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ABSTRACT

Rendering participating media plays an important role-in animation or.games, since it can influ-
ence the atmosphere of scenes and generate some special lighting effects such as the glow and
god rays. To design a scene with participating media-such as fog and glow effects, it usually
require user to fine tune some parameters of lighting and fog to achieve their goal. We propose
a method that aims to transfer the desired lighting and foggy effect on a photo to the 3D scene
by solving an inverse problem. We can generate a 3D scene with similar specified effects and
atmosphere on the target image. Computation time depends on the complexity of the input

scene.
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CHAPTER 1

Introduction

Participating media includes many natural effects, such as fog, mist and haze. Scattering in
participating media can cause amazing phenomenon including god rays and glow. The scenes
with participating media in animation and game usually have lighting effects, such as the glow
lighting up the foggy street or god rays shining through trees in forest. To design a scene with
these effects in participating media by using 3D animation software, users usually need to know
the meaning of many parameters.about lights and the participating media and then design in
trial-and-error basis. It is a complicated-process. forthe novices to adjust the parameters to
obtain desirable results.

We propose an approach that is able to transfer the desired foggy and lighting effects on a
target image to a 3D scene by solving an inverse problem, aiming to find a set of parameters
with which the scene would have similar foggy and lighting effects as the target image. On the
target image and the rendered scene image, users draw some control patterns that are used to
constrain the sampling. The inverse problems tries to minimize the error metric between the
target image and rendered scene image on samples drawn from the control patterns. As a result,
a set of optimal parameters about lighting and fog is obtained.

The contributions of this thesis can be summarized as:



e The glow effect, god rays and foggy effect on the target image can be identified and

transferred to a 3D scene by solving an inverse problem.

e The required user interaction is very limited and intuitive. Only a few lines or patterns
need to be specified by the user. User need not to know the parameters for lighting and

foggy effects.

The rest of the thesis is organized as follows: Related work 1s reviewed in Chapter 2. Volume
rendering equation is introduced in Chapter 3. The proposed method is illustrated in Chapter 4.
The experiment results of the method are displayed in Chapter 5. Finally, conclusion and future

work are discussed in Chapter 6.



CHAPTER 2

Related Work

In this chapter, we review the literatures related to our study, including lighting design and

participating media design.

2.1 Lighting Design

Several lighting design by painting have been proposed [12][7][6][9][10]. Schoeneman et al.
first described a method to set lighting configuration with known light positions by solving
an inverse problem [12]]. The user paints on the 3D scene, and the intensities of lights can
be derived automatically. Marks et al. proposed a design galleries system [7] providing an
intuitive interface. The user chooses desired galleries rendered by configurations suggested by

the system as targets, and then the optimal result similar to those targets is computed; see Figure

2.1
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Figure 2.1: Galleries system [7]. The upper half is configuration generated by the system. The

lower right is configuration selected by the user. The lower left is the optimal result.

The method proposed by.Okabe et al. [9] generates the environment light automatically
by solving an inverse shading problem-to-meet the painted illumination effects specified by the
user; see Figure[2.2] It is.an interactive lighting design due'to the use of pre-computed radiance

transfer. Although it can handle environment lighting design well, it cannot handle point lights.

(a) Painting (b) Setting configuration

Figure 2.2: Illuminaiton brush [9]]. (a) User paint on the object directly. (b) Compute the

environment light and store in an environment map.
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In the method presented by Pellacini et al. [10], the user paints color, light shape, shadows,
highlights and reflections on the 2D image, and the optimal parameters of lights for meeting the
desired illumination effects can be found; see Figure @ Nevertheless, the method can only
adjust one light at a time which is not well suited for scenes with many lights. The required

painting is also inconvenient to the user who is unfamiliar with the knowledge of lighting.

(a) Painting (b) Setting configuration

Figure 2.3: Lighting with paint [10]. (a) User painton the object directly. (b) Compute the

setting configuration.

Lin et al. proposed an-guiding system to specify lighting and 'shadow [6]. In the first step,
positions and numbers of lights are determined based on.shadow strokes drawn by the user.
Some initial lighting conditions are precomputed, and.-an appropriate lighting configuration are
computed by least square. Then they use Nelder-Mead simplex to solve better light positions
with a light tree. Other details including color, intensity and shadow can be adjusted based on

the result of the first step; see Figure 2.4 The method can handle multiple lights at once.
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(a) Assigning shadow (b) Computing lighting
(c) Erasing shadow (d) Adjusting details

Figure 2.4: Interactive lighting design [6]. (a) The user draws shadow strokes. (b) Compute the
lighting setting based on the shadow strokes. (c)(d) The user adjusts details including shadow,

color and intensity of lights.
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2.2 Participating Media Design

Zhou et al. proposed an interactive design system for smoke or fog by incorporating their an-
alytic method for handling isotropic, single-scattering media illuminated by point light sources
[14]]. The user paint on the 3D scene directly, and Gaussians are placed along the strokes painted
by the user to model the distribution of media. Dobashi et al. proposed a method to synthesize
clouds by analyzing the density distribution of clouds from an input photograph [2]]; as shown in
Figure 2.5 These two methods aim to design the distribution and the shape of the participating

media, but do not control the lighting parameters.

(a) Input photograph (b) Result

Figure 2.5: Modeling clouds using photographs [2].

Dobashi et al. proposed a method that. finds parameters for rendering clouds by using a
reference photographs [3]]; as shown in Figure[2.6] Giving a cloud density data and a photograph
of real clouds, the rendering parameters are generated by using a genetic algorithm to minimize
the difference between the color histogram of the synthesized image and the photograph. The
final image rendered by the optimal parameters is visually similar to the input photograph. The
problem is related to ours, but it is for clouds in the sky. The backgrounds of cloud and fog
are quite different. For example, there are only clouds in the sky, but there are many things
such as trees and buildings on the ground. The influence of the background must be considered.
They do not handle the case of lights inside clouds because they just consider one light source,

namely sun. In addition, god rays effect is not included in their method too.
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(@)

(a) (b) ()
Figure 2.6: Rendering clouds using photographs. Upper left image: photograph. Main image:
synthesized clouds [3]].

Klehm et al. proposed a method for stylizing volumetric.data [4]. The user needs to paint
on the images for different views of the volumetric data. Emission, albedo and extinction co-
efficient of the volumetric data are derived to allow the rendered image close to those images
drawn by the user. They reconstruct the rendering.equation such that the emission, albedo and
extinction are the solution of a linear system and then solve the linear system by least square.
Their method is for solving a specific volume appearance like Figure 277(b), and lighting effects

such as the glow and god rays in the volume data are not considered.

(a) Original volumetric data (b) Stylized result

Figure 2.7: Volume stylizer [4]].



CHAPTER 3

Volume Rendering

We review the necessary knowledge about volume rendering used in our approach. Volume
rendering consists of some physical processes including absorption, which is the loss light being
converted to other energy, emission, which is additional energy from the luminous media, and
scattering which is composed of in-scattering and out-scattering: In-scattering includes single
scattering coming from light sourees.and multiple scattering reflected from other directions; as
shown in Fig[3.1] Out-scattering is the light changing direction due to the collision with some
particles. In the following paragraph, we introduce radiance transfer equation that represents

how light interacts with the participating media.

0

single scattering multiple scattering

Figure 3.1: Single scattering and multiple scattering cases [[1]].
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Figure 3.2: Light transport going intoeyes of the observer.along the direction w. It includes the

radiance scattered by air and the radiance reflected by the surface of objects.

In Figure the light L;(z,,w) through z, from the direction w can be represented as a

sum of two terms:

Li(zo, w)=T, (70, s) Lip(Ts, W) +/ Ty, vt ) Laip(xy, w)dt. (3.1
i

The first term represents how.the light L, (z,, w) coming from the light source reflected by ob-
jects at x, attenuated by participating media between ' and x,. The second term represent how
the light L, (x;, w) coming from the light'source, scattered at x; and attenuated by participating
media between z; and x,. When light penetrating through the media from z; to z,, it is reduced
due to the absorption and out-scattering. The transmittance 7, (x,, z) is the ratio of the rest

light leaving the media between x, and x,:

Ty (g, 25) = € Jo 7Hm, (3.2)

where 04(x) = 0,(x) 4+ o4(x) is the extinction coefficient composed of absorption coefficient
0.(x) and scattering coefficient o4(x). The radiance Lg;, (7, w) in direction w at point z; in-

cludes emission and in-scattering:
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Lai’r(xh Cd) = Lemit(xta W) + Lscat(xta W)~ (33)

Emission L, (x¢, w) increases the radiance at point x, but it only happens when the medium
is luminous, such as fire and lightning within clouds. In-scattering L. (7, w) is the sum of the

radiance coming from other directions; i.e,

Lucat 1, 0) = 0y (1) / F (s 00) L, ) oo, (3.4)
(9]

where L;(z;,w;) is incoming radiance at z; in direction w; and the outgoing radiance L;(z;,w;)
in direction w determined by the phase function f(z;, w;w;) that defines how much light in
direction w; will scatter to the direction w after penetrating through z,. Integrating over the unit
sphere surrounding the point iz, by applying Equation [3.1] recursively to gather in-scattering
results in L. (7, w). os(ay) is the scattering coefficient for control the strength of scattering
effect at x;.

We summarize the symbols of volume rendering equation in Table[3.1]

Symbol® | Description

o(x) Extinetion coefficient at z. 0,(z) = 04(x) + 04(x).
os() Scattering coefficient.atz.
0q(x) Absorption coefficient at .

f(z,w,w;) | Phase function at x.
T.(x,, xs) | Transmittance between z, and x.

Radiance reflected by the surface of the object.

Lgir(z,w) | Radiance scattered by air.

Table 3.1: Symbols summary.



CHAPTER 4

Lighting and Foggy Effect
Transfer

In this chapter, we describe the algorithm of our system. Section 4.1 give an overview of our
algorithm. Then we describe each part of our algorithm: user control (Section 4.2), optimization

(Section 4.3), and rendering system (Section 4.4).

4.1 System Overview

This study aims to simplify the process of designing lighting and foggy effects in 3D scenes. In
the forward methods, parameters of lighting and participating media are adjusted manually in
trial-and-error basis until the desired result is reached, which is not an easy task for normal users
since they may not know how the parameters related to the desired effects. In the backward or
inverse methods, the desired effects or some references are provided, and then the optimized
solution is found through an optimization algorithm which minimizes the difference between
the desired effect and the synthesized result. In this study, we take the backward approach and

use some lighting and foggy effect on a target image as the reference. The input of our system

12
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is a 3D scene and a target image [;. Some control lines or patterns for sampling are drawn in
correspondence on the target image and the rendered image (X,) of the 3D scene with default
setting X of the lighting and fog parameters. The control lines or patterns are denoted as .5;
and S, respectively for the target image and rendered image. Comparing correspondences on
Sy with S, the rendering parameter X; is modified automatically until an appropriate parameter
X* is found. The 3D scene with the optimal lighting and fog parameters X * is the final output
of our system.

Figure [4.1|illustrates the flowchart of the algorithm with the following major components:

1. User control
For effect transfer, we use animage such as a real photo that contains the desired lighting
and foggy effects as the target-image. Instead of sampling the whole image, the parts
of the image that'reveals the expected effects are sampled during the optimization. It
is difficult to recognize the desired effects automatically, so the ones that reveal image
having the desired effects are identified manually. On the target.image and the rendered
image of the input 3D scene, we draw control lines or patterns.for the sampling used in
the optimization process. The control lines of patterns include the glow line for extracting
the glow effect, the fogline for extracting the foggy effect and the ray line for controlling
the god rays. These control lines or patterns areused for sampling pixels on the target

image and the rendered image.

2. Optimization
Our goal is to transfer the desired effects on the target image to the 3D scene. Thus the
problem is to find a set of parameters X* with which the rendered image is as similar
as possible to the target image on the selected effects. We regard this derivation as an

optimization problem that can be solved by using Nelder-Mead simplex algorithm [8]].

3. Rendering system
We use volume rendering to render scenes with the participating media. Since the opti-

mization is an iterative process and the 3D scene is rendered for each iteration. The ren-
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dering takes part of the optimization cost. To ensure an interactive design performance,
we currently consider only homogeneous media with single scattering. In addition, we

achieve real-time rendering for each iteration by using the GPU-based technique [3].

e

1 %o

»  User Control . ¢

Is (XO)

2R Rendering
Le™s System
Xi i
) It L — - >

) ) M Optinuzation [«

2 2 Is (Xi)

I5(X7)

Figure 4.1: Flowchart of our-method.
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4.2 User control

There are three types of controlling patterns used for representing how the desired effects are
sampled. These controlling patterns are placed in pair on both of the target image and the
rendered image of the input scene.

The first one is the glow lines for transferring the glow effect on the target image. Since the
shape of glow for a point light source is almost a circle, we allocate sample points in a circular
pattern to sample the variation of glow. That is, glow lines consist of sample points distributed
in the pattern of concentric circles. Figure depicts how the glow lines are placed on the
scene and target image. In Figure[#.2)(a), a start point as'the center of a circle and an end point
representing the expected scope of the glow effect are placed first. Then sample points which
distributed in a way of concentric circles are generated; see Figure .2] (b). Similar glow lines

are placed on the target image; see Figure 4.2] (c).

(a) (b) (©)

Figure 4.2: Steps of drawing glow lines. Place a start point and and end point (a) to determine
the scope of the glow line. (b) and (c) are examples of a pair of patterns in the form of concentric

circles for the scene image and target image, respectively.

The second one is the fog lines for transferring the fog effect on the target image. The
appearance of fog varies from far to near, so we draw a line that is able to depict the depth
variation of the scene to sample this information. The example of using the fog line is shown in

Figure [4.3] A start point and an end point are set to draw the fog line; shown in Figure
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for the input scene image. Then sample points are generated within the line; see Figure d.3(b)|

Similarly, a fog line is drawn on the target image; shown in Figure

(a) (b)

©)

Figure 4.3: Steps of drawing fog lines. Place a start point-and an end point (a) to determine the
scope of the fog line. (b) and (c) are examples of ‘a pair of fog lines for the scene image and

target image, respectively.

The third one is the ray line for transferring god ray effects on the target image. The god
rays have different brightness because light rays are occluded by objects. Thus ray lines need
to be drawn both on the darker part and the brighter part. Figure #.4] show the example for the
ray lines. A ray line is also generated by a start and a end point. When drawing ray lines on
the scene image, the end point is placed by the user as shown in Figure The start point
is determined by the position of the light source. The line between the start and end points may
extend to outside of the view, but only sample points in the view are considered. The ray line

for the brighter part of god rays are drawn; see Figure 4.4] (a) and (c). The corresponding ray
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lines for darker part are placed on the scene and target image in similar way; see Figure [4.4] (b)

and (d), respectively.

(b)

(©) (d)

Figure 4.4: Steps of drawing ray lines. Place a start point-and an end point to determine the
scope of the ray line on brighter part of god rays for the scene image (a) and target image (c).
Draw another pair of ray lines on the darker part of god rays for the scene image (b) and target

image (d).

4.3 Optimization

The solution of this optimization problem is a set of optimal parameters including lighting and
fog parameters. Lighting parameters include intensity and color of each light source. Fog pa-
rameters consist of extinction oy, albedo p and a variable for approximating multiple scattering

L,,. Extinction controls how much light will lose through the fog. When extinction is low,
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the scene can be seen clearly. Otherwise, the scene is sheltered by the fog. Albedo controls
the scattering effect. When albedo is high, the scene is bright because of strong scattering.
Extinction and albedo influence the amount of radiance through fog, and therefore they can be
regard as the density of fog. L,, can prevent the scene form being too dark due to leaking of
multiple scattering. Because we assume that the media is homogeneous, the fog parameters are
global variables.Lighting parameters of each light consist of color and intensity which control
the appearance of glow and the brightness of the scene. Because the channel of color is three,
each light has four dimensions. If the number of lights is L, the total dimension of X is

(3+4 X Lyym)-

4.3.1 Problem Formulation

The inputs of our system is a 3D scene with the default setting Xg for lighting and foggy
effects. A target image is selected, and controlling patterns for sampling on both target image
and rendered scene image of the input scene are drawn. Our problem is:to search for the optimal
configuration X* with which the effect on the rendered image can be close to that on the target
image as much as possible:We compute X * by minimizing the objective function O defined as

follows:

arg min O(1;, 1,(X)), 4.1
X

where X is a vector consisting of lighting and fog parameters, [; is the target image for the
expected result and /,(X) is the scene image with parameter X. The objective function O

consists of L'y, for the foggy effect and ;4 for the glow effect and god rays defined as:

O(11, I4(X)) = aEfog(11, Is(X)) + BElignt(I1, Is( X)), 4.2)

where a and [ are scalar weights.
When the distance to eyes is farther, light reaching eyes are less because of absorption and

out-scattering of fog, and therefore the fog looks deeper. The scene becomes whiter because of
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deep fog. The variation of fog from near to far is close to the variation of saturation of HSV
color space from 1.0 to 0.0. Thus we use saturation of HSV color space to display the fog
variation. Saturation is independent of hue, so the influence from color with different hue of the
background can be decreased. Thus Ey,, is used for sampling the difference of saturation along

the fog lines. That is,

Ny—1

Efog(I1, 1) = Z 1Pi(T) — Poa(L)]1%, (4.3)
where P ; is saturation of the sample point z on the fog line and Ny is the number of sample
points.

Because the glow effect includes color and intensity of light, we use the color of pixel to
display glow. God rays belong to the lighting effect, so it is defined by the same way as glow
effect. Lj;4n¢ 15 the difference of color-for samples on the glow lines or ray lines. That is,

Ny—1
Blight(I1, 1) = Z [Bhswi(F) — Pasoi(TN2, (4.4)
where P, ; 1s HSV for the sample point 2 on the glow line or ray line, and N, is the number of

sample points.

4.3.2 Compute Optimal Configuration

We use Nelder-Mead simplex algorithm [8] to minimize Equation Simplex is an optimiza-
tion algorithm for minimizing the function of n dimension. (n + 1) initial points X, X1,...X,
construct the initial simplex, where point has n dimension. Simplex adapt itself iteratively to
find the local minimum X* by replacing the point with a better one.

In the first step , the (n + 1) initial points need to be generated. Each point has the same
dimension with X in Equation The first point is the initial condition Xy which means the
setting of input. The rest of n initial points are generated by shifted each dimension of X. The
color of light in initial points is determined based on the color of sample points in the glow line

or the ray line.
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The simplex is built according to the initial points. Then use these points to rendering scene
images, and compute the error for each points by Equation The point with highest error,
Xy, will be replaced. There are three operations, namely reflection, expansion and contraction
involved in the replacement. The centroid of the points is defined as X, and the reflection of X,
is denoted by X .

X =(14a)X —aXp, (4.5)

where « is reflection coefficient. If O(X}) < O(X},) and O(X}) > O(X;), where X is the
point with lowest error, then X, is replaced by X/. If O(X}) < O(X,) and O(X}) < O(X)),

then expansion operation is used to.compute X, by

Xe = 7 Xt (= )X, (4.6)

where + is expansion coefficient. If O(X,) < O(X}), then Xy, is replaced by X.. Otherwise, X},
is still replaced by X} . When reflection failed, which means O(X} ) >O(X},), then contraction

operation is performed;as follows:

X, = X, + (L =) X, 4.7)

where 3 is contraction coefficient and X, is replaced by X The algorithm repeats this step
until the point with the local minimum is found. The local minimum means that the scene image

is close to the target image, so the parameters of the point is optimal configuration X *.

4.4 Rendering System

The common technique for rendering participating media is ray marching which is time con-
suming due to the complicated calculation of multiple scattering. Since the proposed optimiza-
tion algorithm involves the scene rendering at each iteration, the rendering must be in real time.
Thus we employ only single scattering and use the method proposed by Kriiger et al. [S] to

accelerate the ray casting process.
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4.4.1 Rendering Equation

The parameter L,, representing the light reflected by objects is modeled by Phong model:

1
Ly(ws,w) = kaLa + 7= (kaLa(l - n) + koL (r - w)™)), (4.8)

where n, 7, [ and n, are the normal of the surface, reflected light, light direction and surface
roughness, respectively. k,L,, kqLq and kL are ambient light, diffuse light and specular light,
respectively. k is attenuation factor which simulates the light attenuation due to the distance d.

We consider only single scattering effect, and use a eonstant L, to approximate the effect
of the multiple scattering. In addition, we assume that the media is non-luminous such as fog,

SO Leym; for luminous media can be ignored. Therefore, in the Equation Lir (x4, w) is

Lair(ajt,w) = Lss@jtaw) + L. (4.9)

The single scattering. that directly comes from the light and goes.through point z; in the

direction w is

Lss(xtaw) - O-S(xt)f(xtawawl)[/v (410)

where f(z;,w,w;)), a phase function, is-assumed-to be isotropic in our study, and w; is the

direction from the light to z; and L is the intensity of the light source.

4.4.2 Ray-Casting Implementation

There are many ways of implementing the volume rendering. The method we choose is ray
casting. Ray casting is the method that casts a ray along the view direction through each pixel,
and integrates lighting of voxels along the ray. The rendering process is composed of many
fragment operations that include lighting computation, so reducing cost of per-fragment op-
erations can also accelerate the rendering process. Kriiger et al. [S] proposed a GPU-based

technique to accelerate fragment operation. Two steps are involved. In step one, they render
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front face of the volumetric data for obtaining the entry points, and store the entry points in a
coordinate texture as shown in Figure d.5(a). In the step two, they render the back face of the
volumetric data for obtaining exit points as shown in Figure [4.5|b). Then the ray directions for
ray traversal is computed by using exit points and entry points stored in the coordinate texture.
After the direction is computed, each fragment starts ray traversal. The computation of each ray
can be performed simultaneously because GPU is a parallel processing. We adopt their method
to implement ray casting and compute lighting within participating media by using Equation

when executing ray traversal.

volumetrid data volumetric|data

exit point

entry point eye dir

coordinate texfure framebuffer
(a) Step one (b)-Step two

Figure 4.5: Step one: store-the entry points of the volumetri¢c data in the coordinate texture.

Step two: compute directions of rays with the coordinate texture and start ray traversal.



CHAPTER 5

Results

The process of designing a scene is shown in Figure [5.1} A bridge scene with the default
setting and a target image are inputted. Inthe user control state, two pairs of glow lines are
drawn separately around the lamps of targetimage-and the scene image. The parameters X; are
derived until the optimal parameter X * is found in the optimization state. The resultant image

with glow effects similar to the target image is the output of the system.

23
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v
User Control
S. S, Rendering
System
e
Ie | 1% I(X) | LX)

Optimization

Figure 5.1: The flowchart of our system when designing a scene.

In the following, we use some cases for testing. Figure [5.2] shows the example when the
light source in the target image Figure [5.2(b)] is not isotropic. We use spotlight to model this
effect. Furthermore, the examples display how to use different size of the glow line to control

the size of glow effect.
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(a) Initial condition (b) Target (¢) Optimized result

Figure 5.2: Transfer the glow of the spotlight.

Figure [5.3| depicts the result generated by using the same initial condition and target image
but with glow line placed on different location. It starts from an initial condition with fixed
point lights, and parameters of the participating media are zero. Then user draws glow lines
around the lights of the scene image and around the lights of the target image; as shown in
Figure and Figure [5.3(b)l Based on the glow lines, optimization process adjusts and
finds the parameters which can generate closest result; as shown in Figure Figure
is the results generated by using other target image. Their foggy effects in whole scene looks
different, because the scope outside the sample points around lights is not considered in the

optimization process.
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(a) Initial condition (b) Target (c) Optimized result

Figure 5.3: Transfer different parts of glow effect from the target image.
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(a) Initial condition (b) Target (c) Optimized result

Figure 5.4: Transfer the glow effect from the same target image.



28

Figure [5.3] shows how to design the fog effect in two different scenes. Because these are
outdoor scenes, the environment light must be considered. Our rendering system just supports
point lights, so we use few point lights to model the environment light. There are two light
sources in these scenes. After the scene is inputted, two pair of fog lines are drawn along the
road on the scene image Figure and the target image as shown in Figure [5.5(b)] Figure
are the results of applying the fog effect of Figure [5.5(b)|to the scenes.

ST TR TR

(a) Initial condition (b) Target (c) Optimized result

Figure 5.5: Transfer the fog effect.
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Figure[5.3|represents the result of transferring glow effects in the target image. The area out
of the glow line such as the ground is not considered in the optimization process. If the user
wants that the ground is lit by the lights, this problem same as the bottom result of Figure[5.4]can
be solved by using fog lines placed on the ground to make it be considered in the optimization
process. The bottom of Figure [5.6]is the result generated by the glow lines and the fog lines at
the same time. Comparing to the top result of Figure[5.6] the fog in the bottom result is thicker.
The top result has higher extinction, so the ground cannot be seen clearly. The bottom result
reduces extinction and in the meanwhile increases the intensity of lights or albedo for keeping

glow effects the same.

(a) Initial condition (b) Target (c) Optimized result

Figure 5.6: Top row: design the scene by using only the glow line. Bottom row: design the

scene by using the fog line and the glow line.
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The case of transferring god rays is shown in Figure The light source is placed at the
upper left corner of the scene, so the rays are cast from the upper left corner to the lower right
corner. The ray lines are drawn along the ray direction on the scene image like Figure
and the target image Figure [5.7(b)] Yellow, red and blue ray lines are drawn on the brighter
of god rays. Orange and green ray lines are drawn on the darker part of god rays. After the

optimization, the intensity of god rays on the scene image is close to the target image as shown

in Figure

(a) Initial condition (b) Target (c) Optimized result

Figure 5.7: Design the scene with god rays:
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When coloured participating media permeate the air, the atmosphere is influenced by the
color of the participating media. For example, green fog in forest or brown haze in the city.
We can adjust the color of lights to achieving this cases. Figure [5.8] show how to extract the

atmosphere from the target image.

(a) Initial condition (b) Target (c) Optimized result

Figure 5.8: Extract the atmosphere from the target image.

We use an Intel Xeon E3-1230 with NVIDIA GTX 670 for testing. In our rendering sys-
tem, because we just consider homogeneous media with single scattering, the major factor of
execution time is rendering time relating to number of lights and complexity of the input scene.
Number of lights influences not only rendering time but also the dimension of X. Each ray in
ray marching is divided into 400 sample points, and the screen size is 600 x 600. The optimiza-
tion time of above examples are shown in Table[5.1] Optimizing the upper example of Figure

[5.3] takes more time because the complicated scene needs more time to render it. The upper
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example of Figure [5.5and Figure [5.7] use the same scene, but optimizing Figure [5.7] takes less

time because of fewer light sources. Optimizing examples of Figure [5.6]takes almost the same

time because the number of sample points has few relations with the optimization process.

figure light number | time(sec)
5.2 1 2.33
5.3((top) 2 6.69
5.3[ (middle) 2 6.66
5.3[ (bottom) 2 5.34
5.4{(top) D 6.57
S .4{(bottom) 4 14.72
5.5|(top) 2 46.23
5.5/ (bottom) 2 11.24
5.6{(top) 4 1381
5.6|(bottom) 4 13.4
5.7 1 22.595
5.8{(top) 2 1313
5.8|(bottom) 2 11.10

Table 5.1t Optimization time of results.



CHAPTER 6

Conclusion and Future Work

We proposed an algorithm that aims-to-avoid too-many manual operations for designing the
scenes within fog by transferring desired effects from the target image. Using a target image
and simple sample patterns as the reference, through the way of solving inverse problems, the
result close to the target image can be generated automatically. 'Our method can handle the
glow effect of the light, god rays, and homogeneous fog effect. The set of optimal parameters
of fog and lighting is obtained simultaneously by an optimization process based on Nelder-
Mead simplex algorithm . The user operations.are-simplée and the execution time of optimized
process depends on the complexity of the input scene.

In the future, we want to improve our rendering system, so that more effects can be rendered,
for example inhomogeneous media, multiple scattering and environment lighting. Therefore our
algorithm needs to increase other functions for transferring inhomogeneous media. The function
of designing the scene with inhomogeneous media can match more conditions in reality. In
addition, the ability of adjusting the position of lights automatically can make this system more

convenient when using some point lights to model environment light.
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