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Document Image Matching Using a Maximal Grid Approach
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®Arab Academy for Science & Technology, Alexandria, Egypt

ABSTRACT

A new approach for form document representation using the maximal grid of its frameset is presented. Using image
processing techniques, a scanned form is transformed into a frameset composed of a number of cells. The maximal grid
is the grid that encompasses all the horizontal and vertical lines in the form and can be easily generated from the cell
coordinates. The number of cells from the original frameset, included in each of the cells created by the maximal grid, is
then calculated. Those numbers are added for each row and column generating an array representation for the frameset.
A novel algorithm for similarity matching of document framesets based on their maximal grid representations is
introduced. The algorithm is robust to image noise and to line breaks, which makes it applicable to poor quality scanned
documents. The matching algorithm renders the similarity between two forms as a value between 0 and 1. Thus, it may
be used to rank the forms in a database according to their similarity to a query form. Several experiments were
performed in order to demonstrate the accuracy and the efficiency of the proposed approach.

Keywords: Document Imaging, Document Image Matching, Document Retrieval, Document Image Databases,
Document Image Representation.

1. INTRODUCTION

Paper is still the most widely used media for transferring information in an office environment. Generally, data has to be
extracted from paper forms and manipulated manually by typing into computers. Among document images, forms are
structured documents used for information gathering, storage, retrieval, approval and distribution. A form is defined as a
structured document composed of the following elements: horizontal and vertical layout lines, both straight and
continuous, preprinted data such as machine printed characters, symbols, and pictures, and user filled-in data such as
machine-typed, hand-printed, or handwritten characters [1]. Examples of widely used standard forms include tax forms
and health insurance claim forms such as the healthcare financing administration documentation (HCFA) [2]. In an
office environment, an electronic form database system minimizes distribution costs, facilitates forms standardization
and administrative control, promotes information sharing by ensuring that users have access to the same version of forms
and fill them out in a uniform manner, minimizes errors in information capture, and eases retrieval and use of captured
information. Traditional manual key entry of such formsis a tedious, time consuming, and an error prone process. Thus,
automating the modeling and representation of formsis highly desirable.

A document image is a visua representation of a paper document. Document image understanding is a research
endeavor that consists of developing processes for taking a document through various representations starting from a
scanned image al the way into semantic representation [3]. A similar definition of document image analysis is the
subfield of digital image processing that aims at converting document images to symbolic form for modification,
storage, reuse, and transmission [4].

A novel approach for the modeling and representation of formsin document databases is introduced. The model is based
on the concept of a maximal grid. The maximal grid is the grid that encompasses al the horizontal and vertical linesin
the form and can be easily generated from the cell coordinates. A schematic of this approach is shown in Figure 1. Image
processing techniques are used to segment a form into lines. A document frameset is extracted using a set of steps that
include:

e Form capturing: A form may be scanned or provided by the user in digital format.

» Form Preprocessing: Skew detection using techniques such as[5, 6, 7].
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e Line detection: Line detection is performed using techniques such as Hough transform [8, 9], the Canny Edge
Detector [10, 11], or the Block Adjacency Graph [6].
Document representations are then saved into alogical database against which queries are resolved. Such database may
be queried using a query form. Queries based on matching document framesets utilize matching techniques such as[1,
12].

Logical
DB

N Pre- Line Post Maximal
g §> processing [=| Extraction = Processing [==3{ Grid
Extraction

Forms Frameset

Scan Skew Merge double lines ga;q mal
Detection Delete hanging lines "
Align endpoints

Figure 1. Schematic of the proposed approach for form representation

The contributions of this paper include a model form modeling the frameset of a form document using a maximal grid
approach. A matching algorithm is developed to match a query document represented by its maximal grid against a
database of documents. The matching algorithm ranks the database images according to their similarity to the query
document. Thus, this model can be used for document recognition, an important step in document image processing.
The assumption made in this paper is that the initial steps of the block diagram in fig.1. were already performed and the
input to the model is a text representation of each document that described the cells within the document forms.

Therest of this paper is organized as follows:. In section 2, related work to the problem of form document representation
and matching is discussed. The proposed model isintroduced in section 3, together with the matching technique. Finaly,
conclusions and future work are given in section 5.

2. RELATED WORK

A survey of document image analysis may be found in [4, 13, 14]. In [15], a system was developed for retrieving the
data stored in HTML tables. The proposed approach constructs the content tree of an HTML table, which captures the
intended hierarchy of the data content of the table, without requiring the internal structure of the table to be known
beforehand. The approach can be employed by (i) a query language written for retrieving hierarchically structured data,
extracted from either the contents of HTML tables or other sources, (ii) a processor for converting HTML tablesto XML
documents, and (iii) a data warehousing repository for collecting hierarchical data from HTML tables and storing
materialized views of the tables.

In [6], the useful data to be extracted from the forms was defined to be contained in the filled-in text. The paper focused
on distinguishing the filled-in data from the preprinted entities. The goal was to extract filled-in data from a form in the
presence of filed overlap. The problem of character segmentation involves two issues: Separating characters from form
frames and reconstruction of broken strokes introduced during separation. To extract the filled-in data, the system should
have the form structure knowledge in advance. This knowledge can be acquired by one of the following methods: A
form structure file created by a word processing software, Interactive learning, or Scanning and automatic recognition of
ablank form.

The Global-Local-Global (GLG) method [16] aims at extracting the logical structure of a form document by analyzing
the layout of the fields in the document. First, it divides the whole form globally into severa blocks as temporary sub
forms by the analysis of data-field rectangles. Second, the logical dependent relationships between the fields are
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identified inside every block locally. Third, it re-divides the whole form again into several canonical forms globally.
Then atree called logical structure treeis constructed.

One approach for document modeling and matching in form image databases was introduced in [17]. In that
representation, the relationship between the different fields in the preprinted text is modeled as a spatial orientation
graph (SOG). Matching preprinted text is then performed using a robust spatial similarity algorithm [18]. The algorithm
uses the concept of a rotation correction angle (RCA) to achieve rotation invariance against document skewness. The
problem of form matching and retrieval based on framesets has been addressed by several researchers.

A hierarchical representation of form documents for identification and retrieval was suggested in [1]. This approach
required no domain knowledge such as the pre-printed data or filled-in data and it could handle geometrical
modifications and dlight variations. In [19], a form document was represented by the physical features of its components
such as length, width, and position of vertical and horizontal lines. However, this representation cannot handle variations
on the physical structure of logically the same form. In [20], line crossings were classified into one of various types and
the form was represented by the set of type counts. However, slight variations may cause those counts to change
considerably. A system for automatically reading Japanese or English documents with complex layout structures was
introduced in [21]. The system was based on document image and character segmentation using a set of features and
knowledge of the document layout.

A method to recognize the layout structure of multi-kinds of table forms from document images was introduced in [22].
A form was represented using three binary trees constructed for global structures, local structures, and the block
divisions. A classification tree was used to manage the relationship among different classes of layout structures.
However, such technique is only applicable to table form documents. On a form document, a block is defined to be a
rectangular areathat is surrounded by horizontal and vertical lines. In this sense, it isa higher level feature than the lines.
For form representation, the position and size of blocks or their relationships can be used [22, 23, 24]. However, multi-
kinds of forms cannot be handled by such a scheme.

Matching forms based on the grids of their framesets was introduced in [12]. A form document similarity measure was
proposed that is insensitive to translation, scaling, moderate skew (<5°) and variations in the geometrical proportion if
the form layout. A significant enhancement was that the similarity measure had a good tolerance to line detection errors.
However, for forms that are different in terms of the number of rows and columns, the algorithm was computationally
expensive. In such case, the minimum number of rows and columns was used as the grid size and all possible
combinations were matched. The one that gave the maximum similarity was selected. However, the calculation of the
valuesinside the grid cells needed to be repeated for every possible combination of rows and columns.

3. THE PROPOSED DOCUMENT REPRESENTATION AND MATCHING ALGORITHMS
Asdefined in[12], aframelineis a horizontal line with its endpoints on vertical lines or avertical line with its endpoints
on horizontal lines. A frame line is represented by the coordinates of its starting point and terminal point. Thus, a

horizontal frame line h; is denoted h; and a vertical frame line is denoted by vi. The horizontal frame lines are sorted in
an ascending y-order and the vertical frame lines are sorted according to ascending x-order to define the sequences H

and V.
H ={hy,hyers sy, y, <y, if i<j

\Y, ={v0,v1,...,vi 1---,Vm—1}1 X <x. if i<

A frameset is the frame structure set {H,V} of aform. A cell isrectangle in aform defined by two horizontal frame lines
and two vertical frame lines and within which there is no other frame lines. Let C denote the set of cellsin a form

C Z{CO,Cl,...,Ci ,...,Cnc_l} where nc is the number of cells in the form. Each cell can be described by a 4-tuple (top,
left, bottom, right). Figure 2 demonstrates the above definitions.
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In aframeset, collinear horizontal lines form an H-Group that is represented by the y-coordinates of those horizontal
lines, collinear vertical linesform aV-Group that is represented by the x-coordinates of those vertical lines. If thereis
nye H-Groups and nyg V-groups in aform frameset, then the following two sequences may be obtained:

He ={Pos Puvs P P sl p<p, if i<j
Vo ={dos Gyyeees G eves G o g <q, if i<]

|HG| < |H| , where [X| is the number of elementsin the set X, and

NVo| < V|

» X
Vo \%1 V7
ho
V3 V4 Co C1
hy
C2 Cq Cs
Ve
v ho hs C3
y C7
Vo G Cg
hy
' Co C10
hs
Ci1 Ci2
he
(a) Form frame set (b) Célls

Figure2. A form with itsframeset and cells

A grid line is defined as a set of one or more collinear horizontal lines or a set of collinear vertical lines extended to
touch the boundaries of the form frameset. If the sets A is a subsequence of Hg and B is a subsequence of Vg, then A and
B form a grid G(A,B) on the form's plane. The grid has (JA|-1)x(|B|-1) cells. A maximal grid Gnx is defined as
Grax=G(Hg, V), i.e. the grid where all possible collinear vertical or horizontal lines are included. The maximal grid has
(HelF1)x(IVg|-1) cells. An example for a non-maximal and a maximal grid is shown in Figure.3. The maximal grid
completes all the lines that might have been broken due to scanning noise or poor quality of the input form. Thus,
including the maximal grid lines for form template matching will make the matching algorithm robust to noise and line
breaks. The number of cells N(i,j) within each maximal grid cell (i,j) is defined as the total number of cells in the form
template that intersect the maximal grid cell. Let M(i,j) be amaximal grid cell, then:

H
NG )= 3 plntersect(c, M (i, )% jms
S Caratae E Z Z Inter sect(c,,M (i, j))

1

munlnlminn
3
o

i if ¢, A M@, j)zP

Inter%Ct(Ck,M(iaj)): if ¢ n M(| J):CD
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The way the above equations work is that for each cell in the original form template, if this cell intersects the maximal
grid cell under consideration, a number is added to the content of that maximal grid cell. This number is equal to the 1/
the number of maximal grid cells spanned by the template cell. An example is shown in Figure 4. Note that a maximal
grid cell can either include one complete template cell or a partia cell. Thus, the value of N(i,j) falls within the range
(0,1], where avalue of 1 occurs when amaximal grid cell is exactly overlapping an original template cell.

Suppose the set Ris defined as the set that has the total numbersin each row of the maximal grid. For example, R for the
grid in figure 4 is equal to: {2, 3.5, 3, 2.5, 2}. In the same fashion, the set C may be defined as the set including total
number in each column of the grid. For example, C for the grid in figure 4 is equal to: {15/4, 29/20, 77/60, 137/60,
61/30, 11/5} . Note that the sum of al elementsin R or in C must be equal to nc, the total number of cellsin the original
form. A form template is then represented by the set {R, C}.

Qo th @ q o s G Go G ® g Ga O O
Po Po
p1 P1
P2 P2
n3 ma ‘
M P
Ps Ps
(a) Non Maximal Grid (b) Maximal Grid

Figure 3. An example of maximal and non-maximal grids

Qo 01 B o Oa s G Total
Po
1 15 15 1/5 1/5 1/5 2
P1
1 |va va| 1 12 12 35
P2
1 | va ys | 12 12 | 1 3
p3
V2 12| vz v3 . v3 | 12 »5
p4
V4 VA us U4 12 12 2
Ps

Total 15/4 29/20 77/60 137/60 61/30 11/5
Figure 4. Examplefor the number calculation within agrid cell

In order to match two form templates represented by the sets R and C, assume for now that the maximal grids of the
guery and database forms have the same number or rows and columns, matching of the two framesets is thus based on
matching their maximal grid representations, based on the total difference between the number of cells within each row
and column. Assume that the query form Q ={Rq, Cg} and the reference form D = {Rp, Cp}, and assume that |Rq|=|Rp|
and |Cq|=|Cp|, then the similarity S between the two formsis calculated as follows.
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[R-1 ICl-1

Ro ~Rp|* Co—Cp
2R Rol+ 3 ioeCo
2ng 1+1ng

In case the number of rows and columns do not match, similarity matching is performed based on the smaller of the
number of rows or columns. In this case, the grid with the larger number needs to merge some of its rows or columns to
match the smaller number. If Ryn = min(Ro,Rp) and Crin = min(Co,Cp). All possible combinations that make the grid
size in the query and the reference forms equal to { R, Cuint IS selected and matched as above (Figure.5). The
similarity Sis calculated as the maximum similarity obtained from this calculation. Note that for each combination, the
calculations are minimal, as opposed to matching the gridsin [12]. The totals for the merged rows or columns are simply
added and the sum is used to represent the row or the column in the similarity matching.

Query form Reference form

A 4x3 grid representation of each form
Figure 5. Example for the matching between a query and areference form of different sizes

It can be seen that both forms are almost similar except for a spurious line added to the query form. The maximal grid
values for the query and reference forms of figure 5 are shown in figure 6. The maximal grid for the query formis of size
5x3 while that of the reference form is of size 4x3. The totals for the rows in the query form are: {5/4, 5/4, 5/4, 7/4, 6/4} .
Thetotal for therowsis 7, which is equal to the number of cellsin the query form. Similarly, the totals for the columns
are: {3/2, 3, 5/2}. Thetotals for the rowsin the reference form are: { 8/6, 8/6, 11/6, 9/6} . The total for the rowsis 6,
which is equal to the number of cellsin the reference form. Similarly, the totals for the columns are: {3/2, 5/2, 2} .In
order to match those forms, their sizes need to be equalized. This can be achieved by combining two rows from the
query form into onerow. Thiswill give 4 different combinations that may be represented in binary form as follows:
{11110, 11101, 11011, 10111, 01111}. The combination for the binary string 11011 is shown in figure 7. It is clear that
the effect of the spuriouslineislocal to the area where the spurious line has been added.
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Figure 6. Example for the matching between a query and areference form of different sizes
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Figure 7. M erging two rows from the query form to satisfy the binary combination 11011

The performance of the maximal grid approach was compared to the grid approach in [12]. The time required for
matching for the maximal grid approach is significantly lower than that in [12] while the similarity results are quite
similar. The performance gap even increases rapidly as the size of the forms grow. Thisis due to the fact that the amount
of work needed to match a specific combination in the maximal grid approach | significantly lower than that needed in
[12].

4. CONCLUSIONS

A new approach for form document representation and matching using the maximal grid of a document frameset is
presented. The maximal grid can be easily generated from the cell coordinates. The algorithm is robust to image noise
and to line breaks, which makes it applicable to poor quality scanned documents. Future work includes testing the new
representation on a large form database and combine the form representation and matching with image processing
routines to extract the document frameset. Another direction is to combine the frameset representation with the spatial
layout of text components for improved form identification.
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