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After a site had heen selected, a local agency was sought to host the station and take care of its maintenance,

which would satisfy the following requirements ;

L ]

The tansmitting beacon and its backup power supply neaded to be in a room with moderate temperature
o

aand Lemprerature variau'nrush with continupus masins power uppty available,

The ontenna had to be installed outside with a clear sky view above 10 degrees slevation, on & structure that

would allow the use of the amtenna aupponts — guved tower or wall side mount —@mﬁ*lt at that time,)

Qecasional maintenance vperations would be carmied out at IGN's request, including minor verifications and

adjustments and retuwn of malfunctioning equipment for repair,

Frequencies transmined by DORIS should not interfere with existing receivers in the same ares when this

could not be avoided, a temporary interruption of the DORIS wansmizsions, either manual or sutvmatic,

could be accepted. The receiving systems that are likely to be affected by the DORIS signal are:

©  WLBI antennas: such interference, if it exisls , may be avoided by having a physical signal obstruction
between both antennas. Mevertheless there is one came (Kavai) where both entennas are inter-vizihle and
no iterference have been noted, so this issue deserves further investigation as fis hetter inderstanding

might open up new opportunities fn DORIS-YLBI co-locations,

o Upper atmosphere soundings caried wul by most meteorolopgical stations: some modely of Vaisals

receivers — which are used to receive the data transmitied by the radicsondes — are lkely to be affected

it tha DORIS antenna and the radiosonde anterma are very close to cach other (lesa than 30 m or sa).

o The 2 GHz anlennas used by the Arians tracking stations at Klowou, Ascension and Librevilie,

In order t check that the prospective hast agency would meet the abuve requirements, a questionnaire was senr

which generally resulted in yesna answers o a few questions, and & variable amount of detmils about the site

Tayout. This has progressively ¢volved throughout the nerwork®s history, with a deeper and more detailed

preliminary survey being conducted oy the requirements far antenna stability have become more stringent (see

sechion 7.2).

Once the planned location and host agency were found to be wuisfying on the above poinis, the next step was o

negotinie a writlen apreement sipgned by IGN and the host ageney, Frequency clearance had also to be granted,

which was generally handled by the host ageney through on applicaton with the relevant national radia

o
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were completely rencvated or moved to new locations, A few new stations were installed, all meeting the new,
more siringent stshility requirements. The deployment of the third generation beacons, fearing npgraded

functicns, commenced In 2001.

5. The deployment of the early network: the Alcatel era
5.1 Description of the equipment

The first version of the equipment that made up 3 DORIS station consisted of 3

*  The beacon, version 1.0, munufactured by Ceis, France. This element (Fig. 3}, weighing 24 kg and designed __«3;3’1'/
in he integrated ioto a standard 19-inch rack, had to be nstalted mside & building with moderars fem‘perahnn:::i,/'ﬂf )
variations. It is programmied through & MMI (Man Machine Interface) consisting of a keyboard m@gn
sereen. The beacon generates the DORIS signals: 401.25 MHz (6 W) and 203625 MHz (12 W

* A box containing three 12V batteries, that provide backup power (o the beacon during power outages lasting
up to 72 hours.

* A doal-frequency ommni-directional antetia (Fig. 4), manufecturcd by Alcatel. This mmterma was bolted on
an interface (consisting of a square horizantal plate welded un u verfical tubs), which could be mounted nn 2
variety of supports, in most cases a small lattice tower.

* A weather station (Fig. 4) measuring temperatore (% 0.3°C), pressure (£ 2 hPa) and bumidity (2 4 %), These
poarameters are Tansmilled through the 400 MHz modulaed ripnal and can be vséd to correct ammospheric

propagation deluys, but most analysis groups choose not 1o use them and vather sstimate these comections
from the date (Snajdrova e 2. 2006).

e g, dooopd &g thiv yeeiion)
5.2  Alcatel antenna layouts

{GN usnally sent u stundard set of antenna support devicas in order to be able 10 adapt 10 the varions siie layours
likely to be encountered, for leck of detuiled information beforchand on exacrly where and how lic micana and

beacon wanld be installed. These devices included several one-metre lattice tower sections, guy wires and a wall

9
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side wount for the stenng, and 4 smull mek for the beacon and batterics. The KGN technician who carried out
the installation scught suitsble locations for both the beacon and antenna, compatible with what was generally
the must restrictive limitstion of the DORIS equipment set: the very short — 10 m - cable length between the
beacon and the antenna, in order to roduce signal loss. In order 1o meet the good visibility requirerment and thig
limitation, many antermas had to be installed on boilding roofs or on top of towos two or three metre high,

sometimes higher.

The most fequently wied aiténig support was a tengular, 17 cm sided, galvanised steel laitice tnwer made of
two or three ope-meire sections, bolted together and set up vn cither an available concrete pad on the ground
{Fig. 5}, a concrete block specizlly huilt for the DORIS installation, or a tertace on the top of v butlding (Fig. &).
pERer s 3 e 6 cveanrd freve, preferahly sl e sides
A of
Ou a few sites where the antenna was installed on a roof, an open view allowed s us::ﬁa single lower section.

Conversely, four sections had to he used st a fow locations in order 1o avioid nearby sipnal obsiructions.

When tower layouts were used, the tower itzelf was mounted on a square base plate. which was bolted to the
concrete support using fow expunsion bolts. This base plate had a small vertcal Tbe in its centre, which
obstructed the ground muuk if one had been set under the plate. In some cases the tobe itself was used as the
control mark. Such a contwe] ik would be used i the future to check the antenna stabiliny, and as a merker of

the antenna location in oase of movement or accidental destruction of the antenna.

Orther designs have heen more seldom used: a direct mount of the anterme interface on 2 roof, without vsing a
tower {Fig. 7), & prapped steel pale (Fig, ﬂ}:; Tower mounted on the side of o wall (Fig. %). In a few of these
cases, no ground mark was present, which had litde consequence except at Asnstordam/AMSA and Tristan da
Cunha/TRIA where, aller e antenna was desiroyed by a storm, the oviginal location had to be “reconstructed®

from the remainiie pats of the support i order o determine the pemdatic connecton betwesn e former

amenna and the new one.
i Ploce Fige 208 gmad % avavd herw, proforabi vide by vl
Most towers were supported with stainkess steel cable wires and tumbuckles, providing strong and stable

fasteming of the tower. At a few sites the cable wires were very long, sumewhat loose, or even nomexistant,

1l
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which did not pnaranice centimere-level stability of the antenna. In the early stages, this was considercd
acceptahle given the expesied positioning accuracy of the DORIS system at that time (10 cm according to the
pre-launch simulations, rapidly improving to a sub-decimetre level accuracy ar shown hy the first results). On
the other hand, the effects of thermal expansion of the metal tower (abow 1 mm for a $0°C temperaming variation

affecting a 2 m tower) on the vertical position nf the antenna were and sill are negligible.

By adjusting the tension of the stays, it was possible 1o cenire the antenna base (i.e. reference point) above the
ground mark when present. However, none of the above antenna support desipns allowed procize vertical
uljusirnent of the antenna to gpusrantec that the elecirical phase centres — and notubly the 2 GHz phase centre
upon which the positioning measurements are performed - are on the same vertiea! line as the antenna reference
point. Thiz centimetre-level error could be ignored during the carly years of the DORIS positioning, but it was
taken into accoumt — by medsuring the phase centre offsel with respect to the amtenng base - when Alcatel
antennas were surveyed prior o removal, during the network®s enovation phase. It is now significant when
taking into account the recent centimetre-level peodetic restilts oblained with the DORIS system (Cretaux et al.

1903, Willis et al. 2005).

6. The network densificalion: the Starec ern

A pew antenna model has been woed since mid=-1992, replacing the origimal Alcarel anvenna, whose deployment
ended in September 1992 with the installation of the two Australian stations at Canberra-Orroral and Yaragadee,
zt
The number of statons m the network increased through 1993, when it s‘mhilisedﬁm‘mmd 50 stations, befoce
ingreasing again slightly at the md of the 1990's, During this pericd (1994 to 1999) several slations were moved
to new lecations, and o few had 1o be uppraded following ¢ither beacon faihres or damape vaused to antennas by
strong storms. Seconmd generation beacons were instalied on a few sites a3 of late 1995 (first one uf
“hont wrBné
Krasnoyarsk/E RA L}, hut ever deployed on a very large scale: the maxinim number of unite vperuted

simultanecusly m the network was 14 (in 2003).

F.B&
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A cables was increased fiom 10 to 15 m, allowing more freedom: in the

During this petiod the length of the gnre
selection of autenna Jocation @ cables have been used at a couple of locations but, because of the higher

signal altenuation they cause, thelr use has been and should remai Timited,

A modified version of the first generation beocon (version 1.1} was developed, consisting of @ 1.0 beacon whosc
failure-prone internal power supply unit was replaced with the external power supply box from the secoud
generahon heacon. A few such units were deployed m order to kesp several stations operating at a fims when the

number of second generation beacons was not sufficient to replace the aging first generation ones.,

6.2 Starec antenna layouts

The antenna supports used during the 1993-1999 period were more or less standardised: most Starce antermas

were installed, using the trisogular plate, on a 2 meire high, 17 cm sided steel lattice tower, fastencd with

stunless stesl puy-wires and turnbuckles (Fig. 12). The base of the ower was bolted directly nto the concrete

support with theee expansion or chemival anchors. A ground mark was always embedded in the conerete SUPPOTTL,

and would from then on be usable sincs the base squeare plate dealt with in section 5.2 was no longer used. Using

both the anteima triangular supporting plate adjustment nuts, and the tumbuckles, the antenna’s verticality and

cenlring above the ground mark was carefully adjusted to within one millimetre.

P Mo 12 aronnd fere)

The exceptions to this sandard layan were

*  The Alcatel antennas that hud o be moved (e.g. following host agency prémises closures) were generally
rclacated exactly as they were initinlly, using the same suppart. Saveral such relocations were carried out by
the host agency with no intervention by TGN,

#  Thiee meire high (Cibinang/CIRB, Rio Grande/RIOB, Rapa/RAQH, Socomo/SODR, La Réunion/REUB) or
even higher (& m ar SyowaSYOR) wwers were used in order to avoid nearby signal obstructions.

¢ One metre (or less) hiph towers were used: with guy-wires at Santa Maria/SAMB and Krasnoyarsl/KRAB,
o guy-wires al Everest/EVER, Ottawa/OTTE, Papeste/PAFB (later moved to PAOQB), Librevill/LIBE aud

Fairbanks/FATB. The half-metre tower without guy-wires tumed out is be very easy 10 insmll on top of &

13
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£,
hm’ldi@ Qll while effering a very good rigidity, and was therefore retained during the renovarion of the
network dealt wirth in section 7,

The antenna trimgnlar supporting plate was installed dircctly on a concrete pillar, ustng three short threaded
rods embedded jnto the comcrete, This very stable design was first used in February 1997 a
Ascension/ASDE (Fig. 13), then at Amsterdam/AMSR, Syowa/SYPB and St Jolw"/STIE,

* A veryrigid 3 metrs steel pale was used at Mount Stramlo/MSOB.

e Fhe [ 3 avocaed freve I eodl, be, Figs, 12 and 13 can e ploced side by side)

T. The removation ery

The need for an fmprovement to the DORIS anteina stabitity emerged i the mid-1990's, after the increasing
positioning securacy of the DORIS system allowed it 10 be nccepted as a new technigue for the realisation of the
ITRS (Intevnutionsl Terrestrial Reference Syatem) (Boucher ot al, 1994; 1996}, When on existing station had 1o
be moved, o when a new one was installed, increased attention was paid 1o the mstallation of the antenna on a
very stable support (Pagard and Orsoni 1998). Such a policy was epplicd nmt! the end of the 1991Vs:
monumenlation improvements were realised only when we had to travel an-site for another reason. Cm-site
interventions whosc sole purpose was 1o imprave the monumentation were carried our only as of 2000, Giry-
wirey were still nsed to fasten antenna supporting towers, but they were installed with more care than in the carly

years of the DORIS network (3 gay-wires at 120 degree spacing, idenrical lengihs, stinless steal hardweare),

o
Ag the end of 1999 IGN and CHES decided i"? glybal renavation praject to improve the stahility of the antemas,
Thiz project was presented to the DORIS dommunity during the “DORIS days™ workshop in May 2000 (Fagard

wnd Orsoni 2000%, and initiated with the rennvation of the Djibouti station in July 2000,

1.1 Network preliminary review

In arder to plan this renovation action, it was first necessary to review the situation at all DORIS sites. [ order to
determine the necessity and urgency of a stability improvement. 'This evaluation wok the following parameters

into account

14
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721 Reguirements

In order 1o be compatible with the expected, and almost achieved acouracy of the DORIS pusitioning system al

‘the centmetre-level, the objective in lerms of stability of the DORIS anteims reference poinl was defined as one
centimetre over ©n years. Snch a requircment had the fullowing consequences on rthe design of the anteinw
supports that would be used for all future installations and for stations renovations:

*  Liny-wires should ne longet be used 1o fasten a supporting tower and adjust the anrenpg ceniring. Although
such a design turned our W be very stable over Imany years, it is not 100% reliable, a5 accidental damage or
progreasive slackening of otie $tuy would result on an unlenna hotizontad shift, either sudden or progressive
While sudden antenna shifte may be well detecred by unalysiz cenires, progressive oncs may be more
difficult to detect, and in any case all such movements add unnevessary floide to the tme series and should
he avoided, C;.- :‘L"tb/ A clegd ! ié’:,. fjﬁ’llsg-

*  Only the antenna supports desciibed below should be used. /J@q_,iﬁt};'}-\f @M

.22 Design 1: concrete pillar

The preferred antenna support is 8 concrete pillar (Figs. 16 and 17}, built accordimg to “geodetic” specification,
which take the pature of the ground into account The pillar designs shown an Fips. 18, 19 and 20 have besn
derived from those used by the Canadian Geodetic Survey Division (Geodetic Survey Division, (995), A
wiangular plate is set on three A4 sminless steel ruds embedded In the concrete pillar, and a serivs of nuts 1o
odjust the antenna verticality, The triangular plate, guuchined by IGN mechanicul workshop, is made of cither
high quality stammless steel {A1S1 316 L) or marine alumisiiurn. Such a pillar should nevertheless be smaller thn
twn metres in onder to limit the antenna horzontal movements cageed by the ditference in thermal expansion
hetween both sides of the pillar {such movements mre shout | mm for a 2 m tall, 40 cm diameter pillar, if the
temperature difference is 20007,

S Figs 18 and T7 avenongd here)

e P T3 19 e 20 wrniwncd fizep

743 Design 2: seifsupporting metal tower

16
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The second preferred support is a very rigid lattice wwer {self-supporting type, nul requinng guy-wires),
installed on a very siahle comerete structure at prowmd level, This concrete base i built sccording fo the same
spegifications as the concreta pillar deseribed rhove. Tn a few cases, existing concrete atruchires were used of

they were in gnod condition and their dimensions seemed to guerantee 2 pood long term stability.

The tower design is preftaed when surrounding sigoal vbstructions {often caused by the very building that hosts
the DORIS beacon) requires that the antenna be higher oo the ground th )}_@Pa oncrete pillar would allaw,
and/or when an alieady available good quality concrete base, permits an cavier end cheaper metallation than

specially building & concrete pillar.

ef e Pl 20 and 20 0 dlis section)

Finding strong enough lattice towers, available in ane-metre sections (that fit easily even it the small sirpluncs
that service some very remote DORIS locations} was not a easy guest. After wving a first model (installed st
Samtizgo/SANE and Easter 13land/EASE) whase finish left to be desited, 32 cm sided, galvanised steel towers
manufactured by Leclerc A, Prance, have heen used at many DORIS stalions and turned out o be satisfactory

{Fig 21}. This wwer model has an additional advantage: it can 4130 support the thint generation meteorological

station after its standard instailation set was slightly modified by IGHN (Fig. 22).

724  Desiyn 3 untenng on a building

At a few DORIS stations, even putting the untenna on a two metre tawer, set on a concrete black promuding 30
em or o off the gronnd — which puts the lowest phass centre almost three metres above the ground — is not
sufficient o give enough clearance because of high nearby signal obstrictions. In such cases, the only option 15
to put the anleana on a building, generally the ane where the indoor DORIS equipment is located. Such a lavout

can give selisfovtory resulks stability-wise, provided the follawing precantions are taker:

= The logarion where the antenns support is installed should be carefuliy selected with respact to the structwe
of the building (Fig. 23], in order w nohi &,ﬁ e best pussible long-termn stability. Ideally, the antenna
support should be installed on top of 2 load-bearing pillar, or at the corner of two load-bearing walls. If such

1 e
LY
a solution |5 not achievable, the beg upproach¥@g#inis soupght {e.g. not putting the antenna on the centre of

17
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a slab roof but rather near the junclion to the undemeath load-bearing wall). If necessary, the construction
drawing of the building or advice from the builder cam be used,

*  The antenna support i= as small as ible. Puming the antenna on top of a building st s-av; & few =
micires and hma@nme’amc g.nf' rid of most signal obsmuctions, therefore the antmna can be put on & i e
very sbiort bower. Weing only one seetion of a2 32 cm suded tower (Fig. 22), or a halt=metre 17 om sided one
(Fig. 24) - which has the additional sdvantags of fitting on narrow concrete beams — guarsntiees an optimal
and equivalent nigidity of the support.

*  When possible, the towa should be bolted or embedded directly in the underneath Ioad-hearing structure,

This requires special precautivns when a waterproof coating covers the toof,

A Dagre D8 el 24 this seotios

1.3 The third generation beacons

A new generation of beacons was intraduced, and deploved as the renovation -ﬁu‘prugm-sgww (Tavernmigr et al. 1.-"/'//
2003). The first “standand” third gencration beagon - 1. aport from the master beacon at Toulouse — was
insralled at Tristan da Cunha in Januury 2002, Their development was stopped for a while av of February 2004

after & semal faihure on the 2 GHz channel had beent discovered, and resumed in Fuly 2004 with retrofitted units.

]
fHne P 23 arcmd fere) 699 i
o ) . i
This new set of equipment (Fig. 253 is composed of: M
I.'m

oy
*  The beacon, version 3.0, manufactured bg@tgﬁmne_ lts appearance iz very similar o the first genevation 1=
one, with a bigger LCD sereen and a more sophisticated MMI. It shoukl be nstalied side 2 building and
fits in a standard I9-inch rack. The power consumption is approximately e swne as the firt generation
beacon (130 W), Contrary to the previous models, the signal is modulated on both charmels. 1t also hos a
new “Restart” operaling mode allowing ita signal to be received even if the tinie is not properdy sct. 1t is not
necessary 1o set the Line when starting such a beacon, sinee this mode al]owg;m monitor the bearon’s time L
and frequemey without distucbing the receivers, until proper corrections are perfrmed upon Tequest.
* A charger thar supplies power i the beacon and suouitors the charge of the backup battery,

= Three ditferent configurations (30 Ab, 110 Ah and 220 Ah) for the 12V barery.

18
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iz veeasion of a major site renovation or by sirnply

SlliP[JiJ:lg a new made] to the host ag },50' Wik care of fts installation. From then on, the operating rate

{or this model has increased o 90 %

From the start of the IHIRIS system operation, IGN'S maintenance team handled on avernge 150 misrvention

requests and 12 beacon exchanges a year.

Several Llypes of operations are likely to be requested to the host agency. The most frequent ones are time or
Toeyuency adjustment (78 %), which arc not prohlem corrections but mere adjustients, siuce in most cases a
shifted tiaue or frequeney does not hamper the proper reception of the signal and hence does not affect the system
reliability. To cotrect a beacon failure, a reset of e beacan (4 %) — automanic for the third generation beacons —
or checking through a self-test procedure (8 %) miuy have w be performed. In some cases, cquipnnent may need
10 be exchanged: battery charging or replacement (2 %), replacement of the weather zensars {2 %), or exchange
of e beavon by a spare (6 %). No on-site repaits are carried out by the host agency. Becsuse of the shipment
waiting period, customs formalities and ssarce transport services to some remote DORIS locations, the necessary
time to have o spate boacon delivered on site can vury remendously, from a souple uf weeks to as long as one

WLHT,

Om the other hand, planned interruptions of the emissions to avoid nterferance with other receiving systems

aceur at the following sites:

¢ Yellowknife and Syowa: during 24 h VLIl campaigns, about ten times a yaar

*  Kowou, Ascension snd Libreville: during the tracking of the Ariane rocket upon cech latmch from Kourow,
lsting for a few hours about ten Hmes & venr

Mahe and Rapa: during the metenrological radiosoundings, once or twice 4 day for about one hour

L. The current metwork status

@i

Fiz
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For each DORIS station, a sirelog is made available o the users in the form of a text file, on the 1DS web aite
(htip:ids ols fehimldaris/siteloo himi), [t contains the following information:

»  General siwe information

*  Information abour the successive antennas instatled al the station

*  Information abowt the successive beacons installed at the station

= Liat of availabie IERS co-locations (if any)

*  Tide gauge co-location (if amy}

¢+ Local grodetic survey results

*  Deseription of the meteornlogical instruments

=  (Contacts

EBach major evolution of the DORIS network {c.g. new station, amenna change, starion removal, ete) is

announced to the DORIS community in the form of a DORISmail (Tavernier et al. 2005).

10.4 The anterma stability evaluation

Now that the network retovation is almost complete, we have tried to assess more precisely the quality of the
antenng Japport af all DORIS sites, in order (o dofine eriteria for site quality so as W identify a set of core
siations with accurate coordinates thar might conmihie to the FITRF (Toternational Termrestinl Reference Frame)

{1025 2004,

The best way to actually assess the anenna stability wonld be to carry out stability surveys on a regular basis,
Smee this would reguire buman and financial means well beyond those allocated to the maintenance of the

DORIS netwk, other approaches had o be considered:

=  An analysie of the structure &F the anfe
= 'The results of the anten nenﬁ'i'ng eck when availahle,

A time series stability Sdy based on the swatistical analysis of several vegrsOr BORIS weelly stution

coordinates {La Bail, submited), fhar is influenced h}r several factors among prtenna stability,

24

[n)
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The ﬁrs.t approach will be described here in detail. It consists in asiesving all elements in the antenna suppon
{i.=., from top to bottom, all items berween the anienna and the ground) that may contribute to some exient to the
anteina instability, The more elements between the antenna and the ground, the higher the risk of expericncing
un antenna reference polnt imd/or phase centre displocement i the long wom. Each potential source of instability
contributes (with an appropriste weighing Factor) to the "instobility degree” = 1D,

The higher ID, the less presumably siable the antenna, With the moacking system and weights thal were chosen,
ID ranges between 7 (best) and 44 (worst) for all former of current DORTS antennas, Table 2 gives the
ninimum, maximom, mean wod stndard deviation of 1D at two different epochs (bafore and near the ¢id of the
renovation). The detailed result of this sanalysis is presented in the form of an Exeel sproadsheet (file “Stability-

ussezsment.x1s™) in the ESM of this paper.

St Tadife 2 avcoinud fere)

e -'_|II

Fig. 29 shows the result of such an assesanent, for the same netwark as on Fig, 14, bt using this more detailed

and less subjective npproach, over the one explained m section 7.1.

et P I8 ceonaer! Reres

To explain how this evaluation was carricd out, we will go trom top to bottom through the different elemenly
which make up an antenna support. The different values for a given critcrion can be seen in the pop-up comment

fields of the FSM spreadshest file.

A. Armtenna and supporting plate:
= Antenna: neither antenna Lype is more stable than the other one. But because the Staree antenna Is sasier to
survey and has hetter defined phase centres, it is considered beler,

*  Supporting plate: here we assess the plate’s material, which is likely o not to corrode and couse an antenna

ult {which already happened ut scveral sitgs

*  Plete agzembly: plate assembly that ¢} instailation specification ensures that the antenna is rigidly
fastened to the tower, and that the antenna’s verticality can be precizely adjusted. This is te case at almost

all sites but a couple, which wero given two "instubility points” instead of onc on this critarion,

B. Primary support: thia is the element below the antenna supporting plate and the sssembly device. It can bhe

either a conerete pillar, or a metal tower,

B.1. Congrede pillar or metal pipe;

e
Fral

.14
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*  Comstruction type: marks the way the pillar was canemioted (sccording to IGN*s spemiiicatinns Jeall with in
saction 7.2, or nar). i
B

*  Ground harness: berdrock, hard soil or soft soil, L
*  Height: because even a conorete pillar can be bent by tomperarure differences between the sunny side ang '”Lr.,hJ’ a L R

1

It
the shady one, and this deformation is in propartion to it height, a concrete pillar should not be tow high. xg;j/" 3_]'}
) /g\l‘
PN«

" Tower model: “Leclerc” (32 em sided, self-supporting) is betrer than “Normend” (17 em sided, needs to he

B.2. Metal tower: we have betn using two main tower types in the network: Normand, and Leclerc,

guyed if height 15 more than one metre),

*  Heght (Leclere tower): although this kind of rower I very rigid, the smaller the betier._.

*  Height (Normand tower): weight=3 for this criterion becanze the aplitude of sn amtcnna movement (if &
guy-wire breaks or becomes lovse, which canpot be completely ruled out and wetually slready happened)
increases very much with helght.

* Mo guy-wire (Normand tower): the lack of guying will have hotween "no influence” (for a halfmetrs
sention) wel "a lot of influence” for a very high tower,

*  Guying gquality (Normand tower): pood guy-wires have turned out to he very efficient in maintsining 4 muo-
level centring aver several years at some sites. Moreover, a bad quality puying wil]l have of course a

different itifluence on antenna stability, depending on the trwer's height

G, Secondary support. this is the element below the primary supporr, It can be either a conerets block in the

ground, or a building |f the primary suppor is a4 conciete pillar or a mezal pipe michured into the ground, thewe i

no secondary support.

C.1. Concrete binck or pad on the ground: same oritetia as the concrete pillar,

C.2. Building:

*  Leneral structure: here we have tivarked how stable the building is likely to be. according to the kind of
structire and materials vsed.

*  Primary support locgtion with respect to the 108t stable parts of the huilding.

" Height of tower base ahove ground: stability-wise, the lower the building the hetrer, Nevertheless as the
influence of this parameter is difficnlt fo evaluate {presumably less jmpoitant than, and highly dependent on

the building’s structure and the locatian of the antenna), it was arsigned a very small weight

26
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0 Whale site / geolapical stability: Tittle can be done as far as this eritedon is voncerned, other than choosing
another site. For lack of detailed mformation, this was set to 2 for most stations, and the weight was s=t to 1, so
that it would have litle influence anyway on the result of the assessment. Nevertheless, this criterion shonld be

properly assessed m the future.

Fig. 30 shows the antennas stability degree ot the time of writing, when the renovation of the network is almost

complere, If the sctivity project=far 2006 can be carricd to & successful end, the biggest circles on this map

should have significantly 12 enil of the year,
SRtleece P S0 etand oy
The szcond appronch used in assessing the antenna stability consisted in measuring its edtontiicity with respect
to the reference ground muark below the antenna, when ome was present, on the oocasion of af antenna upgrade or
move. This was done at 32 out of the 1U2 antenna positions. The resulting antenna eccentricities are distributed
as follows:
= Less than one mm (not measusble) for 6 antennas {(including several guyed towers, installed near the eod of
the “Sturce cra” dealt with in section 6.2
e
*= Uptniem (more likely resulting from an imperfect @9&: the time of the inatallrtion, rather than from
i antenna movement) for 12 aniennas
*  Ptoabout3 em for 9 antermas, where u shift is likely to have occaurred, due to poor yuality guying
*  Two Alculel antennas had epcentrisities betweon 4 and 6 om
*  The following Starec antennas were affected by corrusion of their base plate causing a several cm shift of
the 2 GHz2 phase centre: Amsterdam / AMSE (Fig. 17), Chatham / CHAB (not mentioned in the ESM fie
because the code was not changed after the tilt wis vorrected), and St Halena / HELB (before it was

comrected i July 2002)

No correlution can be seen berween the anterms stability index op ons hand, wwl the actuatly measured antenna

scttatricily ul these sites. But such an eccentricity check wys
e
*

iz

carried ot an 0o sinall o number of stations tn he
significant. Moreover, it should hy‘lﬂ’l‘.ﬂ- that such a

check only a!lnws(lo;:@pdge stability of the
‘e be surwv i

anteniia relerence point with rmpecj/'m the mark at the base of the antenna. [t doean®t allow detection of
-
A __'_,_,.,-""
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e g vy

movemant of the tecondary support of the antenna (tower base or huilding), which can -:uﬂ:.-' be monitored

throuph a footprint survey. M f
p——— W W

= — i

The third 1ppraé| (deajt with 'III.;L-I. Eail submrtted] asgesses tho actual anm:ma mﬂtdmms smblhty with

TESpERT 10 & global gam-f’;mm. through a nojse :mnl}rmn. m the weekly time series, henoe taking the effects
fram many elements (antenna slability, operating rate and parformance of the systoow. jonosphetic scintillation,

radin-frequency jamming, &6} inte assount.

11. DORIS: a space geodesy technique

11.1 Definition of the anlvnna reference point

The antenna reference puinl for all peodetic surveys and published antenna coordinates is defined as follows

(Fig. 31

= Alcate]l sntenna: interscetion of the antenna axie, and the plane contzining the top of the small edee at the
bage of the antenna

® Starec aubenna: intersection of the antenna axis, and the plane containing e red ring on the antenns body.
This point is also the 400 WHz phase cenfre.

Table 3 gives the phase centre height with respect 1o the antenma reference point, for both antenna maodeale,

i e Tadde 3 e il secfiom

11.2 Burveying a DORIS ynlenna

Initially, all Alcate]l anlennus were susveyed when they were installed, using conventional surveying techiiigues,
by intersecting the anténta fiom several surrounding points. The sightings wera done to the left and right side of
the antemna base, in order 10 determine the reference point position. No attention was paid to a possible antenna
tit which could anyway not be adjnsted with the interface between the antenna and its supporming tower, The
height of the amenma with reepect 10 the ground mark (if any) was measured with a tape, but hecause of the

layout of the antenna baze and inertace, only few mm lovel vecoracy could generally be achieved in doing so.

28
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* Ifno IERS point is availoble nearby, GP$ measurcments are performed on Ui¢ now antenna location, and
geoventric coordinates are derived by processing very long baselines between the unknown point and

several surrounding 1GS stations, using the Bemese software (Hugentobler et al. 2001).

11.4 Co-locations with other [ERS techniques

A crelocation is defined by the fact that two or more space geodesy instruments acenpy simulneosusly or
subsequently close locatinne which are very precisely connected in three dimengions by means of a geodetic
sarvey (Altamimi 2003}, The shorter the distanoy between both instnments, the more accurate is the survey tie
likely to be. Morcover, the likelihood thay both points have distinct mavements due to téctonic plate movement
ot local geologictl plenuinena generally increases with the distance between these points. Therefore anless

surveys are repeated on o regular basis in order to contral the stability of the tie veotor, it is safer to limit the size

“i of a co-locared site. In the miventory below and on the map (Fig. 36), ouly the co-locations for which the inter-

£, ]
5L
%}' ,,?,5 technique distance is less than 10 Jon, and the survey resubts are available, were taken into account. This

¥

N
i

threshold valus was selected since it allows to retmn almost all potential co-lovalions betwesn DORIS and other

technigues, while rejecting o couple of much longer distance anes.

Havitg as many co-lacations as possible with other space geodesy technicques has abways been 2 major objective

throughout the deployment and evolubion of the DORIS network. We alsa had this objective in mind when

planning the rencvahion of the network carricd out between 2000 and 2006, which led 1o the following evoluton:

*  Puple Mountam (oo eo-location) replaced with Jiufeng (first and anly DORIS-SLE co-location in Asiah,

= Colonbo (e co-lowation) replaced with Male (GPS + tide pauge co-location),

= Richmond (former YLEB] co-location, no longer active) replaced with Miami (GF'S | tide EALEE o0
Emﬁun};

*  Galapagos (no cn-location) replaced with Santa Cruz (GPS + tide gangs co-locarion)),

*  Goldstone (farmer SLR co-locaton, no lunger activey replaced with Moniment Peak (octive SLE + GPS

co-lacation).

31
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At present, there are co-lomtions belween DORIS anteonas and oty gotive [ERS techniques at 38 our of 56
permanent DORIS stations. These co-locations are distributed as follows {Fig. 347

= GPS {only the stations part of the [GS network are taken into account) at 37 DORIS sites

= SLE at 9 DORIS =ites

*  VLBI 2t 7 DORIS sites

Armnong these, sume we 3 eoltnique co-location sites:
= PS5+ SLR at 3 DORIS sites

= GPS + VLEI at 7T DORIES sites

The four techniques contribiming to the realisation of the ITRS are available at two sites: Greenhelr and

Hartebeesthoek.

A more complete inventory, thet inchides former DORIS stationg and formerly operating other tachnigues, is
available in the ESM of this paper {file “DORIS-co-locations.pdf™).

PP g 3 I thiv seetion)

11.5 Internal DORIS co-locations

Following the evolution of the network dealt with in sections 6 and 7, there has been more than vne antenna

location at most DORIS stations (see Fig. 37 and the “DORIS-occnpations.pdf” file in the ESM). In ordér o ™,

=
eosure both the continnity of the time series, and an optinnl conrribution of DORIS to the IERS by sllowing to L
compute a better geodelic velocity, it iz essential that all succeanive antenna locadons be acourately tid e

theough a geodetivc survey, This has been done for most sites where the distanes between bwo suecessive antenna

locations Is less tan 10 k.

11.6 Co-locations with tide gauges
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Like other space geudesy techniques, DORIS gon be used to provide an absolute geodetic reference for fide
ganges. As of the mid-90"s, with the growing interest for the monitoring of the sea level, & geodetic connection
was measured between the DORIS antennos and & nearby tide gauge it available. Moreover, the possibility to
add more sach co-locations was taken info accouat when planning the evolution of the network, This concern
had sotne consequences on the design of the ourrent network:

*  The Mahe and Crozet station installations were motivated by the possible co-location with g tide gauge,
whereas adding n pew station in such well-cquipped regions was uot sbsolutely necessary, as far as the
nerwork detsity was comeerned,

*  The replocement of Colombo by Male, Richmond by Miami and Galdpagos by Sanra Cruz, wes partly
motivated by the possible co-location with a tide-gauge,

*  The lacarion of the Sal station, which was a replacement for Dakor following the closure of the hast aqENeY
at that site, was salected so that the DORIS station would be on the same island — out of 10 or so forming
the Cape Verde Republic — as the tide gauge.

*  Additional stations were suggesied sl Bermuda and l'erando de Noroohs in the Allantic Ocean, Pohnpe
and Midway in the Pacific Ocoun, bul eventually abandoned after several years of fruilless atternpts o bring
these projects to a successful conclusion,

*  The current prujects for new stations in the Pacific Ocean (Tarawa, Kirtimati, and Adak) are ali tide Bauge
equipped sives.

e

Moreover, measuring a few missmg DORIS — fide gauge ties on the oscasion of the network rencvation allowed

to proprsssively increase the number of such co-locations (Fig. 36) up to 19 available ties, which contribute,

thanks 1o the very good vertical precision of DORIS (Willis et al. 2005), o sea level studies (Cazenave o ul.

1999}, ‘The hst of co-locations betweon currently operating DORIS stations and tide gouges is available in the

ESM of this paper (file “DORIS-co-locations.pdf™).

CFaes i g0 this swetion)
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*  Another gap in the western tropical part of the northern Pacific Ocean, which has ahways existed, was made
worse by the remaval of the Guam station, A new replacement site at Turawa, Kepublic of Kirlbari, is likely
o be installed m 2006,

*  Although the Kauai station has a contral location in the northern Pacific Ocean that allows gaod quality
cuverage, the network’s robusiness is not sufficient in this ares since a fatlure of this station means that o
significant part of the orbit will oo longer be tracked. Additional stativns, voe north and one south of Kauai
wounld be highly desirable, um IGN's efforts over several years 1o bring these difficult projects o friition
have failed so far. Sakhalingk i5 also somewhat isolated and would be well off being backed up by an
additional station south of Japa.

*  Less striking but nevertheless jmprovable robusiness wice, the removal of Arlit left a less densely covered
area aver North Afnca, where a failure of Libreville leads to a gap of the orbit coverage for the lowest
satellites. The planned installation of a station at Tamunmsset (Algeria} would slightly improve the

robusmess while addiug une more GPS (and maybe SLE) cu-locution.

e P 3T avanndd hoeos

As far as the co-locations with other techniques are concemed, DORIS-IGS co-locations sre in sufficient
number, Nevertheless, adding a few more would do no harm and could be schieved without any modification at
the DORIS netwark, by simply including existing peomanent GPS stations in the 1S natwark {e.g. Rothera, Por
Moresby, Futuma). Hut more DORIS-SLR co-locations, and still tore DORIS-VLBI co-locarions should
defmitely be added, az stated in one of the recommendations of the IDS plenary meeting in May 2004 (IDS

2004). Putting a DORIS station near a VLB antenna is likely to cause some interference to HLBI ac

experienced ar a faw sites. but this is not systemaric and this issue deserves to be investign .
mkﬂﬁ) DORIS-SLR co-locations, Fig. 36 shows that there is a hupe mrea hamfe;n_M;l;i_huvif
Hartebeesthoel: and Jiufeng where nn,ﬁy co-location is present. This gap could be purtally filled by installing
a DORIS aumion, and scowately tying it 1o the SLE station at Riyadh, Saudi Arahia, which gives excellem

rezalis.
Equipment-wise, & problem was recently detected on the connection between the beacon and the anteTma, at

sore sites uving the concrete pillar design. Because of the short clearance between the tap of the pillar and the

bose of the antenna, and the stiffacsy of the antenna cable, a N-type boul udaptor must be used o colect the

25
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cable to the antenna in such layouts. As this adapicr is not designed for ouside use, especially in the very harsh

conditions encountered at some DORIS =ites, itk eorrosion may cause a loss of transmitted power.

In r-fﬁ
Agr regards $hE antenna stability contral, the stahility assessment presented in this paper, although more refined
T

T ____,_Jl'lmfﬂirt:’;'lrsl approach used, carmot pretend 1o replace an actual messurement through repesied thotprint surveys.

Lastly, it should be noted that a sumetimes insufficient iracking of the DORLS on-bowrd instruments, was seldom

due to the network design aud monagement, although some host agency closures have coused long dam gaps

untl a replaceinent solution was implemented. The main ressmn for DTS data loss was essentiplly the

significant failure rate of the ground cquipment. Admimistrative and customs procedures delaying equipment

changes, and seasonal access consiruints contributed to make out-of order periods longer, while absence of duta

diszribution by CNES at the bepinning of the operation of a now ]alufftin, and during the first three years of the
Avmr Lo le

gystemn’s operation also had a large impact on thedselool data. Degpite evolution of the transmitting bracons,
A

o

many equipment failures, added to long repair Hmes, have caused severs! mmﬂi data mterruption at many sites,
=ity P

and shorter but cepea «wi' at other places. Mevertheless, the recent massive deployment of retrofitted third

generadon beacons lets us feel the jﬁwm a signiliount improvement of the operation ratio.

gfﬂ'ﬁw.sﬂ‘lc- 7

12.2 Evolution plans and praposals

The DORIS stations at Dionysos, Kourow, Toulouse, Socorrn and Kresnoyarsk sill have to be renovated, and
this should hopefully happen in 2006. The last two remaming Alcatel antennas in the netwaork — Dionysos and

Toulause — will then have been replaced with Starec armes ar’n[‘ehnaﬁ :

A new station should be installed at Rikitea (Polynesia), which will eventually replace the oone at Rapa.
nprocess ? Deng plammed. ;

Moreover, new stations are in project at Tarawa and Kiritimati (Republic of Kirflmti), Adak (Aleutian Tslands},

Tamanrassst (Algena) and Riyadh (Saudi Arabia). Fip. 3% shews the Iocation of these plumed new stations,

Apart from these projects, a further densification of the network is not curremtly necgssary from the ochit

determination point of view. Neverheless, the deployment of the next peneration DORIS receivers, which will

a6
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have more than tovo channels, will make rlfaf-ier w stations g the networle, either following proposals
made in the framework of the IDS or ag permanent stations.

e Fio A8 aeariwd Sl

eration beacons will contmue, until all stations ave equipped

beatons. - e

secomn] generation wees. There are currentdy no plans for a fourth generation beacon.” A regards the antenna

Equipment-wise, the deployment of the thard ge;
with this kind of beacons, except & here powet upply issues imposs the use of less consuming

support design, 2 new support i heing designed 1o allow more clearance balow the antenng when installed on
vongrets pillar, hence aveiding the use of comrosion-pranc hent adapters. 1deally, thiz new device will have to be
designed so that 3t can installed vver the existing one by host agency staff with no peodenc skills, while remining
e initial centfing of the untenma.

3 & grﬂ Ehin ﬁ

Tn arder 10 provide a religble lu@m stability contrel for the antenna, control geodetic markers should be

showd
installed near the mtenna (Geodetle Survey Division 1995) and footprint surveys be repeatedly carried out

A

13. Conclusion

The quality, density and homageneity of the DORIS network have continuously improved throughous i 20 yaar
evolution. With 56 stutivns equally distributed around the globe, the network gusrastess sn excellent orbit
coverage for the DORIS-vquipped satellites, usually more than 30 % for Envizar and 95 % for Jason-1 (Jayles et
al submitted}, thus playing a key role in the success of the DORIS syswem. Such 5 density makes the DORIS
network an essential contributor to the realization of the TTRS on one hand, both by making the [ERS network
denser and through the co-locations available at 2 DORIS staioms our of 3, and 1 the sea level munitoring on
the other band, through eo~loeations with tide pauges available at one third of the slations. Thanks o the general

renovation process that was carried out over six years on the network, alinost all antenna supporis should ensure

from now on excetlent long-term stability of the antenna reference point Moreover, the massive deployment of

third generation beacony gives us hope of a 9 to Y95 % operating rate,

Managing the DORIS netwouk has been a very lomg-term task for IGN, requiring a lot of palieuce to bring

projects 1o a suceessiul end. We sometimes had W cast doubt aver formerly adopted procedures. in order to adapt

a7
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o the improvements of the DURIS system resufts in all ity soientific application fields, by defining ever more
stringent quality requirements. By learning lessons, we ullowed the network quality to progress significantly, md
are ready for further improvements if L Improved antenoa supponting device for ¢oncrede pillars, as well
as footprint swrveys aiming ot mositoring the long-tenn stability of the antennas, are sch improvements thar

should be considersd here atid now,

This very unigoe network is m esgential compooent of o high accuracy orbit determination and pomt positioning
systern which produces positioning on weekly basis ot the centimetre level, and contribures o the auceess of
altimetrig missions. We tust it will sontinue 1o evalve i the future, thus adapting to changing needs, in the

framework of the TS,
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