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Abstract

Interest in the visual perception of the materials that objects
are made of has been growing. Most past studies on visual
material-category perception have used stimuli with rich
information such as color, shape, and texture. However, we can
distinguish material categories from even simple black-and-white
line drawings. This paper presents a new attempt to analyze
material perception from Japanese “manga” comics which are
composed of line drawings typically printed in black and white. In
this study, we first collected 400 material objects captured from
manga comics, and created 400 corresponding patches that were
close-up images of the objects and that excluded shape
information. Through psychophysical experiments, 274 pairs of
images giving consistent material impressions to observers were
chosen. According to our experiments, observers could distinguish
material categories from patches with on accuracy of 88.4%. Then
for each material, we investigated the low-dimensional image
features that contributed to the material perception of black-and-
white drawings. In particular, we found image features that
represented metals very well.

Introduction

In everyday life, we can distinguish object categories without
difficulty by recognizing different shapes and the functions of
objects based on visual information. Building on this and on rich
scientific information, researchers have recently undertaken
studies of the perception of materials contributing to the
understanding of object perception.

In the field of computer vision, most object recognition
systems have relied on low-level material invariant features such
as color; for example, the scale invariant feature transform (SIFT)
[1], [2] and the histogram of oriented gradients (HoG) [3] have
tended to ignore material information altogether. It may seem
trivially easy to represent surface properties using the bidirectional
reflectance distribution function (BRDF) [4], [5], the bidirectional
texture function (BTF) [6] and the bidirectional surface scattering
reflectance distribution function [7] depending on the materials;
however, it is nearly impossible to estimate such features from a
single image without employing simplifying assumptions [4], [8].
Recently, a few approaches have been proposed in order to
directly study the relationships between image features and several
perceptual attributes and to estimate the attribute values for a given
image [8]-[11]; this research was performed using large image
datasets such as the Flickr Materials Database [12].

Several studies have investigated the mechanism of the
processing of material sensations in the human brain using various
approaches such as functional magnetic resonance imaging (fMRI)
[13] and psychophysical studies [14]. Most of these studies have
focused on the visual estimation of specific properties of materials
[15]-[17], such as glossiness, translucency, and roughness. Taken
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together, these findings support the general idea that the human
visual system can estimate the properties of materials from
relatively low-level visual features.

There is experimental evidence to support the hypothesis that
human observers excel at recognizing and categorizing materials.
For example, Sharan et al. [12] have shown that participants can
identify a wide range of materials from photographs after even a
very brief exposure. Recently, Fleming et al. [18] showed
participants photographs of materials from different categories and
asked them to rate various subjective qualities, such as hardness,
glossiness, or prettiness. Although the participants were not
explicitly informed that the samples belonged to different classes,
the subjective ratings of the samples clustered systematically into
categories, suggesting that the participants could theoretically
classify materials by making visual judgments concerning their
properties.

As has been shown by many previous studies, both surface
properties (i.e., color, texture, surface reflectance, etc.) and shape
are influential in distinguishing materials, as they provide relevant
visual information. However, we can also perceive material
properties from more primitive information. Tanaka and Horiuchi
[19] investigated the perceptual qualities of static surfaces using
real materials and four types of image reproductions by varying
chromaticity (color vs. gray) and resolution (high vs. low) of the
material images. In order to study material perception that is not
influenced by shape or saturated color, they used square images of
materials in gray tones.

In this study, we focused on more primitive information such
as that in black-and-white Japanese “manga” line drawings.
Modern-day manga can be defined as comics corresponding to a
Japanese style that originated during the mid-1900s. The Japanese
manga (Japanese for “comic books”) is distinct from traditional
Western comic books that it presents fine details. Color manga can
express even more semantics and artistic styles; however, mangas
are seldom colored. In this study, we first construct a manga
materials database. Then we analyze the low-dimensional image
features within categorized images that contributed to the material
perception of black-and-white images.

Construction of Manga Materials Database

No image dataset of manga materials had previously been
created. Our first step was to build a manga materials database
ourselves to analyze the line-drawing images.

Collection of Manga Materials

We collected various material images from commercially
available Japanese comics drawn by six cartoonists. We digitized
the material images with an EPSON GT-X820 scanner. The
scanner used a resolution of 600 dpi and saved images in a
grayscale 8-bit bitmap format. We extracted 400 rectangular
images of objects from the material images captured. From these,
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we extracted 400 corresponding square patches that were close-up
images of the objects and excluded shape information. Since
manga consists of frames of various sizes, the shapes of the
rectangular object images differed from each other. Locations and
sizes of the material images were determined by the authors’
subjective judgement in this stage. Finally, these captured
grayscale images were converted to binary images by Otsu’s
algorithm [20]. Examples of a captured grayscale object image and
its corresponding grayscale patch image are shown in Figs. 1(a)
and (b), respectively, and their binary images are shown in Figs.
1(c) and (d), respectively.
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Figure 1: A wood example of a manga material image

Evaluation of Manga Materials

As described in the previous subsection, the collected manga
material images were selected based on the authors’ subjective
impression. We conducted an evaluation experiment using pairs of
400 material images that would give observers a common
perception of a material category.

In the experiment, captured images were printed out side by
side on a white sheet of paper. Subjects selected the most
appropriate material from 20 material categories (Fabric, Paper,
Metal, Plastic, Rock, Stone, Pottery, Soil, Sand, Mineral, Mirror,
Glass, Vinyl, Ice, Water, Snow, Wood, Foliage, Leather, Fire) for
each patch image. We instructed the participants as follows: “Each
image patch shows a part of comic illustrations. Please select the
most appropriate material category.” If there was no appropriate
category, subjects wrote down a suitable material category freely
chosen. If they could not perceive any material from the image,
they wrote the answer “Not Recognizable.” The experiment was
conducted under the standard illuminant D65, and the viewing
distance was from 30cm to 40cm. After a few days, the same
subjects also selected the most appropriate object images from the
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20 material categories. Ten Chiba University students with normal
vision participated in this experiment. Five participants evaluated
200 pairs of material images, and the other five participants
evaluated the remaining 200 pairs of images.

We extracted material images that were assigned the same
material category by more than half of the subjects. As a result,
376 and 276 images were extracted from the object and patch
images, respectively. Furthermore, for 244 images, the material
categories chosen for the extracted object image and for its patch
images matched each other. This indicates that subjects were able
to distinguish material categories from patch images alone with an
accuracy of 88.4%. Table 1 shows the counts of the extracted
object and patch images. Subjects were able to recognize material
categories from rock and wood patch images with accuracy of
90%. These material patch images have peculiar material
characteristic. On the other hand, the most difficult categories to
distinguish material characteristics was soil. Most of the response
to the patch images was “Not Recognizable.”

Table1. Extracted patch and object images.
Patch Images | Object Images
Fabric 75 95
Metal 18 45
Stone 10 16
Rock 63 70
Soil 0 11
Sand 11 13
Mineral 1 1
Glass 0 1
Ice 0 4
Water 7 14
Snow 0 3
Wood 77 86
Foliage 13 16
Fire 1 1
Total 276 376

Constructed Materials Database

Finally, by removing those material categories that had only
one extracted image, we built a manga materials database having
274 pairs of images, including 75 fabric, 18 metal, 63 rock, 10
stone, 11 sand, 7 water, 77 wood, and 13 foliage images. Examples
of patches in the constructed manga materials database are shown
in Fig. 2.
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Figure 2: Samples portion of manga materials database
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Feature Analysis of Line-Drawing Images

As described in the previous section, material categories can
be discerned from the patch images in the constructed database. In
this section, we investigate features of patch images that are
representative of each material category.

Since manga readers do not pay careful attention to material
textures, in this study we investigated the following simple low-
dimensional features:

F1. The ratio of black pixels to total pixels.

F2. The average run-length of horizontal black pixels.

F3. The average run-length of vertical black pixels.

F4. The average run-length of horizontal white pixels.

F5. The average run-length of vertical white pixels.

F6. The standard deviation of horizontal black-pixel run-lengths.

F7. The standard deviation of vertical black-pixel run-lengths.

F8. The proportion of longer horizontal run-length for black pixels.

F9. The proportion of longer vertical run-length for black pixels.

F10. The proportion of longer horizontal run-length for white
pixels.

F11. The proportion of longer vertical run-length for white pixels.

F12. The average horizontal run-length of low-passed black pixels.

F13. The average vertical run-length of low-passed black pixels.

F14. The number of neighboring black pixels.

Some features were also normalized by the total number of pixels.

By deriving the linear discriminant function from all patch
images for each material category, the precision, recall, and F-
measure were calculated for the 274 patch images. As features, we
examined all combinations of up to four low-dimensional features.
Therefore, the image features having the highest F-measures can
be considered the low-dimensional features representative of
images for the material category. Table 2 shows the F-measure of
each material category.

Table2. F-measure of each material category

F-measure
Metal 0.81
Wood 0.68
Rock 0.62
Water 0.55
Fabric 0.51
Foliage 0.49
Sand 0.41
Stone 0.18

Metal Images

The F-measure value for the metal material category was 0.81
(recall: 0.83, precision: 0.79). This F-measure was the highest of
the material categories in the database. The features selected were
F1, F2 and F3. Figure 3(a) shows images recognized correctly by
the linear discriminant classification. As shown in the figure, large
black areas or thick straight lines appear, representing the metallic
appearance. Since metal material category often have metallic
luster expressed in the contrast of the thick black and white lines,

the feature F1, F2 and F3 can be a strong clue for the classification.

We found that in line-drawing images the ratio of black pixels to
total pixels and the thicknesses of the black lines are relevant for
representing metal surfaces. Figure 3(b) shows images mis-
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recognized by the linear discriminant classification but classified
into the metal category by the psychophysical experiment. These
three patches include boundary edges such as a screw in the
images in addition to the surface gloss property.
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(b) Mis-classified patches
Figure 3: Results of linear discriminant classification for metal.

Wood images

The F-measure value for the wood material category was 0.68
(recall: 0.78, precision: 0.61). The features selected were F8, F9,
F10 and F11. Figure 4(a) shows images recognized correctly by
the linear discriminant classification. As shown in the figure,
longer horizontal or vertical straight lines appear, representing the
wood appearance. We found that in line-drawing images the
frequency of horizontal and vertical black and white longer run-
length were relevant for representing wood grain.. Figure 4(b)
shows images mis-recognized by the linear discriminant

classification but classified into the wood category by the
psychophysical experiment. These images include a circular wood
grain or lateral-direction wood grain.
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Figure 4: Results of linear discriminant classification for wood.
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Rock images

The F-measure value for the rock material category was 0.62
(recall: 0.73, precision: 0.53). The features selected were F10 and
F11. Figure 5(a) shows images recognized correctly by the linear
discriminant classification. As shown in the figure, white areas of
a characteristic size appear representing the rock appearance. We
found that in line-drawing images the horizontal and vertical white
longer run-length are relevant for representing a rock surface.
Figure 5(b) shows images mis-recognized by the linear
discriminant classification but classified into the rock category by
the psychophysical experiment. These patches include larger white
areas or areas not closed.
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(b) Mis-classified patches
Figure 5: Results of linear discriminant classification for rock

Water images

The F-measure value for the water material category was 0.55
(recall: 0.86, precision: 0.40). The features selected were F8, F9,
F10 and F11, the same ones as for the wood material. Figure 6(a)
shows images recognized correctly by the linear discriminant
classification. As shown in the figure, large horizontal black and
white areas appear, representing the wave form of the water. We
found that in line-drawing images a long run-length in the
horizontal direction and a short run-length in the vertical direction
are relevant. Figure 6(b) shows an image mis-recognized by the
linear discriminant classification but classified into the water
category by the psychophysical experiment. This patch includes a
dazzling wave pattern by stippling.

(a) Patches correctly classified

(b) Mis-classified patch
Figure 6: Results of linear discriminant classification for water.
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Fabric images

The F-measure value for the metal fabric category was 0.51
(recall: 0.56, precision: 0.46). The features selected were
normalized versions of F4 and F5. As shown in Fig. 7(a), wide
white areas or thick white lines appear, representing the fabric
surface. We found that in line-drawing images the average run-
length in the horizontal and vertical directions are relevant. Figure
7(b) shows images mis-recognized by the linear discriminant
classification but classified into the fabric category by the
psychophysical experiment. In most cases, these erroneously
classified patches represented a screen tone or patterns instead of
line drawings. A screen tone is the manga technique to represent
specific patterns or colors, and it is represented by stippling,
thereby decreasing the run-lengths.
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(a) Patches correctly classified

(b) Mis- cIass:fled patches
Figure 7: Results of linear discriminant classification for fabric

Foliage images

The F-measure value for the foliage material category was
0.49 (recall: 0.69, precision: 0.38). The features selected were (F2
— F3) and (F6 — F7). Figure 8(a) shows images recognized
correctly by the linear discriminant classification. As shown in the
figure, short black and white lines having almost the same length
appear, representing the foliage appearance. We found that in line-
drawing images the differences between horizontal and vertical
run-lengths and between their respective standard deviations are
relevant. Figure 8(b) shows images mis-recognized by the linear
discriminant classification but classified into the foliage category
by the psychophysical experiment. These patches include detached
lines and shorter vertical lines.

(a) Patches correctly classn‘led
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(b) Mis- cIass:fled patches
Figure 8: Results of linear discriminant classification for foliage.
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Sand images

The F-measure value for the sand material category was 0.41
(recall: 0.55, precision: 0.33). The feature selected was the
normalized versions of F14. Figure 9(a) shows images recognized
correctly by the linear discriminant classification. As shown in the
figure, many dots serve to represent the grains of sand. We found
that in line-drawing images the number of neighboring black
pixels is relevant. Figure 9(b) shows images mis-recognized by the
linear discriminant classification but classified into the sand
category by the psychophysical experiment. Dots in these patches
cohere too much, so that they become large chunks of pixels.
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(b) Mis-classified patches
Figure 9: Results of linear discriminant classification for sand

Stone images

The F-measure value for the stone material category was 0.18
(recall: 0.80, precision: 0.10); this was the lowest score of our
material categories. The features selected were F6, F7, F10 and
F11. Figure 10(a) shows images recognized correctly by the linear
discriminant classification. As shown in the figure, characteristic
sizes of white areas appear, representing the stone appearance. We
found that in line-drawing images the horizontal and vertical white
longer run-length are relevant for representing a stone surface.
These features represented not only the stone material patches but
also many rock material patches; therefore, it was difficult to
distinguish stone and rock using the low-dimensional features.
Figure 10(b) shows an image mis-recognized by the linear
discriminant classification but classified into the stone category by
the psychophysical experiment. This patch includes only a few
stones, whereas most of the drawings included sets of small stones.

(a) Patches correctly classified

(b) Mis-classified patches
Figure 10: Results of linear discriminant classification for stone
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Transfer of Material Appearance from Color to
Black-and-White Drawing

The metal category had the highest F-measure in our
constructed materials database. As an application, we created
black-and-white drawings of metal objects from color images. As
described in the previous section, in line-drawing images the ratio
of black pixels to total pixels and the thicknesses of the black lines
were found to be relevant for representing metal surfaces. By
converting a color image into a binary image satisfying the low-
dimensional features of the metal category,

Figure 11(a) shows examples of metal object images captured
by a digital color camera. Figure 11(b) shows the close-up images
in part of red square in Fig.11(a). The resolution of the patch
image is 300 x 300 pixels which is close to that for the images in
the constructed database. We applied the median filter to the
image for noise reduction and then converted it to a binary image
by the discriminant percentile method, setting the percentile
parameter to 70%. Figure 11(c) shows the converted images. We
confirmed that the converted images were classified into the metal
category by the linear discriminant function. Please note that this
feature condition is a necessary condition but not a sufficient
condition; higher-level features may be required to derive a
condition that is both necessary and sufficient.

(b) Clos-up color images

i B

(c) Black-and-white binary images
Figure 11: Color-to-binary conversion of image of metal object
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Conclusions

In this study, we constructed a manga materials database
containing 274 images in eight material categories, consisting of
object and patch images taken from black-and-white line drawings.
These images were selected by a psychophysical experiment
evoking a consistent material perception. Through the experiment,
we confirmed that we could classify even patch images into the
appropriate material category with an accuracy of 88.4%.

By an analysis of the database drawings, we found that the
material appearance was well represented by certain low-
dimensional image features such as the ratio of black pixels to total
pixels and the average run-length of horizontal black pixels. As an
application, we converted a color image of a metal object to a
black-and-white line drawing with metal features.

In this study, we examined all combinations of up to four
low-dimensional features, but this number of combinations is not
optimum. We plan detailed analysis in these combinations of
features. Our evaluation experiment used a large dataset, so there
is a possibility that the subject may have a lot of pairwise
comparisons [21]. Verification of this effect is required. Also,
further investigation is required to represent line drawings of each
material category. We also plan to increase the number of material
categories and samples in the database.
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