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ABSTRACT:

Very Long Baseline Interferometry (VLBI) is, nowadays, one of
the most accurate geodetic techniques in the field of Radio As-
tronomy at service of Geosciences. This technology is based on
the elaboration of observations and calculations about the inter-
ference of electromagnetic waves in the radio frequency, captured
by antennas aimed at Quasars located in the space beyond the
terrestrial atmosphere. The VLBI is responsible for the generation
of studies highly complex and precise in the sciences of determi-
nation of distances, displacements, images and positions on the
surface of Earth in many areas of the human knowledge. Today,
VLBI interferometry is configured as a most modern and effi-
cient alternative to the positioning by GNSS (Global Navigation
Satellite System) systems and begins to assure its applications
in Digital Cartography, GIS, Remote Sensing, Surveying and En-
gineering. Within this context, this work carries out a contextual-
ization study and explores the main theoretical foundations of the
VLBI interferometry technique. Thus, this work carries out the
history of development of VLBI, its operational fundaments and
physical principles, the current legislation on its use, and lastly,
lists the main exponents of application of the technique in the
scope of Spatial Geodesy.
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RESUMEN

La interferometria de linea de base muy larga (VLBI) es, en la ac-
tualidad, una de las técnicas geodésicas mas precisas en el campo
de la radioastronomia al servicio de las geociencias. Esta tecnolo-
gia se basa en la elaboracién de observaciones y calculos sobre la
interferencia de las ondas electromagnéticas en la radiofrecuencia,
capturadas por antenas dirigidas a los quasares ubicados en el
espacio mas alla de la atmoésfera terrestre. El VLBI es responsable
de la generacién de estudios altamente complejos y precisos en
las ciencias de determinacion de distancias, desplazamientos, ima-
genes y posiciones en la superficie de la Tierra en muchas areas
del conocimiento humano. Hoy en dia, la interferometria VLBI se
configura como una alternativa mas moderna y eficiente al posi-
cionamiento de los sistemas GNSS (Sistema de navegacién global
por satélite) y comienza a asegurar sus aplicaciones en cartografia
digital, SIG, sensores remotos, topografia e ingenieria. En este
contexto, este trabajo lleva a cabo un estudio de contextualiza-
ci6n y explora los principales fundamentos teéricos de la técnica
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de interferometria VLBI. De este modo, este trabajo muestra la
historia del desarrollo del VLBI, sus fundamentos operativos y
principios fisicos, la legislacién vigente sobre su uso y, por altimo,
enumera los principales exponentes de la aplicacién de la técnica
en el ambito de la geodesia espacial.

Keywords: Geosciences, geodesy, geotechnologies, interferome-
try, very long baseline interferometry.

Introduction

According to the Brazilian Institute of Geography and Sta-
tistics (Instituto Brasileiro de Geografia e Estatistica—IBGE,
2016) and NASA (National Air and Space Administration,
2016), Geodesy is understood as the science responsible for
studying and determining the shape, dimensions and spa-
tiotemporal variations of the gravitational field of the Ear-
th's surface. Also in that sense, the National Air and Space
Administration (2016) added to this concept that Geodesy
is based on studying and understanding the three basic
variables of Earth planet: its geometric form, its orientation
in space and the variations of its gravimetric changes.

In that sense, Geodesy bases several other areas of
human knowledge, basing its studies on mathematical
calculations (algebraic, geometric and numeric) in order
to give reference and scope to other Geosciences, such as
Geomatics, Geographic Information Systems (GIS), The
Multipurpose Technical Cadaster (MTC), Urban Planning
and Construction, Civil and Urban Construction Engineer-
ing, air, sea and road navigation, military applications and
space programs, among many others areas.

However, Geodesy has always come up against the
fundamental problem of precise representation of its va-
riables. Because they are parameters with high dimensions
and variations, an accurate and accurate geometric and/
or numerical representation of the earth’s surface becomes
practically impossible. In this scenario, numerous methods
of geodetic representation have been proposed by resear-
chers and professionals of Geosciences over the years with
the objective of better represent the basic parameters of
the planet and its dynamics. In this sense, the emergence
and development of Global Navigation Satellite System
(GNSS), Remote Sensing, GIS and high precision positio-
ning systems have been configured as a major advance
within Geodesy and its applications in the activities Human
beings.

Within these methodologies, one of the most recent
and accurate is Very Long Baseline Interferometry (VLBI),
or simply Interferometry. According to Walker (2002), the
VLBI is a radio astronomy technique that seeks to calcula-
te the Euclidean distance between distinct points of space.
For this calculation, the VLBI is based on the difference
between the propagation time of electromagnetic waves in

the radio frequency, emitted by an extraterrestrial Quasar
and captured by one or more receiving antennas or stations
on the earth’s surface.

Also according to Walker (2002), the VLBI Interfero-
metry technique was developed in the 1960s and, current-
ly, due to its high degree of precision, has been gaining
space in the scientific community as a system of geodetic
positioning alternative to GNSS. In addition, VLBI Interfe-
rometry also makes it possible to carry out more detailed
research and studies on, for example, tectonic parameters
of the earth’s crust, geodynamics, environmental impacts
and monitoring of civil structures, thus ensuring a broad
application of the methodology.

Currently, the International Association of Geodesy
(IAG) uses VLBI as the sole and standard methodology
for the determination and maintenance of the International
Celestial Reference Frame (ICRF) and Earth Observation
Parameters (EOP), Networks responsible for the determi-
nation of the celestial poles and their angular variation. In
addition, IAG is also the primary and most accurate tech-
nique for the maintenance of the International Terrestrial
Reference Frame (ITRF).

However, the number of researchers and practitio-
ners is still small when compared to the wide range of
VLBI applications. In this way, it is necessary to elaborate
contextualization studies and scientific basis of the VLBI
methodology in order to meet the theoretical needs and
guarantee the universalization of knowledge in Very Long
Baseline Interferometry.

With this type of study, one can better understand the
operation and the functions of the VLBI technique and,
with this, promote discussions, policies and actions that
aim to further improve the methodology and the VLBI
network around the world. Thus, practitioners and the
scientific community can work to assist in the evolution of
VLBI in various aspects of human activity.

In that scenario, the present work carries out a bi-
bliographic survey about the history of development and
the fundamentals of operation and functions of the VLBI
technique in its various instances. In addition, this article
also raises the main applications of Very Long Baseline In-
terferometry in the scope of contemporary Spatial Geodesy
in order to provide the professionals of that science studies
that are more precise, and which have a constructive in-
fluence on life in society.

Therefore, this paper aims to present the theoretical
foundations of the operation and operation of the Very
Long Base Line Interferometry (VLBI) technique. In this
way, it is intended that both the scientific community and
other branches of society can better understand the physi-
cal principles of VLBI operation, improve the interpretation
of the results obtained through the application of this te-
chnique and raise new possibilities of using Interferometry
in areas of human activity.
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Objectives

This work aims to carry out a theoretical contextualiza-
tion study of the main historical, technical and operational
fundaments of the Very Long Baseline Interferometry te-
chnology. In addition, this article also aims to offer scope
to the body of professionals, academics and researchers
regarding the acquisition of scientific knowledge related to
VLBI technology, in order to ensure the full evolution of
this technique in its most diverse areas of activity.

Literature review
Introduction to VLBI

In the scope of Geosciences, numerous methodologies and
techniques of analysis have been proposed over the years
with the objective of improving the accuracy and accuracy
of the studies carried out by researchers and professionals
in the area. These technologies are being implemented from
this the emergence of the geodesic sciences and, often,
they undergo constant improvements, thus guaranteeing
the technological evolution of them (HETEM, 2000).

However, it was not until the 1960s that geodetic me-
thodologies and techniques became an object of intense
study and refinement by the international scientific com-
munity. This culminated in the rapid promotion of tech-
nological inputs in the field of Geosciences, characterizing
the post-1960 period as the time of greatest investment in
state-of-the-art technology for the physical sciences.

In this sense, as of 1970, the techniques of Remote Sen-
sing, Photogrammetry and Global Navigation Systems by
artificial satellites began to be developed and implemented.
However, in order to achieve more precise results than tho-
se promoted by the aforementioned techniques, scientists
and researchers started to use innovative techniques within
Geodesy, such as Interferometry (SCHULTER, 2016).

According to the European Space Agency (ESA, 2015),
Interferometry comprises science and technique where
two or more waves are superimposed, generating a new
and different wave. This wave generated by interference
mechanisms can be used to calculate differences relative
to primordial waves. In this sense, since interference is a
general phenomenon between waves, Interferometry can be
applied to a wide spectrum of scientific fields, including
Astronomy, Optical Metrology, Oceanography, Seismology
and Quantum Mechanics.

Despite this wide range of applications, the Inter-
ferometry gained greater prominence with respect to its
applications in Astronomy and Geosciences. In these, the
Interferometry began to be used to combine electromag-
netic waves from different sources (extraterrestrial objects,
antennas, satellites) to improve the optical and digital re-
solution of telescope images.

However, it was not until the mid-1960s that the in-
terferometry method underwent a major revolution and
refinement. At that time, the VLBI (Very Long Baseline In-
terferometry) was created by NASA astronomers (National
Air and Space Administration), with the goal of improving
the resolution of radio telescopes used by local scientists.
With this, astronomers intended to guarantee extraterres-
trial images with a high degree of detail and more precise
information than those already in use. In addition, NASA
also aimed to detail the geometric and behavioral structure
of Quasars (Quasi-stellar radio sources), extraterrestrial
objects that are source of intense emission of electromag-
netic energy (Fig. 1 and 2).

According to Blandford (1996), Quasars are space ob-
jects located outside the Earth's atmosphere, at extremely
large distances from planet Earth, and behaving similarly to
stars with high emission of electromagnetic energy in the
form of light. More complex definitions cite the Quasars
as compact regions surrounding a supermassive black hole
emitting enormous amounts of electromagnetic energy.

These objects are moving away from the Earth with
great speed, a fact that can be concluded through measu-
rements of the Doppler Effect. In this way, many scientists
believe that such speed is due to the very speed of expan-
sion of the universe. Thus, since the velocity and distance
of the Quasar are extremely large, its motion is considered
despicable, making it an ideal inertial frame at rest.

Thus, in VLBI, an electromagnetic signal from an as-
tronomical source emitting waves at the radio frequency,
such as a quasar, is collected at various radio telescopes
located on the Earth's surface. The distance between the
emitting object and a receiving telescope, as well as the
distance between the radio telescopes, are calculated using
the time difference between radio signal arrivals in different
telescopes (FARINA, 2013).

After the development of the VLBI technique, from
1967, through the consortium between the American space
agency, some private universities and other government
agencies, the first tests were carried out using interfero-
metric technology to determine the geodetic parameters
of the planet Earth. As a result, scientists have observed
extremely accurate and highly reliable results in order to
effectively implement the VLBI methodology in several
NASA programs since then (NASA, 2016).

Due to the high degree of accuracy and accuracy, since
1980, the VLBI technique has been used as the ideal geode-
tic positioning method by a large part of the scientific com-
munity around the world. Nowadays, Very Long Baseline
Interferometry is employed in studies and works that aim at
obtaining extremely precise geometric parameters (sub-mi-
llimeter scale) about geodetic variables on Earth, such as
the variations in the axis of rotation and orientation of the
planet, tectonic dynamics and Movement of the lithosphere
plates, positioning and geolocation, structural deformations
in dynamic analysis of structures, among others.
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Figure 1 — Concept art of a Quasar captured by Hubble Telescope. NASA Gallery, 2016.

Figure 2 — Concept art of an electromagnetic emission inside a Quasar. ESA Gallery, 2016.

In addition, large astronomical organizations have
adopted the VLBI methodology as the basis for their work.
In this sense, we can highlight NASA, which currently uses
the VLBI in the POLARIS (Polar Motion Analysis by Radio
Interferometry Surveying), NEOS (Nation Earth Orienta-
tion Service), IRIS (International Radio Interferometry Ser-
vice) and CORE (Continuous Observation of The Rotation
of the Earth).

In the scope of Applied Geodesy, VLBI was also adop-
ted by several organizations, including IGS (International
GNSS Service) and IAG (International Association of Geo-
desy). In addition, in Brazil, IBGE (Brazilian Institute of
Geography and Statistics) and INPE (National Institute for
Space Research) have also been using Very Long Baseline

Interferometry to support their studies (European Space
Agency-ESA | 2016).
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Technical functions of Very Long Baseline Interferometry

As previously discussed in this paper, Very Long Baseline
Interferometry uses radio astronomy techniques (part of
astronomy that studies extraterrestrial phenomena through
the analysis of electromagnetic waves in radio frequency),
in which several antennas observe a certain point in space,
the so-called Quasars. Fig 3 exemplifies the process of ope-
ration of the art.

Signals from a radio frequency source (usually random
signals from a Quasar or other compact extragalactic ob-
ject) are received by the antennas of two or more radio
telescopes located on the surface of the Earth. Therefore,
these signals are amplified and transformed into a low fre-
quency band.

This stage of acquisition and transformation of elec-
tromagnetic bands is controlled by a Hydrogen Maser.
The transformed signals are scanned, recorded in time and
recorded on a magnetic tape with broadband frequency
through the MARK IIl System.

Usually, the bands frequency used in the VLBI geodetic
applications are the called S and X bands, with a frequency
of 2.3 GHz and 8.4 GHz and a wavelength of 13 cm and
3.6 cm, respectively. These tapes are then routed to a cen-
tral station where the VLBI data will be processed again
by a cross correlator. The correlator is controlled by a com-
puter that strategically exchanges the data streams of two
telescopes against each other by crossing and multiplying
them until both signal streams are perfectly aligned. Thus,

the correlator output data shows an interference pattern
with maximum amplitude for an aligned signal.

However, although it operates in a relatively simple
way, the Very Long Baseline Interferometry differs from
other interferometry investigation methodologies, since it
presents a higher occurrence of noise in obtaining the sig-
nal emitted by the Quasars. The noise is nothing more than
a distortion in the geometric shape of the electromagnetic
wave emitted, at great distances from the receiving anten-
nas, caused by phenomena and / or external bodies located
in the line of action between the Quasar and the receiving
antenna (Fig 4).

Nevertheless, VLBI is able to reduce the effects caused
by noise by means of mathematical and numerical formu-
lations, ensuring measurements with high accuracy, being
able to measure displacements and deformations with pre-
cision of 1 mm vertically and 2 mm to 3 mm horizontally.

Operational components and equipment

The VLBI technique consists basically of a receiving station
containing extraterrestrial signal reception antennas and
a processing center composed of three main operational
components: a Cryogenic Receiver, a MARK Il Recording
System and a Hydrogen Maser (Fig 5). The Cryogenic Re-
ceiver is a high sensitivity receiver that operates at very
low temperatures, operating to ensure the stability of the
received signal.

Tueras-delay

S

Angle
Baseline &
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fl:‘

X

Remote station

Figure 3 — Functioning of VLBI technique. European Space Agency, 2008.

Reference siation

UD y la Geomatica e No 13. e 2018 e pp. 96-105 e p-ISSN: 2011-4990 e e-ISSN: 2344-8407
[100 ]



DE OLIVEIRA-LAZARO, B. Y CHUERUBIM, M.L.

Figure 4 — VLBI technique of receiving electromagnetic sources by a Quasar. NASA, 2016.

Figure 5 — Cryogenic Receiver, Mark Il System and Hydrogen Maser. IBGE, 2015.
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The MARK Il Recording System is an operating system
that stores the digital data, recorded in time and makes its
recording on a magnetic tape with broadband frequency.
And, finally, the Hydrogen Maser is an apparatus responsi-
ble for the control of the amplification of the signals com-
ing from the Quasars and transformation for bands of low
frequency, has high stability of data processing. Currently
the VLBI network has about 40 stations, spread across 17
countries, two in South America, Chile and Brazil. Fig 6
shows the stations distributed across the globe.

Numerical principles of functioning of VLBI technique

Like the other geodetic positioning methodologies, Very
Long Base Line Interferometry is based on mathematical
calculations about a study variable and, in the case of
VLBI, this variable is called Group Delay (or only delay).
The Group Delay corresponds to the numerical value of
time required for an electromagnetic wave signal emitted
by a Quasar to be received by at least two receiving anten-
nas on the Earth's surface. In this way, the group delay is a
variable magnitude as a function of time alone.

However, the group delay can be divided is influenced
indirectly by factors external to the temporal magnitude
and, when added together, cause significant swings in the
Group Delay calculation. Among these factors, the fo-
llowing stand out:

e  Geometric Delay: a variable that measures the time di-
fference between emission and reception of signals taking
into account geometric effects of diffuse path, path output
and signal loss between the transmitter and the receiver;

e Daytime aberration: an astronomical phenomenon that
causes an apparent movement of celestial objects in the
vicinity of their locations and is due to the rotation of
the Earth itself around its axis;

e Tropospheric Refraction: corresponds to the Troposphe-
re property in promoting curvatures in the trajectory
of electromagnetic waves that propagate in its envi-
ronment. It is a phenomenon extremely influenced by
climatic factors, such as humidity, wind speed, insolation
and precipitation.

Numerically, the Group Delay can be calculated based
on the following equation:
_ WH_ b.s.cos @

c C

T (Equation 1)
Where we have:
b = Vector baseline between VLBI signal reception
stati_gns;
S = Unit vector in the direction of the emitting source
¢ = Light speed.

However, Equation 1 deals with the calculation of the
Group Delay in a very simplified way and without taking
into account the interactions and influences caused by the
tropospheric refraction factors, daytime aberration and
geometric delay. These factors can be overlooked when
their values are small and when it comes to stationary
data. Thus, for a more in-depth and accurate calculation
of Group Delay, the VLBI methodology takes into account
these other factors, according to the following equation:

—1bs(t
r= %0 4 0@ + 7in(0) + At (©) (Equation 2)

Where we have:

b = Module of the vector base line between stations;

s = Module of the vector in the direction of the emit-
ting source;

¢ = Light speed;

At,p(t) = Correction term for daytime aberration as a
function of time;

At (t) = Term for drift correction between station
clocks as a function of time;

At41m (t) = Correction term for tropospheric refraction
as a function of time.

Also in this sense, the VLBI methodology proposes
the mathematical calculation of the correction terms of
daytime aberration, the difference between clock time and
tropospheric refraction. These calculations follow the fo-
llowing equations:

—s.7(t)

c

At (t) = a;(t) + az(t)

Atyp(t) = (Equation 3)
(Equation 4)

On what:

a; (!) = time variation of a station:

a,(t) = time variation of another station.

From this, if we replace Equations 3 and 4 in Equation
2, we have the complete formulation for the Group Delay
calculation through the application of the VLBI methodo-
logy, as can be seen in the following equation:

- —1.b.s (t) — %(t) + [a, () + ay(t)]

c (Equation 5)

Finally, since the correction factors of Equations 3 and
4 are mathematically expressed by a rate of change of mag-
nitude as a function of time, a differential behavior can be
assumed for these calculations. Thus, Equation 5 can be
rewritten in differential form, giving rise to the so-called
Fundamental Observation Equation in VLBI.

0= [P 0] [ ] 20

(Equation 6 — Fundamental Observation Equation in
VLBI)

UD y la Geomatica e No 13. e 2018 e pp. 96-105 e p-ISSN: 2011-4990 e e-ISSN: 2344-8407
[ 102 ]



DE OLIVEIRA-LAZARO, B. Y CHUERUBIM, M.L.

Thus, if the parameter T, or Group Delay, is determi-
ned, the VLBI technique can promote measurements of
distances and displacements between points relative to the
extraterrestrial inertial frame (in this case, Quasar). This
measurement is given by the correlation of the group de-
lay with its respective vector components of distance and
length.

Advantages, disadvantages and applications of VLBI in
Sciences

Currently, Very Long Baseline Interferometry has been
widely used as an alternative methodology to GNSS glo-
bal positioning and navigation systems, in the scope of
Applied Geodesy. Thus, VLBI is used to promote basic
calculations in the context of Geosciences, such as rotation
angles, translation, determination of geodetic coordinate
systems and geodetic reeferences, navigation and positio-
ning by satellites, calculations of land parceling, surveying
and cartography.

In the scope of Spatial Geodesy, VLBI is used as the
ideal positioning system, thus guaranteeing an almost
negligible error in the calculation and determination of
important reference parameters for the cosmos. Among
these parameters, the determination of the variables of the
nutation and precession axis of the planet, the Internatio-
nal Celestial Reference Frame (ICRF) and the International
Terrestrial Reference System (IERF-International Earth
Reference Frame).

In addition, the use of VLBI technology in the context
of Geodynamics is also notable. The application of Very
Long Base Line Interferometry in studies aiming at ob-
serving the variation of the movements of the lithosphere
and differential plates in the earth’s crust (Fig 7) is increa-
singly increasing. With these studies, assisted by VLBI, it
is possible to analyze the occurrence of rocky landslides,
earthquakes, volcanism and other events that significantly
impact both the structure of the planet and the life of its
populations.

Currently, VLBI technology has been secured as an
alternative to traditional geodetic surveys using GNSS sys-
tems. Thus, a great evolution in the process of acquisition,
processing and interpretation of geodetic, geographic and
spatial data was promoted, since through interferometry
this information could be treated with extremely high
precision.

However, the recent use of VLBI technology is not
limited only to the scope of geosciences. Today, there is
a growing use of the Long-Term Baseline Interferometry
methodologies in Engineering, mainly in Cartographic and
Surveying Engineering, Agronomic Engineering, Civil Engi-
neering and Urban Engineering. In this sense, the VLBI has
been used, for example, for the following purposes:

Development of digital elevation models;
3D Mappings
Updating cartographic bases;

Accurate delimitation of river basins and areas suscepti-
ble to flooding (Fig 8);

Figure 7 — Tectonic displacements and others movements analyzed by VLBI. IVS, 2015.
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Forest administration;

Monitoring of precision farming regions and activities;
Environmental territorial planning;

Combating deforestation and other environmental
impacts;

Coastline monitoring;

Oceanography;

High accuracy bathymetry;

Mapping and interpretation of geological features of
terrain;

Analysis, planning and guidelines of use and occupation
of urban soils;

Monitoring of deformations and displacements in buil-
dings (Fig 9);

Planning of special works of art on highways;

Urban infrastructure (sanitation, geotechnics and
transport);

Design of geotechnical works (tunnels, retaining walls,
foundations, dams);

Structural monitoring of dams.

Figure 8 — Use of VLBI to delimit Watersheds areas. NASA, 2015.

Figure 9 — Application of VLBI and Structural Analysis Software to modeling a building. TQS,2016.
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Future scenario of VLBI technology

As explained in the previous subsections of this paper,
the Very Long Baseline Interferometry has been conso-
lidated as an alternative methodology to the traditional
analyzes within Geosciences. With this, the researches and
works that use the VLBI perform, more often, studies, cal-
culations and analyzes more precise and with better detai-
ling. In this sense, the main pretension of VLBI technology
in the future is to continue improving the accuracy of its
measurements and calculations, so that interferometry can
be considered as the most accurate study technique in fa-
vor of the various human activities.

In addition, VLBI stations also aim to increase and
amplify the physical extension of the system for capturing,
processing and interpreting interferometry data throughout
the world. Thus, in the short to medium term, the installa-
tion of new VLBI stations and densification of the already
existing network, as well as the training of more professio-
nals to work with hardware and software in the scope of
interferometry.

Finally, it is also intended a greater financial investment
in the development of equipment and programs for the use
of the VLBI technique. With this in mind, it is intended to
ensure that VLBI technology is accessible to all spheres of
the world scientific society in the not too distant future,
thus guaranteeing the universalization of the knowledge
promoted by this methodology and its full insertion in the
most varied sectors of the world. human life.

Conclusions

The VLBI (Very Long Baseline Interferometry) technology
is a geometric technique that precisely measures directions
in space using the reception of signals from the Quasars,
extraterrestrial objects emitting electromagnetic waves at
the radio frequency. The VLBI system was initially develo-
ped with the objective of studying and detailing the struc-
tures of these same Quasars and improving the resolutions
of the radios telescopes.

However, over time VLBI has been incorporated into
the most diverse branches of human sciences and activi-
ties. The system has several applications in the areas of
Geodesy and Geosciences, and it is possible to combine
the VLBI method and the positioning by GNSS satellites
to obtain various information of interest for the geodetic
sciences, surveying, engineering, geodynamics, geology,
among others.

VLBI offers many advantages in its use, among which
we can highlight the fact that the technique is currently

considered the highest precision system for geodetic mea-
surements, reaching 1 mm horizontally and 2 to 3 mm
vertically. However, VLBI also has some disadvantages,
such as the high cost of deployment / maintenance and
the demand for highly trained professionals.

Therefore, the work carried out a study of contextual-
ization, historical survey and fundamentals of operation of
the VLBI technique, taking into account its development
and its numerical, geometric and computational charac-
teristics, with the objective of promoting scope to those
who are interested in the area and theoretically base the
Scientific community using the VLBI. Finally, this work
also contemplated the tendency to use Very Long Base
Line Interferometry in the daily life of modern man and as
an alternative to the traditional GNSS systems within the
scope of Contemporary Space Geodesy.
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