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Constructing the Fiber Model of Japanese Paper for Rendering Ukiyo-¢
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The cultural asset exposed in elements change in appearance. As this reason, some studies are done to make
digital cultural asset and store them for long time. In this study, we proposed a technique to construct the fiber
model for rendering the virtual Ukiyo-e. At first, change the direction of lighting and the photos of Ukiyo-e are
taken. Then, the bidirectional reflectance distribution function (BRDF) of each pixel on the Ukiyo-e is obtained
from these photos. Next, analysis theses BRDFs and the direction of fiber in Japanese paper can be extracted.
Finally, some rendering results based on this fiber model are given to demonstrate the effect of our technique.

1. Introduction

The origin of the Ukiyo-e is describing the life of
Kyoto in 16 century. After that, the techniques of
making Ukiyo-e were developed and a lot of works
were made. To make a work, the drawer, the engraver,
and the printer need collaborating together. At first,
the drawer draws the picture. Then the engraver
makes the woodcut based on the picture. Finally, the
printer put the pigment on the woodcut and the
Ukiyo-e is print out.

For getting special effect, some techniques were
developed. The technique of the Karazuri and the
Kirazuri are introduced here. The Karazuri do not use

Figure 1. The photo of Ukiyo-e

any pigment and put the woodblock on the paper
strongly, then the bump pattern are made. The
Kirazuri use the mica and gold to represent the
background of the Ukiyo-e. Shown as Figure 1, the
pattern of the flower is made by the technique of the
Karazuri and the background of the woman is made
by the technique of Kirazuri. As the result of these
print techniques, the color of the Ukiyo-e varies
according to the position of the light source and the
viewpoint.

Another special effect comes from the fiber in
Japanese paper. The length of the fiber in the
Japanese paper for Ukiyo-e is 7-8 times of that in
general paper. Figure 2 show the photomicrographs
of the Ukiyo-e surface. The fiber can be seen clearly
in this photo. Even in the part where look like fill
with the particles of pigment, the shape of the fibers
can be seen clearly. Because the reflection of the
fibers is anisotropic, we need designing an
anisotropic rendering model to represent the effect of
the fiber.

The drawing such as the paining and the
watercolor show a beautiful appearance. To represent
the effect of drawing, some rendering techniques
such as the NPR ( Non-Photorealistic Rendering )
were developed in last two decades. These studies
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Figure 2. Photomicrographs of the Ukiyo-¢

mainly focused on simulating the pen stroke and the
distribution of pigment on the surface of paper. On
another hand, the scattering of light is important to
represent the appearance of the drawing also. The
particle of pigment and the fiber in paper can affect
the scattering of light and make a special effect on the
surface of drawing. In this paper, we measured the
appearance of one type ancient Japanese drawing
named Ukiyo-e, and observed the isotropic reflection
come from the pigment particle and the anisotropic
reflection come from the fiber of Japanese paper.
Based on this observed result, we proposed a
rendering technique which can represent these two
type reflection and can render the appearance of the
Ukiyo-e on real-time.

As mentioned above, the NPR techniques mainly
represent the effect of drawing such as painting,
sculpture, block print, dyeing etc.. The effect of
drawing can be made directly by simulating the pen
stroke ([1], [2]). Processing the 2D photos or the 3D
geometric model is other method to generate the
effect of drawing ([3], [4]). These NPR techniques
mainly simulate distribution of the pigment and
represent the isotropic reflection of the pigment.
Some works have been done to present the effect of
the Ukiyo-e also. Processing 2D photos ([5]) or
simulating the Ukiyo-e make process ([6]) can make
the Ukiyo-e in virtual world. These works focus on
simulating the isotropic color of the Ukiyo-e and
doesn't simulate the light scattering on the Ukiyo-e.
To our knowledge, we are the first time to simulate
the light scattering properties of the Ukiyo-e.

The main idea of our work comes from [7] and [8].
The [7] computes the normal on the surface of the
isotropic reflection materials. The [8] mainly
compute the fiber direction in the wood and render
the effect of the fiber. The fibers in the Japanese
paper are more complex than the case of the wood.
The direction of the fibers is near a random
distribution. The appearance of the Ukiyo-e blends

two effects, one is the isotropic reflection come from
the pigment, and another is the anisotropic reflection
come from the fiber in Japanese paper. Different to
the [7] and [8], we blend these two reflection together,
and fit these two reflect models to the measured data.
Because we combine two different rendering models
together, the errors between the model and the
measured data are decreased and high quality
rendering result can be obtained.

2. Measurement of Ukiyo-e

We use a system named OGM (Optical Gyro
Measuring Machine) to take photos of Ukiyo-e.
OGM is 4 axes measuring machine which can put the
light source and the camera on any position of a
hemisphere dome. For measuring the color variation
on Ukiyo-e, the camera is fixed on the position
perpendicular to the surface of Ukiyo-e. The position
of light source is changed. The record of the position
in computer is a 2D array. For correspondent the 2D
array and the position of lighting source on the
hemisphere dome, a uniform concentric map ([9]) is
used to set the position of light source. We use a 35
by 35 grids to set the position of light. To avoid the
light source behind the arm of camera, the object
stage is turned 180 degrees. Some marks are set
around the Ukiyo-e to calibrate the position of the
pixel of the image of Ukiyo-e. To calibrate the light
distribution on the surface, the photos of a white
paper are taken also. The technique of [7] is used to
calibrate image. After calibrate the color and the pixel
position, the BRDFs of each pixel can be computed.

Figure 3 show the two type BRDFs. In the field
where is paper, a strong anisotropic reflection
phenomenon can be observed. The highlight
distribute along a line. In the field where is pigment,
the anisotropic reflection become weak. The highlight
centralizes a point. These mean that we need to
construct two rendering models and combine them

Figure 3. Two type BRDFs of different pixels
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Normal plane

Figure 4. Two type rendering models

together to render the appearance of Ukiyo-e.
3. Rendering model

From the measurement result, two type reflection
phenomena are observed. One is isotropic reflection
come from the pigment, and another is anisotropic
reflection come from the fiber in Japanese paper.
Modeling these two type phenomenon and fit it to the
measured data will introduced in this section.

3.1 Two type models

From the photomicrographs of Ukiyo-e, the
distribution of the pigment and the fiber can be
observed clearly. Shown as Figure 4 (a), the shape of
fiber is approximated as a cylinder. If the light that
refract from air to fiber and back to air, the
inclination will maintain same. As the result, the light
enters the fiber as a line and become a cone surface
when it leaves the fiber. The axis of the cone is the
direction of the fiber. If part of the paper surface is
cove by some particles of pigment, the light will be
reflected to air by the pigment directly. At this time,
the light leave the surface of object is a line. Use a
represent the angle between the surface normal N,
and viewpoint vector V¥, then the effect of pigment 7,
can be expressed by next expression.

2
Ip _Idp +kSp Og(é',ahp)/cos (arp)

Here, I, is the diffusion reflection and £, is specular
reflectance. g(o, oyy) is a normalized Gaussian with
zero mean and standard deviation. This model can be
used to represent the effect of pigment on the surface
of Ukiyo-e.

Similar to the rendering model of the pigment, we
can construct the reflection model of the fiber. Shown
as Figure 4 (b), the blue plane is the normal plane I”

— 3

J

perpendicular to the fiber direction F. The angle
between the light vector L and the normal plane I" is
a,. The angle between the viewpoint vector V and the
normal plane I' is a,. If the viewpoint is near the
surface of the cone, the reflection light is strong. If
viewpoint is far from the surface of the cone, the
reflection light is weak. So we can construct the
reflection model of the fiber by developing the
traditional reflection model such as Torrance-
Sparrow model. The main difference between the
fiber reflection model and the traditional reflection
model is using the cone replace the vector of regular
reflection. The effect of the fiber 7, can be represent
by next expression.

Ip=lye+k og(a,ahf)/cosz(arf)

Here, I, is the diffusion reflection of fiber. ky is the
specular reflectance of fiber. g(o, an) is the
normalized Gaussian same as the above. ay is the
halfangle between the normal plane I' and the
viewpoint vector V. Then combine these two type
effects of pigment and fiber, we can get final color of
Ukiyo-e as follow.

I=1, e f+1y01-p)

This expression means that the final appearance of
the Ukiyo-e is the linear interpolation of the effect of
pigment and the effect of fiber. The next work is
fitting this rendering model to the measured data and
decides the parameters of this model on each pixels
of the image.

3.2 Computing the geometry parameter
The Ukiyo-e is near to a plane. The geometry

parameters in here are the normal of micro geometric
surface and the direction of fiber. Even the micro



geometric surface can be obtained by integration
from the normal, but we need not constructing the
micro geometric surface. Using the information of the
normal and the direction of fiber, we can render the
appearance of Ukiyo-¢ well.

The common of two type rendering model is the
normal N in the middle of the strongest reflection R
and the light vector L. The difference between these
two cases is that the normal of the fiber is a normal
plane perpendicular to the fiber direction. As this
reason, we can get the normal by computing the
strongest reflection direction. As enough density data
are captured by the OGM, it is ease to find the
strongest reflection direction R. Then the normal can
be computed by N=(L+R)/2. The left figure in Figure
5 shows the image of the surface normal. The values
of RGB represent the XYZ values of normal N. The
bump image can be seen from this image. (For
printing it clearly, the contrast is enlarged.)

The direction of the fiber F is the axis of the cone
on which the highlight can be seen. As the result, the
highlight of fiber reflection is a line on the
hemisphere. Figure 4 (c) shows the relationship of the
Normal N;, highlight line A and the fiber direction F.
The F is perpendicular to the plane which is parallel
to the N and the H. The H can be obtained by
computing the line of the highlight (H) using least
squares method. Then the direction of the fiber can be
got by F=NxH. The right figure in Figure 5 shows the
image of the fiber direction. The values of RGB
represent the XYZ value of the fiber direction F.
Now we know the normal N and direction of fiber F.
Fitting parameters of the model to the measured data
will be introduced next.

3.3 Fitting the data

Fitting the model to the measured data is a nonlinear

optimization problem. This problem is to find
parameters which can let the value of p in next
express is minimal.

p=2U-M,)

Here, I is the theory value of the rendering model
introduced above. M,, is the measured BDRF data by
the OGM. u and v are the coordinates of the
measured BRDF image. For get the correct
parameters of the rendering model, the good initial
estimate is important. The initial diffusion value is
using the mean value of the color. The initial
parameter of Gaussian is computed from measured
data directly. The initial £ is 0.5. Then the parameters
can be got by the steepest descent method. Now, we
have all the value of parameters of the rendering
model. These values are stored as the texture. Using
these textures, the appearance of the Ukiyo-e can be
rendered.

4. Results

The Experiment is carried out based on the GPU
(Graphics Processing Unit) and can render the Ukiyo-
e on real time. The graph card is NVIDIA GeForce
6800 GS. And, this Experiment is carried out using
an Ukiyo-e which was made in hundreds years ago.

We compare the case with the fiber effect and
without fiber effect also. Shown as Figure 6, the left
one is the rendering result only using the normal of
surface. The result looks like the plastic more than
the paper. The right one is the rendering result using
the normal of surface and the direction of fiber
together. There are some natural noise on the center
of the image and the image become bright. The edge
of the Karazuri becomes soft according to the
effecting of the fiber in the paper and looks more like
the paper than the plastic.

Figure 5. Normal image and fiber direction image.
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The image shown in Figure 7 is the rendering result
using the rendering model proposed in this paper.
When the viewpoint is changed, the color of the
surface is different also. The bump pattern of flower
and snow made by Karazuri and the effect of the
golden particle are visible and invisible according to
the position of light source. This result is similar to
the phenomenon that occurs on the real Ukiyo-e.

All parameters of the model is stored by the texture,
the size is about 1/100 of the original BRDFs data.
Using the GPU rendering technique, the rendering
can carried out at a speed of real-time. Because our
method is based real measured data, we can get
rendering result with high reality.
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5. Conclusion

In this paper, a technique for rendering of ancient
Japanese drawing named Ukiyo-e is proposed. It is
first time to measure the reflection property of the
Ukiyo-e materials and rendering the appearance of it
consider of the fiber effect in the Japanese paper. Our
method can fit real data well because the isotropic
reflection and anisotropic reflection is combined
together. This technique can also be used for
rendering other similar objects such as the cloth. In
the future, new techniques for modeling the detail of
the fiber in the Japanese paper from images need to
be developed. We also plan to develop a VR system
which permit person watch the Ukiyo-e in hand and
can feel the touch feeling of the Ukiyo-e at same time.
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Figure 7. Experimental results
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