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Abstract. An approach to knowledge-assisted semantic offline content re-
authoring based on an automatic content conversion (ACC) ontology infras-
tructure is presented. Semantic concepts in the context are defined in ontology, 
text detection (e.g. connected component based), feature (e.g. texture 
homogeneity), feature parameter (e.g. texture model distribution), clustered 
feature (e.g. k-manes algorithm). We will show how the adaptation of the layout 
can facilitate browsing with mobile devices, especially small-screen mobile 
phones. In a second stage we address the topic of content personalization by 
providing a personalization scheme that is based on the ontology technology. Our 
experiment shows that the proposed ACC is more efficient than the existing 
methods in providing mobile comic contents. 

1   Introduction 

The recent progress in mobile devices has resulted to a rapid increase of the available 
amount of various contents. Various contents are used in a wide range of applications 
in areas (e.g. game, music, comic, e-book) on the mobile devices. Personal digital 
assistants (PDAs) with networking functionality are now packaged with various 
contents that are commercially available for cellular phones and two-way pagers. 
Several research projects [1-5] proposed systems that automatically convert web-
based documents that was designed for desktop viewing into formats appropriate for 
viewing in mobile devices. In [6], present a user study on how users interact with a 
mobile image browser with basic functions. Thus, a lot of on/off-line contents are 
being converted into mobile contents. The recent trend is that comic contents are 
largely demanded and became one of the most popular and profitable mobile contents. 

However, the existing mobile comic contents inflicted many problems owing to the 
small display area on mobile devices [1], and processors consume much time in 
generating images that is fitted for the screen since the comic contents on mobile 
devices are manually produced by computer software such as Adobe Photoshop. But a 
complicated relation at the regulation of many objects/ agent/ devices at the creation 
should support high-label mutual application. 

In [7], the web page is reformatted on the basis of page annotation. The re-
authoring technique proposed in [8], required web pages to have sections and section 
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headers, which however, are rarely used in web page authoring today. In [9-12], the 
authors discussed the problem of image annotations based on ontology facilitate 
keyword based image retrieval. In [13] propose a framework for retrieving art images 
in various aspects using an ontology-based method is introduced.  

In this paper, an approach to knowledge-assisted semantic offline content 1  re-
authoring based on an automatic content conversion (ACC) ontology infrastructure is 
presented. We describe the ACC system to efficiently provide mobile comic contents 
on the small screen. In order to create automatically mobile comic book fitting for 
mobile devices, splitting a comic and extracting texts must be considered. The general 
system architecture, Fig.1 demonstrates how a comic book can be re-authored for a 
smaller display. Especially, we also consider a semantic structure of a frame since it 
includes important contexts of comic. When the fitted image is provided on mobile 
devices, it can be scale-downed if it is bigger than the size of mobile screen. Semantic 
concepts in the context are defined in ontology, feature (e.g. texture homogeneity), 
feature parameter (e.g. texture model distribution), clustered feature (e.g. k-manes 
algorithm). Therefore, the ACC extracts the text using (e.g. connected component) 
analysis 2  before the image is minimized since users can not understand the 
excessively minimized text. Lastly, the ACC provides fitted frame images without 
texts on mobile devices, and locates the extracted text at the bottom of the screen. 
Semantic Web technologies are used for knowledge representation in the resource 
description framework schema (RDFS) language [14]. F-logic [15] rules are defined 
to describe how frame splitting, features, feature clustering, aiming at the ACC 
corresponding to the semantic concepts defined in the ontology. This supports flexible 
and managed execution of various devices application and comic book in images 
analysis tasks. Hereby, it can convert automatically off-line comic contents to mobile 
comic contents (Fig.1). 

 

Fig. 1. Overall system architecture 

The remainder of the paper is organized as follows. In section 2, a detail 
description of the proposed knowledge-assisted analysis system ACC ontology is 
given. Sections 3 and 4 describe the developed ontology framework and its 
application to the mobile comic content the form respectively. Experimental results 
are presented in Section 5. Finally, conclusions are drawn in Section 6. 

                                                           
1 Comic book of offline content. 
2 The text is located in the balloon, and the regions of the figure in the frame are connected to 

each other. 
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2   ACC Ontology 

In order to implement the knowledge-assisted approach described in the ACC 
ontology is constructed. The ACC ontology is used to support the analysis of each 
various comic images. Comic image segment depends on their frame splitting and text 
extraction which are used to select the most appropriate algorithms for the analysis 
process. Consequently, the development of the proposed analysis ontology deals with 
the following concepts (RDFS classes) and their analogy properties, as illustrated in 
Fig.2. 

 

Fig. 2. ACC ontology system architecture 

 Class Text, information divides square tool and balloon, speech distribution is 
ripped into speech, narration and sound. We locate the extracted text to the bottom 
of the screen. Through this process, we endow the consistency to each of comic 
image content and can support the readability of comic contents.  
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 Class Text extraction: used to model the extraction process, which consists of three 
stages (Region-based Approach, Text-based Approach and Other Approach). 
Based on the assumption that the text is located at the center of the Speech on 
white background, we extract the text using a connected components algorithm. 
First, in order to extract the text efficiently, we convert the cut image into the 
binary image using thresholding. Then we extract the text from the binary image 
using region-based approach. 

 Class Feature: the superclass of each pixel features associated with each object. It 
is superclassed to connectivity, homogeneity and size. The connectivity and 
homogeneity classes are further subclass to text connectivity, character 
connectivity, background connectivity and texture homogeneity classes 
respectively. Texture homogeneity extraction of the intensity and texture vectors 
corresponding to each pixel. These will be used along with the spatial features in 
the following stages.  

 Class Feature Parameter, which denotes the actual qualitative descriptions of each 
corresponding feature. It is subclassed according to the defined features, i.e., to 
Connectivity Feature Parameter, Homogeneity Feature Parameter and Size 
Feature Parameter. 

 Class Feature Distribution represent information about the type of judgment 
distribution cut section, uncut sector and the Pixel Parameter for its Size 
regulation.  

 Class Frame, image in x- and y-axis splitting after information about the device 
ratio of judgment distribution suitable ratio, unsuitable ratio. 

 Class Clustered feature: used to model the clustered features subclassed to 
Hierarchical clustering, Partition clustering and Spectral clustering. The 
superclass of the available processing algorithms to be used during the image 
feature clustering.  

3   Mobile Comic Image Processing 

We propose an ACC for providing efficiently and quickly mobile comic contents. In 
order to create automatically mobile comic contents fitting for mobile devices, 
splitting a comic and extracting texts must be considered. Comic splitting is a stage 
for eliminating non-important regions of comics, and is necessary to effectively 
display the comic on the small size of the mobile screen. Text extracting is necessary 
to prevent the text from excessively minimized comics when the comic contents are 
displayed on the small screen. We mainly deal with a method for comic splitting and 
briefly deal with a method for texts extracting because texts are easily extracted based 
on our assumptions that texts are located at the center of the balloon including a white 
background. In a stage for comic splitting, it is an important problem to determine 
whether any regions of the comic are semantic regions or not because the non-
semantic regions are not necessary to display it on the small screen. It contains 2 
layers with interconnected steps to perform an automatic image conversion suitable 
for small screen devices.  
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Page Layout Analysis. The ACC cuts tentatively the page into the frames using X-Y 
recursive cut algorithm3. Then, to customize the cartoon contents in mobile devices, 
ACC splits definitely the frame into the frame images fitted to the screen size of 
mobile devices. Especially, we also consider a semantic structure of a frame since it 
includes important contexts of cartoon. When the fitted image is provided on mobile 
devices, it can be scale-downed if it is bigger than the size of mobile screen. [16]. 
This mask can be used for model-based selection of semantic frame for which the 
homogeneity attribute is described in the ontology by the Texture Homogeneity class 
and additionally the connectivity attribute is described by the Full-Connectivity class. 

 

Fig. 3. Splitting the frames from the comic image 

Semantic region clustering. A self-organizing feature map (SOFM) is used for a 
semantic clustering tool to produce the image contents fitting for the small screen. It 
is a clustering method useful for variety types of comic images as a prerequisite stage 
for preserving semantic meanings. In a stage for comic splitting, it is an important 
problem to determine whether any regions of the comic are semantic regions or not 
because the non-semantic regions are not necessary to display it on the small screen.  

Supervised neural networks such as MLP to preserve the semantic meanings need a 
previous knowledge about the desired output [2]. However, it is difficult to adopt 
supervised networks to cluster any regions of image because great numbers of 
textures appear in various comics drawn by a variety of maker or writer. Although the 
existing methods for clustering without a supervisor have two main ways which are a 
hierarchical approach such as a tree dendrogram and a portative approach as k-mean 
algorithm, they have a significant drawback which needs much computational time 
when using the hierarchical approach and make implicit assumptions on the form of 
clusters when using the portative approach [102]. We use a SOFM [67] to cluster 
similar texture information4 which is used to represent the comic images, and use 
agglomerative clustering method to automatically segment the clustered SOFM. This 

                                                           
3 Comics consist of the frames. 
4 Texture information which is useful for gray-scale image segmentation give us a good clue for 

semantic analysis. 
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approach performs the clustering without any external supervision due to the 
unsupervised network, and reduces computational time because the segmentation is 
performed on 2D space of the SOFM.  

Texture information is used as features for representing semantic objects, and is 
extracted within each overlapping blocks, and are used as an input for the SOFM to 
cluster the similar texture information. Agglomerative clustering is then used to 
automatically segment the learnt 2D SOFM space based on inter-cluster distance [27]. 
Fig. 4 shows a block diagram of our approach for clustering. Computing distances and 
merging two clusters are continually achieved until minimum distance has smaller 
value than given threshold (Fig.5). 

 

Fig. 4. Block diagram for clustering using SOFM 

    

(a)                             (b)                              (c)                            (d) 

Fig. 5. Clustered image on 2D SOFM space: (a) input image, (b) clustered SOFM image, (c) 
segmented image (d) result image 

4   ACC Knowledge Infrastructure  

Following the proposed methodology, the ACC ontology described in section 2 and 
image analysis described in section 3 can be applied to the form specific ontology. 
For this purpose, a form specific ontology is needed to provide the comic book image 
form and mobile devices knowledge of the suitable forms. Figure 6 shows a snapshot 
of the protégé-2000 ontology editor with the species hierarchy [17]. The mapping of 
the generic content rules to form specific ones is quite straightforward and derives 
directly from the ACC methodology detailed in section 2. As follow from section 2, 
frame cut is the first step for mobile content automatic conversion of any of the 
frames. Consequently, a rule of the first category without any condition is used to add 
X-Y recursive cut in the frame parameter.  

IF X-Y ratio == Device ratio 
THEN suitable ratio = X-Y ratio 
ELSE unsuitableness ratio = X-Y ratio 
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Fig. 6. Overall classes of the tool’s RDFS browser: The provide various mobile comic content 
out of off-line book 

This contains a comic image of the RDFS browser part of the tool we developed. In 
Fig.7, see the description of the RDFS class passive agent, a subclass of subject 
matter description. 

5   Experimental Results 

We perform to convert the 30-comic pages into mobile comic contents using each 
method. Table 1 is the executing times for converting the 30 comic book pages using 
each method. Especially, it takes over 10 minutes to convert the comic book using the 
existing methods because a comic book usually has over 100 pages. On the other 
hand, it takes about 1.5 minutes to convert the comic book using the ACC ontology. 

Table 1. Result for executing times of converting the 30 comic books pages using each method 

 The Existing Methods ACC  

Executing Times 10 (min) 1.5 (sec) 

 
To make the frame images fitted to the screen size of mobile devices, the ACC cuts 

tentatively the page into the frames. We expect that if a comic book page consists of 5 
frames, the 30 comic pages will divide into over the 150 pieces. However, we knew 
that the 30 comic book pages were divided into 120 pieces using the ACC ontology 
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through the experiment. The rest of 30 pages were not divided as shown in Fig. 8. If 
the frame overlaps other frames (Fig. 7(a)) or an image exists on the outline of frame 
(Fig. 7(b)), they were not divided. 

 

(a)                                                   (b) 

Fig. 7. Comic pages, which can not be split into the frames: (a) the frame, which exists in the 
other frame, (b) the frame of which outline is split by the image 

Fig. 8 shows our application. A comic book is scanned by scanner, it is turned into 
bitmap images, and scanned image are stored into a folder having a name of the 
comic book. If a producer loads the folder, a scanned image is displayed, and next 
images of the folder are displayed when completing one loop for one scanned image. 
Dividing frames are sequentially displayed, and an image expressing non-overlapping 
5×5 size blocks on a clustered image of frames using K-means algorithm is displayed. 
Finally, we approximately eliminate the non-semantic regions using analyzing the 
clustered result images in x- and y-axis, the semantic region images are displayed, and 
both the result images and the text images are saved into storages of algorithm 
repository. Fig. 9 shows result images which extract the semantic region. 

 

   
 

 
 

  

   

(a) (b) (c) 

Fig. 8.  Semantic region results: (a) input frames, (b) images to analyze the semantic region 
with blocks, (c) semantic region results 
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Fig. 9. Our ACC ontology application 

6   Conclusions 

In this paper, an approach to knowledge-assisted semantic comic books re-authoring 
based on a mobile comic contents ontology infrastructure is presented. The main 
difficulties in manual conversion from off-line comic images into mobile comic 
contents are time consuming and expensive. To solve the problems, we proposed the 
system which converts automatically the existing comic contents into mobile comic 
contents. 

As future works, we will cover the enhancement for more image feature extraction 
and object detection techniques of semantic as shown. Evaluation of retrieval 
performance of our scheme needs further investigation. In addition to this, we will 
research about effective and cheap provision of mobile comic contents through 
continuous development of the automatic conversion system. 
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