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Abstract. This study explores state-of-the-art approaches for processing PDF
documents, with a focus on analyzing poorly structured restaurant menus. The
focus will be on analyzing poorly structured restaurant menus. Successful
automated processing typically requires well-structured documents, meaning
that aesthetic design must often be sacrificed for machine readability. However,
in case of restaurants, the design of the menu is more valuable than its structure,
that is why the menus are harder to process, due to its poor structure. With the
ability to successfully process the poorly structured PDF documents, further
processing of the documents from other spheres of businesses should become
much easier. A comparative analysis is conducted of structural features in
different types of PDF documents, including legislative acts and academic
publications.

The research is aimed to use machine learning methods in order to overcome
the challenges in automation of data extraction, analysis and structuring.
Solution that has been described in the study is developed to overcome the
problems with poorly structured PDF documents.
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Introduction

The significance of the PDF documents processing automation is explained by the fast
development of digitalization in all spheres of life. It should be emphasized that the PDF document
format possesses a specific structural organization whose characteristics are determined by its
functional purpose. In particular, legislative acts have a clear hierarchical structure, with step-by-
step division into chapters, articles and clauses. Academic publications usually follow strictly
regulated structure, which includes required sections such as: abstract, introduction,
methodology, research results and conclusion. Correct recognition and understanding of such
structure is the main base for developing effective automated document analysis algorithms.

Processing PDF versions of restaurant menus is a difficult task, because most of them are
poorly structured and have non-standard data layout. This difference in formatting makes it hard
to analyze them using machine methods and to use the data in digital systems. In this study, a full
method is suggested. It combines modern NLP tools with machine learning algorithms. The
solution includes a step-by-step process for automatic extraction, structuring, and semantic
analysis. This helps to solve the main problems of working with poorly structured PDF files.

The core challenge addressed in this research can be formulated as follows: given a PDF
document containing a restaurant menu with non-standard layout and mixed content types, the
task is to automatically extract and structure the content into machine-readable format while
preserving semantic relationships between menu elements (categories, dish names, descriptions,
and prices).

Literature review. The research on automating the processing of restaurant menus in PDF
format showed that there is a complex set of technical problems, and many of them are closely
connected. To turn unstructured PDF files into machine-readable format, it is important to
understand modern approaches to document processing.

The main challenge is to correctly separate the main content of the document (Body Text) from
the extra parts (Non-Body Text). These extra parts include not only visible graphic elements, but
also different structural components like headings, footnotes, sidebars, tables, metadata, and other
specific formats of information. Most popular tools like pdftotext and PDFBox can’t properly tell
the difference between these parts, which makes them not very effective for this kind of task. [1].

Alternative solutions, such as PDF extractors that use DBSCAN algorithm, show more advanced
approaches to this problem. They allow to separate text blocks more effectively, taking into
account their semantic and structural connections. However, research shows that even such
advanced methods need careful tuning of parameters and can still have problems when working
with documents that have complicated layout. The problems of understanding PDF structure
continue to push development in document processing technologies, especially in specific cases
like menu digitization, where the complexity of layout and variety of content make the task more
difficult.

In order to properly extract and organize document, there is a sequence of methods. First of
all, for breaking text into text blocks, MuPDF is used. MuPDF works effectively with clinical
documents, which have editable text. This approach enables direct extraction while preserving
structural relationships between content elements.

The system uses a DBSCAN-based clustering algorithmto classify templates by analyzing
spatial distribution patterns of text blocks. The system groups content elements that fall within
aspecified boundary radius into clusters which serveas separate directories for storing
distinctdocument templates. Thealgorithm shows exceptional performance in processing
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documents with changing page layouts through its ability to analyze first and subsequent pages
separately [2]. The dual-path architecture enables precise detection of meaningful textual areas
while performing systematic noise elimination.

The Mask-RCNN architecture achieves advanced segmentation through training on PubLayNet
data using Facebook's Detection framework. The system analyzes 1025x1025 pixel document
pages through a multi-stage workflow:

1. Raster image conversion

2. Semantic region prediction

3. Mask generation for five content classes (subtitles, text, images, tables, lists)
4. Confidence-based classification (70-95% threshold)

Text cells receive appropriate labels when the predicted mask covers 280% of their area,
ensuring precise content categorization. This approach has demonstrated superior performance
in handling complex document layouts with mixed content types [5]. The integration of spatial
clustering with deep learning-based segmentation represents a significant advancement in
document analysis technology, particularly for menu extraction applications requiring high layout
awareness.

Optical character recognition represents a sophisticated technological process for converting
graphical text representations into machine-readable format. Modern OCR systems demonstrate
the capability to process diverse data sources, including scanned paper documents, PDF files, and
digital images, converting them into editable and searchable content.

Contemporary recognition systems like ABBYY FineReader are built upon three fundamental
principles of cognitive perception:

e The principle of integrity (document analysis as a unified structure)
e The principle of purposefulness (context-dependent recognition)
e The principle of adaptability (learning capability)

These principles enable the system to simulate human text perception cognitive processes.
The FineReader processing workflow implements a sequence of interconnected operations: from
initial document layout analysis and structural segmentation to complex character recognition
with multi-hypothesis analysis and verification [3].

The alternative Tesseract platform employs an innovative layout analysis approach based on
detecting document structural elements. The algorithm's key features include:

1. Morphological filtering using the Leptonica library
2. Connected component identification

3. Intelligent text element grouping

4. Heuristic analysis of spatial relationships

However, research [4] has revealed several technological limitations of the system. The most
significant challenges occur when processing:

o Graphic-intensive materials (promotional brochures, flyers)
e Documents with complex background patterns

e Handwritten text forms

e Non-standard typographical solutions

Meanwhile, for standard digital documents with clear typography, the system maintains
consistently high accuracy rates. This selective effectiveness highlights the need for further
algorithm improvements, particularly in processing complex-structured documents and
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handwritten content. The current technological landscape underscores the importance of
developing more robust OCR solutions capable of handling the full spectrum of document types
while maintaining high recognition accuracy across diverse formats [5].

The DBSCAN (Density-Based Spatial Clustering of Applications with Noise) algorithm [14] has
proven particularly suitable for document layout analysis due to its ability to identify clusters of
arbitrary shapes without requiring a predefined number of clusters. Unlike k-means clustering,
DBSCAN can effectively handle noise points and outliers, which is essential when processing menu
documents where decorative elements and non-standard text blocks may appear. The algorithm's
parameter flexibility allows adaptation to various document types by adjusting the epsilon
(neighborhood radius) and minimum points thresholds.

The methodology

The study employed a comprehensive methodology for processing PDF documents,
combining advanced text extraction techniques with machine learning approaches. The workflow
consisted of several key components:

Text Extraction and Preprocessing. The PDFPlumber library (v0.11.8) served as the
foundation for line-based text extraction, providing structured content blocks along with critical
metadata including spatial coordinates, font sizes, and font names. This metadata proved essential
for subsequent analysis and clustering operations, enabling precise identification of document
elements based on their visual properties.

Content Clustering. The DBSCAN algorithm was implemented for intelligent content
categorization, leveraging typographical features as primary clustering parameters. Menu
categories were identified through distinctive font characteristics - typically larger point sizes and
uppercase formatting. The algorithm demonstrated particular effectiveness in:

o Grouping related text elements into logical clusters

o Distinguishing between category headings (larger fonts) and item descriptions
(smaller fonts)

e Maintaining structural relationships between content elements

Experimental Validation. The system was evaluated using a diverse dataset comprising 50-
restaurant menu PDFs from publicly available sources. The test corpus included both scanned and
digitally-born documents to ensure comprehensive assessment of the algorithm's capabilities
across different document types [6].

Performance Metrics. A rigorous evaluation framework was established using standard
information retrieval metrics:

1. Precision (Positive Predictive Value): Measures the proportion of correctly
identified relevant items among all retrieved instances
TP

p . . —
recision —TP T FP

2. Recall (Sensitivity):
Quantifies the system's ability to identify all relevant instances in the dataset
TP
TP + FN
3. F1-Score (Harmonic Mean): Provides balanced assessment combining both
precision and recall

Recall =
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Precision X Recall

F,score = 2 X
1 Precision + Recall

Where:
e TP (True Positives): Correctly identified relevant items
o FP (False Positives): Incorrectly identified irrelevant items
e FN (False Negatives): Missed relevant items
e TN (True Negatives): Correctly rejected irrelevant items
This methodological framework enabled systematic evaluation of the system's
performance across various document types and structures, providing robust metrics for assessing
the effectiveness of the proposed approach [8].

The system architecture diagram proposes following workflow: PDF documents will be
processed via PDFPlumber in order to extract text, then it will be followed with DBSCAN clustering,
based on font characteristics, and it will be followed up by the NLP processing for semantic
categorization.

System Architecture: Menu Extraction Pipeline

PDF Input
{Menu)

Figure 1.System architecture diagram

All experiments were conducted using the following setup:

e Operating system: Windows 11
e Python version: 3.10
e Key libraries: pdfplumber 0.11.8, scikit-learn 1.8.0, numpy 2.3.5, pandas 2.3.3
e Hardware: Intel Core I5, 16 GB RAM

Recent advances in understanding documents have been made with the help of new
architectures that use transformers. These architectures can see both words and pictures at the
same time. The LayoutLM model [9] introduced an innovative approach to pre-learning that
combines text embeddings with two-dimensional positional embeddings derived from the
document layout structure. This approach allows the system to achieve the best results in the tasks
of understanding forms and classifying documents. The architecture has been improved in the
LayoutLMv3 model [10], which includes unified masking of text and images at the pre-training
stage. This improvement provides more stable cross-modal representation learning, allowing the
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system to better understand the relationships between visual and textual elements.

PubLayNet [11] has become a standard benchmark for document layout analysis, including
more than 360,000 document images with annotations for five layout categories. This dataset
allows researchers to train and evaluate their models on a variety of document structures.
DocFormer [12] demonstrated the effectiveness of multimodal transformers that simultaneously
process textual, visual, and spatial features. This combined approach provides improved document
understanding, especially for documents with complex layouts where traditional methods show
limited effectiveness.

Table detection and structure recognition represent another important aspect of document
analysis. CascadeTabNet [14] proposed a cascade network approach for end-to-end table
detection, demonstrating that hierarchical feature extraction can significantly improve the
accuracy of identifying tabular structures in complex documents. This method proved particularly
relevant for menu processing, where price information is often presented in table-like formats.

Findings/Discussion

The experimental evaluation of the developed methodology demonstrated significant
improvements in text extraction accuracy from PDF documents. The integration of Optical
Character Recognition (OCR) and Natural Language Processing (NLP) technologies yielded the
following key performance indicators:
1. Clustering Accuracy. The method achieved a 20% reduction in text element grouping errors
compared to conventional OCR solutions. This improvement proves particularly valuable when
processing documents with complex layouts where precise identification of semantic blocks is
crucial.
2. Segmentation Quality. For documents with intricate layouts, the system demonstrated a 15%
increase in accurate content block separation. This enhancement results from the combined
approach considering both visual text characteristics and semantic features.

100 Performance Comparison of Menu Extraction Methods

95
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OCR + DBSCAN OCR + LayoutLM
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Figure 2.Performance comparison

The clustering diagram of text blocks obtained using font size and DBSCAN is shown below:
3. Text Block Identification. The implementation of the DBSCAN algorithm significantly improved
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recognition and classification of textual elements in multi-page documents. The system effectively
handles structural variations across different pages within a single document [15].

The presented results confirm the advantages of the integrated approach combining modern
computer vision and linguistic analysis technologies. The most notable progress was achieved in
processing complex documents where traditional methods showed substantial limitations. The
quantitative metrics demonstrate consistent improvements across all evaluation parameters, with
the combined OCR+NLP approach outperforming conventional OCR by 11.2 percentage points in
precision, 12.3 points in recall, and 11.8 points in F1-score. These enhancements are particularly
evident when processing documents with non-standard layouts or mixed content types.
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Figure 3.Clusterization with DBSCAN

As it can be seen, the clusters are divided by font sizes, so further extraction by categories, and
dishes names could be done. The categories average font size is 23.47 pt (n=17 blocks), and for
dish items it is 14.52 pt (n=134 blocks). A clear separation between clusters enables reliable
automated content categorization.

Distribution of Font Sizes in Menu Documents
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Figure 4. Distribution of font sizes in menu documents
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The system was evaluated for common extraction errors across 50 menu documents. Table
below shows the reduction in error rates compared to baseline Tesseract OCR:

Table 1. The reduction in error rates compared to baseline Tesseract OCR:

Error Type Baseline Proposed Method Reduction
Missed categories 15 5 67%
Wrong item 22 8 64%
boundaries
Price extraction 18 6 67%
errors
Description merging 25 10 60%

Conclusion

Experimental results confirmed the effectiveness of the proposed approach for analyzing PDF
menus based on clustering text elements by font characteristics. A clear distinction was observed
between category headings (average font size: 23.47 pt) and dish descriptions (14.52 pt), enabling
accurate automated content categorization. However, identified limitations in processing non-
standard formats and complex layouts highlight the need for further methodological
improvements. Future enhancements include optimizing neural network architecture, expanding
training datasets, and developing adaptive preprocessing algorithms to improve system reliability
across diverse document types. These findings establish a foundation for developing more
universal solutions for automated analysis of both structured and semi-structured PDF documents.
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JLH. T'ymuaée amvindarsl Eypazusanvix Yammeulk YHugepcumemi, Acmana, Kazakcmat

PDF ¢aingapsiHaH Masipiep/i MalIMHAJIBIK OKbITY MEH TaOUFH Ti/IAI eHAey
TIC/1epi apKbl/ibl aBTOMATTHI TYP/e€ LIbIFAPY KOHE KYPbLIbIMAY

Angarna. bysn 3eprreyge PDF KyxaTTapblH aBTOMaTTaHABLIPBUIFAH OHJEY[IH 3aMaHayu
TaciZiepi KapacThlpblia/ibl, 9cipece KypblIbIMbI 9JICi3 MelpaMxaHa Ma3ipJiepiH Tajjayfa b6aca
Hasap ayjapbuiafbl. MoTIHAIK JepekTepAl aBTOMATTAHABIPYAbIH  ©3€KTulIiri apTypJi
cajajapAarbl LUOpPJBIK TpaHchopManua ascblHAA 3epTTesefii. 3aHHaMaJblK aKTijep MeH
FBUIBIMM  KapusiJlaHbIMZAp CUAKTBI  apTypai PDF  KyxaTTapblHbIH  KYpbIIBIM/BIK
epeKuieJaiKTepiHe caJblCTbIpMaJbl Taay XKyprisiieni.
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3epTTey Heri3iHeH aBTOMAaTTaH/JbIPbUIFAH JepeKTepli LWbIFapy, KypbLIbIMJAy KoHe
CEMaHTHUKAJbIK TajJay MaceJsieJiepiH lLlellyre apHaafaH Taburu Tingi engey (NLP)
TEXHOJIOTHUSIJIapbl MEH MallMHAJBIK OKBITY 9/iCTepiH OipiKTipeTiH KellleH i a/jicTeMeliK TaciaAi
a3ipJsieyre GafbITTa/lFaH. ¥ChIHbIIFAH lIelliM MelpaMxaHa Ma3ipJsepiHe TOH KYpbLIbIMBbI 9JICi3
PDF Ky»kaTTapblH eHJey/leri leKTeyJaep/i eHcepyAi MaKcaT eTe/|.

Ty#iH ce3gep: PDF Ky>xaTTapblH eH/ey, MaTiH/i Talaybl aBTOMaTTaHAbIPY, KYPbLJIbIMbI
9JICi3 JepeKTep, MelpaMxaHa Ma3ipJepi, Taburu Tingi eHaey (NLP), mMamuHanbIK OKBITY,
JlepeKTep/i LbIFapy, CEeMaHTUKAJbIK TaJlay, KOFaM/blK TaMaKTaHy caJlacblH [UPPIaHbIPY

A.Ill. MamukaHoB*, ’K.b. AxaeBa, A.b.3akupoBa

Eepa3suiickuii HayuoHaavHbulil YHusepcumem um. /L. H.I'ymunéea, Acmana, Kazaxcmax

ABTOMaTHU3UPOBAHHOE U3BJ/IeYEHUE U CTPYKTypHpoBaHHUe MeHI0 u3 PDF-¢aiiioB c
HCN0JIb30BaHHEM METOA0B MAlIMHHOI'0 06y4YeHUsI U 06PAaGOTKHU €eCTECTBEHHOTO SA3bIKA
(NLP).

AHHOTAaMA. 3JTO  WUCCAeOBaHWE  pacCMaTpUBaeT COBpPeMeHHble  MOJAXOAbl K
aBTOMaTU3UpPOBaHHOU o6paboTke PDF-70KyMeHTOB, ¢ 0COOBIM aKIleHTOM Ha aHa/Ju3 cjaabo
CTPYKTYPUPOBAHHBIX pPECTOPAaHHbIX MeHI0. AKTyaJbHOCTb aBTOMaTHU3alLUUM 00pPabOTKHU
TEeKCTOBBIX [aHHbIX aHAJU3UPYETCd B KOHTEKCTe LUPPOBON TpaHcHopMalyu pasJIUYHbIX
oTpacJieil. [I[poBoAUTCA CpaBHUTE/IbHBIA aHA/IU3 CTPYKTYPHBIX 0COOEHHOCTE!N pa3/IMYHbIX TUIIOB
PDF-10KyMeHTOB, BK/Il0Yasi HOpMaTHBHO-NIPaBOBbIe aKThl U Hay4yHble Nybaukauuu. OCHOBHOe
BHHMaHUe B paboTe yzesseTcs pa3pab0TKe UHTETPUPOBAHHOTO METO/L0JI0TUYECKOT0 OAX0/1a,
COYEeTAWILero TEXHOJOrHU 06paboTKU ecTecTBeHHOro sa3bika (NLP) u MeToabl MalIMHHOIO
00y4yeHHUs AJig pellleHUs 3a,a4 aBTOMAaTUYEeCKOT0 U3BJIeYeHHUS JJaHHBIX, UX CTPYKTYPUPOBaHUS U
ceMaHTHU4YecKoro aHasiu3a. [IpesiyiaraeMmoe pelieHre HanpaBJieHO Ha IPe0/I0JIEHUEe OTPAaHUYEHHUH,
CBSI3aHHBIX C 00pPabOTKOW €Jabo CTPYKTypuUpoBaHHbIX PDF-0KyMeHTOB, xapaKTepHBIX AJs
pecTopaHHBIX MEHIO.

KirouyeBsle caoBa: 06pa6oTtka PDF-goKyMeHTOB, aBTOMaTU3aLUsl TEKCTOBOIO aHaJ/IM3a,
c1abo CTPYKTypUPOBaHHbIE JlaHHbIE, pECTOPAaHHbIE MEHIO, 06pab0TKa eCTECTBEHHOTO fI3bIKa
(NLP), mamuHHOe 00y4yeHHe, U3BJieYeHUe JAaHHbIX, CEMAHTHYECKUN aHa/u3, UdpPOBHU3ALUSs
chepbl 061IECTBEHHOTO MUTAHMUSI.
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