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Abstract ‘ ,UjL
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The ground network 15 one of the major compenents of the DORIS system, -[é deplovmaenl,
managed by 1GN-France, started in 1986 ai a sustained pace that alloved it (o reach 32

stations upon the launch of @Qﬂﬂﬁqgmig satellite {'SPDT—E'J.ﬁﬂ first generation -@

of transmilting antennas, - installation procedurcseere adapted Lo e imetre
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performance objective for the DORIS ﬁystém Vh

accurate survey. During this second o

antenna layouls gradually evolved lowards o betler quality, thus improving the long terin }ff

stability jf the reference point. As the positioning accuracy of the DORIS system went-en U"
2

i i (PR L ) )
improv, 1t raed-ow-te-be necessary to review the antenna stahility for the whole nelworke

A somewhar snbjective stability

ﬂ“"ﬂﬂ The fll-'?“' p 7 L : : o] :
W@méa'fﬂ = installation procedures, cat-meetipg wmueh more stringent stability equirements, veese
i iee” SIGERITICANT | . -

IR R CITICTI pl’lll.],u- crverall network
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{ renovilion or installation of 43 stationsdn six vears)) Now that the rénovation is almost
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completed, a more analvtical approach has been taken 1o assess the poitential stability of all

DORIS oceupations,

Besides deploving the network, 1GN s also in charpge of ils eperalions] mainlenance, an
inlensive aclivily on account ol a significant failure rate of the successive generations of
equipmenl. Nevertheless, thanks to its unigue density and homogeneity, DORIS has abeeass

maintaned a very good coverage rate of the satellites orbits.

Through a larpe nomber of well-disiributed co-locations with the 1G5, SLR and VLI
nelworlks, DORIS contributes significantly to the realization of the ICRS reference frame.

Moreover, with many stations located near, and accurately connected to tide gaupes, it
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participates n the monitoring of sea level changzes.
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Alihougeh i1 has severad advantages over Himilm(-:unegjtherc i5 still room for improvement feethe

the DORIS network, towards even better orbit coverage and contribution to the ITERS fiame.

Fevwords, DORES, racking nerwork, sendeny, refarence Fames, co-locailon
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L. INTRODUCTION : HISTORICAL BACKGROUND

The realisation of the DORIS system was decided jointly in he ewly cighiics by lhe French spaee agency
(CMES: Centre National d'Eludes Spaliales), the French nalionsl mapping ageney (1GN-F: Instiut
Cigugraphique MNational — Franeed wod o cescureh group in the leld of spaoe peodesy (GROS: Groupe de

Recherche en Géodésie Spatiale), Because of s expecience in the Held of the tustallation of peodetie neoworks,
= st g tor v
cenecare-ad the deployment of the ground networle mmb o the determinalion und publication of the
e past

stations cooodinates (Willis el ol 20057, For bwenly years s, he geodelic deparlment of [GMN=F (SGN: Service

I3

e . B . - .
e Geﬁo}zsm et Mivellement) has doem nepotintisgragreements witl Tiost agencivs, instellaer the cyuipment,
kept
strveyisg the antenmas, and keepheg the DORIS stations in workiog E‘Gndiﬂnn.-s-i-ﬂéﬂ—ﬁwﬂ;ﬁ:: CHIRIS syslemn
. "ﬂ . . - . '
has avnlved -v»m-n—-kﬁo&b international cooperation, leading te the recent establislonent of the Dolermativnal

I3RS Bervice tl!}h“:n (Tavernser aral, 2000 2005

An casential requirement for the precise computation of the arbirs was o ensure an almost constant visibility of
at leasl one ground stalion by the vn-board receiver, On he olber hand, o be able o express the orhit in a
peacentric terrestrial referance svstam, the coardinates of a sufficient number of well distributed stations hod o
b gvailable inothe same system. Too meet the Urhitﬁiﬁgc requirement ror the SPOT-2 sarallite (832km

Nt
altitude), it was estimated that the network should be-made of apposimaiely 20 slalions, as ovenly distoibuted as

-‘.-Sithll: arcund the plobe.

In this paper we will ba relating the penesis of this unigne network, and irs waress -..}]ur'u_-.n;," ovel gl 20
o

wears. Adler s general deseription of he stle selection and in
| | | | ohisewss
_&ites and poants maming conventions, we will &

S

long=tlerm sstenmn stabilily, a orowimg

rﬁﬁ#lf“?h‘l eyl =
concern as the aceuracy of the 12015 dara ana cplie hove i inproving over the vears. Adter listing the

12 equiginenl manbinnnee, Do wi wl

,it‘.‘

review the current neowork stalg: s P 2 aematisneahent 118 configurstion, tee host agencies and wiehe
: - 1

she infornmation lo-wser,

address el asp



=theemreference points, s surveying procedures, and the delermination of peocentric a prion coordinares Co-

Incanan with enher IERS spaee geodesy techniques ﬁn—m-hemd? and with tide gauges sa-t-othor-bwd, will
“Throwgh

then be laled, e will finsh off by prasenonp the plarmed ev.:‘.lurimnf of the nereorls, after analvzing its

2. THE STEPS OF A DORIS STATION INSTALLATION

21 Sies selection criteris,

,ﬁ?‘_

The iritind sl ol polential DORLS stalion locations mainly ensued from the need)u\‘ pencentric conrdinates, the

5
bt eonrce of which would be a co-locacion of the DORIS nutn:nniwilh the Tighest seouraey space geodesy

technigues available at that time: Very Long Baseling Interferomerry (VLRI and Satcllite Loser Rangiog (STRY

When none of these instiments were available, coordic [ B
positdomimng, cicher already determinad sr-phateareat i HEJUEETR|

dwm_@
by 106N s—themspetimeas- The DORIS cguipment installation. This was notahly the case at many jslanc‘y’mw' 5

sprianasly selectad feorder to mect the density and bomogeneous distiibution erileria for the network, even

Lhourho -

The coneern for ca=locations between the OIS staoans and nide panges appeared later, with the srowing

intersst for sea level rise related stodies,

2.2 Selection of a hast ageney.

: tas Surghl
Alter oosite had becn o prion :ﬂ:lu%ﬂ, a hoslamency ; : : ety host the stﬂtim}and.

sahs rEgLITEME
take care of its maintenance, and where-the following :
s sT
= The transmitting beacon and its backup power supply seeded—ter be in s room with moderate temperatue

aned temnperature gradient, with maiog power supply available,

" This was clear for all other revs.
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wempbenclnde some o verifcolions and mbjustments, as

TEpAT,

] £ g
. Hﬂmﬂmﬁﬁﬂ%ﬂ-ﬂ#ﬁak—thﬁ#{heﬁ%qucn:ius transmetred by DOMEES weenrhdsst-be-likebete interfere with
Caning
existing receivers in the areaj){"hm this cendd=rot be aveldead, the-solatisspgenealleconsis-of o lomporary
fralgd St e .

interraption of the OIS transnuzsions, either mannal or autmnan'aq The recaivine eystems 1 i
to ke affiected v the DOELE siznal are: ﬂ
- 2 I"F 11- Exl&+5, ™ ﬂbﬁ_

01 '-P@\-‘Llli antennas: such interference s be avoddid by having a physical signal obstroction between ‘%ll

b
v2 o
both antennas, | Nevertheless there is one cose {Kouai) where bolh antennas are inter-visible and no Y3

'Ll*ﬁ

inrertzrence have baan nored, 3o this ssne deserves Turther i111,-¢stigatica

oo Upper air sousdings carried oul by most imeteorelopical stations Saby some madels of Waima
are likely to be affcvatcdr‘aﬂd-meh-iﬁ&eﬁ&w i the DORIE wtennn and 1he radivsends
gntenny ane very close o cach other (less chan 30 moor en).

o The 2 Gz anteanas nsecd by the Ariane racking stalivos ol Eourou, Ascension and Libreville.

&

I wreler o eheele thial the prospective bost ageney would meet the above requirements, a quemr'-nmne WAL §en|
et feen .v!itms on 2 ¥ WS'!* -

Tich oanars 5 CAET S (T o o
wre thronghenr the revwork™s deployment, w:th a_dezper and-desper
A hait @

survey being condocted as the requivements Gor untenne Ehlbi]it}-‘b@%mmc stringent (seo chaprer

lavout, [-h

preliminan

cilpusiellabl Freguency clearanca had also to

b granted, which was generally handled by the host Fgency teough an application sl the relevan! nalicna

——

‘ ome. 2
espueeially in the reeent years, sfiesall e Seus-ones-bhad-heen achieved i the Hestseatee— taol p 10 e or

three vears issuceseding
&

radiy communications auchoritics. & cpotiatian giae gensrally took soveral months, but sm:&@.-pi-gj-eets._ ﬁg&ﬂ’.ﬁ“mﬂ?ﬂ



23 Tnstallation slag,

ah\fi

1 owas performed

%}’ Traiming of the sttt who would take care of the maintesanes.

Creoduliv survey of the antenna's referenee pome, resulting i che conncetion to anather space meodesy

technigue, or tothe local gendefic netaork.

3. IDENTIFICATION OF THE DORIS SITE AND POINTS

Lach OIS site (e & ln:atmn hasting a [D0ORIE statan, where several siccessive DORIS points may have

Broen present) s identilivl by jﬁmm:l.f W Mrj 44 &M
. an abready o
== The name ol #@ “spoce gc:ﬂdcsv st

b &

0

“a nearby major ciry, 85T N

2

? —TPhaname-efthe-island where the starion is located.

'!4‘,156-30_!:? ene-wﬂ(% .mﬁp Ly 2
ppe el s, Eorgsample, “Galapagos' )?‘Hhe—

In o fewy cases, the chosen site nome tuimed oul

Jname alan archipela

Lo, b Hagsmno-olthe-sbimd ) wae chosen when s b

e seitl the Rt staiee-iesmatecbr-Sin Cristabaldslandminasausatelaned Shalapagas,

ach 1 ]le p }

= A DORES mombar (g DIRO25M0 Lor the oo

= A four chasacter 1L o aceonym, naed in the dat

i



o The lirse theee chavacters are derived From the site name (e.g. Lo Réunien = REU, Cilkdnong = CIE,
Penta Delgada 2 PDL, ete.). \
b .'..}

o The last characrer identitics the antenna moedel: A for an Aleare] antenoa, B for o Starec anlenna (e

chapters 5.1 and 6.1) yty

When an antenna is changed from Alcatel to Stavec within o DOBIS site, the fowrth claracter change — lom A e
E — s sulficient 1o distinguish bebween the deas DOMLS pomts. IF an antcina iz moved within 2 gisven DORIS

without the antenna model being changed, the third chavacter of the seronyin s ineremenled by one 1

alphaketically to ditferentiare the nese poine. Por exampla:
* The very first station ar Bevlgavile, copipped with an Alcatel anteona, was "EEY A
= Adter the Alcaral antenna was replaced with a Sares on the same tower, it was “REYE".

= Lhen i 208k the Soaree antenna was moved and idenrified as "R OAET

Thiere bave been a Dew eaiceplions W Hese rales:
¢ BOK were the first three letters for the acroovene of the stolion “Bawd”, Tom e s of the geodeliz sile
and geographic entivy “Fole's Parl® Mwn e Mrsl DORIS aolenng ot this site (KOKA) was

replaced wilh o Staree antenna, 10 was paoed KOLE rather than KOKE in order o avond confusion with the

+ 5Pl derives from the initial site name “Spitzberg” (a 39000 kot island) which was laler changed 1o the more
accurare site name “Ny-Alesund™,

# The scronym evolution ot "Saotage’™ was SANA 2 5A0B 2 SANE (inslead of Orst SANB, then SADB).

ther numbering svstems are used internally by CHES, nolbly for the programening of the on-beard

INATHHTenes,

A cuminary of all DORES antenha aeromyvims with start and eod date for each occupation is provided in the

Electronic Supplementory Material of this paper (file “DORIS-occupalions, pdit],

[ ,,.f'-'*"d/ :w.ﬂ)fir

4. SUMMARY OF THE NETWORK'S BV




Thu Gﬁ' first DORIS stalion was Tristan da Cunha (eG@E TRIAY, which was inatalled by the Prondman
Creeanographic Labocator e lmt irstaltationfelewednatallalion ol o susiaised-paecweith nbawt
SR )

i g 15T 4
ZrL ‘_Jfffncw :TaT1ﬁ|1§1wffumlm 1

chtttre—He Firsl tacn years, allowinge the netwaoerk ro be operational when the ficsr
DORDS-wquipped reeciver (51

up the nerseork o the official start of the DORLES systens operation end of Tonwaey 19900, will visibilite cireles
corresponding to the 129 eut-oft angle used ar that ime o the CMES pre-processing of the data. Then the
deployment went g at a steady pace of aboul 3 new stations per year until e eod o 1992, This dule alse
marked approxis twith in

chapter 3.

An ool 1995, the network deployvinenl wenl unal aosloveer pace, The womber of slations reached 4‘}}— roughiy the
mital ohjectve of 30 s:mrimiﬁ}- by the ennd of TR A Few new stations were added, and a few existing goes bad
Ph:? L 4?
tar e g Lo newe Tocutions vither fellowing he elosure of host sgencivs Feeilitics, o w dnpeese-then oo-
latiom with ather peodesy technigqoes. Al these new stations wene squipped with second generation antennas,
snd & Jewe weith second gencration beacons,
- - prog
Lot 00D, A peneral reneALion was initiated, fn-oeder 1o i the overall stability of the .'l]ltl_’,]_]nﬂf‘j_'lj.f&]_'m][‘l:"

&
poinl, Many stations were completely reoovated oo moved w){'n:w logution, A fuw new slalivns were instadled,

W

all meeting the new, mare stringent requivements{stalility feds. The deplovment of the thicd generation beacoons

staried i 2003,

5 THE DEFLOYMENT OF THE EARLY NETWORK: THE ALCATEL ERA

5.1 Deseriplion of the cquipment

The tirst version of the equipment thas made up a DORES station congisted of -
= The bencon, version L0, masulaclured by CELS, Franee, This oloment {Figure 33, weighing 24 ko and
clesigned ro be inteprated into o standard 19 inches rack. hod to be jostalled naside a boilding witb nwocderabe

lemperiuee gradient, It ceuld be programmed throuph ar inteprared man-machine mierlice consisting of a



r

4

leeyloaed mnd o LOD sereen. The beacon genecates toe DORIS sipoals; 40123 MHz (6 W) and 2036.23
Mz 12 W),

A hox confrining three |2V batteries, providing backup power to the beacon during power outages Jastiag
et 72 howrs,

o A dual freguency and emni-directional anteona (figure 4, manufactured by Alcalel, This anlennn was
belted on an interface {consisting of 2 squave horizontal plate welded to a vertical tube), which could be
monted o @ variety of supperts, in most cases a small lattice tower,

A weather station (Hgues 4} measoring temperaturs, pressore and humidity, These pavameters are
transmatracd thromgh the 400 MHz medulated sipnal and can be vsed to correcr for atmospheric propagation

delays.

5.2 Aleatel anieoma layouls

I order t he able te adapt to the vameus siee layvones hkely oo be enconntered, and for Jack of detailed

.I'.TI'L-'-
infurmalion aHeswbsg—to—detommine beloreland vxag
)

aeon would he

installad, a standard set of antenna s _enebre laliece lower

soctions, suy wires and g wall sid v the heacan and
batteries. The IGH technician who carvied out the installation ekt frge-teednd suilable locstivns [or bolk
the heacon and antenna, companble with whar swas penesally the most restrictive limitation of the DORIS
couipment sl the very short 100w calde length between the beaeon and the snienna. o ender o mest the

an

pooel vigibility requirement desgdee this Hmittion, many antennas had o he insialled on building reofs or on top
wb s ur hree melee highlowers) i nel hisher,

S———
PR

The most freguently vsed anlenng suppoerl was @ ianguiar, 17 em sided, salvanized steel lattice tower made of
two or threg one-metre sections, bolted tegether and set up on ere-efhefollowinestrustones: athee

@
ﬁ’ f concrete pad on the gronnd, secamtyreatdabte (Hiome 5) 5

&
-4 /(c-;:-nun:ll.: bleck speviully buill for the DORES mestallation {fimure 6)
&

i

o j(bu}id{ﬁg%mtﬁl'l'aterl ifizure 7}

SN %ﬂggf"i ﬁﬁﬁmf!



s(omly one tower o e S ﬁ@ﬁfﬁ

e antenng was installed onoworoul, o clear sky viow

ong had 1o ke nsed aeeon et T o avoid neacly stenal obstonctions, -

P

Whem’s/ﬂl lyoats were used, the tower isell was mounted enoa square base plute, which was bolted to the

cONCIers Appedt pding Far expansion holts This hase plate had o small wectical wbe it centre, wlich
£ T
preepmted Locsey The groond mark 17 one had been ot ander the olate. In spme cases the tobe itsalf was used as

the comtral mark isatead. Such a contral mark was destined to be vsed in the future tocheck the antega stability

i

et-mn—heirdh and as o marker of the antenna lovation in caseof ool or w,-e;ju;]cm,:;\l':vI =
d

k- orerrerherm i
’ Dot foriforn on vorp s

Oher destans have heen nsed more raneh:

¥ I
/
w : { w [rect mount of Uee antenna inter ee on

S‘glﬂ |I = Proppad ateel pola (Figore 9)
s Tower iountad on e side ol o owall (Figare 107 ﬁﬂw W

I o few ol these cases, wo geovnd mark was present,

e pondied

bost towers were propped-asing stainless steel cuble wires and lonbuekles, aflowing o prety strong and stable

fastening ﬁ#—ihﬂ—i-t‘-‘r‘.’ﬂgf Wn P sites the cable wircs woere very. 1.3113?& somehat locse PJ ByEn
L

nenexialent, which weakl nol gearsalee 4 cenlimelee-level stabilicy of the antenna. %}3 was ¥5e accaprahle
At e ppgment
cesderme the expeeted positioning ﬁu&&w atthe [

@

gt

By adjusting the tension ol e stays, il was pessible woconlre the gntenna base (e, reference poinc abpye the 4=
vesh .I,nt’aj"

ground markowhen present, However, nene ol the abeve antenna suppaore designs allowed o precisel adinst the
n A

2.
e 2 GHe gm_mwh&h-thcmﬂ

antenna vestferkiteie. 1o gnarantze that the electrical pluse venlees & and nolab

positioning measurements ave perfm‘me%
centimetre-level ervor could be igneced during the ciorly years of the DORIS positoning, bul i@ was tken o

aceonnt when Aleatel amtennas were surveyed prior to removal, during the nelwork's wenovalion phase, 1L s now
wheEn
'fﬂ%“[ﬁmrft Frrar-hednsneplisible taking into account the recent geodetic resulls slitnined by the DORIS system (Willis vl

al, 2005y,
1

'
MW’

W



6. THE NETWOREK DE.NSIFTCQTIDW THE STAREC ERA
2 L——
" = Al ng

A new antenng moded has hc&ﬂ uaad as of mid-1952, }ﬂ-&Eﬁﬂd-ﬁ:Eﬂm original Alcate] desipgn. whose deplovinent

endud in Seplember [992 widh the imstallalion of the teo Australian stations at Canberea-Overoral and Yaragadee,

Yhinog h
The vumber of stations v the petwork kepton ncreas il il g 19493, when it stabilised around 5

stationg, betore increasing again slightly ar the end of the 907s. During this period {1994 o 19

gt paved Lo neewe Jocalions, aod o lew D e be upgrtldc@ﬂ“ﬂ“’mﬂ Peaco

o antennas by afronf siovms. A second peneration heacon was installed at o fow siNg aseed gl 1995 (st une ul

Yl
&
Kmsuuyuihk}, bul was never deployel oo large seale: a maximom of 14 units have been :'rpn:r‘ihng
simnltanecushy in the neteark (in 20073 ]{‘
WiV n St mtrzeal

qjﬁm%m@fﬂ

6.1 Description of the second generation equipment

The new antenna model (Figure 11 manufactiuned by Staree, Frunee, offered several improvements with respect

he ariginal Alcatel 1el
tin thes erigival Alcatel mods i el A{ij ; _L f%g_, jd..rc' jf L':t{f w i j ﬂ@. P }rf
. W meer o ?u_n Heaiches theswpmdardors e ; : e Ty stopms,

+ fmophase uanue lu:umtmn is-bettor-defiaed |
A

L

* lmelinmerard more rpicd dezign abesss-a mors precise surecy and contring te

Friom its very first ricplﬁ}'mcnsf: thiz antenea model was monnted on o triangular plate machined at 1GNs
mechanical workshop, linked o the voderneath support by serews and nues that allow a very fing adjusiment of
the anterna verticality, Three different materials hove been osed Toe s liangolar plale: anodised aluminim,
marine aluminium, and stainless seel. Lnforfunately oo €868 recond of the material used at cach DORIS station

was lept until the end of the 5075, and we discovered aller the event that corrosion had atfected a fow anndised

aluminiwm plares, m-:ausingi RIpNICICANT ANTERNa Kl

The new beacon (Figure 12), called 2.0 DORIS beacon”, manulactured by SOREP, Franee, hud Lhe following
differences with respoet to the onginal L heacor:

+ Much lighter (8 ke) and compacl,



= Walerpreof casing al kvwng its deploviment momens bumid covisonmanes,
o Externad power supply (the ieternal one on the first generation beacens Tus been the cause ol most Bilures?,
int the: form of a charger and two hatteries in a dedicated waterproof b, i b
B

= Lower power eonsamption (30 W s [200%W for the 1.0 modzal) allowing s msrall i@ Incations where

electrical power spplifis liniled,

-

Liser mrertace offe through an external computer. The heacon itself has no indication of Its curcent ,r/i i

—

et
allowe-more freedom

i[]r."ruasiﬁ [rom 10w 13 m

in the selection of g8 antenca location, @m cables have o been used 2t a couple ol lovalions bul, becryse of

thi Bigher signal strermation shap-sanse, ey nse shoaddhe-aa Himited as-possiide, A W&@
} has 6een =

Eha-theother eened, B modilicd version of the first generasion beacon,
mﬂ‘
cunsislefl ol e L0 beacon wilhow-tetailaa-pesme—tatern
Leprm the

the persrcr supply

T uﬁ?smﬂnd generation beacon, My few such un 1o leep several

aging first genaration ones.

0.2 Starec antenna layouts

The aotenoa suppocts vsed doariog the T993- 1000 e were moee o Joss standacdised: mosl Starece antennas
pethd

wers installed, a8 the iangalar plate, om 2 2 metre high, |7 om sided steel Tattice tower, fastened with stainless

st f_f_ll}-'-W]:l'l:.'S and rrnbuckles (Figure 130T he base of the tower was bolted divectly ingy the soncrets support

witly theee expansion or chemical anchocs, Aogeound ok was alvas embedded in e conerele supporl, and

woild from then on be usable since the hase square plate dealt with in chapter 2.2 was no longer vsed. Using



batl the antenna triangular supporting plate adjustioent nuls, sed the twrnbuekles, the sntenna s verticalicy and

centring abeve the prommnd mark was carefilly adjosted within ene millimetiz.

The exceprions to this standard Tl were. éﬁ’
* The Alearel antennas that had to be moved (cog following bost agency premises closures ) wore generally L,;Mztjﬂﬂ
relovaled caactly s they indtally were, usmg the same sepport. Several such relocations were cartied out by

the host agency with no intervention by BGNF,

f'ﬂhln high tower (Cibmong/CLBE, Rio Grande/ QIO (Figoee 140, BRapaBAQB, Socorro/SODE, j"j‘ghﬁ'

}L-Eﬁ’r — La BéunionRELUEY or even higher {6 moal Syowa/SYOB) when imposed by nearby signal ohstructions. Sg%-‘;
r_,.f-""_”' -@nctrc for leas) high tower: with pug-wires at Sants Mada/SAMBE and KrasnovasldERABR, no guy-wires M {,f éﬁ
£ at Everest/EVEB, Olawa/OTTE, Papeele/PAPE (laler moved to PAQBY Librewille/EE and ﬁﬁﬁ
Fairbanks/FALLL The halt-merre rower without suy-wires turned ot to be very easy o bstall un lop o &
building’s wall while oflering o very good dgidity, and was therefore retained during the renovation of the
network dealt with in chapter 7.
= Direel installation of the sntenna oanpular supporting plate on a conerete pillar, vsing three shorr threaded ’y_ﬁi}#ﬂ “f
rods embedded into the concrete, This very sieble design was Grst used i Febroary 1997 21

&
Agcensions AR (Nignre 153, then ot Amsterdany AMER, Syowa/SYPB and 51 J(rl:rfs.fsp TE!J/Q; o

7

= Acvery rigid 3 metre steed pole wus wsed ol Moonl Stromledh S0,

. ol

7. THE RENOVATION ERA =

The need for an boprovement of the DORES snlennas stability omerged in the mid-%07s, after the ingreasing

posimioning acclracy of the DORES system allowed it o be accepted as a new technigue Tor the realisation of the

IERS Terrestrial Reference Systein (Bouchyr et al. 19%94; IB"E]{}} ‘.". hen an C‘:I‘.Elﬂ%ﬂtaﬁnﬂ hacl i he moved, or
f i u;.:{ﬂ"!

when a new one was installed, increasisg ottention was paid m ||1f1mll'gI e anlennd ghSE very stuble support

[Fagord ancd Orseni [P98) Such a policy hag heen applied onti

metivared only by the need for g@lponlenns slubilily inprovement dusing-this-perioe. Ciy-wires were still nsed 1o

fasten antenna supporing towers, although they were installed with move care than o the carly veurs ol Lhe

CHIRIS networl (3 guy-wires gl 120 depres spacing, 1denteal lengths, strinless sreel hardaare)



ol T

(4 -
At the end of 1999 5 global renovation selsn, almingal mprovisss the stability of e anlennes, was decided,
This xfgmeian project was presented 1o the DORIS commupity during the “DORIS days” in May 2000 (Fagard

inrha e
anc Orseni 20000, il serdie-starbed will the renevation of the Dybouti saoon in fuly 2000,

7.1 Metwork preliminary review

I arder to plan this renovation action, 1T was firsr necessary o rasview the siioation at all DORTS sites, in order to
detenming 17 o stability fmgrovement was necessery, aud how urgenl 30 was, Such an evalualion wok the
following parameters o acconne:

= The type of entenna AJeatel o Staree) Alhvush ne anlenna cen be consilered more stable per se, the

s
Alearal antenna hag aeveral characteristics — higher sensgitivity to the wind, much heavier, less accusate 5*')"'

survey, oo verliculily adjustment — tae allowes to congider 1t as less stable aoorion.

* The kind of antenna suppent fmetal tower with o withour gus-wires, concrete pillar, other deaigns ),
= The nature of the strecture an which thig aapport sas dnetalled (hnlding, sock, concrete block, ele b

& The dete of the mstallation, s recent estallativng coubd reasonably be considered ol belwer qualily.

This resulted In o one o theee stac stability grsde given o eech aolenng (Fagard and Orsond 20000 °Lhiz

evalnation was larer relined For miemal nse oy [GN-F, inte four categories defined intahle 1

These apparently ohjective evaluation criteria were modulated by g subjective feeling on the antenea suppuort

everal] guality, The resulling stabality exstimate for the whels necwork is showmn on Figure 16

I i impaertant wonete thae the pupose of such an sstimation was only o allow us o properly manage the
netwark renovation and monitor its progeess. The resulting estimate should neither be regarded as an dicator of
the guality af the erations computed coordinates and velogities, nor be vsed o -,:]ﬁssif'}r them, sinee the actual
ehability ol an antenna can only be properly assessed by sueveying it ot different epochs with respect o o stable

reference mark. A more refined stakbility azsessment will be presented i chapter 1004,
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Moreever, lhis was o theoretical approach, and the actual behaviowr of the antennas did i some cases differ

gignificantly from our expoctatons, for better or for worse:

= Corresien of the antenna triangular base plate (the anodised aluminiam oype) cavzed a several centimetre
aplunng 0 o eonerele pillar, for an exeellent -raled antenma suppoert (Figure 17 Amsterdams AMS1L)L

*  The anlenna centring tumed out to be stall within a few mm after more thar ten years foe several Alcatel

antenmas installed during the very early years of the OIS neraark, hence ratad “poor®,

7.2 Cuality regquirements and monumentation designs

A4 Heguarementy

In order o be compatible with the expecred, and almost achieved acouracy of the DORIS positioning systein at
the centimetre-level, the objective n lerms of stabilicy of e DORTS anlenna referenee poing was defined as one
contimetre over ten years, Such a requirement had the following consequences on the desizgn of the antenna
supporls thal would be used Lor all Tolure istadlalions sl G stalions renovalions:

¢ Gy wires should no longer be used to fasten o suppoerting tower and adjust D anteama cendring, Albough

anch adesizn turned ouf 1o be very stable over many yeacs, it is not [00% reliable, as accidental damage, o

'
progressive slackening of one stay would resall oo an antennn becizontal shill, cither suddun}n}n Propressrve

Thar may o unnnticed locally for quine a while.

= Uply the andennn suppocts deseribed below shoulld be used,

A2 Desien 12 concrete pilfar

The preferred antenna support is & concrere allar (figures 18 and 193, buill according to “peadctic™ specification,
welfi Lake inlo oocount the nature of te geound, The pillae desizns shewn on Gpores 200 21 and 22 have been
derived from those vsed by the Canadian Geodetic Survey Division (Geedetic Survey Division, 19935 A

triangular plape 15 ser on three Ad soinless stecl eods embeddad i the comerete pillar, &nd a series of nuts

frage o .
aHedrre 1o adjust the antenna verlicoligg, The i

made ot aithar hiph quality stainless sieel (ATS] 31



be smaller thon tso metves i oerder w lonit the solenns movemenls coused by ehe-differomec—n thermal

cxpansion bepweenbethrsidesalthepillar

FLY O Desige 20 selfsupporiinyg metad o

The sevond prefurred support is a very rigid lattice tower (self-supparting type, ot requiring miv-wiresh, Such a
et 15 aneralled onoa very stable concrete shucture af grovnd Jevel, This conceete base §s bueilt according o the
s speei Deulions us lhe conerete pillar described above, [n a few cases, existing congrata sirciires wers 1scd
i they were Inogocd cordition aod their dimeansions seemed 1o gusanies o good bong e slabilily,
e gl et el elbont i rard diz)

This rower design is used when surcouncding signal obsloactions {ollen caused by the very building that hosts the
DORES beacon} reguires that the antenna be hegher an the ground than what a concrete piller sllews. It is alse
vsed when o good gualily concrete base is already wvailable, sllowing an cusior and cheaper mstallation than

specizliy bulding o eoneeene pillar,

Finding sireng enough lattics towers, available in one metre sections (that fit eostly even o the simall airplanes
thal servies swmme vory remote DORIS lncations) was not a casy quest. Alter trying o Brst model (installed at
Sanfiage/SAMNE and Easter Island/ TASR) whose finish lell to be desized, 32 cm sided, galvanized steel lowers
manubtzetured by Leclere 54, France, have heen vsed ar many DORTS stations snd tomed out 1o be satisfactory
ifigure 233 This wewer medel hos an addiBional ndvaniege: 11 can alse support the third pencration meteorabopical

stanon atter ite standard installation setwas slighily modified by 1GW {figure 24).

FA4 Dexign 30 aplennag on g bullding

Al g s DORIS stwions, even putting the antenna on a tes meors tower, sef ona concrele Block protmding 30
e or 5o off the gronnd  which puts the lowest phase cenlie almost [hree melres sheve the ground — i3 not
antficiant 0 give enongh clestance becavse of high nearby signal obstroctions. I soely coses, the only oplion is
Loy sk L senma oma baikling, senerally the one where che ndoor DORES eqnipment 15 Tocated, Soch 2 layon

can give sarisfacrory resulis stabiling wise, provided the following precautions ace taloei.

&



* The focation where the antenna sepport s mstalled should be carefully selected wilh respect to the strocture
of the bailding (Hgure 257, in ocder 10 achieve as pood as possible a long tecn: stability. lleally, the unlenng

support should be mstalled on lop of & load-bearinge pillar, or at the cornee of pwn load-bearing walls, Tf such

a solution is not achievable, the best appoaching one s seazht ez, not putting the antenna on the centre ot

b load-Bearing walll, IF necessary, the conslruclion
used,
The antenna support 15 as small as possible, Potting the antenna oo top of o building allews o save o Tew
mwlres i benee o semetimes ged rid of most signal obsouerions, therefore the antenna can he pot on a
wery short tower. Using only one section of 3 37 cm sidend tower (Ngure 24, or o balf-melre 17 em sided one
ifigure 26) — which has the additional advantape of fiing an nareow conerete beams — guarantees an
aptimal rigidity of the support.
* When possikle, the tower should he baltzd or embedded divectly in the yndemeath lead bearing struciue,

This reguires special precaulions when o walerprool coning covers the mof,

7.3 The third generation beacons

A new peneration of bracons was introduced, and deployed as the reanovation was progressing {Tavernier et al.
20030, The Orst “standurd™ thind generation beagon — e, apart from the master beason at Tonlonse — was
inaralled at Tristan da Cunha i Jamary 2002 Their development was stapped for o while as of February 2004

after a serial fuilure oo the 2 GHx channe] had been discovered, and reaumed in July 2004 with rerrolivted onirs

Thig new set of squipment (fipure 277 15 composed of!

* The begeon, version 30, manfachored by SMP, Urvance Tis appearance is very similar to the ficst genecation
o, with g biggeer LT sereen and o more sophisticared man-maching interface. 11 should be installed inside
a bmilding and fits in a standard 19 inches vack. The power consumpiion s approximately the same as the

firat generattan one {130 W), Cantrary 10 the previoos maodels, the signal is modulated on both channel. It



”

alsn has a new “Heatarr™ aperating mode atlowing its signal 1o be received even i1 the tme 15 nol properly
sl

* A charger that supplies power to the beacon and monitors the charge ol the backup batlery.

= Ihrec diffzrent contigoeations (30 Ah, THE AR and 220 Al for fhe 12V hattery,

* The weather station (Figuve 247 is a Vaisala PTU20G unit,

@ The antenna (Sterec model) is unchanged

74 The progress of the renovation

Ag can be geer on figore 2H, thers has been a steady and definite Improvement of the netvwork quality stabilily-

wise between 2000 and 2003, During this six yesr period the foblowing evolutions have been taking place:

= 31 exisling stations were renovated (a0 losst 3 por vear, and up to T one yvear),
* o stations were added ro the netesork,
* dnow stabions were mstalled 25 a replacemant for existing ones which have been ciosed.

o Zstatiens have been removed and noel vet replaced (AT e Guu,

The renovation turmed eul 1o be much losger snd complicated 8 process than we tiest expected. The more
arringenn ragurirements Tor the antenna stability cequired ro gather a ot of nfonmation aboul he sile (piclures,
shetehes, obstruction disgrams i geailable), Bven thouzh a contact with the host agency had been esrahlished for
mahy years, sometimes long tme o answer and the need to plan Jogistical aspects in deladl — especially when o
conerele wonument il we be buill — invelved hat the whole process could ke well more than one year, and
rescpuives that well more than 103 comail messages be exchanged between TGN amd the host apency, This is even
maore orue for the mstallation of a new site ex-nihila, with a conple of projects extending over up o three vears

before being eventually canied o o successul vonclusion,

B, THE IDS NETWORK AUGMENTATIONS



I the Trame ol the establishment of the 125 {Tavernicr of al. 2005, submitted), various groups bave made

proposals o host additienal DORIS stagons not meluded inthe permanent 1O network, sith wvaried

scientific abgectives wd T vacied durtions,

The following experiments have been carvied ot oo dare (fipare 29

3

v,

4.1

Aardoe sheet monitoring eaperimend was comlucled by Geoscienees Auslraliz on the Sorsdal glacier,

Ancsrotica, by operating a OIS station tor abont three months tadce, during the anstral sommmers 20002-

2003 wnd 2003-2004,

Following a proposal of the German BEG to aperate DORIS stations at Wettzell (Genvans and witlin the
Transportable Integraed Geodelic Observatory (TTEON located at Concepeion, Chile, a [0S station wag
installed in May 2003 ar Wettzell Tt was removed in Jonvary 2004 after producing Iide data, due Lo
mnlerferenee @ the VLEBL om ong hand, and an eqguipment fatlure on the other hand.

A DORIS station was nstalled oo the Gavdos istand, South of Crete, e September 2003, as parl of un
alumeter calibranion site (Pavhs et al. 2004}, b has baen inactive for an extanded periad of time becanse of o
beacon failure fuollowed by o shortage of spare buacens, bul o retrofided thicd generadion s on i way ac the
tirne af writing and should be installed in Cebroary 2000

A station was matalled at the Antarenic Argenome base "Belgrano 107 i Jamarey 2004, Following a joint
proposal by the LAA (Institoto Antdrtico Acgentino)} and the Germaon AW {ATed Wemener Instilule),
]!eca115e af a tailure of the second generation heacon shortly after s installation, it has been providing littls
et during Ui Nesloveor o vperation, bul il s worked very smoeothly after o thind generation beacon was
imstalled eme vear later, Considering its excellent vesults and significant confribution to the netsorl

coversge and robusiness o the Antarclic region, the "DORIS Mission Group” - consisting of

1

represcntatives of CNES and 10N - decided in December 2005 to chanee ils status

o “Pormanent DORTS station”.

THE NETWORK MAINTENANCE

Mamtenance running
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In scklition o the deployvment of the netaark, 1GN-1 kas aleo baan mcharps of i maintenance the operation of

which can be summarised as folloss (Ngooe 20

= An unemaly is detected by the OIS control centra, aither in the farm of o complete lack of
mezsurements, of of @ owrong parseler (e sel, feguensy, meleorelegical parameters, power cur, ete.y;

= The DORIS contral centre sends — for cach anomaly defected an intervention request Lo TGN
maintenance undl (SIMB, Service Clustallation el de Maiolenooey des Balises = beacons installation and
maintenance serica]:

= MGMAEIME vontaels dhe host aeeney, asking i€ to carry out the necessary operanon

* The host agency performs the requested operation, and reports o DENSSIME, which heo reporls back o the

DORIS contre] cemire,

97 Mauamlenanee statisticy

Eouipient reliability bas boen g major ssue throughout the e of the DORIS nemwark, The proportion of
eanlting bescons in lhe nelwork sverages to abeat 33 %, wich lows at B0 % and hipha reaching %3 % Decanse of
very Jong repaiing deluvs mual Toquent shorlaees of spare unils, a few sations have remained down for several
months belore they coukl be replaced. This rele nevertheless allows the global coverage rate — atio of time
during which the on-bourd instrument receives o signe] — o romain ac o geod level, thanks to the density and
honmageneity of the network. This coveraze rate, whose masimum Qeearelival salue i 23% for high altitude
satellites like TOPPX-Poseidon and Fasom-1 {both at 1330 koo altitode), is sl 30 % when 20 %6 o the slulions

are v,

Each generanion of beacons has had its o share of specific prablems:

The fivst generation beacons main souree of problans wis e inlernal power supply $/0 %oaof the failures).
Chter Prihomes were doe e the oscillator or re the syothesizer.

An amplificr problem on the sccond peneration hoacens cansed a lbw month interroption o fheir
depleyment around 19960 Apart frem this temporary anomaly, which was correcled as ol 1997, this madel

did not twm eut to be more rehiable than the fitst generarion. In 2005 a aew prablem {power supply defect



creating sparious in the sigeall was detected, which will reguire the replocement of the remsining units by

third generation begeons.

(o= Awost all Tird genvralion bescons installed between carly 2003 and August 2004 have been affected by a
|
[ failure an the 2 GHz chaneel, whicl vequived these wnits to Te seteolite]. Adter shis problom wes selved, the
[ deplovment of thia modal kas resiomed, sither on the occasion of a major site renovarion or by _f,-imply
Ill' shipping o oew model W the host ageney who ook care of i installation. From then on, the operating mare
0 T . .
WS forr this model hag increased o 90 %

Recanss of the shipment waiting peciod, costoms foomalities and scarve service o osvane remely DOERLS

leesizons, e neccssary Hme to have a spare beacon deliverad on gite can vary tremendensty, rom a couple of

woeeks tooas long s one year,

From the start of the DORIS sysivm operation, [GN's maintenance unit has been handhing abour [3()

intervertion requests and 12 bheacon exchanges a wear on averages.

Thies foliowing types of operations are lkely to be ceguested 1o the host agency

= lime or freguency adjustment; TR T,

o Resel of the beoacon afler a Giluee Gaulomalic Tor the 1hicd generadion beacons): £ %,
* Checking throngh a self-rest procedore: 8 %G

= Bullery chursing or replacement: 2 %,

a

Replacement of the weather sensors; 2 3%,
Exchunge of the boacon by a sparc sent by [N & %

Vi Mo om-sete repaics are camied oot by the host agency

Cn the other hand, planned sntesrtions of the emissions o avoid interference to other receivine aystems ool
: ) & 5y

at the following sites:

= Nellowsknitie and Syowas doring (infregoent) VIBT campaigng,
* Aseension snd Libreville: during the tracking of the Arana rocket upon each laneh rom Kouren
L

hdabie and Rapas during e metearslewion] radivsoundings, onee or tsvacee i day,
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10 THE CURRENT NETWORK STATUS

1L The current nelwork conliguralion

In Eebruary 2006, the dismbution of the diffarent equipment typas in the parmanent network (56 stations) is

Thae Tt wgencies who kindly bos! and mauinlain the 56 stuliens that make up the DORIS nenvoek can be divided

inte the following categories;

o Matlonal sureey agoneics: U stations,

* Mational space agencies: 12 stations,

*  Seientific institutes (maimly dealing weich Barth sciences): 19 stations,
*  Palar mstitutes: & stations,

= Muorcornlepical statons: & stations,

= Ol (o telecommunivation stetivng ©stalivn,

Thery are o sl 43 distinel hoest apeneies (seme of them hest soveral IORIS srations af different Tocations),

represanting 32 diffirent nations,
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The first approach will be described here in details Tt has consisted in assessing all elements i the antenna
supperl {han, from lop Lo betlom, all items betwsen the anenna and the gronnd} that may contribute o some
extent to the antenna instability, The more elements belveen e wtenng snd the ground, the higher he sk of
experichcing aanlenna reference point andsor phase contre displacement in the long term. Bacl potential source
ef instability contributes (with an sppeopriae weighing tacton) i the "matability depeee” = 11,

The higher 1D, the less presumably stalide the antenma, Wil the macking system wnd weights el were chosen,
10} ranges belarcen ¢ (hest) and a4 Pworst) For all former or currene DR ES antennas,

The detailed result of this analysis is presented in the [ of an Taeel spreadsheet (Gle “Slabilily-

aascaament.xlay, mothe Llectronic Supplementary Material {ESM) ol this paper

Fipure 31 shows the result of such an assessment, e the same network a5 on figore 160 bur vsing this more

detatled and less sulgective approach, weer the poe caplained in chapler 7.1,

To explain hw this evalualion was coarried oul, we will go from top o botem throueh the difforent elemanis
which make 2poan antenna support,. The diffecent values for a given criterion con be seen in the pop-up

comments felds of the ERM spreadshect file,

A AHrenn and stppovtinge pisle:

= Aanlenmig mene of botl anlenog lypes s mors slable then the olber one. Bul becanse the Starce antenna s
eagier o snrvey and has hetter defined phase cantres, it is considered better,

= supporiing plule: here we assess the plate’s matenial, wehich g bkely or not to corrods and canze an antenna
dritt pwhich already happened ot several sines),

* Plabe assemnbly: plate assombly that meet the maallanen specification ensares that the anterna s rigidly
Fastened to the tower, and that the aotenna’s verticality can be precisely adjusted. This s the case at elmost

all sifes but a couple, which wers grven taa "instabilioy points! insead of ooe an this ceiterion.

1, Primaey sunpace: this 18 the alament helows the antenna supporting plate and the assembly device, [t can be
cilher o conerete pillar, or & metal tower,

B.1. Concrete pillar or metal pipe:
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11.5 Inlernal DORIS co-locations

Polbowing the evolitions of the neteork dealt with in chapters 0 and 7, there has been inore than ooe aolenng
locution ot most DORLS stations (see fzure 37 and the "DORBS-neonpations.pd 1™ e in the TSM). In order to
eosure bath the contionity of the o secies, and an optioml conlobulion of DORLS o the 1HIRS, it is essennal
that all succesaive antenna locations be accurately Hed together throush a geadetic survey, This has been done

for nuost siles where the distonee between oo suecessive sulenny loculions are Jess than 18 ko

[1.6 Co-lecations with Hde paoges

Like vlher space peodesy lechnigues, OIS can be nsed oo provide an absointe peodetic reference for tide

ganges, As of the mid 90 s, with the growing interest for the monitering of the sea level. o geodetis conncetion

was measured herween the OIS antennas and a nearbsy lide panpe 36 available, Moreover, the possibilite 1o

aded e such co-localions was teking inlo sceount schen planning the evalunons of the netaark. This concermn

hisel senmne comsenquences on the design of the current netarock:

= The Mahe and Crozet station installations were motivarad by the possible co-location with a tide zange,
whereas adding a oew station i sucly well-equipped regions was ned sbsolutely noccssary, as far as the
network density was conecrmed.

¢ The replacement of Colombe by Male, and thal of Galapegos by Sanla Cruz, was partly motivated by the
possiie co-locaon with a tide gaape.

* The leeation of the Sul station, which was o replacement for Dakar tollowsng the closire of the hast agency
at that site, was selected so that the DIORTS station would be oo e saane 3sland — out o 1D or so Torming
the Cape Verde Repubhic - as the tide gaupe.

 Adhditional staiuns were sugpested al Beoomwda el Fernande de Wercnhs i the Atlantic Ocean, 1'ohnpel
and Midway in the Pacific Ocean, buc eventally abandoned after several vears of fuitless altempls o bring
These proqeets ooy seceessful vonclusion,

s The current projects for new stations in the Pacific Ceean (Tarews, Kirtiat, snd Adak) are all tde gaoee

couippaed i,



Morecsver, measuing o lew missing THORIS - fele gauge Ges on e seeasion of the netwaork renovation allowed

T prvgressively increase the mmmber of such co-locations (flgure 331 up te 19 avatlable tes,

12, PLANNED EVOLUTIONS

%\ 12,1 Strengths and weaknesses ol the DORTS nelwork

Compared to other space geodesy networkes, the DORTS pelwork has he following unigus advantages:

PJ 1R mueh maore homageneons, Whereas the 1G5 nateork (Moore and Mellan 20030 has maoy oore stations
feloul 2000, 31 bas aovery beterogeneous distribution, with very dense areas over Unrope and the LS4 and
- large gaps over the Pacitic Ocean, Southern Tndizn Oceon, and Abfica {Morth ul the Egualor), The SLE

network (Peprlman 20020 and VEBL nelwork (Schiuter et ab, 20021 are nether equally dastributec.

Sl 2NS MR
/

\" [t has practically the right oumber of stations to neet s pramary objectives, The PRARE pelwork
iMlassmann et all 1997, which inigially aimed al aclisving the same objectives at DORIS, has 10 stations
aperating, out ol an nilially plarmed oelwork e of 30407 50 slalions,

It makes the I0RES nerwark denser where needed, by adding points in reglons where no other techniques are

-
7.

presenl.

Linlike ather RS techniques, it is perfectly divided into the Warthern and Southern lemispheres. there ane

Y
e

exactly ax ooy stations in bolh hemispheres, and eut of 38 co-located sitez, 18 are Incated in the Sontharn

hermisphere.

Lkt
ey
&

42"51
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s ventralised manogemend by TGN has allowed to carry out a major renssation effor, leading 1o an almost
standardised equipneent layout. All equipinent changues wre Inckad by one group (the DORES mainienance

umit), which altows 1o detect zenal prohlems and ke the necessary corveerive actions.

Aldchempgh they are quate satistying, the corent network density, homogeneity and robustness e the network™s

abilily lo ensure & conlinuous tracking of the sateibites orhits when a piven statian is down — conkl sH1l he
improved. The map en figore 39, on which the visibility cizeles of e stalions wers drown Gor the Jewes:

DO s cquipped satellites (832 km alomude) andd for a enf-off elevation sagle af 122 shows a fow weak areas:



the significant fatlure rate of the ground equipment. Despite evolulivns of the ransmilling beacons, many
cquipment tailures, added o long repait times, have been causing several month data itercupiion at many siles,
and shorler bul repeabed enes al other plaees, Meverlbeloss, the reeent massies deplosement of retroticed this

generation beacons lets vs feel the ficst stindngs of bops for an operativn ralio nearing 100 %4,

12.2 Ewolution plans and propasals

The DORTE stations al Tionysos, Kourow, Toulvuse, Secorre and Krasnovarsk sl have w be renovared, and
thiz shomlel hopeiully happen in 2006 The Tas) teo remaining Aleatel antennas in the petwork Dhooysos anod

Tuoulyuse — will then have been replaced with Slaree oo,

Ao stalion should be inswlled oo Rikices (Polynesiad, which will evenmally replace the one ar Rapa,
horeover, new stations are in project at Tarows and Eiritimatd {Repablic of Kirbatd, Adek (Aleution Tslands),

Tamanrazset {ALzeria) and Rivad (Hande Arabia). Fizare 3 shows the lacarion of these nlanned new stabions,

Penipment wize, the deployment o the thind generation beacons will contivne, until all stations ae egquipped
wilh [his kind of beacons, cxvept a lew enes whore power supply manes impoese the nse of less consuming

second peneration ones.

More TRE experitnents will be storted when o sufficient number of beacons wee available, aller proper selection

by the TDYE Stations Selcvlion Groun,

13. CONCLUSION

e comtinueusly improving throughone its
A1 year evolution, With 56 statioms equally distriboted avound the globe, 11 guarantees an excellent orbil
eoverage lor the DOREIR-vquipped saicllites (ususlly more than 83 % for the altimensy satellites), thus playing a

kew role in the suecess of the DORES systen Socl o densily pades e TORIS nelaork an essential conlributor

e
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Figre 3 Figure 4 o
DORTS bonvon 1O Clop) and Batlery case LMOIRES Alcated antenna (et on a coe-metre Tower and side
(ottom) inoa homemade rack wall ipount, DORIS metcorelegieal slution on the night. %’Qﬁ\

Fipure 5 Tignre 6 Figure 7.
2o tpweer o a conerele pad 21 Lot ph g concrere plock 3o toseer an the upper wrracs of a
(ol erone GO A iMarion [sland MARA) building (GalapapgosTGALA)
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List of

all antenna geeupations in the permanent DORIS nelwork

_E[_ﬂ_!!ﬂn nane :-h_?'.rrm}'m Start date Eul:’; l:hte Remarks

'\METERD "!ﬂ-'l AMISA Lo fulbatl) | 199702 | Z/’(,i
AMSE [907-04-21 | Z001-03-28
AMTTI 2001 -013-18 - - J

| AREQUIPA AREA LRE-1 216 | 20011120 )

. ARER 2001-11-21

[ARLLT ARLA 19871205 | 1992-12-09 ' ,\D

[ ABRMA 1902-12-11 | 1999-07-31 | Offieial closure in June 2005 anly \

[ ASCENSION ASDR [ 19970228 | . J?{é y
BADARY BADA L1112 | Z00M-0H-10 il 4
== BADB | 2004-08-11 Y L \
BELGRANO B 2004-02-06 | 2005-02-13 | \f)‘

BEMBE | 2005-00-15 | W/
CACHOFIRA PAULISTA [CACR [ 1992-.08-13 | 2004.04.25 ﬂ} = /
CADB | 2004-04-25 | | i -
CANBERRA ORRORAL  |ORRA | 190300.(5 | 1996.03-19 | 1 / /
(LR LR -12 199110 Replaced with MOLUINT STROMLO ,p/
CHATHAM ISLAND CHAB | 19990278 | |
CIBINONG CIIR_ | 1992-00-07 5"'01}D-I2-Il :
CICE | 2000-12-12 I
COLOMBO COLA 19910606 ]Ei'H}-H'I} 19 | Replaced with M
CIROLET ClrOB 2003-12-21
DAF AR DIAEA L9E7-02-28 | 2001-01-10 | Beplaved wilh SAL
TH{ON Y SOS IMOA 10E9-02-15
DIIBROUTI [HI1A 198’_"_1;11_ _[_{r 200004 )
EASTER ISLAND EARA l*z“i*i 1 I AT | T )
EASE O0E-02-26
FYTREST ) 1993-05-22
FAIRBAMNRS F ‘UA L0000 140 | [59- L1-15
FA_I_]_:{ 1o99- 1008
FLORES FLOA TYRHE-12-19 | 1993-06-21 | Replaced with SANTA MARTA
FLTUMA FUTE 2000-12-13
GALAPAGDS GalA 1991-Do- 10 | 2005-08-00 | Replaced with SANTA CRUZ
GOLDETONE ‘GOL A Pl =21 | I3daiis-n
CID‘ul A OO (E-03 | [900-00- 16
GO Paa-l-25 L 2Na-i-11 | Replacad wath MOMUBPERNT PLAK

CREENBELT CRER 2OM-0-20
il AR SRR 1993-12-12 "-'ﬂfll? ﬂ1 IH _ﬂfﬁ{‘.i_ﬁl closure in June 2005 nnl}'
HARTEBEESTHORK HEBEA [958-03- 10 L907-03-26

HRLA 109705, 11} 2000-08-07
HEKB U0 T | 200E-- T
[ _ HEBLB 2005-09-12 S o leeadion us HEKB
HUAHINE HUAA [ 19890110 | 1994-08-24 | Replaced with PAPEETE
JILFENG JIUE 2003-12- -10
KALIAI KOKA 1090 0026 [2002-11-14
KOLB 2002-11-17

RERGUELEN KEEA 1987-01-Z8 | I024-11-21
KERTE TRel-11-21 [ 2001001
__KEHH Ilml-[M 14

KITAR KITA 1097 [-20 | [906-05-2 ]
KITH TH96-N5-23 | 2001-05-24
KIUE 2001-05-25

KOUROU KRUA | 1986-12-06 | 1997 11 10
KHUB T992-lm-25

ERASNOYARSK KRAR 199510249
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