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IIpocoropiopog O¢ong pe Xpnion Ewkovikov XtaOpov
Avagopac GPS. E@appoyn oty Evpotepn Ileprom
NS OE6oUAOVIKG

X. IMIKPIAAYX
Emixovpog Kabnyntg AII®

A. DQTIOY
Kabnynmgc AII®

B. BAAXAKHX
Ak, AypovopocTomoypapog Mnyavikog AIIO

Hepiinyn

Avtikeiuevo g mopovoag Epyociog Vol 1 UEAETH THG TE-
xvikng tov Ewcovikod 2tabuov Avagopag (Virtual reference
Station-VRS) ko1 katd ovvémela 11 ONpuIovpyia TV aviioTol-
xv dedouévwv GPS. H uéfodog VRS Poociouévn ae dixtvo
uoviuwv otabuwmv ovapopas GPS aroyeder oty Peltivwon
e akpifelag mpoadioplouod Géans Kupiws o€ TPAYUOATIKO
Xpovo. Apopa atn SnuUIOVPYIO TPWTOYEVWY TOPATHPHTEDY
yLo. évav €1Kkoviko atafud o omoiog UIUEITOL EVOY TOTIKO
otabuo avagpopag GPS winoiov tov déxty tov ypnory (Béon
TAONYNoNS), e TVLVETELQ TO TPAAUATO. KAIUOKOS VO, EAGYL-
OTOTO100VTOL GE O)éon W Evay amouokpvouévo orobuo. H
owadikaoio Eexiva e ) ovALOYH TV JEOOUEV@V EVOS OIKTD-
0V UOVIUWY TTOBUDY OVaPopPas, aTo KEVIPO EAEYYOV, OTOD
TPOTO10PILoVTaL HOVTEA EKTIUNOGNS YIO. TOVS OLGPOPOVS TV-
TOVG CPAAUATWV (10VOOPAIPIKG, TPOTOTYAIPIKA, TPOYLOKG,).
21 ovvéyela ue uedodovg mopeufolis mpPokOTTOVY 10, AVTI-
oToLY0. CPAAUATO TTHY TPOCEYYLOTIKY OE0H TOD KIVHTOD OEKTH
Ka1 onuiovpyodvTal o1 gikovikés mopotnproels. H pédodog
EQPAPUOTTIKE e TPOYUOTIKG oedouéve otabuwv GPS otnv
evpoTepn mepioyn s Ocaoalovikng, ue ty fonbeio Aoyioui-
K00 mwov avantoyOnke yio wopotnpnoels kwdiko. C/A o’ évay
etkoviko otafuo. To amoteléouato édeiov auobnty fertico-
on oy axpifeia Oéong oe ayéon pe v KAaoiki uéBodo tov
oyEeTIKOD TPoooiopiouot Béong e kawdiko (DGPS).

1. EIZATQI'H

Avtikeipevo g epyaciog eivar 1 HEAETN KoL EQAPUOYT
TV otadiov aviivong kot encEepyaciog dedopévov GPS,
OV KATOAYOUV GTN ONUIOLPYI0 TOPATNPHCEDY EIKOVIKOD
otofpov avapopds. IpdTog 6T0X0G €ival 1 ATOKMOIKOTOi-
N0N TOV UNYXOVIGU®V AElToVvpYiag mov Kpvfovtal To® amd
Yropinbnxe: 8.8.2007  Eywve dexrij: 30.5.2008

™ ovvtopoypapiocc VRS kot wd¢ emdpovv oy axpifela
TPocdloplopon Béomg. Agdtepo 6160 amotelel 1 e&étaon
TOV TAEOVEKTNUATOV TOV TPOGPEPEL 1| GLUYKEKPIUEV [é-
Bodoc. H teyvikn VRS anotelel pia mpotonoprokn pébodo
dpovpyioag evog TAAGHATIKOD, gikovikoy otofuov GPS, o
omoiog Ba Asttovpyel akpifmg, 6mwg o Aettovpyovoe Evag
vropktog déktng GPS, mov cvAiéyet dedopéva pe Tig 1d1eg
mapoapéTpoug Kataypaens [5], [13].

H Baown 18éa eivar 6Tt £vag xpnotng dpactnplomoteitol
evtog evog dktHov povipev otobudv avagopds GPS oe
amootdoelg Tov dev emepvoiy HeTa&h Tovg To TEpinov S50
Km kot ot onoiot emicovevodv pe to k€vipo eléyyov. Ko-
plo. emdiwén g nebodov givar n enitevén axpifelog otov
TPocdloplopd Béong |’ Evav HOVO SEKTT KOl OE LEYOADTEPEG
amooTdoelg petald Tov Kivntov SEKTN Kot ToL 6TadgpoD, ot
epapuoyég mpaypotikov ypoévov (RTK/DGPS), pe amotéie-
opa TV avénon g mapay@yKoTNToG Kot T Uelwor tov
KOGTOVG TV EPYACLAOV.

H 6An dwdwacio exvd, dtav o ypiotng, W évav oé-
KN Ppioketarl peptkég deKAdEG YIMOUETPO LOKPLY OO TOV
KOVTIVOTEPO GTOOUO OVOPOPAS KOt TPOKELTOL VO EQAPUOCEL
M péBodo RTK/DGPS. Méow ocvvdécewv appidopoung
EMKOWVOVING LE TO KEVIPO ELEYYOV TOL SIKTHOL O YPNOTIG
UTOPEL VO OMTOKTNGEL Y10 TV TPOCEYYLIOTIKN TOL B€om TOV
Ewovikd Ztabud Avagopds. Me avtdv TovV TpOTO OMpL-
ovpyeitatl €vog ekovikOg oTafepdc dEKTNG HE OTOAVTMG
YVOOTEG GUVTETOYUEVES (TPOCEYYIOTIKT BE01 KIvnTOV amd
Adom mhonynong) Aya PETPA HOKPLY A0 TOV KIVITO OEKTN
TOVL (PN OTN.

H ovvelwopopd tov Sikthov TV poVipev otabudv
£YKELTOL GTO YEYOVOG OTL TO, COAALOTO TOV TOPATIPTCEDV
UTOPOVV Vo TEPLYPOPODY HAOLOTIKE, E01KA EKEIVOV TOV
e&aptdvTal and TNV amdoTact Kot £Tot givat Suvarth 1 exTi-
UNON TOVG GE OTOLOONTOTE GNUELD EVTOG TOL SIKTVOL UE K-
nowa, péBodo mapepPforns. H minpopopia mwov amoppéet and
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TIG TOPATNPNOELG TOL dikTVvoL StaPfdletal oTovg ¥PNOTEG
GPS «ot av&avetat 1 TapayoykodTTo YOPIc VoL LELDVETAL 1)
axpifela 6éomg.

2. XYMBOAIXMOI

P Mopoatpnon yevdoondoTOoNg OTNV 1 GLYVO-
meo.
D MMopoatpnon edong oty i GuyvoTTa.
p: T'eopetpikn andoToom S0puPOPOV-GEKTY.
VRS: Ewcovikdg otabpog avagopdg.
A: déktng GPS.
sat: dopvedpoc GPS.
c ToyvnTo T00 EOTOC 6T0 KEVO (=299792458
m/s).
cd,: GOUALLO, YPOVOLETPO TOL SEKTY.
cost GOAALLO, YPOVOLETPOL TOL SOPLPOPOUL.
I: Iovoc@aipikd ceaipa.
T: Tpomoceatpid cOUALLO.
A MnKog KOHOTOG TNV 1 oUYVOTNTOL.
N: Apyn aodeelo phong oty 1 cuxvoTNTO.
e: Tuyaio cedaipa, B6pvpoc.
15 sat
VRS: TPOGEYYIGTIKT EIKOVIKT WELSOATOGTACT).
~sat
VRS: TPOGEYYIOTIKY] EIKOVIKN YEOUETPIKT OATOGTACT).
Psat
VRS: EKOVIKT] YEVOOOTOCTUOT].
sat
Pes: EIKOVIKN] YEMUETPIKT OATOGTACT).

RTK: Real Time Kinematic-Kwvnpotikdc npocdiopt-
opog Béomg o€ TPAYUATIKO YPOVO.
DGPS: Differential GPS — Awapopikd GPS pe kddika

3.IIPOXAIOPIEMOX OEXHX XE
IMPAT'MATIKO XPONO

H pé60d0g 100 oYETIKOV GTATIKOD TPOGIIOPIGHOV BEorg
KOl TOU GYETIKOD KIVNUOTIKOD TPOGOOPIGHOD OE TPay-
LOTIKO YPOVO N €K TOV VOTEPMV OTOTEAEL €0M KoL OPKETH
xPOVIa o Kabiepmpévn nébodo onpavtikng Pedtioong g
axpifelag Béong oe oyéon pe Tov amdAvTo TPocdlopiopo. H
teyvikny RTK eivor pio €101k popen oyeTikod Tpocdiopt-
GOV, OV ATOLTEL TOV €Vl OEKTN TOMOBETNUEVO GE YV®OOTO
onueio avagopds, o omoiog daPifalel Tig peTpnoelg N TG
1opBDCELG TV PETPNOE®V G’ £vay KIVOOUEVO dEKTN (rover)
LEC® KATOLOV €100V GVVOESN G OTIWG, T.Y., VHF, xivnt -
Aepmvia, K.4.

Katd v epappoyn g pedddov DGPS 1 kaw RTK 10
koG g Paong mepropiletor ota PEPIKA YIMOUETPO, T.).,
owvnBwg oty mpaén dev Eemepvaet Ta 10-15 km [3], [17].
KaBhg av&dvetar  andotoot Tov Kivntod amd Tov otabepd
déKTn, 0 TPocdloplopdg BEong o mpaypaTKd YpOvo Kobi-
OTOTOL EMGPAANG, S1OTL 1] VOBeSN OTL To oPAApATA AOY®
OVOCOALPOG KOl TPOTOCPALPAG, KOOMG KOl To GOAALOTO
TPOYLAG TV SOPLPOPOV CLUUTEPLPEPOVTOL OLLOLA KO GTO, SVO
axpa g Paong dev 1oydeL amd KAmol 0TOCTUCT] Kol PETA.
To opdipa kKhipokog tng Paong av&avetat, Kabmg peyorm-
Vel 1 amootact and 10 otabepd déktn. O mepLoptopdc TG
amOGTACNG OTIG TEYVIKES ToV KAacwkov RTK 1 DGPS opei-
AETOL OYL LOVO GTO GUGTNLOTIKG GOAAOTO OAAG KoL GTIG
duvaTOTNTEG EMAOYNG TV SBESOV ADGEDV EMKOVAOVING
Y10L TN LETAO0OT TOV OOpoiTNT®V SESOUEVOV GTOV XPNOTH,
.Y TEPLOPIOUOC TNG EUPELELOC TV GLGKEVOV padlolevéng.

Ot Topomdve A0YOL GE GUVOVOGHO LE T LUKPT OLAPKELL
TOPATHPNONG LELDVOLV TNV IKAVOTNTA EMIAVONG TNG OKEPAL-
0G 0CAPELNG PACTG KOl KOTO GUVETELN LELOVOVV TNV TEAKN
axpifela Béomng.

H ypnon evog diktdov povipmv otobudv avoaeopds GPS
avti TOL HEUOVOUEVOL GTAOLOD avOQOPUG EMTPEMEL TN
pobnuatikny €Kepoot OAMV TMV CLUGTNHATIKOV COUALATOV
oTNV €KAoTOTE TTEPLOYN EVOLAPEPOVTOC. To dikTvo AVTO e TN
OEPE TOL EMLTPETEL G” EVAY YPTOTY,, TOV OPUCTIPLOTOLEITOL
€VTOG TOV SIKTLOV,, Vo AVENCEL TV amdGTACT OTNV 0Toia
Bpioketal o kKivntog 6£KTNG amd TOV GTAOUO avaPOoPds.

Ot otabpol avapopds TPENEL VO GLVIGTOVY £Va TUKVO
SiKTLO Y10, VO LITOPOVV VO, OVAADOVTOL KO VO TTPOTVTOTOL0V-
VTOL TO GUCTNHATIKG CQEAALOTO Yio KABE 0puPOPO LE pia
axpifela, mov kabioTd duvoTny TV ETIAVON TOV AGAPEIDY
@aomng. Ot vToAoYIOLEVEG EKTIUNTELS TOV COUALATMV YPT|-
GLULOTOLOVVTOL VL0 VO OMLLOVPYNBOUV 01 TOPATPTGELS TV
EIKOVIKOV oTaBUdV ovapopds ce omowndnmote Béom péca
GTNV TEPLOYN TOV SIKTVOV.

H omdéotaon peta&d tov otabudv avaeopis mpémet
va givar g téEng tav 50-100 km, aArd efoptdror amd
™ yemypaeiky 0Eon Tov JiKTOOL KOl TO EMIMESO TNG 1OVO-
ocoapng dpactnpotrag [8],[10],[12]. Katd ™ didpkea
TOV TEAEVTAIOV €TV £YEL avomTLYOEl £vag peydAog oplOpdg
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VANPESIOV SIKTVOV HOVIp®V oTafudv avapopdg GPS pe o1-
a@opeTikn dopn kot Agttovpyio. Mropolue va dtokpivoope
TIG VANPECIEG QVTEG OE TOYKOGHLO, EBVIKO Kol TEPIPEPELOKD
eMinedo 6g GUVOLAGUO LE TO OMNUOGLO 1) EUTOPIKO YOPOKTI]-
pa. To onuavtikdtepo TayKOGHLo dikTvo dratnpeitatl and
defvn vmpeoia IGS (International GPS Service). Xtnv Ev-
PO TO avTicToLyo diKTLO HoVIp®V 6TadUOY, TOoL ovouale-
toat EPN (Euref Permanent Network), amoteleiton onpepa
am6 mepimov 200 povyovg otabpodc GPS pe cuveyn avén-
on. Xe moArég Evponaikéc ydpeg 6nwg m.y. ot Ieppavia,
v Avotpia, To Bédylo, v EABetia, ) Zoundio kot v
OMhavdio Aettovpyodv ed® KoLl HEPIKA YPOVIQ, GE KPOTIKO
eminedo, diktvo povipov otabudv GPS mov e&umnpetodv
Kot TV €pappoyn g texvikng tov VRS, Xmv EAAGda Bpi-
okeTol o€ e£EMEN 1 idpvon avTicToyov SIKTVOL LE TNV OVO-
pacio HEPOS (Hellenic Positioning System) enontevdpevo
a6 tov Opyaviopd Kmuatoioyiov kot Xaptoypapnoewv
EALGSag [4].

4. EIKONIKOX XTAOMOX ANA®OPAX
- VRS

H évvola Ewovikdg Xtabpog Avoaeopdg Paciletor otnv
Omoapén evog diktvov oTabudV avapopds GPS cuvdedepévo
W éva kévipo eléyyov. ‘Evag vmoAoyiotig 610 KEVIPO EAEY-
YOV GLYKEVTPMVEL GUVEXMDG OEGOUEVA OO OAOVG TOVG OEKTEG
Tov povipov otafudv. O ypnotng GPS Asitovpyel péoa og
éva T€tolo HOVYO 1 TTPOCOPLVE evepyd dikTLO CTOOUGV
GPS d100ét0vtog Kot ehdylotov Eva dEKTN Ue duVaTOTNTA
EMKOVOVIOG LLE TO KEVTPO EAEYYOUL.

H 1eyvikn| tov VRS gmtpénet tov xpriot pe tov Kivntd
déktn vo €xel mpocPaom ota dedopévo EVOC LN VITOPKTOD
— EIKOVIKOV GTOOI0V avapopds, Tov Bpicketal TAnciov tov,
péca oty meptoyn tov diktvov. Emiong, n teyvikn tov VRS,
elvol opketd gVEMKTT), ENEWON EMITPENEL GTOVG YPTOTEG VO,
YPNOHLOTTOLOVV Evay cuVNOIGHEVO dEKTN YOPIG VO amanteitan
aALOyT] GTO AOYIOHIKO TOL Yia TN Slaygipton Tov dedopévav
VRS.

100G TNG CUYKEKPYEVNG TEXVIKNG ElvoL 1) dnpuovpyio me-
p1ocoTepo a&omoTmv dopbdoeny tov mapatmpnocwv GPS,
1 Peltioon g axpifelog TPOCSOPIGHOY Kot 1) HEI®OT) TOL
xpOvoL “évapéng — initialization” kotd TV eKKivnon g Ki-
yNpoTikng dtadkaciog. [ v epoappoyn TS GLYKEKPILEVTC
S10d1KacioG VoL amapaiTTN o ACQUANG GUVOEST] Y10l TN HE-
Tadoom TV dedopévav VRS and 1o kévipo eréyyov mpog otov
¥PNOTN Kot avToTPOP@G. Ot 510pHDGELG Y10 TIC TOPATPNOELG
tov 610800 VRS Swfifdlovtar otov ypriotn og Loper| TPo-
tok6Aov RTCM, 6mmg kot oty mepintoon g KAUGIKNG
teyvukcng RTK/DGPS. H encowvovio cuvnBog emtuyydvetot
pe ) ypnon kwntadv miepovov (GSM-Global System for
Mobile Communication) ko1 6to péArov e mn ypnon UMTS
(Universal Mobile Telecommunications Service) vanpecio,
TIOL OVALPEPETOL BTNV TPITNG YEVIAG KIVITH TNAEPOVIAL.

4.1 13010 dNpovpyiog TapoTNPCEMV GTOV ELKOVIKO
oto0pé avapopag

H epoppoyn g teyvikng VRS 6° éva Aettovpyikod di-
ktvo otobudv GPS akolovbel ta e&ng Prnata [2],[51,[6],
[9] [13],[14], [15] [16],[17],[18]:

e mpmtn edon dedopéva amd To SIKTLO TV HOVIH®OV

oTaOU®OV OVOQOPAS LETOPEPOVTOL GTO KEVIPO EAEYYOV.

Amottovvtal TOVAdYIeToV TpElg otabuol avagopds, ot

0TOo10l EMKOWVOVOVV UE TOV KEVIPIKO oTafud eAéyyov

TOL JIKTVOV.

e 211 GULVEXELW, Ol TOPUTNPNOELS TOV HOVIL®V oTOOUdV
XPNOLLOTOOVVTOL Y10 VO VITOAOYIOTOUV TO GOAALOTO
TOV YPOVOULETPOV TOV OEKTAOV KL TOV S0pUPOPAOV, TG
wvooealpag Kol TG Tpomdseotpos [7]. Akolovdel n
EMIAVON TOV OCAPEIDOV PACTG Yo TIG PACELS TOV SIKTO-
ov, epdécov Ba ypnoonombet n texvikn RTK (ypnon
(QACEMV) KO OO TOL GUOTNUOTIKG GOAALOTO EIVOL TAEOV
YVOOTA [E aKPIPELD LEPIKDY EKOTOGTMV Y10 TIG TOPOLTT|-
PNOELG TOV HOVII®OV GTAOU®V.

o Tiveton n extipmon TV ToYOiOV CEUAUATOVY, GTA 0ol
mepLE et Kot 0 BopuvPog effgs anod ta gvamopeivovto oov-
OTNUATIKG GOAALOTO (LOVOSOOLPA, TPOTOGPULPO., TPOYLA)
pe axpifelo EKOATOGTOD GTI GLYVOTITA 1 Y10, TOV EIKOVIKO
ot0fud cOpupava pe v e&icmon TopoTnpNoNS

S =, —pS — o, +c5% 4+ 15 TR

“AN, 4.1)

omov i=1,2.

o To “yopwd” cvoyxeTicuéva oedipata ekepalovtol avd
EMOYN Kot avé 50pueOPo cVVIHOMG LEGH YPOUIIK®DY Lo
ONUATIKOV LOVTEL®V.

e 211 ovvéyew, o ypNotng mov PpickeTol 6To mEdio, €K-
TEUTEL TNV TPOGEYYIOTIKY Tov Oéom pe pnqvopa NMEA
(National Marine Electronics Association) 610 Kévtpo
eréyyov. To pHovVTEAD EKTIUNONG TOV TUYOI®V COUAUATMV
YPNOLLOTOLOVVTOL Yo, Vo, TPoPAepBel To GeAipa Yo TNV
TPOGEYYIOTIKT BE0T TOL KIvnTov S£KTN, 1 OTOl0L OTOTEAEL
Ko 1 Béom tov Ewovikod Zrabpod Avapopdg (oynqua 1).

[in]

W)

&

ot1afpog
KEVTPO AVOPOPAg

eAEYYOL

ynua 1. Apyn Aeitovpyiog VRS.
Figure 1. Basic operation of the VRS technique.
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4.2 MaOnpotuko poviéio VRS

H akyopBpkn dadwcacio tng teyvikng VRS pmopel va
neplypapet amid oc e&ng [16]:

3ty mpooeyylotikny 061 ToL YPNOTN, TOL gival KoL M
Béon tov gwovikod otabpov, ‘petatomifovtal’ ol TopaT-
PNOELG TOV KOVTIVOTEPOL LOVILOV GTAOIOV avapopds. Eotw
(X,,Y,,Z,)n 0éon 1oV KOVIIVOTEPOL POVIHOL GTAOUOV avoi-
popdc, yvwoth] ue vynif axpifeta, kot (X pe Yirer Zyre) N
Béom tov ekovikoy oTafUov avoaeopdg M omoio Bewpeital
®¢ amoAVTeg Yvooth. To (ntoduevo givar n Béon ToL KIv-
TOV OEKTY.

Mio TpmdTN TPOGEYYION TNG YEOUETPIKNG OATOGTAUOTG LLE-
ta&0 VRS kot dopueopov divetar amod tn oxéon:

~sat

PVRS = \/ X —XVRS)2 + (Y = Yype® +(Z - Zype®  (42)

H npocéyyion avtr opeiletal oo yeyovog 6tin B€on tov
d0pLEOPOL JaPEPEL, S10TL 0 YPOVOG SLAOPOUNG TOL CNLATOG
oAraCel Aoyo ™G ‘addayng’ tng BEong Tov dékTn and To Po-
vio otov Ewovikd Zrabpd Avaeopdc. Emiong 0a mpénet va
MNeBel vTdYN KoL M TEPIGTPOPN TNG YNNG KATA T SLdpKeLd
G SO POUNG TOV GNLOTOG ald TOV SOPVPOPO GTOV GEKT).
Emopévag, Aoym g un dopbopévng dopveopikng Béong
v Tov VRS, 1 yeopetpikn andotacn (4.2) vroroyileton
pe akpifela g TaENG TOL UETPOV. XPNGLUOTOIDVTIOG TNV
TPOGEYYIOTIKY amdoTaon (4.2) o TPOCEYYIOTIKY WYEVDO-
amoctacn pnopel vo mapaydel yio ) Béon tov Ewovikod
Ytabpod Avaeopdc, pe axpifelo HETPOV, GOUPOVO LE TN
oyéon:

Pl =P + (Bl — 03" (43)

H mpooceyyiotikn wevdoamodotaon (4.3) ivorl tkovomot-
NTIKN Yo TOV €K vEOL Kabopiopd g akpypovg dopveopt-
kNG Béong pe Paon tov Yvwotd tumomompuévo alyopidpo
[B1,[71.[17] yia v ekTiunon g TPOYLAS KoL Yo T YN
nePLoTPoPt). Metd amd avt T dadikacion 1 YEOUETPIKY|
anodoTaoN pf,is glvan draBéoun (oynpa 2).

H dapopd tov ye®peTpIKOV amooTdoewy (oynuo 2)

Ap:(psat _psat) (4.4)
VRS A

npootifetar oe OAEG TIG TMAPATNPHCES TOL KOVTIVOTEPOL

povipov otabpov, ot omoieg PeTaTOmiOVTaL OTIV EIKOVIKT

Béon.

Ot telkég yevdoomootdoels Tov VRS mpog kdbe dopv-
(@OPO TPOKVTTOVY, AV OTIG 1)OT] VITOAOYIGUEVES YEDUETPIKEG
amootdoelg mpootefobv To AvTioTOWO CEAALOTO, 7OV
&yovv, 101, voloylotel amd o poviéda “mpdyvoons” yuo
T B€om 1oL €1KOVIKOD GTABLOV OvVaPOPag.

]
,:)'—’_. 5 -
&F l;_\_\oputpopog (X sat, Ysat’ Zsat)
L

A — sat _ sat
. p=0p  P,)
MéviHog ZTaBlog

Avagopag A

EikovIKo¢ ZTaBlog
Avagpopdg

2xnua 2. Yroloyiouog e yemueTtpixng omooTtaons Kol THS WEDOOoO-
TOGTOONS Y10, TOV EIKOVIKO TTOHUO 0VaPOPas.

Figure 2. Computation of the precise geometric range and
pseudorange for the VRS.

Me avtdv tov tpomo Exel dnpovpyndei €vag ekovikog
oTOOUOG aVaQOPAS OTNV TPOCEYYIOTIKY B€om TOL YpHoTN.
Topa mAéov dopbmdceig RTCM mapdyovTot yio Aoyoploouod
tov VRS, 0 omoiog ‘Bpioketar’ Loiig Aiya pétpa pokpd omd
Tov Kivntod dékr. To kévipo otédvel oTov PO TIG O10p-
Bmoelg avtég péow Ty Kivnthg tnAepoviog (oynqua 3).

Zmpdg Avegopds

ZroHpag & i
Encovucig HRG SVEPopog

Zrelpeg (VRS)
Avepopig

b

BBy hougopis g XPIOTAS

| ——

Dulpoth poeree
BTCH

Mpoerpices;

uporpriozi; \

Eewmpo EXfyon

Synua 3. Métpnon, amootorny ko Anwn unvoudtwv NMEA kou
RTCM y10. tn Géon tov VRS mpog kot oo 1o kévipo  eAEY-
XOV aTOV YPHOTH.

Figure 3. Measure, transmission, and reception of NMEA and
RTCM messages for VRS between central control station
and GPS user.
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5. EOAPMOI'H THX TEXNIKHX TOYVRS
XTHN EYPYTEPH IIEPIOXH THX
OEXXAAONIKHX

Me okomd ™ ypfon g texvikng Tov VRS cuvtdydnie
KatdAANAO Aoylopikd pe v ovopacio ‘3VRS’, og yA®o-
oo wpoypappotiopov Visual Basic [1], yu tn dnpuovpyia
Tapatnpoemv Kodka ot Béon evog elkovikoy oTabpon
a&l0TOIOVTOG TIG OVTIOTOL(EG TOPUTNPNOELS TOV HOVIL®V
otabpmv Tov diktvov. To Aoyiopid akorovbei and ‘pndevi-
K1 Baon’ 6ha Ta oTado emeEepyaciog TG TEXVIKNG ToL VRS,
péca amd Eva EUMKO Ypaplkd TepBAALov yio ToV ¥pnoT).

INo va epapprooTel 1 TEYVIKN TOV EIKOVIKOD oTAOLOV ava-
Popag 1Bpvlnke Eva TPOcOPIVO SIKTLO HOVIHL®OV CTOOUGV
amoteAovpevo amd Tpio. onueio pe T ovopacieg TATMI,
T52 kot T54 oty gupotepn meproyn ¢ Oeocarovikng. Ot
amootdoelg petald Tov onpeiov eivat g taéng tov 52Km
(TATM1-T54), 55Km (TATM1-T52) kot 20 Km (T52-T54).
e OA0 TO ONUELD TOV PETPTICEDV YPTCLLOTOMONKAV SEKTEG
600 cvyvotitmv Tov TATM/ATI® (Leica system 500). Evtog
g mepLoyng mov opilovv ta Tpia onpeio, TpoypaToTowOn-
KE KIWVNUATIKY EPOPLOYT YPNOLOTOIDVIOG, €TIONG, OEKTN
600 ovyvotntev. H Béon ywo v omoio vwoAoyictnray ot
TOPATNPNCELS TOV EKOVIKOD GTOOIOV, fTav 1 AVoT| TAOT-
YNONG, OV TPOEKVLYE Y10, TNV TPMTY ETOYT KOTOYPOPNG KoL
ovopdotnke T1 (oynpa 4).

Zynua 4. Ot Géoeig twv povipwv orabuddv tov diktvov GPS kar tov
EIKOVIKOD TTaOIOD OVaPOPAg.

Figure 4. Locations of GPS permanent stations and virtual
reference station.

H andctaom tov onueiov T1 and tov kovivotepo Lovi-
po otabpod (TATM1) eivor tepimov 20 Km, evéd amd tov mio
amopakpuopévo (T52) anéyel 36.5 Km. Ot tpeig faceig GPS
tov oktoov (TAMI1-T52, TATM1-T54 kot T54-T52), mpwv
amd v pappoyn g texvikng VRS,, petpndnkoav pe my
otaTikn HEB0SO Kol ETAVONKAY ETTLYDS YPTCLLOTOLDOVTOG
TIG TOPATNPNOELS PAONG KOl OTIS OV0 PEPOVTES GLYVOTNTES
(L,,L)). AxokovOnoe n cuvopbmon Tov dkTvov, MOTE Va
TPOKVLYOLV LYNANG okpifelag cvvtetayuéveg yuo tig 0é-

oelg v otabumv avaeopds [11]. T Adyovg ocdykpiong,
avtiotoyo axpPeig ocvuvieTaypéveg yioo OA o onpeia g
KvNUoTikng ‘aAvcidag’ mov petpndnkav, mpoékvoyay omnd
™ YPNOT TOV TOPATNPNCEDV QACNG EXOVTOS ™G omueio
avapopdg (reference point) tov TAnciéotepo povipo otadud
(TATM1). H ermiAvon TV 000Qeidv @AcNG NTAV ETLTUNNG
Kot 0TI 000 PEPOVGEG GLYVOTNTEG, COUPOVO LE TO GTOTL-
GTIKG KPLTPLO, TOL YPNGLOTOLEL TO AOYIopKO eme&epyaciog
TOV KOTOOKELOOTY, LE OMOTEAEGHO 1) aKpifelo TPOGdLopt-
GOV NG BEong TV onpeiov vo glval Tng TAENG TOV LEPIKOV
€KOTOOTOV Aon M omoio Bo Bewpeitor g N ‘TpaypoTikny’
Yo TG cLYKpPioes mTov Ba akolovbncovy.

H dudpketo TV HeTpoE@V LE TNV KIVILOTIKT Stadikacio
Arav 1851™0 (111min) pe yovio anokonng Tov Sopueopikdv
onudtov (cut off angle) ion pe 15° O apOpdg TV mapatn-
POVLEVOV dopLPOP®V G OAN TN S1dpKELD KLOIVOVTOY Ol
entd £0¢ 6€Ka, evd o dgiktng GDOP dev Eemépace tnv Tiun
T€00€pal.

INo va eleyyBel 660 1 aflomiotia, 660 Kot 1 OmMOTE-
AgopatikotTnTa TG TEYVIKNG Tov VRS pe m ypnon tov
Aoyiopkod ‘3VRS’ mov cuvtdybnke, ta 0o dedopéva
eneEepydoTKay pe tn xpnomn mopatnpioeev kddika C/A
(DGPS), kpotmvtag mg onueio avagopdg to TATM1. Zm
ouvéyeln, epapuolovrag v teyvikn tov VRS e tAnciéote-
po otafud to onueio TATM1, dnpiovpynonkay ot EIKOVIKEG
TOPUTNPNOELS Y10 T AVOT| TAOTYNGNG TOV TPOEKVYE Y10, TIV
TPMTI ENOYT TOV KIYNTOV OEKTH, TOL PPloKodTay 6To onpeio
T1. AkolovOnce véa emiAvor TG KNUATIKNG “oAvoidas”,
YPNOHLOTOIDVTOG TIS WELOOATOGTAGELG TOV KMo C/A and
TOV EIKOVIKO GTAOLO avapopds.

Mia oAOKANPOUEV GUYKPLOT) OADV TMV TPOTYOVUEVOV
Moewv, DGPS kot VRS(DGPS), mopovcidletal ypapikd
GT0 GYNHOTA 5, 6 Kot 7, OOV arodideTal 1 SIKOIOVGT) TG
Spopdg kabe cuvictooag (E,N,U) oe oyéon pe v ‘mpay-
HATIKN TG TYH, oV Tpoékuye amd v eneepyacio Tov
ULETPTICE®V PAONG.

i oa East ToU KIVNTOU 5£KTN HETAZ0 TwV AUoEwV DGPS Kat

VRS pe mv mpaypamnkn mipn
= AT6 DGPS
—e— ATI6 VRS (DGPS)
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ynpa 5. diaxduaven twv dapopav kotd ) oovietwoo, E (East)
uertalod g kabe Abons DGPS ko VRS (DGPS) ue t Loon
OV TPOEKVYE OO UETPHOEIS PACHS T M

Figure 5. Variation of differences for E(East) component between
eachone of DGPS and VRS (DGPS) solutions with the
phase solution in m
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TwV Bla@opy yia ™ >0 North Tou KiviTod 5k PETAEY TwV AGoEwv DGPS Kat

VRS e mv Trpaypamiki g

—=— ATI6 DGPS
—s— AT VRS (DGPS)

“i I
I o ety N
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Tipiég o¢ (m)

Xpévog maparipnong ot (min)

Zynua 6. dioxvuaven twv diapopdv katd ) oovietwoo, N(North)
uetalo g kabe Loong DGPS kai VRS (DGPS) ue t Aoon
OV TPOEKVYE OO UETPHOELS PACHS TE M

Figure 6. Variation of differences for N(North) component between
eachone of DGPS and VRS (DGPS) solutions with the
phase solution in m

TwV Slagop@V yia T Up Tou KivnToU 5ékm perags Twv AUoewv DGPS kai

VRS e MV TIpaypami T
“a—AT6 DGPS
—s—An6 VRS (DGPS)
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Mivakag 1. Xapoktnpiotikés tipés tmv d1apopiv ave, ovvieTmoo. kol
Oéon uetolo e Avons DGPS kou tng Abong mov mpoékv-
Ve oo TIC UETPHOEIS POTHG.
Table 1. Characteristic values of differences for each component
and position between DGPS and phase solution.

Awgopd | Méywom tywn | Eddyotn | Méon tyun
avé (m) (m) (m)
ZuvIeTOGO
AN 0.65 0.02 0.42
AE 0.42 0.01 0.11
AU 1.33 0.64 0.89
AS (Béon) 1.38 0.79 1.02

[Mivaxag 2. Xopaxtnpiotikés Tpés twv 010popwv ove cOVITTMOOO.
xou Oéon uetold e Avong VRS(DGPS) kau e lbong
OV TPOEKVYE OTTO TIG UETPHOEIS POOTHG.

Table 2. Characteristic values of differences for each component

and position between VRS(DGPS) and phase solution.

1 5 9 13 17 21 25 20 33 37 41 45 49 53 57 61 65 69 73 77 81 85 89 93 97 101 105 109

Xpévog maparipnong oe (min)

Zynpa 7. dioxduaven twv dtapopav yia ) covietwoa U(Up) ueta-
&o e kale Abons DGPS ko VRS (DGPS) pe t Adon mov
TPOEKVYE OTO UETPHOELS PAONGS OE M

Figure 7. Variation of differences for U(Up) component between
eachone of DGPS and VRS (DGPS) solutions with phase
solution in m

Amd ta avtictoryo oynpata (Zy.5, Xx.6, y.7) eaivetol
gv yével 6t ot 6vo Avoeg (DGPS, VRS(DGPS)) dev dapé-
POLV CNUAVTIKA HETAED TOVG KOt S10PEPOVV GE OVALEVOLEVO
€0pOG MG TPOG T1 AVCN TOV PACEMV.

Eivar @avepd 611 o1 600 avTioToyeg KOUTOAES TV Ol0-
(QOP®V SLOTNPOVV L0 GUGTILOTIKT S1POopd LETAED TOVG Yo
OAN TN JAPKEL TOV TAPATNPNOEDV Kal OTL 1] akpifelo oTn
0éom pe v teyvikn VRS eivor kaddtepn .

Ytovg mivakeg 1 Kot 2 Tapovuctalovtal YopoKTNPLoTIKES
TIHEG TOV SLOPOPDOV AVA CUVIGTMGO KO GUVOMKA Yio TN
Béon.

Me Baon ko T1g TIéS TV TvaKkev 1 kot 2 yivetol gave-
p1 M Bertioon katd mepinov 20 cm oty akpifelo Tpocdio-
plopov Béong, mov empépel ) texvikn VRS oe oyéon pe mv
Khaowkn teyvikn DGPS.

Awgopd | Méyotn Ty | EXdyiot i | Méon tipn

avd (m) (m) (m)

ZuvIeTOGO
AN 0.57 0.04 0.29
AE 0.47 0.11 0.19
AU 1.08 0.44 0.71

AS (Béon) 1.13 0.56 0.81

6. XYMIIEPAXMATA

H epoappoyn g mpotonoplokig TeXVIKNG TV EKOVIKMOV
otofudv GPS pe ) ypnon tov cuvtayBEvtog TpoypapaTog
‘3VRS’ Pertiooe aobntd v okpifeia Béong, €og xar 20
cm, og oxéon pe v khaowkn teyviky DGPS. H Beitioon
OVTN TPOKVTTEL KOUT KOL Y10, TOPOTNPNOELG AlYOV ETOYDV.

To TopamTdvVe GUUTEPAGLOTO TPOEKLY AV LOVOV OO TNV
enekepyooio mopammpnioenv kodtka (C/A) ot cuoyvotnta
L,, n cvAkoyn tov onoiev mpodmobitel xaumAiov kdcTOULG
eEOMMGO O KO, CUVETMS, TPOTIUNOT TNG CLYKEKPLUEVNG TE-
VKNG Tov VRS e KdoKo 68 TEPIGGOTEPEG EPUPLOYES, TTOV
péxpt teAgvtaio fTay SVGKOAITEPT AOY® TOL HEYOAVTEPOV
YPOVOL TapaLOVHG G KABE onpeio.
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Emumdéov n axpifeia 0éong mov emttvyydveran, KoAd-
TEPN TOL €VOG PETPOL HE KAOJIKO, divel mpofadiopa otV
teyvikn T0v VRS o€ oyéon pe ta cuotpate EKTOUTNG TOV
avtiotoy®v dophmcewnv mov yivovtol pe T Pondeln yew-
OTACLUL®OV d0pLEOP®V, OTT®G T.). Le Ta cvotnpate EGNOS
kot WAAS.

H epoppoyn g pebddov oe akdUn HEYOADTEPEG OmO-
otdoelg kabdg kot 1 avartuén akyopibpmv VRS kot pe mo-
paTNPNoEL; Paong Bo propovoe va amoTELECEL VOl EMOEVO
OTAJ10 TNG TAPOVGUG EPYACIOGC.
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Abstract

The main goal of the present paper is the study of the Virtual

Reference Station technique. It is based on a network of
permanent reference stations and aims at the improvement of

the position accuracy when running in RTK or DGPS mode,
usually for baselines more than 10 km. The method is based on
the creation of GPS raw data for a virtual reference station that
imitates a local GPS reference station at the user’s approximate
position. Consequently, the systematic errors are reduced much
more effectively than by using a remote permanent reference
station. This can be achieved by the proper processing of data
from several reference GPS stations in a central control station.
Then, through interpolation at the users approximate position,
the VRS data are created. Software using C/A code data was
developed in order to test the effectiveness of the method. For
this purpose, three GPS stations formed a network established
in the wider Thessaloniki area. VRS data were created almost

20Km away from the nearest permanent station and three types of

solutions were derived and compared with each other. The results
show an improvement in the positional accuracy when the VRS
technique is applied.

1. INTRODUCTION

Recent developments in differential GPS services have
focused mainly on the reduction of the number of permanent
reference stations required to cover a certain area and on the
extension of baseline lengths between reference and rover.
The most advanced technique nowadays involves virtual
reference station networks. The name of this method arises
from the fact that artificial observations for a nonexistent
“virtual” GPS station are created using the real observations
of a multiple reference station network.

The central concept is that a user is activated inside a
network of permanent reference stations that are connected
with a central control station. The user receiver transmits its
Submitted: Aug. 8, 2007 Accepted: May 30, 2008

navigated position to the central station. The communication
is usually performed with cellular phones (GSM) and
in future with the Universal Mobile Telecommunication
Service. The contribution of the network is the knowledge
of the error behavior, specifically of those errors that are
distance dependent. Thus, ionospheric and tropospheric
refraction and orbit errors are better modeled and can be
interpolated at any position inside the network. The artificial
observations for the user’s approximate location are created
and then transferred in RTCM format back to the user
(rover station). On the rover side, standard RTK or DGPS
algorithms are used to obtain the correct position. The
result is an increase in baseline lengths and the reduction of
initialization times.

A GPS network was established and the VRS method
was tested with C/A code data using appropriate software
developed for the purpose. The results of an analysis showed
a positional accuracy always of the order of one meter or
better.

2. APPLICATION OF VRS TECHNIQUE
IN THE BROADER AREA OF
THESSALONIKI

In order to test the accuracy achieved by the virtual
reference station concept, a test network, consisting of
three dual frequency GPS receivers, was temporarily
established in the wider Thessaloniki area. The network
was first measured and adjusted in order to determine
accurate coordinates. Inside the area (triangle) of the
three permanent stations a dual frequency rover receiver
was also activated to perform a kinematic chain of about
2 hours’ duration. The survey took place almost 20 Km
away from the closest station. User friendly VRS software
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called “3VRS” was developed and artificial C/A code
observations were created for the first navigated position
of the rover receiver using the data of the closest station.
Investigating the effectiveness of the VRS technique three
different solutions were derived.

- Phase solution with fix ambiguities.

- DGPS solution, post process.

- DGPS solution using VRS data.

The results from the comparisons between the various
solutions show a precision for the North and East components
better than 0.5 m and about 1.4 m for the Up component.
Therefore our tests prove that an accuracy increment for
this kind of baseline lengths can be obtained when the VRS
method is applied.

3. CONCLUSIONS

Using the VRS station concept with our developed
software named “3VRS” similar accuracies can be achieved
at distances of up to 20 Km from the nearest reference station
as for short baselines in the single station concept. This can
also be done with few epochs. Therefore, the distances
between the reference stations in a permanent GPS network
can be enlarged, resulting in large cost savings for their
establishment and maintenance.

In addition, VRS applications, using code data, can be
used more often for such kinds of application, resulting in
much lower equipment cost. The obtained positional accuracy,
of the order of 20 cm, was found to be much better than the
accuracy provided by Wide Area Augmentation Systems.

Algorithm development in order to create artificial phase
observations for a VRS station may be the next step of the
present study.
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