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Introduction1. 
In recent years, electronic books have been booming in 

popularity. The main focus of the public’s attention is reading 
general text-oriented books on tablet-type devices. However, 
of the total sales of electronic books within Japan, about 90% 
is made via feature phones (i.e., conventional mobile phones) 
and smartphones, and about 80% is of comic e-books1). Thus, 
there exists a large gap between people’s interest and reality.

Based on these results, we decided to concentrate on the 
domain of comic e-books because it has currently a large 
market scale and we can apply our technological assets 
in image processing to it. Comic e-books are displayed 
on the screens of feature phones or smartphones that are 
smaller than paper comic books; therefore, in most cases, 
they are designed to be viewed frame by frame. However, 
the conventional method for frame data generation that 
enables such viewing requires much manpower and it has 
been a bottleneck for the distribution of e-comic contents. To 
solve this issue, we developed the image analysis technology 
“GT-Scan” that enables automatic e-comic frame detection.

In this paper, we explain the background and process 
of the development as well as the details and benefits, and 
future issues of GT-scan technology.

Background of the Development of 2. 
GT-Scan

The breakdown of the sales of electronic books as of 2010 
within Japan reveals that the major platforms used are feature 
phones and smartphones and the contents are mainly comics. 
Because the screens of those devices are smaller in size than 
the original paper media, the contents are generally displayed 
frame by frame for the sake of their visibility.

To achieve this, frame forms and coordinates need to 
be identified as data. Conventionally, most of that labor-
intensive, time-consuming task was done only manually, 
which greatly hindered the further spread of comic e-books.

If the automatic detection of frame forms and coordinates 
becomes possible, that issue can be solved. We have extensive 
experience in photographic image processing and it can 
be applied to the required technologies for the automatic 
detection such as image analysis and binary image processing 
often used for comics. We believe that we can establish our 
technological superiority in this domain.

Thus, we started the development of GT-Scan, the 
technology for the automatic detection of frames in scanned 
comic image data.

Development Process of GT-Scan3. 
Before we started to develop GT-Scan, there were already 

some examples of the use of automatic frame detection in 
scanned comic image layout2), 3). However, its accuracy could 
not compete with that of manual processing and technology 
enabling a considerable reduction of manpower for frame 
data allocation was yet to be created. Thus, we aimed to 
develop a completely new technology and discussed our own 
unique development policies and processes.

First, we analyzed a considerable number of comic pages 
and classified the patterns of frame division and layout.

Then, we made a list of image processing components 
assumed to be required for automatic frame detection.

Finally, we created trial versions of the listed components. 
Via a trial-and-error process, we selected the optimal 
configuration, combinations and parameters for them and 
increased their integrity.

Development of “GT-Scan”, the Technology for Automatic Detection of 
Frames in Scanned Comic

Shunichiro NONAKA*,  Tetsuya SAWANO*,  and  Norihisa HANEDA*

Abstract
We have developed a new image processing technology, “GT-Scan”, to detect frames in comic pages 

automatically. GT-Scan enables to detect frames in about 95% of boy’s comic pages and about 78% of girl’s 
comic pages, contributing to reduce the costs and efforts for the digital comic authoring. In this paper, we 
introduce the structure of the technology and procedure of development.



47FUJIFILM RESEARCH & DEVELOPMENT (No.57-2012)

Configuration of GT-Scan4. 

Overall Configuration4.1 
Fig. 1 illustrates the processing sequence of GT-Scan. 

GT-Scan consists of several image processing modules and 
outputs comic layout data, such as frame positions, forms 
and sequence order, via the analysis of input images as an 
integrated function.
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Fig. 1   Flowchart of GT-Scan.

GT-Scan is provided in the form of a software library on 
PCs, mainly used in combination with e-comic authoring 
software that creates e-comic contents by attaching frame 
information to e-comic data and specifying view effects. In 
this way, GT-Scan reduces labor and costs for authoring. Figs. 2 
and 3 illustrate the processing sequence of the modules. The 
details are explained step by step in the following paragraphs.
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Fig. 2   Results of GT-Scan steps (1).

(i) Frame fixing(h) Frame area extraction(g) Frame outline
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Fig. 3   Results of GT-Scan steps (2).

Binarization4.2 
First, to extract frame information automatically from 

scanned comic images, colors recognized as grayscale in 
image data are converted into black or white. This process, 
which is called binarization, simplifies the detection of the 
outlines of frames described in the following paragraphs 4.4 
to 4.7. If the original image is multi-colored, binarization is 
preceded by grayscale conversion.

Foreground/Background Recognition4.3 
Then, in the foreground/background recognition process, 

the image binarized as described in paragraph 4.2 is 
separated into foreground (inside-frame) and background 
(outside-frame) areas. In Fig. 2 (c), portions recognized as 
foreground are painted out in black. This process makes 
frames stand out from the rest.

Rectangle Detection4.4 
The foreground area that is separated from the background 

area in the process of paragraph 4.3 sometimes has simple 
rectangular portions. Looking at the standard comic page 
layout, more than 90% of frames are rectangular and 
rectangular portions are highly likely to be frames. Therefore, 
in this process, simple rectangular areas are extracted to be 
treated as frame areas in the following processes.

Line Detection4.5 
In paragraph 4.4, simple rectangles extracted are regarded 

as frame areas, because many frames come in that form. In 
reality, however, the outlines of frames are often disrupted 
by objects such as human figures and speech balloons. That 
is, the common frame forms are not purely rectangular but 
actually rectangles with overlapping objects such as balloons, 
which are omitted from detection described in paragraph 4.4. 
Therefore, in this process, to extract other possible frame 
areas, line detection is executed on the areas that are excluded 
in the previous process.
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Line Removal4.6 
The process described in paragraph 4.5 is simply for the 

detection of lines in image data. Many lines other than frame 
outlines detected at the same time prevent correct outline 
extraction. Therefore, in this process, those unnecessary 
lines are removed based on the analysis of line positions, 
lengths and angles.

Frame Outline Combining4.7 
After the process described in paragraph 4.6, forms that 

are close to the actual frames are derived. However, their 
outlines can sometimes be divided by obstacles or be partly 
missing. Then, in this process, possible frame outlines are 
combined to extract more precise frame area data.

Frame Area Extraction4.8 
The outlines of possible frame areas are derived via 

process described in paragraphs 4.4 to 4.7. In this process, 
they are classified based on data obtained via each process up 
to paragraph 4.7.

Frame Fixing4.9 
In this process, with data obtained via each process 

described in paragraphs 4.2 to 4.8, frame areas are finally 
fixed. Fig. 3 shows that GT-Scan has achieved high accuracy 
frame detection in accordance with its processing sequence.

Benefits and Issues of GT-Scan5. 
In paragraph 4, we clarified the configuration of GT-Scan. 

To verify its capability, we conducted a demonstration test 
of GT-Scan in combination with an authoring tool created 
for the test and confirmed the reduction of labor and time 
required for frame data generation. The following is the 
summary of the investigation conducted in the test:

Subjects      :  Five boys’ comic books and five girls’ comic 
books

Comparison:  The authoring tool alone vs. GT-Scan in 
combination with the authoring tool

As a result, with only the authoring tool, frame data 
generation took 50 to 60 seconds per page on average for 
both boys’ and girls’ comic books but, in combination with 
GT-Scan the time was reduced to 15 to 20 seconds per page. 
That is, GT-Scan reduced the time require for that task by 
about 70%.

The accuracy of automatic frame detection achieved 
was 95% in boys’ comic books and 78% in girls’. For your 
information, we considered a case to be accurate where all 
the frame positions of a page were detected correctly, which 
means, of all the frame data obtained via automatic detection 
for the subject boys’ comic pages, 95% could be used without 
any correction.

Although the details are not explained in this paper, 
GT-Scan also has a function that automatically derives 

the sequence order of frames for viewing. Of pages whose 
automatic frame detection was successfully done, 99% gained 
the right order with this function.

On the other hand, the following issue was discovered 
during the demonstration test. In authoring, frame data 
generation is not the only labor-intensive, time-consuming 
task. On the small screens of smartphones, images are often 
zoomed up for the sake of visibility and, in particular, those 
enlarged frames sometimes need to be divided into smaller 
portions to be displayed. In such cases, depending on the 
screen size, it consumes much more time than expected to 
identify the optimal frame division and to specify the display 
order of the divided portions.

The development of technologies that automate these 
tasks, too, is one of the issues we will deal with in the future.

Applications of GT-Scan6. 
GT-Scan is a technology that enables the automatic frame 

detection of comic data. As of November, 2011, we use that 
technology in combination with authoring tools in the process 
of attaching frame information to comic data entrusted by 
publishers (i.e., authoring). By incorporating GT-Scan into 
authoring tools, the output of contents files in the EPUB 
format becomes possible.

Contents files thus output can be viewed stress-free by 
zooming in on frames with our e-comic viewing product 
GT-Comic Viewer. The viewer is ensured to function 
correctly on Android OS as of November 2011 and has been 
employed in several commercial e-comic contents (http://
fujifilm.jp/business/imaging/keitai_service/gt-scan/index.
html).

In the meantime, we have received many requests to 
apply GT-Scan technology to the viewing of the fixed 
layout contents of magazines, catalogs and technical books 
including medical treatises on the screens of small devices 
such as smartphones. We will be discussing the spread of its 
use to genres other than comic books in the future.

Conclusion7. 
To make it easy to view e-comic contents on the small 

screens of feature phones and smartphones, authoring that 
attaches frame information to comic data is necessary. 
Conventionally, most of the authoring process has been done 
manually and that is the cause of its high costs. To solve this 
issue, we developed the automatic frame detection technology 
GT-Scan, which led to success in reducing authoring costs 
considerably. We then developed GT-Comic Viewer that 
enables the easy viewing of e-comic data to which frame 
information is attached, frame by frame on smartphones, and 
launched it to the market. In this way, we have established the 
environment where easy-to-read comic e-books are available 
at low costs.
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Among issues for the future is the development of image 
analysis technology that makes it possible to display a 
large frame by splitting it into several smaller sections, but 
avoiding, as far as possible, any disruption of the key elements 
of the image such as human figures and speech balloons. To 
achieve this, we are going to undertake feasibility studies 
and the development of automatic detection and display area 
control technologies for those key elements.
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