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PRIEKSVARDS

Latvijas Universitates Geodézijas un geoinformatikas institats (GGI)
sekmigi ir atjaunojis savu darbu jau 1994. gada péc pusgadsimta mazak
pamanama pétnieciska darba, kas tie$i turpinaja Geodézijas institita
(1924-1944) uzsaktajos pétijumu virzienos. Geodézijas institits ta izvei-
des sakumposma savulaik sekmigi darbojas daudzas ta laika progresivajas
zinatnes un pétniecibas jomas - nacionala geodéziska tikla izveidé un izli-
dzinasana, fotogrammetrija, Zemes vertikalo kustibu izpété, gravimetris-
ko un magnétisko mérijumu izpété. Sekojot Siem augstajiem mérkiem un
prasigumam, ari $obrid GGI pétnieciba aptver galvenokart satelitu geo-
déziju un geoinformatiku. Izcelams vado$ais pétniecibas vektors — lazer-
talmeéru sisttmu (SLR) montazas un vadibas programmaturas izveide. Ta,
lidz 2010. gadam tika izstradati divi SLR prototipi, bet Sobrid tiek kons-
truéts tresais, uzlabotais modelis.

Salidzinosi nesen GGI tika izstradats ari digitalas zenitkameras prototips
vertikales novirzu izpétei. Ta testa mérjjumu rezultati sasniedz 0,1 loka
sekundes precizitati, kas ir loti daudzsoloss raditajs Latvijas gravitacijas
lauka modelésanas kvalitates uzlabo$anai. Nesena Nacionala gravitacijas
lauka modela versija, kas tika izveidota Geodézijas un geoinformatikas
institata, sasniedz aptuveni 2 cm precizitati, kas ir daudz augstaka precizi-
tate neka iepriek$éjam Latvija izmantotajam modelim (7-8 cm). Izcelams,
ka lietiskos pétijumos augstas precizitates gravitacijas lauka modelis ir loti
svarigs, jo tas lauj sasniegt augstu normala augstuma noteikSanas preci-
zitati geodéziskajos mérijumos, lietojot Globalas navigacijas satelitu sis-
témas (GNSS). Sobrid Geodézijas un geoinformatikas institata ir uzsakti
digitala zenitteleskopa eksperimentalie lauka mérijumi.

Geodeézijas un geoinformatikas institata ir veikta Zemes vertikalo un
horizontalo kustibu pétijumi Latvijas teritorijai, analizéjot 7 gadu laika
veiktos GNSS novérojumus LatPos un EUPOS-Riga pastavigas darbibas
tiklos. Institata ir izveidota ari Latvijas un Latvijas pilsétu GIS datu baze,
izveidoti digitalie augstuma modeli.



GGI institita pétijumi ir labi pazistami profesionala vidé pasaulé, bet Lat-
vija ir institats, kas spéj ap sevi vienot un pétijumos iesaistit vadosos pét-
niekus no visas valsts, neatkarigi no to pamata darbavietas, un ir kluvis
par sava veida neformalu koordingjo$o centru pétijjumiem nozaré. To ap-
liecina ari Latvijas Universitates 75. zinatniskas konferences ietvaros orga-
nizétas konferences “Geodinamika un geokosmiskie pétijumi” organiza-
cija. Konference noritéja loti sekmigi un 23 prezentétie pétijumi rezultati,
kas aptver valst realizéto pétijumu visus galvenos virzienus, to apliecina.
Ipasi izcelama ir Joti plasa institiiciju parstavnieciba un atkartoti pateiciba
izsakama visiem, kas piedalijas un atbalstija konferences norisi.

Ipasi izcelama daudzo pétijumu augsta zinatniska kvalitate un lietiskais
raksturs, kas daudzas zinatniskas atzinas un risinajumus laus izmantot
tautsaimnieciba jau tuvako gadu laika. Taja skaita teritoriju attistibas pla-
nos$ana un zemes dzilu izmantos$ana.

Profesors Dr. geol. Valdis Seglins
2017. gada 16. februari
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CONSISTENCY OF THE LATPOS, IGS RIGA AND
EUPOS® - RIGA IN FRAMEWORK OF EPN NETWORK

J. Balodis, D. Haritonova, K. Morozova,
1. Janpaule, M. Normand, I. Jumare

Institute of Geodesy and Geoinformatics. University of Latvia
E-mail: janis.balodis@Iu.lv

Since Year 2007 the daily coordinates of LatPos, IGS and EPN station
RIGA and of the EUPOS’ - Riga RTK network stations are computed at the
Institute of Geodesy and Geoinformatics. The SINEX weekly solutions are
regularly send to EUPOS’ Combination Centre (Hungary) where they are
deployed at reference frame maintenance and geodynamic studies relying
on their homogeneously analysed long-term data series. The ongoing EPN
(EUREF Permanent Network) densification targets the integration of the
national continuously operating reference station (networks (CORS) and
a homogeneous, dense position and velocity product is derived using the
EPN as backbone infrastructure [1]. The derived position and velocity
product will be an essential material for various geokinematic studies
(PGR, intraplate and plate boundary zone investigations), and also for the
better realization of ETRS89 over tectonically active regions. This work is
very well inline with the goals of other European initiatives as European
Plate Observation System (EPOS) and EUPOS'[1, 2].

10-year time series of coordinates of ETRS89 for all the Latvian
stations mentioned above are computed at the Institute of Geodesy and
Geoinformatics. Some of the stations had been removed to other sites.
Therefore, not full 10-year time series available for them. However,
3 EUPOS’ - Riga stations and 7 LatPos stations are on the initial sites.
IGS and EPN station RIGA as well. The average per year values of North
component of corresponding stations are depicted in Fig. 1. The most
deformed curve belongs to station RIGA.
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Fig. 1. Average per year Northing ETRS89 component

In 2011 the officials of EUREF decided to assume new values of RIGA
antenna parameters without antenna calibration. In 2015 the new GNSS
receiver was obtained by the Institute of Astronomy. Consequently, the
positioning results are became similar to other stations.
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Fig. 2. Average per year Easting ETRS89 component
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In Fig. 2. depicted the Easting component and the behaviour of RIGA
station is similar. The same behaviour is observed in Fig. 3. for Up
component. Additionally, Up component is strongly deformed for LatPos
station OJAR. The reason of antenna height changes is not discovered yet.

The EUPOS’ - Riga stations LUNI, KREI, VANG and VAIV are stable. The
station SALP is not so good. Probably, because of the defected pillar.

The deformations properly have been studied by Dr. Diana Haritonova.
More information is available in her doctoral thesis in Riga Technical
University.
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ADAPTIVE TECHNOLOGY FOR IMAGES ANALYSIS -
HIERARCHICAL CLASSIFICATION ENGINE

M. Cekule’, K. Chabs?

IUniversity of Latvia, Riga, Latvia
2Riga Technical University, Riga, Latvia
E-mail: maritac@Iu.lv; kaspars.cabs@rtu.lv

Images and video files analysis is a vital problem and occupies a dominant
position in such fields as: change detections and monitoring, disaster
management, civil and military intelligence etc.

The theses reviews the recent works on developing an adaptive software
for video files and images analysis based on hierarchical classification.

Automated image analysis is mainly based on pixel classification method
or object-oriented segmentation. Most of these approaches adopt
common image interpretation keys namely tone, texture, pattern, color
etc. for feature matching [1][2].

Number of research papers have evaluate object-based approach as more
accurate than pixel-based methods, both for remotely sensed image
classification [3][4], because it takes into account not only spectral
characteristics, but also such characteristics as shape, size, texture or
neighborhood objects, super- and sub-objects [5].

Soft computing techniques such as neural networks, genetic algorithms,
fuzzy logic, random field variations, wavelets, clustering, decision tree etc.
have been applied for accurate registration and analyzing images [6][7].

Hierarchical classification tree and adaptive approaches of segmentation are
used in satellite image analyses process in object oriented images (Fig. 1.)

A concept of the hierarchy based on Wu J. [8]. Advances have been made in
exploring hierarchy in image analysis, for example in image segmentation [9].

The proposed solution is based on the creation of tree - based hierarchical
recognition. In each tree element is determinate some of characteristic
feature of the object, which excludes from the recognition data sets
conflicting results.
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Fig. 1. Image analyses process

The first step is the determination of the object in the image using one of the
image segmentation algorithms. From the segmented object is extracted
object-specific properties adequate classifier. The properties of the object
are classified with the adequate classifier. If the result conforms to the
new classifier, then is conducted an appropriate iteration and operation is
repeated. In case if the result of the object have not appropriate classifier,
it is considered as the classification results. Additional results are saved
in the results database as raw data for classifier quality inspection. As a
classification method is chosen the most appropriate machine learning
method for given data. For example, if the data is easily separable in
this case can be used decision tree algorithms such as ID3, ambiguous
detachable data - any of neural network algorithms or fuzzy logic decision
trees such as CART or C4.5.

The results of the automated image analysis are showed in the example of
satellite images analyses (Fig. 2.).

The results of classification by Hierarchical Classification Engine were
compared with the results which were obtained by using commercial
eCognition object-oriented fuzzy image processing software. In both
cases, the results were similar.

The adaptive technology is also used in movement object counting tool
with recognition, in real time industrial quality control and analyse, in
flora and fauna recognition, as well as in precious agriculture etc.

The development of the Hierarchical Classification Engine contributed
to the easy access to geospatial information from satellite and areal
imageries, as well as flexibility and possibility integrate technology into
user’s software, GIS etc.
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Fig. 2. Landsat — 8 satellite image automated analysis with adaptive technology
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RESEARCH OF NATIONAL GEODETIC NETWORK
IN BALTIC USING GNSS METHODS

J. Balodis?, A. Celms?, A. Ratkevics? I. Reke? G. Silabriedis?,
J. Kaminskis?, D. Rekus®, G. Balevicius®

1University of Latvia
2Latvia University of Agriculture
3Riga Technical University
“Kaunas University of Technology
*Aleksandras Stulginskis University
E-mail: Armands.Celms@Ilu.lv

In 2012, 2013 and 2014 there were GNSS measuring done on 13 Latvian
levelling network class 1 geodetic points in the same time and 4 hour long
session; in 2016 to measuring campaign were added 5 Lithuanian national
geodetic network points with an aim to check geodetic point heights
(Fig. 1.).

-II B '_ J . |P*H Parsia  Foas nima
B [ o T, ' i iy —
e ; g il S
¥ i [ W g Pl
3 P :'\ b el gk Y
e -— Loppestien. i 18
d k3 ..H‘.-.-

Fig. 1. Using GNSS method measured geodetic network points
in Latvia and Lithuania
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Performing GNSS measurements in 4 hour sessions it is possible to get the
average vector accuracy 2 cm for height value.

Measured and calculated GNSS and geometric levelling height differences
confirm the accuracy of geoid model LV98 in range 6 to 8 cm.

If the geoid model accuracy will increase (1.5 to 2 cm) the validity of
calculated height values also will increase.

For GNSS measurements use for height determination it is very
significantly to use advanced measuring technologies and verified data
processing methodology.

REFERENCES

1.

Celms A., Bimane I., Reke 1. (2014) European Vertical Reference System in
Baltic Countries. In Baltic Surveying. Vol. 1, pp. 49-55.

Celms A., Kronbergs M., Cintina V. (2012) Accuracy Estimation of the
Latvia First Order levelling Network. In International scientific and technical
conference GEOFORUM 2012. Lvivska Politehnika, pp. 44-47.

Celms A., Kronbergs M., Cintina V., Baumane V. (2013) Precision of Latvia
Levelling Network Nodal Point Height. In CIVIL ENGINEERING'13 4th
International Scientific Conference, Vol. 4, Jelgava, pp. 310-317.

Celms A., RatkevicsA., Rusins J. (2014) Research of National Geodetic Network
Elevations at Eastern Part of Latvia. In Baltic Surveying. Vol. 1, pp. 84-91.
Celms A, Reke I., Ratkevics A. (2015) European Vertical Reference System
Influence in Latvia. In 2nd International Conference Innovative Materials,
Structures and Technologies, 30 September — 2 October 2015. Riga: Riga
Technical University, p. 30.

Latvijas kvazigeoida modelis (Latvian quasigeoid model). (2015) Retrieved
11 March, 2015, from http://map.lgia.gov.lv/index.php?lang=0&cPath=-
2&txt_id=130 (In Latvian)

Lazdans]., Aleksejenko I., Kaminskis J., Celms A., Kalinka M., Klive J., Reiniks
M. (2009) Aktualitate Latvijas sasaisté ar Eiropas augstumu sistému (Current
Events Latvia Connecting with European Height System). LatviaUniversity
scientific conference No. 67.

Reiniks M., Lazdans J., Ratkus B. (2010) Valsts augstuma izejas limena
noteik$ana (Determination of state height datum level). Riga Technical
University scientific articles. Nr. 7, 7-13. Ipp. (In Latvian).

15



PERFORMANCE OF LATPOS SYSTEM UNDER
MAGNETIC STORM CONDITIONS

D. Dobelis*?, J. Zvirgzds'?

1Riga Technical University, Faculty of Building and Civil Engineering
2Latvian Geospatial Information Agency,
GNSS Permanent Base Station Division
E-mail: Didzis.Dobelis@rtu.lv

To provide services for coordinate determination, Network-based Real
Time Kinematic (NRTK) system called “LatPos” has been established and
operated in Latvia since 2006. Fast and reliable coordinate determination
with GNSS in real time is the main objective of continuous operating
reference system (CORS) network users. Activity of ionosphere is one
of the factors, affecting the performance of LatPos system services.
Ionosphere is a layer of the earth’s atmosphere with high concentration of
free electrons, from about 60 kilometers up to 1000 km above the earth’s
surface, affected by space weather. Electron concentrations is spatially
variated and depends on seasonal and solar cycle changes.

In order to check the performance of LatPos system NRTK services, a
complex test procedure in the field is carried out at least once a year.
The test procedure is divided in four field measurement stages, to obtain
maximum realistic data collection. In the field following characteristics
are tested:

1. Time to rover receiver initialized position (Time-to-FIX);

2. Coordinate repeatability by independent initializations;

3. Stability of RTK corrections;

4. Position by static observations.

All measurements are made on 2" order geodetic network control points.
During the test procedure four RTK correction solutions - iMAX, MAX,
VRS and SINGLE SITE were tested. Test procedure has been carried out
in year 2016 from October 11 till October 13. During the measurement
sessions and result evaluation process, it was noticed, that test was not
passed on October 13. Strong geomagnetic storm was registered by
scientific organizations on that day.
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The geomagnetic storm is a major disturbance of Earth’s magnetosphere
that occurs when there is a very efficient exchange of energy from the solar
wind into the space environment surrounding the Earth. The largest storms
are associated with solar coronal mass ejections (CMEs) where a billion
tons with its embedded magnetic field, arrives at Earth. Geomagnetic
storms creates strong horizontal variations in the ionospheric density that
can modify the path of radio signals and create errors in the positioning
information provided by GNSS. The geomagnetic storm on October 13 was
the third strongest of 2016 [1].

Ionospheric activity conditions depending on mentioned factors can
be analyzed by LatPos system data. The effect of geomagnetic storm on
October 13 can be clearly seen by indicators of LatPos test procedure
measurements and also by LatPos system continuous network calculation
status. Comparison of test procedure measurements from October
11-12 (quiet ionosphere) and October 13 (active ionosphere) show that
depending of the ionosphere activity status, the average Time-to-FIX can
increase from 18 sec to 42 sec. Also the initialized positions during high
ionospheric activity can cause coordinate offsets ~10 cm (normally it is
~2 cm). The strength of geomagnetic storm during the timespan October
13-14 is shown by planetary Kp-index (Fig. 1.a)) and its effect on LatPos
system continuous network calculation status at station IRBE (Fig. 1.b)).
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Fig. 1. a) Planetary Kp-index calculated by GFZ Potsdam [2],
b) LatPos system continuous network calculation status in station IRBE
(Number of tracked satellites in red color and number of satellites with fixed
ambiguities in green color.)

17



The geomagnetic storm effect on GNSS signals can also be analyzed by
VTEC (Vertical Total Electron Content) calculations from LatPos system
observed data. A major increase of the ionospheric VTEC occurred on
October 13 associated with the arrival of the CME of the October 9. Above
Latvia there was up to +19 TECu (110%) of differences with respect to
the TECu of the October 12. The geomagnetic storm last all day long and
continued at night with ionospheric TEC instabilities.

Such ionospheric events caused by geomagnetic storms lead to significant
errors in GNSS positioning and also the NRTK system usability. Reliability
and accuracy of measured coordinates decreases significantly and may
reach the situation when RTK positioning is not possible at all.
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USE OF SATELLITE BASED MARITIME
SURVEILLANCE SYSTEM CLEANSEANET FOR
DETECTION OF MARINE POLLUTION AND VESSEL
MOVEMENT MONITORING IN LATVIA

0. Gerke

Latvian Coast Guard Service
E-mail: ojars.gerke@mrcc.lv

Since 2007 the satellite based maritime surveillance system CleanSeaNet is
used as the main tool for detection of marine pollution and related vessel
movement monitoring in Latvia. This system is based on cooperation of
four organizations - satellite operator, service provider (KSAT), earth
observation data center (European Maritime Safety Agency) and end user
(Latvian Naval Flotilla Coast Guard Service) [1]. For acquisition of satellite
images covering the Latvian Territorial Sea and Exclusive Economic Zone
in the Baltic Sea the following synthetic aperture radar (SAR) satellites
have been used in the past or are being used now:

Table 1. List of satellites used for the detection of marine pollution in the
Latvian Territorial Sea and Exclusive Economic Zone in the Baltic Sea [2].

Launch . Operational | Incident L

Satellite Polarization
year band angle

1995 Radarsat-1 (Canada) | C (5.3 GHz) | 20°-50° HH

2002 Envisat (Europe) C (5.3 GHz) | 15°-45° HH, HV, VWV, VH

2007 Radarsat-2 (Canada) | C (5.3 GHz) | 10°-60° HH, HV, VWV, VH

2007 TerraSAR-X X (9.7 GHz) | 15°-60° HH, HV, VV, VH

(Germany)
2014 Sentinel-1A (Europe) | C (5.4 GHz) | 20°-45° HH-HV, VV-VH

Principle of SAR radar image acquisition is based on reception of
backscattered component of the electromagnetic wave from the sea
surface, which distinguishes smoother or rougher surface indicating areas
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of potential marine pollution as well as showing actual vessels in real
time with a standard resolution of 30 meters. A real time satellite image
is delivered to the end user within 30 minutes after the satellite overpass.

The end user of the CleanSeaNet service in Latvia is the Latvian Naval
Flotilla Coast Guard Service, which carries out the final evaluation of the
acquired satellite image, performs investigation of each case, when marine
pollution has been detected, takes decision on further action, as well as
carries out physical inspection of the potentially polluted area in situ at
sea. Also information on detected vessels (using Automatic Identification
System) is compiled and pollution drift modelling performed.

In 2016 there have been 280 satellite images acquired using the
CleanSeaNet service covering the Latvian Territorial Sea and Exclusive
Economic Zone in the Baltic Sea. Within 15 of these images potential
marine pollution has been detected and in 6 of these cases physical
inspection of area at sea has taken place. However in none of these cases
physical inspection has found evidence of harmful polluting substance
present on water surface. At the same time in 8 cases a match has been
found with trajectories of detected passing vessels while inspections of
these vessels showed either permitted discharge of tank washings from
cargo vessels or fish slime from fishery vessels. In some cases indications
of algae bloom on water surface was found.

In conclusion, it is suggested that more efficient marine pollution and
vessel movement monitoring surveillance systems, such as Side looking
airborne radar (SLAR) based on aerial platform, such as Remotely
Piloted Aircraft System (RPAS) should be used to verify potential marine
pollution detected by CleanSeaNet system in the Latvian Territorial Sea
and Exclusive Economic Zone in the Baltic Sea.
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EFFECT OF THE EARTH’S CRUST UPLIFT
IN THE TERRITORY OF LATVIA
IN VARIOUS INTERPRETATIONS

D. Haritonova

University of Latvia, Institute of Geodesy and Geoinformatics
E-mail: diana.haritonova@inbox.lv

Land uplift is the most notable geodynamic process in Fennoscandia. The
Earth’s crust is rising continuously since the deloading of the ice sheets at
the end of the Ice Age. This phenomenon is well known as the postglacial
rebound or the postglacial land uplift [3]. The land uplift maximum is
near the city of Umea, where the current absolute uplift is about 10 mm/
yr, and during the last century the uplift rate relative to the sea reached
almost 9 mm/yr [4].

The latest model of land uplift is the semi-empirical model NKG2016LU
(Nordic Geodetic Commission), which has been computed based on the
geophysical GIA (Glacial Isostatic Adjustment) model, GNSS time series,
NKG levelling data, and without tide gauge observations [7]. The previous
official model is NKG2005LU [1][6], which doesn’t include Latvian
levelling data. To represent the difference between two models in the
territory of Latvia, the Fig. 1. is given.

Fig. 1. Deformation models NKG2005LU_abs (left) and NKG2016LU_abs (right)
in the territory of Latvia (abs: absolute land uplift)
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The Fig. 1. shows the absolute land uplift, i.e. the land uplift relative to
the Earth’s centre of mass. Movements of the Earth’s crust relative to the
mean sea level are shown in Fig. 2. The background of Fig. 2. represents
the apparent land uplift, which has been obtained subtracting the constant
1.32 mm/yr (the absolute sea level rise) from the model NKG2016LU _lev.
The last reflects levelled land uplift, i.e. the uplift relative to the geoid.

The velocities of vertical displacements (see Fig. 2.) have been derived
for the Latvian GNSS permanent stations of two networks: LatPos and
EUPOS -Riga, using GNSS observations for the period from 2012 to 2015.
The research was performed within the frames of the doctoral thesis [2].
Here GNSS station vertical velocities are expressed using formula:

Happ_GNSS_sol = Habs_GNSS_sol/1~O6 - 1.32,

where the factor 1.06 reflects the geoid rise and 1.32 mm/yr - the absolute
sea level rise.

a1 24 i

Fig. 2. Movements of the Earth’s crust relative to the mean sea level: data of
NKG2016LU and GNSS daily solution are used
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The resulting range of vertical velocities for the territory of Latvia
according to the GNSS solution comes up to 1.16 mm/yr in the case of
absolute uplift, and 1.09 mm/yr in the case of apparent uplift; that is less in
comparison with the uplift range of the both NKG models and the model
based on the data of precise levelling given by [5].
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GEOMAGNETIC STORMS AND THEIR INFLUENCE
ON GNSS TIME SERIES

1. Janpaule’, J. Balodis', D. Haritonova®, M. Normand*

1University of Latvia, Institute of Geodesy and Geoinformatics
E-mail: inese.janpaule@lu.lv

10-year GNSS daily solutions for EUPOS-Riga and LATPOS continuously
operating GNSS RTK reference network stations have been performed
at the University of Latvia, Institute of Geodesy and Geoinformatics
using Bernese GNSS software. It is a huge amount of data which enables
for deeper investigations of various phenomena affecting the GNSS
observation results. The research initiative has been undertaken in order
to explain some discrepancies in GNSS observation results. Currently the
attention paid to the Earth magnetic field and geomagnetic storms.

The Earth’s magnetic field is generated in the Earth’s fluid outer core due
to slow movement of molten iron. The magnetic field observable at the
Earth’s surface has sources also in the crust and in the ionosphere and
magnetosphere. The geomagnetic field varies on a range of scales, in the
order of low frequency to high frequency variations, in both the space
and time domains. As well as the regular variations the Earth’s magnetic
field also exhibits sudden and irregular disturbances called magnetic
storms. These disturbances are caused by interaction of the solar wind
with the Earth’s magnetic field. The solar wind is a stream of charged
particles continuously emitted by the Sun and its pressure on the Earth’s
magnetic field creates a bounded comet-shaped region surrounding the
Earth called the magnetosphere. Although magnetic storms are irregular,
they exhibit some patterns in frequency of occurrence. The main pattern
is the correlation with the 11-year solar cycle and the 27-day recurrence of
some storms related to the 27-day rotation of the Sun as seen from Earth.

The ionosphere plays an important role in GNSS applications because it
influences radio wave propagation. The ionosphere delay can be directly
measured and mitigated using dual frequency GNSS receivers. However,
GNSS signal fading due to electron density gradients and irregularities in
the ionosphere must be considered.
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Total Electron Content (TEC) is the total number of electrons integrated
between two points, along a tube of one meter squared cross section. For
different wavelengths along the same path, different signal delay can be
observed. The TEC depend on local time, latitude, longitude, season,
geomagnetic conditions, solar cycle, and troposphere conditions. One
more parameter which characterizes ionosphere is the ROTI (Rate of TEC
index). It characterizes small-scale and rapid variations of TEC, and is
strongly related to scintillation [5]. If electron density irregularities cover
a big area above receiver, there is a high probability that a receiver can lose
more than one satellite signal simultaneously.

However, the most significant geomagnetic disturbances are in higher
latitudes. Here one of the possible causes of GPS disturbances are polar
cap patches, which are convecting clouds of enhanced plasma density
[4]. The plasma density of polar cap patches is more than twice that of
the background. They are either transported across the polar cap from
the dense ionospheric plasma at the sunlit side of the Earth or created by
particle precipitation in the cusp. To disturb GPS signals, patches must
contain small-scale plasma structures, with scale sizes of decameters to
kilometres [3].

A new insight into many natural processes will be provided by the
Swarm which is a European Space Agency (ESA) mission to study the
Earth’s magnetic field. Swarm mission was launched on 22 November
2013. There are three identical Swarm satellites measuring magnetic field’s
signals that stem from Earth’s core, mantle, crust, oceans, ionosphere
and magnetosphere. The Swarm data will help to improve the accuracy
of navigation systems, to advance earthquake prediction, to improve the
efficiency of drilling for natural resources etc.

A common practice for eliminating ionospheric effect is using ionosphere
free linear combination during post-processing. It is a linear combination
of observables on two frequencies such as GPS L1 and L2 and it eliminates
about 99% of the total ionospheric effect, also called the first order
ionospheric effect [1]. The higher — second and third, order ionospheric
effects can degrade the accuracy of GNSS solutions and they depend
mainly on the level of the solar activity and geomagnetic and ionospheric
conditions [2].
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10-year GNSS daily solutions have been obtained using Bernese GNSS
software. The resulting time series were combined with the information
about 50 strongest geomagnetic storms for each year. To obtain conclusions
about geomagnetic storm influence on GNSS time series it is proposed to
use ARIMA (Autoregressive Integrated Moving Average) type modelling
and Intervention analysis. It can be assumed that geomagnetic storms
might have a temporary (one day) impact on GNSS time series. ARIMA
modelling gives a possibility to predict time series value for definite days
with high geomagnetic activity. Intervention analysis determines how
the mean level of a series changes due to an intervention, assuming that
the same ARIMA structure for the series holds both before and after the
intervention.

Also a 5 minute kinematic GNSS network solutions were performed for
several time periods with high geomagnetic activity. Here a significant
influence of geomagnetic storms was observed. Different stations showed
varied behaviour during geomagnetic storms. For example, strong
geomagnetic storm on 17 March 2015 created disturbances up to one
meter during several hours for LATPOS stations IRBE, JEK1, LIPJ, PREI,
REZ1 and VALL.
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ACCESSIBILITY OF GEOSPATIAL INFORMATION.
OPEN OR CLOSED?

U. Krutova

Riga Technical University, Faculty of Building and Civil Engineering
E-mail: una.krutova@gmail.com

If the data created by the public sector in the performance of its
administrative functions are available for reuse, undoubtedly it will
promote public awareness and bring real economic benefits.

Recreating data that already exist means that resources are wasted to
acquire basic geospatial information instead of creating added-value data
products.

Geospatial information is the basis for exact positioning of objects or
events since everything has its location.

Reuse of information is facilitated by opening data and providing freely
accessible information free of charge, without reuse restrictions and
open for editing and automated processing by means of freely available
applications.

Latvian geoportal www.geolatvija.lv contains no open geospatial data
layers. It means that despite declarations about openness and transparency
of information in reality all geospatial information is held in hidden or
secret information space.
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EUROPEAN SPACE SYSTEM COPERNICUS.
UPCOMING NEWS IN 2018

1. Mitrofanovs®?2
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Copernicus is a European system for monitoring the Earth which provide
users with optical and synthetic aperture radar data from satellites. It is a
complex set of systems which collect data from multiple sources: satellites
and in-situ sensors. The collected data are then processed and transformed
into reliable and up-to-date information which is provided to users as a set
of services related to environmental and security issues [1].

Copernicus is divided in six services, which covers following thematic
areas: land, marine, atmosphere, climate change, emergency management
and security. Corresponding services are: Land Monitoring Service
(CLMS), Marine Environment Monitoring Service (CMEMS),
Atmosphere Monitoring Service (CAMS), Climate Change Service (C3S),
Emergency Monitoring Service (CEMS) and Security Service (CSS). The
data is freely available for everybody the only exception is the security
service. For detailed information on all the services reader is referred to
[1]. Copernicus is system which is being dynamically developed and the
user needs are included into system during its evolution.

Use of data depends on specific needs of the user, but as main fields
of interests can be named: spatial planning, forestry, water sources
management, climate changes, agriculture, marine safety, meteorology
and climatology, emergency, natural disaster, multiple issues of security
risks and many others.

Forests have significant impact on Earth and humans, due to the impact
on the global carbon cycle. It is important to monitor the situation with
forests globally to minimize the climate changes and in such way providing
healthier environment for future generations [2]. After the launch of all
satellites (Sentinel) Copernicus will provide the satellite revisit time as
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short as two days and it will benefit all the branches where the up-to-date
information is crucial.

Forestry is not the only branch which affects global environment. Global
changes have important role to understand the Earth environment. It also
provides information how the human activities affect the environment we
live in. It is crucial to understand and figure out the reasons for the global
changes to prevent further escalation and decrease the negative effects
[3]. Research show that in this case satellite earth observation data is
very useful, especially considering the possibilities of the modern remote
sensors mounted on the satellites.

Water has not only direct impact to the humans, but also indirect. If there
are not enough moisture in soil where crops are growing it may cause the
drought and the crops will die. In such a way moisture of soil is important
factor which can cause or prevent such crisis like local or global hunger.
Copernicus provides possibility to monitor the moisture of the soil also.
It can be stated that water contributes to all aspects of economic and
social development [4]. Copernicus is powerful tool for water resources
management.

Copernicus deals also with security issues, such as: border surveillance,
maritime surveillance and support to EU External action. In mentioned
areas, main objectives are to reduce number of illegal immigrants entering
the EU, to reduce death toll of illegal immigrants, to increase security of
the EU, safety of maritime navigation, fisheries control, marine pollution,
support third countries in a situation of crisis or emerging crisis, prevention
of global and trans-regional threats having a destabilizing effect [1][5][6].

Itis planned that 3 new Sentinel satellites will be launched in 2017 (Sentinel-
2B, Sentinel-5P and Sentinel-3B). New satellites will provide additional
data and in such way, the existing products will be improved. The useful
tool for the users will be the Copernicus product catalogue, it is planned
that product catalogue will be active in first half of 2017. At this moment
catalogue runs in testing mode and there are nearly 600 products listed in
it. User will be able to search products by keywords.

Copernicus will provide multiple new products in its services in 2018.
Drought observatory will be included under CEMS (it will help to
fight with droughts and its impact to economics — drought is a global
hazard with significant economic, societal and environmental impacts,
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approx. 3 billion Euros/year in Europe), CSS will introduce multiple
new products such as: support to ice monitoring (iceberg detection and
sea ice monitoring), lost container detection and tracking, detection of
missing aircraft (debris, jet fuel spill) and several improvements in border
surveillance.
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IMPROVEMENT OF DFHRS V.4.3 SOFTWARE

K. Morozova*?

IUniversity of Latvia, Institute of Geodesy and Geoinformatics
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Quasi-geoid is an equipotential surface which defines best mean sea level
and is orthogonal to force of gravity at any point. The definition of precise
quasi-geoid model plays an important role, as new techniques such as
GNSS technologies give an opportunity to determine ellipsoidal heights
and in the result using quasi-geoid model, determination of normal heights
become much faster and easier in comparison with levelling measurements.
In order to compute precise quasi-geoid model DFHRS software is used
and development and further improvement is described in this article.

DFHRS (Digital Finite-element Height reference surface (HRS)) software
development was commenced in 1998 in Karlsruhe University of Applied
Sciences, Institute of Applied Research [5]. The principle of the software is
the computation of quasi-geoid model using parametric modelling. HRS
surface is computed from geometrical observations (GNSS/levelling points
and vertical deflections) and physical data (gravitational acceleration). The
principle of a GNSS-based height determination H requires submitting the
GNSS-height h to the DFHRS(B,L,h)-correction N, reading (Eq. 1):

The region of interest is divided into finite elements, or so called meshes
and p polynomials are computed. These p parameters are stored in
DFHRS_DB database in order to get an access to parametric HRS model.
In order to reduce an effect of medium-wave or long-wave length, DFHRS
concept allows to subdivide region of interest into patches or so called
“geoid-patches”. Each patch has a datum and associated transformation
parameters d. Continuity conditions should also be considered, boundaries
between two meshes should be the same, so that meshes represent the
whole continuous area [2].

The further development of DFHRS v 4.3. was commenced in 2013 under
Visual Studio 2012 environment using C++ programming language [3].
This version allows the use of vertical deflections derived from Global
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Potential Model (GPM), e.g. EGM2008, as well as observations from digital
zenith cameras. This article performs some bugs that were investigated in
this software and described the reasons of these bugs and its corrections.

There are different global potential models which are implemented in this
software, e.g. EGM96, EGG97, EIGENO05, EGM2008. All these models
except EGM2008 are equal to degree and order of 360 and include satellite,
gravity and altimetry data. EGM2008 model is equal to 2190 degrees and
order and include satellite data (GOCE, GRACE, LAGEOS), gravity and
altimetry data [6]. As EGM2008 model is of the highest degree and order,
a problem concerning threads was faced, because in the result EGM2008
application was impossible, and DFHRS software was not responding. In
order to correct this problem, the number of threads was changed in order
CPU would use about 75% of memory. New EIGEN6C4 model that was
developed in 2014 was implemented in DFHRS v.4.3. This model includes
satellite data (GOCE, GRACE, LAGEOS), gravity and altimetry data and
is equal to 2190 degree and order.

The next bug concerns the use of observations from digital zenith camera.
At the moment Institute of Geodesy and Geoinformatics has made 5 tests
observations from digital zenith camera in Riga region. In order to use this
data, some code changes have been done. The residuals from zenith camera
observations at the moment are equal to approximately 0,15 seconds.
After all bugs were corrected there have been made comparisons of quasi-
geoid model for Riga region between using EGM2008 and EIGEN6C4, the
comparison between quasi-geoid computed from EGM2008 with/without
vertical deflections derivatives, and the comparison between quasi-geoid
computed from EGM2008 with/without zenith camera observations.
Standard deviations of different solutions are performed in table 1.

Table 1
Solutions of quasi-geoid model for Riga region
Used data Standart deviation (m)
EGM2008 model + observations from digital 0,0112
zenith camera
EGM2008 model 0,0109
EIGEN6C4 model 0,0110

EGM2008 model with derrived vertical deflections | 0,0127
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The next step of the development of the software concerns spherical-
cap-harmonics (SCHA) as the designed carrier function of the gravity

potential V represented by S’ and C’ coeflicients (Eq.2):

k max

o G*M as k) +1 k , , ,
V(r,A',8") = —Q (;) Z (cn(k),m * cosmA’ + Sntk).m *
a m=0
* sinml’)Pn(k),m(cose’)) (2)

where

cos@sin(A— Ag)

tand’ = singpcos@, — cosgsingycos(A — Ag)

cos0' = sin@sing, — cosEcos@ycos(A — Ay)

It allows the computation of both a full gravity field modeling and quasi-
geoid determination. The advantage of spherical-cap- harmonics (SCH)
modelling in comparison with spherical harmonics (SH), is that less
number of parameters are needed for the same resolution for spherical
cap area, as only region of interest is taken into account, so in the results it
is not so much time consuming process any more and needs less memory
requirements for the computation [1]. DFHRS software is worldwide
unique and can be used for both gravity field modelling and quasi-geoid
determination, as well as integrated geodetic networks of all types. DFHRS
v 5.0 software allows the use of geometrical data (GNSS/levelling heights),
physical data (gravity accelerations) and Global Potential Models (GPM)
[4]. The next step of the development of DFHRS software is dealing with
the design optimization for the use of gravity measurements and vertical
deflections data observed from digital zenith camera based on spherical
cap harmonics modelling. This version will be developed under Visual
Studio 2012/2015 using object-oriented C++ language.
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SENTINEL DATA FOR CHANGE DETECTION

P. Péetersons
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Since European Space Agency was launched Copernicus program,
everyone can use a big amount of data free of charge. Those data discover
new possibilities for scientists, engineers and for people who are not the
specialist in Earth Observations. The most important part of Copernicus
program is Sentinel program. This program content satellite systems
which covering a board range of applications in support to six thematic
areas: land, marine, atmosphere, climate change, emergency management
and security.

Sentinel data is possible to download from different sources. European
Space Agency provides data download from Scientific sentinel data hub
since the year 2015. Now in the year 2017 is possible to download data
from new data services (Amazon (Fig. 1.), Planet, Google Earth Engine,
etc.) which provide duplicate and adapted data for special tasks.

Sentinel 1 data global coverage can be achieved within 6 days, therefore
only Sentinel 1 data volume for one year is 156 TB. Therefore is necessary
to build one local data storage, where will store data and adapt for users in
Latvia. This will solve a problem, those different government organizations
(Land Support Service, Land State Service, etc.) and private companies do
not copy data to own servers.

Sentinel 1A and 1B provide radar data with a resolution from five to
100 m. It depends on scanning angle. Mostly data are with 30 m resolution.
Sentinel 2A and 2B provide optical images with a resolution from 10 to
60 m. Sentinel 2 images are with 13 different resolutions bands, therefore
resolution depends on bands. Very important that Sentinel 2 satellite
swaths are 250 km. For change detection, it is important that area captured
in short periods with big swath. In Latvia lot of days in summer are with
clouds, therefore is problem to monitor soil moisture. To solve this problem
for change detection most useable is radar data [1]. Sentinel 1 mission
carrying a Synthetic Aperture Radar operating at a frequency 5.405 GHz
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Fig. 1. Amazon service images of Latvia: (a) Sentinel 2 RGB image,
(b) NDVI from satellite image

(C-band). Radar data signal penetrate true clouds and therefore on cloudy
days is possible to achieve data with short time series. From radar data
processing, the theory is possible to achieve height differences from half
of wavelength, therefore Sentinel radar data is possible to use for vertical
movement change detection from 2.7 cm [2].

Copernicus program includes services for marine, land monitoring and
other industries. Those services provide already done solutions for clients,
but for some cases, it is not enough. Therefore, Sentinel data is possible
to post processing with commercial software’s like Hexagon ERDAS and
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others, which include radar and optical sensor data processing tools.
European Space Agency have interest for wider Sentinel data usage,
therefore made free software SNAP [3]. This software can use for radar
and optical sensor data processing. In addition, open source program
Quantum GIS have special plugins for optical sensor data classification.

In near future free data with open source processing software’s will growth
earth observations sector and for EUR 1 spend the European Union will
return EUR 1.8 from economic benefits [4].

REFERENCES

1. Henri Maitre Processing of Synthetic Aperture Radar Images (2008) John
Willeye»Sons.

2. Giorgio Franceschetti, Riccardo Laneri, Synthetic Aperture Radar Processing
(1999) CRC Press.

3.  http://step.esa.int/main/toolboxes/snap.

4. http://www.copernicus.eu, Copernicus_Market_Report_11_2016.pdf.

37



VIETEJAIS GEODEZISKAIS TIKLS RIGAS
PILSETAS TERITORIJA. GNSS EUPOS RIGA

S. Plotnikovs, I. Degainis

Rigas domes pilsétas attistibas departaments
E-mail: sergejs.plotnikovs @riga.lv, ivars.degainis@riga.lv

Vietéja geodéziska tikla (VT) 2012. un 2013. gada apseko$anas rezultati.
VT pilnveidosanas koncepcijas lidz 2020. gadam sastadiSana (2013.),
galvenais secindjums — konstatéts, ka mérnieciba Rigas teritorija parsva-
ra tiks izmantotas GNSS metodes. Iedaliti rajoni, kur pavadonu signalu
uztveramiba ir apgratinata, tadas vietas planots attistit VT ar klasiskam
metodém.

VT aprakstu (projektu) sastadisana (2012.-2015.).
Iepriekséjos gados geodéziskie mérjjumu darbi tika veikti atbilstosi preci-
zitatei, kas atbilst 497.MK noteikumu prasibam:
« Bijusa 2. Klases nivelé$anas tikla parrékinasana.
o 2006., 2008. un 2010. gada veikta poligonometrijas parrékinasana.
Papildus tika veikti kontrolmérijumi, kas apliecina iespéju, izman-
tot punktu parrékinatas koordinatas un augstumus.

Jauna VT izveide teritorija Vecriga un Tornakalns - Agenskalns.
Objektu nodosana aizkavéjusies, $obrid tie atrodas nodosanas stadija.

VT pilnveidosanas procesa pieredze:

o NepiecieS$ams rapigak gatavot konkursa apraksta dokumenta-
ciju, taja skaita konkrétak noradit tehnisko specifikaciju un citas
prasibas.

o Konstatéts atsevisku normativo aktu iztrakums — maz tadu norma-
tivo aktu, kuros detalizéti aprakstita mérijumu metodika.

o Latvija pietrikst mérniecibas uznémumu, kuri ir spéjigi paveikt
VT pilnveidosanu kvalitativi un atri.

Nakamiem plani un perspektivas:
 pabeigt uzsaktu VT pilnveido$anas objektu.
o uztaisit niveléSanu visai pilsétas teritorijai ar N2 klases precizitati.
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EUPOS-RIGA pédéjas aktivitates:

2015. gada pavasari Rigas domes Pilsétas attistibas departaments
(RDPAD) parnémis EUPOS-RIGA tikla uzraudzibu.

2016. gada pavasari mainiti EUPOS-RIGA bazes staciju nosaukumi.
2016. gada pavasarl mainits datu apstrades servera risinajums -
veikta pareja uz virtuala servera platformu.

2016. gada pavasari atsakta regulara GEO++ GNSMART program-
matiras atjauninasana.

No 2016. gada pavasara EUPOS-RIGA datu pakalpojumi (RTK,
DGPS, RINEX) jebkuram specialistam vai interesentam kluva pie-
ejami bez maksas.

EUPOS-RIGA plani:

Jaunu datu pakalpojumu nosacijumu izstrade.

EUPOS-RIGA bazes staciju modernizacija.

Ciesaka sadarbiba ar EUPOS organizacijas partneriem.

Pastaviga lietotaju informé$ana par visam ar EUPOS-RIGA saisti-
tajam aktivitatém.

EUPOS-RIGA ka elementa iesaiste Rigas vietéja geodéziskaja tikla.
EUPOS-RIGA pieejamiba jebkuram interesentam bez maksas.
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PAKAPJU PIRAMIDAS STABILITATE
NETIESIE VERTEJUMI

V. Seglins, A. Kukela

Latvijas Universitate, e-pasts: Agnese.Kukela@Iu.lv

Ievads

Augstveértigu akmens bivju stabilitates novérté$anai par pétijuma objektu
tika izvéléta valdnieka DZosera Pakapju piramida Sakaras nekropolé Egip-
té. Ta ir visai sarezgita buive, kas savu pasreizéjo izskatu ir ieguvusi vairaku
pakapenisku parbiivju rezultata. Seit sena un loti liela solveida virszemes
kapene (mastaba) parbives procesa tika paplasinata divos posmos, kurus
noslédz 4-pakapju piramidas izbive virs paplasinatas mastabas. Péc tam,
virs 4-pakapju piramidas tika izbavéta veél lielaka un plasaka 6-pakapju
piramida. Veélak ir sekojusas vél vairakas bavniecibas un daléjas rekons-
trukcijas stadijas

Pagreizéja veidola piramidas pamatne ir 121 x 109 metri, un augstums
sasniedz 63 metrus, bet miisdienas noteiktais piramidas tilpums ir aptu-
veni 330 400 kubikmetru. Tomér ir janem véra, ka piramidas ieksiené un
zem tas ir vairakas visai ievérojamu izméru $ahtas un pazemé ir izveidots
vairak ka 6 km gar$ tunelu un dazadu telpu tikls, ka ari 28 metrus augsta
apbedijuma $ahta (Lehner, 2004).

Valdnieka DZosera piramida nav viendabiga un tas izbavé ir izmantoti
dazadi, taja skaita, bavniecibai nepiemeéroti materiali. Tas bija zinams jau
senatné, un tade] Seit vairakkartigi tika veikti iespaidigi rekonstrukcijas un
parbuves darbi. Vienlaicigi izcelams, ka Sakaras plato, kur izvietots Pakap-
ju piramidas komplekss, atrodas seismiski aktiva zona. Seit zemestrices
tiek fiksétas vairakas reizes gada un ir zinams, ka 1992. gada zemestrices
rezultata Seit aizbruka ne tika atseviski pazemes tuneli, bet ievérojami cie-
ta ari DZosera piramidas fasades dalas. Lielaka bojajumu dala tika meha-
niski nostiprinata ar cementa masu un lietu betonu, kas atskirigo ipasibu
dé] vietam turpina negativi ietekmét kopéjo btuives stabilitati. Tas noveér-
téSanai tika veikts piramidas baves monolituma iepriekséjs novértéjums,
kas Jautu izveléts piemérotu bives saglabasanas stratégiju nakotné.
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Pétijums

Piramidas fasazu fotodokumentés$ana tika veikta ar SONY DSC-R1
10,3 Mpix digitalo fotokameru. Visas pétijuma vajadzibam pieejamas
Dzosera piramidas fasazu fotografijas (uznemtas laika perioda kops 2005.
lidz 2011. gadam, kopa apméram 2300 fotoattéli) tika klasificétas sakot-
néji péc uznémuma iegianas laika (gads, ménesis), péc tam - piesaistot
uznémumus piramidas konkrétam fasadém un stariem ($kautném). Pa-
pildus tika atziméti dati par attéla lielumu, kameras specifikacija, ka ari
noraditas papildus zinas par fotografésanas apstakliem. Datu bazé apko-
potas digitalas krasainas fotografijas veido datu pamatmasivu.

Piramidas geotelpiskais modelis tika izstradats Bentley MicroStation da-
torprogrammu vidé. Modela tehniskai izveido$anai dr. M. Kalinka izman-
toja Latvijas zinatniskas ekspedicijas laika iegtitos 3D lazerskenera datus
par DZosera piramidas pirmajam divam pakapém, piramidas tresas, ce-
turtas, piektas un sestas pakapes izveidei par pamatu tika izmantots jau
eso$s modelis, kas veidots ar Google SketChup programmu, veicot ta ko-
rigé$anu, balstoties uz DZosera piramidas arhiva dokumentos pieejamiem
datiem. Geotelpiskd modela nosléguma versiju dr. A. Kukela veidoja, iz-
mantojot datorprogramma MicroStation V8i iestradato virsmas veido$a-
nas algoritmu smartsurface.

Piramidas atsevisku fasazu foto mozaikas (foto montazas) izveidei un tas
talakai integracijai izstradataja 3D modeli no izveidotas datu bazes tika
atlasiti atbilsto$i fasazu fragmentu fotoattéli. Attélu mozaikas novietosana,
ka arl dédésanas veidu un to intensitates att€losana uz piramidas geotel-
piska modela tika istenota ar datorprogrammas MicroStation V8i moduli
“Descartes”. Si datorprogramma paredz ari iespéju aprékinat izziméto lau-
kumu platibas. Par cik DZosera pakapju piramidas geotelpiskais modelis
ir izveidots méroga, ievérojot piramidas realos izmérus un dimensijas, iz-
zimétos dazadas dédésanas un intensitates laukumus ir iespéjams izteikt
skaitliski (kvadratmetros).

Piramidas geotelpiskais modelis tika veidots péc iespéjas precizs, pama-
tojoties uz datiem, kurus bija iespéjams iegit par objektu ar ierobezotu
pieejamibu pétijumiem un dokumentacijai. Papildus apgratinajums ir ba-
tiska Pakapju piramidas parbuive, kuras rezultata tiek pilniba liegta iespéja
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iegtt atjaunotus vai papildinatus datus. Izveidotaja piramidas geotelpis-
kaja modeli tika iestradata izveidota piramidas fasazu mozaika (1. attéls),
tadéjadi veidojot pamata bazi specifiskas informacijas slanu integracijai.

1. attéls. Piramidas geotelpiskais modelis ar integréto
piramidas fasazu fotomozaiku

Turpmak pétijuma ietvaros izstradataja piramidas 3D modeli tika integre-
ti specifiskas informacijas slani — dédésanas veidi un to intensitate, ka ari
buve konstatétas plaisas un parravumi.

Pakapju piramidas stabilitate

Sakaras plato teritorija ir sen zinama ka seismiski aktiva zona, kur katru
gadu tiek fiksétas zemestrices vidéji ar 4 ballu magnitadu. Diemzél sis-
tematiski seismiskas aktivitates novérojumi Seit netiek veikti, bet eso$o
seismisko staciju dati neatbilstosas kvalitates dé] nav ieklauti neviena no
starptautiskajiem seismisko novérojumu tikliem.

Zemestricu ietekme un postijumi ir visai nozimigi un ipasi uzskatami tie
ir ne tikai pazemé, bet arl DZosera piramidas arsienas. Veiktais DZose-
ra piramidas plaisu un parravumu pétijums balstas uz 2006.-2011. gada
vairakkartigi veiktiem piramidas fasades augstas izskirtspéjas fotodoku-
mené$anas darbiem un iegtito attélu detalizétu analizi. Pétjjuma plaisas
un parravumi ir konstatéti visas piramidas fasadeés, tie ir atpazistami visas
fotodokumentacijas pétijjumu sérijas vairaku gadu laika.
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Pétijuma izmantotais 3D modelis ir butisks ieguvums un rada prieksroci-
bas ka datu piesaistei, ta arl So datu un rezultatu interpretacijai (Seglins,
Kukela, 2012). Pasu nozimigako plaisu un lizumu analizes rezultats ir pa-
radits 2. attéla.

2. attéls. Noteikto lGzumu un plaisu izvietojums uz piramidas fasadém

Secinajumi

Apzinatas plaisas un lazumi piramidas fasadés ir konstatéjamas, sakot no
plaisam atseviskos baivakmens blokos un to grupas. Vairaki lazumi ir kon-
statéti un parbauditi daba un aptver visu piramidas pakapienu. Ir konsta-
teti tadi lazumi, kas $kérso piramidas fasades lielako dalu. Blakus apska-
titajiem lazumiem ipasi analizéjami ir visas piramidas fasadés konstatétie
diagonali vérsti lazumi. Daudzi no tiem ir izsekojami ne tikai vairakas
pakapés, bet ari vairak neka tre§aja dala no fasades platuma. Minétais no-
rada uz baves viendabiguma zudumu un tas ir uzskatams par loti nopiet-
nu apdraudéjumu objekta saglabasanai nakotne.

3D modelis uzskatami norada galvenos plaisu orientacijas virzienus un
lauj prognozét visas buves deformacijas nakotné. Buves atrasana seismiski
salidzinosi aktiva zona tikai paaugstina riskus, ka ari norada uz plasaku
instrumentalu pétijumu nepiecieS$amibu visa buve.
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GEORADARU PRAKTISKAIS PIELIETOJUMS
INZENIERKOMUNIKACIJU CAURULVADU
NOVIETOJUMA PRECIZESANAI

M. Tarasenko®, R. Gross?

Latvijas Universitate, Geografijas un Zemes zinatnu fakultate
2Rigas Tehniska universitate, Bivniecibas fakultate
E-mail: marina.tarasenko@rigasudens.lv, rihards.gross@rigasudens.lv

Digitalais laikmets, jaunakas izbuves tehnologijas un nepiecieSamiba
sakartot datus par pilsétas inZenierkomunikaciju tikliem nostada pi-
etiekami augstas prasibas pret $o tiklu geografiski precizu novietojuma
attélojumu. Parsvara pilsétas inzeniertikli ir izvietoti pazemé neveicot
raks$anu, tiklus griti apsekot vai noteikt novietojumu. Arhivos uzglabatie
dati par tikliem médz but pretrunigi sakara ar ilgo pastavésanas vésturi un
vairakkartéjo parbuvi avariju likvidaciju noltikos.

Pazemes inZenierkomunikaciju caurulvadu uzmeklésanai pielieto dazadas
ierices: pazemes komunikaciju lokatorus, korelatorus, metala detektorus
virszemes elementiem, georadarus un c. Katra no §im iericém darbojas
péc saviem principiem, katrai ir savs $aurs pielietojums, savas prieksroci-
bas un trikumi. Par $obrid visbiezak pielietoto vai popularako ierici var
nosaukt pazemes komunikaciju lokatoru paveidus. Sie lokatori uzmeklé
elektromagnétiskos signalus, kas rodas ap metala komunikacijam un var
darboties gan pasivaja, gan indukcijas rezima pielietojot generatoru. Ta
pat ka citas, $1 ierice nav universala un ari tas darbibas zona médz but
ierobezota. Tie$i tapéc ir svarigi caurskatit ierices ar atskirigu darbibas
principu, kas pie paralélas un neatkarigas izmanto$anas varétu kompensét
nepilnibas.

Georadari pasaules praksé arl censas iekarot savu vietu, to pielietojums
dazadas jomas ir iespaidigs. Neskatoties uz vizualam atskiribam un kom-
staroto un uztverto impulsu principa. Atkariba no izstarotas frekvences
impulsa var variét zondésanas dzilums. Zondésanas rezultats paradas at-
téla veida un literatiira tam ir atrodami vairaki nosaukumi: geofizikalais
profils, geoskenésanas profils, radaragramma.
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Kopuma pieredze ar georadariem inZenierkomunikaciju caurulvadu novi-
etojuma precizésanas gadijumos nav plasi un detalizéti aprakstita, rezulta-
ti médz but pretrunigi vértéti un ir grati noteikt $is ierices pielietojuma
lietderibu. Lai varétu iegit personigo pieredzi un izméginatu ierices dar-
bibu noteiktajos geologiskajos un apbives apstaklos, SIA “Rigas Udens”
ka adensapgades un kanalizacijas tiklu turétajs, Riga 2015. un 2016. gados
istenojis dazus eksperimentus un apkopojis iegiito pieredzi.

Izpétes darbiem tika izvéléti apgabali dazadas Rigas pilsétas vietas.
Vecriga izvélétais apgabals atradas blakus prezidenta pils krastmalas puseé.
Centralaja rajona tika izvélétas vietas ar lielu komunikaciju blivumu, bie-
zu kultarslani un sarezgitiem pazemes caurulvadu mezgliem. Tika pétita
smil$aina un mitra Zakusalas teritorija ar nelielu komunikaciju skaitu un
vidéjiem Gdensvadu diametriem. Izpété piedalijas ari teritorija Kekava,
kur dala no magistraliem vadiem bija atrakta un precizi uzmérita, tur
caurulvadu trases tika “paturpinatas” izmantojot pazemes komunikacijas
lokatorus un georadaru. Visbeidzot tika apskatita smil$aina teritorija aiz
Juglas ezera uz Baltezera pusi, kur atrodas liela diametra magistralie vadi
ar virszemé maz redzamiem armatiras elementiem un turklat tie ir izvi-
etoti lielos attalumos viens no otra.

Apkopojot $ajos eksperimentos iegiito pieredzi, var drosi apgalvot, ka ir
loti svariga sagatavosanas faze geoskenésanas darbiem un ta ietver:

1. Pétama apgabala noteik$anu, geologisko un apbives apstaklu
parzinaSanu;
Pétamo pazemes komunikaciju caurulvadu konstrukciju parzinasanu;
Arhiva materialu apkopo$anu;
Tiklu virszemes elementu sameklésanu;
Jaizmanto topografisko un citu komunikaciju datus viennozimigai

AN

tiklu identificéSanai.

Veicot lauka izpétes darbus butu vélams lidz ar geoskenésanas darbiem
no sakuma vai paraléli izmantot pazemes komunikaciju lokatorus, it ipasi
esot tuvuma pazemes tiklu virszemes armatirai (lokatoru izmanto$ana
lauj sameklét un parliecinaties par caurulvada virzienu, ka ari salidzinat
ieguto ieguldiSanas dzilumu datus). Visvienkar$aka georadara kom-
plektacijas gadijuma (izmantojot sitas ierices- geoskenésana var notikt
savadak) skenésanai janotiek virzoties no vienas armatiras lidz nakosai,

46



ar izvéléto intervalu, perpendikulari caurules virzienam un fikséjot novi-
etojumu un dzilumu (1. Attéls). Atrodoties tiesi virs iespéjamas caurules,
veikt pozicijas piesaisti (GPS) vai atzimét trasi ar markieri.

Georadars
" L= o Georadara
e T - - . .
—" JA == kustibas virziens
i - -
S ll;.' £
Fa

L1

/
i

Caurule 1 Caurule 2

1. attéls.

Apkopojot SIA “Rigas Udens” ieguito pieredzi un balstoties uz georadaru
darbibas principiem var izsecinat:

1. Ir svarigi teritorijas geologiskie apstakli, gadsimtos mérojama pil-
sétas apbuves vésture ar sarezgitu un biezu kulttrslani var stipri
ietekmét geoskenésanas rezultatus. Labi rezultati ir sasniedzami
rajonos ar neilgu apbuvi, pilsétas vésturiskaja dala rezultatiem uzti-
ceties ir gruti;

2. Maza diametra caurules ir sliktak identificéjamas, tomeér lielu
diametru (magistralo) vadu gadijuma iegutie rezultati bija loti
apmierinosi;

3. Tiklu mezgli var bat desifréti kladaini, konstrukcijas dél;

4. Vislabakos rezultatus var sasniegt taisniem caurulvadu posmiem ar
pietiekami lielu diametru- magistralo vadu novietojuma precizésa-
nai georadaru var uzskatit par labu alternativu $urfésanas darbiem.

Formuléjot priek$nosacijumus veiksmigam rezultatam var apgalvot, ka ir
svariga gan geoizpétes operatora pieredze, gan teritorijas un tiklu apstakli,
Jaatvél pietiekamu laiku gan arhiva datu apkopos$anai, gan lauka darbiem,
gan sekojosai lauka datu apstradei.
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COMMON SITE CALIBRATION PARAMETER
CALCULATION OF TRIMBLE VRS MEASUREMENT
METHOD FOR USE IN THE TERRITORY OF LATVIA

A. Vallis', J. Balodis?

1 GeoStar SIA
2 University of Latvia, Institute of Geodesy and Geoinformatics
E-mail: atis.vallis@geostar.lv; janis.balodis@lu.lv

Abstract

According to nationa regulations national coordinate system LKS-
92 and LAS 2000.5 height system must be used. Problem is that National
Geodetic network is locally fixed to ETRS89 (epoch 92.75), but have no
known transformation parameters. Trimble VRS Now TEC network is
fixed to the same datum, but different epoch (epoch 89.0). For practical
use of Trimble VRS Now TEC coorection service in local coordinates
it is necessary to connect measurements to local reference. Aim of the
research was to determine common Site Calibration parameters for use in
all territory of Latvia [1].

GNSS data post processing, network adjustment and site calibration
parameters is calculated using Trimble Business Center software version
3.70.1, output date 2016.04.01. GNSS vectors are processed using data
registration interval 30 seconds, elevation mask 10 degrees above horizon.
All GNSS vectors have fixed solutions. GNSS vectors are processed
using IGS precise orbits. Network adjustment is done using Least square
adjustment. Network consist of 91 vector [2]. IN this scheme with red
color there are error ellipses. Site calibration parameters is computed
using calculated geodetic parameter pairs of common GNSS antenna in
both reference systems [3][4][5].

ETRS89 (epoch 89.0) coordinates is used as geodetic coordinates in
degrees minutes and seconds format, national coordinates of the same
station is used LKS-92 Transversal Mercator projection coordinates and
elevation determined from quasi geoid model.
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Results

As a results of the calculation horizontal and vertical calibration
parameters was calculated.

Translation Translation X direction is 0.005 m, Y direction 0.035 m at the
origin point. Scale is calculated 0. 9999999809.

Vertical translation is 0.040 m, slope X direction -0.124 ppm, slope
Y direction -0.079 ppm. Origin point is computed automatically. Residual
diferences show the expectabble precision of the determined parameters
(Table 1).

Mean residual differences between GPS and knewn coordinates was
calculated to evaluate calculated parameter precisions. Residual differences
is 4 mm in plane, 5 mm in height and 7 mm in 3D. Maximum residual
differences is in plane 10 mm in station Kuldiga, in height 13 mm and in
3D 14 mm in station Ojars (Table 2).

Table 1
Horizontal and vertical calibration parameters
Vertical lati
Translation X: | 0.005 m e.rtilca translation at 0.040 m
origion:
Translation Y: | 0.035m Slope X: -0.124 ppm
Rotation: -0°00’00” Slope Y: -0.079 ppm
Origion X: 313460.987 m | Origion X: 266705.147 m
Origion Y: 553425.707 m | OrigionY: 316436.124 m
Vertical lati
Scale: 0.9999999809 | Lorica transiationat 4 540 m
origion:

Table 2
Residual Differences Between GPS and Known Coordinates
Root Mean Square . Maximum
. Point X
residual residual
Horizontal 0.004 m KUL1 0.010 m
Vertical 0.005m OJAR 0.013m
Three-dimentional (3D) | 0.007 m OJAR 0.014 m
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Site calibration parameter verification is done using another GNSS data
set with the same length but from different time period in December
2016. The results of the verification calculation show almost the same
parameters. Difference in vertical translation at the origin was 6 mm.
Verification of the results showed that the calculated parameters is close
to root mean square residual.

Conclusions
1. Using calculated site calibration parameters it is possible to get
coordinates at 14 mm level.
2. Site calibration parameters and precision fully consistent with national
regulations for topographic and geodetic survey for cadastral purposes.
3. Calculated site calibration parameters can be used all over the territory
of Latvia.
4. Site Calibration is the basic methodology used to ensure uniformity of
measurements made by different surveyors.
5. State Geodetic network should be monitored and connection
parameters should be kept up to date by governmental organisations.
6. Applied surveying must be instantly suppported by govermental
organisations.
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DIGITAL ZENITH CAMERA PROJECT RESULTS
AND PERSPECTIVE

A. Zarins, A. Rubans, G. Silabriedis

University of Latvia, Institute of Geodesy and Geoinformatics
e-mail: ansis.zarins@Iu.lv

Design of digital zenith camera in Institute of Geodesy and Geoinformatics
of the University of Latvia started in 2010 [1]. A simple prototype camera,
employing manual rotation and leveling mechanisms, was constructed.
Tests of it demonstrated necessity of computer control over most functional
activities. Improvements of camera design included motorized rotation,
leveling and focusing mechanisms. In order to simplify communication
between the control computer and multiple actuators and data acquisition
devices, an on-board control computer was added to the layout. The
improved design (Fig. 1.) was finished in 2015, extensive field tests were
carried out in 2016. Presently, although some technical aspects still need
improvements, we consider the camera ready for regular observations.

Like other digital zenith cameras [2][3], the main part of our design is
rotating platform, on it are mounted a 203 mm (8”) telescope, equipped
with imaging device (8 Mpix CCD assembly), tiltmeter, leveling
mechanism, rotation gear and control equipment. Similar platform below
is used as base of leveling and rotation; it is mounted on a field tripod.
The weight of rotating assembly is about 12 kg; it is easily detachable from
tripod with the lower platform, and is transported in a separate case. The
camera needs 12v / 3A power supply.

Observation procedure consists of a sequence of instrument rotation
positions. In each position it is leveled with a few arcsecond accuracy, then
a number of zenith area star field images are obtained along with tiltmeter
readings. A typical observation session takes up to one hour. Astrometric
processing of image data [5] provides coordinates of projection of
ellipsoidal zenith on the image. Calculation of vertical deflection value
is based on analysis of the pattern, made by ellipsoidal zenith projections
(corrected for residual tilt of instrument). If the instrument would be
ideally leveled in each rotation position, plumb line would project in a
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Fig. 1. Zenith camera. All measuring devices and actuators
are on the rotating upper platform

single point in CCD coordinate system (with location, determined by
tiltmeter zero-point offsets and tiltmeter orientation relative to imaging
subsystem). Trajectory of ellipsoidal zenith would be a circle around plumb
line’s projection [1]. Parameters of this circle (radius and phase) would
give components of vertical deflection value. In reality, leveling can never
be ideal, therefore corrections, obtained from tiltmeter measurements
during frame exposure, must be applied to calculated ellipsoidal zenith
coordinates. Besides, in order to compensate (at least, partially) effects of
thermal expansion in instrument assembly and various zero-point and
sensitivity drifts, linear drift members are added to data model.

On-board computer running Windows is used for data acquisition control.
Control and data processing software is designed as a single program. On-
board control process is monitored and controlled on a remote console (a
laptop) via RemoteDesktop connection. A timer-activated control loop
is implemented in the control program, regularly performing query on
active devices. If new data is present, it is read, interpreted and visualized,
any necessary actions are executed or scheduled. Measurement data are
saved in file system and post-processed later.

52



A number of test observation sessions at a fixed site were carried out
in order to find actual capabilities of instrument and select optimal
observation methodology. It was found, that, in most aspects, performance
is close to expected. Vertical deflection values from about 30 observation
sessions (May 2016- January 2017) are within 0.2 arcsecond limits (rms
of average 0.15 arcseconds). Presence of some anomalous refraction effects
are suspected, further research should provide more information on it.

In order to test the instrument in real field conditions, 6 observation
sessions in different locations were performed. The properties of results
were similar to the test site. One of locations was selected because of well-
known astronomical longitude that could be used for external test of the
instrument - the site of former Time Service transit instrument in Riga.
The result was close to value, calculated as difference of astronomical and
geodetic longitudes (diverged from it by 0.13”). In general, test results
show similar accuracy properties as reported for other digital zenith
cameras [2][3]. Now our intention is to proceed with field observations
in various sites. Also, some improvements in instrument construction,
accessories and control software are planned.
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