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Abstract
Despite its limited support for semantic representation, the PDF format remains the dominant medium for document
publication due to its visual fidelity, portability, and widespread acceptance. As a result, contemporary document-
processing workflows often treat PDFs as digital paper rather than structured data, creating a persistent gap between
human-oriented presentation and machine-based processing requirements.

PDF was designed primarily to preserve visual appearance, not document semantics or logical structure. Conse-
quently, information extraction from PDF files is inherently complex and error-prone, as it requires reconstructing
content hierarchy, relationships, and reading order from low-level layout cues. This limitation significantly constrains
automated analysis, information retrieval, and AI-driven processing, particularly in domains such as law and public
administration.

This paper presents a PDF processing approach developed within the CAISE project that transforms arbitrary text-
based PDF documents into a structured JSON representation. The solution preserves layout-related metadata, spatial
localisation of elements, and embedded resources such as images and tables, while addressing character encoding
corruption commonly found in real-world PDFs. The resulting structured data provide a foundation for reconstructing
logical document structure and enabling downstream semantic processing.

The proposed approach illustrates how presentation-oriented documents can be systematically transformed into
machine-processable representations, mitigating the long-standing limitations of PDF-based workflows and supporting
advanced document analysis and knowledge extraction.
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1. Introduction
The PDF format [1] is one of the most widely used

document formats for digital content distribution across
public administration, industry, academia, and everyday
communication. Its long-standing presence and broad
software support have made it a de facto standard for doc-
ument publication, particularly in contexts where visual
consistency and platform independence are considered
essential.

For non-technical users, PDF is especially attractive
due to its stable presentation, predictable layout, and ease
of sharing across different devices and operating systems.
Documents published in PDF format appear identical re-
gardless of the viewing environment, reinforcing the per-
ception of reliability and professionalism. As a result, PDF
is often regarded as a safe and final form of publication,
suitable for long-term storage and official communication
[2].

However, what is typically overlooked by non-
technical authors is that publishing a document in PDF
format fundamentally alters the nature of the document
itself. Internally, PDF does not explicitly preserve the
logical or semantic structure of document content. In-
stead, it represents documents as collections of precisely
positioned visual elements—text fragments, glyphs, and
graphical objects—optimised solely for accurate visual
rendering. The semantic relationships between elements,
such as content hierarchy, functional roles, or even
the intended reading order of words, are not explicitly
encoded and may be partially or entirely lost. From a
machine-processing perspective, a PDF document resem-
bles a visual artefact rather than a structured information
resource.

In addition to misconceptions about structure, PDF
is often perceived as a secure format, particularly in com-
parison to editable document types. This perception is
misleading. The PDF specification allows for the inclu-
sion of executable content, including scripts written in
JavaScript, interactive forms, and embedded multimedia.
While such features are rarely used in standard publishing
workflows, their existence contradicts the widespread be-
lief that PDF is inherently passive or immune to security-
related concerns.

These issues are not merely theoretical. A promi-
nent example can be observed in the Polish legislative sys-
tem, where legal acts have historically been published pri-
marily in PDF format without sufficient consideration of
the implications for accessibility and machine readability
[3]. Legislators and publishing authorities did not initially
perceive PDF-based publication as problematic, given its
visual clarity and formal appearance. Over time, however,
this practice has resulted in severely limited access to legal

information, particularly for citizens seeking to navigate,
analyse, or cross-reference complex legal texts.

From the perspective of citizens, navigating hun-
dreds or thousands of legal documents published as
PDF files is a demanding and error-prone task. The
lack of explicit structure, identifiers, and semantic links
significantly hinders efficient search, comparison, and
understanding of legal provisions. At the same time,
for researchers and practitioners working in artificial
intelligence and natural language processing, PDF-based
corpora present substantial obstacles to the creation
of high-quality training datasets. Extracting reliable,
well-structured data from documents that were never
designed for semantic processing requires extensive
preprocessing, heuristics, and manual correction.

Importantly, this challenge is not limited to legisla-
tive documents. The widespread use of PDF can be ob-
served across numerous private companies, public insti-
tutions, and non-governmental organisations. In many
organisational workflows, PDF has become the final and
often the only preserved representation of internal knowl-
edge, regardless of the complexity or semantic richness of
the original content.

As a consequence, the semantic knowledge held by
document authors—who understand the meaning, struc-
ture, and intent of the content at the time of creation—is
effectively lost at the moment of publication. Once con-
verted into PDF, documents no longer “know” their own
structure, and this knowledge cannot be recovered with-
out significant effort. This loss becomes particularly criti-
cal when organisations attempt to introduce AI-based so-
lutions for document analysis, automation, or knowledge
extraction. Such efforts are inherently constrained by the
need to extract structured information from a format that
was never intended to support semantic representation.

The remainder of this paper is organized as follows.
Section 2 provides an in-depth discussion of the limita-
tions of the PDF format with respect to semantic represen-
tation and logical document structure, and motivates the
need for document models that explicitly preserve mean-
ing and structure. Section 3 describes a service developed
within the CAISE project that parses PDF documents into
a structured JSON representation, enabling further auto-
mated processing and analysis of document content.

2. Problem Statement
Despite decades of progress in digital document

technologies, the PDF format remains the dominant
medium for document publication across public admin-
istration, industry, and academia. Its popularity stems
primarily from its ability to preserve visual fidelity and
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provide a platform-independent representation of docu-
ments. As a result, PDF has become widely perceived as
a reliable and final form of publication, particularly for
official and archival purposes. However, this dominance
comes at a significant cost to semantic integrity and
machine interpretability.

From a document engineering perspective, PDF
is fundamentally a presentation-oriented format. As
described in foundational work on document structures,
a document should be understood as a combination of
content, structure, and presentation, with clear separation
between these layers [4]. PDF violates this separation
by encoding documents primarily as a sequence of
positioned visual objects optimised for rendering rather
than for semantic interpretation. Consequently, the
logical organisation of content—such as hierarchical
structure, functional roles of elements, and explicit
relationships between document components—is not
explicitly represented.

This design choice has direct implications for infor-
mation extraction. Numerous studies in document anal-
ysis and document understanding demonstrate that re-
covering structure from PDF files requires reconstructing
semantic relationships from layout cues such as spatial
alignment, font attributes, and geometric proximity [5,6].
The existence of entire research directions and datasets
devoted to layout-based document understanding under-
scores the fact that PDF documents do not natively encode
the information required for reliable automated process-
ing. Instead, structure must be inferred heuristically or
learned statistically, making the extraction process inher-
ently complex and error-prone.

The persistence of PDF as a publication format
can be understood through the metaphor of digital
paper. As noted in theoretical work on documents
and digital media, many digital documents continue to
replicate the affordances of paper rather than exploiting
the capabilities of computational systems [7, 8]. PDF
reinforces this paradigm by privileging appearance over
meaning, thereby encouraging authors and institutions
to treat documents as visual artefacts rather than as
structured data resources. This approach obscures the
semantic knowledge possessed by document authors at
creation time and prevents its direct reuse in downstream
processes.

In legal and governmental contexts, these limita-
tions have particularly severe consequences. Modern
approaches to digital legislation emphasize the need
for machine-readable legal texts that support interop-
erability, versioning, and fine-grained referencing [9].
Nevertheless, many legislative systems—including the
Polish legislative framework—have historically relied
on PDF as the primary format for publishing legal acts.
While visually accessible, such publications significantly

constrain citizens’ ability to search, analyze, and under-
stand legal information, and they hinder the development
of advanced legal information systems.

The challenges posed by PDF are further amplified in
the context of artificial intelligence and natural language
processing. High-quality training data require consistent
structure, explicit annotations, and reliable textual repre-
sentations. PDF-based corpora rarely meet these require-
ments. As a result, researchers must invest substantial ef-
fort in preprocessing, error correction, and manual vali-
dation before documents can be used for machine learn-
ing purposes. Recent advances in multimodal document
understanding models, such as LayoutLM [5], explicitly
acknowledge this limitation by combining visual layout
information with textual content to compensate for the
lack of native semantic structure.

Recent advances in intelligent document process-
ing increasingly combine OCR, layout analysis, and
multimodal deep learning approaches. Contemporary
frameworks such as PaddleOCR and related vision-
language document understanding systems demonstrate
the growing importance of integrating visual and tex-
tual representations in large-scale document analysis
pipelines [10, 11]. These developments further confirm
that effective semantic processing of PDF documents
requires reconstruction of structure that is not explicitly
preserved within the PDF specification itself.

In addition to misconceptions about structure,
PDF is often perceived as a secure and passive format,
particularly in comparison to editable document types.
This perception is misleading. The PDF specification
allows for the inclusion of executable content, such as
embedded JavaScript, interactive forms, and multimedia
elements [1]. Although these features are rarely used in
standard publishing workflows, their existence contra-
dicts the widespread assumption that PDF documents are
inherently inert or immune to security-related concerns.

Taken together, these factors reveal a fundamental
mismatch between the continued reliance on PDF for doc-
ument publication and the growing demand for seman-
tic accessibility, automation, and AI-driven analysis. The
problem addressed in this work arises precisely from this
mismatch: critical knowledge is routinely encapsulated in
a format that neither preserves document semantics nor
supports efficient machine-based processing. As long as
PDF remains the primary publication format, advanced
information access and intelligent document processing
will remain constrained by the need to reconstruct mean-
ing from a representation designed exclusively for visual
consumption.
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3. PDF-to-JSON Service for Struc-
tured Document Extraction
In order to enable effective processing of information

contained in PDF documents, a dedicated PDF-to-JSON
service was designed and implemented. The service was
designed to bridge the gap between presentation-oriented
PDF files and the requirements of automated, machine-
based document processing.

As discussed in the previous sections, PDF doc-
uments do not natively preserve logical or semantic
structure. Instead, they encode content as visually
positioned elements optimised for rendering, which
significantly limits the direct reuse of document content
in automated processing pipelines.

The proposed PDF-to-JSON service extracts textual
content together with associated formatting and spatial
metadata and transforms the extracted information into a
structured JSON representation. This intermediate repre-
sentation enables subsequent processing stages, including
logical structure reconstruction, semantic annotation, and
downstream NLP-based analysis.

Figure 1 presents the processing pipeline adopted
in this work for transforming PDF documents from a
presentation-oriented format into semantically usable
representations. The pipeline explicitly separates three
conceptual layers: the PDF input layer, the structured
intermediate representation, and the semantic processing
layer.

The service processes arbitrary text-based PDF doc-
uments through a multi-stage extraction pipeline. A PDF
document provided as input is parsed to extract low-level
content streams, including character sequences, font at-
tributes, and geometric positioning. Based on this infor-
mation, the service distinguishes between different types
of document elements, including plain text blocks, tables,
and images.

Textual content is extracted together with detailed
formatting metadata, such as font size, font family, text
orientation, and bounding boxes. Each extracted element
is precisely localised within the page coordinate system,
allowing its spatial relationships to other elements to be
preserved. Non-textual elements, including embedded
images and tabular structures, are identified and explicitly
marked in the output representation.

All extracted data are transformed into a uni-
fied JSON structure shown in Figure 2, in which each
document element is represented as an independent
object enriched with content, metadata, and positional
information. This design enables consistent handling
of heterogeneous document components and supports
further automated analysis without direct dependence on

the original PDF format.
The output of the service is a structured JSON docu-

ment that captures the content and layout characteristics
of the source PDF. Each extracted element includes iden-
tifiers for page and block position, bounding box coordi-
nates, content type, and detailed typographic attributes.

By preserving spatial localisation and formatting
metadata, the JSON representation retains information
that is essential for reconstructing higher-level document
structures, such as paragraphs, headers, tables, or logical
sections. At the same time, the representation remains in-
dependent of any specific rendering technology, making
it suitable for integration with downstream processing
components.

The JSON format serves as an intermediate repre-
sentation between presentation-oriented PDF documents
and semantically enriched document models. It provides
a foundation for tasks such as information extraction, in-
dexing, document comparison, and conversion to formats
that explicitly encode logical and semantic structure.

The service is implemented as a RESTful API using
the FastAPI framework, enabling straightforward integra-
tion with external systems and processing pipelines. The
implementation relies on a set of well-established Python
libraries for PDF parsing, data modelling, and numerical
processing.

The service supports the extraction of textual con-
tent from PDF documents together with the identification
and marking of structural and non-textual elements. Its
functionality includes:

▶ extraction of character sequences and text blocks,
▶ identification and annotation of tabular content,
▶ detection and marking of embedded images,
▶ preservation of formatting attributes and spatial local-
isation.

This functional scope is designed to support subsequent
stages of document understanding, including logical
structure reconstruction and semantic annotation.

The quality of the service was evaluated using the
F1 measure, which captures the balance between preci-
sion and recall for the supported extraction tasks. The
evaluation methodology and the definition of individual
metric components are described in a dedicated functional
benchmark.

The benchmark corpus consisted predominantly
of Polish legal documents, which typically exhibit a
high degree of textual density and a lack of interactive
elements, reflecting the characteristic features of legal
texts published in Poland. This choice of evaluation
material ensured that the assessment was aligned with
real-world document processing scenarios in the legal
domain.
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PDF Document
presentation-oriented
glyphs and positioned text
visual layout
no explicit semantics

PDF Parsing and Ex-
traction
text streams
font attributes
bounding boxes
tables and images

Structured JSON
Intermediate Repre-
sentation
content elements
formatting metadata
spatial localisation
element identifiers

Semantic and Logical
Processing
structure reconstruction
semantic annotation
information extraction
indexing and analysis

Figure 1: Processing pipeline for transforming presentation-oriented PDF documents into semantically usable representations.

Based on the conducted benchmark, the service
achieved an F1 score of 0.858, exceeding the assumed
acceptance threshold of F1 = 0.7 [12]. This result indicates
that the service provides reliable extraction of document
content and layout information suitable for further
automated processing.

4. Summary
The achieved F1 score of 0.858 demonstrates that

the proposed PDF-to-JSON service is sufficiently accurate
to support effective information extraction from legal
documents. In practical terms, this level of performance
enables reliable downstream processing, including index-
ing, semantic annotation, and NLP-based analysis of legal
texts published in PDF format.

At the same time, the obtained results highlight a
fundamental limitation that does not originate from the
extraction approach itself, but from the characteristics of
the PDF format. The performance ceiling observed in the
evaluation reflects the loss of semantic and logical infor-
mation that occurs at the moment of document publica-
tion. Once a document is converted into PDF, its original
structure, hierarchy, and functional roles are no longer
explicitly available and must be reconstructed indirectly
from visual layout cues.

From this perspective, an F1 score of 1.0 should be
regarded not as a realistic target for PDF-based process-
ing, but as a theoretical upper bound that could only be
achieved if document semantics were preserved at the
source. While numerous PDF parsing tools exist, they
primarily focus on low-level text extraction or layout
recovery and therefore operate within the same funda-

mental constraints imposed by the presentation-oriented
nature of the format [13]. The need to infer structure from
visual representations inevitably introduces ambiguity
and error, even when advanced extraction and analysis
techniques are applied.

It should also be noted that the current implemen-
tation of the service does not yet support the extraction
of semantic information from certain specialised content
types, such as mathematical or chemical formulas [14].
These structures are particularly challenging in PDF docu-
ments, as they are typically represented as complex visual
compositions rather than as explicit symbolic expressions.
Addressing such cases constitutes an additional and non-
trivial research problem that lies beyond standard text and
layout extraction.

The results presented in this work therefore support
a broader conclusion: while engineering solutions such as
the proposed PDF-to-JSON service can significantly mit-
igate the limitations of PDF-based workflows, they can-
not fully compensate for the semantic degradation inher-
ent in the format itself. Achieving truly lossless document
understanding requires publication models that explicitly
separate content, structure, and presentation and that pre-
serve semantic information throughout the document life-
cycle.

The rapid development of multimodal document
understanding systems and OCR-oriented AI frameworks
additionally highlights the limitations of traditional
presentation-oriented document formats. Modern
approaches increasingly rely on combining textual ex-
traction, visual layout modelling, and semantic inference
in order to compensate for the lack of explicit structural
representation in PDF documents [10, 11]

In this sense, the proposed service should be viewed
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PDFDoc
document: List[Block]

Block
index: int
page_num: int
block_num: int
block_type: int
block_bbox: BBox
content: str
content_type: str
details: SpanDetails | Im-
ageDetails | None
extracted_table: Extract-
edTable | None
label: str | None

SpanDetails
spans_num: int
spans_bbox: BBox
spans_wmode: List[float]
spans_dir: int
size: float
flags: int
font: str
color: int
ascender/descender: float
origin: List[float]
bbox: BBox

ImageDetails
width/height: int
ext: str
colorspace: int
xres/yres: int
bpc: int
transform: List[float]
size: int

ExtractedTable
page_num: int
block_num: int
block_type: int (=2)
table_content:
List[List[str|None]]
table_html: str
bbox: BBox | None
cells: List[List[float]] | None
cells_count: int
row_count/col_count: int

1..*

0..1 0..10..1

BBox (bounding box): Tuple[float, float,
float, float]
(x0, y0, x1, y1) in page coordinates

Figure 2: Schema of the structured JSON representation produced by the PDF-to-JSON service. The document is represented as a list of
content blocks enriched with spatial metadata; block details are specialised for text spans or images, and optional table extraction is provided
when applicable.

not only as a practical tool for processing legacy PDF doc-
uments, but also as empirical evidence of the structural
constraints imposed by treating documents as digital pa-
per. The findings reinforce the need for a transition to-
wards semantically aware document formats and publi-
cation practices, particularly in domains such as law and
public administration, where reliable access to structured
information is essential.
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