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A geodindmica do nosso planeta

Solar System Earth-Moon System L3 Medigao e 7
i, e moniforamento continuo,
K & ] N consistente e preciso
‘ Sistema de Referéncia. @
| > Geodésico Global
4] @ v Geometria da Terra
% :
Global Geodetic Reference System (GGRS) C‘?mpo d~e Gravidade ferrestre
D * %.... | Global Geodetic Reference Frame (GGRF) v Orientagcdo da Terra no espaco
{FixedyStars) (03133 Q eXT e I'I O r

\&537) General Assembly

Resolution adopted by the General Assembly on 26 February 2015

without reference 0.0 Moin Commirioe (A/69/L.53 and Add.1j)

69/266. A global geodetic reference frame for susiainable E Iqhal EEﬂdﬁ“C
Observing System

Viabilidade Governamental: Resolugao A/69/L.53 Viabilidade cientifica e técnica: IAG
(02/2015) da ONU para uma “Infraestrutura de International Association of Geodesy) e

referéncia geodésica para o desenvolvimento do seu Sistema Geodésico de
sustentavel” Observagao Global (GGOS)
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International Terrestrial Reference System and Frame (ITRS/ITRF)

International Celestial Reference System and Frame (ICRS/ICRF)
Consolidado

International Height Reference System and Frame (IHRS/IHRF)
Em fase de implantacado

International Gravity Reference System and Frame (IGRS/IGRF)
Em fase estudo

realizations: ITRF89, ITRF90, ITRF91, ITRF92,
ITRF93, ITRF94, ITRF96, ITRF97, ITRF2000,
ITRF2005, ITRF2008, ITRF2014

https://www.iers.org/IERS/EN/DataProducts/I TRF/itrf.html

International Height Reference System and Frame (IHRS/IHRF)

System (Sistema) Frame (Infraestrutura)

Conceito e Definicdo Materializacdo e Realizacdo
v Teoria v Pratica (cdlculo) ]
v Convengoes v Implantac&o e Manutencéo UFU
v Constantes & sRoas
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Conceito e Definicdo

v' Coordenadas verficais sdo diferencas de potencial com respeito a um valor (W,)
convencional (que representa uma superficie de referéncia global): ;

/
<>

Cp = Wy— W(P) = -AW(P) W, = const. = 62.636.853,4 m?s2

Xp Xp, Yp Zp) =D W(P) = W(X,)

v A determinacdo de X(P), W(P) (ou C(P)) inclui as mudancas ao longo do

. 11"(."’)
v' A posicdo de P se define no ITRF &r[x$ ]

tempo X(P), W(P) (ou C(P)). @%% |
v' Coordenadas no sistema mean-fide |
G t s }

v Unidades de medida: metro e segundo (S/) -

\/ De Ocordo com oS ObjeTiVOS do GGOS, d preCiS@O esperadg de W é: X Ver: Thde J. et al.: Definition and proposed realization of the
International Height Reference System (IHRS). Surv Geophy 38(3),
549-570,10.1007/s10712-017-9409-3, 2017

POSIQGO = i 3 X 10'2 m2 S'2 (~ 3 mm) ve|OCidOde —~ i 3 X 10_3 m2 S_2/a (N 0,3 mm/a) Sénchez L. et al.: A conventional value for the geoid reference r}

potential W0, J Geod, 90(9): 815-835, 10.1007/s00190-016-0913-x!
2016. UFU

Hoje =+ 1x 10" m2s?/a (~ 1 cm)
(& siReas
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Materializacdo e Realizacdo
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Sanchez, L.; Barzaghi, R.; Vergos, G. Infraestructura operacional para el Sistema Internacional de Alturas
IHRS (International — Height Reference  System). Simposio  SIRGAS2020,  2020-10-23. América do Sul
http://www.sirgas.org/fileadmin/docs/Boletines/Bol25/11 Sanchez et al 2020 Infraestructura IHRF.pdf
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Tocho C.N., Antokoletz E.D.,
Pifién D.A. (2020) Towards the
Realization of the International
Height Reference Frame (IHRF)
in Argentina. In: . International
Association of Geodesy
Symposia. Springer, Berlin, .
Heidelberg.
https://doi.org/10.1007/1345_202
0_93 i
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Ur?rii\}/ersidade Federal do Parana [m“s"]
10001§
1001
1) Modelos Globais do Geopotencial de alta resolucdo
2 - o /max= ,e=22nmfs2~023m
T g : .3i2(=7220‘ze=1.0:?:’?-0‘10m
Ej i ®fma=2190,€=0,2m?%2 ~ 0,02 m
GM a\" 1 | K —
WX, Y,2)=—|1+X> (—) n_olChmcosmA + S, senmA]P +> w?r2c0s(90° — 0) 0 A | oo g | Rkl RS
( Iy ) - Zn—l r m—O[ nm nm ] nm(cos@) | ", ( ) ittt P O T A T i m@ 0,01 ms
EGM2008 EIGEN6C4 GECO SGG-UGM-1
o V\' " .-..,__“u_\ ) #_ : ' e \.\‘ " _* t " — _
o ; ey | . Comparagao
; e | , com o modelo
u. 0 1A J .. | & XGM2019
Q@ - w -
o o \J;IKL = ] K T
|20’ 0 I L\L . ; ) r 7 ‘
4 ~ ‘P—}‘ o - Ilf‘!'
30 1) g};’) (-f)g ] (:}_
Lao o i ¥ s i
) | fr
500 Okm 1000km  2000km 4 Y okm  1000km 2000km T okm o to00km . 2000km oo "o 0w 2000kn G
ST meRF Stations - Saplmbar 2020 Lﬁ' ('_;M IHRF EE3Sians - Seplember 2020 \”O‘ <§_!_ij BIRF Stotions - September 2020 () ‘-?_{5 WAF Siailons - Sepiembar 2020 |—
20 10 _100° 80 80 -70 60 50 40 -3 :m-mn' -110° -100° -80° -BD' -70° -B0° -50° —40° -30° cm--12u' 110" -100° -0’ --Iau' -70° :en' S50 D -30° Cm—'HC' S0 100 -80 B0 70 B0 50 40 30" -
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: : Valor medio: 0,24 cm, Valor medio: -2,60 cm, Valor medio: 1,07 cm, @—
Std: 15,85 cm, Std: £10.13 Std: $8,22 cm 24
: Std: +8,56 cm - 210,15 ¢cm, : ’ ’ UFU
Min: =32,98 cm, ; : : Min: =34.45 Min: =14,56 cm
_ Min: =16,05 cm, et s Gl ke, :
Max: 28,97 cm Max: 22 44 om Max: 6.66 cm Max: 18,78 cm @SIRGAS
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1.529,8

1.529,6

1) Modelos Globais do Geopotencial de alta resolugcdo| ***

Comparacdo do Modelo Geoidal GEOID2015 com os MGGs

1.529,2

1.529,0

2.791,8
2.791,5
2.791,2
2.790,9
2.790,6
2.790,3
2.790,0

Cdlculo da anomalia de altura ¢ nas 17 estacoes: 10°
- AgBHO/' XGM2019 (n,,., = 2190)
¥ T~ h-N
SRTM15+ V2.0 0’

GEOID2015 América do Sul

Sistema de Referéncia GRS-80

5
Hinss/oc = 2790,62m

HNccs =2791,43m
AHY = —0,81m

2.449,5

Sistema de maré: mean tide 2.449,2

2.448,9

Zero degree term:-0,93 m 2.448,6

2.448,3

2.448,0

24477

2.447.,4

Hinss/oc = 2448,03m
HYces = 2449,00m
AHN = —0,97 m

—
—100 -90°

-80°

Henssjoc = 1529,75m

AHN = 0,35m
] I
GNSS/Quasi-geoid 6000
XGM2019
EGM2008
EIGEN-6C4 5000

GECO
SGG-UGM

N 4000

3000

- 2000

-70°
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103,2

103,0 I I I
102,8 -M_W_E .-

Hinssjoe = 103,09 m
103,02 m

Hﬁaas =
AHY = 0,07 m

2352

235,0

234.,8 | I I
2346 - M_EL_ ...

Hinss/oc = 23516 m
HﬁGGS = 234‘,85 m
AHY =031m

30,2

30,0

208 MR-
29’6 I I .........
29,4

A ss/q0 = 30,09m
11119 AHN = 0,70 m

-30°

HgVNSS/QG =8,27m
HI\IXGGS = 8,34‘ m
AHN = —0,07m

13,8

13,6 | I
13,4 I .........

@ Wi

@ PPTE = GNSS/Quasi-geoid

‘ = mXGM2019
EGM2008
" ® EIGEN-6C4
: GECO
INET SGG-UGM
units in meter

_50° _40°

I
I guU
il

6000
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I i 2000

1000

-30°

HéVNSS/QG = 13,77 m
HY o = 8 m
AHY =0,19m

1.118,4

1.118,2 |I I
1.11g,0 ‘M. H.Z B =
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HMG O 25m

435,8 ‘ I I ---------
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172,2
1.224,6 172,0
. 1.224,4 171,8
Henssjqe = 1224,41m 1.224,2 171.6
N —
HMGGS - 1223'94m 1.224,0 1714 I I
AHYN = 0,47 m 1.223,8 I I 1712 M HLNH N
1.223,6 -30° N i
e = T2
N -
. 703,2 AHY = 0,58 m
Hgnssjge = 703,25 m 702,8 . ' 24,0
N =096m ol L D0 D e -
AH ’ 701,6 """"" % % — 23’6
701,2 ......... —404 ; -'" .. 23,4
‘ "\ : 23,2 I
699,0 2 & 23,0 L ELE
698,8 C k) N —
) N —
HY oo = 69845m _— HYcos = 23,40m
e ’ N =0,56m
AHN = 0,40m . I I AHN =05
698,0 25,4
—-50° i " = GNSS/Quasi-geoid 25.2
20’2  Zgunea I =XGM2019
18, ¥ EGM2008 25,0
2 = \ 1000 ’
HGNS.IS'V/QG =19,79m 19,6 i . m EIGEN-6C4 I I
HMGGS = 19;37 m 19.4 L,ﬁg"ﬂ“‘. GECO s 24,8
AHN = 0,43 m : ,@a*-" SGG-UGM N B
e I I ™ units in meter | HGNSS/QG = 25,25m @}_
R -80’ -70° -60° 50" HYces =2503m VUFY

AHYN = 0,22 m (&sSIRGAS
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Geodésicas coordenadas IHRF (m) BRAZ
Universidade Federal do Parana 1118,80 1118,70
1.118,60
1) Modelos Globais do Geopotencial de alta resolucdo 1.118,40 118,28 111825

1.118.20 I l
R 1.118,00

(m) CculB
236,00 @ueRi s (m) UYTA
’ . {;{‘ ' @croi
235.59 W 172.40
235,60 N B 172,11
2351 -
235.20 35,16 . voun 172.00
234 80 I l .‘M;A ocer 171.60 171,56 171,53
234 40 . .
OcueQBRraz 171,20
@FriE.
» AGGO
(m) RIO2 -. (m) o
20,00 AGGO 24,00 ’
’ 19,79
19’60 H Nivelamento 23,60 23’51

19,37 19,37 B GNSS/QuGe

23,40
19.20 ; 1000km 2000 km G @unpa. = GG 23.20
CSIJPJ HRF Stations - September 2020 . e T e o
T
18,80 -120° -110° -100° -90° -80° -70° -60° -50° -40° ” 22,80



http://www.cbcg.ufpr.br/

Colc’)quio.EirasiIei.ro
de Ciéncias
Geodésicas

do Parana

o X

Universidade Federal

?2) Cdlculo regional do campo de gravidade (metodologia para determinar o
geoide/quase-geoide)

Possibilidades para determinar as coordenadas IHRF

_ Integral de Hotine CcMQ Diferenga
Wp=U,+1T, — T p = Do satcttite-onty T Tpvesiauat T Tp serrain _ 118,732 116,847 1885
/ \ ~ PPTE 46,982 45,744 1,238
MGG Gravimetria MDT _ 24,516 25,757 1,241
_ -83,048 -82,544 -0,504
_ ~225,772 -225,850 0,078
_ 21,331 17,327 4,004

GUIMARAES, G.N.; BLITZKOW, D ; MATOS, A.C.O.C ; MENDONCA, L. R. . First Efforts for the IHRF Establishment
in Brazil by Least Squares Collocation and Numerical Intfegration. In: 27th IUGG General Assembly, 2019,
Monftreal. 27th IUGG General Assembly Proceedings, 2019.

Experimento Colorado

 Terrain model: SMRT V4.1

 r— e ¥ GGMs: GOCOOSs, XGM2016, XGM2018, XGEOID178,
S — o o EIGEN-6C4, EGM2008
T - M S Z v MDTs: SRTM V4.1, EARTH2014, COLH19MO5, ERTM2160
Airborne gravity data W oo fite Db o p . e .
el &, omereenasnems v Metodologias:

(41 lines E-W, 7 lines N-S)

:;.-r:a-

)

_.-~|

NGS historical GPS/levelling (510 points)

Natural Resources Canada,
3l

Lantmateriet, Swedish mapping,

£1_ cadastral and land registration

authority, Sweden

School of Earth and Planetary
Sciences and The Institute for
Geoscience Research, Curtin
University, Australia

Escola Politécnica, Universidade
de Sao Paulo; Centro de Estudos
de Geodesia, Brazil

o
&)

=

2

U

Politecnico de Milano, Italy

Faculty of Geodesy, University of

i) WIGGIK) Zagreb. Croatia - Research

-

Institute of Geodesy, Topography
and Cartography, Czech Republic
National Space Institute,
Technical University of Denmark,
Denmark

Geography and Crustal Dynamics

* Research Center, Geospatial

Information Authority of Japan,
Japan

SANCHEZ, L. Sistema Internacional de Alturas IHRS Webinar SIRGAS, 2020-06-25

« Integracdo FFT e modificacdo na féormula de
Stokes (Wong-Gore).

«  Modificacdo por minimos quadrados na formula
de Stokes e correcoes adicionais

« Colocacdo por minimos quadrados

« Estratégia Helmert-Stokes (H-S)

e |Intearacdo de Hotine

C/

UFU

@SIRGAS
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Possibilidades para determinar as coordenadas IHRF

?2) Cdlculo regional do campo de gravidade (metodologia para determinar o

geoide/quase-geoide)

v MGG: XGM2019 n=m=200
v MDT: SRTM15 plus
v Metodologias:

« Colocacdo por minimos quadrados

(CMQ)
* Integracdo de Hofine

CMQ
Wp = 62.625.913,73 (m2/s?)

Hotine
Wp = 62.625.912,55 (m?/s?2)

Diferenca = 1,18 (m?/s?) ~ 12 cm

-4

-15°

16°

-17’

Cp

Cp=Wo=We  fris =505

Higsime = 1118,420 m

G2 IBGE

= REWIC - BRASLIA IS

http://www.ibge.gov.br/

Relatério de Estacao Geodésica

Estacéo : 91200 Nome da Estagéo : 91200

Municipio : BRASILIA

Ultima Visita: 12/07/2005 Situagdo Marco Principal : BOM

Conexdes : RN : 2369V

DADOS PLANIALTIMETRICOS DADOS ALTIMETRICOS

Latitude 15° 56' 50,91123" S Altitude Normal(m) 1.118,6967
Longitude 47°52'40,32834" W Fonte Nivelamento Geométrico
Altitude Geometrica(m) 1.106,020 Sigma Altitude(m) 0,071
Fonte GPS Geodésico Datum Imbituba
Origem Ajustada Data Medigdo 14/11/1994
Datum SIRGAS2000 Data Calculo 30/07/2018
Data Medigdo 15/05/2000 Numero Geopotencial (m%s?) 10.943,649
Data Célculo 23/11/2004
Sigma Latitude(m) 0,001
Sigma Longitude(m) 0,001
Sigma Altitude Geométrica(m) 0,001
UTM(N) 8.234.747,340
UTM(E) 191.901,219
Mc -45
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Possibilidades para determinar as coordenadas IHRF

3) Conversao dos sistemas de altitudes existentes ao IHRF

De 23 a 27 de Novembro de 2020
Universidade Federal do Parana
Link do evento: www.cbcg.ufpr.br

D
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FPR

e

A
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nnnnnnn

aaaaaa

aaaaaaaaaaa

Boliva
Argentina h-|(j:-ri5ct?4‘%rllile) f;;;dgr
Uruguay +66%5 Amgfalgzsta aaaaaaaaaa a
Venezuela 57+8 T +40% 25
+52%5 Chile y IChi\e .
. Puerto Montt ‘alparaiso Colombia
Brazil ;
local local e \| Aore amis | oq | s L
— oca . — IHRF oca T
Wp = (WY + 6W) — Cp; W = WIHRF — W
ol
+5! Maonl
T e .
B RAZ 3+18 W, = 62 636 853.4 m?s?
Brazil Talg‘l":ll.leano
Santana 7% 29
oI s Laura Sdnchez, Michael G. Sideris, Vertical datum
1119,0 unification for the International Height Reference System
1118.807 (IHRS), Geophysical Journal International, Volume 209,
’ Issue 2, May 2017, Pages 570-586,
11188 | 1118697 | 111,671 1118,686 e sy N
1118,6
1118,4
’ 1118,253
1118,2
1118,0
1117,8
(m) Nivelamento JGNSS/QuGe GGMs Hotine CcMQ
Realizacdo:

LC

@SIRGAS
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v' HA paises mais “adiantados” em relacdo a outros:

« Altfitudes expressas com base no nUmero geopotencial
« Densificacdo gravimétrica no entorno das estacdes IHRF e medicdo absoluta de gravidade

e Conexdo GNSS com nivelamento
« Conexoes infernacionais

v' Confinua capacitacdo para que agueles paises “atrasados” possam atender as demandas.

v' Os valores de potencial (coordenadas IHRF) dependem:

« Dados de enfrada: MGGs, gravimetria (terrestre, marinha e aérea), modelos topograficos e a
manipulacdo desses dados.

« Métodos de cdlculo.
« Aproximacoes e modificacdes em certas regides especificas.

v Padroes devem ser tomados e adotados com o objetivo de alcancar resultados que sejam
compatives e consistentes:

» Elipsoide de referéncia
« Sistema de marés _
I U GG Global Geodetic

Observing System

* Constantes fisicas e numericas Bureau of Products and Standards
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v' Continua divulgacdo e explanacdo para a comunidade geodésica (especifica) e usudria (geral)

« O gue é2 Como funcionae O que altera apds a adocdo? E as altifudes vinculadas ao sistema
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