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SUMMARY
There are more and more PDF documents available on the internet in recent years due to their capability of reading and rendering. They form a rich resource repository both for academia and for the businesses. However, the lack of logical structure information of PDF documents limits the possibility of automatic information retrieval in many ways. In order to enhance its usability, the logical layout implied in a PDF document, such as title, heading, paragraph, or reference, should be first detected. This project builds on a previous work that has extracted the physical layout information from PDF documents, and aims to detect the logical layout from them. An algorithm of logical layout detection will be created and implemented into well-documented software using Java technology. It will be validated by feeding a large number of documents from the Association for Computational Linguistics Anthology into the software.
1 PROJECT DESCRIPTION
1.1 Background
In the digital age, more and more documents are available in PDF format on the Internet. PDF (Portable Document Format) is a page description language with a powerful rendering capability, which has been widely used for printing and document exchange. PDF documents store a set of rendering instructions, which are the meta-information about the physical structure of a document, to specify where and how on a page each text or image should be printed. Although it is easy to render and convenient to exchange PDF documents across the platform, they do not provide any information about the logical document structure, such as its title, authors, section headings, and figures or tables, which can be beneficial to process the huge amount of information on the web.

The lack of logical structure information of PDF document limits the possibility of automatic information retrieval in many ways. For example, we cannot perform specific queries toward those academic documents in PDF with certain criteria, such as “Author = ‘John Smith’” or “Title LIKE ‘%Mobile Commerce%’”, since this logical information is not specified in those documents. The accuracy of query could be limited. This may also result in a waste of search time for internet search engines when matching the search keywords in the full text, instead of matching with title, abstract, or heading only. On the other hand, if logical structure information is provided, re-formatting can be easily done in an automated manner. Readers can choose preset style sheets or even design their own to reformat the document according to their preference of reading without need to change the original document. In many academic areas, for example linguistics, researchers can do more in-depth analysis, such as the analysis of writing style of a author, characteristics analysis toward the use of title or heading in different domains of document, or merely some basic statistics of contexts, such as the number of paragraphs, sentences, sub-sections, or references.
Therefore, in recent years there have been a large number of research studies on detection or recognition of logical layout information in document images. The process of converting documents images into electronic form is usually referred to as document layout analysis, consisting of physical layout analysis and logical layout analysis. Physical layout analysis refers to the extraction of information about a document’s physical location, boundaries of regions, and physical characteristics, such as text, font size, style or color. This is beyond the discussion of our research. I focus on logical layout analysis, dealing with the detection of the logical layout of a document, such as title, heading, paragraph, figure, or table.

1.2 Aims, Significance and Expected Outcomes
In this project, I will develop and implement an algorithm that detects the logical layout of a document based on the information about the physical structure in XML format given from a corpus of PDF files (physical XML source), which has been done in previous work, and reproduces the document enriched with the logical layout information in XML format (logical XML output). The logical XML output is then used to transform the original document into other formats, such as HTML or simple text by applying different style sheets without losing the document’s logical meaning. Figure 1 illustrates the process of detection and output.
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Figure 1: Process of detection and output

As Lee, Choy and Cho (2003) stated, creating only one model to process all different documents formats is impossible. Therefore, this project will focus on the logical layout analysis of academic documents, such as journal and conference articles. This project will examine at least 100 academic documents from the Association for Computational Linguistics database (the ACL Anthology), consisting of articles from about ten different conferences and one journal in Computational Linguistics.
This project continues from a similar previous study, carried out by a student of this course in 2008. However, this project aims to significantly enhance the accuracy of detection and implement the system in a more understandable and extensible programming paradigm than that study. Therefore, a well-documented Java program that can be integrated into a larger framework will be produced. It will take as input an XML version of a PDF document, annotated with word positions and font information, assign each block of text a logical layout type, such as title, authors, abstract, heading, body, or footnote, and produce a new XML version of the original document. To demonstrate the output quality, this project will also transform the original document into a nicely formatted HTML version using XML logical outcome and a style sheet. Finally, a workshop paper and a technical report containing the summary of accuracy of the detection of logical layout will be produced.
2 RESEARCH METHODOLOGY AND PLAN

2.1 Approach
Mao, Rosenfeld and Kanungo (2003) categorise physical layout detection algorithms found in the literature on document layout analysis into three classes: top-down approaches, bottom-up approaches, and hybrid approaches, while no such categorization exists for the logical layout detection algorithms (LLDA) proposed by the research community. Moreover, the logical layout analysis algorithm will be largely determined by which algorithm is chosen during physical layout analysis and the way it represents the physical layout information. Therefore, during the first stage of project delivery, I will examine those research studies that are most relevant to out project scope and purpose as well as keep in mind that our design for a logical layout detection algorithm should be subject to the physical information contained in the physical XML source. At this stage, I expect to combine grammatical and geometrical approaches to develop the algorithm. Some statistical methods could also be used to assist in identifying the logical layout type for each physical block.

Once the prototype of the LLDA is developed, I will implement the detection software based on it and validate the outcome by feeding a large number of documents from the ACL Anthology into the software. Some changes on the algorithm to enhance the accuracy of detection may be possible during the validation iteration. If the outcome of detection is not satisfactory and it is due to the limitation of physical XML source, it might be a possibility to examine the physical layout analysis and amended to fit with the LLDA. Figure 2 shows the timeline of the project in 12 weeks of duration.
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Figure 2: Timeline of the Project
2.2 Task Plan

Task 1: Literature Review on Logical Layout Detection Algorithms (LLDA)

We will review those research studies dealing with logical layout analysis, and meanwhile consider the physical information extracted by XML physical source, which will be discussed in Task 2.

Task 2: Analysis on the physical XML source

Since the Inferring Document Structure project is based on the physical XML source, which has been produced in previous work, the best strategy to design the algorithm is to analyze the present physical information provided by the physical XML source, and then generate the algorithm based on the analysis result. Figure 3a shows an example of the representation of the physical layout information in the physical XML source. The extraction sequence for the same page of the document is shown in Figure 3b, where the logical layout for each identified block, to be detected by the LLDA is also denoted. In general, the physical XML source sequentially lists each text token with its position and font information, such as x- and y-coordinate where the token starts, font height, style, and size.
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Task 3: Design of the LLDA

The design of the logical layout analysis algorithm will be based on the result of analyzing the physical information from the source file shown in Figure 3. As mentioned earlier, I expect to combine grammatical and geometrical approaches to develop the algorithm, which would apply some rules and statistical methods to identify the logical layout object for each physical block.

The layout types shown in Figure 1b which will be targeted first are: 1) title, 2) authors, 3) abstract heading, 4) abstract, 5) text body with paragraph start and end, 6) footnotes, 7) page numbers, and 8) footers. If time remains, I will attempt to address problems with figures and tables which are not well extracted by XML physical source. However, some noises generated from tables or mathematical formula should not be difficult to remove.

Difficulties of detecting logical layout such as mixture of figure/table caption and body, paragraphs stretching across page or column boundaries, and similar phenomena, will be also addressed and overcome in this stage.

  
Task 4: Implementation of the LLDA

The implementation of the LLDA will be adopting Java technology. The software will be highly object-oriented and well-documented such that it will be easy to understand and extend in the future. The software will consist of several modules: 1) Logical Detection Module, 2) Transformation Module, and 3) Evaluation Module. This stage will implement the first module, which takes as input a source directory containing a batch of the physical XML source files, and generates the logical XML output files.

Task 5: Transformation into HTML format

The Transformation Module will transform the logical XML outcome files into HTML format using one or two preset style sheets.

Task 6: Summary of Accuracy of Detection and Reports

The Evaluation Module will evaluate and summarize the detection outcomes toward the original documents. It will also compare the diction accuracies among those well-extracted physical XML source and those badly-extracted. The conclusion can then be made based on those summarized result to indicate the potential problems of poor detection performance. Finally, I will document the whole process and the results in a workshop paper and technical report.
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