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PREFAcE

K, RlNNER, GRAZ

scjence is international and does not recognize political or ideo-
logical borders. This applies, in particulár, for geodesy which has
the task to survey and to describe our regional and cotrmon living
space. 0n the Earth and outside of it scientific geodetic activities
combine the efforts of researchers in different countries to common
statements. Theyresemble bridges across which human knowledge is
exchanged for the prosperity of all partners and is, finally, combined.

The l^lest-East European Doppler Observation Campaign, the second phase
of which is the subject of this report, ts one of these geodetic acti-
vities. It aims at the detennination of absolute and relative positions
of geodetic observatories in East and l.lest. Therewith it contributes
to the important question of how the structure of our living space
changes as a function of time.

The campaign hlEDOC-2 was prepared by Dr. Pesec, Graz in l,Jestern Europe
and by Dr. Mihály, Budapest in Eastern Europe, respectively. They also
computed the results presented in this report. Acknowledgement is ex-
pressed for their efforts which exceeded their officia] obligation
by far.

May |r{EDOC-Z and the following positioning campaigns lrJtPOC-X contri-
bute to a more profound knoledge about the positioning of points on
our Earth with higher accuracy, in shorter time, and with less ex-
penditure. May in that way the geodetic research and, thereby, the
living conditions be promoted.
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SUMMARY :

In the region of !,|estern and Eastern Europe cormon Doppler observation
campaigns lilEDOC-l(May, 17-27th, 1980) and WEDOC-2 ( September 6-16th, 1983)
'have been carried out. The campaigns have been organized by the Institute
of Space Research, Graz, Austria in collaboration with the Satellite
Geodetic Observatory, Penc, Hungary as well as with respective contribution
of the participating countries. This report discusses the WEDOC-2 campaign.

In !,JEDOC-Z 27 stations observed in a region of about 3000 km, l8 of them

in Western and 9 in Eastern Europe. The observations have been collected
in Graz and Penc and then distributed on request. The data have been

processed at Graz and Penc using the GEODOP-V and the SADOSA programs, re-
spectively. The coordinates obtained have been intercompared by a 7-parameter

similarity transformation giving an rms of the residuals of t 0,6 m.

The cornparisons with lrlEDOC-l, EROSDOC and ED-79 give rrns of t 0,6 fi, t 0,5 m

and t 0,9 m for the GEODOP-V solution and t 0,6 fi, t 0,6 m and t 0,7 m.for
the SADOSA solution, respectively.
The coordinates and the respective correlation matrices of 26 }JEDOC-2

stations are co{nputed in a geocentric system. Permanent geodynamic stations
are connected in l^lestern and Eastern Europe, a geodetic-geodynamic

Doppler system has been defined for: future projects and the existing
Doppler links have been controlled.

This report on l'lEDOC-2 d,iscusses the objectives, organizations, fie]d
operations, data processing and computational methods. The Doppler so-
lutions in Cartesian coordinates are given and interpreted. The results
of various intercomparisons are presented, conclusions have been drawn,

and future ideas are discussed.

The report contains 7 figures,21 tables,23 station sheets, a des-
cription of the MJV data formats for each receiver type as well as the
correlation matrices of the !.IEDOC-Z solutions.



Zusammenfassun9:

Im Bereich von !,lest- und Osteuropa wurden gemeinsame Dopplerbeobachtungen

im Rahmen der Kampagnen }IEDOC-1 (17.5. -27.5.1980) und I.IEDOC-2 (6,.9.-16.9.
19B3) durchgefiihrt. Diese Kampagnen wurden vom Institut für }leltraumfor-
schung, Graz, üsterreich in Zusanrmenarbeit mit dem Geodátischen Satel_
litenobservatorium Penc, Ungarn unter l.titwirkung der beteiligten Lánder
organisiert. Dieser Bericht behandelt die Kampagne trlEDOC-2.

In 1,1EDOC-2 beobachteten 27 in einem Umkreis von etwa 3000 km verteilte
Stationen, davon liegen 18 in l,Jest- und 9 in Osteuropa. Die Beobachtungs-
daten wurden in Graz und Penc gesammelt und auf Verlangen weitergegeben.
Die Daten wurden in Graz und Penc unter Verwendung der Programme GEODOP-V

(Graz) und SADOSA (Penc) ausgevlertet. Die ermittejten Dopp'|erkoordinaten

wurden über eine 7-Parameter Ahn]ichkeitstransformation verglichen. der
mittlere Fehler betrágt 0.6 m. Entsprechende Vergeiche der t,.lEDOC-Lösun-

gen mit den Kampagnen tlEDOC-l, EROSDOC und dem System ED-79 ergeben mltt-
lere Fehler von t0.6 tn, t0.5 m und t0.9 m für die GEODOP-V Lösung sowie
t0.6 m,t0.6 m undt0.7 m für die SADOSA Lösung

Die Koordinaten und.die entsprechenden Korrelationsmatrizen von 26 t,lEDOC-2

§tationen wurden in einem geozentrischen Systen ermjtte]t. Dadurch wurden

permanente geodynamische Stationen in !,lest- und 0steuropa verbundén, ein
geodátisch-geodynamisches Doppler System ulurde für zukünftige Projekte
geschaffen sowie dje besteirenden Doppler-Verbindungen kontroll iert.

Diese Veröffentlichung beharrdelt die Zielsetzungen, die 0rganjsation,
den Feldeinsatz, d,ie Datenvenarbeitung sowie die verwendeten Rechenme-

thoden. Die Dopplerlösungen werden als kartesische Koordinaten angeEeben

und interpretiert. Die Resultate der verschiedenen Vergleiche werden dar-

gestellt, Schlul3folgerungen werden gezogen sowie zukünfti9e tdeen dis-
kutiert.

Die Veröffentlichung enthált 7 FiEuren, 21 Tabe]len, 23 Stationsbeschrei-
bungen, eine Zusantmenste'l1ung der verwendeten l"lJV-Datenformate ftir jeden

tmpföngertyp sow,ie die Korrelationsmatrizen der ldEDOC-2 Lösungen.
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NÍugat és Kelet Európa térségéUen eryüttes dopple'res mijhold megflryelési
kampányokat bonyolitottunk 1e V,JDOC-I /1980.május 17-27l és l,,lEDOc-l /Ig83.
szePtember 6-16/ elnevezés alatt. A kampányokat az osztrák ürkutatási
Intézet /Gr.az/ szervezte a maryar Kozmikus 0eodéziai Obszervatóriurrurnl
/Penc/ együttmiikö,désben és a résztvevő országok nozzájárulásával. Jelen
köz}emény a V,IEDOC-2 kampányt tárgyalja.

A WEDOC-2 kampányban 27 áI]-.omas végzett miiho}d megfigyelést mintery 3OO0

lam kÖrzetben. Közülijk 18 át:-omás Nyugat, P pedig Kelet, Európáuan ntjkódött.
Az észlelési eredmények berytijtését Graz és Penc központok vége zték, A
széLosztás a beérkezett igények alapján történt. A mérési eredményeket a
központok l<tilön-Kilön dolgozták rel a GEODOP-V és a sADosA elnevezésü szá-
mitógépi prograJnrnal. A számitott koordinátáUat 7 paraméteres hasonlósagi
transzformációval összehasonlitva a Xétféte megoldás közötti ellenirrrondások
négyzetes középértéke-{0.6 m. A GEODOP-V megoldást a WEDOC-I, az EROSDOC

és az ED-79 koordínátát<Xar összehasonlitva az ellentmondások néryzetes
középértéke +0.6 m, lg.5 m és +0.9 m.

A SADCSA.megoldás esetében a megí'elelŐ értéXek 10.6 m, a0.6 m és +0.7 n.

Eredményül 26 !üEDOC-2 áj-lomás koordinátátt és az azokhoz tarLoző korrelációs
rrrátrixokat kaptuk geocentrikus koordináta rendszerben. Ezzel Nyu6at és
Kelet Európa rendszeres geodinamikai á1lorrrásainak összekapcsolása megtör-
tént, egy geodéziai-geodinamikai doppleres rendszer született, a jövőbeni

közös munkálatok cél;aira és a t<orábUl doppleres összemérések egy rend_
szerbe illeszthetők.

Jelen közlemény tárgyalja a VíEDOC_2 cétt<ittizéseit, a sze?vezést,, a terepi
munkálatokaL, az adatfeldolgozást és az alkalmazott háIŐzali kiegyenli-
tési módszereket. Közli és értelmezi a megoldásként kapolt derékszögü
koordinátákat, a különféle megoldásokat összehasonlitja más nárózatokkal,
az eredményekbŐl következtetéseket von le és tárgyalja a jövő eképzelése-
ket.
A közlemény T ábráL, 2L táblázatoL, 23 áttomás leirást LarLalrnaz és közre-
adja a,,revő készuléret egyes tipusaira jellemző MJV adatformátum leirását,
valamint a WEDOC-2 megoldások korrelációs mátrixait.
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PEBnME

Ha leppl4Topl{H Bana.qrrofi u Bocroqrrofi 3spoll§ oaBeplilrJlücb coB-
MecTnble ceaucbl .qonnepoBcrlíx na6nngeunfi uo§" HaBBaIIlteM WE}O§-!

/tl-zl uag 1980 r./ a V3)oc-2 /a-ta cearaőpn 1983 ro/. Ceagcu
6urr opranl{aoBaE§ lIrrernryrou l{ocugqec$trx }Iccre3oaanuü Aacrpllu
/rpaa/ coBMecl}ío c Oócepnaropnefi l{ocMucecxoü leogealtll 3enrprn
/r\enu/ npu co.qefictsuu JruacTBJnowx B oTRx ceancax crpau. B rrac-
Eo.EqeM orqete ocB€qanlc.r Bollpocn ceauca WE>OC-P.

B ceairce blErOC-Z Haóungeru{a Benucl ua 2? cTaHqErD(, paclro-
JIoseHIIbDt Ha Teppnloplllí c llraueTpou 5000 ru. 18 uo rrux paóoTafiü
B 3ana.qroft. 3npone, a 9 - a Bocroqrrofi 3apoue. C6op pe3yJlbTaloB
rraórngeHuft u pacupegefieulle nx B cooTBelcTBt{!í c saIIpoc€!,ME IIpo_

Bo,qIdJIlIcb Ea cTallqua:r lpaq n llerrq" Ha6.llp.qerrrrr oópaóaTBBaJII{cb Ha
alfix xe ctan4na:( no trporpauMau 630DOP-V u SA)OSA" IloayveHHue
Koop.q}IHaT§ cpaBHI,íBaJlücb c lloMoqbn ceMll[apaMelpoBofi upocrpancT-
neuuofi rpanc$opyarT}ílto ,{sa Ha6opa KoopÁrlral, trolyqexnue rl3 B§-
qtscaeu}rfi tto .qByM nporpaMMau, nogoőnu fipyr Apyry co cpe.4rreü
BBaÁparráqecroü onn6rofi rpanc$opMal{}í}l +0o 6 u. Cpaonerinn Bbltlllc-
Jle&§bDc uporparvrnaofi G§0}0P-V $oopÁIlHaT c ugeuTfitlH!üM$ tcoopgrnara-
uu cerefi V3}0C-1, E(OsJOC u Ej_?9 Aaio! cooTBercTBeHHo cpe.qn}íe

rBaApaTIítIe§$Iae oinu6rn rpaxcSopMarlfiü +0.6 u, i0,5 u n +0.9 M, a
B cJl]rqae trporpaMMrr 9A} 05A cooTBeTcTBJriOqEe onuórrr cocTaBJIalol

10.6 u, i0"6 u r +0"7 tco

ts uTore rrofiyqexbl KoopÁLíHattl 26 ctanqrrfi celfi !/E)OC-2 B reo-
qentpl,íqecroft c}ícTelvíe rcoop.qI4EaT 14 eooTBeTcTByioq}re KoppeJIEr{I{oH-

I{bIe Ma$p}l§§e Tei,,t caMMn a SanaÁrroü I4 3ocroqxofi Espone ocyqecTB-
J[eHa cBJlaB reo.qfiHaMl4qecrux cranqufi, co3Aaxa reoÁe3laqecxaa-reo-
,qnuaMnqecKafi §onüepoBcxafi cncTeMa gfi.a 6ygyqrax paóot u oóecne-
qex KoHTpoüb cyqecTByrolqax .qofiJlepoBcl(ux reo.qe3nqecxfix cagseft 

"

B garrrrou oTI{eTe oóeyxq4anTcn ]deJI[, opraxl{3al{fiol{Hble Mepo-

trp!ífil}l.E, [oJIeBHe paóotat, oőpaóotxa u3Mepeuufr, yt BbItII4cJIüTeJIbHbIe

MeToÁbI, cBa3ax}íbre c ceaxcoM WIOOC-Z" Áarcrca íI l{HTepnpeTIapJEoTca

JlpaB$enxbie rip.EMoyToJIbHbIe Koop,qlr$arlt ctaHqnfi, $plrBoÁJltca peayJlb-
TaTbI cpaBHeHI,Ifi r genanoTca BnIBo.qn. 06cp4larcTc8. í^ nepcrreKTI{BbI Ha

óy4yqeeo Orqeg cogepxNr ? pl{cJruiKoB, 2L raőlu4y, 23 luera onfica-
rrufi crarr\uftt ollucan}íe ctpyKrypnr un$oprrra\llu tuua MíV AJIJí klc-
IIoJIb3oBaHHlDC B}íAoB [p!íeMI{i,IKoBe 3 rogqe npI,rBeAeHbI KoppenJíI\I4oH-
HbIe Malp}íIIbI ABJD( Haőopon Koop.quna!, EoüyIIeHHbIx .qJi.B VE)oc-z.
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1. l10TIVATIOí,l A}ltJ OBJECTIVES

Accord,ing to RlNNER l982 the t,lest-East Euronean Doppler Observation
Canrpaign WEDOC strives f or the fol lowin9 ainrs :

- the geodetic connectjon of current]y djsconnected, planned or already
operatin9 permanent geodynamic stat,|ons in Europe,

- the definition of a geodetic-geodynamic uniform liest-East first order

Doppler systenl as a basis for future Joint proJects,

- the contro] of a'|ready existjng Doppler 1inks between lnlestern and

Eastern Europe and in |,lestern Europe.

- the determjnation of changes in coordinates by repetltion of measurements

after cértain time periods.
Therefore, l.lEDOC can be regarded as a serles of successiVe subcamnaigns

t^lED(lC-X coverlng the whcr]e region in nuestion whenever possible.

}iEDOC-1 was carried out during the period Ha_v t7th to ?7th, 1980. 10

stat,ions from l.lestern Eurone and 5 stations from Eastern Europe took part
jn thjs first effort which is described and the resu'|ts of which are

presented ,ln RíNNFR í 982 and 
^IIHALV 

l9E2.

About three years later the campalgn I.JEDOC-Z was organized during the

first month of the MtRtT main campaign from September 6th to 16th, 1qB3.

This tlme 17 statjons from Western Europe and 10 statjons from Eastern turope

increased the total number of part,|cinatlng stations to total of 27

cover,|n0 nearly the whole geogranhica'| reg,ion of turope wjth a net-diameter

of about 3000 km (see Figure 2.1).

L,lke 1n t^lEDOC-1, i,IEDOC-Z crosses pol1tica1 borders and forms, according

to the idea of the objectjves, ö link whjch should promote the scientjfjc
collaboration amonq all [uropean countries. llEDOC-1 as we]l as |.IEDOC-2

express one asoect which the neutral Austria concejves as a nlandate, t]anlely,

to act as a bridqe between [ast and llest.

For nearly a'l1 western s,ites statjon descrilit.lons, horlzontal terrestrial
coord,|nates jn ED-50 or [D-79 as wel'l as orthometric and part'ly ellipsoidal
height.; have been sul:ntittod. In tlris part the coumlruted Doppler coordjnates

cdn hn cotttpared witlr terrcstrjal vaities wlrich gjves a cotttrol for the truality
of vay,oius solut,ions and allows for the anal.ysis of tltt,,r,esiduals.

1
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Unfortunately, this cannot be done in the Eastern part since no terrestrial
coordinates have been conmunicated. However, each country is now in the
position to connect the respective national datum to ttGS-72 and ED-79 using
the l^lEDOC-2 solutions

Graz undertook the general management of lIIEDOC-2 (Rinner). The detailed
organisation in Eastern Europe was performed by the Satellite Geodetic
Observatory Penc(SCO)of the Institute for Geodesy and Cartography, National
"0ffice of Lands and Mapping, on behalf of INTERCOSMOS. The western part
!,Jas organized by the Institute of Space Research Graz(tSR)of the Austrian
Academy of Sciences (Rinner,Pesec) the eastern part was supen/ised by

SGO (Hihaly, Alpar).

For the computations only broadcast ephemeris }Jere at disposal. Single-
point and multipoint so]utions have been computed by ISR and SGO with
di fferent programs (Pesec,l'li haly) . Preci se ephemeri s have been requested
from DMAHTC. Schould they be released for lr{EDOC-z a new cornputation is
foreseen.

I,IEDOC-Z was prepared by the issue of 6 circulars. The planning of the
campaign, the coordination of the activities and the generai outlay of
this report have been done by ISR Graz, the edition of this report was,
performed by SGO Budapest.

In [.|EDOC-1 and t^lEDOC-z an old Austrian cooperation between tast and [,Jest

revives which is intimately connected with the name Dopp]er, for
Prof. Dr. Christian Doppler, who discovered the Doppler - principle, !{as

born in Salzburg 18o3 and !,/as a citizen of the Austrian- Hungarian

monarchy. He made his fundamental investigations in Prague t842, at that
time a]so part of the monarchy. 1848 he was professor at the School

of Mining in the Hungarian town Selmecbánya and ]ater at the Technical
University in Vienna.

The activity of Christian Doppler was thus mainly laid in the Austrian-
Hungarian monarchy, a region, which is also covered by WEDOC-2. For this
reason this publication is a'lso dedicated to this famous scientist
and his portra,it is placed in front of this report.
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2. THE oRGANISATION 0F THE CAMPAIGí,I

The Doppler campai9n WEDOC-2 was organized by the lnstitute of Space
Research, Graz, in collaboration with the satellite Geodetic Observatory
( SGO ) Penc, Hungary. The organisation benefitted from the experiences
gained during t^lEDOC-l. All stations included in I,JEDOC-1 were invited
for participation. In addition, most of the observatories in Europe were

.asked to contribute to hlEDOC-z. The observation period was choosen for
the fist month of the MERIT- Campaign, in particular, from September 6th
to September 16th, 1983. The fist announcement was issued in circular
No. 9 in October 1982.

By January 1984 16 stations have indicated their participation. In view

of this great interest and the possibi'lity to include the campaign into
the scheme of MERIT it was decided not to restrict the number of stations.
In order to obtain an optimal network the TRAI,1ET stations Brussels and

Firence were asked to participate, other countries were encouraged to add

further stations which may be of interest for the MERIT ma,in campaign.

In particular, Yugoslavia, Spain, Denmark and Norway were asked to consider
Doppler stations in their cóuntries in order to fill up the gaps in this
part of Europe. In Eastern turope the Doppler network could be extended

over Poland and a part of USSR

0n princip'le, the campaign is based on a free data exchange. The observa-

tions have been co]'lected in two centres. Graz lvas responsible for the

stations in l,Iestern Europe and penc was responsible for Eastern Europe

participat,ing mainly with the INTERCOSMOS stations. The data partitions

have been interchanged between the two centres and data banks have been

arranged at each centre. The distribution of the data has been realized

by the responsible data centres.

In part,icu]ar, the Penc data centre distributed the I,IEDOC-Z observations

in both, MJV and WEDOC format, to the Astronomica] Council ( USSR, Moscow ),
the Centra] Institute for tarth Physics ( GDR, Potsdam ), and the Astro-

nomical Latitude 0bservatory ( Poland, Borowiec ). No requests have been

made, up to now, to the Graz data bank.

In two further circulars No. 10 ( January 1983 ) and No. 11 ( July 1983 )

the current status of the preparations of the campaign was announced. The

fina1 stations distribution, the type of receivers used, and the aPProximate

position of the participating stations are shown in Figure 2.1. and Table 2,1,
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The organisation rlas facilitated by the fact that all.stations were
experienced in Doppler observations and that a sufficient number of
receivers wert available. Therefore, it was not necessary to organize
Doppler receivers and their transport to the respective sites as it
was the case in tlEDOC-lt €xc€pt for Potsdam whére, due to a receiver
fault, a rlMR - 1A receiver was placed at disposal and operated by SGO.

The only task was to determine the observation period and to define
the satellite priorities in case of overlapping passes. since about
50 percent of the recording receivers were MX - 1502 receivers, which
alert the passes to be observed on a sequential time scale, it was

decided not to give any priorities, but to record the first coming
pass in case of overlapping.

As it vúas expected the collection of the data was the maín problem.

It was anticipated that the format of the inconing data was wídely
dispersed, but, it could not be foreseen that the conplete data set
was available in Graz only by July 1984, about 10 months after the
observations. A lS-station sample lvas computed in Graz in single
point positioning mode and multistation short-arc mode (see Chapter 5.2.)
and published as a preliminary version at the International Symposium

on Space Techniques for Geodynamics in Sopron, Ju]y 1984 ( PrsrC 1984 J,
A similar sample was computed by SGO Penc lvith a different software
(see Chapter 5.3) and published at the INTERCOSMOS/COSPAR Conference

in Karlovy Vary, September 1984 Wtul,tv 1qs4 ).

One further circular (No. 13) has been distributed in 0ctober 1984

announcing the status of computations and asking for the station
docunentations included in this publication. Moreover, a questionaire

was cjrculated in order to investigate the willingness of the organi-
sat,ions to provide their Dopp'|er data to DMA hlashin9ton in exchange

for precise ephemeris.

The final computations have been completed in Graz end of 1984, the

resu'lts have been compared to the availab1e terrestrjal coordinates

in January 1985.

The ccrnputations in Hungary have been finished in April 1985, the results
have been compared to the coordinates of other so'!utions and networks

by June 1985.
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3. STATION DESCRIPTION AND FIELD oPERATIONs

Altogether 28 stations have announced to carry out Doppler observations
within the 1.1EDOC-2 campai gn. 27 stations are ]isted in Table 2.1. The

Doppler site Plana (Bulgaria), originally, agreed to participate. However,'

it was not possible to contact the respective authorities to submit data.

. Biazajenko was not included into the Graz solution: since this station
does not give any substantial improvement to the station configuration.

The tables in the Appendix A give a description of the participating
stations. This description contains the relevant informations on the

horizonta:l coordinates and the heíghts of the station reference point, the

observ,ing agency, centering elements of the Doppler antenna and, partly,
a sketch of the station situation. Unfortunately, the lnformations are not

as comp'|ete as it would be desirable for a scientific investigation.

Table 3.1 surrmarizes the centering elements of the Doppler antenna phase

center to the monumented station pi]lar or antenna ground point. For some

stations terrestria'| coordinates have been provided for the phase center
itself, in which case the centering elements are set to zero. No connection

to a terrestrial reference point could be established for the stations

Caglíari, Hvar, Merate, Simeiz.

No serious problems have been reported on the field work itself with one

exception. For organizatorial reasons the station Trieste could only record

one cassette comprizing data of about 2.5 days. Al1 other stations reported

minor data losses not exceeding 1 day or 1o % of the total amount of data

(Figure 3.1).

No meteorological data have been suilrritted by the stations Cag]iari and

Simeiz.,In order to get a reasonab]e estimate of the meteorologica1

conditions at thosestations the values have been interpolated from

neighboring stations taking advantage of the stable weather condjtion
during the observation period.
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4. DATA PREPROCESS ING

For the campai9n l.lEDOC-2 8 types of receivers manÜfactured by 3 different
firms were used (seeTable 2.1). In the following a short description of
the observing mode and of the data-output,of these receivers ís given.

.4.1.1. MAGNAVOX:

The MAGNAVOX MX-15o2 receiver is a microprocessor controlled system
which, in principle, can work unattended. The only manual action required
is to init,ialize the system and to change the cassettes about every 2.5
daYs dependent on the distribution of the satellite passes. Sate'|lite alerts
are PrecomPuted, during satellite gaps the receiver is working in a stand-
by node in order to save electrical power. Upon initialization a cassette
with recorded data not older than 9o days can be read in froííl which the
receiver extracts the required orbít information. lf no data are available
the receiver switches to the operating mode every 2 ninutes until it has
gathered all satellite types to be observed

For each recorded pass the system computes a 2-D and a 3-D solution based

on the á priori approximate coordinátes of the station. The quality of the
data can thus be controlled at any time. During a satellite pass the status
of the received 4oo MHz and 15o MHz s,ignals, the tracking'loop and other
pertinent informations can be interrogated.

The fol1owing data are output on a cassette mounted on the receiver deck in
a fixed format consisting of 86 8-b,it bytes per record (octal, 4-byte
f 'loating point, or S-byte message) ( dee csTG t9s3 l

epoch of satel]ite lock on (even minutes), orbit,information (14 variab]e
and 14 fixed parameters), results of the 2-D and 3-D fix, and the Dopp'ler

information (signa] status of both channels, 17-bit 4oo channel Doppler
count,8-bit 15o channe] Doppler count correction, time correction to the

ncrninal time interval of 4.6oo6272 sec or 4.9741824 in 9.6 microsecond
steps, time elapsed from the detected time mark to the first beat-frequency
zero crossing for both channels).
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The last byte of each record controls the checksr,rn of the record. Up to
6o passes can be recorded on one cassette

4.L.2 MARCON I :

There are 3 types of equipnrentsavailable. The old C!4A-722B receivei^ has

no microprocessor and no internal clock. Therefore, the whole recording
mechanism is based on a frequency measurement within a receiver defined
constant integration interval (constant bit rate). The counting procedure

is started by the detected time mark. In order to overcome the problem to
measure the time interval between the start of the integration period and

the first zero crossing the beat freouency is multiplied by 1oo, thus
giving a resolution ín frequency measurement of o.o1 Hz and making the

respective time interval negligible small. Output are the 4.6 second

Doppler frequencjes of both channels and the navigation message on a
separate Digital Cassette unit in ASCII code.

The CMA-751 and CMA-761 receivers are, apart from the TRANET systems, the

only receivers having a continuously running internal c]ock, which is,
synchronized at the receiver set-up with a satellite time mark. Both

receivers have an internal memory. The CMA-751 dllows only for manually

preprogramming the start time of the desired sate'|lite passes whereas

the CMA-761 carries out, optionally, also a majority vote procedure and

predicts satel'lite alerts. Both receivers output, in the same format, the

value of the internal clock at lock on time (this clock is not reset bY

the first sate]]ite time mark), signal status and Doppler counts for both

frequencies (4.6 seconds), and the time interval used for counting the

Ooppler cycles. The method of fractional Doppler count is maintained. The

data can be output to a digital cassette unit either jn BCD or in ASCII

code. Upon request majority voted data can a'lso be dunped to the cassette

in case of the CMA-761 receiver.

4.1.3 JMR

Two models of Jt,lR-recejvers were used for the tlEDOC-2 campai9n: JMR-IA
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and JMR-4A. JMR-IA is an improved version of JMR-I having a more precise
and stable oscillator burirlt in. JMR-4A is a new version of the JMR-IA
contaíning a microprocessor and additional output-lines. Conmon to all
receivers is a built-in local clock which is resynchronized by each first
time mark of a satellite pass and the hardware elimination of,the first
orderbnospheric correction. Thus, the corrected doppler count of only
one channel (a00 MHz) is output. Further, the following data are stored
on the built-ín cassette drive: value of the internal clock before
resynchronization (giving the possibílity to check the behaviour of the

internal clock since the last satellite pass), the microsecond read out
of the local clock at the monent of detection of the gating signal, frac-
tional mircoseconds at the first positive zero-crossing, the signal status
of both channels, and the orbita] message of the satellite. This inforrra-
tion is repeated about every 4.6 seconds. Up to 50 passes can be preselected
by manual input, at the respective time epochs the receiver is turned from

stand-by to operating mode. The JMR-4A receiver can, in addition, perform

majority vote and 3-D calculations.

4.1.4 TRANET-2:

The concept of TRANET rece,ivers allows the system to track satellites
without using the sate'l]ite-infered bit patterns. Optiona'lly, the time

mark of the satellite can be detected. A frequency counter, controlled by

a high precision clock (caesjum standard) measures the Doppler-frequency

for predefined constant time intervals (a fixed power of 2). t'leterological

data are usual'ly contained in the pass header. The 4oo MHz channel is
output either corrected for ionospheric delay or the ionospheric correction

fac1or is given as a separate information. No satelljte message is decoded.

Therefore, the Doppler data have to be merged wjth orbit informations

received from elsewhere (data frqn other stations,precise ephemeris, etc.).
Additional informatjon on the local clock can be given by d,isplaying the

clock epoch at the arrjva'| of satellite time marks. l'hese values are used

for a time adjustment of the satellite-rece,iver system, the most critical
va'lue of this type of receiver.
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4.2 MAJORITY VOTE 0F RAl,{ DATA

As can be seen in Table 2.1 the following receiyer-types were used by the

27 pnrticipating stations:

1o receivers MX-15o2, 3 receivers CM^-7??g, 3 receivers C}ilA-751/761,

3 receivers JMR-lA, 4 receivers JHR-4A, 2 receivers TRANET-?, l receiver
DOG-2 (a polish made Doppler receiver), 1 receiver MX-792A.

Table 4.1 gives.an overview of the type of data submitted to the computing

centres Graz and SGO, The last column lists the agencies where the raw

data were majority voted.

All MX-15o2 data were majority voted in Graz using a program which has

been written in Graz 1982 and which is primarily based on the MX"15o2

subroutine of the programm PREDOPV (Kouba 1982). Since the original data

received on mag.tape }rere recorded in binary or heaxadecimal format some

utility routines had to be written in order to convert the data from the

8-bit byte structure to the 36-bit word structure of the UNIVAC 11oo/B1

used in Graz. All MAGNAV00( data received on original cassettes have been

converted to hexadecimal format by means of a 2lMX HP-processor. Since

for this processor no operating system is available the respective'
program was written in object codin9.

All CMA data cou]d be processed straightforward. Some minor changes were

necessary in prcaram PREDOPV to account for different formats of the

pass-header. Only the raw data from Riga had to be majority voted from

punch tape to a disc fi]e.

Tlre JMR data were converted to mag.tape in Penc and finally majority voted

to penc format by SGO. A smatt routine had to be wrjtten in 6raz to convert

the ccxnpressed JMR-4 majority voted data frcrn Fetsáhövj to the standard

MJV format used by SG0.

program PREDOPV was extended by a new input subroutine which gives the

possibility to read in StF format data either jn raw or l1JV form. In order

to hand]e the TRANET data submitted by San Fernando in TRANET-Z format

and by Brusse]s in C|,1ES format the program PREPAR (KOUBA 1975) written fOr
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TRANET-l data was modlfled for TRANET-? format. In addltion, the program

CNESGE0, orlginally written by IFAG Frankfurt, vla§ lncorporated so that
the present version of PREPAR ean handle both TRANET-? and CNES formatted
data. In order to provide the necessary orb{tal informatlon some nel{

oPtlons were added so that, at present, either the decoded message set,
the GEODOPV updated orbit or the precise ephemerjs information can be

overlayed (see Chapter 5.2).

This procedure caused sone problems for the site San Fernando since due

to the large spatial distance to the neighbouring Doppler stations
(Grasse, cagliari) it was difficult to fjnd matching orbital informations.
This situation wil] improve in case precise ephemeris data are ava,ilab]e.

Some serious attempts were made to majority vote the MX-7o2A data from

Hanburg. Since it was not possible to get the relevant information on the

hardware defined Doppler count mechanism and the integration intervals the
data from Hamburg are not included in this publication.

A description of all MJV formats used by 560 and Graz is given in Appendix
B. The formats not described in this appendix can be found in (CSTG 1983).

Finally, al1 majority voted data were converted to the uniquely defjned
I.{EDOC format, wh,ich has been developed by Herzberger and Pesec, and which

is, basicly, a formatted versjon of the PREDOPV data output. These data

are stored in the data banks in Graz and Budapest and are submitted, on

request, to all interested agencies which have contributed to WEDOC-2

(Table 4.?) .
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5.1 GENERAL RElfiRKS:

Doppler.positioning provld€sl €v€íl in our days, a reasonable npthod to
conpute accurate geocentric and relative posltions of stations also in
co'untries of high geodetic tradition llke in Europe. 0f course, thg
results cannot compete with Laser tracking systems of third generatlon

or VLBI-ínethods over .long distances. They are lnferlor to,9lobal posltlo_
ing system results within small areas up to about 2oo km. But, Doppler
observations give a good opportunity to establish networks of medlr,,m,

subcontinental size with maximüp baselire length of about 3ooo km wlth an

estimated inner consistency of below l m remaining well under the level
of l pprn ,which is attributed to terrestrial continental networks. Doppler

observatíotis can be carried out very easily, even with unskilled operatorsl
good results can be derived without the knowledge of precise orbital
parameters by using adequate methods like semi short-arc or full short-
arc procedures.

A variety of programs are available for that purpose which u§e, more or

1ess, the same observation equations,as a starting point. This observation

equation relates the measured intergrated Doppler frequency interpreted
as integer or fractjonal count to difference in the slant range§between

the observing statign and the observed sate'|lite. In order to account for
systematic effects not considered in this simple approach an error model

is introduced by which additional unknowns '|ike frequency offsg|, frequency

drift" satel]ite orbit biases, tropospheric refraction and time bjases

can be recovered and solved for. The philosophy used for treat'ing this
error model and for carrying out the adjustment procedure distinguishes
between the different Doppler software.

The Doppler solutions for IJEDOC-Z (see Chapter 6) have been computed by

two differerrt programs. In Graz the program package GEODOPV (Kouba 1982)

was used, jn Penc the program SADOSA (Miha'ly 1983) was applied. A

comparat,ive description is given in Table 5.1. In the fo'l1owing a more

detailed description of both programs is given.

5. C9I,!!!T3TION4L MFTHODS
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5,2 PROGRAM GEODOP-V:

P.rogram GEODOP-V is an ext€nslon of the prograín GEODOP-III, vlhich has
been written in the early 1975 by ,Jan Kouba and collaborators and which
has been widely used for the computation of different Doppler campaigns
all over the world, As fur as the European area is concerned the Doppler
campaígns EDOC II, ERO§DOC, TIMEDOC, ipóoc and NEDOC_I are mentioned..
2 dedlcated campalgns have been cárrried otrt in small test-networks
(Testnetz Harz, Testnetz Stelermark) in order to find out the limitatfons
of GEODOP-III. In both campaigns it could be demonstrated lhat the
accuracY of.Doppler-positioning is well below 3o cm in each. component for
small networks (1oo km diameter) provided that all program parameters are
handled carefully { scgr,vrr 1982, RINNER t9s2a l.

Program .GEODOP-V shares with GEODOP-III all the utility programs which

are used for file handling and editing as well as most of the subroutines
included in GE@OP-III. The preproce§sor program PREDOP is extended with
a time analysis as wel] as a short arc orbit computation from an input 0r

default (GEM 9 truncated) gravity field

The time analysis is particularly useful for receiv'ers with a continuously
running clock like CMA-75l/76l in which case a line fit over the who]e

observation period can be drawn. But, even f,or MX-15o2 and JMR receivers,
which are synchronized by the first time mark of a satellite pass, a fit
can performed over all time marks of the respective pass, thus reducing
the jitter inherent to every time mark signal.

Two dífferent options can be selected for the orbit representation. The

first option initiates the conventional adjustment procedure of the

broadcast epherneris by Chebyshev Polynomials up to degree 9 as it is done

in GEODOP-III. l,Jhen the short arc orbit option is specified, on]y three
above smoothed positions and velocities at four minutes beforeo 6 and 16

minutes after the lock-on time are used as injtia] conditions for the orbit
conputation. The above three positions and vejocíties, together w,ith the

second time derivatives evaluated at two minute intervals from the gravity
field expansion, trancated at degree and order 10, are used in the 9th

order Chebys'hev po'lynomial fitting instead of the smoothed satellite
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positions (2 minute intervals) used in PREDOP-III.

Furthermore, the ionospheric correction factor computed from the difference
of the 4oo MHz and the 15o MHz signal is output to GEODOP-V as an

additiona] information. This information can ue uiea to reconstruct the

15o MHz Doppler signal ín GEODOP-V and to add other pertinent infornations
of the ionosphere.

The main reduction analysis program, GEODOP-V, incorporates many changes

and improvements:

Up to 6 Keplerían orbital biases allow for a complete relaxation of the

orbit. Up to 4 station biases (in rfrequency, time delay, tropospheric
refraction, frequency drift) 9ive the possibility to model systematic
error components of the individual stations more satisfactorily. In

addition to the regular two frequency ionospheric correction a model due

to (CrYNCl{ 1979l can be used, which is particularily useful for mid-

afternoon passes observed duríng a maximun solar activity cycle. The

intfoduction of t}etropospheric refraction scale bias per station and

pass can greatly reduce the eiros of the Hopfield model when the assump-.

tion of no horizontal gradients is violated (as near weather fronts). In

addition, as an option,Black's model can be used with and without ray-
bendi ng .

Furthermore, an improved Doppler weighting which also inclúdes correlation
of Dopp'ler data between different simu]taneously observing stations and

a nomina'l relativistic correction have been included.

In GEODOp-V the station coordinates are computed in a so-ca]led phased

adjustment which means that all quantities which are expected to be

correlated are introduced, together with their respective weight natrix,
as initial estimates for the next pass. In particular, these are the

station coordinates and, as a new feáture of GEODOP-V, station frequencies

and time delays. Frequencies and delays undergo a straight line fit over

the results of the foregoing passes, the expected va]ues for the next

pass are extrapolated.

The mathematical model is represented by the fol'lowing equation, one for
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6ach integrated Doppler count D i

ri = (Sk - Sl) fgj / c + (tr - tJ) (fgi - fr) *,ui - 1O.1 +:ei) = Q .

Sj and §k are the distances from the ground station position modified
for. aberation due to Earth rotation; ti and tj are the limits of the
integration interval; fgj is the ground frequeicy (4oo MHz) updated from

its initial value to the-Óurrent epoch and f, is the nominal satellite
frequency.

si denotes the systenatic error model (due to orbital, instrumentation,
and refractíon errors). Orb,ital errors, synchronization and receiver delay
corrections as well as refraction errors affect the s'|ant range differences,
a frequency bias accounts for oscillator short term instabilities. Up to
6 orbital biases can be introduced in the fo]lowing order:d, M, i, Qne, {r.

Di is the Doppler count corrected for ionospheric and tropospheric
correction, for relativistic effects and for daily aberration effects.
Finally, Ei . represents the random measurement errors of Dl

The linearized observation equation has the fol.iowing form:

AX+CY+1,1 -V=0

where A and C are the design matrices obtained by differentiation of the

set F of individual observation equations ti The vector X includes the
station coordinates whi]e Y is composed of the error parameters and the
frequency offset unknown. The misclosure vector or quasí-observable is
obtained by substitution of observed and approx,imate known va]ues. It is
solved by straight-forward methods 

"

An important feature which has been used extensively for the I,IEDOC-2

computations is the possibility to create an updated orbit for each pass

as a by-product of the mu'ltistation solution and to clean the input data

fíles frqn a]l those Doppler observations which have been rejected in a

first cleaning single point positioning run. Since after each rejection

,
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identifjed the who]e adJustment procedure has to be repeated thls data
cleanin9 saves much computer time

Corre'|ation analysis enables the estimation of thc,phase (range) slgma
of a single Doppler observation oo , the range rate sigma of a slngle
Doppler observation orr and the iatellite error contribution 09 .

Frome the cornputed oi of each station a corrected Doppler data
variance for each station can be computed by

which'leads to the phase variance of the station ofi by multiplication
with the mean corre]ation. The range rate variance is then s,imply obtained
as

The satellite error contribution 02 can be computed by mu'|tiplying the
corrected Doppler data variance with the mean intra-station correlation
which is the averaged diagonal of the cross-correlation matrix.

As a summary, the following statements can be made on program GEODOP-V:

As compared with GEODOP-III the program is much more flexible, which is
an advantage, but may be also considered as a disadvantage if the á priori
weights are not assigned properly. By different choices of the á priori
constraints and options nearly every existing Doppler software can be

simu]ated. In order to estimate the i priori constraints a lot of
preparatory work has to be carried out which is described more extensively
,in the next chapter. Each receiver has to be examined careful]y for its
instrumental values such as measuring accuracy, frequency, frequency drlft,
and tirne delay. It is no problem to ach,ieve l-meter consistency, nearly by

the rule of thumb using the default options. But, to remain below the

5o cm level require more sophisticated consideratjons. The program flow iS
shown in Figure 5.1a, a comnarative descrintjon is 5riven jn Tahle 5.1.
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5.3 SADOSA PROGRAI| :

A complete description of the SADOSA program ís glven in tlíH^Lv 1983;
The basíc mathematic model can be found also in BRuNE[t 1982.
A comparative description is shown in Table 5.1. The sADOsA program

has been s,uccessfully used in processing the Hungarian National Doppler
Networks of 1980 and 1982 (tlIH^LV 1982a, J00 +q85l as well as for UEDO0

computations (MIHALY lq82l. Good results of 25 - 40 cm accuray have

been obtained in compariso'ns with dífferent software and with reference
detworks, for example in BRüNEIL 1962, MIH^LV 19t2b, The SADOSA

program flow,is given by Figure 5.1b. In this section only those nrain

features of SADOSA are described which were used for I,JEDOC conputations:

Ín a station j - to - orbit k event the observational equation of i-th
observation is represented by the following range difference equation:

a|xnr+t.,-vi ,

where the vector of unkno!{n parameters is

^Is 
= ( dXj,dYj,dzj,dEn,dan,ano,aÉ*,aáo,ano,drkj,dtkj,dKrj )

and the quasi-observable is

l i = iE ( Nr+AN.,-Af (ti -ti _.i ) )-( pi -pi _, )-( Ó, -Ó., _, ).j-(o1"., -Ól _r"1 _; )

In the above equations the meaning of the different terms i§ the

following:'
a] - vector of coeff icients; ,v., - residual;.dxj,.dYj and.dZ, - corrections
to the station coordinates; dE*, ddk, dnk, dEkr dak and dno - orbital bias
parameters; dfo, dtkj and dKn, - error model parameters; Af = fj-fk -
frequency offset; f, and fo - receiver and sate]lite frequences,
res.pectívely; Ni - doppler count; Ni.- sum of al'l Doppler count corrections;
t.' and tí_i - time epochs at Doppler count incrementationioi and pi_r- slant
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'i -,
., and ái._, - slant ran9e ratesi
- time correetlons,

The elements of the matrix for weighting the n observatlonrl equations
of a station-to-orbit event h,as as follows:

ranges at epochs .tl and tl_
.J - receiver delayi t1 and

) p
l

(P kj irm = t
i(n+l-m) ((n+l)o')-'
m(n+l-i) ((n+r)o2)-l ]

, if ír!:i

,. if i>m

where o is the residual ms devided by a'priori standard deviation of
unit weight.

For all over the network the system of normal equations was formed as

fol lows

(nTpn+px)x+ATpL=0,

where A is the design matrix; X'and L are vectors of the unknown para-

meters and the quasi observables; P is the weight matrix of observiational
equations; P, is the weight matrix of unknowns used'for weighted

constraining. In the I.1EDOC computations the P, was selected as shown in
Table 6.1. To avoid tremendous matrix dimensions the 2nd order Partitioned
structure is utilízed by Brown's approach.

No weighted constraints have been applied to the station coordinates.
For each station-to-orbit event u okj residual rms was computed from
which a o, mean value $,as obtained for each receiver to qualify its
observation accuracy. Howevgp, the o; indicates also how the adjustment
model reflects the reality.

As an exp'lanation to the flow diagramon Figure 5.1b the SADOSA program

system consists of the SPPENC, MERGE and SADOSA programs. The short
description is as follows:

a) At the fir:st ]evel the MJV data or the PREDOP outputare.processed
by the SPPENC program separate'|yfor each station. Here the observations
are filtered, unified and edited for further use at successive levels

)
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of Processlng. The Statlon coordlnates are adJusted ln a §lngle polnt
posltionlng mode.

b) At the second level all the observatlons edlteá at ttre prevlous level..
are merged together and arranged lnto one flló b! the írlERGE program

for the next level. Here the unlon of broadcast ephemerles (or PREDOp

orblt) ls fomed usilp the ephemerls (or orblts) represented by each
station separately. 

:

c) At the third level the SADOSÁ program performes a m.rltilocation netrork
adJustment uslng the merged data. The main multllocatlonal features
and optlons of the SADOSA program system are utillzed at this level.

It is worth mentioning that the SPPEí{C program perforrnes single point
positioning equivalent to the SADOSA slngle point seni-short arc solution.
Therefore, in this paper or in other ones the expressions 'sppEltr
solutlon" and 'SADOSA §PP solutlon" are equivalent to each other in case
of broadcast ephernerls and PREDOP orbits.
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6. THE DOPPLER sOLUTIOf,ls

As it has been mentioned in ctlapter 2 the data file of all stations
prepared in Graz was the underlying material which has been used for the

final conputations in Graz and Penc. Since the programs used in Graz and

Penc are ,different the necessary steps to find the final solution
are described separately in the followirrg. It is emphasized at that point
that for all calculations in this,paper broadcast ephemerides have been

used. A pass statistics for al] computations is shown in Table 6.2.

6.1 THE GEODOP-V SOLUTION:

Starting with the majority voted data a first PREDOP run was carried out
for all stations except the TRANET-stations. In this run a short-arc orbit
was created and the meteorological data were merged with the Doppler data.

Some problems were connected with the stations Grybov, Jozefoslaw, Merate,
andBlazajewkoforwhichnoapproximatecoordinateswereknown.By
comparing the frequency differences between north- and southgoing passes and

relaxing the á priori signrras of the station coordinates to about 1o km it
was p'ossible to find a- priori coordinates which were well within the linear
region of the Taylor series exoansion. A first sing'le point positioning run
then gave correct coordinates within 1o m. These values were used to repeat
the PREDOP run with tighter constraints.

After this preparatory work a single point positionin9 run was carríed out
for all stations except San Fernando and Brussels se]ecting standard
options displayed in Table 6.1. The results of this computation are shown

in Table 6.3. As output of this single point positioning run the cleaned
data (identical in format to the original input data with all Doppler
counts set to zero which have been el,iminated in the foregoing SP-run) have

been stored on disc for further use in the shbrt-arc multistation runs.

For the execution of the multi-station run it had to be decided in which

way the 25 statiomse]ected for the final computation should be combined.

Due to core and time limitations on the UNIVAC 11oo/8l it was only



-20-

Possible to process 15 s,imultaneously observing stations ln one run. As
an examPle, a lS-station run comprizing about.6o simultaneously observed
satellite passes(:consumes about 12o K word memory aryd a CP time of about
1.5 hoursthe usual way to select some "overlapping.stations'' for two
consecutive runs was abandoned since the guality of a block adjustment
dePends on the quality of the observations at the comon stations. Bad

quality of overlapping stations and no redundancy resulted, for instance,
in the necessity to repeat the Doppler campaign DUDOC.

For that reason it was decided to use not only four overlapping statíons
but to use for both station-configurations the same satellite orbits
uPdated by a preliminary 4-station multistation run. In particular the
following piocedure was used:

The first step was to investigate which quadruple of reasonably
distributed stations for which the single point positioning runs had

given the evidence of a proper operation and had a maximuni of simultaneous
passes in common. The second objective was to select stations for which

terrestrial coordinates were availablen pneferably ED-79 coordinates.
After examining all these conditions the quadruple Graz-Herstmonceux-
Honefoss-zimmerwald was choosen as the basic reference for which 67

simultaneous passes were recorded. tlith these four §tations a GEODOP

multístation run was carried out and the updated satellite orbits,were
saved on scratch file.

The second step vlas to merge the'67 passes with the TF.ANET data of Brussels
and san Fernando and to form 2 blocks of statjons. The fjrst block
consisted of 15 stations, the second b]ock of 14 stations. The updated

satellite orbits were superposed to both mu]tistation files which

suspended the unpleasant feature of the program MERGE that the first
station in the merging process contributes with its orbit to the who]e

station fi ]e

The third step was to carry out the two multistation runs with the

station options determined from the individual SP-runs (Figures 6-L,6.2|.

Due to the '|arge extension of the network no trimming of Doppler counts

was used.
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Since 4 statlons were slnultaneous by definition the option of a mlnlmum
number of slmultaneous passe§ and doppler-counts was disabled, as
aPProximate coordlnates the slngle point soltttloní were indroduced wlth
a'Prlori welghts of 25 mters. In order to avoid ioo large düsplacements
of the Doppler solutlon the 4 central stations defined by lhe coordlnates
of the previous 4-stat{on run were supplied with higher welghts of
§ meters. The results of both runs (station coordinates and varlance-
covarlance matrlx) were stored on disc.

The final step was to combine both solutions by a Helmert block adJustment.
since the same observatíons of the 4 central stations were lntroduced
into this adjustment by both blocks the elements of the variance
covariance matrix pertaining to these four stations were multiplied b!
a factor of 2 before the adjustment. The Z5-station multipoínt solution
is shown in Table 6.4.

6.2 THE SADOSA SOLUTION

Two solutions have been conputed by the program §ADOSA. The semi-short
arc single point solution is referred as SADOSA SPP, the short arc
multi]ocation solution is called SADOSA ML solution. To both solutions
the following remarks must be given

}Jhen applying the 4-coefficient periodic orbital fitting method to
broadcast ephemeris of the satellite 30480 (NOVA) the along track fit
riüs very often exceeded 10 m. Moreover, the observation rms and the
correlation were unusually large and the coordinate system definition
became contradictory. 0ral reports on similar experiences have been
given also by ZIPE, GDR. No reason for these contradictions has been

found up to now. Therefore, the NOVA satellite passes have been excluded
frcm the multilocation solution of SADOSA.

6.2.I SADOSA sPP SOLUTION

SADOSA semi-short arc single poiht so]utions. have been computed



separately for each station. In case gf,?1 stations the orblts have been

computed from broadcast ephemerls. For the remaining ? TRANET stations
(Brussels and San Fernando) no broadcast ephemeris was available,
therefore the coordlnate determination for these §tations is based on

updated orbits (UPD) from nelghbouring stationsgenerated in Graz by the
PREDOP program applylng the 6El.Í 9.model (see Chapter 5.2).

The §ADOSA SPP solution ls g{ven ín Table 6.5. Here the rectangular coor_
dinates and thelr standard deviations are shown. The coordinates are re-
ferred to the antenna phase-center§. The coor"dinates and their standard
devlations for each station are obtalned in an orblt-averaged BE system

which ís one possib]e rea]ization of the NWL-10D system in each case.

6.?.2. SADOSA ML SOLUTI0i,I:
*;=======*=================

The sADOsA short arc multilocation solution has been obtained as a network
adjustment. As far as the orbits are concerned the statements in Chapter
6.2.L. are valid here, too. In add,ition, only orbits abserved by at least
two stations have been introduced. For the reason discussed above

a'll .orbits of satellite 30480 (NOVA) have been exc]uded from the solution.

In the network adjustment the a'posteriori standard deviation of unit
weights is oo = 1 1.56 and the degree of freedom is f = 44539. The

respective values for the observations are ooob' = + 1.o9 and fobS= 36256

-??,-

As the result of adjusünent the fo]1owing main quantíties are obtained:
Cartes,ian and ellipsoidal coordinates of the stations, their standard
deviations, parameters of error ellipsoid at each station as wel] as the
full variance-covariance matrix of the network and the full matrix of
correlation coefficients for the network. Further, the relative positions
in terms of Cartesian coordinates, the interstation djstances, their

(often ca]led interna'l o^). In case of weighted constraints these
quantities are o:on't= iz.ao and fconst= 8283 (often called external oo).
One can see that the oo differs from unjt (more than wanted) due to the
oo'on". The 1arge vatue of ooconst o..u.. probably because of the mixed
use of BE and PREDOP orbjts.
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variance - covariance matrices and the standard deviations are corputed.
In Table 6.6. the cartesían coordinates and the standard devíations are
listed. The coordinates are referred to the antenna phase centres.
The coordinates and the respective standard deviations for all stations
are obrained in a BE system which is averaged over all orbits and whlch

is uniquely defined for the network. This system is estimated to realize
the N}lL-l0D system with an accuracy of about + ?-3 m. The correlation
matrices for both GEODOP-V and SADOSA solutions, are printed in Appendix E.

How the mathematical mode] used,is suitable for the network and for
separate receivers ? Are the observations noisy or not ? These questions

can be partly answered by examining the averaged value of residual

rms's ( o ), the averaged value of residual correlations ( p ) and their
dispersions which are given below for each station.

RMS in m correl ati onStati on

p dispersiondi spersi ono

.26

.34

.30

.24

.31

.30

.33

.?8

.32

.30

.29

.27

.22

.29

.33

.24

.29

.30

.?6

.30

.26

.31

.25

.31

.37

.31

t0
t0
t0
t0
t0
t0
t0
t0
t0
t0
t0
t0
t0
t0
t0
t0
t0
t0
t0
t0
t0
t0
t0
t0
t0
t0

0. 13
0.09
0. 13
0.25
0. 16
0.07
0.11
0.10
0"11
0.09
a.26
a.L?
0.14
0. 19
0.05
0.07
0.02
0.0Z
a.24
0.12
0. 10
0. 15
0.11
0.27
0.25
0.09

t 0.03
t 0.04
t 0.06
t 0.04
t 0.04
t 0.03
t 0.08
t 0.05
t 0.03
t 0.02
t 0.05
t 0.04
t 0.03
t 0.02
t 0.02
t 0.05
t 0.0B
t 0.07
t 0.02
t 0.03
t 0.09
t 0.06
t 0.02
t 0.03
t 0.03
t 0.04

t 0.08
t 0.09
t 0.14
t 0.17
t 0.11
t 0.09
t 0.16
t 0.10
t 0.08
t 0.09
t 0.10
t 0.10
t 0.10
t 0.07
t 0.09
t 0.10
t 0.21
t 0.12
t 0.07
t 0.09
t 0.14
t 0.13
t 0.07
t 0.09
t 0.09
t 0.09

BLz
BOR
BRS
cGL
Di0
EFF
GRS
GRY
GRZ
Hl,tC

HON
HvR
JOZ
KT}^|

MAT
MER
MET
PDM
PNc
RIG
SFtI
SIM
SOP
TRS
tlTz
zM1.1



1?*-

7. INTERCOMPARIsON§

The solutions presented ln the preceeding chapter have been cornputed by

different program§ and by uslng a data set whieh is not completely
identical. Therefore, the solutlons can be regarded as, partly, indepen*

dent. The solutions are not identleal, 166.e are disqrepaneies of more

than 2 m for some stations and a systematic shift of up to l§ m. In the
fo1}owing it wi'l1 be attempted to explain these difference§. Moreovern

the so]utions presented in this paper wil] be compared wíth solutions of
previous campaigns ( lrlEDOC-l and EROSI)OC) and with ter^restrial coonlinates
where avai lable.

7.1 COMPARISON 0F THE GEOüOp_V AND THE §ADOSA SOLuTION

Single poirrt solutions have been prepared by both computing centres. They

can be regarded as a preparatory step for the computation of the multi-
point so1ution. In Table 7.2 the respective single point solution§ cCIm-

puted by GEODOP-V and SADOSA are. compared. Due to the strong correlation
of the displacement and the rotation parameters the trans'iations in X and Z

are cancelled by the rotation around the Y-axis, al] other rotationcand the

scale factor are not significant. Discr:epancies of up to tZm are well with-
in the accuracy expected for the use of broadcast,ephemeris in sing'le point
positioníng mode. One reason for the large residuals in Brussels, Grasse,
and San Fernando is that SGO used for these stations PREüOP-updated orbits
whereas for all other stations normal majority-voted orbital data were

taken 
"

This fact is also reflected in Tab]e 7.1 where the singlepoint and multipoint
solutions of both programs, GEODOP-V and SADOSA, are compared (see Appendix

C for the definition of the similarity transformation used). SADOSA single-
point and mult,ipoint solutions coincide within about 3 meters which is about

the accuracy of the broadcast ephemeris system. Larger discrepancies are oilly
found for Brussels, Grasse, and san Fernando for the above mentioned reason.
The large shifts in the GEODOP-V comparison is due to the fact that different
orbits are used for the singlepoint and the multipoint solution.

The multipo,int solution is the most re]iable coordinate set which can be

achieved by the use of broadcast ephemeris since errors common to al1
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simultaneously observing stations are dropping out for relative positions.
Therefore, it is recommended to use this coordlnate set for further appli-
cations. As it has been h'lready described in Chapter5. the most signifi-
cant difference between the programs GEODOP-V and SADOSA is the method of
adjustment. Whereas in GEODOP-V a phased adjustment is carried out which,

basicly, use§the resu'|ts of the foregoing pass - after elimination of
al] non-corre]ated parameters - as an estimate for the next following pass,

the.program SADOSA estab]ishes reduced normal-equations for each pass'in-
depenCently and solves this system 0f normal-equations as a fina] step. The

advantage of the ]atter method is that station coordínate weights are not

dominating theweights of the pass-by-pass parameters which is the case in
GEODOP-V after accumulating about 20 to 30 passes. A further advantage of
SADOSA is that up to 30 stations can be treated simultaneously, whereas in
§EODOP-V (at least in the version used in Graz) only 15 simu]taneous

stations can be ccrnputed. This fact led to different strategies for the

computations in Graz and Penc as explained in Chapter 6.

For the multipoint solution in Graz 63 passes - updated by the use of a

quasi-fjxed 4-station network - were used. These passes have nearly the
quality of precise ephemeris produced orbits, however, at the expence of
a drastically reduced number of usable passes (see Table 6.2) between 18

pa§ses (San Fernando) and 63 passes. On the other trana tne computations

by SADOSA did not include the most stab]e NOVA satel]ite 30480 for reasons

mentioned in Chapter 6.?,

These remarks explain most of the differences in the multipoint so]utions
öf GEODOP-V and'SADOSA (see Table 7.2\. The large va]ues of the transform-
ation parameters (shift in Y and Z, rotation around Z) can be explained by

the different kind of orbits used in both computations. The large residual
at san Fernando is, presumablyl caus€d by the srrall number of passes

avai]ab]e for that statjon.

In order to check the influence of San Fernando on the whole network the

multipoint solutions have been recomputed without San Fernando. Both programs

show up oniy insignif,icant changes of, the station coordinated {below 10 cm).

Therefore , jt was decided to keep San Fernando in the final solution re-
cognrz,ing that only the smal] number of observatíons and not bad quality data

léd to the poor determinatjon of San Fernando.
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,No explanation can be given for the large residuals at Jözefoslaw and

Grasse at the moment. However, the standard deviation of unit weight
is t 0.6 meters which is the accuracy attributed to multipoint Doppler
methods over large areas.

7.? COMPARISONS hlITH PREVIOUs CAMPAIGNs
=======================================

Although many Doppler campaigns hav.e been organized during the last
decade only two of them have enough stations in common with tlEDOC-? to
make a meaningfu1 conparison. The campaign !.IEDOC-1 (RíNNER 1981, MIlt^LY

1q82') shares 13 simultaneous stations, the campaí9n EROSDOC (SCrrrirrn

1c)79) shares ,8 stations with 1,1EDOC-2.

Table 7.3 shows the results of the transformatíons of the WEDOC-I and

1.1EDOC-2 soiliutions computed in Graz and Penc. The solutions agree remark-

ably well with an average rms of 0.6 meters. Larger residuals occur for
the heights of the stations Grasse, Dionysos, and Kootwijk whictr are
displayed in both independently conrputed solutions. It should be mentioned

that the !úEDOC-I solutions have been computed with GEODOP-III and with the

first version of SADOSA. An improper handl,ing of the radial orbita'|
constraint in this first version of SADOSA accounts for the large scale
factor in Table 7.3.

7 of the EROSDOC station§ could be used for a comparison with l.lEDOC-z.

Unfontunately, no centering elements are át disposal for the 8th station
Cagliari. In Table 7.4 the transformation pararneters and the residuals
are listed for both WEDOC-2 solutions. As ,it was expected the station
San Fernando shols up the 'largest residua]s. Since the EROSDOC coordinates
have been computed with precise epherneris it is obvious that these large
resíduals have been introduced by the I,JEDOC-Z multipoint solution caused

by an unsufficient number of introducedsatellite passes. Therefore, the

transformation has been repeated without San Fernando. Table 7.5 shows the

results wjth exce]lent agreement. The rms are between +0.?7 and t0.70 m

dependent on the conponents and the type of solution conpared.

7.3 COMPARISON WITH ED-79 AND LEVALLOIS 78

Terrestrial coordinates in the system ED-79 have been subrn,itted for 11
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gtrtlons together with mean realevel helEht* (Fl§L). tn ordir to obtr{n
elllpsoida1 heights geoid undulations have been extrrpolated frwn
Levallols 1978 (see Table 7.6,). The valugs axtnapoluted rrc unccrtrin
by at least l;m ln Southern Europe and Ul(, Due to tbe lrrge extenglon ol
the I,IEDOC-Z network (3000 km dlameter} and thE uneertrínW of tht ugpd

helghts no good agreement p63 axpa§ted. But evan thg cofiFarl§on wlth the
slnglepoint solutions in Table 7.7, glve§ l rffiarkable agreenent wlth nns

better than * 1,5 m for each coordlnate, ln Trble 7,8 tht I,IEDOC*? nuttl-
polnt solution are compared with ED-7g/tevallo{s 78. In v{gw of the large
statíon separations the agreement ls excellent 9ívlng tn averagc nns of
t 0,7 m in ]atitude and longitude and * 0,9 m ln helght correspondtng
to an ovenall, agreement of 0,3 ppm. The larger reslduals,ln the horilon*
tal coordinates of Matera in Southern Ita.ly and San Fernando ln Southern

Spa,in are not surprising in víew of the fact that these points are at
the edge of the ED-79 network and that San Fernando is only marginally
determined by the WEDOC*? crnputations. The 1arge height residual in
Kootwijk ís most probably due to the terrestrial system since the com-

parison with EROSDOC confirms the t'lEDOC resuit§.

1= 1==!!l]!: !=: :::i:: ::l:
In Tables 7.9 and 7.10 the intenstation-vectors referred to the stations
6raz and Penc are listed ( hour angle, dec]ination, distance } together

with the respective standard deviations. For 12 interstation-vectors the

scalar distances are compared with the resu'|ts of l,lEDOC-l giving the

following deviations in m and ppm :

st St
GEODOP solution

ppm
St st

§*O9§S _solution
Deviation in

m ppm

GRZ
GRZ
GRZ
GRz
GRZ
GRZ
GRZ
GRZ
GRZ
GRz
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l.lTZ
zM!,,
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-0 ,03
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0,92

-0,23
_0,46
_],,01
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3,42
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-0,
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-0,

30
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GRZ
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-?

-2
_0

-1
*0

-0
-0
-CI
_0

l9
94
25
43
59
34
06
40
2L
65
32
96

-0,04
-2 ,58
-7,32
-?,29
-1,99
-1,66
-0,98
-0,59
-1,02

!

,
,

,
,
, -1

-0
-1

,36
, 64
, ,07

?

l
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The scale factors presented in Table 7.3 are well reflected in the
above - table. In both the GEODOP and the SADOSA solutions the t^lEDOc-z

distances are systematically shorter than those of tlEDOC-l. For GEODOP

solution it is less than - 1 ppm with extrem value of 3.42 ppm for
CRZ - SOP baseline. For SADOSA solution the systematic difference is
between -1 and -2 ppm with extrem devíation of -2,58 ppm for PNC -,DI0
and -0.04 for PNC - BOR baselines.

Below a table is surmarizing the results of 3 - parameter,transformations
between the different solutions and networks.

Networks oo
^X 

(m) AY (m) AZ (m)

GEODOP

SADOSA

GEODOP

GEODOP

GEODOP

sADOSA

GEODOP

sADOSA

'erooop

sADOSA

sP-
SP_
SP-
MP_
MP-
MP-
SP_
SP-
MP-
MP-

MP

MP

sADOsA sP

sADOsA MP

EROsDOc

EROsDOc

ED79

ED79

ED79

ED79

t 1.11

t 1.27

t 1.48

t 0.83
t 1.53

t 1.68

t 1.66

t L.82

t 2.30
t 1.86

1.35

0.95
0.37

2.t5
2.08

0.05

79.46

79.87

6t.oq
79.25

.23

.25

.44

.17

.58

.64

.53

.58

.73

.59

t
t
t
t
t
t
t
+

t
i

t.23
t.25
t.44
t,L7
t.58
t.64
t.53
t.58
t .73
+RO

_ 0.43

- L.29

0.48
- 0.36
_ 0.73

- 0.13

1 11 .48

1 11. 24

LIz.26
112.84

8.01

0.98
_ 3.63

- n.42
- 9.07

1.02

1i6.09
119.91

108.97

119.18

t.23
+ ?l,

t. 44

t. 17

t.58
t.64
t.53
t.58
t.73
t.59
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8. CONOLUSIONS AND oUTLOOK

8,1. The Preceeding chapters of this report can be sunmqrized as follows :
3=* 

=== 
g;EÉ§== 

=============B=:3=====================-===É=====-===t3!===E

- The data of IJEDOC-Z have been ac{uired by different types of recelvers
(MX-1502, MARCONI, JMR, TRAI,|ET, DOG, see Table 2.1 )and are, there-

. fore, not strictly homogenous. However, the observations have been
treated equivalentty since no significant differences anong the various
types of the receivers are manifested.

- The positions of the }JEOOC-2 sites could only be computed with broad-
cast epheneris (BE) by means of singlepoint (BS) and multipoint (Bl,í)

procedures. The observations have been processed by the programs

GEODOP-V and SADOSA at ISP and SGO, respectively. The respective
solutions agree within the accuracy attributed to Doppler methods.

Some reasons for the differences in both solutions are explained in
Chapter 7.1. Al1 external comparisons have been carried out for both

multipoínt solutions.

- Al] comparisons have used a 7 - parameter linear transformation in-
cluding 3 displacements, 3 rotations and a scale factor.The respective
fornru]as as well as the formulas used for the transformation of 3-D

coordinates to e]lipsoidal coordinates and used for the computation

of the interstation vectors are shown in the appendices C and D.

- The comparison between the GEODOP-V BM and the SADOSA BM solutions for
lrJEDOC-z gives a standard deviation of unit weight of oo = t0,62 m

and a Z-axis rotation is detected ( see Table 7.,2 ).

- A seven station subset of WEDOC-Z network cofimon with EROSDOC have

been transformed to the EROSDOC solution ( Table 7.4 ). The

GEODOP-V BM and the SADOSA BM solutions do not agree satisfactori]y
with EROSDOC(o.(GEOD) =t t.4 m,oo(SAD) = t 1.3 m ). The station
San Fernando has shown the largest residua] ( mainly in longitude )

wh,ich is probably due to too few passes involved. The omission of
San Fernando surprising'ly improved the similarity to t 0.52 m for
GEODOP-V BM and t 0.57 m for SADOSA BM ( Table 7.5 ). There are

significant trans'|ations ,in a] l three components, a sca'le factor
and a Z-axis rotation for GEODOP-V BM and significant translation
in Z, a scale factot and a Z-axis rotation for SADOSA BM.



- The GEODOP-V BM and the SADOSA BM solutions have been transformed to
tD-79 ( Table 7.8 ). In the two sets of the transformation parameters

the scale factors are of the same value and no rotation around y can

be observed. The residuals of multipoínt solutions are such that the

standard deviation of unitweightis t0.89 m forGEODOP-V BM and t0.75 m

for SADOSA BM. At some stations the heigt residuals are large. It
is probably caused by the inaccurately determined geoidal heights
extrapolated graphica]ly from Levallois 78

- The üransformation of the GEODOP solutions obtained for lr{EDOC-l and

l,lEDOC-z yields a oo of t0.57 m ( Table 7.3 ). Their origins differ
significantly in X and Z and some Y-rotation exists between them.

The respective SADOSA so]utions give a oo of t0.63 m. However, each

transformation parameter between the SADOSA BM solutions for
hlEDOC-1 and IJEDOC-2 differs significantly from zero. Especially the

scale factor is large. This fact is strongly recorrnended to be con-

sidered when comparing the interstation distances. In both, the GEODOP

and SADOSA solutions, the coordinates of WEDOC-I are simjlar to those

of tlEDOC-2 by t0.4 m in position and t0.9 m in height.

- The accuracy of BM WEDOC-so]utions is better than 1 m corresponding

to a relatjve accuracy of better than 1 ppm for the large size of
the l,{ED0C-network ( 3000 km diameter ).

8.2.Concerning the lot of Doppler campaigns having been carried out by

means of the NNS system the question arises: !qy_ligl!íisql!_qtg_!!e
!E9!9=3=l9:!]!:=3

- Based on recent methods of geodesy, mathematics, and physics, terrestrial
geodetic networks are under completion and revision with the purpose

to improve their .accuracy and to get 3-dimensional, uniform coordinates

as a functjon of time or, a]ternatively, the proper mathematical-

physica1 description..These informations can be used to control loca],
regiona1 and more extended geodetic networks in which different national
and international cormunities are involved a]l over the world.

- As a sate]lite geodetic approach to this problem, in ]ast decade

numerü,s Doppler observation campaigns have been carried out all over

the world by means of the Navy Navigation Satellite System of USA.

The accuracy achieved is about some decimeters and is superior to

terrestrial methods on'ly for distances more than 200 km. This method

isn.therefore, suitable for supporting and control1ing extended networks.

-30-
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The main application concerns, however, the geodetic connection
of loca] systems and the bridging of maritime regions.

- In near future theNNSSwill be replaced by the more efficient and

accurate Globa:| Positioning System ( GPS ) and, pbssibily, by simílar
systems of the USSR, ESA and other organizations'leading to an

accuracy of relative positions in the cm region. The'inertia] frame
for relative deterrninations can be provided by laser ranging and

.VLBI methods which are in use already and enable us to achieve an.

accurac.v of about soíne cm.

- 0n the way to achieve this geodetic dream the objects pursued by

l^lEDOC remain entjtled for a 1ong time. For, the results of l^lEDOC-l

and t,lEDOC-2 can be considered as a first iteration for a geodetic
system connecting Eastern and t^lestern Europe, which wíll lead to
furhter more accurate iterations by repeating the campaigns with
better measuring systems. Thereby, a system of geodetic control
points is created in the European region in which geodetic procedures

deveioped in East and West can be tested and compared. This system

can operate as a bridge for the exchange of scientific experiences
and ideas as wel1 as a tie by vrhich the European geodetic cooperation
develeoped in the course of a long h,istory can be strengthened.

- Scientific and hurnan contacts introduced by WEDOC-L/Z facilitate the

exchange of experiences and promote the performance of common pro-
jects. Moreover, the introduction of globa'| positioning systems is
prepared as a basis for scientific and engineering projects.

8.3.Now the question arises in which rvay lrrlEDOC should continue ?

- For all WEDOC-2 stations 3-D coordinates are nobJ available in a

geocentrical system together with the correlation matrjces and the

transformation parameters to ED-79 ( Table 6.4 - 6.6, Appendix t,
Table 7.8). For Western Europe t^lEDOC-2 confirms the results obtained

up to now. For Eastern Europe conclusions c'an only be drawn with

respect to previous Doppler Campaigns since the terrestrial coordi-
nates of the stations jn this region are not known. However, now the

possibility exists to transform nat,ional datums to ED-79 and vice
Versa.
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- By comparing the tlEDOC results with the data of the national
survey statements can be made on the accuracy of these data as well
as the quality and efficiency of ou,n or other positioning systems.
By repeating WEDOC measurements with increased áccur:acy ( possibly
with other methods ) statements on geodynamical processes and tectonic
variations can be expected. t^lEDOC sites can also be considered as
.basic stations for ]ocal investigations

- Since, in future, Doppler procedures wi]l not be used any more the
name of the campaign should be changed. It is proposed to replace
t^lEDOC by the acronym l.lEPOC ( }Jest East European Satel]ite Positioning
Campaign ). trt isalsoput up for discussíon to set up a WEPOC commission

( possibly within the IAC ) in whích a]l countries involved in l.lEPOC

are represented and in which further activities can be discussed and

decided. Due to geographical and historical reasons the politica]
neutral Austria offers its opportunities for hosting this permanent

commission.
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Finally the hope is expressed that, with the same idealistic work, the
continuation of the !{EDOC or tlEPOC project and the rea]ization of the
idea addressed ,in Chapter 8. will be possible.
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FIGURE CAPTIONS
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sUHMARY 0F THE .TABLEs
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Comparative description of the used software
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TA3L§ 2.1r List of the Statíons Partícipating in i^IEDOC-Z; Types of

Receivers used; Approximate Coordínates.

§TATION cODE REc.§PE APPROXIMATE COOF§INATn§

IÁTITUDE l LONGITUDE

DEc MIN sEc I DEc MIN §Ec

ttEIGltT

M

l

l

BIÁZAJEI,1K0

BOR01,1IEc

BRtlssEts

cAGtIARI

DIONYSOs

EFFELSBERG

GRASsE

GRAz

GRYBov

HAMBURG

HERSlt{ONcEUx

HoNEFoss

HVAR

JozEFosl.Al.t

KoonrIJK
MATERA

}íERATE

METSÁHÖVI

PENc

PoTsD§{

RIGA

SAN FERNANDO

sI},IEIz

soPRoN

TRIEsTE

IdETTzELL

ZIMMERÜIALD

BLz

BOR

BRs

cGL

DIo

EFF

GRs

GRu

GRY

HAM

I{Mc

HON

}tvR

Joz
KnI

}íAT

}íER

MET

PNc

PDM

RlG

sFN

sIM

soP

TRs

tJl"á

ZMI^I

J}íR-4A

DOc 2

TnA!{ET_2

Mx-l 502

Mx_ l 5o2

M,(_ l5o2

JMR-lA

cüA_722B

JMR-4A

Mx-7o2A

Mx_l 5o2

c}ü_75l

!{x-l502

JMR-4A

CI,{A-7 6l
Mx-l 5o2

Mx-l 5o2

J}íR-4A

J}m.-lA

J}íR-lA
c}.íA-722B

TRANET-2

Mx- l 5o2

c},íA-75 i

Mx-l 5o2

cI|A-722B

Mx- l 5o2

52

52

50

39

38

50

43

47

t+9

53

50

6o

43

52

52

4o

45

6o

47

52

56

36

44

41

45

49

46

l2
l6
47

8

4

34

39

l+

37

32

52

8

lo
5

l0
38

42

l3
47

22

5ó

28

24

4o

38

8

52

2

39

5,1

l2
47

33

58

5

/{8

49

l

38

42

53

45

59

24

4

26

5l
57

o

5o

49

37

44

4l

l7
l7
4

8

23

6

ó

l5
2o

9

0

lo
l6
2l

5

l6

9

24

l9
i3

24

-6
33

l6
l3
1.2

7

6

4

2l
58

55

56

54

29

56

58

2o

l5

26

l

48

42

25

23

l6
3

3

l2
59

33

52

52

28

37

27

37

26

59

45

58

40

57

5

45

2

59

56

4l
l9
146

44

55

59

34

l4
32

3o

35

47

o

66

79

l20

177

450

409

525

492

377

89

25

l46
237

ll!
46

48l

349,

49

245

l09

6

-l
344

342

403

6l8
895



STATIoN A J.ong
in meter

A lat A heíght AY
in meter

Ax
^Z

BLz
BoR

BRs

cGL

DIo

EFF

GRs

GRz

GRy

llAM

IíMc

HON

HvB,

Ja7,

KTW

MAT

MER

MET

PNc

PDM

RIG

SFN

§IM

sOP

TRs

WTz

zM!ü

-t "4l -1.66

-45.12
_9.6l

6.53

_l9.80
-9.32

-l2.08

26:80

o,00
o.oo
g.oo

-74.L8

-29.59
o.oo

0.00
o.o0

-103.56

-8.o5
o.oo

-o.44
_2.03

-8.57

-34,29
o,0o

o.0o

-49,;23

o.oo
o.oo

i_l1
-2.72
-3.17
o.oo

0.o0
o.oo

ll0.5l
1.0o

-4.22

0"oo

o.oo

-3o.7f)
37.60

29.0t+

-o.53
-o.48
2,96

:2,75

-2 "99

_l .42

o.oo
o.00

l1.93

-l ,22

0.00
0.00

37,o2

-0"06
0.o0
0.o0

-7 ,7 t*

15.05

-l 8.86

-].3.12

26.69

6.o2

-35.06

_35.o2

+l5,44

22.@

-8.90
0.00

-o.32
-l .33

84.62
4.g6

-7o.12
-o.28

-36.32
o.oo

-0.04

-0.37

-78,49
6.14

667. l 8

-1.74

l6.13

o.00
*0.3o

-1.49
-5q.sa
-7,29
54.28

-3 .86

4]..36

-l .93

o.oo

_36,..84

-0. l9
o.o0

-23,2I
-2 .50

o. oo

-o.24
-o.30

-76,57
-L.r,46

3,z4

-o.1l
-o.1l

-49.29
33.38

28.86

-o,46
-o.36
69.80

-1.76

-5. l7

l .32

0.00
0.00

-l8.69

-0.88
0.00
o.0o

34 .89

-t .oo

o.00
0.0o
2.5l
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TABLE 3. l: Centerlng elements of thc etation§ partícipating in WEDOC-2.

The coordtnate-differeneea are defíned as terrestrial reference
poínt minua antenna ptrase eentre, Dashes denote stations where

no ecnteríng elenent§ ar€ avallable.
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TABLE 4.1: Format of data supplÍed by the stations to the computing centres
Graz and SGO

sTATIoN coDE REC;TYPE TYPE OF DATA RECEIVED CARRTER t{.Iv BY

BLAZAJEI^IKO

BoRo}rIEc

BRUSsELs

CAGLIARI

DIoNÍsos

EFFELSBERG

GRASsE

GRAz

GRYBov

H§íBURG

HERsTl{oNcEUx

HoNEFoSs

HvAR

JOZEFOSLAI^I

KOOT1^IIJK

MATERA

MERATE

METSÁHÖVI

PENc

POTSDAI,{

RIGA

SAN FERNA}IDO

sIl,,íEIz

soPRoN

TRIESTE

ÜIETTZELL

ZIMMERI{ALD

BLz
BoR

BRs

cGL

DIo

ErF
GRS

GRz

GRY

HAM

IMc

HoN

HvR

JoZ

KTId

MAT

MER

MET

PNc

RIG

SFN

sIM

soP

TRs

I,JTz

zlűl

JMR-4A

DoG-2

TRANET-2

Mx-l 5o2

Mx-l 5o2

Mx-l 5o2

JMR_lA

C!4A-722B

Jl,íR-4A

Mx_7o2A

Mx-l 5o2

cMA-75 l

}D(_l5o2

JMR-4A

cMA-76 l

Mx-l 5o2

1,o(-l5o2

JI,IR-4A

Jl{R-lA
JMR-lA

a,IA-722B

TRANET-2

Mx-l 5o2

cMA-75 l

Mx-l 5o2

G,íA-722B

Mx-l 5o2

raw.data
MJV-data

raw-data

raw-data
raw-dat,a

raw-data

raw-data

},íJV-data

raw-data

raw-data
raw-data
}tIV-data

raw-data

raw-data

MJV-data

raw-data

raw-data

l"í.IV-dara

raw-data

raw-data

raw-data

raw-data

raw-data

}LIV-data

raw-data

MJV-data

raw-data

origina1
format Graz

CNES fornrat

bínary hardcopy

original bínary
bínary hardcopy

hardcopy + SEF fmt.
format Graz

orígina1
hardcopy

origínal bínary
Cl,íA fornat 3

binary hardcopy

origina1
CMA format l

binary hardcopy

binary hardcopy

format JMR-4

orígina1
original
origina1
hardcopy fmt. T-2

origina1
Cl,íA format 3

binary hardcopy

format Graz

hexadecíma1

cas8ettes
ma8. tape

ma8. taPe

mag. tape

cassettes
mag. tape

ma8. taPe

disc
ca8§ettes
mag. tape

cassettes
mag. taPe

mag " taPe

cassettes
mag. tape

mag. tape

mag . tape

cas settes
cas §e ttes
cas§ette§
punchtape

mag. tape

ca8 se ttes
mag. tape

ma8. EaPe

ína8. tape

mag. taPe

sGo

BoR

GRz

GRz

GRz

GRz

GRz

GRz

sGo

GRz

HoN

GRz

sG0

KTLJ

GRz

GRz

MET

sGo

sGo

GRz

GRz

GRz

soP

GRz

l,/üTZ

GRz
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TABLE 4.2: Structure of the data fíles available and prepared for data-
exchange,

(irFTEOROLo6I cAL oATAr irnJORITY v
N0 LABELr FBCDICe 1600 BPIe 80 CFlLE n1 ?? §TATIONs'

FILE 0? §TATION 9LAzAJEWKo
FI LF n3 sT ATlON BoR oUIEc
tl LF 04 sTATloN CAGL lARl
FtLE 05 sTATIoN DIoNYso§
Fl LE 0ó sTATION EFFFLsBERG
FlLF 07 sTATloN GRYBOt,
FTLE n8 §TATIoN GRAz
FIL§ 09 sTATION HAí{BURG
Fl LE í0 §TATION HER§T|4oNcFU x
FILE 11 sTATtON HoNEFoss
FI LE 1? §T A TION }lVA R
FILE t3 sTATION JOzFFOsLAhl
FILE 14 sTATION KOOTülIJK
FI LE 

' 
5 sTATION ,|4ATERA

FILF 16 sTATION t,lERATE
FI LF 17 sTATION tlET§n HoVI
FILE í8 sTATION POTsDAt{
Fl LE 19 sTATION PENc
FI LE 20 sTATION RIGA
FILE ?1 §TATION sIilEIz
FILF ?? §TATION sOPnoN
FILF 23 §TATION TRIFsTF
FILE ?4 sTATION t,ETTzELL
FILF 25 sTATION zI[lMFRtrALD
FILE 26 §TATION BOROtrIEc
FI LF ?7 sTATION BRtjssELs
FI LF ?8 sTATION cAGLrARl
FILE 29 sTATION DIONYsOs
FILF 3n sTATION EFFFLsBERG
FILF 3í sTATlON GRA§§E
FI LF j? sTATION GRYBOt,
FI LE j3 sTATlON GRAz
FI LF 74 sTATIoN HERsTtloNeFUx
FlLF 35 sTATION HONFFOss
FI LF 3ó sTA TION HVA R

FILE j? sTATION JOzEFO§L!t,
FI LF .j8 §TATION KOOTt,IJK
FILF 39 sTATION ilATFF!
FlLE 40 §TATtON |,1ERATF
FI LF 41 sT ATION !lETsA HOV l
FlLF 4? §TATION POTsDAl.
FI LE 43 STATIOíil PENC
FILE 44 sTATION RIGA
FILF 4, sTATION sAN FEPNAND0
FI LF t+6 STA TION SIíílEI Z
FILE 4? sT^TION sOPRON
FI LE 4 8 §T ATION t{ETTz ELL
FILE 49 sTáTION zlillrER|,,ALD

0TFD DATA AllD
HAP/pFCe 4nOn
i| FTFo D AT A
íttJV-DáTA
trJV-DATA
ilJV_DATA
t{Jv-DATA
MJV-DATA
Ír!JV_DA TA
H JV-DÁ TA
l{JV-DATÁ
M JV-DA TA
MJV-DATA
MJV_DATA
MJV-DATA
14JV_DATA
ttJV_D^TA
l,tJV-DATA
ttJV-DtTA
r4JV-DA TÁ
i'JV-rrATA
íirJV-DATA
tlJv-DATA
lrJV-DATA
l{JV-DATA
ilJV-DtTA
lrJV_DATA
tlEDOC- FORirAT
tJEDOc- FORirAT
tr|EDOC-FORít{AT
UEDOc- FORtlÁT
|,rEDOC-FOPMAT
lJ EOOc_ FOpirA T
|rEDOc_ FORMAT
y5nOC-FOPtl|AT
h,EDOc- FORirAT
t,EDOc-FORMAT
t.,EDOc-FORMAT
trEDOc- FORírlAT
ü,EDoc-FOFMAT
h,EDOc- FORM!T
UEDOc- FORMAT
líEDOc-FoFí{ÁT
urEDoc- FOPirAT
trEDOc-FOPuÁT
t.,EDOC- FOPtlAT
tlEDOc-FORf.rAT
h,EDOc- FoRít{AT
tlEDOc-FORMAT
tJEDOc- FOpMAT
tlEDOC- FOF,1,1AT

t,FDOC-FOnult)
eHAR/BLOcl(

FcORD§
FcORDs
FcOFD§
EcORDs
€cORDs
§cORl,§
EcORD§
EcORDs
FcOFDs
EcORDs
FCOnos
EcORD§
EcOROs
FcOPD§
EcORDs
FcOFDs
FcORDs
tcORDs
FcORD§
FcOPD§
FcOFD§
EcORDs
EcORDs
EcOROs
EcOpD§
EcOpDs
FcORns
FcORDs
EcORDs
EcOPDs
EcOpDs
EcORDs
EcORDs
FcOPOs
EcORDs
EcORDs
FcOFDs
FcOPDs
EcORDs
FcORDs
EcoRDs
EcORDs
EcORDs
FcORDs
FcORDs
FcORDs
EcoPns
EcOFDs
EcORDs

?773 R
18ó7 P
3299 R

??46 e
38í? n
387n R
17?5 n
?94q R

?90? R

4164 P
ól3R n
39óCI R

19ó8 R

31?4 R

3.l ?CI R

1452 R

195] R

2473 R

2977 R

3 513 n

5881 R

2359 R

19ín R
3811 R

3n58 R

???2 R

1474 R

1752 R

508n R

3n 5í R
2317 R

3439 R

-?í 31 R

3445 R

3821 R

3??3 R

3409 R

? 9nr, R

?9?7 R

2503 R

1?6,| R

3n11 R

??57 R

?419 R

4893 R

2925 R

7463 R

32,,7 R

3445 R
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TABLE 5.1: Comparative description of the software used for the

ldEDOC-z computati ons

Graz Penc

Program name:

origin:
GEDODOP v .

J. Kouba, Grav. rGeoth.,
Geodyn. Div., Ottawa

sADOSA

lSz .Mihaly, Sat .Geod .Obs.
, Penc, Hur€ary

Computer l anguage:

type:
FORTRAN 77

UNIVAC 1100 / 81

FORTRAN

HhlB 20/66-60/66

Mode1 range difference range difference or
_p9egdgrange

Biased parameters: dX, dY, dZ, da, dM, di,
d0, de, dt'l, df, dt, dk,
df

dT, dY, d(, DE, da, dn,
dE, da, dn, df, dt, dk,

df

Adjustment. techn i que : phased adjustment with
maximal 15 sim. stat.
correlat. analysis

SPP, ML (max.30 stat.),
sSA, SA

tlei gh t,i ng : weighting of biased
parameters, input of
stat.var-cov. matrjx
Doppler counts, sat.
frequencies, etc.

variance matrix of ob-

servations (convent. or

time series), weighted

constr.of all param.

Receivers: al l commonly used types JMR_ 1/ 4,C|4A-7 22B / 7 5L /
761, MX-1502, Dffi-2/3

Input format:

Orbi t type:
fi tting:
representatjon:

a]l corrrnonly used fmts

BE,PE, short arc
derivative fitting
10 order Chebyshev fit

MJV cr l.lEDOC format

PE,Bt or PREDOP orbit
4-coeff. periodic
10 order Chebyshev

Ve]ocity of light:

Earth rotation:

299 792.458 m/sec

yes (4.3752695.L0 -J
n/m)

299 79Z.45B m/sec

yes

Tropbspheric mode1: B]ack's model Black's model

Relativistic effects: yes yes
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sTATIoN NUMBER oF PASSES USED
sADosA

SINGLEPOINT l MULTIPOINT
l

GEoDoPv
SINGLEPOINT MULTIPOINT

BLZ

BoR

ERs

cGL

DIo

EFF

GRs

GRz

GRY

HMC

HoN

HvR

JoZ

KTW

MAT

MER

MET

PNC

PDM

RIG

sFN

sIM

soP

TRS

wTZ

zMW

l4l
97

67

l30

l53

l35

l53

l37

l68

246

l40

l46
l20
l27

l08

l24
l45

llo
l62
64

l36

94

59

l06

l49

4l
28

39

38

50

47

63

24

63

63

36

34

32

44

3o

28

52

34

3o

l8
27

27

23

32

34

l38

l43
96

66

l5l
l5l
l42
l38

l25
l64
223

l52
l43

l20
l24
l07

8l

l53

l5o

l5o
46

l32
8l
57

88

2lI

97

l04

52

35

l07

l02
I02

l0o
84

l07

l57

lol
98

8l

8o

73

5B

l06

l06

98

33

86

49

35

77

l35

50-

TABLE 6.2: Number of passes used for the sínglepoint and multipoint
computaEions with GEODOP-V and §ADOSA.
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x (m) Y (m) z (m)

BLAZAJEt,!K0

BOROI^JIEC

BRUSSELS

CAGLIARI

D I 0NYSOS

EFFE LSBERG

GRASSE

GRAZ

GRYBOV

HERSTMONCEUX

HONEFOSS

HVAR

JOZEFOSLAt.l

KOOTWIJK

MATERA

MERATt

METSAEHOEV I

PtNc

POTSDAM

RIGA

SAN FERNAND0

SIMEIZ

SOPRON

TR I ESTE

t^lETTZE LL

ZiMMERl,,ALD

3738367.8

40?7870.5

4893397 .4

45952?4.t

4029L74.9

4588039.8

419443 1 . 1

3866022 .0

4033658.4

3L32542.5

4468039.4

3664946.7

3899222.3

qg+tgOg.9

4401787.0

2892588.8

4052455.8

380070 1 .0

31839i3.4

5105461 .5

3783882.2

4L239B9.7

43 36755 . 3

4075540.7

433L?97.8

t0.6

t0.8

tl. l
t0.6

t0.6

t1.2

r0.6

t0.9

t0. 6

t0. 4

t0.6

t1. 0

t0.6

r0 .6

t0.8

t],.0

t0.6
a

t0.8

t0.8

tL.2

t0.7

t0.7

tL.2

t0.9

t0 .6

1 148159. 4

307011.9

772650,0

2039457.8

4907 46 .?

556429.9

lL62687.2

1480017, 1

23568.3

566391 .4

1319143 .7

1409124.5

396754. 3

1393037. 1

730944.8

1311785.5

L4l7627.7

882039.3

1421,450.7

-555147.4

2 55 1 463.0

v?6a7a.7

2

93 1806 .6

56753?.8

t0.5

t0,7

t1.8

t0. 5

t0.5

t1. 0

t0.5

t0. 7

t0.5

t0.4

t0. 5

t0.8

t0.5

t0. 6

ta.7

t1 .0

t0. 5

t0.7

t0.7

t1. 3

ta.7

t0.7

t0.9

t0.7

t0.5

49I07L2

5021817 .4

4919514.3

4004165:4

39t26L4.3

4904007.8

4381664.8

4647245.5

4836500.2

4924151 .0

5508612.5

4342090.2

50095B5.2

5015073. 5

4133269.3

45427 6I.4

55 12616.9

470l4I1.7

5028789.8

5322809.4

3769896.9

4441268.7

4693246.7

4537904.3

4801607 .9

4633138.3

t0. 5

t0.8

t2.0

t0.5

t0. 5

tl.0
t0 .5

t0.7

t0.5

t0.4

t0.5

tO.q

t0"5

t0. 5

t0.7

tl.0
t0.5

t0.7

t0. 6

tl.3
t0.6

t0.6

t1.0

t0.7

t0. 6

TABLE 6.3: Single point positíoning results computed by GEODOP-V, Graz.
(iéíerred to the antenna phase center)
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TABLE ó.4: }fulti point positioning results computed by GEODOP-V, Graz,
' (referred to the antenna phase center)

x (m) Y (m) z (m)

BLAZAJE l^lK0

BOROt,lItC

BRUssELs

cAGLIARI

D I 0NYSOS

EFFE LSBtRG

GRASSE

GRAZ

GRYBOv

HERSTMONCtUX

HONtFOSS

HvAR

JOzEFOSLAl^l

KOOTt^lI JK

MATERA

MERATE

MtTSAEHOtV I

PENc

POTSDAM

RIGA

SAN FERNANDo

SIMEtZ

SOPRON

TR I ESTE

l^lETTZE LL

ZIMMtR1.1ALD

3738366 .08

40?7869.69

4893397..?0

4595225 .34

4029L73.7L

4588037.76

4194430.37

3866020.57

4033656.40

3132541. 49

446BO3B.91

366494L.77

389922 1 .06

4641967.54

4401785.05

2892586.4I

4052454. 99

3800700.77

3i8391 1 . 76

5105459.86

3783883.05

4123987 .51

4336752.83

4075538.89

4331295. 19

t. 31

t. 31

t.28

!-?7

t.29

t.32

t.Z8

t.32

t.28

t.31

t.29

t.32

t. 31

t,27

t.32

!.4z

t.29

t,32

t.38

t.7 4

t.35

t. 30

t. 35

t. 30

t.28

1148158.88

3070L2.42

772649.55

2039457.20

490745.44

556430. 2 1

1162686.24

1480016.46

23567.29

566391.75

1319142.30

1409123. 38

396752.79

1393036.70

730942.54

i311786.65

1417626 .00
o

8820-?9 .45

142 145CI . 61

-555146 .20

2551463.44

L?26070.92

107l24B.5?

931805.77

567532. 13

t.28

t.33

t.32

t. 31

t.26

t. 38

t.24

t i,33

t.27

t.28

t.27

t.3?

t.28

t.26

t.33

t.65

t.27

+2Q

t.51

t1.44

t.89

t,28

t.26

t.27

t.24

5021826. 02

49L952t.4?

4004L7 4.76

3912622.82

4904016.13

4381672.88

4647254.05

4836507.01

4924158.95

5508621.19

434?098.22

5009591 .47

5015080.53

4L33278.94

4542770.L8

551,2624.?5

470L420.45

5028797.43

53228L7.09

3769902.18

444t278.4L

4693256.61

4537912,44

4801616.49

4633143.9

t.26

t.28

t.31

t.32

t.25

t. 31

t.26

t.29

t.25

t.22

t.29

t.28.

t.26

t.29

t.27

t.27

t.32

t.64

t.48

t.?8

t.36

t.27

t.26

t. 31

t.37
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x (m) Y m( ) z m( )

BLAZAJE blK0

BOROt.lItc

gnus§eLs

cAGLIARI.

D I 0NYSOS

tFFE LsBERG

GRAsSE

GRAZ

GRYBOV

HERSTMONCEU X

HONEFOSS

HVAR

JOzEFOsLAW

KOOTWI JK

MATERA

MERATE

METSAEHOtV I

PENc

POTSDAM

RIGA

SAN FERNAND0

SIMEIZ

SOPRON

TR 1 tsTE

t^lETTZELL

ZIMMtR!üALD

3744066.6

3738367.4

4027869.6

4893399. 7

4595225.8

4aZ9L75.2

4588035 .9

41 94430 . 4

3866021.1

4033658.8

3 132543. 4

4468039.2

3664944.5

3899?22.4

464 1968 . 9

4401787 .9

2892588.7

4052455.2

3800701 .4

31B39i2.7

510546i.4

37B3BB3.8

4123990.6

4336754.6

4075538.6

433l?97.a

t1 .6

l1. 3

tl .5

t2.9

tL.2

t1. 6

t1. 6

t1. 2

tt.7

t1 .5

tI.2

tl .3

t1. 7

t1.6

tl. 5

t1 .9

t4.0

t1.4

t1.9

tI.7

t1.6

tl .6

t?.0

t1.9

t1 .3

tL.Z

1 152657.5

1148159.8

307011.7

77?649.3

2039458.2

490746.0

556430.7

1162687.6

1480018.3

2 3568. 9

566392.2

1319142 .9

1409 124.6

396753.8

1393038.3

730944.2

1311 786 . i
L4l76?8.2

882041. 1

142 1450. B

-555144.5

?551464.9

l?26a72.B

1071248.6

93 1806 . 5

567533. 1

il;0
t0.9

tl. 1

t2 .5

tl.0

tl. 1

t1 .3

t0.9

tL.2

t1.0

t0 .8

t1.0

tL.2

tl. 1

tL.2

t1.3

t2.8

t1.0

t1.3

tL.2

t1 .6

t1 .4

l1. 4

t1 .4

t0 .9

t0.8

50 16555 .0

502 1815 .0

4919512.9

4004162. 1

3912609.9

4904005.6

438 1665 . 5

4647243.L

4836496.3

4924L46.9

5508609. 1

B42a87.6

5009578. 5

5015068.2

4133265.5

4542759.7

5512609. 8

4701408. 8

5028786.2

ffi228a5.4

3769895.2

444L264.2

4693?43.6

4fi7ga2.L

480 1607. 0

4633130.8

r0.9

t0. 7

t1.0

t3.3

t1 .3

t1.0

t1.7

t0. 9

:L.?
t0 .9

t0.4

t1.1

t1. 0

t0.9

t1. 4

+1 E

tI.2

t1.1

tl.1

t0.7

t1.9

t1.7

*1.3

t1.6

t0.9

t0. 9

TABLE 6.5: Single poirrt positioning results computed by SADOSA, SGO,

(re}erred !o the antenna phase center)
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TABLE 6.6: Multi póint positioníng results computed by SADOSA, SGO
, (refeirerl to the anEenna ohase center)

X (m) Y (m) z (m)

BLAZAJEltK0

BOR01,1IEC

BRUSsELs

cAGLIARI

o i onysos

EFFE LSBtRG

GRAsSE

GRAZ

GRYBOV

HERSTMONCEUX

HONEFOsS

HVAR

JOZtFOSLAt,l

KOOTtlI JK

MATERA

MERATt

METSAEHOEV I

PENc

POTsDAM

RIGA

SAN FERNAND0

SIMEIZ

SOPRON

TRIESTt

l,lETTZE LL

ZIMMERl,,ALD

3744a67.46

3738368. 96

4027872.43

4893400. 53

4595226.L4

4029L76.82

4588039.36

4L94432.58

386602 1.59

4033659.33

3 132543 . 69

4468040.29

3664944.26

3899224.08

4641969 " 65

4401788.24

2892587.5Z

4052456.36

3800703 .53

3183912.97

5105462 .58

3783883.49

4123989.50

4336754.90

4075541 .03

433L297 .97

x.29

t.30

t.30

t.36

t.30

t.?9

t.30

+20

+2Q

+2O

t.28

t.?9

t.?9

+2Q

t. 30

t.29

t..30

t.Z9

x.29

t.29

t. 36

t.33

t.30

t.31

t.29

t.29

1 152655.79

1148157.85

307011.81

77265I.14

203945B.82

490744.50

556428.69

1162686.61

14800 16 . 26

23566.96

566389.90

1319142.23

1409121.71

396751 .78

1393037 .00

730942 .93

1311784.79

L4l7626.,1,3

882038.36

142 1449.04

-555i46.19

2551465.06

l226a70.78

107 1248.33

93 1805 . 54

567531. 87

!.?3

!;24

t.28

t.43

t.25

t,24

t.28

t.23

t.23

t.25

t.23

+ 1tr,

!:23

t.25

t.27

t.25

t.27

t.23

t.Z4

t.25

t. 51

t. 30

+27

t.30

t.24

x.23

5016556.17

5021815.86

4919511.43

4004164.07

39L26L1.92

4904005.83

4381662.84

4647?43.35

4836496. 57

4924L48.57

5508610.88

4342087 .63

5009580.06

5015070.63

4133267.81

4542759.86

5512613.62

4701409.68

50?8787 .09

5322806.76

3769893 . 5 1

444L?.67 .3a

4693246.13

4537901.68

4801606 .37

4633133.56

t,24

t.25

t.?6

t.31

t.?5

t.24

t.Z5

t.24

t.24

t.25

t.23

t.25

t.24

t.24

t.26

t.25

t.25

t.24

t.?4

t.Z4

t. 34

t.?6

t.?6

t.26

t.24

t.24
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TABLE 7. l : Comparison of the SP and MP results computed by GEODOP-V and
, SADOSA respectively

DOPPLER CAI,{PAIGN

l.rEDoc 2

TR§{SFORMATIoN

GEoDoP V

s INGLEPoI}IT-MULT IPOTNT

TRA}ISFoRMATION

sADosA

S INGLE Po I}IT-MI]LTI Po INT

c* (m)
c.,, (m)

c, (m)

du (ppm)

Clx
oy
O"7

(arc sec)
(arcsec)
(arcsec)

o.7o8
6.8ol
4.53o
o.o24

-o. l87
o.126
o.15l

tl .7 45
t2.o57
Ll .722
to.224
to.060
to.064
to.056

-2.7 64
o.473

-1.1l3
o.584

-o.19l
-o.08o
-o. l03

i1.849
!2.2ol
!1.827
to.238
!o. 064
to.068
to.060

AVERAGE RMS (m)

OoG OoS ol.a o1o.rg oh"igha o,1at a
1ong

oheight

tl.ö3 tI.1l t6.89 to.B5 tl. l8 t l . 40 , to. 90 to.77

RESIDUALS (rn)

dlo. dlon* dt 
"igna

dl.a dlo.,g dh"ign.

BLAZAJEI^]Ko

BoRoI{IEc
BRUSsELs
cAcLIARI
DIoNYsos
EFFELSBERC
GRASsE
GRAz
GRYBov
HERSTMONCEUX
HoNEFoSs
HVAR
JozEFosLAl^J
KooTIlIJK
I"IATERA
MERATE
METSÁHÖVI
PENc
PoTsDAM
RIGA
sAN FERNA}iDo
sI},íElz
soPRoN
TRIESTE
LÍETTZELL
ZIMMER!,]ALD

o. ó3
-1.14
o.29

-|.2o
o.02
o.44

-o"ol
-o. 66
o.38

-o.3 t

-o.44
1.77

-o.72
1.14
1.13

-o.04
o.4l

-l .28
:O. O2
_1.63
-o.34

l .70
o.80
o. 73

-o.79

o.04
1.04

-o. l8
-1.ol
-o.24
o.90

-o.69
-o.1o
-o.39
o. 6l

-1.08
o.66

-o. 98
o.12

-1.62
l .63

_1.29
o.35
o.3l
l .60

-o. l8
o.94
o.13

-a.22
o.33

o.3 3
o.57
l .3l
o.3l
o. 99

-o.26
o.42

-1.45
o. 75
2.a3

-o.3 l
-3. 78
o.1o
o.08
o. ol

-o.28
o.1l
o.8l

-o.22
-1.08
o. 99
o.67

-o.93
o. 1B

-2.27

-o. l8
-o.86
-2.52

1.57
o.55

-o.55
-3.46
-1.47
-o.53

l .63
o.64

-o.7 6
o.94
o.75
l .43
o.43
1.66

-o.4l
-o. 87
-o.33
o.23
o.53
2.5a

-o.54
_2. 16

l .85

-o.12
-o.48

1.19
2.22
o.3 5
o.27

-1.3l
-o.24
-o.70
o.12
o.58

-o. l6
-o.93
-o.o2
-1.04
o.04
| .69

-1.14
-1.15
o.29

-o. 95
o.45

_o.32
o.83
o.13
o.15

-o. l8
-o. 07
o.48
1.19
o.49

-o.04
-o.52
o.3 3

-l ,32
o.5l
o.05

-o.46
-o. 86

1.66
o. 73

-0. 84
o. 87

-o.32
o. 35

-o.59
-o.72
o.57

-o. 4l
_|.24
-o.2l

1.52
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DoPPLER CAI"íPAIGN

I^IEDOC 2

TRANSFORMATION

SINGLEPOINT SOLUTION

GEoDOPV - sADosA

TRANSFOR}ÜTION

MtLTIPOINT SOLUTION

GEODOPV - SADOSA

c* (m)
c.,, (m)
c" (m)

du (ppm)

o,x (arcsec)
0y (arcsec)
cr z (arc sec)

5.575
-o.245
-6.326
-o.2a9
o.065
o.227
o.o32

!2.349
!2.789
t2 .3 30
to.309
ú.o97
to.o88
to.075

2.246
-6. 5 9l

-l2.1l3
o.353
o.o53
o.ol9

-o.259

t1.o49
t|.24o
t1.036
to. l 35

ro. 038
ro.o4o
to.o35

AVERAGE RMS (n)

OoSP Oo}F ol"t o1or,g oh"ight ol"a o1oog ó-her.8ht

t1.43 to.62 t1.7l lo.92 11.35 10.68 to.70 to.40

RESIDUALS (m)

d1at d
1ong

dheight dl"a d1o.rg dt *ígt a

BoRoWlEc
BRUssELs
CAGLIARI
DIoNYsos
EFFELSBERC
GRASsE
GRAz
GRYBoV
HERSTMONCEUX
H0NEross
HvAR
JOZEFOSLAI.I
KOOTIIIIJK
},íATERA
},íERATE
METSÁHÖVT
PENc
PoTSDAM
RIcA
SAN FERNANDO
sI},iEIz
soPRoN
TRIESTE
I{íETTZELL
ZIMMERIÜALD

o.90
l .60

-1.92
-1.58
o.22
5.1l
1.o2
o. 1B

-|.22
-o. 96
o. 68

-o.20
-1.5l
-o. 78
o.23

-l .55
a.7 4

-o.84
o.56
o.3 6

-| .84
-o.92

1 .1+2

3. 06
-2,68

_o.20
_o. 89
-|,26
-a.12
_o.98
o.84
o.1o
o. 93

-o. l6
-o.44
-o.85
a.22

-| .33
1.1o

-0.8 l
-o.40
o,27
o. 89

-o.4l
2.32
a.79
l .30

-o.8l
-o,22
-o.17

l. 16
|.15
o.73
o. 04
,| ,26

-o.45
o. 23

-o,26
-o.1 l

1.76
-o. l8
_3.29
-1 .14
-o.72
0. Os

-1.60
o.2l
o.77
o. 28

-o.6l
l. l9
l .23
o.05
o.6l

-3.74

-o
o

-CI
-o
-0

l
-o
o
o
o
o

_l
o

-o
-o
o

-o
-o
o
2

-l
-o
-o
0
o

.58

.27

.6o

.ll

.3l

.25

.42

.3l

.09

.02

.39

.04

.oo

.47

.44

.37

.08

.4l

.z5

.3l

.0l

.lo

.l2

.l9

.oo

-0.68
o. 02
1.13
l .24

-0. 43
-1.36
o.48
o.38
o"38

-o.38
-o.03
-1.32
-o.32
-o.06
o.40

-o.89
o.45

-o.55
-o. 36
-o.26

l .42
o. 07

_0.09
o. l5

-o,3 3

o. 73
o.06
o.53
o.15
0.20

-0.78
o. 09

-o.17
-o.38
-o.22
-o.40
-o.40
o.3B

-o.14
o.55

-0.58
-o.25
a.29

-o. 09
_o.33
a.73
o.10

-o,26
o. l8
o.0l

TABLE 7.2: Comparison GEODOPV - SADOSA singlepoint and multipoínt



DOPPLER CAMPAIGN

tlEDoC 2

TRANSFORMATION

GEoDoP v
I{rEDOC 1-I^]EDOC 2

TRAIISFORMATION

sADosA

sIEDocl_vlEDoc2

cx (m)

cu (m)
cz (m)

dp (ppn)
0'x 1arCSeC)
cry (arcsec)
d,z (arcsec)

-6.07l
-l .7l5
l4.o43
-o.3oo
-o:o97
o. l30

-o"032

t2.890
!2.523
!2.498
to.3oo
to. 065
to. o97
ro. 065

-2.o84
-6.7 67
20.797
-l .8o0
-o.162
0. 42l
o. l94

!2.962
!2.587
t2.56 l
!o.3oo
to. 065
to. o97
to.065

AVERAGE RMS (m)

o
oG oS

ol.t o1o,g oh"ight ol.t o1orrg oti"ígt t

t0.57 to.ó3 to" 28 to.4 l 10.95 lo.44 lo.44 to.. 90

RESIDUALS (m)

d 1at d
1ong dheight dl"a dlo,g dt.ígt 

a

BOR0WTEC

DIoNYSos

EFFELSBERG

GRASsE

GRAZ

HERSTMONCEUX

KooTI.JIJK

PENc

PoTsDAu

soPRoN

TRIEsTE

WETTzELL

ZIMMER!4IALD

a.2t+

-a.27
_0. 28

-o.1B
o. 1B

-0. 60

-a,2l
o. l6
a.24
o.27

a,27

o. 07

o.06

o.49

-o.56
o.42

-a.62
0.20

-o. l6

-o.ol
-o. 04

-a.26
a.62
0"36

-o,44
o. l5

o.35

-1.79
-o.7 l

o.86

-o.2l
-0.4l
-1.03
|.o4

-o.7l
l .37

l.t7
o.24

-o. l5

o.3l
o.22

-o.3l
1.16

-o.39
-o. 08

o.27

-o.48
-o. l4
-0.3 8

-o. 03

-o.07
-o.24

o.29

0.02

-o. t6
o.1o
o.32

o.o8

-o.47
o.23

-o.65
|.03

-o.2l
-o,23

-o.44

o.84

-1.7l
-a.22
|.29

o.59

-o. 75

-1.03
o.54

_o.70

o.69
1.ol

-o. l5

-o.4l
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l]eiilE 7.3; Comparison of the stations participatíng ín I,üEDOC-I and }trEDOC-2.



DoPPLER CA!,íPAIGN

slEDoc 2

TRAIiISFORMATION

GEoDoPv MP - EROsDoc

TRANSFOR}ÍATION
\

§ADosA MP - ERo§DOc

cx (m)
c., (m)

ci (m)

du (ppm)

u1 (atcsec)
ay (arcsec)
cr2 (arcsec)

-o.778
-6.673
-7 .234
o.2oo

4.292
o.o97
o.o32

!3.623
!4.787
t3.786
to.50o
to.130
*o.130
to. l30

_3.4o5
0.582
3.5o2
o.1o0

4.227
o. o97

-a.259

!3,422
!4,46l
t3.528
to.4o0
to. l 30
to. l30
to. l 30

AVERAGE RMS (m)

o
oGE

g
oSE ot.a o].orrg ot uight ol.t o1or,g oh"ight

t1.45 t1.35 t1.o5 t1.89 to.5l tl. i3 t1.70 to.34

BESIDUALS (rn)

d1at dlor,* dh"ígh. d dror,, dn"í*n.1at

CAGLIARI

DIoNYSos

GRASsE

KOOTI^IIJK

METsÁItövI

SAN FERNAI\IDO

tlETTZELL

ZIMMERI.IALD

|,42
_o.73

-l .l l
-o.72
l .4o

-o. l8

-o.56

2.34

o.85
o.07

-l .58

-3.38
o.94
o.57

o.55
'-o.39

-o.18
-o.8ó
o.1o
o.52

o.52

2,.l9

-l .3l

-o.62

-o.84
0.o2

o. l5
o.05

9
2

72

oo

o.ol
o.25

-o.59
-o.35
o.3l
o.22

o. l4

o.29

-o.83
-3 .33

o.6l
o.7 2

TABLE 7.4: Transformation V{EDOC-2 broadcast t4P - EROSDOC precise MP
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TABLE 7.5: Transformation !üEDOC-2 broadcast MP - B,ROSDOC precise MP

, without San F'ernando

DOPPIER C§,íPAIGN

í{EDoc 2

TRANSFORMATION

GEODOPV MP - EROSDOC

wíthout san Fernando

TR§{SF0RMATION

SADOSA MP - EROSDOC

wíthout san Fernando

cx (m)
cy (m)

c7 (n)
du (ppm)
.o1 (arcsec)
oy (arcsec)
d2 (arcsec)

2.832
-4,542
-6.528
-o.3oo
-o.065
o.065
o.162

tl ] 69!,
t2 .3o8
!1.592
to.2oo
to.065
to.o65
to.065

|.242
2.626
6.52l

-o.8o0
-o.065
o.065
o. l30

t1.849
!2.526
ll .7 4l
to.2oo
to.065
to. 065
to. 065

AVERAGE RMS (rn)

oo8E ooSE ol"a o1o.rg oh.ight o],"t qlorrg oh"ight

to.52 to.57 to.38 10.55 to.39 to.70 to.40 lo,2v

RESIDUALS (m)

dl"a d1o.,g dt 

"ígha
d1at d].orrg d

he ight

CAGLTART

DIoMSos
GRASsE

KooT1}IJK

METSÁHÖVI

sAl{ FERNANDo

l,rETTZELL

zIM}íERl,rALD

o. l5

-o.1o
o.08

-o.77

o,77

-o.65
-a.23
-o.o7

-o.ol
-o.49
o.09

-o.39

a.24
o.2l

o.5l
-o.43

o. 53

o.2,6

o.7 5

-|.29
o.28

-0.34

_o.20

o.5l
-o.38
0.46

-o.30
o.2l

-o.38
o.05

o.35

o. 35

-o. 09

-o.39

o.23

o. l7
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STATiON LATITUDE

deg min sec

LONGITUDE

deg min sec

FlEIGHT

MSL"(m)

HEIGHT

GEOID

HEIGHT

ELLIPS i

BRs

GRz

HMc

HON

KTt,l

MAT

MET

sFN

TRS

h,TZ

ZMt,J

50

47

50

60

52

40

60

36

45

49

46

47

4

52

8

10

38

13

27

38

8

52

56 .6230

4.6189

0.5735

38.3226

45 .0568

59.62 15

3.9390

56 .6230

37.4600

44.0730

41 .3790

4

15

0

10

5

16

24

-6
13

L?

7

2l

29

20

15

48

42

23

12

52

52

28

36.9920

39.8114

45.0244

1.8680

4t.2524

19.0857

43.6395

14.3873

35.0230

46 .7 490

0.4?78

1 19.90

491.26

33.05

L37.25

47 .95

490.66

54.01

43. 15

402.97

616.45

897.85

_4.10

0.90

-7.75

8"55

-2.L5

_9.90

-5.00

-43 .75

_4.15

2.00

_3.15

115.80

49z.L6

25.30

145.B0

45.80

480.76

49.01

:0.60

398 .82

618 .45

8g4.7a

TABLE 7.6: Terrestrial coordinates of the station reference point or the

antenna phase center as indicated in the station sheets jn

4ppendix A. Horizonta'l coordinates are given in datun ED-79;

Vertical coordinates are M.S.L. heights. In order to derive
ellipsoida1 heights the geoid LEVALLOIS 1978 has been used.
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D0PPLER cAl,{PAIcN

WEDCIc 2

TBAl{sFoRMATIoN

GEODOPV SINGLEPOINT

ED 79

1TAl{s!,oRMATIoN

SADOSA SINGLEPOINT

- BD79

c* (m)
cu (m)

ci (m)

du (pprn)

üx (arcsec)
cly ( arcsec)
&z (arcsec)

88.068
BB.95o

l 23 .8.,6l

-l,,4l o
-o.389
o.ooo
0,778

+,
!4
!2
ro
o
o
o

. Bl5
,2l4
. B52
.42o
. l30
,o97
.o97

82.002
90. l7l

l26.185
_0.630
-o.356
o.130
o.680

!3.272
t4.897
t3 .3 l5
to.43o
o.130
o. l30
o. l30

AVERAGE RMS (n)

őoC79 OoS79 o1at otorrg ohuíght ol"t o1orrg oh"íght

t1.25 t1.4l to.67 !1.2z t1.37 tI.50 to.99 tl. l8

,RESIDUALS (m)

d1at d_Iong d_helght d1". dlorrg dh"igt 
a

BRUSsELs

GRAz

ltERsTMoNCEUx

H0NEFOSs

KoOThlIJK

MATERA

METSÁHÖVI

SAN FERNANDO

TRIEsTE

wETTzELL

ZIMMERI,]ALD

-o.42
-o. 07

l .32

o.38

-o.75

-o. 63

-o.32
o.27

o,50
o.50

-0.9l

o.3l
-a.7 4

-o.89
o.2o

-l .89

-o.7i
l .78

2,34

o.43

-0. l6

-o. 69

1.17

o.oo

-o.60
1.36

2.ol
l .62

_1.02

-o.3l
_1.I7

-a.67

-2.39

-2.45
_o.82

l..95

o.59
0.3l
o.80
l .2l

-o.09
-o.47
-2,52
|.69

1.22

-1.oo
-o.53
-o.20
-0.68
-t .60

o.8l
l .3l
1.23

-o.14
_o.37

-o.20
-o.7 4

-o.66
-o.37
2.96

l .5o

o,49
_o.44

-lj78:
-l .67

o.93

TABLE 7.7: Comparison of sirrglepoint results with ED-79 and Levallois 78.
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DOPPLER CAI,ÍPAIGN

I.rEDOC 2

TRA}ISFoRMATIoN

GEODOPV MULTIPOINT

ED 79

TRA}ISFoRMATION

sADosA MIJLTIPOINT
, ED79

c* (rn)

cy (m)
cz (m)

du (ppm)
. cr1 (arcsec)
oy (arcsec)
c2 (arcsec)

90.47 o
8 l .876

l l6.954
-l .4oo
-o.6l6
-o.032
o.875

86.885
89.605

l 27 .388
-l .40o
-o.486
o.ooo
o.648

t l .733
!2.5l9
!1.754
to.2oo
to.065
to.065
to. 065

AVERAGE RI,íS (m)

a
oG79

o
oS79 ol,.t o1orrg oh.ight ol.t o1orrg oh"ight

10.89 to.75 to.79 10.65 to.93 lo.52 t0.68 to.85

RESIDUALS (m)

d1". dlor,, dh"igh. d
1at d_long dt.igt 

a

BRUSsELs

GRAz

HERSTMONCEUX

HoNEFoss

KOoTI.rIJK

MATERA

METsrüövl
s§l FERNA}ID0

TRIEsTE

!.IETTZELL

ZIMMERI,IALD

o.5l
-o.03
o.65

o.57

-CI,22

-1.76
-o. 07

1.35

-o.36
-o.25

-o.29

-0.53
o.2l

-0.30
-o.58

-o.7 6

-o.19
-o.1o

l .35

o.7l
o.32

-a.67

o.62

-o.55
-|.34
o.ol
2.o2

1.oo

o.1o

-o.2l
_o.43

_o.88

-o.35

o.43

o.58

o.79

o.33

-o.1o
-o.90
-o.74
-o.08
o.0l

-o.30
o.oo

,o,49

-o.5 }

-o.54
-o.1l
_o.39

_o.52

o.59
l .59

o.56

0.02

-o.43

o.55
_o.85

-o.,92

o.14

t.6l
o.86

o.40
o. l9

-o.36

-l .20

-o,42

TABL§ 7.8: Comparison of rnultipoint results r,lith ED-79 and Levallois 78.

!1.992
!2.982
t2.ol9
to.3oo
to. o97
to.065
to,065



from - to hour angle (or'r") declination (9,',") distance (m)

cRz - BoR

GRz _ EFF

GRz - GRs

GRz - BRs

GRz - cGL

GRz - DIo

GRz - GRY

GRz - HMc

GRz - HoN

GRz - IIVR

GRz - Joz
GRz - KTIil

GRz - MAT

GRz - },íER

GRz - MET

GRz - PNc

GRz - RIG

GRz - sFN

GRz - sIM

GRz - soP

GRz " PDM

GRz - TRs

GRz - t^rTz

GRz - z}.fln

l8l 49 28.086 t.069

256 lo 58.58l 1.o35

3o2 59 36.096 t.o64

258 59

330 50

65 26

5.524 t.o4o
l5.567 t.057

1.026 t.036

l35 58 58.735 t.o93
261 57 59.043 !.o22

2o9 l8 57.639 !,o22
29 45 43.122 t-.o98

l55 2 29.624 !.067
248 55 l9.663 t.036

27 l4 6.69l +.057

295 39 l3.3l8 r.086

l73 27 58,942 !.o92
l l9 6 48.oo7 t.o8l

2l5 28 5l .3o3 t.o69

l65 38

297 56

l06 28

l38 l

12.67l t.o8o
19.125 t.o4l
7.03l t.o47
8.5l3 t.32o

327 16 49.894 t.l70

24z 45 l3.96l t.lol

282 57 3.186 r.o33

39 22 56.966 t.036

20 21 28.854 !.o28

-2o lo 28.ol3 t.osl

l7 20 42.260 t.037
_38 46 44.776 t.o32

-37 18 31.568 t.o3l

22 30 35.56l t.o55
l3 32 1.398 t.ol9

35 l6 l5 ,779 t.ol 3

-44 4 26.32l t.oso
31 48 57.217 !.o34
24 8 14. o47 !.o29

-45 35 56.294 !,o27

-l2 l8 22.459 t.063

33 26 28.1l4 !.o37
lo 30 56.842 j.068

38 16 37,784 t.038

32 55 42.579 t.o38

-24 17 6,659 t.l 14

- B 5 41.549 r.o7o
25 53 4o.o32 t.23l

-32 52 37 .767 t.l2o

30 43 38.287 !.o74

- l 19 24.968 t.o3o

347 .22 !.l5
347.24 !.l3
263.2o !.22
759.09 t.20
o42.48 t. l8
o43.o3 t. l6
065.69 t. l 3
066.38 t. l 8

069. 16 t.28
068.45 t.38
336.o7 t. l9
265 .2l t. l4
265,48 !.24
686.45 r. lo
7o2.87 !,16
297 .49 !.l7
499.25 !.16
499.66 !.l7
389.5l t. l4
2l9.82 !.22
3l6.60 1.33

791.66 t.l3
79l .96 !.23
922.86 !.l7
922.88 !,l2
776.o3 !.28
229.79!l .23

7 63.55 t.7 6

337 .79 !.16
T7.$ r.l7
425,24 !.2l
425,45 !.l4
l07.16 !.l4
t06.9l í.l5
851.15 !.lI
851,29 !.2l

590
590

9l3
l 026

l 2l2
l 2l2

738
738

77o
77o

494

l l83
l l83

l 49l

438

687

899
899

7l9
490

l 57o

296
296

6l5
6l5

l 242

2 l33
l 462

l05
l05

20l
20l

302
3a2

6lo
6lo

63 "-

TABLE 7.9: Position of the llED0C-stations relative to the Observatory
Graz-Lustbühel. For a1l stations conmon to WEDOC-I and }íEDOC-2
the distances measured in WEDOC-I -are printed in the second
row of the respective stations for comparison.
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Position of the I,ilEDOC - statíons relative to the §G0, Penc.

For a11 stations contrnon to I.]EDOC-! and hIEDOC-2 the distances

measured in l{EDOC-l are prínted in tlre seconC row of the

re§pectíve stat,íons for comparíson.

from - tc hour angle (o,l,|t) dec].inatíon (orrrlt; distance (n)

PNc - BLz

PNc - BoR

PNC : BRS

PNc - cGL

PNc - DIo

PNc - GRY

PNc _ cRz

PNc - IroN

PNc _ ttvR

PNc _ Joz
PNc - KTW

PNc _ l,{AT

PNc - MER

FNc - MET

PNc - PDM

PNc - RIG

PNc - sFN

PNc - sIM

PNc - soP

PNc - EFF

PNc - GRS

PNc - Iüc

PNc - TRS

PNC - WTz

PNc - ZMI^I

22o 40 l0.ol7 t.o90
22o 37 39.460 !,o97

268 43 54.984 t.o3o
3z2 3a 46.966 t.o67
48 53 1.5l9 t.o52

268 33 40.546 t.03o

3ol 52 39.675 t.o35

161 29 50.122 t.l7l
,299 6 48.610 t.073

269 13 38.963 t.o23

222 46 46.070 !.o32
346 40 5.3l l !,a92
l8l 15 26.003 t.o95

26| 2v 49 .259 t,o29

357 36 41,494 t.o79
296 57 48,636 t.o36
l85 12 50,267 !.o43
244 49 26.928 t.056

l79 44 52.127 t.o48

298 5 31.o25 t.o33
l03 l9 33.837 t.o34

29o 28 38,284 !.l27

3a9 22 41.965 J.o78

272 43 l3.690 t.o49

288 9 36.506 x.o27

37 46 45.635 it.o49
37 44 52.69l t.o6o

l l 6 z.7 .624 t.o3l
-33 20 27,577 t.o48

-43 42 4.48l t.o28

l2 19 33.336 t.o29

-|7 29 57.23o t.o30

34 29 38.187 t.l14
-lo 30 56.768 t.o75

9 4 37.269 t.o23

32 46 59.93o t.ol9
_4o 4 28.328 t.o53

38 29 12.77o t.05l
16 54 3.859 !,o29

-43 55 3 .0l 3 i.o39
-l l 38 9. l2ó J.o36

34 51 25.B! 2 t.a25
28 57 2.42l t.043

,35 34 53.267 t.a27

-22 36 52.680 !.o29

-l2 35 7.116 t.o3o

- 2 17 l0.595.t.l35

-2o 2 46.202 !.o77

l t 38 26 "286 !.a47

- 4 21 5o"7l4 !,a28

5l4
523
523

l l32
l ?68

l l4l
l l4l

949
949

l 063
1.063

238

296
296

l 4l l
t 4l l

l 490

558

495

l 078
l 078

8l9
786

l 4l9
676
676

l 067

2 42z

1.193

2o4
204

477
477

496
496

897
897

.422:3o

377 .65
377 .84

o94.o4

594,?l
699. lo
7o2.o4

o5o.42
051.67

366.46
368 .89

534.94

791.84
7 92.45

866.46
868.80

777 .o5

l41.04
l 83.74

9l0.45
9l l .5l
o94.46

597 .96

34B.42

32o.72
32l ,l2
949.7o

472.93

899.56

638.92
639. l 3

oo9.55
ol0.20
582.24
582.56

259,,45
260.4l

'.'l!.l2l
.ttl

I

r.26 
|

]!.29]
1r.l l

.ll
!.2l

,17

!.24
.33

!.12
t. l9

.13

i.23
.2l

t.l l

t.tl
t.09
!.2l
.l6

t.l l

+ 
'')

!.12
t. l5
.l3

t.l l

t.43
t.30
!.24

.16

!.25
.l3

t.2o
.l4

t.2l
.16

TABLE 7" lo
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APPENDIX A

sTATION DEscRIPTIONs

Renarks :

Station descriptions are enclosed for all stations which have subnitted
the circu'lated station - questionaire.

For the fol1owing stations no station sheets are enclosed': Cagliari,
Hvar, Merate, Simeiz.

The terrestrial coordinates refer to the station reference point ( sometimes

reduced to the antenna phase center, see " r€ínarks " ).

Mean sea level heigts ( MSL ) have been conmunicated by all stations,
the geoid undu]at,ions have been determined by Graz from Levallois '78.
tllipso,idai heights have been computed by Graz referred to the Inter_

national E1 lipsoid.
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DoPPLER CAMPAIGN WEDoc -'2

station lnformation
- 67,-

BLAZAJEtlK0STATloN

Pol andcoDE CoUNTRY :

NAME :

BLz

JMR-4A
SER. NO :

ANTENNA: sER . No.:

REcElvER : TYPE

DATUM:

LAT|TuDE :

!7o 07,LoNGlTUDE :

VERTICAL cooRDlNATEs oF REF. Po!NT

GEOID :

66m GEolD sEPARATloN :

HoRlzoNTAL COORD|NATES OF REF. PolNT

5zo L2,

HE|GHT ABOVE MSL:

ELLlPsolDAL HE|GHT:

Ax .óY.AZ) (terr. rcÍ. point- phase center)ExcENTRlclTY ELEMENTS (

26.69 / 15.05 /45.a2
cAMPAlGN

l.lEDOc_2

GEOKART Poland

Pl. Jednosci Robotniczej 1

00-661 l.Jarszawa

AGENcY Remarks



DOPPLER CAMPA|GN WEDoc -2
station lnformation

68

STATloN

coDE :

NAME :

BoR

BOROI^IIEC

CoUNTRY ]
Poland

REcElVER; TYPE DoG-2 o1SER. NO :

,ANTENNA:
sER . No.:

HoRlzoNTAL cooRDlNATEs oF REF. PolNT DATUM:

LATITUDE. :

LONGlTtlDE :

VERTICAL cooRDlNATEs oF REF. PolNT

HE|GHT ABOVE MSL: 80.234 GEolD : LEVALLoIS 78

ELLlPsolCIAL HElGHT: GEolD SEPARATIoN : -1 .70

cAMPAlGN EXCENTRlclTY ELEMENTS(ax, ,az) (terr. ref. - phase center)

WEDoc 2 6.02 / -18.86 / -15.44

WEDc,c 1 -5.52 / -5.53 / -8.98

MERITDoc 6.02 / -18.86 / -15.44

AGENcY

Space Research Center,
Astronomica] Latitude Obs.

Borowiec, P.O.B., 62-035

Kórnik, Poland

Remarks

Height referred to water level gage Amsterdam



DoPPLER cAtPAlGN WEDoc -2
statlon lnformatlon

_69-

STATloN

coDE :

NAME :

BRs

BRUssELs

CoUNTRY :
BEI§IUM

REcElVER: TYPE: TRANET - 2 547A ; SN 1O5SER. NO :

ANTENNA sER. No.:

HoRlzoNTAL cooRDlNATEs oF REF. PolNT DATUM: ED 79 +

LAT|TUDÉ : 5oo 47 | 56,,! 623

LoNGlTUDE 40 21, 36,: gg2

vERTlcAL cooRDlNATEs oF REF. PolNT

HEIGHT ABOVE MSL;

ELLlPsolDAL HElGHT:

1 1 9.90 GEolD LEVALLors 78

1 15.80 -4. 1oGEolD sEPARATloN :

cAMPAlGN EXCENTRtc|Ty ELEMENTS (Ax ,^y,Az ) (tgrr. rcí. point- phase center)

WEDoc 2 -35.06 / -13.,l 2 / 22.oo

WEDOC 1 1.o1 / _o.o8 / 1.24

EDoc 1 _CI.19 / _o.31 / -o.54
EDoc 2 -o.48 / 0.62 / -2.23

AGENcY

0bservatoire Roya1 de
Belgique
3 avenue Circulaire,
1180 Bruxelles

Remarks
+

ED-79 and MSL coordinates are referred
to the WEDOC-2 antenna phase center



DoPPLER cAtlllPA|GN WEDoc - 2

station lnformation
-70-

DroNYsoSsTAT,loN

GREEcEcoDE coUNTRY

NAME :

Dro

Mx-1 5o2 24
SER. NO :

ANTENNA 5ER. No.:

REcElVER: TYPE:

38LATITUDE :

LoNGlTUDE

VERTlcAL cooRDtNATEs oF REF. Po!NT

47 4.68 LnVALLoIs 78GEolD :

462 .1 8 _ 12.50

ED 5o

o
HoRlzoNTAL cooRDlN ATES oF REF. PolNT DATUM:

04, 47,jo18

23o 55, 59,jl83

HE|GHT ABOVE MSL:

ELLlPsolDAL HElGHT:

ExcENTRlclTYcAMPAlGN

WEDoc - 1

IGDoc

ERIDoC

I^lEDOC 2

ELEMENTS (ax ,ly, a z ) ( terr. reí. point - phase center )

11-B . 9c) / 16/ -36.32
-14.45 / -14.51 / 15.35

-36.32 / 16.13-9. 90 /

-14.51 / 15.35-1 4.45 /

Remarks

additionaL campaigns:

/ 13.24

/ ,12.68
EDOC-2: -1 6.91
TIM]]DOC z -17 .57

/ -1 5.60
/ -1 5.90

D,ionysos Satel l i te Tracking
Center,
National Technical Unjver-

si ty of Athens

GEolD SEPARATIoN :

AGENcY



DoPPLER CAMPA|GN WEDoc - 2

station lníormation - 7L

STAT!oN NAME :

EFF

EFFELSBERG

coDE coUNTRY . Fed.Rep.of. Germany

REcElVER: TYPE: Mx-1 502 SER. NO :
o83

ANTENNA; sER . No.:
129 / 118

HoRlzoNTAL cooRDlNATEs oF REF. PolNT DATUM BD 50

LAT|TUDE : 5Oo
34 , 33,jo57 4

LONGlTUDE :
60 56 , 44,:612a

vERTlcAL cooRDlNAT,Es oF REF. PolNT

HE|GHT ABOVE MSL: 4o8.37 GEolD LEVALLOIS 78

ELLlPSolDAL HElGHT: 4a9.02 GEo!D sEPARATloN : o.65

cAMPAlGN

yIEDoC-2

ExcENTRlclTY ELEMENTS (ax ,ly az ) (terr, ref. point- phase center)

o. oo / o.oo / o. oo

I^]EDOC- 1 o.oo/o.oo/o.ao

AGENcY

Geodátisches Institut
der uníversitát Bonn

NuBallee 17, D-53 Bonn

Remarks

ED-50 coordinates and MSL heights are
referred to the lrEDOC-2 antenna phase
center I



DoPPLER cAí,jlPAlGN WEDoc - 2

station lnformation
-72-

GRASSESTATloN

coDE rRANcECoUNTRY :

NAME

GR.S

JMR- 1 A 75237 GRGSsER. No

ANTENNA sER . No.:

R EcElVER : TYPE :

HoRIzoNTAL cooRDlNATEs oF REF. PolNT ED 50DATUM:

LONGlTUDE :

VERT|CAL cooRDlNATEs oF REF. PolNT

532 .9 4HEIGHT ABOVE MSL:
_8.95523 .99 GEolD sEPARATloN :

+
GEolD : LEVAT,Lors 7 8

LAT'TUDE , 43o 39, 58,j6576

60 54, 58,j4669

ELL|PsolDAL HElGHT:

-6129.391 / 165.7B9 / 7414.156

_61 65.52 4 / -1 11 .4B2 / 7 4B9.7 98

cAMPAlGN

WEDoc 1

ERosDoc

EDoC 2

t{EDoC ,)

, o z ) ( terr. reí. point - phase center )EXCENTRlClTY ELEMENTS (ax

-o.316 / _o.03B / -o.3o4

-o.316 / -o.o38 / _o.3o4

GRGS, CERGA

Avenue Copernic, 06130

Grasse, France

Remarks

* Nirr.llement génörale de la France

A9ENcY



station lnformation
-73-

GRAz

AUSTRIAcoUNTRY

STATloN

coDE :

NAME

GRz

CvA-7 22B 5o4sER. No

221ANTENNA: sER. No.:
portable

REcElVER: TYPE:

ED - 79

LAT|TUDE :

LONGlTUDE :

VERTlcAL cooRDlNATEs oF REF. PolNT

491. 26

492.16

HoRlzoNTAL cooRDlNAT Es oF REF. PolNT DATUM

47a 04, 04,j6189

150 29| 39:,8114

GEolD sEPARATloN:

HElGFlT ABOVE MSL;

ELLlPsolDAL HElGHT:

GEolD . LEVALLOIS 78 _
o.90

ELEMENTS (ax .av,az ) (terr. ref . point- phase center)

Ccntinuous crbservations since 1 978-01 -01

ExcENTRlcITYcAMPAlGN

on the saíne point

+
2I{EDoc -1.33 / -o.37 / -1.49

A11 campaigns measured since April
1977 have the same excenticitie§.

Remarks
+

AGENcY

Institute of Space Research
Dept. Satel l i te Geodes_v,
Austrian Academy of Sciences
Lustbi,ihe1 strasse 46,
A-8042 Gnaz

DOPPLER CAMPA|G}| WEDOC ;2



DOPPLER CAMPA|GN WEDoc - 2

station lnformation
-74-

sTATloN NAME :
GRYBOV

coDE GRY Pol and

JMR-4AREcElVER: TYPE: sER. No

ANTENNA sER . No.:

HOR!ZONTAL COoRDlNATEs oF REF. PolNT DATUM:

LATlTUDE :
49o 38,

LoNGlTUDE 20o 57,

vERTlcAL cooRDlNATEs oF REF. PolNT

HE|GHT ABOVE MSL:

ELLlPsolDAL HElGHT:

GEolD :

377 m GEolD SEPARATtoN :

cAMPAlGN ExcENTRlclTY ELEMENTS (ax 
, óv .az ) (terr. ref. point- phase center)

tJtDOC-2 84.62/ -78.49/ _54.58

AGENcY

GEOKART Poland
Pl. Jednosci Robotnicej 1

00-661 Warszawa

Remarks

CoUNTRY :



DoPPLER CAMPA|GN WE Doc - 2

statlon lnformatlon
-75-

STATloN

coDE :

NAME :

HAIu

HAIIBURG

couNTRY : FRG

Mx 7o2A-3 +
179REcElVER : TYPE : SER. NO :

ANTENNA: sER. No.

HORlZONTAL COORDINATES O F REF. polNT DATUM: NSWC9ZE

LAT|TUDE : 5to32 | 48,:7,14

LONGlTUDE :
9o58,05,j255

vERTlcAL cooRDlNATEs oF REF. PolNT

HEIGHT ABOVE MSL;

ELLiPsolDAL HE!GHT:

6o GEolD:#

88.6 GEolD sEPARATloN:

EXCENTRlclTy E|-EMENTS (ax,ay,az) (terr, ref, point- phase center)

WEDoc*2 4.96/6.14/-7.29

TIIIIEDOC o /o/o

AGENey

German Hydrographic
Institute
Postfach 220
D-2000 Hamburg 4

BRD

Remarks

?

+ HP 5065A rubidlum frequpncy standard

cAMPAlGN



DoPPLER cArnPAlGN WEDoc - 2

station lnformatlon
-76-

STATIoN

coDE ooUNTRY ]

HERs TI{oNcEUx

DoMUNrT§D

NAME :

HMc

Mx- 1 5o2 SER. NO :

ANTENNA sER. No.

s/N 328RECE|VER: TYPE:

LAT|TUDE :

LONGlTUDE :

33.o5 GEO|D :

33.05 GEolD sEPARATloN :
+ +

NATES oF REF. PolNT

VERT|CAL COORD|NATES OF REF Po|NT

HOR|ZONTAL CooRD DATUM: ED 79

5oo52,oo,j5735

oo2o | 45,:c.244

llEIGHT ABOVE MSL;

ELi-lPsolDAl- HElGHT:

WEDOC-2

-69.734 / 667.152 / 54.578!{EDoC- 1

,, (terr. ref. point- phase cei,lter)

-7a..11 6 7 4

ExcENTRlclTY ELEMENTs (ax ,av,az )

66 .180 /.5 "282

+ oscB-7o datum (airy dllípsoid)Royal Greenwlch
Observatory
Herstmonceux Castle
Hai''lskam, East Sussex

Bn27 IRP.
Enqi and

AGENcV

cAMPAlGN

Rem_arks



DoPPLER cAtuPAlGN WEDoc -2
statlon lnformatlon

-77 -

sTATloN NAME :

HoNcoDE :

HONE§,oss

NoRWAY
CoUNTRY :

REcElVER: TYPE: cMA-75 1 SER. NO : 3

ANTENNA: sER. No.

HOR|ZONTAL COORD|NATES OF REF. PolNT DATUM: ED 79

LATITUDE : 6o0o8 | 38,:3226

LONGlTUDE :
1oo15,o1,,!8680

vERTlcAL cooRDlNATEs oF REF. PolNT

HE|GHT ABOVE MSL;

ELLlPsolDAL HE|GHT:

1 37.35 GEolD ; LE\/ALLOIS 78

145.m GEolD SEPARATIoN: 8.55

CAMPAlGN

WEDoc-2

EXCENTR|C|TV ELEMENTS (ax,ay,az) (ter1!9!@

-a.28 -I.7 4 /. -3. B6

NoRsNET -o.31 / -1 .7 4 / -3 - 91

NoRDoc-83 -o.29 / -1 .74 / -3.87
sVEDoP-81 -n)a / 1 ,7^ l ?

AGENcY

Geographical Survey
of Norway
Monserudveien, Hónefoss
3500 Hónefoss

Remarks

I

/
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station lnformation
-78_

STATloN

coDE :

NAME :
JOZEFOSLAI,J

JOZ CoUNTRY :

REcElVER: TYPE: JMR-4A SER. NO :

ANTENNA: sER. No.

HoRlzoNTAL cooRDl NATES OF REF. POINT DATUM

LAT|TUoE : 52o 06,

LONGlTUDE :
2Io 02,

VERTlcAL cooRDlNATEs oF REF. PolNT

HEIGHT ABOVE MSL: GEO|D :

ELLlPSolDAL HElGHT: 111 m GEolD sEPARATloN :

cAMPAlGN EXCENTRlClTY ELEMENTS(ax,av ,az ) (terr. ref. point- phase center)

t,,EDOC _2 41 .36 / -36 .B4 / -23.2l

AqENcY

GEOKART Po]and

Pl. Jednosci Robotniczej 1

00-661 l,larszawa

Remarks

a

Pol anrl



DoPPLER cAmPAlGN WEDoc -2
station lnformatlon

-79-

STATloN

coDE :

NAME :

KTW

KooTWr;IK

CoUNTRY :
NETHERLANDS

REcElVER : TYPE cMA 761 SER. NO :
s/N 1 18

ANl"ENNA: sER. No.:

HoRlzoNTAL cooRDlNATEs oF REF. PolNT DATUM: ED 79

LATlTUDE 52o1o, 45,,:o568

LoNG!TUDE soag | 

^1.:?q)a

VERT|CAL cooRDlNATEs oF REF. PolNT

1-|§iGHT ABOVE M§L:

ELLlPsolDAL HElGHT:

47.947 (A) GEOID : Levallois 1g?&

45.647 GEo|D SEPARATIoN : -2 "3

cAMPAlGN

WEDoc-2

ExcENTRlclTY ELEMENTs ( Ax. ,az ) (terr. ref. polnt- phase center)

-,l .93 / -o.,l9 /.-2.50
WEDoc-1 -1 .93 / -a.19 / -2.5a

+
RETDoc -1.93/-a.lg/-2.50
MERITDoc -1q1/-ólq/-) q,/'\

AGENcY

Department of Geodesy

Technical Highschoo]
Del ft
fdeling of Geodesie
Th,ijsseweg 11

?629 JA Delft

Remarks

NEDoc , ERrDoc , sEAToc , ERosDoc ,

all with sane excentrl-cíty
+



cAMPAlGN

WEDoc nL

DoPPLER cAtPAiGN WEDo'c -2
B0

statlon lnformatlon

ExcENTRlclTY ELEMENTS (ax ,lz ) (terr, raí, point- phase center)

o.oo / o.oo / o.0o

MATERA

ITALYCoUNTRY :

STATloN

coDE :

NAME :

MAT

Mx-1 5o2
SER. r.lO

ANTENNA sER " No.;

REcElvER: TYPE:

HoRlzoNTAL

LAT|TUDE :

LONGlTUDE :

VERT|CAL cooRDlNATEs oF REF. PolNT

LrxIALLO]s 78GEO|D :

48o .7 6

OORDINATES OF REF PolN DATUM. ED 79

l60 4z' 1 9,jo857

4go.66 (G) +
HE|GHT ABOVE MSL:

ELL!PsolDAL HEIGHT: GEolD sEpARATlON : "j'99__

4oo38 | 59:6215

Istituto Geografico
Militare, Firence
servizío Technico
Divisione Geodetica
I- 5CJ100 Firenze

ITALY

AGtNcY Remarks

* Genua

Terrestrial coordinates are referred to
the antenna phase center

I
t
a
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STATloN

coDE :

NAmE :

MET

MET§AHövI

couNTRY :
rINLAI,ID

REcElVER: TYpE: ,JI{R-4AT SER. NO :
6oN15o27

ANTENNA: §ER. No.:

HORIZONTAL COORDINATES OF REF . PolNT DATUM: ED 79

LAT|TuDÉ : 6c)01jIo?,lg3gö

LONGITUDE ; 24o23l41T63g5

VERT|CA!_ cooRDlNATEs oF REF. PolNT

HEIGHT ABOVE MSL: 54.o,13 (B) + GEolD : LEVALLoI§ 7B

ELLlPsolDAL 1-1ElGHT:
49.o1 GEolD sÉPARATloN :

-5.o

cAMPAlGN EXCENTRlClTY ELEMENTS(ax a z ) ( terr. ref . point - phase center )

!{EDoc_2 -0.24 / -a.11 /,-a.at
RpTnnn -3.99 / -1.85 1 .80

scANDoc 32.CI8 / 4.16 / -2o.82 +

sEAToc -o.68 / -o.38 / -1.31

AGENcJ

The Flnnish
Geodetic Institute
Ilmalankatu l, A.
SF - 00240 Helsjnki
Finland

Remarks

+ ERosDoc -0.68 / -o.38 / -1 .31

DoPPLER CAíúPAIGN WEDoc * 2

Qtatlon lnformatlol



DOPPLER CAMPA|GN WEDoi -2
station lnformatlon

-82-

sTATloN

coDE :

NAi,lE :

PNc

PENc

coUNTRy ; HUNGARY

REcElVER: TYPE: JMR- 1 A SER. NO : 547

ANTENNA sER. No.:

HORlZONTAL COORD |NATE§ oF REF. PolNT DATUM: Natlonal_
LATITUDE : 47o 47 ,

LONGlTUDE :
19o17,

VERTICAL COORD|NATES OF REF . PolNT

HE|GHT ABOVE MSL:

ELLlPsolDAL HEaGHT:

242.95 GEo!D:-
3oo GEolD sEPARATloN:

CAMPAlGN ExcENTRlclTY ELEMENTs (ax .ÁY. Az )( terr. reí. point - phase center)

WEDoc-2 -o.30 / -o.11 o.36 H

WEDoc-1 85.51 /11c .15/-117.38

MERTTDOC -0.30 / -o.11 / 36 #

DÖDOC /compl./ -II,62 / 5B.2I / -I.44 +

AGENcY Remarks

Institute for.Geodesy and
Cartography
Guszev u.19.
H-1O51 Budapest rHur€ary

r- Continuous observations from ApríL L977 untíl
december 1980 with the same excentricity

++ Countinuous observatj.ons from Apri1 11 1982
with the same excent,rícity



DoPplfif{ * í{e§Fe,i&rd WEDoc -2
§tatlon lnformatlon -83_

STATloN NAME :

PDM

PoTSDAM

coDE CoUNTRY : GDR

JMR- 1A
166

R EcElVER : TY:F]E SER. NO :

ANTENNA: sER. No.

HoRlzoNTAL cooRDi ATES oF REF. Pol NT DATUM:

LAT|TUDE : 5zoz2| 51,:446

LONGlTUDE : 1 ?Onq t (nllqrR

VERT|CAL cooRDlNATEs oF REF. Po!NT

HE|GHT ABOVE !#5L:

ELL|PSO|DAL t,lÉlGHT:

GEO|D :

107 " 80 GEolD sEPARATloN :

cAMPAlGN ExcENTR lclTY ELEMENTS (ax.a , az ) ( terr. ref . point - phase center)

WEDoc-2 -76.564 / -49.285 / 69 "797 +

AGENcY

zentralinstitut für
Physik der Erde
Telggrafenb,erg A17

15 Potsdam DDR

Remarks

+ Antenna

| ++ Antenna

phase benter unti]. Dec.1983

phase..center sínce Jan. }984

wBDoc-l -76.564 / _49 .28,, / 69 .J97 + l

-l

N'tr.P.TrDoc 3a,o42 l 79 .871 / -45 "246 ++ _ _ 
|

-|



DoPPLER cAmPAlGN WEDoÖ -2
station lnformatlon

_84-

sTATloN NAME :

coDE : RIG

RIGA

ooUNTRY :

c|4A-722B sER. No

ANTENNA: sER . No.:

R EcElVER : TYPE :

560 57,LAT|TUDE :

24 04,LONGlTUDE :

VERTICAL cooRDlNATEs oF REF. PolNT

GEolD :

GEotD sEPARATloN :

o

HOR|ZONTAL COORD|NATES OF REF . PolNT DATUM:

6m

HE|GHT ABOVE MSL:

ELLlPsolDAL HElGHT:

EXCENTRtclTY ELEMENTS (ax,ay.az) (terr. ref.cAMPAlGN

1,1EDOC-2 -L7.46

polnt- phase center)

3 3. 38
J-l -I.76

+ referred to the geodetic monument under the
AFU carnera

AGENcY
Astronanica] council of the
Academy of Sciences, USSR,

48, Pjatnitskaja St.
l,toscow 109017

Remarks



DoPPLER CAMPA|GN WEDoc _ 2

statlon lnformatlon
-85-

sPAINcoUNTRY

sAN FERNAliIDoSTAT!oN

coDE :

NAME :

sFN

TRANET 2 121SER. NO :

ANTENN,A: sER. No.:

REcElvER: TYPE :

ED 79DATUM:

LATITuDE :

LONGlTUDE :

VERT|CAL cooRDlNATEs oF REF. PolNT

Levallois 1978

-45.

HoRlzoNTAL cooRDlN Es oF REF. PolNT
g60z7l59,,:6681

-601 2| 14,j 3873

GEolD SEPARAT|oN:

GEolD43.154

-1.846

HE|GHT ABOVE MSL:

ELLlPsolDAL HE|GHT:

cAMPAlGN

!{EDoc-2 3.24/28.86/=5.1'?

3.24 / 28.86 / -5.17

ERosDoc

MERIT

,az ) (tcrr. ref. polnt- phase center)

65 / 2,7-

EXCENTRlClTY ELEMENTS (Ax,Ay

sHoRT MERIT 2. ^1 
t 0.79

_128.38 / 123.0o / 219 .29

Instituto y Observator
de Marl-na

AGENcY Remarks



DOPPLER CAMPA|GN WEDoc -2
statlon lnformatlon

86

sTAT|oN NAME :

coDE ; SOP

sopRoN

coUNTRy ; HUNGARY

RECE|VER: TYPE: cMA-751 SER. NO : 2(J-4

ANTENNA sER. No.:

HoRlzoNTAL cooRDlNATEs oF REF. PolNT DATUM: ED 79

LAT|TUDE : 47o4ol49:j3316

LONGlTUDE :
1 oo3l , 30,,!41o8

vERTlcAL cooRDlNATEs oF REF. PolNT

HE;GHT ABovE MSL : 340.243 (a) + GSO|O :
LElIALrOTs 78

ELLlPSolDAL HElGHT: 34 3 GEolD sEPARATloN: 1 .10

CAMPAlGN

WEDoc-2

EXCENTRlClTY ELEMENTS (ax.ay,az) (terr. ref. point- phase center)

1 .32 -o. 88

hrEDoc-1 1.32 / -o.aa / -1 .oo

AGENcY

Geodetic and Geophysical
Research Institute of the
Hungarian Academy of Scien-
ces, Sopron
Muzeum u.6.
Hungary

Remarks

+ Adrlatlc
339.568 Baltic

oo1



DoPPLER cAtPAlGN WEDÖC -2 - .87

STATloN

coDE :

NAME : TRIESTE

TP§ CoUNTRY :
ITALY

REcElVER: TYPE :
Mx_ 1502 SER. NO :

018

ANTENNA:

HOR!ZONTAL COORD Es F REF. DATuM: ED 79

LAT|TUDE : 45038, 37,:460

LONGlTUDE :
L395?,35,:023

VERTICAL COORD|NATES OF REF. PolNT

HE;GHT ABovE MsL: 402.97 (Cf GEolD Levallois 1978

ELLlPsolDAL HE|GHT: 398.82 GEolD.SEPARAT|oN : -4.15

cAMPAlGN XCENTR|C|TY ELEMENTS(ax az ) ( tcrr. rcí. polnt- ccnter)

l^lEDOC-2 0.00/0.00/0.00

tlEDOc - 1 0.00/0.00/0.00

ALGEDOP 0.00/0.00/0.00

stlI sSDOc 0.00/0.00/0.00

AGENcY

Istituto di Geodesia

e Geifisica
Universitá d,i Trieste
Vi a de]l 'Universi tá z,
I- 34100 Trjeste, Italy

Remarks

+ Genova

The terrestrial coordinates are referred to
the antenna phase center

a

statlon lnformatlon

sER. No.: 

-



DOPPLER CAilPA-IGN WEDOb - 2

station lnformatlon
-88-

sTATlqN NAME :

coDE . hlTZ

tdETTzELL

couNTRy . FRG

REcElVER: TYPE cNA72?B SER. NO : 602

ANTENNA: sER. No.:

HoRlzqNTAL cooRDlNATEs oF REF. PolNT

LATITUDE : 49008'44':073

DATuM ED 79

LONGlTUDE :
l2a52,46,:749

VERTICAL cooRDlNATEs oF REF. PolNT

HE|GHT ABOVE MSL: 5t6.45 GEo!D : L5VALLOIS 78

ELLlPsolDAL HE|GHT: 618. {5 GEOID SEPARATION : _L00_

cAttPA!GN

hlEDOc_2

EXCENTRICITY ELEMENTS (ax ,ly,az) (terr, ref. point- phase center)

0.00 / 0.00 / 000

l.lEDOc - 1 0.00/0.00/0.00
EDOc-2 0.00 / 0.00 / 0.00 ++

AGENcY

Institut für
Angewandte Geodösie Frank-
furt, DGFI Abt. 2.

Remarks

++ DUDOC , EROS-DOC , SEATOC , NORSDOC ,

TIMEDOc , HOTDOC

Terrestrial coordinates are referred to the
antenna phase center



DOPPLER CAMPA|GN WEDoc -2
statlon lnformatlon

-89-

STATloN

coDE :

NAME :

ZMl^l

ZI LD

ooUNTRY : st^,ITzERLAND

REcEtVER: TYPE: Mx- 1502 SER. NO : 234

ANTENNA sER. No.:

HORIZONTAL CooRD NATES oF REF. PolNT DATUM: ED 79

LAT|TUDE : 4ao52, 41,:3790

LONGlTUDE :
7028,00,:4278

vERTlcAL cooRDlNATEs oF REF. PolNT

HEIGHT ABOVE MSL:

ELLlPsolDAL HElGHT:

897. 84 GEolD . LEVALLOIS 78

B94.70 3. 14GEolD sEPARATloN:

CAMPAlGN

1,1EDOC-2

EXCENTRlClTY ELEMENTS (ax,av,az) (terr. reí.point- phase center)

-1 8. 69 34.89 2.51

blEDOc- i -18.16/34.96/3.08
EDOREF -18.69 / 34.B9 / 2.5 1

+++

MtRITDOC -18.69/ 34.89 /2.51

AGENcY

ETH Zürich
Astronomica1 Insti tute,
University of Berne
SidlerstraBe 5

CH-3012 Bern

Remarks

+++ EROSDOC , EDOC-2 -18.09 / 35.61 / 3.75

a
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APPENDIX B: List of Majority VÓte Formats used

In the following all formats are described which have been used for the
exchange of data except those formats which are all^eady contained in
CSTG 1983.(basicly raw data formats speóífied by the manufacturers):

Br1 JMR- Format for Majority Voted Data
====== ===================== === ==========

Record 1: A18
F4.0
F4.0
F2

Comments
Temperature ín Co
pressure in mbar
Relative humidity in %

Day of the year of ]ock on time
Hour of lock on time (UT)
Minute of lock on time
Microsecond read out before synchronization
2 digit microsecond read out of first
zero crossin9 (f.z.c.)
"Doppler count" at 'lock on
Signal status at lock on

Satellite variable data (l - T ). The 2nd
message word defines the lock on time
Satel]ite variable data (8 - 14)

Satellite fixed parameters
Satel l j te fjxed parameters

clock microsecond read out at end of interv.
Fractional part of read out (f.z.c.)
§ígnal status on both channels
Accumulated Doppler count (appr. 30 sec)
clock microsecond read out at end of 2. int.
Fractiona1 part of read out (microseconds)
S,ignal status of both channels
Accumulated Doppler count
clock microsecond read out at end of 3. int
Fractiona1 part of read out (microseconds)
Signal status on both channe'ls
Accumulated Doppler count
clock microsecond read out at end of 4. int
Fractiona1 part of read out (microseconds)
Signa'| status on both channels
Accumulated Doppler count

2
2l
?5

F4

19
24
28
30
34
36
38
47
50

?9
31

0
0
0
0
0
0

Record 2:

Record 3:

Record 4:
Record 5:

Record 6:

7(lx,I9)

7( lx, I9)

35
37
39
48

51-57
58_60

4L-46
47-49
51-52
53-60

-66
-69
-72
-80

F2.
F2.
F9.
F3.

F7.0
I3

(1
(8

7(1x,I9)
7(1x,I9)

7)
14)

1

7
11
13
2L
?7
31

61
67
7L
73

6
9

t2
20
26
29
32

I6
I3

2IL
F8.0

I6
I3

2Il
F8.0

I6
I3

2II
F8.0

I6
I3

2lL
F8.0

4033

Al] records starting with 7 have the same structure as record 6. The end of
the pass is indicated by a negative Doppler count (-1)



B.2 Majority Voted Format for CMA-722B and DOG-2 Receivers

Record 1:

26
40-46
47-53
54-60
79-80

-91 _

Doppl er
Doppl er
Dopp'ler
Doppler
Doppler
Doppler
Doppl er
Dopp1 er

-10
_13
-18
=22
-25
-37

1

11
14
19
23

A10
I3
I5
I4
I3

3A4
F7.1
F7.L
17 .l

l2

station name
satellite number.
Day of the year of lock on time
}lour of lock on time (,UT)
Mi nute of ]ock on time
Conments
Fressure in mill[bar or Torr
Temperature in C|
Humidity in %

Number of 30-sec Doppler counts
( opti onal )

Duruny record

Satel]ite variable data (2 - 7). The 2nd
message word defines the lock on time
Satellite variable data (8 - 13)

Dummy record

Sate'| lite fixed parameters
Satel lite fixed parameters

Dummy record

Record 2:

Record 3:

Record 4:

Record 5j

Record 6:
Record 7:

Record 8;

Record 9:

lx,6(lx,I9)

lx,6 ( lx, I9)

lX,7( lx, I 9)
1x,7(1x,I9)

(l
(8

7')
l4)

3
L?
22
31

20
30

_39
42-50
51-59
61_69
70-78

F9,?
F9.2
F9.2
F9.2
F9.2
F9.2
F9.?
F9.2

count
count
count
count
count
count
count
count

400 MHz
150 MHz
400 MHz
150 MHz
400 MHz
150 MHz
400 MHz
150 MHz

7 x4
7 x4
6x4
6x4
7x4
7x4
5x4
5x4

11 6
6
6
6
6
6
6
6

A'l1 the records starting wjth 10 have the same structure as record 9. The
end of the pass is indjcated by two additional durrmy records

Relrarks: The integration interval is internally set to the followirg
values: 0.536786250 min, / 0.460102500: irlin /,

0.536786350 nrin. / 0.466328958 min /.

In Graz now a new version of MJV is used since the CMA-722B receiver cannot

handle NOVA-type sate]lite messages properly. This new version provides 14

variable parameter as described in the JMR-Format.
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B.3 Majority Voted Format for CMA-751 and ct'lA-761 Receivers
== ========= === ========= =========================== ===========

Record 1:
1

15
17
22
26
35
39
43
45

1

4
9

13
18
22
26
30
a,JL

-3
-8
-L2
_15
-2t
-25
-29
-31
_48

A14
I2
I5
I4
I3
I4
I4
I2

F]19.0

I3
I5
I4
I3
I4
I4
I4
I2

F17.0

14
16
?l
25
28
38
42
44
61

Version A
corrnents
Sate'|lite number
Day of the year of lock on time
Hour of lock on time (UT)
Minute of lock on time
Temperature (in coded form) ('aee CSTG 83lpressure in millibar,Humidity in %

5 MHz c]ock read out at. lock on

Version B
Sate]]ite number

, Day of the year of lock on time
Hour of lock on time (',JT)
Minute of 'lock on time
station number
-TenJ,erature(in coded form)pressure in mi]libar
Humidity in %

5 MHz c]ock read out at lock on

Sate]]ite variable data (1 - 7). The 3rd
message word defines the ]ock on time
Sate]]ite variable data (8 - 14).

Sate1 lite fixed parameters
Satel l i te fixed parameters

Up to 32 pairs of Doppler counts con-
sisting of 400 MHz and 150 MHz counts
respecti vely

Time intervals pertainin9 to the pairs
of Doppler counts in records I - 8
Signal strength of the 400 MHz and 150 MHz
channel of record I - 8.

Record 1:

Record

Record

Record
Record

Record

2:

3:

4:
5:

6-13:

(1
(8

7)
14)

Record L4-2Lz

Remarks:

2x,71 10

2X,7Il0

2x,7I10
2x,7íL0

],X,8F9.0

1X,4F7.0

2x,8I5

There are some other formats in use in which the first column

of the records 2 - 2I is omitted.
In addition, there exisds a format where the first word of the

sate]lite variatlle data belongs to to - 6 That means that the

4th variable message word defines the lock on time (eg. Honefoss)
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B.4 Majority Voted Format for MX-l502 Receivers

Record 1: station name
Satellite number
Day of the year of ]ock on time
Hour of lock on time (UT)
Minute of lock on time
Number of the 30-seconds intervals
year of the observation
serial number of the receiver
Fractions of minutes of lock on time
(optiona'lly)

. Satelljte variable data (1 - 7). The 3rd
message word defines the lock on time
Satellite variable data (8 - 14)

1

19
2I
26
31

_10
-20
-25
-30
_35

36-40
4L-45
46_50
51_65

A10
I2
I5
I5
I5
I5
I5
I5

F15. 10

Record 2:

Record 3:

Record 4:
Record 5:

Record 6:

Record 6+N:

Record 6+2N:

7I 10

7I 10

71 10
7I 10

8F 10 .2

4FL0.7

Sate l
Satel

ite fixed parameters
ite fixed parametersl

(1
(8

7)
14)

Pairs of Doppler coünts consisting of
400 MHz and tr50 MHz counts respectively.

Time intervals pertaining to the respec-
tive pairs of Doppler counts starting
with record 6 in minutes

Durrrny record, end, of pass

Remarks: Tlris type of nlajority vote format has been proposed by Graz in or-

der to circumvent the prpblem either to send binary raw data or

to send readable integer numbers which are very extensive.

The number N is defined as follows:
N = M/8 if M(mod 8) = 0

N=M/8+1 if M(mod8)lO

where 14 is the number read jn in record 1, columns 36 - 40.
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B.5 t{EDm Data Exchange Format
============== ===== ========= ===

Record 0: Tape header

Name of the figure
Chebychev fi t order
Year of file generation
Month of file generation
Day of'file generation
Nunber of stations involved in the figure
Type of ephemeris used
year of observation

Name of the figure
Type of ephemeris used
satellite number
Last satellite injection (min. of year)
lphemeris 

'lock on (minutes of the year)
Sate'| l i te ephemeris span (minutes )Satellite frequency (corr. to 400 MHz)
Number of stations involved in this pass

Time interval since time of t^ (min)
Mean motion (rad/min) v
Eccentri ci ty
Arg. of perigee at t^ (rad)
Right asc. of asc. nöde (rad)
Right asc. of Greenwich (rad)
Inclination (rad)
Fit-parameter code

Record 1

Record 2:

Record 3:
Record 4:
Record 5:
Record 6:
Reaord 7;
Record 8:

Record 9:

Record 10:

4F19.11
4F19.11
4F19.11
4F19. 11
4F19. 11
4F19. 11

15I5

F11.6
Fl1.6
Fl1 .6
F11.6
F11.6
F11.6
F11.6

I3

A10
I7

F14. 11
F6. 1

F5. 1

F5.1
I2
I3
I4

F5.1
I3

1

L2

1_10
12_13
15-18
20-2l
23-24
?6-27
29-38
40-43

23
31
39-45
47-49
51-58
60_61

_66
-77
-80

Al0
12
I4
12
I2
12
A10
I4

Al0
A10
I7
l7
l7
I3

F8.1
l2

-10
-2t
-29
-37

- 11
-22
_33
-44
-55

1

L2
?3
34
45
56
67
78

1_
t2-
19-
34_

46-
51 -
53-
56-
61 _

66-

10
1B
32
39
45
50
5?
55
59
65
68

4I

Chebychev-coefficients X 1-
Chebychev-coeff icients X 5-8
Chebychev-coefficients Y 1_4
Chebychev-coeffi c jents Y 5_8
Chebychev-coefficients Z L-4
Chebychev-coeffi ci ents Z 5-8

Number of Doppler counts for maxima]
15 simultaneous observing stations.

station header of first station
Name of the first station
Lock on time (minutes of the year)
Lock on time (fractions of minute)
Pressure (mi 1 liba6)
Dry temperature 0
Partjal vapour pressure
Pass geometry code
Receiver type íf availab]e
serial number of the receiver
Receiver frequency offsett from 400 MHz(Hz)
Number of time interva'ls
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pagei 94 continued

72 - 74
75-77
78_80

I3
I3
I3

Day of lock on
Hour of lock on (UT)
Mlnute of lock on

400 MHz Dopplercoun.ts corrected for
first order ionospheric effects

Record 11: 6F13.5

Record 11+N: 6F13.10

Record 1l+2N:

Time intervals in minutes

Next station startíng with recórd l0.

The next pass starts wíth record .l.

Remarks: This format has been created in collaboration with the Institut
für Angewandte Geodásie Frankfurt (Herzberger)

It is, ]ike the now installed SEF-format, a receiver-type in-
dependent format whích does not affect ttie original input data

and only performs the first order ionospheric correction.
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APPENDIX C : Similari ty Transformation

Two 3-D coordinate systems can be connected by the following similarity
transformation for i-th point conmon to both systems:

cl

.1

{x[,l], [l] 
-(1 +u)

vx

vy

i vz i[.;

z -oY

0x

1

+

|',|

where AX, 
^Y 

and ÁZ are translation parameters, u is the scale factor,
9z, üy and c, are rotation parameters and v* v, and vz are the residuals.

Having more than 3 points the above transformation can be solved for the
transformatíona] parameters by means of least squares adjustment. The

standard,deviation of unit weight is computed by

ltuí * r2r*rlla=
o

n -7

The residual rms ina given direction, let us say by X, is computed

ox 
ry rz

I
2Vx,y,z

n

The v*, vy, v, residuals are transformed into the horizontal systems
Vx, Vy, Vh by

ux

Vy

];I

-sing costr

- sinl

cosQ costr

-sin6 sinl

costr

cosó s i n},

cos0

0

sinQ

v

Vx

Y

zh
V V

i
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^PPEXDIX 

D : Transformqtign Carlqsjq1 - Polar System

The 3-D cartesian coordinate system X, Y, Z can be.transformed to the
polar coordinate system ö (declination), t (hour angl.),. . !(di:stance).

The formulas for transforming respective coordinate differences are the

fol l owi ng :

AX = S cos6cost
ÁY = s cosös,int
AZ = s sin6

ö = arcta n ( L7/ ,fiF ,Ntr]

t = arctan ( AY/AX )

AX2+AY2+AZ2

dAx cos ö cos t
cos 6 sin t
sin 6d^7

The Q-matrices in both systems are connected by

dÁY

][

-sin ö cos t
-sin ö sin t
cos ó

-sin t
cos t

0 ][,,,,,,.]

9a,. EOET--e - or !" 9 ar'E
T

L

whene E is the transforrnation matrix defined in the'last formula above.

(ree RINNER. 19S2l.
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Correlation matrices of the nultJ.polnt computations

GEODOP (Graz) and SADOSA (Penc)
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l05
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l0
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842
5ó
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780

34
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-38 l
783

3
_307
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-90

- 308
23l
-l<
:tl
5ó2

-l l7
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794
-?4

_3ó7
805
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-33lt
8ó3
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EFF
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l.z

- 3?i

5l
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ól
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ló
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-e8
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-56
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l07
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7
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0
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87

7ló
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l 000
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-l33
7?3
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83e
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735
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837
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?89
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75?
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_ l92
800
_43
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23

-e5?
656
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-?12,
209
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z6z

-le7
-345

7ó0
_8

_28ó
799
z7

-2l 6
83ó
8?

_30 0

9l
36?
ll
.3l

a90
-78
_ó

l 000
-73
la2
500
l9
49

óe3
-ó5

30
.38
-ó5
9{

6a3
-lt
l08
a9l
?.

8
6?2

-l??
ól

.tló
-?3
95

5{7
-ló
l09
520

33
tl

5óó
_ó8

9{
ól5
-l?

ó3
.ó7
_{6

75
z7l
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l0l
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3
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slz
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l00
]56
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a
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69
93

5{6
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70
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65{
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-370
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788
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_73

l 000
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_335
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7óó
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_9ó
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457
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7a6
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_99
6l9

_387
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85ó

7ó9
l0l
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7.ó
lz2

_30 }
l00 0
-36
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-?82
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l3ó
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l64
233
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808
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,73
l00

-27 3
7?t
5z
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75{
l93

-e58
85l
l0ó

_?6 l
?2z
l{{

-zl?
ó53
l5
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8{9
89
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773
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óó9

9
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-6e
ö8a
_9ó

-?6z
76?
l02

_?5 0
800
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805
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_30c
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ó38
-l9
-96
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500
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l 000
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_ l00
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-l l8
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735
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-23
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633

-lóó
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ó78
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(r?0
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595
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_l 00
73ó
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_ l0l
_,? l
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(tt 7
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a
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?5

l3l
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_t7
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-l9
óó9
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_ l30
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0

,9l
_.?2

3
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l 000.
.l{5 7
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-3, l
9
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a
8ó5

_38l
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76?
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l5

8l?
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?
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-l0
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-{{3
5

l l0,
_ 3ó0
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5

7t9
-3?7

30
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?
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_3.9
8
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-1.8

76
1.8

-?e?
39

ó0|
-362

-t
789

_4 l5
l

8lB
_.a 7

2
az6

Computation Craz: Correlat,íon Matrix.
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Computation Penc: Correlation Matrix,
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Computation Penc; Correlation Matrices continued,
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Corirputation Penc: Correlation Matrices continued.



l09 -

HEY Pol,.l Pl,|c Rl§

BLz

80R

8Rs

c6L

0to

EFf

6RY

0Rz

HHc

HoN

HVR

Joz

x T!l

HAT

xEn

HEl

PNc

Rl6

sFN

slx

soP

TR§

llz

zrY

870
l7ó

-57 l
8{0
ló?

-5.0
80l
ló7

-5ó0
ó56

90
-ó58
?99
l62

-5ó5
8|3
203

-588
79?
ló0

-583.8ól
l57

_57 0
857
l80

-57 ?
8l3
l96

-59 l
873
2l3

-593
83e
lól

-5ó7
87+
l59

-57{
839
l95

-59l
809
l55

-5{7
8?{
l7l

_57a
l000
:?3

_{73
85?
l8ó

-5ó9
8ó0
l70

-582
8ó9
l3l

-575
ó07

50
-{óa
7ló
ll8

-57 0
8l9
l53

-539
783
l{l

_533

-58.
838
l99

_ó.0l

l0ó
593

_a33
l05
55l

-2l8
92

18l
-?34

98
a3§

- l9t
l52
a{?

- l92
98

{?l
-?{o
l07
l70

_2a l
l l9
58z

-2|?
ll.
5l.

-?35
9f

.l l
-271

88
57{

- 253
|??
{58

-224
lló
6?6

-?l l
93

. {aó
_25 l
l2{
.07

_? l4
l07
.37

-? 39
-23

t-sa_q
- l78
l02
532

-?40
l2l
559

-?22
ll9
ír55

- l84
l0l
ló7

-l7?
l87
{l?

-l{0
ltl
ó50

-220
l05
382

_a l9
l05
a9l

-?aó
l08
a60

,2+9

_ó05
- l83gl5
-s87
-l70

773
-óló
-l l8
697

_523
_l00
58ó

_587
-2l e
767

_ó39
-l53
. 79a
-6?3
- l37
735

_590
- l9ó
8?l

_ó20
_ l83
19l

_ó.ó
-t32
ó99

-62?
_t30
80l

-6l 2
_ l8l

77 (,

-590
-l9ó
835

_ó 37
-l38

7{5
_ó03
-l7{

744
-óec
-lól

747
_{?3
-}1Q
l000
-ó l5
- l59
785

_ó 05
_200
8l8

_57 l
- l87
83l

-54?
-59
509

_4 9l
-23 l
745

-58ó
-lól

754
_579
-l{?
7?4

-62?
-ló5
79?

_ó48
_ló8
7ól

9?0
l§3

-ó3a
893
la3

_596
8?3
lól

_590
73l
96

-.79
8.1
l62

-6a9
9l6
l9l

-622
87l
l63

_6tt
900
laa

_ó4 l
9e0
ló0

-6?"|
88?
l9?

-óe0
929
l74

-ó{:
896
l§2

-óló
910
l{ó

_ó48
9l3
lB{

-6?4
8?4
l48

_593
902
l70

_ó 06
857
l02

-ól!.
l 000
l20

-580
909
l55

_ó.5
894
l l7

-65 l
óó6

55
_492
l?2
l{3

-614
8ró
l37

-58c
8a9
l2q

-5l?
9l9
lól

_ 6?8
9l?
l97

_ó33

l7B
61?

-l73
l68
ó3l

-ló5
leó
499

-?l?
l?0
3l6

-l70
2tl
3l9

-l39
l{0
6l7

-22,
l35
{9l

-??,0
l97
6l5

- l55
l75
ó39

-l76
le3
538

-23.
l48
ó79

_2l l
l83
579

_ló6
l97
ó39

- l58
l3?
5B.

-?28
l8l
52a

- l57
l49
575

_205
l86

.53?
- l59
l20

l 000
- l79
lc5
ó39

-ló0
e0l
590

- l59
9ó

200
_ l85
20|
385

- l5ó
l74
55l

- l6?
l55
493

_l70
lól
ó25

- l95
l44
ó06

-2?3

_óla
-e?q

876
-59ó
-2z1
83s

-ó l0
-l0a
80l

_5l 0
_9l
ó80

-ól?
-255
8l5

-ó33
-ltó
863

-ó l2
-le3
8{8

-6l 0
-2+9
8ó0

_ó2 l
-2 l3
88l

_6a l
-l0l
809

-621
- ló9
883

-ól3
-203

860
-ól l
-258
8óó

-632
- l30

853
-602
_ l92

8?8
_ó l9
- l5e
857

_5ó9
-240

785
_58 0
- l79
l 000
_ó l7
-243
878

-598
-?6?
833

-55 l
-45
578

_557
-25?
735

-589
-l90

829
-575
- l55
8l2

-6?0
- l84

8&ó
-64 0
_ l55
875

923
l8l

-6zz
89l
l7l

-589
8a9
l78

-ó l0
?za
l06

_ó8?
88l
l50

_ó05
89ó
?|1

_638
855
l80

_62 t
9el
l5?

_62 l
9a8
l8,

_ó l5
858
2qe

-ór 7
907
2lö

_658
9l2
ló8

_598
926
l57

-6 30
806
?ql

-6{3
897
l57

-57 3
892
l9|

_6l l
8ó0
l2l

_605
909
l95

-6l1
t000
l0?

-599
903
l36

-63l
ó43

{9
-5 05
7{9
l32

-ó 32
88{
l59

-577
85l
la8

_5ó5
9l6
l9a

-626
90l
2?3

-ó{ a

lól
ó96

-?29
l5?
óa8

-2 l5
l{?
4ó8

-2a9
lló
3la

-7|6
l95
6l7

_l 75
l{9
583

- 2óa
ló0
a7a

-2ó8
l7l
ó79

-?0 9
l55
óó0

-24o
l50
5l0

-235
t55
ó3{

-25z
l5ó
626

-e30
l72
695

-2l l
lóö
5{5

- 2ó{
l50
585

-2?0
l{5
557

-2ó0
l70
559

-?00
l55
639

-2{ 3
t0?

l000
,2|1
l8?
ó26

-20 l
l29
20ó

-20z
??|
42l

-lót
l5.
579

-?19
l38
509

-2?9
l50
6??

- ?5ó
l{7
58.

-2f 3

-ó3a
- l99
905

-6l ?
- l87
85ó

-ó{7
_98
789

_539
-8?
ó8.

-597
-2aa
88?

_67 0
-t3.
85ó

_ó19
- l09
6r8

_6l5
-230
908

-ór l
_ l8l
9l0

_ó8 l
- l07
79l

-662
- 1.7
a7?

-626
-lr5

89ó
-ó20
_23ó
9ll

-67 0
_ l2l

8a0
-ól?
-ló7
87l

-ó5?
_ l33
8ól

_582
-???
8l8

-óa5
_ló0
878

-599
-2l 7
l000
-ó0 7
-2+l
87{

-5 78
-4ó
579

-529
-??5
80l

-607
- l63

858
_59 7
-t32
83l

_ó| 8
- l57
899

-6T 6
- l39
873

909
l9.

-599
877
l8l

-5ó,
83í
l7,

-593
69l

95
-a8l
8a6
l7t

_589
878
elt

-ó2 l
8?l
t7l

_ól{
902
ló7

-597
896
l9e

-ó03
8{{
?02

-627
90ó
?2l

-óe8
87r
l7.

-592
9la
l69

_ó0 l
8?r
201

-625
851
ló3

_57e
8ó3
l85

-60?
8ó9
ll9

-57 l
89{
20l

-596
903
l8e

-ó07
l000

49
-57 g

632
5l

_ {8,
756
l2l

_59 7
859
lóí

-5ó3
8??
l5e

-55ó
89l
l9{

-6l a
87{
z|?

_633

la3
658

_?53
le3
612

-?36
l08
4z5

-255
l07
26l

-?l3
ló5
5ló

_ 208
lt5
5z6

-?l 2
la?.l5

-2b5
l3{
6t8

-?3l
l27
9rB

-?ó0
t15
4ól

_258
l06
ó30

-?l l
l3s5ll

_ ?.9
l3?
ó90

_?3 l
l09
§95

_?r3
l33
aó7

_ ?.l8
l?l
r87

-zb5
l3l
ó5!

-l8?
l 17
590

-26?
l35
628

-2a^
{9

l 000
-?05
l15
l86

_ l92
2t l
a§l

- l54
l?3
505

-?4?
l15
|32

-?- ll3
lz0
5{8

-?lI
l?{
5l3

-2f 1

_óó 0
_ l80
6óB

-622_t,0
8l9

-ó53
-ll7
7.1

_55l
-l0 l
6?l

-ól 3
_2l 9
B?ó

-677
-l5r
80l

_ó59
_l3,
7E.

_ó?3
-?00
873

_ó5 l
-l Bl
85l

_ó6 {
_l33
7t3

.óó l
-l 32
8a3

_6l l
-l82
830

-6?3
-20{
886

-6l5
-l38
79l

-63?
-l75

799
-665
- I59

798
_5I5
-l.9í
83l

_ó5 l
- l59
833

-ó37
_?0 l

8 7..
_578
-205
l 000
_573

-51
5a(

-5l l
-25{
796

-ót8_lól
805

_6l 0
_l{0

77§
_ó56
-ló5
8{3

-ó9ó
- l68
8l2

§Rs

Pox

853
l8l

Ccxnputatíon Penc: Correlation Matrices continued.
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Conputatíon Penc: Corre]-ation Matrices continued
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Computation Penc: Correlation Matrices continued,
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