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Abstract

This paper introduces the ARZS o e multi onste-
lon Cobal Navigation Soielie Sywiem (GRSS)
cholie nrg arienng for preche geodedic applications
This. disvclutnagiy resy 100 choke frg cesign oo
ficther low clembon stelite irmcking while maingain
ing the remowrssd porionmeanos Charactanslos of tha
tradtional choke ring svhena such s smooth awpli-
fude and phase pafterrn effecive muitipath feec-
taws and phase cendre stadlity. The ARIS contains A
riisay liTa weleligr Dovme- Msrgnbn slemsed b allow
for superior reception of ol esiding and planoed
CNES slgrabe. prosiding s with imps oweed pors bacen
W) pncision snid resabity.

Introduction

The wasll knoan ot Propukion Laboratany | L) de
sigred choke ring antenna with a Dome-fangolin
wertical dipole hed been wadely accopbed within the
redpronoe statinn communy, Many chole rimgs from
wirdis mandactuners. have been based on s de
sign and wed within the 5 and other neherence
sation mibworks. However, antenma theory Fas
ol snce this antema was made alowing Tor
Tkt chioke firg desagrs (hal prdde beiter #l-
round - performance.  Aeference  stabion  operatons
dunand the highsst perfaimancs arternos o alow
the mosl scoarale delsrmingbion of sile possions
=il welocities and high queiity Resl Teme Knemalic
|ATE | cosrvoctiors. The astennas b5 anpuably the most
smportar part of any relerenge station mlrastingune

a1t defews The meusumesment relirence pomt, In
onder o adwese the Besl pardormancs (here e
muary ayrects io the anbennan thed st be oonesd-
ered, mokeling:

W Lan binsa e R hiing
W Phese cenire shabaliby
W Mt ipath mitigation
w Out of band reecicn
m Frant bo bk it

W Cam patfesm

Beferehce sistion gperaloes gre penenaly reluctant 1o
tharige aitenrds becmne thity e 3o mporland o
the st paition and acouracy, Howsser, thome are
mary rew Signas hat are now avaidabile or plaaned
as part of moderezed GFS eodereeesd GLONASS
Callen, Compams, OFS5 and other satelito nesgation
oo argrenibalon patims These space segment n
permmimieils ke signials Darmmeted o additaoral
frequencies. to the GFS L1 and L2 and GLOKASS L1
anil L7 that are commonly in e inday. Anisnra
changs wil e raquieed 10 provice il i vhe” agk
mg. Mest notable se OFS L5, Galleo FL E2, ESa,
ESh, B4 and Compans A1, B2, H3. Henowe it s aho
wmpartard, aside from the Tactors tissed above, that
an anbenna spports hese ney signaly o aosd the
] B charge the Eibernia agein 0@ Fewl yoari
Thmig

From an antenm desgn point of v howsser, wid-
ning an artenna to track thes rangs of Froguancies
cremies many chalkinges 1o aplimbe the s cnai
acleristhis Tor dath tregiesticy. The Galilec E& amd
Compass B froquenchss ars the mosd deffioalt be-
e af i peoedenity Eo trequences used by air
raffic control.

im this pager, the parformance of the new widehand
ARTS choke riml B compared o The ATSSGL, i
emmting hghrend chole ring antenng hassd ooy the
ariginal design from [PL The ARZS wses an nnimwathe
10 ehnka Fitg design im which thes rings e al Gt
el heghls snd oimtan oty fo sl desipation of
owaried Rado Freguency |8F) enevgy. This niw
design heips b0 improve gain 1 The hofison wihig
imantaming stable phase comire al patiem wpmms
iy for amplitude, phase ard @oup dieley, This slows
for bettor mecoption and tracking of iow elevation
apteliles, mpioved mullipath mitigation and aut of
b resschion.
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In arder to compare the antennas, vanous el warkd
and |abomtory tests wore conducted to evalunto koy
performance  miteria for each anterna.  Anechos:
chambers tests were e 1o assess The general an-
teid desipn and eapected performance fof the
ture signals. Empincal fests using the ouerent GPS and
GLOMNASS conshelations were weed to miate fhe
thepretical chamctarstics 1o neal workd perlnnTRarge.

New Signals

Futumy proofing the AR2S for the plamned GRSS bre-
fuencies diided in Table 1 biwgs mimy benafits o
red ce sEatin and
erned GFS, modernEed CLONASS and Caliles gon:
stodlation will comprise 78 sateflifes. This bl o
ooverage will brirg new leneels. of:

& users, A nominal misd-

B Satellte avelabdfity { sllowing improvind positiormnig
I T emdnonments such os urban camyonsi

& Commrtiy (e, ka GOOP, FDOM oir

= Productivity (reduced fime o fix)

B Rofiabslity | improwed ambiguity resokotion, e pe
clally m difficit srmsironmanits)

® Recundancy |Detter ability of he system 1o detect
[l

B Prexcison |mone precse sgnals, better modebngl

Increasod satelite walability leads o mproved ge-
wrnetry ard redundsncy of observations. The n Lum
Improves reliahlity and peedision of position, mpor
tamt in @ host of applicatons utizng GhS5 sgnals
The benwfits of combined GRGS technologles tor RTK
applications arme acanined in delal by Taac and Wal:
T | 2008,

The pew ARZS 10 choke nng design has been opti-
mited Bom mawimum compatibty with the anbeoa
elmert, for e highest racang performance,
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New Innovative 3D Choke Ring
Design

A typical chele fng ANENNS codmsests of several con-
cenric ring stractisres. that surrownd the central am

tenng dlement [Fipee 10, The chabe ings, which ane
il shghily moie than one guarter of & GP% L2
wevelength deep, ane desigied to sliminate reflected
sigrials and provent the propagation of surface waes
it b b | Kz, 2001 ).

Figiien 1 The ATSOSCE ~ A traditionsl "2 dhokd fimng
antenna

The choke rming antenna bas bedome the ndustry
wtandand’ for high erd permanent nefenence stitions
dus 1o 1S proven phase center siabilily. smoot am-
plifinde amd plase pattern and o susoepbibility 1o
multipath. The choke nng anlerna s wsed a5 8
berachimark bor andenns qualification as an 105 stadicn
|Cs, 20O

A sigreficant weakiems of the bradibonal choke rrg
mnterva & oS poor reopbon and trackdng of sabel-

Wt nae the honaon Signals from e dedlion
wntelites are vory impartant for many spplcations of
CHSS Befauss they hedp to Oe-cormelabe  station
Fistght ared Troposphers paransskrs. Orm of e man
dessign features of the 30 desin of e AR2S cholke
rirg andnnea [Fagure 2| is the imprased low sleyation
Lrieking.

Figure 1= New “30° Leica AR5 wideband choke ring
vl eniia

Thes iwegs. of the AR2S'S grourd plares are Srangid
with isach reg sittirg kovwerr Than the previous ning so
that the choke ring forms a conical shape. The sleps
Dretwrisn Thie fings e confapaned iih sach a way thab
their length on b lohger sido it approvieaiely equsl
to & guarior wovelergth of the lowest freguency
uifedd, W Whis e L5-LF, and the shorer sade s ap
promimitely i qusrter winssength of the highest frg-
quendy used. in thes Gse LL-GL (Figure 31, The net
eflect o this configuration B oa high impadarde su-
fare whoch atieruates amy surface cumenis eecbed
by the andenna, and diminates distoriion of Bhe am-
P and phuss patieent, The 30 desgn imprines
fow wmilltion antinng gon while maintoming e
fennwned chamotmtios of Y orgnal choke Ang
anbanng such a5 stabde phase center, patiem synone-
by Por amnplitude, phise ad grougs delay

depitia

Addtionally the ARZS wsos & mw ullm wideband
Perne-nmguin slemen. The ey slemenl s specialy
comtructed ond feted to omure omdstert per-
T ce Brass il banid

Cholis ring anteniie are The pifered dhoke Jor
nelerence station installaticns parlly becauss of their
durably corstracion. The AR TS robusl comstrscion
rmsure that e antenr will s the best of fiee in
the harshest of environmente An cpbtonal wea her
o epdorme 15 alee availibde

Testing

The Arechoic chamber tesks were monducted ot the
Dareid Florida Labs of Ceadian Spece Agency located
1 Oftawa (Karala) 1o deberming B radation pat:
et i pharse oiiiler olfsul & variation v Besfigr
conditins | ree of multipath|, Data was coflected at
23 GNiS discrete frequendies from 1175302 1o
LE10 Mz Spatialy, data was sanpled a1 3 des
teniily im both asmaith and seation planes. This
withebeand anfunna wars bsted using a rarmier wine BF
Feguengy,

The &RZ5 30 chols ring with I nise Dormes Margokn
ekormenl s conmsueed will B0 nting high-end 70
choke ring anbunra weth o stardand. Dome- Margolin
wlement. Dt the fest thee Lo Nedse Amplilisr
|LHAY chrounts wewe bypassed fo determine the net
gain of the sienna slement.

W orclir bo dssass The perfoimdngs of the arteona
owtudn of am ancchoic chamber, fsting was caried
out in a ‘mwal world edronmnt by Leica Goeosys
lsrd by Smitaerlard, The arlennad heslad e pd-
duction modek including fhe flber and LNA

Antenna Gain

The lewid of arderna gain & an emportant indicaioe of
the andenna’s racking abiliy. Hgh gan whss o
e eksjabon renge iranslite mbo Mo congilete
data and & highar signal o rokr mto,

Wiele the bandwisdth of the 8R25 he been sigreti-
cantly widered and She low shsation performance

]



Tt inin ah fhhe crrithi bats ol B comyrmised AN T Dkl sl 7 T S e
Table 2; Companann of the sntenna peak gan of the ] MG
ARTS and ATSOMGG measernd 61 the seedh |F07E)) for
thin thesn Frwg —— Fingtr-Tlarn] Frevpama es. P Yok
T ILECLEEGLELEN
Mt B Frequenoey
dwﬂi.“ﬂﬂ.ﬂhhuﬂl iRl | 5508 E!_”“u.ﬂhz i e
R Pepeme o | st | | adsssw o A
LT G Ff
el S | vnamic | os 00w Antenna Radiation Patterns
The radation pattem lor an keal antenng sould =
sty conssitently high gain from the penith dawn fo
Nyosdybobonfiamgend gnuh apioidpd tobontie i P s kst v ot g e g
Einins e A dlirtion pat-
bt e e T it ot 11 20 8 s bt s
o b
e 4725 has uporion ke shation tracking sty e B T A Carrier Phase Multipath Mitiga-
Tubls 3 Comprrisen oF th swmns peak gin of the IRHCP| and Lelt Hand Ciicsilsr Polanicsd [LHOP) @ tion
ARIE snd ATSOMEE mrasured an B hoviecn |(0°0) for ferma gain, the greaber the anterna’s resistance 1 The anbenng radation patterns and onl-back elies
Ann thuwn frogeeasy bands ruflectod signak. The high frequeny Band antenna eabuliied wsing chservations pecomsed. in The -
ANDE | AFSDSGL radiathon patberns for the AR2S and the ATS0SGG pe wchoi thambsr give us some indication of he an-
P —— shintant in Fgires & anil 5 The antenna gain valies femats ablity b mibgais mubissth, Hovweder, testing
ALLCLCE CLELERN Al | L I!qi!&wﬂ!!.i!g af ihe anbenna. in & resl world envirormert with o
e thie patters. The peak artenna gain is OdBiC in sach sleva ion obsinuctions. and neary reflectie surfaces
otk b -8R = can shiss ditfaent characiristics.
LA L ok
La-land Frequenciss L5088, | o | o iges & and & show that while the anfenna gain of CF5 and GLOMASS datn was mconded for both the
o the ATSOSCE falls away shamily a5 the high band ATS04GG aned ARZS aiflernas svery LD secoods over
signits slevalion dicremes, the AR maintsine s & M henr period. The referende anleniia wn Sel L
Front-Back Ratio peion snlEnmm gain over 3 grente seaation ange. 3 mey frosm e subject anterma. This shart base-
Thir frond-back bk inkcabes amn antmna's directyity This. raralates o wperi frackirg ability of high e lenigth maans had, folloswing double difterence
drwl resrdahie Ao mMipath (Hebomad ot Al 2005], iiii!ﬂ.iﬁm!tﬂﬂn! processing M peminineg o il show the residusl
The higghesr the: ralic of gain bom the front (307 de- the reréth and -Sdc on the homzon, enabding the Thee anechar chamber Tes] resulls for the ARZS megsement roew, Each epoch of data was proc-
wation | comgsred to the back {-90° elation), the Eﬂaﬂglligi-w showed sgnificant impoeements. 0 peak anlenna e niepencknty esulting in RS0 position: soki-
Bisler the amienna's heoretiod shity 10 feec e ako clear that, whie the dfforonce betwien the  gain on thee horizon in comparison o the ATSOSCC tiisha, Figure 7 shows the hirzonitad comdnste scal:
Flectid signab. Thee Proni-back ralio n influsnced by a BHCE g LHCP signals b more of s Bhis same for In theory, thw improvimend in arrerne Gen shoalkd o plots for the fwo antennas while Figure 8 shows
oombiration of the anterma’s badoade shivkding and bath arternas for the fow elevation, (e separation result 0 sygerion ow oleyvation satelite tmadking. in T eightl Temes senes, Talde 5 unows e standard
senshity ‘o Left Hand Ciiculsr Polared (LHCP) gl batwnn e oppostuly polbreed sgnak & much cocer to comfim shis theory, ‘risal world' testing wirs disations of i both arrlonng s,
nbk. rwates for the AR2S for the Fgh deations, in cam- cairhed oul. Dt wis recorded docn 10 P dediees
parisce b e ATEMGE Tha indcabes That, nol only elevation for both the ATSDAGE and MRIS anbennm
Table & shows $he Bock-front ratics for the anfennes tas the ARDS retared the enowned mottipath migi- a1 He oo B 24 Faaur pediod
for each of the 3 frequency bands. Wiiks e ratios gation characterstics of the ATSDGG 3t kow ek
ire fwet thin those for the ATS0AGG, the vakies s Tt bes gven improved the resistimees reflected Figure & dearly neveals. the &R S5's exorpbons recep-
stil vory gond and scceod the values from a mon- signais ot high sevabons for the bigh band fregqum- tion ol signals fom b slevation aieltes. For s
cholon firg anbenna, Some irade off & to be expeciod T, amphe. &t & elevation the ARIS recelves 39.14% of
o e significantly mmpeoved low sletion rack- the mpeciod GPS L1 olsections,  whie  the
g, ATSONGE Fecirves jisd 3.95%. Thee ARZS displivs @

chaa superionity n Ila.-.ﬁ.g lrgim the horidon
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Leica GR30 & GR50
Versatile solutions for Leica GR30 and GR50 - Continuously evolving
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ABSTRACT

This paper mimoduces the range of sae of the an
widehand reference antennas from Leicn Ceosystems with
emphasis on the pew the Leica AR20 and AR 1 priennas

Leica Greosysterms allers tiree unbgue amd culling edoe
peodetie anennds all with leading edige perfemance
within their calepories amd each with their own indiyidual

sirenggths,

The: Leica ARZS choke ring anbening with fs revolutionor
31 choke rmg design is & high quality; high performance
antenia designed for all geodetic applications, nchading
Metwork RTK dnd 5 gpectally sulted G scientific
applicatinns mequiring exended loa elevition macking.
The design of the ARZS 31 amenna is well documenied
I the sepurate Leiva AR2S While Paper. and thenefire i
i covered here: see Bed ford o al ( 2009), ...._.__.-.__.E_l.__._..__._.“
performance anilvas worl e fhe ARI0 pnd ARID B
covered within this paper.

Flgure 1: Lelea ARLS Chiske Hing Antenna

The reeent Leben AR20 choke rimg antenna is & new
visemiry design nking the strengths of the ARZS 3D
design in @ new; more cod effective way, The ARID
coidliins o piew 10 (Hhsides choke q_.:“-_“ _—ninmu.__ thut _..._._._._.m....
keading odge. mubipath perfommance somas mll GNSS
Treqguency bands amd improved phose cemne gabilin

ﬂ..ﬁ..._u.n 2: Leswn ARID Choke Himg Andenna

The ARID is @ high el performance Giewletic Anteiina
for n wide range of pemunent or semi penminent
Reference Stotion und - Monkoring  spplications  that
reguine neer choke miftg antenng data .—E_nm. withoat the
slee and weight of the rabitional chke ring. The ARTO
has o wnbgue robusa UV restsoan imegrted  conleal
radome.

. l.-dJArr,r....

__e

Frgure 3 Lebea ARID lntegrated Anlenmna

FUTURE PROMF

I moed for funure proof geodetie amennns is very clear
ws the cost of replicing antennas can be o burden for
owmers pnd disruplive 1ooend usén thal use the duta
Changing an amenra can alio resab m oo small change of



Leica AR25
Multi-Constellation GNSS Antenna
Revolutionary Design, Built to Last

Will your infrastructure stand the test of time?

Ther Egy ptiarrs showed great sgenuily and nrdvation to tid
e prgrarminty Wit SiACh prechion ard sirength Bt ey soll
st ey, The revolutionary multl-comitollistion AR25 choke
i AnterEa wets N sty in ko slevation tracking and
AP peducibon by Usg dn nnovalive 3D geshpn ihat is
busilt b Lt e in the Pursiesd of srvonments.

-
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Geosystems

Leica AR25
Stay ahead - be prepared

With emenprg sabelife systems chossly on The honeon,
I b Poem al e Elcpnan Calikso Systedm and The
Chitwese Bewdou Spdain o hew high performaiie erienna
s needed o encompass ol Global Navigation Setelite
Syrbomes, and Rurther support the Leca Geosysisms
“fatine pronf phicsogbiy

GNSS
B

Thee oy K75 hars Basen designed) for all scsning and
cuerenify planmed signale of tha GRS, GLONASS, Caliko,
Besilhoni. (3255 prd Mawil dysheme

Thie wiary ahead

The Leica AR2% trimgs choke ing design to o now b
o erhanoe the key benefits of the chole ring amterna,
Mowing dwiy from ths tradtional 20 chole ring desen,
e wwmvatne $0 daike nng sels 8 new standand, whelss
baslidinag cen Shee strong traedibons of the previous design
Thas BRZS aries & fudwy il aideling Do M arg ol
elemeind, The Dorne Maniolin arenrs elemenl desags has
hecome the industry standand for bigh acosaoy and
perhoreance, Andeing galin s beden optimbeed T aliow
e il o mos] raefaclomes geodetic e

New standard

Ehoke sing ardemes g ks lor Bhen sopenior madb-
path rejection companed to other types of geodetic
arienras. Thie Lsics ARTS mardain supsion ke of
multpath reection ared tracking eguecied Prism 4 choke
rrg e, whls settreg rew slandseds i low sevation
trcking compasnd B0 traditicnai 20 chobe fing design,

Enhances in afmosphenc studes and network BTE
modeling dermand Figh performsnoe andennas that can
el salelites, ot shoh a5 they am vl s 1o

e horiron and even beloss. Desgred for & vesety of
Appl Gitio . INCuchng roSerenae skations, monioeng,
sl Sl schaniiflc and AtTGSpheIc StLaes.

B AEFS 5 4 ol high oo imaiioe aiberna, bl
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