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l Color Prediction via Region Prediction

We propose a U-Net [1] based method to predict flat colors for unpainted gaps in anime-style line drawings

1. Context Extraction:

Crop a smallimage patch centered on the unpainted gap (b)

2. Input Encoding:

- Line art mask (1 for lines) (c)
- Unpainted area mask (1 for target region) (d)

. Model Inference:
The model predicts a likelihood map showing how likely each pixel belongs to the same color region (e)

. Predicted Color Selection:

The final color is chosen from the region with the highest average likelihood (f)

= Learns the correspondence between regions rather than the colors themselves (more robust)

- The occurrence of such gaps is independent of the color being used
- Utilizes the characteristic of anime-style illustrations (flat coloring)

Background

(a) Line art (b) Colored illustration
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(c) Potential uncolored regions

* Flood Fill (Paint Bucket) tools are commonly used to fill enclosed areas with colors
* Problem: Unpainted "gaps" often remain due to unintended line intersections

- These gaps are hard to detect and time-consuming to fix manually
- They occur even in professional anime production workflow

- Related work

- Existing automatic colorization methods [2,3] require a reference or user hints
- Inpainting methods using U-Net exist [4], but they target natural images
- Do not fit the flat-color nature (without gradients) of anime art

- Key observation:

Gaps should be filled with one of the colors from their neighboring regions
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l Dataset Creation
* Source:
One full episode of professional animation
* Gap Definition for Synthetic Data:
- Simulate flood fill colorization by detecting
closed regions using BFS
- Define potential “gaps” as regions with pixel
area below a certain threshold
* Total:
234,340 target regions
* Preparation:
- Extract patches and apply preprocessing
- Augmentation by rotation and flipping

Result

Input

S

Ground
truth

Adjacent
majority Diffusers

N

<

G!III=I

©l1S-P /"Ponnomichi" Production Committee

 Comparison Methods:
- Rule-based: the majority color from 8-connected adjacent pixels
- Diffusers [5]: general-purpose deep learning inpainting model
* Accuracy on unseen data (full episode):
- Our method: 62.57% (90,265 / 144,258 cases)
- Rule-based: 22.38% (32,292 / 144,258 cases)
- Diffusers: often produced gradients, unnatural for flat coloring
* Future Work:
- Improve accuracy parameter tuning and other strategies
- Design Ul for integration into real-world production pipelines
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Figure 1: (a) Manual colorization of line drawings with flood fill tends to leave unintended small regions (gaps) unpainted. To
address this problem, we propose a novel color prediction method: (b) we extract a patch around the target gap as a context for
inference. (c) A line art mask and (d) an unpainted area mask are input to U-Net, which outputs (e) a likelihood map showing
how likely each pixel matches the target color. (f) The final color is then chosen from the region with the highest likelihood.
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1 Introduction

Anime-style digital illustrations, particularly those rooted in Japan-
ese pop culture, have become a prominent form of creative pro-
duction. The typical workflow involves drawing binary line art
(Figure 2a), filling segmented regions with base colors, and then
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refining the image by adding details such as shadows and highlights
(Figure 2b). To fill regions with colors, the “Paint Bucket” (or “Flood
Fill”) tool is commonly used, which employs region-growing algo-
rithms to fill enclosed areas bounded by lines [Burtsev and Kuzmin
1993] (Figure 1a). However, small unpainted regions—referred to as
gaps—often remain due to unintended line intersections, especially
at sharp corners such as hair tips (Figure 2c). These gaps are often
difficult to detect and time-consuming to fix manually. They fre-
quently occur even in professional anime production environments.

Many studies have explored automatic colorization for anime-
style images, ranging from early graph-matching methods [Sato
et al. 2014] to recent diffusion-based approaches [Cao et al. 2024].
However, most of these rely on a fully colorized reference image or
user-provided hints as additional input, which is not applicable in
our setting. A related task is image inpainting, for which many U-
Net-based methods have been proposed [Zhang et al. 2023], primar-
ily targeting natural images. In contrast, anime-style illustrations
are characterized by flat color regions, and uncolored gaps should
often be colored by one of the colors of their spatially neighboring
areas, requiring a different approach.

Our contributions are twofold. First, we present the first aca-
demic attempt to address the unpainted gap problem in anime-style
colorization workflows. Second, we formulate it as a color predic-
tion task and propose a foundational solution with evaluations.
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(c) Potential uncolored regions

Figure 2: An example of (a) a line art and (b) a final colored
illustration. (c) During flood fill operations, unintended small
enclosed regions can potentially become unpainted gaps.

2 Method
2.1 Creating Dataset

Based on the characteristics of anime-style illustration, we con-
struct synthetic training data by applying BFS-based fill operations
to line drawings and defining potential unpainted gaps as areas with
pixel counts below a certain threshold. Then, for each such region
extracted from a full episode of professional animation (234, 340
targets in total), we crop a small image patch centered on it (Fig-
ure 1b), apply preprocessing and data augmentations, and finally
use it as input to the model (Figure 1c,d).

2.2 Color Prediction via Region Prediction

To address this novel problem setting, we propose a method for
predicting appropriate colors for unfilled regions. Since the occur-
rence of such regions is independent of the specific color being
used, our approach does not aim to learn the colors themselves,
but rather the correspondence between regions. This enables us to
build a robust model that does not rely on specific color distribu-
tions and to predict flat colors without gradients, which is typical
in anime-style images. We design a deep learning model based on
U-Net [Ronneberger et al. 2015], which has demonstrated strong
performance in capturing features of neighboring regions. Figure 1
illustrates the overall prediction framework. The model takes a
two-channel binary input: (Figure 1c) a line art mask where line
pixels are set to 1; and (Figure 1d) an unpainted area mask where the
target unpainted region is encoded as 1. The model then predicts
a spatial likelihood map indicating the probability that each pixel
within the patch shares the same color as the target area (Figure 1e).
The final color is determined by selecting the color from the region
with the highest average predicted likelihood (Figure 1f).

3 Evaluation and Conclusion

The effectiveness of our method was evaluated by comparisons
with two methods, as shown in Figure 3: a rule-based approach

Kono et al.

Ground
truth

Adjacent
majority Diffusers
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Figure 3: Comparison of color predictions between our
method, a rule-based adjacent majority approach, and dif-
fusers, a widely used deep learning inpainting model.

that selects the majority color among eight-connected adjacent
pixels of the target region, and diffusers [von Platen et al. 2022], a
widely used deep learning inpainting model for general-purpose
use. Our method achieved an accuracy of 62.57% (= 90, 265/144, 258
cases) on unseen data from a different full episode, where accuracy
is defined as the proportion of cases in which the predicted color
exactly matches the ground truth. On the other hand, the rule-based
approach achieved an accuracy of 22.38% (= 32, 292/144, 258 cases).
Diffusers often produced colors with noticeable gradients, which are
atypical in anime-style illustrations. These results demonstrate the
robustness and superiority of our approach over naive alternatives.
In summary, our approach establishes a promising foundation
for supporting the colorization process in anime-style digital il-
lustrations. Future directions include improving accuracy through
parameter tuning and training strategies, as well as designing user
interfaces for integration into real-world production pipelines.
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