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Introduction - infrastructure

Geodetic benchmarks as at least one of crucial infrastructure elements for
precise geodesy we do recognize in our region since 19th century with the Struve
geodetic arc. We are still practically using some them for current geodetic reference
network after 200 years or since 1816.

Nowadays we have many more accurate geodetic observation facilities
available, such as VLBI, SLR, GNSS and gravity measurements that are correlating
to all those mentioned natural changes. All precise geodetic observations give us
detailed information, like if we would put our “‘finger” under microscope. However,
in same time we must know all global relations to be sure about behavior of our
“body”” — Earth — impacting life of all forms on the planet.

It is part of world heritage under UNESCO.
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80% of the existing info can be geo-localised
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Celsius stone more than 300 years ago
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Proceedings
from 1977 at
the FGI

Proceedings
of the

International Geodetic Symposium
on

REGIONAL GEODETIC NETWORKS
FOR THE YEAR 2000

BANDUNG ( Indonesia ), October 3 — 4, 1977.
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Display of
Struve Arc on
the African
Geodetic
Networks
from 1977




Problems before or still

» Traditionally each country has its own
geodetic reference system resulting in non
compatible Coordinates systems between
countries;

» Maps In neighboring countries do not match
at the national boundaries;

» Very important Is cooperation In new
situation of technical development.
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Two different positions about age old question

[.Nitons

DzZ.Kasini (1643 — 1727)

(1625 - 1712)
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Riga Technical University

10°

2mR=360S
where S is length of 1 degree

Elements in arc measurement

1. Base

B

2. Expansion
network

3. Meridian arc
network

®_Angles, measured

@ Astronomical observation
d — distance, tape measured

§ — distance, computed
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Geodesy
— one of
the
oldest
sciences

624 — 546
BC

580 — 500
BC

384 — 322
BC

310 - 230
BC

276 — 195
BC

100 — 160
AD

Thales of Miletus:
Geometry (Earth measurement) “The

Earth is floating on the ocean”
Prediction of the solar eclipse on May 28,
585 BC

Pythagoras of Samos:
The Earth is a sphere levitating in
space (for esthetical reasons)

Aristotle:
Geodesy (Earth division, partitioning)
“Application of geometry in practice”

Aristarchus of Samos:
Heliocentric system “The Sun in the
centre of very large universe”

Eratosthenes of Cyrene:
Measurement of the Earth’s radius
(astronomic — geodetic method)

Claudius Ptolemy:

Geocentric coordinates of 1000 stars
and = 8000 locations on Earth

This system is valid until the end the
Middle ages
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IAG / IUGG for GGOS portal

e
GlobalGeodeticObserving System

GG OS Portal

—

GGOS Themes Topics Discovery Viewer GGOS Products GIAC

» More ...

eodetic Applications i

APPLICATIONS

SCIENCE APPLICATIONS
(]
SATELLITE MISSIONS

TECHNIQUES

News GGOS Portal

Hou The Global Geodetic Observing System Portal 2 The Global Geodetic

) GGOS Themes Core Network: new
(GG 0S Portal) version of "Call for

» Topics Participation”

* Discovery GGOS is the Observing System of the International Association of Geodesy (IAG). GGOS works » GGOS Themes and

b Viewer with the IAG components te provide the geodetic infrastructure necessary for monitoring the Template for Proposals
Earth system and for global change research. under Theme 3

! GGOS Products : )

S The GGOS Portal provides a unique access point to all geodetic products. Thus, the Portal will > Pages Topics - Services
emphasize Geodesy “s contribution to Earth Observation for assessing geohazards and reducing - ILRS and Topics -
disaster. The Portal consists of information to GGOS topics, a metadata catalog including a Services - IDS updated
search engine and an editor, a map viewer, and a list of GGOS products. 3 More

[ - Q

WWW.Z2g20S.01rg




From our surveying roots to nowadays

International
Association

http:/ /iag-aig.org/



Geodesy for the determination of Earth’s radius

Astronomic — geodetic method of Eratosthenes: At summer solstices (June
21) the sun is mirrored in well in Syene (latitude ®= 23.4° N, today 's Aswan

High Dam), but in Alexandria (®= 31.1° N) the sun is casting a shadow with
a lenght corresponding to angle A®= 7.7°

4/
. e
O '*'9/70
/"/'

.\(Ii"(-.‘ |

Syén - ~~ :
e / 2
(ASWGn) e e (.. | Equator

-
-

The angle of the shadow is

identical with the latitude

difference Alexandria — R=A/AD
Syene:
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Base measurements (1744, France)
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From Paul Murdin book: «Full Meridian of Glory», USA 2009
Time of Cassini III
Voltaire = Maupertuis «flattener of the Earth and the Cassinis» 17
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conference in Jekabpils, August 22, 2008



Struve gfhference in Sestukalns, August 23, 2008




ttp:/ /www.failiem.lv/list.php?i=gfzuwx



f, 2011

Q
<
=
L
~N=d
=
Q
»,




Mwuccus Ctpyse

Utorn

3aBepumnachb akcneauumsa «Muccus Ctpyse»

3Kkcneauuns Ha Tpex BHeJopoXKHUKax ctapTosana 19 uiona 2011 r. us Ogeccobl 1 nponas 245 kM B 17 4
32 MWH Mo MOCKOBCKOMY BpeMeHU A0oCTUrna KKHoro nyHkTa Meoaesuyeckon gyrm Ctpyee «Crtapo-
Hekpacoeska/STARONEKRASSOWKA», B cene Ctapas HekpacoBka (YkpaunHa). [lanee MapLupyTt
3IKcneauLMM Npoxoaun no Tepputopun Mongasum (NyHKT «Bogonyin/Wodolui»), YKpauHbl
(«KpemeHew/Kremenetz»), Benopyccuu («benun/Belin»), llateum («Hemex/Nemesch»,
«Ako6wTanT/JACOBSTADT»), ScTtoHuu («OepnT/DORPAT Tartu Observatory»), PUHNAHAUN
(«TopHMO/TORNEA Alatornion kirkko»), LLiBeyuu («ABacakca/AVASAKSA», «MynnuHku/PULLINKI»),
Hopseruu («Benbsu-saapa/BALJATZ-VAARAY, «dyrneHec/FUGLENAES»). «dyrneHec» — camMblii
ceBepHbIN NYHKT «eogesnyeckon ayru CTpyBe», pacnonoXXeHHbl B ropoge MammepdecT Ha Gepery
Hopeexckoro mops, akcneguuyusa gocturna 31 nonsa 2011 r. B 20 4 30 MUH MO MOCKOBCKOMY BpeMEHM.

MporgeT HeMHOro BpeMEeHU, AMOLMN MOYTUXHYT, MbICIIU BbICTPOATCA B pAA U obs3aTenbHO NOSBUTCA
noapo6HbIf pacckas 1 POTOOTYET O NyTELLECTBUN. A NoKa XOTUM nobnaroaapuTb BCeX TEX, KTO OKasarn
NOMOLLb ¥ NOAAEPKKY Ha pasnnYHbIX 3Tanax NoAroToBKU U NpoBeAeHNA SKcneanyun:

CaHkT-lNeTepbyprckoe obLLecTBO reoaesnu 1 kapTorpacum u ero cekpetaps B.B.Kanutora (Poccus ,
CaHkT-lNeTepbypr)

3A0 «["'eocTponusbickaHua» (Poccusa , Mockea)

pynny komnanuin «M2M Tenematuka» (Poccusa , Mockea)
OAO «MobunbHble TeneCuctembl» (Poccus , Mocksa)
OO0 «JleHTeppa» (Poccusa , Mocksa)

[Ounepckun UeHTp «HuccaH Ha TaraHke» (Poccusa , Mockea)
KB MaHopama (Poccus , Mocksa)

K «MeoTexHonoruun» (Poccusa , Mockea)

WHTepakTuBHbIN KaHan TV2.0 (Poccua , Mockea)

http:/ /it

Utorn

O npoekTe

Llenu akcneguiun

MapLupyT akcneguuumn

YHuKanbHocTb

McTopudeckas cnpaBka

Mpecc-penus

CnpaBka

Mapuipyt

Hukomy He nsBectHas [yra,
noeectb B 11 yactax. Tom 1

Hukomy He nssecTtHas [yra,
noesecTb B 11 yactax. Tom 2

Opyrue npoekTbl

25 anpensa 2014
Cpy3us

[syxHeaenbHan aKkcneguLus B
Ipy3unio. OGLMIK MapLUPYT - 5200 KM.
COTHM KUTIOMETPOB rOPOACKKUX Tpacc,
nepeceyeHHON MECTHOCTH U TOPHbIX
nepesanos. Kaxaan Touka Ha KapTe
npoGera cBA3aHa ¢ Soratbim
MUCTOPUUECKUM HAcneaueM CTpaHbi.

u/rus/items/missiya-struve/itogi.phtml




http:// itoyrus /items/missiya-struve /itogi.phtml
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Project
«Struve unites
through the
centuries» in
Gulbene
(Latvia)

the meeting was
held

on May 16, 2013
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Facts
about the
Struve
Geodetic
Arc 2

The longest meridian arc ever measured

In North: Hammetfest 70" 40°11.23”
In South: Ismail (Black Sea) 45~ 20’ 02.94”
Distance in latitude: 25" 20 08.29”
Distance in km: 2 821.853 711
Number of main points: 265

Number of astronomical stations: 13
Number of bases: 10 /
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What is especially for the Struve Geodetic
Arc 2>

1. Geodesy is the first scientific subject to appear on
the World Heritage List

2. The Struve Geodetic Arc is the first case in the
history of the List where more than two countries
cooperate in the preparations

3. The Struve Geodetic Arc project is the precursor
for international scientific cooperation,
predecessor of IAG and IUGG



History of the  most  significant
measurements of mankind and related to

Struve Geodetic Arc =2

1. The value of Earth’s diameter
2. The distance between Earth and Sun
(Astronomical Unait)

3. Parallax of the stars (cosnic triangulation)

© Libertas Klimka



Geodetic infrastructure

Infrastructure

Space Geodetic
Techiniques

VLBI
SLR/LLR
GNSS
DORIS
Altimetry
INSAR
Gravity Missions

Terrestrial
Techniques

Abs/Rel.
Gravimetry
Tide Gauges
Air-/Shipborne

All time-dependent elements, also triangulation

Measuring Geometry

Station
Postition/Motion
Surface Change

=T

Earth Rotation
Precession/Nutation
Polar Motion
Universal Time
Length of Day

e

~Tee————

Gravity

Geocenter
Gravity Field
Temporal variations
Observation
Modeling

Information
about

Earth Systems

——

P rem——

=

Influence/
Modelling

Earth System

Sun/Moon
(Planets)
Atmosphere
Ocean
Hydrosone
Cryosphere
Core
Mantle
Crust




Geodetic infrastructure for users

Commerce/ . National
Science ;
Industry Security

T
Global Terrestrial Reference Frame

=== Consistent Data Products (EOP, satellite orbits, clocks,...)

Time-dependent Site Positions

T T T

Data Analysis
(Analysis Centers of International Services)

Hydrogen maser clock
(accuracy 1 secin

T T |

tmilion years) 5 yigh speed |
/ data lin Data Acquisition

(VLBI, LYSLR, GNSS, and others)

Correlator

: : &y
Also in «deep» space with quasars

/ (like C273)



Geodetic infrastructure in Future

Current co-location Sites (2009)

® 2 Techniques @ 3 Techniques Y 4 Techniques

/ Co-location Sites



Geodetic infrastructure in Future

Current co-location Sites (2009)

® 2 Techniques @ 3 Techniques Y 4 Techniques

/ Co-location Sites



in space age
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The evocative comparison with mission on Mars
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Mobile exposition, with lecture, from I.Berke



Struve in city center, since 2015



http://demo.mikrokods.Iv/Krustpils_pils_3dtiles/App_CCWebViewer2/index.htmi

3D model of Struve site Kreutzburg (15.06.2018)
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International Conference «Struve Arc — the Past and the
Future», June 21 (2018), Oshmyany, Byelorussia
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Future plans:

v" Happiness will never come to those who fail to
appreciate what they already have.

v' Have been created on 08.06.2018. the Council of
Preservation and Development of the Struve Geodetic
Arc, which is now developing work plans up to 2023.

v There is much more common with Struve Geodetic
ARC in the world (at least 80 %) than different.
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Thank You for Your attention!

Photo: iStockPhoto (AB DESIGN)
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«Struve Geodetic Arc — 13 Years in UNESCO World Heritage List»
That happened in summer of 2005 !

/ E-mail: janis.kaminskis@rtu.lv



