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20 YEARS OF EVOLUTION FOR THE DORIS PERMANENT NETWORK:
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Abstract

The ground network is one of the major components of the DORIS system, Its deployiment,
managud by [GN-France, started in 1986 at a sustained pace that allowed it to reach 32
stations upon the launch of the first DORIS-equipped satellite (SPOT-2). The (irsl generation

of transmilling anlenngs

performance objective for more

k, the

stabilily of the reference point. As the positioning accuracy of the DORIS system wenl on

improving, ib turned oul 1o be necessary to review the antenna stability for the whole network.

A somewhal subjective stability estimation, using criteria which are discussed, was followal
T . — (S

by a major renowvation action which started in 2000 and is now almost completed. New

installation procedures, aiming a1 mesting much more stringent stability requirements, were

entorced and resulted inoa definite improvement of the overall network quality, through the

renovation o mstallation of 43 slations in six yvears. Now that the renovation is almaost



completed, a more analytical approach has heen taken to assess the potential stability of all

DORIS occupations,

Besides deploying the network, 1GM is alse in charge of its operational maintenance, an
L . : g

intensive activity on account of a significant failure rale of the successive generations ol

equipment. Nevertheless, thanks to its unique density and homogeneity, DORIS has alwiys

maintained a very good coverage rate of the satellitey orbits,

Through a large number of well-distributed co-locations with the 1G%, SLR and VI.BI
networks, DORIS contributes significantly 1o the realisation of the 1ERS reference rame,
Morcover, with many stations located near. and accurately connected to tide gaupes. if

participates in the monitoring of sea level changes.

Although it has several advantages over similar ones. there is still room for improvement for

the DORIS network, towards even better orbit coverage and contribution to the IERS frame.

Keyanrde: ININIY, wacking network, geodesy, refirence frames, co~location
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1. INTRODUCTION : HISTORITAL BACKGROUND

The realisation ol lhe DORES sysem was decided jaintly in the early eighlies by the French AMIACE agency
(CNES: Cenfre National d'Eludes Spatinles), the French national mapping apency (TGN-Fi Institue
Udagraphique Mational — Trance) and a research group in the ficld of space peadesy (ORGS: Groupe de
Recherche en Géoddsie Sputiale), Because of it experience in the field of the nslullation of geodetic networks,
FGM Ras taken care of the deployment of the ground network and of the determination and publication of the
statloms coordinates (Willis et 2], 20055 For twenly years now, the geedetie deparmment of TGN-F (SGN; Service
|
de Géodésiv ¢l Nivellement) has heen negn:intaﬁ.}g_‘; agrecments with host agencies, ins;a]ii—gék[he equipment,

: [ aa
sun-'u:'}-':ﬁ:;ﬁ the anlenmas, and kﬁepfng the DORLS stations in warking condition. Stmee then, the DORIS sveem
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has evalved ine a larger international eeoperation, leading 1o the recent establishment of the lotermaiiong)

DORIS Service (109 {Tavernicr ot al, 2002: 20050,

An cazential requirement far the procise computation ol the orbils was to ensure an almost constant visibilioe of
ar least ome around station by the oo-boand reeviver, On the other kand, to be ahle o express the urhil in o
geocentric temestial relereney wysem, the coordmares of a sufficient sumber of well-distibuled stations had oo
be wyvuiluble in the same svsem. To mest the orhis caverage requirement for the SPOT-2 satelliee {832km

I-~.c.lu ) 5:2-
altimde], it was estimated that the network should benode-ol approximately U stations, as evenly distributed as

possible around the globe,

ooedure, fllowad by a desoription of the
Fistory of the netwerk’s deploviment amd

cvilution, For cach of the thre

the warions anfenna layonts that may bave a signilicant miluenee on the long term antenna stability, a prowing
|

concenn as the accuracy ol the TORIS data anulvsis resuls have h%:ﬁ-ﬁg cever the years After listing the
wbiditivnul stalions installed following propesals mads in the frame of the Internati >

cxplain how the network 1
review the current network status. aller some genwal information sbow is configuration, the hast agenciss and
the information Lo wers, we will presenc o detailed antenna stabiliny evaluation approach, In chapter 11 we will

address all aspects related with the DORIS antennas surveying and coordingtes deteomination: the deliniton of
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the reference points, the surveying provedures, snd the determination of geocentric a prior cvordinates. (o-
location with other TERS spuee geodesy techniques on eme hand, and with tide gauges on the ather hand, will
cand | uls

then e listed, Woe wall finisk ot by presenting the planned r.".'u]uiiur%{ of the newark, after analyzing il

strengehs and weaknesses and comparing it with other space reodesy eehnigue networks,

2. THE STEPS OF A DORIS STATION INSTALLATION

2.1 Sites selection criteria,
)
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/e ulted ¥ T
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The inmitial fist of porential DORIS slalion luuatinn{iﬁhin]}é ansned from the need of geoveniie coordinates, the
best sourve of w acy space geodesy
techniques available at that time: Very Long Baseline Interferometry (¥ LB and Satellite Laser Ranging (SLE).
When none of these mstruments were available, courdinales could he obtained through Doppler Trunsit or GI'S
i oo : 2 L ‘l'iﬂ.:-'a =S4 I'.fl, 3 A
positioning, either alteady delermine in the frame-of miernational measurement Clnpaigns or le-be measured
by TGN at lhe sume time as the DORIS squipment installation, This was notably the case a1t many islands
primarily selected in order 1o meet the densily and homoegencous distribution eriteria for the network, sven

E
o b
thaugh no space geodesy measuremenls kil ever boen porformed at thesa sites)

“The concern tor co-locations between the THORIS sutions and lde gauges appearcd latee, with the srowine

interest tor sea level rise related studies,

2.2 Belection ula hosl ageney,

After a site had been a-prioet selected. o host agency Tad W be found, whe would agree to hast the station and
R
lake: care of its maintenance, and where the Tolloving needs eould-be met

® The wansmitling beuean und its backup power supply needed to be ina room with moderale lemperaturs
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and wmntmumﬁ,;mdmm with tains power supply available,
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* The antenna had o be nstalled ouside with g clear view above 10 dcg,rccf;ujl a slructure that would allow
the wse of the unlunng supports - suved tower ar wall side moust  aveailuble ai that tme.

= The bost ageney sheuld apree o cany out some occasiondl mainwnance operatiens at TGN request. This

RN LR

winlld imalude some miner verilications and wljustments, as well as sending ::-.u.r_u:-;f—.'ald:s.r equipment for
rEpai.

= Tbwus necessary to check that the frequencies transmilted by DORIS would not be likely 1o interfere wilh
eristing roceivers in the area, When this could nol be avoided, the soluton zenerally nnnsls{?uf a lemporary
interruption af the DORLS wansmissions, cither manual or amtomatic, The receiving systems that are likely
tar be alTevted by the OIS sigmal are:

The YL antennas: such interferonce can be aveided by having a physical sipnal ohstruction between

£l

hath anteonas. Wevertkeless there i3 one case (Kavai) where hoth antennas are inler-visible and no
interference have Been nued, su this issuc deserves finther imvestigation.

Upper wir soundings carried sut by most mereoralogical stations. Only semne models of Vaisala receivers

g

are likely to he affiected, aod soch inlerferenee sveurionly of the DORIS antenna and the radiosende

amtenna ace very close w ench other (less than 30 m or so).

2 The 2 GH snlennas used by the Anans tracking starions at Kourow, Ascension and Labreville.

I order o check that the prospective host agency would meet the above requirements, a questionnaice was sent
which generally resulted in yesing answers Lo a few questions, and a variahle amount of details aboul he sile

: ﬁ:":.'-|1't'|': i = . L L
layaut, This has been progressively evobeing throughout the network’s depleymenil, wilk & deeper and decper

preliminary snevey heing conducted as the requirements Tor unlenng stabilily beeame mare stringent (see chapter

T

Then it was necessary

which was in most ca

be sranted, whick was generully handled 1 national

radic communications authorities. This n

eapeciall the recent vears, after a “easy™ ones hod been wchivved in the first years - ok up o two or

i f- ;
45 hrey 4 "i‘.':..:'r-;"l'?i,»"'l

s sueeeding,

thige wved

of
g
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23 Installation stage.

Unce 4 host ageney had been foand and all the necessary uulborizations granted, the installation was perfonmed
by I This stape included @

¢ Drspatch ond custems clearanee of the cquipment.

= Tnstadlation and sartine up ot che smatbom,

= lraming of the staff who woold take care of the maimlenanee,

Geadetic survey of the amtenna’s relerence point, resuliing in the comneation to another spuce zeodesy

techoigue, or W e Jocul geodeie network,

3. IDENTIFICATION OF THE DORIS SITE AND POINTS

Euch DORIS site (e 8 location hosting & TIORTS station, where severa] sueeessive DORIS paints may have

Been present) is identificd by tts name. This mune cun by

& The name of the “space geodesy site” - cspesially in the sarly days of the network depleymenl — which in
SOMIL CRECE Wias very large fup 1o 30 km) Tor example, the so-called “Libresille” stution 15 10 fact lacared at
Mo alang, 4 km avway from Libreville

L]

The name of the city where the stotion 15 located, or the name of a nearby major city

= The name of the sland where the stnon i3 located.

Ina few cases, the chosen site name turned oul Baler nel w be o very wise one. For example, “Calapagos™ is the
name of an archipelago made fen or so 1slands, extending avar M0 km, Therofore a more acewale name (Sunts
Crug, Lo, the name of the igland) was chosen when a new stalion was mstelled in March 2005, 10 order e avaid

contusinn wilh the fest station mstalled at 5o Cristobal island, inuccursdely named “Calapapns™.

Fach DORIS point (e each location ol'a THORIS enlenna reference point) 8 dentified by

= A DOMES nuenher (e 102028003 fior the curcent DORTS anlenme ul Bevkjavik),
Cdelimi ik

A Tour charyeter 1D or geronyim, used nthe data file names and-duile as follows:



The wvery First DORIS starion was Tristan do Cunhs (eede TIRIA), which was installed by the Prouwdinun

Lt [
W

Coeanographic Laboratory i June |86, '[hcn.mstallatmn_ dollowed nstallatian ar o sustoined paee, with about
L s slolions o yeur (fgure 1) durmg the first fwe vears, allowing the network W be operational when the first
BORIS-cqmpped recetver (SPOT-2) was launched. Fizwe 2 shows the disteibunion of the 32 stations that made
up the network on the official starl ol the DORIS system operation (end of Tamuany 155900, wilh visibilioe cicles
corresponding wothe 12¥ cut-off angle used ac that time in the CNES pre-provessing of the data. Then the
deployment went on at a steady pace of shout § new stations per yesr until the end of 1992, This date also
marked approximately the end of the deplovinent of Lhe first gencration antennas, which will be deall with in

chapter 5.

|
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Az of 1983, the netwark deployment wenten al u slowser pace, The number of stations reached 49 roughly the
inirial abjective of 50 siations by the end of 1993, A fow now stations were added, and o few existing ones had
to be moved W oew locutivns cither following the clasure of hast agencled facilities, or lo improve their co-

location with other geadesy technigues, All these new stations were equipped with sceond peneration antennas,

and a Tew with second gencration beacans,

Az ol 2000, & general renovation was initated, in arder to improve the overall slobility of the antennas reforence
poant. Many statioms wers completely rensvated or moved oo new localion, A few new sations wers installed,
all mecting the new, more steingent requiremnents stabilite wise, The deplovment of the third generation beacons

S S lared in 2002, W
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5 THE DEPLOYME!

I'OF THE EARLY NETWORK: THE ALCATEL ERA
3.1 Description of the equiprment

‘Lhe first version of the equipment that made up a DORIS station consisted of
*  The heacan, version 1.0, manufactured by CEIS, France, This elemenl (Figure 3), weighmg 24 kg and
desigoed Lo be integrated inlo o standard 1% inches vack, had to be matalled inside a building with moderate

temporamre gradient. [t eonld be propratmmed theough an integrated .E.]Ef}.'i]_l?'_qt%j”? interlave consisting of a
b T = Ja



keyboard and a LOD sereen. The heacon g

MHz {12 W
i e
""IIW 1 1-.'/
* A box conaimng three 123 batteries, providing backup powe
A

up 1o T2 honrs,

= A dual frequency and omni-directional anlenny (Agure £, manufacored by Alcatel, This unlenna was
bolied vn an imwerface (consisting of a square horizontal plate welded to o veraeal mke), which conld be
manited on o vardely of supports, in most cases a small Jattice rower,

= A weather station (figore 4} mewswring lemperaturs, pressure and homidity. These puramelers are

trarsenitied through the 400 Mz modulated signal and van be used w correet for armospheric propagation

delays,

3.2 Aleatel antenna layouts

e i
In order w bo akle o adapt o the various site lavouts likely (o be encountercd, and For lack of detailed J' Hu

b bAl g 4

| information allowing to detecmine belorehand exactly where and how the antenna and beascon would 1:H.:|I

| - R ioara
H 4 r"'

installed. o slandard 5ot ol antennasupporting devices was sent This included several one-metre latiee tower 260 @0 oy
— — e O At S

sections, guy wires and a wall side moont for the antenna, and o heme-made small rack for the heacon and
batrerica. The 10™ technician whe cavvied out the installabion bad w manage to find suitable Incations for bath
the beacon and aolenoa, compalible with what was penerally the mast restrictive limitation of the DORIS
eguipment sel the very shore — Hm - cable length between the beacon and the unlenmy, In order to mect the
good vistbiliny reguirement despite this limitation. many antennzs hod w be inslalled on bwilding roofs ar on top

of ra ar three metre high towers, ifnol Bigher,

The moest frequently used antamma support was a triangular, 17 em sided, salvanised stecl lilice tower made ot
et or three one-metes sections, bolted together and set up o one ol the following struetures:

= A conerele pad on the pround, already avatlable (fipuee 5)

* A eoncrets block spocially built for the DORTS installation (figure 0)

+ A huilding™s top terrace. (figure 7



Ata fow sites where the antenna was installed on 2 root) a clear sky v el L Db ®he fower section.

I* |
L g

Conversely, Tour seclions had to be nsed at a couple of locations i order W avoid nearby signal ahstructions. -.l

[ torbiie la ey I )

When auch lavouts were used, o o : s ooticd to the

| o S
e L i
d

“prevents see the mround mark if anc had been se under 1he plate. In some cases the tube itsell wus used as

the cantral mark instead. Such o contol mark was destined o be used in the foture te checle e antenns stabi oy
Tl

r:-n.lmne hand, and 25 3 marker of the anlenna locualivn In casc of mavement or accidental destruction of the

anlenna on the other hand.

(ke designs have heen used more rarely.

# Divect mount ol the antennog interface on a raed, withont using a tower {Figuee §)
= Propped stecl pole {Figure 9)

= Tower mounted on the side ofa wall (Figue 10)

In & fow of these coses, o grownd mark was present.

Masl lowers were propped using siainless steel cable wires and turnbuckles, ullowing 4 pretty strang and stable

tastening ot the tower Nevertheless al a lew siles the cuble wires were very long or samewhat loose or even
| [
iAo

e |t
viel apeeplable

nonexistent, which would net guuraneee & contimerre-level sability of the antenna, This was
=] -
g nE,

'Imnsideﬁ'ﬂ‘g the expecled posilioning seeuraey of the OIS systen at that time {10 cm), _—

By wdjusling the lnsion of the atays, it was possible o contre the antenna base (ie, relerenee point above the I

the | i .-_:‘1-'_-.-1'-'5:_'—.""'—-
. ' n F

ground matk when present, However, none of the above antenna support designs allowed 10 precisely uujuﬁf__[hr;

anenng verticality, L.e. to guarantes that the electiical phose centres — and notably the 2 Gllz-ane-an which the

pusilivning measarements arc performed — are on the same vertical line as the antenns reference point, This

centimetre-tevel coror coull be ignored during the carly vears of the DORIS positioning, but it was taken inlw

aceount when Alcatel antennas were surveyed prior o remaval, Quring the nelwerk s renavation rrhage. It is noa

[ar from being negligible taking mto aceount the recent peadetic results obtained by the DORIS system (Wilhs et

al. 2003).




6. THE NETWORK DENSIFICATION: TIE STAREC ERA o L.

A new antanha model has heen psed SRR W OnEInal Alcarel dosign, whase dﬁﬁ]m}mmr
[

y T ; . : ; i ey
ended in Seplember 1992 wilh the inswllation of the ovo Australian stations st Canherea Chroral and Varagudee, |
The munber of stadons m the netwark kept on increasing wntil the end of 1992, when it stabiliscd around 50
stationg, befire increasing again slightly at the end of the 90°s. During this peried (1924 1o 1999 several stations
werg moved toonew locations, and u few had Lo be upgrded cither following heacnn;! failures ar danmgeﬁ citused
W antennas by strong storms, A seeend gencration beacon was installad ar g fow sites as of lae 1005 (Tirsl poe at

tv-:f'.'...‘:"i;f__a
Krasnovarak), bt was never deployed at a large scale: o maximuam ol 14 unils have—been oparating

simultaneonsly in the network (in 2003

a1 Deseription ol the seeond seneration equipment

The new antenna madel (Cigare T, manufactured by Staves, France, ollered severa] inprovements with recapect
ta the original Aleatel model:

= Thanks Lo ils slimmer design, it cacches the wind far less, being theratiore less prone o damage by slonms,

»  lrs phase contre focation is betrer defined {ro within 1 mm, vs 5 nun for the Aleatel untennas,

o Tes glionmier and maore rigid design allows @ mere guecise survey and cenleing w be carried out.

From ils very st deployments, (bis anenng mods] was mounted onoa tdangalar plate machined at 156Ny

mechanical workshop, linkead to the ondemeath «

the antenna verticality. Three different molerial
maring sluminivm, dnd stambess swecl, Unformmately ne axac @l 1he material nsed at cach DORIS station

was kept until the end of the 907, and we discovered after corresion had olTected o lew anedised

£ | i ‘lll |I.-"f

alimindnm plates, amd cansing 2 sipnificant antenna il Lot glaiFipnd somie: mah | 2R0Esy Gy

The new beacon (Fligure 120, ealled 2.0 DORES heacan”™, manufasineed by SOREP, France, had the following

ditfearemces with respect to the arizinagl 1,0 heacon;
g2

«  Much lighler (3 k) undré;uuipuul,



o Waterproof casing § depluyinenl in more humid environments,

+  Extemnal power supply (the interna m heacons has been e couse of most Cailures),

in the form of a charger and twa batieries in a dedicated wateprg

Mol
= Lower power consomption (30 Wovs 120 W Tor the 10 modMeg

clectiical poveer supply is limilsl,

o Vies |
= Lser interface only through an external computer. The beacon itsell basme indication of its curent |_|,. IR
-'-r‘d-Tl-—I 1
aperating made {Trnsnvission or standby), T

Thue meleprological slalion sssociated with the accond meneration beacon had the same Tunciionalitics as the firse
|
modal, b }f was mote compact and liphter,

i

Another appacently minor eolulion equipment-wise during this pariod — the length of the antenny cables

3 ol

[ ]

inereasing from [0 o 15 m - had a significant influence in terms of antenno loveut, us it allowed more freedom

5amie
in the selection of the antenna location. 20 m cables hove even been used at 2 eouple-of lacations hut, hecause of

£l
Vg

On the other hand, a modified version of the first generation beacon, valled version 11, was developed. It
comsisted of a |0 beacon withoot the failuce-prose interial power supply unil, conncered to the p-ﬁwer supply

Hapl 2, ide 1 [E*ﬁ*r_& [
box of o second generalion beavon, "-Vn:r;-.f fl:u such unies have hoen deplaved bul 1hhr 'ﬂlinwéﬁ'—ﬁ"Eeep several

slativng oporating ar a time when the number ol 5-9._ sufficient w repluce the
e
LA

aging firsl peneration onas,

6.2 Starec antenna layouts

The antenna supports uzcd durtng the TYE-1999 period weare more or less standardised: mnsr Stares anrennns
waore installed, via the fiangular plate, ona 2 metre bigh, 17 co sided steel laltive lower, Tastened with stamless
steed puy-wires wd turnbuckles (Figure 133, The buse of the tewer was bolted directly into the conerete support
with three cxpansion or chemieal anchors. A prownd mark was always embeddad in the conerete support, and

would from then on be nsabile sincs the base square plate dealt with in chopler 5.2 was no lenger used. Using



(Fagard aned Cresoni ]‘3'.‘3'3'Jl_5ul.']1 u pelivy has been applied unol the end of the 9075, with ne onesite intervention |

koch the antenna iriangular supporting plare adjustanent nuts, and the tumbuekles. the antenna’s verticality and
™

centring above the ground mark was curelally uil_iuswcamthm ane millimetre,

|

The exeeptions w this atandard layvou! werne:

* The Aleatel antennas that had e be meved (e following hast agency promises closures) wore gencrally
teloculed exuctly ny lhc}-‘vfn.i;ir}{i.f:\-:;é- using the same support. Several such relocalions were carried out by
the sl weeney with no incervention by 1GN-T

= 3 omerre high ower (Cibhinong/CIBE, Rie Grunde/RIOB (Figure 14). Rapa/RAQR, Socorno/SO0DE,
La Réunion/REUE) er even highuer (6 m at Syowa’SY O when imposed by nearlby sizml abstructions.

¢ Lmwlre {or less) gh tower: with guy-wires st Santa MariaSAME and Krusnoyarsk/KRAD, no owne-wires
ar BwverestTVER, Ottawa/0OTTE, Papecte/PAPE (laler moved to PAQR) Libreville/LIBE and
Tairhanks/TATE, The half-metre lower without guy-wires mrned out t be very casy 1o instal] oo lop of 4
buildiog’s wall while affering g very good rigidity, and was therefore retined during the renovation of the
network dealo with in chapier 7.

®  Durect mstallation of the aptenna iangular supporling plate o a concrete pillar, using three short Gireuded
tods embedded dnlo the conetcte. This very stable design was first used in February 1997 ac
Ascension/ASDE {figurs 15, then at Amsterdam/AMER, Syowa'SYPE and 50 John ' <5 TIH,

= Acvery rigid B metee steol pale was nsed at Mount Steomlo/MSOR,

7. THE RENOVATION ERA

The pecd for an imprevement of Lhe DORTS u:]lunnu{siahi]it}' emerged in the mid-90s, after the increasing

pUSitiunjng R ﬂf thc PR S“‘rgn:“n a.]II:’:H‘I"II_

IERS Terrestrial Retorence Syspem Gei o existing stalion bad W be moved, or

bt AT

(el L

o atienton was poid

when a new nne was installed,

motivated only by the necd tor an antenna stability impreovement during this perjﬂdiﬁuy-wilcs were slill used to
fasten antenna supporting towers, although they were installed with more vare than in the carly vears af the

DORIS network (3 guv-wines al |20 depree spaving, identical lengths, stainless steel hardware),

12

11 the antenng on a very stahle support



At the end of 1499 4 plobal renovarion action, abning ul improving the sability of the antennas, wus decided,

This renvation project was presented Lo the DORIS community during the “DIORIS days in May 2000 (Fagard
-5y

and Csond 20000, and aelually started with the renreation of the Tiboutt station in July 2000, L

7.1 Nelwork preliminary review

[ L W Ll oo i L |
h 1 s s [ o LML o L
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In arder talplan this renovalien selion, 11 was first necessary 1o review the sitation o1 all TORIS sites, in ordar o

determine 5 o siabilily improvement swas nseessare—and how wegenl il owas. Suck an evaluadon tack the

fallrwing paramelers into account:

* The tvpe of antensa (Aleale] or Starce), Altheugh i antenma can be considered mare swble per se, the

Aleatel antenna bas several charactenistics — highar sensitivity to the wind, mueh heavior, less accurare
1

surviey, no vertiealiny adjostment — that a]]nwgfm consider il us less stable a price.

The kind al antenna suppart (metal tower with ur wilkoul guy-wires, concrete pillar, other designs).

* The mature ol the struelure en whieh this support was insralled (building, roele, conerete black, ce.).

*  The date of the mstallatien, a3 recent. installations could reasonably be considercd of beteer qualiny,

This resulred inoa one fo three st stobilily grade given o cach antenna {Tagard and Orsond 20000 This

evaluation way laler relined for mternal use by IGN-T, into foor categaries delined in table 1,

These apparently abjective evaluation criteriu were malulaled by a subjestive feeling o the antenna support

overall quality. The resulling stability estimate for the whole network s shown on Flaue 16,

It 15 important to naete thar the purpose of such an estmation was only e allew us o properly manape the
notwork renovation atd mositar it prooress. The reculting estimale shoeld neilher be regarded az an indicatar of
e yualivy of Ihe stations computed coondinaes and velocities, noe be used to classily them, sinee |he actmal
stability of an antera can valy be properly assessed by surveying it at different epochs with respect w a siahly

reference mark. A more retined stahility assessment will be presented in chapler 10,4,



Mereesver, thiz was a theoretical approach, and the aclual behaviour of the antennas did in some cases differ
signifivantly [rom our expoetations, for betrer or for worse:
¢ Corrosion of the astenna tinnguelor base plate (the anodised aluminium tpe) cavsed o seversl centimetre

antenna tlean a eoncrete pillar, foran “excellent™ rated anlenng supporl (Figure 17: Amatardam: AMSE).

= | The snlenna centring mrned out 1o bBe snll within a fow mun after moce than len veurs for several Aleatel |

| antennas installed during the very early years of the DORIS network, hence rated “poar™. ;

7.2 Ouality requirements and momumentation designs

figd Heguirements

L order o be computible with lbe eapected, snd almosr achieved acouracy of the DORIS posilioning syswem at

the venlimulre-level, the ebjective in erma of stability of the DORTS antenon relerence point was defined as one

conimetre over en years. Snchoa requirement had the following vonsequenees oo the desipn of the antenna

supports that wonld be used for all fulure stallalions snd for stadons renovan ons:

= Guy-wires should noe longer be used  fasten a supparting rawer and adjust the amtenna vcentring, Although
such a design turned oot to he very stable aver mamy years, it is not 100% reliable, a3 accidental damage, or
pragressive slackening of ene stay would result oo an antenng horizental shitt, cither sudden or progressive,
it roay o unnodived Tocully for quite a whale.

*  Unly the antenna suppors deseribed balew should be used

F22 0 Desegn I cowereis pollae

The preferred antenna suppner 2 conerele pillar (Bzures 18 and 19}, oilt acconding (o “geodelic™ specificalion,
whe take into acconnt the nature of the ground, The pillar designs shown en fgures 20, 21 and 22 have haen
derived o these used by the Cunodisn Geodene Survey Division (Geodetie Survey Thvision, 1993, A
triangular plate 15 o0 on chree A4 stainless steel rods embedded in the concrete pillar, and & series of nuls
allowing to adjust the antenna verticality, The tiaogular plate, machined by TGN-F mechunical workshop, s

made ol either high qualily stainless sweel (ATS] 316 L) or marine sluminmm. Such a pillar should nevertheless



bee smaller than two metres in order to i the aotensa wovemenls caused by the difference m thermal

expansion betweean botl sides ol the pillac,

PG Pesipe 20 selCsupnortiag mesad ey

Uhe seeond proterred support s a very ngid ladice ower (seli-supporting type, nof reguiring guy-wires), Soch a
rower 18 mstalled on a very atable concrate sireture al groond level, This concrete base @5 built according e the
samge specifications as the concrete pillar described abeove, Ina Gew cuses, exlsling conerele structures were used

i ey weere i good conditien aml teir dimensions seemed fo guarantee 2 good long term stability,

This tower desizn is used when suvronnding signal ebstructions (ullen caused by the very building that hosts the
DORIS beacon) vequires that the antenna be higher oo ke ground than whal g conerete pillasfallows. It is alza

usedd when gogood quality eencrele base s alveady available, allowmp an easier and cheaper installation than

specially bnilding a concrats pillar,

Finding strong eneugh laltice iewers, available in one-melre sections {thar fic casily cven in the small airplancs
that service some wery remate DORIS Incarions) was not a aasy quest. After orving a first model (insealled ar
SantiagaSANT and Faster [sland BASR) whese finish left to be desived. 32 cm sided, gabeanised steel towers
mannfoctured Ty Leclere 34, France, bave been wsed al many DORTS stalions and turmed val W be salisfaclory

(figure 23) Thas toeweer model bas an addibional advantage: it can also support the third gencration mereoralbgical

aratinn after ite standand installation set was shighty modified by 1GN (o 24

FAa Pravige 30antennn on a building

Ay fow DORES slations, even puiling the anlemmn oo g bvg metre wewer, sel on o coocreele block protoadiog 30
e or s 0T the ground — which puots the lowest phase conoe almaost three metees above the ground - 13 not
sufficient to give enough clearance becanse of high nearby sigral ohstructioms, In such cases, the only aption s
b put The anvera ona boilding, seneally the ene wheve the indoor DORIS eguipment is located. Such a layout

can mive safisfactory results stabalive wise, provided the Tollowing precoolions are loken:

16



7.3

The localion where the unlenng suppert s matalled should be carefinlly selected with respect to the struclune
of the building {figure 23], in arder @ achieve as food as possible a long term stability, Tdeally, the antenna
auppart should be installed on top of a load -bearing pillac, or a2t the cormer of twe losd-bearig walls. If such
a solution is ol achievable, the busl approaching one 13 sought (e.g. not putting the antenna au the cenlee of
4 slab roof bur rather near the juncrion to the undarmeath load-bearing wally, IF necessary, the construction
drawing af the Building or advice from the builder can be nsed.

The antenna support s as small us poessible. Pulting (he sntenna on top of & building allows o save g fow
metres and henee o sometmes 2ot rid of maost zignal abstructions, therefore the antenng can be pul on a
wery short teawer. Using only ane section of a 37 em sided tower (fgee 24, or e half-metre 17 em sided one
{figure 2a) — which bas the additicnal advanlage ol llling oo narrew concrels beams — puarantecs an
optimal rigidity of the sopparl.

When possible, the tower should ke holted or embadded dirsetly in the ondemeath load-bearing sloucture,

This requires special precantions when o waterproot coaling covers Lhe roul,

The third generation beacaons

A pew generation of beacons was inteodused, and deploved as the rencvation was progressing ([ Tavernier el ul,

2003} The first “standard” thivd generation beacon e, aport o he master beacen at Toulouse — was

installed ol Tristan do Cunba in Tanuary 2002, Their development was stopped for a while as of Febeoary 200

after o sooal falure on the 2 Gz channel kad been discovered, and reaumed in oy 2004 with retrofirted units.

This new sel ol equipment {fgure 277 is compuosed of;

The heacon, version 3L manutacored by SWP, DKeance. lee appearancs s vary cmilar to the firet generation

one. with o bigger LOT) screen and a more sophisticaled man-machine interGee, T should be nstalled nside
AL

o building and fits in 2 sandard 19 inches tack. The power consumption 12 approximately the same as the

firat generation one (130 W) Contrary t the previons meedels, the sipnal 38 modolated oo both channel? Tv
g [ =)
i L



also has a new “Restart” vperuling mode allewimg s signal o be received even i the time s nol propely
sel

*= A charper thar supplies power to the beacon and monitoss the charge of the backup battery.

¢ Three different configurations (30 Ab, 110 Ah and 220 Ah) tor the 12V batrery.

¢ The weather station | Figwe 247 05 & Vaisala PTUZ00 unit.,

*  The antenna (hoaces model) % inchangad

74 'The progress of the renovation

Aseun be seen on figuee 28, there has been a steady and definita 1111pm~.r¢mrnr of the ne:wolk thiy slubsilily-
174 -"' -"""-“'* SREY e e Hee i | th ;('1-

wise berween 2000 and 2003, During this aix year period the following evolutions havedeen lu}ﬁngpimr
30 existing stalions weme renevated (al leust 3 per veur, and up to 10 m anc year),

= 4 stabiony wore added to the network,

W new stations wers installed as a ceplacement for existing omes which hove been closed,

v 2 akations have boen remeoved and pot yet ceplaced | Adlil and Guang,

T'he rcnnwatmn tarned our to he muach Innq‘ér and complicared a process than “"—"/ﬁm expected, The more

z

stringent requirements for the antend smhﬂmr requived to gather a lot ol |::fm:r;:auun aboul the site {pictures,

shetches, oistrachion dingrams Ll'uvui]ub]c]l, Even though o condact with t.h-:_:/i'ir:-st agency had heen esrablished tor
e - _,

IMany YCars, s:nmctm_a_es'lnng time o anawer and the need 1o plan logistical aspects in detail - cspecially when 2
CONGrEns rnnmm{en[ had b be Basile — dnvolved that the wlm]n pm:',‘,sr, could take well more rhan ane yeil, uruJ.

requine Uit well sore than 100 e-mail messages be beTmﬂI_&i.d betweun TGN and Ihe host ageney. 'This 15°even

Ha

. /
more trae for the installation of & new s L:x-n_ihi!u, with 2 couple of projects extending aver up o thrae years

K

betire being evenmally carried tooa 1111:Lm-.ﬁ1| conclugion, ) I
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L the frapie of the establishment of ke 1S (Tavernier et al. 2005; submitted), varions groups have made

propesals lo bost additional ORI sations not included o the permanent DORTS network, with saried

seientific ohjectives and for varied durations,

The fellowing caperiments have been carried ont o date (fgure 29

9.

9.1

L ernbert .

EenBE ) A ld

Anoice sheel monitoring experiment was condocled by Guuscicncc;’l Ausraha on the Strsdal glacier;
[

Antarctica, by operating a DORIS stalion for phoul three months owice, during the austral summers 2002-

2003 and 20032004, { There tuere Hhiee ¢ compd gnc

Fellowing a praposal of the German BEG o operate DORIS 51u1§.;.;:|5 al Wottzell {Gormany) and within the
Transportable Integrated Geodetic Observatory (TIGO) located ar Concepeitn, Chile, a DORTE smtion was
mslalled in May 2003 ar Wortzell 1t was remaved in Tanoary 2004 after producing litle data, due
inlerferenee o the WLBI on ane hand, and an aquiprment failure on the other hamud.

A ORISR sration was mstalled an the Gavdos island, South of Crele, in September 2003, 28 part of an
altimeter calibration site (Pavlis el ul, 20040, I h;s-bruf"u inactive for an extended period of time baeause ol o
beacen Gilure followed by g shortage of spare beacons, but a retrofitted third seneration is o ils weay gl b
time of writng and siqlr:-i:fd-hﬁ instalied in Pebwuary 20060,

A station was installed at the Antacclic Argentice buse “Belgrano 117 0 January 2004, following a joint
propasal by the TAA (Toslillo Anliries Argentine) and the German AW (Al red Wegener Institute].
Bevause of a fatlure of the sceond goneratien keacon shartly after its installation. it {:aﬁbm] ![;.,;z-idiug Tittle
data during the first year of aperation, but it has worked very sinoolbly aler o lhind generadon beacon was
installed one year later, Considering ils exeellent results and signiticant contribution o the netwark
coveragy und Tobustness in oche Antarcoie region, the “DORIS Mission Group” consisting of
representatives ol UGS and TGN — decided in Docomber 2005 to change s status Dom “T0E experiment”

to “Permanent DORTS station’.

THE NETWORK MAINTENANCE

Maintenance running



In additien to the deployment of the neoaark, 1GN-I has also heen in charge of its maintenance, ke opemtion of

which can be summarnised as follows {(figore 300

= An anvmaly s deiecied by the DORIS contrel centre, either in the farm of & complete lack of
measnrements, or of & wrompr parameter [t sct, fregquency, metearelogival parmnelers, power cut, ooe.);

¢ The DORIS control cenlre sends — [or each anomaly deleeted — an ntervention cequest to TGN's
mainlenange il (SIMEB: Service dInstullation et de Maintenance des Balises = beacons installation and
MalnEnance seovicel;

* IGKRIME contacts the host ageney. asking it o coory oul the nevessary operalion;

& The host ageney peclonms e reguested vperstion, snd reports o [GNSSIMB, which then reports back fo the

[AAS control contre,

G2 Maintenance statistics

Equipment rveliability has been o major issue throughout the ik of the
cmitring beaoons in the nervark averages o abont 85 %, with lows at 800%
o Cany O Tepalis) Sirm @
viery Jonge repairing delays anl Tregquent shorlages of spare unis, gﬁ”w at
months before they conld be replaced. This rate nevertheless allows the globel covernge rate — rano of time
during which the on-board mstrment receives a signal — to remain at o good level, thanks w the densily aml
hemegeneily of lhe nelwork, This coverage rate, whose maximum theoretieal value is 93% e kigh altitades
satellites like TOPEX Poseiden and Jason- 1 {both at 1330 km altivude), is 5611 80 % when 20 % of the stacions

are sliverert.

| {

Each genevation of beacons has bad its own share of specific problems: uhichiawse &

= The Grsl generalion beacons main source of problems was te inlernal pewer supply 170 % of the faitm'-:s@
Other fallures were due to the oseillator or to the svnchesimee.
¢ Ap amplifier preblem on the second zencration beacons caused a few month folecruplion in their

deploviment aroand 1995, Apart frem this tempeory anomaly, which was corrected us of 1997, 1his mode]

it nof turn oul by more reliable than be fisl generation. In 2005 8 new problem (power supply defect




creating spurious n the signal] was detected, which will reyuire the replacoment af the remaining units by
third genaralion beacons,

Godre
Almasl sl third gencration beacons installed hatween sarly 2003 and August 2004 have-been affected by a
tatlure on the 2 GHx channel, which required these vnits o be retrofled, After this problem was solved, the
deployiment of his muade] has resumed, vither on the accasion af a majar site renovation or by simply

shipping a now moedel w the host agency wha teak care of its installation. From hen en, the operating race

fior thiz mode] has mereased 1o 90 %

-~ - :
Because ol lhe shipmenl walling pu:‘indv-ﬁnnms tormalities and scares servics o some remole DORIE
rd i o

. . s / -
lecanons, the necessary time e hava Ff}']'mﬁ beacon deliversd an site can vary Iremiendouslyy from a couple of

b e - " i s S ]
weeks to as long a5 one vear, L ANECR ST e M ¢ J

ey gy
ubout l'_Ji[J

npervention recquests and 12 beacon exchanges 2 year on average,

The fellewing lypes wl operalions are likely to be reguested 1o the host apency

= Tune or frequeney adjustment: TR %,

* Retet of the heacon after a failoce fautomatic for the thind generation beacons i 4 %,
¢ Checking through o sell-lest provedune: 8 %,

*  Baclery charming or replacement 2%,

= Replacement of the weather sensars; 2 %,

¢ Exchange of the beacon by o spare sent by TGN 6 %. No an-site repairs are carried out by the host agency,

U the other hand, planned interruptions of the emvdssions o avoid inferforence to other receiving svslems veeur
at the following sites:

= Yellowlnile amd Syowa: during Snloeyuent) VLB campaigns,

= Asconsion and Libresille: during the tracking of the Ariane rocket upon each launch from Kourow,

* Mahe and Rapa: during the metcorolegical radiesonndings, ence on twice 2 Jay,

21



10. THE CURRENT NETWORK STATLS ol =t dh

1.1 The current network configuration _

In Pebryary 2004, the distribution of the dilferent eyuipment types i the pesmanent netwark {56 stations) is ;

& 42 third generation beucons,

* T second gencration beacons,

= 7 firsr peneration heacons (including one 1.1 beacon ot Socor)
& 54 Slurec aplennas

+ 7 Alcatel antennas

Three slativns — Toulouse: Kourow and | larieheesthaek — have a special status os Uiey ore cyuipped with “masrer

beacons™ used for the programming ol the on-beard instruments.

10.2 The host agencies

The host agencies who kindly host and mainlain the 56 statons that make up the DORTS network can be divided
it the foliowing catcoorics:

= Nanonal swovey apencies: 10 stations,

¢ National space agencies. 12 slolions,

= Seientife msliutes dmatnky dealing wath Farvth scicneea): 19 stadons,

= PPolar inanmtes: 8 smations,

v Ndereomological stations: @ stations,

= Chbwer (o lelecommunivation station ) | staonon.

There are in total 43 distinet host agencies [some of them hosl several DORTS slulions at different locations),

representing 32 dilferent oalions,



1023 Informalion b users

Far cach THIELS station, a Sikelog is made available W the wsers in the form of a texo file, an the T8 welb site

{hitpeids els Oebtmlidorissilelee biml), 1 centaing the following infarmarion:
= eneral site information,

*  Infrmation about the successive antennas installed al the statien

¢ Information about the suecessive bracons installed at the station

= List of pvailuble TERS co-locations (1f any)

*  de gange co-lecation (iFany)

* Tocal pendetic suneey resulis

*  Dwseriplion ol the meleorslomcal mstrumens

= Clontacts

Each major evolulion of the DORIS network (e, new station, antenna change, station removal, ere) is notilied

I the DORIS commumity iy the torm of & DORIEmail (Tavernier 2005)
104 The anlenna stability evaluation

Mow that the network renovation is alimost completed, we have ried o assess more precisely the quality of the

i 0 rdes b A, Ll B
antenna suppoct al ul] DORIS siles, mthe fmme of the definiion IvE:-'T'_Eril:-::ria fior site quality aiming.at identifving

1. v Ceh T Lgae
# et of core stations with accurare coordinates contibiiting o the TTRE {IDS 2004},

T

The Lest way to actually assess the amtenne stabilily would be o carry out stability surveys on a regular basis,

Smee this would reguire human and financial means well heyond those allocated o the malntenance of the
e | e
Ve d ey L@

MORTS natwork, other approaches E?h'rfﬁ'ij-é:;.aasiclm'cul:

* Ananalysis of the stucture of the antenna support.

= The resulls of the antenng cenlong cheek when available.

* A stability smudy based on the sacistical analysis of several yvears of DORTS weekly station coordinates (Le

Bail subunitted],



Conslruction type: marks the way the pillar was constructed (according lo IGNs specifications dealt with in
chaprer 7.2, or not),

Grovnd hardness: bedrock, burd s01] or sofl soal,

Height: beviuse even o conercte pillar can be bent by temperature differences between the sunny side and

the shady ane, and this deformation is in proportion w it height, o conerete pillar should rat be oo high,

Metal toweer: we lave been using lwe maim wwer types in the networls: Normand, and Leclere,
Tewer model: “Leclere”™ (32 em sidad, self-supporting) is better than “Normand ™ (17 om sided, neads tn be
fuved iF hesight is more than one netre),
Height (Leclere wwerd: allbough this kind of tower 1s very rigid, the smaller the better...

FOUERAR
Height (Mormand tower): weight=3 for this ariterion because the amounl of sn sntenna move {it a EY-wire
breaks or hocomes loose, which cammet be completely ruled oul und aclually aiready happened) increases
vy mch with heighe
Mo puy-wire (Mormand weser)s the lack of poving will have heracen "no influence” (or 2 half-mee
section) and "a lot of inflnence” for a very high tower,
Crying quality (MNormand tower) good guy-wines have tumed oul to be very efficient in maintaining 2 mm
level wver several yeurs wl some siles, Morcover, a bad quality suying will have of course a different

imfluenes on anlenng sability, depending on the tower's height

T Secondury seppart. this s the element below ke primary support, 1t can be gither 2 conerete black in the

groun, or o building, If the primary support is 2 conerete pillar or & metal pipe anchared ioto the ground, there i3

i secondary SUppeTe

|

C.2

Concrete block o pad o the ground: smne coilerin ws (b conereie pitlar,

Building:

General structure: here we have marked how stable the building should be. accordiog o e kind of
struchere and materials used.

Prisnacy support lovation wilks nespecl w ke mest steble parts of the building.

Huighl of tower buse shove ground: stability-wise, the lower the building the better, Nevertheless as the
influence of this parameter is difficult o evalpate (presumably less loportant thon, and bighly dependanc on

the: buildings stmctore and the lacation of the antenua), i wos assigned oovery small welght,



Fhe third approach dealt with in (Le Bail submitled) assesses the actual antenna instability with respevt Lo o
global geocentric frame hough @ nuise anulysis in the nme series, hence taking the effects from all instabilioe

SO T se i,

11 DORIS: A SPACE GEODESY TECHNIQUE

11.1 Definition of the antennag reference point

The antenna reterence point for all geodetic surveys and published wnlenny coordmates @ defined as follows

(fignms 33);

* Alealel anlenmus interseetion of the antenna axis, and the plane containing the wyp of the small cdee at the
haze of the antenna,

*  Brarec antennas intarsection of the antenna axis, and e plane conlaining the ved ring oo the anfenma bady.

This paint is alse the 400 M phose cenlze,

112 Surveying a DORIS antenna

Initially, all Aleatel antennas were surveyed when they were installed, using canventianal surveying techniqoes,
by lntersecting the antenna Gom several surreunding points. The siphtings were done to the left and cight side of
the anlenna base, m order to determine the reference point position, Wo attention was paid W w possible anfenns
tile, which conld anveay not be adjusted witl the inlerfoce beiween the snlenns and s supporting tower, The
height ef the anlenng with respecl lo the ground mark {1f any) was measured with a rape, but becouse of the

layout of the antenna base and inerface, a one mm leval acouracy could penerally not be achieved in doing so.

Staree antenna have also been survesed by convenlional gewdelic survey metheds for a fow vears, bur as of 1557
a special interfaee designed gnd machined by I[GR-F has been nsed to torce-centre a GPS antenna on the sane
triangular plate that supperts the Sarce antenna (Figure 341 This allows a direct and very acuyraie GPS
eonnection between anather geadetic point on one hamd, and 1he Slaree anteona base on the other hand, The

or,



connection of the relerence point was derived from the antenna verticality adjustment and Lhe measurement of ity

height above the antenna base,

Crver the last fow years, the nost commen survey process has been o measure a divect connection between the
Slaree anlen ynd an cxistng permanent GPS station, in most cases part of the 108 network (Moore and Nedan,
20051 When possibile, a sparit levelling connection between the DORIS and the GIS antennas is also messured

in omder 1o guarantes a mors accurate delermination vl the vertical compoancat,

Az of 2000, a forcod-cenrring intertace (figure 351 — built from a recveled Aleulel antenns base — was also nsed
1o survey the Aleatel antennas vpon their removal, thos allowing a divcet GPS determination of the Aleate]

reference point.

1.3 Delerminalion of a priori coordinates

b o i ey
T M L=

See Replies_to_Rev3.doc

Prio 1o the launch of the first ORIS tnstoument on board SPOT-2, IGN published an initial set of coardinates
for e DHORIS nelwork, Jabelled JOODU. These coordinates were expressed sither in the BTSE7 realisation of
the BUS system (BTS: BIEL Tervestrial System, the predecessor of the ITRS) or in the eardy realisulivns of the
TPRE ITRERR oo I'TREEY. The refarence epoch was 19840, This set of coordinales was laler complemented as
e stations were deployed aller the start of the DHORIS svstem's operation, in the form of updates of the initial

sel, labelled JCCHD R,

Such geocentric coordinates could be obtained in differenl ways (Boucher and Fagard 1991}, from the peodetic

fie betwoen the DOILS antenna and anather geodetic point in the vicinity:

= I the DORIS antenna was ned woa Y1LHD antenna or SLR telescope, which were geoerally already part of
the RTSET ar ITRFan colution, the accnracy of the resulting coordinates wae better than 10 gm,

= I0 the DORIS antenna was ted won Doeppler Trunsie point, cither alecady determined or observad
simuliancously o the AN msmllation, the resuliing coordinates had to be feansformed from the
ephameris system {such as NEWOOF2, NWWL-9D or WGEEL) inte BTSET using o seven parameler

transformation (BIH 19883, The resulling coordinutes securacy was around one metre f precise



Moreover, measuring o few missing DORES — dide pagre fies on the oceasion of the nelwork renovanon allowed

b progressrvely increase the number of such co-losations {fizure 28] up o 19 avatlahle tics.

/
11 PLANNED EVOLLUTIONS
12,1 Swtrengths and weaknesses of the DORIS network

Compared to other space geedesy networks, the DORIS network has the followineg inique advantages:

= It much more hemegeneous, Whereas the 105 netwark (Moore and Neilan 2005) bys many more stations
{abour 300, 10 has a very heteropeneous distribution, with very dense arcas over Burape and the USA, and
dmy &'.r-{ I!i.lCll -'Ii Ay 3 "*J.’lfl'!;li;’.-""
large paps over the Pacific Ocean, Svulhern Todisn Ovean, and Africa (Nonth of the Fquator). The SLR
b |_l—1-6
netweorks { Pearlman I[’JGE]M WVLET network (Schifiter oo al. 2002 are @Tlgﬁl equally distriluned.

It has praciicudly he right number of statons @ meet it primary objectives. The PRARE network
[ Mazsmann et al. 1997 which initially aimed at achieving the surme objeelives at DORIS, has 10 stations
operating, out of an initially planoed netwerk made of 30 or 50 stations,

Tt mukes the TERS network denser where needed, by adding poinis in repions where no other techniques are
present,

*  linlike other IRRS rechniques, it is perfectly divided into the Northern snd Southern hemispheres: there are

exactly a5 many stations i both hemispheres, und cut of 38 co-located sites, 15 are Iocated in the Southers

hemisphers, -, -. L X kf KL

Siaid
= [tz centralised managemeant by TGN has a ol fe-carneeul o major renevalion elTorl, leading e an almost
Lt Tl rrgtoerel R
standmdised eguipment layoul™ Al equipment changes are iracked by one group (the DORIS maintenance
werenfty ey
umit), which atlows lordietect serial prthcmz,i_i d take thl-: necEasAry cormactive ac ru:my +é [n' pelted L™
|; fu I}1: ('..:_1’.:-{ ¥ !l.. ':.

L

Gl g, ale

"_|'r a;}j
Althengh they-are guite-satisBeng, the current network deesily, homogeneily and robusiness —ie. the netaork’s

IMPTYY S, COIMap on Tigune 4, VIRIRTITY carcles o o sfatians were arawn [of the lowesl

DORTS-equipped satellites (832 km altitude) and for s cut-off elevation angle of 127, shows w few weak arcas:



* A lamge gap n the Southern Pacific Ocean, which will remaln impossible o Gl for lack of ialands in this

arca.

* Another gap in the Eastern tropival parl of the Northern Pacitic Ocean. which has always exg

; AELLY ;
wtse by the remeval of the Guarn sanon. A eeplacement site at Tarawa, Republic of KW

Lt =.|| I.':'r"i|L,|_ 3 .'-.-. FiY
—ES E'a-'ﬁ"—é nI"_,u_ v

1
buc net vet installad.
i
* Although the Kauai station has w eeniral loestion i the Northern Pacihic Ccean that allows o good qualily
coverage, the nelwork’s ruhu\mui 1= not sutficient in this ares sinee a failure of this 2lalion means thar a
il gagen b §
significant parr of the ﬂrhﬂ)ﬁ nﬂﬂrmﬁ arenmare. Additional slalions, voe Rorth ang one hmulh of Kanal
w:‘ruld he highly desirable, Emt IGNs elforts over several years o bring these difficult projects e
Friah fa l_-'l 4 1) - "'- r
snc.msmtr_ml brve resruined- fmn]ush—yet Sakhalinzk is alse i snmcv-hat;f’: isolated siluation and would
be well off being hacked up by an additona STﬁTi.I:I!'fI‘,rg'D'L'I‘[h ol Tapun,
= Less striking but nevertheless improvabls robustoess wise, he removal of Arlic left a less densely covered
arca over North Aflica, where o fuilure of Libreville leads ooa gap of the urbiﬁ'mverage Lo the Toweest

sulellives. The planned mstallation of & station af Tamanrasset (Algeria) would sipnificantly improve the

rabustness while adding ane more GPS (and maybe SLRE) co-loculion,

As lar os the co-locutions with vlber techniques are concerned, TORTS TGS co localions ure in sufficient
number, Mevertheless, adding a tow more would da no harm and could be achieved wilboul sny modificaten ot

the ORES nerwark, by simply inclnding ::x]stmg permanent GPS slulions n L]-u,cli’_:S network (c.p. Bothera, Part

T'-'Iorc sk, Fumina)

t-,,l,,a_ LAl Lolpg et
. But move DORIS-SLE, and sl more DORIS-VLBI should definitely be added, as stated in

one ting o DOFRTS slation near

&Y Tuwy sites, but this s not
systermatic and this issue deserves o be investigaled, As regards the L -locations, Rgure 36 shows
Uit there is o buge area betwern Metsiibovi, Hartebeesthock and 1i nch co-location is present,

pry JI_L,l._r .
rhlb o Lﬂujd bl:lf‘“brj hy Insmlhng : :_

Arabia, which gives excellent resnit,

Lastly, it should be noted that a sometimes insutticient racking of the DORIS oo beard instouments, was seldom

e x,,,f.[:l
due o the netwark design and management, although some bost agem:‘;:,;.s closures have been-causing long data

gaps until & replacement solution was implemented. The muin reason for DORIS data loss has essentially heen



the significant failure vate of the ground equipment, Despite uvu]utlm}#{ of the transmitting beacons, many
f.u._,"-;_'(_{_
equipment [uilures, added w long repuir times, have betn eauste several month data inferruption at mony sites,

and shorter but repeated ones ar ather places. Wevertheless, the recont massive deplovment of retrofitted third

peneration beacons lets us feel the first stirvings of hope for on opeation mlic nearing 100 %,

12.2 Evelution plans and propasals  Cow i e )
|I .J_n' o

The DORS stations at Dionvaos, Koonron, Tou]_ renovated, and

this shonld hopefolly bappen in 2006, The lost twe remaining Aleate] antemas in the network — Dionysas and

Toudouse — will then have been replaced wich Starce anes,

& new seation should he installed ot Rikitea {Polvoesia), which will eventually replace the one at Rapa.
Moreover, new stalions are in project ol Taruwa und Kiritimat {Republic of Kiribati), Adak {Aleutian Telands),

Tamanragset CALzeria) and Wivad (Saudt Avabia). Fipure 40 showes the location of these planned new stations.

Equipment wise, the deployment ol the lkird generation beseens will contmue, untl all stations are aquipped
with lhis kind of beacons, cxeept & fow ones where power supply issnes impose the use of less consuming

second generation onca.

Maore 1D experiments '-'-'Ul'ﬁi: sturlesl when a sulficien| number of beacons are available, after praper selaction
4 g

by the 105 Swaticns S¢loetion Citoup. Sy

13. CONCLUSLON

s, e
The gquality, deszity and homogeneity of the DORIS network beve-been continuonsly improvite throughout iy
"t el
20 year evolulion, With 56 stations egually distribuled arooml the glebe, 0 puarantces an excellent acbit
voverage for the DORIS-cquipped satelliles (usually more than 83 % for the altimetry satellices), this playing a

key role in the success of the DIORTS system: Such a density makes the DORIS neterork an essential contibulo

£

la=mw i el SecTer o Dol



to the realisation of the terrestrial reference system on one hand, both by making the IERS network denser and
through the co-locations available ul 2 DORIS siations out of 3, and 1o the sea level monitoring on the other
hand, through vo-locutions with tide gauges available at one third of the stations. Thanks lo the general
TEnOVALLION proccss that was carried out over six years on the network, ulmost all anenna supports should

PCME.

gnarantes Fram-new-of-an cxcellent loog-tecm stabilily of the sntenna reference point, Moreover, the massive

Managing the DORIS network has been a very long-tenm task for 1GN, requiring a lat of patience o bring
prajests toa successful end, We somelimes had w cast deubt over farmerly adopted procedures, in order w adapt
e the improvements of the DORIS syatem resulis inoall its soientific application felds, by defining cver more
srangent quality raquirements. By agreeing fo criticles ourselves, we allowed the neowark quality e prosress

signiticantly, butwe shonld be ready for further inprovements if needs be.

This very unique network is an essential component of 3 high accuracy obil delerminalion and point positioning

syaam. We trust it will continoe to evolve in the foture, thus adapting e changing needs, under the supervision

_ ofthe International DORIS Service,
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