegard Dodel, Public domain, via Wikimedia Commons.
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Creativity

Art challenges Technology

Augmenting Human Creativity
with Al

Technology inspires the Art

Hao-Wen Dong, Generative Al for Music and Audio, University of Michigan
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Generative Al for Music, Audio & Video Creation
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Augmenting Human Creativity with Al

ANovel Generative Models  for New Domains

| Multitrack music generation (AAAI 2018, ISMIR 2018, ISMIR 2020, ICASSP 2023, ISMIR 2024)
text -to -music generation  (ISMIR2025), video -to -music generation (ISMIR2025),
symbolic music processing tools (ISMIR LBD 2019, ISMIR 2020)

A Al-assisted Tools for Content Creation

| Violin performance synthesis (ICASSP 2022, ICASSP 2025music instrumentation (ISMIR
2021), music arrangement  (AAAI 2018), music harmonization  (JNMR 2020)

AMultimodal Generative Models for Content Creation

| Long -to -short video editing  (ICLR 2025,NeurlPS 2025), text -queried sound separation
(ICLR 2023) text -to -audio synthesis (WASPAA 2023)

Hao-Wen Dong, Generative Al for Music and Audio, University of Michigan
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Score-to-Audio Synthesis

Sing bﬁ' ——{# Raw score
l Alignment model

Aligned score

l Synthesis model

Mel spectrogram

l Inversion model

Waveform

Hao-Wen Dong, Cong Zhou, Taylor Berg-Kirkpatrick, and Julian McAuley, Deg&p Performer: Score -to-Audio Music Performance Synthesis , [CASSP2022.

Hao-Wen Dong, Generative Al for Music and Audio, University of Michigan
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Score-to-Audio Synthesis
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Hao-Wen Dong, Cong Zhou, Taylor Berg-Kirkpatrick, and Julian McAuley, Deg&p Performer: Score -to-Audio Music Performance Synthesis , [CASSP2022.
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Aligning Performances to Musical Scores

Synthesized
audio

Hao-Wen Dong, Cong Zhou, Taylor Berg-Kirkpatrick, and Julian McAuley, De&p Performer: Score -to-Audio Music Performance Synthesis
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Hao-Wen Dong, Generative Al for Music and Audio, University of Michigan
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time warping!

ICASSP2022.
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A TTSbased Model for Score -to-Audio Synthesis

Notes
]

| | I |
Pitch Onset Duration Velocity

' ' v v
Pitch Time Duration Velocity Linear laver

embedding embedding embedding embedding Y

| ] | |

Positional encoding 9 Performer Tempo

Y l
[ Transformer] [ Performer ] [ Tempo ] \
encoder embedding embedding
Note embeddin
Sy | ! I I I S

( I I I Note embedding \

Alzgnment
encoding |I|I I I

(onset & duration) I k r r

kl I I I I I Frame embedding ) ¢

Positional encoding -+ \ I I I I I I 0D Gl T T J
Transformer

Alignment*
(onset & duration)

Polyphomc mixer
Note-wise

positional

decoder

Mel spectrogram

Hao-Wen Dong, Cong Zhou, Taylor Berg-Kirkpatrick, and Julian McAuley, De&p Performer: Score -to-Audio Music Performance Synthesis

, ICASSP2022.

Hao-Wen Dong, Generative Al for Music and Audio, University of Michigan
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Handling Polyphony

[Polyphonic mixer \

Monophonic Synthesis Polyphonic Synthesis
Notes
Encoder
Onsets & .
l durations I I I Note embedding
Durations I I I Note embedding l

A 4

-
R State
. expansion

THLDH L - g
Frame embedding $
Decoder I I I I I I Frame embedding

|

Spectrogram

Hao-Wen Dong, Cong Zhou, Taylor Berg-Kirkpatrick, and Julian McAuley, Deg&p Performer: Score -to-Audio Music Performance Synthesis , [CASSP2022.

Hao-Wen Dong, Generative Al for Music and Audio, University of Michigan
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Examples Results

Violin

Piano

hermandong.com/ deepperformer

Hao-Wen Dong, Cong Zhou, Taylor Berg-Kirkpatrick, and Julian McAuley, Deg&p Performer: Score -to-Audio Music Performance Synthesis , [CASSP2022.
Hao-Wen Dong, Generative Al for Music and Audio, University of Michigan
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IEEE
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CLIPSonic Text-to-Audio Synthesis with Unlabeled
Videos and Pretrained Language -Vision Models

Hao-Wen Dong 12 Xiaoyu Liu! Jordi Pons! Gautam Bhattacharya ?!
Santiago Pascual! Joan Serral Taylor Berg-Kirkpatrick 2 Julian McAuley?

1 Dolby Laboratories 2 University of California San Diego

™\ i '
1619280

PA&Dolby  UCSanDiego

AN

Hao-Wen Dong, Generative Al for Music and Audio, University of Michigan
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Learning Sounds from Observations

AWatching a dog barking, humans can easily associate the barking sound
to the dog

C’. /77?-

U Qe -
/ \Nooﬁ\‘ / N\GO\N\'
/ /

’ .*.\

What does the fox say?

Hao-Wen Dong, Generative Al for Music and Audio, University of Michigan



Learning Sounds from Noisy Videos

AWatching a dog barking, humans can easily associate the barking sound
to the dog

AN \
own¥ 00"
fot
o o
°o_.0
UL e
/awos® /e
' ‘ — —
o o °o_0
<> X
Can machines learn to synthesize sounds from watching noisy videos?

URURU Bxdited Fdx Noises - Fox Laughing and Squeaking , YouTube 2019.

Hao-Wen Dong, Generative Al for Music and Audio, University of Michigan
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Leveraging the Visual Domain as a Bridge

Audio

Wep el

Audio -visual
correspondence
In videos

Pretrained vision -
language models

(CLIP) a photo of train

M whistling

*

v
‘e,
Y
"a,
",
......
Ta,
....
-----------
------

Desired audi

No text -audio pairs required!

*
.
.
.
.
.
.
.
.
-“‘
.
s
.s
as®"®

[
nn®
mun®
------
---------------------------------

0 -text correspondence

Scalable to large video datasets!

Hao-Wen Dong, Generative Al for Music and Audio, University of Michigan
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Data

VGGSound MUSIC

(Chen et al., 2020) (Zhao et al., 2018)

Hedge trimmer

. Dog bow -wow Bird chlr.plng, Violin Acoustic guitar Accordion
running tweeting
Noisy videos with diverse sounds Music instrument playing videos
(172K videos, 310 classes) (1,055 videos, 21 instruments)
Hang Zhao, Chuang Gan, Andrew Rouditchenko , Carl Vondrick, Josh McDer mott, a nrfde Saumd ob Rixel®, ECOW201& | b a , 3
Honglie Chen, Weidi Xie, Andrea Vedaldi, and Andr ew VEGSsunik A llm@aScaledAudio-Visual Dataset, JCASSP2020. 20

Hao-Wen Dong, Generative Al for Music and Audio, University of Michigan
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Training an Image -to-Audio Synthesis Model

AFirst train an image -to -audio synthesis model

( )

CLIP-image .
(pretrained; frozen) | 1

Input video

Diffusion model
(for 6 Y8 Ip)

Hao-Wen Dong, Generative Al for Music and Audio, University of Michigan



CLIP(Contrastive Language -Image Pretraining)

ALearn a shared embedding space for images and texts via contrastive learning

-

g

> Text

/

7 Encoder
CLIP ><
\

~

Image

Encoder

_J ]

Radf or d Leamingaltansferable Visual Models From Natural Language Supervision , CML, 2021.

Hao-Wen Dong, Generative Al for Music and Audio, University of Michigan

Make closer!

Make closer!

Make farther!
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https://arxiv.org/abs/2103.00020

Inference: Zero -shot Modality Transfer

ASwitch to a pretrained CLIP -text encoder for text -to-sound synthesis

Image query CLIPimage

(pretrained; frozen)

Training
Should be close!

Diffusion model

Zero-shot modality transfer (for 6 “¥8 Ip)
v
Inference a photo of .
train whistling Playing
Sea waves : Thunder
Text query CLIP-text table tennis
(pretrained; frozen)
y: y: y:

Hao-Wen Dong, Generative Al for Music and Audio, University of Michigan
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Inference: Zero -shot Modality Transfer

ASwitch to a pretrained CLIP -text encoder for text -to-sound synthesis

Table 2: Cosine similarities between various query embeddings.

Model Similarity computed VGGSound MUSIC
Image query CLIRimage : —
: ' g CLIPSonic-ZS Sim(Qtext  Qimg) 0.205 0.245
a7 47 (pretrained; frozen) ’

Training

STismsestTSET  Huge modality gap!

Diffusion model

Zero-shot modality transfer (for 6 “¥Y8 fp)

\4

a photo of

Inference train whistling

CLIP-text

(pretrained; frozen)

Text query

24
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Leveraging Diffusion Prior to Close the Modality Gap

AAdopt a pretrained diffusion prior model

Training

hoto of
Inference a photo o

Text query

train whistling

Image query CLIPimage

(pretrained; frozen) |

— &t

CLIPtext | Diffusion prior 1 Pretrained on a large text
(No text -audio pairs needed!)

(pretrained; frozen) % (pretrained; frozen)

Ra me s h dierarehical Text Londitional Image Generation with CLIP _Latents, @rXiv preprint arXiv:2204.06125, 2022.

Hao-Wen Dong, Generative Al for Music and Audio, University of Michigan

to reduce the modality gap

Diffusion model
(for 6 Y8 fp)

-image dataset
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Example Text-to-Audio Synthesis Results

Rapping Sea waves

Smoke detector beeping Playing table tennis

Hao-Wen Dong, Generative Al for Music and Audio, University of Michigan

Thunder

Playing violin fiddle

26



Example Image-to-Audio Synthesis Results (out-of-distribution)

(Then!) State -of-the -art image -to -audio synthesis performance!

Hao-Wen Dong, Generative Al for Music and Audio, University of Michigan
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CLIPSep Text-queried Sound Separation (ICLR 2023)

(

\

Inference
Zero -shot (text-queried) Query model
transfer LR " CLIP model
k didgeridoo ) (pretrained; fixed)
: Projection layer
’ o (k channels)
Training Tl ¢ ]
L —

(image-queried) |

Query

Source 2| BT

g Audio U-Net

Spectrogram

P

D r———

I

~N

(k channels)

a photo of (k channels)
motorboat i CLIP model
speedboat (test img | (pretrained; fixed)
acceleration \ J
Query model

Ter

Projection layer,

E v '
Query
vector 2 )

Hao-Wen Dong, Generative Al for Music and Audio, University of Michigan

vector 1 ) m m
%—»@—C)—n f il
'y Sy =% mask 1§ )

Predicted

Predicted

; 53 mask 2§ )

28



CLIPSep Text-queried Sound Separation

Qu e r playingharpsichord}

Mixture CLIPSep CLIPSep-NIT

A A

£ e o ~ =R,

e <4 e o
- B ik
e i e - - T
s ey AL G
o T R T R E

s

Hao-Wen Dong, Generative Al for Music and Audio, University of Michigan

(ICLR 2023)

Ground truth
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CLIPSep Noise Removal (cLr 2023)@ i% Q\*

SONY UCSanDiego

Qu e r playingJdbagpipej

Mixture Prediction Noise head 1 Noise head 2

30

Hao-Wen Dong, Generative Al for Music and Audio, University of Michigan



® Ongoing Work: A Cappella Vocal Coach &

Hao-Wen Dong, Generative Al for Music and Audio, University of Michigan
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Seagull -K from Hsinchu, Taiwan How can we best support
a novice a cappella singer in

practicing their singing skills ?

32

Hao-Wen Dong, Generative Al for Music and Audio, University of Michigan



Formative Study

Alnterviewed 12 a cappella singers
| Includes both beginners and professionals

AFour design goals identified

| Simulating an authentic group singing context during individual practice
| Offering intuitive, context -aware feedback on t he wusersA recordi ncg
[Assisting a sensemaki n (patterhs andlinks bétweergpars) ct ur e j

| Placing human creativity at the center as an assistive tool

33

Hao-Wen Dong, Generative Al for Music and Audio, University of Michigan



AcaMate Design

Separating Highlighting Providing visual feedback

voice parts musical patterns (on pitch, rhythm, dynamics )
5 "
7 - . . . .
Soprano S s pr—
e nI’Jﬂeﬂed Pitch: D#4 . oh.
[ ) A 6= ‘i : ! 4 E=!
Source Alto Pattern Audio F N2 L2 i
Separation l Visualization Analysis e B
T : ooh____ ooh pdm
£h B B | : z : = =
g ooh_ oh — And can  youfeel
Bass B B |t io® ! -..‘.5;‘!' e
L . ‘n‘;:-m@r;xmis rslksuninrljusl mbewﬂhlynu l_, ldm
° Before Singing  r======s=erercscnccacnnas > e During SinginNg,  s=Sresmsssssreammnssanssy > e After Singing
/.‘\‘ System-Assisted Deliberate Practice ‘

.................................................

Q Iterative Singing

Kexin Phyllis Ju, Ting-Yu Pan, and Hao-We n D o AcaMate :35upporting Novice A Cappella Singers in Iterative Individual Practice , WIST Posters2025.

Hao-Wen Dong, Generative Al for Music and Audio, University of Michigan
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AcaMate Design

ACAMATE High -level

suggestions
. Pitch errors Rhythm errors
- 44 . — . T ' : . mat needs to be improved
1 T ¥ 1 1 T 1 § | Y - ¥ N1 1
S & h— — e H e — = — Adjust timing: avoid rushing into the
Correct Pitch: E4 “ 1 —
Detected Pitch: D#d| oh p dm_ first note of each measure and keep a
T steady tempo throughout the
A hu T i t T & f T 1 | K ) i .j - m T i segment.
1 ’ 1 1 1 _‘J_ _dl, ‘t'i | _' | 1 1 1
= )= z jd Jf’ & Correct pitch accuracy on the highest
— ooh  ooh dm note (slightly sharp A4).
| I 1 P ——
T = 1 d‘ | dl | IP—. ErTE ] Align dynamics with other parts by
- == = t ! = = 1 building a stronger crescendo instead
__ ooh___ ooh oh pdm of decrescendo, especially
T — — —t . I —f———t emphasizing strength in the last two
B { S — — ! — measures.
PEIES = . 5 ko 5 T
_ ooh_ oh — And can  youfeel >
= . .51! P o T Re® o ro | Suggestions
B e e e e i e s 1 = 1 |
S T —— 1 1 1 1 Mute the Bass Part Accept
o — It's e-noughforthis rest-lesswar-rior just tobe withyou m dm
P Lower Soprano Volume
Goals:
© Rhythm
O pitch
© Dynamics
P ractl ce ag al N | L o ¥ Practice this part
Kexin Phyllis Ju, Ting-Yu Pan, and Hao-We n D o AcaMate :35upporting Novice A Cappella Singers in Iterative Individual Practice , WIST Posters2025. 35
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AcaMate Prototype

1
-«afw-
== AcAMATE

Il 0:05/2:43 el

13
Soprano
.
Alto | | I I
| |
| || [ | [ | [
[ [ | ] 1 [ [ |
[ |
[ |
[ [ |
[ [
eII --- (1] . ] | [
= NI .
|
([ |
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ACappellaSet: Studio Recordings with Stems

A55 studio -quality a cappella songs with stems performed by 3 groups
A2.6 hours in total

AFive languages : Mandarin, English, Hakka, Taiwanese, and Korean

Distribution of Song Durations (by songs) Distribution of Languages
Total = 02:37:30
(55 songs) 36
14
32
12 . n 28
g
> 10 . 3 2
c [T
2 S 20
—
o g g 16
! 5
= 2 12
=
=

& B 2 e S
S 'b(\ (\<§(7 \2@ b(gf’ dkéb \\\K(’
0 1 2 3 4 5 « 4
Minutes Language
Ting-Yu Pan*, Kexin Phyllis Ju*, and Hao-We n D o Quating an A Cappella Dataset for Source Separation , [SMIR LateBreaking Demos 2025. (*equal contribution) 37
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https://hermandong.com/pdf/pan2025acapella_lbd_paper.pdf

A Cappella Source Separation

Model VP  Other All
Pretrained (official) |5.22 >10.66 7.94

Pretrained (drum) 3.66 ) 9.24 )6.45
Fine-tuned (ours) 7.62|" [11.63|" 9.62

+2.4dB +1dB
Voca_l SATB | Voca_l
percussion ‘ percussion
Pretrained . . Pretrained
Finetuned . - Finetuned
Ground truth K K Ground truth

SATB

Ting-Yu Pan*, Kexin Phyllis Ju*, and Hao -We n D o Queating @ A Cappella Dataset for Source Separation , [SMIR LateBreaking Demos 2025. (*equal contribution)

Hao-Wen Dong, Generative Al for Music and Audio, University of Michigan


https://hermandong.com/pdf/pan2025acapella_lbd_paper.pdf

® Ongoing Work: Al-assisted Film Scoring @

Hao-Wen Dong, Generative Al for Music and Audio, University of Michigan
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Accessibility of Music-Video Datasets

: Self- Video Length
Dataset Audio MIDI " " Mood Comtort o frs)
Music Video,

HIMV-200K [43] / X X X User-Generated Video ]
URMP [49] v v X X Music Performance 33.5
TikTok [50] v X X X Dance Video 1.5

AIST++ [51] v X v X 3D Dance Motion 5.2
SymMYV [52] v v X X Music Video 76.5
MuVi-Sync [53] v v X X Music Video -
BGMO909 [54] v v X X Music Video -
NES-VMDB [55] X v X X Gameplay Video 474.0
OSSL (Ours) v X v v Films 36.5
We aim to create an accessible, reproducible music -video datasets!

Haven Kim, Zachary Novack, Weihan Xu, Julian McAuley, and Hao-We n D o Wideo-Guiddd Text -to-Music Generation Using Public Domain Movie Collections , [SMIR 2025. 40
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Open Screen Soundtrack Library ( OSSL)

A736 video clips from 299 films in public domain or CGlicensed
A36.5 hours in total

AMood annotations as Russel | Asaledc®mdde)r ou s al

o o o o o o o o o o o
— IN m < N ) ~ © o o —
o) o o) a o o o o) o ] o
— — — — — — —i — = o~ (o]
Year
Haven Kim, Zachary Novack, Weihan Xu, Julian McAuley, and Hao-We n D o Nideo-Guidéd Text -to-Music Generation Using Public Domain Movie Collections , ISMIR 2025. 41
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havenpersona.qgithub.io/ossl -v1

Haven Kim, Zachary Novack, Weihan Xu, Julian McAuley, and Hao-We n D o Nideo-Guidéd Text -to-Music Generation Using Public Domain Movie Collections , ISMIR 2025. 42
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Matching Soundtracks to Video Clips

rSOUNDTRACKS

Haven Kim, Zachary Novack, Weihan Xu, Julian McAuley, and Hao-We n D o Nideo-Guidéd Text -to-Music Generation Using Public Domain Movie Collections , ISMIR 2025.

DATA COLLECTION SOURCE SEPARATION SILENCE DETECTION

CLIP1 CLIP2 caees CLIPn

MAIN TITLE
2:40

Reporting
His Own Murder
1:06

Lovers Quarrel

WL __‘_ e o o o o _'__‘_.rL

Eddie’s Bar
2:23

The Flashback
Comes to the End
1:09

Hao-Wen Dong, Generative Al for Music and Audio, University of Michigan
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Video-Guided Text-to-Music Generation

Haven Kim, Zachary Novack, Weihan Xu, Julian McAuley, and Hao-We n D o Wideo-Guiddd Text-to-Music Generation Using Public Domain Movie Collections , SMIR 2025. 44
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