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Abstract: In this paper, a simplified visualization me-
thod is proposed for an urban space in consideration
of weather and sun moving. In the proposed method,
buildings and roads with shadows are visualized by the
ray tracing algorithm. Also sky, snow, and rain are
visualized by textures. Some textures such as snow
and rain are generated in advance by the ray casting
algorithm. Then we can obtain images with weather
condition and shadows of sunlight by buildings along
the road in relatively low computational cost.

1. Introduction

Recently, the research on geographic information sys-
tems(GIS) [1] has been actively studied and developed.
In GIS, visualization tools such as computer graph-
ics(CG) are useful for us to understand several kinds
of information related to maps.

The so-called car-navigation system is one of the
most popular and useful systems in GIS. The system
can show our past and current positions in the map,
and also guide a route to our destination. Since such
system has to provide necessary and sufficient informa-
tion whenever we want to know, the visualization in the
system must be fast. This is the reason why CG im-
ages in the system are not generated usually by many
CG models and algorithms which need not so small
computational cost. However, present graphics in the
navigation system dose not always provide information
sufficiently, so that the system sometimes depends on
human’s understanding. For example, when driver’s
visibility becomes bad because of shadow and/or bad
weather condition, he can not find landmarks in the
real world, even if the system shows them in the vir-
tual world. Therefore, it is important to generate CG
images of urban space with time-varying information
such as weather in low computational cost.

In this paper, a simplified visualization method
will be proposed for the urban space in consideration of
weather and sun moving. In order to decrease compu-
tational cost in visualization, in the proposed method
ray tracing algorithm[2] is combined with textures of
weather and skylight, which are generated by ray cast-
ing algorithm[2][3]. Then we can obtain images with
weather condition and shadows of sunlight by buildings

along the road’in relatively low computational cost.
2. A simplified visual simulation of
urban space

In this paper, we assume that the urban data consists
of objects such as roads given as a set of meshes and
the buildings of which basal plane is a set of meshes.
In addition, we assume that the height of each building
is invariable(see Fig.1) and one of the road is 0. Then
we get the data from the map as followings:

o the number of vertexes of each objects
o the coordinate of vertexes of each objects
¢ the height of each objects

e the color of each objects
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Fig.1. the building data

In this paper, CG images of the urban space are
generated by the ray tracing algorithm in consideration
of the followings:

¢ Filtering the urban data
¢ Shadows by the sun
e Sky and clouds

e Rain and snow
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2.1 Filtering the urban data

The computational cost of the ray tracing depends on
the number of objects in the space. Usually it is seen
that the urban data becomes too much to execute the
ray tracing algorithm. In this paper, from the viewpoint
and visible area the urban data is filtered, so that the
ray tracing can be done with respect to the necessary
data(see Fig.2). An outline of the filtering is as follows:

Fig.2. filtering the urban data

Stepl: Let n;, j = 1,...,4, be normal vectors of the 4
faces surround the visible area, where direction is
inside to the area, and V;, i = 1,..., N, be vectors
from viewpoint to vertex P;,i = 1,..., N, of the
building, respectively, where N is the number of
vertexes of each object.

Step2: Fori=1to N:
Step2-1: For j =1 to 4:

Step2-1-1: If V; - n; < 0, go to Step2 with i +—
i+ 1.

Step2-1-2: j «— j +'1 and go to Step2-1.

Step2-2: Since V; - n; > 0 for all j, then it is shown
that P; exists in the visible area. Therefore, the
object having P; is to be visualized, so that it is
unnecessary to check other points Py, Pito,. ..

Step3: Since all P;,7 =1,..., NN, exist out of the area,
the object having P; is determined as invisible
one.

2.2 Shadows by the sun

It is important for high quality car-navigation systems
to express shadows by the sun. From time and season,
the position and intensity of the sun can be easily ob-
tained (Fig.3). Then all shadows of buildings can be
generated by solving a set of linear equations derived
from the filtered urban data and the position of the sun.

, Pn.

In this paper, we shall divide a year into 4 seasons and
decide the position of the sun as follows:

The orbital plane of the sun is vertical as the North
Pole in spring or fall. Then the meridian transit vector
v, 18 given by the outer product between the North Pole
vector and the East vector vg. Because the sun moves
by 11—27rrad on it’s orbital plane per hour, the position
vector v; of the sun after ¢ hours from sunrise is

tan —1— t
127

Here, the size of vy and the radius of the sphere is 1.
Also v, is the vector for parallel translation from the
position of the sun in spring or fall to one in summer
or winter. Here, the angle of the meridian transit in

summer is 1557 higher and one in winter is 37 lower

100
than one in spring or fall. From the above, the parallel

translation vector v, can be obtained easily.

v =vg + Vg + VUp. (1)

Summer
Spring - Fall
North Pole

South

Fig.3. The position of the sun

We regard the sun light as the parallel light. Let
Lg be strength of the sun light and 8 be the angle of in-
cidence. Then the intensity of the sun light considering
with the position of the sun is as followings:

Ly = Lgcosf (2)

From the above, we can represent the shadows by
the ray tracing algorithm, but objects which are far
from the viewpoint look dark. Then we shall introduce
the depth effect. When we give the distance d which
makes the intensity of light reduce by half and define
the old intensity of light as Lg, the intensity of light
L(z) which is z from the veiwpoint approximate as fol-
lowings:

L(z) = Lo exp (—l—“d-zm) . (3)
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2.3 Sky and clouds

When a ray intersects no objects, the ray must repre-
sent sky. In this paper, the sky and clouds are mapped
by a texture, which is selected by the given time, amount
of clouds and season. Here, the intensity of the skylight
L; is calculated from the amount of clouds:

L;=(1-0.14¢)Ls. (4)

Here, Lg is the intensity of the fine sunlight. Ac de-
notes the amount of clouds in the sky, which varies from
0 to 10 according to the weather[4]. The textures of the
clouds are real pictures. ’

2.4 Rain and snow

Rain and snow should be considered because they influ-
ence our visibility very much. In this paper, textures of
rain or snow is located in front of all objects in the ur-
ban space. The texture is selected by the given weather
condition. We use some textures of rain or snow so that
we can express the difference of the amount of rain or
snow. In this paper, textures of rain are generated by
some drawing tools and the ones of snow are generated
by the ray casting algorithm to give a lot of small balls
in the voxel space. Also we represent mist under rain
by using texture, which is generated by the ray casting
algorithm. In addition, we can consider the road and
top of the building which is wet and covered with snow
by changing the attribution of the road.

2.5 Outline of the proposed algorithm

From the above, we propose the following algorithm:

Stepl: Calculate the intersection point by the ray trac-
ing algorithm.

Step2: If the intersection point of Step2 is on a road
or building, calculate the intensity of the sunlight
L; from the position of the sun and the amount
of the clouds. Set the reflectivity from the normal
vector and weather. Then calculate the intensity
from the intensity of the sunlight and reflectiv-
ity. If necessary, trace again to the direction of
reflection.

Step3: If the intersection point of Step2 is on the sky,
map the texture of the sky.

Step4: If the weather is rain or snow, map the texture
of it.

From the above, CG images of the urban space can
be generated by only linear computation with weather
condition as well as time and season. Since the data
needed complex calculation is a priori obtained as a
set of textures, the main process of rendering images is
simplified.

3. Simulation

For example, geographic information near Korakuen
campus, Chuo University, is used for all simulation,
which has 24 objects with 214 meshes. In all simu-
lation, images are generated from a viewpoint to the
east of the campus. Table 1 ~ Table 3 show com-
putational time for each simulation under the 440MHz
Ultra SPARC TIIi system. The size of all images is 400
x 300 pixels.

Table 1. fine day in spring

Figure | season | weather | time | computing
time][s]
Fig.4 | spring fine 7:00 131.47
Fig.5 | spring fine 12:00 129.88
Fig.6 | spring fine 17:00 113.12
Fig.7 | spring fine 20:00 100.45

Fig.4. at 7:00 Fig.5. at 12:00

Fig.6. at 17:00

Fig.7. at 20:00

Fig.4~ 13 show 10 examples of the proposed method
There exist 21 objects and 184 meshes in the visible
area, and we caluclate only these objects for rendering.
Fig.4~ 7 are the simulations in the same day at the
different time. In Fig.4, shadows on buildings by the
sun is observed and they correspond to the real world.
Fig.5 shows that the ground is bright, because the sun
is high, and shadows by the sun is moving from the po-
sition of shadows in Fig.4. Fig.6 shows the sky dyed
red by sunset and the light is beginning to fail. Because
the position of the sun is low, we change the texture of
the blue sky into one of the red sky. When time past
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from Fig.5 to Fig.7, the intensity of the light becomes
lower.

Table 2. Difference in amount of clouds

Figure | season | amount of | time | computing
‘ clouds time]s]
Fig.8 fall 2 10:00 129.98
Fig.9 fall 4 10:00 133.64
Fig.10 fall 6 10:00 134.95
Fig.11 fall 8 10:00 99.76

Fig.8. Amount of clouds Fig.9. Amount of clouds

is 2 is 4

Fig.10. Amount of clouds Fig.11. Amount of clouds
is 8 is 10

Table 3. Rainy day and snow day

Figure | season | weather | time | computing
timel[s]

Fig.12 | summer rainy 10:00 102.57

Fig.13 fall Snow 10:00 99.81

Fig.8 ~ Fig.11 are cases in consideration of the
amount of clouds. When the amount of clouds in-
creases, we see the intensity of light becomes lower.

Fig.12 1s the case of rainy day and Fig.13 is the
one of snow day. They show their visibility becomes
worse than fine day at the same time (Fig.8).

Fig.12.
10:00 in Summer

Rainy day at Fig.13. Snow day at 10:00
in Winter

4. Conclusion

In this paper, we have proposed a simplified visual
simulation for the urban space in consideration with
weather condition and sun moving. The proposed method
consists of 2 parts; pre-process for generating textures
and main process for rendering. Consequently, it is
seen that the computational cost for the main part be-
comes relatively low in spite of representing shadows
and weather. While we can’t consider shadows by the
removed objects. We shall consider shadows by the re-
moved objects so that the generated images are realer.

In a future paper, we shall consider other effects
such as moonlight. In addition we shall use the textures
of the building’s design so that CG images of the urban
space are realer.
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