
A Semi-Automatic Method 
for 

Form Layout Description 

Silvia Bussi Fulvia Mangili 

Elsag Bailey, R.~D Department 
Via Puccini 2, 1-16154 Genova 

Abs t rac t .  Tile paper refers on some recent research results in document 
processing. A semi-automatic processing tool is described, in order to 
produce the fixed layout description of a preprinted form. A hierarchical 
collection of geometric primitives is the basis for a robust description of 
the layout, which is opened to incorporate further extended and richer 
representations in the future. Such geometric structures can be solid, 
dashed, dotted and text lines. The description is only geometric and not 
semantic, that is, for example, a text description contains only informa- 
tion about position and dimension but not the semantic content of the 
text. This module takes as input an empty deskewed form, in order to 
compensate for irregular orientations due to the acquisition process. The 
method is anyway very general and allows also the definition of more 
complex structures obtained from arbitrary combinations of the basic 
structures mentioned above. Many of these research results are already 
partiMly integrated and in use in a document processing machine. 

1 I n t r o d u c t i o n  

Intelligent document processing and recognition is a challenge of modern systems 
for office and business automation. There has been recently an increasing inter- 
est in the scientific literature with different proposed approaches for document 
description and modelling, as in [2] and [3]. The overall system for document 
reading and management is a collection of different technological components, 
from high speed image enhancement and processing, pattern recognition, net- 
work communication, data  base management and archival, MMI for video cod- 
ing, high-level context analysis and postprocessing. Typical applications are doc- 
ument processing for banks, insurance companies and various administrations. 

In the following we will focus our attention to a particular stage of the docu- 
ment processing chain, i.e. the modelling of the static form layout which has to 
be properly identified and described in order to provide the necessary informa- 
tion to the following modules in the chain. These modules will be responsible for 
removal of this structure and to perform the following stages of character and 
text recognition (both typewritten and handwritten). For this layout description 
a model based approach is used, with extremely promising results in a variety of 
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form processing applications. The main goal of a form image processing system 
is to produce a symbolic description of these features, suitable for the following 
automatic interpretation of the contained information. 

In order to simplify the filling of the form, the majority of forms are orga- 
nized in a complex structure which often represents an obstacle to information 
retrieval expecially when the applications cannot readily use drop-out colored 
forms, cannot control the form they process, or have to process faxes and copies 
of original documents. For this reason, the form layout has to be properly identi- 
fied, described and dinamically removed from the document itself, to simplify the 
on-line stages of character and text recognition and to allow, at the same time, 
the compression of the data to be processed by the optical character recognizer. 
A system capable to give a form description by means of the basic structures 
of the form layout is then required. In general, the form description is obtained 
during an off-line step of the analysis process dealing with empty forms and the 
time complexity does not represent a serious problem. This form description is 
then used by the following stage of on-line form removal which has much more 
severe processing time constraints. 

It's necessary to distinguish geometric analysis from semantic analysis. The 
geometric analysis gives a set of topological information about every object con- 
tained in the form. The semantic analysis gives information also about the mean- 
ing of the objects. The process of geometric analysis produces a symbolic descrip- 
tion of the form which concerns the geometric structure and the classification of 
the objects contained on it. 

The necessity of an automatic description of the form layout raises from some 
considerations about the most common manual description process. Also with 
the availability of powerful graphical tools, the manual layout definition is a 
long and boring process for a user. Moreover the user must know very deeply 
the on-line process to produce a "good" layout description. In fact, any user's 
error during the definition of the layout may cause erroneous behaviour of the 
on-line process. These considerations are all in favour of an automatic descrip- 
tion process. The interactivity with the user can be saved, but must be strictly 
constrained in order to avoid mismatching between off-line and on-line process. 

2 S t r u c t u r e  o f  t h e  D e s c r i p t i o n  P r o c e s s  

In this section, the main steps of the semi-automatic description process will be 
considered. Three main steps can be identified in the form layout description 
process: 

1. input interactivity; 
2. automatic description; 
3. output interactivity. 
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The first step consists in the selection of the form image to be processed. The 
description process can be activated on the whole form or only on interesting 
parts of it. The user can also modify some parameters used by the automatic 
process to produce the description. The second part is the activation of the au- 
tomatic description process on the previously selected portions of the form with 
the parameters chosen by the user or with the default parameters. It produces 
the description of the basic structures contained in the selected areas of the form. 
The third part of the process has the purpose of results visualization and allows 
the user the analysis and the correction of them. 

2.1 Inpu t  In te rac t iv i ty  

When the form image to be processed has been selected, some input interactivity 
with the user is necessary in order to obtain a description which can be used 
by the form removal process. In fact, the user may need to treat different areas 
present on the form in a particular way. In general, independent rectangular 
regions located in a form image can be classified in two main groups: 

1. regions that mllst be described as rectangles, regardless of which kind of 
topological entities they contain; 

2. regions on which the automatic process must be funned to find the basic 
structures belonging to them; 

The user should, before activation of the completely automatic description 
part, identify and select such regions. Moreover, once the regions to be described 
in detail have been chosen, some other decisions may influence the behaviour 
of the automatic process. The automatic recognition of structures is based on 
some default parameters that guide the classification of the different structures. 
If the form image contains regions that present different characteristics from 
one region to another as character dimension or average line thickness, it is 
useful to have the possibility to adapt the parameters to the characteristics of 
the various regions in order to improve the quality of the description. This is 
done by allowing the automatic process to stop while passing from one region 
to another and asking the user for parameter settings confirmation. Obviously, 
the information required must be easily understood by the user and not proper 
of the computation, and must be translated in a second time in a set of values 
that will then be used during the description process. For example, the user may 
be asked if the form is noisy or not, but the user will never be able to set the 
maximal dimension of a noise component due to the scanning process. 

2.2 A u t o m a t i c  Process 

The basic structures identified by the automatic process are horizontal and ver- 
tical solid, dotted, dashed and text lines. According to the different characteriza- 
tion of the solid lines with respect to the dotted, dashed and text lines, different 
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approaches have been applied for each class. Dotted, dashed and text lines are 
obtained by grouping collinear adjacent small components of the image that 
have similar dimensional characteristics such as characters, dots or dashes. This 
step is performed by computing all the connected components of the form image 
whose width and height can be compared with a character, a dot or a dash, 
but that are greater than a threshold established for noise components. These 
connected components are then classified in dots, dashes and characters on the 
basis of dimensional thresholds and of the context in which they are placed. 
These connected components are then grouped according to their collinearity 
and proximity properties in order to obtain composite structures such as text 
lines and so on. 

All the conncted components computed in this first step of the automatic 
process are then removed and a quite different approach is adopted for the de- 
scription of the structures still present on the form image. An auxiliary structure 
is used to represent endpoints, intersections or curvature change of the lines. The 
auxiliary structure is a graph whose nodes represent intersections or curvature 
changes and whose edges are horizontal o1" vertical line segments [1] [4]. An image 
representation by mean of a graph appears as a good model for a form layout 
description because it results in a reduction of the number of entities to treat 
with respect to the bitmap.and gives more information about the topology of 
the structures contained in the image. This structure can be used to identify 
both isolated or intersecting solid lines contained in the empty form. Horizontal 
and vertical lines are identified by visiting the graph starting from every node 
and merging all the horizontal and vertical line segments incident in the node. 

2.3 O u t p u t  I n t e r ac t i v i t y  

As no information about the form type is required, a totally automatic form 
description algorithm may be very difficult to implement. At a certain step, the 
user knowledge must be employed. For this reason a third interactive step is 
allowed. In this phase, the user can examine the results obtained in the previous 
step and evaluate their quality. Moreover, the user must be able to correct some 
results obtained by the automatic procedure. The three main actions which allow 
a complete correction of possible errors which may be detected at this step are: 

1. complete definition of a non-detected structure; 
2. modification of attributes of type and dimension of the detected structures; 
3. suppression of a detected structure. 

The quality of the obtained results and, as a consequence, the quantity of 
structures to be added or modified during this step depends on the parameters set 
at the input interaction step. The algorithm has been tested on about a hundred 
of different forms, an example of which is showed in Fig. 1, and, for each of 
them, a quite good description of the basic structures belonging to its layout 
has been obtained even with the default parameters. In general, only particular 
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Fig.  1. The main steps of the form layout description tool: ilnage acquisition (a), image 
deskew (b), field selection (c), output description file (d) 

structures like single character strings or very short lines must be manually 
introduced by the user. Another important feature which makes more realiable a 
semi-automatic tool description is the possibility of complete or partial rejection 
of the description obtained. In this case, the repetition of the second part of the 
computation on some portions of the form with different parameters may be more 
efficient. Once the geometric process and output interactivity have produced 
the correct description, all the data necessary to the description of the layout 
structures are saved in a file that is used by the on-line form removal process. 
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3 C o n c l u s i o n s  

The semi-automatic form description process has been implemented using the 
C language and a Windows environment. The user interface is used both for 
the visualization process and for the user interaction. The tool is already inte- 
grated in a Windows application named Definition Utility, which is the standard 
environment used by the Elsag Bailey's SLAMNET product for form reading. 
This description process has been thought as a first step towards the realization 
of an automatic process able to produce not only the geometric but also the 
semantic description of a form or other more generic document. This ambitious 
final goal is suggested by the powerful algorithm methodologies, too specialized 
to stop at the present results. This is the reason why the best automatic tool 
is not an objective, in fact, in the operating context in which this product is 
placed is convenient, and sometime nnavoidable, to preview a level over the one 
an expert user must determine the system behaviour and tuning. Anyway, it 's 
sure that  the possibility of a semi-automatic description of a form layout is a real 
improvement of the actual situation. An extension of the description to other 
more complex structures is possible, as they are all obtained starting from the 
basic type whose description is already realized, as sequences of boxes or comb 
structures, check boxes and so on. 
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