GEODESIA GLOBAL DAS NAGOES UNIDAS
CENTRO DE EXCELENCIA

MODERNIZACAO DO SISTEMA DE REFERENCIA
GEOESPACIAL
OFICINA DE DESENVOLVIMENTO DE CAPACIDADES

Introducao a infraestrutura de sistemas de referéncia

geoespacial

Nicholas Brown
Chefe do Gabinete, UN-GGCE

Dia 1, Sessao 2 [1 3 1]

Agradecimentos: Zuheir Altamimi (FRA); Detlef Angerman (TUM); Johannes Bouman (GER); Jan Dostal (UN-GGCE); Richard Gross (NASA); Anna
Riddell (AUS); Laura Sanchez (TUM); Jeffrey Verbeurgt (BEL).


https://unitednations.sharepoint.com/sites/UN-GGCE/Shared%20Documents/Capacity%20Development%20Workshops/Material/1_2_1%20-%20The%20importance%20of%20GRS.pptx

* The Earth is dynamic. We must continuously monitor it because we need
to know the ‘place in space’ of the Earth and satellites and at all times for
accurate and reliable satellite services.

* Important geodetic ground infrastructure for reference frame creation
includes Very Long Baseline Interferometry, Satellite Laser Ranging, Global
Navigation Satellite Systems, DORIS and gravimetry. These techniques are
complementary.

e Current geodetic ground infrastructure challenges include a northern
hemisphere bias, aging technology and an overreliance on in-kind support.

e Stronger governance systems are needed both internationally and within
Member States.

STRONGER.
TOGETHER.
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Técnicas geodésicas espaciais
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Referéncia Celestial Internacional (ICRF)

International Celestial Reference Frame (ICRF) Earth
- . Axis of
Rotation

Ouasars

The International Earth Rotation and Reference
Systems Service (IERS) was created in 1988 to
establish and maintain a Celestial Reference
Frame, the ICRF. The ICRF is defined by the
position of significant celestial objects.
Perhaps the mostimportant of these

are the so called radio-loud quasars.

These are super massive black

holes at the centre of galaxies

that radiate huge amounts of Earth
energy. A guasar typically emits Mass
radiation with a unigue signature Centre

- a pattern across the radiation
spectrum. These quasars, to all
intents and purposes, appear as
fixed points in the sky and thus as

fixed reference pointsin the ICRF. Mean

Equinox —
12000.0

Mean
Equator
J2000.0

J2000.0is a standard Julian equinox and

epoch - January 1, 2000at 12:00 TT. X
IERS iers.omg ‘ = _a
Rupert W Brown Sepbem ber 2021 -

https://geoscienceaustralia.github.io/ginan/theory.html



Estrutura de Rererencia Terrestre Internacional
ITRF

International Terrestrial Reference Frame (ITRF) 7 Earth
Axis of

International -
Rotation

Reference
Meridian

The IERS also maintains the Terrestrial Reference
Frame, the ITRF. The ITRFis based on three axes,
X, Y and Z with the origin placed at the Earth’s
centre of mass. The ITRF rotates with and

as the Earth rotates across a day. A position in X,
Y and Z coordinates can be converted to
geographical coordinates (Longitude, Latitude
and Height) using a geodetic datum such as
WGS84 (world) or GDA2020 (Australia).

Curiously the Earth is not a perfect sphere. It's 4 : : i,
radius is bigger at the equator than it is at the \ ¢ B,

poles. It also has lumpy gravity. Ifyouranan 5§ S | URRRERSEEEERE . e,
altimeter over Earth and plotted out all the points
of equal gravity, the picture would look a bit like a
potato. This gravity potato is called the geoid.

The relationship between the
ICRF and ITRF is defined by
Earth Orientacao Parameters(EOP).

The International Reference Meridian runs
spproximately 100 m to the west of the

IERS iers.ong originalGreenwich Mean Meridian

Rupert W Brown December 2021

https://geoscienceaustralia.github.io/ginan/theory.html




Técnicas geodésicas
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crédito daimagem:
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Técnicas de observacao da ITRF
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Interferometria de base muito longa

e e e, Registro da radiacdo eletromagnética proveniente de
extragalactic radio sources is

captured by multiple radio objetos muito distantes no espaco (quasares) na faixa
telescopes on Earth. . . )
, _ de frequéncia de micro-ondas
The signal arrives at the
M’\z—- telescopes at different times;

i.e., with a time delay.

-
-
e
.
.
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2w ||| T e Método interferométrico: sao necessarios pelo menos
Quasars dois telescopios, requisitos de tempo mais elevados
B = (sdo necessarios reldgios atdbmicos)
~~~~~~~~~~~~~~ _ \/\/\f\' B cock 2 Determinacao da diferenca exata do tempo de viagem
Each telescope captun : através da correlacdao dos dados registrados apos a

The time delay is C o .
detected by comparing medi¢cao em um correlacionador
the records at different
telescopes (correlation
processing).

the signal and recorg
the time of arriva
atomic clocks.

—_—

| clock 1

Calculo das linhas de base entre as estacdes VLBI

The distance (baseline)

between the radio telescopes The joint ' f . . .
s calculated using the e e segsing © Com base nos tempos registrados em diferentes locais,
detected time delays. %ts‘sgpfzﬁfa%goba' é possivel determinar com precisdao milimétrica a
telescopes allows the orientagao da Terra, a velocidade de rotagdo da Terra e
determination of precise . A .
positions of the radio a distancia entre as antenas (que podem estar a
telescopes and the |h d | A t d d tA . )
orientation of Earth in milhares de quildbmetros de distancia).
A q MAIS
https://ggos.org/item/vlbi (criado por Laura Sanchez) FO RTES
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https://ggos.org/item/vlbi

Servico Internacional VLBI
para Geodésia e Astrometria
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Interferometria de base muito longa

ICRF3 S/X
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‘/V/ _//e‘ ’Q\’ . . h.ttps.//ggos.org/lte.m/ceIestlal.reference frame/ o MAIS
V onGeS v (Charlot P. et al, (2020) The third realization of the International Celestial Reference Frame by very long baseline interferometry.
-// Astronomy and Astrophysics, Vol. 644, A159, 28 p., DOI: https://doi.org/10.1051/0004-6361/202038368)

AN 4 FORTES
¢ 4

IHIAITNAC


https://ggos.org/item/celestial-reference-frame/
https://ggos.org/item/celestial-reference-frame/
https://ggos.org/item/celestial-reference-frame/
https://ggos.org/item/celestial-reference-frame/
https://ggos.org/item/celestial-reference-frame/

Radiotelescopios operados pela BKG

20 m RTW (Wettzell)

Telescépio duplo de 13 m (Wettzell)

Radiotelescopio AGGO de 6 m
(La Plata)

Crédito da imagem: BKG MAlS

FORTES.
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Telemetria por

Earthbound observatories emit ultra-short
laser pulses towards retroreflector arrays
on satellites or the moon surface, which
reflect the pulses back towards their origin.

satellite with gz
corner cube
reflectors

Transmitted
pulse

Orbit

Reflected
pulse

The pulse roundtrip
time interval is
measured with an
accuracy of a few
picoseconds.

aser via satelite

The emission of the

pulse triggers an Event Os operadores de telemetria por laser via satélite disparam

Timer Unit that records

the precise epoch of lasers a partir de observatorios terrestres em dire¢dao aos

that instant. The

reflected pulse satélites e medem o tempo que a luz laser leva para retornar.

detection triggers again
the unit and the range is

inferred as % the time- Com base no atraso de tempo, os geodesistas podem

interval between the two

epochs, corrected for monitorar as orbitas dos satélites com precisao de centimetros.

calibration constants,
atmospheric delay, etc.

transmitter

- m Laser GNSS).

Measurement of the pulse's
roundtrip travel time

Laser Para algumas aplicacdes de satélite, é importante saber com
- ) precisao onde um satélite se encontrava quando transmitiu um
Pulse sinal, a fim de garantir a precisao e a fiabilidade (por exemplo,

Received start
p;fs il A te.Ie.metr.i? por laser via satélite também é utiliza.da para
. definir o diametro da Terra, a forca do campo gravitacional, o
<= | unit€TU) centro de massa da Terra (o ponto em torno do qual os

y

SLR range observations enable the
accurate determination of orbital

of the tracking stations, Earth's

- polar motion and variations in the
"dos” length-of-day.

trajectories, the position and velocity

de referéncia.

https://ggos.org/item/slr-lr (criado por Laura Sanchez)

satélites orbitam) e o centro do sistema de coordenadas global

MAIS
FORTES.
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https://ggos.org/item/slr-llr
https://ggos.org/item/slr-llr
https://ggos.org/item/slr-llr

Servico Internacional de Telemetria a

New Stations (2023-2024)
Current and Planned ILRS Network Yebes, Spain

Ishioka, Japan

Future Stations (2024-2027)
La Plata, Argentina

San Juan, Argentina
Metsahovi, Finland
McDonald, TX, USA

Ny Alesund, Norway

Mt Abu, India

Ponmundi, India

Irkutsk (Tochka), Russia
Mendeleevo (Tochka), Russia

s T Gaps in geographic coverage
# Stations in process and planned ' remain
Different vintage Systems
Different weather conditions
Different staffing levels fonte:

ivscc.gsfc.nasa.gov




Sistemas de medicao a laser da BKG

AGGO-SLR (La Plata),
Telescépio de 50 cm, monoestatico

) >
L4l /| ’
b

\?‘\.:; .
N
©)

\\

N\

—

SOSW (Wettzell)
Telescépio receptor de 50 cm
Telescépio transmissor de 16 ¢
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Istemas

Satélite

(1) The system operator
calculates satellite orbits and
clock synchronization using
ground stations with known
coordinates.

(2) The operator loads the
calculated orbits and satellite -
clock corrections to the
satellites.

(3) Orbits and clock
corrections are broadcast
together with a very stable
time stamp from an atomic
clock, so that a receiver can
continuously determine the
time when the signal was
broadcast.

(4) The difference between the
time of arrival and the time of

The broadcast information has an

time of the signal, which, usually employed for navigation

multiplied by the speed of light, applications. For the precise

provides the distance (Or observation Of the Eal'th, QBOdESIStS

range) satellite - receiver. calculate orbits and clock corrections —
o . with a very much higher accuracy (in

(5) With information about the the centimetre and picosecond

ranges to four satellites and the ranges). This requires the

location of the satellite when the simultaneous determination of station

signal was sent, the receiver positions, satellite orbits and Earth

can compute its own three- orientation parameters in a single MAIS

dimensional position. consistent calculation.

FORTES.

IHIAITNAC

https://ggos.org/item/gnss/ (criado por Laura Sanchez)



https://ggos.org/item/gnss/

Servico Internacional de GNSS




Orbitografia Doppler e Radionavegacao

Integrados por Satélite(DORIS)

DORIS d stati it radio si Is, When th tellit . . . ~
which are captured by several satelltes . > moves away from O Orbitografia Doppler e Radionavegacdo Integrados por
ing DORIS i the station, th s , . A 7. ope
Ca:f'”g eeeer ' flequenoyoith Satélite (DORIS) é um sistema francés de satélites utilizado
lower than the para ajudar a determinar e monitorar as Orbitas dos satélites

When a satellite frequency of the

approaches a original signal € para posicionamento.

station, the

rocived: signal is ¢ O principio do DORIS é semelhante ao do GNSS, mas ao
higherthanthe 0 e - s .
frequency of the ' © GDoris™, e contrario.

signal originally

emitted by the e Os radiofardis terrestres ativos enviam um sinal que é

station y 7.

| detectado pelos satélites receptores.

e e Ocorre uma mudanca na frequéncia do sinal, causada pelo
-_0_0rbll . /d K .

movimento do satélite (efeito Doppler).
A . ~ n .
K * A transmissdao em duas frequéncias (400 e 2036 MHz)
é. permite determinar os atrasos na propagacao do sinal
3 Received frequency ime of closest approac A
'% fligher than the .(rtransn]:ittled antdzceivez atraves da atmOSfera'
8 transmitted frequency frequencies are the same)

‘/ time

By pltting the requency received by feeoved e o © Determinacdo da orbita dos satélites de observagao da Terra

¥ glope] o the cLie ot 1he e of cimeset | " ey « Determinagdo da coordenacdo do farol na superficie da

approach allows to calculate the
distance between the ground station Terra
and the satellite Doppler . ~ , .. . .~

. e * Colocalizacdo com outros métodos espaciais e contribuicao
With these observations, DORIS allows ool para o GGRF MAI S
the precise determination of satellite geos h 1 Jitem/doris (criad ] sanchez) FO RTES
orbits and ground station positions as ttps://ggos.org/item/aoris (criado por Laura Sanchez

well as the orientation of Earth in space

IHIAITNAC



https://ggos.org/item/doris
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Gravimetria

Principio
* Os instrumentos de gravimetria observam a
aceleracao gravitacional
* Dois tipos diferentes de gravimetros:
* Absoluto, por exemplo, gravimetro de queda
livre
* Relativo, por exemplo, gravimetro de mola
ou supercondutor,
* Tipos de medicoes:
* Terrestre
* Aerotransportado
e Satélite

Crédito: Micro G Lacoste

Gedide, a forma

livre Finalidade fisica da Terra
* Determinacao da forma fisica da Terra
definida pela superficie equipotencial da

Gravimetro de queda

¢\ gravitacao

—"N - .

g ,// & * Determinacao do centro de massa da Terra MAIS
EN\=T4 « Monitoramento da dindmica geofisica FORTES.
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Observatorio Geodésico Wettzell,
Alemanha

.&¢ Radiotelescopios.. .+ ~ +Laser em

~(TWIN)

pe o ’

Sincronizagio de tempo i e
‘Medida de distancia a laser




Integracao de técnicas espaciais

VLBI

Observatorio Geodésico Wettzell

Os locais de co-localizacao e os lagos locais desempenham um papel
fundamental na integracao de diferentes técnicas de observacao
geodésica espacial.

G0N MAIS
V(=)
=/ FORTES.
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Rede local de pesquisa de lacos

Rede local de
levantamentos do
Observatorio Geodésico
Fundameatalde: Wettzell

50 Meter

E%ﬁ"‘ {. s !
= / /ﬁ,/

: -’f‘&(ﬁ

©BKG

Conexao precisa entre os
componentes de observacao
individuais

Fornece vetores de ligacao
entre as técnicas espaciais

Permite a combinacao de
dados a partir de técnicas
geodésicas

Prova da estabilidade local
dos pontos de referéncia

MAIS
FORTES.

IHIAITNAC



Hora e frequéncia

Reldgios de

césio * As observacdes geodésicas dependem da precisao da
7z TN frequéncia e da med|g§0 da hora
* Os instrumentos devem ser conectados a frequéncias e horas
precisos
= mgisgr ;:io « Reldgios atdmicos em observacdes geodésicas
=== S=i Estabilidade * Precisdo até o nivel de picossegundos (ps)
maxima * Sincronizacdao temporal entre diferentes técnicas

geodésicas

e Contribuicdo paraa UTC

e Contribuicao para a comparacao da medicao do tempo

* Sistemas GNSS

e trabalhar com controle de tempo proprio

* Transmissao e sincronizacao de hora entre diferentes
locais de observacao no mundo

* Transferéncia e sincronizacao da hora UTC

MAIS
FORTES.

IHIAITNAC




Colocacao das técnicas

ITRF: Estrutura de Referéncia Terrestre Internacional

o 1 Technique

® 2 Techniques

@ 3 Techniques

@ 4 Techniques

Apenas um
continente
possui pelo
menos trés
locais onde VLBI
e SLR estao
localizados.

A cadeia de
abastecimento
global da
geodesia ndo é
robusta.



Contribuicoes das técnicas espaciais

Diferentes técnicas permitem
medicdes independentes.

Cada técnica é Unica e tem
contribui¢des diferentes para os
produtos geodésicos.

©BKG

Type of Parameter

VLBI

GNSS

DORIS

SLR

LLR

Quasar Coordinates (ICRF)

Nutation

Polmotion

uT1

Long of the day (LOD)

Subdaily Eart Rotation Parameters (ERP)
ERP Oceantide amplitudes

Coordinates and Velocities (ITRF)

Geocenter
Gravitation Field
Satellite Orbits
LEO Satellite Orbits

lonosphere
Troposphere

Time Transfer and Synchronization




* Mais informacoes sobre ITRF e ICRF -
https://geoscienceaustralia.github.io/ginan/theory.html

* Técnicas geodésicas e servicos da Associacao Internacional de Geodesia -
https://ggos.org/services/



https://geoscienceaustralia.github.io/ginan/theory.html
https://ggos.org/services/
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