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Figure 2. The Magi Architecture: Given a manga page as input, our model predicts bounding boxes for panels, text blocks and characters, and associates
the detected character-character and text-character pairs. The model ingests a high resolution manga page as input to a CNN backbone, followed by a
transformer encoder-decoder resulting in N X [OBJ] + [C2C] + [T2C] tokens. The [OBJ] tokens are processed by the detection heads (box and class)
to obtain the bounding boxes and their classifications. The [OBJ] tokens corresponding to detected objects are then processed in pairs, along with [C2C]
and [T2C], by a character matching module and a speaker association module respectively resulting in character clusters and diarisation.

3. Detection and Association

Given a manga page, our goal is to produce a transcript
of who said what and when in a fully automatic way.
Therefore, as a requirement, the model must be aware of
the various components that constitute a manga page—
particularly the panels, characters and text blocks—and
how they are related. To this end, we need to detect the
panels, characters and text blocks (i.e. where they are on
the page), as well as associate them — character-character
association (i.e. clustering), and text-character association
(i.e. speaker identification). The detection part is relatively
straightforward; there is a plethora of methods that can be
used [5, 29, 48, 49]. The tricky part is the association, and
particularly character-character association.

Architecture overview: We formulate these tasks as
graph generation problem and propose a unified model,
Magi, that is able to simultaneously detect panels, text
blocks and characters (nodes of the graph), and perform
character-character matching and text-character matching
(edges of the graph). The architecture is illustrated in
Figure 2. The input is an entire high resolution manga
page, that is processed by a CNN-based backbone to obtain
a spatial feature map. These dense feature descriptors
are then processed by a DETR [5] style encoder-decoder
transformer, resulting in N [OBJ] tokens and 2 special
tokens— [C2C], [T2C]—that we introduce, inspired
by [41]. The [OBJ] tokens are processed by the detection
heads (box and class) to obtain the bounding boxes and
their classifications (into character, text, panel, or back-

ground). The [OBJ] tokens corresponding to detected
objects are then processed in pairs, along with [C2C] and
[T2C], by a character matching module and a speaker
association module respectively, which essentially answer
the question “Is there an edge between a given pair of
[OBJ] nodes?”, resulting in character clusters and speaker
associations.

Design choices: We perform “in-context” detection and as-
sociation, where the network ingests the entire page. In con-
trast, previous methods for character re-identification [37,
42, 45, 47] operate on crops of characters (either faces or
full-body) and use metric learning to learn desirable feature
representations which can then be used to compute a sim-
ilarity score given two character crops. This approach is
limited in two ways: (a) metric learning based solutions are
good for the retrieval task where there is query image and
a large gallery of candidates to retrieve matches from, but
they are not well suited to make hard decision boundaries
(i.e. form clusters) especially when the number of clusters
is unknown apriori and the number of data points per cluster
is too few (as is the case for a single manga page); (b) only
operating on character crops loses the surrounding visual
cues on the page that can assist with grouping characters.
In Sec. 6 we compare our model with crop-based methods
and validate our design choices.

3.1. Architecture details

Backbone is a Convolutional Neural Network (CNN),
represented by ®(-), that ingests a high resolution input
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manga page I € R3>**W and extracts dense feature
descriptors f € Rexhw,

Transformer Encoder is a DETR-style transformer
encoder, represented by ®.(-), which processes content
embeddings f from the backbone with the aim of improv-
ing them, resulting in features g € R°¥/w,

Transformer Decoder is a DETR-style transformer
decoder with conditional cross-attention [29], represented
by ®4(-). It processes N + 2 query tokens as input,
which consist of Nx [OBJ] + [C2C] + [T2C] tokens,
that undergo a series of self-attention layers that perform
interactions between the query latents, and cross-attention
layers that attend to the contextualised image features g.
The idea here is that the [OBJ] tokens learn to attend to
specific spatial positions in the image, encoding the infor-
mation pertaining to that region, while [C2C] and [T2C]
learn to encode the interactions between these objects in
a pooled fashion. The output of ®4(-) is represented by
hobj c chN7 hc2c c chl’ ht2c c chl.

Detection Head is a two-component module that processes
h°7 using (i) a MLP @y, (-) to regress the object locations,
and (ii) a linear layer ®.;;(-) to classify the objects.

Crop-Embedding Module is a ViT [8] model, represented
by ®@crop(-) that, given a crop of the detected character i,
outputs an embedding vector ¢; € R*1,

Character Matching Module is an MLP, represented by
®.9., followed by sigmoid activation that outputs a score
Afjh“” of character 7 being the same as character j. It does
so by processing a single feature vector that is obtained by
concatenating h;’bj,ci,h0207h;bj7cj, where ¢;,c; are the
crop embedding vectors for the character 7, j respectively
(crop is obtained using the predicted boxes). The final
binary prediction of whether ¢ and j are the same characters
is obtained by thresholding Afj’»"" using a hyperparamter 7.

Speaker Association Module is also a MLP, represented
by ®,2., followed by sigmoid activation that outputs a score
A5 of text i being said by character j. It does so by pro-
cessing a single feature vector that is obtained by concate-
nating h™7 | ht2¢, h;'bj . The final speaker prediction for text
1 is given by

_ text
Speaker, = arg m]ax A;

3.2. Training

Achieving end-to-end training for this model, i.e. to jointly
optimise the model for each of the detection and association
tasks, requires a dataset that contain bounding boxes for

panels, text blocks, characters, as well as annotations
for character clusters and text-speaker associations, for
each page. In Sec. 5 we describe how we obtain two
datasets with these annotations: (1) Mangadex-1.5M, a
large-scale (1.5M images) dataset with (possibly noisy)
pseudo-annotations generated automatically; and (2)
PopManga, a smaller dataset with 55000+ images in the
dev set, and high quality human annotations. We train the
model in two steps, first using Mangadex-1.5M and then
using PopManga Dev subset, in a supervised fashion.

Implementation: The input image is resized such that the
shorter side is 800px and the longer side is resized appro-
priately to preserve the aspect ratio but capped at 1333px.
It is then projected to a spatial feature map by the back-
bone @ (+), which has the ResNet-50 [10] architecture. The
dimensions of the spatial feature map depend on the resolu-
tion of the input image (e.g. for a resized 1100 x 800px
image, the spatial map is 35 x 25). The spatial dimen-
sion of this feature map is flattened and the channel di-
mension is projected to 256 before passing it to the trans-
former. The transformer encoder-decoder ®.(-), ®4(-) have
6 layers each, with the hidden dimension of 256, and 8
attention heads. The number of [OBJ] decoder queries
is N = 300. (bb(')7 ®e<~>, ‘Pd(-), q)boz(')a @cls(-), are ini-
tialised using Conditional-DETR [29] weights. The crop-
embedding module ®.,,,(-) has 12 layers, with the hid-
den dimension of 768 and 12 attention heads, and is ini-
tialised using MAE [11] encoder weights. The input to
®Drop(-) is resized to 224 x 224. The character match-
ing and speaker association modules ®.o., ;0. are both
3-layered MLPs initialised randomly. We set the charac-
ter matching threshold 7 = 0.65. Our training objective for
detection is the same as in [29]. We further apply Binary
Cross Entropy loss to the outputs of our character matching
and speaker association heads. Additionally, we apply Su-
pervised Contrastive Loss [17] to the per-page embeddings
from the crop-embedding module. We trained our model
end-to-end, on 2x A40 GPUs using AdamW [25] optimizer
with both learning rate and weight decay of 0.0001, and ef-
fective batch size of 16.

4. Transcript Generation

Once the bounding boxes for panels, characters and text
boxes have been extracted, along with the character clusters
and speaker associations, generating a transcript from them
is really just an OCR + Sorting problem. To sort the text
boxes into their reading order, we leverage prior knowledge
about manga layout. Specifically, manga pages are read
from top to bottom, right to left (note that the reading order
is different from western comics which are read top to
bottom, left to right). Given this, we order the text boxes in
two steps: (a) order the panels to give the relative ordering
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of text boxes belonging to different panels, (b) order the
text boxes within each panel. After ordering the text boxes,
we perform OCR to extract the content of the texts and
finally generate the transcript using all the computed data.

Panel Ordering: Previous methods [13, 18] use “cuts” to
recursively split the panels into horizontal and vertical parti-
tions. The idea is to construct a tree by recursively splitting
the panels using (1) a horizontal line, (2) a vertical line, in
that order of priority, and then traverse the tree in a specific
order (top panels before bottom for horizontal cuts, right
panels before left for vertical cuts) to get the reading order.
While this method works in most cases, it fails in the case
of overlapping panels, where there is no clean way to “cut”
the page. We propose an improved algorithm to sort the
panels in their reading order that overcomes this issue. We
very briefly describe our approach below and provide more
details in the arXiv version of the paper.

Approach: The idea behind our approach is to represent
the panels as a directed acyclic graph (DAG) where each di-
rected edge represents the relative reading order between
the connecting panels, and then apply Topological Sort-
ing [16] to this DAG. The reason our method works more
robustly than an entirely “cut” based method is because it
can infer the relative order of two intersecting panels by re-
laxing the constraint of “strictly” above/below/left/right to
“largely” above/below/left/right. By considering panels in
pairs, we do not require global clean “cuts” to exist. In Fig-
ure 3, we show the ordering prediction using our method vs
prior works.

Figure 3. Panel ordering: On the left are the ordering predictions us-
ing [18] and on the right using ours. Images: Prism Heart ©Mai Asatsuki.

Intra-Panel Text Ordering: There is no absolute rule that
determines the order of texts within the panel. As a general
rule of thumb, however, the texts within the panel are read
in the order of their distance from the top-right corner of
the panel. Following previous works [13, 18], we use this
heuristic to sort texts within each panel.

OCR: While performing OCR is not the primary goal
of this work, we train an OCR model for completeness.
Specifically, we finetune the TrOCR [20] model on custom
synthetic data generated using the pipeline described in [4].
Please refer to the arXiv version for more details.

5. Datasets

For training and evaluation we require datasets that contain
bounding boxes for panels, text blocks, characters, as well
as annotations for character clusters and text-speaker asso-
ciations, for each page. In the following we describe three
datasets that cover these requirements: an existing dataset
Mangal09 [1], and two new datasets that we introduce,
PopManga and Mangadex-1.5M. We provide an overview
of these datasets in Sec. 5.1, and how we collected and an-
notated the new datasets in Sec. 5.2.

5.1. Dataset overview

The three datasets are summarised in Table 1.

Dataset Annotations
name #images | source #P #T #C #C2C #T2C
PopManga (Dev) 55,393 | Human | 264,0677 459,615 487,367 397,054 52,0117
PopManga (Test-S) 1,136 Human X 11,843 11,498 9,960 7,537
PopManga (Test-U) 789 Human X 9,000 7,280 5,819 6,090
Mangal09 [1] 21,204 | Human | 104,566 147,894 157,512 167,020 131,039
Mangadex-1.5M 1.57M | Pseudo | 6.6M 12M 14M i i

Table 1. Training and evaluation datasets. In the columns we provide
the number of annotations for each task P = Panels, T = Texts, C = Charac-
ters, C2C = Character-character positive pairs, T2C = Text-character pairs.
T automatically generated. ¥ for 8,488 images only. T mined using heuris-
tics dynamically.

PopManga: A new dataset of 57000+ manga pages from
80+ different series that are considered to be in the list
the top manga of all time [31]. These manga are typically
known for their complex storytelling and intricate art style,
thus making them very challenging. We split PopManga
into 3 subsets. The Dev subset is used for training and val-
idation, and the remaining two subsets—7est-S (test seen),
Test-U (test unseen)—are used for testing such that 7est-S
consists of 30 chapters from 15 series, where other chap-
ters from these series are seen during training, while Test-U
consists of 20 chapters from 10 series that the model never
sees during training.

We intend the 7est-S and Test-U images to serve as a
public benchmark for evaluation. For this reason, they
are from chapters that are available freely, publicly and
officially on Manga Plus by Shueisha [28], thus enabling
future academic research and comparisons. A comprehen-
sive list of manga name and chapters in Dev, Test-S, Test-U
is available in the arXiv version of the paper.

Mangal09 [1]: An existing dataset of 21000+ images
across 109 manga volumes, that provides all the detection
and association annotations we require. However, in this
work, we are mainly interested in the diarisation of English
versions of manga which are not available in Mangal09.
Therefore, we only use Mangal0Q9 for some evaluation
purposes.
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Figure 4. Bounding box predictions determined by the Magi model for characters, text blocks and panels, as well as clustering predictions (as nodes and
edges). For the purposes of visualisation, we remove redundant connections for characters that are already connected via transitivity. Best viewed digitally.
Notice that the model has successfully matched characters despite occlusion/partial visibility (girl: A4, hand: B1), changing viewpoints (boy: AS, girl: A2),
and varying fidelity (girl: A1, boy: B2). The model can also detect non-human characters (dog-like creatures: Al, octopus-like creature: B3). We also show
a failure case where the model incorrectly matches two different characters (one is wearing checked scarf).

Actually
said by 2>

b YOU DID ALL THES YOURSELF 3 ishak b Failure case

Figure 5. Text to speaker predictions generated by the Magi model. Each predicted text box is connected to a predicted character box using a line. The
opacity of the line reflects the confidence of the model (the darker the line, the more confident the model is). Each predicted character box has a number at
its centre based on the clustering predictions. We also show the final generated transcript. Note that all the dialogues are in the correct reading order. For
text to speaker predictions that have a low confidence score (< 0.4) we replace the predicted speaker with (?) in the generated transcript and let the reader
infer it from context. Best viewed digitally.

Mangadex-1.5M: A large scale dataset of ~ 1.5 million 5.2. Dataset curation and annotations
manga pages spanning multiple genres and art styles. A
large majority of these are not made by professionals, and
therefore, on average the images are “simpler” than Pop-
Manga. We use this dataset for pretraining. Curation: 57000+ images are downloaded from various
sources including Mangadex [27] and MangaPlus [28].

PopManga
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Annotation: We get human annotators to label text
boxes, character boxes, character-character association and
text-character association using a modified version of the
LISA annotation tool [9]. For panels, we first finetune
DETR [5] to predict panels using Mangal09 and then use it
to automatically generate pseudo panel annotations for the
Dev subset of PopManga (we found these generated panels
to be of satisfactory quality, thus reducing annotation
cost). In the arXiv version of the paper we include more
information on the annotation process.

Mangadex-1.5M

Curation: The ~ 1.5 million unlabelled manga pages are
downloaded from Mangadex [27] using their official APL.
During curation, we only query for manga which are avail-
able in English and have a safe-for-work content rating.
Annotation: For the collected images we do not have
ground truth annotations. Instead, we generate and mine
pseudo-annotations for them. (I) Detection: We prompt
Grounding-DINO [24] (which has a strong zero-shot open-
vocabulary detection performance) to detect bounding
boxes for characters (using “human” and ‘“character” as
prompt) and text blocks (using “text” as prompt). We use
a finetuned DETR to generated psuedo panel annotations,
as done for PopManga Dev. (2) Character-Character
association: We mine positive/negative character pairs for
each page using the following strategy: (a) if character A
and character B are in the same panel, they are not the same
character (negatives); (b) if character A and character B
are nearest neighbours of each other in the model’s latent
space, then A and B are the same characters (positives), as
long as A and B are not in the same panel; (c) if A = B
and B # C, then A # C (more negatives via transitivity).
(3) Text-Character association: Here we simply match
each text block to the closest character. This is not always
correct, but it is correct more often than not.

6. Results

In the following we report results on the set of tasks that are
needed to realise our goal of diarisation. For baselines we
use state-of-the-art models that are available publicly.

6.1. Test sets and Baselines

Character detection

Datasets: PopManga (Test-S), PopManga (Test-U) and
Mangal09 (same test split as [44]).

Baselines: We compare our model against state-of-the-art
character detection model DASS [44], and zero-shot results
from Grounding-DINO [24].

Text detection

Datasets: PopManga (Test-S) and PopManga (Test-U). We

do not report results on MangalQ9 as it does not contain
English texts.

Baselines: We compare our model against the zero-shot re-
sults from Grounding-DINO [24].

Panel detection

Datasets: Mangal09 (same test split as [44]).

Baselines: We compare our model against the zero-shot re-
sults from Grounding-DINO [24].

Character clustering

Datasets: PopManga (Test-S), PopManga (Test-U) and
Mangal09 (same test split as [45]).

Baselines: 'We compare our model against AMFR [45],
which is a manga face clustering model, ZACI [2], which is
a zero-shot anime face identification model. In addition, we
use large pretrained vision encoders, CLIP [38] and DINO-
V2 [34], to evaluate their feature representation for manga
characters. Note that the baselines operate on cropped char-
acters, unlike our method which operates directly on the en-
tire manga page.

Speaker association

Datasets: PopManga (Test-S) and PopManga (Test-U). We
do not report results on MangalQ9 as it does not contain
English texts.

Baselines: To the best of our knowledge, there are no
openly available models that can be adapted for our pur-
poses. Instead we use “match each text box to the closest
character” heuristic as a simple baseline.

6.2. Evaluation Metrics

Detection: We follow the object detection literature and
evaluate our method using the average precision metric, as
defined by [22]. For a predicted box to be positive, we use
an IOU threshold of 0.5. Since methods being evaluated
generate a different number of bounding boxes, we use the
top 100 predictions only for a fair comparison.

Character clustering: We evaluate our method using sev-
eral metrics that are commonly used in the metric learn-
ing literature. These metrics can be categorised into (1)
retrieval based metrics—Mean Reciprocal Rank (MRR),
Mean Average Precision at R (MAP@R), Precision at 1
(P@1), R-Precision (R-P)—that essentially operate on near-
est neighbours of a query sample, (2) clustering based
metrics—Adjusted Mutual Info (AMI), Normalised Mutual
Info (NMI)—that evaluate the quality of predicted clusters
and hard decision boundaries. We compute these metrics
for each manga page and average over the entire test set.

Speaker association: We evaluate our method using Re-
call @#text metric, as formulated in [21]. This is similar to
the Recall@ K metric [26], except K is the number of texts
per page. This metric is computed for each manga page and
averaged over the entire test set.
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PopManga (Test-S) | PopManga (Test-U) Mangal09
method Char Text Char Text Body | Panel

DASS [44] 0.8410 - 0.8580 - 0.9251 -
Grounding-DINO [24] | 0.7250 | 0.7922 | 0.7420 | 0.8301 0.7985 | 0.5131
Magi [Ours] 0.8485 | 0.9227 | 0.8615 | 0.9208 | 0.9015 | 0.9357

Table 2. Detection Results. We report the average precision results, which
have an upper bound of 1.0.

method AMI NMI MRR MAP@R P@l R-P

PopManga (Test-S)

DINO-V2 [34] 0.0704 | 0.6219 | 0.6549 | 0.3870 | 0.4851 | 0.4390

CLIP [38] 0.1053 | 0.5405 | 0.7237 | 0.4757 | 0.5836 | 0.5189

ZACI [2] 0.0510 | 0.5656 | 0.6470 | 0.3806 | 0.4687 | 0.4354

AMER [45] 0.1550 | 0.5355 | 0.7404 | 0.5004 | 0.6085 | 0.5397

Magi (crop only) [Ours] | 0.4342 | 0.6734 | 0.8808 | 0.7452 | 0.8099 | 0.7655

Magi [Ours] 0.6551 | 0.8505 | 0.9325 | 0.8448 | 0.8896 | 0.8564
PopManga (Test-U)

DINO-V2 [34] 0.0806 | 0.6885 | 0.6281 | 0.3621 | 0.4420 | 0.4135

CLIP [38] 0.1057 | 0.5691 | 0.7145 | 0.4623 | 0.5636 | 0.5027

ZACI [2] 0.0767 | 0.3354 | 0.6409 | 0.3797 | 0.4603 | 0.4276

AMEFR [45] 0.1828 | 0.6141 | 0.7570 | 0.5319 | 0.6235 | 0.5676

Magi (crop only) [Ours] | 0.4387 | 0.7022 | 0.8801 0.7445 | 0.8059 | 0.7626

Magi [Ours] 0.6509 | 0.8495 | 0.9331 | 0.8512 | 0.8905 | 0.8611
Mangal09 (face)

DINO-V2 [34] 0.1788 | 0.5795 | 0.7451 0.5108 | 0.5918 | 0.5468

CLIP [38] 0.1990 | 0.6502 | 0.7698 | 0.5466 | 0.6263 | 0.5798

ZACI [2] 0.2428 | 0.5231 | 0.7970 | 0.5951 | 0.6679 | 0.6245

AMER [45] 0.2814 | 0.5739 | 0.8167 | 0.6272 | 0.7003 | 0.6536

Magi (crop only) [Ours] | 0.3182 | 0.6078 | 0.8233 | 0.6370 | 0.7099 | 0.6628

Magi [Ours] 0.5369 | 0.7843 | 0.9148 | 0.8151 | 0.8558 | 0.8279
Mangal09 (body)

DINO-V2 [34] 0.1077 | 0.5248 | 0.6963 | 0.4337 | 0.5183 | 0.4814

CLIP [38] 0.1643 | 0.5034 | 0.7542 | 0.5164 | 0.6027 | 0.5591

ZACI [2] 0.1090 | 0.4504 | 0.6919 | 0.4289 | 0.5116 | 0.4767

AMEFR [45] 0.2622 | 0.6054 | 0.8076 | 0.5980 | 0.6845 | 0.6293

Magi (crop only) [Ours] | 0.5132 | 0.7322 | 0.9052 | 0.7887 | 0.8418 | 0.8050

Magi [Ours] 0.6345 | 0.8202 | 0.9383 | 0.8567 | 0.8966 | 0.8667

Table 3. Character Clustering Results. We report results using several
metrics. They all have an upper bound of 1.0.

method PopManga (Test-S) | PopManga (Test-U)
shortest distance | 0.7758 0.7659
Magi [Ours] 0.8448 0.8313

Table 4. Speaker Association Results. We report the Recall @#text re-
sults, which have an upper bound of 1.0.

6.3. Performance and Discussion

We report quantitative results in Tables 2, 3, and 4 and show
qualitative results in Figures 4 and 5. These results demon-
strate the efficacy of our model and its impressive perfor-
mance over the baselines.

Detection: For the task of detecting texts and panels, our
method performs markedly better compared to existing so-
lutions. For characters, our model’s performance is com-
parable to DASS [44], surpassing it in 2 out of 3 test sets,
with a slight concession in the remaining third. Notably,
Grounding-DINO [24] shows a strong zero-shot detection
performance for characters and texts. However, its effec-
tiveness takes a discernible dip when applied to panels.
Character clustering: The biggest strength of our model,
Magi, lies in its ability to perform “in-context” character

clustering, establishing itself as a state-of-the-art solution
across all metrics and test sets. Particularly the metric of in-
terest is AMI, which evaluates clustering performance and
the model’s ability to form decisive boundaries. Note that
AMI is adjusted such that a random clustering has a score
of 0 whereas in NMI random clusters may still get a posi-
tive score. Our model’s AMI results significantly outshine
those of existing methods, showcasing superiority by sev-
eral magnitudes. Additionally, the results of our crop-only
embedding module, though superior to baselines, fall short
of the performance achieved by our holistic model, Magi,
with context. This underscores our hypothesis that oper-
ating only on crops loses visual cues on the page that can
assist in clustering.

In Figure 4, our model demonstrates its prowess in

character clustering, successfully handling scenarios where
characters are observed from disparate viewpoints, with
partial visibility, at various scales, and diverse expressions.
Notably, a failure case is presented where the model erro-
neously matched two characters with similar checked cloth-
ing, emphasising the challenges posed by subtle visual de-
tails, even when the characters are distinct (in this case,
brothers). Nevertheless, it is evident that the model is able
to pick up on multiple cues for character matching, includ-
ing clothing, hair style, and the faces.
Speaker Association: In Figure 5, we show that our method
can adeptly match texts to their respective speakers. We also
demonstrate the use of the confidence values to filter cases
where the model is unsure, which includes non-dialogue
texts (e.g. sound effects) or texts with no character in the
panel. The task of matching texts to their speakers in manga
is challenging, often necessitating an understanding of con-
versation history and context to disambiguate speakers.

7. Conclusion

In this study, our primary objective was to improve the
accessibility of manga for individuals with visual impair-
ments. Tackling the complex task of diarisation, we have
laid the groundwork for a fully automated transcription of
manga content, enabling active engagement for everyone,
irrespective of their visual abilities.

Looking ahead, numerous promising avenues for future
research beckon. Particularly, we anticipate leveraging the
language understanding capabilities of Large Language
Models (LLMs) to enhance diarisation by incorporating
conversation history and context.
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