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Abstract

In this paper, we describe the structure and the
performance of a layout analysis system developed for
processing the handwritten documents contained in a
large historical collection of very high importance in
the Netherlands. We introduce a method based on
contour tracing that generates curvilinear separation
paths between text lines in order to preserve the
ascenders and descenders. Our methods are relevant to
research on digitization and retrieval of handwritten
historical documents.

1. Introduction

In recent years,
recognition community has shown increasing inteirest

the processing of historical documents. These old;

documents often have historical and cultural

significance and the aim is to scan them and creat

digital libraries [2], thereby offering continuous
electronic access to this important part of theucal
heritage. The challenge is to create automaticchear
engines that allow the users to find and retrievg the

documents with the relevant content from the entire

collection. After this content-based selection is
performed, the users are offered access to thenedan

images to be able to fully research the original}

documents and also directly appreciate their gragbhi

beauty. Our long-term goal is to build such anf|

automatic search engine for a historical collectidn

handwritten documents of high importance in the

Netherlands.

In this paper, we describe the layout analyzerwat
built as the first step towards the automatic catte
based retrieval of document images in our histbrica
collection. Layout analysis for handwritten docusen
[4, 6, 12] is more difficult and must be conductedh
different way than for machine-print documentsg38,
10]. Notably, connected components, the work-hofse
machine-print recognition [7], will perform poorkyn

our handwritten documents because ascenders an§
This _

descenders touch across several text lines.
observation together with the specific charactiessbf

our documents (as we will describe further) hawsle
us to chose projection profiles as the main amalysi
method combined with a number of other image
processing techniques (color filtering, contourciing
and run-length extraction).

The current paper represents a study-case in layout
analysis of handwritten documents. We also consauc
simple and robust line separation method (the “tdp
technique) that crystallizes ideas that have beegemt
in the research community, but have not yet found a
clear reference point until the present.

2. The KdK Collection
The historical document collection at the core wf o
research effort is the archive of the cabinet efBlutch

the document analysis andQueen — Kabinet der Koningin (KdK) [1]
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Figure 1: A typical full page from the KdK”ihdex.
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The KdK collection spans the years 1798 — 1988
and it is in the custody of thdationaal Archief in the
Netherlands. This collection is very
historically because it holds all the corresponéenc

between the members of the government and the

Queen: all important forms of government intervemti
(such as laws, decisions, official appointment®di®
be formally approved by the Queen and are dutifully
collected and recorded in the KdK archive. Thecixfi
documents treat topics such as: matters of stad@di,
appointments of judges, administration of the army,
state pensions, administration of the colonies,
diplomatic relations, taxes etc. People from alrothe
Netherlands consult these documents for histoiical
genealogical studies. The KdK collection represents
central entry-point to further searching all other
archives of the Dutch government.

An important aspect of this collection is that an

important e

also to reject many of the incorrect layout solusio
thus improving the performance of the system;

the documents have almost no skew and the
handwritten lines are always nearly horizontal and
have equal spacing, therefore horizontal projection
profiles can work well;

in the KdK collection, the table in which the index
entries are written is drawn in a very saturatedl re
color that can be effectively used to find the
boundaries between the table columns and cells and
therefore split the document image into semanticall
meaningful regions of interest;

the writer uses very tall ascenders and very deep
descenders that would be damaged by a straight
separator between successive handwritten lines,
therefore it becomes necessary to use curvilinear
separation paths between text lines.

It is important to observe here that the decision

index has been carefully kept throughout the twoparagraphs are the essential object of interesthier
centuries over which the archive was accumulatéeé. T ysers who wish to retrieve, from the KdK collection

subject of our study is precisely this index of K&K
collection. The index is handwritten in a fixed+fwat
table and, remarkably, the document layout hasthier

those paragraphs containing specified keywordsthéen
other hand, for the developers of the system, the
handwritten text line represents the essential ablgé

most part, remained the same over the 200 yeaogeri interest because it is the input to the subsequetiern

of the collection. Figure 1 shows the image of @idal
page from the index.

recognition process.

Every government decision deposited in the large3. Layout Analysis of the KdK collection

KdK archive has a corresponding entry in the indles:
date and number of the decision are written infitise
three columns of the table, followed, in the fourth
column (wide), by a paragraph describing in shioet t
content of the decision, while the fifth column is
occasionally used for special observations. Intétée
header (see Fig. 1) are recorded: the year (1903),
constant graphical element (a paraph) and the gkner
topic covering all decisions recorded on that patsr
index page (in the example, “Kantongerechten”
translates to “local courts of law”). The page terad
contains a machine imprint with the page numberand
handwritten reference to the previous index padelew
the footer points to the next index page. The cetepl

Layout analysis is performed in two main stages.

The first stage generates the course layout of the
document by finding the page borders, the ruleslioke

the index table and the handwritten text lines geslu
into decision paragraphs. Until this point, straigh
separators are used between the text lines. The
correctness of these results is visually checkedhé
second stage of the analysis we run the “droplet”
__method: the straight separators are used as gfodes
generating curvilinear separation boundaries using
contour tracing to go around the ascenders and
descenders (when this is possible), in order tadavo
damaging the ink.

index of the KdK collection comprises approximately 3.1 Course Layout

300 thousand handwritten pages.
The aim of our layout analysis is to segment the

The course layout of our documents is generated by

image into rectangular boxes corresponding totadl t the following sequence of techniques.

document elements described here. There are a numb

of important properties of our documents that have

influenced the choice of image processing techrdiuie
building our layout analyzer:

. given their administrative nature, the documents ar
very orderly and their structure was
maintained such that a top-down model can be
effectively imposed to guide the analysis procests a

= Finding the rule lines of the table and the page

margins.

The most salient element of our documents thatbean
most robustly found is the index table. We tested t
- methods: the first uses color information, whilee th
rigidly second is more in line with traditional document
processing and takes as input gray-scale images.



In the first method, a binary image is generated in B Applying top-down checks on the spacing
which the pixels are set to “on” when they haveghly between the found elements.
saturated red color (the red channel exceeds #®ngr Because our documents have a rather rigid format,
and blue ones by a predefined threshold). Theipasit checking the distances between the found Ilayout
of the rule lines are then found by computing theelements allows automatically discovering the dfuibt
horizontal and vertical projections of the binanage. situations and selecting them for manual inspection

In the second method, the gray-scale images are . . .
binarized using Otsu’s method [9] and the verticee 3.2 Fine layout — the droplet line segmentation

lines of the table are found by detecting long run-method

Ie.ngths of ink. T_his is equivalent to 'ghe con\(cduti In our collection, using straight cuts to sepathtetext
with a matched line detector. The horizontal liraes lines would damage nearly all ascenders and
theﬂ found by ed>§tract|ngh rug'-]lfengths 'T the 'crga%edescenders, creating many loose components diffcul
region corresponding to the different columns & th 5.commodate in the subsequent pattern recognition
rocess. We therefore use the “droplet” method to

: : . ; the ink connectivity.
distances outside the index table, under the agsamp An intuitive description of this line-finding

that the documents have been scanned on a Olar&gorithm that also explains its name would be the

background. following (see Fig. 3). Consider the document tdrbg

B Finding the handwritten text lines and the 90 degrees such that the text lines run verticdlhen
decision paragraphs_ imagine a water drOplet falllng from the tOp boraér

The handwritten text lines contained in the mainthe image starting at an initial position centered

column of the table are found by detection peald an between two text lines. The droplet goes straigiwrd

valleys in the smoothed horizontal projection geofif ~ unless it hits ink. When this happens, the dropies to

the binarized image. Only the image region 90 around the ink, left or right, often also goagainst

Corresponding to the central column is used. gravitation. When both directions fail, the droplet
dissolves the ink along the initial straight pathda

continues its fall. The algorithm stops when thepdit
reaches the bottom of the image.
Where ink cuts have to be applied, the situation is
/ / marked such that this potentially useful informattan

be made available to a recognizer at a later stage.

Figure 2: On the left is a standard projection prof ile, .

while on the right the ink run-length was used for
normalization. Notice that the sharp top peak
corresponding to the horizontal dash is eliminated.

We employ a special technique to make the
projections reflect the number of ink-paper traos,
rather than the total amount of ink accumulatedain
horlz_ontal run. - While comput_lng the prOJeCt|on_eth curvilinear line separators that preserve the
algorithm keeps coun_t of the _|nk run-length, V‘_’h'Sh . ascenders and descenders. Occasionally, when
then used to normalize the ink sum. By using thispoth search directions fail, ink cuts are applied.
technique, we avoid (over)detecting, as separags|i

the sharp peaks due to the occasional handwritten Moore’s algorithm is used to follow the contour of
horizontal dashes (see Fig. 2). the ink. Clockwise and anticlockwise radial sweaps

The presence of ink in the first three columns of used in order to implement the two search direstidn
the table marks the end of the old paragraph aed thfailure is declared when the search path goes hkyon
beginning of a new one. The vertical positionshefse  the location of the maximum of the projection piefi
paragraph headings are then used to group thé&oughly corresponding to the mid position of attex
handwritten lines of the central column into demisi line). A limit at an adjustable distance from the
paragraphs (see Fig.1 and Fig. 4). projection maximum (or other heuristics) can beduse
depending on the nature of the analyzed documents.

Figure 3: The “droplet” technique generates
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Figure 4: Example of layout analysis results. A col  orization scheme was used to mark the differentreg  ions.

The ink is dilated prior to using this method iderto 4. Results
keep the droplet path away from the written tracd a

also to restore the Continuity of the trace in [ﬂmes The |ayout ana|ysis system was app“ed on the

where the ink is faint. document images of the KdK index from the year 1903
The droplet method, as described in this sect®n, i The results were saved in XML format.

an aggregate of ideas that existed in the research Because we did not have ground-truth information,
community under different forms [11, 12]. We pra&id our layout analysis system was evaluated by manuall
a clear reference point here. In the present paper, checking the results and counting the errors. More
emphasis is on layout analysis of handwrittendetajled performance measures using the area pverla
documents and we are interested in the abllltyheft between predicted and target rectang|es [5] wete no
droplet method to separate text lines with goodapplicable. Table 1 gives the numerical resultsr Ou
preservation of the ascenders and descenders.eln thayout ana|yzer has a very good performance, they er
digit recognition area, a related, but differemiidplet”  rates being below 1% for finding most document
technique is used to provide candidate segmentatiogjements. Only the (over)detection rate of the
points for touching digits. paragraphs requires significant further improvement
Table 1: Performance of the KdK layout analyzer. Nevertheless, on future scan sets, vye can p_omy
the layout analysis results automatically, witholos
tedious manual checking. The assumed risk is tfaa
errors will however be introduced.
page margins 1 error (0.1 94040 Figure 4 shows some typical layout analysis results
. in which a colorization scheme was used to mark the
:;Elel(lggirc))f the 0 errors (0.0 %)1040 different document regions. The same approach was
also used for the manual checking in the evaluation
rule lines of the 9 errors (0.8 %)1040 our system.
table(grayscale

Layout Performance Number of
element instances

= 150
handwritten text 62 missed (0.2%)32816 3 100
lines 173 overdetecte®1.6 per page t 5
(0.5%) § 5
decision 42 missed (0.6%)7130 8 2 15 4 05 0 05 1 15 2
paragraphs 280 overdetected.9 per page . ~ Skewangle (degrees)
(3,9%) Figure 5: Skew distribution of the KdK documents

contained in our experimental dataset (1040

scanned pages).

Figure 5 gives the histogram of the skew angles of
the documents from our collection. Document skew wa
computed by linear regression on the bottom rude li
of the index table. For almost all our documettts,



skew angle is less than 1 degree. And we decided t§, Conclusions
take no provisions regarding document skew in our
present systemFigure 6 shows examples of line Layout analysis is the first step towards the telxtu
separators generated by the droplet method. Thé&ontent of our documents and it becomes possible no
integrity of handwriting seems to be well preseried 0 develop and apply dedicated recognizers on the
most cases. Nevertheless, the merits of this lineseparate logical document regions: month recognizer
segmentation technique remain to be evaluateden thday / number / digit recognizer, page title recagni
context of the complete retrieval system. Our very good results are explainable by two faxtor
* 1) the rigid structure of the KdK index allowed tos
- use top-down information in the design of the gyste

v and in the final checking of the layout results;
(//Az[ %é’//f/‘ o « 2) the right design choice of simple and robustgena

processing techniques provided the fundamental

éé ,Z;'f’ ﬁ?’ﬂ/ S A2 basis for building up the system. We feel confident
. e~ & / that the largest part of the KdK collection spagnin
= //ﬁ'" e {!’4 5/’% two centuries can be processed in a similar manner.
,_7;5,[ 2 PO }4/ Layout analysis of handwritten documents remains a
) difficult open problem. In the current paper, wevda
Figure 6: Examples of curvilinear separation paths presented a study-case that is relevant for thearek
generated by the droplet method. projects aiming at digitizing large historical @adtions.

The next stage in the development of our documenfrhe main challenge remains to build an effectivedvo

retrieval system is to build specialized recognitio spotting system for the main column of KdK colleati

modules on the basis of the document structurefvér;i;eotfhgutreé&;zniigfg;rf‘he;;;?ga"y free. Tithe

determined by the layout analysis. We have contgtduc
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