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Abstract. Deep learning models have become the standard tool for doc-
ument rectification and illumination correction, yet their performance is
fundamentally bound by their training data. For nearly a decade, the com-
munity has heavily relied on Doc3D, a pioneering but increasingly limited
document unwarping dataset in terms of scale and quality. To address this
bottleneck, we introduce SyntheticDoc, a massive, high-quality dataset
designed to push the boundaries of document unwarping. SyntheticDoc
is composed of 1,000,000 high-resolution procedurally generated training
samples, alongside extensive validation and test sets. Each sample is
paired with rich, pixel-perfect annotations, including UV maps, normal
maps, albedo and shading. To ensure physical accuracy and photorealism,
the paper geometries are generated via a physics-based simulator and
rendered using a path tracer. To demonstrate the benefit of our dataset,
we train a simple baseline model on SyntheticDoc and report on its
performance in comparison to state-of-the-art methods on both document
unwarping and illumination correction tasks. Our dataset is available at
https://igl.ethz.ch/projects/SyntheticDoc/ and the code used to generate
it at https://github.com/tanguymagne/SyntheticDoc.
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1 Introduction

The digitization of physical documents has become an essential task in bridging
the gap between legacy paper formats and modern digital workflows. Because
of their ease of use and flexibility, mobile devices are increasingly utilized for
this purpose. However, in contrast to flatbed scanners, which capture images of
perfectly flat documents under controlled lighting, photos of documents taken
with mobile devices such as smartphones suffer from multiple visual degradations.
Since the paper is rarely perfectly planar and the camera viewpoint can vary
significantly, geometric distortions are almost always present. In addition, under
unconstrained and non-uniform lighting, these 3D deformations cause unwanted
shadows and variable shading. These artifacts reduce the visual quality of the
captured document and make its automatic processing significantly more difficult.
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Fig. 1: Example of a sample from our SyntheticDoc dataset, with all its annotations.

To obtain a visually appealing and practically useful scan, the captured docu-
ment needs to undergo geometric unwarping and illumination correction. Histori-
cally, document unwarping was tackled through model-based approaches, which
attempt to estimate the document’s 3D geometry using constrained representa-
tions and flatten it by solving an optimization problem. However, these methods
are limited in the types of deformations they can handle. Deep learning-based
approaches have become the standard way to solve both document unwarping and
illumination correction. Yet, the performance of these techniques is fundamentally
bounded by the quality and scale of their training datasets. Generating training
data for these tasks is challenging, as networks require pixel-perfect annotations,
such as mappings from the document photograph to the unwarped image or
shading maps, which are nearly impossible to acquire for real-world photographs
of documents. The most commonly used dataset, Doc3D [7], containing 100,000
samples, is synthetic, and relies on manually scanned 3D meshes, rendered at
a relatively low image resolution (448 448 pixels). An alternative dataset,
UVDoc [47] (20,000 samples), employs a hybrid approach, compositing document
textures with real photographs of blank deformed paper, but it provides only
coarse annotations for the unwarping mapping. Both datasets require extensive
manual labor to create, making them inherently difficult to scale.

To overcome this scalability and quality bottleneck, we present SyntheticDoc,
the first large-scale dataset for document unwarping and illumination correction.
SyntheticDoc contains 1,000,000 training samples, 100,000 validation samples
and more than 38,000 test samples. To achieve this unprecedented scale, we
rely on rendering and use scalable processes at each step of the data generation
pipeline. The deformed 3D document meshes are simulated using ArcSim [35,36],
a physical simulation engine for which we design multiple parameterized scenarios
to ensure diverse outputs. The document textures and background materials are
sourced from various repositories with permissive licenses. Finally, the samples
are rendered using Blender |3|, enabling the procedural generation of lighting
environments, camera poses and paper material properties. Each sample is
rendered at a high resolution (1024 1440 pixels) and includes pixel-perfect
annotations, such as albedo, shading, normal maps, UV maps and 3D coordinates.
A sample from our dataset, along with its annotations, is presented in Fig.
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To demonstrate the practical benefits of our dataset, we train a lightweight
baseline model to simultaneously perform document unwarping and illumination
correction. We evalute the inference speed and performance of this model on the
standard DocUNet benchmark [31], comparing it to the state-of-the-art.

2 Related works

2.1 Document unwarping

Early model-based approaches to document unwarping rely on a two-step process:
estimating the 3D document surface via specialized hardware [4,5,34}61], multi-
view imagery [21,45//56] or visual cues [33]/42], followed by simulated or geometric
flattening [4L[5[21},26} 34144, /56},/61]. However, data-driven approaches have largely
replaced these methods due to their superior generalization capabilities. Ma
et al. [31] introduce the first deep learning-based unwarping method, while
DewarpNet [7] proposes an architecture based on 3D coordinates, inspired by
classical techniques. Following these foundational works, the field innovates rapidly.
Several works explore patch-based [9,24] and iterative |58] architectures, integrate
text-line supervision [15}191/23] and employ transformers [13\/64] to capture global
context. Other works focus on predicting coarse mappings [47,53}/54], adopting
multi-task frameworks to handle various document processing steps [41,[59}/63|
and, more recently, leveraging diffusion models [22}/62]. While these deep learning
methods show strong performance, their effectiveness strongly depends on the
scale and quality of the training datasets, which motives us to develop our
SyntheticDoc dataset.

Datasets. Since modern models typically predict a dense backward mapping
from the warped input to the flat document, their training datasets require
complex, pixel-perfect annotations that are difficult to obtain for real-world
photographs. Earlier methods rely on a synthetic dataset generated via non-
physically plausible 2D deformations [31], later augmented with supplementary

Table 1: Comparison of the various document unwarping datasets. 3D geometry
source characterizes the type of geometry used for rendering in a synthetic dataset,
Mapping represents the kind of mapping annotations and 3D signifies the inclusion of
3D annotations.

Dataset # Samples  Resolution  Type 3D geometry source Mapping 3D
DocUNet |31] 100,000 600 800  Synthetic 2D N/A Dense 7
Doc3D |7 100,000 448 448  Synthetic 3D scanned Dense 3
DocProj [24] 2,450 1800 2400 Synthetic Geometric deformations Dense 7
DIW 30| 5,000 512 512 Real N/A — 7
Inv3D |17 25,000 1600 1600 Synthetic 3D scanned Dense 3
Book3D |28] 56,000 1200 800  Synthetic Geometric deformations Dense 3
UVDoc [47| 20,000 488 712  Pseudo-real = Depth camera Coarse 3
SyntheticDoc 1,000,000 1024 1440 Synthetic Physics simulation Dense 3
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Fig. 2: Examples of data points from various document unwarping datasets.

annotations . For years, Doc3D has served as the standard dataset
for document unwarping. It has been extended with additional ground-truth
labels, such as text lines or cropped images . While rendered in
Blender, similar to our SyntheticDoc, Doc3D contains far fewer samples at a
significantly lower resolution. Moreover, its reliance on manual 3D scanning is not
scalable. The captured 3D scans required geometric post-processing that resulted
in over-smoothing, removing fine-grained details and in some cases making the
surfaces non-developable. DocProj uses an approach similar to ours but
features simplistic geometries obtained by geometrically deforming a mesh and
a very limited size. UVDoc prioritizes visual and geometric realism, being
the only non-rendered dataset providing mapping annotations. Inv3D and
Book3D focus on certain document types and remain severely limited in scale
and/or deformation variety. Finally, datasets of real-world documents only
provide the flatbed scan as ground truth, making them impractical for training
mapping-based networks. As summarized in Tab. [T SyntheticDoc stands out
thanks to its massive scale and high image quality. It also contains the largest
variety of document types and deformations and, as illustrated in Fig. [2] the
rendering of SyntheticDoc is more realistic than previous datasets, with shadows
correctly cast on the background.

2.2  IHllumination correction

Beyond geometric unwarping, document restoration encompasses photometric
corrections to convert camera-captured document images into clean, flatbed-
style scans. In this context, deshadowing and illumination correction are two
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Table 2: Comparison of the various illumination correction datasets. For RealDAE,
the resolution ranges from 398 164 to 5344 5312 pixels.

Dataset # Samples  Resolution  Type 3D geometry source Albedo Shading
Doc3D |7] 100,000 448 448 Synthetic 3D scanned 3 7
DocProj [24] 2,450 1800 2400 Synthetic Geometric deformations 3 7
Doc3DShade [8] 90,000 640 480 Synthetic 3D scanned 3 7
RealDAE [57] 450 Various Real N/A 3 7
SyntheticDoc 1,000,000 1024 1440 Synthetic Physical simulation 3 3

distinct but frequently confounded tasks. Deshadowing removes shadows cast
on the document by external objects [25, 27], while illumination correction
recti es shading. Since SyntheticDoc focuses on the latter, we review the relevant
illumination correction literature here.

Classical methods rely on estimating a shading map by interpolating back-
ground border colors [6] or inpainting document content [60]. Modern data-driven
approaches largely outperform these techniques. Initial deep learning methods
address the problem sequentially, correcting colorimetry only after rectifying
the document geometry [7,13,24]. Subsequent works focus speci cally on ded-
icated illumination networks [8], utilizing coarse-to- ne strategies [57] as well
as generative adversarial networks (GANs) combined with either cycle consis-
tency [50] or vision-language priors [39] like CLIP [40]. More recently, multi-task
approaches simultaneously solving unwarping and illumination correction have
emerged [41, 49]. The latest uni ed document enhancement models tackle all
forms of document degradation concurrently, such as deshadowing, deblurring
and illumination correction, by leveraging advanced feature generators [59] or
di usion modules [63].

Datasets. Since illumination correction has received considerably less attention
than geometric unwarping, dedicated training datasets are rare. Consequently,
many deep learning-based illumination correction methods rely on the warped
albedo or original document textures provided by unwarping datasets such as
Doc3D [7] and DocProj [24]. While a few datasets target this specic task,
they exhibit signi cant limitations. Doc3DShade [8] follows a capture procedure
similar to Doc3D [7] but additionally captures real-world shading. However,
it inherits Doc3D's scalability issues and contains very few distinct document
textures and geometries, with the di erent samples varying mostly in the applied
shading. RealDAE [57] is the only real-world dataset for this task. Its ground
truth images were obtained by manually correcting the deformed images using
Adobe Photoshop, making the collection process di cult and restricting its size
to just 450 training samples. Unlike SyntheticDoc, none of these datasets provide
explicit shading annotations, o ering only the albedo (see Tab. 2). In addition,
SyntheticDoc is created with over 500,000 distinct geometries and an equal
number of unique document images, all rendered using a high-quality path tracer
and diverse lighting con gurations for enhanced realism.
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Fig. 3: Meshes generated by our physics based simulation pipeline using the di erent
scenarios.

3 SyntheticDoc dataset generation pipeline

The generation of the SyntheticDoc dataset consists of two main steps. First,
the 3D geometries representing the deformed sheets of paper are simulated using
ArcSim [35,36], a simulation engine specialized for sheets of deformable materials.
Then, the resulting meshes are rendered using Blender [3] to produce the nal
photorealistic images along with their corresponding ground-truth annotations.

3.1 Warped paper meshes generation

The paper mesh, which represents the geometry of the document, is the most
crucial component of each sample. It de nes both the distortion in the document
and its shading and cast shadows. To generate a dataset that is an order of
magnitude larger than existing ones, we need a scalable approach to obtain these
meshes. Prior methods based on 3D scanning [7] or depth capture [47] require
manual work and are inherently unscalable.

To overcome this challenge, we rely on physical simulation. We utilize Arc-
Sim [35, 36], a powerful adaptive simulator designed for sheets of deformable
materials. While capable of simulating fabrics and plastics, it is particularly
well-suited for paper. Paper exhibits a speci ¢ physical characteristic that makes
it di cult to simulate: it does not stretch. ArcSim enforces this constraint, sim-
ulating paper while preventing unnatural stretching. In addition, regardless of
its deformation, a sheet of paper mathematically forms a developable surface;
ArcSim preserves this geometric property throughout the simulation.

To generate realistic meshes that accurately represent real-world document
deformations, we design three distinct simulation scenarios. Each scenario is
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