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Abstract

Large-scale digitization projects aimed at periodi-
cals often have as input streams of completely unlabeled
document images. In such situations, the results pro-
duced by the automatic segmentation of the document
stream into issues heavily influence the overall output
quality of a document image analysis system. As a so-
lution to the issue segmentation problem, this paper in-
troduces a robust, two-step front page detection algo-
rithm. First, the salient connected components from
the front page of the periodical are described using a
multi-dimensional Gaussian distribution based on dis-
crete cosine transform (DCT) features. Second, a graph
model is computed by applying Delaunay triangulation
on the selected set of components. A specialized, error-
tolerant graph matching algorithm is used to compute
the distance score between the model and each candi-
date page. Experiments on a large, real-world news-
paper data set demonstrate the generality and effective-
ness of the proposed method.

1. Introduction

A large number of scientific articles have been pub-
lished on topics concerning specific areas of document
image analysis (see surveys [1, 11]). In comparison,
the problem of front page detection for issue separation
is still largely unexplored, although it is indispensable
when working with large collections of unlabeled im-
ages of periodicals (such as magazines or newspapers).

Two topics closely related to front page detection are
logo recognition and structural pattern recognition. The
detection and recognition of logos from document im-
ages are still being actively pursued in the document
analysis community [3, 21]. In the vast majority of
papers dealing with logo recognition, logos are han-
dled as unitary entities and various statistical classifiers
(e.g. support vector machines, neural networks, Fisher
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classifiers, etc.) are used for the classification task. In
contrast to the common approaches for logo recogni-
tion, in the area of structural pattern recognition objects
are described by their topology or shape, most com-
monly encoded as different types of graphs. The graphs
can afterward be matched exactly or error-tolerantly us-
ing existing methods, many of which have a strong the-
oretical basis (e.g. [13, 19]). Such approaches offer a
great deal of flexibility, as proved by their successful
application in domains as distinct as object recogni-
tion via skeletons or shapes [4, 17] and on-line graph-
ics recognition [20]. Their main drawback however,
is that structural approaches are inherently sensitive
to noise, therefore specialized solutions are necessary
for dealing with this problem. Noise robustness is of
particular importance when working with real-world,
error-prone document scans. Also, one must note that
graph and subgraph isomorphism in general is an NP-
complete problem, thus matching is only feasible for
small graphs (exact speed/graph size measurements can
be found in [13]). For special cases, such as closed con-
tours, algorithms exist which are at the same time fast
and guarantee the finding of optimal solutions [17]. In
most other cases, in order to circumvent the graph size
issue, different heuristics for approximating the optimal
matches have been proposed [8, 20].

The front page detection algorithm introduced in this
paper combines the advantages of both statistical and
structural pattern recognition methods. As presented in
detail in section 2, statistical models are used for de-
scribing and detecting the salient parts of a front page,
which are in turn connected into a structural model. In
this way, the amount of noise (i.e. false graph vertices
or edges) which must be dealt with during the creation
and matching of the structural model is greatly reduced.
This allows us to use a simple and efficient matching
algorithm, while still achieving a high degree of robust-
ness. A large newspaper image data set was used to val-
idate and find the optimal parameters for the proposed
method, as shown in section 3.



2. Methodology

The proposed algorithm works by computing and
assigning a reference weighted graph to a front page
model. As vertices in the constructed graph we use
the salient connected components from the front-page
specific elements, such as the title and the logo of the
periodical. The exact methodology for the choice of
salient components is described in section 2.2. Each
of the salient components is subsequently described by
a Gaussian distribution, provided several training sam-
ples. For all candidate pages, a weighted graph is com-
puted in a similar fashion from those connected compo-
nents which fit one of the trained Gaussian distribution
models. Finally, the graph associated to each candidate
page is matched against the front page graph. A cor-
respondence is found if the matching score for the best
correspondence exceeds the threshold value associated
to the front page model. The methodology for calculat-
ing the edge weights and the threshold for each model
graph is presented in section 2.4.

2.1. Pre-processing

We assume as input to the algorithm a deskewed and
binarized document image. Many methods for page
skew detection and document image binarization have
been described in the literature. According to recent
surveys and comparisons [1, 7], there exist several al-
gorithms capable of accurately determining the docu-
ment skew, as well as some which are able to adequately
binarize complex and/or degraded document images.
It is important to note that most existing techniques
for geometric and logical layout analysis of documents
make the same assumption about the input document
image [1]. This means that a regular document image
analysis system will not require any additional (compu-
tational or implementation) effort in order to satisfy the
precondition of our front page detection method.

2.2. Identification of Salient Components

From the binarized image, the connected compo-
nents (both black and white) must be labeled. This
can be accomplished efficiently using any standard al-
gorithm (e.g. [5]). In the case of noisy input images,
it is advantageous at this point to apply certain hole-
filling algorithms or morphological operators so as to
remove a significant part of the white/black noise. This
additional step is very helpful for subsequently obtain-
ing more consistent feature descriptors for the salient
components. Note that the rest of the current section is
only relevant for training the front-page specific salient
component models.

Next, we have to choose the salient components from
among the set of labeled connected components. Most
commonly the chosen salient components will be char-
acters, connected character groups or logos specific to
the front page model being considered. The choice of
the salient components must currently be performed at
least in part manually, as we are not aware of any fully
automated selection method satisfying (most of) the cri-
teria presented in the following. Some general guide-
lines for choosing the salient components are: salient
components are not likely to be merged with other con-
nected components even in the presence of noise, the
selected set of salient components should span over as
much of the title section area as possible and each com-
ponent should be large enough so that the danger of it
being mistaken for noise is minimized. For practical
purposes, it is relatively easy to implement (as was done
in our case) a semi-automatic salient component candi-
date selection method. This method can simplify the
manual task considerably by filtering out those compo-
nents which do not satisfy a set of simpler criteria, such
as a minimum area, a certain aspect ratio and a high
enough proximity to other candidate components.

As an alternative for automating the choosing of the
salient components, one may resort to one of the ex-
isting affine region detectors [14]. A good repeatabil-
ity and accuracy is provided for example by maximally
stable extremal regions [12], i.e. those parts of an im-
age where local binarization is stable over a wide range
of thresholds. The density of the detected stable regions
contained in or partially overlapping a certain connected
component can be used as a clue about the stability of
the respective component. Although any salient region
detector may be used, a very important factor to con-
sider at this point is its runtime performance, which
varies widely [14].

2.3. Feature Extraction and Matching

As features for describing a salient component, we
have chosen to use the coefficients of the discrete cosine
transform (DCT) applied to the component’s bitmap.
The DCT is known to be very suitable for decorrelat-
ing the pixels of images. It is used in the JPEG image
compression standard [16]. In our case, the feature de-
scriptor for the image of a component contains only the
coefficients in the upper left triangle (low-pass) of the
DCT transformed image. Early experiments showed
that using the first 36 coefficients generally give good
results, but decreasing or increasing the number of co-
efficients to 21, 28 or 45 produces very similar results.
It is worth noting that the number of 36 coefficients was
also determined to be the most appropriate from the vi-
sual experiments performed during the development of



the MPEG-7 standard [10]. The feature extraction is
similar to the one used in [6] for face recognition, where
it was also shown that the probability density function
of the descriptors can be accurately modeled by a Gaus-
sian distribution with a diagonal covariance matrix.

Note that it is entirely feasible to use a different set of
features instead, such as those commonly employed for
character recognition [18] or for generic content-based
image retrieval [2]. As observed in [18], there exist no
features which perform best in all situations and there-
fore the best feature type is in general highly dependent
on the application domain.

An important reason for selecting the DCT was its
scaling invariance property and the efficient algorithms
available for its computation. The scaling invariance is
important because many publishers frequently re-scale
the size of their front page titles and/or logos (e.g. in
order to accommodate for last minute news or adver-
tisements). The DCT equation employed is:

Here, W and H respectively represent the width and
the height of the connected component, and I(x, y) rep-
resents the image gray value at the position (z, y).

Other types of features, such as the Zernike mo-
ments, also offer rotation- and limited distortion invari-
ance. In our case, the rotation invariance is rendered
unnecessary by the skew correction already applied on
the document (as a prerequisite). The distortion invari-
ance is of very limited practical use for real-world doc-
ument images, since such pronounced distortions are
extremely rare in any professional scans, as commonly
employed in large-scale digitization projects.

A Gaussian distribution with a diagonal covariance
matrix is now trained for each salient component using
as input several of its feature descriptors (obtained from
different example front pages). From the performed ex-
periments, we have determined that between 5 and 10
samples per component are sufficient for obtaining an
accurate Gaussian distribution model. In order to pre-
vent overfitting, a relatively large floor value of 0.1 was
used for the variances.

Given the set of trained Gaussian distributions, one
can subsequently determine for any candidate compo-
nent the distribution with the highest output probability
for its feature vector. In case the output probability is
higher than a certain a-priori fixed threshold value, a
match is considered to have been found.

2.4. Graph Construction and Matching

For modeling the topology of the identified salient
components, we construct the point Delaunay triangu-

lation [9] using as input the centers of their bounding
boxes. As an alternative to the Delaunay triangulation
we have also considered and tested the Euclidean min-
imum spanning tree (EMST) applied to the same set of
points. Although the EMST has the advantage that the
number of edges is about 3 times lower than for a trian-
gulation (thus the graph matching problem is substan-
tially simplified), the appearance of the resulting tree
is more heavily influenced by small position changes
of the tree vertices. This phenomenon can be observed
easiest when (some of) the sites are almost uniformly
distributed - in such case, even small perturbations of
the node positions can produce very different spanning
trees, whereas the Delaunay triangulation remains al-
most unchanged.

Even with the increased structural stability provided
by the Delaunay triangulation, the obtained graphs are
still sensitive to the loss of internal vertices. For en-
abling a robust graph matching, we additionally assign
a positive real weight to each edge. Assuming that the
probability of a node to be missing from the candidate
graph is the same for all vertices, one can readily see
that the probability of certain edges to be absent from
the resulting triangulation is higher than for others. Our
goal is that the edge weights are selected in such a way
that for each node, the sum of the weights of the adja-
cent edges will always be equal to a certain constant. At
the same time we want to minimize the absolute differ-
ences between the weights of each pair of edges, so that
no edges will have a (near) zero weight. Unfortunately,
this problem is NP-hard, because of its equivalence to
the problem of finding a solution with a maximum num-
ber of zeros in an underdetermined linear system, which
was shown to be NP-hard in [15]. Because of this, one
must settle for a heuristic function approximating the
ideal edge weights. A possible edge weight computa-
tion function which performed well in our tests is:

1
1+ (deg(v1) — deg,,;p,) + (deg(v2) — deg,y,;,)

Weight(e) =

Here, ¢ = (v1,v2) is an edge in the graph between
vertices v; and vs, deg,,;,, is the minimum vertex de-
gree in the graph and deg(v;) is the degree of vertex
(U

By taking into account the computed edge weights,
graph matching can now be readily performed on an
edge-by-edge basis. The matching algorithm traverses
the edges of the model graph in decreasing weight or-
der and searches for the best correspondence within the
candidate graph. If a possible correspondence is found,
the total distance between the two graphs is incremented
by the model edge weight multiplied with the modulus
of the sinus of the angle between the two edge vectors.
The total distance must not exceed a certain threshold
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Figure 1. Three front page graph models, each with a correctly recognized candidate, illustrat-
ing: a) limited distortion resilience; b) scaling invariance; c¢) occlusion.

ratio of the total sum of the edge weights of the model
graph. The experiments described in the following sec-
tion helped in determining a generally suitable range for
the threshold ratio.

3. Experimental Results

The test were carried out on a collection of 17572
images from 1141 newspaper issues, scanned at 200
or 300 dpi. The document images have been provided
by two major German-language publishers. Five dif-
ferent front page models were trained and subsequently
the front page detection algorithm was run on the en-
tire document collection. We have tested two different
threshold ratios for graph matching, as it was not clear
what value would constitute a well-performing generic
threshold.

Table 1. Test results on a collection of
17 572 real-world newspaper images

Rec. rate | Recall | Pr.

Model 0 Pages | Issues [%] [%] [%]
LV 1930 |5 1516 | 264 | om0
o (9 | [ g7 Toe
LV 1986 ;gg‘j 3991 | 293 188 }88 igg
DK 1940 gggz 2055 | 74 919 (‘)%6 9;‘(')%9 }88
DK 1960 ggzz 1391 | 32 919(')?)5 7116%7 igg

In the previous table, we have included not only the

recognition rate, but also the precision and the recall,
because the disparity between the number of front pages
and regular pages make the recognition rate much less
meaningful.

From the obtained results, one can see that a 70%
graph matching threshold 6 is in general the better
choice. It is important to notice that the 50% threshold,
experimentally determined as being too high, generally
implies that significantly more than half of the model
graph’s edges are present in a candidate graph, due to
the additional penalties applied for all imperfect vector
matches. The overall results obtained are encouraging
and show that the described method can be applied with
good results in digitization projects on a mass scale.

4. Conclusion and Future Work

We proposed a novel approach for front page detec-
tion in periodical publications. The technique can eas-
ily be adapted to employ different features for modeling
the salient components and in principle allows the use
of any existing error-correcting subgraph isomorphism
algorithms. These characteristics facilitate the integra-
tion of our algorithm in any existing document analy-
sis systems. Experiments performed on an extensive
real-world newspaper image set show that our method is
both robust and fast enough for practical use. In our fu-
ture work we will address the issue of automatic salient
component identification, as well as try to experimen-
tally determine the best features to use in the context of
scanned periodical images spanning over extended time
intervals.
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