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Abstract. In this paper we propose a new approach to find symbols
in graphical documents. The method is based on a representation of the
document in chain points extracted from the skeleton. We merge succes-
sively these chain points into a dendrogram framework and according to
a measure of density. From the dendrogram, we extract potential symbols
which can be recognized after.

1 Introduction

Symbol recognition is more than ever a problem that is discussed in scientific
community [1]. Several approaches have been proposed and one kind is based on
the structural representation of documents [6–10]. These approaches are often
very powerful to spot symbols but they suffer of large complexity and they are
not robust against the noise. Another kind of approaches is based on features
descriptors [2–5] . These descriptors are either considering the contour of the
object or either considering the whole object. They are robust against noise
and occlusion, but they need the document to be clearly segmented, which is a
problem since symbols are often embedded with other graphics layers.

In our previous work [11], we have proposed a method to automatically detect
potential symbols without knowledge. However this method was only working on
special kind of symbols that had a loop contour. Moreover, it was time-consuming
to detect the loop symbols since we were looking for loop in a graph. In this pa-
per, we proposed a new method that do not have the loop structure constraint,
but only the constraint that the symbol is defined by a single connected com-
ponent. We have also overcome the time consuming problem, by developing a
new algorithm to detect symbols. The method is based on a structural represen-
tation of the document which is decomposed into different chain points. Then,
we merge successively these chain points in order to retrieve symbols. Finally
we used the photometric information to discard or accept symbols with respect
to symbol model. This method is fast, and can be seen as a first processing, in
order to have a set of candidate symbols that may be interesting with respect
to a symbol query.
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The paper is organized as follows. In section 2 we explain our approach. Ex-
amples and experimental results are given in section 3. Limit and future inves-
tigations are provided in section 4.

2 The Method

2.1 Low Level Processing

The documents are usually scanned in grey levels, and a binarization is done
in order to be able to extract symbols from graphical documents (see Fig 1).
Then, the skeleton is defined using the 3-4 distance transform ([12]) (see Fig 2).
Finally, we extract from the skeleton image a set of chain points. These chains are
composed of connected points that have only two neighbors, and the extremities
are either junction points (ie more than two neighbors) or terminal points (ie
only one neighbor) as indicated in Fig 3.

Fig. 1. Binarized document Fig. 2. Extracted skeleton

Fig. 3. Document with junctions and
terminal points

Fig. 4. Defined chain points (denoted
a,b,c,...)

At the end of these low level processing, the whole document is decomposed
into a set of chain points (Fig 4).

2.2 Main Processing

The idea is to merge these chain points in order to segment the symbols belonging
to a document. We assume that the symbols we are looking for are defined by a
set of compact connected chains (Fig 5).
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Fig. 5. Examples of symbols that can be recognized or not. Symbol (a), may not be
recognized because it is not compact enough. Symbol (b), will not be recognized because
it is composed of two disconnected components. Symbol (c), will be recognized.

So in order to find them, we have to define a measure that can tell us, how
compact a set of chain points is. In this perspective, let C be a chain points, xi

a point of C, i ∈ [1, nC ] where nC is the total number of points in C. We define
the density of C as:

density(C) =
∑nC

i=1 d(xi, x
G
C)

nC

where, xG
C is the barycenter of the chain point C defined by xG

C = 1
nC

∑nC

i=1 xi,
and d(xi, x

G
C) a distance (we have taken here, the Euclidean distance).

The idea is to merge successively these chains into a dendrogram structure
that can be seen as a graph representation. The nodes of the graph are the chain
points, and the edges describe the relation between the chain points. For example,
if C1 and C2 are directly connected (ie they have common extremities), there is
an edge between them. To each edge we assign a value to know how relevant is
a merge between two corresponding nodes. The value that we assign to the edge
(C1, C2) is the following:

value(C1, C2) = density(C1)density(C2)
(nC1 + nC2)density(C1C2)

nC1density(C1) + nC2density(C2)
(1)

where nC1 , nC2 are weighted coefficients on the number of merges that already
happened in clusters C1 and C2. The second part of the expression formula :

(nC1 + nC2)density(C1C2)
nC1density(C1) + nC2density(C2)

is here to take into account the evolution of the density. Before the merge, we
have two nodes of density: density(C1) and density(C2). After the merge we
will have one density : density(C1C2). We look at the ratio between them, in
order to measure how the density has evolved before and after the merge. So it
means that we are looking for the smallest evolution of the density. But this term
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alone is not sufficient because if we take a large chain of points, the evolution
with a neighbor chain will be very small. To avoid this behavior we add the first
term:

density(C1)density(C2).

This term underlines small density chain points. So value (formula 1) is a
measure that tells that we want a small evolution of the density but also that
we want a small density chain point first.

for each node in the graph
calculate the density of the node

end for
for each edge in the graph

calculate the value of the edge
insert the edge in a queue Q sorted by increasing value

end for
while Q not empty do

pop the first edge of Q
create a new node from this edge
update the value of edges that have changed because of the new node

end while

Fig. 6. Algorithm to construct the dendrogram

We show a sample of a dendrogram in Fig 7 provided from the algorithm
defined on Fig 6. At the beginning (level 0), we have small chain points. Then
we successively merge them (as indicated by Fig 6). Finally, we obtain a binary
tree.

Once we have constructed the dendrogram, we have to find how to extract the
best partition (ie the partition that give us the decomposition of symbols). Fig
8 shows the evolution of the measure value during the dendrogram construction
for the document in Fig 4.

The following figures 9, 10 and 11 show the partition we get when n =
22, 26, 30. n is a parameter on the number of merges that have been done since
the beginning of the processing, it is related to the level in Fig 7). From these
figures, we can remark that for n = 22, we find out that there is still some sym-
bols that have not been merged. For n = 26 all the symbols are good and for
n = 30 some symbols have merged with lines.

So it seems difficult to find the right value of n. Of course we don’t have to
select a single n, but a range. However we get a full partition of the document
and we are not able to make a difference between candidate symbols and garbage
symbols (like lines network). So many symbols are returned. That’s why we have
developed another method in order to filter the number of potential symbols
returned.



522 D. Zuwala and S. Tabbone

Fig. 7. A dendrogram

Fig. 8. Evolution of value during the dendrogram construction

Fig. 9. Partition found with n = 22
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Fig. 10. Partition found with n = 26

Fig. 11. Partition found with n = 30

2.3 Another Method to Extract the Symbols

Instead of having a global view of the dendrogram, let’s have a local view of it.
A dendrogram is a binary tree, where the leafs are the initial chain points that
we have extracted from the skeleton image. If for each leaf, we start looking the
evolution of value from the leaf to the top of the tree, we will have a local view.
The algorithm is described in Fig 12.

We have two parameters to set. The first one, BoundingBoxMax is only here
to skip chain points that are inconsistent (ie we don’t look the symbols that are
too big). It represents the maximum size of potential symbols. If we have no clue
on the size of the symbols in the documents we can set BoundingBoxMax =
BoundingBox(document). The second one, ratioMax, is here to limit the evo-
lution of value. When ratio is above ratioMax we suppose that the candidate
symbol has merged with another chain points that do not belong to the symbol.

Let’s look at the results we have with this method (see Figs 13, 14 and 15). For
ratioMax = 1.2, we notice that some symbols are incomplete. For ratioMax =
1.5, we have all, and only the symbols. For ratioMax = 1.8, we have a symbol
that have merged with other stuff. So we can observe that we have significantly
reduce the number of symbols. However we have added a parameter ratioMax
that have some influences on the results. As said above, one solution would be
to gather all the results return from ratioMax=1.2 to 1.8, with a step of 0.1. Of
course, we increase the number of potential symbols returned but we are rather
sure, we do not miss one.
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for each leaf in tree
− vertexPrevious = leaf
− vertex = leaf
if BoundingBox(vertex) < BoundingBoxMax do

− ratio = 1
while ((vertex has a parent)and(ratio < ratioMax)) do

− vertexPrevious=vertex
− vertex=parent(vertex)
− ratio=value(vertex)/value(vertexPrevious)

end while
if (ratio < ratioMax) return vertex
else return vertexPrevious

end if
end for

Fig. 12. Algorithm to find out symbols from a local view

Fig. 13. Results with ratioMax = 1.2 Fig. 14. Results with ratioMax = 1.5

Fig. 15. Results with ratioMax = 1.8

2.4 Boosting the Search of Candidate Symbols

As shown before, we can have a same symbol that has been too much merged
with other stuff, or that has been not enough merged. In order to detect symbols,
a way to not check all the potential symbols is to organize them into a tree, like
they were in the dendrogram. Figs 16 and 17 represent the symbols with a tree
organization and without. That way, if we find a match with a symbol model,
we don’t have to look for a match with its children.

2.5 Descriptors

In order to find if the candidate symbols match the model, we are going to use a
simple descriptor based on geometric moment[13]. The output of the descriptor
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Fig. 16. Without tree organization. We
have 9 matches to do.

Fig. 17. With tree organization. Be-
tween 5 and 9 matches to do.

is a 4 dimensional vector. We compute the Euclidean distance between the two
vectors to know if the symbols match together. That is, if this distance is below
a fixed threshold, they match.

This descriptor is very simple, but it is fast. We may have to find better descrip-
tors but it is not the subject of this paper.Wewill see in the experimentation section
that the descriptor is not always discriminant. However, here the main idea is to
have a system that can quickly display a set of candidate symbols.

3 Experimentation and Perspectives

Tests have been conducted on five different documents (Fig 19 and 20 are a
sample of them). The queries symbols are presented in Fig. 18 and Table 1
shows the results obtained with our approach. We have reported on this table
the number of symbols found related to the query compared to the real number
belonging to the document. We also add the rank of the symbols retrieved.

Fig. 18. Symbols to recognize

The results appeared promising. Considering all the experimentations we have
made, we have found 35 symbols over 42. For the first image, everything has been
recognized, but with variable ranks. We may reasonably hope that with a better
descriptor, the ranks returned will be better. We notice that we have miss some
symbols. There can be two reasons:
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– The first one, is that after the dendrogram construction, we have failed to
extract the correct symbols, and so we cannot recognized them. One can
overcome this situation by relaxing the different parameters, or by simply
returning all the symbols involved in the dendrogram construction. Of course
it will be more time consuming to calculate a descriptor for all the symbols,
but it is not impossible. For example, for the image in Fig 19, the dendrogram
has decomposed the image around 1000 symbols. So it is still possible to
calculate a descriptor for every symbols.

– The second reason, is that the method has failed to merge the correct chain
points. This could be solved by finding a better definition of the density.
Another improvement to overcome this situation should be to not only con-

Table 1. Results obtained with the proposed method. Number of symbols found /
Number of symbols in the document. In parenthesis, the different rank of the symbols
found.

Fig. 19. Document test 1
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Fig. 20. Document test 2

sider the density of the chain points that are directly connected, but also the
chain points that are connected n step later (with n integer greater than 1).
Doing so, we will have a more global view of the document instead of the
current local view during the construction of the dendrogram.

All the processing (from the skeletization to the output results) take about 5
seconds on Pentium IV (2.8GHz) on a document image of size 1200X2000 pixels.

4 Conclusion

We have proposed a new method to find symbols which do not need to be already
segmented or disconnected from graphical documents. This method doesn’t made
any assumption on the symbols to find, and so can be applied to many different
symbols. It assumes only that a symbol is a set of compact chain points, that is
often the case. The results that we obtain are encouraging even if we have pointed
out several drawbacks. In particular, a better descriptor is needed to improve im-
mediately the performance of the approach. Futures works will be devoted to:

– define a better density measure. In particular the one we have used is more
dedicated to concentric distribution. It will be possible to take into account
elliptic distribution.

– extent the method to chain points that may be connected n step later (with
n integer greater than 1).
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