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In computer graphics, shading techniques play an important role to display virtual
objects. Environmental map is a popular technique to create realistic results with low
computational cost. However, it is not guaranteed to generate user-desired shading
effects. Therefore, many methods have been proposed for editing shading effects ob-
tained by environmental map. However, these methods are limited to the editing of
global shading effects. In this paper, we propose a system that allows the user to spec-
ify desired-intensities on arbitrary positions. Our system enables the user to design
both local and global shading effects intuitively.

1. INTRODUCTION

Recently, computer graphics techniques have been used in many applications such
as movies, games and commercial films. One of the most important techniques for dis-
playing realistic virtual objects is the ability to achieve appropriate shading. To create
photorealistic results, many physically-correct methods have been proposed[1][2]. How-
ever, these physically-correct methods require high computational cost. Therefore, it is
a time consuming process to obtain user-desired shading results by using these methods.
To address this problem, image-based lighting(IBL) techniques have been proposed to
create realistic results with reasonable computational cost[3]. These techniques employ
environmental maps as virtual light sorces[4]. Environmental maps are used to model
real-world lighting environment and reproduce complicated shading effects caused by
the natural illumination. One problem in these techniques is that the results are often
different from the user-desired shading effects. Therefore, many methods have been
proposed to address this problem[5][6]. These methods allow the user to edit environ-
mental maps intuitively to create user-desired shading effeces. However, the results are
limited to global shading effects obtained by environmental lights, since these methods
are based essentially on editing environmental maps. Therefore, it is difficult to edit
shading effects locally. In this paper, we propose an editing system that allows the
user to design both local and global shading effects intuitively.

Our system is based on feature-based interpolation of intensities and enables the
user to edit shading effects obtained by environmental maps. In our system, the user
directly specifies desired intensities on arbitrary positions of surfaces by using control
points. Then, the shading effects are generated by feature-based interpolation of the
user-specified intensities. We use features that are often used in the shading calcula-
tions, such as positions, normals, and visibilities, in order to produce plausible shading
effects. By taking into account of positions as features for interpolation, the system
achieves to edit shading effects locally. The interpolation function for the intensities
is represented by a linear combination of radial basis functions (RBFs). The user can
interactively add, move, or delete the control points, and the resulting shading effects
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F1GURE 1. Overview of proposed method

are displayed in real time. Furthermore, our system allows the user to edit diffuse, and
specular terms separately.

2. PREVIOUS WORK

As we mentiond before, it is difficult to generate desired shading effects by using
physically-correct shading models. Therefore, various methods have been proposed
to edit shading effects even though the results are not physically-correct. Ritschel et
al. proposed an editing method for specular reflection [7]. However, this method is
limited to ideal specular reflections. Todo et al. proposed an editing method for cartoon
shading effects [8]. However, this method is not suitable for photorealistic effects. Obert
et al. proposed an editing method for shading effects by editing visibility functions [9].
Ritschel et al. proposed a method for deforming on-surface signals [10]. However,
these methods aim to deform shadow and shading, and then it is difficult to specify
user-desired intensities on arbitrary positions by using these methods. Methods for
solving an inverse lighting problem for automatic placement of light sources has been
proposed [11][12]. However, these methods cannot reflect the user’s intention on the
resulting image.

In this paper, we propose an interactive editing system for shading effects obtained
by environmental map. Okabe et al. proposed a method for calculating an environ-
mental light by solving inverse problem that can produce specified shading effects [5].
However, it is not guaranteed that the specified shading effects are always achieved.
Therefore, Pellacini proposed a method for modifying exiting environmental map [6].
However, in these methods, it is difficult to edit shading effects locally. Our system
enables the user to edit shading effects locally.

3. PROPOSED METHOD

In our method, the intensity at point x on the object surfaces viewed from w, is
computed by using the following equation.

(1) I(z,w,) = kg (x) I (x) + ks (2) Is (z,w,) ,

where I; and I, represent the intensities due to diffuse reflection and specular reflection,
kg and k4 are reflection coefficients for each reflection term respectively. Fig. 1 shows
an overview of our method. The user selects one of the two terms in Eq. 1 and places
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multiple control points on the surfaces of objects to specify the desired intensities
at the positions of the control points. In Fig. 1, a single control point is placed as
indicated by the orange sphere. The color of the sphere corresponds to the user-specified
intensity. The red line indicates the normal direction at the control point. Our system
then computes intensities on the surfaces of objects by using offset functions. Offset
functions are determined by user-specified intensities and features that are often used
in the shading calculation such as normal, position, and visibility. There are two offset
functions corresponding to the two terms in Eq. 1. I; and I, are represented by:

(2) I (z) = Iy (@) + hg (2)

(3) I (wiz)) = js (-7:7wo> + hs (.7)7(4}0),

where hg and hs are the offset functions. The offset functions are represented by using
RBFs. 1; and I, are intensities before editing, and represented by:

(@) @@Awamwmwwm%

(5) I (z,w,) = /QL (W) V (z,w;) ((nm,wo))sdwi,

where 2 is a hemispherical domain, V' is a visibility, w; is an incident direction, n,
is a normal at point x, and s is a coefficient to determine the shininess of specular
reflections. In our system, visibility is precomputed at each position. The user can
interactively add, move, or delete the control points. During the user’s operation, the
offset functions are updated in real time and the resulting shading effects are displayed.

4. OFFSET FUNCTIONS

4.1. Constructing Offset Functions. The offset functions, hy and h are constructed
by using the user-specified intensities. We will explain the construction of the offset
function for the diffuse term, hg, only. h, is constructed in the same way. Let us
assume that the number of control points is IV, the user-specified intensity for each
control point is I (z;) (1 =1,2,---,N), and the position of the i-th control point is
x;. The shading interpolator hy is represented by:

(6) hamzi)wmm@n—m@mm

where f; (z;) is a feature vector at z; (see Section 4.2). a; is a coefficient for each
interpolation kernel ¢, which is expressed by RBF. ¢ is given by:

(7) 6 (r) = exp (—1%).
a; is computed by using the least square method such that the following function is
minimized:
N . 2
(8) arg min 3 (17 (2) = (a (2) + ha (7)) ),
a; =1

where I, (x;) is diffuse component before editing. Our system computes a; in real-time.
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4.2. Feature Vectors. This section describes the features for the diffuse and specular
terms. We employed each terms before editing, I, (x) and I, (2, w,), as features to edit
each term. In addition to I, () and I, (,w,), the coordinate p,, the normal n,, and
visibility vector V (z) = (V (z,wy),V (z,ws), -,V (z,w,)) of the calculation point x
are also included in the feature vector. Use of the visibility vector V enable the user to
edit soft shadows. Use of the coordinate p, allows the user to edit the shading effects
locally. Use of the normal n, makes it possible to control the shading effects according
to the direction of surface. Consequently, the feature vectors, f; (z) and f; (x), are
defined by:

) fa(2) = (Id @) Viz) b ”)

b 9y
04 Oy Op On

) )
O Oy Op Oy

(10) £, (2, w,) = (W“)V(Uf) Pz n)

where 04, 05, 0, and o,, are coefficients to control the effect of each component and are
specified by the user.

5. RESULTS

This section shows results produced by using our method. We used a desktop PC
with an Intel(R) Core(TM) i7-2600k 3.40GHz (CPU) and a NVIDIA GeForce GTX
560 (GPU).

Fig. 2 shows examples of the edited shading effects on a sappho (left column),
a figurine (middle) and an armadillo. In Fig. 2, images in upper row show shading
results before editing, and images in lower row show edited results. Fig. 2(d) is an
example of glossy specular effects like as metalic object. Fig. 2(e) is an example of the
effects of the skylight in sunset. Fig. 2(f) is an example of the effects of soft shadows.
Our system is useful for inserting synthetic 3D objects into real photographs, as shown
in Fig. 3. The upper row in Fig. 3 shows rendered image by the Phong reflection
model. By editing the shading of the synthetic objects (an asian doragon, a bunny
and a space ship), the objects are naturally composited onto the real photographs as
shown in lower images.

In general, the artificial shading effects shown in this section are often created by
placing virtual light sources, but adjusting the parameters for such light sources is
difficult and time-consuming. In contrast, our system allows the user to easily create
the desired shading effects by directly specifying the desired color and intensity at the
desired positions.

6. CONCLUSION AND FUTURE WORK

In this paper, we have proposed an interactive editing system for shading effects by
feature-based interpolation. In our method, offset functions represented by RBFs are
introduced. Our system allows a user to edit the shading effects for the diffuse, and
the specular terms separately. By using our method, the user can intuitively design
the desired shading effects.

One of our future work is taking into account of interreflection effects. We are also
interested in extending our system to other advanced shading models.
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FI1GURE 2. Examples of edited shading effects

Ficure 3. Composition of synthetic objects into real photographs
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