host activities involved in vehicle design and development are based an
Cal software, that are not just drawing and modeling tools, but also
include analysis and prograrmming features. The analysis of wvehicle
behaviour involves dynamec data acquisition, and a modern method
consists in using GPS dewices. This study propose some solutions like: an
ariginal data acquisition system based on GP5, hardware and software; a
CAD application for GPS data processing, used to import and process
data; applications for vehicle’s dynamic behaviour estimation, using the
presented devices and methods: coast-down tests, acceleration and
braking tests: applications for anabysis of vehicle®s speed in urban traffic,
using GPS devices and CAD software; an urban drving cycle proposed for
Brasov city; a method, including a CAD software library, to analyse the
influence of the vehicle’s speed on the road traffic noise.
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Study of the Dynamic and In-Traffic Vehicle Behaviour Using GPS and CAD Applications

INTRODUCTION

The vehicles are used in various driving conditions, depending by the geographic
area and the operating mode. It may assume that a light freight vehicle will be used
mainly in urban areas, and a heavy vehicle will be used mainly on highways. Also, a car
designed for urban use will have smaller overall dimensions and a low power engine,
since one designed for long travels will be bigger in size and weight and with a high
power engine. Basically, all vehicles should be designed according to their operating
conditions. Thus a new vehicle design should start from the specifications imposed,
related to vehicle destination and performances. Knowing the existent solutions with
similar performances and the behaviour of existent vehicles in various conditions will be
a good start. There are parameters ascertained in theoretical conditions and there are
some others estimated in tables that can be found in the technical literature. Examples of
such parameters are the drag coefficient and the rolling resistance coefficient.

The research activity on which this book is based consists in the following steps:

- collecting data and processing them, converting all data in a standard format;

- data analysis - this step includes the development of some custom software

functions, required for analysis;

- processing and interpreting the results;

- conclusions.

The most time consuming are the steps related to data acquisition, data
management and analysis.

For data acquisition were used various GPS devices, chosen according to the
destination of respective data, in the same time making both the acquisition and
processing steps easier. So if data are necessary for estimating the dynamic performances
like braking or accelerating distances, or computing the coast-down distance, it must be
used high sensitivity devices integrated in complex equipments with dedicated software.
When data are necessary for traffic studies, the commercial GPS devices with a 1 Hz
acquisition rate are good enough. These devices does not require special installation on
the vehicle.

Data collected are saved in files of various formats, that can be stored on a server,
organised following certain criteria and, furthermore, it may be attached metadata that
will information about place, conditions, devices used, destination of data. Attaching of
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metadata can be done with client applications that communicate with the server using a
file transfer protocol (like WebDAYV).
Same data are loaded and processed in a CAD system with a dedicated application.

This software application consists basically in a library of functions that can be called

using the user interface of the CAD system. Data can be imported directly from the files

saved by the GPS devices, before uploading them on a server, or can be downloaded

from the server through a client application (using the same transfer protocol as above).

The metadata will not affect the structure and content of the original files.

The CAD application for GPS data processing represents the core of the whole

process. Using this application the following tasks are covered:

take data from various file formats;

transform the coordinates of the recorded points, from the geographical
coordinates used by the global positioning system to rectangular coordinates,
including georeferencing (corelating the ascertained data with a known
reference system) of the recorded track;

graphical representation of the track and storing the information as additional
data attached to the geometric entities;

calculation of other parameters and storing as metadata attached to geometric
entities;

graphical representation of velocities and accelerations by time and by
distance;

other 2D and 3D graphical representations;

export of data from diagrams or tracks (represented as points and lines);
analysis of speed versus time diagrams in order to determine a driving cycle;
preparation of data for other applications (like traffic studies, noise mapping
etc.).

The graphical representations realised inside the CAD application can be saved as

CAD (dwg) files and can be stored on a fileserver. Data exported in various formats can

be processed with external software like Excel, SPSS, MapSource or even Google Earth.

STRUCTURE OF THIS BOOK

Beside Introduction and Appendices, this book includes five main chapters:

General aspects on studying the dynamic and in-traffic behaviour of the vehicles;
Modern technologies used in vehicle’s performances analysis;

Equipments and techniques for data acquisition and processing;

Solutions in the study of vehicle behaviour;

Conclusions and future developments.
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The first chapter, General aspects on studying the dynamic and in-traffic
behaviour of the vehicles, includes theoretical notions concerning the dynamic
performances of the vehicle, the in-traffic behaviour of a single vehice and the driving
cycles.

Some theoretical aspects, as the vehicle’s general equation of motion, vehicle
resistances, traction performances, acceleration and braking performances are considered.

Regarding the in-traffic behaviour of the vehicle, some aspects related to
microscopic traffic parameters are mentioned, especially the driving speeds and
accelerations, in urban cycle. These parameters will be analyses in the next chapters.

There are also presented the most known driving cycles, used as reference in
Europe, USA and Japan. The standard driving cycles are useful in vehicle’s performances
estimation, on chassis dynamometers, but these cycles cannot describe the driving in any
traffic conditions. Standardisation is useful for comparison between different vehicles,
but not for establishing the real driving conditions. This leads to the need for
development of custom driving cycles, based on statistical analysis.

The chapter Modern technologies used in vehicle’s performances analysis
contains a part dedicated to computer aided design and another part about global
positioning using satellites.

The CAD systems offer the possibility to develop custom applications, using the
application programming interfaces (API). All the important CAD systems include
interfaces for C++ programming.In order to develop applications for research it may be
preferred to use a more flexible programming environment, as Visual Lisp in AutoCAD.
The LISP language was originally designed for artificial intelligence, but it was proven to
be very appropriate for CAD applications development.

The global positioning system GPS is a system that use the signal from satellites to
determine the position of the receiver on the earth (more exactly, on a reference geoid).
The number of users is unlimited because the system is passive — the GPS devices are
only receiving signal. The GPS receivers are able to record informations about position,
velocity and time. By processing these informations it is possible to navigate using digital
maps, but it is also possible to estimate some performances of the vehicle on which the
receiver is installed

This chapter presents the possibilities of reading data from GPS receivers using
NMEA protocol, and also the transformation of the position information from geographic
coordinates (latitude, longitude) in rectangular coordinates (x, y).

The chapter Equipments and techniques for data acquisition and processing
presents the equipments and methods used for collecting and processing data
The devices used are mainly GPS receivers, but also traffic classifiers,
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accelerometers, and some data were collected by using the OBD-II interface, reading
information from the vehicle CAN Bus. The GPS receivers used are: Garmin GPSmap
60CSx, Garmin GPS 18x-5Hz and Racelogic Vbox III. It is analysed the accuracy of data
recorded with these devices.

As data collecting method for road traffic studies, there are presented the method
of instrumented vehicle and the method of chase car (or the mobile observer). In case of
the second method, there are measured the driving parameters of other vehicles than the
one with measuring equipment.

For data processing it is described an algorithm used for assessment the vehicle
kinematics based on PVT data (position-velocity-time) obtained from GPS receivers, and
the coast-down method for assessment of drag and rolling resistance coefficients.

In the chapter Solutions in the study of vehicle behaviour are presented the
solutions identified during this research, including:

- an original data acquisition system based on GPS, which consists in a hardware
part and a software program that runs on a mini-notebook which is also part of
the system,;

- a CAD application for GPS data processing, written in AutoLisp, runing inside
the AutoCAD environment; this application 1s used for importing data,
geometrical and graphical processing and exporting the results to other programs;

- applications for assessment of the vehicle’s dynamic performances using the
equipment and methods described above;

- applications for analysis the driving speed in urban traffic using GPS devices and
the CAD application described above;

- proposal for a real driving cycle for the city of Brasov, Romania, based on
statistics;

- use of the solutions presented above for studying the influence of driving speed
on the noise generated by road traffic, and some solutions for noise mapping.

In the last chapter, Conclusions and future developments, the overall
conclusions are listed, followed by some possible openings.

The Appendix contains some of the diagrams generated from the data collected
and some examples of the used file formats (text, gpx).

10



Study of the Dynamic and In-Traffic Vehicle Behaviour Using GPS and CAD Applications

1. GENERAL ASPECTS ON STUDYING THE DYNAMIC
AND IN-TRAFFIC BEHAVIOUR OF THE VEHICLES

1.1. DYNAMIC PERFORMANCES OF AUTOMOTIVE
VEHICLES

1.1.1. Vehicle’s motion resistances

The vehicle’s motion is an effect of using the energy developed by the engine,
transmitted to the drive wheels. The character of the movement is determined by the size
and direction of forces acting on the vehicle. A moving vehicle is subjected always to
resistances caused by the interaction with the road and with the surrounding air.

When the vehicles are moving with constant speed, the tractive force is equal with
the sum of all resistances. In case of accelerating vehicle, the tractive force is higher than
the movement resistances, and the excess of energy developed by the vehicle engine is
used to accelerate the vehicle and it is build up as kinetic energy. When braking, the
tractive force is replaced by the braking force (controlled by the driver) which, together
with the road and air resistances, will determine the vehicle deceleration. The kinetic
energy build-up is consumed in brakes and for overrunning the road and air resistances.

The forces acting on the vehicle are [42]:

- Fr — tractive force on wheel;
- F. — rolling resistance;
- I, — grade resistance;

- F, — air resistance (aerodynamic drag).

Fig. 1.1 — Schematic view of vehicle’s motion resistances

11
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The diagram of the main forces acting on a vehicle is shown in Fig. 1.1.

The rolling resistance F, and the air resistance F, are always forces opposite to the
vehicle movement. The grade resistance F), is opposite to movement only when the
vehicle is going up, and when the vehicle is going down, this force become an active
force.

The complete motion resistance of a vehicle is overtaken by the tractive (wheel)
force Fy and the size of this force is determined by the acceleration transmitted to the

vehicle:
Fy—(F.+F,+F)=m,-a (eq. 1.1)

where: a is acceleration, and m,, is the apparent mass (caused by the rotating parts,
like flywheel and wheels; the vehicle acts like having a higher weight).

Rolling resistance

The rolling resistance Fr is a continuous acting force, determined by the energy
loss caused by the rolling of the elastic wheel on hard or deformable surfaces [5], [53]. It
is a force opposed to the vehicle’s movement.

The causes of this resistance are: the tire deformation, the road deformation, the
friction between tire and road, the friction inside the wheel bearings and others. The
rolling resistance depends by many factors, like: tire design, travel speed, tire pressure,
forces and moments acting on wheel.

The rolling resistance for a wheel depends by the normal reaction to wheel Z; and
by the rolling resistance coefficient f..

Fr=fi-Zi (eq. 1.2)

Considering the vehicle as a whole, the total rolling resistance is the sum of the
resistances from all the wheels:

Fr=Y fi-Zi (eq. 1.3)
i=1

where:
- f;—1s the rolling resistance coefficient for the wheel i;
Z; —normal reaction force on the wheel i;
- n—number of wheels.
On a slope, with an angle ¢, the rolling resistance F, of a vehicle can be

ascertained using the formula:
F.=f-G, cosa (eq. 1.4)

where f is a mean coefficient of rolling resistance.

12
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2. MODERN TECHNOLOGIES USED IN VEHICLE’S
PERFORMANCES ANALYSIS

2.1. USING CAD SOFTWARE FOR DATA PROCESSING

The application programming interfaces (API) of the CAD systems

The programming interfaces (APl — Application Programming Interface) offered
by the CAD systems allow users to extend, automatise and customise their
functionalities. Some automation work, like generation of bill of materials (BOM),
generation of drawings or parts of drawings, like some manufacturing operations, help to
reduce the design time and to avoid errors. Furthermore, by integration of the intelligent
systems, it is possible to improve the products quality.

All the major CAD systems available on the market offer one or more solutions for
developing custom applications. In the table below are listed the most known.

Table 2.1 — Application programming interfaces available in some CAD systems

CAD System API Programming language
Visual Lisp AutoLisp (dialect of LISP)
BA (Visual Basic fi
AutoCAD v ‘(Vl.sua aste ot Visual Basic
Applications)
Object ARX C++
Inventor Open Inventor C++
. Pro/Toolkit C++
Pro/Engineer
J-Link Java
CATScript, VBScript Visual Basic
CATIA V5
CAA-RADE C++
Unigraphics (up to NX2) UGOpen, UGOpen++ C, C++
[-DEAS (before NX) Open I-deas C++ (Orbix)
) ) C (Open C); C++ (Open
NX (after Unigraphics/ NX Open (for .NET), Open )
) . C++), Java, C#, Visual
I-deas integration) C API, Open C++ API )
Basic.NET
SolidWorks SolidWorks API C++, Visual Basic

39
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The most used programming language in the CAD systems APIs is C++, but many
CAD suppliers are including also Java based interfaces, because of the improved
portability of Java applications, or Visual Basic, because it is easy to learn.

Custom applications development in AutoCAD

Like all the major CAD systems, AutoCAD' offers the possibility to develop
custom application, having some programming interfaces included in the standard
delivery kit. So the users are able to add their own function to the existent features of the
CAD system. There are three API included in AutoCAD:

- Visual Lisp, an improved variant of AutoLisp, which is a dialect of LISP;
- VBA (Visual Basic for Applications);
- Object ARX, consisting in libraries of C++ objects.

Each of these variants has advantages and disadvantages. The C++ language
allows the development of optimized applications, with fewer resources used and with
higher execution speed, but the development duration is generally longer. VBA (Visual
Basic with specific AutoCAD functions included) has the advantage of the ease of
learning for the programmers who are already familiar with implementations of Visual
Basic language for other applications. Visual Lisp allows quick development of
applications and quick query of geometric objects, directly from the command prompt.
The compatibility AutoLisp/Visual Lisp between different AutoCAD versions is almost
complete.

Object ARX

The ObjectARX programming environment offer an object oriented programming
interface (it is based on C++ language) that allow programmers to customize and to
extend the AutoCAD features. The ObjectARX libraries contain a complex set of tools
that enable access directly to the AutoCAD drawing database and to the functions that
control the graphic system. It is also possible to define new commands.

Furthermore, the ObjectARX libraries can work together with Visual Lisp,
ActiveX and COM functions, so that the programmers can choose the development tools
that are more appropriate for their needs and experience.

ObjectARX is useful for:

- access to AutoCAD drawing database;
- communication with AutoCAD editor;
- development of user interfaces using MFC (Microsoft Foundation Classes);

" AutoCAD is registered trademark of Autodesk Inc.
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- development of custom classes (C++);
- development of complex applications;
- interfacing with other programming environment.

AutoLisp / Visual Lisp

Many years, AutoLisp was the standard method for developing custom
applications in AutoCAD. AutoLisp is based on LISP programming language, created at
the end of years ’50. LISP is a programming language designed initially for artificial
intelligence and it is still used for that kind of application. AutoCAD introduced
AutoLisp as API in his release 2.1, at the middle of ’80. It was chosen the LISP language
as the first API variant because it was the best method for processing non-structural data
inside the CAD projects [10].

The main feature of LISP is that it is list oriented (the name of the language come
from LISt Processing). The lists are enclosed in parantheses, and the parantheses can be
combined in an imbricate structure.

Example:

(listl (sublistl (sub-sublistl) (sub-sublist2 (....))...)
(sublist2 ...))

A list can be composed by any number of elements, but it can consider that any list
has two parts: the first element and the rest of list. Any of these two parts can be a basic
element (also named afom) or another list, which also can be composed by two parts that
can be two lists and so forth.

The two parts of the list are called using two basic LISP functions: car and cdr.
The names of these functions are originated from the names of two registries of the first
computer on which was implemented LISP. Car calls the first element of the list and cdr
calls the rest of the list.

Another important feature of LISP is that the functions, no mater if there are basic
functions of the language or custom functions defined by the programmer, have the same
list structure. The first element of the list is the function name and the rest of list consists
in the parameters sent to the function. If the function has no parameters, the second part
of the list (c¢dr) will be void, or in LISP language nil.

The LISP operators behave similar to functions - the operator is the first element in
a list and the rest of the list represents the parameters.

Examples of using the operators:
Command: (+ 2 3)
5
Command: (* 5 6 23 1)
690
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Command: (/ 2 3)

0

Command: (/ 2.0 3)
0.666667

Command: (cdr '"(+ 2 3))
(2 3)

Command: (car '"(+ 2 3))
+

Examples of using the functions:
Command: (setqg lista (list 2 3 "a"))

(2 3 "a")

Command: (nth 1 lista)

3

Command: (setqg lista (list 1 lista))
(L (2 3 "a"))

Command: (append lista (list lista))
(I (2 3 "a") (1 (2 3 "a™")))

An advantage of programming in AutoLisp, as can be seen in the examples above,
1s that the LISP expressions can be written in AutoCAD directly at the Command prompt.

The new generation of LISP language implemention in AutoCAD is called Visual
Lisp (or VLISP), which add more features to the old AutoLisp language. VLISP extends
the language with an interface for Microsoft ActiveX objects and improves the
possibilities of AutoLisp to respond to events by implementing special functions called
reactors. As development environment, VLISP comes with a full editor and a compiler
(the compilet code is executed only inside AutoCAD), a debugger and other useful tools
for increasing the productivity of custom applications development for AutoCAD.

Visual Lisp has his own set of windows and menus, but does not run independent
by AutoCAD. In order to run applications from VLISP environment it is necessary to
interact with the grafic interface and with the command line of AutoCAD.

All the existing functions in previous AutoLisp versions are maintained also in
Visual Lisp, so that the old applications written for AutoCAD R14, R12, R10 or even
older, are fully compatible with AutoCAD 2000 - 2011.

Accessing the geometric entities through AutoLisp / Visual Lisp

As any high level programming language, AutoLisp (Visual Lisp) includes
functions for controlling variables (assignment, type conversions), arithmetic and
boolean functions, test and cycle functions. It is not necessary to specify the variable type
from the beginning, the memory allocation being dynamically, according to the value
assigned to the variable. AutoLisp is in interpreted language (compiled into machine
readable code at the moment it is run by the language interpreter). The programs run
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slower than the compiled programs but the developing time is shorter.

AutoLisp (Visual Lisp) allows the access to the geometric entities stored in the
AutoCAD drawing database using lists [10]. These lists have a different structure
depending by the entity type. As example, for a simple line, the structure of the list may
be as follows:

((-1 . <Entity name: 7ecb3dcO0>) (0 . "LINE") (5 . "5916D8"™) (102
"{ACAD XDICTIONARY") (360 . <Entity name: 7ecb3dc8>) (102 . "}")
(330 . <Entity name: 7ef78cf8>) (100 . "AcDbEntity") (67 . 0) (410
"Model™) (8 . "O0") (62 . 1) (100 . "AcDbLine") (10 -32088.9

170213.0 0.0) (11 -32356.2 170327.0 0.0) (210 0.0 0.0 1.0))

where the first element in each sublist is a code identifying the property and the
rest of the list contains the value(s) corresponding to that property (entity type, color,
layer, start point, end point, etc.).

The access to AutoCAD entities data is made using the function entget for reading,
and for creating or modifying data can be used the functions entmake, entmod, entupd.

The access and control of the entity data in AutoCAD is possible by following the
steps described below:

- select an AutoCAD entity (geometric object - line, polyline, text etc.) and assign
a name to that entity

(setg ent (car (entsel)))

ent 1s the name of a variable, car is the function used to read the first element
in a list, entsel is the function used to select a single entity on the screen; the result
is a list containing the entity name and the point (the x,y,z coordinates) used to make
the selection; setq is the assigning function;
- read the list of entty data

(setg el (entget ent))

el 1s the name of the data list, entget is the function used to read the data of
the entity given as parameter;
- extract the value of desired property from the data list; it can be considered that
the list e/ is composed by sublist of type (name value), one sublist for each
property of the selected entity.

(setg tip (cdr (assoc '0 el)))
tip is the name given to the variable used to store the value — in this
example it is the type of the geometric entity (line, point, text etc.); cdr is the

standard AutoLisp function for reading the rest of the list, after extracting the first
element; ’ 0 indicate the sublist with ,,0” as first element. To read the coordinates of
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the end points of a line, it can be used the sequence:
(setg pl (cdr (assoc '1l0 el))
p2 (cdr (assoc '1ll el)))
- to modify a property, it can be used the function subst for replacing one of the
sublists, then entmod to refresh the current drawing database.

A drawing in AutoCAD is the working DWG file, containing the database with the
standard properties of AutoCAD objects, and also the user defined properties.

When the objective is to access data and/or change more entities through a single
function, it may be used the auxiliary command select. This command is called inside
various standard edit commands, like: copy, move, erase, chprop. A common
characteristic of these edit commands is the prompt Select objects. It is expected to select
more geometric entities. The relevant AutoLisp function is ssget.

The result of ssget function calling is the creation of a selection set. A selection set
can be managed using a specific set of functions, different by the list management
functions.

For creating a new selection set or for adding a new item into an existing selection
set it is used the function ssadd. For extracting an element from the selection set, the
function is: ssname.

Example:
Command: (setqg ss (ssadd))
<Selection set: 1l6de>
Command: (setqg ss (ssadd (entlast) ss))
<Selection set: 1l6de>
Command: (setqg ent (ssname ss 0))
<Entity name: 7d7£8888>

Advanced data management functions

Beside the standard properties, the user can attach custom data sets to the
AutoCAD entities. There are two way for attaching auxiliary data: XData (extended
entity data) and ActiveX — through accessing data as ActiveX objects.

XData [9] is the older method, introduced by older AutoLisp versions, starting
with AutoCAD Release 11 (before Visual Lisp). This method implies the use of extended
DXF codes. Data are organised in lists with a DXF code as first element (identifier).
When querying the AutoCAD entity with entget, these lists appear after the regular data
list.

Examples of extended DXF codes and their description are given in 7able 2.2.

The extended data lists can be extracted using entget, like the standard data. The
beginning of extended data is marked with the code -3, preceding the first group 7001.
This group contains the application name attached to the selected entity. There can be

44



Study of the Dynamic and In-Traffic Vehicle Behaviour Using GPS and CAD Applications

more applications attached to the same entity and consequently can be more codes /001
in a single list of extended data.

In order to use an application, the application name must be registered as extended
data for each entity and also in a special table named APPID. The registration can be
done using a special function named regapp, having the name of application as
parameter. If the returned result is nil, this means there is already an application
registered with that name. If the returned result is the name of the function, the
application was registered successfully.

Table 2.2 — Extended DXF Codes

((-1,-2 entity name) standard definition of an
(0...239 regular data fields) entity

)

(-3 extended data extended data attached to
(1001 name of application 1) entity

(1000,

1002 ... 1071 extended data fields)

(1001 name of application 2)

(1000,

1002 ... 1071 extended data fields)

(1001 name of application 3)

)

The extended data attached to an entity, related to a registered application, can be
read as follows:

(entget (car (entsel)) ' ((,nume app”)))

where (car (entsel)) is used to select one entity in the drawing and nume_app is the
name of the application that controls the extended data. The size of the extended data list
1s limited to 16 kilobytes for each entity. This space can be managed using two functions:
: xdroom and xdsize.

Another method for attaching additional data to the drawing entities uses ActiveX
objects and functions.

The ActiveX programming interface is used in various programming languages
and environments. When working with ActiveX objects in Visual Lisp, the same object
models, properties and methods that can be accessed also from other programming
environments are used. The objects are the basic elements of an ActiveX application. The
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geometric elements, like lines, arcs, circles, polylines, points or text, can be referred as
ActiveX objects. In addition, other AutoCAD components are represented as ActiveX
objects:

- style settings, like the line types and dimension styles;

- management structures, like layers, groups and blocks;

- the drawing window (the viewport);

- the 3D modelling space and the paper space (model-space, paper-space).

Even the AutoCAD application and drawing are treated as objects.

Comparing to the AutoLisp standard functions used to access the entities, the
ActiveX functions runs faster and allow an easier access to the object properties.

The ActiveX functions have the prefix vi-, via-, viax- or vir-. The functions in the
vir- group work with a special category of objects, called reactors, and can be used to
define the reaction of the software to some specific events (like changing in position or
dimension of a line or another geometric object).

As example, the radius of a circle can be read in the classic way:

(setg radius (cdr (assoc 40 (entget circle-entity))))

Using the ActiveX functions, the same operation can be written as follows:
(setg radius (vla-get-radius circle-object))

The function used for attaching custom data to entities is viax-ldata-put and can be
called as follows:

(vliax-ldata-put e key data)

where e is a variable identifying the entity, key is the property name and data is the
actual data (the value) — so data are registered as <name, value> pairs.

The additional data attached to an entity can be as complex as needed and must be
organized as lists. The size of the data list attached to an entity is automatically limited by
the available memory. A drawing containing many geometric entities with complex
additional data attached will need more time to regenerate, sometimes leading even to a
system crash.

Data can be read using the function viax-Idata-get, like in the example below:

(vliax-ldata-get e key)

and the returned result is the value associated with property name key, for the entity e.
This method was preferred by author for storing and processing in AutoCAD the
data recorded with various GPS devices installed on different vehicles.
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2.2. GLOBAL POSITIONING SYSTEM

The Global Navigation Satellite Systems (GNSS) allow an accurate determination
of the position in a geocentric reference system, anywhere on the Earth, us