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Graph-based representations are the most powerful data structures for extracting, representing and pre-
serving the structural information of underlying data. Subgraph spotting is an interesting research prob-
lem, especially for studying and investigating the structural information based content-based image re-
trieval (CBIR) and query by example (QBE) in image databases. In this paper we address the problem
of lack of freely available ground-truthed datasets for subgraph spotting and present a new dataset for
subgraph spotting in graph representations of comic book images (SSGCI) with its ground-truth and eval-
uation protocol. Experimental results of two state-of-the-art methods of subgraph spotting are presented
on the new SSGCI dataset.

© 2018 Elsevier B.V. All rights reserved.

1. Introduction

Graphs are widely used for representing the structure, topol-
ogy and attributes of underlying information in various application
domains of pattern recognition. Information retrieval based on the
structural and topological similarity between query and retrieval
candidates can be best modeled by an attributed graph retrieval
problem [1], which thus is a very important research problem es-
pecially for the application domains of structural pattern recogni-
tion, computer vision, image analysis, data mining and machine
learning [2,3]. This research problem becomes more challenging
if the graphs contain attributes on their nodes and arcs. The re-
search problem of searching a query graph in a database of graphs
is termed as subgraph spotting [4].

The lack of freely available ground-truthed datasets makes it
difficult to test and compare the methods of subgraph spotting.
In this paper we present our recent work on the research prob-
lem of subgraph spotting. This work was initiated for organizing
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a competition for the 23rd International Conference on Pattern
Recognition (ICPR 2016)°. The competition is a joint effort from
the members of the IAPR Technical Committees* on “GRAPHICS
RECOGNITION (TC10)” and on “GRAPH BASED REPRESENTATIONS
(TC15)". The competition has been named SSGCI (subgraph spot-
ting in graph-representation of comic book images) and is focused
on the research problem of subgraph spotting in a database of at-
tributed graphs. The idea of content-based comic book images re-
trieval via subgraph spotting stems from the fact that a graph is
capable of representing and preserving the structural information
extracted from comic books images. The goal of the SSGCI com-
petition is to spot a query attributed graph in a database of at-
tributed graphs i.e. for a given query attributed graph the goal is
to retrieve every graph in the database which contains this query
graph and to provide node correspondences between the query
and each of the result graphs. This main challenge of the SSGCI
competition represents an open research problem in graph-based
structural pattern recognition. The problems of matching, indexing
and retrieval of graph-based representations of underlying data are

3 http://www.icpr2016.org/site/at-glance/.
4 http://www.iapr.org/committees/committees.php?id=6.
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actively researched into by the community employing exact as well
as in-exact methods.

There are two important new contributions of this paper. First,
this paper presents our recent work on the problem of subgraph
spotting in graph-representation of comic book images (SSGCI).
The paper presents a new dataset, which is freely available® for
academic research so that the researchers can benchmark their
methods with respect to the other state of the art methods. Sec-
ond, this paper presents new unpublished results of two state-of-
the-art methods on this new SSGCI dataset.

This paper is organized as follows. In Section 2 we present re-
lated work. In Section 3 we describe two state-of-the-art methods
of subgraph spotting. In Section 4 we present details about the
new SSGCI dataset, its groundtruth and the associated evaluation
protocol. In Section 5 we present the experimental results and dis-
cussion. The paper concludes in Section 6 with some future lines
of work.

2. Related work

The use of relational models that allow to represent visual ob-
jects in terms of relations among different components has gained
huge interest among the research community [2,3]. At the heart of
these structural techniques, graphs have been used over decades as
robust and theoretically grounded representation paradigm. With
graph-based methods, underlying patterns are first modeled with
graphs, where nodes correspond to local primitives, and edges de-
scribe their spatial and geometric relationships. Then a form of
graph matching technique, such as, graph isomorphism, graph em-
bedding etc, is applied for subsequent recognition, classification
tasks. This general framework has been successfully applied to
many computer vision and pattern recognition problems [5-7].
However, graph matching is a very well known but challenging
task, which is classified as a GI-complete problem [8]. A particu-
lar class of algorithms resulting from the consideration of outliers
is called subgraph matching. Roughly, it can be defined as matching
one graph (pattern graph) as part of the other (target graph or re-
sult graph). Among the earlier works, a group of methods worked
with tree search with backtracking [9], which gave birth of the pop-
ular graph edit distance. In these papers, the authors introduced the
graph edit costs i.e. the costs for substituting, deleting, inserting
and merging nodes and edges to define a distance between two
graphs [10]. In general, the problem of computing graph edit dis-
tance being NP-complete, many have come out with approximate
solutions [11]. However, most of the modern methods address the
inexact matching problem and focus on the relaxation of permuta-
tion constraints. Based on the approximation strategy and the ap-
plied methodology, these methods can be broadly classified into
three categories: (1) spectral decomposition [12], (2) semidefinite
programming (SDP) relaxation [13] and (3) convex relaxation [14].

Content-based image retrieval (CBIR), which makes the use of
the representation of visual content to identify relevant images,
has attracted sustained attention in the last two decades [15,16].
In early CBIR algorithms and systems, global features are com-
monly used to describe image content by color, shape, texture, and
local structure. As representation of structured visual content, vi-
sual features are correlated by spatial context in terms of orienta-
tion, scale, and key point distance in the image plane. By including
the contextual information, the discriminating capability of visual
codebook can be greatly enhanced [17]. Graph-based information
spotting has also received huge attention by the research commu-
nity. These methods, on one hand, take advantage of graph repre-
sentation for delineating the structural information of underlying

5 http://icpr2016-ssgci.univ-Ir.fr.

object, and on the other hand, use the power of indexing tech-
niques for fast processing the information. In [18], Rusifiol et al.
proposed a symbol spotting method based on the decomposition
of line drawings into primitives of closed regions. An efficient in-
dexing methodology was used to organize the attributed strings of
primitives. Lately, Lugman et al. [4] also proposed a method based
on fuzzy graph embedding for symbol spotting. In [19], Dutta et al.
proposed a method based on indexing the serialized subgraphs for
symbol spotting on line drawing documents. Riba et al. proposed
a word spotting method by indexing the graphs of handwritten
words, where the convex parts of the words act as the nodes of
the graph [20]. Le et al. [21] proposed a content-based comic book
image retrieval system by using a multi-layer graph representation
and frequent graph mining techniques.

To the best of our knowledge there is no freely available dataset
which is readily available for the problem of subgraph spotting.
Most of the works in literature (including the ones that have been
cited above) have used their home-built datasets for reporting the
results. Some of the datasets that have been used by different
graph-based methods for some closely relevant tasks include the
following datasets. The CMU house and hotel image sequences
are among the most popular datasets to test the performance of
graph matching algorithms. It consists of 111 frames of a toy house
and 101 frames of a toy hotel, each of which had been manu-
ally labelled with 30 landmark points. The car and motorbike im-
age dataset [22] consists of 30 pairs of car images and 20 pairs
of motorbike images that were taken from the dataset of PASCAL
challenges. Each pair of images consists of 15 to 52 true corre-
spondences. The IAM graph dataset [23] and the GREYC Chem-
istry dataset are two graph repositories containing many sets of
graphs with class information. These graphs are useful for testing
the performance of graph classification algorithm. Graphical sym-
bols are often converted to graphs, and have been frequently used
for symbol spotting and classification task [19]. The SESYD [24] and
FPLAN-POLY [18] datasets have become very popular for that pur-
pose. Similar to the graphical symbols, handwritten words con-
verted to graphs have also become important, HistoGraph dataset
can be considered as one of the many efforts. Among the others,
IAM handwriting database and Washington database have been
used by many researchers.

Even after having quite a few datasets that are somehow useful
for testing graph-based methods, there is no dataset that is freely
available for the subgraph spotting task. This fact motivates us to
create the new SSGCI dataset and to make is freely available for
facilitating the research community to investigate new subgraph
spotting techniques and the use of structural information for CBIR
and QBE.

3. Two state-of-the-art methods of subgraph spotting

This section presents detailed description of two state-of-the-
art methods of subgraph spotting which participated in the SSGCI
competition of the 23rd International Conference on Pattern Recog-
nition (ICPR 2016).

3.1. Method 1: Tensor Product Graph for Inexact Subgraph Matching

The main motivation of this method is the use of contextual in-
formation of nodes (i.e. neighbouring structures) to make subgraph
matching more robust and efficient in large scale visual recognition
scenarios. A second key component is the formulation of subgraph
matching with approximate algorithms. Therefore, in this work,
the authors proposed an inexact subgraph matching methodology
based on tensor product graph (TPG). Given two attributed graphs,
it is quite straight forward to get the pairwise similarities and as-
sign them as weights on the edges of TPG. Next, one can think of
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