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Abstract

In this paper we present a method for the logical la-
belling of physical rectangles, extracted from invoices,
based on a Conceptual Model which describes, as gen-
erally as possible, the invoice universe. This general
knowledge is used in the semi-automatic construction
of a model for each class of invoices. Once the model
is constructed, it can be applied to understand an in-
voice instance, whose class is univocally identified by
its logo. This approach is used to design a flexible sys-
tem which is able to learn, from a nucleus of general
knowledge, a monotonic set of specific knowledge for
each class of invoices (Document Models), in terms
of physical coordinates for each rectangle and related
semantic label.

Keywords: Conceptual Model; Document Model;
Invoice understanding; Model Driven labelling.

1 Introduction

This work deals with the problem of invoice under-
standing. We have considered the universe of invoices
for the importance of this kind of documents in daily
life, especially in commercial field.

The design of systems for particular reading tasks
on single classes of documents has reached a consol-
idated level of maturity [1], [2], [3]. A more limited
number of works deals with the problem of system
flexibility [4], [5]. Both approaches towards document
understanding have their limitations. Systems ori-
ented to understand fixed physical or logical layouts
use models that contain physical field coordinates [1]
or logical relationships among fields [3]; they usually
exhibit good performances in field locating, but they
lack flexibility. On the other hand, systems oriented to
read multi-classes of document images show a consid-
erable flexibility, but a certain weakness in the on-line
understanding phase [4], [5], [6]. These systems pro-
pose a knowledge-base oriented approach to document
interpretation, which is used directly in the reading
task without a predefined goal of reading. Such an
approach provides these systems with a considerable
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degree of flexibility, however it produces a probabilis-
tic semantic labelling of physical objects, with loss of
reliability.

Some systems have been proposed in order to come
to a compromise between the flexibility of open sys-
tem architectures and the considerable performances
of systems oriented to the fixed layout understand-
ing. These systems express a middle policy of devel-
opment among the foregoing ones. Such systems aim
at constructing, for each class of documents, a model
which contains object coordinates and their semantics.
Moreover they provide a procedure of class recognition
(7, 8-

Our work is placed in this middle policy of develop-
ment, and it is an attempt to realize an invoice under-
standing system, which is more flexible than those ori-
ented to the comprehension of a single type of layout,
limiting the loss of performances that the enlargement
of the goal can determine.

Invoices present a large variety of layouts, whose
classes are usually identified by their logo. Most of in-
formation is contained in rectangular regions, limited
by segments. We have considered invoices without
segments inside a rectangular region and with a one-
to-one mapping between logo and layout. Moreover
we focused our attention on the invoice middle part,
which contains information about products. The sys-
tem is concerned with constructing a model, for an
unknown class of invoices, that contains physical co-
ordinates and a semantic label for each physical field
containing information. This model is then used in the
on-line understanding phase. The construction of a
new document model is based on a Conceptual Model
that represents a general knowledge about the invoice
universe, The nucleus of the document model con-
struction is represented by the individuation of rect-
angular regions and their labelling; labelling procedure
is driven by Conceptual Model.

The invoice domain and the overall structure of a
system, using the proposed labelling method, are il-
lustrated in Section 2. In Section 3 the Conceptual



Model developed for the description of invoice world is
illustrated. Section 4 describes a procedure for rectan-
gle extraction, which is preliminary to the Document
Model construction for each class of invoices. In Sec-
tion 5 the semi-automatic procedure for the labelling
of physical rectangles is presented. Finally in Section
6 some conclusions are reported.

2 The invoice domain

Invoices represent a universe of documents divided
into classes. Even if invoices have not a fixed layout,
the instances of a class are characterized by the invari-
ance of logical and physical structure. The invoices
belonging to a certain class consists of parts which
we call “objects”. Each of them has a logical label
and contains a particular type of data. In most cases
objects are surrounded by segments to form open or
closed rectangles. The objects we model in an invoice
are: a Logo which identifies the class of an invoice;
Upper, Middle and Lower Section which contain, re-
spectively, data related to clients, products and to-
tals; some Items that are rectangular regions which
contain information and sometimes the corresponding
keywords.

Classes of invoices present some structural or log-
ical similarities, which can be captured by a general
knowledge, that describes logical relationships among
document’s objects and their physical constraints.

Nevertheless, these similarities, by themselves, are
not sufficient to guarantee a robust model for under-
standing all the invoices. In fact, invoices have not the
property of logical relationships invariance among all
their objects.

In order to design a robust system to understand
each invoice class and to guarantee a high degree of
flexibility, we present a two level knowledge approach
to invoice understanding. It is based on specific in-
voice class models for the on-line understanding phase
and a general knowledge, which describes the invoice
universe, used for a semi-automatic construction of
specific models.

2.1 Invoice modelling

As we have discussed, a class of invoices is charac-
terized by a fixed logical and physical structure. This
structure can be represented by a specific model] that
we call Document Model.

A Document Model of a document D, consisting of
objects {do,d,...,dn—1}, is the set of physical coor-
dinates which locates univocally objects d;, and the
set of semantic labels {lg,l1,...,{n=1} related to such
objects.

Such a model may be absolute or relative. In the
former case, each object has absolute coordinates with

325

Logo x
Barycentre of Lok UPPER
— SECTION
Segment which -—
SHCTION ang UPPER -
and -
SECTION ———— X0 e
MIDDLE
% EE_CTlON Document Model
e abLe |
separates i
SECTION and LOWER PESCHIPTION | Yo Y. s
SECTION —_oiali - iibagedn. Yonax i :
LOWER
SECTION
Y-axis

Figure 1: Example of invoice and related Doc-
ument Model. The object DESCRIPTION and
related coordinates are reported.

respect to the scanner coordinate system. In the lat-
ter, each object has relative coordinates with respect
to an object di of D considered as reference. We have
chosen a Document Model with relative coordinates
because it allows the system to be tolerant to skew
variation in the on-line understanding phase. An ex-
ample of Document Model is reported in Fig. 1.

A Document Model for each class of invoices is con-
structed by means of a higher level knowledge; we de-
fine it as Conceptual Model. A Conceptual Model for
our domain is a declarative knowledge base, described
by frames. Such a knowledge describes objects, or
classes of objects, in terms of cardinality, observed
frequency, logical and physical constraints (Section 3).
Moreover, Conceptual Model represents a part-of hi-
erarchy among objects. This kind of knowledge en-
sures flexibility to the system in the invoice domain,
in the spirit of capturing some features common to
the various classes, and it is used as a base for a semi-
automatic procedure of Document Model construction
for each class of invoices. Each Document Model con-
structed is mapped to the logo of the class and is used
in the on-line understanding phase.

If logo is recognized, the system can locate each
Item with its coordinates, under Document Model su-
pervision. Each coordinate is related to a particular
segment of those which are present in each invoice and
which divide it into three logical Sections (UPPER,
MIDDLE and LOWER SECTION), as it will be spec-
ified in Section 3.

If logo is not recognized, the system cannot map
the invoice instance to its model. In such a case,
the system deals with extracting all segments and the
barycentre of logo [9]. With respect to such elements
the system performs a deskewing procedure. Then
segments are organized in two data structures: Inter-



val List for horizontal segments and Interval Tree [10]
for vertical segments (Section 4.1). Hence, rectangle
coordinates are extracted (Section 4.2) and the above
mentioned three Sections are located (Section 4.3). Fi-
nally, a semi-automatic procedure to label each rect-
angle is executed (Section 5).

The result is a Document Model for the class of
invoices which the current instance belongs to. Such
a model can now be used for instance understanding
without any other procedure, because it has been con-
structed on the current instance in the current posi-
tion. This paper deals particularly with Document
Model construction.

3 A Conceptual Model for invoice domain

The Conceptual Model is the result of the analysis
of about thirty different classes of invoices. The Con-
ceptual Model describes invoice domain with a declar-
ative knowledge, based on a collection of frames. Such
frames are here illustrated in an informal syntax for
the sake of simplicity and immediate comprehension.
Our frame scheme is inspired by the model used in [4].

Frames of Conceptual Model are arranged in a
tree structure which represents the part-of relation-
ship among invoice objects.

3.1 Invoice domain description

In the frames in Fig. 2 when Observed frequency
for Physical or Contertual Constraints is not declared,
it means that such constraints have been observed
in the totality of instances. The object INVOICE is
the root of the tree structure. Each INVOICE is di-
vided into three sections: MIDDLE SECTION, where
products and their codes, prizes and related taxes are
described; UPPER SECTION, where data related to
clients, their codes and conveyance modalities are re-
ported; LOWER SECTION, where totals are summa-
rized. Each of these sections is in a part-of relationship
with INVOICE object.

Furthermore, each Section is composed of Items,
which are in a part-of relationship with their Section.
In this paper we concentrate on MIDDLE SECTION
modelling, since it exhibits a certain structure regu-
larity. As far as UPPER and LOWER SECTION are
concerned, we are studying an approach based on both
Conceptual Model and keyword understanding,.

Examining the physical structure of MIDDLE SEC-
TION, it can be observed that width is a clear dis-
criminant feature for some Items, therefore Items of
MIDDLE SECTION can be clustered in three Cate-
gories with respect to their width. In particular, we
have decided that 1°* Category cluster is to contain
only the widest Item. This is a common feature of
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all invoices, for which the Item DESCRIPTION is al-
ways the widest one in the MIDDLE SECTION. This
feature locates univocally such an Item and it is used
during the labelling phase. In general, such a cluster-
ing makes MIDDLE SECTION Item labelling phase
easier, because it leads to a preliminary selection of
the possible rectangles which may represent the Item
the system is searching for (see Section 5). Examples
of a frame description of some MIDDLE SECTION
Items are in Fig. 2.

Name: DESCRIPTION
Data: Alphanumeric
Member of: MIDDLE
SECTION
Cardinality: 1
Observed
Frequency: 100%
Physical Constraints:
-MIDDLE SECTION

Name: QUANTITY

Data: Numeric

Member of: MIDDLE SECTION

Cardinality: 1

Observed

Frequency: 100%

Physical Constraints:
-MIDDLE SECTION height;
-2 Category width (70%);

height; -3"¢ Category width (30%).
-1°* Category width. ContextualgConstrain(s: )
Contextual. -If QUANTITY ¢ 2™4
Constraints: Category =
-None. QUANTITY on the right
of DESCRIPTION;
-If QUANTITY ¢ 3¢
Category =>
QUANTITY on the left
of DESCRIPTION;

-On the left of TOTAL.

Figure 2: Examples of a frame description of two
MIDDLE SECTION Items

It can be observed that the Item QUANTITY, in
different classes of invoices, may satisfy two different
Category physical constraints. Depending on the Cat-
egory it belongs to, it has different contextual relation-
ships with other Items. The tree structure for MID-
DLE SECTION is shown in Fig. 3.

MIDDLE
SECTION

==~  Reading Plan
e "Papt-of* relationship

Figure 3: Tree structure for MIDDLE SECTION.

In the tree structure, Items of MIDDLE SECTION
are ordered with respect to their contextual depen-
dencies, to a decreasing observed frequency and to
the priority of reading. Such an order gives a con-
tribute for locating objects in the labelling phase of



MIDDLE SECTION. Providing a priority of reading
without back-tracking, it is able to greatly reduce the
search space at each step, enhancing the likelihood of
right location of following Items. We refer such an
order as Reading Plan.

4 Extraction of physical features

As discussed in Section 2, if logo is not recognized,
the system provides a procedure of semi-automatic
Document Model construction. The first step of such
a procedure deals with extracting the invoice physical
features (segments and rectangles).

4.1 Segment extraction and organization

A common feature of invoice domain is represented
by the presence of horizontal and vertical segments
to form rectangles which limit each Item. In partic-
ular, the system is concerned with invoices without
segments inside an Item and with segments that sur-
round, entirely or partially, each Item, to form physi-
cal or virtual rectangles.

Horizontal and vertical segments are extracted with
techniques of low level processing [11]. Ordinates
of horizontal segments are organized, without repe-
titions, in a linked list whose elements contain such
ordinates in an increasing order. Each element is asso-
ciated with another linked list, whose elements contain
starting and final abscissas of each horizontal segment
related to the considered ordinate. The succession of
two consecutive elements in the first level linked list
represents the interval between the two sets of horizon-
tal segments related to the ordinates of such elements.
For this reason we define this structure as Interval
List. The area bounded by the two sets of horizontal
segments related to two consecutive ordinates is called
vertical interval (Fig. 4).

Vertical segments are organized in a binary tree.
Such a tree is called Interval Tree [10]; its leaves
contain, without repetitions, abscissas of vertical seg-
ments. The succession of two consecutive nodes at
the same level represents an interval (horizontal inter-
val) between the two sets of vertical segments related
to the abscissas of such nodes. In our work Interval
Tree structure has been modified in order to consider
all vertical segments which limit each horizontal in-
terval, and to permit a linear parsing of leaves. Each
leaf is linked to the next one and is associated with a
linked list, whose elements contain starting and final
ordinates of each vertical segment related to the cur-
rent abscissa. An example of the structures we use is
presented in Fig. 4.

4.2 Algorithm for rectangle extraction

In this section we will describe the algorithm for

rectangle extraction, Fig. b can be used for reference.
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Figure 4: Segment collections structured in In-
terval List and in Interval Tree.

A physical rectangle can be identified by four coordi-
nates (Cmin, Tmax, Ymin, Ymaz)- From invoice domain
point of view, a rectangle is a physical area limited, at
least, by two portions of horizontal segments. The two
portions are to belong to different horizontal segments
with different ordinates. The two portions are to have
the same starting and final x-coordinate, respectively
Zp_start a0d Zp_step, and their lengths have to exceed a
threshold. Abscissas of such portions are obtained by
the intersection, on X-axis, between the projections
of the current horizontal segment, with ordinate y;,
and the following ones with ordinate y;, y; > ;. We
denote by H;; the j** horizontal segment of the i*#
ordinate.

The algorithm which performs rectangle extraction
is based on the individuation of such an intersection,
that determines the coordinates z,_,tqr: and z,_si0p
of a partition of the current horizontal segment (H; ;).
In this rectangular area, identified by the coordinates
(#p_starts Tp_stops Yi, Yj), eventual further subdivisions
into rectangles are individuated by the presence of ver-
tical segments which completely cover the current ver-
tical interval (y:, y;). The abscissa 2 of such a vertical
segment determines an x-coordinate of a rectangle.

The portion of the current horizontal segment indi-
viduated by the interval (2p_start, Zp_stop) is allocated
to the rectangles that it locates, and it is not consid-
ered any more.

In each vertical interval other eventual vertical seg-
ments, internal to a rectangle, which do not com-
pletely cover the current vertical interval are located.

All rectangles extracted are organized in a Four
Directional Adjacency Graph (FDAG) [12], because
this structure guarantees more nimbleness than lin-
ear or hierarchical spatial data structures in dealing
with neighborhood problems. Each rectangle is rep-
resented by a node of FDAG which contains z and
y coordinates (Zmin, Lmazs Ymins Ymaz). The node of
FDAG corresponding to a rectangle is associated with



Intersection of the projections
on X-axis of the two horizontal segments
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Figure 5: Intersection on X-axis of the projec-
tions of two horizontal segments

a linked list whose elements contain the coordinates
of physical segments which limit such a rectangle and,
in case, of the vertical internal segments. The algo-
rithm for rectangle extraction is summarized in the
following:

Algorithm for rectangle extraction

Input: Segments organized in Interval List and In-
terval Tree;

Output: Rectangles organized in a Four Direc-
tional Adjacency Graph (FDAG);

Begin
- Until all elements y; of the Interval List are visited;
Begin
- Until all horizontal segments H; ; with y; ordinate are vis-
ited;
Begin
- Until the current horizontal segment H; ; is completely
allocated to a rectangle or all the segments Hy y,u > ¢,v > 0
are visited;

Begin

- The intersection of the projections on X-axis of Hy,»
and the portion of H; ; not yet allocated to a rectangle is calcu-
lated; such an intersection determines a partition of the current
vertical interval; y; and y; are ymin and ymaz of all rectangles
in the current vertical interval;

- In the current partition of vertical interval, all vertical
segments are extracted (abscissas of vertical segments which
completely cover the current vertical interval determine the
Tmin and Tmas boundary abscissas of rectangles);

- For each extracted rectangle, a new node for the
FDAG, containing rectangle coordinates, is constructed; the in-
ternal and boundary segments of the rectangle are inserted in
the list associated to the FDAG node.

- FDAG is updated by the new nodes;

End

End
End
End

4.3 Location of the Sections

The three Sections every invoice consists of, accord-
ing to the Conceptual Model, are always individuated
by two horizontal segments. Their localization only
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requires the analysis of Interval List collecting all hori-
zontal segments. The two horizontal segments, among
the N of the collection, are selected by a heuristic cri-
terion, which provides of searching for two consecutive
horizontal segments Hy and Hiyy of equal length (mi-
nus an error (¢)), greater or equal than 80% of doc-
ument width. Moreover the distance between H; and
Hiyi is to be the greatest distance between any other
two consecutive segments, and such distance is to be
greater or equal than 30% of the distance between the
first and the last horizontal segment of the collection.
The selected vertical interval (y(Hr), y(Hi41)) is the
MIDDLE SECTION.

In some classes of invoices a sequence of rectangles
which contain the keywords of related rectangles of
MIDDLE SECTION may be present. Each of these
rectangles is in a vertical dependence relationship [8]
with a rectangle of MIDDLE SECTION, and all these
rectangles are to have the same height (Fig. 6). More-
over all these rectangles are to be located in the same
vertical interval.

?xr:li‘e Description Prize Amount

e —

Figure 6: Vertical dependence relationships
among rectangles

In order to consider this possibility, the system ver-
ifies the presence of vertical dependences for the rect-
angles of MIDDLE SECTION with respect to the su-
perior adjacent rectangles. If the condition is verified,
rectangles of the superior sequence may be used to
search for the keywords during the labelling procedure
of rectangles of MIDDLE SECTION (see Section 5).

The coordinates of the two segments, which locate
the three Sections, and their logical labels are reported
in the Document Model. One of such segments is
elected as reference primitive, to be used during the
on-line understanding phase. Physical coordinates of
rectangles, extracted in every Sections, are reported
in the Document Model with respect to the segment
elected as reference primitive.

5 Labelling procedure

After rectangles have been located, the system at-
tempts to attribute them a logical label. In this paper,
a Model Driven labelling strategy for MIDDLE SEC-
TION is proposed.

For each Item provided by the Reading Plan, such
a strategy is concerned with searching for a rectangle



which satisfies the physical and contextual constraints,
indicated in the corresponding frame.

Section 5.1 illustrates the model driven labelling
procedure we propose. After the end of this procedure,
some rectangles might be not labelled. In this case
recognition of keywords must be performed for their
labelling, as illustrated in Section 5.2.

5.1 Model Driven labelling

After all invoice rectangles have been extracted and
MIDDLE SECTION has been located, a procedure for
clustering its rectangles is executed. Such a procedure
is provided with a constraint related to the presence
of only one rectangle in the 1*¢ Category cluster.

According to the Reading Plan, DESCRIPTION is
the first Item to be searched for. Its properties locate
it univocally, without any reference to the positions
of rectangles already labelled. Such an Item results
a minimally dependent concept [5], therefore it is the
first Item to be located in the labelling phase. Accord-
ing to DESCRIPTION physical constraints (see Fig.
2), the system selects the rectangles in the 1¢* Cate-
gory cluster. Since the clustering procedure provides
only one rectangle in this cluster, such a rectangle is
labelled as DESCRIPTION.

The localization of other Items is based on Items
previously located. In our case Item T'OTAL refers to
the position of DESCRIPTION, QUANTITY refers
to TOTAL and DESCRIPTION positions, and so on
with succeeding Items. The order of localization of
the Items is suggested by the Reading Plan.

In order to locate Items, the system searches for
a rectangle, related to the current Item suggested by
the Reading Plan. A series of rectangles, satisfying
a number of constraints of the current Item, are se-
lected. The number of constraints satisfied provides a
credibility order among rectangles selected. Rectan-
gles selected are proposed to the user in a decreasing
credibility order, till a rectangle is accepted for the
current semantic label.

For Items with alternative physical constraints (e.g.
Item QUANTITY), the system firstly searches (and
possibly proposes to the user) rectangles satisfying the
constraint with the highest observed frequency, and
then the rectangles satisfying the other constraints.

User interaction, in confirmation or refutation of a
labelling hypothesis, is justified by the fact that rect-
angle semantic labelling is a ” key” procedure in a Doc-
ument Model construction. An error in the labelling
phase of a rectangle, in fact, spreads to the others,
with the risk of making every other semantic attribu-
tions fail.

If none of the rectangles selected is accepted by the
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user for the current semantic attribute, it means that
the related Item is not present in the current invoice
class, or no rectangle satisfies the constraints provided
by the Conceptual Model for the current Item.

5.2 Keyword based labelling

At the end of the Reading Plan, if some unla-
belled rectangles are left, a labelling procedure based
on reading the keywords related to each rectangle, is
executed. The keywords related to the rectangles of
MIDDLE SECTION are located in the first row of the
rectangles or in the adjacent upper rectangles (Fig.
6). The reading phase is executed by an OCR system.
Each OCR output is validated by a dictionary that
contains the possible keywords belonging to Items of
MIDDLE SECTION. Such a dictionary, that may be
of large dimensions, is semantically partitioned with
respect to the Items of MIDDLE SECTION. As a mat-
ter of fact, invoices belonging to different classes may
associate different keywords to the same semantic in-
formation (e.g., ”Quantity” or "QTY” for the Item
QUANTITY).

This labelling phase, based on a bottom-up strat-
egy, is partially driven by the Conceptual Model as
well. In fact, when the Reading Plan is over, and
there are some rectangles not labelled, we can have
two possibilities:

1) all the Items provided by the Reading Plan are
assigned to a rectangle. In this case the Conceptual
Model doesn’t provide any label for the rectangles left
and it should be updated.

2) there are some Items not assigned to any rect-
angles. In this case the system attempts to match the
keyword of the current unlabelled rectangle with the
alternatives suggested by the dictionary for the not
assigned Items. We can have two possibilities:

¢ the keyword matches with one of the dictionary
alternatives related to an Item not assigned: the re-
lated semantic label is assigned to the current rectan-
gle;

otherwise:

e it could be the case of a new keyword for an Item
already present in the Conceptual Model, or the case
of a keyword corresponding to a not present Item.
Therefore the system shows the user all the not as-
signed Items: if the user chooses one of them, only the
dictionary is updated by the new keyword. If none of
them is assigned to a rectangle a new semantic has
to be assigned, then the Conceptual Model and the
dictionary have to be updated.

The scheme of the labelling procedure is in Fig. 7.

The aim of the labelling procedure is to resort to
keyword reading as less as possible and, in case key-
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Figure 7: Scheme of the Item labelling proce-
dure

word reading is necessary, it avoids consulting a large
dimension dictionary for their validation.

6 Conclusions

In this paper a semi-automatic labelling method of
physical rectangles, extracted from the Middle Sec-
tion of an invoice instance of an unknown class, is
presented. Such a method is based on a Conceptual
Model that describes some structural or logical sim-
ilarities of the invoice domain. We obtain a Docu-
ment Model for the Middle Section of each class of
invoices, which contains physical coordinates of the
Items and their semantics, and, globally, a monotonic
set of knowledge, oriented to the understanding of the
Middle Section of invoices.

The extension of this kind of approach to the other
sections of the invoice is under consideration.

The labelling approach we propose spares the user
to indicate explicitly the rectangles containing infor-
mation and keywords, and, in most cases, to write
explicitly the semantic of such rectangles. As a mat-
ter of fact, the approach limits user interaction to only
confirmation or refutation of a suggested semantic at-
tribution. Moreover, in most cases, such labelling pro-
cedure spares the system to locate and read the key-
words. Note that, in some cases, keywords might not
be present.

The proposed labelling approach is part of an In-
voice Understanding System, that we are developing
at the DSI (Dipartimento di Sistemi e Informatica,
University of Florence). The system is under imple-
mentation on a Sun Sparc system.
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