
OptiComics: A Mathematical Programming
Framework for Geometry-Preserving Comic
Lettering
Alessandro Bicciato 

Ca' Foscari University of Venice
Giovanni Fasano 

Ca' Foscari University of Venice

Case Report

Keywords:

Posted Date: October 30th, 2026

DOI: https://doi.org/10.21203/rs.3.rs-11223851/v1

License:   This work is licensed under a Creative Commons Attribution 4.0 International License.  
Read Full License

Additional Declarations: Competing interest reported. Alessandro Bicciato declares no relevant financial
or non-financial interests. Giovanni Fasano is an Associate Editor of Operations Research Forum and is
not involved in the editorial handling of this manuscript.

https://doi.org/10.21203/rs.3.rs-11223851/v1
https://doi.org/10.21203/rs.3.rs-11223851/v1
https://doi.org/10.21203/rs.3.rs-11223851/v1
https://creativecommons.org/licenses/by/4.0/


OptiComics: A Mathematical Programming

Framework for Geometry-Preserving Comic Lettering

Alessandro Bicciato1 and Giovanni Fasano2*

1 Department of Environmental Sciences, Informatics and Statistics, Ca’
Foscari University, Scientific Campus, via Torino 155, Venice (Mestre),

30172, Italy.
2* Venice School of Management, Ca’ Foscari University, San Giobbe,

Cannaregio 813A, Venice, 30121, Italy.

*Corresponding author(s). E-mail(s): fasano@unive.it;
Contributing authors: alessandro.bicciato@unive.it;

Abstract

Automatic lettering of translated comics is a constrained layout problem in which a
fixed visual composition must accommodate target-language text with different lengths,
hyphenation patterns, and writing conventions. We present the optimization core of
OptiComics, a framework that separates this task into a continuous geometric stage and
a discrete typographic stage. A sampled speech-balloon contour is first summarized by
Principal Component Analysis and refined through a nonconvex nonlinear program that
selects a large text-safe ellipse while keeping the artist’s balloon geometry unchanged.
The resulting ellipse is then filled with text, and an integer linear programming model
assigns ordered syllables to text rows, while accounting for spaces, hyphenation, font
size, centering, and visual balance. We provide detailed derivations, worked numeri-
cal examples, modeling clarifications concerning rotated coordinates and sample-based
containment, and implementation guidance. The framework is evaluated on real pages
from Japanese and Italian comics, including highly irregular balloons and full-page pro-
duction workflows. The results show that mathematical programming can be embedded
effectively in an editorial production pipeline for the comics industry, while also iden-
tifying important limitations associated with irregular geometry, composite balloons,
raster discretization, and human-facing typographic quality.

Keywords: Operations Research, Comics Lettering, Nonlinear Programming, Integer Linear
Programming, Principal Component Analysis

Mathematics Subject Classification (MSC): 90C30, 90C11

1 Introduction

Comics translation is an unusually constrained publishing task because verbal content is
embedded in a visual composition that is normally treated as fixed. A translated sentence can
be longer or shorter for different languages, hyphenation similarly changes with language,
and the source language may use a writing direction (e.g., vertical writing) that differs from
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the target language (e.g., left-to-right writing). Yet panels, balloons, tails, drawings, and
page order should generally remain faithful to the artist’s design. The practical problem is
therefore not merely translation but geometry-preserving lettering : after an approved target-
language sentence has been produced, one must determine where it can be placed, at what
font size, and how it should be broken into lines without colliding with the balloon boundary
or producing an unattractive layout.

These constraints are well known in comics and translation studies, including work on
visual language, cultural production, translation for younger audiences, and translation as
a socially situated practice [1–4]. As a more general issue, comics combine verbal, visual,
spatial, and graphic systems [5–9]. Translation may require adaptation of cultural references,
sound effects, onomatopoeia, names, catchphrases, and other multimodal elements [10–14].
Such semantic choices remain outside the scope of the optimization models developed here:
OptiComics assumes that the target text for each balloon has already been supplied by a
translator or another authorized process. The optimization task starts at the lettering stage.

The computational-comics literature has addressed complementary problems such as
panel and text extraction, speech-balloon detection and segmentation, character recognition,
OCR, and benchmark construction [15–23]. Recent systems also explore machine translation
and multimodal narrative processing [24, 25]. Our focus is different: given a prepared balloon
mask and target sentence, we formulate the placement problem explicitly as mathematical
programming. This makes feasibility conditions and aesthetic surrogates inspectable and
allows the editorial workflow to retain hard geometric constraints rather than relying only
on generative prompting.

OptiComics decomposes lettering into two coupled optimization stages. First, the contour
of a balloon is sampled and summarized through Principal Component Analysis (PCA)
[26, 27]. A nonconvex nonlinear program then refines the center and semiaxes of a large
ellipse whose orientation is fixed by the PCA estimate. The ellipse is a conservative surrogate
for the useful text region: it is simple enough to support robust row-width calculations while
respecting the original balloon geometry. Second, an Integer Linear Programming (ILP)
model assigns ordered syllables to rows. The discrete formulation accounts for row capacities,
blank spaces, hyphenation, central placement, and a preference for visually balanced line
lengths. Standard nonlinear- and integer-programming concepts therefore enter the same
editorial pipeline [28–32].

Three points are important for interpreting the contribution. First, the nonlinear model
(see also [33]) that computes the ellipse is nonconvex and its boundary conditions are
imposed on a finite set of sampled contour points. Hence, the computed ellipse is a large

sample-consistent local solution, not a certificate of the globally largest ellipse inside the exact
continuous balloon. Second, the method is intentionally modular: improved segmentation,
OCR, translation, or graphics interfaces can replace upstream or downstream components
without changing the mathematical core. Third, the objective is not to automate cultural
judgment. Layout automation is useful precisely when it removes repeated geometric work
while keeping the translation, final typography, and quality control editable by human
practitioners.

The numerical study uses real Japanese and Italian comics and includes irregular bal-
loons, different reading directions, full-page workflows, and chapter-scale timing. On a
15-page chapter containing 162 balloons, the complete process takes 346.757 seconds on the
reference machine, with optimization and graphics-software placement contributing almost
equal shares of total time. Besides the main formulations, we provide worked examples and
implementation explanations intended to make the method reproducible and to clarify where
the optimization assumptions matter in practice.

To the best of the authors’ knowledge, OptiComics is one of the first optimization
frameworks specifically designed to preserve pre-existing speech-balloon geometry, while
combining continuous optimization of a text-safe region with an integer model for ordered,

hyphenation-aware text allocation (see also [34–36]).
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The remainder of the paper is organized as follows. Section 2 summarizes the technical
characteristics of comics pages and related computational approaches. Section 3 reports
some related approaches from the literature. Section 4 develops the geometric and integer
models. Section 5 gives derivations and short worked examples. Section 6 describes the
implementation workflow, and Section 7 reports the page- and chapter-level experiments.
Section 8 discusses limitations and future research.

2 Technical characteristics of comics pages and balloon

segmentation

A comics page is a structured combination of drawings, panels, balloons, captions, text, and
graphical marks. For automatic lettering, several tasks that are conceptually distinct must
nevertheless be coordinated: (i) identifying panels and text regions; (ii) distinguishing speech
balloons from other graphic elements; (iii) extracting a sufficiently accurate contour; (iv)
preserving the association between text and the corresponding character; (v) maintaining
reading order; and (vi) placing the translated text without altering the artwork. These issues
have motivated a broad literature on computational analysis of comics [15, 19, 37].

Panel and text extraction can be approached through connected components, topology,
and spatial relations [16]. Speech-balloon detection has also been treated through active
contours and text-independent segmentation [17, 18]. Manga analysis has increasingly used
convolutional and deep neural networks for faces and other graphical objects [20, 21], while
OCR pipelines combine text spotting and recognition with document-analysis methods [22].
These components are mostly complementary to the present work: OptiComics starts from a
prepared balloon layer and addresses the downstream geometric and typographic allocation
problem.

The geometry of the balloon is not a neutral container; scholarship on comics form and
graphic literature also emphasizes the expressive role of such visual conventions [38]. Its
contour, tail, position, and size contribute to the page composition and often to expres-
sive meaning. A localization system should therefore avoid resizing the balloon merely
because the target sentence is longer. This requirement is particularly strong when trans-
lating between writing systems. Japanese manga commonly combines vertical source text
with a right-to-left page sequence, whereas English target text is usually horizontal; Euro-
pean comics may already use left-to-right navigation but still present very different balloon
shapes. A robust lettering method must treat writing direction as input data rather than as
a reason to redesign the page.

From an optimization viewpoint, the central geometric difficulty is to estimate a useful
text region for arbitrary rasterized contours. Exact maximal-inscribed-shape problems can
become expensive or brittle when boundaries are highly irregular. We use an ellipse because it
offers a useful compromise: its orientation and scale can be initialized from contour statistics,
its geometry is easily scalable, and horizontal row capacities can be obtained analytically.
The price of this simplicity is conservatism for concave or composite balloons. Figures 5 and
6 later show two practical exceptions: a single ellipse can waste space in a highly irregular
balloon, while small thought bubbles may be graphic signs that should not receive text at all.

The typographic difficulty is discrete. Once the text-safe region is known, syllables or
hyphenation units must be assigned to consecutive rows. A row has a geometric capacity
determined by the ellipse, but its used length also depends on the font, spaces, and whether
a word is broken at the end of the row. The chosen breakpoints affect balance and read-
ability. This resembles classical paragraph line breaking [39], but here the row capacities
vary with vertical position because they are chords of an ellipse rather than constant-
width columns. The resulting model is naturally expressed through binary assignment and
transition variables.
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3 Related computational approaches

Computer-vision and machine-learning methods continue to improve the upstream under-
standing of comics. Boundary-aware manga segmentation [40], standard border-following
methods [41], corpus construction [19, 37], and recent surveys [23] provide increasingly
strong tools for recognizing page components. More recent work has investigated automatic
translation with visual reconstruction [24] and multimodal narrative description [25]. The
distinctive feature of the present approach is the explicit mathematical-programming layer
between recognition/translation and final graphics placement. Hard geometric constraints,
line capacities, and layout penalties are duly represented, which makes the behavior of the
method interpretable and permits editorial constraints to be modified without retraining a
model. Finally, for some related approaches in the literature on balloon lettering, partially
involving optimization procedures, we can consider [34–36].

4 Our proposal

This section describes the optimization core of OptiComics from a mathematical program-
ming perspective. The workflow is designed to accept translated text from any source
language and to place it in a target language that can be rendered with the available fonts
and hyphenation rules. It is especially useful when source and target writing directions dif-
fer. The system does not replace the translator; rather, it automates the geometric and
typographic decisions that follow translation. The first optimization stage identifies a text-
safe region inside each prepared balloon or panel, and the second determines a readable
allocation of the target text to rows while preserving the outer geometry of the page.

4.1 Identifying a large admissible text region

The first step in our automatic lettering procedure is to decide the precise area for the text
placement. We scan each balloon so that we can extract the layer’s pixels in RGB mode to
assess the color. The color is picked from the center to recognize the correct encoding for
the text styles. Then, the image is converted to black and white, applying a threshold when
handling the RGB scan. This is done in order to have the overall balloon area in black and
the surrounding area inside the bounding box in white (see Figure 1, where the rectangle
represents the bounding box). The next step consists of extracting the contour of the balloon,

Fig. 1: Balloon area is represented using black color and with a white background in the
corresponding bounding box.

which we perform using standard OpenCV methods (see e.g. https://opencv.org). To control
model size, we retain a sufficiently accurate subset of contour samples. Consecutive retained
points (x1, y1) and (x2, y2) satisfy max{|x1 − x2|, |y2 − y1|} ≥ ϵ > 0, where all coordinates
are expressed with respect to an origin in the bounding box. Horizontal scan lines are
spaced according to the box height so that the contour is represented without unnecessary
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oversampling. This reduces the computational cost of boundary extraction1 of the balloon,
while retaining the main geometric features of the boundary. The resulting point cloud is
the input to the PCA initialization and nonlinear refinement described next.

4.2 PCA initialization of ellipse orientation and scale

Let the sampled balloon contour be represented by N points ph = (Phx, Phy)
T , h = 1, . . . , N ,

in the pixel coordinate system of the balloon bounding box. The first purpose of PCA is
to estimate an orientation for the ellipse semiaxes; the second is to provide a scale for the
initial semiaxes. PCA is used only as an initializer: it does not certify that the final resulting
ellipse is contained in the balloon. The sample centroid is

p̄ =

(

xc

yc

)

=
1

N

N
∑

h=1

ph, (1)

with coordinate variances

σ2
x =

1

N

N
∑

h=1

(Phx − xc)
2, (2)

σ2
y =

1

N

N
∑

h=1

(Phy − yc)
2. (3)

The so-called covariance matrix Σ ∈ IR2×2 in the original pixel units is

Σ =
1

N

N
∑

h=1

(ph − p̄)(ph − p̄)T =

(

σ2
x b
b σ2

y

)

, b =
1

N

N
∑

h=1

(Phx − xc)(Phy − yc). (4)

Using pixel coordinates here is important: the eigenvalues of Σ have units of pixels squared,
so their square roots provide dimensionally meaningful scale indicators. Standardizing both
coordinates can still be useful when one wishes to study correlation rather than physical
scale, but the resulting eigenvalues should not be interpreted directly as semiaxes in pixels
[26, 27].

Let (λ1, V1) and (λ2, V2) be the eigenpairs of Σ, ordered so that2 λ1 ≥ λ2 > 0 and
∥Vi∥2 = 1. The orthogonal matrix

R = (V1 V2) (5)

defines coordinate axes aligned with the principal directions of the sampled contour. If
V1 = (v11, v21)

T , the ellipse orientation (with respect to the horizontal axis) may be written
as

θ = atan2

(

v21
v11

)

, (6)

with the usual equivalence of directions modulo π. The source implementation additionally
applies a readability rule: very small rotations are reset to horizontal, because a slight
arbitrary tilt can impair reading while changing the usable area only marginally [42, 43].

Then, for initialization of the ellipse semiaxes we use

(rx)init =
√

λ1, (ry)init =
√

λ2, (7)

as scale estimates. These quantities measure directional spread rather than exact boundary
radii. Their only role is to start and bound the subsequent nonlinear refinement. In principle,

1We omit details for cases in which the contour of a balloon may be irregularly dotted/dashed.
2Our final implementation explicitly verifies that λ1 and λ2 are both positive.
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alternative scale initializers, such as extrema of the projections V T
i (ph−p̄), can be substituted

without changing the optimization model.
For any candidate center (xc, yc) and the fixed angle θ, define the aligned coordinates of

contour point h by

uh(xc, yc) = cos θ · (Phx − xc) + sin θ · (Phy − yc), (8)

vh(xc, yc) = − sin θ · (Phx − xc) + cos θ · (Phy − yc). (9)

A point is outside or on the ellipse with semiaxes rx, ry precisely when

uh(xc, yc)
2

r2x
+

vh(xc, yc)
2

r2y
≥ 1. (10)

This rotated-coordinate form is essential whenever θ ̸= 0. It also clarifies the information
passed from PCA to nonlinear programming: PCA supplies the center, orientation, and
scale; the subsequent nonlinear model adjusts the center and semiaxes while holding the
orientation fixed.

4.3 A nonlinear model to compute a large sample-consistent

inscribed ellipse

We next refine the PCA initialization to obtain a large text-safe region. For a balloon with
sampled contour {(Phx, Phy)}Nh=1, equations (1), (6), and (7) define a preliminary ellipse C0
(Figure 2). This ellipse is only a geometric summary: its PCA scale need not be contained
in the balloon and need not maximize usable area. Its centroid does, however, belong to
the convex hull of the contour samples because it is their convex combination with weights
1/N . The nonlinear stage therefore preserves a controlled neighborhood of this initialization
while enforcing sample-based exclusion of the boundary points. Hence, we need a procedure

Fig. 2: The (dashed) larger ellipse C0 computed through the covariance matrix Σ in
Section 4.2 possibly contains some points (black dots) on the contour of the explosion bal-
loon. Conversely, the (dashed–dotted) smaller ellipse represents the largest ellipse which
maintains the same center of C0 and does not contain any sampled point on the contour.

to guarantee that the initial computed ellipse C0, whose semiaxes are given in (7) and the
rotation with respect to the bounding box axes is detailed in (6), can be modified, to obtain
a large sample-consistent ellipse inside the current balloon. Because the contour is sampled
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finitely and the model is nonconvex, the solution is not claimed to be a certified global
maximum for the continuous raster region. This last task is pursued through the solution of
a nonconvex nonlinearly constrained optimization model where:

• the angle θ is left unchanged (with respect to the computation in (6)), so that we use
the PCA direction as a reliable orientation estimate and avoid adding another nonconvex
decision variable;

• the initial center coordinates, as well as the (positive) semiaxes values of C0 computed using
the covariance matrix, are provided to the nonconvex nonlinearly constrained optimization
model as initialization values for variables, i.e.,

((xc)init, (yc)init) ←− (xc, yc),

((rx)init, (ry)init) ←− (rx, ry).

Then, the solution of the nonlinear model refines the above four variables in order to yield
a maximally extended text-safe ellipse area, considering the angle θ as fixed. The rotation
θ is essential when θ ̸= 0: the ellipse inequality must be evaluated along its principal
axes rather than along the sides of the bounding box. We also stress that the finite set
of contour constraints below certifies exclusion of the sampled points; for an arbitrary
nonconvex raster contour it does not constitute a global certificate of containment at
every unsampled boundary pixel. For this reason, here we use the term sample-consistent

text-safe ellipse when a strict geometric qualification is relevant.

Overall, the nonlinear model (see also the classic reference [29] for basics on nonlinear
programming) we solve is the following (minA and maxA are proper positive values):

max
xc,yc,α,rx,ry

rxry (11)

0 ≤ αh ≤ 1, h = 1, . . . , N, (12)
N
∑

h=1

αh = 1, (13)

xc =

N
∑

h=1

αhPhx, (14)

yc =
N
∑

h=1

αhPhy, (15)

minA ≤ πrxry ≤ maxA, (16)

uh(xc, yc)
2

r2x
+

vh(xc, yc)
2

r2y
≥ 1, h = 1, . . . , N, (17)

γ(rx)init ≤ rx ≤
M
ξ
, (18)

γ(ry)init ≤ ry ≤
M
ξ
, (19)

(xc)init − γM≤ xc ≤ (xc)init + γM, (20)

(yc)init − γM≤ yc ≤ (yc)init + γM, (21)
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and the (feasible) initial values for the unknowns we adopted are (see also (1))

⎧

⎪

⎪

⎪

⎪

⎪

⎪

⎪

⎪

⎪

⎪

⎪

⎪

⎪

⎨

⎪

⎪

⎪

⎪

⎪

⎪

⎪

⎪

⎪

⎪

⎪

⎪

⎪

⎩

x̄c = (xc)init

ȳc = (yc)init

ᾱh =
1

N
, h = 1, . . . , N

⎛

⎝

r̄x

r̄y

⎞

⎠ = µ̄

⎛

⎝

(rx)init

(ry)init

⎞

⎠ ,

being

µ̄ = min
h=1,...,N

√

uh((xc)init, (yc)init)2

[(rx)init]2
+

vh((xc)init, (yc)init)2

[(ry)init]2
(22)

and γ,M, ξ with proper positive values that guarantee the initial feasibility of (11)–(21),
i.e. γ ≤ µ̄ and max{µ̄(rx)init , µ̄(ry)init} ≤ M/ξ. After scaling both semiaxes by µ̄, every
sampled contour point lies on or outside the initial ellipse. Equation (22) is the closed-form
solution of a one-dimensional common-scaling problem, and requires only O(N) arithmetic
operations. If a purely conservative shrink is desired, one may replace µ̄ by min{1, µ̄}. Note
that broadly speaking the semiaxes r̄x and r̄y correspond to the semiaxes of the dashed–
dotted ellipse in Figure 2, whose center coincides with the point ((xc)init, (yc)init). Then,
the solution of the nonlinear model in (11)-(21) yields a refinement of the four parameters
rx, ry, xc, and yc that identify the required best fitting ellipse within the balloon. We also
remark that the computation of µ̄ does not require solving any optimization problem, and
reduces to O(N) algebraic operations, being typically N ∈ [60, 100].

We now specify in the model (11)–(21) the role played by each constraint/variable, and
comment on the main implementation issues. In this regard, (see Figure 7) we highlight
thatM corresponds to the length (expressed in pixels) of the diagonal of the bounding box
of the balloon (i.e., the smallest rectangle in which Photoshop inscribes the balloon after
scanning) plus a small displacement ε to allow a tolerance margin (in our setting ε = 2).
The role ofM and ξ is better clarified in the subsequent items. Hereafter, we comment on
each of the nonlinear model (11)–(21) elements, giving the main motivations behind them.

• The objective function to maximize in (11) corresponds to having a large area for the text-
safe ellipse, being indeed πrxry such area. This task is mainly pursued by introducing the
constraints (17) (which are nonconvex). Basically, these last constraints impose that each
point (Phx, Phy) must not lie within the final ellipse. The objective therefore enlarges the
ellipse until one or more constraints become active; because the model is nonconvex, the
result is a local maximizer in the restricted feasible region.

• The constraints (12)-(15) simply impose that the coordinates of the ellipse center lie
within the convex hull of the sample points describing the contour of the balloon3. These
constraints turn out to be essential in case the sample points on the boundary are almost
collinear, and some ill-conditioning may arise. This situation can arise for narrow or nearly
degenerate sampled contours. Note that these constraints are linear, which, in principle,
makes them tractable. In any case, the relatively small number of unknowns in (11)–(21)
(say N + 4) makes the overall solution process of the nonlinear model affordable, even
when thousands of balloons are examined for each comics issue.

• The constraints (16) prevent the computation of undesirable local feasible solutions, and
represent a tricky choice in the model (11)–(21). Indeed, observing that πrxry represents
the area within the ellipse, and since the model is nonconvex, some local solutions which

3We remark that though the choice (12)-(15) appears a natural one, formally it does not ensure that in case of
very irregular shapes of the balloon the final center of the ellipse will always lie inside its boundary.
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are undesirable are expected. The bound constraints (16) aim at cutting a portion of the
last local solutions. Figure 3 and Figure 4 motivate our choice: in the first figure, the initial
ellipse (dashed contour of the shaded area) is endowed with the center ((xc)init, (yc)init).
Observe that some of the sample points on the boundary of the balloon are possibly inside
the initial ellipse (shaded green ellipse with dashed contour). Conversely, the final feasible
ellipse (shaded light blue ellipse with continuous red contour) found by the solver shows
that the solver is indeed trapped at a local solution, which is definitely undesirable.
By contrast, in Figure 4 we can compare the initial ellipse (with dashed line contour
and with center ((xc)init, (yc)init)) and the final desirable feasible ellipse (continuous line)
found by the solver. We emphasize that, though the rotation angles (with respect to
the abscissa axis of the bounding box) associated with the ellipses in Figure 4 coincide,
the coordinates of their centers, along with the semiaxes, are possibly different, yielding
remarkable degrees of freedom to the solver in order to improve the initial ellipse.
As a further consideration, the drawback detailed in Figure 3 can be partially alleviated
through oversampling the points of the balloon contour (i.e., increasing N). However,
this choice increases solution time, since the number of constraints and unknowns of the
nonlinear model grows linearly with N . Furthermore, we recall once more that the shape
of the balloon might be unpredictable and cannot be altered when lettering.

((xc)init, (yc)init)

(xc, yc)

Fig. 3: The initial ellipse identified by the covariance matrix (shaded green ellipse with
dashed contour) and the final feasible ellipse (with red continuous contour) corresponding to
an undesirable local maximum, obtained by solving the nonconvex model (11)-(21). Observe
that the points on the contour of the final balloon are all outside the shaded light blue
ellipse, so that it indeed corresponds to a feasible solution of (11)-(21).

• Finally, the constraints (18)-(21) represent bound constraints on rx, ry, xc, and yc, and
the rationale behind their introduction is that of again possibly cutting undesirable local
solutions, as depicted in Figure 3. Observe that in our numerical experiments we set
ξ = 2 and γ = 0.1, meaning that a displacement of 10% from the diagonal value M is
tolerated. The value of γ was selected empirically from experiments on a substantial set
of real balloons. Conversely, the choice of ξ has a more technical motivation, which is
suggested in Figure 7. Here, two ellipses computed using the covariance matrix are shown,
corresponding to two different balloons. The two ellipses show the same bounding box
(thin continuous line rectangles). On the left side of the figure, the axes of the ellipse are
definitely bounded by the lengths of the rectangle sides. By contrast, on the right side of
the figure, the semiaxes are (almost) exactly bounded byM/2.

Note that the bound constraints in the model (11)-(21) tend to reduce the area of the
feasible region, so that we may deliberately cut off feasible solutions. However, this does not
actually represent a practical drawback, since we noticed that this apparently sub-optimal
assessment of the ellipse area does not affect the overall lettering procedure of the balloons
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((xc)init, (yc)init)

(xc, yc)

Fig. 4: The initial ellipse identified by the covariance matrix (dashed contour of the shaded
area) and the feasible final ellipse corresponding to a desirable local maximum found by
solving the nonconvex model (11)-(21) (continuous red contour). The points on the contour
of the final balloon are all outside the found ellipse, so that the ellipse indeed corresponds
to a feasible solution of (11)-(21). The centers of the two ellipses yet differ.

in the whole comic. Thus, the method deliberately trades a small amount of potentially
usable area for faster and more stable computation.

4.4 Some remarks on solving the nonlinear model (11)–(21)

A local solution of the nonlinear model (11)–(21) is obtained iteratively applying the Sequen-
tial Least Squares Programming (SLSQP) solver (see e.g. [28]), adopting the powerful
implementation provided by the scipy.optimize function in Python. SLSQP is appropriate
for smooth constrained models of this size, although it provides local rather than global opti-
mality guarantees. Its iterates also provide a useful visual record of how the ellipse changes
during the search (examples are reported in Figure 11 and Figure 12, where the sequence of
intermediate ellipses clearly indicates the maximization process).

It may be worth mentioning that the authors had initially considered an enhanced non-
linear model, where the rotation angle θ in (6) was among the unknowns to be assessed.
However, the overall nonconvex model was definitely much more complex, so that the result-
ing number of local maximizers of the model was accordingly larger. This created several
difficulties for the solver, so that multiple starting points (or a solver for global optimization)
had to be considered in order to achieve a reasonably accurate final solution. On balance, this
additional computational effort did not seem to justify the obtained improvement. Hence,
we reverted to handling the simpler nonconvex model (11)-(21) that, within a reasonable
amount of time, can be applied repeatedly across hundreds of balloons without requiring a
global-optimization solve for every region.

As an additional issue, based on the contents in Section 1, we recall once more that
both the shape and the layout of the balloons in comics are definitely associated with the
artist/writer’s creativity, meaning that balloons, as in Figure 5, can be difficult for any
method based on a single convex text region. Highly irregular or composite balloons motivate
future multi-region models. Similarly, an automatic procedure able to fully discriminate
among spurious balloons is required, too. An example of such a case is provided in Figure 6,
where the empty smaller balloons represent satellite bubbles forming the thought-balloon
tail.

The finite bounds induced by ξ and γ make the searched region bounded. Feasibility is
maintained by the explicitly constructed starting point whenever it also satisfies the area
bounds in (16); these bounds should therefore be set consistently with the initial ellipse.

4.5 Text placement within the optimized ellipse

Here we deal with our second subproblem related to automatic balloon lettering, namely the
text placement within the optimized text-safe ellipse inside each balloon. In this regard, we
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Fig. 5: Balloon shapes can be highly irregular in comics, causing difficulties to the automatic
lettering procedures.

Fig. 6: The empty smaller balloons indicate thoughts, so that any automatic lettering
procedure should be able to skip them and leave them blank.

separately focus on each balloon and repeatedly replicate the same procedure for all of them.
In particular, the technique adopted to fill a balloon relies on the solution of an Integer Linear
Programming (ILP) subproblem, which retains a number of appealing features suggesting
its adoption. The optimization community well knows the following general aspects in favor
of privileging an ILP model (see e.g. [30]–[32]) with respect to a nonlinear one:

• the linear-programming relaxation used inside branch-and-bound or branch-and-cut is
convex, so it provides globally valid bounds for the discrete search;

• MILP solvers are mature, robust, and computationally efficient;
• solvers for nonlinearly constrained optimization problems may require the user to provide

a feasible starting point (see also Section 6.2), whose assessment might be far from being
trivial. Conversely, solvers for ILP subproblems implement iterative procedures that do
not require any initialization from the user, so that even non-specialist practitioners can
use them without any specific insight into their technicalities.

Now, correctly identifying the ILP subproblem for lettering the k-th balloon requires some
combined information, encompassing the next few specific elements:

1. the exact text sentence (say the entire string of characters including blank spaces and
hyphenation) to be embedded within the balloon, as coming from either an expert
translator or an automatic procedure (see also Section 1 for details on this task);

2. the correct hyphenation of the text, as from an automatic tool applied to the current
target language of choice;
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M M

Fig. 7: The bounding boxes (the identical rectangles) are associated with two different
ellipses, corresponding to different balloons. The quantityM represents the diagonal of the
bounding boxes plus a small displacement ε. In both cases, the semiaxes of the ellipse are
smaller thanM/2.

3. the font F (i.e., the dimension) of the used characters, as expressed in typographic points

(say pixels);
4. the length (i.e., the number of pixels) of each syllable;
5. the overall number m ∈ N of syllables giving the text sentence;
6. the sequence {ℓF1 , . . . , ℓFm} (i.e., the vector ℓF for short) of the m lengths (expressed in

pixels) associated to the m syllables and the font size F ;
7. the maximum number nF of lines allowed to fit the text sentence within the k-th balloon;
8. given the k-th balloon and the number nF of lines, we consider the height bk of the

bounding box of the k-th balloon, along with the vector ak, whose entries {(ak)j} are
computed as follows. Dividing the maximal area ellipse inside the k-th balloon (obtained
by solving the nonlinear model (11)–(21)) in nF lines, the entry (ak)j represents the
length (expressed in pixels) of the j-th line, for any j = 1, . . . , nF

4;
9. given the k-th balloon, we consider the vector wk with exactly nF entries, such that

if nF is odd then

wk =

(

nF + 1

2
, . . . , 2, 1, 2, . . . ,

nF + 1

2

)T

;

if nF is even then

wk =
(nF

2
, . . . , 2, 1, 1, 2, . . . ,

nF

2

)T

;

10. given the k-th balloon and the exact text sentence (i.e., the string of m syllables including
blank spaces and hyphenation) to be embedded within the balloon, we define the two m-
dimensional vectors hk and sk (their role will be better clarified later on), such that for
any i = 1, . . . ,m:

(hk)i = ∆F if the i-th syllable is followed by another syllable,

(hk)i = 0 if the i-th syllable is followed by the blank space,

(sk)i = 0 if the i-th syllable is followed by another syllable,

(sk)i = ΓF if the i-th syllable is followed by the blank space.

4We have been fast when detailing ak and bk, since the procedure yielding them, to large extent, represents an
implementation issue and does not involve any optimization procedure.
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Note that (hk)m = (sk)m = 0, for any k, ∆F is the width of the hyphenation character,
and ΓF is the width of the blank space character (both ∆F and ΓF are associated with the
font size F ). Observe that not all the above quantities can be independently chosen. Indeed,
since F represents the size of the adopted character font, then the values of bk and nF must
satisfy the necessary geometric condition

nF ≤
⌊

bk + δ

F + δ

⌋

, (23)

being δ the line spacing distance (more precisely, observe that the value bk in (23) should be
replaced by the height of the ellipse found by solving (11)-(21)). Given the above elements,
the next model details our ILP subproblem adopted to predict the correct fitting of any
syllable within each one of the text lines in the k-th balloon, so that standard rules for
sequential fluent reading are preserved. In this regard, we first define the set of variables
(i = 1, . . . ,m, j = 1, . . . , nF ):

yi,j =

⎧

⎨

⎩

1 if the i-th syllable is located in the j-th line,

0 otherwise,

zi,j =

⎧

⎪

⎪

⎨

⎪

⎪

⎩

1 if the i-th syllable is located in the (j − 1)-th text line
and the (i+ 1)-th syllable is located in the j-th text line,

0 otherwise.

Note that the variables {zi,j} have the purpose to account for the correct segmentation of
the text sentence on different lines, within the balloon.

Now, let us introduce the constant value Big M ≫ 1 (big M). Define the set of central
candidate rows

Jc =

⎧

⎪

⎨

⎪

⎩

{(nF + 1)/2}, nF odd,

{nF /2, nF /2 + 1}, nF even.

(24)

For notational convenience set zi,1 = 0 and zi,nF+1 = 0; no line transition can enter the first
row or leave the last row. Then, given the values of F , m, and nF (we assume for the sake
of brevity nF > 1, since one-line balloons -e.g. those balloons containing exclamations- are
easily separately treated), we propose the next ILP model to fill the largest blank area by
the text, within the k-th balloon.

min
y,z

m
∑

i=1

nF
∑

j=1

(

yi,j +
(wk)j
i+ 1

zi,j

)

+

⌊nF /2⌋
∑

j=1

[nF − (wk)j ] [Lj − Lj+1] +

nF−1
∑

j=⌊nF /2⌋+1

[nF − (wk)j ] [Lj+1 − Lj ] , (25)

yi+1,j ≤ yi,j + zi,jBig M, i = 1, . . . ,m− 1, j = 1, . . . , nF , (26)

yi+1,j ≤ yi,j−1 + (1− zi,j)Big M, i = 1, . . . ,m− 1,

j = 2, . . . , nF , (27)

zi,j ≤ yi,j−1, i = 1. . . . ,m− 1, j = 2, . . . , nF , (28)

zi,j ≤ yi+1,j , i = 1. . . . ,m− 1, j = 2, . . . , nF , (29)
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zi,j ≥ yi,j−1 + yi+1,j − 1, i = 1. . . . ,m− 1, j = 2, . . . , nF , (30)

∑

j∈Jc

y⌈m/2⌉,j = 1, (31)

m
∑

i=1

[

ℓFi + (sk)i
]

yi,j +
m
∑

i=1

[(hk)i − (sk)i] zi,j+1 ≤ (ak)j ,

j = 1, . . . , nF , (32)
nF
∑

j=1

yi,j = 1, i = 1, . . . ,m, (33)

yi,j ∈ {0, 1}, zi,j ∈ {0, 1}, zm,j = 0, i = 1, . . . ,m, j = 1, . . . , nF , (34)

where Lj represents the length of the text in the j-th line, i.e.,

Lj =

m
∑

i=1

ℓFi yi,j .

The model (25)–(34) combines three layout goals. The objective was the result of an empiri-
cal analysis. It penalizes line breaks, especially when they occur far from the central row(s),
and its line-length terms favor the familiar balloon profile in which line lengths grow toward
the middle and then decrease. The disjunctive constraints (26)–(27) use Big M and zi,j to
preserve the sequential order of syllables while allowing a transition only between adjacent
rows; furthermore, (28)–(30) force a nonzero value of the variable zi,j in case consecutive syl-
lables in a word change line. Relation (31) anchors the central syllable to a central candidate
row. A less restrictive implementation on the central syllable could possibly be considered;
however, in our numerical experience (31) proved to be a good compromise. Capacity con-
straints (32) account for glyph widths, blank spaces, and end-of-line hyphenation, whereas
(33)–(34) assign every syllable to exactly one row. Thus the optimization does not merely
ask whether the sentence fits: among feasible layouts, it favors a compact, visually balanced
arrangement. Observe that by (33) the objective function (25) can be simplified eliminating
the explicit dependency on {yi,j} in the first sum, though this arrangement does not seem
to bring an appreciable computational gain.

In the reported experiments we used Big M = 106. The small instances were empirically
insensitive to this value, although implementation-quality models should scale Big M as
tightly as possible. A weaker aggregate assignment equation,

∑m
i=1

∑nF

j=1 yi,j = m, was
also tested, but the computational saving was negligible for the short sentences encountered
in the balloons; the explicit per-syllable equations were therefore retained for clarity and
robustness.

5 Modeling clarifications, derivations, and worked

examples

This section collects a few derivations that are useful for implementation and for interpreting
the optimization output.

5.1 PCA orientation, consistency of rotated coordinates and scaling

The covariance matrix in (4) is computed in pixel units. As an example, if the principal
eigenvector is V1 = (0.866, 0.5)T , then (6) gives θ ≃ 30◦. A contour point cannot then
be tested against the ellipse using its original horizontal and vertical offsets. It must first
be rotated through (8)–(9). For example, if ph − (xc, yc)

T = (20, 10)T , then the aligned
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coordinates are approximately uh = 22.32 and vh = −1.34. For semiaxes rx = 25 and
ry = 12, the left-hand side of (10) is about 0.81, so this sampled contour point would lie
inside the candidate ellipse and the candidate would be infeasible. The example shows why
the rotation estimated by PCA must be propagated consistently into every containment
constraint.

Let now (rx)init, (ry)init be the PCA initial semiaxes estimates and keep the initial center
fixed. A common scaling factor µ > 0 gives semiaxes µ(rx)init and µ(ry)init. For sampled
point h, define

qh =
u2
h

(rx)2init
+

v2h
(ry)2init

. (35)

The scaled ellipse excludes all sampled contour points if qh/µ
2 ≥ 1 for every h. Hence the

largest common scale satisfying these inequalities is

µ̄ = min
h=1,...,N

√
qh. (36)

Using min{1, µ̄} gives a purely conservative shrink. This computation requires O(N) arith-
metic operations and supplies a feasible starting ellipse whenever the remaining area and
bound constraints are consistent with it.

5.2 What the nonlinear model certifies

From an optimization perspective, ellipsoidal geometry and local nonlinear models connect
this construction to established optimization treatments [44, 45]. The inequalities in (10)
are enforced only at the sampled contour points. Therefore a feasible solution means that
no sampled boundary point lies inside the ellipse. It does not prove continuous containment
between samples, and SLSQP does not prove global optimality for the nonconvex formu-
lation. These distinctions matter most for sharp concavities or sparse sampling. Increasing
N reduces geometric discretization risk but increases the number of nonlinear constraints
approximately linearly. A practical implementation can therefore use adaptive sampling:
dense points near high-curvature portions of the contour and fewer points on nearly straight
segments.

5.3 Interpretation of the integer formulation (25)-(34)

The binary variable yi,j assigns syllable i to row j, while zi,j marks a transition between
consecutive rows. The assignment equations ensure that each syllable appears exactly once;
the sequencing constraints prevent the text from moving backward or skipping rows; and
(32) limits the occupied width by the row capacity. The objective favors line breaks near
the vertical center and line lengths that grow toward the center and shrink afterwards,
reproducing a common balloon-lettering profile. The formulation is a small ILP, for which
branch-and-bound/branch-and-cut technology is mature [30–32].

A compact alternative is to introduce the row index qi =
∑

j jyi,j and impose

0 ≤ qi+1 − qi ≤ 1, (37)

together with
∑

j yi,j = 1. Equation (37) states directly that the next syllable remains on the
current line or advances by one line. Transition binaries are still useful when a hyphenation
or line-break penalty must be charged, but the compact view clarifies the combinatorial
structure and can reduce dependence on very large Big M values.

5.4 Worked font-size search and numerical scaling

Suppose the initial candidate font is 20 pt. The rendering engine measures every syllable at
that size, the row height determines admissible values of nF , and the chord formula gives
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row capacities. If the ILP is infeasible for both odd and even row counts, the algorithm tests
19 pt, then 18 pt, and so on. If 19 pt is infeasible and 18 pt is feasible, 18 pt is the largest
feasible size encountered by the monotone font size search. This outer loop is inexpensive in
the reported experiments because the text-layout ILPs are cheaper relative to the nonlinear
ellipse solve.

The source implementation used Big M = 106 and was empirically insensitive to sub-
stantial reductions for its small instances. Nevertheless, unnecessarily large constants can
weaken LP relaxations and amplify numerical error [32]. Bounds derived from actual row
capacities are preferable when the formulation is transferred to larger text blocks. The same
principle applies to the nonlinear stage: all distances are kept in pixel units, scale-dependent
bounds use the balloon bounding-box diagonal, and stopping tolerances should be reported
together with image resolution.

6 Software and implementation issues

The prototype OptiComics is designed to insert translated text into editable comic pages
rather than to flatten a generated result directly into the artwork. This choice supports
proofreading: a translator or editor can revise wording after the first typesetting pass without
reconstructing the entire image. The reference workflow uses Adobe Photoshop layers and
its scripting interface [46]; the optimization modules themselves are independent of that
graphics application.

The required inputs are (i) comic pages in a layered format, with the text regions pre-
pared for lettering, and (ii) a plain-text file in which each line corresponds to the sentence
associated with a balloon or text panel. An optional color-to-font map stores typographic
presets. The preparation stage intentionally does not solve OCR, automatic text removal, or
artwork inpainting; those are upstream tasks and can be supplied by other document-analysis
methods.

6.1 Preparation and balloon masks

For each target region, the user or an upstream detector prepares a layer whose color identi-
fies the balloon and, when desired, a font/style preset. The region is converted to grayscale
and thresholded to a binary mask. OpenCV contour extraction then produces the boundary
samples used by Section 4.2 [41, 47]. Excessively dense contours are subsampled because
each retained point becomes a nonlinear constraint. In typical tests, N is on the order of a
few dozen to about one hundred points.

6.2 Ellipse computation

The numerical implementation relies on the standard scientific Python array ecosystem,
for which NumPy provides the underlying array representation [48]. The sampled con-
tour is passed to the PCA routine, which returns the initial center, orientation, and scale.
The common shrink in (36) produces a sample-consistent starting ellipse, after which
the nonlinear model is solved through SLSQP. The implementation follows the standard
sequential quadratic programming framework [28, 49]; the reported experiments use SciPy’s
optimization infrastructure [50].

A practical readability rule is applied to small rotations. If the PCA angle differs only
slightly from horizontal, the text is kept horizontal rather than reproducing a minor tilt
of the balloon. Experimental reading research indicates that rotated letters can increase
reading difficulty [42, 43]. The rule sacrifices a small amount of geometric fit in exchange for
more conventional typography.

The source experiments generally used an SLSQP tolerance of 10−3, for which a balloon
solve typically required less than one second. A small number of difficult cases required a
much tighter tolerance, around 10−8, and consequently longer runs. Exact timings depend on
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image size, contour complexity, initialization, and software version; therefore solver tolerance
and resolution should be recorded in reproducibility reports.

Algorithm 1: Procedure to find the approximate maximum inscribed ellipse.

Input : B

Output: x∗
c , y

∗
c , r

∗
x, r

∗
y, θ

∗

1 begin

2 I← grayscale(B);
3 s← approx contour(I);
4 (xc)init, (yc)init ← centroid(s);
5 Σ← Covariance(s);
6 λ← eigenvalues(Σ);
7 if Σ1,2 = 0 and Σ1,1 ≥ Σ2,2 then

8 θ∗ ← 0;
9 else if Σ1,2 = 0 and Σ1,1 < Σ2,2 then

10 θ∗ ← π/2;
11 else

12 θ∗ ← atan2

(

λ1−Σ1,1

Σ1,2

)

;

13 end

14 (rx)init ←
√
λ1;

15 (ry)init ←
√
λ2;

16 x∗
c , y

∗
c , r

∗
x, r

∗
y ← solve the max. problem (11)–(21);

17 end

6.3 Text placement and font search

After the ellipse has been computed (see Algorithm 1, with an intuitive explanation of the
symbols), the target sentence is divided into hyphenation units. For a tentative font size F ,
the rendering engine measures the width of each unit, the blank-space character, and the
hyphen. The ellipse is sliced into candidate rows and the ILP in Section 4.5 is then solved:
(1) for an odd number of rows and, if needed, (2) for an even number. If neither case is
feasible, F is reduced by one typographic point and the process repeats (see Algorithm 2,
with an intuitive explanation of the symbols and the parameters).

The search begins from a large candidate font (60 pt in the reference implementation)
and stops when a feasible placement is found or when the font would fall below 6 pt. At
the 72-dpi resolution used in the source experiment, one typographic point corresponds to
one pixel, which simplifies the conversion between text measurements and raster geometry.
For other resolutions, all widths and heights must be converted consistently before model
construction.

The source study reports CBC/COIN–OR as the mixed-integer solver used for the text-
layout formulation. The mathematical model is solver independent. For reproducibility, the
final software release should record the exact Python modeling interface, solver version, and
parameter settings because interfaces and default back ends can change over time. In the
chapter-scale experiment, the integer stage is substantially faster than the nonlinear ellipse
stage.

6.4 Why editability is part of the implementation design

The last step writes the chosen text back to editable graphics layers and centers the resulting
block near the optimized ellipse center. This is deliberately separated from the optimization
itself. The mathematical model can propose line breaks and font size, while a final editorial
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Algorithm 2: Procedure to place the text.

Input : S

Output: Pbest, Fbest

1 begin

2 F ← F̄ ;
3 S← {si : 1 ≤ i ≤ m};
4 Pbest ← ∅;
5 Fbest ← ∅;
6 while Pbest = ∅ and F ≥ 6 do

7 D ← S× F ;

8 ℓℓF ← calc lines(F , rx, ry, θ, “odd”);

9 PF ← solve
(

(25)-(34),m, nF , ℓℓ
F , D

)

;
10 if PF ̸= ∅ then
11 Pbest ← PF ;
12 Fbest ← F ;

13 else

14 ℓℓF ← calc lines(F , rx, ry, θ, “even”);

15 PF ← solve
(

(25)-(34),m, nF , ℓℓ
F , D

)

;
16 if PF ̸= ∅ then
17 Pbest ← PF ;
18 Fbest ← F ;

19 end

20 end

21 F ← F − 1;

22 end

23 end

pass can correct translation, punctuation, style, or exceptional graphic effects. Keeping these
layers editable also makes the tool useful in production settings where changes arrive late
in the workflow. In operational terms, optimization acts as a repeatable decision-support
component rather than an irreversible image-generation step.

7 Results

We evaluated OptiComics on complete and partial production workflows involving both East
Asian and European source material translated into English. The purpose of these experi-
ments is twofold. First, they show whether the geometric and discrete optimization stages
can be embedded in a realistic lettering process rather than tested only on synthetic shapes.
Second, they expose the practical bottlenecks of the pipeline, which are important from an
operations-research perspective because the optimization models are only one component of
the total production time.

7.1 Qualitative page-level examples

Figure 8 illustrates the processing of page 3 from chapter 1214 of the Japanese manga
Hajime no Ippo. The source page follows the usual manga navigation convention, with the
page read predominantly from top to bottom and right to left. Panel (a) is the original page.
In the preparation stage, panel (b), the text areas are cleaned and the balloon masks are
encoded so that the appropriate typographic style can be retrieved. The optimization mod-
ules then compute a sample-consistent text-safe ellipse for every selected balloon and solve
the line-assignment model at the largest feasible font size. Panel (c) exposes the resulting
text placement, whereas panel (d) shows the final clean-up and centering step. In routine
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execution, the geometric construction is internal and the user does not need to inspect the
ellipses explicitly.

Figure 9 repeats the experiment on page 5 of chapter 105 of the Italian comic Rat-Man.
This example is deliberately different from the Japanese one: the source is read left to right,
and the balloons have a noticeably different geometric distribution. The same optimization
architecture can nevertheless be used because reading order is represented in the prepared
layer sequence, whereas each balloon is treated geometrically in its own local coordinate
system. This separation is one of the practical advantages of the formulation: the continuous
and integer models do not require a language-specific redesign when the source writing
direction changes.

A more demanding balloon geometry is shown in Figure 10, using a page from the
Japanese manga Letter Bee. Several dialogue balloons are elongated and provide relatively
narrow horizontal chords. The available row capacities therefore vary strongly with vertical
position. The example demonstrates why a simple rectangular text box can be inadequate:
a line that fits near the center of the balloon may exceed the admissible width close to its
upper or lower boundary. The row-capacity construction in Section 4.5 explicitly accounts
for this variation.

The two optimization sequences in Figures 11 and 12 provide a visual interpretation of
the nonlinear stage on two challenging balloons from Gachiakuta. The intermediate ellipses
make clear that SLSQP is not solving a closed-form inscribed-ellipse problem: it iteratively
adjusts the center and semiaxes subject to the sample-based boundary constraints and the
additional bounds introduced to exclude undesirable local solutions. These sequences should
therefore be read as solver trajectories for the adopted nonconvex model, not as certificates
of global optimality.

7.2 Full-chapter timing experiment

The full workflow was also executed on chapter 1214 of Hajime no Ippo. The experimental
set contains 15 nonblank pages and 162 balloons, corresponding to 10.8± 5.07 balloons per
page. The English text contains on average 9.85 ± 7.13 syllables per balloon, with median
8.5. Computations were performed on a machine equipped with an AMD Ryzen 7 3700X
CPU, 64 GB of RAM, and an NVIDIA RTX 3070 GPU. Table 1 reports the wall-clock
decomposition recorded in the source implementation.

The complete chapter required 346.757 s, i.e., 23.117 s per page on average. Of this total,
172.449 s (49.73%) were spent in optimization and 173.085 s (49.92%) in the Photoshop
placement interface; preparation accounted for only 1.223 s. Within the optimization time,
ellipse computation required 107.980 s and text-layout optimization 64.469 s. Thus the geo-
metric stage used about 1.675 times the time of the integer-layout stage, or approximately
67.5% more. This confirms the practical observation that the nonconvex geometric subprob-
lem, rather than the ILP, is the dominant mathematical-programming cost in the tested
implementation.

A simple linear extrapolation of the measured per-page time gives approximately 69.4
minutes for 180 pages and 77.1 minutes for 200 pages. Such an extrapolation is only indica-
tive: page complexity, number of balloons, font measurement, and interaction with the
graphics application vary across a volume. It is nevertheless useful for identifying the scale
of the potential production benefit. It also shows why optimizing only the mathematical
subproblems is insufficient: because almost half of the observed time is spent in the appli-
cation interface, improvements to the graphics-software communication layer could be as
important as improvements to the nonlinear solver.
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(a) Starting page: the original comics page (b) Prepared page: balloons are detected, and dif-
ferent colors identify different font types for the
text

(c) Text placement in the balloons (d) Clean up and centering: the entire text lay-
out in each balloon is possibly slightly moved,
to compensate for irregularities of the balloon
boundary

Fig. 8: Demo of the placement steps for a real-world Japanese manga’s chapter page (original
language writing top-to-bottom). Source: Hajime no Ippo, chapter 1214, page 3 (Published
by Kōdansha, 2018).
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(a) Starting page: the original comics page (b) Prepared page: balloons are detected, and dif-
ferent colors identify different font types for the
text

(c) Text placement in the balloons (d) Clean up and centering: the entire text lay-
out in each balloon is possibly slightly moved,
to compensate for irregularities of the balloon
boundary

Fig. 9: Demo of the placement steps for a real-world Italian comic’s chapter page (original
language writing left-to-right). Source: Rat-Man, chapter 105, page 5 (Published by Panini
Comics, 2015).
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Stage Total Time (s) % of Total Page avg (s)
Preparation 1.223 0.35% 0.082
Optimizations 172.449 49.73% 11.497
Ellipses opt. 107.980 31.14% 7.199
Text opt. 64.469 18.59% 4.298

Photoshop Placement 173.085 49.92% 11.539

Total 346.757 100.00% 23.117

Table 1: Execution times for OptiComics on a full real-world
chapter, Hajime no Ippo chapter 1214, totaling 15 pages and
162 balloons, with an average of 10.8±5.07 balloons per page.

(a) Starting page: the original comics page (b) Clean up and centering: the entire text lay-
out in each balloon is possibly slightly moved,
to compensate for irregularities of the balloon
boundary

Fig. 10: Demo for lettering a real-world Japanese manga’s chapter page (original language
writing top-to-bottom). Source: Letter Bee, chapter 56, page 7 (Published by Shūeisha, 2012).

8 Conclusions and future work

We presented OptiComics, an optimization-based workflow for lettering translated comics
while preserving the geometry of the original page. The method separates a continuous geo-
metric decision from a discrete typographic decision. PCA supplies an orientation and scale
estimate; a nonconvex nonlinear program refines a large sample-consistent text-safe ellipse;
and an ILP allocates ordered syllables to rows while accounting for spaces, hyphenation,
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1) 4) 7) 10) 13) 16) 19) 22) 24)

Fig. 11: Gachiakuta chapter 2 page 19 balloon 1. Ellipse optimization in 24 steps.

1) 4) 7) 10) 13) 16) 19) 22) 25)

Fig. 12: Gachiakuta chapter 23 page 15 balloon 2. Ellipse optimization in 25 steps.

row capacities, central placement, and line balance. The formulations are intentionally inter-
pretable and can be inserted between independent modules for segmentation/translation
and final graphics placement.

The experiments show that this decomposition is practical at chapter scale. For the 15-
page, 162-balloon Hajime no Ippo experiment, the complete workflow takes 346.757 seconds
on the reference computer. About half of this time is spent in optimization and half in inter-
action with the graphics application, indicating that production efficiency depends as much
on software integration as on solver speed. The examples from Rat-Man, Letter Bee, and
Gachiakuta further show that the same core models can handle different reading directions
and markedly different balloon shapes.

Several limitations are explicit. The nonlinear problem is nonconvex, SLSQP provides
a local solution, and containment is checked on sampled contour points rather than the
exact continuous boundary. A single ellipse can also be conservative for highly irregular or
composite balloons. A natural extension is therefore to cover the useful region with several
rectangles, ellipses, or other convex components and to coordinate text allocation across
them. Adaptive contour sampling and global or multistart optimization are further options
for difficult cases. If the target language itself requires vertical lettering, the row-capacity and
ordering components should be generalized to vertical columns rather than merely rotating
a Western layout.

Machine-learning methods can improve upstream balloon recognition and exceptional-
case classification, while learned quality models could help predict font or line-break
preferences. Such additions should complement rather than obscure hard geometric con-
straints. The current workflow also deliberately leaves linguistic and cultural decisions to
translators and editors. Future work can connect the optimization layer to tools for ono-
matopoeia, culturally specific text, speaker association, and semantic consistency, drawing
on translation and comics research [7–9, 13, 14, 51].

As a qualitative comparison, the source study also tested general-purpose generative
workflows on the Japanese page used in Figure 8. The outputs in Figure 13 altered aspects of
page content or produced unacceptable translation/lettering, despite an explicit preservation
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(a) Exploratory output generated with
ChatGPT 5.1 [52]

(b) Exploratory output generated with
ChatGPT 5.2 [52]

Fig. 13: Exploratory general-purpose generative outputs obtained from the source page
used in Figure 8. The prompt requested English translation while preserving page layout,
pictures, balloon position, and balloon size. The examples illustrate the distinction between
prompt-level preservation and the hard geometric constraints imposed by OptiComics.

prompt. This experiment is not a benchmark of generative AI and should not be read as
a general performance claim; model versions and capabilities evolve rapidly. It nevertheless
motivates the methodological choice adopted here: when the editorial requirement is that a
balloon contour or drawing must not move, encoding that requirement as a mathematical
constraint is fundamentally different from requesting it through natural-language prompting.

Future evaluation should include professional letterers and readers. Eye-movement and
comprehension studies could assess whether automatically generated layouts differ perceptu-
ally from professional ones [43, 53, 54], while production studies could measure the frequency
and type of human overrides. Such evidence would complement the current feasibility and
timing results, and help convert the present optimization framework into a more complete,
human-centered publishing tool.
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