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Abstract

Recent waves of digitization have introduced a new form of enjoying comics: with music. We begin our analysis of this move-
ment by discussing the multifarious modes of pairing music and comics as well as how music-comic pairs are received by
readers and scholars. Our literature review reveals that this new movement has been growing sluggishly due to the time, effort,
and cost required to produce music centered around the detailed story of a comic. In this work, we present a possible approach
of using generative Al to automate the background music generation. The biggest challenge in this task is the lack of available
data or a baseline. After extensive experimentation, we propose an audio generation pipeline that produces background music
for an input manga (Japanese comic) book. By incorporating scene segmentation, longer context, and prompt engineering, we
create a novel reading experience for manga readers by adding music as an additional stimulus. The pipeline begins with using
the dialogues in a manga to detect scene boundaries and perform emotion classification using the characters’ faces within a
scene. Then, we use GPT-4o to translate this low-level scene information into a high-level music directive. Conditioned on the
scene information and the music directive, another instance of GPT-40 generates page-level music captions to guide a state-of-
the-art text-to-music model. This produces music that is aligned with the manga'’s evolving narrative. In a subjective evaluation,
we find that participants prefer the proposed pipeline more than the baseline pipeline by a statistically significant margin across
the metrics of relevancy, quality, and consistency. In particular, we find that our pipeline’s largest contribution comes in providing
consistency across pages as well as generating efficient text prompts for the music generation step. Alongside our develop-
ment, ethical risks of generative Al in affecting transparency, bias, access and exploitation were examined and mitigated where
possible. We provide output samples of the pipeline at: manga-to-music.github.io/M2M-Gen/

Keywords: Manga, Multimodal Analysis, Digital Comics, Generative Al, Content-Based Music Generation
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Can comics hear their electric dreams? A popular digital
comic titled Purple Hyacinth' begins with the sound of a
single gunshot followed by soft piano. As the reader scrolls
down the screen, an image of a fired gun enters the frame.
Purple Hyacinth is one of many comics hosted on a digital
platform, Webtoon, where artists are increasingly incorpo-
rating background music scores and sound effects as read-
ers scroll through the comics. Current estimates indicate
that Webtoon hosts over 160 comics with music?. Although
sparse, music accompaniment to a comic predates popu-
larisation of digital comics. Blin-Rolland’s (2019) analysis of
the French comic art form bande dessinée and Johnston's
(2016) methodological account of composing music for
comics demonstrates that music has long been integral
to the comic creation process through live performances
beginning in early 2000s. The combination of music with
comics (what we refer to as music-comics), therefore, does
not only exist but is also gaining rapid popularity through
digital adaptations.

In our work, music-comics are operationalised as inherently
asymmetrical, where the focus is on the unilateral impact
of music on a comic. This relationship is grounded in exist-
ing literature that suggests that sound may influence the
perception of visual stimuli, drawing attention to specific
events through redundancy and emotional coherence be-
tween the auditory and visual stimuli (Salselas et al., 2021).
A well-understood phenomena among filmmakers, music
can, thus, take a functional role in influencing the reception
of a film (Green, 2010). Theoretical analysis (Addis, 2017,
Blin-Rolland, 2019; Summers, 2015) and reader perception
studies (Zulkifli & Ahmad, 2024) of music-comic pairs align
with this notion as well, suggesting that sound influences

engagement with visual storytelling, as exemplified by how
the audio of the beginning of Purple Hyacinth grasps the at-
tention of the reader.

Our literature review reveals a significant gap in the explora-
tion of background music for comics. Creating background
music demands a novel composition that is relevant to the
changing mood, theme, and pace of the comic, requiring
composers to be highly creative and adaptable while collabo-
rating with comic artists. For many comic artists, this engag-
ing addition is exclusive to those who can find and employ
musicians. An underexplored, albeit divisive, approach to
resolving this resource disparity is to automate background
music generation for comics using machine learning models.
In this work, we study the feasibility of this novel task through
implementation and evaluation using Japanese manga com-
ics. In the Japanese media ecosystem, Manga is one part of
the “manga—anime—live-action adaptation triangle” where
intellectual property from one source is adapted to others
(Pusztai, 2015). Manga has, thus, been a popular source ma-
terial for animated films and TV (anime); 12 out of the 15 top
anime ranked by a popular database of manga and anime are
adapted from manga®. This positions manga as a likely can-
didate of cross-media adaptation, which includes integration
of sound design among other features, and therefore, makes
it a viable point of departure in studying automation of back-
ground music.

Our research question aims to answer if current established
machine learning techniques can successfully generate
background music for comics which is relevant, of good qual-
ity, and coherent. Lacking an end-to-end dataset and prior
research on this specific task, we explore adjacent domains

1 This comic is accessible on Webtoon in English. Available at: https://www.webtoons.com/en/mystery/purple-hyacinth/list?title_

no=1621&page=1

2 As per the count available from https://webtoon.fandom.com/wiki/Category:Webtoons_with_Music (Accessed March 2026). It should be not-
ed however, that the website is yet to be updated, so the number may not be accurate and is only an underestimated approximation.

3 As per the ranking available at https:/myanimelist.net/topanime.php (Accessed March 2026).
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and establish a baseline to encourage future research and ex-
ploration. By leveraging recent advancements in vision, text,
and music generation models, we formalize and explore the
relationship between manga and music. The proposed sys-
tem is designed to generate background music that aligns
with the content and sentiment of a manga, evolving as the
narrative unfolds*. We evaluate our work through two user
studies, comparing our pipeline against a strong baseline and
a random lower bound in different settings. The results of
these studies reveal that the proposed system achieves high-
er reader satisfaction across the metrics of relevancy, quality
and consistency as compared to the baselines.

In our modular approach, all but one model is publicly avail-
able, making our pipeline efficient for generating music for
low-resource comics with minimal training. The technical
decisions make the pipeline appropriate for character-driven
stories with ample dialogue and expressive facial graphics.

Potentially, this research could be useful for comic artists
interested in adding music to their comics and manga by
automating the music generation process or for directors
seeking to adapt comics to audiovisual media. While the
system is fully autonomous, the pipeline is designed to al-
low for human monitoring and intervention at any step. Each
step of our pipeline provides text outputs in English, allowing
troubleshooting of possible errors through human-readable
logs. Intervention is mindful of human agency in the creative
process; however, the system is not immune to ethical dilem-
mas. In fact, concerns including exploitation and precarisa-
tion of musicians might worsen the resource disparity for
amateur artists (Morreale, 2021). Therefore, adoption of this
nascent technology must be navigated carefully, with active
collaboration among artists, researchers, policymakers, and
developers to ensure human dignity and creative integrity
guide the innovation.

Literature Review

In this section, we go over the current literature to understand
what constitutes a music-comic object and follow up on
relevant applications of Artificial Intelligence (Al) models in
generating music given a source media. Observations from
this section inform our methodology and evaluation in the
subsequent sections.

What are Music-Comics?

Academic scholarship on the construction, structure, and
reception of comics has been gaining momentum in recent
decades through the influential research of scholars includ-
ing Natsume et al. (1997), McCloud (2006), Groensteen
(2007, 2013), Hague (2014), Cohn (2010, 2013), and Berndt
(2018). However, combinatory studies on music and comics
are sparse in volume and varied in their conceptual approach.
This fragmentation is a result of the ambiguity in defining
music-comic. By drawing parallels in music and comics as
languages, Addis (2017) formalizes ‘Musicalization’ in com-
ics beyond the occurrence of musical elements within or with
comics. However, the language of comics itself is arguably
complicated to define, as both text and image play a role in
creating a comic. An alternative position seeks to integrate
both music and comics into a separate ‘Musicomic’ (Blin-
Rolland, 2019). Derived from Mitchell's (2009) approach
of unifying the image and text in graphical narratives as
‘ImageText', the emergent ‘Musicomic’ is the product of reso-
nance through simultaneous experience of music and comic
(Blin-Rolland, 2019). Resonance, here, refers to a phenome-
non of transient and momentous synchronisation of heter-
ogenous elements to create a new perceptual experience.
On achieving resonance, Blin-Rolland (2019) posits that the
combined ‘Musicomic’ becomes a whole greater than the
sum of its music and comic parts. One such possibility of
resonance occurs when Ondaatje and Murch (2002) discuss
how image and sound change each other as they are played

4 We provide sample outputs of the pipeline at: manga-to-music.github.io/M2M-Gen/
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together (Chion, 1994). Here, a music-comic media creates a
space for a reader to navigate different roles (such as viewer,
reader, listener) and synchronise information from multiple
stimuli (such as melody and tone in music with graphic style
and panel in comics) to create a novel reading experience.
Effectively, the resulting simultaneous experience of the mu-
sic and comic for the reader can create a new perception dis-
tinct from the sum of its parts.

Instances of Music-Comics

Dyadic studies of music and comics vary both in scope and
definition. Summer's (2015) analyses the presence of mu-
sical elements explicitly rooted in the comic print through
dialogue (including singing), narration, onomatopoeia or
even illustrations of the score in Alan Moore's comics. The
diegesis of these stories often participate directly with these
pre-existing or newly created music. Addis (2017) expands
the relationship of music and comics beyond co-occurrence
by defining comics through musical elements such as motifs,
dissonance, and temporality. Music and comics are brought
closer together, where one can be used to interpret the oth-
er. For example, a page is parallel to a musical phrase, and
a panel is parallel to a musical bar. That said, music in such
music-comic pairings functions more as a framework to in-
terpret (or as between languages, translate) comics through
music. Blin-Rolland (2019) develops music-comics further
by proposing a unified approach for studying a music-comic
pair as a singular ‘'musicomic’ unit. The combination of mu-
sic and comic here is synchronised by the reader, who expe-
riences resonance as a novel perceptual synchronisation of
music and comic elements with possible emotional cathar-
sis. Multifarious factors such as degree of integration and
synchronisation influence interaction for every reader (Blin-
Rolland, 2019). For example, even a singular difference of
reading speed can connect one musical phrase to a different
panel for one reader compared to another, creating a new ex-
perience altogether. The experience is thus diverse and plac-
es more control with the reader, especially in music-comics;

however, this also makes the evaluation of such experiences
more elusive.

Background Music for Comics

Prior academic scholarship often engages with music found
within the context of the comic, where musical elements are
rooted implicitly or explicitly in the diegesis of the comic (Addis,
2017; Summers, 2015). However, pairing comics with an inci-
dental musical score is not as straightforward. Some schol-
ars argue that the concatenation of background music and
comics compromises the temporal independence of comics
and risks misrepresentation through ambiguity of background
music (Goodbrey, 2015; Batini¢, 2016; Glaude, 2023). By affect-
ing the tempo of the reading pace, music could supersede a
reader's agency, thereby violating fundamental aspects of a
comic (Addis, 2017; Godek, 2006). Moreover, incoherent mu-
sic accompaniment may be disruptive to a reader's engage-
ment. A granular approach to synchronisation of constituent
elements of comics (such as panel, dialogue etc.) and music
(such as musical bar, melody etc.), therefore, creates multiple
points of failure. Navigating this complex set of many-to-ma-
ny interactions without circumscribing the temporal rhythm
may be inherently limited. Therefore, we use '‘Durational
Extradiegetic sounds' as defined in Paolucci's (2019) classifi-
cation of sounds with comics. Here, ‘Durative’ means that the
sound lasts for several seconds and ‘Extradiegetic’ means that
the music is outside the diegesis of the comic (what we refer to
as non-diegetic). Notably, Paolucci (2019) argues that extradi-
egetic sounds are less prone to temporal dictation given their
exogenous nature. Thus, we narrow our approach on building
an environment of sound that affords open-ended cross-media
engagement for the reader, with the purpose to improve visual
saliency and aesthetic reception rather than dictate the pace
and direction of reading. This approach builds on the insights
in audio perception studies which suggest that sound can ef-
fectively improve visual saliency, consequently improving at-
tention and engagement with visual events (Salselas, 2021).
The legitimacy of non-diegetic background music for comics,
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therefore, emerges in its ability to build a new experience, one
incapable of existing with a comic in absence of the music.
Addis (2017) reconciles earlier contention with this interpre-
tation as she comments “experimentation with these sound
technologies is however an interesting way to test the limits of
comics as a medium” (p. 9).

Our exploration is further validated from perception studies
that examine how engagement in comic reading is impact-
ed with the addition of background music (Zulkifli & Ahmad,
2024). Using a popular Indonesian horror comic, Kemala®, with
an accompanying soundtrack, an independent-groups study
compared the effect of reading the comic with and without
music on the fear experienced by the participant. A total of
one hundred participants were divided into two groups and
asked to answer a questionnaire to rate their emotion of fear
after reading the comic. The results indicated that partici-
pants who read the comic with the music playback reported
significantly more fear than participants who read the com-
ic without any music. Despite lacking precise control of the
music playback over the comic, the music could still induce
the relevant emotion of fear. Although this phenomenon is
invariably observed and well known among artists, method-
ologies of constructing such music-comic pairs are sparse
in the literature.

Practice-informed research contributes best to our un-
derstanding of how music is both created and placed with
comics. Given that music-comics are relatively a recent
development, practitioners often adapt approaches from
other established fields. Game-based approaches often use
navigation and diegesis in digital comics to trigger music
(Goodbrey, 2015). By rooting music through controls outside
(such as navigation buttons) or inside (such as buttons within
the comic panel) the comic, music playback is in the control

of the reader. In contrast, film-based approaches instead
compose music by carefully constructing time as part of the
comic reading process (Johnston, 2011). By structuring the
comic-reading as a live performance, music playback is con-
trolled by the musician as the comic is displayed behind the
performers. In both scenarios, placement of the music and
comic are most distinct. Nevertheless, music plays a similar
function, communicating a narrative or a message (say, an
emotion or style) in both scenarios. Film-music theory sug-
gests that these functions can be categorised into three: 1)
‘Formal Function”: where music emphasizes or downplays
transitions and sequences; 2) ‘Narrative Function”: where mu-
sic supports the diegesis of the film, for example, setting a
scene in India with sitar music; and, 3) ‘Emotional Function”:
where music directs the emotion in a scene (Flach, 2012).

Without rooting the music into the illustration, narration, dia-
logue or other tangible sources in the comic, scoring a comic
can lead to other challenges in deciding for instrumentation,
style, genre, and mood. Untangling and addressing such
questions are constructive to our understanding of what
constitutes a comic and how music can reconcile sound with
visual stimuli.

Background Music Generation with Machine
Learning

Current literature lacks studies on the automated gener-
ation of background music for manga or other comics.
Therefore, our insights are drawn from research on music
generation and retrieval for games (Hutchings & McCormack,
2019), books (Shriram et al., 2022), and movies (Haseeb
et al., 2024). Existing work indicates that emotional infor-
mation can be crucial for generating a musical score for
any medium. While adapting film soundtracks to books,

5 The comic is available on Webtoon in Bahasa Indonesia. Available at: https://www.webtoons.com/id/horror/kemala/list?title_no=2266
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Shriram et al. (2022) apply a BERT® emotion classifier to
match the sentiment of a given paragraph to the valence
(polarity) of musical segments from the existing soundtrack.
Hutchings and McCormack (2019) develop an adaptive sys-
tem where concepts such as environment, object, and emo-
tion act as weighted nodes on a map. Interaction with the
game triggers activation of certain nodes, which then guide
the style and melody of the music generated with the condi-
tional music generation model. Results from these studies in-
dicate that listening to music while reading a book or playing
a game improved the immersive experience and found com-
mon ground in placing importance on the emotional function
while retrieving or generating background music.

Apart from emotion, the narrative context can play a key role
in generating background music for multi-modal media. The
Hermann-1 movie-to-music pipeline inputs a movie scene
and, through narrative and emotional context, develops a
musical directive as a text prompt for a text-to-music model
(Haseeb et al., 2024). The generated music complements the
movie scene and achieves comparable results to the original
soundtrack of the movie scene.

In another study exploring background music for manga, a
fine-tuned AudioCLIP (Guzhov et al., 2022) is adapted to in-
fer the relationship between manga and music by matching
genre of the manga with a corresponding mood of the mu-
sic (Sharma & Tsuruoka, 2023). However, the approach is
limited in design. Constraining the emotional nuance of an
entire page with a single annotation can affect the accuracy.
Moreover, retrieving music from an existing dataset is also
limited by the quality and scope of the available dataset.
Although pre-existing music can cross-reference different
sources of information to tie into the universe of the comic,
retroactive addition of music to existing comics may be at
risk of unintentional messaging.

Retrieval of existing music is more likely to be success-
ful when selected during the construction of the comic.
Successful implementations include, for example, references
to pre-existing songs like “Roll Out the Barrel” in Alan Moore's
V for Vendetta to set the tempo of the panels (Summers,
2015). We argue that music retrieval may be more meaning-
ful during the comic creation process itself, and achieving
reasonable consistency between independent pre-recorded
music pieces and the comics may be more complicated than
generation.

In this work, we draw inspiration from Hermann-1 (Haseeb et
al., 2024), customizing its components to adapt to the struc-
ture of comics. We explore a perspective that a narrative con-
text and deeper understanding of the sentiment in the comic
are crucial to achieving relevance and consistency with the
narrative. To the best of our knowledge, we are the first to
address the challenge of generating background music for
comics.

Methodology

Given the broad definition of music-comics found in the litera-
ture, we limit our scope to build a pipeline that generates em-
pathetic non-diegetic instrumental music for a given comic.
Here, empathetic means the mood and style of the music are
in consonance with the mood and style of the comic (Chion,
1994). Given manga's specific affordance in cross-media ad-
aptation, it is the subject of our implementation. For the pur-
pose of our study, comics and manga refer to digital scans of
print comics as was available to study in our dataset. The aim
of our study is to test the feasibility of automated background
music generation for comics.

Our proposed method improves upon preliminary experi-
ments, contributing to understanding key features for the

6 Atransformer-based deep learning architecture for language pre-training that can be adapted for other tasks including classification. For more

information, please refer to Devlin et al. (2019).
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final approach. For the sake of clarity and brevity of this ar-
ticle, we focus on the final method and its evaluation, rath-
er than detailing the iterative approach. Results from early
experiments suggested that the proposed system should
include: 1) A pipeline-based approach: End-to-End machine
learning models are trained on existing datasets with in-
put-output pairs. In this case, the input would be an image (or
other information) from a comic, and the output would be a
piece of music. However, no such dataset is available. Hence,
we employ a combination of models to build a pipeline that
generates music from comics by translating them into an-
other modality to act as an interpreter. 2) Polyphonic music:
single-instrument and monophonic melodies seemingly limit
the range of context given the diversity of genre and styles
in manga. 3) Multi-modal conditioning: conditioning the input
manga solely on a singular modality such as emotion also
limits the applicability of the music generated.

Without a ground-truth dataset, defining the objective for a
machine learning model can be challenging. Our proposed
pipeline is guided by the processes of how we as humans
compose for visual media. Findings from existing literature
indicate that humans often segment long-form media into
smaller, digestible scenes which usually have high consis-
tency within itself but low consistency between each other.
Analysis in mono-sensory stimulus reading comprehension
(Brenner, 2010), as well as multi-sensory stimuli in film com-
prehension (Zacks et al.,, 2009) suggest that this perception
model holds true for a diverse combination of sensory inputs.

Furthermore, evidence of consistency within scenes as op-
posed to between scenes have also been found in neurosci-
entific studies on comic analysis by observing the effect of
disruptions within and between scenes (Cohn et al., 2012).

Given the wide applicability of the theory of event segmen-
tation across perception of real-time events and consump-
tion of long-form media, we follow this perception model to

segment comics (as visual inputs) into scenes. Each scene
can be segmented using what Cutting (2014) refers to as
‘narrative shifts” shifts across dimensions of time, location
or character. To avoid disruption of continuity in a scene, any
additional modality such as music should also follow the con-
sistency of the scenes. This is especially important given that
music can often lower consistency in scene segmentation by
viewers, referred to as ‘diffusing attention’ (Cutting, 2019).

Within each scene, emotional context in visual (facial) and
textual (dialogue/narration) content play an important role
in informing the mood of the background music. In absence
of paired comic-music data, a comic-text-music pipeline was
considered more comprehensible. Using an ekphrastic ap-
proach, free-form descriptions of the input images allow us
greater flexibility in learning the context to inform the music
generation step. A music track is generated for an image from
a manga, with each image comprising two pages. During ex-
ploratory experiments, music generation for each panel was
considered as well. However, the precision of using panels,
which implies a sequential view-order of a page, could remove
the effect, as intended by the author of the manga, of view-
ing the page as a whole. Addis (2017) argued against comics
as simply ‘sequential art’. Unlike strictly sequential events in
film and music, temporality of comics is not linear, instead it
is multi-dimensional through its format. A multi-panel spread
on a page might split the reader’s attention, emphasizing some
panels before others. As Addis (2017) writes, “before we can
think sequentially, we are encouraged to view this scene as
a whole” (p. 17). In essence, a page containing a collection of
panels may build a different experience than viewing a single
panel at a time. Moreover, time in panels can be more complex
than a single, uniform unit. Stylistic choices can render a single
panel to illustrate either a passage of time or an instance of
time. Time, i.e. the panel, is thus placed, shaped, and ordered
on the page to convey the tempo and rhythm of the events.
Hence, time is not only the sequence of panels, but the panels
on the page themselves.

61
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This phenomenon is well known among authors of comics

and manga, who regularly experiment with panel layout, shape,

size, and its boundaries to elicit meaning. Therefore, disjoint-

ing panels could potentially break a core aspect fundamental

to the structure of a comic. Hence, rather than a bottom-up

manga
dialogue
transcript

approach, we adopted a top-down approach. By breaking

down the manga into self-contained scenes which are similar

on a thematic scale, music can be generated for each page of

the scene instead, preserving thematic adherence of music to

the manga while paying attention to each page.

2. Emotion
Recogntion
CLIP
(Fine Tuned)
character
( 1. Scene Boundary \ :::::Iti e ( 3. Scene-Level \
Detection Caption Conversion
Prompt Engineering )G B Prompt Engineering
1 scene v low-level 1
dialogues = scene 5
k GPT-4 J = information \ PT-40 J
low-level = high-level
scene 3 scene music
information Y directive
1 A + ':
( 4. Page-Level \
Caption Conversion 5. Text to
Music
Prompt Engineering -3 I I
i Page-level MusicLM audio
text based music
GPT-40 music captions file

. J

Figure 1 /llustration of the Proposed Pipeline
Note. The pipeline takes as input the images and dialogue transcript of a manga book and outputs an audio file containing tailored background
music. Manga image taken from Manga109 (Aizawa et al., 2020; Matsui et al., 2017) © Yoshi Masako.
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To train and evaluate the proposed method, we employ the
Manga109 dataset (Aizawa et al., 2020; Matsui et al., 2017).
Manga109 is one of the few large-scale, publicly available
datasets on manga. Curated after receiving the permission of
the authors of each manga to use for academic purposes, the
dataset contains 109 volumes of Manga published between
1970 and 2012. The dataset also provides annotations of
characters, faces, bodies, dialogues, and narrations. Although
annotation tags are in English, the content of the manga as
well as the extracted text are wholly in Japanese.

The larger problem of music composition for comics thus is
divided into several intermediate components, where each
step of the pipeline informs the subsequent, cascading in-
formation from images of comics-to-text to translate into
instrumental music. The pipeline, which we call M2M-Gen
(Manga-to-Music Generation), is illustrated in Figure 1. The
components of the pipeline are described in detail below:

1. Scene Boundary Detection. To detect scene boundaries,
we conducted prompt engineering to set the system role of
the GPT-4 Series’ to dissect an input manga book into scenes
using the dialogue transcript. Our rationale to use Large
Language Models (LLMSs) like the GPT series is found in their
ability to consistently predict scene boundaries in alignment
with human listeners for scene segmentation (Kumar et al.,
2023). We conduct a trial-and-error analysis of the system
with several system prompts, and we utilise the following
prompt in the first iteration of the model:

You are a Manga reader. A series of dialogs
will be provided from a Manga, please predict
the scene boundaries of the story using the
dialogs alone. The speaker of the dialog is

given.

An example dialog is given below:

[...]

The output for the above dialogs is divided
by the following lines:

1, 22, 68

Please Note:

1. Only output the line numbers and no other
text.

2. There should be a scene boundary every
time there is a change in location, time, or
characters.

3. There should be at least one scene bound-
ary for every 500 lines.

4. Always begin the output with line 1.

The model is conditioned with an example scene boundary
of 90 lines of dialogue, from the Manga109 dataset (Aizawa
et al, 2020; Matsui et al,, 2017), annotated internally in the
absence of a ground truth. Given the dialogues in Japanese
of an input manga book, the model is prompted to predict the
scene boundaries.

2. Emotion Recognition. As exemplified in our literature re-
view, understanding the emotional tone of a scene can be
crucial for creating appropriate background music. We use
two sources of information to recognise emotions: faces and
dialogues. In the current work, we utilise Ekman's six basic
emotions (Ekman & Friesen, 1971). This is largely motivated
by dataset availability as well as to provide a human-compre-
hensible data for inferring emotions as distinct categories
(such as sad, happy, surprised).

For emotion recognition in faces, we use a dataset containing
images of character faces from various manga annotated with
their corresponding emotions known as KangaiSet (Théodose

7 The GPT-4 series are a series of closed-source and proprietary large language models developed by OpenAl. The models were accessed using
an APl key between March 2024 and August 2024. For more information, please refer to: https:/platform.openai.com/docs/models/gpt-4 and

https://platform.openai.com/docs/models/gpt-40
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& Burie, 2023). This dataset contains over 9,000 samples of
faces, bodies and panels from the Manga109 dataset, with
emotion annotations for each. These annotations include the
six basic emotions alongside an additional class for neutral
emotion. Although the dataset is considerably larger than the
previous work, it is also severely imbalanced. The smallest
emotion class (disgust) has only 30 samples, while the largest
emotion class (neutral) has over 2,000. Hence, we evaluate the
training of this component using F1 scores.

We experimented with various vision models such as the
ResNet series (He et al., 2016), EfficientNet (Tan & Le, 2019),
and Vision Transformer (Dosovitskiy, 2021). We found our
best results with the CLIP model (Radford et al., 2021), a con-
trastive vision-language representation model that can be
fine-tuned for classification. We use the Adam optimizer with
betas set to 0.9 and 0.98 and a weight decay of 0.001. The
learning rate is set to Te-5, and the model is trained for 10 ep-
ochs with a batch size of 16. The fine-tuned model achieves a
weighted F1 score of 70.2%.

3. Scene-Level Caption Conversion. This step leverages
GPT-40's ability to recognise musical directives given low-lev-
el scene information. Our system prompt consists of the fol-
lowing important information: 1) Instructions to create music
directives for a manga scene; 2) Samples of music directives
from demos of popular text-to-music models (Copet et al,
2023); and 3) The ideal length of the musical description. We
adhere to a polite sentence structure, incorporating words
like “please” as recent research suggests that LLMs perform
better with moderately polite prompts (Yin et al., 2024). We
optimized this approach through extensive prompt engi-
neering. High-level scene music directive samples and input
prompts are available on our demo page. The system prompt
is as follows.

As a music composer for a manga you are given

dialogs and emotions of pages of the manga.

You are also given the emotions of the char-
acter faces.

Your job is to generate one description of
music that is suitable for a specific page
in the scene.

Please note that the given description will
be fed into a text-to-music mode so the ideal
description is 1-2 lines long.

Also please only generate one music caption
in the response.

Some example descriptions of music for the
text-to-music model are given below. Please
generate a description of music similar to
the below examples:

[...]

Please note that you only need to describe

the music.

The examples mentioned above in the system prompt
were taken from the demo pages of text-to-music models
MusicGen (Copet et al., 2023) and MusicLM (Agostinelli et al.,
2023) to induce coherence with successful text prompts for
the text-to-music step.

4. Page-Level Caption Conversion. To ensure that each page
within a scene accurately reflects its unique emotional tone,
we further break down a single scene-level caption (com-
posite of multiple pages) into captions for each page within
a scene. This step converts a scene music directive into a
page music caption using an instance of the GPT-40 model
with its role set as a music composer. Our prompt consists of
the outputs of the three previous steps: 1) Scene dialogues;
2) Emotion recognition results; and 3) Music directive of the
scene. This approach induces relevancy and consistency
across pages within the same scene. In parallel, a unique
caption for each page reflects the diversity in emotional tone
or setting within the scene. Sample low-level music captions
are available on our demo page. We use the following system
prompt for the Page-Level Caption Conversion step.
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You are given the dialogs and emotions from a
scene spanning multiple pages in a manga. You
will also be given a description describing
the music for the scene.

Your task is to adapt the caption from the
scene to the particular page in the prompt.
This requires you to convert a general de-
scription to a more specific musical descrip-

tion of 1-2 lines for the page.

With the above system prompt, we give the following user
prompt to the text-to-music model. This generates a unique
but consistent caption for each page in the scene.

The dialogs in the image are as follows:
PAGE 5 JiHIz: [...

.

PAGE 8 jiEHI#F: [...]

The faces have the following emotions: 69%
neutral, 13% happiness.

The music description for the entire scene is:
A light-hearted jazz trio piece with playful
piano melodies, gentle rhythmic drums, and
a warm comforting stand-up bass, capturing
an atmosphere of casual conversations and a
slice of everyday life.

Please Generate a music description for page

8 in the scene

5. Text-to-Music. In the final phase, we generate music for a
page using page-level text-based music captions. We evaluat-
ed state-of-the-art text-to-music models, including MusicGen
(Copet et al,, 2023) and MusicLM (Agostinelli et al., 2023).
For the final pipeline, we chose MusicLM?® for our pipeline,
as it received more favourable feedback in comparison to
MusicGen. To ensure a seamless music transition between

pages, we experiment with in-painting, conditioning on music
generated for the previous page, and fading between musical
pieces. Eventually, the final pipeline fades the music between
scenes to allow for a seamless flow of music from one scene
to another.

Evaluation

To evaluate the performance of the perception of the pro-
posed system by humans, a comparison with other methods
is necessary. However, in absence of existing methods from
literature, we ablate the proposed pipeline, removing compo-
nents until bare necessity to complete the task with minimal
engineering. As illustrated in Figure 2, the baseline has three
steps: 1) An instance of the GPT-40 model describes a man-
ga page using the image and the dialogue; 2) The high-level
conceptual description is converted into a low-level detailed
music caption using another instance of GPT-40, and 3) This
musical description is fed into a text-to-music model. We
fade the music between pages for a seamless transition.
Progression of reading time across the comic is dynamic with
every panel and page; however, research on viewing times for
comic panels suggest a directly proportional relationship be-
tween the length of the music generated to the length of the
text in the panels of the page (Ikuta et al., 2023). Hence, we
train a linear regression model on the data provided by lkuta
et al. (2023) to predict the reading time given the text length.
We then round it up to either 30 or 50 seconds per image,
where the padded additional time is to account for variation
in reading speeds.

Our primary results are derived from a subjective analysis,
which is conducted using a Human-Subjective evaluation
study. Since there is no dataset for this task, an objective
assessment of the whole pipeline becomes infeasible. Two
evaluation studies with human participants are conducted

8 MusicLM was accessed through an instance of the model found on the MusicFX platform between March 2024 and August 2024. Accessible

at: https://labs.google/fx/tools/music-fx-dj
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to test different hypotheses. The results from the first user
study test the rejection of the null hypothesis, indicating
whether our approach can outperform the competing base-
line measured by human satisfaction. In this survey, the pro-
posed pipeline takes context from the entire scene to gener-
ate music. The longer context used by the proposed method
could contribute to improvement in the performance of rel-
evancy as compared to the baseline and random methods.
However, this raises questions like how the pipeline performs
when the pages come from different scenes. To measure the
difference in the perception of consecutive pages of man-
ga between-scenes as compared to the results from with-
in-scene, we conducted another survey where the images are
captured from two different scenes (but consecutive pages)
in the manga book.

User Study 1 Design

Existing literature does not provide a suitable dataset for
objective evaluation of our proposed pipeline against hu-
man-composed background music. In this work, we hence
rely on a subjective analysis. The study aims to measure
reader satisfaction with the proposed system in comparison
to baseline models. The null hypothesis states that there ex-
ists no statistical difference in preference across selected
models for background music.

Text & Image Processing

Prompt Engineering

high-level
description of
the input page

manga
dialogue
transcript

The evaluation corpus was populated using books from the
Manga109 dataset (Aizawa et al., 2020; Matsui et al., 2017).
The selection of books for the survey is tabulated in Table 1.
Each sample was selected at random while reflecting the di-
versity of genre and decade of release. From each book, four
consecutive pages (two images) were selected to construct
a scene using the scene boundary detection module defined in
the previous section.

The design of the subjective study is adopted from common
practices in evaluation of audio generation models (Copet et
al., 2023; Kreuk et al., 2023; Yang et al., 2023). In a within-sub-
ject setting, participants were asked to rate a scene with
background music.

The background music was added to a scene using three
sources: 1) The proposed model; 2) A baseline model, which
is an ablated version of the proposed model; and 3) A ran-
dom model, which randomly assigns music from a database
of generated outputs from the proposed and baseline meth-
ods. The performance of the random model serves as a lower
bound for performance of automated music generation mod-
els for comics.

After watching a video of the manga scene with background
music, participants were requested to score the video on

three metrics:

Page to Music
Translation

Text to Music

Prompt Engineering

5

low-level
music
caption

music
file

Figure 2 /llustration of the Baseline Pipeline Note. The baseline takes as input a manga page and dialogue transcripts and outputs an audio
file containing tailored background music for the page. Manga image taken from Manga109 (Aizawa et al., 2020; Matsui et al.,, 2017) © Yoshi

Masako.

o)
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+ Relevancy (REL): How appropriate the music is for the
scene,

+ Quality (QUA): How “good” does the music sound, and
Consistency (CON): How well does the music transitions
between pages.

These metrics are derived from the functional role of music
in background, as detailed in the ‘Literature Review’ section
(Flach, 2012).

The relevancy metric here tests the narrative and emotional
coherence of the music to the context of the corresponding
manga, and the consistency metric tests the formal function-
ality of the music to smooth or contrast transitions.

The scoring was done on a 5-point scale from 1 to 5, where
one means a very low score and five means a very high score
for the metric. To mitigate bias and fatigue, the order of the
scenes was shuffled, and participants were unaware of the
source of the music. The user-study was designed as a with-
in-subjects (repeated-measures) ANOVA with the sources act-
ing as a three-level factor. One mean rating per source by each
participant was computed by averaging ratings across mul-
tiple videos. The repeated-measures ANOVA tested wheth-
er average ratings differed across sources. If a statistically

significant difference was found, a post-hoc analysis was con-
ducted by comparing each pair using Wilcoxon's test. Since
our ratings are ordinal, we used a non-parametric test.

The survey was published online for remote access to par-
ticipants. Participation was based on voluntary consent, and
participants were free to leave at any time during the survey.
No demographic information was captured; however, all par-
ticipants were required to be over 18 years of age and be able
to read and understand Japanese.

Several approaches were adopted to recruit participants, in-
cluding extending a call for participants on public platforms,
university channels, and digital communities for Music
Information Retrieval (MIR). Additionally, flyers for the survey
were also circulated in-person. We only used the results from
those who completed the entire survey.

User Study T Results

The survey to evaluate the three models was completed by 22
participants, all fluent in Japanese. All participants expressed
their interest in manga and music to be at least above 2 (little
interested) on a 5-point scale.

The results are illustrated in Figure 3. Both the baseline and
proposed pipeline perform well above the random lower

Manga Name Genre Author Release Decade
Nichijou Soup Humor Shindou Uni 1990s
ARMS Science Fiction Kato Masaki 1980s
Kuroido Ganka Suspense Taira Masami 1990s
Totteoki No ABC Romantic Comedy Aida Mayumi 1970s
Tasogare Tsushin Horror Tanaka Masato 1980s
Gakuen Noise Battle Inohara Daisuke 2000s

Table 1 List of Books Selected for User Study 1

Note. The information is taken from the metadata of Manga109 available at: http://www.manga109.org/en/explore.html.
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bound. Results from the within-subject ANOVA test indicated
that the source of the music for the manga had a significant
effect on the ratings (p<0.001).

Post-hoc analysis revealed that the proposed pipeline is pre-
ferred over the random method (p<0.05) across all three met-
rics of relevancy, quality and consistency. Moreover, the pro-
posed pipeline is preferred over the baseline (p<0.05) across
relevancy and consistency.

The most notable difference is in relevance, where the pro-
posed pipeline (u=3.4) and the baseline (u=3.25) outperform
the random method (u=2.34) by nearly one point. In terms of
quality, the differences are less pronounced but interesting,
nonetheless. Although the difference in mean quality scores
is smaller, this difference is unexpected given that the mu-
sic generation model remained constant across all methods.
This implies that not only did participants find the generated
outputs of M2M-Gen more relevant, but on average partici-
pants also perceived the quality of the proposed pipeline to
be better than the rest. Perhaps the greatest contribution of
M2M-Gen lies in the consistency of the generated output,
with a half-point difference in average scores compared to
the baseline. Here, the baseline and random methods are

comparable.
5
4
I
I | I I I

8 I

| I I
1

0

Relevancy Quality Consistency

mProposed m Baseline mRandom

Figure 3 Mean Scores in User Study 1

Note. Scores are averaged across each metric (relevancy, quality,
consistency) for proposed, baseline and random models for within-
subjects study (error bars show standard errors).

User Study 2 Design

The initial survey focused on music generation within a single
manga scene. Both images for each scene are provided with
the same context to generate music. This could contribute
to high scores for the consistency and the relevancy metric.
However, this raises questions on how the pipeline performs
when the pages come from different scenes. To evaluate the
performance of the proposed method when transitioning be-
tween two scenes we conducted another user study. In this
study, a transition between scenes is presented with music
for each scene, where the music is independent of the nar-
rative context of the neighbouring scene. The proposed pipe-
line takes context from two different scenes (but consecutive
pages) of six different manga books.

User Study 2 Results

There were a total of 15 participants, and the survey was
designed to be identical to the first. The results for be-
tween-scenes study are illustrated in Figure 4. Here again,
the proposed method outperforms other methods by a sta-
tistically significant margin, contributing to our argument that
the proposed method closely follows human satisfaction as
compared to the baseline and the random methods. The with-
in-subject ANOVA indicated that again, the source of music

0 I I

Relevancy Quality

(5}

N

Consistency

m Proposed Baseline mRandom

Figure 4 Mean Scores in User Study 2

Note. Scores are averaged across each metric (relevancy, quality,
consistency) for proposed, baseline and random models for
between-subjects study (error bars show standard errors).
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had a significant effect on rating (p<0.001) even when given
consecutive pages across different scenes. Further post-hoc
analysis revealed that the proposed pipeline is preferred over
the random method (p<0.05) across all three metrics of rele-
vancy, quality and consistency, and is preferred over the base-
line (p<0.05) across relevancy and consistency.

In fact, we find that across both the surveys studying the
perception of within-scene and between-scenes, participants
prefer the proposed model over the baseline. Our conclusions
drawn from the previous study are further validated when
tested in the new condition, as we find that the proposed
model continues to be the preferred method for both quality
and consistency. This survey emphasises performance eval-
uation for maintaining musical coherence during scene tran-
sitions and its adaptability to narrative shifts. Therefore, con-
sistency of the generated music is of particular importance.
Results suggest that the proposed pipeline was effectively
capturing contextual nuances and ensuring more coherent
and satisfying musical transitions. These findings not only
validate our proposed method but also highlight its effective-
ness in delivering consistent and contextually appropriate
music, enhancing reading experience.

When comparing both studies, we first aimed to find statisti-
cal differences between the distributions across the indepen-
dent variables of study (within-scene and between-scene),
book (six books from each study), and method (proposed,
baseline and pipeline).

To compare the effect of each variable on the ratings, we
trained an ordinal logistic regression model, which outputs
the significance of the effect of each independent variable
on the dependent variable (here, ratings). Our results found
that apart from the method, no independent variable had a
statistically significant difference in the results. Hence, this
deters us from conducting a statistical comparison between
the studies.

Ethical Considerations

In this section, we reflect on the most relevant ethical con-
siderations that guided this work. Our ethical principles are
centred around human rights and data safety. Although this
section appears after methodology and evaluation, in prac-
tice, implications of every decision were discussed in sync
with the progress of the research.

The primary research question for this paper centres around
the ability of current machine learning models to generate
background music for comics. The usage of generative Al in
this task can be excused as 'tools’, where the responsibility of
the ethical implications lies with who wields the tool. However,
even conceptually, tools are never truly neutral (Xavier, 2025).
Although absolute objectivity is appealing in research, truths
in creative media are often plural, and neutrality is often im-
possible. The selection of an approach using machine learn-
ing models cascades the ethical issues stemming during
the conception, training, and deployment of said model as
we utilise it in further research. At the time of the study, this
nuance was not overlooked during the development process;
however, we could not find an open-source model or dataset
to successfully output or train to generate reasonable music
tracks from existing research. In a strictly academic setting,
we instead built constraints to minimise potential damage as
we inherit the responsibility of its deployment.

The dependence on large foundation models such as
MusicLM (Agostinelli et al., 2023) and OpenAl's GPT-4 series
(Hurst et al., 2024) employed in our study is not immune to
issues around bias, transparency and accountability com-
monly found in such models (Jiao et al.,, 2025; Ma et al., 2024;
Morreale, 2021). Although mitigations to circumvent issues of
bias propagating in the outputs exist, such interventions are
commonly required during training and before deployment,
which was not possible given the nature of closed-source
models (see, e.g., Fisher et al,, 2025). Our focus instead, was
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to foster solutions around transparency and accountability.
As the large foundation models used in this system, MusicLM
and GPT-4 series, are closed-source and proprietary models,
our control over the specific instances and the output of the
model was limited.

As a measure of transparency, the methodology of the ex-
periments was documented in detail, including timeframes
of access to proprietary models to provide traceability of the
experiments.

Another important concern in applications of Al tools is the
replacement and exploitation of human work (Huang et al.,
2023; Morreale, 2021). Research also shows that standard
practice for building and using training datasets in music
generation indicate a severe lack of recognition, attribution
and compensation for data creators, which include musi-
cians, comic artists, annotators, etc. (Morreale et al., 2023).
Where possible, training and evaluation data was obtained
from open-sourced datasets with clear consent from the data
creators. To avoid pitfalls from the black-box nature of end-
to-end models, the design of the pipelines is intended such
that it can be replaced by human intervention at any step.
This design decision is based on a relevant concern that the
pipeline should be in support of creators and researchers, not
replace them in their expertise. Furthermore, the decision of
translating an image of a manga into text, which then acts as
a conditioning input for the music directive, is also motivated
by the explainable nature of text in comparison to the more
abstract image and music.

While the task of background music generation for com-
ics aims to provide accessible tools for comic artists and
readers to enhance the reading experience, potential risks of
displacement of sound designers and musicians cannot be
ignored. Trade-off between precarisation and productivity
creates friction for Al adoption among musicians (Herington
et al., 2026). While these conflicts are well-documented,

effective intervention remains elusive. Instead of a straight-
forward approach, solutions require operationalising eco-
systems where stakeholders in policy, industry, art, and Al
development must act together to ensure Al-based tools
do not infringe on human dignity and creative integrity
(Ventayen, 2025). For Al developers, along with transpar-
ency in development and deployment, investment in edu-
cational intervention is critical to put ethical considerations
into practice while artists should engage in exploration and
evaluation of these systems (Ventayen, 2025). In our work,
we try to provide complete technical details of the imple-
mentation, while prioritizing clarity for broad accessibility.
Currently, our study is confined to the boundaries of aca-
demic research, however, implications of our results could
potentially drive future research using more capable mod-
els. Hence, restraint and reflection are imperative to ensure
human-centred values are not neglected in favour of short-
term performance gains.

Other standard practices include employing strict privacy
control during the user studies. At the foremost, participa-
tion was based on voluntary consent, and any participant
could withdraw consent at any point after giving consent.
Moreover, no personal or identifiable information was collect-
ed in the subjective surveys; participants were only asked to
rate the music for the manga

Limitations and Future Work

This work serves to stimulate further research by highlighting
new methods to construct music-comic pairings. At pres-
ent, the system generates a music track offline and then the
fixed-length music is arranged with the manga as a complete
piece. However, in practice, readers of digital comics read at
an individual pace, moving back and forth between pages.
Research among theorists and practitioners foregrounds
the significance of the autonomy of the reader to maintain
control over the pace and navigation of the comic even in
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music-comic pairings to preserve the fundamentals of what
separates comics from other media, say films (Goodbrey,
2015; Groensteen, 2013). The contradiction of indeterminate
temporality of a comic in comparison to definite temporal
structure of music can threaten reader agency if off balanced.
Goodbrey (2015) reconciles this conflict by suggesting loop-
ing short tracks; however, in practice, more complex narra-
tives with multiple plots, subplots, characters, and themes
can quickly lead to an infeasible production pipeline. Recent
music generation models can generate music in a real-time
and interactive setting (Caillon & Esling, 2021; Caillon et al,,
2025); however, adapting live generation conditioned on read-
er behaviour while maintaining low latency and relevancy of
musical tracks is still a difficult problem in machine learning.
We aim that future work can examine the trade-off between
reader control and placement of music across panels, pages,
and chapters in comics.

Given the machine learning pipeline as well, the current evalu-
ation method is limited in understanding performance of the
proposed method against baselines. Without objective met-
rics in absence of Image-Music datasets, the subjective eval-
uation with user studies needs to be not only of much larger
sample size but also tested under more liberal constraints.
After all, readers tend to read comics and manga in leisure,
in a location that is comfortable or convenient for them.
Moreover, error propagation can be amplified in pipeline de-
signs, such as incorrect emotion recognition may weaken the
relevancy of the music generated.

The elusive nature of both music and comics also poses
more questions for future work. As music and comics each
admit a range of styles, the combinatorial space they pro-
duce expands considerably. In our work, music for a scene
in a manga is generated with a parallel and empathetic ap-
proach, where the music is always faithful to the narrative
(Chion, 1994). This consonance may deepen recognition
and emotional attachment of the scene. In contrast, film

composers in practice may alternatively play music as a
counterpoint in asynchrony, where the music delivers a con-
tradiction through an unexpected or experimental choice for
the scene (Johnston, 2011). This dissonance may undermine
engagement but can become memorable or offer an alter-
native perspective for the scene in the comic. For example,
playing bassoon instrumental music over a battle scene influ-
ences reader perception by making the fight appear comedic
in tone. LLMs, which generalise over a large corpus of text,
risk redundancy and creative diversity through overly formu-
laic outputs (Wenger, 2026). In our work, this limitation could
limit musical directives to only consist of a generalised set
of common musical motifs. Although simple approaches to
modify diversity such as temperature and presence penalty
exist, further exploration may be necessary to understand
creativity and productive dissonance in generative Al to ex-
pand dimensions of expression in music-comics.

Distinct from traditional print comics, digitisation has also
evolved comics to embed features such as hypertext, panel/
object movement, and incorporation of other media, com-
monly found in what Goodbrey (2017) refers to as ‘digitally
native comics’. These features also change perception and
consumption of comics through digital interfaces (Berube et
al., 2024). Therefore, experiments with varying user interac-
tion interfaces could be used to discover digital features for
constructing multi-modal experiences.

Finally, alternative approaches to background music genera-
tion may offer more insight in absence of standardisation for
aligning music to comics. Research on film music highlights
how thematic approaches can instead focus on recognising
motifs in the media which can act as a grounding source of
music when present (Stopar, 2024). By identifying key com-
ponents such as characters, themes or objects, another ap-
proach could construct a pipeline to generate music for each
component. The presence of the component, thus, may act
as a trigger for the music.
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Conclusion

This paper examines current theory around music-comics as
an object, specifically examining practices in constructing a
background musical score. Despite the growing popularity
and effectiveness of music-comic pairings, we identify an evi-
dent gap in applications supported by machine learning tech-
niques. Our research question aims to answer whether exist-
ing Al models can effectively create background, non-diegetic
music for Japanese comics. Through extensive experimen-
tation, we have developed a pipeline that extracts information
from a manga book and translates it into low-level music con-
ditions for each page, maintaining the coherency and relevan-
cy of the generated music across pages and scenes. By con-
verting different modalities to text before generating music,
we can read intermediate directives that reveal how various
elements of the image of the comic affect the music's mood
and style. The pipeline also integrates state-of-the-art public-
ly available models, which reduces training requirements in
the absence of a dataset. Incorporating scene segmentation,
longer context, and prompt engineering, we are able to create
a novel reading experience for manga readers by adding mu-
sic as an additional stimulus. Our proposed model achieves
higher human satisfaction across the ratings of relevan-
¢y, quality and consistency compared to the random lower
bound. Thus, we conclude that it is indeed feasible to develop
music generation pipelines using machine learning models.
In parallel with the development process, ethical risks of Al
are also examined and mitigated where possible. These po-
tential pitfalls include risk of exploitation and precarisation of
musicians, which informs our deployment practices of trans-
parency, accountability and reflection.

Although we see this study as an important advancement in
multi-modal background music generation for manga, offer-
ing a foundation for future research and artistic exploration,
we recognise current limitations. These include lack of objec-
tive metrics and error propagation for the proposed system

as well as reading pace control and a limited synchronous
approach in the design of the system. We invite further re-
search by suggesting alternate approaches and methods not
explored in this paper. We conclude that although the process
of creating background music for a manga may be largely
stochastic; by building a system based upon fundamentals
in the theory of multi-media music, our proposed pipeline can
successfully generate background music for a comic that is
relevant and cohesive.
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