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Abstract

Information can include text, pictures and signatures that can be scanned into a document format, such as the
Portable Document Format (PDF), and easily emailed to recipients around the world. Upon the document’s
arrival, the receiver can open and view it using a vast array of different PDF viewing applications such as Adobe
Reader and Apple Preview. Hence, today the use of the PDF has become pervasive. Since the scanned PDF is an
image format, it is inaccessible to assistive technologies such as a screen reader. Therefore, the retrieval of the
information needs Optical Character Recognition (OCR). The OCR software scans the scanned PDF file and
through text extraction generates an editable text formatted document. This text document can then be edited,
formatted, searched and indexed as well as translated or converted to speech. A problem that the OCR software
does not solve is the accurate regeneration of the full text layout. This paper presents a technology that addresses
this issue by closely preserving the original textual layout of the scanned PDF using the open source document
analysis and OCR system (OCRopus) based on geometric layout and positioning information.

The main issues considered in this research are the preservation of the correct reading order, and the
representation of common logical structured elements such as section headings, line breaks, paragraphs, captions,
and sidebars, foot-bars, running headers, embedded images, graphics, tables and mathematical expressions.

Keywords: optical character recognition, document layout analysis, assistive technology
1. Introduction

For vision-impaired users, access to electronic documents, including scanned PDF files, has been extremely
limited. Their main mode of access is by using a screen reader. Even after a scanned document has been
processed with OCR software, what is left is plain text without tags or mark-up specifying primitive components.
As this resulting document lacks any tags, it is not navigable by vision-impaired users.

In order for readers to navigate scanned PDF, documents need to be tagged by components identification using
PDF layout analysis.

Extracting Hidden Structures from Electronic Documents (XED) is a reverse engineering tool for PDF
documents (Rigamonti et al., 2005). XED discovers and extracts the original document layout structure, and
generates the XCDF hierarchical standard form, which is independent of the document type.

Firstly, XED cleans the primitives in the original document, taking into account all types of embedded resources
such as raw images and fonts. Then it recovers the physical structures and represents them in XCDF format.
XCDF is able to represent the reorganized document in a structured and unique manner that enables the
document content to be accessed easily for further work; however, it is a closed application that works only
under the Windows Operating System.

The final target of this research project is to design portable, stand alone, affordable, modifiable and open-source
Complete Reading System (CRS) for vision-impaired people (Nazemi & Murray, 2012). CRS provides access to
several electronic documents such as Digital Accessible Information System (DAISY), DOC, DOCX, ODT, PDF
and all PDF non-textual components such as mathematical expressions and charts. This paper demonstrates part
of the development of this open source application that extracts primitive components from an image document,
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generates tags, and reconstructs a new document that is accessible and navigable by assistive technologies. The
open-source package used for this purpose includes OCRopus for OCR (Shafait, 2009) and ImageMagick for
image processing (Still, 2006). The final output is in html Optical Character Recognition (hOCR) format.

2. Layout Analysis

The physical layout analysis represents a document page comprised of unique areas such as columns, paragraphs
and text lines (O’Brein, 2012). This layout analysis is responsible for identifying page components such as, text
columns, text blocks, text lines and reading order (Breuel, 2008).

Layout is a collection of segments:
L ={S1,..., Sn}, where L and S represent layout and segment respectively (1

A segment is a pixel collection encapsulated within a bounding box defined by its lower left and upper right
corner pixels:

S = (P1, P2), where S and P represent segments and pixels accordingly (2)

Each pixel is defined by a coordinate pair:

P=(x,y) 3)
The layout information is divided into two categories: the geometric layout and the logical layout (Haralick,
1994). The geometric layout is determined by the positioning information about segments. The geometric layout
information allows the segments to be categorized into different logical layouts. Each segment is represented
with a tag collection. Based on this structure, primary layout analysis is obtained through the following steps:

e computing the bounding box for the connected components of the scanned input page image;
e identifying the whitespace;
e finding the constrained text line.

3. Html Optical Character Recognition (hOCR)

hOCR is a logical format for representing the output of OCR systems. It is an open standard used to embed
layout, recognition confidence, style and other information into a recognized text. To successfully embed this
data into the text, standard HTML is used. The logical mark-up available in hOCR is designed for the document
logical hierarchy, independent of where or how it is rendered on the page. This kind of mark-up is usable for
individual documents such as memos and articles, and for compound documents such as newspapers, magazines
and collections (Breuel et al, 2007). The hOCR tags that can be used include:

ocr_document, ocr_linear, ocr_title, ocr_author, ocr_abstract, ocr_part, ocr_chapter [H1], ocr_section [H2],
ocr_sub*section [H3, H4], and ocr_par [paragraph].

However, the final output of OCRopus is generated in hOCR format, so it contains only class='ocr page’,
class='ocr_par’, paragraph separator <p> and a line break <br>.

This research presents a method for generating hOCR in a fully marked-up format that includes the following
additional tags:

ocr_chapter [H1], ocr_section [H2], ocr_sub*section [H3, H4], ocr image, ocr table, ocr math, ocr_caption,
ocr_running footer, OCR runninig_header, ocr footbar, and ocr_sidebar.

4. OCRopus Segmentation Methods

Scanned PDF layout analysis strongly depends on the page segmentation method. Recognition by Adaptive
Subdivision of Transformation Space (RAST) and Voronoi (named after Georgy Voronoy who created the
Voronoi diagram) are two methods used for page segmentation in OCRopus.

RAST extracts connected components and then determines the largest possible whitespace rectangles based on
the divider’s priority. The RAST algorithm is capable of processing multiple-column documents. In the RAST
image result, the column dividers are yellow and different colors are assigned to different segments (Winder,
2010).

The Voronoi method identifies the connected components then extracts sample points along the boundaries to
construct a Voronoi-point diagram (Kise et al., 1998). A large number of edges are created, most of which are not
required. The unnecessary edges are deleted in an ascending length-wise order, regardless of their connection to
other lines. As a result, the Voronoi-point diagram is converted to an area Voronoi diagram, the areas of which
represent the page regions.
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Moreover, OCRopus provides several tools including:

The ocr-text-image-seg completely separates the image from the text by removing the masked and rectangular
regions from an input image.

The ocropus-gpageseg identifies the tops and bottoms of text lines by computing gradients and performing some
adaptive thresholding. These components are then used as seeds for the text lines. Ocropus-gpageseg attempts to
find column separators as either extended vertical black lines or extended vertical whitespace (OCRopus, 2013).

5. Methodology

This research comprises the following steps for the retrieval of a scanned PDF layout and making it navigable:
e  Pre-processing, which includes conversion of image to binary and resizing for segmentation;
e Non-textual extraction of components such as figures and images;

e Block segmentation to divide the page into logical blocks and preserve the reading order. Tables,
where applicable, are also detected and extracted at this stage;

e Line segmentation for each text block and computing their lines bounding box in order to recreate the
physical layout;

e Geometric data analysis and obtaining the logical layout to generate a tagged document;
e Mathematical expression, detection and extraction;

e Sending the detected tables, figures and/or math expressions to specific applications to extract the
valuable and hidden implicit information and represent it as an audio format using Text To
Speech(TTS);

e  Merging all output components by considering the reading order;
e  Generating the hOCR fully marked-up formatted document.
6. Implementation Results
This section describes the implementation results of the present research.
6.1 Non-Text Components Extraction Such as Figures and Images

The ocr-text-image-seg performs document zone classification using run-lengths and connected components
based on features and a logistic regression classifier. Since CRS is intended to extract implicit information from
non-textual PDF such as figures, another approach is used for figure detection and extraction from image
documents which comprises these steps:

e Use RAST segmentation;
¢ Find all yellow pixels in RAST result;
e Obtain Xymin Xmax YMin YMax

e  Check that the pairs of pixels (Xmin, Ymax ) Xmaxs Ymin) are located in the yellow area; this means
that the yellow area is a rectangle;

e  Crop main image from (Xyin, YMmin ) 10 XMaxs YMax)-
The application of RAST for image text separation enables the extraction of the original figure by accessing its
bounding box and sending it to GRAPHREADER (Nazemi & Murrey, 2013), which is an application used to
extract possible implicit text information from graphical components. After figure extraction from the page has

been completed, the figure block is tagged as <ocr-image> </ocr-image> and its bounding box is appended to
hOCR .html.

Figure 1 shows a multi-column scanned PDF containing an image, RAST result and extracted figure block.
Figure 2 illustrates the result of OCRopus- ocr-text-image-seg.
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L INTROOUCTION

Visually impaired people traditiosally use ane of several
reading methods sech as Braille and audio tapes, Braille is
bulky, has 3 limited raage, is expensive 1o produce and has a
complex coding system (hard to beam) that requires high
uctile sensitivity. Analogue boaks, such as tape and record,
or digital books in MP3 format, have sequestial access
without beokmarking and navigation features [1, 2] To
enable navigation there are two standands: Digil Accessible
Information System (DAISY) and Electronic Publication
(EPUB). DAISY is an international open standard that
provides full navigation and search capabilities, allows
beokmarking and can handle humas-read and sysehetic TTS
[3]. EPUB Is a text-only standard compatible with the
Daisy standasd and has some navigation abilties [4].

Existing DAISY players are eisher hardware or soineare
based, both of which have significant drawbacks. Hardware
players tend to be expensive due 1o their relatively limised
market (compared to mainstream  comsamer devices).
Software players require the wser to be familise with
computers dnd their often comples assistive tchnokogy

This paper describes an embedded sysiem-ca-chip DTB
player under development at Curtis University o address the
special reading needs of visually impaired people.

The sysem is micmprocessor-based, contzining custom
1P, specialized hardware and a customized Linux kemel.
wClinux -an embedded Operating System (0S)- has been
installed oa MicroBlaze as a suitable plasform for hardware
{saftware ca-design [3, 6. The system has been imp

Lo e

reconfiguration of hardware after manufacturing 10 meet
future DTB standards [7, &].

The final goal is 1o be able o offer a partable, Jow-cost,
Kow-power, fully-accessible digital talking book player for
the vissally impaired.

I HIGH-LEVEL SYSTEM DESCRIFTION

Figure 1 shows the high-level block diagram of Curtins
DTB player. The current prototype was implemented in the
Spartan3E Starter kit board by Digilent [10).

The player wses two RS-232 channels 10 communicase
with a Persanal Computer and a TTS module. The computer
supplies the media files o the DTB. Alternatively, a Media
Access Contraller (MAC) coupled to an on-board physical
Layer network chip supplies a standard Ethemet cannection
to get DAISY or EPUB books over an FTP connection.
Digileat’s PMODs DAZ and AMP1 [12] are used by an MP3
decoder 1o play audio files. A user interface based on push
benons communbcates user requirements and commands 1
the DTB player.

An RCB660 DOUBLETALK module i connected o the
board via a secoadary RS232 serfal pon. This modale
receives DAISY text files and “reads” them out loud by
‘means of sophisthcated text-io-speech akgorithms, [13)
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1 Iwreopucnoy
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womples coding systeen (hend s learn) that roquires high
tictile sensitivity, Anibogue books, sech os tpe and reced,
ur digial books i MPZ frmar, aave sequential access
withaul bookmarking and navigation foamres 1, 2] Te
enehle navigation there are two standands: Digital Accessibe
Informativn System [DAISY) and Electronic Publicativn
{EPUB). DAISY s an inteenaticeal upen standond that
provices full mavigaion asd vearch copabilities, allows
bowkmarking ad can handle buman-read and systhetic TTS
[3]. EPUB is 2 textonly standard compaiible with the
Diaisy standand ard has some navigatian abilitics [4],

Existing DAISY players ane cither Sandware o software
based, huth of which have significant drawbacss, Hasdware
players vend te be expensive due o their eelatively lmited
market {compared o mainstream  consumer  deviees),
Software players requine the wser w0 be familiar with
campeters and thelt uken complex assistive technolagy,

This paper describes s embedded system-ca-chip DTR
player under develupaent at Cestin University s athlress tae
special reading, necds of visually impaired people.

The system s micopmocessar-based, containing cusum
1P, specizlized hardware and o customized Linux komel
uCTinue ~n embediid Operatiesy System (O5)- has been
Insalled un MicoBloee 25 a susable plaform for handware
Swftware co-design [5, §]. The syseem has been implemented

in a Field-Programmable Gate Amay (FPGA) w0 allow
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The finz! goal is to be able o ulfer 2 partable, low-cosl,
low-puwer, fully-acoessible digital alhing buok plever for
the vissally impaired.
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Figure | shows the high-level Bhuk diagram of Curtie's
DTE player. The cureal protoeype was implemesied in the
SpariandE Stirte kit beard by Digiices | 10]

The player uses two RS-Z32 chaesels o commusicate
with 4 Personal Computer and a TTS motule, The campeter
suppbics the media files w te DTB, Alternatively, a Meda
Acvess Contredler (MACH coupled e an on-bosed physical
Laver network chip spplics a standdend Ethernes connection
ta gt DAISY ve EPUB books wver an FTP connection.
Digileer's FMODs DAZ and AMP1 [12] are wsed oy an MP3
decoder i play audiv files. A& ey intedave based ve push
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seveives DAISY text files and “reads” them vet el by
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Figure 1. Top left: Multi-column page image containing figure. Top right: RAST image result;
Bottom: extracted figure
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1L INTRODUCTION

Visually impaired people rraditionally use one of several
reading methods such as Braille and audio tapes. Braille is
Bbulky, has a limited range, is expensive o produce and has a
complex coding system (hard 1o learn) that requires high
tactile sensitivity. Analogue books, such as wpe and record,
or digital books in MP3 format, have sequential access
without bookmarking and navigation feares (1, 2] To
enable there are two standards: Digital Accessible
Information System (DAISY) and Elecuonic Publication
(EPURB). DAISY is an international open standard that
provides full navigation and search capabilities, allows

reconfiguration of hardware after manufacturing o meet
future DTB standards [7, 8].

The final goal is w0 be able w offer a portable, low-cost,
low-power, fully-sccessible digital talking book player for
the visually impaired,

1. HIGH-LEVEL SYSTEM DESCRIPTION

Figure 1 shows the high-level block diagram of Curtin's
DTE player. The current prototype was implemented in the
Spartan3E Starter kit board by Digilent [10].

The player uses two RS-232 channels o communicate
with a Personal Computer and a TTS module. T
supplies the media files to the DTB. Alterr
Access Controller (MAC) coupled 1o an o
layer netwerk chip supplies a standard Ethernet connection

to get DAISY or EPUB books over an FTP connection.
Digilent's PMODs DA2 and AMP1 [12] are used by an MP3
decoder to play audio files. A user interface based on push
buttons, icates user requi s and o is 1o
the TR player.

An RCE660 DOUBLETALK module is connected to the
board via a secondary RS232 serial port. This module
recelves DALSY text files and “reads”™ them out loud by

bookmarking and can handle human-read and synthetic TTS
[3]. EPUB is a text-only standard compatible with the
Daisy standard and has some navigation abilites [4].

Existing DAISY players are either hardware or software
based, both of which have significamt drawbacks. Hardware
players tend 10 be expensive due 1o their relatively limited
market {(compared 0 mainstream  consumer  devices),
Software players require the user w be fami’ :
computers and their often complex assistive technology.

This paper describes an embedded system-on-chip DTB
player under development at Curtin University to address the
special reading needs of visually impaired peaple.

The system is microprocessor-based, containing custom
1P, specialized dware and a customized Linux kernel.
uClinux -an bedded Operating System (05)- has been
installed on MicroBlaze as a suitable platform for hardware
fsoftware co-design [5, he system has been implemented
in a Field-Programmable Gate Array (FPGA) to allow

means of sophisticated text-to-speech algorithms. [13].

Figare 1, FPGA-ha

T player

Figure 2. OCR-text-image-seg result

6.2 Block Segmentation

If the PDF page contains only one column, the OCR result lines will be shown in order, but in cases where PDF
includes more than one column, there is no guarantee that the OCR result will produce correct ordering of lines.
Figure 3 illustrates this ordering issue in a two-column PDF without block segmentation.

accessible books and sources of information, This research  implemented using Beagle Board as hardware platfesm.

Figure 3. Missing reading order in a two-column image document

Figure 4 shows the ordering issue is solved if block segmentation is performed before text line recognition.

accessible books and sources of information. This research

implemented using Beagle Board as hardware platform.

Figure 4. The original reading order is preserved using segmentation

Block segmentation allows the identification of extended vertical black lines or extended vertical whitespace, by
using a combination of morphological operations, convolution or convolution and thresholding.

RAST determines the reading order by finding the columns and the text-lines. Figure 5 shows RAST result for a
scanned PDF page, which contains two columns and a side bar.

166




www.ccsenet.org/cis

Computer and Information Science

Vol. 7, No. 1;2014

Reml

Areassessment of risks and benefits of dopamine agonists
inParkinson's disease

Parkinsets

nmdnma-énndhmamwlwim Woswever, hefooe sarting any treatment. the overall benefiiso. et iz 2m

risk ratin 1o individual patients

mme&w d‘mnlﬂp&_mm -mmmm

patients must be comsidersd Far the deparsine aposiaty, the avalabe evideace an theie "SI
.

et e et

—k- s | disard The risks of

ihsn prsesally srioes. aisers resss et heeees b skes s seream and Iresement decima skl b e e vl

palients i Tyt

it e i
[rsr————

Intoduction Benefits of dopamine agonists inthe medical gt

The wse of anal depamine aganiars for i

Fuikingsr's Seesce datvs back 1o the 19000 whes the  Early monsthacapy D, pamnt i

engalinic drag brusiceriptine wis fe introdused. The

O e busis of & coniient bedy of evidese fom

firnt gmnum of dopamine agoniss wese all ergat  mandomised conelled irials, |he ACPAMITE AORISIS  nberminy bt o i,

dertvarives and

Aievsd Pergalie,  primipensie, And T memivemmaty
i o o,

Grors that of brvodsga in proesal waps. For exsmgle, argot. pogmirsle® ve all hen L ]
The evdenze

mommsherapy

difiestal afinity primaily 1o DAl w=d DEie
depumise receprars. Altbough fiore fhan 31 years have

Deperind 1o exeet strusy antiparkissosian effects ! meat
uf far curnsady used nea-¢rgat dopamine agonlss hase.

vopriees,saigotin, nd picisedd fuble 1]

‘The srmptomatic efficacy of dopamine agonists io treat
Fatkiraca's dimase s frmly weablished and severad
shadies e ilio shown Uit sarly ise of these drigs i

ive, cabregoline,

snd Exuride of

these compounds in warly h&m; daease * In
recers tocosiselled trish, rotigeline™ and
piribedil* have been shown o be efficacions = ak
dimaanr. OF notr, cabergeline.’ pergolide. prampenie.”!

il

large randomised wials The reslts from these trials
bare all shewn 3 sigaificastly sndscrd rak of matar
complications compared with levedepa, In pusticalar

incaence of mowr complicators e, meior foctuatoss
1 ysinmsia) corpared wih levdepa * Alscugh s
ot

dpscinesian,
5 yeass. However, e effect on sympioims as assessed

firline options Sor indial snschery i oey
Farkimon's dsease in many natanat and inematiorsl
fuidebmen dhere have sino been recem concems sbost
the salety prodile ol Eese drugs is e lnges werm. These
concerns: are el bo the risk of devsbaping fmgube

e for

sf mator complication.
The ens cewson why isal seansthengy with o
depamine agonist is asseciated with 3 reduced Tisk far

] e

and hean vae (beois. The recogsitian af he sisk of
ardsc fibostic hulpathies with perplide sl
eaberying” buis exsand matherities i ey
cousiries 12 prstrict the war of these drags 15 swosnd-hoe

with leveudapa & et fuly undermosd. The mom papelar
Inypathens is that theragies wah long halflives pannide
miore centimes dtimalatien of b dopasinergic
evcrptom amd that ruch conlimemea stimalatien i key o

o g

1r, this Review, we fist oudine dhe benefits of ssing
depumis agenisst in fe mansgement of Pazkinssa's
discase. W then discess recest) evidence oa each of the

drugs compared with shoetacsag dregs. much as
livedepa. Sheet-acking druga induce Saxcatinuaus se
pubatile missulution, whick i asssclated wilh ahesed

A reassessment of risks and benefits of dopamine agonists
in Parkinson's disease

Angels Anvonisi, Edvarda Tolosa, Yosk
Mewroogists have several chodces of drugs tha have b ﬁmn" ffective for the treatrmeot of the srmptoms of
i dissuse. Among ibe first op d ists, which are commonly used botb 2 3o early

momotherapy and as an adjunct theragy Iohm@epi Hm Wmmmmhmuﬂbﬂﬁl’b

pobnal risks, mtline the conequencn for the  gens eession and firmg patiems @ basal ganghs
maragemest of Paskinsan's disease. and provide  minget neuress, particulisly of the diveet pathwy, tha
pecommiendatines. far cinical

s bow ts cause develapment of livedopsindaced drakiesias"

o ther rigks verwea benefits.

shudies in primates treated with METP (1ometiyi-4

risk ratio to individual patiests must be considered. For the dopamine agonists, the available evidence on their
eymplomatic efficacy, efect ea kog-erm lesedaparelated motor camp
Mﬂﬁmmﬂemmbmmmm hmddﬂn&mhnﬂah‘

putstive effect om progr of

ke 1 disaede: 46b 2

recoguieed. The risks of

ﬁqﬂmﬂhmdﬂummmm!ﬂ!kﬂuMumlulm&mmlmh

b for ladvidual

oedems, daytione
i, Wi O 03 -
hased i [ rigks
Introduction
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Figure 5. RAST result segmentation

Pixel colors and position information of RAST result divides the page into blocks according to the following

steps:

Eliminate all black (#000000), white (#FFFFFF) and yellow (#FFFF00) pixels;
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e Consider color histogram of image;

e Separate pixels based on their color;

e  Find the lower left and the upper right corners of pixels for each color;

e Crop the main image from upper right to lower left corners for each color set.

Over-segmentation occurs during Voronoi segmentation. Figure 6 shows over-segmentation in some parts such
as in the last paragraph.

Il PREPARE YOUR PAPER BEFORE STYLING

Before you begin to format your paper, first write and
save the content as a separate text file. Keep your text and
graphic files separate until after the text has been formatted
and styled. Do not use hard tabs, and limit use of hard
returns to only one return at the end of a paragraph. Do not
addanyhndofpagmauonanywhu'emthepapa Donot
number text hmdsthe template will do thar for

you.f(x) = ag +Z a, cos-—;— + b, sin ":“')

Fmally complete content and organizational editing
ﬁurmmng.?leas_etakemteofﬂ:eﬁ;uowmglm
when proofreading spelling anjl grammar:
A. Abbreviations and Acronyms

Define abbreviations and acronyms the first ime they
are used in the text, even after they have been defined in
the abstract. Abbreviations such as IEEE, SI, MKS, CGS,
sc, dc, and rms do not have to be defined. Do not use
abbreviations in the title or heads umless they
unavoidable.

B. Units

e  Use either SI (MKS) or CGS as primary units. (SI
units are encouraged.) Englich units may be used
as secondary units (in parentheses). An exception
would be the use of English units as identifiers in
trade, such as *3.5-inch disk drive”.

* Avoid combining SI and CGS units, such as
cuirent in amperes and magnetic field in oersteds.
This often leads to confission because equations do
not balance dimensionally. If you must use mixed
units, clearly state the units for each quantity that
You use in an equation.

Figure 6. Voronoi segmentation result

6.3. Line segmentation

When block segmentation is completed, ocropus-gpageseg runs for each single block to obtain the line
segmentation and bounding box of each line. The bounding box recognises position and level number of
headings.

Listed below are the abbreviations used for the features extracted from line segmentation and bounding boxes,
assuming that each component bounding box is represented by a pair of coordinate values (x,, ¥o)(xq, ¥;) or
(X0, Yo X1, Y1)

line intend or Im=Left Margin=x, 4

h=y; —yo or h=$(identify-format “%h” line.bin.png) 5)
w=x, — Xo or w=38(identify-format “%w’ line.bin.png) (6)
rm=Right Margin=w - x; )

168



www.ccsenet.org/cis Computer and Information Science Vol. 7, No. 1; 2014

ws=White Spaces )

vs= Vertical Spaces Between Lines %)

no of recognized character==3(cat line.txt|sed ‘s/ //g’|sed ‘s/!//g’|lwc —c) (10)
crr = Character Recognition Ratio=number of recognized character /w (11)
ar=aspect-ratio=w/h (12)

mean (v)=I/n(Ey Yo, = Vi) (13)

ws=38(convert line.bin.png line-pixel.txt|cat line-pixel.txt|grep —c FFFFFF ) (14)

based on number of white pixels in line segment

WSmean=WS, tWs,41)/2 (15)
ratio(Im) =xy/min(Im) (16)
ratio(ws)=2ws,/Ws, WSy 41 17
hinean =1/mYi=1 hy (18)
ratio(h)=h/mean(h) (19)
ratio(aspect)=aspect/mean(aspect) (20)

Based on the extracted features from the bounding box of each single line, the following can be concluded:

A position is reserved as a heading level if: hOCR file indicates the position as a new paragraph
<P>; xy > minimum(Ilm), y,_y,>mean(h)

Caption tag is assigned to a line segment if: w=x, + x;(w is the width of line segment) and the
previous segment is an image or the next segment is a table

Running header tag is attached to a line segment if it is the first line segment of the first block and
vertical space between this line and the next line >mean value (vertical spaces in page);
Y1-Yo>mean(h)

Running footer tag is attached to a line segment if it is the last line segment of the last block and vertical
space between this line and the previous line >mean value (vertical spaces in page); y,_yo=mean(h)

Side bar tag is assigned to the line segment if it is located in the last block in a page and the
block-aspect-ratio<l

Foot-bar tag is assigned to the line segment if it is located in the last block in a page and the
block-aspect-ratio>1

6.4 Table Recognition

When applying the RAST segmentation method to a document image that contains a table, the horizontal and
vertical separator lines for table cells are specified in yellow. The coordinate values of line intersections, which
are in fact the bounding box of each cell, are obtained by computing the number of these lines and finding their
geometric properties. Therefore, by using these bounding box values, all cells can be separated from the table
image as individual segments and marked with tags <ocr — table — cell ;; ></ocr — table — cell ;; >, where
i and j represent row and column respectively. Figure 7 illustrates a sample table and its RAST output.
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Figure 7. Sample of table and its RAST result

7. Conclusion and Further Works

This research is intended to generate a complete hOCR file from the results of OCRopus by adding appropriate
tags. These tags are utilised to retain the reading order, detect table cells and navigate by row or column,
specifying various heading levels within the document image.

The application developed from this research sends a detailed hOCR file to an intermediate module. To provide
navigation ability, this module is responsible for distinguishing all tags and extracting individual text parts of the
document based on user requests.

The remaining issues regarding this subject include mathematical expression detection, extraction and
recognition within image documents. There are several attributes, which must be considered when dealing with
image documents containing mathematical expressions such as: multi-dimensionality, lack of ordering compared
to plain text and over-segmentation during line segmentation. Although some research has already been
conducted in an attempt to address these issues (Garain, 2009; Yamazaki et al., 2011), there is a need for further
development in order to design a comprehensive mathematical detection system by using these methods to make
them accessible by assistive technology for vision-impaired users.
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