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Abstract

Colorizing historical images and modernizing traditional attire are key to bridging past and present in digital heritage preser-
vation. Accurate colorization improves the interpretation of old photos, while modernizing historical attire supports cultural
adaptation and fashion preservation. This paper presents an unsupervised method for colorizing 19" century images using
GANS, trained with a dataset from modern-historical films. By leveraging the GAN discriminator, realistic colorizations are
generated without paired data, capturing the textures and authenticity of historical scenes. A diverse film-based dataset enables
the model to generalize across eras. Additionally, historical clothing is segmented and transferred onto modern subjects using
diffusion-based virtual try-on techniques. Together, these methods support cultural preservation by blending historical accuracy

with modern representation.
CCS Concepts

* Computing methodologies — Image colorization; Computer vision tasks; Generative adversarial networks;

1. Introduction

The preservation and interpretation of historical images are vital
for understanding cultural heritage. Many photographs from earlier
periods have been captured in black-and-white, limiting the visual
connection with the past. Colorization serves as a powerful tool to
revitalize these images by adding colors based on historical con-
text, thus enhancing the viewer’s understanding of history. More-
over, transforming historical clothing into modern portraits bridges
past and present, adapting traditional attire to contemporary con-
texts and offering new insights into cultural identity and heritage.

Colorizing historical images has gained significant attention in
recent years due to its benefits for cultural and historical stud-
ies [HJJL22]. Modern deep learning techniques have led to remark-
able progress in computer vision tasks such as image classifica-
tion, detection, segmentation, and colorization. However, a unique
challenge arises in historical image colorization due to the lack of
ground truth data, as traditional supervised approaches rely heavily
on paired datasets, which are often unavailable for many historical
collections (images, videos, etc.), including those of the 19t cen-
tury East Mediterranean era. Moreover, collecting annotated high-
quality colorized historical images is a time-consuming and bur-
densome task. To address these issues, this paper proposes a novel
approach to unsupervised image colorization, building upon De-
Oldify, a state-of-the-art deep learning model for automatic im-
age colorization [Ant19]. In the absence of high-quality colored
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datasets, a custom dataset was created by extracting human frames
from two modern historical videos, serving as a proxy for realis-
tic color palettes. Additionally, the final phase of the colorization
process was enhanced by incorporating a Generative Adversarial
Network (GAN) [GPAM™14] discriminator, ensuring that the out-
put images not only exhibit real colors but also align with historical
contexts and visual authenticity.

Transforming historical clothing from 19 century portraits into
modern styles has also become an interesting way to connect the
past with the present. Advances in generative deep learning tech-
niques [GPAM™14] have enabled remarkable progress in tasks
such as image synthesis, style transfer, and segmentation. However,
adapting historical attire to contemporary subjects presents unique
challenges, including the absence of high-quality datasets and the
inherent complexity of preserving cultural authenticity. Traditional
supervised approaches, which depend on paired datasets, are im-
practical for such historical collections. To address these limita-
tions, we developed a method that takes clothing from images and
applies it to modern people using generative diffusion techniques,
creating results that are both realistic and respectful of history. Our
contributions can be summarized as follows:

e Development of a novel unsupervised colorization method tai-
lored specifically for ICR century images, building upon De-
Oldify and GAN-based frameworks to address the challenges of
ground truth absence and historical authenticity.
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Figure 1: Schematic Overview of the 19" Century East Mediterranean Portrait Colorization and Clothing Transfer Pipeline: This
pipeline transforms grayscale 1 9" century portraits into colorized and modernized versions. Images are first colorized using a deep network,
then refined with a discriminator for realism. Garments are segmented via a fine-tuned SegTransformer and transferred to modern subjects

using a diffusion-based virtual try-on model.

e Creation of a custom dataset derived from modern historical
video footage, enabling effective training and evaluation for his-
torical image colorization.

e Integration of a GAN discriminator to refine the colorization pro-
cess, ensuring enhanced alignment with historical references.

e Introduction of a method for transferring period clothing to mod-
ern subjects using generative diffusion techniques, preserving
cultural and artistic value.

e Bridging historical visuals with contemporary contexts, provid-
ing a framework to analyze and reimagine historical images with
cultural respect and authenticity.

This paper is organized as follows: We start with a review of
related studies in the related work section. Then, we explain our
methodology, present our findings in the Results section, and con-
clude by highlighting the main outcomes of our wo-rk.

2. Related Work

Recent deep learning advances have improved image colorization,
historical restoration, and virtual clothing transfer. This section re-
views related work and their connection to our approach.

2.1. Unsupervised Colorization

Several methods have tackled grayscale image colorization without
large labeled datasets. Larsson et al. [LMS16] used CNNs to pre-
dict color histograms, and Zhang et al. [ZIE16] added class-based
priors for realism. GANSs, like in Isola et al. [IZZE17], have also
advanced colorization through image-to-image translation. Our ap-
proach builds on these by focusing on 19t century East Mediter-
ranean photographs, fine-tuning models with domain-specific data
from historical films. This enhances preservation of cultural tex-
tures and styles, improving color accuracy for heritage images be-
yond general methods.

2.2. Diffusion-Based Virtual Try-On

Virtual try-on has advanced with deep learning, enabling realis-
tic clothing transfer. Diffusion-based models like [ZZX*24] use
Transformers for multi-garment try-on and texture transfer, while
[GSZ*23] employs exemplar-based inpainting to preserve garment
coherence. Our approach segments 19t century East Mediter-
ranean clothing and applies it to modern subjects using generative
diffusion models. Unlike typical retail-focused methods, we repur-
pose the Kolors [Tea24] diffusion model without retraining to visu-
alize historical attire in a contemporary context.

3. Methodology

The colorized images are refined by a Discriminator that eval-
vates their realism and filters out unnatural results. Next, the
Kolors [Tea24] enhances the images by blending historical features
with modern color styles. The final outputs preserve the historical
essence of 190 century East Mediterranean photos while offering
more realistic, visually appealing colors for improved interpreta-
tion.

3.1. Problem Definition

Image restoration for historical photos involves two main tasks:
colorization and transformation.

Colorization C(I) — I maps a grayscale image I to a colorized
image I., aiming for plausible, historically accurate colors without
paired ground truth, requiring unsupervised methods due to limited
datasets.

Transformation 7 (1) — I, converts historical elements like
clothing in 7, to modern equivalents I,;, preserving structure while
handling domain differences between historical and modern styles.

3.2. DeOldify

DeOldify is an open-source deep learning model for automatic im-
age and video colorization, leveraging GANs and CNNss to produce
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Figure 2: The figure illustrates the pipeline for colorizing 1 g century East Mediterranean grayscale images [Arcnd]. Grayscale inputs
are first processed by DeOldify, a pretrained GAN model preserving facial and scene details but less effective on historical clothing. The
colorized results are then refined by a discriminator network that filters out unrealistic outputs based on realistic examples from the collected

dataset.

high-quality, realistic results.

Trained on a large dataset, it employs perceptual and adversarial
loss functions to enhance color realism, making it ideal for histori-
cal media restoration. In this paper, DeOldify’s transferred weights
are frozen, as it effectively colorizes subtle details like faces but
struggles with clothing due to the absence of 19t century East
Mediterranean images in its training data [Ant19].

3.3. SegFormer

SegFormer [XZL*21] is a state-of-the-art semantic segmentation
model that combines transformer architectures [VSP*17] with a
lightweight, hierarchical design to capture local and global con-
text effectively. It is used to extract clothing parts from images and
generate varied colors by interpolating between generated images
Igen € RP*WXC and reference RGB images I,,p,. The interpolation
is defined as:

Iinterp =0 Igen + (1 - (X) . Irgb»

where a € [0, 1] is the interpolation factor.

3.4. Generative Adversarial Networks

GAN [GPAM™* 14] consists of two neural networks, a generator G
and a discriminator D, which are trained simultaneously in a min-
imax game. The generator G aims to create realistic data samples
(e.g., images), while the discriminator D attempts to distinguish
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between real samples from the training dataset and fake samples
generated by G.

The discriminator is designed to classify inputs as either real
(from the true data distribution) or fake (generated by the GAN’s
generator). In the context of image generation tasks, the discrimi-
nator learns to evaluate the realism of generated images based on
features such as color distribution, texture, and overall coherence.
By extracting the discriminator from the GAN and using it inde-
pendently, it can serve as a powerful tool for distinguishing high-
quality, realistic images from less plausible ones.

3.5. Clothing Segmentation

The first step is to extract clothing from historical portraits. A ma-
chine learning model called SegFormer_B2_clothes [Mat22]
is utilized to do this. This model is part of a family of Vision
Transformers, designed to work well with images. The Seg-—
Former_B2_clothes model was fine-tuned using the ATR
dataset, which contains labels for various clothing and accessory
categories. The base model is SegFormer [XWY*21]. The labels
in this dataset include:

Although SegFormer_B2_clothes was fine-tuned on mod-
ern fashion datasets, we adapt it to segment garments from col-
orized historical portraits. This cross-domain application demon-
strates that existing segmentation models, when combined with cul-
turally aware colorization, can be effectively repurposed for digital
heritage tasks.
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Figure 3: This figure compares colorization methods on 1 9" cen-
tury East Mediterranean photos. From left to right: grayscale in-
put, DeOldify, Zhang et al., and our method. DeOldify tends toward
stylized tones; Zhang et al. improves color diversity but lacks de-
tail. Our model, trained on historical data, achieves more realistic,
texture-rich, and historically accurate results.

Hat | Sunglass | Upper-clothes
Skirt Pants Dress
Belt | Left-shoe Right-shoe
Bag Scarf

Table 1: Clothing Segmentation Labels

3.6. Diffusion-Based Virtual Try-On

Kolors [Tea24] is a U-Net-based latent diffusion model by
Kuaishou Technology, optimized for high-fidelity text-to-image
synthesis. It uses large-scale image-text datasets and novel noise
scheduling to enhance high-resolution output consistency. Features
like bucketed sampling enable flexible aspect ratios with efficient
computation. While designed for general use, Kolors excels in vir-
tual try-on tasks, realistically rendering intricate 19t century East
Mediterranean textiles on modern subjects. We apply Kolors di-
rectly to segmented, colorized historical garments without retrain-
ing, creatively repurposing it for cultural heritage visualization.

3.7. Results

We compared our method with DeOldify and Zhang et al.’s mod-
els. DeOldify produces soft, pastel colors but lacks historical ac-
curacy, while Zhang et al. improve color variety but lose fine tex-
ture details. Our GAN-based model, trained on a dataset from his-

torical films, achieves more realistic and historically accurate col-
orizations, especially for detailed 19t century East Mediterranean
clothing. Using the Kolors [Tea24] diffusion model, we transferred
segmented garments onto modern subjects, demonstrating the po-
tential of combining colorization with virtual try-on for heritage
preservation and fashion adaptation. Overall, our approach effec-
tively colorizes historical images and supports cultural applica-
tions.

4. Conclusion

This study introduces a novel unsupervised approach using transfer
learning and a GAN discriminator to colorize and transform 19t
century images. Segmentation enables adapting historical clothing
to modern styles while preserving historical accuracy. Results show
realistic colorizations. Future work may develop interactive plat-
forms for immersive cultural heritage experiences using Al.
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