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gates visual features for comic classification using deep neural networks. An effective
input format for comic classification is first defined, and a convolutional neural network
is used to classify comic images into eight different artist categories. Using a publicly
available dataset, the trained model obtains a mean F1 score of 84% for the classifica-
tion. A feature visualization technique is also applied to the trained classifier, to verify
the internal visual characteristics that succeed in classification. The experimental result
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object classification. This work represents one of the first attempts to examine the
visual characteristics of comics using feature visualization, in terms of comic author
classification with deep neural networks.
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Introduction

Recent progress in computer vision has facilitated the scientific understanding of artistic
visual features in artworks. Artistic style classification and style transfer are two notable
examples of this type of analysis. The former aims to classify artworks into one of the
predefined classes. The class type can represent the artist, genre, or painting style that
effectively represents the aesthetic features of the artwork [1]. The latter aims to migrate
a style from one image to another [2, 3]. This models a reference image’s statistical fea-
tures, which are then used to transform other images. This high-level understanding of
visual features enables the effective retrieval, processing, and management of artworks.
Both examples have been based on machine learning techniques in recent studies, and
deep neural networks in particular. However, there is a noticeable limit in current appli-
cations, in that most existing approaches deal with fine arts. Popular art forms, such as
comics, have been somewhat overlooked in this trend. Considering the present influence
of popular art forms, investigating the distinguishing aspects of different types of popu-
lar artworks would be useful.
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Comics is a medium expressed through juxtaposed pictorial and other images in a
sequence, with the objective of delivering information or invoking an aesthetic response
by viewer [4]. This is globally a very popular medium, and is currently increasing in
influence thanks to the development of online comics, namely webcomics or webtoons.
Despite the popularity of this medium, not many works have investigated the artistic
aspects of comics in computer vision. Several aspects have been studied, such as col-
oring comics automatically [5] or applying style transfer to comics [6]. Anime charac-
ter creation [7] and avatar creation [8] are examples of other related domains. However,
these have limits in that no distinct characteristics have been examined compared to fine
art.

This study attempts to tackle the problem via comic-book page classification in terms
of the artistic styles expressed in the pages. A convolutional neural network (CNN),
which is a standard technique in image classification, is employed as the classifier. The
visual features that facilitate the classification in a trained CNN model are investigated
in detail. Feature visualization is a useful tool to interpret an image classifier in ways
that humans can understand. At each neuron of a trained network, a feature visualiza-
tion technique is performed to reveal the neuron’s visual properties. Two different input
formats, comic book page and comic panel, are tested in our approach. Each image is
labeled as the artist who drew the comic book.

Deep neural networks, especially convolutional neural networks have achieved a con-
siderable success in image analysis [9, 10] and other related applications [11, 12]. ResNet
[13], which have obtained the best result in the ImageNet large scale visual recognition
challenge (ILSVRC) in 2015, even exceeds human recognition. While the ImageNet
challenge aims to classify images into 1000 different object categories, the proposed
model classifies the artwork images into fewer than 10 author categories. Therefore, a
simple CNN architecture is enough for this work. Once the CNN classifier have been
trained, the feature visualization technique presented in [14] is applied. In the approach,
the pixels of a random noise image are updated by optimization to produce an image
that can represent each neuron.

The remainder of this paper is organized as follows. In "Related works" section intro-
duces the recent studies on image classification using deep neural networks and artwork
analysis. "Methods" section deals with the proposed deep neural network structure for
comic classification as well as the feature visualization using image optimization for
the trained classifier. "Results and discussion” section presents the experimental results
of the classification and feature visualization. Finally, the conclusions are presented

in "Conclusions" section.

Related works

Image classification is a representative domain of deep neural network applications.
Since AlexNet [15] won the ILSVRC with a top-5 error rate of 15.4% in 2012, CNNs have
become the standard frameworks for image classification. While AlexNet had only eight
layers, other variations have added layers or introduced new concepts to enhance the
performance. VGG-16 [16] enhanced the classification performance by increasing the
layers to 16 and slightly modifying the structure. GoogLeNet [14] introduced inception
modules and reduced the classification error to 6.7%. One of the most recent networks,
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ResNet with “skip connections’, produced a top-5 error rate of 3.6%. The latter has 152
layers, but the new structure rather reduced the computational complexity compared to
the previous models. These networks have also been successfully applied to other differ-
ent kinds of recognition tasks, such as object detection and face detection.

Deep neural networks can be applied to artwork classification. Most previous studies
have aimed to find effective features to represent well the paintings [17, 18]. Following
the considerable success of deep learning for image classification, these techniques have
been applied to the classification of art images. Firstly, CNN features have been added to
the visual features describing art images and enhanced the classification accuracy [19].
Instead of CNN, a different classification method such as support vector machine had
been used in the work.

Secondly, CNN classifiers have been directly applied to the art images. Various class
types, such as art genre, style, and artist, have been considered. The authors of [1, 20]
attempted to classify fine-art images into 27 different art style categories. They employed
the WikiArt dataset with 1000 different artists, and obtained better results than previous
studies using traditional classifiers. There have also been some studies dealing with other
types of visual art, such as photographs [21] or illustrations [22]. These have employed
CNN classifiers to identify the authorship of input images.

Meanwhile, there are very few previous studies applying deep learning techniques to
the popular art forms, such as comics, until a couple of years ago. One main reason is
the rack of data. Unlike fine arts, most comic books are protected by copyright. There-
fore, it is difficult to construct and distribute a large-scale comic dataset. Lately, since the
new comics dataset, Manga 109 was distributed in 2017, many studies in image analytics
have begun to refer to this dataset. Image super-resolution is one major research area
employing the dataset [23-25].

Another major area involves different analytics for comics itself. The authors of [26]
introduced a new large-scale dataset of contemporary artwork including comic images.
While general object recognition is applied in their work, the authors of [27] focused on
the comic object detection. Four different object types have been detected in [27]. There
are also studies on specialized network for comic face detection [28, 29] or comic char-
acter detection [30].

A previous study [31] revealed well a fundamental difference in comic classification
from fine art classification. The work did not involve deep learning but the design of
computational features from comic line segments. The authors understood well that the
characteristic drawing styles of comics come from lines. This property of comics would
make a difference during the training of a classifier.

With the rapid development of deep learning in visual analysis, researchers have
started to interpret the trained results in ways that humans can understand. One of the
attempts toward this is feature visualization, which represents each neuron of a layer in
a trained neural network using the weights. Using this method, the most activated image
per neuron that captures the trained characteristics of that neuron can be visualized.
Feature visualization has been investigated from the primary stage of image analysis
based on neural networks, and recently various additional techniques have been pro-
posed. One main direction of current research is to find the images activating each neu-
ron the most [32, 33]. Another is to produce an activation vector, which minimizes the
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difference between a real image and its represented image from a neuron [34, 35]. This
study employs the image optimization technique proposed in [14] to visualize the neu-

rons in a trained comic classifier.

Methods

This study consists of two main parts. First, the CNN models are trained to classify
comic images into different categories, which correspond to different authors. Two
input image formats are individually tested, to determine the better input image form for
comic classification. The classification performance is evaluated using a publicly avail-
able comic dataset. Second, the trained models are visualized using a feature visualiza-
tion technique. The two models with the different input formats are tested to examine
the visual characteristics of comics in detail.

Input data

It is first necessary to define the format of the input images to classify comic images in
terms of the artistic styles. The simplest format would be the entire comic-book page.
The entire page of a greyscale comic book is first employed as the input image. Each
page of the comic book is scanned and filtered, to select standard pages only. A standard
page is one including panels and balloons. Some unusual pages, such as those including
images only, are filtered out. The second input format is the comic panel. In general, a
comic page includes several panels, each of which contains a segment of action. As the
drawing in a page is segmented by panels, it would be reasonable to attempt to use pan-
els as input images. The characteristics of these two formats are compared via both clas-
sification and feature visualization.

The original data used for the experiments is the Mange 109 dataset [36], which con-
sists of 109 manga (Japanese comic) volumes. All the volumes are drawn by different
professional artists. The resolution of the scanned images is 827 x 1170. Eight volumes
of the 109 are chosen for the experiments. An import supposition here is that an artist
represents a distinct artistic style. Therefore, eight different comic styles are tested in our
experiments. The top eight manga volumes are taken from the dataset sorted by title in
ascending alphabetical order.

Figure 1 presents the examples of the selected comic pages. Each image corresponds
to a representative page for each class. The ID of the artist who drew the comics is indi-
cated at the bottom of each image. Each volume has its own distinct characteristics in
drawing style. A1, A4, and A8 have the style of Shojo (girl) manga, whereas A2, A5, and
A7 have a Shonen (boy) manga style. A6 is difficult to classify into one of the two types.
A3 represents a special case of comics, namely four-cell manga. Table 1 shows the num-
ber of book pages used in the experiments per class.

Unlike the entire page format, the panel format needs data preprocessing to prepare
input images. In other words, it is necessary to extract comic panels from the comic
pages. A publicly available software is used for the extraction [37]. Some post-processing
is also conducted to filter out the mis-segmented panels. Moreover, the images need to
be reformatted to the same size, because the extracted panels are all different in size.
Instead of adjusting resolutions, the images smaller than 256 x 256 are eliminated and
the larger images are cropped to 256 x 256. In the latter case, only the center part of the
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Fig. 1 Selected eight comic books for the classification of comic artist styles

Table 1 Number of comic book pages in each class for the experiments

Artist ID A1l A2 A3 A4 A5 A6 A7 A8 Total

#of images 181 166 126 181 169 176 149 182 1330

image is kept. Then, a manual post-processing removes inappropriate images for train-
ing, such as backgrounds only, parts of the body, balloons only, and images that are dif-
ficult to classify even for a human.

Figure 2 presents examples of the panel images for each class after post-processing.
Even after the post-processing, there are some problematic images. For example, sam-
ple (a) contains a segmentation error and (c) includes parts of balloons with words. The
examples (e) and (g) include a large background with small person area. But these types
of images are kept, because it is not possible to eliminate all the problematic cases, and
these cases include the distinguishable characteristics of drawing styles anyway. Table 2
shows the number of panel images in each artist class used for the experiments.

CNN architecture for comic classification

Figure 3 illustrates the overall process of the proposed approach and the detailed archi-
tecture of the CNN model. For each input image format, a CNN model is trained. And
the model is used for the feature visualization in the end. As the number of classes is sig-
nificantly smaller than for other major architectures, a modified version of AlexNet, one
of the simplest benchmarks, is used. Filtering in the overall process means eliminating
the images smaller than 256 x 256 for the second format.
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Fig. 2 Panel image examples after post-processing

Table 2 Number of panel images in each class for the experiments

Artist ID A1l A2 A3 A4 A5 A6 A7 A8 Total

#of images 206 142 200 143 161 205 191 169 1417
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Fig. 3 The overall process of our approach and the CNN architecture for the classification of comic artist
styles
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The proposed network has five convolutional layers, five pooling layers, two fully con-
nected layers, and an output layer. A ReLU activation function is applied at the end of
each convolutional layer, and is followed by a max pooling. The input images consist of
a greyscale image of 300 x 400 pixels for the first input format and a greyscale image of
256 x 256 pixels for the second. The numbers of the filters in the convolutional layers
are 32, 64, 128, 256, and 512 respectively, from the first convolutional layer to the fifth.
Each convolution filter has 5 x 5 patches with a stride of 1. Furthermore, max pooling is
employed with a 2 x 2 filter and a stride of 2. Therefore, the image size is reduced by half
when passing through a pooling layer. The fully connected layers have 1024 nodes each,
and a ReLU function with 10% of dropout is applied.

This architecture is fixed from various pre-experiments with different settings. At each
convolutional layer, different combinations of model hyperparameter values have been
tested. These are the number of filters and whether pooling is applied at the end. In the
architecture, the number of filters is doubled at the next convolutional layer, and max
pooling is always applied, unlike AlexNet. When two convolutional layers (third and
fourth) have the same number of filters without pooling between them, the performance
decreases. When the number of filters at the final convolutional layer decreases, the per-
formance also decreases. Applying repeatedly pooling layers does not degrade the final
result.

Feature visualization
Feature visualization is a useful tool for expressing the trained features of a deep neural
network in image analytics. We can understand how a trained classifier can distinguish
the class of an input image via feature visualization. There are many approaches, but
our approach adopts a simple but powerful technique developed by the Google Brain
team [14]. This involves feature visualization by image optimization and provides vari-
ous regularization techniques to enhance the visualization quality. To find a representa-
tive image for a neuron, image pixels are updated via optimization by fixing the trained
weights, unlike when training weights. The input image is first set to greyscale random
noise. Then, the updates are repeated several times (20,000 times in our experiments),
to finally obtain a feature visualization result, which represents the updated final image.
The visualization is performed for each neuron, or more specifically a channel of the
trained network that corresponds to each filter in case of the convolutional layers. The
objective function for the optimization at each channel can be written as follows:

arg;nax Zﬁ(]), (1)

where I is the input image to be updated, and f; is the ith activation score.

The detailed feature visualization process is represented in Algorithm 1. The visualiza-
tion is conducted for a selected layer L, and a selected channel (filter) ch. We apply the
forward-backward algorithm to the newly defined objective function to find the opti-
mized image I*. For computational efficiency, the mean value of the activation scores at
the selected channel becomes the optimization objective. The function “reduce_mean”

computes the mean of elements across dimension of the structured channel output,
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L[:, :, :, ch]. The computed gradient is normalized by using the standard deviation.
Finally, the image is updated using gradient ascent.

Algorithm 1: Feature visualization algorithm for a channel

Data: Random noise image
Selected layer and channel, L and ch
Step size step
Result: Updated image I*
Ll[:,:,:,ch] : the output of channel ch of layer L ;
Define the optimization objective: tscore = reduce_mean(L|:,:,:, ch]);
while not stop condition do
Forward: compute activations at ch;
Backward: compute gradient w.r.t. image
grad «— gradients(tscore, 1);
Normalize gradient: grad « grad/std(grad) + 1e~8;
Update image: I < I + grad * step;

end

Results and discussion
This section is dedicated to the experimental results for our two main contributions:
comic artist style classification and feature visualization for the classifier.

Comic artist classification

All the experiments are conducted on an NVIDIA P100 GPU. For each experiment, 80%
of the images in the data were randomly selected for training, and the remainder were
used for testing. The experiments were repeated 10 times by using random sub-sam-
pling, and then the results were averaged. The total number of iterations was 30,000 with
a mini-batch size of 20 for the entire-page input format, and 40,000 with the same mini-
batch size for the panel input format. Under this setting, the training time was on aver-
age 90 min for entire pages and 50 min for panels.

Entire page input format

Table 3 represents the average performances of the experiments for the entire page for-
mat. The precision, recall, and F1 score are calculated for each class. All values are aver-
aged over 10 different experiments. The total means of the averaged precision, recall,
and F1 score are given in the last column of the second subtable. The mean F1 score in
the experiments is 0.84. This is an encouraging result, considering that there may have
been noises owing to the input format. By using the entire page, an input image includes
not only drawings, but also texts, balloons, panels, and so on, which represent the differ-
ent aspects of the comics.

Class A3 obtained the best performance, with an F1 score of 0.94, whereas class A2
was worst, with a score of 0.77. As A3 corresponds to four-cell manga, it is reasonable
to assume that the classifier learned this special format during training. When verify-
ing the result in detail, most of the false negatives for the class A2 were predicted as
class A8, and vice versa. Considering that the difference in drawing styles between A2
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Table 3 Classification performance for the entire page format

Artist ID A1l A2 A3 A4

Precision 0.86 0.79 0.96 0.75
Recall 0.83 0.74 092 0.82
F1 score 0.85 0.77 0.94 0.79
Artist ID A5 A6 A7 A8 Total

Precision 0.84 0.88 0.82 0.80 0.84
Recall 0.76 0.84 0.87 0.86 0.83
F1 score 0.80 0.86 0.84 0.83 0.84

Fig. 4 Images with classification errors: a an unusual page where panels are not found, b an exceptional case
of the four cell manga class A3, c an infrequent case including transformed photos only

and A8 is smaller than for the other class pairs (see Fig. 1), the misclassification of A2
is understandable. The other classes with low F1 scores are A4 and A5, with 0.79 and
0.8, respectively. The false negatives for the class A5 were almost all predicted as A7.
This explains the relatively low precision of the class A7.

Figure 4 presents three misclassified examples that correspond to the class Al, A3,
and A4 respectively. The first example is an unusual page where panels are not found.
The second is an exceptional case of the four cell manga class A3. This type of non-
standard format was sometimes found in A3. The third example is also represents an

infrequent case because it includes transformed photos only. The trained CNN model
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mainly misclassified these types of unusual images, of which the form had not been
observed in the training set.

Besides the unusual images, there are also regular pages that are incorrectly predicted,
as mentioned above. Let us examine those cases in detail. Figure 5 shows the prediction
errors for two pairs of classes, A5—A7 and A2—A8. The images in the upper row show
the errors between A5 and A7. The original class of the image is given before the arrow,
and the predicted class is given after. Misclassification from A5 to A7 often occurs,
whereas the reverse does not. The drawing styles are different from each other but both
use many complicated backgrounds and effects. This common property might confuse
the classifier when learning the weights. False negatives did not occur as often for class
A7 as for class A5, because class A7 has a unique style, representing decorative drawing.
The images in the lower row show the errors between A2 and A8. Most false negatives
for the class A8 were predicted as A2. The two classes share similar drawing styles com-
pared to the other classes, and they both employ many action lines.

Using the CNN structure, the classifier could successfully separate the images into
different artist classes. There are some mistakes, but the errors are mostly because of
the similarities of layouts or of drawing styles among images from different classes. This
issue might be solved by adding training examples, or using an enhanced model.

Panel input format

Table 4 presents the average results of the experiments for the panel format. As above,
all values were averaged over 10 experiments. Interestingly, the performance is consider-
ably weaker compared to the entire page format. The mean F1 score is 0.5, and the mean
precision and recall are both 0.48. Despite the weak result, class A3 again obtained the
best performance. The result for A3 was impressively high, with an F1 of 0.91. This is

e A2 > A8 f A2 — A8

Fig. 5 Misclassification errors between A5 and A7 (upper) and those between A2 and A8 (lower)
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Table 4 Classification performance for the panel format

Artist ID A1l A2 A3 A4 A5 A6 A7 A8 Total
Precision 0.58 048 0.86 0.35 032 045 0.52 044 0.50
Recall 0.62 0.20 0.96 0.37 0.31 0.38 0.67 0.34 0.48
F1 score 0.60 0.29 0.91 0.36 0.32 0.41 0.59 0.38 048

most likely because of the uniqueness of the class, which is four-cell manga. Panels in the
class were clearly extracted with small errors, and in general the drawings were found in
the interiors of the panels. This distinctiveness led to the exceptional score.

The classes Al and A7 also exhibit relatively good results. These have character-
istic drawing styles, where Al prefers simple and thick lines and A7 has very decora-
tive drawing styles with complicated patterns. On the other hand, classes A2 and A5
achieved the worst results. Their F1 scores were 0.29 and 0.32, respectively. The weak
performance for A2 was mainly because of its recall of 0.20, which means that 80% of the
tested images in class A2 were incorrectly predicted. Most of these were classified into
the two classes, A7 and A8, and the misclassified images in the same class shared some
common characteristics.

The above consequence was predictable, because in the panel format the overall layout
of the page was disappeared, while the drawing styles and noises remained. Unlike paint-
ings, the layouts of comics, such as panel structures, speech balloons, and action lines,
are as important as the drawing styles. By eliminating the overall layout, the classifier
should concentrate on the drawing styles and partial layout only, and therefore the train-
ing becomes more difficult. As there are not enough training data, finding patterns using
mostly drawing styles becomes nontrivial.

Let us examine in detail the worst recall and precision cases, which are marked by
shadow in Table 4. The upper row of Fig. 6 shows the false negative samples for the class
A2 (the worst recall). As previously mentioned, their predictions were mostly A7 or A8.
The examples (a) and (b) are classified as A7, whereas (c) and (d) are classified as A8.
The images misclassified into A7 contain complicated action lines, whereas that into A8
include many texts. As the class A7 contains many complicated backgrounds and A8
contains more texts than the others, it is reasonable to assume that the classifier learned
these properties of the classes effectively. The lower row of Fig. 6 shows the false posi-
tives for the class A5. These examples lead to the low precision for A5. Unlike the false
negatives for A2 in the upper row, it is difficult to determine any pattern in the examples.
As the images of A5 contain usually complicated backgrounds but the drawing lines are
not very distinctive, the class is likely to share common drawing style properties with the
other classes. That would be a reason for the low precision of A5. As a result, the per-
formance gap between classes becomes wider because the classes with low performance
have relatively indistinct drawing styles.

The low performance of panel format reflects the fundamental problems of the train-
ing data. There are insufficient examples, and partial layouts such as speech balloons and
action lines are too often. Using the simple CNN architecture, it is difficult to extract
internal patterns in the dataset.
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Fig. 6 False negatives of class A2 (upper) and false positives of class A5 (lower)

Feature visualization

This subsection presents the feature visualization results for two different input formats.
The visualization of neurons and the image transformation for selected neurons are
provided.

Entire page input format

Figure 7 presents examples of the feature visualization for the trained classifier with the
entire page format. While feature visualization in object recognition networks captures
each object type’s common characteristics, this is not the case for our comic classifica-
tion approach. Instead of detecting object shapes, the model extracts common artistic
patterns, such as textures used to separate different styles in the training set. In the fig-
ure, each row corresponds to the convolutional layer of the same number. That is, the
first row represents the first convolutional layer, and so on. Nine representative neu-
rons are selected for each layer. Some neurons do not update the input image, because
the trained weights are almost zeros. There is a clear difference between the layers. The
captured features in the first layer are relatively fine and dense. The extracted textures
become more complicated and bolder in the upper layers. However, toward the end, the
delicate patterns disappear, and only global textures remain.

Because the detected features of the comic classifier reflect the overall patterns of
entire pages, the visualization cannot reflect objects. Therefore, while the general feature
visualization for object classification detects more sophisticated objects in the latter lay-
ers, our classifier rather combines the textures found in the previous layers.

Besides feature visualization, image transformation for each neuron would provide an
interesting option for analyzing the captured features in the neurons. Figure 8 presents
the transformation results for the image using two different neurons in the first convolu-
tional layer. Figure 8a shows the selected source image of class Al, (b) shows the trans-
formation result with the seventh neuron, and (c) shows that of the 11th neuron. The
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Fig. 7 Feature visualization for the convolutional layers. Each row corresponds to a layer. From top to bottom,
first layer, second, third, fourth, and fifth layers are represented respectively

Fig. 8 Image transformation results for two different neurons of the first convolutional layer. a Original
image, b transformation via 7th neuron, ¢ transformation via 11th neuron

same technique as used for the feature visualization is employed. However, this time the
input is not a random noise image, but a comic page itself. After updating the pixels of
the input image 200 times, we can get the transformed result. The feature visualization
of the selected neuron is shown at the bottom right of each result.

The two neurons exhibit similar feature visualization results in appearance, but
the transformed images are significantly different from each other. While the seventh
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neuron highlights horizontal lines, and emphasizes the outlines with white curves (b),
the 11th neuron highlights diagonal lines (c). Likewise, when classifying an image with a
trained model, the image is transformed by emphasizing the particular features of each
neuron. Thus, at the final layer of the network, the classification is realized by aggregat-
ing these features.

To verify the image transformation more in detail, Fig. 9 illustrates the results of two
other neurons (the 20th and sixth neurons). Three images from classes Al, A4, and A7,
respectively, are used for the transformation. The two neurons were selected by their
scores obtained when updating the test image at each neuron. A high score means that
the neuron was highly activated by the image. The scores of all the neurons in the first
convolutional layer are computed by updating an image. Finally, a list of scores for all
neurons given an image of a certain class is obtained.

The 20th neuron was scored highly by an image of class Al but not so highly by those
of classes A4 and A7. The scores were 95, 22, and 62 for Al, A4, and A7, respectively.
The feature visualization and image transformation results for the neuron are shown in
the upper row of Fig. 9. An image was selected from each of the classes Al, A4, and
A7. When comparing the original images with their transformations, we can discover
that the dark parts of the images are emphasized during the optimization. Therefore, the
image of A4, which includes tiny dark parts naturally obtained the lowest score.

Meanwhile, the sixth neuron was scored highly for all the three images. This means
that the images have all been highly activated by this neuron. Thus, the captured features
in the neuron would reflect the common attributes of the three images that contribute to
the final classification. The transformation results are shown in the lower row of Fig. 9.

a 20™ peuron

Fig. 9 Image transformation results for two different neurons of the first convolutional layer. a Feature
visualization of 20th neuron, b—d transformed images using 20th neuron in classes A1, A4 and A7. e Feature
visualization of 6th neuron, f-h transformed images using 6th neuron in classes A1, A4 and A7
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Unlike at the 20th neuron, the images were significantly modified. In the case of A4, the
original drawing was nearly disappeared. This might explain the comparatively low clas-
sification performance (see Table 3).

Panel input format

The feature visualization of the classifier trained using the panel input format produces
almost the same result as for the entire page format, while a different visualization was
expected. The reason of eliminating the panel structures was to concentrate more on
the drawing styles during training. Thus, extracting more sophisticated visual features,
which effectively express the drawings, was expected before training. However, the other
partial layouts, such as action lines, balloons, and cuts, are still present in the panels.
Moreover, as the panel also images include too various shapes in each class, the visu-
alization could not detect representative objects for each neuron. The lack of training
data could also disturb the extraction of delicate features. Thus, the layouts and drawing
styles both influenced on the visualization, as in the entire page format. Some examples
of the obtained visual features are represented in Fig. 10. The first three convolutional
layers are shown starting from the top.

Novelty in comic style feature visualization

So far, the different aspects of feature visualization of the proposed comic classifier have
been discussed. The primary difference compared to conventional object classifiers is
that it does not capture objects in the neurons. The main reason is that the objective of
our authorship classification approach is to categorize images in terms of drawing styles,
rather than specific objects. Therefore, different objects are mixed together in a class,
such that no specific shapes are detected in neurons. However, the CNN classifier could
determine the internal patterns of the images in the neurons anyway. Global textures
and patterns that highlight partial properties of the images have been detected via fea-
ture visualization.

There are also other distinctive characteristics of our work compared to the gen-
eral image analytics. First, the target images are represented in greyscale. This makes
the classification more difficult, because the color in an artwork is an important aspect
of the artistic style. Second, the target images consist of drawings, or more specifically
lines. Existing deep learning-based approaches dealing with paintings extract the visual

Fig. 10 Feature visualization of the first, second, and third convolutional layers from the top. The classifier
was trained with panel format
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features based on textures, shapes, and patterns in two-dimensional color. On the other
hand, the comics expresses textures, shapes, and patterns using lines in general. This
work performed a foundational study of the visual features of the line-based artworks.
For a more detailed analysis, it would be necessary to further develop specialized net-
works, designed to deal with those line-based artworks such as comics, drawings, and
some illustrations.

Feature visualization technique used in this study had been also applied to a trained
GoogLeNet [38]. Different approaches to enhance the visualization quality were pro-
posed in that work. Diversity term, regularization, and interaction between neurons are
representative examples. Although the proposed comic classifier cannot detect clear
object patterns as in the work, those approaches are expected to enhance the comic fea-
ture visualization quality as well.

Conclusions

This study proposed to use a CNN for the classification of comic styles. Comic volumes
of eight artists are selected from a publicly available comic dataset for the experiments.
Two different of input data formats were tested to determine the most effective format
for the classification. The first was an entire-page format, and the second was a panel
format. The trained model obtained an 84% mean F1 score for the former format. The
experimental results are verified in detail, to demonstrate that the classifier could effec-
tively separate the different styles, but made some errors when the styles of different
classes were similar. In the case of the panel format, the trained model obtained a weak
performance with an F1 score of 48%. This was mainly because of the extracted panel
images, which contained too many various shapes in each class. Comparatively, distin-
guishing classes such as Al and A5 achieved better results, with F1 scores over 60% and
A3 obtained an exceptional score of 91%, thanks to its special layout.

The visual characteristics of a trained classifier was also investigated via a feature visu-
alization technique. This is one of the first attempts to visualize a trained artistic style
classifier. An image optimization technique was applied to the trained CNN model,
to determine the visual features with which the classifier identifies the classes of test
images. The visualized features were significantly different from those of general object
classification. The detected features reflected the internal layouts and drawing styles of
the comics, instead of representing objects.

An important drawback of our approach is that the detected features diverge strongly
from the actual aesthetic elements. Although the features represent the basis of a CNN
classifier effectively, they are different from the real artistic styles that distinguish art-
works from a human point of view. Therefore, developing a specialized architecture,
designed for the detection of aesthetic features, can be considered for future work. One
of the most closely related techniques is style transfer, which transfers a style from one
image to another. Combining style transfer and feature visualization for line-based art-
works would represent an interesting research topic.
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