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Preface

It is no longer necessary to emphasize that computer
science is omnipresent today. Terms as digitalization,
Industry 4.0 etc. are frequently heard in the mass media
and are becoming a part of our everyday life. The rapid
advances in computer science require a large investment
in research and development. In particular, it is impor-
tant to educate young scientists, which is one of the
objectives of the StuCoSReC conference.

In front of you is the proceedings of the fifth Stu-
CoSReC conference. The StuCoSReC is intended for
masters & PhD students to show their research achieve-
ments. Socializing is also important and the confer-
ence is an excellent opportunity for students to get to
know each other. The conference connects students of
computer science and goes beyond the invisible limits of
faculties. The uniqueness of StuCoSReC conference is
that it is organized each year by different higher educa-
tion institution. The University of Ljubljana - Faculty
of Computer and Information Science is proud to host
the conference this year.

Twelve papers addressed this conference, covering sev-
eral topics of the computer science. All the papers were
reviewed by two international reviewers and accepted
for the oral presentation.

ref. prof. dr. Nikolaj Zimic
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Real-time visualization of 3D digital Earth

Aljaz Jeromel
Faculty of Electrical Engineering and Computer
Science, University of Maribor
Koroska cesta 46, 2000 Maribor, Slovenia
aljaz.jeromel@student.um.si

ABSTRACT

A new method for real-time visualization of Earth in 3D is
presented. The method dynamically calculates visualization
data and works in several steps. Firstly, the vertex coordi-
nates in 3D are calculated. Then, the UV coordinates for
texturing are calculated from vertex’ position. The vertices
are connected into triangles and sent to the shader pipeline,
where they are processed by vertex shader, geometry shader
and fragment shader. The vertex shader transforms the ver-
tices from the world space to screen space. Geometry shader
corrects possible interpolation errors by inserting extra ver-
tices where needed, while the fragment shader assigns the
colour to resulting fragments. The main advantage of the
proposed method over the state of the art methods is its sim-
plicity. Experimental results have shown that the proposed
method produces a high FPS (frames per second), which
makes it suitable for real-time visualization.

Keywords
Computer Graphics, 3D Rendering, Object Geometry

1. INTRODUCTION

With the use of 3-dimensional (3D) graphics, a lot of things
can be visualized, from simple cubes to complex models of
real-life objects. The need for an application that visualizes
geographical and other data about the Earth in 3D has been
expressed as early as 1998 by then vice president of the US
Al Gore [1]. He proposed many practical uses for such an
application, named "Digital Earth”. The proposed uses in-
clude education, national border negotiations, redeployment
of police force to the most problematic areas, biodiversity
preservation, climate change prediction and improvement of
agricultural productivity. Because most world maps use the
Mercator projection, which deforms the view of the world,
the visualization of Earth in 3D can teach the children a lot
more about our planet than the conventional 2D maps can.
The digital model of Earth, combined with many kinds of
data (e.g. historical, geodetic, etc.) could also lead to better
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understanding of the planet [2].

Quite a few methods for visualization of Earth and plan-
ets have been developed and optimized since the historical
Gore speech. During the years 2003 to 2006, a group of
Italian computer scientists presented a method for high per-
formance terrain visualization, named BDAM, and two of
its improvements, PBDAM and CBDAM (3, 4, 5]. Schnei-
der and Westermann have also proposed a method using
nested meshes for high quality terrain rendering with min-
imal GPU overhead in 2006 [6]. In 2007, Schafhitzel et al.
proposed a method for rendering of the planets, including a
simulation of the atmosphere, in real-time [7]. A short book
on planet visualization was written in 2008 by Ostergaard,
which discusses the implementation challenges of a digital
globe and presents the implementation solution with some
optimizations [8]. Cozzi and Ring took that achievement one
step further in 2011, by writing an exhaustive book on vir-
tual globe design, along with multiple propositions on how
to deal with implementation issues that can occur, and the
full C# implementation [9].

This paper is focused on real-time rendering of 3D Earth
map. A method for a dynamic visualization is presented
and explained, and the efficiency of the method is discussed.
The proposed method firstly calculates visualization vertices
on the screen, then calculates their UV coordinates. The
results of these steps fill the Vertex Buffer Object, which
is sent to the graphics card. There, the calculated vertices
are processed by the vertex shader, geometry shader, and
the fragment shader programs, before the map is drawn on
the screen. According to experimental results, the proposed
method produces high enough FPS (frames per second) to
be used in high performance applications. The proposed
method is much simpler and light-weight than the state of
the art visualization methods. The floating point precision
errors are handled by means of normalizing the coordinates
to the visible part of the Earth, while the interpolation errors
are processed by the geometry shader on the GPU. This
paper also does not concern itself with acquisition of texture
data; the implementation behind it is out of scope of this

paper.

This paper is organized as follows. The method for visual-
ization is explained in Section 2. The results, produced by
the method, namely frames per second (FPS) in relation to
the number of triangles rendered, are presented in Section
3. The conclusion is given in Section 4.

DOLI: https://doi.org/10.26493/978-961-7055-26-9.39-42
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2. METHODOLOGY

The rendering procedure, presented in this paper, consists
of following steps. Firstly, the visible tiles are calculated.
Then, the vertices and their UV coordinates are calculated.
The vertex data is sent to the graphics card for drawing. Fi-
nally, the vertex, geometry, and fragment shader finalize the
calculations, and the result is drawn to the screen. These
steps are presented in more detail in the following subsec-
tions.

2.1 Vertex generation

The first step in 3D graphics pipeline is the generation of
vertices. In many applications that use 3D graphics, some
modelling software is used to generate the model, already
complete with vertices, UV coordinates, and normals of the
object. However, such models are not suitable for high-
resolution realistic display applications because of three rea-
sons:

e A model file with sufficient number of vertices for real-
istic display of the highest quality would be extremely
large,

e Rendering of too many vertices results in a very low

FPS (frames per second) environment when using mediocre

graphics cards, due to insufficient available graphics
memory or shader processing cores,

e Older versions of shader programs don’t support the
use of 64-bit precision, which is required for rendering
of the most detailed views of the Earth.

Because our goal was compatibility with some of the older
versions of shading language, 64-bit precision could not be
used in shader programs. Therefore, in presented applica-
tion, dynamic vertex generation was used, which also meant
that the precision-critical data could not be processed by
shader programs on the GPU. Because of that, the FPS
(frames per second) in our application is a bit lower than it
could have been in an ideal setting.

For the vertex generation, a ray casting algorithm is used.
The screen is divided in up to 121 equally spaced points, and
from each of those points, a ray is sent out. This produces
a grid on the screen with up to 10 rows and columns. The
rays’ intersections with sphere representing the Earth are
calculated. If we have a ray ¥ = (rz,ry,rz), sphere with ra-
dius R, the camera positioned at ¢ = (cz, cy, cz), and the dot
product between ray direction and camera position vectors
dt, the closest intersection, p, between ray and the sphere
can be calculated by Equation 77.

p=C— (dt ++/dt?> + R? — |¢]?) 7. (1)
Note that the part under the square root is negative when
the ray and the sphere do not intersect. In that case, the
ray’s direction is adjusted a bit, so that it touches the sphere.
The tangent point, ¢, is calculated using Equation ??, with
intermediate vectors @ (Equation ??) and b (Equation ?7?)

2
6:E+%f‘ (2)

b= i‘ai

|a@

f=c+ /|2 - R? IZ_CT (4)
—C

Finally, the coordinates of the points are normalized.

2.2 UV coordinate calculation

The UV coordinates for texturing are calculated from the
vertex’ coordinates. If the map tiles use Mercator projec-
tion, which distorts the image in the direction of vertical
axis (V coordinate), that has to be reversed first [10]. The
U coordinate is calculated simply from the normalized ver-
tex position, p = (z,y, ), as in Equation ?7.

arc tan(%)
U=—F =5 +05 (5)

With the help of constant M (Equation 7), the V coordinate
is then calculated using Equation 77.

arc sinh[tan(2 M arc sin[y])]

V:
2w

+0.5, (6)

M = arc tan[sinh(m)]. (7)

Because shader programs use 32-bit precision, an additional
step is required when calculating the UV coordinates. When
rendering a close-up view, only a really small part of the
Earth is visible, which means the difference between mini-
mum and maximum UV coordinates is really small too. Be-
cause of that, the UV coordinates can be normalized to the
visible part of the Earth. The minimum and maximum vis-
ible row and column of tiles were already calculated before
vertex generation step. Instead of having the V value 0 at
the south pole and 1 at the north pole, we can adjust it to
be 0 at the bottom of the bottommost visible row and 1 to
be at the top of the topmost visible row. The U coordinate
is also mapped from 0 at the left of leftmost visible column
and 1 at the right of rightmost visible column. That way, the
precision errors in shader programs are kept in check when
rendering the high resolution close-up views of the Earth.

2.3 Vertex shader

The vertex shader program’s only task is to transform the
vertex position from the world space into screen space by
multiplying with the standard model-view-projection ma-
trix. In case the model vertex buffer is used instead of the
dynamically calculated vertex buffer, the vertex shader also
remaps the UV coordinates to adapt them to the Merca-
tor projection, using Equation 7?7 and the constant M from
Equation 7.

Proceedings of the 2018 5" Student Computer Science Research Conference

St uC O S Re C Ljubljana, Slovenia, g October

40



V' — 05 AC sinh[tan(227rM[V —0.5)])] . (8)

2.4 Geometry shader

Geometry shader program has one of the most important
tasks in this whole process. It handles the interpolation er-
rors that happen at the edges of the map. Because OpenGL
fragment interpolation is always linear, errors occur when
one of the points in the triangle has the U coordinate of 0.1
and another point in the same triangle has the U coordinate
of 0.9. In that case, the shader should interpolate from 0.1
down to 0, then jump to 1 and from there continue inter-
polating down to 0.9. The models circumvent this issue by
duplicating vertices at the UV coordinate wrap-arounds, so
if we’re using a model, the geometry shader can be skipped.
The geometry shader program takes in the set of vertices
representing a primitive, in our case a triangle. It checks
the U coordinate of all 3 vertices, and if the difference be-
tween any 2 of them is higher than 0.7, it inserts another
vertex between them, to split the triangle into 2 or more
triangles, setting the inserted point’s U coordinate to 0 for
one triangle and 1 for the other. It then outputs all of the
resulting triangles to the following stages of the rendering
pipeline.

2.5 Fragment shader

The fragment shader program’s task is to determine the
colour of each fragment. OpenGL allows the shader pro-
gram to access up to 32 different textures during each draw
call. But because a lot of textures converge at the north
and south pole, multiple draw calls are needed during each
frame. Each of those calls is passed one of the tile textures.
The fragment shader program is responsible for mapping of
UV coordinates to the texture, and discarding all of the frag-
ments that do not sample from the texture, passed in the
current call. If the fragment is not discarded in this draw
call, the fragment shader program samples the passed tex-
ture to obtain the fragment’s colour, which is finally output
to the depth testing.

3. RESULTS

In this section, the results of rendering the Earth with the
proposed method are presented. The average time needed
to process and render a frame was measured, and the aver-
age FPS (Frames per second) was calculated. The measure-
ments were done on a personal computer with the following
configuration: Intel Core i5-3570K CPU 3.40 GHz, 32 GB
of RAM, GeForce GTX 1060 Windforce OC 6GB, running
64 bit operating system Windows 10 Education. The width
and height of all the texture units used were 256 pixels.
Their total size on disk was 9560 terabytes. The result of
rendering three different levels of detail (LOD) of the same
area is shown in Figure 1.

During standard rendering, the screen was divided into a
grid of 10 x 10 rectangles, each of which was split into two
triangles. FPS calculation was done by lowering the grid’s
dimensions all the way down to 1 rectangle, and measuring
the average time required to render a frame. Using that

Figure 1: The result of rendering the same area in
three different LOD-s
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information, the average FPS was calculated. The results
are shown in Table 1.

Table 1: Average FPS when rendering a pre-set
number of triangles

Number of triangles | Average FPS
2 452.90
8 350.62
18 397.89
32 407.09
50 405.80
72 364.40
98 356.11
128 370.66
162 382.86

200 359.95

As seen from the table, though the results vary, the average
FPS generally tends to decrease with a higher number of
triangles. This can be seen in Figure 2, where the dotted
line represents the 6th order of the polynomial trending line.

500
450 =
400 . =
©
5350 | . *
o
2 300
@
g 250
8 200
£ 150
o
W
100
50

0 50 100 150 200 250
Number of triangles

Figure 2: Graph representing the average FPS in
relation to the number of rendered triangles, with
the 6th order polynomial trending line (dotted)

4. CONCLUSION

In this paper, a method for real-time visualization of Earth
in 3D is presented. It works by dynamically calculating the
visualization data and uploading it to the graphics card,
where it is processed by the vertex shader, geometry shader,
and fragment shader. The experimental results have shown
that the method produces a very high FPS (frames per sec-
ond), which allows for the usage in applications, where high
performance is important.
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