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Abstract

The main task of this paper is to describe altitude measurement methods and specify how to process the obtained
altitude values for better use. Altitude is a very important parameter that affects many human activities like
geographical surveys, geometry, aviation, sport, and more. For these reasons, it is necessary to measure altitudes and to
process the obtained values in order to use them wherever it is needed. Some different altitude measurement methods
will be described, a characteristic of the existing altitude measurement projects on Earth will be outlined and finally,
design a way how to process the large amount of this data in the next step in order to make a visualization of a part of
the Earth’s surface.
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1. Introduction

The term altitude can be defined as the height of a location above a given planetary reference plane; in the case
of our planet - Earth, this begins at sea level and up to the stratosphere, or down to the depths of the seas. This term is
sometimes known as height or depth and it is often used in geometry, aviation, sport, geographical surveys and others.
Indeed, altitude affects humankind’s life in many aspects as described here in below, so it is necessary to measure it and
to include the obtained values in the wide spectrum of human activities.

The obtained altitude is closely related to some important variables. One of them is air pressure [9]. As altitude
increases, the atmospheric pressure decreases. This means that, in a given volume of air, there are fewer molecules
present, including oxygen [3] [8]. The dependency of the atmospheric pressure based on the equivalent Earth altitude is
shown in Figure 1, LEFT [10].
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Fig. 1. (LEFT) Pure oxygen atmospheric pressure at the equivalent Earth altitude [10]; (RIGHT) The Earth’s
atmosphere profile related to altitude and temperature [12]

The other parameter that is closely linked to altitude is temperature. The relation between the temperature and
altitude in the stationary atmosphere at a given time and location is specified by the environmental lapse rate [11]. In the
lower regions of the atmosphere (up to altitudes of approximately 12,000 meters), temperature decreases with altitude at
a fairly uniform rate. Because the atmosphere is warmed by convection currents from the Earth's surface, this lapse or
reduction in temperature is normal due to increasing distance from the conductive source. The lapse rate of the Earth’s
atmosphere is shown in Figure 1 RIGHT [12].

2. Altitude measurement methods

Altitude measurement plays an important role in many fields of human interests - like aviation, geographic
mapping or meteorological observations [4] [5]. In order to determine altitude (height), the following basic methods are
the most commonly used [13]:

e Measurement by leveling — in the course of this measurement, the elevation of the two points is determined
with the help of a leveling instrument

e Measurement by hydrostatic leveling — this method is based on physical laws of linked containers filled with a
suitable liquid

e Measurement by trigonometry — the elevation is determined by the mathematical resolution of triangles [1]

e Measurement by atmospheric pressure — this measurement is based on barometric pressure; it uses the
observation that atmospheric pressure decreases with altitude; with this method and using the modern
microelectromechanical systems, the user can obtain high-precision altitude values [6]

e Measurement by radar — altitude is measured by a radar device, which generates microwave energy towards
the ground and measures the received reflected energy waves; because speed, distance and time are all related
to each other, the distance from the surface providing the reflection can be calculated; this method is often used
on aircraft or spacecraft [2] [7]

The last two given methods mentioned above, are the most widely used. These methods and relevant
technologies are mostly used to assist with GPS navigation, flight control and portable devices to conduct high-
precision altitude measurements, positioning, navigation, etc.
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3. Obtaining data about altitude on the Earth

The previous chapter described methods, how to measure and obtain the altitude values. There were some
projects in the past, which measured altitude on the Earth. One of them is a part of the Daft Logic resource collection
[14]. With these resources, the user can find helpful tools and information and everything is available by means of
modern web API tools and programming languages. The user interface of this project is linked to the Google Maps. A
click on it creates a label in selected map and altitude information of this point is shown in the text area under this map
(Figure 2). Other possibility to use this resource is represented by a field of altitude values that can be saved into output
text file and process in the following steps. This is possible with the help of JavaScript code that uses Daft Logic and
Google Maps API; also a description with an example is included with these resources.
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Fig. 2. The user interface of the Find Altitude Daft Logic project that uses Google maps

The other project is the Digital Elevation Model data (i.e. DEM) which was provided by the NASA Shuttle
Radar Topographic Mission (SRTM) in 2007. The data for over 80% of the globe is stored on [15] and can be freely
downloaded for noncommercial use. In order to obtain Earth altitude data, this project offers a plugin for the Google
Earth application [16], where the Earth’s surface is divided into quadrangles. By clicking on the selected quadrangle, a
link to a file that can be downloaded is shown. This file contains whole altitudes of the selected area ordered in the ARC

ASCII format. Because each quadrangle area is large and density of altitude is high, these files contain huge quantum of
values and the size of a single file can exceed 15 gigabytes.

4. Altitude data processing - an example

As an example, a 3D landscape model of the real environment based on altitude was created. The landscape
model of the city Zlin and its close vicinity was selected. In order to create it, the Digital Elevation Model data

(described in the previous chapter) was used. Therefore, Google Earth [16] with DEM plugins were used and a file
containing altitude of the area, where Zlin is, was downloaded.
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Fig. 3. The heightmap of Zlin’s close vicinity

Because the file was too large and most of the altitude values were not necessary, the next step was to remove
unwanted values and convert the remaining values into a grayscale bitmap image (e.g. a heightmap). The reason for the
conversion process is because many 3D graphic applications support functions that allow one to quickly convert
heightmaps into physical deformations of 3D objects. The Microdem software offers both operations (removing
unwanted values and converting into a grayscale bitmap image) [17]. In Microdem, all these operations were applied in
order to acquire the altitudes of the vicinity around Zlin. Specifically, a heightmap area of 25 km2 was created (a square
with side lengths of 5 km, centered on the center of Zlin — Figure 3). After that, this heightmap was saved into PNG
raster graphic format (it is very important to use lossless compression) in order to use it in 3D software.

MNormal

Fig. 4. Settings for the Displace modifier in the Blender environment

The Blender software suite was used as 3D software for the further processing of the heightmap [18]. Blender
is available under open source license and supports the entirety of the 3D pipeline — fast and effective 3D modeling
and rigging, rich animation tools, amazing simulations, photorealistic rendering, fledged compositing and motion
tracking, even video editing and game creation.

In Blender, we inserted a square (the Plane object) in the new scene and we divided it several times with the
Subdivide tool in order to get a grid with a density of several thousand vertices (higher precision can be reached by
increasing density). Then, we used the Displace modifier and we assigned a texture (for the obtained heightmap) to it.
The Displace modifier deforms an object based on the texture and setting parameters (Figure 4). This way, we derived
the model of the Zlin vicinity’s landscape using this method. The final wireframe mesh model of the Zlin vicinity’s
landscape is shown in Figure 5.
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Fig. 5. The final mesh model of the Zlin vicinity’s landscape
5. Conclusion

Nowadays, high-precision barometric altitude measurement methods and relevant technologies are important
tools in human life and many technical devices. Altitude affects a number of important parameters - such as temperature
and pressure. That is why it is often necessary to measure it and to process the obtained data properly.

The most frequently used measurement methods are based on atmospheric pressure or with the help of radar
devices. These methods, in conjunction with the corresponding hardware devices, can provide one with measured
values of the highest precision. After the measuring process is completed, it is necessary to elaborate the whole set of
values in order to use them in the follow-on processes. The elaboration method depends on the specific needs of this
data. This paper presents an example of how to best use them in the course of the simulation process, where the real
environment is visualized.

Visualizations of real environments are mainly used in Virtual Reality - which replicates an environment that
simulates a physical presence in places in the real world, or imagined worlds, and allows the user to interact in that
world. Due to this, the visualization process of real landscapes needs to have altitude values with the highest precision
and the grid of measured values needs to have the highest possible density. Future research will therefore be oriented on
these methods, processes and efforts to make them even more precise.
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