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Abstract /U/L
-

The ground network 15 one of the major compenents of the DORIS system, -[{-“: deploymaenl,

managed by 1GN-France, started in 1986 at a sustained pace that allogved il to reach 32

of transmilting antennas,

statioms upon the launch off @Qﬂﬂ ~equipped satellite (SPOT-2). ﬁﬂ first f.'ll‘ﬂﬂrﬂtmn -@

installation pmcmra& adapted o the cﬁcnuctm

------------ :,r,..-r--.-r--'" €ub$
R

performance objective for the DORIS system, v

i

&
model ﬂ”rm_wg TN
accurate survey. Puring this second era of the deployment of an ever denser network, the
antenna Tayouls gradually evolved lowards s beter quality, thus improving the long term

stability ;if the reference point. As the positioning accuracy of the DORIS system went-en

(PR L
lmprovﬂﬁ, 1t terned-oub-te-be necessary to review the antenna stahility for the whole nelworke

1116&1:1%1-14&@1& more stringent stability péquirements, wese
Al r‘-{r‘n 2 fFL
Fhey, Ty eImieni pl’ll.],.;.—uw,mll nebwork

—ohderes

{ renovilion or nslallation of 43 stationsfn six w:ars Now that the rcﬂovaimn is almmi

m sy m@?wﬁ M#ﬁﬁﬁ‘&fﬁ% b 24 ,,ar‘, wcklzy Zoment
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completed, a more analyvtical approach has been taken (o avsess the potential siability of all

DORIS oeeupations,

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

maintained a very good coverage rate of the satellites orbits.

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

Moreover, with many stations located near, and accurately connected to tide gaupes, it

participates mn the monitoring of sea level changzes.

N ec,‘ﬂ"“

Although il has several advanlages over Himilm@n@ there is still room for improvement ket

the DORIS network, towards even better orbit coverage and contribution to the TERS fame.

Fevwords, DORES, racking nerwork, endexy, reference Fames, co-locatlon
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L. INTRODUCTION : HISTORICAL BACKGROUND

The realisation of the DORIS system was decided jointly in e ewly cighiics by the French spaee agency
(CMES: Centre National d'Eludes Spatiales), the French nalionsl mapping ageney (1GN-F: Instiut
Cigugraphique MNational — Fraoee) wod o cescureh group in the Geld of spaoe peodesy (GROS: Groupe de
Recherche en Géodésie S;Jaiia]-.?). Becanse of ity experience in the Deld of the fnstallalion of geedete networks,
tatys vospovsiole Cor ool o o
I3 ceecakied the deployment of the gm%gt.l networle sl o the determinglion snd publication of the
Hhe pas
stations cooodinates (Willis el al, 20027, For bwenly years s, e geadelic department of [GN-F (SGN: Service
2 =
de Gé;r}ésia et Mivellement) has dnes negu:utint%}gagreements withy host agencies, instellee the equipmend,
EEFT'
sirveyisg the antenmas, and kegpare the DORIS stations in working condition. -Siseethen: lhe DORIS syslan
. F‘ﬁ . . - . 1
has avnlved Mb international cooperation, leading to the recent establishiment of the Dolernational

[ARES Berdce (Y CPavernier aral, 2002: 2003,

An casential requirement for the precise computation of the arbirs was o ensure an almost constant visibility of g
’]3 i
at leasl one ground stalion by the vn-board receiver, On he olber hand, to be able o cxpress the orhit in a p} rﬂ.
|
poocentric terrescrial referance evstam, the coordinates of a sufhicient number of well distributed stations had o -f';}?'
i

b gvailable inothe same system, To meet the orbit i»;n-" age requirement tor the SPOYT-2 sarellite (832km
1nt
altitude), it was estimated that the network should be-made of approsimately 20 slalions, as ovenly distoibuted as

prssthle around the olahe.

In this paper we will ba relating the penesis of this uningne network, and irs e @ -..}]url._-.n;f ovel gt 20
by
years. Aller a general deseription of he sile selection and nstallation procedure, fetwed-bye a description of the
—— _ _ehsewss _
_gites and poants maming conventions, we will seaedetail theaned the history of the aetwork’s deployinent and
| e
eepluliome=fpr-ppeto? he three major cras o0 b n;:vu]utmn.vﬁfwﬂl describe the aquipment used, focusing on

the various antenna laveuts that way have o significant influenee on deeelong=lenn sstenmn stability, a growing
FeSw e p BT 3

concern as the accuracy of the DORLS dara analysis sesubs have-beess improving over the vears. After listing the

P : o keis e |

additional stations installed following proposals mode 1o bhe e of the International DORLS Scrvice, we will
Sl

explain how the network s maintained and give a-few stafisties oo the equipment mainlenanee, Then we will

Jr LjU-r:'ﬂ n{ ;r"i

review the cwrrent neowork stams: afcseme genen ! : its comfiguration, tee host agencies aud Wi
A arie o s E
; ONEL OV e s .
e informalion le-asess, sl e antenn slability ém]uzmun approachi In chapter 11 we el

inalieh
address el aspecti-relatedwidebe- DORIS anfennas surveying and E‘Dl?ll'l,‘fil'l.ﬁl‘ﬁ} detal‘mjlm[lmh the definilion of

5



=theemreference points, #m surveying procedures, and the delermination of peocentric a prion coordinares. Co-
lezanan with ewher RS space geodesy techniques aﬂ—eﬂe—hﬂ-nd? and with tide gavges ap-b-other-fmnd, will
~Thro gl

then b listed, We will finish off by presenong the planned evnlurmnﬁ of the nererorly, aftey analvzing its
R

strenzths and weaknesses aod comparing iU with other space geodesy lechnique noovorks.

2. THE STEPS OF A DORIS STATION INSTALLATION

2

Sites selechion crileriy,

*Q;r

The dnitiad lisl ol polential DORIS station locations mainly ensued from the nmd/qif gencentric coordinates, the

5
besst eonrce of which would be a co-location of the DORIS mn::uniu-ilh the ighest seeursey space geodesy

55*'@ 4 technigues available at that time: Very Long Baseling Interferometry (VLRI and Satellite Lozer Rangiog (STRY
#
i When none of these instiments were available, coordioates could be oblained Dreogh Doppler Transit or GUPS
’}l"dy X7 M
L ) pasitiomng, eicher already determingd sr-shateame—sd international measorement campaipos or 1o be measuoed
g Arind
pﬁ x by 1GW sthoesmmelmeaas- e DORIS cguipment installation. This was notahly the case at many 1'5,1311(}(.&&2&9;1”” 5
"J,} ~priananly celected feorder to mect the density and bomogeneous distribulion erileria for the network, even

Lhorho s -

The concern for co-locations between the DORLS staoans and ride panges appeared later, with the growing

interest for sea level rise related stodies,

2.2 Selection af a hast agency.

ﬂ tas Sourghl

After o site had been a priort selecjed, a hostagency hm_hmmm tix host the station and
53?11 s g LA VA Euﬁ 4

ke care of its maintenance, and wherethe following heoe&cwkl- Trmprst T

s ST
= The transmitting beacon and its backup power supply seeded—ter be in s room with moderate temperatuse
and temnperature gradient, with maios power supply available,
k=




n-.r.-*g']"
*  The antennn hed= be dnslalled vatside with o clear view above [0 deerees, on o stpleture that would alloe &g F &I,L-t‘
; e i
W ﬂﬂ_'l."fl

the vge of the antenna suppars — ooyad tower or wall sads monnt

' %F-h#hea{—agﬂ*eﬁhﬂhﬁ&kd—&gﬁa—ka—emﬁ-ﬂmﬂmﬁcasmnai mamEnance np¢rnr.inn5q]’fj'}~s:::q1’:;5,tj% in L!Hﬁbﬂ?

. . - . ond v
weaslebdnclude some minor verifications and adjustoents, wesell gs sending-sut of eeder cquipment tor

shaeAdd nd —
. Hmﬂmctsaﬁ%e—s#m&k—th&ih@ﬁ:qucu:ius transmtred by DO ES weerrhd-sst-be-likebete interfere with
L
existing receivers in the areaj"){"hn 1 this et be avolded, &H@M&u—gﬂuﬂﬂw i lemnperary
iy suthie .

interruption of the DOKLS transnuissions, either manuzl or ﬂutnmann The recaiving systoms that are likely

N
e affiected by the DORLS signal are:
to be affiected by the slznal are I‘F jl1— EK‘-&-"E,M&#;L

o WELBE antennas: sach interterence e be avoided by having a physical signal abstroction between
¥ £ a phy &

TERAir,

12 ﬂ?‘*
bath arnemmﬂ.Bevﬂlhelesn there is one cose (Kuuai) where bolh antennas are inter-visible and no 3y
interterence have bean norad, 3o this issne deserves Turibee 1'111,-¢l_;tigatiu_-._ﬂ

o Upper air soundings voried oul by most imeleorslogieal stabions Sady some madels of Vamala receivers
are likely to be affcvatcdraﬂd—we%-@m#eﬁn&mm-&d? if the BHORIS antennn and the radivsends
antenny ane very close to cach other (less chan 30 moor en).

o The 2 GHz antennas nsed by the Ariane tracking stulivos al Eourou, Ascension and Librewville.

#

[ wrcler |-|.J chel il the Eruspwtm hosl wgency woukl mcet the above reguirements, a qne-r.l:lr'-nmne Wik §en

wra‘ﬁ... qﬂﬁ HESTIMS On & T west-tor
rantable arous-of delails sbeal the sie
‘T_Le. .ﬁ;mawf imue. th

D!).e.' layout, - : ; v thronghont the repsork™s deplovment, w:th a_decper and-deaper
"‘D‘ A hae - F:'
preliminary survey being conducted as the requirements for untennn Elelhi]it}-‘b@%mm: atringent {see chaprer
~ A
7.4, fr! iy

/MW M o Aemmﬁ’s terit B a‘ﬁg hai" age:wws

\-v--—ll""""'.l'-HI
siopusiellabl Freguency clearanca had also to

be granted, which was generally handled by the host agency through an application witl the relevanl naliona ]~

e v
rady communications aucthoritics, M cEonarion ﬁt genarally ook several mmmhs::l bt semeprojocts ﬁcdﬂ'jfﬁ‘iﬂ{j
. . =t SemE
gapeeiadly i e reeent vears, whesall o i L 3 faok N o teo or
thiee vears ipsuceseding
o



ey

23 Tostallation siage,

inee a host ageney had been tomnd and all the necessary arhorizations granted, the installation was performed
by TGN, This slage included ;

* [spatch and costoms clearance of the equipment,

*  Inslallacion and starling up of the station.

* Training of the statt who wonld take care of the maintenance.

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

technigue, or fothe local geodefic netarork.

3. IDENTIFICATION OF THE DORIS SITE AND POINTS

Bach DORKIS site (e a location hosting a DORIA statan, where several successive DORIS points may have
-
Bewn present) is identilivd by (# name W Mhﬂ-d L4 &ﬂ!‘%
s an Mﬂf adtntl, .

-"-'_g The name of 3@ “dpace seodesy smb—e&prmk&wﬂw—em&d&y*&ﬁ%mﬂm%;% i
ﬂ _——
SN cusesas-seery-terse-fap-ie i), Forlevaniple—thesreriterttitresiHe i aation isindastloemedar
B e e e i W8 T ) L

“a nearky magar r.ir.j,} 8 N

AYU

—TFhaname-efthe-island where the starion is located.

~e

b bo T geverel (2.4

In a fewy cases, the chosen site nome turmed oul T M AT
e
—name atan arehipelaso made ten or socislands _cstondine over 300Gse-Thesefore 2 more accurale name (Sanla

Crug, tee—Hagsno-odtaa-tabimed | wi

e i Fes et slotdcas et

Hach NORIS poinef-e—sash-location-sa-RORIS antenna reference pcuin?ii icentifizd by
= A DOMES numbar (g TORO2R003 Tor the corrent DORTS antenna ar Revlgavik).

= A four character 11 or aceonym, naed in the data file names and hoile as follows:

f:

nd win s
s o, Forensmple, "(julapaf_fus")is—tf:



o The firse theee chavacters are derived From the site name (eg. Lo Bdunien 2 REU, Cibinong = CIE,
FPenta Delgada =2 PDL, ete.).
o The last characrer identitics the antenna model: A for an Aleare] antensa, B for o Starec anlenna (e

chapters 5.1 and 6.1}

When an antenna is changed from Aleatel to Stavec within o DORIS site, the fowrth chacacter clunge — lom A w Lp [

E — s sulficient o distinguish bebseen the dwes DORES ponts. IF an antzcima i3 moved within a given DORIS sie
without the antenna model being changed, the thicd chavacter of the seronyin 5 ineremenled by one leller
alphaketically to ditferentiate the nese poine. For exampla:

* Thewerny Hest station at Revlgavile, equippad with an Alcatel anreona, was "EEY A,

= After the Alcaral antenna was replaced with a Siares on the same tower, it was “REYE".

= Lhen i 208k the Staree antenna was moved and idenrified as “ROZET

There e been o lew eaceplions Lo these rules;

¢ EOK were the first three letters for the acrooseny of the stolion “Bow”, Tom e nans of the geodeliz sile
and geographic entity “Kole's Park' b Ben e Ml THRES anlenng ol this side (ROEAY was
replaced with o Staree anlenma, 11 wis pamed KOLB raulber than KOKB inorder to avord confusion with the
similarly pamed 1GS station,

+  SPIderives from the initial site name “Spitzberg™ (a 30000 kon® sland) which was later changed 1o the mors
accurate site name “Ny-Alesund”,

+  The ascromym evalution at "Santiazo™ was SANA 2 5A0E = SANE (inslesd of Grst SANE, then SAQB).

Orher numbering systems are used internally by CHNES, aotubly Tor the programening of the on-beard

INATHmenes,

A suminary of all DORIS antenha aeromyims with start and cod date for each occupation is provided in the

Electronic Supplementary Material of this paper (file “DORIS-occupalions, pdi™, 1) ?
LYLE oo

(Wb

4. SUMMARY OF THE NETWORK'S EYOLUTION

Y



Thu ﬁﬁ‘ lfirsl DORTS station was Tristan da Cunha (ef@E TRIAYN which was inatalled by the Protdman

Crocanograplis Lﬂhulﬁ:;lj/mjm, 1930, 'H-ten instatation-felleweddastallolion ol o sustasmed-paeewithubawt

| et ST 1n eanh ot the
ZiL ‘J{fncw aTaT1ﬁ|1§1wff|ﬁlnt 17 duettrg-the firs) ben years, allowing the vetwerk o be operational when the fics
DORTS-wquipped reeciver (SPOT-2) weas launchod. Figure 2 shows the distnbution of the 32 statione that made

up the nerseork o the official start of the DORLS systeny operation (end of Tonmary 19900, will visibilite cireles
corrcaponding to the 129 cut-oft argle used ar that rime in the CNOS 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 approccimately the end of the deployment of the first genaration anfemmas, which will be dealt with in

chapter 3.

Asool 19935, the network deployvinenl wenl onal aosloveer pace, The mwomber of slations reached 4‘);— rougzhiy the

mttial ohjective of 30 qmrmv by the end of T99%3. A Few new stations were added, and a few existing gnes bad
pr v A e

tr b Lo new locations gilher following (he closure of host srencies Feilitics, of o rprese-shas on-

lpcation with ather geodesy techniques. Al these new stations wene equipped with second generation antennas,

s g Jewe wth second gencration beacons,

H g

Aot LI, A penaral renawation was initiated, #aedes o improve the overall stability of the a]ltc'.nnaf'mfe:rmwo

)
poinl, Many stations were completely tenovaled or moved w)d'n:w logulion, A Lew now staliens were natalled,

all meeting the nee, maore steingent regquirements{stability - The deplovment of the thind generation beacons

started i 2003,

5 THE DEFLOYMENT OF THE EARLY NETWORK: THE ALCATEL ERA

5.1 Deseriplion of the cquipment

The tirst version of the equipmient that made up a DORES station congisted of ;
= The bencon, version L0, maoulaclured by CELS, Franee, This oloment {Figure 33, weizghing 24 kp and
clesigned ro be integrated into o standard 19 inches rack. hod to be jnstalled aside a boilding with oeoderabe

lemperaiuee gradient, It could be programmed throuph an integrarsd man-machine mierface consisting of a



r

4

leevload mnd o LED sereen. The beacon genecates toe DOERIS sipnals; 40123 MHz (6 W) and 2036.23
MIEZ 12 W),

A box confaining three |2V batteries, providing backup power to the beacon during pewer outages Jastiog
gt 72 howrs,

o A dual freguency and emni-directional anterna (figure 4, manufactured by Alcalel, This anleone was
belted on an interface {congisting of 2 square horizontal plate welded to a vertical tube), which could be
monted o A variety of supports, in most cases a small lattice tower,

v A weather station (figues 4} measoring temperaturs, pressure and homidity. These pavameters are
transmatrad thromgh the 40 MHz modulated signal and can be vsed to corracr for atmospheric propagation

delays.

5.2 Aleatel amieoma layouls

I arder t he able te adapt to the vameus site layvoues hkely tn be enconntered, and for lack of detailed

.l'j,f'[.-o-
infurmation aesciagto—chetormine '|}Ef'tllf:|=dl1~l‘nl.t.dlfl.lx whur nl:] hm-lxl,]'u.. anlynna and, beacon would he

C'_'.c’:-’ u.rf ﬂﬁf

installed, a standard set of antenma supporting devices was sent. T‘h‘%lﬂClULlE‘d surua] one-petre laltice lower

goctions, suy wires and g wall side mount for the antenng, and a I-Hma—m:l.dia-ﬁmall rack thr the heacon and
batreries. The IGN technician who carvied out the installation Hﬂ—w—rﬂt@rlﬂwﬁﬁd‘ snilable ocations [or bolh
the heacon and antenna, compatble wich whar was penecally the most restrictive limitation of the DORIS

couipment el the very short 100w calbde length between the beseon and the snienna. In ender o mest the
N
pooel vigibility requirement desgdee this Hivitation, many antennas had o be installed on building reofs or on top

—

wi s o hree melee highlowers) i nel hisher.

The most frequently vsed anlenng supporl was & Wanguiar, 17 em sided, salvanized steel lattice tower made of

two or threg one-metre sections, bolted tegether and set up on ere-afthe-followinestruetones: athee

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

&
-4 /f(u;:-nun:lu blevk spevially buill lor the DORES mstallation (fgure 6) 042

#Q'

/( building S terrace . ifizure 7)
}—cﬂ-ﬂ' % & a A’W@

]

oanoec



Hy soml

-t — i —————
Ata fef gites Wh&lE the antenna was installed on ool o Cear sky viow nthrwed—r-&-mu@}r ane tower soetion. s S ﬁ%ﬁfﬁﬂ
— e —— E —
E-ﬁwsﬂr Tnm sectiong had 1o ha nsed aee-souple-sddeeetiomsTrresder fo avoid neacby siznal obstroctions, ~___)r
Whﬂﬂ(ﬂ. lvyrouts were used, the tower isell was mounted onoa square base plate, which was bolted to the
concrets Wr pging four expansion holts, This hase plate had o small wertical whbe inoits centre, wlich

I.:’,ilp 70 il [ o
preepmtid Locsey The ground mark 17 one had been sot ander the plate. In some cases the ke itsalt aas vsed ag

the contral markmm Such a contral mark was destined to be ysed in the future toeheck the antei .1 5

'bi“i}-‘

et-min—herdh and as o marker of the antenna lovation i caseoff oy epmnl or zu,uu;]-;,m,ml':vI

bRt i
! L. onthoomon st

Other destens have been nsed more ranzly:

¢ Digect movnt of e antenna inter Gee onareal, wilboul using o ower (Figure §) C‘a

o
= Proppad ateal pole (Figorese 9) M

= Tower iounted on e side ol o owall (Figure 107 Gﬂm /ﬁﬁ

\\ In o few ol these cases, wo geovnd mark was present.

-gﬂnﬁtl E..'-‘t}"li_

sy )aa)'ﬁalﬁﬂ"‘"’% _ Jmlﬂfﬁm’g-

Most towers were pmpp-ael—u—m\g stainless stee] cuble wires und lurnbuekles, alloseing o pretly strong and stabls

fastening W a Few sites the cable wires were very lu:ung:;f somenrhat locse qu BVED
L

nenexislent, which weakd nol gearsalee 4 cenlimelee-level stabilicy of the antenna. %}3 was ¥ acceprahle

cane g rﬁm»fm
cestderme the expeeted positioning v of the [I0OR1S systam at that rirme { R
s .:'334% /7 b
By adjusting the tension of the stuys, il wis pussible w cenlre the antenna base (Le. reference point} abpyve the 4=

venh ey

geound male when fresent, However, none ol the above anlenna support designs al!mwdﬁ r:-ru:-:l%cig. ad]uqt the

At

antenna vertheatitee. to gnarantee that te electiical pluse uc:]l:chtmd nolubly Hﬁ‘ 2 GHz one_owwhich-the mﬁ
positioning measurements are perfm‘me% are oo the same verlivel line as he snienng refercnee point. This

centimetre-level ervor could be igneced during the ciorly years of the DORIS pesitioning, but i was taken o

acéonnt when Alcatel antennas were surveyed prior to removal, duriog the nelworks meonevalion phase, 1015 nes
a»hﬁ&“kt-

taking into aoconnt the recent geodetic tesulls obiained by (e DORIS system (Willis ol

Al 2005 9
ek

]ﬂ/’(‘ 11



6. THE NETWORK DLNQIFIFQ TION: THE STAREC ERA
e
o repbating

A new antenng moded has been vsed as of mid-1992, Wfqur original Alcate] desipn. whose deplovinent

—

ended in Seplember 1992 with the mstallalion of the teo A Hmfllan stations at Canberra-Ovroral and Yacagadee,
@ﬂ vhinowg
The number of stations in the petwork kepton increame il b 1993, when it stabilised around 56

stationg, hetore increasing apain stightly ac the end of the 90 Dur'mg this period (1594 1w 1999) several stalions

g maved Lo onew localions, aod o lew hid w b upgmduﬁf u:hcr}{a]lnwmq heacona tailures o flamﬂ-'re)t‘muuul

Ve
o antennas by strong siorms. A second generation beacon was installed at a few sites asef late 1993 (first une al
Yl
7
Ermsnoyarsk), bul was never depleyed o o large sealer 2 maximum of 14 units have been operating
simnltanecushy in the netwark (in 20073 '
£ WiV sn Sr?‘mrirv_’ﬁut

w Al p oo Ty miGoter ?

6.1 Description of the second generation equipment

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

nthe ariginal Alcatel 1el

rr the ariginal Aleatel mode -. mg&fﬂj I?.L fa_%'&.m jac.ﬁopégg w :&f‘a’#‘?c/ ,ﬁjﬂ,ﬂft |

. mier desien, eaichs o o damage o stormag,
M‘Iﬁ; V'kﬁég

+  fmophase uanne location is-better-defiaed (towithin 1 i, vs. 3 mm lor the Aleatel antennas),

L
= lmalunmerard more rigic design abesssa more precise sureey and centring tebe careied oo

Friom its very first rlcpln_vm‘:ﬂ?{: thiz ancenea model was monnted on @ triangular plate machined at TGMNs
mechanical workshop, linked o the voderneath support by serews and nues that allow a very fine adjustment of
the: antenna verticality, Three different materials have been osed Goe s leiangolar plale: snodised aluminim,
marine aluminium, and stainless seel. Lnforfunately oo €88 recond o the material used at cach DORIS station
was kept until the end of the 9075, and we discovered aller the event that corrosion had atfected a few anndised

aluminiwm plares, m-:ausingg& RIPNICICANT ANTERNA BT

The new beacon (Figure 12). called *2.0 DORIS beacon™, manelzctured by SOREP, Franve, hud lhe fellvwing
differences with respeet to the oniginal 1L heacor:

¢ Muech lighter (3 ke) and conpacl,



= Waterpreof casing al kvwing its deploviment momers bumid covironmants,

o External power supply (the internal one on the fivst generation beacens lus been e cause of most ilures?y,
ity the forma of a charger and two hatteries in o dedicated waterproot T, d\j.uﬂ.n‘-‘ oy

= Lower power consumption (30 W vs [200% for the 1.0 model) allowing s marall @88 locations where

electrical power spplfis linied,
i

= LUzer mrerface offg through an external computer, The beacon irself has no indication of its curvent ‘) q
i

aperating nuode (lransoission o slandly),

——— N

g

The mcteorvlogical station assoeialed wilh the sceend gencralion begcon bad the same fonctiongfi#8E as the tirst

miaclal, b it was more compact and lahter

Qg ﬁw hepirtelid

It y wpuipmcnt-wise duringthisperied— the length of the antenna cables M‘f
i
seolt o as-E allonwed-more freedom

increastgl [rom 10w 15 m

ity the selection of g8 anteniza location. @)m cables have o been used 2t a couple ol lovalions bul, becruse of

— T

thi: Bigher signal atrermation ship-sanse, ey Use shendd-he-aa Himited as-possibe, e W&QJQL ﬁ’a‘-'a-ﬁ’y?.é:
] has been 0 P

Claahe othertwend 3 modified version of the first generation beacon, e’ﬂa{versiun I.I) wis develnpedjﬂ
wnd
consisledl ol o L0 beacon willee-He-tailma-props-tsiernul-poscrsupple unil_conneetsd-4e the power supply
~Lipm The i wohe In Yo
T nﬁ'un;"sn‘-mnd seperation beacon, ¥EEy fow such units haseslseety deploved buttheeatereed 1o leep several
stations operaling at a dme when the number of sceond zeneration beacons was not sntficient o replace the

aging first genaration ones.

0.2 Starec antenna layouts

The aotenoa suppocts vsed dariog the 1993 1000 oo were more o 1ess standacdised: mosl Starce antennas
psthe

wets instalbed, 38T che trianmalar plate, ona 2 merre high, |7 om sided steel lactice tower, fostened with stainless

steel guy-wires snd rnbuckles (Figure 130T he base of the tower was bolted divgcrly ingy the concrete support

witly theee expansion or chemical anchocs, Aogeoond ek was alvays cmbedded in he conerele supporl, and

wonld from then on be usable since the hase square plate dealt with in chapter 5.2 was no longer vsed. Using



baotly the antenna triangular supporting plate adjustioent nuls, sod the turnbuekles, the antenna s verticalicy and

centring abowve the proamd mark was carefolly adjusted within ene millimetiz.

The exceptions to this standard Taoul were. Ag’
* The Alearel antennas that had to be moved (eog following bost agency premises closures) ware generally L,;Mﬂjﬁﬂ
relovaled cxactly as they indtially were, usmg the same support. Several such relocations were cartied out by

the host agency with nointevention by BGN-F,

i'ii-)mclru high tower (Cibmong/CLBE, Rio Grande/R1I0T (Figoe 14). BapaBAQB, Socorro/SODE, ﬁ,ﬂ?&‘(ﬂf%
Ja

La BéunionREUEY or even higher {6 moal Syowa/SYOB) when imposcd by nearby signal ohatructions. 5;;‘%4
o | LAnctre (or less) high tower: with puy-wires at Santa Maria/SAMB and KrasnoyvarsldEEAB, no guy-wies M;f“ﬁ?
£ at Everest/EVEB, Otawa/OTTE, Papeele/PAPE (laler moved to PAQBY Librewille/EE and ,ﬁﬂ ﬁéﬁ
Fairbanks/FALL The halt-merre rower without guy-wires turned out to be very easy to bnstall un lop o &
building’s wall while eflerimg o very good dgidity, and was theretore reained during the renovation of the
network dealt with in chapter 7.
= Direel installation of the antenna oranpular supporting plate on a conerete pillar, using three shorr threaded ’?j_‘ﬁf.f'ﬁl’ ﬁ “f
rods embedded into the concrete, This very siable design was frst wsed in Febroary .-'-J':"" at “%

Agcensions AR (Nignre 153, then ot Amsterdany AMER, Syowa/SYPB and 31 Juhn' ;,fbp &d o

= Acvery rigid 3 ometre steel pole as psed ol Mounl StromleMS0BE. J JVIP"'
: she’ .
. i A
A '-‘:.{ /] q, M'ﬂ 5!
" ; \
7. THE RENOVATION ERA \2

The need for an boprovement of the DORIS snlennas stability omerged in the mid-%0°s, after the ingreasing
posiioning accuracy of the DORES system allowed it o be accepted as a new technigue Tor the realisation of the
IERS Terrestrial Reference Systean (Bouchyr et al. 1994, 199{}} ‘.". hen an exisoing: station had o he moved, o
when a new one was installed, increasism ottention was paid m ||1f1l;|l\ﬂI e anlennd oS8 very stuble support
(Fugard and Orseni 1998). Such a policy has heen applisd unfil the end of the $0°s, with-g on-site intervention
motivared only by the need for @ponlenns slubility imnprovement dusing-this-periol. Ciy-wires were still nsed 1o

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

DHIRIS networl (3 guy-wires al 120 degres spacing, identical lenaths, stainless sreel hardaare)



e
pae
rf_:l-
At the end of 1999 5 zlobal renovation sesen, almiceoat improviss the stability of the antennes, was decided,
This apfgemaign project was presented 1o the DORTS companity during the “DORIS days' in May 2000 (Fagard

inrhals
and Orseni 20000, andl sermke-starked will the renevation of the Dyibouti staton in Fuly 2000

7.1  Metwork preliminary review

I arder to plan this renovation action, 10 was firsr necessary 1o rasvien the sifoation at all DORTS sites, i order to
determing 1T o stability fmgrovement was necessery, and bow urgenl 30 was. Such an evalualion wok the

following parameters o acconne:

The type of entenna (AJeatel o Staree). Althvush ne anlenna can be consilered more stable per se, the

£
Aleatel antenna has several characteristics — higher sensitivity to the wind, much heavier, less accurate & .
e SR,

JRSSSEE

oo o w A
survey, oo verliculily adjustment — thac allows to consider 1t 4 less stable g priorn. ,,»;Mﬁs; 4

* The kind of antenna suppert fmetal tower with o without gus-wires, concrete pillar, other designs ),

= The nature of the strecture an which thig aapport seas dnstalled (ilding, fock. concrate block, ele )

The dete of the mstallation, us recent estallativns coubd reasonably be considered ol belwer gualily.

This resulted fn o vwe to theee star stabilily grade given o each anlema (Fagard and Orsond 20000, T his

evalnation was larer relined for imternal use by [GN-F, inte four catepories defined inrable 1

These apparently objective evaluation criteria were moduloted by a subjective feeling on the antenca suppuort

eversl] guality, The resulting stabilidy extimate for the whels necwork is showm on Figure 16,

I i impertant w noete thae the purpose of such an sstimation was only to allow us o properly manage the
netwark renovation and mondtor its progeess. The resulting estimate should neither be regarded as an idicator of
rthe guality of the sations computed coondinates and velocities, nor be vsed to classify them, since the actual
hability ol an antenna can only be properly assessed by surveying it ot different epochs with respect o o slable

reference mark. A more refined stakility azsessment will be presented in chapter 1004,



wh Lé{

Moreever, s was o theoretical approach, and the actual behaviour of the antennas did an some cases differ

gignificantly from our expoctatons, for better or for worse:

= Corresien of the antenna triangular base plate (the anodizsed aluminiam oype) cavzed a several centimetre
anlanng [0 en o eonerele pillar, for an “exeellent”-rated antenna suppoert (Figure 17 Amsterdamy AMSTE)

*  The anlenna centring tumed out to be still within a few mm after more thar ten years for several Aleatel

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

7.2 Quality requirements and monumentation designs

Fad Requiresienty

In order o be compatible with the expected, and almost achieved acouracy of the DORIS positioning systein at
the centinetos-level, the abjective in lerms of stability of the DORTS anlenoa reference peint 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 Tolare mstallulions wnd Gor stalions renovalions:
¢ Guy wires should oo longer be vsed to fasten a suppoerting tower and adjust Dwe anteams cendring, Although
such a design tirned out 1o ba very stable over many yoacs, 168 not 100% reliable, as accidental damoee, a1
[ n}/ !)(
progressive slackeang of one sty wonld cesall oo an soleone berizontal shill, either sudden’ or propressivel

thar may o unnoticed locally for quine a while.

= Uply the antennn suppocls deseribed below should be wsel,
A2 Desien 12 concrete pitfar

The preferred antenna support is & concrete allar (figures 18 and 193, buill according to “geadctic™ specification,

welfi Lalke into occount the nature of te ground, The pillae desizns shewn on Ggores 200 21 and 22 have been

derived from those used by the Canadian Geodetic Survey Division (Geedetic Survey Division, 1993) A

trianpular plats 15 set on three Ad sounless steel rods embeaddecd i the concrete pillar, and a series of nuts
[ro5L b .

w10 acljust the antenna verticaligg, The teiangular plate, wachined by IGN-F mechanical waorkshap, is

made ot eithar hiph quality stainless steel (ATS] 316 LY or marine alominivm. Soch a pillar should nevertheless



be smaller thao two metres in erder W linit the splenns movemenls coused by he-differomec—in thermal

expansion bepsreenhrtrsides-odlthepibar,
FAI Desiwe 20 selsuppriing mretad fower

Tha sevend preferresd suppers is 4 very nigid latties eoweer (sclf-supporting tepe, nec reguiving gov-wiresh, Such a
powet is ihamallesd on a very stable conorote stscture at groond Jevel. This concrete base is built according o the
spine speeiDoulions us the conerete pillar described above, [n a few cases, existing congrats srraciires wers 1scd

if they were inogocd condition and their dimensions seemed to guaantes o good bong lerm slabilily,

This rower design is used when surroundimg signal obstroctions (ollen caused by the very building that hosts the
DOGRES beacon} reguires chat the antenna be hegher an the ground than what a concrete pillar sllews. Tt is alse
vsed when o good guality conciete base is already available, sllowing sn ensior and eheaper nscallation than

spociiliy hulding a concrare pitlar,

Finding sirong enough lattice towers, available in ongmetre sections (that fit eastly even o the simall sirplanes
thal servies swme very remote DORIS lncations) was not a casy quest. After trying o Brst model {installed at
Sanfiaga/SAMNDR and Easter Island EASR) whose finish lefl to be desized, 32 cim sided, galvanized stee] lowers
manubtzetured by Leclere 54, France, have heen usad ar many DORTS stations snd tomed out 1o be satisfactory
ifigure 230 This wower medel hus an additional pdvantege: 31 can alse support the third gencration meteorobogical

stanon atter ite standard installation setwas slightly modified by 1GN {figure 24).

A4 Dexign 30aplennag on g bullding

Al g few DORIS stations, vven puiting the antenna on @ two metrs ower, sl on a concrate block protmding 30
cior so off the ground which puts the lowest phose cenlre almest lhree metres abeve the ground — i3 not
antficiant w0 give enongh clestance becavse of high nearby signal obstrnctions. In suely coses, the only oplion is
Loy pusk Lhe snlenms ona baikling, senerally the one where che ndoor DORES eqnipmient 15 Tocated, Soch 2 layont

can give sansfactory resulis stahility wise, provided the following precautions are talen.



7.3

The: location where the antenna support 15 mstalled should be carefully selected wilh respeet to the structure
of the bailding (Fgure 23], in ocder 10 achieve as pood as possible a long tecny stability. Lleally, the antenns

suppart should be mstalled on top of & load-bearing pillar, or at the corner of peo Toad-bearing walls, IF such

a solution is not achievable, the best approaching one 1s seazht ez, not putting the antenna on the centre of

a slab raod Bt rather near the junction 1 the underneath load-bearing walll, I necessary, he construelion
drawing of the building or elvice from the buihler van b gsed,

The antenna support 15 as small as possible, Potting the antenna oo top of a building allews o save o Tew
metres e benee o semetimes ged rid of most sipnal obsouerions, therefore the antenna can he pot on a
wery short tower. Using enly one section of 3 37 cm sided tower (Ngure 24, or w balf-melrs 17 em sided one
ifigure 26) — which has the additional advantage of ficing an nareow conerete beams — guarantees an
aptimal rigidity of the support.

When pessikle, the tower should ke balted or embedded divectly in the ynderneath lead bearing stroctue,

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

The third generation beacons

A new peneration of beacons was introduced, and deploved as the renovation was progressing {Tavernier et al,

20030, The Arst “slandurd™ thind generation beacon — e, apart from the master beason at Tounlonse — was

inaralled at Tristan da Cunha in Jamary 2002 Their development was stopped 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 onits

This new sot of equipment (fipure 27715 composed of!

Thi begeon, version 3.0, manifactored by SMP, UCrance. Tis appearance is very similar to the ficst genecation
o, with g bigger LCTY serevn and o moene sophisticaed man-machine interface. 11 should ke installed ingide
a lmilding and fits in a standard 19 inches rack. The power consumpiion s approximately the same as the

firat generation one {130 W), Cantrary 1o the previoos models, the signal is modulated on both channel. It



alsn has a new “HReatart™ aperating mode atlowing its signal 1o be received even i the tme i3 w0l properly
sl

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

= Threc different contigneations (30 Ah, THE AR and 220 Al for fhe 12V hattery,

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

®  The antenna (Sterec model) is unchanged

74 The progress of the renovation

Agcan be geen on figore 2H, thers has been a steady and definite improvement of the netvwork quality stabilily-

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

= 30 esisting stations wers renovated (et least 3 porvsar, and up to U one yeark,
* o stations were added fo the netasork,
* dnow stations wore nstalled as a replacemant far existing ones which have been closed,

o 2 statiens have been removed and nol vet replaced (AT kg Guu,

The: renovation tarmed eul Lo be much losger snd complicated 8 process than we tiest expected. The more
arringen raquirements for the antenna stability vequired ro gather a lot of nfonmation aboul the sile (piclures,
shetches, obstruction disgrams i gveailable), Bven thowgh a conract with the host agency had bean esrablished for
mahy years, sometimes long tme to answer and the need to plan Jogistical aspects in deladl — especially when o
concrele incnument il t be buill — invelved Lhat the whole process could take well more than one year, and
respuives that well more than 100 comail messages be exchanged between TGN amd the hest agency, This is even
maore orue for the imstallation of a new site ex-nthila, with a conple of projects extending over up to three vears

before being eventoally caried o o successul vonelusion,

H. THE IDS NETWORK AUGMENTATIONS



I the frame of 1he establishment of the 1DS8 {Tavernicr of al. 2005; submitted), various groups bave made

proposals o host additienal DORIS stagons not meluded in o the permanent 1OR1S network, saith wvaried

setenti e obgectives and [ varied dumlivos,

The following experiments have been carvied ot oo date (fipuare 290

*

L]

A doe sheet ionitoring eaperimen! was comducled by Geosclenees Auslraliz on the Sersdal glagier,

Ancsrotica, by operating a [DORIS station tor abont three months twice, during the anstral sommers 2002 -

200F wid 2003-2004,
Following a proposal of the Geomean BEG to aperate DORIS stations at Wettzell (Genvanyd and within the

Transportable Integraed Geodelic Observatory (TTGEON located at Concepeion, Chile, a [0S station was
installed in May 2003 ar Wettzell. Tt was removed in Jonvary 2004 after producing Titde data, due o
mlerferenee @ the VLEL om ong hand, and an eqguipment fatlure on the ocher hand.

A DORIS station was installed on the Gavdos istand, South of Crete, 0 September 2003, as parl of un
alumeter calibranon site (P*avhs et al. 200043 It has been mactive tor an extended period of time becanze of a

beacon failure fullowed by o shortage of spare buacens, bul o retrofided thind generation 15 on it way ac the

tirme of writing and should be nstalled in Cebroary 2000

A station was mstalled at the Antaretic Argenone base "Belgrana (U7 i Jamsary 2004, Following a joint

proposal by the TAA [Tostitoto Antdrtico Acgeinting) and the German AW] (ANed Wegener Tnstibele),

Jecanse af a tailure of the second generation Beacon shottly afler its installation, it has beon providing little

datir during e Nrsl veor of operation, bul 1L s worked very smoeothly after a third seneration beacon was 1

irstallad ome year later, Considering its exeellent results and significant conteibution to the nebsorl

coversge and robusiness o the Antarclic region, the “DORIS Mission Grouap”

consisting of

represcntatives of CNES and TGN - decided in December 2005 to change its status T “TS experiment”

b,

4.1

o “Pormanenl DORTS station”.

THE NETWORK MAINTENANCE

Maintenance running
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In sckdition b the deplovment of the netaark, 1GN-1 has aleo baen m charpe of (2 maintenance. the operation of

which can be summarised as follows (lgooe 200

= An unemaly s detected by the DXMRIS control centre, either in the form of a complete lack of
megsurements, of of @ owrong parseler (o sel, freguensy, meleorelegical parameters, power cur, ete.y;

= The DORES conrrol centre sends — for each anomaly detected  an intervention request Lo TGN
maintenance undl (SIMB, Service Clnstllation ¢l de Maiolengnee des Balises = beacons installation and
maintenance sarica];

= MGMNAEIME vondaels dhe host areney, asking i€ to carry out the necessary operaton:

L4

The: host agency performs the requested operation, aod reports o IGMSIME, which then reporls back o the

DORIS contre] cenire,

97 Muinlenance siatistics

Eouipient reliabilily bas boen g major fssue throughout the e of the DORIS nemwark, The proportion of
eanliing bescons in lhe nelwork sverages to abeat 55 %, wich lows at B0 % and higha reaching 43 % Decanse of
very Jong repaiving delovs mual Tequent shorlaees of spare unils, a few stations have remained down for several
months belore they coull be replaced. This rele nevertheless allows the global coverage rate — eatio of time
during which the on-bourd inslrument receives o signe] — to romain at o good level, thanks to the density and
homdgeneity of the network. This coveraze rate, whose masimum Qeearelival salue i 23% for high altitude
satellites like TOPEX-Poseidon and Fasom-1 {bofle at 1330 koo altitode)d, is sl 30 % when 20 %6 ol the slalions

are dovaen.

Each generanion of beacons has had its o share of specific problems:
* The fiest generation beacons main source ol probleins was the inlernal power supply (90 %oof the failures).
Chber faihares were doe e the ascillator or re the syothesizer.

An amplificr problem on the sccond peneration heacens cansed a low month interroption o fheir

depleyment around 1996, Apart frem this temporary anomaly, which was correcled as ol 1997, this madel

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



creating spurions in the sigeall was detected, which will reguire the replocement of the remaining units by
third generacion beseons.

Admst all third generslion beseons installed between carly 2003 and Aupgust 2004 have been aftected by a
failure an the 2 GHz chanel, whicl vequived these wnits to Te peteolitle]. Adter this problom wes selved, the

deplovment of this model has resimed, sither on the occasion of a major site renovation or by simply

shippiog @ new model w lhe hest ageney who ook care of it installation. From then on, the operating

for this model has increased to 90 ",

il

Becanss of the shipment waiting peciod, costoms feomalities and scarce service o osvine remoely DORLS

leestions, lhe necossary Hme to have a spare heacon deliverad on gite can vary tremendensty, rom a couple of

weeks toas long as one year,

From the stort of the DORIS system operation, [GN's maintenance unit has been handhng abone

inervertion requests and 12 beacon exchanges a wear on averages.

Thies following types of operations are lkely to be veguested 1o the host agency
= Time or fregquency adjustment; TH B,
Besel of the beocon after a Tuilure Caulomalic For the Lhird generation beacons): 4 %,
* Chesking through a self-rost procedurs: 8 %

Balwery churing or replacomaent: 2 %,

' Replacement of the weather sensors: 2%,

Exchunge of the beacon by a spare sent by FOMN: & Y Mo on-site repairs are carried oot by the host agency

| &l

n the other hand, plamed itermipticns af the emissions o avoid interference to ather receiving systems ocow

at the following sites:
= Nellowknite and Syowas during (infregoent) VLBT campaigng,
Agevnsion snd Libreville: during the tracking of the Arane rocket tpon each launch rom Koo,

Rabie and Rapas during U meteorelewioal radivsoundings, onee or teice 2 day.
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1L THE CURRENT NETWORK STATUS

101 The current nelwork conlgurilion

In Eebruary 2006, the distibabion of the different aguipment types in the permanent network (50 stations) is

= 47 lhird peneradion beacons,

= Tseeond gencration beacons,

= 7 Lest genergdion bencons (meludmg one 1.1 beacon at Socorra)
& 3 Starec antennas

v 2 Alcare] antennas

Thres stations — Toulonse, Kooron and Hartebeesthoek — have o special stotus os they aoe equippad with “musler

heacoms™ nged for the programmying of the an-board instooments,

1.2 "The host agencies

Thue Tt sgencies who kindly bost and muinlain the 56 stuticns chat make up the DORIE neosnek can be divided
ifrey the folloawing categories;

= Madional survey agoneici: 1O stations,

* Mational space agencies: 12 stations,

*  Selentific institutes (mainly dealing wich Farth sciences): 19 stations,

v Polar mstitotes: & stations,

= Muocorolepical stations: & stations,

* Ol (2 telecommunivation stetiony: ©stalivn,

There are o lial 43 distinel host apencies (some of them host soveral DORIES satans at different locations),

represanting 32 different nations,

fely
e



The first approach will be described here in details Tt has consisted in assessing all elements in the antenoa
supperl (L, 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 stenng snd the ground, the higher he nsk of
axpetichcing an anlenna reference point andsor phase contre displacement in the long term. Bach potential source
of instability contributes (with an sppeopriae weighing facton’) i the "matabkility degree” = 11,

The higher 1D, the less presumably stalile the antenna. Wil the macking sysbem wmd weights el were chosen,
10} ranges belarcen 7 (hest) and 44 (worst) for all former or currene DO ES antennas,

The detailed result of this analysis is presented in the fomm of an Taeel spresdsheet (Hle “Slabilily-

aascaament.xla”), mthe Llecteome Supplementary Material (M) ol this paper

Fipure 31 shonws the result ot snch an azzessment. o the same nebwork a8 on figore 16 bur nsing this mors

detailed and less sulgective approach, weer the eoe caplained in chapler 7.1,

To caplain e this evaluaion was carcied oul, we will go from top o botrom through the different elemeans
which make p an antenns support,. The diffecest values for a given criterion can be seen in the pop-up

cannmients fields of the ERM anpreadshect file,

Al ARTERIND i aupnoriinge e

= Aanlenmi s of botl anlenoa lypes s mors slable then the olber one. Bub becanse the Starce antenna i3
eagiar o snrvey and bas better defined phase cantres, it is considered better.

= supporiing plule: hero we assess the plate’s material, which g bkely o not to corrods and canze an antenna
dritt Cwhich alveady happened ot several sices).

* Plate sssembly: plate assombly that meet the maallatoen specification ensares that the anterna s rigidly
Fastened to the tower, and that the antenna’s verticality can be precisely adjnsted. This s the case at almuost

all sites but o couple, which were given s "matabilioy points” insead of one on this criterion.

1, Primary suppere: this is the alement helow the antemnma sopporting plate and the assembly device, [t can be
cither o conerete pillar, or & metal tovwer,

B.1. Concrete pillar or metal pipe:



11.5 Inlernal DORIS co-locations

Folbwing the evohitions of the netework dealt with in chapters 0 and 7, there has been inooe than ene snlening
locution ot most DOKLS stations (gee figure 37 and the "DORS-neonpations.pd 1™ Hle in the TSM). In order to
eosurce both the contionity of the o secies, and an optiowl conlobulion of DORLS o the 1HIRS, it is essencial
that all successive antanna locations be accurately red togcether through a geodetic survey. This has been dong

for nuost siles where the dislonee between oo sueoessive sulenny localions are Joss than 18 ko

[1.6 Co-lecations with lde paoges

Like viher space peodesy lechnigues, DOWRES can be nsed o peovide an absointe seodetic reference for ride

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

was measured between the OIS antznnas and a nearby Hide sange it available. Moreover, the possibility 1o

add e such co-localions was tekang inle seeount schen planning the evelunons of the netaark. This concern

hisel senne comsequences on the design of the current netsrock:

= The Mahe and Crozet station installations were mativarad by the possible co-location with a tide zavge,
wherzas adding a new station i such well-equipped regivms was net sbsolutely necessary, as far as the
network density was conecrmed,

¢ The replacement of Colombe by Male, and (hal of Galapegos by Sanla Cruz, was partly motivated by the
possible co-location with a tide ganme.

* The lecation of the Sul station, wiich was a replacement for Dakar following the closure of the host agency
at that site, was selected so that the DORIS station would e oo e sane 3sland — out o 1D or so Torming
the Cape Verde Republic - as the tide gaupe.

 Aahditional stwiuns were sugpested al Benomwda el Fernando de Weronhs i the Atlantic Ocean, 'ohnpel
and Midway in the Pacific Ocean, buc eventally abandoned after several vears of fuitless altemps o briny
[hese progeets ooy seceessful vonclusion,

o The cnrent projects for new stations in the Pacific Ceean (Tarews, Kiritinal, snd Adak) are all tde gaoas

couippaed i,



Morvecsver, measuing o lew missing THORIS - tee gauge ties on e vecasion of the netwaork renovation allowed

e prgressively increase the mmmber of such co-locations (flgure 331 up to 19 avatlalde tes,

12, PLANNED EVOLUTIOXNS

12,1 Strengths and weaknesses ol the DORTS nelwork

Compared to other spoce geodesy nebweorks, tie DORTS nebwork hos the following unigue advantages:
= ItR mueh maore homogeneons, Whereas the 1G5 nateork (Moore and Wellan 2003) has many oore stations
feloul 2000, 11 bas o very beterogueneous distribution, with very dense areas over Pnrope and the LS4, and
large gaps over the Pacific Ocean, Southern Indian Ocemt, and Afitea (Moch of the Bguator), The SLE
network (Peprlman 20020 and VEBEL nelwork (Schiiter et ab, 20021 are neither equally distributeac.
[t has practically the right oumber of stations to et s peaimary objectives, The PRARE pelwork

iMlassmann et al. 1997, which inigially aimed al achisving the same objectives at DORIS, has 10 stations
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operating, out ol an inilially plamoed oelworl e of 3040 or 50 slalions,
= lrmakes the TURS nersark denser whers needed, by adding points in reglens where no other techniques are
presenl.

Linlike ather [HRS techniques, it is perfectly divided into the Worthern and Soathern hemispheres: there ane

=

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

hetmisphere.

Lot ol B fee &

= [y ventrslised manueement by IGN has allonsecd to carry out a major rensvatian effoat, Teading 1o an almost
standardised equipnent layout. All equipinent changes wre Irnchad by one group (the DORES maintenance

umit), which altows o detect zenal prohlems and rake the necessary corvective actions.

2
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Alchemgh they are quate satistying, the curent network density, homogeneity and robustness e the network’s

abilily Lo ensure & conlinuous tracking of the sateibites orhits when a piven station is down — conkl sHll he

= am ﬂ.m;fﬁnfé{

improved. The map en figore 39, on which the visibility cizeles of e stalions wers drown Gor the Jewes:

DO IS cquipped satellites (832 ki alomde) and for a enf-off clevation saghe of 122 shows a fow weak areas:



e

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 interuption at many siles,
and shorler bul repeabed enes #l other plaees, Neverlbeless, the reeent massiee deplosement of retroficred thisd

generation beacons lets vs feel the fivst stinings of bope for an operation ralio nearing 100 %4,

12.2 Ewolution plans and propasals

The DORIS stations al Tionysos, Kourew, Teulouse, Sveorre and Krasnoyarsk sull have w be renovated, and
thiz shomlel hopeiully happen in 2006 The Tas) teo remaining Aleatel antennas in the petwork Dhooysos anod

Toulyese — will then Teeee been replaced with Slaree ooes,

A onew stalion should be inswlled oo Bikites (Polynesiad, which will evenmally replace the ome ar Rapa,
Morsoneer, mew stations are o project af Tarees and Kisitiontl (Republic of Kiribali), Adek (Aleotion Tslands),

Tamanrasset {Algeria) and Rivad (Sandt Arabia). Fizare 3 shows the lacarion of these nlanned new stabions,

Fonipment wize, the deployment of the thind generation begcons will comtivue, until all stations ae eguipped
wilh [his kind of beacons, exvept a lew enes whore power supply manes impose the nse of less consuming

second peneration ones.

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

by the TDE Stations Selcclion Groun,

13, CONCLUSION

The qualily, densily amnd lomuogencily of the DORIS network bave boen continuously improving throughone its
A1 year evolution, With 56 statioms equally distributed avound the globe, i1 guarantees an excellent orbil
eoverage for the DOREIS-vquipped saillites (ususlly more than 83 % for the altimeny satellites), thus playing a

ke rale in the success of the DORIS systein. Sock o densily iades e DORIS nelwork an cssential vonlributor

e
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Figure 3 Figure 4; \p\

DORTS boseon 1O (lop) and Batlery case LMOIRES Alcared antenna (laft) on a coe-merre Tower and side

ottom) inoa homenade rack wall il DORIS meteorelowical slation on the night.

Figure 5 Tigure 6 Figure 7.
2 tower ona concrete pad 21 lower eo g concrene plock Fmetoswer an the upper wrrace of a
(Gl erone GO A eMarion [sland MARA) building (GalapapgosTALA)
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List of all antenna ceenpations in the permanent BORIS nebwork

| Station name Acronym | Start date | End date Eemarks
AMSTERDAM AMSA | 19RR02.20 | 19970421
AMSEB 1907 (21 | 2001-03-25
AMTR | 2001-03-28
| AREQUIPA AREA [SHEE-12= 10 | Z001-11-20)
. ARER 2001-11-21
AL ALLLA [HAT-F2-05 | 19931209
[ ARMA [902-12-11 | 1999-07-31 | Offieial closure in June 2005 -::-l'.J\_;'
[ ASCENSION ASDR [ 19970228 |
BADARY BADA [ D T S A ,-_'f
== BADE 204-08-11
BELGHAN) HILLLE 2004-02-06 | 2005-02-173

BEME 2005-02-15 |
CACHOTIRA PALULISTA | CACRH [ S03-08-13 :'20'34 CI:?- :5

CADB | 2004-04-25 | i [
CANBERRA ORRORAL  |ORRA | 1902.00-15 | 1996.03-19 | \
OB DLETA1-12 1 199E-10-10 | Replaged with MOLINT STROMELO

CHATHAM ISLAND CHABR | 19990223 | .
CIRINONG Cinn L 1992-09-07 [ 2000-12-11 |

CICB | 2000-12-12 |
COLOMBO COLA 19910605 ]__2__(_1_{;5_1 10-19 | Replaced with MALE
CHROZET CROB | 2003-12-21
DAF AR CEAEA [987-02-25 | 2001-01-10 | Beplavad wilh SAL
DIONYSOS DIOA 1989-02-15
DJIBOUTI DA 1987-03-10 | 2000-07-04 )
el - P n-]lB ql}nﬂ I}* '34 ........
EASTER ISLAND EASA TORR-11-17 | 2000 44223

EASE 2001-02-26
ENEREST FVER 1992-05-22
FAIRBANKS FALA 090 T0- 140 | 1SR L-05

FAIR 1999 10-08
FLORES FLOA T9RHE-12-19 | 1993-06-21 | Replaced with SANTA MARTA
FUTUNA FUTE 2000-12-13
GALAPAGOS GALA 1991-06-10 | 2005-08-06 | Replaced with SANTA CRUZ
GULDSTONE GOLA TUBR-I1-21 | 149408013

GO 1004-05-05 | 1900-00-14
LML Paa-le-25 | 20Na-i-11 | Replacad with MOMUBMBENT PLAK

CREENBELT CREB | 2000-06-29
AN LillAdl T99-12-12 | 2002-- 10 | Official closure in Jone 2005 only
HARTEBEESTHOEK HBEA | 1988-03-10 | 1997-05-26

HBLA | 1007 05 A0 | 20000807
HEKE QU0U-UE- T | 2005-09-11

S — HELB 2005-09-12 S weong loeation as HEEB
HUAHINE TIRAA ]l?.‘iLJ—”]_-_I_ﬂ TG4 0E-24 R:,-P'I.'u'.ncl with PAPEETE
JIUFENG JIUE 2003-12-11}
KAUAI KOKA | 1900 00 26 |2002-11-14

ROLB ']l"lz 11-17
KERGUELEN KEEA 1987-01-28 | [794-11-21

KERTY TR9e-11-21 [ 200]-0-01
KESH 2001-14-114

KITAR EITA 1001-11-20 | 1996-03-21
kI T996-N5-23 | 2001-05-24
KIUE 2001-05-25

KOUROT KRLIA 1086-12-06 | 1992-11-10

KRUB PZ-lh-25
KRASNOYARSK KRAR 1995-10-29
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