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Short Presentations

Abstract

We present several methods for simulation of Japanese lacquer ware, a prominent Far East Asian handicraft
art. We consider two most popular kinds of Japanese lacquer ware made by the makie and nashiji techniques.
For rendering makie, we propose a method for preparing RGBA textures from digital photos of art items. The
alpha channels of these textures control the weight with which color channels are blended with the measured
biderectional reflectance distribution function (BRDF) of a metallic finish. Both ray tracing and hardware based
rendering are demonstrated. In the latter case, we show how the calculation of a sphere map texture used for
BRDF visualization can be accelerated using a special coordinate system for tabulated BRDF. The depth effect
manifested by nashiji lacquer is simulated by the explicit modeling of metal platelets immersed in absorptive

material.

Categories and Subject Descriptors (according to ACM CCS): 1.3.7 [Computer Graphics]: Three-Dimensional

Graphics and Realism

1. Introduction

From olden times lacquer work such as those shown in
Fig. 1, commonly called urushi, has been used so widely for
interior decoration, table ware and for other purposes that it
is almost inseparable from the daily life of the Japanese. But
urushi art of a highly artistic quality is inaccessible to the
people in general, because the valuable materials, such as
genuine urushi (lacquer juice), gold and silver, together with
the skilled workmanship and the time required to make it,
make its price almost prohibitive to them. However, in recent
years cheap urushi art for utility purposes is being manufac-
tured in large quantities for the use of the people who have a
liking for anything new and novel. Because of this trend the
merits of fine urushi art are gradually losing recognition.

Attracted by expressive beauty and richness of visual ef-
fects, which can be obtained using the old paints and tech-
niques, we attempt to visualize the realistic appearance of
urushi at interactive speeds. Realistic rendering of objects
with complex optical properties, which change appearance
with viewing and illumination directions, becomes of pri-
mary importance at early design stage and in electronic com-
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merce. The specific properties of Makie technique include
flip-flop visual color variation depending on viewing and il-
luminating directions while the properties of Nashiji tech-
nique include depth and sparkling effects. Very nice objects
painted with very fine techniques consisting of mixtures of
precious metals can be seen only in national museums. Since
the production of such items took several years they can
hardly be reproduced again. The other application of this re-
search could be the computer-aided preservation of cultural
heritage in digital form 2.

The computer-aided preservation of cultural heritage is
one of the recently popular topics in computer graphics, ge-
ometric modeling, and virtual reality communities. Specifi-
cally, G. Pasko et al. 1% 23 made a great project called *Virtual
Shikki,” which is devoted to preservation of Japanese lac-
quer ware. Their work concentrates mostly on shape mod-
eling using the implicit functions. Other related works to
digital preservation of shape and texture of existing three-
dimensional objects using the measurements and 3D scan-
ning are the Digital Michelangelo project 16 and the Floren-
tine Pieta project 1.
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Figure 1: Digital photographs of a jewelry box. Top: painted
with makie urushi technique and Bottom: painted with
nashiji urushi technique.

There have been many papers 71922 related to the model-
ing of metallic and pearlescent paints in CG literature, which
make it possible to simulate all the optical effects observed
on urushi paints. Unfortunately, those methods require huge
number of rays to obtain the good approximation of material
radiance.

An approach for rendering the pearlescent and metallic
appearance was proposed by S. Ershov et al. 9 where the
BRDF is designed based on decomposing the paint layer into
stack of sub-layers. Their method use the statistical approach
for calculation of light scattering within the paint. However,
their method does not focus on rendering itself.

The multi-image rendering algorithms such as light
fields 1> and Lumigraphs 1! can capture the light distribution
within the bounded region of 3-D space. The price paid for
calculated light field at any point is the assumption of con-
stant illumination and computationally expensive prelimi-
nary processing of input data, which cannot be computed
on the fly.

Because we are concerned with applications related to
electronic commerce and preservation of cultural heritage,
such as web based trade and virtual museums, we focus on a

hardware based rendering, in which visualization of metallic
finishes in Japanese lacquer ware is done using a sphere map
approach.

The sphere environment map was originally developed by
Blinn and Newell 4 to interactively show specular reflection
of distant environment. The idea was later elaborated by gen-
eralizing the BRDF 5 12,18,20,

Debevec 8 combined captured environment maps with
synthetic objects to produce the renderings with both syn-
thetic objects and image based environments. Unfortunately,
this technique does not work at interactive speeds.

This drawback was overcome with hardware acceleration
and image based rendering described by B. Cabral et al. ©.
The authors used a sphere map which is view dependent
representation. To avoid recalculation of the sphere map, the
authors generate multiple sphere maps for different ortho-
graphic cameras. Afterwards, during the walk-through the
sphere maps are interpolated using image based rendering
(IBR) to ensure real time rendering. However, generation of
reference sphere maps takes several tens minutes.

Our approach to real time rendering of objects with com-
plex appearance, like Japanese lacquer ware items, includes
online fast calculation of sphere maps. This widens the spec-
trum of possible applications to online ordering shape and
design of lacquer ware items.

Although, the above mentioned rendering methods can
handle many optical effects that occur in urushi paints, they
will fail to correctly visualize the depth effects caused by
small metallic flakes dipped in lacquer. We describe the ex-
plicit modeling method which simulates the sparkling ap-
pearance of nashiji.

The rest of the paper is organized as follows. Section 2
recalls the attainments on the urushi coating and decoration,
in particular the makie and nashiji surface decoration tech-
niques. Here we also summarize the most dominant optical
effects that can be observed on the most urushi items. The
BRDF representation using the adaptive grid and the fast cal-
culation of the sphere map applicable to real time rendering
of virtual urushi art items is described in Section 3. In Sec-
tion 4 we propose the fast rendering technique of makie art
drawings which can clearly demonstrate the metallic color
shifts (flip-flop) effects. Two rendering methods of nashiji art
techniques which can handle the depth and sparkilng effects
are derived in Section 5. Finally, we presents some results
obtained using our approach and we conclude this paper.

2. The Urushi Coating and Decoration

The clear urushi is prepared from the sap of the lacquer tree
by cutting the bark of tree. The cleared urushi from impuri-
ties is used for coating and decoration of the urushi art items
mostly made of wood. The urushi art items are produced in
three steps:
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1. Preliminary coating where the rough wooden surface will
be smoothed by applying of several layers of mostly dark
or red urushi. At this step the substrate color is deter-
mined.

2. Finishing the surface to a smooth and glassy finish.

3. Decorative process, where the designs are drawn on a
urushi ground by sprinkling the gold or silver powder
over sticky urushi.

2.1. Makie: Sprinkling

Makie is the most famous surface decoration in urushi art
technique. Patterns are painted with clear urushi or the red
urushi and then the fine silver, gold and other metallic pow-
ders are sifted and adhered over the wet pattern to decorate
the surface. The powders are sprinkled by means of bam-
boo or horn tubes covered with silk screen, as well as with a
brush dusting.

There are many kinds of makie techniques differing
mainly in what kind of urushi is used for pattern drawing
and what kinds of powders are used.

2.2. Nashiji: Pear Skin Finish

A type of ground decoration, so termed because it recalls the
speckled skin of the Japanese pear. It is created by lacquer-
ing the surface and while it is still wet the fine gold or silver
powders or an alloy of gold and small amount of silver with
a faint bluish green tinge are sprinkled over it. Subsequently
after this dries, a coat of a thinner urushi is applied to fix
the metal sparkles. The process is repeated to create multi-
ple layers. Each layer has to be polished to a smooth glossy
finish in such a way that the gold or silver sparkles remain
still under the surface. Finally, the top varnish is made by
repeatedly coated surface with transparent and yellowis lac-
quer.

2.3. Optical Effects of Makie

o Flip-flop: Makie urushi technique is a coating with com-
plex optical behavior which includes flip-flop visual color
variation depending on viewing and illuminating direc-
tions. The color variation is usually the smooth visual
variation between two colors. Optical behavior of such
paints is mostly described by a bi-directional reflectance
distribution function.

Other effects observed include the Fresnel reflections on
solid paint.

2.4. Optical Effects of Nashiji

e Sparkling: An impressive phenomenon that can be ob-
served in Nashiji lacquer ware is the sparkling effect
caused by large metallic flakes. Under direct illumination
the flakes become visible as tiny shining mirrors 7. When
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observed from far distance, the sparkles get blurred due to
the finite resolution of human eye and one can observe a
texture with irregular random fluctuations of brightness.

e Depth: As a result of sparkling the observer can get an
impression of a very thick paint with the gold sparkles lay-
ing very deeply in it. The thickness impression can range
from 3 ~ 5mm but the actual paint thickness could be less
then 1mm as in Fig. 2.

ey,

Figure 2: An example of nashiji urushi item in which the
depth effect is perceived.

3. BRDF Visualization

The focus of this paper is on real time visualization of
real items in virtual world showing the complex optical ef-
fects during the walk-around the artistic item. The real-time
BRDF visualization is needed for this purpose. This problem
is solved by proposed coordinate system for BRDF repre-
sentation adjusted to a method of fast calculation of a sphere
map as described bellow.

3.1. BRDF Representation

The BRDF of a metallic urushi surface is directional dif-
fuse; that is, such a BRDF exhibits fairly sharp change near
the specular direction. We have measured BRDFs using the
setup described by Letunov et al. 4.

The tabular representation of BRDF using the spheri-
cal coordinate system (,&) with polar axis along the sur-
face normal and a uniform grid of points does not provide
good accuracy in a specular peak area, unless the grid den-
sity is very high, up to hundred thousand of tabular entries.
The BRDF is represented in this system as f(;, &, Wo, &o),
where

T = Surface normal,
G) = (5,&i) Iisincident direction relative to T,
% = (Wo,&0) is outgoing direction relative to .

The similar problems related to BRDF representation were
considered by Rusinkiewicz 21. He uses the parameterizing
the BRDF in terms of the halfway vector between the in-
coming and outgoing rays and a difference vector. We will
consider the BRDF in terms of the specular direction and a
local vector.

We can decrease the size of the discretized BRDF stored
in a table to several hundred entries. Each value in a table
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Figure 3: BRDF representation. A special coordinate system
for BRDF representation.

is associated with the discrete coordinates (8, ), of a ro-
tated spherical coordinate system with the polar axis along
the specular direction, as shown in Figure 3. The BRDF is
represented in this system as f(6;, ¢, 6o, @), where

$ = Specular direction,

(Tx) = (8;,@) isincident direction relative to 3,
@0 = (8o, o) is outgoing direction relative to ¥,
B0(W, &) = Angle between oh and § directions,
@o(W, &) = Angle around 5.

As a result of this parameterization a sharp peak of diffuse
BRDF will be in predefined area of BRDF domain around
the polar axis in a new coordinate system. We can then dis-
cretize the BRDF and adjust the grid density making it more
dense for small values of 8, in other words grid will be dense
near the specular peak and sparse in the areas far from polar
axis.

This method provides a high and almost uniform accuracy
of approximation and does not need as many grid points as
it would be necessary for an uniform grid.

3.2. Sphere Map Generation

The sphere map, shown in Fig. 4, is an image resulting from
an orthographic projection of a sphere whose surface BRDF
matches that of the target object. The sphere is rendered for
the same illumination and observation conditions as for tar-
get object.

Next we restrict ourselves to the case of several directional
light sources and distant point light sources. Therefore, cal-
culating the lighting equation for the sphere radiance map ©
amounts to the classic ray tracing of the sphere.

To render a sphere map, we select a pixel from sphere
map, shoot a ray from the camera through this pixel, and find
where it hits the sphere. At this point, we fire rays to all light
sources and calculate the radiance from the sphere BRDF,
the local normal, the viewing and illumination directions as

L(@x) = Z f (Gik, G36) I (G,

where L is the radiance in the & outgoing direction, f isthe
BRDF, Iy is the incident radiance of the sphere at the point
hit by the ray, coming from the k-th light source, &, is the
direction to the k-th light source.

3.3. Fast Re-calculation

If we could create a good mesh on the sphere and shade only
few vertices of the mesh and then interpolate all other points,
the sphere map generation could be extremely fast. Further-
more, the color interpolation between mesh points can be
done in hardware with Gouraud shading.

Below we will focus on the problem of construction of a
good mesh for a single light source. To obtain the sphere map
for several light sources, we just repeat the whole process for
each light source and superimpose the sphere maps using the
blending operation.

Looking at a "typical" sphere map image, shown in left
of Fig. 4, for a single light source we see that a fixed polar
or rectangular mesh will not be optimal, because, like for
BRDF, there is a small area with large intensity gradients
where the mesh must be fine and a large area with small
gradients where we can use a coarse-grained mesh.

An optimal mesh should follow the BRDF changes. The
BRDFs for metallic paints have a very strong dependence on
angle 6 in our BRDF representation, refer to Figure 3. There-
fore, the best choice is the mesh with parametric lines along
which the angle 6 is constant, i.e. 8(W,&) = Cq. The sec-
ond family of parametric curves is naturally drawn from the
highlight center along the constant angle @, i.e. @, &) =C,.
The points (W, &) refer to the spherical coordinates relative to
the T on the rendered sphere. Unfortunately, such mesh is
not uniform along the ellipsoidal curves for constant 8. The
mesh is improved by discrete arc-length reparameterization
of parametric curves 8(, &) = Cq.

The resulting mesh derived for a measured BRDF of a
gold metallic paint is shown in Figure 4 on right. If the num-
ber of light sources is no larger than ten, the time needed for
calculation of a sphere map with our approach is a few tens
of milliseconds for Pentium I11 machines with contemporary
video cards.

4. Makie Simulation

This section describes preprocessing of the lacquer digital
image to obtain information about distribution of colored
urushi, metallic finish, and hardware based rendering of the
makie lacquer ware.

4.1. Acquiring Optical Information

The surface of a makie item is usually painted with one,
two or three types of colored urushi and one type of metal-
lic finish. We prepare samples for each of the types of col-
ored urushi used in the item under study. In particular, we
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Figure 4: Sphere map. Left: Sphere map of a gold metallic
paint. Right: Mesh for fast calculation of a sphere map.
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Figure 5: Cross section of the makie urushi showing pixel
covering the sample.

make a metallic finish sample where platelets are sprin-
kled in such a density that no free space between them re-
mains. We make photos of these samples under the same
illumination conditions as that of the item. Because illumi-
nation should not vary significantly over the place where
the art item or samples are put, it is best to use daylight il-
lumination. We then extract radiometric information in the
form of a high dynamic range (HDR) image from pho-
tos of the item and samples using Debevec’s approach at
http://www.debevec.org/Research/HDR/. If there is no too
bright or too dark pixels on the image, then simple gamma
transformation is enough. This is because CCD matrices
are highly linear, so nonlinearity is added by the camera
circuitry at the output, and this nonlinearity is only often
gamma correction - at least, in some range of medium lumi-
nances. Further calculations are done either in XYZ or any
RGB space, such as that of the camera after gamma transfor-
mation, obtained from CIE XYZ by a linear transformation.

Colored urushi paints are not intermixed on makie; dif-
ferent types of it are applied on different places. The color
of each colored urushi varies over its patch only slightly be-
cause the application conditions such as, the layer thickness
vary only slightly. On the other hand, the metal component
of the finish consists of small thin (micrometers) platelets
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glued to the surface of colored urushi. In some types of
urushi, pigment particles are also glued on the colored urushi
after metal particles have been sprinkled on it. Figure 5,
shows how sprinkled metal particles of makie are covered
by a pixel of a CCD matrix in a digital camera. As a result,
the colors of metallic and pigmented finishes mix additively
rather than subtractively. This means that if metallic platelets
occupy some fraction p of the colored urushi surface, then
the BRDF f is a weighted sum of the BRDF of the metallic
finish fretallic and those of colored urushi:

f = pfogalic+ qu fi,

with p,q; being positive scalar weights, f; is the BRDF of
the I-th colored urushi, and q; is the fraction of the sur-
face occupied by it. More general approach was considered
by Lensch 13 were they used the image-based measuring
method for BRDFs. We will consider fearic as given from
measurements and all other basis elements and weight must
be estimated.

We assume that the BRDF of small patches of metallic
finish, including individual platelets, is the same as that of
a large patch consisting of platelets glued to the lacquer sur-
face without gaps. This assumption is justified by the follow-
ing facts:

1. Metallic platelets are glued practically in one layer.

2. They are well aligned with the laquer surface so light in-
terreflections between neighboring platelets are negligi-
ble.

Similarly, we assume that the BRDF of a small patch cov-
ered with glued pigment particles used in a colored urushi
is the same as that of a large patch. For colored urushi, this
assumption is less justified, because two above facts are not
true for them. But the BRDF of colored urushi is close to
a Lambertian one plus the Fresnel reflection from the outer
pigment-free layer, so differences between the BRDFs for
small and large areas are not so important.

4.2. Selection the f; Basis and Coefficients

Given the BRDFs, the radiance of a pixel in HDR image can
be calculated as the BRDFs summed with lighting and inte-
grated over the surface area covered by the pixel projection.
Therefore, the radiance for three color channels is

T(,J) = P(i,J')erqu(i,J')Cl, @

where m and ¢, are color triplets of a surface covered by
only metallic finish and by only the I-th colored urushi,
respectively. Therefore, positive weight are constrained by
p+ 3, q = latpixelsindrawing and p+ 3, q; < 1 at bound-
ary pixels. Our goal is to find p(i, j) and qi (i, J).

To this end, we change the basis of the three-dimensional
color space used in such a way that ¢; become basis vec-
tors. At this point, we recall that most makie items have no
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more than three types of colored urushi. If we assume ex-
actly three, then a new basis has three vectors collected in a
matrix

A= (01C2C3).

At this point, we assume that the HDR color of metallic fin-
ish m is contained in the convex hull of basis vectors cj,
I =1,2,3. Usually, this is so because c; are either some red,
green and blue colors or some red, green and white colors,
while m is goldish.

Therefore, by multiplying the Eq. 1 from left side with
inverse matrix A~ 1 we have the equation in new basis

3
fanzmmw+;m@m 2
=1

where
T =TT, T9)=A'T,
ml = (mlli mIZ) mé) = A_lm)
3

and m’ is the triplet color of the metallic finish with respect
to the new basis.

Now we recall that colored urushi patches are not inter-
mixed. Therefore, if we knew the fraction of metallic finish
for each pixel p exactly, we would find that, in the limit of in-
finitesimally small pixels, only one of g; should be nonzero
for any pixel. In reality, because the color of colored urushi
¢y is not absolutely constant and two or three color patches
may meet at a pixel, more than one q are nonzero. But, for
most pixels, we have the largest q; for the colored urushi that
is actually present in the area covered by the pixel and other
weights are small or zero.

Noting that g are positive, we can approximately find
p(i, j) as

p(i, J) = min{T1 (i, j)/m, T2(i, i) /ma, Ta(i, J) /m3}.  (4)
The obtained p(i, j) values are actually the alpha values of
the generated texture shown on top-right of Figure 6. The
second term of Eq. 2 after linear transformation to the mon-
itor RGB is the RGB residual texture shown on bottom of

Figure 6. The alpha component and the RGB image form
the final RGBA texture.

4.3. Rendering Makie and Colored Urushi

Our approach employs a texture for rendering the Lamber-
tian reflectance of colored urushi (see bottom of Fig. 6) and
sphere map texture (see Section 3) for visualization of mea-
sured BRDF of metallic (gold or silver) finish. For control-
ling the ratio between two types of reflectances, we use the
alpha channel of the texture calculated from Eq. 4. Thus, in
our implementation we render objects of arbitrary geome-
try using multitexturing method, one texture mapping uses

Figure 6: Texture decomposition. Left: Digital photo of a
pattern. Right: Alpha channel used for weight of metallic
BRDF. Bottom: Pattern without the metallic components.

the metallic sphere map and the other one is ordinary texture
mapping with residual texture. The two texture images are
then blended together according to the alpha channel.

The artistic drawing should be captured from flat areas for
correct mapping to more complex geometries. The rendering
runs in real time with different geometries.

5. Nashiji Depth Effect Simulation

There are many mechanisms responsible for perception of
the depth effect produced by sparkles. One such mechanism
called rivalry is the result of competition between images
perceived by the left and right eyes. This mechanism can be
demonstrated when one eye look at black and the other eye
on white circle. The result of perception is gray and later it
will continually change between white and black circles.

The similar mechanism can be present when looking at
sparkles. The same flake can be seen bright by one eye and
dark by the other one. As a result of rivalry perception mech-
anism we will perceive the depth effect.

We can simulate this effect by explicit modeling of the
geometry of sparkles distributed along the geometry of the
shape. The sparkles are defined as implicit superquadric
functions 3. The reason why we use the implicit functions
is that they need less number of parameters to be defined
thus saving the memory. For the simplicity, we assume that
all sparkles have the same given shape. Their distribution,
density and orientation is random according to the the user
defined distribution functions. All flakes have the metallic
finish and are immersed in the absorption media given by
absorption coefficients for each RGB color channel.

(© The Eurographics Association 2002.
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Figure 7: Stereo pair showing the sparkling depth effect.

Visualization of such complex scene is done by raytrac-
ing method yielding a stereo pair of images as shown in
Fig. 7. The stereo visualization enables to simulate the ri-
valry perception mechanism. The explicit modeling of ge-
ometry sparkles has the advantage that we can freely zoom
in and out while the sparkling patterns will change smoothly
during the walk-around animations.

6. Results

The proposed method for Makie visualization have been
implemented as our real-time visualization system using
Java3D. Users can observe the color shifts by rotating the
object in real time as can be seen in Figure 8.

Figure 8: Makie rendering at different view angles.

Figure 9* shows a frame from an animation of a Japanese
cup on tray showing the color changes of simulated makie
technique the flip-flop effect.

For nashiji simulation, we have implemented the model-
ing tool for distribution of explicitly defined flakes over a
parametric shape. Unfortunately, the raytracing of sparkles
is computationally a heavy task, we leave the improvement
of this method as the future research.

(© The Eurographics Association 2002.

7. Conclusions

We have described new methods with focus on real time vi-
sualization of real artistic items in virtual world showing the
complex optical effects. We consider two most popular kinds
of Japanese lacquer ware made by the makie and nashiji
techniques. We described interesting optical effects that can
be observed in both techniques, which can be simulated by
the proposed methods.

The real-time BRDF visualization method based on color
interpolation between the vertices of an adaptive mesh on
sphere map image was developed.

The depth and sparkling affects observed mostly on
nashiji urushi technique were visualized by proposed ex-
plicit modeling of metallic flakes, which enable the user to
smoothly zoom in and out the object surface and observe the
depth effect in an image stereo pair. However, we left as fu-
ture work the extension of our explicit sparkling technique
to handle calculations in real time.
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