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Abstract

The ground network is one of the major components of the DORIS system. Its deployment,
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 first generation
of transmitling anlennas, whose installation procedures were adapted o the decimetre
perlormance objective for the DORIS system, was followed by a new muodel allowing a more
accurate survey, During this second era of the deployment of an ever denser network, the
arltcnjua'_l:ég;;.:'r;;l; E;m:hm”y evolved towards a better quality, thus improving the long (erm
stabilily of the reference point. As the positioning accuracy of the DORIS system wenl om
improving, it turned oul 1o be necessary to review the antenna stability tor the whole netwuork.
A somewhat subjective stubility estimation, using criteria which are discussed, was followald
by a major renowvation an..h:m 'which started in 2000 and is now almost completed. New
installation procedures, aiming 41 mesting much more stringent stability requirements, were

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

renovation or installation of 43 slations in six years. Now that the renovation is almaost



complated. a more analytical approach has hoeen taken to assess the potential stability of all
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DORIS occupations.

Besides deploying the network, 1GN is alse in charge of its operational maintenance, an
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infensive activity on account of d significant failure rale of the successive generations of

equipment. Nevertheless, thanks to its unique densily and homogeneity, DORIS has al WHYS

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 o the realisation of the KRS reference frame.
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.

Keyaorde: AN, wacking network, geodesy, refirence frames, co~location
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1. INTRODUCTION : HISTORITAL BACKGROUND

The realisation of Ihe DORIS system was decidad jointly in the early eighlies by the French apace apency
(CNES: Centre National &'Eludes Spatiales), the French national mapping apency (IGN-Fi Institut
Ugagraphique Matinnal — Trance} and a research group in the ficld of space peadesy (GRGS: Groupe du
Recherche en Géodiésie Sputiale). Because of its experience in the fleld of the instullation of soodetic networks,
HGM Ras taken care of the deployment of the ground network and of the determination and publication of the
stattoms coordinares (Willis et al, 2003). For twenly years now, lhe geodetie department of TGN-F (8GN Service
de Géodésiv ¢l Nivellement) has heen negminrﬁ% agrecments wilh host agencies, insra]]léﬁ'lithe equipment,
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survexing the anlenmas, and keeping the DORLS stations in working condition. Sinee then, the DORIS FVEIEMm
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has evalved inwe a larger international eeopesation, leading w the recent estahlishment of the Interoation)

DORIS Service (TDS) {Tavernicr ot al, 2002: 20050,

An cazential requirement far the precise computation ol the orbils was to ensure an almonst constant visibility of

ar least ome ground station by the oo-boand receiver, On the other hand, to be akle o express he orbil in o

geocentric terrestial refereoey wysem, the coordmares of a sufficient number of well-distibuled stations had o

be weuilable in the same system. To meat the orbit coverage requirement for the SPOT-2 saellite {832km
Lo d e
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altimde), it was estimated that the nerwork should be-ade-of approximately SU stations, as evenly distribnted as

possible around the globe,

In thiz papcr we will I;.Iér;l:aﬂ}; the genesis of this wnigue netwock, winl il various c\ruju[mn# over anont 20

years. After & general description of the site selection und installation procedure, followsad by a description of the

sites and pu;lin!I;;'r naining eenvenlions, we will goan detanl thesah the listory of the network’s deplovoent and

evolution, For cach of the three major eras of this evolution, we will describe the equipment wsed, focusing on

the warions anfenna layouts that may bave a signilicant miluenee on the long term antenna stability, a growing
1 B L

concen as the accuracy ol the DORIS data anulvsis results have boen-tmpraving over the years. After listing the
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wldilional stolions installed following propesals mads in the frame of the Intemational DORIS Service, we will
explain hosw the network is maintained and give a few statistics on the equipment maintenanee, Then we will
review the current network status. afler some geneal information sbow its configuration, the host agenciss and
the information o wsers, we will present 2 detsled antenna stability evaluation approach, In chapter 11 we will

address all aspects related with the DORIS antennas surveying and coordinates detesmination: the definition of
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the referance points, the surveying provedures, snd the determination of geocentric a prior cvordinates. (o-
location with other TERS spuve geodesy tochniques on one hand, and with tide gagges on che ather hand, will
L A T

then be listed, We will finish ﬂﬁ:.h_\’ presenting the plarmed lr.-'cl.;u]l.LiiiJr'I;!'|f of the newark, after analyzing il

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

2. THE STEPS OF A DORIS STATION INSTALLATION

2.1 Sites selection criteria,
)
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The initial list of porential DORTS slalion luuatinn{mﬁin]g enaned from the need of geoventric coordinates, the
best sourve of which would be a eo-lncation of the HORIS antenna with the highest BCCUracy space geodesy
techniques available at that time: Very Long Baseline Inlerferometry (Y LBI) and Satellite Laser Ranging (SLE).
When none of these nstruments were available, courdinales could he obtained through Doppler Trunsit or GI'S
s i . ; : 'i'iﬂ.r-.' ci 1y 3 J
positioning, either alteady delermine in the frame-of miernational measurement cnpaigns or le-be measured
by TGN st lhe sume time as the DORIS squipment installation, This was notably the case at many islands
primarily selected in order to meet the densily and homoegencous distribution eriteria for the network, @ven

N
thangh no space geodesy measuremenls had ever boen performed at thesa sites,

The ¢encern for co-locations between the THORIS sations and Lde gauges appearcd latee, with the srowine

interest Forsea level rise related studies,

2.2 Belection ol a hosl agency,

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

= The tmsmilling beucon und its backup power supply needad o be ina room with modersly wemperaturs

and wmn::rau].lpréu_‘am;m__ with tains power supply available.
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*  The antenna had ro be mstalled owside with 4 clear view above 10 degreed on a structure (that would allow
the wse ol the unluenng supports - suved tower ar wall side moust  availuble ai that tme.

= The host apeney sheuld apree wcany ot some occasiondl mainwnance operatiens at TGK's request, This
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wanld include some minor verilications and wljustments, as well as sending eutaf-eeder equipment for
repair.

= Tbwus necessary to check that the frequencies transmitted by DORIS would not be likely to interfere with

erlating recefvers in the area, When this could nol be avoided, the selution generally consists of a temporary
interruption of the DORLS wansmissions, cither manual or antomatic, The receiving systems that are likely
to e alTevted by the DORLS signal are:

The YLIBT antennas: such interference can be aveided by having a physical sipnal ahstruction between

£l

hath anteonas. Wevertkeless there i3 one case (Kavai) where hoth antennas are inler-visible and no
interference have Been nuted, su this issuc deserves finther investigation.
= Upper sir soundings carried out by most meteorological stations. Only seine models of Vaizala reccivers

are likely to he affected, and soch lnlerferenee sveuionly if the DORIS antenna and the tadiosende

amtenna are very close W each other (less than 30 m or so).

2 The 2 GH anlennas uscd by the Arans tracking starions at Eourou, Ascension and Libroville.

I arder o check that the prospective host agency would meet the above requirements, a questionnaive was sent

which generallv resulted in wesiwe answers ooa fow questions, and a variahle amount of details aboul The site |
generall y wers | ; Ll
B hve el | Mere aglzy o o

layaut, This has been progressively evobeing throughout the network’s depleymenil, wilk & deeper and decper -
preliminary snrvey heing conducted as the requirements Tor unlenng stabilily beeame maore stringent (sec chapter

.2

Then it was necessary o obiain the prospective host agency’s agreement W host und maintain the DORIS station,
Cilfew el
which was in most cases-materialised by o wrillen sgreement signed with 1GM. Frequency clearance had also to

be zranted, which was generully bandled by the host ageney through an application with the relevant national
radic commumnications authorities. This negotiation stage genemally ook several months, but some projects

especially in the recent vears, after all the “easy™ ones had been achivved in the first yvears — ook up 1o two or
e e g
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thiee vears - soeceedding:



2.3 Installation stage.

Onee a host ageney had been foomd and all the necessary wulhorizations granted, the installation was perlormed
by M. Thig stage included

o Dhspatch and costems clesranee of the cquipment.

= Instadlation and sartine up ot the smtiom,

= lraming of the staff who would take care of the mainlenane,

Geadetic survey of the antenno’s reflirence point, resulting in the connection to aneter spuce geodosy

techoigue, or W the locul geodeiie notwark,

3. IDENTIFICATION OF THE DORIS SITE AND POINTS

Each DORIS site (Le. 2 location hosting a THORIS station, where severul succcssive DORIS paints may have
Been present) is identified by ifs name. This mame cun b

& The name of the “space geodesy site™ - capesially in the esarly days of the network depleyment — which in
SO wases was very large {up to 30 kn) For example, the so-called *“Libreyille” station 15 in fact lacared at
W lRalang, 40 km away from Libreville

*  The name of the city where the station 15 lueated, or the name of a nearky major ity

= The name of the island where the station i3 located.

Ina few cases, the chosen site name turned oul Baler nel w be o very wise one. For example, “Galapasos™ is the
name of an archipelago made fen or so 1slands, extending aver 0 km, Therefore a more acewale name (Sunts
Cruz, e the name of the island) was chasen when a new station was installed in March 2005, in order e avaid

contusion wiath the fist station installed at San Cristobal island, ingeeursiely named “Calapapos™.

Each DORIS point (e each location ol'a THORIS snlenna reference point) s identified by
= A DOMES number (e 13028003 for the current DORTS uulfnuu ul Bevkjavik),
T

= A [our eharueter 10 or geronym, used m the data file names and-Tete as follows:
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The wery first DORIS station was 'E'rismul do Curha [eede TRIAY, which was installed by the Proudinun
Oeeanographic Laborators i June | 986, :Eh:n;installanmlafnllmvﬁrt nstallation at @ suslained pace, with about
L s slolions u yeur (fgure 1) during the first e vears, allowing the network o be oporational when the first
BORIS-cqwpped recetver (SPOT-2) was launched. Fizwe 2 shows the disteibution of the 32 stations that made
up the network on the official starl ol the DORIS system operation (end of Tamuary 155900, wilh visibilioe circles
correspending w the 12% cut-off angle used at that time in the CNES pre-provessing of the data. Then the
deployment went an at a steady pace of shout § new stations per year 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
clhapter 5.
e

Az ol 1993, the network deployment wend-an z;l wslower pace, The number of stations regcked 45 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 o oew locutivns cither following the clasure of host agmﬂ?{ facilities, ur o improve thair co-

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

and a few with second gencration beacans,

Az of 2000, & general renovation was initated, in arder o improve the overall slobility of the antennas reforence
poant. Many stations were completely renovated o moved woa new Jogalion, & fow new stations were nstalled,

all mecting the new, more steingent requirements stabilitewise, The deplovment of the third generation beacons

B
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5. THE DEPLOYMENT OF THE EARLY NETWORK: THE ALCATEL ERA

3.1 Deseription of the eguipment

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

temporarmre gradient. [t conld he proprammed throwgh an il_uﬁgmqg__m?a:l-ﬂrlq_lgjn; interfave vonsisling of a
—— )



keyboard and a LOD sereen. The heacon geueramj- e THIRIS sigmals: 401.25 MUz (6 W) and 203625

MHz {12 W) |

i
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A box contammg three 12V harteries, providing backup power W ke beacon during power outages lasting
f

up 1o T2 honrs,

A dual frequency and omni-dicectional anlenny (fgure 43, manofacored by Aleatel, This unlenna was
bolied vn an imerface (consisting of a square horizontal plate welded to o verteal mbe), which conld be
mouited on & variely of supports, in most cases a small Jattice ower,

A weather station {figure 4) meosuring lemperature, pressure and homidity. These puramelers arc
tramsenitted through the 400 WHz madulated signal and van by used w correet for amospheric propagation

delimys.

3.2 Aleatel antenna layouls

! i
In order e bo akle o adapt o the various site lavouts likely (o be cncountercd, and For lack of detalled |' At ler -.:-*.-_--I

| information allowing te determing belurehand exactly where and how the antenna and beacon would be|

e .-x.i"a.'..n-:_ e
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Y installed, o slandard set ol snlenna supporting devices was sent [This included several one-metre lattice tower 268t <Han
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scctions, guy wires and a wall side moont for the antenna, and o heme-made small rack for the beacon and
batrerica. The 10 technician whe cavrizd out the installalion bad w munage to find suitable Incations for bath
the beacon and aolency, compalible with what was penerally the mast restrictive limitation of the DORIS
eguipment sel the very shore — 1 m - cable length between the beacon and the anlenny, In order to mect the
good visibiliny reguirement despite this limitation. many antennas hod tw be inslalled on bwilding roofs ar on top

of ra or three metre high towers, ifnol kigher.

The moest frequently used antamna support was a trisngular, 17 om sided, salvanised stecl lailice tower made ot
rwn or three one-metes sections, bolted together and set up oo one ol the following struetures:

= A conerele pad on Lhe ground, already avatlable (fipuec 5)

* A conerete block specially built tor the DORIS installation (figure &)

+ A huilding™s top terrace. (figure 7)
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'Imnsideﬁ'ﬂ‘g the expected posilioning seeuracy of the DO IS sysren at that time {10 cm),

e
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Ata fow sites where the antenna was installed on 3 roof] a clear sky view sowad-ty useDnly one tower section.

™ 1
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Conversely, lour seclions had to be nsed at a eouple of locations i order W avoid nearby signal ahstructions. -.l
([ twrhie bpwey 1 i
When such lavouts were used, the tower dtself was mounted on a square base plate, which wus bolted to the

conerele supperl using Four expansion balts, This base plate had o simall vertical tube in its centre, which

| 1 1
~nal el .
“prevented to see the ground mark i one had been set under 1he plate. 1o some cases the tube itself was wsed g5

the cantral mark instead. Such a contial mark was deslined to be used in the fature fo check the antenna stabiliey
tle

m'l.’li.‘me hand, and 25 3 marker of the anlenny loculivn in casc of mavement or aecidental destruction of the

anlenna on the other hand.,

Ciker dedipns have heen used more rarely .

*  Direct mount ol the antenng interface on a raet, without using a tower (Figuee §)
= Propped stecl pole {Figure 9)

*  Tower montited on the side of a wall (Figuee 10)

In & few of these coses, o ground mark was present,

Masl lowers were propped using siainless steel cable wires and twenbuckles, allowing 4 pretty strang and stable

tastening of the tower Nevertheless al a lew siles the cuble wires were very long or samewhat lovse or even
g |
ad

platle

nenexistent, which would nut guuraniee a centimerre-level stahility of the antemna, This was yel acee
=] -
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By wdjusling the lension of the atays, it was possible to contre the antenna base (ie, relerenee jpoint ahove the i

Fhe | . T s B
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ground mack when present, However, none of the above antenna suppart designs allowed 10 precisely uujuﬁf__[hr;

antenna verticality, ie. to guarantee that the electiical pbuose centres — and notably the 2 Gllz-ene-sn which the

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

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

aceount when Alcatel antermas were surveyed prior w remaoval, during the nelwerk s renovation phase. It is now

far from being negligible taking into aceount the recent peodetic results obtained by the DORIS system (Wilhis et

al. 2003).




. THE NETWORK DENSIFICATION: THE STAREC ERA '\}"If. Pl o 4i ;
ey i@ 9O

-
i

|
A new antanna model has been used as of mid-1992 jnstend of the original Alcatel design, whaose dﬁf‘;_]r_‘u}'ﬂtml[
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ended in Seplember 1992 wilh the inswllation of the ovo Australian stations st Canberea Chroral and Varapudee, |
The mumber of statons m the netwark kept on increasing wntil the end of 1993, when it stabiliscd around 50
srationg, before increasing again slightly at the end of the 90°s. During this peried (194 1o 1999) several stations

were moved to new locations, and u few had lo be upgraded cither following heamn;! failures ar danmgejg' citusen
i

W anlenmas by strong storms, A sccend generation beacon was installed at g fow sites as of late 1995 ([irsl ooe at

LA
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Krasnovarak), it was never deployed af a large scale: a maximum ol 14 unils have—heen operating

simultaneonsly in the networls (in 2003,

6.1 Deseription ol the seeond seneration equipment

The new aneenna madel (Figure 11, manufactured by Staves, France, allered severa] improvements with respact
ta the original Aleatel model:

*  Thanks Lo ils slimmer design, it catches the wind far less, being theratiore less prone fo damage by slonns,

= lrs phase contre docation is beter defined {ro within 1 mm, vs. 5 nun for the Aleatel antennas),

o Tes glicnmier and more rigid design allows @ mere precise survey and cenleing w be carried out.

From ils very Orst deployments, (his antenna mods] was mounted an a tdangolar plate machined at 1GNs
mechanical workshop, linkaed 1o the ondemeath support by serews and nurs thot allow @ very fne adjustiment of
the antenna verticality. Theee different molectals have been used for his mangelar plate: anodised alominium,

maring sluminivm, dnd stmbess swecl, LUnformnately no exact record of the material vsed at cach DORIS station

L
T

| 0

was kept until the end of the 907, and we discoversd after the event that corrosion had olfected a Tew snodised a
l H |

. . . ) = bob e T satiwpsfy Giieg e
aluminium plates, and causing a sipnificant antenna til, ot b ™ GlaTiais S8Fe. mog | 3Rh0os Jr R !

The new beacon (Figure 120, called 2.0 DORES heacan™, manufasimreed by SOREP, France, had the following

diffarences with respect to the arizinal 1,0 heacon;

+  Much lighter (3 k) an-;‘,j._gu:;ipuul,



e
* Waterproof casing allesdsg ils deploymenl in more humid enviranmens,

= External power supply (the internal one on the first peneration heacons has been the cause of mast Failures)

:
in the form of a charger and tva hatieries in a dedicated waterprool box,
y PErm T Mg
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*  Lower power comsumption (30 W vs, 120 W (or the |0 modely allowinag “tinsall 10 in locations where

electiical poveer supply ts limilsl, )
. 'L(.-.h'
G vES

= Lser interface only through an external computer. The beacon itsell basmuo indication of s corent

aperating mode {Transnyission or standby),

Thue meleprological slation associated with the second meneration beacon had the same Tunciionalitics as the firse

/
maodal, bur it was more compact and lighter,
/

Another appacently minor geolulion equipment-wise during this pariod — the length of the antenny cables
T
inervasing from [ o 13 m - had a significant influence in terms of antenon luveut, us it allewed more freedom
50 LB
in the selection of the antenna location. 20 m cables hove even been used at 2-eouple-of lacations but, hecause of

L

Pl
the higher signal sttenuonlion Wes-eause, the

;_uusu should be as limited as passible,

On the other hand, a modified version of the first generation Deacon, vallel version 1.1, was develaped. I
eomsisted of 4 |0 heacon without the failure-prone interna] power supply unil, conncered to the pawer supply
|
el (2 i (1 p0ss b Tlos

box of a second generation beavon~Very few such units have heen deploved bt 1hn}??&un‘.ﬁé’ﬂfﬁ—EEeﬁEc_ﬁe;a]

slutions oporacing ar a time when the namber of seeond genceation beacons was ool sufTicient w repluce the
- _ontte,
aging firsl peneranion anes,

6.2 Starec antenna layouts

The antenna supports uzcd during the THY5-1999 period were more or less standardised: mnsr Starec anrennns
were installed, via the fiangular plate, ona 2 metre high, 17 e sided steel Laltive lower, Tastened with stainless
steed puy-wires and turnbuckles (Figure 13), The buse of the tewer was boled directly inco the conerets support
with three cxpansion or chemical anchors. A pround 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

|
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(Fagard aned Cresoni ]993}{_SuL']1 u pelivy has been applied unol the end of the 9078, with ne on-site intervention |

boch the antenna tHangular supporting plate acjustment ngts, and the tumbuckles, the antenma's verticality and
-

centring above the zround mark was curelully ud_iuswcg..,v.-'ithm ane millimetre,

|

The exeeptions m this standard layvou! werne:

* The Aleatel antennas that had te be mueved (g following hast agency promises closures) woere gencrally
telocaled exuctly oy lhc}-‘vfn.i;ir}{i.f:\-:;é- uring the same support. Several such relocalions were carried out by
the husl seeney with no incervention by 1GN-T,

= 3 merre high ower (Cibinong/CIBE, Rie Grunde/RIOB (Figure 14). Rapa/RAQR, Socorne/S0O0E,
La Réunlon/REUE) er even higher (6 m at Syowa’SY OB when imposed by nearly siznul abstructions.

¢ L melre {or less) gh tower: with guy-wires st Santa MariaSAME and Krusnoyarsk/KRAD, no aie-wires
ar BverestTVER, Ottawa/0OTTE, Papeete/PAPE (laler moved to PAQR), Libreville/LIBE and
Tairhanks/FATR, The half-metre lower without guy-wires mrned out i be very casy 1o instal] oo lop of 4
buildiog’s wall while affvring 4 very good rigidite, and was therefore retained during the renovation of the
network dealo with in chapier 7,

*  Dhirect mstallation of the antenna Liangular supporling plate ot a concrate pillar, using three short Gireaded
tods embedded dnlo the conetcte. This very stable design was first used in February 19%7 ac
Ascension/ASDE {figurs 15), then at Amsterdam/AMER, Syowa'SYPE and 50 John 'S TIH,

= Acvery rigid 3 mete steol pole was nsed at Mount Steomlo/MSOR,

7. THE RENOVATION ERA

The peed for an imprevement of he DORTS u:]lunnu;"siahilit}f emerged in the mid-90s, after the increasing
positioning securacy of the DOIKIS system allowed 11 to be accepred 2s a new technique Gor the realisalivn of the

IERS Terrestrial Reference Nvsrem (Boucher et al 1994 19965 When an existing stolion bud W be moved, o
e

: ; o Sdar ) e
when a new one was installed, increasiae attention was

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

DORIS netwark (3 guv-wines al 120 depree spaving, identical lengths, stainless steel hardware),

13

=i,
paid e instul] he antenng on a very stzhle suppoct .



At the end of 1499 a plobal renovation action, abning ul improving the smbility of the antennas, was decided,
This renervation project was presented Lo the DORIS community during the “DORITS dayb:gin May 2000 (Fapard

and Chwsond 20000, and aclually started with the renreation of the Tibouti station in July E.L'I[JU_I"
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7.1 Network preliminary review
1
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1
In order totplan this renovatien aelian, il was first nocessary 1o review the siation at al] DORIS sites, i order 1o
delurmirlu“_!j?u slabilily mmprovement was nacessary—and how—urzenl il owag. Suck an evaluarion took the

fallowing paramerers into account: =
mET N

Thed
* The tvpe of antensa (Aleals] or Sarce), Altheugh s antenma can be considered mare stble per se, the

Aleate]l antenna bas severul characteristics — highar sensitivity to the wind, mueh heavior, less accurare
|
| .:_.:‘I
surviey, no verticaliny adjustment — that a]]nu'gigo comsider 1L us less slable o poor.
= Thekind aFantesna support (metal tower wilh or wilkioul guy-wircs, concrete pillar, other designs).
¢ The pature of the struclure vnwhich chis suppoer was installed (building, rocle, conerete blogk, vre, ).

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

This resulted in a one to three star slabilily grade given e cach antenna {Fagard and Orseni 20003, This

evaluativn was later refined for imternal use by [GN-F, inte fonr categories defined in lubile 1,

These apparently abjective evaluation criterin were malulaled by a subjestive fzeling o the antenna support

everall quality, The resulting slability estimate for the whole network s shown on Figure 16,

le 15 wmportant to naete thar the purpose of such an estimation was only e allew us o properly manage the
notwsork renovation atd mositar it prooress. The reculting estimate showld neilher be regarded as an indicarar of
e yualivy of Ihe stations computed coondinaes and velocities, nor be used to classily them, sinee |he actal
stability of an antena 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 chapter 10,4,



Marever, this was a theeoretical approach, and the avlual behaviour of the antcnnas did in some cases differ
significantly mom our cxpoctations, for betrer or for worse:
¢ Corrosion of the astenna isngulor base plate (the anodised aluminium tpe) cavsed o seversl centimetre

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

= [ The snlenna centring tarmed out to be sill within a fow num after more tan len years for several Alearel | i .

| antennas installed during he very carly years of the DORIS nevwerk, hence rated “poon™. ; . [

7.2 Onality reguirements and momumentation designs

nad Heguirements

In order to be computible with e capected, snd almosr achieved acouracy of the DORIS posilioning system at

the venlimulre-level, the ebjective in rerma of stability of the DORIS antenan reference point was defined as one

centimetre over en years. Such a requirement had the following consequenees oo the desion of the antenna

stpports that would be used for all fuluwee mstallalions and for stations renovanons:

= Guy-wires should ne longer be used  fasten a supparting rawer and adjust the antenna ventring, Although
such a design turned oot to he very stable over mamy years, it is not 100% reliable, as accidenal damage, or
pragressive slackening of ene stay would result oo an antenng horizental shitt, cither sudden or progressive,
that roay o unneiived lecally fur quite 2 whale.

*  Only the antenna suppees described helow shonld be nsed

i Dhesesen I vanmerete pillar
i i

The prefereed antenna supporr 2 a conerete pillar {figures 185 and 193 boilt according 1o “geodelic™ specificalion,
whe taks into account the nature of the ground, The pillar designs shown on fgures 20, 21 and 22 have haen
derived lrom these used by the Cunwdian Geedetie Survey Division (Geodetic Survey Division, 1993), A
triangular plate 15 ot on chree A4 stainless steel rods embedded in the concrete pillar, and & series of nuls
allowing to adjust the antenna verticality, The oiangular plate, machined by TGN-F mechunical workshop, is

made of either high qualily stainless sieel (ATS] 316 L) or marine sluminm. Such a pillar should nevertheless



bee smaller than two metres in order to limit the aotensa movemenls caused by the difference m thermal

expansion betwean bolly sides ol the pillar.
FAF Pesipe 20 selsupnortiag mesad fower

The secend preferred support i & very nigid lattice tower (seli-supparting type, not requiring guy-wires). Suchi a
rower 12 mstalled on a very atable concrate stretnre al proond level, This concrete base is built according e the
same specitfications as the concrete pillar described above, Ina Gew cuses, exisling concrele structures were used

iCbey were in pood condition and teir dimensions scemed fo guarantee & good long term sability,

This tower desizn is used when suvronnding signal ebstructions (ollen capsed by lhe very building that hosts the
DORTS beacon) vequires that the antenna be higher oo the ground than whal & conerete pjlja;“.:'ajlhu:i It is alan

used when gogood quality eoncrele base s alveady available, allowmg an easier and cheaper installation than

specially building a concrats pillar,

Finding strong eneugh lalbice bewers, available in one-melre sections {tha 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
Santiapo'SANR and Faster Tsland BASR) whese finish left to be desived. 37 cm sided, galvanised steel towers
manfoctured Ty Leclere 34, France, bave been wsed al many DORTS stalions and turmed val W be salisfaclory
(figure 23} This tonweer model bas an additional advantage: it can also support the third gencration meteoralpgical

statinn after e standand installation set was shightly modified by 1GN (figone 24

PR Pravige 30antenna on o buildinge

Al g fuw DORIS stotions, even putling e antenng on @ bwo metie wewer, el oo cooncrele Block p:ul:udlng_ 30
e or so 0T the ground — which puots the lowest phase cenoe almost three metees above the ground - 13 not
sufficient to give enough clearance becanse of high nearby sigral ohstructioms, In such cases, the only option s
e put the snienna on g buibding, geneally the one where the indeor DORIS equipment is located. Such a layout

can mive satisfactory results stabilicy wise, provided the Tollowing precaulions are laken:

16



7.3

The localion where the unlenng support is inatalled should be carefinlly selected with respect to the struclure
of the building {figure 23], in arder o achieve as frood as possible a long term stability, Tdeally, the antenna
auppart should be installed on top of a load -bearing pillar, or 2t the comer of two load-bearmg walls. 1f such
a solution is ol achievable, the busl approaching one s sought {e.g. not putting the antenna au the cenlee of
4 slab roof bur rather near the juncrion to the undameath load-bearing wally, If necessary, the construction
drawing af the Building or advics from the builder can be nsed.

The antenna support s as small os poessible. Pulting (he sntenna on top of & building allows to save a fow
melres and henee lo sometimes got vid of most signal abseructions, therefore the antenna can be pul on
wery short teawer. Lsing only ane section of a 37 em sided tower (fgwre 24, or 2 half-metre 17 em sided one
{figure 26) — which bas the additicnal advanlage of Niling oo narrew concrets beams — puarantecs an
optimal rigidity of the supparl.

When possible, the tower should be bolted or embadded dirsetly in the indemeath load-bearing slructure,

This requires special precantions when o waterproot coaling covers Lhe ool

The third generation beacons

A pow generation of heacons was introdnced, and deplaved as the renovation was progressing ( Tavernier el ul,

2003}, The first "standard” thivd generation beacon  be, apart o the master beacon at Toulouse — was

installed ol Tristan do Cunbe in January 2002, Their development was stopped for a while as of Febeaary 200

after 8 sooal falure on the 2 Gz channel kad been discovered, and resumed in Tnly 2004 with retrofirted units.

This new sel ol equipment (Tgure 277 15 compused of;

The heacon, varsion 3k manutacored by SMWP, FKeance. Tee appearancs s vary cmilar to the firet generation

!
a building and fits in o standard 19 inches tack. The power cnn?umptmn 1w approximarely the same as the

first generation f-:;.ﬁ-: (130 W) Contrary to the previons madels, the sipnal is modulated on both channel? It

1L 2 B

.-
|
=
e | !
f 'l

;



also has a new “Restart” vperaling mode allewing s signal o be received even if the time s not propecly
sel

* A charper that supplies power tothe 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 umi,

*  T'he antenna (hoaces model) % unchanged

T4  'The progress of the renovation

Aseun beseen on figuee 28, there has been a steady and definita 1111pm~.r¢m..nr of the ne:wolk thiy slubsilily-

v R Lo L e e ) U e thg pa | e

wist berween 2000 and 2003, During this aix year period the following evolutions ]mre et lu}ﬁngpimc‘

* 30 existing stations were renevated (al leust 3 per et and up to 10 moane year),
= 4 stationy wore added to the network,
B new stations wers nstalled as a replacement for existing omes which hove been closed,

® 2 srations have boen removed and not yet replaced {Aalil and Guan),

I'he rcnnwatmn tarned our to he much Innq‘ér and complicared a process than wu:/f]fst expected, The more

z

stringent requirements for the autend smi:u]ttv required to gather a lot ol |::fuj:r;:auun aboul the site {picturcs,

shetches, obstraclion dingcams Ll'uvui]ub]c]l, Even though o condact with t.h-:_:/i'ir:-st agency had heen esablished tar
e v _,

IMany Yoars, s:nmctm_a_es'lnng time o anawer and the need 1o plan lagistical aspects in detail - cspecially-when 2
CONSIENs rnnmm{en[ had b be Bl — involved that the wlm]n pm:',‘,sr, could take well more [han ane ¥ear, uruJ.

requine Uit well siore than FO0 e-mail messages be bILTIﬂJII_H.d betweun TGN and Ihe host agéney. This 157even

Ha

Py s
miore trae for the installation of 8 new s L:x-n_ihi!u, with 2 couple of projects extending aver up o thrae years

hetore heing eventually carried 1oa 1111:Lm-.ﬁ1| conclugion, 3

i

T ke -[Jl_:.-. A At oL f --_wcu- Ira. 73 Az ‘L f,. t%.._ gzl
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[n the frawe of the establishment of the 1D& (Tavernier er al. 2005: submitted), varioss groups fave mads

propesuls to bost additional DORIE sations not included in the permanent DORTS network, with varied

seientific ohjectives and for varied durations.,

1
- M
L fer| g

The following caperiments have been carried ot o date (figure 29 T

. i - & £ kL [
" An ice sheel monitoring experiment was condocled by Guuscmnccp} Australia on the Spredal zlacier
L] -

Antarctica, by operating a DORIS station for phoul three months owice, during the austral summers 2002-
2003 and 20032004, ((Therfe tugie ™S Ceamma’gag |
£]
*  Fellowing a praposal of the Garman BEG to operate DORIS stations al Weilzell {Germany) and within the
Transportable Integrated Geodetic Observalory (TIGO) located ar Concepeitn, Chile, a DORTS saton was
mstalled in May 2003 at Worezell, [t was removed in Tanoary 2004 after producing litle data, due o

inlerferenee o the WLBI on ane hand, and an aquipment failure on the other hamud.

* A [MIRIS sation was installed on the Gavdos island, South of Crele, in September 2003, as part of an
Ly &

altimeter calibration site (Pavlis et ul, 20040, I has -b-ei‘m inactive tor an extendad period of time because ol o
beacon Gailure fullowed by a shortage of spare heacoms, bt a retrafitted third zeneration s on ils way al lhe
F time of writing and ':Imufdhe insralied in Felruary 2006,
* A station was installed at the Antarclic Argentine buse “Belgrano 117 in January 2004, following a joint
proposal by the TAA (Tnslilulo Anlariee Argentine} and the Cerman AW (A rad Wegener Institate).
Pracide,
Because of o fatlure of the sceond generation heacon shartly after its installation. it -l:ng-lj;a,ea] E;:imbng lietle
data during the first year of aperation, but it has worked very simoolbly aller o lhind generatdon beacon was
installed one year later, Considering ils exeellenl results and signiticant contribution o the netwark
coverage umd robusiness inoche Antarcoe reglon, the “DORIS Mission Group” — consisting of

representarives of CRES and TGM — decided in Decomber 2005 to change it status Dom “TNE experiment”

to “Permanent DORIS siation’:

9. THE NETWORK MAINTENANCE

9.1  Maintenance running



In additien to the deployment of the neowvark, IGN-F has also haen in charge of its maintenance, ke opemtion of

which can be summarised as follows {(figure 300

= An anemaly s deiected by the DORIS contrel centre, either in the farm of & complete lack of
measurements, or of & wronp parameter (Hne sot, frequency, meteorelogival parmnelers, power cut, ote.);

¢ The DORIS control centre sends — [or each anomaly deleeted — an intervention cequest to TGN's
mainlenanee wnil (SIMB: Service dInstullation et de Maintenance des Balises = beacons installation and
MaNGERance scrvice);

* TGNSIMB contaces the host agency. asking it to oy oul the nevessary operalion;

= The hast ageney peclonms e reguested vperstion, and reports o [GNSSIMB, which then reports back to the

[ARLS control contre,

892 Maintenance statistics

Equipment reliability has been a major issue throuwghout the 1ile of the DORIS network. 'I'he proportion of

emitring beacons in the nerwark avarages o about B8 %, with lows ar 80 %% and hishs veachiog 95 % Beesuse of

w3 e el
.f ,_Ltl'lr._l_l___J, :‘""“'f.:'_,

very lone repuiring dc]a&ﬁnt.l.]fum[unl shorlages of spare units, g,ﬁw stations have remained down for several
months before they could 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 a good level, thanks o the densily aml
hemegeneily of he nelwork, This coverage rate, whose maximum theoretical value is 93% foe kigh altitads
satellites like TOPEX Poseiden and Jason-1 {both at 1330 km altivude), is 5611 50 % when 20 % of the stations

are sliveert.

| [
BN Sy {l
LRI S ¢ i

Each generation of beacous has bad its own share of specific problems:
= The Grsl generalion beacors main source of problems was the inlemal pewer supply 70 % of the failm'-:s@
Other failures were due to the oseillator or to the svnchesizae,

¢ Ap amplifier preblem on the second zeneration beacons caused a few month folecruplion in their

deplovinent around 1994 Aparce from this tempecary anomaly, which was corrected ws of 1997, 1his mode]

it nof turn oul o be more relisble than be fizsl generation. In 2005 8 new problem (power supply defect



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

bR

Almosl all third generatien beacons installed hatween sarly 2003 and Aogust 2004 have-been affected by a
tailure on the 2 GHx channel, which required these units Lo be retrefled, After this problem was solved, the
deployiment of this model has resumed, vither on the aocasion of a majar site renovation or by simply
shipping a now medel to the host agency whe teak care of its installation. From then e, the operating race

fior thiz mode] has imcreased 1o 90 %

A

5 ) ‘ ;

"y W . il 3 L g ¥ ] ) - .
Because of the shipmenl walling pernod, €ustoms formalifes and scarce service Lo’ some remole THORIES
lecanions, the necessary time o have aspare beacon delivered an site can vary lrerendously trom a couple of

: ¥ o ol £ i ..--_‘.I'.
thks to as ]ong a5 Qe vear, L AL 2 oy 9 B .|I.- -.__|-_.- ILa i J

I"'|'_-I .'.!. b ;;. CRO g ey gy 5
From the sturl of the DORIS system operation, 1GN7s maintenancs unit has beer hondling sbout

npervention recquests and 12 beacon exchanges 2 year on average,

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

= Tine or frequeney adjustment: 7R %,

* Reset ofthe heacon after a failore fauromatic for the thind peneration beacens i 4 %,
¢ Checking through o sell-lest provedurne: 8 %,

*  Battery charming or replacement 2%,

= Replacament of the weather sensors; 2 %,

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

Un the other hand, planned interruptions of the emdssions o avoid inferforence to other receiving syslems veeur
at the following sites:

= Yellowhknile and Syowa: Juring Linlreyuent) VLET campuizns,

= Aszconsion and Libresille: duoring the tracking of the Ariane rocket upon each launch from Eourow,

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

21



10. THE CURRENT NETWORK STATUS b T

1.1 The current network configuration

In Pebryary 2004, the distribution of the different 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 Starev aplennas

7 Alcatel antennas

Three stativns — Toulouse: Kourou and | larieheesthaek — have a special status os Uiey are eyuipped with “master

beacons™ used for the programming ol he on-board instruments.

10.2 The host agencies

The host agencies who kindly host and mainlain the 56 stations that make up the DORTS network can be divided
i the following catocgorics:

+  Naronal survey apencics: 10 stations.

¢ National space agencies. 12 slolions,

= Soienule maliutes (mainly dealing woth Earth aciences): 19 smations,

= PPolar inanmtes: 8 smations,

v Ndercomological stations: @ stations,

= Chbwer (o lelecommunivation stution; | stanon.

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

representing 32 different oalions,



1023 Informalion b users

Far each TS station, a Sitelog is made available W the wsers in the form of a texo file, an the T8 web site

{hipedids els. Oeblolidorissileles bim]), 1L centains the following infarmarion:

= General site information,

*  Infarmation about the successive antennas installed al the stativen
¢ Information about the suecessive bracons installed at the station
= List of pvailuble TERS co-locations (1f any)

*  Nde gange co-lecation (iFany)

* Local peodetic survey resulis

*  Dwsenplon of the meleorolomeal mstrumens

= Contacts

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

I the DORIS commumnity o the torm of & DORISmail (Tavernier 200035)

1004 The anlenna stability evaluation

Mow that the network renovation is almost wmptblw.l W 114\-'-. lnLd Ly gasusy Mo r:lrl:ﬂ'libj‘y the quahnr of the
1o 0 rjesd |-\_ Aer, [ ri
anlenna suppoct al ul] DORIS sies, mo Lh.l.l'm:m.,_u.h'. dcﬁmmnn ls:-T criceria for site quality a:nmn.ﬂ_:-n identifring
'Lf::.»

':;'...-'T L. l. ||__

The Lest way to actnally assess the amtenna stabilily would be o carry vut stability surveys on a regular hasis,

Hinee this would reguire human and financial means well heyond those allocated ro the malntenance of the
ol 4o b2

DORTS network, other approaches camBe considered:

* Ananalysis of the stucture of the antenna support.

= The resulls of the antenng cenlong check 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 constucted (according lo IGN"s specifications dealt with in
chaprar 7.2, or not),

Ground hardness: bedeock, burd s01] or sofl soal,

Height: because even a concrcte pillar can be bent by temperature differences between the sunny side and

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

- Metal tower: we have been using lwo main tower tvpea in the network: Normand, and Lecler,

Tewer model: “Leclere”™ (32 em sidad, self-supporting) is better than “Normand ™ (17 om sided, neads to be
fmuved iF height is more than one netre),
Height { Leclere twwerd: although this kind of tower is very rigid, the smaller the better... .

vl el
Height (Normand tower): weight=3 for this ariterion because the amounl of sn antenna move 4t a goy-wire
breaks or hecomes looge, which cammet be completely ruled oul undl aclually aircady happened) increases
very much with heighe,
WNo guy-wire (Normand wewer)s the lack of maving will have hetween "no influence” (for o half-mee
section) and "a ot of inflnence” for a very high tower,
Cinying quality (Normand tower) good guy-wines have tumed oul to be very efficient in maintaining 2 mm
level wver several yeurs wl some sites, Morcover, a bad quality suying will have of course a dilferent

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

. Seconmdury support: this is the element below ke primary support., It can be sither a conerere block in the

grounsl, or g building, If the primary support is a conerete pillar ar & metal pipe anchared into the ground, here i3

iy secondary SEppore

L

C.1

Concrete block o pad o the ground: smne coilerin us (e conereie pitlar,

Building:

General structure: here we have marked how stable the building should be. according 1w e kind of
structere and materials used.

Primary support lovation wilh respect w e most stable parts of the bulding.

Huighl of tower base sbove ground: stability-wise, the lower the building the better, Nevertheless as the
influetce of this parameter is difficult to evalvate (presumably less loportant thon, and kighly dependant on

the: building”s stmctore and the location of the antenual, il wos assigned oovery small welght,



The third approach dealt with in (Le Bail submitled) ssesses the actual antenna instability with respect o g
global geocentric frame thowgh @ nuise anulysis in the nme series, hence taking the effects (rom all instabilioe

SO T e,

11 DORIS: A SPACE GEODESY TECHNIQUE
11.1 Definition of the antennay reference point

The antenna refercnce paint for all geodetic surveys and published anlenna coordmates i defined as follows

(fignmes 3370

¢ Alewtel anlenma interseetion of the antenna axis, and the plane containing the wp of the small cdoe at the
hasze of the antenna,

= Brarec antenma: intersection of the antenna axis, and the plane vonlaining the red ring on the antenna bty

This point is also the 400 M2 phase cenlze,

11.2 Surveying a DORIS antenna

Initially, all Aleatel antennas were surveyed when they were installed, using canventianal surveying techniques,
by lntersecting the antenny om several surreunding points. The sightings were done to the left and cight side of
lhe antenna basc, m order to determine the reference point position, No attention was paid 1w possible anfenns
tile, which conld anvway not be adjusted with the inlerfoce between the snlenns and i3 supporting tower, The
heighl of the anlenpa with respecl lo the ground mark (it any) was measured with a tape, but because of the

Lo of the antenna base and interface, a one mm level aceuracy could generally not be achieved in doing 5o,

Staree antenna have also been survesed by convenlional gewdelic survey metheds for a fow vears, bur as of 1557
& special interface designed sod machined by IGN-F has been used to force-centrs 8 OPS antenna on the same
triangular plate that supports the Sarce antenna (Figure 343 This allows a direct and very sceurate GPS
eonnection between anather geadetic point on one hamd, and e Slaree antcnna base on the other hand, The

T,



connection of the reference point was derived from the antenna verticality adjustment and the measurement of its

height above the anicnna base,

Crver the last fow years, the nost coinmen survey process has been o measure a divect connection between the
Sluree unleno ynd an cxistng permanent (GPS station, in most cases part of the 108 network (Moore and Netlan,
20051 When possibile, a spinit levelling connection between the DORTS and the GI°S antennas iz also messured

inoreder 1o guarantes o more accurate determination vl the vertical compoancat,

Az of 2000, a forcod-cenrring intertace {figure 35) — built from a recveled Aleulel antenna base — was alsa nsed
1o sutvey the Alcatel antennas vpon theis removal, thus allowing a diveet GI'S determination of the Aleatel

reference point.

A T foy 1 My T e p

113 Delermination of a prior coordinates = G J|
: : .ﬁ

Prio to the launch of the first ORIS tnstoument on board SPOT-2, IGN published an initial set of coardinates
for e DORIS nelwork, Jabelled JOODU. These coordinates were expressed sither in the BTS2 realisation of
the BLS system (BTS: BIHE Tervestrial System, the predecessor of the TTRE) or in the ealy realisulions of the
TTRE: ITRERR o ITRIEY. The reference epoch was 19840, This set of coordinales was laler complemented as
e stations were deployed aller the start of the THORIS svstem's operation, in the form of updates of the initial

sed, labelled JCCD0D,

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

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

= It the DORIS antenna was fed woa Y1LED antenna or SLR telescope, which were geoerally already part of
the RTSET ar ITRFan ealution, the acenracy of the resulting coordinates wae better than 10 gm,

= I0 the DORIS antenna was ted wow Doeppler Trunsie point, cither alecady determined ar observad
simuliancously to the MRS msmllation, the resulting coordinates had to be fransformed from the
ephameris system {such as NSWO072, WWL-9D or WGEE4) inte BTSET using o seven parameler

transformation {BIH 1988, The resulling coordinutes wecuracy wad around one metre | precise



Moreover, measuring o [ew missing DORES - dide paee fies on the occasion of the nelwork renovanon allowed

ke progressrvely increase the number of such co-locations {fizure 28] up o 19 avatlable tics.

[
12. PLANNED EVOLUTIONS
12,1 Strengths and weaknesses of the DORIS network

Compared to other space geedesy networks, the DORIS network has the following unique advantages:
= It as much more hemegeneous, Whereas the 105 netwark (Moore and Neilan 2005) hus many more stations

{abour 3000, 1c has a very heteropeneous distribution, wilh very dense arcas over Burepe and the TISA, and
an bdditisry Mither
large gaps over the Pacific Ocean, Soulbern Tndian Ovean, and Africa (Narth of the Fquator). The SLR
a1 i_l'-'-.‘.
network (Pearlman 2002) i VLBI network ( Schifiter ot al. 2002 are r!a'rf.ﬁe.r eqqually distribured.

= Tt has practicully the dght number of statons @ meet its primary objectives. The PRARE network
[Mazamann et al. 1997), which initially aimed at achieving the same ebjeclives an DORLS, has 10 stations
operating, out of an initially planoed netwerk made of 30 or 50 stations.

= Itmokes the TERS nelwork denser where needed, by adding poinis in repions where no other techniques wre
present.

*  linlike other IRRS techniques, it is perfiectly divided into the Northern and Soulhern hemispheres: there are
exactly as many stations i both hemnispheres, und cut of 38 co-located sites, 15 are Jocated in the Southern

hemisphers. e I: |.
O e

AL

= lis centralised managamant by [GN\{-.HS alawead-to-carpeoul o major venevation elTorl, leading o an almost
& Lot Thid-rrgfeesiy
standmdised eguipment layoul™All equipment changes are iracked by one group (the DORIS maintenance
pereniTe : A . i
unith which atlows leedetect sorial proplems and take the necessary corractive actons, 0 l‘-.‘ TSy en
A TR o B ey ovies m 2
[T e Qe r__fs\,:- |!

Pl

L1

Althengh they-are quite-satisfng, the current network dewsity, homogeneily and robusiness =ie. the netaork’s
i o : ; i . ; , 2

ubilily Lo ensure 4" continuows tracking of the s.utullllufurblts when & given station is dmvnfénnu]d sl he

mproved, The map on figuee 39, on which the visihility circles of the stations were drawn for the lowest

DORTS-equipped satellites {832 km altitude) and for s cut-off elevation angle of 127, shows & [ew 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 existed, was made

P W peg |.; o
weorse by the remmoval of the Guam soaton. A mpiﬂeamm site at Tarawn, Republic of Kirtba,-is. undaq-_u!.ay_

1
but neo et installad.
1 i
* Although the Kauai station has w eeniral location in the Karthern Pacific Ocean that allows ){guud quality
coverage, the nelwork’s ruhu\muu s not sutficient in this ares since a failure of (his slalion means thar a
L by | o n
significant pare of the orbit ja nn{)q;rm,icﬂ* am‘ nare. Additional staliens. vne North and one ‘anulh of Kanai

would be highly desivable, but IGN"s ellorts over several years to bring these difficult projecls lo-w
~ ol .

| ’ 1

hm_esa_f:tLum hu\-t."r::lli;'iiﬁ:{ll ?Eﬁﬁ]usﬁ-yet. Sakhalinzk is alse in’snmcwhar};fi isolated silwtivnoand would
b well off being hacked up by an additional sTﬁTinﬂig:au[h of Tapun,

= Less striking but nevertheless improvabls robustoess wise, he removal of Arlic left a less densely covered
arca over North Aflica, where o [uilure of Libreville leads o a pap of the amrbi}émvemge for the Tuwest

sulellies. The planned mstallation of & station at Tamanrasset (Algeria) would significantly improve the

rabustness while adding ane move GPS (and maybe SLR) co-loculion,

As far as the co-logulions with olher techniques are concerned, TORTS TGS co-locations ure in sufficicne
number, Mevertheless, adding a fow more would do no harm and could be achieved withoul sny modification of

the ORES newark, by simply including c.ust-ng pmmmenl GP3 :.lulmn:, i the I(:S network (c.p. Bothera, Part

. ’ tobe et i chocetine

Mareshy, Fumna). But more DORIS-SLE, uu.d still more DORIS-VL IjE should {l“'f1rt1T¢i} be added, as stated in

one ol he recemmendations of the D& plenary meeting in May 2004 (TDE 2004, Putting o DORTS station near
& YLBL antenna 158 likely w cange some interference to the VEBL as expedienced al o [ow sites, but this iz not

systemmatic and fthis issue deserves to be investizuled, As regards the DORIS-SLI co-locations, figure 36 shows
|

| .
that there is o buoge area between Metsihovi, Hartebeesthock and Jlu'rcrth w‘hero no soch co-location is pj&‘,&lll
ke

This gap could bclfllbd by matalling a DORIS sration, and acourately tying it to the SLR stalion ul Rwud buud:

Ly

Arabia, which gives excellant resnits,

Lastly, it should be noted that a sometimes insutticiant tracking of the ORTS on-beard instouments, was seldom

el
due o the neraark design and management, although some host agencles closures have been-causing long data
& £ C

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

I
{5

CIPT



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

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

peneration beacons lets us foel the first stivvings of hope for on opeation rlic nearing 100 %,

[ | | | |
12.2 Evolution plans and proposals  Ceu id e

Ly
'.I:U G L :|| [ I_:.,_i-, *__., {I: || -i'l ."

The ORI staticns ar Dianysos, Konron, Toulouse, 3ocormo and Krasnovarsk sUl have w be renovated, and

this should hopefully bappen in 2006, The lost two remaining Aleate] antemmas in the network — Dionysos and

Toudouse — will then have been replaced wich Staree anes,

& new seation should he installed at Rikitea {Polvnesia), which will eventually replace the one at Rapa,
Moreover, new stations are in project ol Tarawa und Kiritimati {Republic of Kiribati), Adak {Aleutian Tslands),

Tamanragset CALzeria) and Rivad (Ssudi Arvabia). Fipure 44 showes the location of these planned new stations.

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

seeond generation onca.

Maore TDS experiments '-'-'Ul'ﬁi: sturlegl when o sulficien| number of beacons arc available, after praper selaction
- P

L gy Sy b
- £ 55"

by the [DS Swtions Sul.ccti-un L'_ir'ﬁ:-up. B

13. CONCLUSLON

liws, e
The gquality, denzity and homogeneity of the DORTS network ve-been continuously improvitg throughout s
"t ol
20 year evolulion, With 56 stations egually distribuled arooml the globe, d guarantees an exeellent acbit
voverage for the DORIS-cquipped satellites (usually more than 83 % for the almetry satellices), this playing a

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

£
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to the realisation of the terrestrial reforence swstens on ane lund, both by making the IERS network denser and

through the co-locations available ul 2 DORIS slations out of 3, and ta the sea level monitoring oo the other

hand, through co-locations with tide gauges available at ome third of the stations. Thanks o the Eeneral

renevalion process that was carvied ot over six years on the network, almost all aneana supports should
i M

gnarantes Fram-rew-oft-a excellent long-lerm slabilily of the santenna reference point, Moreover, the massive

deplovment of thied generntion beacons gives us hope of a near 100 % aperating rate.

Managing the DORIS network has been a very long-term task for IGN, reguiring a ot of patience to bring
projects toa successful end, We somulimes had w cast doubt over formerly adopted procedures, in order tw adapt
tw the improvements of the DURIS system results inoall its soientific application felds, by defining cver more
srangent quality raquirements. By agreeing fo criticlee ourselves, we sllowed the netwark quality o prosress

siphificantly, but we should be ceady for further improvements if nueds be.

This very unique network is an essential component of a high aceuracy orbil delerminalion snd point positioning
syatam. We trust it will continoe to evolve in the foture, tus adapting w changing needs, under the supenvision

of the International DORTS Service,
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