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V ueH,pi :6opy npoBorrrrhcr KoMnreKcrra o6po6xa rrocrynao'roi iH$opMaqii. y Mipy HaKo'

nx.rerrrrr irrrfopvarri) npo reirnerp)!u I rB.rri rbcrr vorlixBiclr, Br.rBqcHHr pe||oH,LlbHHx ranonovipuoc

re;, uo Aarorr,3Mory roqHirxe o{iHrcBarH napaN{erp}.{ ceiicMiqHux noaiii (NricueBi rolorpa{b, ceicMiq-
llt.tx xBnr6, eHep.errqHy 3anexHicrb rollro). Ha ocHoBi 3i6paHoi i o6po6reBoi irroopMauii npoBo.rxrbct
ana,.ri3 ceiicMi.{Hoi cr.jryaqii B !ocriaxyBaHorry paioHi.
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On a basis of the rcfetence frane of the Republic of l11tuia are Common Nordic ObsefiAtiott

GPS Campaign's pe{otmed in 1992 and 2003, Measurcmehts have been \torked out to establish

anil contol 0 class points in latvid, In these ca paign's a correlation beh)ecr, Europe Refercnce

Frante and geodctic coordin e slstem of latvi@ LKS-92 is established, It is possible to compdre

d il estimate coftelation parumeten of the instrunents used. It is possible to compore and autlJze
in|lue ces and erro$ affecting geodetical measureme s. It is possible to calcalate deal of the eontinenl.

In I 992 in lntvia was established four 0. oder poinls. These four poinls was joincd up wili 1 th class old

triangulation poirlts - Kangafi, Indm, Ards and R-rga. Al1 thcsc points was included in ELIREF as C order

poinls. For all poi)lts involved in thc campaign coordiDales were calculated in ETRS-89 coodinate system.

Point Riga (201) was chosen as a starting point of the coordinato systcm LKS-92 of the Republic of Latvia.

Poinl Riga in adjustne'll was chos€n as fixed poin! using 0level enor in each component. Global positioning of
the campaigD was performed using two frequency Ashtech receivers. With thosc receivers wcr€ measured

vecloN from all siles in Latvia to refe(encc points. A closesl refelence pojnt to Latvia was station Melsaiovi in

Finland, equipped with two frequency Turbo Rouge rcceivers (Madscn F., 1993)-

Adjustment was performed using TOPAS software. TOPAS was able to adlust dala only from l0
stations iD one time- In the data proccssing process n)any physical influence factor's were loken or were nol

loken in to account. For a primer, starli g point coordiDates as a slaple rvcrc takcn from ASV Defense

Mapping Agency eslimated almanacs. Influence ol the ionosphcir influcncc oD the measuremenls could be

calculated and modelcd, and rcsiduals ofthc ionosphere enors consider as zero level (Lcjck A., 1990).

Interpretalion of the measurements irre divided io fouf steps:

. Capluring oflhe measurement.

. Editills ot the measuremenl,
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. Gathering of the measurement,

. Processing of the measurement.
Results of data processing were adjusted using FILLNET software.

Tablc 2
EUREF BAL92 estimsted station coordinates in ITRF92 of Republic of Lstvia

KANGARI
RrGA (Rr00) 318J914.346 1421473.506

In Latvia in total were observed 6 stations: two permanent stations -RIGA (EpN GpS station),
(Permanent cPS station involved in EUVN 97 campaign) and four non-permanent stations ARAJ,
KANG, Rl00 (0 order points of the narional geodetic network of latvia).

Current station charactedstic

Due to some inconsistence in the data occunences of disageements between sitelog
have been verified in co-opemtion with the national rcpresentatives.

The average numbers of epochs between cycle slips are visualized. Stations INDRA and
are located in very good envitonmental conditions (Fig. 1).

** Data larency approximately 2 hours.

CPS observations for the Common Nordic Observation Campaign were carried out from September
28'r to October 4n, 2003. Stations irom Denmark, Estonia, Finland, Greenland, Iceland, Latvia, Lithuani!,
Norway and Sweden - finaily 133 stations took part in the Campaign. Most ofthe cps sites are permanela
(Ronnest H.. 2003).

GPS data llow of EUREF BAL 92 in Latvia

Sration Name Date
28.aug. 29.aug. 30.auq. 3l.aug. l.sep, 2,sep, 3.sep. 4,sep,

RIGA
KANGARI

INDRA
ARAJSs

Smtion Name

410 3277266.905 1309685.7071 5295146.639

533t76'7.522

Trimble Srandart 3m
5.1I l5

Trimble Standart 3m

0.0850

and
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Table 4
Data quality and availability

Mrlltipath can be used to visualize RMS- values, to get an idea of the data quality. Multipath in Ll
L2 are expressed in Fig. 1 and 2.

A complete list of all Multipath values in Ll and L2 has been made afterwards and visualiz€d in the

Table 5
MultiDath values in Ll and L2

Inl€trupliona -Avorago numbff olepochs between cyclo
sllbg

r0@0

Rr00 (7) Floa (7)|NDR (7)

Fig. l. me atieraSe nunbers of epochs between ctcle slips

In EUREF BAL92 was observed four 0. order points: RIGA (M 1884), ARAJS, INDRA,
and coordinates were calculated on epoch of 1992, but in CPS campaign of 2003 coordinates

CPS Days

GPS

calculated on epoch of 2000. To perform an objective analysis it is necessary to transform these
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coordinarcs to one common epoch ITRF 89 usirg transformalion parameters in table 4 and equatiorl 3
(Boucher c., z. Altimini. 1991 1994).

f"-l [",.| | 
n 

"s" 
I I D"s- -R3".* R2".s" 

J 
'x*l

1y," l=ly* l+]r2^1s" ]+l R3a.,s, D-.rq -R1,,.,, el r- | (3)

lz*) Lz*) [r:.,..] l-n2"',, Rr*," D*.", I lz*l
where &e, Yse, ae - IIRFsg coordinates: XAA, Y.$. Za\ - coodinates on epoch A{; Tla\ss, T2^Ase, T3A\se -
translations on X, Y, un Z axis from epoch AA to epoch E9; Rla{sr, R2a{se, R3AAse - rotations allround X, Y
and Z axis from epoch AA to epoch 89; DA^ 8e - scale coefficienr from epoch AA to epoch 89.

Iniemational Enh Rotation Service - IERS has published Eanh rotation parameters between epochs
of GPS measurements (Boucher C.. Z. Altimint, 1991 1994).

Table 6

Lntlia

Fis.2.The arerage nunbers of epochs benreen c\tle slips

Transformation Daram€t€rs from ITRFAA to ITRF89

Ep^ch Tl (cm) T2 (cm) T3 (cml Duoo) Rl (mas) R-2 (mas) R3 (mas)

ITRF92 t.1 3.4 -6-0 0.5r 0.0 0.t) 0.0
I1'RF2000 2.9',1 4.21 8.65 0.585 0.0 0.0 0.0

Transformed coordinates of 0 order Horizontal Reference Faame of Republic of l-atvia are expressed

in lab. 7.

Table 7
Transformed coordinates of 0 order r€ference frame points of Republic of Latvia (ITRF89 Epoch)

Poinr Name
GPS Campaign EUREF BAL92 cPS Carnpaign of 2003

x (m) Y (m) Ztn) x (m) Y (n) z (n)
ARAJS 3271266.90s 1309685.707 s295146.639 32',7 7266.632 1309685.878 5295146.68',1

INDRA 317770,1.065* 1662050.336* 52:1U19.607* 317 7',703.566 1662050.167 5257080.299
KANGARI 1078 r75.304 1608?91.664 533t767.522 301&115.O20 160879',7.820 533116't.591

RIGA 318t914.346 142t473.506 5322796.698 3i83914.095 | 42t473 .'.701 5322',796.',796

* Antenna was fixed on the direclive monumert oflhe point INDRA.
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It is important, that measurements in point INDRA in 1992 was centered on different monument

in 2003. Measurements in point INDRA was excluded from calculations.

Using point shift it is possible to establish shift of the tectonic plate ofEurasi4 which goes to Nodh"

shift azimurh of pointsr RIGA (M 1884) is 47"18" ARAJS is 45'57" KANGARI is 42"0s'.

Shift and spe€d of the shift ofo order reference frame points ofRepublic ofl,atvia is shown in tah- 8 and 9'

Table 8

Shift of lhe 0 order reference frame points of Republic of Latvia

Point Name
Shift component

dx(m). dY(m) DZ(m)
ARAJS -o.273 0.171 0.048

KANGARI -o.284 0.156 0.069

RIGA -0.251 0.195 0.098

Table 9

Speed of the shift of the 0 order reference frame points of Republic of Latvia

Point Name
Shift component

v X (n/y) v Y (nty) \,1 Z (fiJy)

ARAJS -0.025 0.0r6 0_004

KANGARI -0.026 0.0r4 0.006

RIGA ,0.021 0.018 0.009

Conclusions. 1. Stations RIGA and Rl00 are located in bad environmental conditions - trees,

tuildings, traffic affects GPS measurements.

2. Refercnce frame of Republic of Latvia in 14 years of indePendency is tightly connect'ed to Europe

Refercnce Frame using GPS technologies

3 . 0 order point coordinates ate necessary to determine relatively at mm level

4. High moving average multipath level in stations IRBE, RIGA and RI00 could occur because

oonstandard antenna cables are used.

5. 0 order point ARAJS height component is important in hotizontal reference frames if they ale

used h DTM and geoid,s model conneation. It is necessary to improve ARAJS monurnent in the future.

6.h20035lToofusedreceiverswasAshtech,22T,wasJawadPositioningSystemreceiversand20To
was Trimble receivers. IN EUREF BAL92 campaign one receiver is Turbo Rouge and all othet Ashtech

7. obsewations of 0 order points show continent deaf of approximately 3 crn'/year'
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