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Thesis Summary (approx.800 English Words )

This dissertation tackles the bottleneck of coloring line drawings in animation production,
especially for anime-style illustrations. It proposes algorithms that transfer hue, shading, and
even fine texture from a single reference image to an arbitrary sketch, while remaining robust when
the sketch and reference diverge in viewpoint or content. By first diagnosing why existing GAN-based
methods over—-fit to training pairs, the work designs a frozen—encoder GAN that outperforms previous
systems, then moves to a diffusion-based framework that decisively removes “spatial entanglement”

artifacts. Along the way it curates large—scale datasets, invents novel attention blocks, and
introduces practical evaluation protocols. Extensive experiments and user studies confirm that the
final ColorizeDiffusion model delivers sharper edges, richer palettes, and easier local edits than
competing approaches, advancing reference—based sketch colorization from fragile prototypes to a
deployable, controllable toolchain ready for production use.

Chapter 1, as the introduction of the thesis, sets the stage by arguing that manual color filling
is the last labor—intensive step in digital illustration pipelines. It contrasts traditional
user—guided tools, as well as data—driven text/user—guided methods with reference-based ones and
pinpoints the core challenge in reference-based methods: models trained on perfectly aligned sketch-
reference pairs fail when that alignment is absent at inference. To guide the rest of the thesis,
it articulates two goals: faithful color transfer and generalization across mismatched input pairs.
Additionally, text—based editing algorithms are developed to further enhance the controllability of
the proposed colorization systems.

Chapter 2 reviews the technical knowledge required to meet those goals. It walks from basic network
architectures, multilayer perceptrons and convolutional networks to transformers, then categorizes
generative paradigms—VAEs, GANs, diffusion models—highlighting their strengths and weaknesses for
conditional generation. Then, it reviews the prior sketch—colorization systems in details.
Specifically, related reference—based colorization methods are dissected to show how jointly trained
reference encoders memorize training data, leading to significant overfitting deterioration. This
chapter reveals that the overfitting issue in reference—based sketch colorization can be solved by
a different training paradigm, where a pre—trained reference encoder is adopted and frozen during
the colorization training

Chapter 3 introduces the data structure and evaluation suite. Two datasets are produced: a
0.7-million—triple Danbooru subset for initial GAN experiments and a 7-million full set for diffusion
training. Each color image is turned into a sketch image in various styles by jointly using different
sketch extractors, yielding tightly aligned pairs. This chapter also defines edge—adherence and
style—fidelity scores, adopts FID for global quality, and designs structured user surveys
establishing a consistent yardstick for all subsequent models.

Chapter 4 presents the first concrete solution. A two—step training strategy is proposed to train
GAN-based colorization framework, where a pre—trained ResNet-34 is utilized as the reference encoder
and frozen during the training. A generator equipped with spatial attention and a novel
Reference—Based Channel-wise Attention block learns to inject color cues, while a self-adaptive MLP
allows latent interpolation for tag—based edits. Ablation studies reveal that fixing the encoder
cuts over—fitting and improves FID, and crowd—sourced comparisons show clear visual gains over other

baselines. Yet the approach still struggles with complex scenes and occasional texture loss, hinting




at the limitations of GAN stability.

Chapter 5 introduces ColorizeDiffusion, a latent-diffusion pipeline tailored to reference transfer
It diagnoses spatial entanglement as a visible symptom of distribution shift toward reference
semantics, where the reference overwhelms sketch semantics. This chapter proposes a three-pronged
design: staged noisy pre-training that suppresses unintended semantic carry -over without
compromising style transfer, split cross-attention that decouples foreground and background tokens
to stop semantic bleeding across regions, and a hierarchical disentanglement of the reference
representation so that high-level semantics and low-level style are routed and weighted
independently. In combination, these mechanisms deliver artifact-free colorizations and unlock
fine-grained, text-prompted editing of specific regions without retraining.

Chapter 6 focuses on training paradigms, contrasting conventional joint optimization with the frozen
encoder philosophy. Locking the reference encoder compels the sketch pathway to align at a higher
semantic level, avoiding low—level memorization and encouraging robust generalization. The
discussion broadens these findings, showing that frozen multimodal encoders combined with controlled
noise injection form a generally applicable recipe for many image—guided generation tasks beyond
colorization.

The concluding chapter describes the contributions of this thesis: a training strategy that
significantly improves the generalization and generation performance of reference—based sketch
colorization algorithms and corresponding text—based manipulation algorithms. The proposed training
paradigm effectively disentangles sketch and reference representations based on their representation
levels by utilizing a frozen reference encoder that kept frozen during colorization training, locking
reference representations at embedding level to prevent overfitting and associated perceptual
deterioration. Together with the text—-based manipulation methods, this thesis presents an effective
reference—based colorization system
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