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1 Introduction

Sorting machines in mail distribution centers get
bags of mail pieces as input and distribute them into
partitions depending on the target of the mail piece.
Therefore, the target address has to be read and
mapped to a distribution code. But before the tar-
get address can be interpreted, it has to be localized
because mail pieces usually consist of many compo-
nents such as stamps, meter marks, advertisements or
bar codes. Moreover, besides the recipient’s address,
there can also be further addresses, e.g. of the sender.
Hence, before the address interpretation can start, the
region holding the target address has to be found. In
general, a part of a document holding relevant infor-
mation for a specific task is called region of interest.

In order to find regions of interest on mail pieces,
knowledge about the layout is needed. Since the gen-
eral layout depends on the kind of mail piece (letter,
flat, parcel), country specific rules, and the sender’s
preferences, it is necessary to create and update knowl-
edge bases holding those layout rules efficiently. The
new approach presented in this paper is a mechanism
with wich those layout rules can be derived automati-
cally from training data. This can be done by using a
learning mechanism which needs a formal graph rep-
resentation for single mail pieces as well as models of
mail piece domains. The graphs holding the knowl-
edge about domains (called models) can be derived
automatically from sets of labeled graphs representing
single documents. One important property of these
graphs is the fact that they only hold qualitative geo-
metrical information about items found on the image
of a mail piece. With this representation, it is possible
to derive a model from a set of labeled mail pieces.

The learned models can then be used to find regions
of interestst on unseen documents. Both, a model
and a document are represented in a gaph structure.
The vertices of a document graph represent the physi-

cal components of the document called layout objects.
The vertices of a model graph represent the meanings
which can be assigned to layout objects. They are
called logic objects. Finding regions of interest can
therefore be done by assigning the vertices of a model
graph to the vertices of a document graph. By the
means of a heuristic search for inexact subgraph iso-
morphisms between a model graph and a graph rep-
resenting a mail piece, it is possible to quickly find
regions of interest.

After [3] has described the principle ideas, this pa-
per is describing special feature extensions and the
use of optional components on a concrete applica-
tion for the postal domain. The learning algorithm
is concerned in such a way that additional attributes
have to be considered, but the principle construction
of the learning mechanism did not change. In con-
trast to that, the inference mechanism which decides
the meanings of the document’s components was com-
pletely redesigned in order to handle optional compo-
nents of models.

The paper is organized as follows: in the next
section, the representation of single mail pieces is
presented. Thereafter in section 3, the representa-
tion and learning of models of mail piece domains is
shown. Section 4 introduces an inference mechanism
and shows experimental results on real life data. The
paper finishes in section 5 with a conclusion and an
outlook to future tasks.

2 Representation of mail pieces

In the presented approach, the basic representation
of mail pieces as well as domain models is based on
graphs. A graph G is a 4-tuple G = (V, E, u, v), where
V is the set of vertices and E C V x V is the set of
edges. The functions p and v define the semantics of
the nodes and edges.

From the image, a set of layout objects denoted by
O is calculated each having an identifier, a type, a



bounding box an initially empty label. The layout ob-
jects form a tree hierarchy where the root is an object
with type PAGE and its sons have type BLOCK!. For each
black connected component in the image, a bounding
box is calculated and assigned to the appropriate lay-
out object. The algorithm for layout segmentation is
designed in such a way that the edges of the bounding
boxes are all in parallel to the edges of the layout ob-
ject with type PAGE. Hence, the box of the page forms
the reference frame and the origin of the coordinate
system will be set top left with positive directions to
the right and down — the directions in which text is
written. The father of a layout object p € O is written
as 7(p) and the sons are denoted by o(p). The label
of a layout object is given by A(p); if A(p) # nil, the
layout object is called labeled.

For each pair of layout objects p,q € O with either
p=m(q) or w(p) = w(q), a qualitative spatial relation
is calculated. These relations are based on Allen’s
qualitative relations [1] on intervals. Here, an interval
I is a strictly ordered pair (I=,IT), where I~ and IT
are defined over the real numbers IR and I~ < It
holds. The set of all binary interval relations 28! is
called Allen relations and is denoted by A.

On mail pieces, there are no intervals but bound-
ing boxes with edges all in parallel to the edges of the
page. Hence, it is possible to make a projection to
the horizontal and the vertical axes without loss of in-
formation. After that, there are two independent sce-
narios of interval constellations: one for the horizontal
and the other for the vertical projection. Hence, a two
dimensional qualitative relation between boxes can be
defined. Two-dimensional Allen relations A% = A x A
are called spatial relations.

Definition 2.1 The graph G of a single mail piece is
a 4-tuple G = (V, E, u,v) where
e for each layout object calculated from the low res-

olution image, there exists a vertex in V,

e for each pair of layout objects p,q with either p =
m(q) or w(p) = w(q) there exists an edge e € E C
VXV,

o 4 :V = O assigns a layout object to each vertex
and

e v: Ew— A? assigns spatial relations to edges.

A vertex v € V is called labeled if \(pu(v)) # nil. A
mail piece is called labeled if it contains labeled ver-
tices.

1Usually, more types of layout objects are used. But with
image resolutions of 25 dpi at maximum, it makes no sense to
use finer granularities.

3 Models of domains

In this section, the formal representation of do-
main models is described followed by the mechanisms
needed to derive or update such models automatically
from training sets of mail pieces.

3.1 Representation of models

The knowledge about domains of mail pieces is rep-
resented in models. These models can be derived from
sets of labeled mail pieces, which should be represen-
tative for that appropriate domain. The counter part
of layout objects are logic objects, which are also orga-
nized in a hierarchical tree structure. The set of logic
objects is denoted by L. Each logic object has either
type PAGE or BLOCK and a label in form of a string.
The other attribute of logic objects is called cardinal-
ity. This models the number of layout objects which
are needed to form a complete logic object in form of
a histogram. E.g. an address block can be separated
in two layout objects, because the line holding the city
is separated from the rest of the block. Both layout
objects together form the address and hence should
have the same label. Other components can be op-
tional as e.g. an air mail stamp. The cardinality of
a logic object | € L is represented by a histogram H;
in which these number of occurrences are stored. The
function & : IN — [0.0...1.0] maps the cardinality of
a logic object to a relative frequency. One important
difference between layout objects and logic objects is
the fact that the latter do not have any local geomet-
rical attributes. A logic object simply represents an
entity on a mail piece.

The knowledge within a model lies in the qualita-
tive representation of the relative location among logic
objects. This is done by 13 x 13 matrices over real
numbers of the interval [0.0...1.0] with which rela-
tive frequencies of spatial relations are represented.
These matrices are called weighted spatial relations
and the set of all these matrices in a model is denoted
by W. The transformation of a spatial relation into a
weighted spatial relation is defined as follows: given a

spatial relation 7= (}*) the weighted spatial relation
w has values

Y for i,j € By

W — 1.0 ifi=rpAj=r
“10.0 otherwise

Therewith, the definition of graphs representing

models of mail piece domains can be given.

Definition 3.1 A model G is a 4-tuple Gpr =
(Var, Ent, pinr, var) where



e for each logic object, there exists a vertexr in Vi,
where a logic object is created for each layout ob-
ject with unknown label;

e for each edge in a graph of a mail piece there exists
an edge e € Eyr C Var x Vi,

o un : Var — L assigns each vertex a logic object
and

o vy Eyr — W oassigns weighted spatial relations
to the edges.

3.2 Learning models

Models of mail piece domains can be derived auto-
matically from sets of labeled graphs of mail pieces.
A set of labeled mail piece graphs being representa-
tive for a specific domain is called training set 7. The
learning procedure for a completely new model starts
from an initially empty graph Gpr = (0,0, uar, var)
and then incrementally combines each mail piece of
the training set G € T with the actual model G to a
new model G',. It is also possible to update existing
models by starting the learning procedure with such a
graph. The combination of a mail piece with a model
is done in two steps: update the vertices first and then
update the edges. These procedures are shown in al-
gorithms 3.1 and 3.2.

Algorithm 3.1 UPDATEVERTICES(G yr, G)
1: for allv € V do
0+ p(v)
if A(o) # nil /* only learn labeled objects */
then
Vum + INCLUDELAYOUTOBJIECT(V)r, 0)
end if
end for
return G

I

The function INCLUDELAYOUTOBJECT creates a new
logic object from the layout object if necessary and in-
cludes it in the tree hierarchy of all existing logic objects.
In doing this, the histogram of cardinalities will be up-
dated.

The function UPDATEWEIGHTS transforms the spatial
relation between the vertices p and g of the mail piece
graph into a weighted spatial relation @w and combines it
with the appropriate relation of the model graph by the
means of the arithmetic mean.

4 Finding regions of interest

Given a model G/ and an unlabeled mail piece G,
the task is to combine these two graphs in such a way
that logic objects are assigned to layout objects. This can

Algorithm 3.2 UPDATEEDGES(G 1, G)
1: for all v;,v; € Vp with v; #v; do
0 < p(v;),p + p(vy)
if M(p) # nil AX(q) # nil A (p=m(q) Vr(p) =
7(q)) then
z + index of A(p)
y « index of A(q)
Wey  UPDATEWEIGHTS(Wgy, v(v;, vj5))
end if
end for
return G,y
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be done by searching an error tolerant subgraph isomor-
phism from a model G to a mail piece G. Therefore,
a set of graph edit operations with specific cost functions
is needed. By the means of a heuristic search which is
based on the A*-algorithm [2], an inexact subgraph iso-
morphism (A, A, f) is searched such that there exists a
subgraph isomorphism f from Ay (Gum) to A(G) and the
costs K = K(Ap )+ K(A) are minimal.

The presented algorithms had been implemented and
evaluated on real data from postal automation. For this
experiment, a set of 1000 letter envelopes had been scanned
with a resolution of 25 dpi so that all images are 550 pixels
wide and 226 pixels high. Two sample letters are shown in
figure 1. The first experiment intends to show the principle
construction of a learned model. It is also shown that the
application of the adapted model to a single mail piece
works. The second experiment aims at an estimation of
the number needed for training the system.

Figure 1: Two samples from the set of 1000 images.

In a preprocessing step the layout objects were calcu-
lated and labeled manually. Therefore, a set of nine dif-
ferent labels has been used. E was assigned to all page
objects and the blocks got one of the following following

, , , , , , and . The task is
to locate the region holding the target address ( ) of a
letter. Therefore, two subsets of labeled letters have to be
selected from the complete set of letters. The first subset is
used for learning a model. The second subset will be used
to evaluate the recognition rates for the objects especially
the target address.

In a first experiment, one letter has been removed from
the complete set of documents and the remaining let-
ters were used to derive a model . The attributes of

nly layout objects holding text were created graphic com
ponents had been remo ed.



the logic objects belonging to model are shown in

table 1.
ame | Type | Opt ard

PAGE | PAGE 1.0 | (1 1.0)

A BLOCK | 0. 4 | (1 1.0)
BLOCK | 0.45 | (1 0. 5);(2 0.05)

C | BLOCK | 0.5 | (1 1.00)
LAB BLOCK | 04 | (1 0. 1);(2 0.0)
A BLOCK | 1.0 | (1 0. );(2 0.01)

AP |BLOCK | 0.1 | (1 1.0)

B BLOCK | 0.12 | (1 1.0)

PP BLOCK | 0.15 | (1 1.0)

Table 1: The logic objects derived from letters.

The weighted spatial relations behind the edges will not
be listed, but one example should be examined. Therefore,
a special ordering of Allen s relations is used to visuali e
weighted spatial relations. All components of such a ma-
trix w W with w 0 0 are symboli ed by an
while the others are denoted by a -. ith that notation,
the weighted spatial relations between target address ()
and stamp ( ) is shown.

The above notation makes the represented geometric
constellation more evident. As can be seen, the target
address is usually left of and lower than the stamp. This
corresponds to ones own experiences.

It is not possible to extract a typical instance of a model
because logic objects have no local geometrical information
about their bounding boxes. Another reason results from
the fact that some logic objects in the model may be mu-
tually exclusive. .g. if there is a stamp ( ) on a
letter, there is never a value meter mark (), too. These
mutually exclusive pairs of logic objects can be found by
inspecting the set of edges two logic objects are mutually
exclusive if the corresponding vertices ,w M have no
direct connection in the model ( ,w) M. A solution
for the problem of visuali ing ualitative spatial models is
presented in [ ].

In a second experiment, a testset of 100 letters is now
used. This test should also give an estimation for the
needed si e of the learn set. Therefore, letters were se-
lected for learning a  odel where runs from 1 to 500.

From the learn set, a model is derived. For each
learned model, a new testset of 100 di erent elements is se-
lected and sent to the inference mechanism. Figure 2 shows
the recognition rates for the target address with respect to
the si e of the learn set. As can be seen, with growing
learn set not only the recognition rate increases but also
the volatilility decreases. A learn set of 50 mail pieces is
su cient to derive a model which can then be used to find
the region holding the target address of a letter with an
average recognition rate of 2
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Figure 2: ecognition rates for S letters for increas-

ing training sets.

onclusion and outloo

Although the presented system assigns always assigns
as many labels as possible to the objects of a mail piece, it
is not slower than classical approaches for finding regions
of interest. n a entium II with 50 , the running
times are always less than 0.01s. The recognition rates for
target addresses on mail pieces is comparable to existing
approaches. The main advantage lies in the ability to de-
rive models form labeled training sets automatically where
the si e of the training sets is in comparison small. ur-
rently, the user has to decide how many elements a learn set
should hold. In practice, recognition systems must meet
certain predefined reject and error thresholds. In future,
it should be possible to let the system learn a training set
until these thresholds are met.
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