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Abstract 

Digital documents have many advantages over their analogue equivalents. However. a sig­

nificant proportion of documents were not created in digital form. In order to obtain the 

advantages of digital documents for existing analogue documents, it is highly desirable to be 

able to convert them into digital form. 

An important part of the process of digitisation is detecting the layout of the document 

to be recognised. Failure to do this correctly has negative consequences for subsequent parts 

of the recognition process. 

In order to spur the development oflayout analysis methods, it is desirable to have a com­

mon evaluation method which can be used to evaluate the results oflayouc analysis on com­

plex documents. However. previous approaches to the problem have issues when dealing with 

more difficult document types, such as those containing colour or complex region shapes. 

This thesis presents a new approach to performance evaluation oflayouc analysis methods 

which is based on a hybrid region-based and pixel-based approach which allows an accurate 

evaluation to be made on complex. modern documents. whatever the colour of the contents. 

The approach provides significant Aexibility in allowing evaluations tailored to specific 

application areas and in increasing the amount of information produced in the evaluation. 

This information is designed to be useful in aiding developers to improve their methods. 
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Chapter I 

Introduction 

1.1 Overview 

There are millions of documents which exist solely in analogue form. Many of the advantages 

of digital documents cannot be applied to these documents. So, in recent years, there has been 

a significant effort aimed at converting these documents into digital form. 

One of the main challenges in digitising these documents is to find the layout of the doc­

ument before recognising the contents. Over the past few decades, a number of approaches 

have been developed which are designed to recognise the layouts of general documents. 

A common feature of many of the methods introduced so far has been that they have been 

tested on individual application-specific datasets and using individual testing methods. This 

means that the results presented for different methods are difficult to compare. 

A number of evaluation methods have been presented to date which aim to provide a 

common method for evaluation. However, the approaches proposed to date have significant 

room for improvement in the areas of efficiency, accuracy and flexibility. 

This thesis presents research into a new performance evaluation method for layout anal­

ysis systems which allows an accurate evaluation to be made on complex modern documents. 

This is specifically tailored to be flexible in dealing with the various uses for layout analysis sys­

tems. It is designed not only to provide a high-level evaluation but also to provide in-depth 

information which may be used by developers to improve their layout analysis systems. 

1 
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1.2 Background 

1.2.1 Documents 

For a large portion of human history, it has been necessary to keep written records in the form 

of documents. Some of the earliest documents which are identifiable as writing in the modern 

sense appeared in ancient Mesopotamia around the year 2600 B.C. in the form of cuneiform 

writing on clay tablets and steler. From the earliest times, documents were used for ceremonial 

purposes, for sending letters and for more mundane purposes such as shopping lists. 

Since documents were created manually by etching in clay, stone or wood, there were no 

practical means of automated reproduction. Where a copy of such a document was required, 

it would be necessary to manually produce a copy in the same way that the original was made. 

The mass production of printed documents did not become feasible until the invention of 

movable type. This was first invented in 1040 A.D. by the Chinese inventor Bi Sheng ( *" Jt ) 
who produced a system of movable clay characters which could be arranged in a frame then 

used to print multiple copies of a document. Although this first attempt proved to be fragile, 

the idea was later improved upon by the Korean Chae Yun-ui (~~-&~) who implemented 

the first metal movable type system in the early 13th century. 

Johannes Gutenberg independently invented a metal movable type system in Germany in 

the mid-15th century. His invention proved to be more successful than previous attempts and 

was quickly being used to mass-produce printed documents. Among the most famous of these 

is the Gutenberg Bible, which consists of 1,282 pages in two volumes; in all, approximately 

180 copies of the books were produced. 

Prior to Gutenberg's invention, books would typically have been copied manually, mean­

ing that copies would be available only to those who could afford to have a copyist produce a 

new copy of the book or produce a copy themselves. The printing press brought about a rev­

olution in duplication. It became possible to produce large numbers of copies of books and 

have them widely distributed. This, in turn, had a significant impact on literacy throughout 

Europe. 

Gutenberg's original invention proved to be durable. The concept of metal movable type 

survived for five centuries, with new technological advances periodically being introduced. 

In 1812, the first steam-powered press was introduced which greatly increased the speed of 

printing and, thus, the number of copies which could be produced. The rotary printing press 

followed in the middle of the 19th century and this contributed to a further increase in pro­

duction. 
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Over the past five millennia of documents, and the past five centuries of printed doc­

uments, the collected knowledge of mankind has been stored in documents. The amount 

of information stored in documents is enormous; large proportions of these are held in the 

world's libraries. One common measure used by libraries to measure the size of their holdings 

is the number of miles of shelf space required to house them. For instance, the Library of 

Congress, the United States' national library, is estimated to contain about 530 shelf miles 

of books, manuscripts and other documents. The British Library is estimated to contain 388 

shelf miles of documents. Estimates of the number of books ever published range from 50 

million to 200 million with another 100,000 new books being published each year. 

1.2.2 Digital documents 

The advent of computer technology in the latter half of the 20th century has brought many 

improvements which can be of significant value in archiving documents. The large and grow­

ing amount of digital storage available today allows millions of documents, which in physical 

form might occupy many miles of shelf space, to be stored in digital form in a relatively small 

physical space. 

Digital technology also brings with it ease of duplication. While the mass copying of 

paper documents requires large expenditures in photocopying and prohibitive amounts of 

raw materials, making digital copies is otten virtually cost-free, potentially allowing millions 

of copies to be made without significant cost. Moreover, while analogue documents are of­

ten subject to wear-and-tear through repeated use and copying, digital copies have no such 

disadvantage, allOwing millions of perfect copies to be made from the same master without 

degradation to the original or the copies. 

The increasing interconnectivity of computers also provides a significant advantage for 

archivists and the users of archives alike. In order to consult paper documents in archives, it 

is otten necessary to travel to the archive or, in cases where this is permitted, to arrange for 

the documents to be shipped across the world. In either case, this is likely to be an expensive 

proposition. With digital copies, however, it is possible for them to be transported around 

the world near-instantaneously and virtually cost-free, potentially allowing large numbers of 

people around the world to consult a single document without significant expense. 

The wider dissemination and ease of storage of digital documents has given rise to ad­

vances in indexing. Indexes for physical documents, such as card catalogues, tend to be quite 

narrow in scope, allowing only for limited per-document meta-data to be stored. Digital tech­

nology makes it possible not only to store meta-data about the document but also to index its 
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full contents. Search engines such as Google and Yahoo make it possible to search the con­

tents of billions of documents instantaneously, returning the documents most relevant to the 

user's query. 

It should be noted that, despite their significant advantages, digital documents do not 

provide a panac~a for the problem of archiVing. While they suffer from few of the disadvan­

tages of paper documents, they have other disadvantages which pose unique problems. The 

long-term storage qualities of paper documents are well-known - paper documents printed 

on suitable materials and stored safely in appropriate conditions may survive for many hun­

dreds of years. The long-term storage capabilities of digital media are less well-known. 

While some digital media may be suitable for long-term storage, it is difficult to estimate 

how long a particular medium will last without thorough testing. Indeed, it is not unknown 

for storage media which are sold as archival media to become unreadable after only a few 

months due to manufacturing error. So, at best, the lifespan of the media is quite uncertain. 

The low cost of digital storage and ease of copying and distribution may bring further ben­

efits from an archival standpoint. It becomes much easier and less expensive to have multiple 

copies of data stored in multiple locations. Such redundancy would improve the likelihood of 

works surviving. Were such measures available in ancient Egypt, they may have prevented the 

enormous loss of data which occurred during the destruction of the Royal Library of Alexan­

dria. 

1.2.3 Conversion to digital form 

During the millennia which constituted the pre-digital age, many millions of documents were 

created and these are stored in libraries and archives around the world. However, since the vast 

majority exist in physical form only, many of the advantages available with digital documents 

may not be applied to them. While digital documents can be automatically searched using 

a search engine such as Google or Yahoo, paper documents cannot. Digital documents may 

be reproduced and widely distributed with minimal cost but analogue documents may be 

reproduced only with a significant amount of materials and effort. 

In order to gain these advantages for the millions of extant physical documents, it is nec­

essary first to convert them into digital form in a process known as Document Image Analysis. 

The following subsection gives an overview of this process. 

The first project aiming to digitise the world's documents, Project Gutenberg[9], began 

in 1971. The goal of the project was to launch the world's first digital library, making available 

public domain books free of charge on the internet. The project began initially with volun­

teers retyping books. However, advances in OCR technology made it possible to digitise 
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books at a far faster rate. To date, the project has digitised and made available almost 30,000 

public domain books, with a further 500 being added each month. 

More recencly, other projects have been started with even more ambitious goals. The 

Google Book Project[28] was started in 2004 with the goal of digitising all of the world's 

books. Partnering with 20 of the world's largest libraries, including the University of Ox­

ford's Bodleian Library and Harvard University Library, as well as a large number of publish­

ers, they are mass-digitising books at the rate of 1 million books per year at an estimated cost 

of$S million per year. 

The Million Book Project[21] run by Carnegie Mellon University with partners in India 

and China had digitised over 1.5 million books before the end of 2007 with a further 7,000 

being scanned per day. A consortium of large libraries and technology companies formed 

the Open Content Alliance which aims to create a freely-available library of public domain 

books. At present, they are scanning 12,000 books per month. 

These mass digitisation projects are currencly at an early stage with many books scanned 

but with significant work to be done to get the scanned documents into indexable, searchable 

text. Recognising a large number of documents in a variety of scripts and languages and of 

ages varying from new to centuries old, is still a significant research problem. The following 

subsection gives an overview of the processes involved. 

1.2.4 Document Image Analysis 

The process of converting paper documents into digital versions is known as Document Image 

Analysis. This process may be divided into a number of steps: 

• Digitisation 

• Layout Analysis 

• Recognition 

Digitisation 

The first stage, digitisation, is the initial capture of the paper document into a digital form. 

This is typically performed with a hardware device such as a scanner or digital camera which 

captures a digital image of the document. It should be noted that the image is a first crude 

representation of the document, being merely a picture of the document, without further 

understanding of the contents. 
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Layout Analysis 

Documents may contain a variety of different types of information. Most documents con­

tain text of some sort, but some may also contain pictures, graphs, drawings and equations. 

Some documents may be entirely composed of a single type of information, while others may 

contain multiple different types of information on a single page. The computer must typi­

cally use a different method to recognise each different type of information. So, before any 

recognition is to take place, it is necessary to separate and identify the different types of in­

formation on a page. This part of the process is known as Document Layout Analysis. This is 

usually further split into three stages: 

• Page Segmentation 

• Region Classification 

• Reading Order Detection 

Take, for example, the document page in Figure 1.1. The page includes several regions 

of text - a headline at the top, a drop capital at the beginning of the first paragraph, several 

paragraphs of body text arranged into columns, and a highlighted quotation. The page in­

cludes a large graphic in the centre around which the body text wraps tightly. It also contains 

separators to divide the two columns. 

6!iii!i"A, .. 

Figure 1.1: An image of a real-world magazine page containing a complex layout, taken from 

the PRImA Layout Analysis Dataset (mpOOI67). 

Dividing the page into its constituent regions is known as Page Segmentation. Once these 

regions have been segmented, it is necessary to identify the type of each region so that it might 
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be passed to the correct recognition method for the given region type. This is referred to as 

region classification. 

For applications where the textual content of the page is to be repurposed, for example 

to provide a web version of a printed document, it is necessary to detect the correct ordering 

of the regions so that text is placed in the correct order. This part of the process is termed 

reading order detection. 

Recognition 

Once the regions have been segmented and labelled, the final stage is to recognise the contents 

of each region. This involves converting the image of that region into a computer-editable, 

human-readable representation. The process used to do this is usually different for each dif­

ferent type of region. 

For instance, the contents of text regions are usually passed to an Optical Character Recog­

nition method which will convert an image of the text region into computer-editable text of 

the contents. Similarly, graphics regions may be passed to a graphics recognition method 

which will attempt to extract a vector graphic representing the graphics region. Image re­

gions may be kept intact or may have further processing applied to identify the contents of 

the image. 

OCR is a relatively mature research area with many commercial OCR products available 

which achieve excellent results for clean, modern documents in latin script. However, there 

is still considerable research into performing OCR on degraded historical documents or for 

non-latin scripts such as Arabic or Chinese. 

1.2.5 Document Layout Analysis 

Document Layout Analysis is the task of segmenting the different regions on the document 

page and finding the type of each of those regions. While this may initially seem like a simple 

task, it is difficult to perform automatically given the diverse range of document types and 

styles. Similarly, given the large number of documents which exist only in analogue form, the 

documents which it may be desirable to analyse may range from clearly printed, clean modern 

documents to highly-degraded historical documents. 

It is crucial to the Document Image Analysis process to correctly segment the regions of 

the page before any further recognition may take place. Recognition methods typically oper­

ate on a single type of information. For example, an Optical Character Recognition method 

will only give meaningful results on a region of text. So, it is necessary to separate regions 
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of a given type from regions of other types in order to obtain meaningful output from the 

Document Image Analysis process. 

Over the past two decades, the area has seen extensive research with a large number of 

new approaches published in the literature. These are summarised in chapter 2. However, 

one of the problems in the area is that new methods are rarely tested using common datasets 

and testing methods, which makes it difficult to form an opinion of the relative strengths of 

individual algorithms as well as the overall maturity of the research area. 

In the scope of the International Conferences on Document Analysis and Recognition, 

Drs. Apostolos Antonacopoulos and Basilis Gatos have run a series of international com­

petitions in the area of Document Layout Analysis in order to test modern layout analysis 

methods using a single dataset and testing methodology. The first, in I CDAR 2001, was de­

voted solely to newspaper page segmentation [8]; the three following competitions in ICDAR 

2003[6], 2005[4] and 2007[5] expanded this to deal with more general documents such as 

technical articles and magazine pages. 

The results of the competitions, discussed in greater detail in the next chapter, showed 

that even modern layout analysis methods had significant difficulties even when dealing with 

clean, modern documents. Thus, there remains significant room for improvement in the area. 

1.3 Research objectives 

In recent times, there has been a move towards developing separate evaluation methods for 

layout analysis which would allow dissimilar layout analysis methods to be evaluated using a 

common method and using a common dataset, providing for true comparability of results. 

Numerous performance evaluation metrics have been proposed in the literature and these are 

discussed in detail in chapter 3. 

The methods proposed to date have several areas for improvement. Typically, such meth­

ods were designed several years ago when research in layout analysis was concentrated more 

on evaluating simpler documents such as journal articles. More general documents, however, 

often contain more complex features, such as irregularly-shaped regions, regions wrapping 

tightly around other regions, and significantly greater use of colour. Layout analysis methods 

have been proposed in the literature to deal with such features. This necessitates an improve­

ment in performance evaluation methods to deal with such complex documents. 

Previous methods typically focused mainly on benchmarking. That is, given a series of 

segmentations detected by a layout analysis method, they focused mainly on calculating ei­

ther a global performance metric or a small number of me tries which represent performance 
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numerically. While such measures may be useful in benchmarking, they are less useful to de­

velopers oflayout analysis methods who require information to allow them to improve their 

methods. In that situation. a more detailed analysis is necessary. 

Document recognition, and document layout analysis. may be used in a wide variety of 

scenarios. Some applications may focus on indexing documents while others may focus on ob­

taining a full digital replicas of documents. Previous performance evaluation methods have 

focused on providing an all-purpose performance metric. However, the strength of a lay­

out analysis method may depend greatly upon the scenario involved. So. it is desirable for a 

performance evaluation method to be able to provide an evaluation tailored to the specific 

application scenario. 

1.4 Key contributions of the research 

This thesis presents a new performance evaluation method based which improves upon pre­

vious approaches in several respects: 

• Accuracy - The new approach is based on a region interval representation which is 

designed to provide an accurate performance evaluation for layout analysis methods. 

• Applicability - This complex representation allows evaluations to be performed even 

for modern, complex documents which may not have been analysed by previous ap­

proaches. 

• Flexibility - The new approach recognises that Document Image Analysis methods 

may be used for a wide variety of applications and that any evaluation must be cus­

tomisable to allow evaluations based on the needs of end-users. 

• Descriptiveness - The new approach is designed with a view not only for performance 

evaluation at a high level, as might be useful to end-users, but also to provide a more 

detailed evaluation which will allow developers of Layout Analysis methods to find the 

strengths & weaknesses of their methods in order to target their development efforts 

• Efficiency - The approach presented here places a premium on efficiency. This is im­

portant to allow results to be obtained quickly and to allow evaluations to be expanded 

more readily to datasets of significant size. 
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1.5 Structure of thesis 

The following chapter will present an overview of the process of Document Layout Analysis 

and a description of some of the more notable layout analysis methods. The third chapter 

will describe previous approaches to performance evaluation as it relates to layout analysis. 

Crucial to the process of performance evaluation is the availability of suitable ground-truth 

datasets; these are discussed in the fourth chapter. The fifth chapter will present a novel region 

comparison method which is used as the foundation of the performance evaluation method 

presented here. The sixth chapter will present the performance evaluation method as a whole 

while chapter seven will provide an in-depth evaluation of the method on a real-world dataset. 

A conclusion will be provided in chapter eight. 



Chapter 2 

Document Layout Analysis 

2.1 Overview 

The previous chapter introduced the background and topic of the thesis. This chapter will 

begin by explaining document layout analysis in greater detail: the importance oflayout anal­

ysis to the document image analysis process, the challenges involved in correctly segmenting 

a document image, a summary of the approaches which have been published to date and a 

discussion of the maturity and open problems of the area. 

2.2 Importance of Document Layout Analysis 

Layout Analysis is a highly-important part of the document recognition process. In the pre­

vious chapter, the Layout Analysis process was divided into the following separate stages: 

• Page Segmentation 

• Region Classification 

• Reading Order Detection 

Taken separately, each of these stages is vital to the later stages of the Document Recogni­

tion process and so they are all extremely important. This section will discuss the importance 

of each of these stages separately. 

2.2.1 Page Segmentation 

Everyday paper documents are typically highly structured and attempting to recognise the 

contents of the document is likely to be impossible without first understanding its structure. 

11 
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In a given document page, the logical relationship of different regions on the page is typically 

conveyed by the physical structure. 

The physical structure is often governed by a series of rules which have evolved over the 

history of type and typesetting. For example, an image's caption is related to an image by being 

placed directly adjacent to it. If two paragraphs are vertically adjacent, then the reader will 

interpret them as following on from each other. If they are horizontally adjacent but slightly 

separated, they will be interpreted as belonging to different columns. If they are physically 

separated by a title, then they will be separated into logically distinct articles. In order to 

obtain a perfect digital representation of a document, it is first necessary to understand its 

structure. 

In some applications, finding the document structure is particularly important. In a con­

tent indexing application, for example, it is vital to find the key items of data for indexing -

particularly headings and image captions. 
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Figure 2.1: Two adjacent columns of text from a document page. 

In addition to finding the structure of a document, segmenting the document into its 

constituent regions is also important for later stages of the Document Recognition process. 

Take, for example, Figure 2.1. This figure contains two regions of text which are logically part 

of the same article. However, if the article as a whole were to be passed to an Optical Character 

Recognition (OCR) method, then the recogniser would simply recognise the characters from 

the left of the image to the right, with text lines from the second column being appended to 

the adjacent text line of the first column_ This would cause the text to be out of order. So, in 

order to ensure that the output from the recogniser is usable, it is necessary to separate the 

different regions of the page. 

2.2.2 Region Classification 

Documents often contain several different types of information. The processes by which a 

computer may recognise each different type of information are widely diverse and typically 

application-specific. 

OCR methods are used co recognise text. If an OCR method is applied to an image 

which contains information other than text, such as a graphic, the results will typically be 
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non-sensical. In that instance, the OCR method will perhaps output some seemingly random 

characters. These will likely correspond to portions of the graphic which are perceived by the 

OCR method to be similar to text. However, the output will not be useful in gaining an 

understanding of the contents of the graphics region. 

Given this, it is vitally important in ensuring a correct output from the document recog­

nition process that document layout analysis is first applied to determine the types of region 

present in the page so that the correct recognition method may be applied in each case. 

Further to this, it is important to separate different regions of different types from each 

other. For instance, it is quite right that a graphiCS region should be passed to a graphics 

recognition method. However, if neighbouring areas of text are passed to the graphics recog­

nition method along with the graphic, then the results will not be an optimal recognition of 

the page. So, it is important to apply layout analysis to separate dissimilar regions from each 

other. 

Given these substantial problems which would occur without performing a proper layout 

analysis of the page, it can be seen that the layout analysis step is a vital and important part of 

the document recognition process. 

2.2.3 Reading Order Detection 

Having already segmented the page into its constituent regions and classified each as being 

of a given type, the final stage of the Layout Analysis process is to detect the correct reading 

order of the page. This is particularly important in applications which involve repurposing 

the information from scanned documents. 

Take, for example, an application involving scanning printed documents in order to make 

them available on the internet. For such applications, it may not be necessary to present the 

text in the exact layout as it appeared in the original printed document. Instead, the goal 

might be to re-present the text as a coherent article on the internet. If the reading order is 

incorrectly detected, then sections of the resulting document will appear out-of-order, ren­

dering the digitised document incoherent. 

Reading order detection may be performed by utilising knowledge of typical document 

structures and the historical typographical rules which form the basis of document structure. 

For example, a document may first be split into articles by utilising detected headings to sepa­

rate articles within the document. The reading order within articles may then be detected by, 

in single-columned documents, simply ordering the regions from top-most to bottom-most. 

In multi-columned documents, columns would be ordered from lett-most to right-most and 

text within each column from top-most to bottom-most, assuming typical conventions for 
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documents written in latin scripts. 

2.3 Problem characteristics 

The problem of correctly segmenting arbitrarily complex document pages is a difficult one 

which has not yet been solved and towards which a considerable amount of research is still 

being performed. This section describes some of the main features in document pages which 

render the task oflayollt analysis a difficult one. 

2.3.1 Layout complexity 

Documents range widely in complexity from the extremely simple to the extremely complex. 

One example of a common document with an extremely simple layout is a fiction book - see 

Figure 2.2a. Such a book typically contains only one column of text with perhaps a header or 

footer containing page numbers and other information. 

At the opposite extreme, an example of a complex document would be a magazine page 

- see Figure 2.2b - which may contain complex features such as text overlapping images, 

non-rectangular regions, text wrapping tightly around images, etc. 
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Figure 2.2: a) The simple layout of a fiction book and b) a relatively complex layout from a 

magazine. 
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Varying region types 

Often it is true that pages containing just one type of information, for example containing 

solely text, are significantly easier to segment. When a page contains only text, then the re­

gions on the page have similar features which make it easier to find the region boundaries. In 

a purely textual page, the size of the connected components on the page will likely be fairly 

similar in all the regions and, using some knowledge of the typical structure of text and the 

regular feature size, it may be simple to identify the gaps between regions. 

However, when a page contains multiple types of information, e.g. text and images or 

text and graphics, the differences between the different types of regions may make it more 

difficult to segment the regions. For instance, in a purely textual page, the gap between ad­

jacent columns may be detectable by using some multiple of the typical inter-word space as a 

threshold. However, the presence of image regions - which typically have fewer but larger 

connected components - would significantly increase the complexity of such a stage. 

Complex layouts 

Many of the earliest layout analysis methods often used global measures such as vertical- and 

horizontal-projection profiles to segment regions. J These were useful in detecting layouts in 

relatively simple documents which contained only rectangular regions. 

However, documents are typically laid out by humans. This means that, rather than being 

structured using some fixed rules, documents often have highly irregular and individual lay­

outs. Many magazine pages, such as the example image in Figure 2.3, contain non-rectangular 

image regions around which the text wraps closely. The global features mentioned in the pre­

vious paragraph are not useful for such images, and more complex methods must be used in 

order to correctly segment such pages. 

2.3.2 General conditions affecting Layout Analysis 

The previous subsection mentioned a number of layout-specific features which cause prob­

lems during layout analysis. However, there are also a number of features which are com­

monly found in document images which cause problems not only with layout analysis but 

also with other stages of the document recognition process. These are described below. 

1 Given a bi-Ievel (black & white) image, a horizontal-projection profile is a histogram, containing one entry 
for each row in the image, with the value of each entry equal to the number of black pixels in the given row. 
As such, the plot will contain peaks on rows with many black pixels and troughs on rows with few or no black 
pixels. The vertical-projection profile is based upon the same concept but using columns instead of rows. 
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Figure 2.3: An example magazine page containing non-rectangular regions. 

Noise 

Noise is a common feature in many fields, such as signal processing. Noise, in document imag­

ing, is any feature of the recorded image which is not present in the original document. This 

may appear for several reasons. It may be caused by electronic noise in the scanner or digital 

camera sensor used for capturing the document. Likewise, it may be an artefact introduced 

at some stage of the document processing - for example, during binarisation. 

Noise in the document image typically takes the form of single-pixel variations in colour. 

In a colour or grayscale image, the noise may make the pixel darker or lighter or, in a binarised 

image, this may cause the pixel involved to be black where it would have been white and where 

its neighbouring pixels are white, or the reverse. Figure 2.4 shows the effects of noise in a 

binarised document image. The black pixels corresponding to actual document contents have 

been faded to gray, leaving the pixels corresponding to noise in black. 

Figure 2.4: A scanned bi-Ievel document image with noise highlighted. 

There are a large number of techniques designed to filter noise from an image. The opti­

mal noise reduction technique for different images may be different - there is no single opti­

mal noise reduction technique. The application of noise reduction may also cause undesired 

artefacts to appear in the image. Ideally, the effect of any given noise reduction technique 



17 CHAPTER 2. DOCUMENT LAYOUT ANALYSIS 

should be to cause fewer problems to the document recognition process than the original 

noise would have; otherwise, the usefulness of the noise reduction technique is questionable. 

Similarly, many layout analysis and recognition techniques include features designed to make 

them robust in the presence of noise or may specify recommended noise filtering techniques. 

Skew 

When placing a document on the scanner bed or in position for being photographed, the doc­

ument is rarely placed at exactly the correct orientation for capture. The deviation between 

the correct angle and the captured angle is known as skew. 

In an ideal document image, the document would be positioned exactly so that the hor­

izontal edge of the document is exactly horizontal in the image and the vertical edge of the 

document is exactly vertical in the image. However, in real-world document scans, this is 

rarely true. In virtually all captured documents, there will be some small degree of skew. In a 

minority of cases, there will be a more significant degree of skew in the image. The likelihood 

and extent of skew in a captured image may depend on the skill of the operator. In applica­

tions designed for use by the general public, a degree of robustness in the presence of skew is 

desirable. 

Shear 

Another problem of document image analysis occurs during the capture oflarge books. For 

large books, it is typically difficult to fully open the book for capture using a flatbed scanner 

or digital camera. Portions of the page nearest to the spine of a large book naturally curve 

towards the spine when opened out, making it impossible to fully flatten the pages before 

scanning. 

In some applications where less valuable books are involved, one solution to this prob­

lem has been simply to physically cut the book pages from the spine. This allows individual 

pages to be removed from the book and scanned fully flat. However, for many books, such 

a destructive approach is not feasible. For rare books of which only a few copies may remain 

- for example, the Gutenberg bibles discussed in the introduction - it is unlikely that the 

owner would permit such a destructive operation. The same may be true for books stored in 

libraries which must still be available for use after digitisation. 

When intact books are scanned, the curvature of the pages towards the spine produces an 

artefact known as shear. The portions of the page nearest the spine will be further away from 

the scanner bed. This causes several effects in the scanned page which are illustrated in Figure 

2.5. 
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The page appears curved, with the portions nearest the outer edge of the book least curved 

and a more dramatic curve on the edge nearest the spine. This causes problems at several 

stages of the image analysis process. Methods attempting to detect regions and text lines in 

documents containing such distortions will not work well if they make the assumption that 

the text lines contained within are straight. Typically, such documents will contain Significant 

curvature which complicates the process of text line and region detection. 

Since the portions of the page nearer the spine are further away from the scan-head, this 

causes these portions to be less well illuminated appearing slightly darker than the rest of the 

page, and potentially out of focus compared to the rest of the page. 

Figure 2.5: a) A side view of a book being scanned and b) the scanned image illustrating the 
effects of shear. 

Irregular illumination 

Documents captured using a flat-bed scanner are typically well and evenly illuminated, except 

where shear is present, as discussed in the previous subsection. For some documents the best 

method for capturing an image is to use a digital camera rather than a flat-bed scanner. Some 

projects select digital cameras over scanners for other reasons, such as the lower labour costs 

and reduced physical damage to books which stem from not having to place a book flat on a 

scanner bed for each page to be scanned. 

When using a digital camera for capture, the lens is necessarily placed some distance away 

from the document in order to reduce spherical distortion, whereas a scan-head would nor­

mally pass extremely close to the document. This presents the problem of lighting the page 

evenly from a distance. Using a scanner, both the sensor and illumination source pass ex­

tremely close to the document allowing a flat document to be illuminated evenly throughout. 

When the document must be illuminated from a distance, however, this may cause some 

areas of the document to be further from the illumination source, resulting in the document 

being unevenly lit. In extreme cases, this may cause difficulties during layout analysis and other 

stages of the image analysis process. 
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2.3.3 Historical documents 

The problems for layout analysis discussed so far in this chapter have focussed on problems 

which are applicable to all documents. In some more specific areas, such as historical docu­

ments, there may be other document features which complicate the Layout Analysis process. 

Historical documents, which may range in age from several decades to several centuries, 

vary significantly more in quality than most modern documents. The quality of historical 

documents depends on a large range of features - the type of material on which they were 

printed, the age of the material, the inks used during printing and the conditions in which 

they were stored. 

Documents which were printed on good quality materials and which have been stored in 

temperature and humidity-controlled conditions may often be of a quality to rival modern 

documents. Where documents have not been adequately stored, the paper upon which they 

were printed may have coloured with age, or the inks used for printing may have faded, making 

the text stand out less from the background. 

Documents held in archives or libraries for significant periods of time are often accessed 

quite frequently. If a document is handled regularly over several centuries, it will receive a 

significant amount of wear and tear. This may cause artefacts to be present in a document 

image which may not appear in more modern documents. For example, page corners may be 

folded, pages may be creased or torn, etc. 

Given these problems, Layout Analysis and Document Recognition for historical docu­

ments is significantly more difficult and is a less mature area at present. 

2.4 Layout analysis to date 

Over the past few decades, a significant number of layout analysis methods have been pro­

posed in the literature. This section provides a description of the different types of layout 

analysis methods with a description of the more notable methods in each category. 

2.4.1 Top-down approaches 

Some of the earliest approaches to Layout Analysis were based on simple, top-down approaches. 

Methods of this type rely upon simple, global document features to detect the divisions in the 

document. The use of such global document features means that methods using this approach 

are capable of segmenting only relatively simple documents, such as technical journals. 
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x-yeut 

In 1993, Nagy, Seth & Viswanathan presented one of the earliest approaches to Document 

Layout Analysis[16] which used the horizontal & vertical projection profiles to decompose 

the document image into individual regions. 

The method operates on a bi-Ievel image of the document page. It begins by calculating 

one of the projection profiles. For example, assume that the horizontal-projection profile 

is calculated initially. An example document image together with a horizontal-projection 

profile is shown in Figure 2.6. This takes the form of a histogram with one entry for each 

row in the image, with the value of each entry being the number of black pixels present in the 

corresponding row of the image. This histogram will contain peaks corresponding to areas of 

text and troughs corresponding to horizontal gaps on the page, e.g. the gap between the page 

title and the body text. 

Once the projection profile has been calculated, the histogram is thresholded, i.e. each 

value of the histogram is set to either 1 or 0 depending on whether the value is above or below 

the threshold used (the calculation of this threshold is not explained). Thus, the thresholded 

projection profile should contain a 1 for rows with some content and a 0 for rows which 

are mostly blank. Figure 2.6 contains an example thresholding of the horizontal projection 

profile. 

This thresholded projection profile is then analysed to find the contiguous segments -

rows of Is or Os. The length of each of these segments is recorded then used to allocate them 

to pre-defined categories which do not have any meaning at this stage. 

The segmentation method requires a user-specified grammar for the particular style of 

page to be segmented. This grammar takes the form of labelled sequences of the categories 

introduced during the previous stage. So, for example, a technical article's front page might 

be described in the vertical direction as a long string of Os representing the gap above the title 

followed by one or more long strings of 1 s separated by smaller strings of Os, representing 

lines in the title and the gaps between. Below that, there may be a medium-sized string of Os 

representing the gap between tide and body text, followed by alternating short strings of Is 

and shorter strings of Os, representing lines of body text and the gaps between them. 

Once each of these strings has been allocated to a category using the horizontal-projection 

profile, the horizontal strips of the page related to those strings may be analysed in the other 

direction, using the vertical-projection profile of just that strip. By performing this process 

recursively, the page is segmented into its constituent regions. 

This method was developed during the early 1990s and was specifically designed to oper­

ate on technical journals. Documents of that type typically have an extremely simple layout, 
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which is otten referred to as "Manhattan" given the similarity to the grid-like layout of the 

streets of Manhattan. Given this, the use of horizontal- and vertical-projection profiles is ac­

ceptable for this type of document. However, this means that many documents with complex 

layouts, i.e. those which cannot be segmented solely by horizontal and vertical cuts, may not 

be segmented with this method. 

Similarly, the method was designed to deal with highly-regular layouts. Technical journals 

typically have quite strict requirements for the layout of articles. They are usually required 

to contain a given set of features, with each feature in a certain place on the page and of a 

certain size. The use of grammars is tailored for this type of layout. However, this means 

that documents which deviate from the expected layout, or documents which do not have a 

predictable layout, may not be segmented by a method of this type. 

One of the disadvantages of the projection-profile-based approach is in the sensitivity to 

noise. Noise in the document may cause noise to be present in the projection profiles. This 

may mean that the detected layout may deviate from the ideal one. The researchers recom­

mend the application of a noise-reduction technique to documents before analysis with this 

method. However, this also causes the removal of smaller features from the page, such as full 

stops and semi-colons. 

The process may not be applied to images containing skew since the method uses horizontal­

and vertical-projection profiles to detect the gaps between regions. Where the page is skewed, 

this may cause gaps between regions to be less well-defined in the projection profiles (or elim­

inate them entirely) and so cause problems with the segmentation. Similarly, such approaches 

may not be applied to documents containing regions of multiple different orientations. 

Image transforms & texture segmentation 

Another early approach to top-down page segmentation was presented by Jain & Bhattachar­

jee in 1993 [10]. Their approach uses whole image transforms in order to detect the texture of 

the different parts of the page then, using the detected textures, classify portions of the image 

into different region types. The page is then split into regions based by grouping connected 

areas of the same region type into individual regions. 

The approach is based on the fact that different region types have different textures. For 

example, if one analyses a text region from top to bottom, one will encounter groups of black 

pixels corresponding to the text lines, separated by slightly smaller groups of white pixels cor­

responding to the gaps between text lines. If one analyses a text region from lett to right, one 

will encounter smaller series of black pixels corresponding to individual characters, separated 

by very small gaps corresponding to the gaps between characters. So, one can determine the 
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type of a region by detecting the frequency & direction of textures in the image. 

With text regions, we will encounter a rapid succession of changes between black and 

white in specific directions. With background regions, i.e. portions of the image with no 

content, one will encounter a homogeneous white texture which will be identical in all direc­

tions. Similarly, with image regions, one would expect to find less homogeneous textures but 

with frequencies far less uniform than is the case with text regions. 

Given these observed properties of document images, this method applies a series of Ga­

bor filters to the original image to create eight textured images. The filters are applied in four 

different directions in the image, 0°, 45°,90° and 135° and, for each of those angles, at two 

different &equencies, the second twice as large as the first. Observing the same pixel in each 

of the eight filtered images allows the frequency & direction of the texture at that point in 

the image to be observed. 

Pixels in the image are then clustered into three groups based on the values in each of 

the eight filtered images, corresponding to text regions, uniform regions (background and 

images with homogeneous textures) and boundaries of uniform regions. The pixels which 

were classified as text are then isolated and grouped into regions by performing connected 

component analysis. 

One of the advantages of this method is that, since it uses filters in a variety of directions. 

the method will operate as designed even in the presence of severe levels of skew. 

Although the method typically extracts actual text regions quite well, it is prone to de­

tecting erroneous text regions from non-text portions of the image where the texture of that 

region, or part of region, is similar to that of a text region. Although the method performs 

quite well when it is only desired to detect between text and non-text/background regions, if 

one desires to segment a larger number of region types, the quality of the results will inevitably 

deteriorate significantly. 

This method, and others of the same type, have also drawn criticism that they are relatively 

time consuming since they require the application of eight full-image transforms for each 

document to be processed, requiring not only a large amount of processing time but also a 

large amount of memory to store eight additional transformed images. 

2.4.2 Bottom-up approaches 

A major criticism of the top-down approaches mentioned in the previous sections is that, due 

to the use of simple global features, they are unable to identify complex-shaped regions. In 

order to increase the range of documents which may be segmented and the accuracy with 

which the segmentation can be performed, a new class of methods was introduced which, 
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rather than using global features, operate by combining small local features from the docu­

ment such as connected components and combine these iteratively to find the regions of the 

document. The smaller, local scale allows such methods to gain a more detailed understand­

ing of the document's structure. 

Document Spectrum, or Docstrum 

In 1993, Dr. O'Gorman[18] published the Document Spectrum approach to page segmen­

tation which uses connected components to segment the page in a bottom-up manner. In a 

bi-Ievel image, a connected component is a contiguous area of the page which is black. So, 

for example, a single letter "P" would be a single connected component whereas a semi-colon 

would be comprised of two connected components, one for each dot. 

Before processing of the docstrum begins by finding the connected components of the 

page, a pre-processing step of noise reduction is performed using a filter designed to remove 

noise while leaving text intact. Once this is done, a connected component analysis is per­

formed on the whole page. Recognising that pages may contain text of differing sizes which 

may need to be treated separately, a histogram of component sizes is calculated in which peaks 

are detected. These are then used to separate the connected components into groups which 

are processed separately in the following stages. 

Operating on a single group of connected components, the k-nearest neighbouring con­

nected components of each connected component are detected, where the distance between 

components is the Euclidean distance between their central points. A value of 5 is suggested 

for k when performing layout analysis. The angle and distance between each connected com­

ponent and its nearest neighbours is recorded. A scatter plot is made of the nearest neighbour 

angle against distance. This plot will display clusters which reveal the angles of text lines, the 

average inter-character spacing, the angle between adjacent text lines and the average inter­

line spacing. 

From these data, histograms of the nearest neighbour angle and nearest neighbour dis­

tance are produced. The peak of the nearest neighbour angle histogram is used to obtain 

a preliminary estimate of the skew angle of the page. Once the orientation of the page is 

known, separate histograms are produced by separating the nearest-neighbour relationships 

into within-line and between-line ones. These may be used to estimate the average inter­

character gap and inter-line gap, respectively. 

The nearest neighbour relationships which are close to the inter-line angle are then used 

to detect the text lines. A linear regression is performed on the centre of the characters in each 

text line to gain a more accurate estimate of the skew angle of the page. 
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The text lines are then grouped into blocks using features such as whether or not they are 

parallel, the perpendicular distance between them and the degree of overlap. 

One particular advantage of the method is that it was designed particularly to be com­

pletely skew-independent. In other words, a document scanned at any angle should be seg­

mented correcdy. Given that skew angles are found independendy for each text line, this 

also allows images containing portions with multiple different skew angles to be segmented 

correcdy. 

One problem with this method is that, during the k-nearest neighbour stage, the value of 

k to be used depends gready on the contents of the page. Using a higher value ofk will increase 

the required processing time while maximising the chance that between-line relationships are 

found correcdy. However, this comes at the risk of accuracy. Using a smaller value of k will 

increase the accuracy but decrease the chance that inter-line angles are found. 

Another problem which is not addressed by the author is the separation of non-textual 

elements. It is recommended that the docstrum method be applied separately to different 

groups of connected components based on size, it does not address whether or not this allows 

graphics of a similar connected component size to be merged with text regions. 

2.4.3 Hybrid approaches 

Although the bottom-up approaches described above allow a more detailed description of the 

document's structure to be obtained, there can be some problems making decisions solely on a 

local scale. Whether or not two components belong in the same region is not just a function 

of the components themselves but of the spacing between them. In order to gain a more 

detailed understanding of the document's structure, methods have been proposed which use 

both global features - such as the spacing between regions - and local features - such as 

the individual connected components which make up regions - to segment the page with a 

greater level of accuracy. 

White Tiles analysis 

In 1994, Dr. Antonacopoulos et al.[I] presented a new document layout analysis method 

which views the document regions as being separated by background space so builds a de­

scription of the background space of the document as a way of identifying the regions of the 

document. 

The method divides background space into two categories. There is white space which 

separates regions and white space which is part of regions, for example, that which separates 
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two vertically-adjacent text lines. The former is considered as interesting while the latter is 

ignored. 

The method differentiates between the two by size, reasoning that vertical gaps between 

adjacent regions ought to be larger than vertical gaps between adjacent text lines. So, the 

method estimates the text-line gap by analysing the distance between peaks in the horizontal­

projection profile. 

This distance is then used to perform a basic image transform termed smearing. This in­

volves reading the document image from top to bottom and setting any continuous runs of 

white which are lower than the detected threshold to black. This has the effect of merging 

vertically-adjacent text lines while preserving larger gaps such as might separate two vertically­

adjacent regions. 

Once the gaps between text-lines have been eliminated, the method begins to build a 

description of the background of the page. It does this by reading the page from left to right 

and top to bottom to find connected runs of white pixels. This begins with the first row 

on the image. When the second row is analysed, the runs are compared with the runs from 

the rows above. If a given run is very similar to one in the previous line, i.e. they are at a 

similar position and size, then the two are merged to form a white tile. If a run overlaps a run 

from the previous row but is of a dissimilar width, then a new white tile is created to hold it. 

This process continues for the whole page until the bottom is reached. Once the process is 

completed, a description of the background has been built up by fitting white tiles into the 

blank space of the document. 

Once the description of the background has been built, the borders of regions are sur­

rounded by white tiles. The outline of the region can be reconstructed by creating a graph 

of these white tiles. There is a node for each white tile and an edge between the nodes of 

vertically-adjacent white tiles. The method uses a novel tracing method to identify minimum 

cycles in the graph which correspond to the outlines of regions. Once a cycle has been de­

tected in the graph, a geometric description of the region outline can be recovered from it. 

Although the method relies upon vertical smearing operations & detecting horizontal 

white runs and white tiles, the method incorporates flexibility which allows non-rectangular 

regions to be identified. The outlines of complex regions are often decomposed into a large 

number of extremely small, perhaps I-pixel-high white tiles. This allows the outline of non­

rectangular regions to be detected accurately. 
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This feature which allows the accurate segmentation of non-rectangular regions also en­

ables the method to segment moderately skewed images with good accuracy. In skewed im­

ages, the size of the inter-line gap needed for the smearing stage often increases. For docu­

ments with a larger degree of skew, the larger smearing value required to join adjacent text­

lines may also cause neighbouring regions to be merged. So, the method works best with 

low-to-moderate amounts of skew, with performance degrading at larger skew angles. 

The usage of global smearing and minimum white tile width values causes difficulty for 

document pages which contain regions of text of significantly different sizes or of significantly 

different line spacing. Take, for example, a document page with a title in a large font and a 

larger amount of body text in a normal sized font. When detecting the inter-line gap, the 

value will usually be optimal for the body text. However, this may cause adjacent lines of 

text in the header not to be merged and so they may be detected by the method as being of 

different regions. 

Segmentation using the Area Voronoi diagram 

In 1998, Dr. Kise et al. [12] presented a new approach to layout analysis which attempted to 

improve upon the docstrum approach described in the previous section. One of the problems 

with the docstum approach is that it requires the value ofk to be specified for the k-nearest 

neighbour processing, but the value of k required depends on the layout of the page. This 

newer approach eliminates the need for this to be specified. 

The Voronoi Diagram, in mathematics, is a diagram which, given a set of points in a 2-

dimensional space, divides the space into a set of regions, one for each point, where the region 

corresponding to each point represents the portions of the space which are closer to that point 

than any other. Each of tllese regions has a boundary which represents the points which are 

equidistant to two points. 

The page segmentation method uses a modified version of this diagram called the Area 

Voronoi Diagram which is based on connected components rather than points. Initially, the 

connected components of the page are calculated in a similar way to the docstrum method 

discussed earlier. Once the connected components are found, a series of points on the out­

lines of connected components are selected. These are used to build a conventional Voronoi 

Diagram. 

Once the conventional voronoi diagram has been constructed, it is converted into an 

area voronoi diagram by deleting from it all edges which separate areas belonging to the same 

connected component. The resulting diagram splits the page into regions around each con­

nected component. In this graph, the region around each connected component will border 
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a number of other regions. For example, a region corresponding to a letter in a word will au­

tomatically border the regions of the adjacent letters in the word, as well as some letters in the 

words above and below. Thus, an analogue of the k-nearest neighbours from the doc strum 

approach has been found, without the need to specify k. 

The edges in the Voronoi Diagram all represent the boundaries between regions. Some 

edges, such as those between adjacent characters in the same word, are not interesting from 

a page segmentation perspective. Other edges, such as those separating adjacent columns of 

text, or those separating a title from the body text, mark the boundaries between regions. 

Thus, the task of segmenting the document image becomes the task of deleting uninteresting 

edges from the area voronoi diagram. If this can be accomplished successfully, the remaining 

edges will be the boundaries of regions. 

The method uses two measures when deciding whether the edge between two connected 

components should be deleted. The first is the area ratio of the two connected components. 

This allows edges between components of widely varying sizes, such as the edge between an 

image and a character of body text, to be retained, while edges between more Similarly-sized 

components may be deleted. 

The second measure is the minimum distance between the two connected components. 

This is used to differentiate between much closer connected components which should be 

part of the same region, such as characters in the same word, and much more distant ones, such 

as two characters in adjacent text columns, which should be separated. This uses a threshold 

calculated from a histogram of connected component distances, similar to that used for the 

docstrum method. 

Once the selected edges have been deleted, the remaining edges relate only to the bound­

aries of regions. 

This method is a novel approach to the page segmentation problem which allows good 

results to be obtained from documents regardless of the skew angle. The segmentations ob­

tained at extremely different skew angles are often virtually identical due to the operation of 

the method. The method performs extremely well on images containing areas with different 

skew angles. 

The authors tested the new method on the University of Washington dataset. They re­

port that the method achieves excellent quality segmentations of body text regions but they 

report much lower results on other text regions (headings, etc.) and non-text regions. The 

lower results for these types of regions may be due to the use of global thresholds for splitting 

connected components based on distance, which would apply less well to regions of atypical 

size. 
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2.5 Maturity of the area 

This area has been the focus of significant research for a long period of time. The recent ap­

proaches described above take into account many of the features found in modern printed 

documents. 

There have been a series of independent assessments oflayout analysis methods published 

in the literature [8][6] [4][5] which have measured the maturity of modern methods on a 

range of complex modern documents. These found that modern methods perform quite well 

on relatively simple document pages but still have significant problems when dealing with 

non-textual regions and more complex features. 

Given this, there is still a significant amount of ongoing research in the area which aims 

to increase the quality oflayout analysis systems and the range of documents to which they 

may be applied. 

2.6 Summary 

This chapter has given a description of document layout analysis and its place in the document 

image analysis process. Some of the problems faced in layout analysis were discussed then a 

description of the different types of layout analysis methods was given along with detailed 

descriptions of some of the notable methods of each type. Following this, a brief description 

of the maturity of the area at this stage was given. The following chapter discusses performance 

evaluation. 
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Chapter 3 

Performance Evaluation 

3.1 Overview 

The previous chapter contained an overview of the area of Document Layout Analysis and a 

brief description of the types of Layout Analysis method in the literature. This chapter dis­

cusses Performance Evaluation, its potential uses, Performance Evaluation methods in Doc­

ument Image Analysis in general and more specifically previous approaches to performance 

evaluation related to Document Layout Analysis. 

3.2 Performance Evaluation 

The area of Document Image Analysis has been the focus of a large amount of research over the 

past several decades and a number of different areas are currently considered to be relatively 

mature, e.g. OCR of modern printed documents, layout analysis of clean, simple documents. 

Since Image Analysis is an area of ongoing SCientific research, when new methods are pre­

sented for publication, they invariably must be accompanied by some evaluation to give an 

idea of the particular advantage of the given method, be it in terms of an increase in recogni­

tion accuracy or an increased range of document types which may be recognised. 

When research in the area is published, it is usually accompanied by such an evalua­

tion. However, a recurring theme among such evaluations is that they are often performed 

on custom-produced, application-specific datasets and using custom performance evaluation 

methodologies. These two facts mean that it is extremely difficult to compare the results of 

any two methods in a given area against each other. 

The use of common representative datasets for evaluating different Image Analysis meth­

ods is extremely important. If two Image Analysis systems are evaluated using a common 

31 
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testing method but using different datasets then the results will not be comparable since the 

relative difficulty of the two datasets is unknown. The topic of common datasets is discussed 

further in the next chapter. 

Similarly, if two Image Analysis systems are compared using a common dataset but sep­

arate evaluation methods, then the results again will not be comparable. So, it is important 

in any area to have a common testing methodology to ensure that the results presented for 

different methods may be compared. 

Performance Evaluation may be required for a number of different purposes: 

Benchmarking 

The simplest application for Performance Evaluation is in providing benchmarks for given 

methods. This entails providing, for a given method, either a statistic or group of statistics 

which quantitatively summarise the performance of the given method. 

Selecting methods for specific uses 

When selecting a Image Analysis methods for a given purpose, the best method to be used 

depends upon the particular use to which it will be put. For one application or specific type 

of document, a given method may produce better results, while for a different application, 

it may perform worse than other methods. When selecting a method for a given use, it is 

necessary to produce a higher level of detail which details the specific problems with a given 

method and the areas for which it is most suited. 

Targeting development effort 

Finally, and perhaps most importandy, is the task for developers of Document Image Analysis 

methods, of improving their methods. For such a task, a wide range of detailed information is 

desirable. It is necessary to know which are the most significant categories of errors produced 

by a method at the current stage of development, the single features which cause the most 

errors in the method, the documents with which the method has the most difficulty, etc. If a 

developer has such information, then it is possible to target the development of the method 

where it is most needed and, ultimately, improve the performance of the method. 

3.3 Performance Evaluation in Document Layout Analysis 

This section discusses the desirable characteristics of Performance Evaluation methods for 

Layout Analysis systems then describes the prior approaches in the area. 
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3.3.1 Desirable characteristics 

There are several characteristics which are important when comparing performance evalua­

tion methods: 

Accuracy 

When evaluating the performance of an Layout Analysis system, it is important that the eval­

uation be performed with a high degree of accuracy. The accuracy of a system is reflected in 

the particular methodology used and the specific data types used. Where evaluation is not 

performed accurately, the results may be misleading, potentially causing problems to be found 

where none exist and none to be found where problems do exist. 

The accuracy depends to a significant extent on the data structures used. A large number 

of documents contain complex-shaped regions so the region representation chosen should 

reflect this. However, some performance evaluation methods still rely on bounding box rep­

resentations for region outlines. 

Similarly, the accuracy of an evaluation depends on the accuracy of the ground-truth used. 

The ground-truth should be the perfect digital representation of the detected layout. So, it 

is necessary to ensure that the schema used for the ground-truth is capable of describing ac­

curately the regions of the page. Some datasets still rely on bounding-box representations 

which will negatively affect the accuracy of evaluations based on them for documents con­

taining non-rectangular regions. 

Applicability 

It is similarly important for performance evaluation methods to be applicable to as broad a 

range of documents as is feasible. As described in the section on accuracy above, it is im­

portant for the methodology and data structures chosen to be capable of reflecting all the 

complex features which may be encountered in a modern document page. Where a method 

cannot accurately describe the full contents of a given document, then it cannot provide an 

accurate evaluation of that document. 

This is important in evaluating Layout Analysis systems to the fullest extent. If a per­

formance evaluation method cannot operate on complex documents, then it will be possible 

only to evaluate Layout Analysis systems on simpler documents. This will result in the system 

to be evaluated receiving less scrutiny than is desirable, potentially giving the system a higher 

score when a lower one might be more appropriate and missing problems in the system due 

to the lack of more complex features in the dataset used for evaluation. 
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Descriptiveness 

Earlier in this chapter, the potential uses of performance evaluation methods were discussed. 

Rather than simply providing a single statistic for an evaluation, as might be adequate in a 

benchmarking scenario, it is often desirable to provide a more detailed assessment of a system, 

in terms of the different types of errors made, the most severe errors, the documents which 

pose the greatest difficulty, etc. This is particularly the case when the system is being used by 

developers who require information to further the development of their algorithms. So, it is 

a desirable feature of any performance evaluation system for the output to be as descriptive as 

possible. 

Flexibility 

Document Layout Analysis methods, and Document Image Analysis methods in general, are 

often used for a wide variety of applications in a wide variety of organisations. Each of these 

different applications may place different requirements upon the methods involved. For in­

stance, in an indexing application, it may be important to be able to accurately detect the 

titles and bylines of articles, while other parts may be less important. In an image indexing 

application, it may be important to segment images, their captions and copyright details while 

ignoring other features. In an archival situation, it may be important to capture all aspects of 

a document correctly. 

Given the wide variety of applications for Layout Analysis methods and document types 

upon which they operate, it is likely that no specific Layout Analysis method will be opti­

mal for all of those applications and document types. Instead, some methods may display 

strengths in particular areas and thus be more adapted for a specific application area. So, it is 

desirable for a performance evaluation method to take this into account and be able to eval­

uate documents according to how well they meet the requirements for specific application 

areas. 

3.4 Review of Performance Evaluation methods 

3.4.1 Overview 

There have been a wide variety of Performance Evaluation methods proposed in the literature. 

The previous approaches may be divided into three categories: OCR output-based, image­

based and region-based. 
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The earliest methods were intended to operate on the layout analysis modules of com­

mercial OCR systems. They operated on the text of the complete output of the OCR pro­

cess. Since they operated on text only, they were unable to provide a full evaluation of pages 

containing non-text regions. 

Image-based performance evaluation methods were proposed in order to expand perfor­

mance evaluation to documents containing any type of region. These methods describe re­

gions in binary documents as the set of black pixels contained inside them. The main problem 

with such methods is that they operate accurately only for pages consisting of black content 

on white backgrounds. For documents containing full colour images or other colours of text 

and background, such methods may not perform optimally. 

The final category of methods are called region-based. Such methods rely solely on geo­

metric comparisons of regions from the ground-truth and segmentation, without referring to 

the image. This allows evaluation to be expanded to documents containing all region types 

and operate as intended regardless of the contents of the regions. However, region-based 

approaches are currently less well-developed and are largely based on bounding box represen­

tations, which preclude the use of existing methods for evaluating more complex documents. 

This section gives a description of each of these types of method and gives an in-depth 

description of the specific methods in each category. 

3.4.2 OCR output-based Performance Evaluation 

The earliest methods for performance evaluation were designed for evaluating the Layout 

Analysis modules of commercial OCR systems. Since the systems were only available to re­

searchers as a black box, the performance evaluation could only be performed on the OCR 

output of the systems. While these have the advantage that they may be used to evaluate 

the black box commercial systems for which they were designed, they do not provide a di­

rect assessment of Layout Analysis, so the results may be affected by the subsequent OCR 

stage. Since they rely upon OCR systems, they are not capable of evaluating standalone lay­

out analysis methods, as may be designed by researchers. The use of text matching precludes 

the correct evaluation of any page containing non-textual elements or containing a script for 

which no OCR method is available. 

Kanai, Rice, Nartker & Nagy 

One of the earliest attempts at performance evaluation specifically related to document lay­

out analysis was the system developed by Kanai, Rice, Nartker and Nagy at the University of 

Nevada at Las Vegas[ll]. 
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The focus of the research was the evaluation of the layout analysis modules of commercial 

OCR systems. Given that they were dealing exclusively with commercial OCR systems, they 

did not have any access to the internal workings of the systems. Rather. the systems could be 

treated only as black boxes. meaning that all results had to be inferred from the textual Output 

of the complete process of Layout Analysis followed by OCR. 

The OCR systems under evaluation allowed the OCR process to be run either with an 

automated layout analysis step or allowed a human operator to supply a manually-entered 

layout for the page. The researchers took advantage of this fact to allow the layout analyser 

itself to be evaluated. 

The input to the evaluation system is a pair of strings, representing the segmentation and 

the ground-truth. The segmentation string is the textual output of the OCR system when run 

using the automatic layout analyser, while the ground-truth string contains the textual output 

of the system when the layout is manually supplied by a human operator. 

Since the focus of the research is mainly OCR systems, the evaluation is tailored towards 

this goal. The idea behind the system is that the goal of OCR is to extract from an image 

the correct text in the correct order. Using automated segmentation, where the segmentation 

does not perform perfectly, the text string output from the OCR system will differ in some 

way from the ground-truth string. Some parts may be omitted, some non-textual parts may 

have been inadvertently included in the OCR process and parts of the text may appear in an 

incorrect order. 

Assuming that the goal of OCR is to recover the text from a document without error, then 

any imperfections during OCR process (and the layout analysis process in particular) will 

require some further corrections by a human operator. which means incurring some cost. This 

evaluation system measures the performance of a method in terms of the editing operations 

which must be made by a human operator in order to correct the segmentation text string. 

These corrections are broken down into several different operations: 

• Moving portions of text to a different position in the document 

• Deleting some text which does not belong in the document 

• Inserting text into the document which has been mistakenly omitted 

For each of the operations mentioned above, the system allows the user to supply an as­

sociated cost which means the system can be evaluated in terms of the real-world cost of cor­

recting mistakes made during the layout analysis step. 

In order to 6nd the cost of correcting the segmentation text into the ground-truth, the 

system begins by 6nding the longest common substring of the two strings. This is marked as 
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the first match. It then continues to find the next longest common unmatched substrings of 

the two strings and continues until all the common unmatched substrings have been found. 

Then, the only unmatched substrings in the ground-truth correspond to substrings which 

need to be manually re-typed in the segmentation string. Likewise, the remaining unmatched 

substrings in the segmentation string (Le. which have no equivalent in the ground-truth) 

correspond to strings which need to be deleted from the segmentation string. So, these are 

recorded as insertions and deletions, respectively. 

One of the chief advantages of this type of system is that, since it operates on the textual 

output of an OCR system, it is capable of evaluating the performance of commercial OCR 

systems from which it is not normally possible to extract the results of page segmentation. 

In that respect, this may provide the most detailed evaluation possible of commercial OCR 

systems which do not provide details of the page segmentation process. 

This method also has a number of flaws. Given that it operates solely on the textual out­

put, it is not capable of evaluating segmentation of non-text regions such as images, graphics 

and separators. On pages containing such contents, the only evaluations possible with such a 

system will be incomplete ones. 

Another problem arising from the evaluation based on text output means that the system 

can only be used on complete OCR systems. Given the aims of the research, i.e. gaining an 

understanding of the relative strengths of commercial OCR systems, this is understandable 

but it precludes the system from being used to evaluate methods produced by researchers 

which do not necessarily come with an attached OCR system. Given the reliance on the 

OCR stage, such methods are unable to provide evaluations for textual documents containing 

scripts which are not OCRable. 

Another potential criticism is that the focus on manual editing operations is now slightly 

outdated. The original expectation was that document image analysis systems were to be used 

in conjunction with human proofreaders. Today, however, the focus of document image anal­

ysis has shifted towards large-scale digitisation projects such as those mentioned in chapter 

1. When ?ealing with the digitisation of millions of books, human post-correction becomes 

economically unviable. The de-emphaSis of manual post-correction means that evaluating 

layout analysis methods in terms of the cost of post-correction no longer provides a useful 

measurement of performance. 

3.4.3 Pixel-based performance evaluation 

In order to address the problems with the OCR output-based methods described above, a 

new class of performance evaluation methods was developed which focused on evaluating 
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the Layout Analysis stage directly rather than making inferences from OCR results. These 

methods take the view that, when a document is described as a bi-Ievel image, the actual con­

tents of the page are stored in the black pixels while the white pixels of the image represented 

the document background. When the primary focus of Document Image Analysis was sim­

pler documents such as technical journals which consisted, predominately, of black text on a 

white page, this was understandable. However, for more complex documents containing text 

and backgrounds of differing colours and multi-colour images, such approaches may not be 

as accurate as might be desired. 

Yanikoglu & Vincent 

In 1997, Yanikoglu and Vincent[ 29] presented the Pink Panther system for ground-truthing 

and performance evaluation of Document Layout Analysis. The performance evaluation as­

pect was based on an image-based approach. 

In contrast to the previous approaches based on string matching of OCR results, this 

method was based on the contents of the regions. The system takes the view that the page's 

useful content is stored in its black pixels, while the white pixels comprise the page back­

ground. A region in the ground-truth or segmentation is described not by the geometrical 

outline of the region but by the set of black pixels included within. 

The method begins by making a reduced-resolution region map which is a labelled image 

specifying to which regions in the ground-truth and segmentation a given pixel belongs. 

Region correspondences are detected by scanning through the region map for each seg­

mentation and ground-truth pair whose bounding boxes overlap and calculating the number 

of black pixels involved in the overlap. A match score is calculated for each pair which is calcu­

lated as the percentage of the ground-truth region's black pixels covered by the segmentation 

region minus the percentage of black pixels of the segmentation region which fall outside 

of the ground-truth region. This provides a measure of how well a ground-truth region is 

matched by a given segmentation region. 

Once the region correspondences have been detected, they are allocated into categories: 

wrongly-detected, missed, horizontally split, vertically split, horizontally merged, vertically 

merged or mislabelled. 

The user has the opportunity to specify weightings for each type of error and each type of 

region. Similarly, the costs of each error can be selected by the user as being weighted either 

just by a count of regions, the height of the involved regions and the on-pixel area of the 

regions involved. 

This method is one of the most advanced performance evaluation methods presented to 
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date. It allows significant flexibility so the user can receive an evaluation which is tailored to 

a specific application area. Similarly, the method allows results to be weighted by the black 

pixel area of the regions involved, meaning that errors involving larger regions will be more 

highly weighted than those involving smaller regions. 

The principal disadvantage to this method is that it relies upon black pixel matching. 

Black pixel matching makes the assumption that the page's contents are stored in the black 

pixels of the image. Take, for example, a full colour image of a sunset. Typically, there would 

be a red sky with a glowing sun in the centre and the landscape in green beneath it. When 

such an image is binarised, different parts of the image will become black or white. For in­

stance, the sun would probably become white. However, the sun was a useful part of the 

image, potentially even the most important part. However, if that portion of the image be­

comes white in the binarisation, it will be ignored by methods using on-pixel matching due 

to the assumption that the useful content of the page is black. As Document Image Anal­

ysis moves more towards operating on colour images and more complex colour documents, 

such assumptions make less sense. For documents containing more than black text on white 

backgrounds, methods based on black-pixel matching may cause the results to be weighted 

too heavily towards a particular region type or fail to detect genuine errors. 

Thulke. Margner & Dengel 

In 1998, Thulke et al.[2S] proposed an image-based approach to performance evaluation of 

segmentation results. Their proposed method was generalised in that it could be applied to 

the full range of segmentation tasks. including character segmentation, as well as page seg­

mentation. 

Similar to the previous approach, the method uses an image-based approach in order to 

perform a true evaluation oflayout analysis, compared with earlier text-based approaches. 

The matching begins by dividing the image into disjoint sets of black pixels, one set for 

each ground-truth region. The process is then repeated for the segmentation regions. Cor­

respondences between regions may then be discovered by finding intersections between the 

ground-truth sets and the segmentation sets. Where the intersection between a ground-truth 

set and a segmentation set is empty. the regions have no overlap. Where the intersection be­

tween the two is not empty, then there is some overlap. 

The overlaps are classified into a number of groups corresponding to one-to-one matches 

where exactly one ground-truth region overlaps a given segmentation region, many-to-one 
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matches where a ground-truth region is split into multiple segmentation regions, one-to­

many matches where several ground-truth regions are merged by a single segmentation re­

gion and many-to-many matches where multiple ground-truth and segmentation regions are 

overlapping. The method also detects ground-truth segments with no overlapping segmenta­

tion segments (missed) and segmentation segments which overlap no ground-truth regions 

(wrongly detected). 

These errors are then divided into 19 separate classes of various combinations of merges, 

splits, wrongly detected background, wrongly detected noise, etc. Statistics are then output 

based on the number of regions falling into each of these categories. 

As one of the earliest image-based performance evaluation methods, this method pro­

vided a distinct improvement over the prior text-based evaluation methods. With such meth­

ods, it became possible to evaluate pages containing non-text regions such as separators, graph­

ics and images. However, the system was intended to be a general approach and is designed 

accordingly. Therefore, the system only differentiates between background, noise and con­

tent regions. Regions are not divided into different categories such as text and images. There­

fore, it is impossible for the method to judge the magnitude of errors from a page segmen­

tation viewpoint. So, merges are all considered as merges regardless of whether they involve 

regions of different types or the same type or whether merges between text regions occur 

within columns or across columns. 

The output statistics are based solely on a count of regions falling into each category. Un­

fortunately, the system does not classify errors according to the size or importance of the 

regions involved. A merge between two small regions would be weighted exactly the same as 

a merge between two large regions. There is also no provision for flexibility for the system by 

allowing application-specific weightings to be specified by the user. 

The use of the black pixel region contents is adequate to deal with simpler documents 

which consist solely of black information on a white background. The usefulness of this is 

brought into question when modern colour documents are involved. For pages with non­

textual regions, the method will give results which may not take into account the full content 

of the page. Images in particular are likely to contain a variety of light and dark parts which 

will variously be binarised into white and black. So, useful contents of the page may be ig­

nored by this method if they binarise to white. Additionally, in many modern documents, it 

is not unusual to find pages which have differing background and text colours. Such methods 

may not be able to cope with this. 
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Gatos & Antonacopoulos 

A series of competitions in the area have been run by Drs. Gatos and Antonacopoulos [8] [6] [4] [S] 

in the scope of the International Conferences on Document Analysis and Recognition which 

aim to determine the current state of the area. 

The competitions use a pixel-based matching algorithm which begins by creating a match 

score table for each pair of ground-truth region and segmentation region in the documents 

to be compared. For each of those pairs. the relevant cell in the match score table is set to a 

value which is the number of black pixels in the intersection of the two regions. divided by 

the number of black pixels in the union of the two regions. Effectively. this match score will 

range from 0 when the regions have no intersection at all to 1 when the two regions overlap 

perfectly. 

This match score table is then used to detect a number of matches between the ground­

truth and segmentation regions. The number of one-to-one matches is detected, the number 

of many-to-one matches. one-to-many matches and many-to-many matches. These statistics 

are calculated from both the ground-truth perspective and the segmentation perspective and 

these are used to calculate a detection rate for the ground-truth and a recognition accuracy 

for the segmentation by multiplying the percentage of regions involved in the given type of 

error by a user-specified weight for that type of error. The two statistics are then combined 

to produce an overall error detection metric (EDM) for each region type and then an overall 

segmentation metric which is an average of the region-specific ED Ms weighted by the number 

of regions of that type in the dataset. The latter two statistics are those which are used for 

judging the competition. 

Since the competition is based on a pixel-matching approach. the same criticisms which 

apply to other pixel-matching approaches, also apply to it. One should note that there is a 

certain degree of inaccuracy in the competition results. Firstly, when the match score table is 

being used to detect matchings between regions, a threshold is used to detect overlaps which 

are considered to be less important. These are discarded for the final evaluation, meaning that 

regions could potentially be merged or split but ignored by the evaluation method. 

When producing the final statistics. the errors are weighted only by the number of regions 

of that type in the dataset, rather than by the area of those regions. This can lead to results 

being inappropriately weighted towards regions which are less important. 

This section has dealt exclusively with the evaluation method used for the page segmen­

tation competitions. More details on the running of the competition, as well as results, are 

shown in section 3. S. 
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Shafait, Keysers & Breuel 

In 2006, Shafait, Keysers and Breuel[23] presented a new approach to performance evalua­

tion which is similar to the previous types of on-pixel matching techniques but simplifies the 

process by using standard image files to store ground-truth and segmentation data. 

Rather than having a direct description of the region outlines, their region description 

takes the form of a colour image which shows, for each pixel, the region to which it belongs. 

Each region in the ground-truth is allocated a unique colour. Then, each pixel belonging to 

a given region is set to the given colour. Where a pixel is not part of any region, it is set to 

white. 

Such an approach has several attractive features. The use of standard, previously-existing 

image formats allows existing software to support the format with little effort, making use of 

widely-available libraries. The format also allows complex region shapes to be described. 

The ground-truth format does, however, have some drawbacks which reduce its useful­

ness for performance evaluation purposes. Since it uses a standard image format for storage, 

this means it cannot contain any document- or region-level meta-data. Even simple region 

types (e.g. text, graphic or separator) are not included which precludes using the format for 

evaluating region labelling, a crucial part of the document layout analysis process. The absence 

of region-level meta-data also precludes using the document format for a more fine-grained 

analysis. 

Since both the ground-truth and segmentation are described as images, the detection of 

overlaps between ground-truth and segmentation regions is as simple as checking each pixel in 

the ground-truth image and comparing it to the same pixel in the segmentation image. During 

this process, a weighted bipartite graph is constructed. This has a node on the left side for each 

region in the ground-truth and a node on the right side for each region in the segmentation. 

Then, an edge is drawn between the ground-truth node on the left and the segmentation node 

on the right for each pair of ground-truth region and segmentation region which overlap. The 

edge is assigned a weight which represents the area of the overlap as measured by the number 

of black pixels. An example of the constructed graph is shown in Figure 3.1 . 

The construction of this graph may be performed in a single pass over the two images 

so the time complexity of the graph construction is approximately linear. However, an av­

erage image is likely to have around 6 million pixels, meaning that the graph construction 

will likely take significantly longer than performance evaluation methods operating on more 

compressed document representations representing only region outlines. 

Once the graph has been constructed, the method calculates several metrics from the 

graph which are used to describe the quality of the segmentation: 
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Ground-Truth Segmentation 
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Figure 3.1: The region correspondence graph which shows the ground-truth regions and their 
overlapping segmentations, and vice versa. The edge labels show the number of pixels involved 
in an overlap. 

• Total Over-segmentations - the number of significant edges connected to ground­

truth nodes, minus the number of ground-truth nodes 

• Total Under-segmentations - the number of significant edges connected to segmenta­

tion nodes, minus the number of segmentation nodes 

• Over-segmented components - the number of ground-truth components with more 

than one significant edge 

• Under-segmented components - the number of segmentation components with more 

than one significant edge 

• Missed components - ground-truth nodes matched only against the background 

• False alarms - segmentation nodes matched only against the background 

This method provides a novel approach to region representation which allows complex 

region shapes to be described. The choice of images for the region representation provides 

both advantages and disadvantages. The images used are pars able by widely-available libraries 

so it would be trivial for existing applications to add support for this format. 

The use of images also has a major disadvantage in that they do not contain any further 

metadata which is important for making a flexible and accurate evaluation. There is no region­

level metadata available, nor is any information on the correct region orders available. So, for 

instance, the method cannot distinguish merges between different region types from merges 

of identical region types. 

The use of black-pixel matching, albeit in a somewhat novel form, means that this method 

suffers from the same disadvantages of other pixel-based evaluation systems. 
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3.4.4 Geometric Performance Evaluation methods 

The image-based performance evaluation methods described previously are not ideal for eval­

uating documents which do not consist solely of black text on a white background. In order 

to improve accuracy and increase the domain of documents to which they may be applied, 

a third category of performance evaluation method was introduced which evaluate perfor­

mance based on the actual regions involved rather than their contents. These methods may 

be applied equally well to colour documents and bi-Ievel ones but, so far, little research has 

been performed in this area. Current methods are incapable of dealing with the complex 

region shapes present in modern documents. 

Liang, Phillips & Haralick 

In 1997, Liang, Phillips & Haralick[13] presented a new performance evaluation metric de­

signed to evaluate layout analysis methods with the University of Washington dataset which 

is discussed further in the following chapter. 

This method accepts a ground-truth as a series of bounding boxes and a segmentation of 

the page also given as a series of bounding boxes. The method begins by comparing each pair 

of ground-truth and segmentation regions. Two metrics are computed which represent the 

size of the match, if any, between them. These are calculated as the area of the overlap between 

the ground-truth region and the segmentation region divided by the area of the ground-truth 

and segmentation, respectively. These are used to build two tables which specify the corre­

spondences between all the regions in the ground-truth and the segmentation. 

These tables are then used to check, using imperfect matching, whether regions from 

the ground-truth are well-matched in the segmentation (correctly detected), missed, split or 

merged with another ground-truth region or whether the segmentation contains any regions 

which do not correspond to anything in the ground-truth. 

A series of weights are then used to weight the numbers of each type of error to form a 

weighted average which is used as a cost function. 

This marks one of the earliest pure region-based evaluation methods to be presented. The 

method is intentionally kept relatively generic so that it may be applied to a variety of tasks, 

including word segmentation, line segmentation and text block segmentation. 

However, the generic nature means that it is missing some key features which are required 

for performing a detailed evaluation of layout analysis. The method does not differentiate 

between regions of different types. So, for instance, if a text region were to be misdetected as 

an image region, the method would record this only as a correct identification. 

When calculating the error metric, the method only takes into account the raw number 



45 CHAPTER 3. PERFORMANCE EVALUATION 

of errors. The method does allow different weights to be specified based on the direction of 

merges and splits but does not make any further attempt to judge the significance of each 

error. 

Antonacopoulos & Brough 

In 1999, Antonacopoulos and Brough[3] published a method which introduced a region 

description to performance evaluation of layout analysis. Previous region-based evaluation 

methods had been based solely on bounding box representations of regions. Comparisons 

between such regions are extremely efficient but they are lacking in the ability to represent 

complex-shaped regions. 

The region representation proposed by the authors is termed region intervals. This in­

volves dividing each non-rectangular region into a series of rectangles. The method uses a 

global interval structure which splits the rectangles from each region so that the top and bot­

tom edges align with similar edges belonging to other regions. This allows relatively complex 

documents to be described using a simple representation. 

The paper proposes two approaches to comparison. The first is called the maximal poly­

gons approach. For each region, a maximal polygon is constructed around it such that it fills 

the surrounding background space. In order to check whether or not a segmentation region 

matches the given ground-truth region, it is necessary to check that the segmentation region 

falls within the maximal bounding polygon. If it does, then the segmentation region has not 

merged the ground-truth region with any others. It also presents a reverse approach which 

is based on the same principle but attempts to match ground-truth regions to segmentation 

regions. 

This presents a proposal for a method but the paper describes the novel region representa­

tion and the method of region comparison. Since the region representation and comparison 

technique were proposed, no further work was done on the project. Although development 

on this particular method did not continue, the concept of the global region interval is at the 

foundation of the method presented in this thesis. 

Peng, Chen, Liu, Ding & Zheng 

In 2001, Peng, et al. [19] at Tsinghua University presented one of the most recent pure region­

based evaluation methods. The method is region-based because, unlike the methods described 

earlier which use the on-pixel contents of the regions to perform their evaluation, this method 

performs its evaluation geometrically, referring solely to the ground-truth and segmentation 

regions. 
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The region description used for the evaluadon is the bounding reccangle. This has several 

advamages over more complex region descriptions. The represemation is extremely space­

efficiem as, for each region described, it requires just the co-ordinates of the top-left and 

bottom-right corners to be stored. 

Similarly, the simple represemation makes region comparisons very efficient. Given the 

bounding boxes of two regions, it is almost trivial to check whether one is contained within 

the other, or whether part of a region is not included in the other, and the extent of any mis­

takes. The simple representation also reduces the cost of ground-truthing, either reducing 

the amount of time needed to ground-truth a given number of documents, or increasing the 

number of ground-truths which can be produced in a given time. 

The chief disadvantage of the bounding box represemation is in terms of its flexibility. 

Modern documents contain a large number of regions which cannot be accurately repre­

sented by bounding boxes alone. The authors specifically select the bounding box representa­

tion because it aims to evaluate popular Chinese OCR products. When it comes to evaluat­

ing the more advanced segmentation methods which are not state of the art in research labs, 

bounding boxes are somewhat inadequate. 

The method begins by finding the 1: 1 matchings by exhaustively searching each ground­

truth-segmentation region pair for a match. The algorithm incorporates some amoum of 

flexibility. For each ground-truth region, a maximal surrounding region is generated which 

is the largest bounding box which will fit in the area surrounding the ground-truth region 

without encroaching on any other regions. This is illustrated in Figure 3.2. 
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Figure 3.2: The maximal surrounding rectangle. 

Once the maximal surrounding rectangle has been calculated, then the method checks 

each segmentation region to find if it falls within the maximal surrounding area and then 

to see if the segmentation boundary falls inside the ground-truth region proper. This is per­

formed quite easily. Take, for example, the leftmost boundaries of the regions depicted in 
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Figure 3.3. 
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Figure 3.3: Example maximal, segmentation and ground-truth left boundaries. 

The check may be performed simply by comparing the x-eo-ordinates of the three left 

boundaries. If the left segmentation boundary falls between the left maximal surrounding 

ground-trurh boundary and the left ground-truth boundary itself. then it has completely en­

compassed the region from this side. If the other three sides appear similar, this is termed an 

equal match - the segmentation region encompasses the whole of the ground-trurh region 

and no parts of any other. Once all of the equal matches are detected, a count is taken of the 

number of composite-match regions. ie. segmentation regions which overlap more than one 

ground-trurh region and ground-truth regions which are split into multiple segmentation re­

gions. 

Based on these results, several statistics are calculated which describe the performance of 

the segmentation method, the equal and composite matches as a percentage of the number 

of ground-truth or segmentation regions. 

The pure region-based approach of this method is attractive in that it may be performed 

effiCiently. However, the choice of a bounding-box representation as the foundation for the 

method limits its application to a small subset of documents. 

The output from the method consists only of four statistics which may prove useful in 

benchmarking but with provide little help for those seeking to find the strength and weak­

nesses of particular methods. 

While the evaluation detects correctly recognised and composite matched regions, it does 

not make any analysis of the types of region involved. For example. a recognition of a text 

region as a text region is treated the same as a text region erroneously recognised as a graphic. 

No attempt is made to quantify the differences involved. For example, two split text re­

gions will always be weighted identically even if one is a drop-capital and the other is a full 

column of text. There is also no possibility for users to customise the evaluation based on 

their specific requirements. 
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Overall, the method is a useful early attempt at pure region-based performance evalua­

tion. However, the choice of region representation prevents it from being used to evaluate a 

large portion of existing documents. The lack of useful developer-oriented information pre­

vents it from being used outside of benchmarking applications. 

Lucas, Panaretos & Sosa 

In the scope of the International Conferences on Document Analysis and Recognition in 

2003 and 2005, Lucas et al. [15] [14] ran two competitions in text locating. Text locating is 

similar in some ways to the task oflayout analysis although the methods by which the two 

are accomplished are quite different. While layout analysis involves finding the oudine and 

location of various types of region on a relatively plain document page, text locating involves 

finding text in natural scenes, which typically have more complex surroundings than the doc­

umentpage. 

The competition operated on the word level. Given a natural scene containing some text, 

a ground-truth was created containing the bounding boxes of the words in the scene. Partici­

pants were offered a training dataset which gave them an opportunity to train their methods 

on images similar to those used for testing. 

When the competition was opened, entrants were invited to submit executables which 

would take as input an image and output the detected locations of words in the scene. 

Since locating text in a natural scene is somewhat more difficult and necessarily less pre­

cise, it is necessary to incorporate a degree of flexibility into the evaluation system. So, the 

match between a segmentation region and a ground-truth region is calculated as the area of 

the intersection of the two divided by the area of the minimal bounding box which fully en­

closes both. 

Measures of precision and recall are then calculated from these and an average of the two 

is calculated to find a overall metric to represent the quality of the text locating ability of the 

method. 

The system relies upon a bounding box representation since this is the most natural fit 

for single words in a natural scene. Unfortunately, this, as well as the different nature of the 

problem, makes such a method unsuitable for application to Layout Analysis. 

3.5 ICDAR Page Segmentation Competitions 

In the context of the International Conferences on Document Analysis and Recognition from 

2001-2007[8][6][4][5], Drs. Antonacopoulos and Gatos ran a series of page segmentation 
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competitions which aimed to find the maturity of the area. 

ll1e first competition, held in 2001, was dedicated to newspaper page segmen tation. How­

ever, the following three competi tions, held in 2003, 2005 and 2007, evaluated performance 

on a more general se t of documents, containing magazine pages, technical articles and adver­

tisements. 

For these competitions, researchers developing layout analysis methods were invited to 

participate. The competition ran in an off-line mode. Participants were initially given access 

to a training dataset to allow problems with methods to be detected. Then, one week before 

the final submission date, participants were given access to the test dataset of around 32 im­

ages. The authors then ran their layout analysis methods on the given data then submitted 

the results. 

The results were then evaluated, using a performance evaluation method discussed in sec­

tion 3.4.3, against a manually-prepared ground-truth segmentation for each document. Re­

gions which were merged, split, correctly detected or missed were measured and a segmenta­

tion metric was calculated to measure the performance of each layout analysis method on the 

whole dataset, with the values expressed as a percentage. The results of the three segmentation 

competitions for general documents are displayed in Figure 3.4. 
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Figure 3.4: ll1e overall results from the ICDAR 2003, 2005 and 2007 page segmentation 
competitions. 

ll1e datasets used for the competitions were different each year to prevent previous en­

trants from having any unfair advantage. However, they were selected so that the perceived 

difficulty of the documents used each year was broadly similar. So, although the data used 

each year were different, the method used to select the data should allow some relative con­

clusions to be drawn. 

ll1e results from the competitions show that the performance of state-of-the-art methods 

has improved. However, there remains Significant room for improvement even in the meth­

ods submitted to the most recent competition. Furthermore, the segmentation metric results 

here presen t the weighted average performance over all region types. When looking at the re­

sults divided by region type, most methods perform significantly better on text regions than 
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they do on other types of region. 

3.6 Discussion 

The text-based performance evaluation methods were a novel approach to evaluating layout 

when direct information on the layout was unavailable. They provided evaluations based 

solely on the text output from an OCR method. Such methods have significant problems. 

Since the evaluations are based on the textual output of OCR, errors from that OCR are 

inter-mingled with errors resulting from layout analysis. Attempts are made to separate the 

two but there is no way to do this reliably since the two types of error are not independent. 

The reliance on OCR output has several other disadvantages. Since it requires that all 

the data to be evaluated is textual, there is no way to evaluate pages containing non-textual 

content such as images or line-art. Even for text, the use of OCR means that evaluation can 

only take place if the text on the page is in a script which may be OCRed reliably. For other 

scripts for which OCR works less well or is not available yet, such documents may not be 

analysed. 

The first true evaluations oflayout analysis were produced by the pixel-based performance 

evaluation methods. These methods describe the contents of regions as the set of black pix­

els found in them. Such methods improved upon previous text-based evaluation methods 

in that they were capable of evaluating the full range of regions which might be found in 

a document, such as images, separators, line-art, etc. which had been missed by text-based 

evaluation methods. 

The description of regions as their black pixel content was introduced because the typi­

cal documents and challenges in layout analysis at the time involved mainly simpler, textual 

pages which typically contained black content on a white background. Layout analysis meth­

ods at the time focussed more on simpler layouts. However, there has been a trend over the 

past decade of moving away from recognising black & white documents towards documents 

containing more colour. Also, in layout analysis, there has been a trend towards designing 

methods for segmenting more complex documents. 

Given these trends, the assumption of pixel-based evaluation methods that the docu­

ment's useful contents are contained in the black pixels of the image and the white pixels 

contain just useless background space, is less useful today. For documents which contain 

images, those images typically contain a full range of colours and the result ofbinarisation of 

such images is highly unlikely to lead to the useful content of the image being converted solely 
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into black pixels. It is more likely that the useful content of the image will be distributed be­

tween white and black pixels. Given this, the use of performance evaluation methods which 

rely solely on black & white images and assume that the only useful contents of the page are 

found in the black pixels, is likely to lead to misleading evaluation results. 

Despite the problems with pixel-based performance evaluation methods, some of them 

contain useful ideas which are independent of the region representation. The approach pub­

lished by Yanikoglu & Vincent allows a degree of flexibility in allowing the user to specify 

region type-specific weights. The method also permits area weighting which allows errors to 

be weighted according to the importance of the regions involved in the document. 

A more recent development has been the region-based performance evaluation methods. 

Rather than access the image to determine whether or not something is useful content, such 

methods rely solely upon geometric matching of the ground-truth and segmentation. How­

ever, most of the methods published so far have been based on a bounding-box region rep­

resentation. Bounding-box is insufficient to correctly represent the layouts of modern docu­

ments so performance evaluation methods based on it are limited so a subset of documents 

with less complex layouts. 

One of the region-based methods, that proposed by Antonacopoulos and Brough, did not 

rely on the bounding box representation. Instead, it relied on a region interval representation. 

For the comparison method, the authors suggest that regions be matched by constructing a 

maximal polygon around each ground-truth region then checking whether or not segmenta­

tions fall within the maximal polygon. The method was never developed into a full compar­

ison system. However, the region interval representation used demonstrates both accuracy 

and efficiency. 

3.7 Summary 

This section has described the past approaches to performance evaluation of layout analy­

sis methods. The initial methods were based on a text-matching approach. Although these 

allowed the evaluation of the layout analysis modules of commercial OCR systems, the eval­

uation was not a truly independent evaluation of the layout analysis. 

Following on from this, a number of image-based performance evaluation methods were 

described. These methods provided the first true evaluations of layout analysis by matching 

regions based on the black pixel contents of those regions. Such methods, however, are sus­

ceptible to changes in binarisation methods used and may ignore some useful parts of the 

document which are not represented as black. Such methods are less useful on pages are not 
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solely black and white or which contain images. 

The final group of performance evaluation methods were the region-based methods. These 

enable evaluations to be performed even on colour documents. However, such methods are 

currently at an early stage of development. Many are based on a bounding box representation 

which is not suitable for describing modern, complex documents. One method introduced 

the concept of region intervals as a means of describing complex pages but still allowing for an 

efficient evaluation. The method was not completed but the global region interval concept 

which it introduced forms the basis of the new performance evaluation method presented in 

this thesis. 



Chapter 4 

Ground-truth and Datasets 

4.1 Overview 

In the introduction, it was stated that for any comparison to be made between the results 

of two different Layout Analysis methods, it is necessary for two things to be in place -

a common evaluation method and a common dataset. The previous chapter discussed the 

previous performance evaluations methods which have been proposed. This chapter discusses 

the other pre-requisite - common ground-truth and datasets. 

4.2 Ground-truth 

4.2.1 Definition 

The area of performance evaluation in general involves evaluating how well a particular Image 

Analysis method performs on a given set of data. Typically, there exists some idea of what the 

perfect output of an Image Analysis method should be. The perfect output is termed the 

ground-truth. The task of performance evaluation then becomes the task of measuring how 

the actual output of the method compar~s against, and deviates from, the idealised output. 

The ground-truth is often a human-entered perfect description of the optimum output of 

the Image Analysis method. In the case of evaluating Optical Character Recognition meth­

ods, this typically takes the form of a perfect text which is often typed separately by two dif­

ferent operators and the results combined to ensure the final result is free of human errors. In 

the case of Layout Analysis, the ground-truth contains the ideal layout of the page. 

S3 
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The availability of an accurate ground-truth is of fundamental importance for perfor­

mance evaluation. For a true performance evaluation, the ground-truth must contain an ac­

curate representation of the actual layout of the page as perceived by a human. Once this is 

in place, performance evaluation can be used to identify portions of a segmentation which 

deviate from this. Any deviations from this perfect representation must be errors. 

4.2.2 Desirable characteristics 

This section highlights some of the most desirable characteristcs of a good ground-truth for­

mat. 

Accuracy 

One of the chief characteristics desired in a ground-truth is its accuracy. This accuracy stems 

from two different areas. First, the format used for the ground-truth must be flexible enough 

to contain an accurate representation of the page. Secondly, the actual ground-truth as en­

tered must represent the page accurately. 

When designing a ground-truth format, there are some important technical considera­

tions to make such as the format used for the region outlines. Some datasets in the past have 

simply used a bounding-box representation for regions. This may be adequate for relatively 

simple documents such as those found in older scientific journals. 

When it comes to describing more complex regions, it is necessary to select a more com­

plex region representation in order for the format to be able to accurately represent those 

pages. More modern ground-truth formats and datasets have settled on a polygon-based ap­

proach which is suitable for representing the majority of modern documents. 

Flexibility 

As well as describing the geometric layout of the page, it is also desirable for a ground-truth 

format to be capable of storing additional meta-data about the page. Having just the geomet­

ric layout allows a performance evaluation method to detect merges and splits but does not 

enable a higher-level understanding to be gained. 

On the simplest level, the ground-truth format should describe the type of each region. 

To enable more advanced performance evaluation, including region metadata such as the sub­

type of the region (headline, drop capital, body text, etc.), the colour of the region contents 

and background, the size and orientation of text, etc. 

In addition to providing for a more accurate evaluation, such additional metadata assist 
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in making a more application-specific evaluation. For instance, if a user is working on a doc­

ument indexing application, then the regions of the page which will be most important are 

headlines, image captions, page number and by-lines. Given this, a tailored evaluation must 

allow the desired regions to be weighted more heavily than others, implying that any ground­

truth which forms the basis of a flexible performance evaluation must contain such meta-data. 

4.3 Desirable criteria of datasets 

It has been mentioned that publicly-available common datasets are extremely important for 

a variety of reasons. For the results of different Layout Analysis methods to be comparable, 

it is necessary that the results are based on a common dataset. Similarly, in order to make 

an assessment of the maturity of the area, it is necessary that the datasets on which Layout 

Analysis methods are evaluated, are made publicly-available. If a developer evaluates their 

system using a private dataset, then the true performance of the system cannot be known. 

However, if the content of the dataset is known, along with its relative complexity, it is possible 

to make a useful assessment of the system's capabilities. 

This section discusses some of the features desired in a Layout Analysis dataset then eval­

uates some of the currently-available datasets against these criteria in order to select a dataset 

upon which the performance evaluation method described in chapters 5 & 6 will be based. 

4.3.1 Representativeness of included document types 

In evaluating general Layout Analysis methods, those which are aimed at segmenting general 

documents, it is an important feature of a dataset that it contains a wide selection of different 

types of documents which reflects the variety of documents which will be encountered in the 

real-world. 

Some datasets focus mainly or exclusively on a single type of document, such as technical 

journal articles. While this may be useful for the specific purposes for which the dataset was 

produced, but may render the dataset unsuitable for evaluating on more general documents. 

4.3.2 Complexity 

Datasets should contain documents of complexities similar to those likely to be found in real­

world applications. Some datasets consist solely of articles from technical journals. However, 

such articles are typically much more restrictive in layout than other types of document and 

they rarely contain the complicated features which are more common in magazine pages. 
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Similarly, if a dataset contains only relatively simple documents which do not contain 

complex features, then the Layout Analysis method will not be tested to the full extent de­

sired, meaning it may appear to perform better than it would when dealing with real-world 

documents and the method will not be tested on the features found in more complex docu-

ments. 

4.3.3 Use of synthetic ground-truths 

The process of ground-truthing large numbers of documents is a time-consuming and costly 

one. It is costly largely because the ground-truthing of scanned real-world documents requires 

the layout information to be input manually. Since the quality of the ground-truths greatly 

influences the quality of any evaluation based on them, it is typically necessary for the work 

to be performed or supervised by more experienced staff who are familiar to the area. 

In order to reduce this cost, some have proposed methods to generate synthetic docu­

ments and accompanying ground-truths using a digital typesetting system such as ~FX. Typ­

ically, such methods involve having a number of pre-designed layouts which are automatically 

filled with text. These methods have the advantage that they can be used to automatically gen­

erate large numbers of documents and, because the layout already exists in the computer, the 

ground-truth layout for the documents is already known. Such systems can vastly reduce the 

cost of ground-truthing since they eliminate the need for human operators manually zoning 

images. Alternatively, a much larger dataset could be produced for the original cost. 

However, the problem with such approaches is that everyday documents are typically laid 

out manually by human operators. Given this, they often contain a wide variety of differ­

ent features, some of which may be unique to a particular page. For instance, many maga­

zine pages contain complex-shaped images around which the surrounding text wraps tightly. 

Given chis, any system which automatically generates document layouts is unlikely to produce 

output which matches the complexity of documents found in the real world. 

It should be noted that automatically-produced documents may be useful for some pur­

poses. For instance, they may be useful as a low-cost source of data which may be used in 

testing for deficiencies in Layout Analysis methods. However, they will not allow for a true 

evaluation of all aspects of a Layout Analysis system. 

4.3.4 Representativeness of document features 

One of the key features desired of a dataset it its representativeness of real-world documents. 

This is essential in gaining a performance evaluation which reflects the true real-world ability 
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of a Layout Analysis method. Representativeness implies that the range of features will be 

similar to those found in the real world - both complex and simple features should be found 

as they are in general documents - and the range of documents should be similar to those 

which users are likely to want to digitise. 

4.4 Datasets 

This section includes a description of the available datasets in the area of Layout Analysis. 

4.4.1 Nartker, Rice & Lumos 

The ISRI OCR Performance Toolkit is a set of wide-ranging evaluation tools and a large 

dataset[17]. The dataset grew out of the work by the authors in evaluating OCR systems 

in the mid-1990s. 

Today, the dataset contains 2,889 pages from a variety of different document types includ­

ing Magazines, Newspapers, Business Documents and Annual Reports, and there are typically 

a large number of documents in each category. Each of the pages is scanned in 300dpi bi-level 

with 200dpi and 400dpi and 300dpi greyscale available for a majority of the documents. A 

small portion of the documents have also been faxed. 

For each page, manually-entered layout information is available in the form of bounding 

boxes, and the complete ASCII text of each of the pages is available for researchers in OCR. 

The dataset is over ten years old at the time of writing and some aspects of the dataset 

make it unsuitable for evaluating modern layout analysis methods. The ground-truths are 

only available in bounding-box representation which means they cannot accurately describe 

many modern documents. Similarly, there are no colour scans available. 

4.4.2 Phillips, Chen, Ha & Haralick 

One of the most widely-used document datasets in image analysis is the University of Wash­

ington CD-ROM Document Dataset, presented by Phillips, et al.[20]. 

Rather than being developed solely for use in page segmentation, the dataset was aimed 

more generally at researchers in the field of Document Analysis. The dataset contained infor­

mation on the layout of the document for developers of Layout Analysis methods as well as 

textual ground-truths of the text regions contained in the database, for developers working 

on OCR-related research. 
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The dataset is also one of the largest datasets in the area, having around 1,600 journal 

pages in English and a smaller number in Japanese. The documents were taken from a variety 

of categories, although there is a significant emphasis on journal articles. 

The source of the documents is varied. Part of the dataset consists ofimages scanned from 

physical documents. However, a significant pare of the dataset was produced from synthetic 

documents using ~TEX. For the reasons mentioned earlier, synthetic documents are less use­

ful for performance evaluation as they are unlikely to contain the complex variety of features 

which appear in scanned paper documents. 

A notable feature of the dataset is that a significant proportion of the documents in the 

dataset are also available in deliberately degraded form. This makes available a significant 

supply of data for researchers who are undertaking research into degraded documents. The 

documents of the dataset, if sourced from physical documents, have been photocopied or 

faxed. Where the document was synthetic, a printed copy was photocopied and faxed in 

order to obtain the degraded version. 

The dataset contains ground-truths of regions, text lines and individual words using the 

bounding-box representation. This is ideally suited to the less complex technical articles 

which make up the majority of this dataset, but it does not allow for more complex docu­

ments to be represented. At the page and region level, the format used for the dataset contains 

a large amount of metadata about the content of the regions. 

The dataset is quite widely used among researchers. However, the usefulness of the data 

in evaluating Layout Analysis methods on more modern documents is called into question by 

the age of the dataset and by the reliance on relatively simple document types such as technical 

articles and the presence of synthetic document images. 

4.4.3 Sauvola & Kauniskangas 

In 1999, Sauvola and Kauniskangas[22} published a CD-ROM document database known 

as the "MediaTeam Document Database II." The database contains 500 scanned document 

images from 1978 and earlier and documents are taken from a wide variety of sources. Non­

traditional sources include music and maps, which are quite dissimilar from standard docu­

ments in terms oflayout analysis. 

The wide breadth of document types comes at the expense of depth. Around half of the 

database is made up of journal articles but no ocher category contains a significant number 

of documents. Bounding boxes are used as the region representation for the dataset. There 

is a minimal amount of additional metadaca for each document. However, they do include 

reading order information. 
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The dataset relies exclusively on older documents (from 1978 and before). There is a wide 

variety of different document types but the choices do not coincide with the types of docu­

ments which are usually analysed. The use of bounding boxes prevents more complex docu­

ments from being represented correcdy. 

4.4.4 u.s. National Library of Medicine 

As a project for the u.s. National Library of Medicine [27], a ground-truth dataset for layout 

analysis called Medical Article Records Groundtruth was created. This ground-truth database 

is aimed specifically at the digitisation of biomedical journal articles and improving the au­

tomated indexing capability. Given this, the dataset contains only the page/pages of articles 

which contain the abstract. 

The dataset contains document images with ground-truths for both the page text and the 

layout. The layout has been ground-truthed at the character, word, line and zone level but all 

items are described by a bounding box only. 

The selection of purely the first, and possibly second, pages of articles from biomedical 

journals implies that the contents will be quite simple in layout and, given this, the dataset 

relies on the bounding-box representation for regions. The simple, homogeneous layouts are 

unlikely to be able to highlight significant numbers of flaws in modern layout analysis algo­

rithms. 

4.4.5 Suzuki, Uchida & Nomura 

Between 2005 and 2006, Suzuki, Uchida and Nomura[24] presented a series of datasets of 

technical articles in the field of Mathematics, known collectively as InftyCDB. Rather than 

containing full document images, the articles were scanned and then segmented into individ­

ual characters or mathematical symbols. The images were then divided into individual images 

of each character or symbol for storage in the dataset. 

The dataset comprises around 70 mathematical articles in English, German and French 

and a selection of other documents of various types including some Japanese. These images 

are intended to be used in developing character recognition methods for mathematical doc­

uments. Given this, each image has a ground-truth character and links to other characters in 

the same word. 

The dataset is primarily aimed for use in OCR and, given this, does not include features 

which are necessary to allow use in layout analysis performance evaluation, such as region­

level groundtruths or representations of non-textual regions. 
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4.4.6 Todoran, Worring & Smeulders 

In 2005. Todoran. Worring and Smeulders[26] presented a new dataset which was designed 

to provide a dataset for the growing area of colour image analysis. They point Out the existence 

of datasets designed for black & white image analysis. such as the University of Washington 

dataset discussed earlier, but the lack of similar datasets for colour document analysis. 

In order to fill this gap. they constructed a dataset of 1 ,000 pages which was formed solely 

from colour documents which were scanned from a variety of magazines. 

For representing each document, an XML-based file format is used. Regions may be rep­

resented in a variety of ways from lines to polygons, depending on what is required for the 

region involved. The dataset contains some metadata such as the type, sub-type, colour and 

orientation of each region. 

One notable feature of the dataset is that it extends the document representation into 

three dimensions by adding the concept of layers into the region representation. This al­

lows for the representation of documents which cannot be decomposed into a discrete two­

dimensional representation. 

4.4.7 Antonacopoulos, Karatzas & Bridson 

In 2006, the author and Drs. Antonacopoulos & Karatzas[7] announced a new ground-truth 

format and dataset specifically designed for performance evaluation oflayout analysis meth­

ods. 

The ground-truth format used for the dataset is an XML-based format which has been 

specifically designed for the purpose of performance evaluation on complex, modern doc­

uments. Regions are represented by isothetic polygons!, which allow regions with complex 

shapes to be stored accurately. Each region has an associated region type which may be: 

• Text 

• Maths 

• Image 

• Graphics 

• Line Drawing 

• Separator 

1 Polygons having only horizontal and vertical edges. 
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• Noise 

Those types are further subdivided into more specific types, such as heading, caption, drop 

capital and paragraph for text regions. Each region has an extensive amount of region-level 

metadata associated with it such as font size, region orientation, foreground colour, back­

ground colour, text language and script. 

The metadata provided were selected specifically with a view to enabling more precise 

performance evaluation to be carried out using the data. Region location, types, sub-types 

and font size which enable performance evaluation methods based on the data to take these 

into account when evaluating the problems in a given segmentation. 

The dataset was initially presented in 2006 and is scheduled for public release in 2009. 

The dataset currently includes several hundred documents of various types including maga­

zine pages, technical articles and advertisements. All images have been scanned from real­

world documents. The dataset is currently under development and sponsorship by Google is 

currently funding the scanning of a further thousand documents in a variety of types. 

The dataset has been used, prior to and following its announcement, as the foundation of 

the ICDAR 2003,2005 and 2007 Page Segmentation Competitions. 

An example colour image and accompanyingXML ground-truth file from the dataset are 

given in figure 4.1. The XML file has been abridged to omit multiple regions of the same type 

and long lists of region outline co-ordinates. In the included portions of the XML file, the 

document metadata as well as the descriptions of six individual regions can be seen. At the 

top are document-level metadata concerning the number of pages described in the XML file 

(1), the filename of the document image, a count of the regions of each type and the size of 

the document image on which the ground-truth is based. 

The individual regions displayed correspond to visible regions in the document image. 

The first region, of type Separator, corresponds to the thick horizontal line at the very top 

of the document image. The next region is of type Text and sub-type Header and corre­

sponds to the lone word in the header of the document image, "CRIME." The following re­

gion is also of type Text but this time is of sub-type Paragraph and corresponds to the very 

first paragraph of text in the page. The next region, of sub-type Caption describes the main 

portion of the caption under the image in the document, the follOwing region the image itself 

and the final region the page numbers located at the bottom-left corner of the document. 

The amount of metadata available can be seen in the figure, with 10 items of meta-data 

given for each text region in the image, 4 for each image region and 3 for each separator re­

gion. It can be seen that the format allows, and the dataset provides, an extensive amount 

of metadata specifically tailored for use in evaluating Document Layout Analysis methods. 
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A published paper is reproduced in Appendix 1 which gives more detail on the design of the 

ground-truth format and the issues involved in creating the dataset. In Appendix 2 is an XML 

Document Type Definition for the ground-truth format. 

4.5 Discussion 

The above has given a description of all of the known datasets in the area of Layout Analysis. 

Some of the datasets were designed specifically with Layout Analysis in mind. while others 

were aimed more generally at Image Analysis. This section will give a deSCription of how well 

the existing datasets meet the criteria specified above. 

When evaluating general Layout Analysis algorithms. it is desirable to have a selection of 

different document types which represent well those that will likely be encountered in the 

real-world. Some of the datasets discussed are specific to a given document type. The Univer­

sity of Amsterdam dataset. for instance. contains only Magazine Pages while the InftyCDB 

and MARG datasets contain exclusively technical articles from their fields. Mathematics and 

Medicine. 

Another significant factor in the selection of a dataset is the compleXity of the documents 

involved. When one of the motivations of performance evaluation is to highlight deficien­

cies in existing layout analysis methods. it is necessary to use a dataset containing documents 

which are likely to contain the complex features which will highlight problems with existing 

methods. So. it is desirable for datasets to have a significant proportion of more complex doc­

uments such as magazine pages. Again. the InftyCDB and MARG datasets consist largely of 

technical articles so are unlikely to contain many more complex features. 

The accuracy of the ground-truths is a crucial factor in performance evaluation. A signif­

icant factor contributing to accuracy is the region representation used for the dataset. Some 

of the older datasets, such as the ISRI and University of Washington datasets. rely on the 

bounding-box representation. This means that either the documents selected must be sim­

ple enough to fit into such a schema or. if more complex documents are included, then the 

ground-truths must not be accurate. 

One of the datasets mentioned above, that proposed by Todoran. Worring & Smeulders, 

allows for the use oflayers in the document representation. Some pages from more complex 

documents contain regions which overlap, meaning that the documents cannot be fully seg­

mented into a two-dimensional representation. The addition of layers allows such complex 

documents to be represented. This will be useful for many more complex magazine pages. 

However, no known Layout Analysis method can detect or output such representations. 
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journals for other vi tims. The three foreign hostesses agreed to co· 
operale \11th the prosecution. and Obara W'L~ char~ed with ~everal 
cotl n t~ of rape. 

In n rambling November letter to tJlC medin. OOOra countered: 
"These ladies who are supposed to be victims are all foreign host· 
esses or sex club gJ ris. ,\I any took cocame or other dmgs m front of 
me. and all of them agreed to have sex for money." Thc women told 
a different story. li e met them in hostess clubs. 1I1,; ted them on do· 
hllns. dro\'c them to the sea and lured them into his condominium 
usln~ a variety of methods. li e Invi ted one woman over. offering to 
cook her dinner. lie asked another to accompany him to a rmrty lat· 
er in thc cveni ng. In the meantime they could watch a Mariah Carey 
concert on l V at his condo. Another, ho simply dl'Ovc to his build­
ing and asked to help him carry lip some boxes from his Cil r. 

Once he got them mSldo, he would keep the conversation 
Ii~ht. Ine,; tabl ), he would urge them to try a rare wine which he 
would le ll them carne fro m India or the PhilipPIllt!s To accou nt 
for the funn) tnste of this drug·laced be,'crage, Obnra told his vic· 
hl1l~ It (.:un talll t!d ~pecial hcrb~. There \\t~ one Victim he l.'O(Lleci 
mto makmg a "good luck" ton t that requIred her to down the en· 

If n n ythin~. the Rrrest of Obara pro\'ed even more ago ni7i ng 
for the Blackmans. In addition to what they had learned about his 
a"n uits on otit er wo men, police leaked dis tu rbing detail , of hI> 
Activities during Ihe first da)'s of Lucie's disappearnnce. 1.11e on 
the night of July 2, Oboro coiled arca hospitals asking how to trent 
n vic tim of n c1rllgovcrdosc. 

On July 3 Obara purchased a chains.w, cement mix and oth· 
er tools fro m a hardware store. That aft ernoon, the manager of 
Obara's st~ ::t ~ idl' condomin ium in ~lilirR callpd po llf'P to rpport a 
tenant who wus bc huving suspicious) . Even in the terse lan ­
gUllge of police repom leaked to the media, the scene tl,al after· 
noon at Obara's apartment has a Hltchcock-hke ca t. Ubara had 

54 TI ~I£. J V L1' 2. 2001 
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< ?xml ve r s ion = " 1.0" encoding= "UTF 8" s t a nd a l o n c = "no" ?> 

< lDocrYPE d o cum ent SYSTEM " g rou nd t ru th . d t d " [] > 

<document > 

<document_summar y no_p ages = " 1" I> 
< p age pagc_id= "O" imagc_filcnamc= "mp00039bw. tif" > 

< p agc _ summar y no_te x t _ rcgion s = " 18" no_imagc_rcgions= " 1" 

n o _I in e _ d r aw i n g_ reg ion S = " 0 " no _ g rap h i c _ reg ion s = " 0 " 

no_tablc_rcgion s= "O" no_chart_regions= "O" 

no_ se paratof_r e gi o n s = "6" no_m a th s_ fegion s = "O" 

no_framc_region s = "O" no_noise_region s = " 1" I> 
< pag e_ pi x el _s i ze width= "2331" h e ight= "313S" I> 

<se parator_region id= "O" s ep_orientation= "O . OOO" 

se p_colour= " Black" se p_bgcolour = "White " > 

<coo rds no coo rd s= "4" > 

<point x= "2324" y= "107" 1> 

</coo rds > 

<I s eparator _ region> 

< text_region id = "]" txt orient a tion = IIO.OOOIl 

txt_reading_orient a tion= " 0.000" 

t x t _ reading _ direction= " Left_ To_Right" txt_type= " Header" 

txt_colour = "Black" txt rever s e_video= "No" txt indented = "No" 

t x t_primar y _Iangu age = " English" t x t_primar y _ sc ript= " Latin" 

tx t _ b g colo II r = " Wh i te " > 

< coords no_coord s= "4" > 

<point x= "1344" y= "143" 1> 

</ coords> 

<I t ex t_region > 

<text_ r eg ion id = "3" txt orientation= "O . OOO" 

t x t _ rea din g_ 0 r i e n t a t ion = " 0.000 " 

t x t _ rea din g _ d ire c t ion = " L e ft _ To _ Ri gh t" t xc _ t y p e = " Par a gr a ph" 

t x t colo u r = " B I a c k" t x t r c vcr s e vi d e ° = "No" txt _ in den ted = " No" 

t x t _ primary_langu age= " English " t x t _ primary_script= " Latin" 

tx t _ b g colo II r = " Wh i te " > 

< c oold s nO' c ooro s = " 4" > 

<po i nt x= " 1168 " y= " 238 " I > 

</c oords> 

<I t ex t _ region > 
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<text_region id= "9" txt orienrarion= "O.OOQII 

txt_reading_orientation= " 0.000" 
txt_reading_direction= " Left_ To_Right" txt_type= " Caption" 
txt_colour= "Black" txt_rever se video= "No" txt indented= "No" 
txt_primary_I a nguage = " English" txt_primary_ sc ript = " Latin" 
txt_bgcolour= "White" > 
<coords no_coords= "4" > 

<point x= " 1724" y= " 1919" I> 

</coords> 
<I text_region> 

< im age_region id = " 13" i mg_colou r _type= " 24 _ Bi t_ Colour" 

img_orientation = " 0.000" img_cmb_text = "No" 
img_bgcolour= " Red" > 

<coo rds no _ coords= "4" > 

<point x= " 1729" y= " 1097" I> 

</coo rds> 
<I image_region > 

< text_region id= "23" t x t orientation= "O.OOO" 

txt_reading_oricntation= " 0.000" 
txt_reading_dir ec tion= " Left_ To_Right" txt _ type= " Page_Number" 
txt_colour= "Black" txt_reverse_video= "No" tXt indented= "No" 

txt_primary_Ianguage= " English" txt_primary_ scr ipt = " Latin" 
txt_b gcolou r= " White" > 
<coords no_coords= "4" > 

< point x= "182" y= "3009" 1> 

</coor d s> 

<I text_region> 

</page> 
< 1 documcnt > 

Figure 4.1: 1he colour image and associated XML ground-truth file of magazine page 39 

from the PRImA Document Layout Dataset. 
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It is important for a significant amount of meta-data to be present in ground-truths since 

this is crucial in performing certain kinds of evaluation and, where more extensive metadata 

is included, may permit more accurate evaluations to be made. For instance, for an evaluation 

method to identify misclassified regions, it is necessary that the ground-truth contains region 

type information at the very minimum. To give a more complex example, if it is desired to 

know the severity of a merge between text regions, it is necessary to know the direction of the 

text involved as well as the region order. 

When selecting a dataset to be used for public evaluations, it may be desirable to select one 

which is currently in active public use. The most widely-used of the datasets described here 

are the University of Washington and the PRImA Datasets. The University of Washington 

dataset has been available for a long time and is widely-used among researchers. The PRImA 

Dataset is newer than the University of Washington dataset but has already been used for the 

ICDAR Page Segmentation Competitions. 

Given these characteristics, the first four datasets mentioned in this chapter, ISRI, Uni­

versity of Washington, MediaTeam OULU and MARG, are not suitable for a general layout 

analysis performance evaluation context since they rely solely on bounding box representa­

tions, meaning they cannot describe documents with the accuracy desired. The InftyCDB 

dataset is unsuitable because it contains only technical articles in mathematics so lacks the 

representative selection of documents which are desired. Similarly, the University of Am­

sterdam dataset contains only magazine pages so, although it would include more complex 

documents, it would not be representative of the real-world applications of general document 

Layout Analysis methods. 

The PRImA dataset is the only dataset which meets most of these criteria, since it was de­

signed recently and specifically for layout analysis on general documents. The selected docu­

ments are of a variety of types. The region representation used is the isothetic polygon, allow­

ing complex features to be described. Moreover, the format used contains a variety of meta­

data selected with this application in mind. Additionally, the dataset has seen some public 

use in three ICDAR Page Segmentation Competitions, will be publicly released shortly and is 

under ongoing development, meaning that the range and number of documents are growing. 

4.6 Summary 

This chapter has given an overview of the desirable characteristics of ground-truths and datasets. 

Following this. a description of the available datasets in the area was given and a discussion 
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was presented of how well the existing datasets match up to these criteria, leading to the selec­

tion of a dataset upon which the performance evaluation method described in the following 

two chapters will be based. 
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ChapterS 

Interval Comparison 

5.1 Overview 

The previous chapter contained an overview of ground-truths and datasets. the desirable fea­

tures of each. a discussion of the available datasets in the area and a discussion of how these 

datasets meet the needs of performance evaluation. This chapter presents a new means of 

accurately comparing polygonal ground-truth and segmentation representations. This is ex­

panded upon in chapter 6 to provide a full performance evaluation method with the aim of 

fulfilling the goals laid out in chapter 1. 

5.2 Introduction 

In chapter 3. the previous approaches to Performance Evaluation are discussed in detail. One 

of the problems highlighted of pixel-based evaluation systems is that they rdy on the assump­

tion mat in a black & white image. page contents are black and the page background is white. 

In documents containing regions in different colours on backgrounds of different colours. 

however. this is not me case. Furthermore, where pages contain images, light portions of 

those images will be discarded as useless background information, while only the darker por­

tions will be evaluated. 

The pure region-based evaluation methods were presented as an improvement on this 

situation. However. most of the region-based evaluation methods presented to date rely on 

a bounding-box region representation which allows comparisons to be made relatively ef­

ficiently but which prevents pages containing more complex layouts from being evaluated 

accurately. One region-based method was presented which was based on a region interval 

69 
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representation. The particular method was never developed into a complete evaluation sys­

tem. However, the region interval representation used there has the possibility to be used as 

the basis of an efficient but accurate performance evaluation method. This is presented here. 

This chapter presen ts the region comparison aspect of the system. The chapter begins wi th 

a discussion of the different region representations which are avai lable, giving the advantages 

and disadvantages of each including the region representation selected for the method de­

scribed here. Following that, a description is given of the algorithm for converting a polygon 

representation into a region interval one and then the algorithm for comparing two docu­

ment layouts once they are in region interval format. To conclude the chapter, the efficiency 

of the comparison method is discussed. 

5.2.1 Examples 

The method described in this chapter is designed to operate efficiently on the full document 

layouts of real-world documents with complex layouts. In order to best describe the operation 

of the algorithm, however, the diagrams included in this chapter will initially focus on smaller, 

artificial layouts, allowing the diagrams to be clear while still illustrating the workings of the 

algorithm. At the end of the chapter, similar diagrams are given showing the system operating 

on the full complex documents for which it was designed. 

The system described here is one which compares an automatically-segmented document 

layout against a manually-entered ground-truth (or perfect) layout for the document. So, 

the diagrams of this chapter will use as a running example the artificial ground-truth and 

segmentation layouts depicted in Figure 5.1. 

Ground-truth Segmentation Correspondence 

• Ground-truth 

• Segmentation 

• Overl ap 

Figure 5.1: The ground-truth and segmentation layouts used in examples in tl1is chapter to 

illustrate the apptoach. 
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The colours shown in Figure 5.1 are used in the other figures in this chapter (unless oth­

erwise noted) with blue representing the ground-truth region alone, red representing the seg­

mentation region alone and purple representing areas where the ground-truth and segmenta­

tion are overlapping. 

At the end of the chapter, many of the figures will be repeated using full document exam­

ples rather than the artificial example depicted here. The same colours are used in those larger 

examples. 

5.3 Region representation 

Essential to the accuracy of performance evaluation oflayout analysis is the region represen­

tation used. This affects many aspects of the performance evaluation process including the 

accuracy of the evaluation and the speed which which it can be performed. 

Many of the earliest performance evaluation methods relied on a bounding box represen­

tation of regions. This representation has several advantages and disadvantages. Foremost 

among the advantages is that it provides an extremely efficient means of comparison. Simi­

larly, its simplicity allows methods using it to be implemented in a relatively short amount of 

time. 

However, the chief disadvantage of the bounding box representation is its lack of accuracy 

or, put another way, the relatively small proportion of the set of all document pages which 

could be accurately represented using this representation. The bounding box representation 

would be most suited to older documents with relatively simple layouts. 

The bounding box representation, however, is much less suitable for describing docu­

ments with more complex layouts. Considering particularly modern magazine pages, the lay­

outs are often manually created using computer typesetting systems with a variety of complex 

features. Consider the example document in Figure 5.2, taken from an issue of Time maga­

zine. The figure shows a page which is largely text-based but which contains an irregularly­

shaped image around which the text is made to flow. Such a layout could not be represented 

accurately using a bounding box representation. 

A bounding box representation may also have problems dealing with documents con­

taining less complex layouts which might ordinarily have been represented using bounding 

boxes but which are rendered unsuitable due to the presence of artefacts introduced during 

the scanning process, such as skew and shear. 

When a document image is said to be skewed, this means that a page which is ordinarily 



72 CHAPTER 5. INTERVAL COMPARISON 

1I!!1911111655 i 

It's Just the Business Cycle, Stupid 
n~(~ ........ ~ I ~,,,,.·R..r t. "'~"'I _ ...... n" .. 110,, 111 ... 1 .. ,.,.. , .... 1\"'. 

, ._ ..... ~- .. .-.... .. -............ ~--- .......... - ........ -... _-_ .. -.. •. _ .. ---_ ... _-_.-
::;'':!.~;-~:.-::':~',~::~;::: :r.::.:::."'_ .. :-.=:. .... -:.:. 
?*~j.?:~=i ~~~.:~~.':~1:~~~~ ....... --~ ....... -... , .. \ ..... - .... -.. _ ..... _-_ ...... 
:..~~==--=::7:: ... :';;::":..:::;;~::?~ 
-..:! ...... e.:..o:z.=_ ..... :=:--... -:.~ ... ~ ... :'::.'::...~ 
%1t~~~"¥:~~ ~~~~~S~:::::~ 

Figure 5.2: An image of a real-world magazine page containing a complex layout, taken from 
the PRImA Layout Analysis Dataset (mp00167). 

straight has been inadvertently scanned at a slight angle. There are a variety of document im­

age analysis methods, and document layout analysis methods in particular, which have been 

specifically designed to operate well even with the presence of skew in an image. For instance, 

the layout analysis method presented by O'Gorman [18] uses the angles between neighbour­

ing connected components to detect the skew angle of the page and takes this into account 

during the later steps of the process. 

Indeed, in some applications, it is necessary for methods to operate with quite large levels 

of skew. In the careful mass scanning of documents by trained staff, it is likely that some small 

amount of skew will be present in almost all documents scanned, though large amounts of 

skew will be rare in such circumstances. In other applications, such as the mass automated 

scanning of postal mail for postcode recognition, significant levels of skew are likely to be 

commonplace. 

Given that skew represents a significant challenge in document image analysis, it is desir­

able for any region representation scheme where accuracy is a priority to allow for the rep­

resentation of documents containing skew. The bounding box representation, for smaller 

amounts of skew, may be able to provide a close approximation of the true layout. How­

ever, as skew angles become non-negligible, it is unlikely that a bounding box representation 

would be able to fully represent individual regions without missing any portion and without 

also including some part of a neighbouring region. This is illustrated in Figure 5.3. 

A similar issue occurs in the presence of shear. Shear is another artefact which may be 

introduced during the scanningprocess. This occurs during the scanning of a large book where 
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Figure 5.3: A rectangular region shown (a) without skew. (b) with 0.5 degrees of skew and 

(c) with 5 degrees of skew, all with bounding boxes overlaid. 

the pages of the book curve in towards the spine. making it impossible to place the entire page 

flat on the scanner bed. 1his produces an optical distortion as the portions of the page close 

to the spine. being further away from the scan-head. appear smaller in the scanned image than 

the outer portions of the page which lie flat on the scanner glass . 
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Figure 5.4: a) A large book lying on a flatbed scanner. and (b) an example of the optical dis­

tortion produced by this. known as shear. 

Given that the problem of shear is limited to bound books. one approach taken by some 

has been to simply remove the pages of the book from its binding. eliminating the problem 

entirely. However, this is not an option for books of historical value or books with significant 

value to their owners, particularly those in libraries. 

Some have proposed a modified bounding box representation which allows the box to 

be rotated by specifying, as well as the position and size of the box, a skew angle. Such a 

representation would enable bounding boxes to be used in documents where skew is present 

while providing the same representative capability as they do on documents without skew. 

Such representations do not improve descriptiveness in the presence of shear and complex 
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layouts and have not become widely used in layout analysis. 

Given the inability of bounding boxes to represent the significant proportion of docu­

ments containing non-trivial layouts and their inability to deal with the problems of skew (in 

their unmodified form) and shear, it is clear that the bounding box representation is quite 

unsuitable as the basis of a modern ground-truth format or performance evaluation method. 

5.4 Polygon representation 

Given the shortcomings of the bounding box representation detailed in the previous chap­

ter, there was a movement in the late 1990s away from using a bounding box representation 

towards more detailed region representation schemes. 

Polygons suffer from none of the drawbacks of bounding boxes mentioned in the previous 

section. They can provide a much more accurate representation of regions rather than merely 

an approximation. 

Where bounding box representation struggles to accurately represent the more complex 

layours which have become more frequent in recent decades, polygons can describe the vast 

majority of documents, both historical and modern. Polygons can also deal with the docu­

ment image analysis problems of skew and shear. 

Please refer to Figure 5.5 which shows the same documen t as Figure 5.2 but wi th a polygon 

region outline overlaid. 

Figure 5.5: A document with a more complex layout with isothetic polygon region outlines 

overlaid. 

It should be noted that, although polygons have a superior expressive capability, they also 
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necessarily complicate the performance evaluation task as comparing arbitrary polygons is 

significantly more difficult a challenge than comparing two rectangles. Given this, there have 

been no known attempts to date to present a region-based performance evaluation method 

based on a polygon approach. 

5.5 Algorithm 

The direct comparison of two arbitrarily complex polygons is a difficult task, such that no 

known region-based performance evaluation method has so far been published which uses 

such an approach. This section presents a method which converts polygon image regions into 

an intermediate region representation called region intervals then uses this representation as 

the basis of a comparison between the ground-truth and segmentation layouts. 

5.5.1 The Region Interval representation 

Region intervals provide a slightly unusual layout representation whereby the page is split 

into a series of non-overlapping horizontal bands such that, within each of these bands, the 

regions are described solely by a series of vertical bands taking up the full height of the band. 

See Figure 5.6 for an example. 

I 
I I D Inside region I 

I 
I 

I I 

Polygon Region Interval 

Figure 5.6: a) A polygon region outline, and b) the same region shown in the region interval 
representation. 

Region intervals have several advantages over polygons. Chiefly, from a computational 

point of view, it is significantly more efficient to check whether a given point lies within a re­

gion using a region interval representation than the same region represented using a polygon. 
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Similarly, the comparison of two arbitrary polygons is non-trivial, while the comparison of 

two region interval representations may be performed efficiently as is detailed in this section. 

At a first glance, it may appear that the region interval representation is not as flexible 

as a polygon representation in terms of the number of regions which can be accurately rep­

resented. Naturally, in a continuous domain, this would be correct. The use in the region 

interval representation of horizontal bands split into vertical sections precludes the represen­

tation of non-horizontal or vertical boundaries which may be present in an arbitrary polygon. 

Images, however, are not a continuous domain; they are inherently discrete. A polygon 

region describing an area in an image can be said to describe the set of pixels contained within. 

Given this, it is possible to consttuct a region interval representation which contains exactly 

the same set of pixels as any polygon. 

As an example, please refer to Figure 5.7. 

I 
I 

I 
I 

I I 

Polygon Set of pixels in region Region Interval 

I D Inside region I 

Figure 5.7: a) A polygon region outline, b) the set of pixels "inside" that polygon and c) the 

equivalent region interval representation. 

The next section describes a method of converting any region's polygon into its equivalent 

region interval representation. Following that, an efficient method is presented for comparing 

two region interval representations representing the ground-truth and segmentation. This 

comparison will be used in the next chapter as the basis of the performance evaluation method 

presented herein. 
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5.5.2 Converting a polygon to Region Intervals 

The polygon or a similar type, such as isothetic polygons or bounding boxes, is used in most 

major layout analysis methods. Typically, this is stored as an ordered list/ array of co-ordinates 

in the case of a polygon or isothetic polygon. For a bounding box, typically only the co­

ordinates of the top-left and bottom-right corners are stored, ftom which the remaining twO 

corners can be calculated. 

Given this representation alone, it is difficult to check whether given areas lie within the 

polygon. However, there exists a method to check whether a given point lies within the poly­

gon. Take Figure 5.8 as an example. 

ro 

I D Inside region I 

Polygon 

Figure 5.8: A polygon with three points: one inside the polygon (PI), one outside (P2) and 
a reference point which is also outside the polygon (r). 

The figure shows a polygon and a pair of points for comparison, one inside the polygon 

and one outside. There is also a reference point which is a point known to be outside the 

polygon. A line is drawn between each of these points and the reference point. PI is a point 

inside the polygon. From the diagram it can be seen that the line r-PI intersects the polygon 

outline exactly once. Similarly, the point P2 lies outside of the polygon and the line r-P2 

intersects the outline of the polygon twice. 

For more complex polygons, a similar thing happens. While the exact number of inter­

sections with the outline may differ, when a point lies inside of a polygon, a line between it 

and a reference point known to be outside the region will always intersect the outline an odd 

number of times. Similarly, a line between a point outside of a polygon and a reference point 

also outside of the region will intersect the outline of the polygon an even number of times 

or not at all. 

ll1is fact can be used to detect whether any given point lies inside or outside of a polygon. 

In the remainder of this section, we will make use of this to convert a polygon region into its 

region interval equivalent. 

Since it is possible to find, for any given point, whether this point lies inside or outside of 
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a polygon. then it is possible co construct a brute-force approach which performs this test for 

every pixel in an image co determine the complete set of pixels which lie inside the polygon. 

Such an approach would not be efficient. however. Assuming an average document image 

contains around 6 million pixels. then checking for each pixel whether it intercepts each of 

the edges in (on average) half of the regions in the document is likely to be an extremely time­

consuming process. 

However, by making use of the principal discussed earlier. it is possible to greatly improve 

upon this brute-force approach. 

The region boundaries mark the entrances to and exits from regions. The approach de­

scribed above for detecting whether or not a point lies within a polygon depends upon this 

fact for its efficacy. If a line is drawn from a reference point outside the region to an unknown 

point. then all the points on that line from the reference point to the first region boundary 

must lie outside the region. All points from the first region boundary to the second must 

lie inside. and so on. So, if it is ascertained that a given pixel lies within a given region. then 

all of the neighbouring pixels up to the region boundary must also lie inside of the region. 

Therefore, it is necessary only to perform this check a few times, then all of the neighbouring 

pixels may be marked as belonging to the same region. The following describes how this is 

performed in the method. 

Please refer to Figure 5.9. Initially. a two-dimensional array is constructed which is two 

pixels wider than the region and two pixels taller. This allows the region to be centred in the 

array with a one-pixel border around the region which allows the area surrounding the region 

to be filled in one pass. reducing the total amount of computation needed. Each pixel in this 

grid is capable of taking one of three values: outside, inside and unknown, with each pixel 

being initially set to unknown. 

Next. the region outline is rasterized into the grid and marked as inside. This is performed 

by looping through each of the vertices in the polygon and drawing a line between each vertex 

and the next. In the case where this line is horizontal, i.e. the y-co-ordinates of the two vertices 

are equal and the x-eo-ordinates are different. the pixels between (and including) these two 

points are marked inside. A similar operation occurs where the edge joining the two vertices 

is vertical. 

Where the edge formed between the two vertices is neither horizontal nor vertical, a 

slightly different algorithm is used. First. a check is performed to determine whether the 

line is closer to vertical (i.e. more than 45° from horizontal) or closer to vertical (i.e. less than 

45° from horizontal). 

In the case where the line is more horizontal, as illustrated in Figure 5.10. the method 
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Inside region I 

o Outside 

• Unknown 

• Inside 

Polygon Detect point is inside 

Flood fill area inside Detect point is outside Flood fill area outside 

Figure 5.9: a) A polygon region outline; b) the array with the outline of the polygon marked 
as inside; c) a point selected for checking along with the reference point r and a line drawn 
between the two; d) the inside of the region marked as inside. 



80 CHAPTER 5. INTERVAL COMPARISON 

cycles through each column in the x-direction, calculates the corresponding y-position of the 

line and marks the closest pixel to this. 

Figure 5.10: An individual edge from the region outline and the rasterized version of it. 

Once this has been performed for every edge in the region outline, the array will contain 

a full description of the region outline and all pixels which lie outside the region will be phys­

ically separated from those which lie inside the region by this line. The pixels making up the 

region outline will be marked as inside and all other pixels will still be marked as unknown. 

The next stage is to cycle through each pixel in the array. Where a pixel is already marked 

as inside or outside, no work need be done since its status is already known. Where a pixel 

is marked as unknown, then the pixel is checked against the region's polygon to determine, 

using the method described previously, whether the pixel lies on the inside or the outside 

of the region. The result is then marked into the array not only for that pixel but, using a 

recursive process, for all the pixels connected to it. This process is then repeated for all of the 

other pixels in the image. 

1he result of this is that all of the pixels in the array will be marked as being inside or 

outside of the region and the process will be performed efficiently by removing unnecessary 

computations. A pseudo-code description of the conversion of an arbitrary polygon to a two­

dimensional array is given in Figure 5.11. 

Referring to Figure 5.7, it can be seen that the second stage of this process has been com­

pleted, i.e. the polygon region outline has been converted into an array marking each pixel 

as being inside or outside of the region. Next, this will be converted into a region interval 

description for the single region and then for the whole document. 
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II Allocate space for array 
array = new array [width, height] 

II Set entire array to UNKNOWN 
for each element in array 

element = UNKNOWN 

CHAPTER 5. INTERVAL COMPARISON 

II Set pixels along polygon edges to INSIDE 
for each edge in polygon outline 

for each pixel along edge 
array[pixel x, pixel y] = INSIDE 

II For remaining pixels, check if inside polygon then 
II flood-fill using result 
for x = 1 to width 

for y = 1 to height 
if array [x, y] is UNKNOWN 

if pixel x, y is in polygon 
flood fill(array, x, y, INSIDE) 

else 
flood fill(array, x, y, OUTSIDE) 

Figure 5.11: Pseudo-code for converting an arbitrary polygon to a two-dimensional array. 
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5.5.3 Converting the array into a Region Interval representation 

Initially, the array will be converted into a trivial region interval representation for this region 

containing one band for each row in the array. While this could be simplified at this stage, 

this may cause problems for reasons described later in this section, so simplification will be 

delayed until later in the process. 

First, an empty region interval representation is created with a number of bands equal to 

the height of the region, each exactly I-pixel high, but without any contents at the moment. 

Note that, although the array from the previous section contained a I-pixel empty border 

around the region, this was added merely to speed up processing during that stage and is not 

carried over into the region interval representation. 

The region interval representation should contain, within each band, a number of en­

trance and exit points which denote the beginnings and endings of regions. 111ese can be 

inferred from the array produced in the previous section. 

Excerpted scan-line 

Derived region interval 

Full region map 

D Outside I D Inside region I 

• Inside 

Figure 5.12: a) An array showing the pixels inside and outside of a region, and b) the related 

region interval containing a region entrance, an exit and a combined (I -pixel) entrance and 

exit. 

This process begins by moving along each row in the image separately. A record of the 
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current state is kept. At the beginning of the row, this marker is initialised to reflect the fact 

that we are outside of the region. The method moves along the pixels in the row .. When 

the first pixel marked inside is encountered, this marks the beginning of the region. So, an 

entrance point is added into the region interval with the x-position the same as the current 

pixel. The state marker is updated to reflect that we are now inside the region. 

The loop continues moving along the line until a pixel marked outside is reached which 

represents the exit from the region, so an exit point is marked in the region interval represen­

tation at the x-position of the last inside point. 

It should be noted that in some ground truths and segmentations, there may be regions 

which are just I-pixel wide (for example, some very narrow vertical separator regions) or other 

regions, similar to that shown in Figure 5.12, which contain portions which are just I-pixel 

wide. This may be considered an entrance and exit point which occur at the same x-position. 

Having these described as separate entrance & exit points causes later stages to be unneces­

sarily complicated, so a test is performed here on any region exit to check if the x-value is 

the same as the previous entrance and, if so, to replace this entrance and exit with a special 

"combined" entrance-exit point. 

This process continues until the end of the line is reached, at which point the interval 

related to that line contains a complete representation of that line. Then, the process begins 

again for the next line. A pseudo-code description of the conversion of the two-dimensional 

array to a region interval representation is given in Figure 5.13. 

In this way, the method makes a complete simple region interval representation of the 

polygon region. 

5.5.4 Application to a complete document 

The previous section describes the conversion of a Single region into a simple region interval 

representation. However, it will be rare for a document to contain just one region. In fact, 

even simple documents will likely have ten or more regions while average documents will 

likely contain significantly more. 

When dealing with a whole document, the process described in the previous section must 

be repeated separately for each individual region. One modification is made when dealing 

with multiple regions in order to increase performance. Rather than allocate the two-dimensional 

array for each individual region, which would reduce efficiency, one single two dimensional 

array is allocated which is as wide as the widest region (plus two pixels for the border) and 

as tall as the tallest region (plus two pixels). This allows the same memory to be used for all 

regions rather than repeatedly allocating and de allocating memory. 
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II Make array of bands, one for each scan-line 
bands = new array[region height] 

CurrentState = OUTSIDE 

II Loop through array and add region entrances & exits into bands 

for y = 1 to region height 
for x = 1 to region width 

if array[x] [y] is INSIDE and CurrentState is OUTSIDE 
CurrentState = INSIDE 
Add change point ex, entrance) into bands[y] 

else if array [x] [y] is OUTSIDE and CurrentState is INSIDE 
CurrentState = OUTSIDE 
if last change point's x equals x - 1 and type was entrance 

Change type to combined 
else 

Add change point ex - 1, exit) into bands[y] 

Figure 5.13: Pseudo-code for converting the two-dimensional array into a region interval. 

Once each polygon region has been converted into a region interval format, these can 

be transferred into a master region interval representation which stores information for the 

whole document. This is similar to the individual region versions but it contains one interval 

for each row in the image which the document layout represents. 

The entrance and exit points for individual regions may be transferred into the document 

region interval representation but, in doing so, two changes must be made. In the single region 

representation, there was no need to store any information about the region from which the 

change points belong since the representation contained only one region. This must be added 

to each change point in the full document representation to identify each change point as be­

longing to a given region. Secondly, the relative positions must be translated from the smaller 

single-region representation to the larger full-document representation since the individual 

region region interval representations represent only the area of the document containing 

that specific region. 

Once these have been transferred into the master region interval representation, it is de­

sirable to simplify this. While originally an interval of I-pixel height was created for every 

row in the image, it will often be the case that one interval contains exactly the same num­

ber of region entrances and exits as the previous interval, with each point in exactly the same 

position as the equivalent point in the previous interval. 
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In this case, the second interval can be simply deleted and the first interval expanded to 

cover the height of the two. 

1his process begins by cycling through each interval and comparing it to the next. First, 

the number of change points (entrance, exit & combined points) in the two intervals is com­

pared. If these counts are different, then the two intervals must also be different. If the num­

bers are the same, then a comparison needs to be made of the change points in the two inter­

vals. They must be checked in order to test if the position, type and region are the same as the 

equivalent in the next region. If they are different, then the two intervals are different and the 

process can move onto the next pair of intervals. If they are identical, this can be repeated for 

the next pair of change points. If all the change points have been found identical between the 

two intervals, then the intervals must be identical. In that case, the second of the two intervals 

can be deleted and the first expanded to fill the space of both. 

Once one interval has been deleted and the interval above expanded to fill its place, the 

expanded region is then checked against the new next interval. Once this has been repeated 

for each consecutive pair of intervals, then the region interval representation will have been 

simplified as much as is possible. 

Figure 5.14 shows the artificial document layout introduced at the beginningof this chap­

ter in its original polygon representation and then in its region interval equivalent. There are 

several features of note in the diagram. Note that the diagonal upper edge of the leftmost 

region, has been split into three separate single-pixel-high intervals, 10- 12. Note also that 

interval 16 is larger than the others as a result of the merging process described in this subsec­

tion. Since this portion of the document can be perfectly described with just one interval, any 

more would slow down the comparison process described in the next section while resulting 

in no gain in accuracy. 
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Figure 5.14: The example document layout introduced at the beginning of this chapter and 
its region interval equivalent. 
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5.5.5 Comparison of ground-truth and segmentation 

The description so far ha~ concentrated on the processing of a single document layout, and 

the conversion of that layout into a region interval representation. 

In performance analysis, there will usually be two document layouts involved. One, the 

ground-truth is a human-entered description of the actual layout of the page. The second, the 

segmentation, is the automatically generated layout as detected by a document layout analysis 

method. The latter will likely have mistakes and it is the goal of performance analysis to locate, 

quantify and describe these mistakes and the process by which this begins is the comparison 

of the ground-truth and segmentation layouts. 

The process so far describes the conversion of a single document layout into region in­

terval representation. This needs to be performed twice, once for the ground-truth and once 

for the segmentation. So, at this stage, there are a pair of region interval representations, one 

representing the ground-truth and the other the segmentation. 

Referring to Figure 5.1 5, it can be seen that the two interval representations are quite 

different. Some regions in the ground-truth have been split in the segmentation, while others 

have been merged. Due to these differences, it should be noted that the intervals are quite 

different in each, in terms of number, positions and heights. In order to compare the two, 

therefore, it will first be necessary to align the two sets of intervals. 

A new combined interval representation will be generated which will contain a set of 

intervals derived from the ground-truth and segmentation intervals and which will contain 

the change points from both the segmentation and ground-truth. 

The creation of this combined representation begins as follows. Two pointers are cre­

ated which will point to the current ground-truth and segmentation intervals, respectively. 

Initially, they are set to point to the topmost interval in each document. 

Each of the intervals contains a beginning and ending y-value. A check is performed to 

see which of the two intervals ends first, i.e. which of the two has the lower ending y-value. 

For example, if the segmentation interval ends first, then a new region interval will be added 

into the combined representation ending at that y-value. 

Take Figure 5.15 as an example. The figure shows the example ground-truth and segmen­

tation layouts introduced earlier and their region interval equivalents. At the bottom of the 

diagram, a simplified version of the ground-truth and segmentation interval representations 

is given showing just the horizontal bands of each. 

Using this figure as an example, initially, the ground-truth pointer will be set to GO and 

the Segmentation pointer set to point to SO, since those intervals are the topmost intervals in 

their respective layouts. A check is performed to see which of the two ends first (i.e. nearest 
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Ground-truth polygon layout 

Segmentation polygon layout 
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Ground-truth interval layout 

Segmentation interval layout 

.. _" .. """"".- --" 50-'''''' """-" .•... ,,""" 

• Ground"truth 

• Segmentatior 

• Overlap 

Co 

Ci 
C, 
C, 

C. 
y' -----G;;-,-----········ ........... ,.""""'''"".,,,''',,'' ."".""""."."".,,"""",,""",,. ----.......".-----

C. 

G. 
y.------="------- C. 

y,----- -----
y,----------"""" """"""."""""."",,.,,.,,'" 

C, 

Ground-truth band structure Segmentation band structure Combined band structure 

Figure 5.15: 111e example ground-truth and segmentation polygon layoutS and their region 

interval equivalents; the band structures from each being used to form a combined band struc· 

ture. 
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the top). In this case, interval GO ends at Y1 ' while we are not yet inside interval SO, So, an 

interval (CO) is added to the combined representation from the top of the page (yO) to Y1, 

and the ground-truth pointer is incremented to point to the next ground-truth interval, G l' 

The process will then repeat. After the previous step, the ground-truth pointer points 

to Gland the segmentation pointer still points to SO, Of the two, G 1 ends first (at n), so a 

new interval, C 1, is added to the combined representation ending at Y2 and the ground-truth 

pointer is incremented to point to G2' 

This process repeats until both pointers have reached the bottom of their respective pages. 

Once this is done, the combined representation should have a full and correct set of intervals. 

The full combined intervals can be observed in the bottom-right of the diagram. 

Once these horizontal bands have been created in the combined interval representation, it 

is necessary to add the change points from the corresponding ground-truth and segmentation 

intervals. For ease of processing in the following stage, this is stored as a combined change 

point which may contain details of a ground-truth and/or segmentation change point. So, it 

contains five pieces of information: 

• The x-value 

• The type of the ground-truth change point: entrance, exit, combined or none 

• The ground-truth region to which this change point belongs 

• The type of the segmentation change point: entrance, exit, combined or none 

• The segmentation region to which this change point belongs 

These are stored in an array for each interval which is populated individually for each 

interval in the manner described below. 

Both the ground-truth and segmentation intervals contain an array of change points sorted 

by ascending x-value. The change points are added to the combined interval representation 

in order by reading the two arrays from left to right. 

First, two pointers are created which will be used to point to the current change point 

in the ground-truth and segmentation intervals, respectively. These are initialised to point to 

the first (Le. leftmost) change point in each of the two arrays. Each of the two will have an 

x-value and type (entrance, exit or combined). 

A check is performed to detect which of the two has the lower x-value. If one has a lower 

x-value than the other, then that will be added into the combined representation first, copying 

the x-value and type and setting the other type to none. So, for example, if the ground-truth 
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Condition Action 

XCTi < xSegJ Add GTi into combined interval, will Segmentation compo-
nent null 

XCT. > XSegj Add Segj into combined interval, will Ground-Truth com-
ponent null 

XCTi = xSegJ Add a single change-point into combined interval, represent-
ing both G~ and Segj 

Table 5.1: Conditions met & actions performed while adding change points into combined 

intervals 

change point has the lower x-value, a change point is added to the combined representation 

with the ground-truth type set to the same value as the original and with the segmentation 

type set to none. The ground-truth pointer is then incremented to point to the next change 

point. 

If the ground-truth and segmentation arrays both have a change point at the same x-value, 

then just one change point is added into the combined representation and the types from both 

are copied into it. Table 5.1 contains a description of the conditions which could be faced and 

the actions which will be performed on each. 

This process continues until both pointers have reached the last (rightmost) entry in each 

of the arrays, at which point the combined interval contains a complete representation of both 

the arrays. Figure 5.16 shows an example combined band containing both the ground-truth 

and segmentation change points. 

This combined interval representation represents the positions of the region outline but 

does not show which of the regions are overlapping, and the correspondences between them. 

For this, one further stage of processing is necessary. During this stage. a geometric represen­

tation will be derived which will contain a complete description of each pair of overlapping 

regions. 

The process begins by reading the intervals from the top of the page to the bottom and, 

within each interval, from left to right. Initially, two pointers are created which will point 

to the current ground-truth region and the current segmentation region, respectively. At the 

beginning of the page, since we must not be inside of any region, these pointers are set to null 

to reflect this. 

Next. a loop is performed over all the change points in the current interval, from left to 

right. The first change point reached must not be an exit since we are already outside of all 

regions at the beginning of the page. So. the first change point must be either an entrance 

or a combined entrance-exit and it may be from either the ground-truth. the segmentation 
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Individual ground-truth & 
segmentation bands 

X E X Ground-truth Component 
E X Segmentation Component 

Combined band 

• Ground-truth 

• Segmentation 

• Overlap 

Figure 5.16: Overlapping ground-truth and segmentation bands from the example document 
layouts and the combined interval created from them. 

or both. As we enter that region, the relevant pointer is updated to point to that region. So, 

for example, if a ground-truth entrance is reached, the pointer to the current ground-truth 

region is made to point to this region. 

We then move on to the next change point, The type of this change point dictates the 

action to be performed next. For example, if we are now inside a ground-truth region and we 

encounter a ground-truth exit, then this marks the end of the current ground-truth region. So, 

the area from the entrance to this exit (inclusive) is added in to our geometric representation 

for that ground-truth region and the null segmentation region, signifying that this portion 

of the page was missed in the segmentation. 

Alternatively, the next change point might be a segmentation entrance. In this case, the 

area beginning at the previous change point and endingjust before the current change point 

is added into the geometric representation corresponding to that GT region and the null 

segmentation region. However, since we are already inside of a GT region and we are now 

entering a Segmentation, the area from now until the next change point will be added into a 

new geometric correspondence between the current GT region and the next Segmentation 

region. 

The following will present a brief example of this process referring to Figure 5.17. 
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Combined band 

E X E X Ground-truth Component 
E X Segmentation Component 

--r-r---------,-.-,--.-

• Ground-truth 

• Segmentation 

Detected overlaps • Overlap 

Figure 5.17: The excerpted combined interval from the previous diagram used to detect over­
laps between the ground-truth & segmentation. 

The diagram shows a series of six change points from the single interval excerpted from 

the example ground-truth and segmentation layouts. The method begins at the lett of the page 

with the pointers to the current ground-truth and segmentation regions set to null, indicating 

that, to begin with. we are inside neither a ground-truth nor segmentation region. It begins 

moving across the page from lett to right. The first change point encountered is a ground-truth 

entrance point. The pointer to the current ground-truth region is updated to the ground­

truth region being entered and StartX is set to the current x-coordinate. 

The next change point encountered is a segmentation entrance point. As we reach this 

point, the pointer to the current segmentation region is null. This means that the area from 

StartX to just before the current point was part of a ground-truth region and no segmentation 

region. A new overlap representation is created to describe the overlap between the given 

ground-truth region and no segmentation region and the area up to this point is added into 

it. Since we have reached a segmentation entrance point, StartX is updated to the current x­

value and the pointer to the current segmentation region is updated to the new segmentation 

region. 

Following this, the next change point encountered is a ground-truth exit point. The area 

from StartX up to and including the current x-value is added into the overlap between the 

given ground-truth and segmentation regions. StartX is updated to the following x-value and 

the current ground-truth region is again set to null. 

Following this, another ground-truth entrance point is encountered marking the begin­

ning of a new ground-truth region. The area from StartX is added as an overlap between the 

current segmentation and the null ground-truth region and the current ground-truth region 

is set to the newly-encountered ground-truth region. This continues until the end of the cur­

rent interval is reached and then continues with the following intervals until the bottom of 
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the page is reached. 

This process is performed across the whole page in a single pass. Once the process has 

completed, the method has a series of overlap representations, each of which comprises a re­

gion interval respresentation describing only the overlap between the given ground-truth and 

segmentation region. 

5.6 Application to a real-world document 

As described in section 5.2.1, the diagrams used to illustrate the method to this point were 

based on artificially-contrived example ground-truth and segmentation layouts which were 

designed to allow the key features of the method to be illustrated visually in relatively small 

spaces. 

While the method would likely work with such examples, it was principally designed to 

be used with the type of complex document layouts which are likely to be encountered by 

researchers in Document Layout Analysis today. This section contains diagrams similar to 

those presented earlier in this chapter but, rather than featUring the artificial example layouts 

shown earlier, they depict the actual output from the method on a complex document selected 

from the PRImA Page Segmentation dataset, Magazine Page 42. 

The output from the method on Magazine Page 42 of the PRImA Page Segmentation 

Dataset is shown in Figure 5.18. To the left of the diagram is the original (colour) document 

image. Two arrows lead from this to the manually-entered ground-truth data at the top (de­

picted here in blue) and, at the bottom of the diagram, to an example automatic segmentation 

(depicted here in red) created from the image using the White Tiles segmentation method 

discussed in section 2.4.3. Both the ground-truth data and segmentation are first shown in 

their original polygon format. 

To the right of the ground-truth and segmentation polygon layouts is the actual result 

of using the method described earlier in this chapter to convert the polygon representations 

into region interval representation. One can notice firstly that the portions inside the region 

(marked in blue for the ground-truth and red for the segmentation) are identical to those 

inside the regions in the original polygon versions of the layout, as would be expected if the 

conversion process were functioning correctly. 

In the region intervals diagrams, the horizontal black lines denote the boundaries of the 

horizontal bands of the region interval description. Referring specifically to the ground-truth 

region in terval representation, it can be seen that the height of the horizontal bands varies dra­

matically across the page, depending upon the complexity of the page at that point. Take, for 
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example, the large article title towards the top of the page. In the region interval represen­

tation, this is represented entirely by just one band. Contrast this with the large, irregularly­

shaped graphic at the centre of the document, especially the diagonal bottom-left corner of 

the graphic. It can be seen that the region interval representation here contains a large number 

of very short horizontal bands in order to accurately describe the diagonal line. 

The ground-truth and segmentation region interval descriptions are then used in the fi­

nal step of the process ro detect the overlaps (or lack thereof) between the ground-truth lay­

out and segmentation. This is displayed in the rightmost portion of the diagram. Here, the 

colours denote the overlaps, if any. Where a portion of the document is inside a ground-truth 

region but not a segmentation region, the diagram is coloured in blue, the colour used here 

for ground-truth regions. Where the reverse is true and a portion of the document is inside 

a segmentation region but not a ground-truth region, the segmentation region colour is used 

(red). Finally, where a portion of the page is inside both a ground-truth region and a segmen­

tation region (the majority of the page in this instance), it is coloured in purple, a mixture of 

red and blue. 

From this final part of the diagram, it is possible to see the differences between the ground­

truth layout and the automatically-detected segmentation. Again, referring to the large title 

near the top of the page, it is possible to see that the title is correctly contained within one 

ground-truth region while the automatic segmentation has caused the title to be split into 

several smaller chunks corresponding to the words in the title. This is due to the use of global 

thresholds in the white tiles segmentation method, as discussed in section 2.4.3. 

Looking towards the upper-left of the main body text, one can see that another mistake 

has been made in the opening drop-capital of the text. First, the two letters of the drop­

capital ("J), which are contained in a single region in the ground-truth, have been split in the 

segmentation into two separate regions. Secondly, to the right of the drop capital, there is an 

area of red which in this case shows that the letter J from the drop-capital has been merged 

with the first paragraph of body text. 

5.7 Efficiency 

Part of the reason for using region intervals as the foundation for the performance evaluation 

method was that they provide an extremely compact format for region representation which 

allows the comparison process to be performed extremely efficiently. This section examines 

the efficiency of the representation and the comparison method based upon it using real­

world data. 
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Figure 5.18: The operation of the method on a real-world document image, magazine page 

42. 
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The main alternative region representation used in previous performance evaluation meth­

ods which still allows for the same descriptive capability as the region intervals described here 

is an image-based format. So, the examples described here will give the efficiency as compared 

with image-based performance evaluation methods. Bounding box-based methods are not 

considered here because they are unable to accurately describe complex document layouts. 

Rather than base these comparisons on artificial data which may have little relevance in 

real-life evaluation systems, the comparisons presented here are based on the PRImA Page 

Segmentation dataset described in section 4.4.7 in order to see how the representation and 

comparison method perform on real data. The specific documents used will be the evaluation 

data used for the ICDAR 2005 Page Segmentation Competition described in section 3.4.3 

and also used for the evaluation in section 7.3.4. 

The discussion will be divided into space and time efficiency. A large part of the efficiency 

of the comparison method derives from the region interval representation used. As it will be 

seen from the subsection on space efficiency, the region interval representation allows the full 

layout of the document with full accuracy but in a much more compact form. In the section 

on time efficiency, it will be seen how the compact data representation greatly improves the 

efficiency of comparison. 

5.7.1 Space-efficiency 

With the region interval representation format, the entire page is divided into a number of 

horizontal bands. The location of regions in the page is simply denoted by a series of entrance 

and exit marks inside the horizontal bands. Table 5.2 shows all the data items required for 

the region interval representation. 

Field Size (bytes) Description 

NoBands 2 The number ofhoriztontal bands 
For each band: 

UpperY 2 The upper Y-coordinate of the band 
LowerY 2 The lower Y-coordinate of the band 
NoChangePts 2 The number of change points in the band 
For each change point: 

Type 1 The type of the change point (Entrance, Exit or Combined) 
XPos 2 The X -coordinate of the change point 

Table 5.2: A description of the fields in the region interval representation along with their 
sizes. 

Other methods use images as their region representation format. In this representation, 
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an image is allocated of the same dimensions as the original document image. Then, each 

region is allocated a unique ID (which may be thought of as a colour) and the pixels inside 

each of these regions are coloured with that colour. Table 5.3 gives a list of the data items 

required in the image representation. 

Field Size (bytes) Description 

Width 2 The width of the image 
Height 2 The height of the image 

For each pixel: 

PixelVal 2 The ID/colour representing the region of this pixel 

Table 5.3: A description of the fields in the image representation along with their sizes. 

In order to compare the relative space efficiency of the two representations, the amount 

of memory used is calculated for each of the two representations for each of the documents 

in the evaluation dataset for the ICDAR 2005 Page Segmentation Competition. The results 

may be found in table 5.4. 

From the table, it can be seen that in every case, the region interval representation is dra­

matically smaller than the image-based equivalent. Over the entire set, the region intervals 

versions of the documents are approximately 99.98% smaller than the equivalent image-based 

representations. 

This is relatively unsurprising since the image representation encodes, for every single 

pixel in the original document image, the region to which it belongs while the region interval 

representation records only the beginnings and ends of regions. 

5.7.2 Time-efficiency 

The interval comparison method presented in this thesis is also highly time efficient and this 

is largely due to the region representation upon which it is based. 

Since image-based region representations have the size of a full image and each pixel's 

region membership is recorded individually, this means that in order to compare two docu­

ment layouts, it is necessary to inspect the colour of each pixel in both the ground-truth and 

segmentation files. 

With the region interval representation however, as only the entrances and exits to regions 

are recorded, it is only necessary to compare these entrances and exits rather than inspecting 

each individual pixel. This again dramatically reduces the number of individual comparisons 

which must be performed by the evaluation method. 
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Type ID Size Relative size 
Image Region Intervals 

Advertisement 1 16,968,998 629 0.004% 
Magazine Page 1 15,191,514 5,756 0.038% 
Magazine Page 4 15,157,132 14,624 0.096% 
Magazine Page 9 14,826,724 3,008 0.020% 
Magazine Page 11 15,092,724 926 0.006% 
Magazine Page 21 14,738,940 1,802 0.012% 
Magazine Page 27 14,915,100 1,256 0.008% 
Magazine Page 31 14,703,080 1,700 0.012% 
Magazine Page 39 14,615,374 1,079 0.007% 
Magazine Page 42 15,185,830 7,331 0.048% 
Magazine Page 86 14,728,192 1,079 0.007% 
Magazine Page 90 14,778,390 749 0.005% 
Magazine Page 137 17,194,756 2,135 0.012% 
Magazine Page 138 16,973,884 1,241 0.007% 
Magazine Page 139 17,065,066 2,768 0.016% 
Magazine Page 160 14,683,924 941 0.006% 
Magazine Page 161 14,986,792 2,336 0.016% 
Magazine Page 177 14,952,868 2,066 0.014% 
Technical Article 12 18,333,396 746 0.004% 
Technical Article 16 17,875,706 1,151 0.006% 
Technical Article 19 18,083,254 17,561 0.097% 
Technical Article 20 17,283,842 686 0.004% 
Technical Article 22 18,017,284 839 0.005% 
Technical Article 23 18,567,876 824 0.004% 
Technical Article 26 17,916,958 1,070 0.006% 
Technical Article 27 17,113,008 1,859 0.011% 
Total 419,950,612 76,162 0.018% 

Table 5.4: The size of each document in the evaluation dataset of the ICDAR 2005 Page 
Segmentation Competition, using image representation and region interval representation. 
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The evaluation here will be performed again on the evaluation dataset of the ICDAR 

2005 Page Segmentation Competition. Here it is necessary to have a set of sample segmenta­

tions to compare against the ground-truths. Here, the segmentations output by the BESUS 

method will be used as, of the four entrants to the ICDAR 200S Competition, they were 

closest to average in layout complexity, the main influence on speed for this method. I 

Table S.S contains details of the number of comparisons performed by the image-based 

comparison system as compared with the region interval-based one. It can be seen that, due 

to the significantly lower amount of data required by the region interval representation, the 

comparison method based on it is also significantly more efficient in terms of the number of 

comparisons performed, with 99.89% fewer comparisons. 

It is interesting to note that, although the amount of data required to represent a complete 

document was reduced by 99.98%, the number of comparisons performed is only 99.89% 

fewer. This difference is due to the process described in section S.S.S - due to the neces­

sary differences between ground-truth and segmentation, the combined interval representa­

tion will always have more horizontal bands than either the ground-truth and segmentation 

structures. The greater number of bands causes the number of comparisons made to increase 

proportionally. 

Despite this, it can be seen that the more efficient storage enabled by the region inter­

val representation allows the comparison between the ground-truth and segmentation to be 

performed more efficiently. 

5.8 Discussion 

This section has presented a novel method for comparing two polygon document layouts, 

producing a geometric description of all the overlapping pairs of ground-truth and segmen­

tation regions. The process by which this is performed uses relatively simple transformations 

which are designed to retain all the detail of the original layouts, while being performed in an 

efficient manner. The following chapter describes how this geometric description is used as 

the basis of a powerful performance evaluation system. 

I Conversely, image-based comparison methods are noc influenced by layout complexity. 
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Type ID Comparisons Relative Comparisons 
Image Region Intervals 

Advertisement 1 8,484,497 11,774 0.139% 
Magazine Page 9 7,413,360 10,708 0.144% 
Magazine Page 11 7,546,360 8,484 0.112% 
Magazine Page 21 7,369,468 14,451 0.196% 
Magazine Page 31 7,351,538 11,132 0.151% 
Magazine Page 39 7,307,685 3,836 0.052% 
Magazine Page 86 7,364,094 15,810 0.215% 
Magazine Page 90 7,389,193 7,560 0.102% 
Magazine Page 137 8,597,376 7,001 0.081% 
Magazine Page 138 8,486,940 8,949 0.105% 
Magazine Page 139 8,532,531 6,966 0.082% 
Magazine Page 160 7,341,960 12,114 0.165% 
Technical Article 12 9,166,696 7,074 0.077% 
Technical Article 16 8,937,851 5,374 0.060% 
Technical Article 20 8,641,919 4,730 0.055% 
Technical Article 22 9,008,640 12,565 0.139% 
Technical Article 23 9,283,936 10,664 0.115% 
Technical Article 26 8,958,477 5,508 0.061% 
Technical Article 27 8.556,502 10,715 0.125% 
Total 155,739,023 175,415 0.113% 

Table 5.5: Using the evaluation set of the ICDAR 2005 Page Segmentation and BESUS seg­
mentations, the number of comparisons performed by an image-based comparison method 
compared with the region interval comparison method. 
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Chapter 6 

Evaluation System 

6.1 Overview 

The previous chapter described the method of comparing the polygonal ground-truth layout 

against the polygonal segmentation layout. The result of this is a geometric description of the 

overlaps between groundtruth and segmentation regions. This chapter uses this geometric de­

scription as the basis of a performance evaluation system fulfilling the requirements discussed 

in Chapter 3. 

6.2 Identification of errors 

6.2.1 Error types 

Following the processing described in the previous chapter, there is a set of region intervals 

for each overlap between a ground-truth region and a segmentation region, as well as cases 

where a ground-truth region overlaps the page background in the segmentation layout and 

vice-versa. 

The geometric description contains, for each overlap, a geometric description of the area 

of the overlap and a link to the related ground-truth region (if any) and the related segmen­

tation region (if any). 

The next stage is to identify the errors which have occured in the segmentation. The differ­

ent types of errors detected in previous approaches fall broadly into the following categories: 

• Merges 

• Splits 

101 
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• Missed regions 

• Partially-missed regions 

• Erroneously-detected regions 

It should be noted that some approaches detect just these errors, while others divide them 

into sub-categories depending upon the focus of the particular evaluation method. The indi­

vidual error types are described below and are related to the derived geometric description. 

Merged regions 

Ground-truth regions are said to be merged in the segmentation when a single segmentation 

region overlaps (covers the same area of the page as) two or more regions in the ground-truth. 

The effect of this is that the contents of twO distinct regions from the document would be 

merged in the segmentation being evaluated. In the geometric description, this may be iden­

tified by the presence of multiple overlaps between multiple ground-truth regions and a single 

segmentation region. 

Split regions 

Splits are very similar to merges but with the region types reversed. That is, a ground-truth re­

gion is said to be split when it overlaps with more than one different segmentation region from 

the segmentation. The effect of this is that information from the document which belongs 

in the same region would, given the segmentation being evaluated, be divided into separate 

regions and no longer related as it should be. This may be identified by searching in the geo­

metric description for multiple overlaps between a single ground-truth region and multiple 

segmentation regions. 

Missed regions 

Missed regions are regions which are part of the ground-truth but do not have any overlapping 

regions in the segmentation. This is typically the most serious error which may be encoun­

tered in performance evaluation since it means that, if the segmentation is used, the contents 

of the given region will be completely omitted from further processing. In the geometric de­

scription, completely missed regions may be identified by finding ground-truth regions which 

have just one overlap and that overlap does not correspond to any segmentation region, but 

rather just the page background. 
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Partially-missed regions 

Similar to the missed regions described above, partially-missed regions are those ground-truth 

regions which are partially overlapped by some segmentation region but which also have ar­

eas which are not covered by any segmentation region. This error may not be as serious as 

fully missed regions since at least some of the information contained in the region has been 

detected as being part of a region. That part of the information will be passed on correctly 

to the recognition process. However, for the parts of the region which are missed, that infor­

mation will be lost. Partially-missed regions may be identified by searching for ground-truth 

regions which are overlapped by more than one region, one of which corresponds to the back­

ground in the segmentation. 

Erroneously-detected regions 

Erroneously detected regions are regions which occur in the segmentation but do not overlap 

any region in the ground-truth, or parts of segmentation regions which do not correspond to 

any part of a ground-truth region. Such errors may be detected using the processes described 

in the previous chapter by finding segmentation regions which overlap the page background 

in the ground-truth, either solely or as well as overlapping valid ground-truth regions. How­

ever, the system does not track such errors further as the inclusion of extra white space in 

regions rarely causes any significant problems to page segmentation. 

6.2.2 Identification of region correspondences 

In order to identify all these types of errors, it is necessary to identify which regions over­

lap with other regions. In order to identify all the different types of errors, it is necessary 

to calculate these correspondences in both directions. In order to identify split, missed and 

partially-missed regions, it is necessary to find the segmentations overlapping a given ground­

truth region. In order to identify a region merge, it is necessary to find the ground-truth 

regions covered by a given segmentation region. 

This information in stored in two lookup tables, one for the ground-truth regions and 

one for the segmentation regions. For example, the ground-truth lookup table is a two­

dimensional array with one row for each ground-truth region. The entries in each row corre­

spond to the segmentation regions which overlap the given ground-truth region. Similarly. 

with the segmentation lookup table, the table contains a row for each segmentation region 

and the entries in each row correspond to the ground-truth regions which overlap that par­

ticular segmentation region. 
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The lookup tables can be populated very efficiently simply by making a single pass over 

the entire set of region overlaps. For each overlap, the corresponding ground-truth region and 

segmentation region is read. Then, one entry is made into each lookup table. In the ground­

truth lookup table, the row corresponding to the current ground-truth region is found and 

then a pointer to the overlapped segmentation region is added into its list. Similarly, in the 

segmentation lookup table, the row corresponding to the current segmentation region is lo­

cated and a pointer to the overlapped ground-truth region is added into the list. 

Once chis Single pass over the region overlaps has been performed, the two lookup ta­

bles contain a complete description of the ground-truth regions overlapping each segmenta­

tion region and the segmentation regions overlapping each ground-truth region. An example 

ground-truth lookup table may be found in table 6.1. Please note that in the example table, for 

visual purposes, each region is identified simply by its region ID, a unique numeric identifier 

allocated to each region. In the system, each reference to a region is stored as a pointer to the 

region itself, allowing the region's meta-data to be accessed, thus allowing greater flexibility 

during later stages. Where a region in the ground-truth is partly missed in the segmentation, 

it is described in the table as overlapping the null region. 

0 null 4 
1 null 4 
2 null 4 
3 null 6 
4 null 7 8 9J 
S null 2S 10 

Table 6.1: A ground-truth lookup table shOWing a row for each ground-truth region and a list 
of the overlapping segmentation regions for each. 

Take, for example. the ground-truth lookup table depicted in table 6.1. This contains 6 

rows (numbered 0-5), corresponding to six ground-truth regions. The entries in each row 

then depict the segmentation regions which overlap that ground-truth region. Row 0 con­

tains the overlap information for ground-truth region O. There are two segmentation regions 

listed as overlapping this region. segmentation region null and segmentation region 4. The 

null value corresponds to background in the segmentation layout, essentially meaning that 

part of this ground-truth region has been missed. Additionally, part of the region has been 

overlapped by segmentation region 4. 

From these lookup tables, all of the errors listed above may be detected. The ground­

truth regions which have been missed are those in the ground-truth lookup table which have 

only one region in the list, corresponding to the background. Similarly, ground-truth regions 
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which are partly missed are those which have more than one segmentation region lisced. one 

of which corresponds to the background. Split regions are those which have more than one 

regular (non-background) segmentation region in their list. Similarly. Merged regions may 

be detected from the segmentation lookup table by looking for segmentation regions which 

have more than one regular ground-truth region listed. 

6.2.3 Severity of errors 

The initial description above has referred to only a simple set of errors. Indeed. many of the 

prior approaches have considered only these types of errors. However, it should be noted that 

different errors of the same type, e.g. misses. may not cause equally great problems for later 

stages of the recognition process. 

In the PRImA Dataset upon which this performance evaluation method is based. areas 

of text are split into text regions on paragraph boundaries. Similarly. in some of the other 

datasets discussed in chapter 4, individual lines arc described as text regions. However, seg­

menting the page along such lines may not be the aim of the individual layout analysis method. 

Furthermore, combining two consecutive parts of the same text column is unlikely to cause 

problems in subsequent stages of the recognition process. 

Given a merge of two regions of different types, e.g. a text region and an image region, 

then this is much more likc:ly to be contrary to what the devc:lopers of a layout analysis method 

intended, and what users are likc:ly to expect from a correctly-functioning layout analysis 

method. Similarly, such mistakes are far more likely to cause problems in the later stages of 

the recognition process. 

As mentioned previously, many prior performance evaluation systems simply OUtput num­

bers of split and merged regions. Given the widely differring situations described in the pre­

vious twO paragraphs, it is apparent that not all split and merged regions should be treated 

equally. Rather, the severity of those errors depends upon several factors. Given this, this per­

formance evaluation method divides such errors into two distinct categories - severe and less 

severe - which allow the more problematic problems, such as merges between image and tClt 

regions, to be separated from the more technical errors which will cause few problems in real 

document analysis situations, such as merges of adjacent paragraphs of ten in a single tex­

tual column. At this stage, severe and less severe are Simply categories into which erron are 

divided. The quantitative effect on the results depends on the relative penalties allocated to 

each class in the given application scenario. This is discussed further in section 6.4.2 

One of the chief advantages of using the PRImA Dataset is that it contains a large amount 

of region-Ievc:l metadata which is invaluable when categorising erron as severe or less severe. 
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For merges, the type of each ground-truth region is checked to determine whether the 

regions are of the same or of different types. Where regions are of different types, this means 

that the recognisers to be used for each are different and merging regions of different types 

will have a detrimental effect on later stages of the recognition process. So, merges between 

regions of different types are immediately considered severe errors. 

Where regions are of the same type, the categorisation is performed differently for each re­

gion type involved depending upon the reasons behind ground-truthing regions of the same 

type as separate regions. Image regions, for instance, always contain a whole single image. 

Where two different images are present on the page, then they are ground-truthed as sepa­

rate image regions. Merging two separate regions is unlikely to be desirable so these are also 

categorised as severe errors. 

For text regions. on the other hand. the situation is less clear-cut. As discussed earlier in 

this section. the merging of twO consecutive text regions from the same column is unlikely to 

cause problems. However. finding a metric to measure this is more complicated. The PRImA 

XML format contains several pieces of metadata which may be useful in this case. Firstly, 

there is the polygon outline of the regions involved. The location of each region relative to 

the other may be used to find if, for instance. one region is directly beneath another. This may 

work in some cases but in others, it may work less well, for instance, when a page is divided 

hOrizontally into two articles. Columns from the second article may be vertically adjacent to 

columns from the first article but a merge between such regions would be considered a severe 

error. 

The PRImA ground-truth format also contains a system for specifying the region order of 

the page by specifying links between each region and the region which follows it in the reading 

order. This could also be used in identifying severe or less severe errors. So, for instance, 

if a region follows another in the reading order, then that could be considered a less severe 

error. However. consider the case where adjacent columns in a text region are merged. The 

rightmost of the pair will typically follow the leftmost in the reading order. However, a merge 

between these two would be very undesirable since the later recognition stage may also merge 

the text lines between the two. 

So, to take account of these problems, both of these features are considered when evalu­

ating the severity of a merge or split. First, the text direction (left-to-right or top-to-bottom) 

and orientation of each of the regions is taken into account. If the text directions or orien­

tations are different, the merge is considered a severe one. If they are the same, then the text 

direction is compared to the relative angle between the two regions. If the text is written left­

to-right or right-to-Ieft and the regions are horizontally adjacent, then this is a severe error. 
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If they are vertically adjacent, then the reading order is checked to see if they are adjacent in 

the reading order. Only if they are also adjacent in the reading order is the merge labelled less 

severe. 

In this way, the errors previously detected as merges or splits are categorised into severe 

and less severe errors which allows them to be penalised accordingly later in the process. 

6.3 Problems with the region-only approach 

Up to this point, the comparison of the ground-truth and segmentation layout has been en­

tirely based upon the region representations and no attempt has been made to access the orig­

inal document image. From a performance perspective, this is a good thing. However, there 

is a problem with using this approach alone. 

When creating ground-truths for documents using the standard bounding box method, 

there are rarely different ways of ground-truthing a given region. The correct bounding box 

will be the one which fits the region perfectly. The same may be said for the segmentation. 

When a more detailed region representation is in use, such as polygons, then there are 

many more ways in which a given region may be ground-truthed. Of course, the goal in 

ground-truthing is to draw the region outline so that it includes the whole contents of the 

region inside, does not include any parts of other regions and includes as little as possible of 

the surrounding background space. 

Figure 6.1: A portion of an image from the PRImA Dataset with the ground-truth and a 
segmentation from the ICDAR 2005 Page Segmentation competition overlaid. 

Take, for example, Figure 6.1. This shows an example document image which has the 

ground-truth and a segmentation from the ICDAR 2005 Page Segmentation competition 

overlaid on it. Portions which correspond to overlaps between the ground-truth and segmen­

tation , the majority, are highlighted in green. Portions of the ground-truth which have been 
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missed by the segmentation are highlighted in red and portions of the segmentation which 

are not part of the ground-truth are highlighted in blue. 

It can be seen that the evaluation method has detected some missed areas and some wrongly­

detected areas. However, it can also be seen that all of the actual textual contents of the region 

are correctly detected since they appear in the areas highlighted in green. So, this highlights 

a problem. If all of the textual contents of the region have been correctly detected by the 

segmentation method, then should these errors be considered true errors? 

Initially, it may seem that if the segmentation does not correspond correctly to the ground­

truth, then the segmentation must contain errors. However, in situations such as that de­

picted in the figure, it can be seen that the segmentation conforms well to the rules discussed 

previously. It does contain the whole contents of the region while containing little of the 

surrounding page background and no portions of any neighbouring regions. 

If the segmentation does not contain any error, then perhaps the ground-truth contains 

some error. However, the ground-truth also adheres well to those rules. It contains all of the 

contents of the respective regions while not containing any parts of other regions and con­

taining little of the background region. So, the ground-truth cannot be said to be erroneous. 

Instead, the problem is that in some instances, either the segmentation or ground-truth 

is fitting more closely to the data than the other. While neither can be said to be in error, the 

result is that the method using a pure region-based approach will penalise the segmentation 

for something which is not an error. 

6.3.1 Possible solutions 

Pixel content labelling during ground-truthing 

This problem exhibits itself mainly in segmentation regions which fit to the region contents 

more closely than the ground-truth does. When ground-truthing is performed by humans, 

typically the region outline will closely surround each line of text but without fitting any more 

closely. 

When a segmentation method is segmenting the page, however, the closeness of the fit 

depends largely upon the particular methods used. It is not uncommon for a segmentation 

method to produce outlines which wrap tightly around features of individual characters. 

One possible solution to this problem would be to always make the ground-truth fit more 

closely to the region contents than any segmentation method could. However, there are sev­

eral problems with this approach. One problem is it is difficult to decide how close a fit would 

be necessary to achieve this. Taken to the extreme, this would mean that the ground-truth 
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would have to include only pixels which are part of the actual contents of the region, in order 

to ensure that no segmentation method could fit more closely to the characters. 

However, one problem with this approach is the cost involved in ground-truthing. The 

manual ground-truthing of documents is a resource-intensive process. If this required each 

pixel of a region to be specified rather than simply an outline, this would increase the cost of 

ground-truthing significantly. 

Referring to the image during evaluation 

The problem discussed here is peculiar to region-based performance evaluation methods. In 

previous image-based performance evaluation methods, only black pixels are considered as re­

gion contents so only errors containing some black pixels are considered. Image-based meth­

ods were rejected because their assumption of black contents on a white background makes 

them unsuitable for dealing with modern colour documents and documents containing im­

ages. However, the idea of using the image to differentiate between the page background 

could be useful in situations such as this. 

In the dataset used here, each region contains metadata, among which are the foreground 

and background colours of regions. So, when deciding which areas of the erroneous region 

are region contents, the pixels from the colour image can be compared against the known 

foreground and background colours of the region. 

For the area of the error, the method begins by looping through each pixel in the area. 

For each pixel, the colour of the pixel is extracted from the image and compared against the 

foreground and background colours of the region from the ground-truth. The pixel is then 

allocated a score between 0 and 255 depending upon how close to the background (0) or fore­

ground (255) the pixel's colour is. These values may be averaged over the whole area to obtain 

a metric of the proportion of the missed area which contains useful contents as opposed to 

background space. So, for instance, if a portion of a text region is detected as missed by the 

segmentation but the area consists wholly of the background colour, then no penalty will be 

assessed for the error. 

One of the problems with image-based performance evaluation methods discussed in 

Chapter 3 was that the paradigm of dark foreground and light background does not apply 

well to pages containing images. Despite the use of colour here, this would cause a problem. 

Image regions may contain a variety of tones, all of which may be part of the useful contents 

of the image. So, the approach discussed in this subsection is applied only region types which 

fall into the paradigm of contents of one colour placed onto a background of a contrasting 

colour: 
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• Text 

• Table 

• Maths 

• Separator 

• Line Drawing 

This alteration is an optional feature of the method but is enabled by default and recom­

mended since it allows more accurate decisions to be made about partially missed regions. 

It should be noted that the decision whether or not to refer to the image is based solely on 

the region type here. This is a good, but not perfect, indicator for the usefulness of referring 

to the image. Ideally, the ground-truth data would contain some metadata tag which would 

indicate whether or not each specific region is amendable to such analysis. Unfortunately, the 

dataset upon which this research is based does not yet contain such metadata. 

6.4 Error quantification 

The description so far has focussed on the correct identification of errors. Region merges, 

splits, misses and partial misses are detected. However, one of the principal goals of the 

method is, rather than providing a simple count of errors, to provide an evaluation which 

accurately reflects the problems which occur in the segmentation. Additionally, it is a goal to 

provide an evaluation which is tailored to the end-user's application area. 

In quantifying the errors made, the method works from the viewpoint that the ground­

truth is the hypothetical perfect segmentation of the page. If, for example, one were to com­

pare the ground-truth against the ground-truth, then the match should be perfect with no 

errors made. When a regular segmentation is compared against the ground-truth, it will typ_ 

ically contain a number of errors and these errors should be quantified relative to their im­

portance on the page. 

In order to take account of the requirements of accuracy and flexibility, cwo complemen­

tary weighting schemes are proposed. 

6.4.1 Area-weighting 

One of the problems with methods which simply output counts of region merges or splits 

is that they do not take into account the severity of each error and the importance of the 

region{s) where the error occurs. 
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Take, for example, a split of a drop capital region and contrast it with a vertical split of a 

column of text. A method which simply outputs a count of errors will simply report that two 

splits have been detected. What is missing is some deSCription of the relative importance of 

each, and an idea that one of the errors is much more costly than the other. 

It is necessary, therefore, to allocate to each region some measure of the importance of 

that region. The authors of the Pink Panther method[29] suggested three different weight­

ing schemes: weighting simply by the count of regions, weighting by the region heights and 

weighting by the area of the region. The first is unsuitable since it treats all regions as equal, 

regardless of their relative importance. The second is an improvement but the third provides 

the most true measure of the importance of a region on the page. 

When document layouts are first designed, careful attention is often given to arranging 

the regions on the page in order to convey their relative importance. The chief method for 

doing this is by adjusting the relative sizes of different pieces of information on the page. Take, 

for example, an article from a newspaper. Typically, such articles are laid out in a hierarchical 

fashion. The most important piece of information, the quick summary of the story designed 

[0 attract attention, is called the headline and is printed at the top in a very large font com­

pared [0 the rest of the page. Although it may be short in terms of the number of words, the 

importance is indicated by the size of the text. The final paragraphs of the article typically 

contain the less important details, perhaps more specific, and are usually placed [Owards the 

end and in a much smaller font size than the title. In between will be a range of different seg­

ments in different sizes. In order to measure accurately the importance of a given region, its 

area is used to weight any errors. 

The weighting by area allows relatively small regions to be treated as less important than 

larger regions, ceteris paribus. 

6.4.2 Application scenarios 

Document Image Analysis methods, and Layout Analysis methods in particular, may be used 

in a wide variety of different application scenarios. Different users have different tasks on 

which methods may be used. As such, the particular Layout Analysis method which is best­

suited to a particular application scenario may be different than that which is best suited for 

a different application. Given this, it is important for any performance evaluation system 

which will be used in evaluating Layout Analysis methods to evaluate based on the needs of 

the end-user. 

The method has proceeded up to this point without regard to the application scenarios. 

All detected errors have been weighted according to the area of the regions involved. The 
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use of area-weighting allows errors to be weighted according to the effect on the recognition 

process. However, it does not take into account any measure of the importance to the user's 

application. 

In particular application scenarios, it is typically the case that some types of region may be 

more important to the user than others. In an indexing application, body text will usually be 

ignored but regions containing metadata such as article titles and by-lines will be extremely 

important. 

In order to take this into consideration, the method allows application scenarios to be de­

fined by specifying weighting multipliers for each region type or sub-type. These multipliers 

are used as multipliers which may be applied to the areas of regions and the corresponding 

error deductions. This has the effect of increasing or decreasing the proportion of the docu­

ment's final score which is allocated to the given region. 

By default, all of these weighting multiples are set to 1.0. This means that each region is 

accounted for in the final evaluation in proportion to the region area. However, these mul­

tipliers may be adjusted by the user. For example, if a given type, or sub-type, of region is 

completely unimportant to a user, the multiplier for that region type may be set to 0.0. Thus, 

the region itself and any errors belonging to it will be allocated no weight in the final evalua­

tion, causing other errors to appear relatively more important. 

1£ for example, a particular region type were considered more important than other re­

gions, then it could be allocated a higher weighting. If the multiplier for a given region type 

were set to 2.0, then the region itsself and any errors encountered in it would be weighted 

twice as highly as other region types, all other things remaining equal. 

This allows the method to be adapted to different application scenarios by allOwing the 

user to alter the relative weightings of the region types which are more important and less 

important in the given scenario. 

Additionally, the application scenario may specify the penalties to be used for assessing 

the importance of split and merges. As described earlier, errors are categorised into severe 

and less severe and different penalties may be applied to each category. This is defined in 

the application scenario since the relative importance of errors may vary between application 

scenarios. In the two application scenarios described here, however, penalties of 40% are ap­

plied for severe merges & splits and 10% for less severe merges & splits. The ICDAR Page 

Segmentation Competitions applied overall penalties of 25% for all merges and splits since 

the capability did not exist to divide these errors into categories based on severity. The val­

ues of 40% and 10% were selected, therefore, to highlight the ability of the new method to 

separate errors of different types, to apply small penalties for trivial errors and larger penalties 
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for significant errors and so that the average penalty would be aligned with that used for the 

competitions to aid in comparing results. 

6.4.3 Pre-defined application scenarios 

The method allows weightings to be specified by the user. However, one of the goals of a 

performance evaluation method discussed in the introduction was that it should enable the 

published results of different layout analysis methods to be compared readily. Giving the 

ability for all users to adjust the parameters of the performance evaluation method could po­

tentially work against this goal. Results which have been generated by the same performance 

evaluation method but using a different set of weights would not be comparable. 

One solution to this problem is to define a small number of application scenarios which 

would allow developers in given areas to select the appropriate weighting scheme for their 

application area. This would allow evaluations to be tailored to a small number of scenarios, 

giving a more useful analysis. while at the same time ensuring that developers working in the 

same application area would be able to publish results which are comparable. 

The sections below describe a number of such application scenarios. These have been 

implemented in the system. It should be noted that the aim here is to provide some useful 

scenarios and to highlight the flexibility of the system. It is not intended to be a compre­

hensive list of all applications in which the performance evaluation system may be used. See 

section 8.3. 

General Document Recognition 

In a general document recognition application, the goal is typically to obtain as full and cor­

rect a digital representation of the original document as is possible. No particular types of 

regions will be favoured over any others - the desire is to correctly detect whichever regions 

are present in the original document. Given this, the General Document Recognition appli­

cation scenario does not weight any regions more heavily than others. All regions are weighted 

solely according to their frequency on the page and their area relative to others on the page. 

Document Indexing application 

In document indexing, the focus leans more towards identifying and locating the few regions 

which serve to summarise and locate the interesting regions. For instance. when indexing ar­

ticles from a magazine or a technical journal, the key pieces ofinformation which are required 

are article headings, authors and page numbers. Other regions such as regions of body text or 
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image regions are part of the contents themselves and so are uninteresting from an indexing 

perspective. 

In order to implement an application scenario for Document Indexing, the relative weights 

for all region types are set to 0, except the following region sub-types, which are all allocated 

a relative weighting of 1.0: 

• Headings 

• Sub-headings 

• Credits (chiefly used for by-lines) 

• Page numbers 

lhis particular scenario causes the evaluation method to disregard all regions which are 

not important from an indexing perspective, while weighting the remainder according to 

their area. 

6.5 Presentation of results 

Another of the key goals for the evaluation method was to provide a greater degree of de­

scriptiveness than other methods. Prior methods have largely focussed on error quantification 

or benchmarking. This typically generates one single statistic or a small number of statistics 

which are used to represent the overall performance of the system being evaluated. 

Such methods are undeniably useful for a number of applications. Where a user is aiming 

to select a Layout Analysis method which works well in a given application, then perhaps a 

single overall statistic will be more appropriate and will allow a simple comparison to be made 

against the results from other approaches. 

Similarly, if a given Layout Analysis method contains a number of user-specifiable param­

eters and a users wants to find which combination of parameters is most likely to achieve the 

optimal result for the given application area, a single overall statistic will allow the user to 

select parameter values which maximise the overall metric. 

In other situations, it will be more desirable to have more in-depth information available 

about the algorithm. This will be particularly true for those who are developing Layout Anal­

ysis methods. For a developer, a single statistic may be useful. For example, a single metric 

would allow a developer to ascertain whether or not a given change to the method had a pos­

itive or detrimental effect on the method overall. 
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However, when a developer is seeking to improve the capability of the system, the de­

veloper will desire to know the exact errors which are present in the detected segmentations. 

For example, knowing whether or not the method makes more splits or merges. the developer 

may be able to tune parameters which cause these problems to occur. 

6.5.1 Implementation 

To this point, the method has converted the geometric ground-truth and segmentation re­

gions into a geometric description of the overlaps between the two. It has then derived from 

this a description of all of the errors present in the segmentation. These are described in the 

system with the following specific information: 

• Ground-truth document in which the error occurs 

• List of regions involved in the error 

• Type of error - merge, split, partial miss or miss 

• Significance of error - severe or non-severe 

• Area involved in the error 

• Deductions to be made for the error 

• Weighting for the error 

So. in essence, this is a comprehensive listing of all the errors made in the given segmenta­

tion and the regions to which they apply. While descriptive, the information has been greatly 

reduced from the original geometric descriptions. However, each region in the error descrip­

tion is described by a pointer to the original region. So. from this error description, all of the 

metadata of the regions involved in each error is still accessible. 

This description may be sorted or excerpted to provide a variety of different outputs. The 

following describes the different types of output which are made and the methods used to 

obtain them. 

Error type overview 

From the perspective of a developer of Layout Analysis methods, one of the most important 

items to know is the frequency of different types of errors which are present in the segmenta­

tions produced by the method. This information may be desired at two different levels. At a 
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higher level, it would be desirable to know which basic error types - merges, splits - cause 

the greatest problems in the segmentation. At a lower level, it is desirable to know not only 

which error types but also which types of region the errors occur most often in. 

In order to obtain the higher-level view, the above error description representation may 

simply be sorted by the error type. Once this is done, errors of the same type may be grouped 

together and the overall error deductions for each error of the given type may be summed to 

give a summary of the different types of errors, along with the effect of each upon the overall 

results. 

The lower-level view, which is a categorisation of errors by error type and the region types 

involved. When merges are made, the regions involved may be of the same type or merges of 

regions of one or more different types are involved. These are categorised into single region 

types (i.e. text, image, etc.) or just merges involving multiple regions. The error list shown 

above is sorted using the standard c++ qsort function but with a custom comparison func­

tion which takes into account both region types and error type when returning. This sorts 

the array into the different categories. The error costs of each is then summed and output. 

6.5.2 Detailed error description 

The above functions allow statistics to be produced on categories of errors. This is useful from 

the point of view of developers but it would also be useful for developers to see the individ­

ual errors which contributed most to the poor performance of the method. This allows the 

circumstances involved in specific errors to be identified which could then identify potential 

improvements in the method. Listing these individual errors by their impact on the method's 

final score allows development effort to be focussed initially where it will have the greatest 

impact on the performance of the method. 

This output is obtained by sorting the error list by the total cost of the error. Rather 

than then categorising as in the previous outputs, the errors are listed individually, along with 

details of the regions involved. There is the option to output a graphical representation of 

each individual error generated from the geometric description of the interval comparison, 

in order to allow these errors to be visualised. These are OUtput as Scalable Vector Graphics, 

currently to individual per-error files. However, as part of future work, it is intended to de­

velop a web interface which may expose this functionality. For example, if such a list of errors 

is displayed by the web interface, then clicking on the individual errors should display the 

associated diagram. 
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6.5.3 Detailed region description 

The previous twO sections have described ways in which the method outputs summaries and 

precise descriptions of errors are output by the system. As well as this. it is possible to output 

errors on a per-dataset. per-document and per-region. This listing contains a comprehensive 

list of document pages. regions and a listing of errors for each region. while giving recognition 

rate statistics at the region, page and dataset level. 

This allows developers to obtain information at a variety of levels. By viewing at the 

dataset level, developers can obtain a summary of the method's performance for the whole 

dataset. This then may be broken down to the page level which allows developers to obtain a 

performance metric for each document page. This allows the developer to identify particu­

lar document pages on which the method performs particularly well and particularly poorly, 

again providing a means for focussing development effort on particularly problematic doc­

uments. Again, the document-level statistics may be broken down into individual regions, 

highlighting the individual regions which have the most errors. 

This representation is obtained by iterating through the documents, then pages and then 

regions present in the dataset evaluated. For each individual region, the overall area (adjusted 

by the weighting multiplier) is obtained then a listing of individual errors in that region is 

listed. Statistics on the overall recognition rate for each region are output, given as percentages 

for each error and overall for the region. These are then summed and output both at the page 

level and at the dataset level. 

6.6 Sample output 

This section contains sample output from the evaluation system. In order to demonstrate the 

output of the system, an example document will be used. This example document is illustrated 

in Figure 6.2. 

In the top-right of the figure, the correct ground-truth segmentation for the document is 

illustrated. To the bottom-left is an artificial segmentation of the image which is based on the 

ground-truth but which has several segmentation errors introduced. Firstly. the upper para­

graphs of the first two columns (GT regions 1 & 3) have been merged horizontally, something 

which should be categorised as a serious merge. In addition, a small portion of GT region 3 

has been missed. The next error is in the rightmost column where a paragraph of text has been 

divided into two horizontally, a serious merge. Also at the site of the split, a small portion of 

the region has been missed. 
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Ground-truth Layout 

Overlaps 

Figure 6.2: An artificial example document image, ground-truth layout, segmentation layout 
and the overlaps between them. 

Figure 6.3 contains the listing of errors detected by the system when run on this exam­

ple document. The first section of the output shows the "Overall Score" and this section is 

itemised by ground-truth region. For each GT region (0-8), the full area for each region is 

shown followed by a listing of errors found in that region and penalties assessed for each error. 

A score is given for how well each individual region is segmented. At the end of the listing, a 

listing of errors divided into region types is given followed by an overall score for the whole 

page. 

In this example, it can be seen that regions 0, 2,4, S, 7 and 8 each have no errors listed 

and are given as they have been correctly segmented. As the top paragraphs of the first two 

columns (regions 1 & 3) have been merged, a merge error is listed under each of these regions. 

For each of these merge errors, a penalty of 40% of the region area has been applied which is 

the penalty specified in the main application scenario for a serioLls merge (see Section 6.4.3). 

In addition a portion of GT region 3 is listed as being missed with a penalty corresponding 

to the smaLl portion of the region which was missed. 

In the example segmentation, a paragraph in the rightmost column (GT region 6) was 

split into two. In the listing, it can be seen under the section for GT Region 6 that two split er­

rors are listed, one for each Segmentation region into which the region has been split. Again, 
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the penalties listed for the splits add up to 40% of the region area involved. In addition, a small 

portion of the region is listed as missed, corresponding to the portions which fall outside both 

of the corresponding segmentation regions. 

Towards the end of the listing can be seen a listing of the scores for each region type indi­

vidually (note that this example document contains only text regions) and finally an overall 

score for the whole page, in this case 78.5% which is due to the page being generally well 

segmented but with some serious errors in important regions. 

6.7 Discussion 

This chapter has built upon the layout comparison method described in the previous chapter 

in order to provide a fully-fledged performance evaluation system which aims to meet the 

criteria discussed in the introduction. 

The system uses a lookup table in order to identify parts of the segmentation which merge 

ground-truth regions, parts which split ground-truth regions and parts which correctly recog­

nise ground-truth regions. Once these correspondences have been determined, the system 

allocates a weighted score to each error based upon the area of the region(s) involved, the 

user-specified penalties for the error and the relative weighting specified for the given region 

type in the application scenario. This gives the effect that errors are weighted according to 

their importance in the current document page and to the user's preferences. 

Based on these quantified errors, a number of presentation schemes have been imple­

mented which aim to display the detailed results of the system in a way which most benefits 

developers. 

6.8 SUUIUnlary 

This chapter has presented a detailed description of a performance evaluation method based 

on the region comparison method described in the previous chapter. This method, being 

based on a polygon region comparison, referring to the image only where this is desirable, is 

very accurate while retaining efficiency. The error quantification system allows errors to be 

ranked with regard to the importance of the regions on the page and to the relative impor­

tance specified by the user. The results from the method are presented in several ways which 

are tailored for providing useful information to developers. The following chapter analyses 

the system against the goals set for it. 
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325949 100.0% 
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521804 100.0% 

521804 100.0% 
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100.0% 

100.0% 

100.0% 

17.6% 
2.4% 

21.4% 

58.5% 

100.0% 

100.0% 

100.0% 

100.0% 

= 78.5% 

= 78.5% 

Figure 6.3: A sample of the region description output of the system depicting a portion of the 
page containing a column of text which has been merged, detected by the system as a series 

of allowable merges. 
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Chapter 7 

Evaluation 

7.1 Overview 

Chapter 6 contained a description of a performance evaluation method based on the region 

comparison method described in the chapter prior to that. This chapter focuses on evaluating 

this performance evaluation method. The chapter begins with a recap of the goals set out for 

the system in the introduction. Following from this, each of these goals are discussed in detail 

and compared with how well the system meets each of these goals. Examples are given from 

the system which highlight how each goal is met. 

7.2 Introduction 

Many previous performance evaluation methods have been published in the literature and the 

scores allocated to a particular segmentation by each of the performance evaluation methods 

is likely to be different. Given these differences, one question which arises is what causes these 

differences. If different performance evaluation methods give different results on the same 

data, then perhaps one of the methods contains some bug which causes it to operate differently 

to the developer's intentions. Or, if the results are as the developer intended. whether the 

different results offer a more useful or more accurate performance evaluation. 

In the introduction, the following goals were set out for the system: 

• Accuracy & Applicability 

• Flexibility 

• Descriptiveness 

123 
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• Efficiency 

The following sections discuss each of these goals individually, and how well the system 

meets the particular goal. The system is tested with synthetic and real-world data as is appro­

priate and results are given which illustrate the ability of the system to meet that goal. 

7.3 Accuracy & Applicability 

The first two goals of the system, accuracy and applicability stem from similar features of the 

system. The goal of accuracy is that the system be able to make evaluations which make full use 

of the input data. The goal of applicability means that the system must be based on a region 

representation which is capable of representing accurately modern, complex documents and 

that the method used by the system can evaluate such representations accurately. 

As input, the system accepts both ground-truth and segmentation represented as arbi­

trary polygons. The most modern dataset for layout analysis, the PRImA Layout Analysis 

dataset, contains a large number of modern, complex documents. The region representation 

which is used for this dataset is the isothetic polygon, which is a special case of the arbitrary 

polygon. The system is designed to import such documents with complete accuracy. Simi­

larly, of the modern layout analysis methods described in chapter 2, the most complex output 

polygon representations. The polygon representation was used as the basis for the ICDAR 

Page Segmentation Competitions. So, the system is capable of operating on data from the 

most modern layout analysis dataset and is capable of operating on the most complex layout 

analysis methods. 

Given that the system is designed to import such data, it is necessary to show that the 

system can operate accurately on such data. The representation method upon which the sys­

tem is based is the region interval. In terms of expressive capability, region intervals, in a 

discrete domain, are capable of representing all documents which may be represented by ar­

bitrary polygons. The conversion between the initial polygon inputs and the region interval 

representation is performed in a lossless manner. 

The following subsections contain a number of tests which are designed to test the accu­

racy of the system. Initially, a number of tests on small, synthetic data, which are designed 

to test the pixel-accuracy of the system, are described. Following this, manual verification is 

made that the geometric overlap representation computed from the ground-truth and seg­

mentation inputs represents them both accurately. 
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7.3.1 Testing using artificial data 

In order to answer these questions over any new performance evaluation method, the system 

will first be validated using artificial data. The reason for this is that the system is designed to 

operate normally on document layouts corresponding to images of around 2000 pixels wide 

and 3000 pixels tall. Given the size of the input data, the human effort in verifying operation 

directly even on small amounts of such data would be prohibitive. Additionally, using real­

world data provides no assurance that all the possible boundary cases of the system will be 

tested correctly. Some may be tested more than once, redundantly, while others may not be 

tested at all. 

So, in order to test the various different aspects of the system which could potentially 

highlight problems, a set of test cases has been designed which aims to test as many different 

aspects of the working of the system. Using small, well-defined test cases allows not only the 

error detection to be tested but also the scores allocated to them. 

7.3.2 Testing pixel-accuracy and simple errors 

Testing accuracy and detection of partial or complete misses 

For the first phase of testing, it was desired to test the accuracy of the system and the detection 

of simple errors. The system was designed to operate with pixel-accuracy so the output of the 

system should be as expected. In order to test this, the first simple test involves a small 3 pixel 

square ground-truth and segmentation region. The segmentation is moved by 1 pixel across 

the ground-truth region and the output from the system is measured against the expected 

result. These simple tests served to highlight one logic error in the system which was corrected 

in order to provide the correct output. Table 7.1 contains a listing of these test cases along with 

a diagram showing the relative position of the ground-truth and segmentation region in each 

case, the expected errors detected by the system and the correctness of the actual output. 

A similar test with a further nine test-cases was performed in the vertical direction in 

order to check the correct operation of the system on this boundary. The results are identical 

to those described in Table 7.1 so they are omitted for brevity. 

Detection of other types of errors 

These initial 18 test cases have verified that the system correctly and accurately detects simple 

errors on simple input data. To this point, only the detection of misses and partial misses has 

been verified. 
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No. Diagram Expected result Correct output 

01 •• 100% Missed Yes 

02 - 100% Missed Yes 

03 67% Missed Yes 

04 33% Missed Yes 

05 • 0% Missed Yes 

06 33% Missed Yes 

07 67% Missed Yes 

08 - 100% Missed Yes 

09 •• 100% Missed Yes 

Table 7.1 : Nine test cases intended to test the accuracy and simple matching of regions. For 
each test case is a diagram with the gtound- truth region in blue and the segmentation region 
in red. 

Other types of errors which the system is designed to recognise are merges and splits. The 

artificial test cases in Table 7.2 contain simple tests for the presence of splits and merges. For 

splits, the ground-truth contains a single region and the segmentation contains two regions 

which divide the ground-truth vertically into halves. For detecting merges, the same data are 

used but the ground-truth and segmentation are swapped. 

No. Diagram Expected result Correct output 

19 100% Split Yes 

20 100% Merged Yes 

Table 7.2: A test case intended ro test the correct detection of the different types of errors. 

For each test case is a diagram with the ground-truth region in blue and the segmentation 

region in red. 

Non-rectangular regions 

The test cases presented so far have verified that the method is capable of evaluating accurately 

small, simple rectangular regions. It is necessary to confirm that the method operates on more 

complex polygonal regions as it was designed to. In order to do this, the method was tested 

again using artificial test cases so that the expected results could be calculated manually for 

comparison against the observed resul ts of the method. 
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These test cases replicate the initial set of tests but use parallelograms rather than squares 

but of similar sizes to the squares used in the previous example, such that the results should be 

idenrical. Each parallelogram is lduee pixels high and consists of a row of three pixels, wi th the 

second and third rows offset to the right by one and two pixds, respecn vel)t For e:tclh rest. the 

ground-truth and segmentation parallelogram are moved relative to each other by one pixel 

as in the previous test. Given the construction of the parallelograms, the results should be the 

same as those from the previous test, but in this case the additional complexity will serve to 

verify the pixel-accuracy of the method in the vertical direction. 

Diagrams of each test case, along with the expected result and how this matches the ob­

served result, may be found in Table 7.3. 

No . Diagram Expected result Correct output 

21 
...,.. 

100% Missed Yes 

22 ... 100% Missed Yes 

23 67% Missed Yes 

24 33% Missed Yes 

25 .... 0% Missed Yes 

26 33% Missed Yes 

27 67% Missed Yes 

28 100% Missed Yes 

29 ........ 100% Missed Yes 

Table 7.3: Nine test cases intended to test the matching on simple non-rectangular regions. 
For each test case, a diagram is shown with the ground-truth region in blue and the segmen­
tation region in red. 

7.3.3 Manual verification using real-world data 

1he tests so far have used small, artificial tests which have been designed specifically to test 

individual features of the system. In measuring the accuracy of the system, as well as running 

test cases like those above, it is necessary to test the system with real-world data. Real-world 

data is significantly larger and more complex than what has been presented so far. 1his sec­

tion presents a selection of real-world documents which are presented as the polygon repre­

sentations from the dataset or layout analysis method from which they came, as well as the 

geometric description generated by the performance evaluation method. 

Due to the size and complexity of the data, it is not possible to calculate the exact areas 

of the data in order to verify that the detected errors are correct. However, it is possible to 
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compare the two different descriptions visually to confirm that the derived geometric repre­

sentation is the exact equivalent to the ground-truth and segmentation regions involved. See 

figures 7.1 and 7.2 for a sample ground-truth, segmentation and geometric representation. 
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Figure 7.1: a) An example ground-truth, b) the geometric description derived from it and c) 
a sample segmentation of the image. 
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Figure 7.2: From the ICDAR 2007 Competition dataset, a) an example ground-truth, b) the 
geometric description derived from it and c) a sample segmentation of the image. 

From the diagram displayed here, it is possible to see that the geometric description of 

the ground-truth and segmentation constructed by the evaluation method is an extremely 

accurate representation of the overlaps between the two. Indeed, this holds for the other 

documents on which the system has been tested, including all of the entries for the ICDAR 

2005 and 2007 Page Segmentation Competitions. 
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7.3.4 Evaluation against competition results 

Previous evaluations have been either on small, artificial test cases or necessarily restricted 

datasets. These have shown that the algorithm works correctly to single pixel accuracy on 

small non-rectangular features. A manual evaluation of outputs using a small selection of 

real-world data has shown that the method can correctly identify errors in real-world data. 

Given that the errors detected have been detected correctly, it is necessary to check that 

the overall evaluation scores calculated by the system are representative of the true perfor­

mance of the layout analysis methods it is being used to analyse. In order to do this, the 

system will be compared against another performance evaluation method. 

The performance evaluation method which has been used most widely recently in bench­

marking Layout Analysis has been the one used for the ICDAR Page Segmentation compe­

titions which itself was based on the Pink Panther method. 

In order to perform this comparison, the results from the ICDAR 2005 Page Segmen­

tation Competition have been selected to maximise the amount of data to be used. For the 

2005 competition, a total of four methods were submitted, while only three entered tlle 2007 

competition. 

For the competition, 30 images with accompanying ground-truths were selected for the 

test set. H ere, the new method has been run on all of the data for each of the four entrants. 

For the evaluation, penalties for errors in the new system have been set to be the same as those 

used for the competitions to maximise the comparability of the results. 

It should be noted that since the metrics used for the two systems are different, the mag­

nitude of the results are not directly comparable. However, the relative results should be 

broadly comparable, bearing in mind the significant changes introduced in the new system. 

TIle results of the ICDAR 2005 Page Segmentation Competition and the results of the 

new method on the same data may be found in Figure 7.3. 
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Figure 7.3: a) The published results of the ICDAR 2005 Page Segmentation Competition, 
and b) results on the same data with the new system. 
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Explanation of differences & similarities 

In the results from the new method, there are some significant differences. As before, the 

results are split roughly into two classes. The two entrants from Tsinghua University gain 

excellent scores while the other two entrants, from Oce and BESUS, achieve somewhat lower 

results. 

However, within these two classes, there are significant differences in results, meaning 

that the order within the classes changed. The second Tsinghua method which previously 

held a 5% lead over the first Tsinghua method now leads by 1.8%. The Oce method which 

originally led by 3% now trails by 8.7%. 

Given the new results, what are the chief differences between the old performance evalu­

ation metric and the new which cause the results to be so significantly different? 

One of the chief differences between the old method and the new is the weighting system 

used. The previous method works primarily on a region basis. Single regions are categorised as 

being missed, accurately recognised or merged or split and then the segmentation metric de­

scribes basically a percentage of regions which are correctly recognised. With the new system, 

alI errors are weighted by the region area, meaning that errors in larger regions are considered 

more important than those in smaller regions. With the old system, all were treated equally. 

The new system also improves on the accuracy of the matching. The old system used for 

the competitions incorporates some thresholds so that errors smaller than a given percentage 

of the region size are ignored, something which is necessary due to the reliance on region-level 

matching. However, using thresholds in this way effectively allows errors to be made without 

penalty, potentially causing loss of data without this being reflected in the segmentation met­

ric. The new system describes errors in the magnitude in which they occur. If 5% of a region 

is missed, then an error of this size will be recorded. 

One of the most significant differences in the new system compared to the old is that 

evaluations are detected, measured and weighted using the full contents of regions, rather 

than just the black pixels. Again, this causes errors to be detected in situations where they 

may not have been detected by the previous system. 

7.4 Flexibility 

One of the chief goals of the new performance evaluation system was to provide flexibility in 

the system. This recognises that layout analysis methods may be used for a number of different 

applications. The particular features which are most important in different applications are 

different, meaning that the layout analysis method most suited for a given application may be 
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different to that most suited for another application. 

In order to accommodate the needs of different end-users, the system incorporates flexi­

bility which allows different region types or sub-types to be weighted differently in the eval­

uation. In the previous chapter, several pre-defined application scenarios are defined which 

consist of a set of weights which are designed to weight the results towards the types of regions 

which are most important in the given scenario. 

The effect of these scenarios may be observed by evaluating the results of the ICDAR 

2005 Page Segmentation Competition twice using the evaluation system separately using the 

different scenarios. See figure 7.4 fo r a comparison of the results using the general layout 

analysis scenario and the document indexing scenario . 
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Figure 7.4: The results from ICDAR 2005 evaluated using a) the general layout analysis sce­

nario, and b) the indexing scenario. 

The general layout analysis scenario weights each region type equally, allowing them to 

be weighted solely by their area on the page. The indexing scenario excludes (allocates zero 

weight to) all region types which are not useful in a document indexing scenario. Only those 

which are useful, headings, by-lines and page numbers are retained. 

The first observation which stems from the two graphs is that the overall recognition re­

sults are significantly lower for the methods using the document indexing scenario. 1his im­

plies that the particular types of region which are most important in document indexing are 

less wel l segmented by the systems involved. 

1his may be as expected. It seems logical that layout analysis methods would be trained 

to deal best with the dominant types of region present in everyday documents, regions of 

body text and perhaps images. When these regions are ignored in the analysis, the remaining 

regions are less well recognised. 

The next observation from the graphs is that the best-perfoming method for the indexing 

scenario, Tsi nghua 2, was d ifferent from that in the general layout analysis scenario, Tsinghua 

1. 
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The differences between the performance of the four methods between the two different 

scenarios, and the different optimal methods for each scenario, serve to highlight the need for 

goal-oriented evaluations as implemented in the system presented here. 

7.5 Descriptiveness 

As has been demonstrated earlier in this section, the method is capable of outputting single 

statistics which summarise the performance of a layout analysis method on a given document 

or even on a dataset. This is ideal when the system is being used for benchmarking or for 

tuning parameters of systems or comparing the results of different systems. 

However, one of the features desired of the performance evaluation system was that it 

would also provide information at a lower-level which would provide information at a greater 

level of detail, which would allow such developers to identify the strengths and weaknesses of 

their systems and to target development effort towards those areas which will have the most 

benefit. 

In order to provide this greater level of descriptiveness, the system presents data in a variety 

of ways. This section will illustrate these ways and evaluate how well they fill the goals. 

7.5.1 Error type overview 

From the viewpoint of a developer, it is desirable to have a broad overview of the problems 

with the system. Given this, one of the output methods implemented in the system aims to 

give developers a breakdown of all the errors detected by the system by the type of the errors 

involved. This allows developers to have a broad idea of where poor performance is coming 

from and how it can be rectified. 

In order to view these error statistics, the system was run over all the documents and all 

the submitted segmentations from the ICDAR 2005 Page Segmentation Competition. The 

results are depicted in Figure 7.5. 

The graphs show the percentage of the errors produced by each method which fall into 

the specific categories. From this side-by-side comparison, it is possible to see the strengths 

and weaknesses of the particular methods. For instance, both of the Tsinghua methods, which 

were ranked first and second in the competition, have most of their errors in wrongly-detected 

regions. The BESUS and Oce methods both have significantly larger proportions of errors in 

misses while having much fewer wrongly-detected regions. 
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Figure 7.5: The categories of errors which contributed most to each method's score. 

7.5.2 Detailed region description 

The previous output style allows developers to gain a higher-level understanding of the per­

formance of the layout analysis system. Sometimes, however, it is desirable to be able to view 

the system with a greater level of depth. 

In order to provide such an output, the system implements a global description which 

contains a comprehensive description of the whole output of the system in a hierarchy. At 

the top level is the dataset. An overall recognition metric is given for the performance of 

the system at the dataset level. This is then divided to the page level which gives a recognition 

metric for each individual page evaluated. allowing the developer to see if the system performs 

particularly well or particularly badly on any specific page. From the page level, the output 

is further sub-divided into individual regions which have their own recognition metrics and 

for each individual region, a listing is given of all the errors which involve that region. 

This multi-level description allows developers to pinpoint individual errors, the regions 

in which they occur, which documents in the dataset are most problematic for the system and 

which individual regions have the most problems. An listing of this style of output is given in 

6.3 

7.5.3 Detailed error description 

As well as listings of errors by category, the system can Output listings of errors with details of 

the error, details of the regions involved and the listing is sorted by the severity of the error. 

This allows developers to observe the most serious specific errors which have been caused by 

their system and allows individual problems to be identified and fixed. 
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The listing shows the type of error (Merge. Split. etc.) along with the severity where ap­

propriate (Serious. Less Serious). the total cost of the error to the segmentation and gives a 

listing of the regions involved. 

Listing of errors by severity: 

Serious Merged: 395543 

Seg Region 14 has merged: 

GT Region 15 

GT Region 13 

Serious Merged: 392009 

Seg Region 13 has merged: 

GT Region 14 

GT Region 12 

Missed: 315146 

GT region 17 

Serious Split: 90825 

GT Region 11 is split 

Seg Region 1 

Seg Region 11 

Seg Region 12 

Serious Merged: 77508 

into: 

Seg Region 0 has merged: 

GT Region 20 

GT Region 19 

Serious Merged: 67838 

Seg Region 5 has merged: 

GT Region 17 

GT Region 6 

Serious Split: 67838 
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GT Region 17 is split into: 

Seg Region 5 

Seg Region 23 

Seg Region 16 

Seg Region 17 

Seg Region 18 

Seg Region 19 

Seg Region 20 

Seg Region 21 

7.6 Efficiency 

One of the goals of the system was to ensure that the system was efficient in that it could com­

pare ground-truths and segmentations derived from complex document in relatively small 

amounts of time. This may seem contrary to the goal of having accurate evaluations. 

However, the region representation selected for the algorithm, region intervals, was delib­

erately selected because of its dual properties of accuracy and efficiency. As has already been 

mentioned, the accuracy of region intervals is equivalent to the polygon representations of 

the inputs. However, the deconstruction of complex regions into smaller rectangular inter­

vals means that the comparison of otherwise complex regions becomes similar in complexity 

to bounding box comparisons. 

In order to measure the efficiency of the system, it is necessary to test how long the system 

takes to run over a large set of data. For this, the results from the ICDAR 2005 Competition 

were used. The competition test dataset had a total of 26 documents. For the competition, 

a total of four methods were submitted. The evaluation method was run for each of these 

methods on each image from the test dataset and the process was timed. The average time 

taken by the method was 2.05 seconds. 

The time given here includes the full time taken by the method including XML parsing 

on the input documents and output. That the method takes on average such a short time to 

operate means that the method is efficient. The short run time allows developers to obtain 

results in short periods of time and opens the possibility of using the method on much larger 

datasets which could make the output from the information more useful as it incorporates a 

greater variety of documents. 
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7.7 Analysis of competition results 

Throughout this chapter, the results of the ICDAR 2005 Page Segmentation Competition 

have been used to evaluate different parts of the system. This section presents a summary and 

analysis of the competition results gained through evaluation with the new system. 
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Figure 7.6: The overall errors detected for each method and divided into each of the categories 

of error measured. 

The results of the ICDAR 2005 Page Segmentation Competition when evaluated with 

the new evaluation method presented here are given in table 7.4 and shown visually in figure 

7.6. 

Figure 7.6 contains the same overall results as seen previously in figure 7.4 but is presented 

from an alternative viewpoint. The previous figure presented the overall segmentation score 

while this figure shows the overall error rate (i.e. 100% - segmentation score). 

1he error rates here are divided into each of the different types of mistake. This shows 

visually the contribution of each different type of error to the each method's evaluation result. 

From the graph, it may be seen that the worst performing method here, Oce, has a particu­

larly significant problem with missing regions, which contributed 29.4% to the overall errors 

for that method, significantly worse than the next best method in that category, BESUS with 

Method Total Mistakes Missed Wrongy Detected Split Merge 

BESUS 44.6% 14.8% 8.7% 9.9% 11.2% 
Oce 53.2% 29.4% 2.9% 11.7% 9.2% 
Tsinghua 1 34.0% 7.5% 12.3% 7.4% 6.9% 
Tsinghua 2 35.9% 10.1% 15.6% 3.2% 7.0% 

Table 7.4: The overall errors detected for each method and divided into each of the categories 

of error measured. 
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14.8%. Conversely, the Oce method had far fewer wrongly-detected regions than any other 

method, contributing only 2.9% to its error rate. 

Wrongly-detected and Missed regions are in some sense opposites and the particular preva­

lence of missed regions with very few wrongly-detected regions may provide evidence that the 

method is using a conservative threshold when deciding whether or not a part of the image be­

longs to a region. It may be that this constitutes an area for improvement in the Oce method. 

The two Tsinghua methods together perform significantly better overall than the other 

two methods evaluated. In fact, the two methods perform better than the other methods in 

three of the four error categories. with very few merged, split and missed regions. The one cat­

egory of error in which the Tsinghua methods perform poorly is in wrongly-detected regions. 

Given the otherwise excellent performance of these methods, focussing on improving their 

performance in this one area could potentially improve the methods' results dramatically. 

The BESUS method was the second worst performing method in the test. Unlike the 

other methods which demonstrate single problems which contribute significantly to their 

error rates. the errors of the BESUS method are more evenly distributed over the different 

error types. Missed regions are the single worst category for the BESUS method. reducing 

its results by 14.8% but the difference between that and other error types is small. given the 

sample size. 

The poor performance in each error category may be an indication that this particular 

method is still at an early stage of development or that the method has not previously been 

widely tested with the types and complexities of documents present in the competition eval­

uation set. 

Overall. the results from evaluating the competition entrants using the new evaluation 

method show that the areas in which each individual method performs best and worst are 

different and likely are due to the particular approach of each individual method. Similarly. 

where one method performs particularly poorly. there is usually another method which per­

forms well in that error category but poorly in a different error category. 

This suggests that there is no particular area which ought to be the focus of development 

oflayout analysis in general but rather that each individual method has specific issues which. if 

improved. would improve performance. It may also be that, where one method performs well 

in one area and another method performs well in another, the methods could be improved by 

adopting common techniques or, alternatively, that some method of combining the results of 

different layout analysis methods would give results better than any individual method. 
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7.8 Summary 

This chapter has discussed the goals laid out for the new system in the introduction and has 

compared the new system against these goals. The following chapter concludes the thesis by 

summarising the features of the new system and discussing avenues for future work. 



Chapter 8 

Conclusion 

8.1 Overview 

The previous chapter contained a validation and evaluation of the performance evaluation 

method presented in this thesis. This, the condudingchapter, will return to the goals specified 

for the method in chapter 1 and discuss how well each of these goals is met by the completed 

system. Finally, there is a discussion of ways in which the system may be expanded upon in 

the future. 

8.2 Review of goals 

In the introduction, a list of goals for the evaluation system is given. This section will review 

each of these goals in light of the completed system and assess how well each of these goals 

are met. 

8.2.1 Accuracy 

One of the key characteristics desired in performance evaluation systems is that the evalua­

tions be accurate. This stems from several different aspects. First, the dataset on which the 

evaluation is based must use a representation scheme which allows complex features of doc­

uments to be described accurately. Secondly, the evaluation system itself must operate with 

a degree of accuracy that allows for even complex documents to be evaluated accurately, pre­

serving information where possible. 

The dataset upon which this system is based uses an isothetic polygon representation 

which is equivalent in representative capability to standard polygons. The evaluation system 

139 
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is capable of operating on arbitrary polygons and converts these into a region interval repre­

sentation which is capable of representing any document described by arbitrary polygons to a 

pixel-accurate degree. During the comparison of these interval representations, all of the data 

involved is maintained throughout the working of the system and contributes to the resulting 

evaluation in proportion to the area of the region and user-specified weights. 

Some previous performance evaluation systems which relied solely on counts of errors 

encountered were forced to use thresholds to remove very small errors which otherwise would 

be treated equally to much more serious errors, were they not removed in the processing. The 

system described here maintains a full description of all errors encountered and, rather than 

discard small errors, weights them accordingly, allowing the attention of users to be drawn to 

the most serious errors. 

8.2.2 Applicability 

Another desirable characteristic of performance evaluation systems is that they be applicable 

to as broad a range of documents as possible. As described in the previous section, the method 

relies on a region interval representation which allows the accurate representation of the vast 

majority of modern documents and the segmentations detected from them by modern layout 

analysis methods. 

Most previous region-based performance evaluation methods have been based upon the 

bounding-box representation which has significant problems with many modern documents. 

Similarly, previous pixel-based performance evaluation methods relied on using black pixels 

to identify the useful contents of a document. However, for documents which contain images, 

it may not be the case that the contents are described in black pixels alone. For documents 

which contain more than two levels of colour, such methods also have significant problems. 

8.2.3 Flexibility 

It was desired that the final system allow for a degree of flexibility which would allow the sys­

tem to be used by those who have different requirements of Layout Analysis methods. The sys­

tem allows for the user to specify region type- or sub-type-specific relative weightings which 

allow information regarding the user's application scenario to be incorporated into the final 

evaluation. allowing specific region types to be ignored completely or weighted more or less 

relative to other region types. 

The system incorporates a series of pre-defined application scenarios which are designed 

to give a set of weights which may be used in specific applications, allowing users in similar 
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areas to perform evaluations which are tailored to their application area but enabling results 

evaluated using the same application scenario to be compared. 

8.2.4 Descriptiveness 

Another key feature desired in the system was for the output to contain a level of detail which 

would aid users requiring more detailed output. Some previous systems focussed simply on 

providing a number of key statistics to users. For some uses, this is adequate and the current 

system matches this capability. 

However, users working on developing Layout Analysis methods will require a higher 

level of detail in results which will enable them to identify particular weaknesses in their meth­

ods and to improve them. In order to accommodate this, the system provides detailed output 

at a number of levels in terms of error groupings, individual error descriptions and region, 

page and dataset-level statistics. Rather than output mere listings of errors, more detailed in­

formation is output and more serious errors are weighted more heavily, allowing development 

effort to be prioritised. 

8.2.5 Efficiency 

A final characteristic which was desired of the final system is that the evaluation be performed 

efficiendy. This may seem to be negatively affected by the goal of accuracy. However, the 

region representation on which the system is based, region intervals, was selected because it 

provides a balance between accuracy and efficiency. The comparison between a ground-truth 

and segmentation region interval representation is similarly efficient. 

Given this, the evaluation takes 2-3 seconds on a typical document, including parsing of 

the input XML documents and all output. This short runtime allows the system to be used 

on large datasets in a relatively short period of time. 

8.3 Future work 

8.3.1 Web interface 

One of the problems of performance evaluation which was discussed in the introduction is 

that the lack of a common evaluation system means the results published by developers of 

layout analysis methods are often not comparable which, in turn, makes it difficult to form 

a reliable opinion of the effectiveness of individual methods and the overall maturity of the 

area. This thesis presents a performance evaluation method which meets the criteria laid out 
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in the introduction. However, there is still significant work necessary to make it a common 

evaluation system for the future. 

One way of promoting the adoption of a common performance evaluation system is by 

making it available as widely as possible to researchers. One method of making the system 

available to as many researchers as possible, who may be using disparate systems, is to make the 

system available over the internet as a companion to the PRImA Document Dataset discussed 

in Chapter 4.4.7. 

The availability over the internet of a large, general document dataset dedicated to Layout 

Analysis combined with the internet availability of the performance evaluation system would 

give rise to some interesting possibilities. 

Previous Page Segmentation competitions have run in an off-line fashion whereby poten­

tial entrants are invited to download a training dataset several months before the competition 

begins. They may use this to train their algorithms prior to the release of the testing dataset. 

However, with the availability of a performance evaluation method, this could enable a feed­

back loop where developers could test their methods using the evaluation system used for the 

competition and receive immediate feedback which would allow methods to be refined, thus 

improving the general quality of results. 

8.3.2 Adaptation to other document types 

One of the key focal points of this thesis has been to improve upon previous performance 

evaluation systems to allow more modern, complex documents to be evaluated. Indeed, many 

of the examples used in this thesis are of modern documents containing complex features 

selected from the PRImA Layout Analysis Dataset. 

A trend in Image Analysis in recent years has been an increase in the amount of research 

performed on degraded, historical documents. Such documents, due to their age and fragility, 

often have significantly greater problems with noise and other artefacts than is typical with 

modern documents. 

It would be interesting to see how the system developed for this thesis could be adapted 

to dealing with the unique challenges present in historical documents. 

8.3.3 Definition of further application scenarios 

The method presented here has been developed specifically with flexibility in mind. Given 

this, in section 6.4.3. a number of application scenarios were described which would tailor 

the results from the performance evaluation to particular application areas. 
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The list of application scenarios presented is intended to highlight the flexibility of the 

method and provide a number of application scenarios which would be immediately useful. 

However, the area of Image Analysis is a diverse one. Given this, the list is not exhaustive 

at the moment but may be expanded to introduce new application scenarios to deal with 

existing problems. Indeed, new problems may arise in Image Analysis which may require new 

application scenarios to be developed in order to provide adequate evaluations. 

8.4 Swnmary 

This chapter has provided a review of the original goals for the performance evaluation system 

and a description of how each of these goals has been met in the new system. It concluded 

with a discussion of avenues for further development of research in the area. 
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Published paper on the PRImA Dataset 

The following pages contain a paper published in the proceedings of the International Work­

shop on Document Analysis Systems describing the PRImA Document Layout XML Format 
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Abstract. Over the past two decades a significant numher of layout analysis 
(page scg"",nlation and n:gion clasaification) approaches have heen proposed in 
the literature. Each approach has been devised for and/or evaluated using 
(usually small) application-specific dalasets. While lhe need for objeL1.iw 
performartce evaluation of layout analysis algorithms is evident. there does nOi 
exist a suitable dat.ascl with ground truth that reflects the realities of everyday 
documents (widely varying layouts. complex emilies. colour. noise etc.). The 
ntost significant impedintClIl is the creation of accurate and flcxiblc (in 
repreS<ntation) ground truth. a task thai is costly and must he carefully 
designed. This paper discuSSC!s the issues related to the design, representation 
and creation of ground truth in the context of a realistic dalaa<t developed by 
the aulhOfR. The eff(ctiveness of the ground truth discus.~ in this paper has 
been successfully shown itl ilc;. use for twO illlenl3tiollai page segmenlauon 
competitions (ICDAR200.1 alld lCDAR200~). 

1 Introduction 

Layout analysis is a very important step in document analysis. Errors made at this 
stage will propagate in !he subsequent OCR and document understanding stages and 
can adversely impact on !he success of the application as a whole. 

Over the past two decades a significant number of layout arutlysis (mostly page 
segmentation and region classification) approaches have been proposed in !he literature. 
Each approach has been devised for andlor evaluated using relatively narrow-focused 
application-specific datasets. which more often than not do not reflect !he real-world 
occurrence of documents. As a result it is difficult to evaluate !he practical value of 
each method and to make a direct comparison between the different approaches. 

Whilst !he need for objective performance evaluation of layout analysis algorithms 
is evident there does not exist a suitable dataset with ground truth that reflects the 

• This work was supponcd hy C.cHQ (UK Government Communications Hcadquancrs) and the 
EPSRC (UK Engineering and Physical Sciences Research Council). 

H. Bunk< and A.L Spill (F.ds.): DAS :!OO6.I.NCS ~872. pp. 302-~11. 2006. 
!;) Sprineer-Verlag BerUn HetdelberJ 200t! 
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realities of everyday documents (widely varying layouts. complex entities. colour, 
noise etc.). A number of layout analysis approaches in the literawre have reported 
evaluation results based on the University of Washington dataset [I) which mostly 
contains (relatively stylised) technical article images. a large numher of which are 
synthetic (created by the dataset authors using LaTeX and outpUt as images). It is the 
view of the authors that such a database can be useful but does not reflect the 
complexities of the majority of widely available documents. 

This lack of a representative and practical (in terms of use) dataset can be 
atuibuted mostly 10 the need 10 suhtly balance wide-ranging issues involved in its 
design as well as to the effort required in its realisation. 

While the design of the dataset architecture is of central importance in terms of its 
usefulness and usability, the crucial (and most influential) element is the design of the 
ground rrurh. It should be mentioned, for completeness, that ground truth is defined as 
a representation of the agreed correct result of the ideal layout analysis method (i.c. 
the result of the method tha~ if existed, would put an end 10 the researcb problem). 
The ground truth forms the basis for all comparisons with the output of any layout 
analysis method to be evaluated. 

A significant clarification must be made at this point between per/onnona 
emiuarion and benchmarkin8. The former involves in-depth analysis of results and is 
aimed at providing feedback to developers. the latter usually outputs a single value 
that is used to compare between approaches. Clearly. for in-depth performance 
evaluation. a more thorough specification and design is required for the dataset in 
general and for the ground truth in particular. 

This paper presents and discusses the issues related to the design. represenI8lion and 
creation of ground truth in the context of the layout analysis perfonnance evaluation 
dataset developed by the authors. In contrast 10 previous approaches (the most prominem 
of which is [I ll, the proposed dataset is not only realistic in the selection of documents but 
it has signifICant flexibility in the description and use of ground truth. A more accurate 
region representation scheme is used in favour of using rectangles (unable 10 describe 
complex-shaped regions) but without sacrifICing ease of use or perfonnance. The 
additional information describing the pbysical and logical cbaracteristics of regions 
ensures the applicability of the ground-truth Ul a wide range of evaluation scenarios and 
anticipated future needs (as evidenced by cunlllll development'). 

The remainder of the paper starts with a brief description of the context within 
which the ground truth needs to he designed, created and used. In this respect. 
Section 2 describes the performance evaluation framework while Section 3 presents 
aspects of the dataset. The main considerations for the design of successful ground 
truth are discussed in Section 4. The specification of the ground truth and its XML 
representation are introduced in Section 4.1. An overview of a software 1001 designed 
by the authors 10 support the ground truth creation is given next (Section 4.3). Section 
5 conclndes the paper. 

2 Performance Evaluation Framework 

One of the important issues to address and one of tbe advantages of the ground truth 
representation described in this paper is the flexibility of its use within different 
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performance evaluation contexts. These can range from simple listings of regions 
missed/detected etc. to sophisticated evaluation of scenarios (e.g. the detection of 
headlines and ""paralOrs) with configurable penalties etc. 

A brief description of this wider perspective. in the form of the framework heing 
developed by the authors. is given here 10 highlight the needs that ground truth has to 
fulfil within a wider. more-demanding application. The most important objective of 
the framework is to provide the (layout analysis) algorithm developer with an in­
depth analysis of the performance of the method being evaluated. Detailed statistical 
infOlmation is given on the ability of a method in terms of correctly detected. merged. 
split. partially or wholly missed regions (along with combinations of these conditions 
as well as the incorrect detection of noise as valid regions) (2). Goal-ori'nl~d 
perfonnance evaluation is enabled through the creation of scenarios (application of 
sets of weights on the detected errors). An example of this can be when an OCR 
developer is interested in not missing any text regions and in not merging text regions 
across columns etc. (10 preserve the reading order). while they may not assign high 
value 10 the accurate detection of graphic regions. 

At a higher ""mantic level, a scenario may involve the evaluation of logical as well 
as physical layout characteristics. For instance. in an indexing application the 
developer may be interested in correctly locating figure captions (for indexing 
photographs). or article titles and dates (for indexing newspaper articles). 

Moreover, the framework is able 10 summarise the performance of a method by 
providing scores (based on scenarios) at different levels as required. For instance. a 
developer who needs to assess the resulting improvement of a newly introduced 
modification may cusoomise the framework to provide them with hoth an overall 
scenario evaluation score but with detailed scores for the tasks that are most affected 
by the given modification. 

It is therefore important that the ground truth must hold information that support.. 
these evaluation tasks. 

3 Dataset 

In its most crude form, a performance evaluation dataset comprises a set of images 
and associated ground truth (for each image). The dataset on which layout analysis 
methods are evaluated has an obvious bearing on the relevance of the evaluation 
results. This section briefly presents the dataset cleve loped by the authors with two 
key objectives in mind. First. 10 give the reader a broader understanding of the 
contextual issues for ground-lrtlth design in terms of the choice of documents (page 
images) it needs to describe. Second. to provide an understanding of the overall 
architecture of which ground truth is part (and within which it is used). 

The choice of documents 10 include in a dataset has 10 fulfil two major 
requirements. First. the types (categories) of documents have 10 be representative of 
everyday occurrences. Second. the proportion of documents (population in the 
dataset) between categories should reflect realistic usage and at the same time the 
documents in each category must be sufficiently varied and numerous 10 enable 
meaningful evaluation for specific applications. 



153 APPENDIX A. PUBLISHED PAPER ON THE PRIMA DATASET 

(jround Truth for l .ayout Al1al y~is Perfonnancc Evaluation :\O;l'i 

To that effect, the authors have establi shed a detailed taxonomy of cxisting 
doc uments (text can;ers). based on ph)'sical and logical layout characteri stics (about 
21 document types and 80 subtypes). Document t)'pes range from official documents 
(e.g .. ccrtificates) to various drawings and maps. to fOOll S, books. tickcts and text in 
nalUral scenes. 10 name but a few. However. cenain types of document are more 
widely disII;butcd and arc morc targeted by application developers. Thc!;C arc 
documents that contain infoonation that a wide variety of users need to extract. 
Examples are office documents. magazine pages. advcl1isemems and technical 
allicles. The dataset created by the authors reflects thi s situation by containing more 
instances of these types of document. 

It should be noted that the layouts of these types of document vary considerably. 
Offi ce documents and technical atticles have more structured layouts that usually follow 
simple formatting rules. On the other hand. magazine pages have more complex layouts 
and advertisements even more !;n. As it wi ll be ~en in the next section, the complexity 
of layout n:gions is one of the deciding faclOrs in grou nd truth design. 

The dataset is organised in two broad layers of functionality. The outer layer is a 
dataha,e holding certain physical and administration attrihutes for each document 
page in the dataset. Physical aLtributes include di mensions. the presence (or absence) 
of colour. whether or not the document is single or multi·columned, the (main) 

I Layout Ana;~S ~a~ Set 
.... -..fttUhH. vt.-

Here I'" the dOCUmfol"lt,. M!t\(n,ng your rlql,l"',1 To w mQrf! mfnm'lII t1on on. p<'rtl(Ulfll documenl . [lIeu. clock on 
I ' ~ thuIIllm811. 10 do",, 'lIoad I :o,Il!!Cilon of dOCUI1l[l/llS, ,,1 .. ,. tit le th. bO~fI. to th"lOk of "Ieh do(Umltnt lind preu 
Inl! Otn'llll .. "d button 

Th.r. art 1" mOitcMS to )"OlXqulry 

Ff~. I. The Wch in h,;rfa~~ for hrowsing u spcd lk lh l\:urncnt J.:at cgory 
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language of the text. the reading direction. the resolution of the image as well as a 
characterisation of the complexity of the layout. All these attributes are deemed to be 
interesting for searching and selecting sets of documents for evaluation (they 
represent major factors that influence layoul analysis methods). Administration 
auributes are mostly used by the dataset keepers and include authorship and source 
infonnation, copyright infonnation etc. A web front-end enables bolb searching of the 
dataset based on the above attributes as well as browsing of the dataset according to 
document types (as defined in !he established taxonomy). A screenshot of Ibe web 
interface (browsing magazine pages) can be seen in Fig. I. 

The inner layer of functionality comprises the image-ground truth pair. An image 
tile (or two, as in Ibe case of colour/grcyscale documents bolb Ibe original and a 
bilevel copy are kept) and its corresponding grouud truth description tile are lioi<ed to 
each record in Ibe database. The design issues and characteristics of Ibe ground trulb 
description are discussed in the next section. 

The current dataset (to be made freely available to researchers) caD be found in: 
ht t.p: / /www.prima.cse.salford.ae . uk/dataset/ . 

4 Ground Truth 

It can be appreciated that. given a document image. the description of the 
corresponding ground truth is not a trivial matter. The I)'{I" of informalion to be 
included and the rt'presentalion of this infonnation are crucial for successful use. 
Another imponant underlying factor is the Significant cost of creating ground truth. as 
it impacts on bolb Ibe design and the maintainability of the dataset. This cost is due 
to the fact that the creation of ground truth cannot be fully automated. Typical times 
for creating ground truth can run in the hours for a single page (from scanning to 
commitment in the dataset). 

In tenos of information. it simply has to be as comprehensive as possible. Even if 
some information is not filled-in or may not appear to be directly relevant to familiar 
types of documents. the infrastructure has to be present in anticipation of different 
types of documents. in different scripts, with text in different orienlations and so on. 
One example is colour information. Practically all current layout analysis methods 
(and certainly all the prominent ones) deal almost exclusively with bilevel or (in a few 
cases) with grey scale images. It is almost inevitable, however. that the analysis of 
colour scans will become increasingly necessary and therefore the grouud truth must 
include colour information. 

In the ground truth described bere, information is recorded regarding the document 
(page image) as a whole (e.g. physical characteristics. number of regions present etc.) 
as well as for each individual region. A region is defined to he the smallest logical 
entity on the page. For the purpose of layout analysis methods, it is sufficient for a 
region to represent a single paragraph in terms of text (body text, header, fooblote. 
page number, caption etc.), or a grapbic region (halftone. line-art. images. 
horizontal/verUcal ruling etc.). Composite elements of a document, such as tahles or 
figures with embedded text, are considered each as a single region (of that 
corresponding type such as table. chart etc.). 
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The regiou-represeutation scheme plays a critical role in the effIciency and 
accuracy of the perfonnance analysis strategy. For the comparison between regions (a 
ground truth region against a region resulting from a method to be evaluated). 
bounding rectangles are the most efficient representation. However. complex-shaped 
regions cannOl be accurately represented by bounding rectangles. The proposed 
scheme describes regions using isothetic (having only horizontal and vertical edges) 
polygons C31. This representation of regions is very accurate and flexible since each 
region can have any size. shape and orientation. Funhennorc. a region. whose contoW" 
is an isothetic polygon. can be represented by a number of rectangular horizontal 
intervals whose height is d~tennined by Ibe comers of its contour polygon (effectively 
achieving decomposition into rectangles). This interVal struCtme makes checking for 
inclusion and overlaps. and calculation of area. possible with very few operations, 
thus approximating the efficiency of rectangles [4). 

In general. ground truth must fulfil the following objectives: 

• Accuracy. both in terms of absence of human errors and in the inherent ability 
10 represent complex infomlation. 

• Richness of inforllllltion. to enable various evaluation scenarios. 
• Efficiency of comparison. to enable evaluation using large datasets. 
• Ease of understanding. in terms of representation organisation to facilitate 

maintenance and use. 
• Ease of creation. in terms of the ability to acbieve the above objectives wilb 

the use of a specially designed gmund-truthing tool (see below). 
• Anticipation of flltu" "quiremmts. in le1111S of extensibility to avoid 

obsolescence. 

4_1 Ground Truth Representation 

The ground truth information is represented in XML (addressing. thus. the 
representation-related goals listed in the previous section). Figure 2 shows a ground 
truth example of a documenl containing a single text region (simplified for illustration 
purposcs). The main element is a Document. which is the only type of element that 
can be found in an XML file after Ibe header lines. Inside the Documenl (between the 
<document> and </document> tags) lWO lypes of elemenl are allowed: the 
Document Summa,.y and a number of Pages. The document sommary section 
specifies how many pages there are in the document. 

Each page is represented as a separate elemenl. and information about each page is 
given between the <page> and < /page> tags. The image filename attribute is used to 
indicate the name of the image file on which the ground truth is based. Each page can 
be decomposed into a nomber of regions. I n the current ground truth version. there are 
len distinct types of regions defined: Text. Image. Lint! DTClWinl/, Graphic. TaM •• 
Char!. Separator. Maths. Noise and Frame. The "page summary" contains the 
number of occurrences of each type of region in the page. while the page size 
attributes define the width and height (in pixels) of the page. 

Each region must contain a unique ID number to identify it within the documenl. A 
number of attributes (their occurrence depending on the type of the region) is 
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<?xml verlilion="1.0· encoding=~UTF-8·?> 
<: DOCTYPE document SYSTEM 
"http://www.prima.csl!.salford.ac . uk/data8~tJdocumenllayoUl.dtd·:> 

<4ocuMDt> 
<c!oc:waaDt_.~ry no-page&="!"/> 
<page page_id'" " 1 " image_filename: "mp00099bw. ti f' > 
<pap_.~ no_text_regions ~. 22· 

no_lmage_regions""·O· no_lir.e_drawin9_regiona=· O· 
nO-9'raphic_regionl=" 0" no_table_regions:" O· 
no_chart_regiona -' O· no_separator_region •. • O· 
nO.Jl\athll_regiona=·O" no_fralM!:_regiona=' O· 
no_no!ae_reg!ona="O"/> 

<pag • ...,Pixel_.l •• width-="2340' height="313S"/> 
<text.JecriOll id="l" txt_orlentation="O' 

txt_readIng_direction=' Lett_To_Right· 
txt_Ieading=·· txt_kerning;" 
txt_font_size= "12' txt_type=' • Paragraph" 
txt_colour= "Black" txtJeverae_vldeo= "No· 
txt_indented= "No· lxt...,prlmary_lang= "English" 
txt_secondary _lang= "None" 
txt-pr Imary_script=· Latin" 
txt_aecondary_lIcripl= "None· txt_bgcolour= "WIll te' 
txt_reading_orientation=" O· > 
<coord. no_coord.=" 4· > 

<pOint x="10· y",,"10"/> 
<point x="20· y="10"/> 
<poiDt x="20· y="20' /> 
<paiDt: x="10· y="20' /> 

</~> 
< Itext,J'egiOD> 

</pacre> 
< l40cumeDt> 

FIg. 1. Example of gmund uulh represcntation 

optional. These auributes describe as many characteristics of the region as possible. 
Various attributes relevant to text regions are shown in the example of Fig. 2. It is 
mandatory that each region conlains coordinate selS that define its outline (isothetic 
polygon). 

The full Document Type Definition (OTO) file which defines the XML 
represenlation of ground-truth infonnation can be found at: 

http://www.prima.ese.salford.ac . uk/dataset/documentlayout .dtd. 

4_2 Ground Truth Creation 

To enable the creation of detailed and flexible ground truth. a semi-automated tool 
has been designed by the authors. When designing this tool the decision was made to 
provide full flexibility and the focus was placed 00 the creation of grouod truth. rather 
than the corT~ction of the results of a first-pass segmentation process. This is a 
pragmatic approach to the problem. stemming from previous experience of tbe 
authors with ground-truthing [~l. The crucial observation was that the time spenl in 
correcting the errors of segmentation is more often than not significantly longer than 
following a bottom-up approach to build ground trulh infonnation and fewer elTOTi 
are made (users tend 10 miss errors made by the first-pass segmentation process). 
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It is worth mentioning at this point that there are other approaches to "ground 
truth" creation in the literature (e.g .• [6]). In these cases though. the tools are meant to 
be used in the final stages of an automated process to ensure the validity of the 
outcome of the conversion process of a paper document into electronic form. while 
the "ground truth" infonnation sought is also application specific and lacks the depth 
and breadth needed for performance evaluation. 

The ground-truthing tool "Alp/Mia" (from the Greek word for "truth") operates on 
the bile vel version of the document images and comprises functionality to perform 
connected component analysis and. subsequently. combine the resulting components 
into regions (as required by the ground truth specification). In addition. it provides the 
necessary interface to label the regions identified and specify an appropffilte set of 
auributes for each. customized acconIing to its type. Finally. the software can expon the 
ground truth as an XML file. which fully conforms to the ground truth specification. 

Refore any ediung operations become available. the software performs a connected 
component analysis of the document image. A fast one-pass algorithm is employed 
for that purpose. The connected components identified in the image are the base units 
for the construction of regions. Each target region will comprise a list of components. 
and will be described by a boundary whicb will enclose only the specified 
components. and possibly some white space. 

There are four supported methods to group together connected components into a 
region thai affect the way the boundary of the region is derived offering different 
levels of flexibility. At the lower level the user can select the oompoi1tnlS of a n:gion 
one by one. The boundary of the region is then defined as the minimum bounding 
rectangle which encloses the selected components. A bigher-Ievel approach il to use a 
drag-and-resize operation to specify a rectangle and select all the components inside 
i1. The system then allows the user to either adopt the specified rectangle as the 
boundary of the region. or shrink the specified rectangle in order to produce the 
minimum rectangle in the same manner as before. Finally. in order to address cases 
where complicated region shapes are necessary, the software offers the option to use a 
freehand drawing method to select components. In Ihis case the user defines a 
polygon by successively selecting its corner points. The isothetic rectangle boundary 
in this case is calculated based on the initial polygon. which is reduced in such a way 
so that most of the white space is removed. 

AI"Mia also offers more advanced region-editing functions, for instance to 
combine regions. or to combine existing regions with individual components, while 
regions can always be dissolved into their constituent components. Following the 
bottom up approach described above. a higher (region) level segmentation of a 
document can be obtained in a few minutes. 

Subsequent to geometrically defining the regions of the document page the user 
has to label the resulted regions and define the associated attributes. According to the 
ground truth specification. A/~lheia allows each region to be of any of the ten region 
types defined. By right~licking a region. the user is presented with a dialog box. 
which lists the type and associated attributrs of eacb region. The user can then select 
the type of the region from a drop down lis\, and specify the values for all attributes 
associated with the region type. The only attribute the user cannot control is the 
region TD number. which is assigned and managed automatically by the software. 
Figure 3 shows the attributes dialog for a text region. and a line drawing region. 
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FiG. 3. The allrinu l ~ dialogs for (0) a Texl n:g ion and (h) a J .inc Drawing region 

Fig. 4. Examples of the final gmund-uulh for (a) a Maga7ine page and (b) a Technical Anic le page 

Figure 4 shows two instances of ground-tntth regions created with Aielhe;II. The 
software vi ualises the ground-truth information by assigning different colours to 
regions dependi ng on their type. This facilitates the process of labell ing the regions. 
since the u!<Or can easily identify any unprocessed regions. Any regions or 
components that have not been labelled are automatically marked as noise regions. 
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Ground Truth for lAyout AnalY"is Perfonnance Evaluation ~ II 

Finally. Alelhew offers two options for sooring the final ground !ruth description. 
The first is 10 export it as an XML file (a series of individual regions. along with their 
boundaries and detailed auributes) which fully conforms 10 the ground truth 
specification as described above. The second option is 10 save the ground truth 
representation in the software' s own format. which has the advantage of preserving 
the actual components in addition to the higher-level information. thus facilitating 
more powerful editing al a laler lime. 

5 Concluding Remarks 

This paper has introduced and discussed a number of importanl issues surrounding 
ground truth for the evaluation of Ihe performance of layout analysis melhods. The 
focus was on the design. representalion and creation stages in the contexi of a new 
datasel developed by the authors. The resulting ground truth is the product of the 
authors' effort over the past few years and reflects their experience with performance 
evaluation. The ground truth created has been successfully used as the basis for two 
international competitions. held under the auspices of the International Conference on 
Document Analysis and Recognition in 2003 [71 (in an earlier version) and 2005 [81. 
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AppendixB 

The PRImA Document Layout XML Format 

The following pages contain the Document Type Definition for the PRlmAXML Document 

Layout Format. Greater detail on the design decisions made for the format may be found in 

the published paper in Appendix A. The author was one of many contributors to the design 

of the format, alongside Dr. Apostolos Antonacopoulos, Dr. Dimosthenis Karatzas, Mark 

Ellis and John Spafford. 
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< ! v4 DID > 

< ' Element declarations > 

< !ELEMENT document (document_summary, page +) > 

< !ELEMENT document_summary EMPTY> 

< !ELEMENT page_summary EMPlY> 

< ! ELEMENT poi n t EM PlY> 

< ! ELEMENT P age _ pix e I _ s i z e EMPTY> 

<! ELEMENT page (page_summary, page_pixel_ s ize, (text_region', 

image_region', line_drawing_region', graphic_region', 

table_region ', chart_region', 

maths_region *, frame_region', 

< !ELEMENT text_region (coords» 

separator_region' , 

noise_region .)+» 

< ! ELEMENT i mag e _ reg ion (c 0 0 r d s ) > 

< !ELEMENT line_drawing_region (coords» 

< !ELEMENT graphic_region (coords» 

< !ELEMENT table_region (coords» 

< !ELEMENT chart_region (coords» 

< !ELEMENT separator_region (coords» 

< !ELEMENT maths_region (coords) > 

< ! ELEMENT n 0 i s e _ reg ion (c 0 0 r d s ) > 

< !ELEMENT frame_region (coord s, (text_region', im age _region', 

line_drawing_region', graphic_region', table_region', 

chart_region', separator_region', maths_region', 

noise_region' , frame_region * )*) > 

< !ELEMENT coords (point"» 

< ! attribute declarations > 

< !ATTLIST 

coords no coords CDATA # REQUlRED 

> 

< !ATTLIST 
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document_summary no_pages CDATA "1" 

> 

< ! ATTLIST page _ summary 

no - text _regions 

no _image_regions 

no - line _drawing_regions 

no _g rap h i c _ reg ion s 

no - tab I e _regions 

no - chart _regions 

no _ separator_regions 

no - m aths _regions 

no - frame _regions 

no - no ise _regions 

> 

< ! A TTLIST poi n t 

> 

x CDATA #REQUIRED 

Y CDATA #REQUlRED 

< ! A T TLIST P age _ p i xe I _ s i z e 

width CDATA #REQUIRED 

h eight CDATA #REQUlRED 

> 

CDATA 

CDATA 

CDATA 

CDATA 

CDATA 

CDATA 

CDATA 

CDATA 

CDATA 

CDATA 

<! ATTLIST page 

page _ id CDATA #REQUlRED 

im age_file 11 arne CDATA # IMPLIED 

> 

<! ATTLIST fram e_re gi 0 n 

id CDATA #REQUlRED 

> 

< ! ATTLIST noise_region 

id CDATA #REQUlRED 

> 

"a" 
"0" 

"Oil 

"0" 

"a" 
"0 11 

"0" 

"0 II 

flO II 

flO II 
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< ! A TTLIST t ext _ reg ion 

id 

txt orientation 

txt _ leading 

txt_kerning 

txt_font_size 

CDATA 

CDATA 

# REQU IRED 

"011 

(Left_ To_Right I Right_ To_Left I 

Top_ To_Bottom I Bottom_ To_Top) 

" Left_ To_Righ t " 

CDATA #IMPLIED 

CDATA #IMPLIED 

CDATA " 12" 

(Paragraph I Heading I Sub_Heading I 

Sentence I Caption I Header I Footer I 

Page_Number I Quote I Drop_Capital I 

Credit) "Paragraph" 

(Black I Red I White I Green I Blue I Yellow I 

Orange I Pink I Grey I Turquoise Iindigo I 

Violet I Cyan I Magenta) "Black" 

(YesINo) "No" 

(Yes INo) "No" 

(Afrikaans I Albanian I Amharic I Arabic I 

basque I Bengali I Bulgarian I Cambodian I 

Cantonese I Chinese I Czech I Danish I Dutch I 

English I Estonian I Finnish I French I 

German I Greek I Gujarati I Hebrew I Hindi I 

Hungarian I Icelandic I Gaelic I Italian I 

Japanese I Korean I Latvian I Malay I 

Norwegian I Polish I Portuguese I Punjabi I 

Russian I Spanish I Swedish I Thai I Turkish I 

Urdu I Welsh I None) "English" 

txt _ secondary _ language (Afrikaans I Albanian I Amharic I Arabic I 

basque I Bengali I Bulgarian I Cambodian I 

Cantonese I Chinese I Czech I Danish I Dutch I 

English I Estonian I Finnish I French I 

German I Greek I Gujarati I Hebrew I Hindi I 

Hungarian I Icelandic I Gaelic I Italian I 

Japanese I Korean I Latvian I Malay I 

Norwegian I Polish I Portuguese I Punjabi I 

Russian I Spanish I Swedish I Thai I Turkish I 
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> 

txt_primary_script 

txt_secondary_script 

UrdulWelshlNone) "None" 

(Arabic I Bengali I Cyrillic I Devangari I 

Ethiopic I Greek I Gujarati I Gurmukhi I 

Hebrewl Latin I Simplified_Chinese I Thai I 

Traditional_Chinese INone) "Latin" 

(Arabic I Bengali I Cyrillic I Devangari I 

Ethiopic I Greek I Gujarati I Gurmukhi I 

Hebrew I Latin I Simplified _ Chinese I Thai I 

Traditional_Chinese INone) "None" 

txt_bgc o lour (Black I Red I White I Green I Blue I Yellow I 

Orange I Pink I Grey I Turquoise I Indigo I 

V io l et I Cyan I Mage nt a ) " Wh it e " 
txt_reading_orientation CDATA "0" 

<! ATTLIST image_region 

> 

id CDATA # REQUIRED 

img_colollr_type (Black_And_WhiteI4_Bit_Greyscale I 

8 _ Bit _ Greyscale 14 _Bit_Colour 18 _ Bit_Colour I 

16 _B i t_ Col ou r 124 _B i t _ Col ou r 132 _B i t_ Co 10 u r ) 

" Black_And_ Whi te" 

itng_orientation CDATA "011 

img_em b_text (Yes I No) "No" 

img_bgcolour (Black I Red I White I Green I Blue I Yellow I Orange I 

Pink I Grey I Turquoise I Indigo I Violet I Cyan I 

Magen ta) "White" 

< ! A TTLIST lin e _ d raw i n g_ reg ion 

i d CDATA # REQUIRED 

drwg_emb_text (Yes INo) "No" 

d r w g _ 0 r i e n ( a t ion CDAT A " 0 II 

drwg_pen_colour (B l ack I Red I White I Green I Blue I Yellow I Orange I 

Pink I Grey I Turquoi se I Indigo I Violet I Cyan I 

drwg_bgcolour 

Magenta) "Black" 

(Black I Red I White I Green I Blue I Yellow I Orange I 

Pink I Grey I Turquoise I Indigo I Violet I Cyan I 

Magent a ) "White" 
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> 

< ! A TTLlST g rap h i c _ reg ion 

> 

id CDATA # REQUIRED 

(Logo I Letterhead I Handwritten_Annotation I 

Stamp I Signature I Paper_ Grow I Punch_ Hole I Other) 

#IMPLIED 

(Yes I No) "No" 

g f x _ 0 r i e n tat ion CDATA " 0 II 

gfx_no_colours CDATA "0" 

< ! A TTLIST tab I e _ reg ion 

> 

id 

rbl row s 

tbl_columns 

rbI_line_colour 

cbl oriencation 

CDATA 

CDATA 

CDATA 

# REQUIRED 

#IMPLIED 

#IMPLIED 

(Black I Red I Whice I Green I Blue I Yellow I 

Orange I Pink I grey I Turquoise I Indigo I Violec I 

CyanlMagenca) "Black" 

CDATA "0" 

cbl_Iine_separacors (Yes INo) "Yes" 

cbl_bgcolour ( Black I Red I White I Green I Blue I Yellow I 

Orange I Pink I grey I Turquoise I Indigo I Violer I 

Cyan IMagen ca) "Whice" 

(YesINo) "Yes" 

< ! A TTLIST c h arc _ reg ion 

> 

id CDATA # REQUIRED 

chart emb cext - - (Yes I No) "Yes If 

c h a rr _ 0 r i e n cat ion CDATA 

c h a rc _ n 0 _ colo II r s CDATA 

"A II 

110" 

chart_cype 

charc_bgcolour 

(Pie I Line I Other) #IMPLIED 

(Black I Red I Whice I Green I Blue I Yellow I Orange I 

Pink I Grey I Turquoise I Indigo I Violec I Cyan I 
Magen ca) "Whice" 
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< ! A TTLlST s epa r a t 0 r _ r eg ion 

> 

i d CDATA #REQUlRED 

sep_orientation CDATA "0" 

se p_colour (Black I R~d I Whit~ I Green I Blue I Yellow I Orange I 
Pink I Grey I Turquoi se I Indigo I Violet I Cyan I 
Magenta) " Black " 

s e p _ b gc 0 lou r (Black I Red I White I Green I Blue I Yellow I Or ange I 
Pink I Grey I Turquoi se I Indigo I Violet I Cyan I 
Ma ge n ta) "White" 

< ! A TTLlST mat h s _ r eg ion 

> 

i d CDATA #REQUlRED 

maths_bgcolour (Black I Red I White I Green I Blue I Yellow I Orange I 
Pink I Grey I Turquoi se Iindigo I Violet I C ya n I 

Magenta) "White" 

maths orientation CDATA "0" 
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AppendixC 

Published paper on the I CD AR 2005 

Competition 

The following pages contain a paper published in the proceedings of the International Con­

ference on Document Analysis and Recognition describing the running and results of the 

ICDAR 2005 Page Segmentation Competition, based on the dataset described in appendix 

A.[4]. 
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ICDAR2005 Page Segmentation Competition 

A. Alltollacopoulos1
, B. Gatos2 and D. BridsOll1 

I Pattem Recognition and Image Ana~ysis (PRImA) Research Lab 
School ,,{Computing. &ience and Engineering. Unive",ity of Salford. Mancheste/'. M54JVT, United Kingdom 

http://www.primaresearch.org 

1.Complltationallntelligence Laboratory, Institute of InjomlGtic.f and Telecommunications. 
National Celller for Scientific Resea/'ch "Demolrritos ". GR-153 10 Agio Paraskevi. Athens. Greece 

http://www.iit.demokritos.gr/d/ 

Abstract 

There is an established need for objective evaluation ~f 
layout ana~ysis methods. in realistic circumstances. This 
paper describes the Page Segmentation Competition 
(modus operandi, dataset and el'Qluation criteria) held in 
the co",e,t of ICDAR2005 mId presents the result.s of the 
evaluation of four candidate methods. The main objective 
of the competition was to compare the perfonnance of 
such methods using scanned documents from commonly­
occurring publications. The results indicate thai althollgh 
methods seem to be maturing. there is still a considerable 
need to develop robust melhod, that deal with everyday 
documents. 

Introduction 

Layout analysis methods--page segmentation in 
panicular--continue to be reponed in the literature on a 
frequent basis. despite this being one of the most mature 
sub fields of Document Image Analysis. 11 is not difficult 
to see that the reason for this is that the problem is far 
from being solved. Successful methods have cenainly 
been reponed but, frequently. those are devised with a 
specific application in mind and are fine-tuned to the test 
image data set used by its authors. The wider gamut of 
documents encountered in real-life situations is far wider 
than the target applications of most methods. 

There is no doubt that, for a given application. or for a 
generic selection of real-life documents, it would be 
dcsirablc to obtain an ohjective evaluation of the 
performance of different layout analysis methods. Such a 
direct comparison between algorithms is not 
straightforward as it requires both the creation of suitable 
ground truth (a relatively laborious and precise task) as 
well as the definition of a set of objective evaluation 
criteria (and a method to analyse them). 

This competition focuses on the evaluation of page 
segmentation and region classification subsystems. To the 
best of the Authors' knowledge. this is only the second 
instance of an international generic layout analysis 
competition (the first being the lCDAR2003 Page 

Segmentation Competition [1 D. It should be mentioned 
thai a relatively close previous instance. focussing on a 
specific application domain. was the First International 
Newspaper Page Segmentation Contest [2] held by the 
Authors in the context of lCDAR2001. Prior to that, an 
evaluation of page segmentation (as part of OCR systems) 
was performed at UNLV [3]. based on the results of 
OCR. That approach, however, cannot not be strictly 
considered to evaluate layout analysis methods since the 
OCR-based evaluation does not give sufficient 
informalion on the perforn13nce of page segmentation and 
region classification and is only applicable to regions of 
text (or text-only documents). 

The motivation for this competition was the evaluation 
of page segmentation and region classification methods in 
rea/i,lic circumstances. By realistic it is meant that the 
panicipating methods are applied to scanned documents 
from a variety of sources, occurring in real life. This is in 
contrast to the majority of datasets and repollS of results 
using mostly structured documents (e.g., technical 
anicles). 

The competition and its modus operandi is described 
next. In Section 3. an overview of the dataset and the 
ground-trulhing process is given. The perfonnance 
evaluation method and metrics are described in Section 4. 
while each of the panicipating methods is summarised in 
Section 5. Finally. the rcsulL' of the competition arc 
presenled and the paper is concluded in Sections 6 and 7. 
respectivcly. 

2 The competition 

The objective of the competition was 10 evaluate 
layout analysis (page segmentation and rcgion 
classification) methods using scanned documents from 
commonly-occurring publications. While there is a 
comparative assessment element involved, the real 
advantage is an initial look in the performance of different 
classes of methods (e.g., connected component analysis. 
morphological processing, analysis of background etc.) in 
identifying different types of regions in a variety of 
documents. 
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Figure 1. Sample page Images from the training 
dataset. 

The competition run in an off-line mode. The authors 
of cand idate methods registered theiT interest in the 
competition and downloaded the training dataset 
(docu ment images and associated groundlnlt}, ). One 
week be fore the competition ciosing date, registered 
authors of candidate methods were able to download the 
document ;ma,::es of the evaluatio" dataset. At the closing 
date, the organisers received the rcsuils of the candidate 
methods, submitted by their authors in a pre-defined 
fonnat. The organisers then eV31uated the submitted 
resul ts. 

It should be noted that the off- line mode is based on 
trust that the results submitted by the methods' authors 
aTC genuine. This trust is even morc necessary if the 
evaluation system is public ly available. In this case, the 
evaluation system was not published (only the principles) 
and above all , the organisers have faith ill the authors' 
~cicntifi c integrity. 

3 The dataset 

For any perfonnance cvaluat ion 3pproaeh, the 
Achilles' hee l is lhe availability of rea listic and accurate 
ground truth. As ground·truthing cannot (by dcfini tion) 
be fu lly automated, it remains a laborious and, therefore. 
ex pensive process. O ne approach would be to usc 
synthetic data 14]. It is the authors' opinion, however, that 

for the realisti c evaluation of I:lyout analysis methods, 
' rea l' scanned documents give 3 better insight. 

It should be noted that ground truth there is scarce 
avai lability of ground tmlh for the evaluation of methods 
3nalysing complex layouts (e.g., having non-rectangu lar 
regions). Such a dataset was created for the ICDAR2003 
competition 11]. However, the current competition was 
based on a subset of a significantly updated dataset. This 
da!.1set. which wi ll shortly be released by the PRimA 
research lab, conta ins richer ground truth (in a 
eOlTespondingly updated XM L fonnat) that providcs a 
very wide range of infonnntion on region nllribulcs 
(physical and logical). 

Although the dataset contains instances (images and 
ground truth) of an exhaustive list of document types it 
docs focus. however, ( for meaningful evaluation 
purposes) on the most heav ily used (in tenns of 
infonnation content 3nd need to analyse) types of 
documents, such as office documents. magazine pages, 
advertisements and technical anic les. 

For lhc compctition, a subset of documents was 
selected that ren eeted both realism in their frequent 
occurrence and, at the same time, the existence of 
suflicient ly general interest to ana lyse them. 

Figure 2. Sample page Image from the training 
dataset showing superimposed description of 
region contours . 

Funhennore, a balance had to be achieved between 
logistics (a manageable number of document images) and 
tractability for current methods. The decis ion was, 
therefore, made to focus on a cross section of 26 page 
images, compri sing 30% technical anicles (not 
necessari ly wi th Manhattan layouts) and 70% maga7ine 
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pages. It should be noted that also for reasons of 
tractability, the competition images were bilevel (in the 
general dataset the original images are in colour). A 
samplc of page images given as part of the training 
dataset can be seen in Fig. I. 

The ground-truth of each page image is an XML file 
(defined as part of the general dataset) that contains image 
and layout-specific information as well as the description 
of the regions in terms of isothetic (having only 
hori7.ontal and vertical edges) polygons. The ground-truth 
for the contpetition was produced using a semi-autOlnated 
tool developed by the authors. An XML viewer was 
developed for exammmg the images and the 
corresponding ground-truth XML, and was distributed to 
the competition participants. Another sample page image 
with the corresponding description of regions 
superimposed as isothetie polygons can be seen in Fig. 2. 

The types of regions defined for the competition 
(simplified from the total number of different types in the 
general dataset) are: 

text, 
graphics, 
line-art, 
separator, and 
noise. 

4 Performance evaluadon 

The perfonnance evaluation method used is based on 
counting the number of matches between the entities 
detected by the algorithm and the entities in the ground 
truth [5-7]. We use a global MatchScore table for all 
entities whose values are calculated according to the 
intersection of the ON pixel sets of the result and the 
ground truth (a similar technique is used at (8)). 

Let I be the set of all image points, Gj the set of all 
points inside the j ground truth region, R, the set of all 
points inside the i result region, gj the entity of j ground 
truth, r, the entity of i result, T(s) a function that counts 
the elements of set s. Table MatchScore(ij) represents the 
matching results of the j ground truth region and the i 
result region. Based on a pixel based approach of [5], and 
using a global MatchScore table for all entities, we can 
define that: 

If N, is the count of ground-truth elements belonging to 
entity i, M, is the count of result elements belonging to 
entity it and Wit W2t Wlt W ... WSt W6 arc pre-detennined 
weights, we can calculate the detection mte and 
recognition accuracy for i entity as follows: 

T>c:tccIRatt ... w one2onc; + w. L one:!mllll)" + w LOKlllY 2one; 
'N. . N. 'N. (2 

) 

where the entities one20ne" ILone1many" ILmany20ne" 
d _ one2many, and d _many 20ne, are calculated front 
MatchScore table (I) following the steps 0([5] for every 
entilyi. 

A perfonnance metric for detecting each entity can be 
extracted if we combine the values of the entity's 
detection rate and recognition accuracy. We can define 
the following Entity Detection Metric (EDM,): 

ROM .• 2DetectRate,RecognAccuracy, 
, DetectRatc, + RecognAccuracYi 

(4) 

A global perfonnance metric for detecting all entities 
can be extracted if we combine all values of detection mte 
and recognition accuracy. If I is the total number of 
entities and N, is the count of ground-truth elements 
belonging to entity i, then by using the weighted average 
for all EDM, values we can define the following 
Segmentation Metric (SM): 

LN,EDM; 

SM=~ 
LN, , 

5 Pardcipadng methods 

(5) 

Brief descriptions of the methods whosc results were 
submitted to the competition are given nex!. Each account 
has been provided by the method's authors and edited 
(summarised) by the competition organisers. The 
descriptions vary in length according to the level of detail 
in the source infomlation provided. 

5.1 The BESUS method 

This mctbod-BESUS stands for Bengal Engineering 
and Science University. Shibpur (India)--was submitted 
by S.P. ChowdhUry, S. Mandai and A.K. Das (of that 
university) in association with B. Chanda of the Indian 
Statistical Institute (lSI) in Calculla. Similarly to the 
method submitted by the authors to the ICDAR2003 
Page Segmentation Competition [I I. this is a system 
constructed using a number of morphology-based 
modules. 

In a pre-processing step that information is gathered 
and skew is corrected. Horizontal and vertical separators 
are extracted next by opening tbe bilevel image with a 
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hori7A>ntal or vertical (respectively) structuring element 
and connected component analysis [9]. Text is segmented 
based on the spatial relationship between pairs of textlines 
(identified based on the similarity and distribution of 
connected components) [10]. Graphics regions are 
extracted from a greyscale image (created from the 
original bilevel one) based on the analysis of a co­
occurrence matrix in relation to the result of opening and 
closing operations on the whole image [II]. Line art 
regions (components) are identified based on topological 
features and a density ratio. Remaining regions are 
classified as noise. 

5.2 The Oec method 

This mcthod was submitted by M. Bllderbeek, 
Z. Goey and R. Audenaerde ofOee Technologies B.V. in 
the Netherlands. It is a variant of the winning method of 
the ICOAR2003 Page Segmentation Competition (I]. Its 
working principles are as follows. 

Connected components are identified in the image 
(after removing a 25-pixel wide border) and classified 
into small character, normal character, large character, 
photograph, graphic, vertical line, horizontal line or noise 
(in terms of the region types used in the competition, 
photographs are graphics, lines are separators and 
graphics are line-art) using a manually constructed 
decision tree based on features such as width. height, 
number of pixels etc. Using the result of this classification 
four images are split off: 

(a) an image containing photos and noise, 
(b) an image containing graphics, 
(c) an image containing lines, and 
(d) an .mage contatntng text. 

In the last case, those blocks, in which the majority of 
connected components are classified as large characters 
are split off to a separate image. Thus, the image 
containing text is divided into two images: 

(dl)an image containing norma\Jsmall text, and 
(d2) an image containing headers. 

Next, the components in the norma\Jsmall text image 
(dl), in the photolnoise image (a) and in the graphics 
image (h) are joined into blocks using a run length 
smcaring procedurc. 

The resulting blocks are then classified by a voting 
algorithm that takes the connected component class 
statistics as it. input. In the line image (c), each line is 
considered as a separate block with class label 'separator'. 
The blocks in the header image (d2) are identified by 
applying a connected component grouping algorithm, 
which also applies a post-classification step to assure that 
the blocks really contain text. 

A boundary tracking algorithm [12] is used to trace the 
outer contours of all blocks (originally represented as 

rectangles) in the smeared images and represent them as 
polygons. Finally, a cleaning step removes all polygons 
that are contained within others, (re)labels all very small 
polygons as noise and merges polygons that overlap to a 
certain extent. 

5,3 The Tslnghua methods 

Oi Wen and Ming Chen, ofTsinghua University (State 
Key laboratory of Intelligent Technology and Systems), 
in China submitted two different methods. 

The first one (referred to as "Tsinghua method 1M here) 
is a bottom-up approach that works by progressively 
merging primitives at different levels (starting from 
connected components and resulting in text paragraphs 
etc.) based on the calculation of a quantitative measure 
(the Multi-level Confidence - MLC value). This method 
has been reported in [13] and is adapted to English 
layouts for this competition. The output nf this method is 
bounding rectangles only (a region may appear split as a 
result or bounding rectangles may overlap for diffenont 
regions) 

The second method ("Tsinghua method 2") is devised 
to deal better with irregular regions. It starts with the 
output of method I and text regions are separated from 
non-text ones. Text regioos are identified as isothetic 
polygons based on a background analysis algorithm 
similar to [14] but working with connected components. 
Other types of regions are output as rectangles exactly as 
in methnd I. 

6 Results 

We evaluated the performance of the 4 segmentation 
algorithms using equations (I H5) for all 26 test images 
with parameters w, = I, w, - 0.75, w, = 0.75, w. - I, 
w, = 0.75 and w. = 0.75. All evaluation results for all 
entities are shown in Fig. 3 where the EOM, values 
averaged over all images are depicted. Fig. 4 presents the 
Segmentation Metric (SM) values for all segmentation 
algorithms averaged over all images. Fig. 4 shows that 
the second approach of Tsinghua bas an overall 
advantage. 

Concerning text regioo segmentation, the second 
approach of Tsinghua achieved the highest averaged 
EOM rate value (53.22%) while the first approach 
Tsinghua, the Oee! method and the BESUS method 
achieved an averaged EOM rate value of 46,64%, 31.16% 
and 29.62% respectively. For graphics, the second 
approach of Tsinghua achieved the highest averaged 
EOM rate valuc (42,38%). For line-art and noise entities, 
the BESUS method achieved the highest averaged EOM 
rate values (80% and 20.24% respectively) while for 
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seperator detection. the Oct' method achieved the highest 
averaged EDM rate value (51 .13%). The Tsinghua 
methods achieved zero EDM rate va lues for line-art , 
separator and noise enti ty segmentation. 

Figure 3. Evaluation results for all entities 
(EDM, values averaged over all Images). 

Figure 4. Averaged Segmentation Metric (SM) 
values. 

7 Conclusions 

The motivation of the ICDAR2005 Page Segmentotion 
Competition was to evaluate existing approaches for page 
segmentation and region class ification using a realistic 
dataset and an object ive performance ana lysis syslem. 
The image dataset used comprised scanned technical 
anides and (mostly) magazine pagcs. The performance 
evaluation method used is based 011 cQunling the number 
of matches between the ent ities detected by the algorithm 
and the en lit ies in the ground tru th . The compelition run 
in an oIT· lillc mode and eva luated the pcrfom13ncc of four 
segmentation algorithms. The evaluation resu lts show that 
the second Tsinghua method has an overall advantage 
(and gives better results for text and graphics). The Oe~ 
method is third overall wi th good consistency (and the 
best perfonnance on separators). The BESUS method 
achieved the highest rates fo r line-art and noise entity 
segmentation. 
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AppendixD 

Published paper on the I CDAR 2007 

Competition 

The following pages contain a paper published in the proceedings of the International Con­

ference on Document Analysis and Recognition describing the running and results of the 

ICDAR 2007 Page Segmentation Competition, based on the dataset described in appendix 

A.[5]. 
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Abstract 
This paper continues the authors' allempt to address 

the need for objecUve comparative evaluation of layout 
analysis methods in realistic circumstances. It describes 
the Page Segmentation Competition (modus operandi, 
dataset and evalua/ion criteria) held in the cont ... t of 
ICDAR2007 and presellts the results of the evaillotion of 
three candidate methods. The main objective of the 
competition was 10 compare the performance of such 
methods USing scanned documents fram commo/!Iy­
occurring fnlblicotiolls. The results indicate thot although 
methods continue to mature, 'here is still a considerable 
need to develop robust method, that deal with everyday 
dncumems. 

Introduction 

Layout analysis methods--page segmentation in 
particular-<:ontinue to be reponed in the literature on a 
frequent basis, despite this being one of the most 
researched sub-fields of Document Image Analysis. It is 
not dIfficult to see that the reason for this is that the 
problem is far from being solved. Successful methods 
have certainly been reported but, frequently, those are 
devised with a specific application in mind and are fine­
tuned to the test image dataset used by their authors. The 
variety of documents encountered in real-life situations IS 
far wider than the target applications of most methods. 

There is no doubt ~ for a given application or for a 
generic selection of real-life documents, it would be 
desirable to obtain an objective evaluation of the 
perfOffilance of different layout analysis methods. 
However, such a direct comparison between algon~s IS 

not straightforward as it requires both the creatIon .of 
suitable groWld truth (a relatively laborious and precIse 
task) as well as the definition of a set of objectIve 
evaluation criteria (and a method to analyse them). 

This competition focuses on the evaluation of page 
segmentation and region classification subsystems. To the 
best of the authors' knowledge, this is only the third 
instance of an international generic layout analysis 

competition (the previous two being the ICDAR2003 and 
ICDAR2005 Page Segmentation Compelltions [1-2]) It 
should be mentioned that a relatively close previous 
instance, focusing on a specific application domain, was 
the First International Newspaper Page SegmentatIon 
Contest [3] held by the authors in the context of 
ICDAR2001. Prior to tha~ an evaluation of page 
segmentation (as part of OCR systems) was perfOffiled at 
UNLV [41, based on the results of OCR That approach, 
however, cannot not be strictly considered to evaluate 
layout analysis methods since the OCR-based evaluation 
does not give sufficient infOffilation on the perfOffilance 
of page segmentation and region classification and is only 
applicable to regions of text (or text-only documents). 

The motivation for this competition was the evaluation 
of page segmentation and region classification methods in 
realistic circumstances. By realistic it is meant that the 
participating methods are applied to scanned documents 
from a variety of sources, occurring in real life. This is In 

contrast to the majority of existmg datasets and reports of 
method results using mostly structured documents (e.g., 
technical articles). 

The competition is described next In Section 3, an 
overview of the dataset and the ground-truthmg process is 
given. The performance evaluation method and metrics 
are described in Section 4, while each of the participating 
methods is summarised 111 Section 5. FInally, the results 
of the competition are presented and the paper IS 
concluded in Sections 6 and 7, respectively 

2 Tbe competition 

The objective of the compelll1on was to evaluate 
layout analysis (page segmentauon and region 
classification) methods using scanned documents from 
commonly-occurring publications. In addition to the 
comparative assessment. another objective was to obtain a 
broad look at the performance of different classes of 
methods (e.g., connected component analysis, 
morphological processing, analysis of backgroWld etc. as 
submitted for evaluation) in identifying different types of 
regions in a variety of documents 
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Figure 1. Sample page Images from the training 
dataset. 

The competition ran in an off-l inc mode. The authors 
of candidate metllods registered their interest in the 
competition and downloaded the traillinl! dataset 
(document il/la/("" and associated grolllld /nllll) . One 
week before the competition closing date. registered 
authors of candidate methods were able to download the 
document mw{!c!s of the I.! Va/IIG l i o ll dataset. At the closing 
date, the organisers received the results of the candidate 
methods, submitted by the ir authors in a pre-defined 
formal. The organisers then evaluated the submitted 
results. 

It should be noted that tl,e off· line mode is based on 
trust thm the results submitted by the methods' authors 
arc genuine. 11'1S trust is even morc necessary if the 
evaluation system is pubhcly available . In this case, the 
evaluation system was not made ava ilable (only the 
principles were publicised) and above a ll , the organisers 
have faith in the authors' scientific integnty. 

3 The dataset 

It should be noted that there has been scarce 
availability of ground tnnh for the evaluation of methods 
analysing complex layouts (e.g., having non-rectangular 
regions). Such 3 dataset was created for the ICDAR2003 
and ICDAR2005 competitions 11 - 2]. However, the 
current competition ''-o'3S based on :I. subset of a 

significantly updated dataset. This datase~ whIch wi ll 
shortly be released by the PRimA research lab, conta ins 
richer ground truth (in a correspondingly updated XML 
fonn at) that provides a very wide range of infomlatiol1 
on region attributes (physical and logical) , 

A lthough the dataset contains instances of an 
exhaustive li st of document types, the competition subset 
focuses (for meaningful evaluation purposes) on tl,e most 
heavily used (in terms of infonnation coment nnd need to 
analyse) types of documents, such as magazine pages and 
technical anicles. 

It should be noted that, as tlle compelilion is on page 
segmentation, the images in the dataset have been 
processed to remove skew and other artefacts that would 
affect prc~processing and therefore implIci tly also 
evaluate the pre·processing capabilities of the candidate 
methods. 

Figure 2. Sample page Image from the t raining 
dataset showing the superimposed description 
of region contours. 

A balance had to be achieved between logistiCS (a 
manageable number of document images) and tractabi lity 
for current methods. 11,C decision was, therefore , made to 
focus on a cross section of 32 page images, comprismg 
47% technical articles (not necessarily wllh Manhattan 
layouts) and 53% magazine pages. It should be noted that 
also for reasons of tractability, tho compet ition images 
were bi· level (in the general dataset the on ginal tmages 
are in colour). A sample of page images given as pan of 
th~ IrainiHg dataset can be seen in Fig. I. 

The ground trtuh of each page image is an XML file 
(defined as part of the general dataset) that contains image 
and layout·specific information as well as tlle description 
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of the regIons in tenlls of isothetic (having only 
horizontal and venical edges) polygons. The ground truth 
for the competition was produced using a semi-automated 
tool developed by the authors. An XML viewer was 
developed for examining the images and the 
corresponding ground-truth XML, and was distributed to 
the competition partIcipants. Another sample page image 
with the corresponding description of regions 
supenmposed as lSothetiC polygons can be seen in Fig. ~. 

The types of regions defmed for the competition 
(simplified from the total number of different types in the 
general dataset) are: (I) text, (ii) WOphic." (iii) /ille art, 
(iv) separator-graphicalline segments between regions, 
and (v) noise. 

4 Perfonnance evaluation 

The perfol1llance evaluation method used is based on 
counting the number of matches between the emities 
detected by the algorithm and the entities in the growld 
truth [5-7]. We use a global MatchScore table for all 
entities whose values are calculated according to the 
intersection of the ON pixel sets of the result and the 
ground truth (a similar teclmique is used in [8]). 

Let I be the set of all the ON image points, Gj the set 
of all points inside the j grolUld truth region. R, the set of 
all points inside the i result region. 8; the entity of j 
ground truth, r; the entity of i result, T(s) a function that 
counts the elements of set s. Table MatehScore(iJ) 
represents the matching results of the j ground truth 
region and the i result region. Based on a pixel-based 
approach [5], and using a global MatchScore table for all 
entities, we can define that: 

Matchs.:c.re(l.j)-a T(GJf"IR,,,I} ,wheren-{ 1.1('J·~1 (I) 
T«G,uR,)f'"'Il) O.olherWIIC 

IfN, is the crom of ground-truth elements belonging to 
entity ~ M; is the count of result elements belonging to 
entity i, and w" W" w], w" w" w. are pre-detel1llined 
weights, we can calculate the detection raIe and 
recognition accuracy for i entity as follows: 

DcI~tRate,,,w, one2onej +w. L<'Inelman)" +w, B R18ny2ons (1) 
N, . N, N, 

where the entities one2one;, g_one2many;, ILmany20ne" 
d_one2many; and d_many2one; are calculated from 
MatchScore table (I) following the steps of [5] for every 
entity i. 

A perfol1llance metric for detecting each entity can be 
extracted if we combine the values of the entity's 

detection rate and recognition accuracy We can defme 
the following Entity Detection Metric (EDM,) 

EDM _ 2DetectRate,RecognAccur&Cy, 
, DetectRate, + RecognAccuraCYj 

(4) 

A global perfol1llance metric for detecting all entities 
can be extracted if we combine all values of detection rate 
and recognition accuracy. If I is the total number of 
entities and N, is the count of ground-truth elements 
belonging to entity i, then by usmg the weighted average 
for all EDM; values we can define the following 
Segmentauon Metric (SM): 

LN,EDM, 

SM-~ 
LN, 

I 

5 Partldpatlng methods 

(5) 

Brief descriptions of the methods whose results were 
submitted to the competition are given next. Each account 
has been provided by the method's authors and edited 
(summarised) by the competition organisers 

5.1 The T.iDgbua methods 

D. Wen and X. Ding, of Tsinghua Umversity (State 
Key Laboratory of Intelligent Technology and Systems), 
in Beijing, China submitted two methods they developed 
as part of theIr effort to build a multi-language page 
segmentation method. Both methods are Improved 
versions of the methods submitted to the ICDAR2005 
competition [2] 

Both methods are based on the same kernel, whIch is 
called the Text Une EXTraCTion (f1.E) module The TLE is 
designed to solve dIe (common to both approaches) 
problem of extracting text lines in various types of 
document, whether magazines or newspapers, with 
regular or irregular layouts, English or Chinese (or any 
other language). It is a bottom-up aggregating method, 
which starts from connected components and merges 
them incrementally to obtain hierarchIcal layout 
structures. The fIrst step of TLE is Candidate Une 
Merging, where connected components are merged 
according to their 4-direction Nearest Neighbour 
Connecting Strength [Il] Then in the second step, Text 
Line Fitting, candidate hne segments are further merged 
into integrated text lines by comprehensive consultation 
of three factors: background separators, single line 
consistency and neighbourmg lines consistency. That is, 
each pair of neighbouring candidate hnes is merged 
when: I) there is no background column separator 
between them; 2) the merged line has good consistency in 
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character sizes, alignments and spacmg; 3) at least one of 
their common neighbouring lines in the vertIcal direction 
suggests dlenl to be merged. 

It is based on the results from TLE that different 
regions are formed. In this subsequent step, the first 
Tsinghua method (TH I) is different from the second 
(TH2) with respect to the regIon shape it supports. TH I 
only supports rectangular regions. That is, each region is 
only represented by its bounding rectangle. For the non­
rectangular (isotheric) ~xtual regions, it tends to spht 
them into several rectangular sub-regions. As for irregular 
graphics and image regions, it will output their bounding 
boxes only, even if they may overlap with other regions 

On the other hand, TH2 can support irregular regions. 
It takes dle results from TH I in tenns of foregrowld 
information and uses a background analYSIS method to 
trace the contours of textual regions fI 0). Neighbouring 
textual regions are glued and output as lsothetic polygonal 
regions. However, for the graphics and image regions, the 
process is still inherited from TH I so they are still output 
as boundmg boxes 

5.1 The BESUS method 

This medlod-BESUS stands for Bengal Engineenng 
and Science University, Shibpur (India}-was submitted 
by SP Chowdhury, S. Mandai and A.K Das (of that 
university) in association with B. Chanda of the Indian 
Statistical Institute (lSI) in Calcutta. Similarly to the 
earlier versions of the method submItted by the authors to 
the ICDAR2003 and ICDAR2005 competitions [1-2), 
this is a system constructed using a number of 
morphology-based modules [I I]. The segmentatIon 
procedure is applicable to both Manhattan and non­
Manhattan layouts and it can detect text in any 
orientation. 

The segmentation is carried out through the following 
phases: 

1. Pre-proc ... ina. Skew cOlTection is perfOimed (not 
necessary in the competition dataset). The information 
zone is also found out of the whole document by omitting 
boundary noise. 

1. Graphi .. seamentation. A pseudo-greyscale image 
is first created (the method works in greyscale whereas 
the test images were bi-Ievel) using a low-pass adaptive 
filter based on the size of objects and on the frequency of 
their occurrence. Morphological open and close 
operatIOns are then used to generate a unique feature 
known as OCF matrix (12) which is examined to estunate 
and remove the graphics regions from the image. 

3. Line art segmentation. At this stage the page 
unages contain m3lnly line art and text. The idea IS to 
remove line art regIons using the fact that they do not 
exhibit regular b3IxI structures as text I ines do. An 

extended mask region is computed on all components to 
form groups and the similarity of the components is 
exanlmed. Line art regions exhibit different 
characteristics to text and are identified and removed 
from the image (13). 

4. TeIt sqmentatioD. Text mostly remains in the 
image at this point, exhibiting a regular structure of 
~xtlines and gaps between thenl. A vertical window of 
size 2(Jext". Gap,.} is created adaptively based on the 
statisucal estimation of the height of the text band (Text,,) 
and the line gap (Gap .. ) in between two text lines. Using 
this window a rough estimation of text lines is obtained. 
Further refinement is achieved through the use of 
additional features such as pen width [I 4). 

6 Results 

The performmlCC of the 3 segmentation algorithms 
(BESUS, TH I and TH2) was evaluated using equations 
(IH5) for all 32 test images with parameters w, - I, w, 
= 0.75, w, = 0.75, w, - I, Ws = 0.75 and w, = 0.75. These 
parameters are set to give maxlmwn score to one-to-one 
matches and rather generous scores to other (partial) 
matches. Evaluation results for all types of entities are 
shown in Fig. 3 where the EDM, values averaged over all 
lDlages are depicted ("noise" regions are omitted as their 
number was not significant enough). Fig. 4 presents the 
Segmentation Metric (SM) values for all segmentation 
algorithms averaged over all images. The BESUS method 
has a slight overall advantage over TH2 and THI with 
SM results of 55.75%.55.46% and 51.75% respectively 

In more det3ll, concerning text region segmentation, 
the BESUS method achieved the highest averaged EDM, 
rate value (68. 29%) while TH I and TH2 achieved an 
averaged EDM, rate value of 53.82"10 and 58.56%. 
respectively. For graphics. TH I achieved the highest 
averaged EDM, rate value (1732%). For line-art entities, 
the BESUS method achieved the highest averaged EDM, 
rate value (1452%) while for separator detection, THI 
and TH2 both achieved the hIghest averaged EDM, rate 
value (64.38%). Both Tsmghua methods achieved zero 
EDM, rate values for line-art segmentaUon. 

7 CODclusioDs 

The motivation for the ICDAR2007 Page Segmentation 
Competition was to evaluate existing approaches for page 
segmentation and region classification using a realistic 
dataset and an objective performance analysis system. 
The image dataset used comprised both scanned technical 
articles and (mostly) magazine pages. The performance 
evaluation method used is based on COWlting the number 
of matches between the entities detected by the algorithm 
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and the entities in the ground truth. The competition ran 
in an ofT- line mode and evaluated the perfomlance o f 
three segmentation a lgorithms. 111e evaluation results 
show that the BESUS method has an overall advantage 
(and gives better results for text and l ine-art). TH I and 
TH2 perfo m led better at segmenting separator regions, 
while Ihe TH I method performed best o n g raphics 
regions. 

50 

70 I~ 

eo r" 
so 

IIOBESI.O m.'" ., . THllMthDd 

., . o TH2 meltod 

20 ~!l I§ 

ID hfH\~ 0 = Tn. """pH,, lJno.M S~Bt« 

Figure 3. Evaluation results for all entities 
(EDM, values averaged over all Images). 
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Figure 4_ Averaged Segmentation Metric (SM) 
values. 
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Published paper on the evaluation method 

The following pages contain a paper published in the proceedings of the International Con­

ference on Document Analysis and Recognition describing the research presented in this 

thesis. [ 2 ] . 
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Abstract 
This paper presents a new framework for in-depth 
analysis of the peifonnance of layout analysis methods. 
Contrary to existing approaches aimed at c'VOluation or 
benchmarking. the propasedframework provides detailed 
hifonnation at various levels that can be used by method 
developers to identify specific problems and improve their 
wort Complex layouts are sllpported as well as the 
flexible cOlifiguration of goal-oriented peifomJance 
analysis scenarios. The comparison of _~eK'"elllotion 
resllits against the ground truth is perfonned in ave.,,' 
efficient way based on a decompOSition of arry region 
shape into an inten'al-hased description. The framework 
has heen validated using the dataset and method results 
of the ICDARlOO5 Page Segmentation Competition. 

Introduction 

Layout Analysis is central to most Document Image 
Analysis systems and applications. It comprises Page 
Segmentation (identification of regions of interest). 
Region Classification (identification of the type of content 
of each region) and further processes such as Logical 
Labelling (iabelling of regions in terms of their ftmction) 
and reading order determination. 

A considerable amount of effort has been devoted over 
the past two decades to develop various layout analysis 
methods (page segmentation. in particular) and new 
methods continue to be reported in the literature Most 
methods were primarily aimed at specific applications and 
consequently were based on specific assumptions about 
their target document classes (e.g. text blocks are 
expected to be rectangular). Typically, each method was 
evaluated on relatively narrowly-focused application­
specific datasets. which more often than not do not reflect 
the real-world occurrence of docwnents. 

The need for objective and realistic evaluation of 
layout analysis methods is more pressing than ever. as 
evidenced by the various evaluation approaches proposed 
so far and the inception of ICDAR competitions in the 
area [J ][2][3]. 

Past approaches have focused on calculating various 
error metrics in order to quantify the performance of page 

segmentation methods. mostly for benchmarking or 
comparative evaluation. Early approaches [4] considered 
the recognised text inside each region and the 
corresponding nwnber of edit operations necessary to 
correct errors. However. such a metric cannot give an 
accurate indication of page segmentation performance 
since a nwnber of errors in the text are also due to OCR 
processes [5][6]. 

Later approaches focus on calculating discrepancies 
between ground truth and segmentation rei(wn 
characteristics. Such methods can be divided m two mam 
categories: those that examine geometnc correspondences 
of regions and those that perform pixel comparisons 
between regions. In almost all methods in the former 
category [6][7][8]. regions (characters. textlines or 
paragraphs) are described by bounding boxes. 
e omparisons are efficient and corresponding ground truth 
straightforward to produce. However. a significant 
disadvantage is that documents with complex-shaped 
regions cannot be handled by such approaches although 
some early ideas of addressing this issue were explored 
[5][9] 

Pixel-based region comparison approaches 
[10][1][2][3][11] on the other hand are very accurate and 
can work with complex-shaped regions. However. ground 
truth creation for such approaches can be more 
cumbersome [12] and it takes up a lot more storage 
Furthermore. pixel-based comparison is much less 
efficient than geometric comparison. 

In addition to the benchmarking goals of past 
approaches. there is also need for detailed peiformance 
analysis for each method. Such analysis extends beyond a 
set of simple scores for each method based on cwnulative 
errors over a whole dataset. WhIle evaluation and 
benchmarking are useful for a performance overview and 
direct comparison of methods they do not provide 
sufficient information for researchers and developers. For 
them. it is necessary to provide both a more detailed 
quantitative and a qualitative account of errors. As errors 
have different significance in different contexts. it is 
necessary to take this into account during evaluation so 
that developers may receive the in-depth Information 
necessary to improve their methods 
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The proposed framework is designed to provide. in­
depth information at various levels (dataset/page/regIon) 
to asSIst with method development in addition to goal­
oriented performance evaluation and characterisation 
based on different user-defined scenarios. The 
correspondences between groWld truth and segmentation 
regions are identified through geometric comparisons of 
regions represented as polygons achieving, thus, both 
accuracy in dealing with complex-shaped regIons and 
effICiency (similar to bounding box comparison) 

The framework is briefly described in the next section. 
An overview of ground truth requirements and related 
issues is given in Section 3. In Section 4, the performance 
analysis method is presented. with region representation. 
regIon correspondence determination and error 
qualification/quantification explained in separate 
subsections. The presentation of the analYSIS results IS 

described in Section 5, while Section 6 discusses the 
proposed approach and corICludes the paper. 

1 Framework overview 

The proposed performance analysis framework comprises 
two main components. First. a user interface through 
which batches of ground truth and segmentation results 
are selected, evaluation scenarios defmed and interactive 
presentation of perfonnan.e analysis results takes place 

Second, the performance analysis system itself which 
performs the following steps: 

I. Region representation: Ground truth and 
segmentation regions are transformed into an 
imerval-based representation. 

2. Resron correspondence determination: Using 
the interval-based representation, 
correspondence between parts of ground truth. 
segmentation and background regions is 
established. 

3. Error qualification and quanlificali(JII: Errors in 
correspondence between ground truth and 
segmentation regions are examined in the 
context of application scenario and their 
sigDlficance IS established. 

3 Ground truth 

To take advantage of the fuJI power of the framework 
there must be suitable ground truth with enough 
mformation about the regions and a sufficiently flexible 
description of the region outlines. 

In developing the method, we have used the dataset 
which was also used for the ICDAR2005 Page 
Segmentation Competition (3]. Its ground truth contains 
rich infonnation about the content and function of each 
region as well as about the corresponding page and 

document r \3]. Regions are described in terms of 
isothttic polygons (polygons having horizontal and 
vertical edges only). 

4 Performance analysis 

This is the most important framework component both in 
terms of technical issues and in terms of achieving the 
resulting information richness and accuracy. 

The key challenge is the effective and efficient 
analysis and identification of correspondence of polygons 
instead of bounding boxes or pixel representations of 
regions. 

Each of the steps in the process is described below. 

4_1 Re&ion representation 

Region representation IS key to both efficiency and 
accuracy of performance analysis. The proposed approach 
accepts both segmentation results and ground truth 
regions having practically any sbape. However, it should 
be noted that. as printed regions on docwnents are mostly 
polygonal in shape with many of their edges being 
horizontal or vertical, it is naturally more efficient 10 
represent them as isotheric polygons wherever possible. 

Given a set of region contoun (segmentation or 
ground truth), the first step is to create a representation of 
them in terms of intervals. An interval is defined as a 
maximal rectangle that can be fitted horizontally inside a 
region (starting at a given point on a vertical edge), 
spmming the whole width of the region [14). This process 
can be thought of as a decomposition of a shape into a set 
of vertically adjacent horizontally-oriented rectangles. A 
SImple decomposition of a region along these lines is 
illustrated in Fig I(a). 

The polygons of less complex regions will, more often 
than not, be decomposed into a set of taller imervals than 
more complex-shaped regions. In the represenlatlon of 
more CODlplex shapes, certain imervals may be collapsed 
to horizontal lines. In the simple case of regions 
represented by bounding boxes (in Manhattan layouts, for 
instance) a single region will consist of a single imerval. 

Given a whole document page, the interval 
representation takes into account the existence of more 
than one region in the horizontal direction. Intervals are 
thenefore fitted across regions as shown in the simplified 
(for clarity) example of Fig. I (b). 

For each document page in a dataset. the interval 
representation of the ground truth regiOClS can be created 
in advance. The corresponding segmentation result 
regions are then also represented in a similar imerval 
structure. The two interval structures are subsequently 
merged to form a combined interval representation. It is 
that representation which is used to determine the 
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cOITespondence between ground truth and segmentation 
regions. A simplified example of this representation is 
given in Fig. 1. 

(a) (b) 

Figure 1. Interval representation of (a) a 
single region and (b) multiple regions. 

L:::OI r., r., 

,;- tt= I 
I 

s, So 

Figure 2. Combined (segmentation and ground 
truth Interval representation. 

4.2 Region correspondence determination 

Within the combined interval representation. c3ch interval 
line is examined in tum and overlaps are detected 
between: 

a. Segmentation interval and nothing (see interval 
in I, line in Fig. 2) 

b. Segmentation interval and ground truth interval 
(see interval in I, line in Fig. 2) 

c . Ground tnrt.h interval and nothing (see last. two 
intervals in I, line in Fig. 2) 

Keeping track of the overlaps detected (as above) for 
all intervals of a given region it is straightfOTward to 
identify the following conditions for each region: 

1, A segmentation region that has no overlap with 
any ground tnrth region (wrongly detected region) 

2. A ground truth region that has been completely 
overlapped by a segmentation region (correctly 
detected region) 

3. A ground tn,th region that has been overlapped -
completely or partially - by more than one 
segmentation region (split region) 

4. More than one ground uuth region has been 
overlapped - completely or partially - by a s ingle 
segmentation region (merged regions). 

5 . A ground tn,th region that has not been 
completely overlapped by any nwnber of 
segmentation regions (partially missed region) 

6. A ground trutll region tl,at has not been 
overlapped by any segmentat ion region 
(completely missed region) 

The actual area of the overlap between individual 
intervals is calculated when overlaps are detected. 
Therefore, for each region the total area of overlap witl, 
other region(s) is recorded. 

4.3 Error qualification and quantification 

TIle degree of success of a layout analys is method directly 
depends on the 1)1'" as well as on tlle qUQll/iry of errors it 
makes. In term s of page segmentation, the five types of 
error (as listed above) have different sign ificance 
depending on 

context (within the document) 
application scenario (user defined) 

Error significance according to context is in most cases 
independent of the type of docwnent. Examples include: 

A merger between two adjacent paragraphs within 
a single column of text is insignificant 

A merger between a paragraph of body text and a 
figure caption is a significant error 
A merger between two paragraphs across different 
columns is a significan t error 

A merger between a text paragraph and n 
graphical region is a significant CITor 

Error significance according to application scenario 
supplements the above, allowing a user to further tai lor 
tlle perfonnance rotalysis process. Exanlples of situations 
include: 

A merger bcrween two graphical regions may not 
be significant in an OCR application. 
A merger between a section heading and a body 
text paragraph may not be significant in a general 
text processing application but may be significant 
if a table of contents needs to be constructed using 
section headings. 

The significance of both comext and application 
scenario is expressed by corresponding weights. 
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Figure 3. An example of visual presentation 
of results at the page level. Ground truth Is In 
medium-dark (blue) colour while segmenta­
tion regions are In lighter (light green) colour. 
Overlapping regions are in darker (red) 
colour. Split and merged regions can be seen 
at a glance. 

The proposed approach records each md,vldl",1 error, 
ItS context and the genernl 3ppilC3t1 0n SCen311Q Based on 

thiS l11fOnnaUoll, II 3\<;0 uses tJ1C IIlfOmKtt lon all the area 
of overlap between regions to assess and quanti fy lhe 

seventy of the CITor 

5 Prescnlluion of analysis result s 

The above pcrtC'lI111anCe analYSIS gIVes fiSC to a 
conSiderable amount of II1fonl1~U10n flom overall tac;k 
perfonnance down to details of 1I1dl'ldllal errors 

Infon1l3t101l 15 available at dataset. page and region 
levels Inform:mOll IS 3\ ;:1I1ablc by regIOn type or error 

type 
A dc"ch)pcr. for Illl\t:,mcc, can order results by elTor 

slgJllficance and md,v,dllal errors can be displayed 
superimposed on the ol'lgll1a\ page Image (sec Fig 1) 

A system Integrator looklnB to choose between 
methods can speCify a SUitable scenario and a set of 
scores can be produced to proVide :1 summary of the 
pelfonnance of each method for direct comparison 

OU INIlI'tod rslnghue ,","hod Tt lnghue rn.ttu.. . f'5Ua_1'tod . , 
(a) 

Ck. rnMl'tod Ttlngh"e method Ttlnghue morthOd .£10. ,","hod . , 
(b) 

Figure 4. (a) Results from the ICDAR2005 
Page Segmentation Competition, and 
(b) from the proposed approach, 

6 Discussion and conclusions 

111C l1ew pcrfonnance analYSIS method was compared 
ag3tl1st the pubh!l.hed c\ alu3110n process of the 
ICDAR2005 Page Segmentation Competition 13] Both 
Lhc competition dataset and the results reponed by thc 
I11dlvldunl segmentation methods that took pall \\ ere u ed 
111 evaluatlns the system 
A graph of the merall competition results of the fOllr 
different scglllCnL..'1tlOn mcthods IS shown 111 FIg 4(3) The 
con espondlng graph uSll1g the proposed approach IS 
shown 111 Fig ~(b) 

0\ crall. the resllits br adly agree Detmled results on 
ddTclcnl types of regions (not shown here) mdlcate that 
the mall1 difference between the second and the tlmd 
c31ldldate 11lclhod~ (vanant methods from the sallle 
research group) IS due to slightly dd"ferel1t we lghtll1g III 

application seen,II0 (the ICD"R2005 scents to have been 
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heavtly weIghted towards the detecbon of text). The use 
of the proposed framework has provided detailed 
infonnation in order to better understand this situation 
and to suggest a more balanced scenario for future 
competitions. 

In addition to the page segmentation results discussed 
above, it is of course straightforward to also analyse the 
perfonnance of region classification and logical layout 
analysis. As long as suitable information (region type and 
functional labels) exists in the ground truth it can be 
utilised. In fact, as evident from above, such infonnation 
is necessary in order to take full advantage of the error 
qualification and quantification process of the framework. 

Concluding, a new perfonnance evaluation framework 
has been presented. Its novelty lies in two main 
directions. First, it provides considerably more in-depth 
infonnation which is useful for developers (as opposed to 
evaluation or benchmarking only). It also enables goal­
oriented perfonnance analysis through a detailed error 
qualification and quantification scheme. Second, it is 
efficient and accurate using an interval-based region 
representation to establish correspondence between 
ground truth and segmentation regions. This 
representation closely approaches the efficiency of 
rectangular representation schemes but with the 
advantage that it supports the accurate handling of layouts 
with complex-shaped regions. 

Further work continues towards building an on-line 
system (web service) which will enable researchers to use 
the framework as a web service. 
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