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PREFACE

The Institute of Geodesy and Geoinformatics of the University of Latvia (LU GGI) in
2024 celebrates its 100" anniversary since the establishment in 1924 and its 30" anni-
versary since the reestablishment of the Institute of Geodesy in 1994.

The researchers of the Institute of Geodesy (1924-1944) concentrated on the research and
education in many advanced topics of that time — development and adjustment of National
Geodetic networks, photogrammetry, studies of vertical Earth movement and research in
gravimetric and magnetic measurements. Currently the research areas are developed in
satellite geodesy and geoinformatics. In this context the main topic of LU GGI activities is
concentrated on development of satellite laser ranging systems (SLR), both the hardware and
control software, two SLR prototypes were developed until 2010 and the new approach - opti-
cal space object observation system is developed and observations have started been started.

The light weight and portable digital zenith camera for studies of vertical deflection has
been developed at LU GGI. The test results reach precision of 0.1 arc second which is very
promising for the improvement of the quality of the National model of Latvia gravity field
modelling. The recent version of the National gravity field developed at the LU GGI has
achieved precision of about 2 cm which is much higher than previous model (7-8 cm) used
in Latvia. The high precision gravity field model is very important for practice. This reaches
correspondingly high precision of normal height determination using Global Navigation
Satellite systems (GNSS) in geodetic measurements. This support studies of vertical and hori-
zontal motion of the Earth in Latvia by carrying out the analysis of the GNSS observations
at the LatPos and EUPOS-RIGA permanent station networks and LU GGI GNSS stations.
These studies provide high quality data for GIS data base development and for digital terrain
models of Latvia in general and particular cities of Latvia.

The Institute of Geodesy and Geoinformation is substantial research and develop-
ment unit of the University of Latvia. The Institutes research activities are organized in
two departments — Department of Geodesy and Department of Geoinformation. Within
the Department of Geodesy, the major topics of the activities are concentrated on construc-
tion of Satellite laser ranging and optical tracking systems (hardware, software), GNSS appli-
cations and substantial for developments is participation in the project EUPOS®. Department
of Geoinformation is developing 2D and 3D country-wide geographical databases, large
urban geographical databases and DEM, and developing highly detailed local geographical
databases. Besides the Department of Geodesy has experienced staff dealing with satellite
on ground observations.

The LU GGI research is well-known in the professional field in the world, but in Latvia
it is an institution that unites and involves leading researchers from all over the country,
regardless of their primal work and has become a sort of informal coordinating centre for
research in this field. The high scientific quality and applied nature of many studies, pre-
sented at this conference, should be highlighted, which will allow to use in the economy this
knowledge and numerous scientific solutions already in the next few years.

Director of the Institute of Geodesy and Geoinformatics
Dr. sc. ing. Ingus Mitrofanovs
May 30, 2023
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ON POSITIONAL ASTROMETRIC OBSERVATIONS OF
VARIOUS SPACE OBJECTS IN GGI

Diana Haritonova, Ansis Zarins, Augusts Rubans

University of Latvia, Institute of Geodesy and Geoinformatics, Jelgavas str. 3, Riga, Latvia
E-mail: diana.haritonova@lu.lv

Optical tracking system (OTS) of the Institute of Geodesy and Geoinformatics (GGI)
has recently proven its ability to perform positional astrometric observations of natural
and artificial space objects during the research project “Reconfigurable space object optical
tracking system of GGI - implementation stage” and later, using new more advanced CCD
matrix. This is a 16.8 Mpix CCD matrix, which ensures a field of view of 0.5° x 0.5°, with
pixel size 0.46 arc seconds.

The new camera has ensured detection of stars with the minimum brightness of about
16™ at 1-s exposures, and 18.5™ at 60-s exposures.

For observation purposes, the method of frame stacking in celestial coordinates was
used, which allows to prolong the “effective exposure time” of the object, i.e. to increase its
brightness. The method has shown that applying it in star tracking mode using 5 frames at
different exposures till 60 s, the detectible star magnitude can be increased by 0.7 m — 2.0 m.
The results have shown that single frames of shorter exposures (till 5-10 s) are more appro-
priate for stacking purposes.

Applying the method of frame stacking, it is possible to capture positions of many geo-
stationary satellites and precisely define their coordinates for the given epoch. Additionally,
it is possible to increase the brightness of near-Earth objects such as asteroids during one
observation session, and representatively show the trajectory of their movement for longer
observation period.

In 2021, the SSA Programme (Space Situational Awareness) was promoted to become one
of the flagship programmes of the European Union. The programme focuses on three main
areas: Near-Earth Objects (NEO), detecting natural objects that can potentially impact Earth;
Space Surveillance and Tracking (SST), watching for active and inactive satellites, discarded
launch stages and fragmentation debris, and Space Weather (SWE).

The target application area for the optical tracking system of GGI is ground (in-situ)
support of space missions, requiring accurate astrometric position determination of satellites,
space debris (SST segment), and small Solar system objects (NEO segment).
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RECENT ADVANCES AT THE RIGA SLR STATION

K. Salmins, J. del Pino, ). Kaulins, S. Melkov

University of Latvia, Institute of Astronomy, Jelgavas str. 3, Riga, Latvia
E-mail: kalvis.salmins@lu.lv

This paper reports on some recent advances in the SLR station Riga. We have increased
the number of tracked passes covering all the International Laser Ranging Service (ILRS)
satellites categories according to the priority lists and are working to maximize the amount
of data for the geodetic and high satellites. We have implemented the internal quality con-
trol procedures to maintain long- and short-term stability to ensure the ILRS guidelines.
Recently, we have successfully determined rotational parameters for several space debris.
For the first time we have successfully performed a space debris laser ranging in the mul-
tistatic mode when the target is illuminated by the high energy laser and other stations are
detecting scattered photons. Part of the activities reported here has been done in the frame
of the ESA projects 4000131217/20/NL/SC and 4000135730/21/NL/SC.
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ANALYSE OF THE SPECTRAL INDICES OF VERTICAL
COORDINATES OF LATVIA’S GNSS PERMANENT
STATIONS

Pawet Postek’, Wiestaw Kosek', Kamil Maciuk?

! Faculty of Production Engineering, University of Life Sciences in Lublin
2 Department of Integrated Geodesy and Cartography, AGH University of Krakow
E-mail: pawel.postek@up.lublin.pl

The spectral index allows us to understand the dominant frequencies present in time
series. It provides valuable insights into the underlying patterns, periodicities, or trends
present in the time series, such us information about the balance between low and high
frequencies in a time series. In many cases, when the amplitudes of low frequencies become
higher than the amplitudes of high frequencies, the spectral index tends to increase.

It is a useful tool in fields such as data science, signal engineering, meteorology, econom-
ics, or surveying [1]. Spectral indices of GNSS (Global Navigation Satellite System) coordinate
time series allows to analyse their spectral characteristics [2]The Author(s. Similar research
were dealing with the analysis of the stability of different measurement techniques [3], sea-
sonal effects [4] or noises in coordinate time series [5].

In this paper author analyse spectral indices of the height component of GNSS times
series of 36 Latvian permanent stations. Among them 3: VAIN (Vainode), IRBE (Irbene) and
RIGA (Riga) are the permanent stations of the EPN (EUREF Permant Network): As a source
of data were used daily PPP (Precise Point Positioning) solutions provided by NGL (Nevada
Geodetic Laboratory). Such times series are widely used in a various type of analyses, e.g.
determination noise characteristics, seasonal effects or crustal deformations. Fig. 1 shows
the map of the spatial distribution of the spectral indices computed by fitting a straight line
through robust and linear regression (reglin) to the logarithm of the spectrum as a function
of the logarithm of the frequency.

Fig. 1. Values of spectral indices, kurtosis and skewness for the height components of Latvia’s
permanent GNSS stations
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In the analyzed dataset, the robust and reglin indices, which assess noise in time series,
show minor differences between the rough estimation method (robust) and linear regression
(reglin), indicating stability of measurements under various conditions. To examine whether
the analyzed time series meet the conditions for a normal distribution, skewness and kurtosis
were calculated. Skewness within the range of — 2 to 2 and kurtosis within the range of
2 to 7 indicate that the time series satisfy the conditions for a normal distribution. Kurtosis
is a statistical measure that describes the shape of the probability distribution of a dataset.
High Kurtosis greater than 3 indicates more peaked distribution compared to a normal distri-
bution. Low Kurtosis less than 3 indicates lighter tails and a flatter distribution compared to
anormal distribution. Kurtosis and skewness values vary significantly between stations. For
instance, high kurtosis at the DAGD station suggests that most data are concentrated around
the mean, while high skewness indicates the presence of outliers. Such indicators can be use-
ful for identifying anomalies or specific environmental conditions affecting measurements.
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ESTONIAN NEW GENERATION RTK NETWORKS AND
HEIGHT ACCURACY

Harli Jiirgenson

Estonian University of Life Sciences. Kreutzwaldi 5, Tartu
E-mail: harli@emu.ee

In Estonia, the use of network RTK have been in progress already more as 15 years. First
of all, Trimble opened the Real Time Network (RTN) called as VRSNOW in 2007, then
few years later, Topcon did the same. Both networks has about 20 stations. Initially, only
GPS+GLONASS corrections were transferred to CMR+ or RTCM31 mount point. Majority
of the users paid annual fee and got corrections for everyday survey. As a result of this,
the tradition to use of the own base station ended completely. Later on, in 2015, Trimble
have added GALILEO and BEIDOU?2 to the correction stream. In 2022, BEIDOU3 (third
generation BEIDOU) was included as well. The last enhancement increased survey efficiency
on forest so much, that 90 % cadastral jobs are made by GNSS devices only. In 2023, third
network called MYNET covered whole Estonia as well and shares RTCM32 corrections for
all satellites systems using MSM4 messages. Their reference stations are based to CHCNAV
devices P5. Same time State Land Board has permanent GNSS reference stations based to
Leica receivers. This network is under total renewal process during the current year. But
same stations are used for RTK corrections as well, available for state institutions only.
The fifth RTN called THEK is founded due to ROAD contraction jobs but covers whole
country as well. However, different providers have some different technical details which
will be analysed on this paper. For example Trimble VRSNOW correction stream RTCM32
includes MSM4 messages. If we look more deeply inside the stream we can see if there are all
signals included or not. Most simple way to do that is to use software called Ntrip Checker.
We see all signals except Beidou B3 for on Beidou2 satellites. At the same time B3 is available
for Beidou 3 satellites. Similar small problems are visible on every network. MYNET misses
Galileo ESALTBOC which is caused by hardware capabilities. This results Galileo is not used
by Trimble devices due to fact that Trimble needs Galileo E5Altboc. Mynet misses Galileo
satellites which has number bigger than 30, problem which still needs to be solved.

All RTN in Estonia offer virtual reference point strategy except Thek. In addition to
Trimble, Topcon already 10 years offers VRS solution. Later on State land Board based
to Leica software does the same. Mynet offer both VRS and connection to closest physical
base station. Thek connects users to closest physical base station only. Last choice is selected
due to demand for a stable RTK base station for road construction machines (machine
control systems).

However, the use of big number of the satellites (like 32) presses down random errors and
even the height accuracy is much better as before. Close to any reference station we experi-
ence standard deviation 5 mm on 10 minutes series. But even the virtual reference station is
created, in case of long distance to closest base stations, we can experience standard deviation
5-20 mm (Fig.). In most cases there are waves on 10 minutes RTK series when point is stored
after 1 second for example. But even if the difference of the minimum and maximum value
is 6 cm, the mean value of the 10 minutes is very close to real result, in accuracy 1-2 cm.
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Due to much more higher efficiency of the RTK receivers not older that 4 years, RTK survey
is used much more widely as before, even on constructional geodesy. But still, we have to
take account that older receivers are not able to use new generation Beidou satellites, even
widely sold Trimble R8s for example. So we need 3 components simultaneously, upgraded
RTN, correct corrections stream and modern GNSS RTK device. For many users have been
not clear that RTCM32 is needed for triple frequency solutions. For example GPS L5 is not
useable by RTCM3.1 correction stream. Several receivers need firmware to be upgraded to
be able for RTCM3.2. Taking account those upgrades, we can achieve excellent results on
GNSS RTK survey on different applications.

Height variations on 10 minutes RTK survey
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ASSESSMENT OF ACCURACY OF GNSS MEASUREMENT
MODELS USING BASE STATION AND RADIO MODULE
SOLUTIONS

Armands Celms’, Linda Grinberga’', Toms Lidumnieks’?, Jolanta Luksa’,
Miks Brinkmanis-Brimanis'

! Latvia University of Life Sciences and Technologies, Liela street 2, Jelgava, Latvia
2 Latvian Geospatial Information Agency, Riga, Latvia
E-mail: armands.celms@lbtu.lv

Global navigation satellite systems (GNSS) historically been known as one of the new-
est technologies since the 1970s. GNSS originally developed for military purposes in
the USA (GPS - Global Position System). There are several satellite systems in the world.
Satellites, International Research Base Stations, regional/national and local base stations form
a permanent geodetic frame. Research on the size and shape of the Earth-planet, climate, sea,
urban planning. In geodesy, a network of global positioning base stations makes it possible to
assess the movements of continents, land plates at international level. GNSS is an important
technology in navigation, logistics, economics, land surveying and other “geo” sectors.

GNSS equipment/receivers and their manufacturers are applying new designs and
electronics. Initially GNSS instruments used with single frequency signal reception, later
expanding the number of GNSS signal channels to two frequencies. Such technological
improvements nowadays improve the certainty, reliability and accuracy - the overall qual-
ity — of GNSS measurements. The GNSS base station enables the surveyors, other user’s
GNSS receiver to determine coordinates with an accuracy of two centimeters in real time
(RTK) and with an accuracy of five millimeters using the accumulated post-processing data.

Various types of factors hamper GNSS measurements. The GNSS signal (radio wave)
travels in airspace, in urban environments and is a physical parameter. Any obstacle - tree,
building walls, and atmospheric effect - makes GNSS measurements less accurate. The GNSS
signal must be strong and free from attenuation and suppression effects.

This study develops GNSS models that show the comparison, certainty and reliability
of GNSS measurements using different types of GNSS techniques. Evaluation of Latvian
Global Positioning Reference Station Network — LatPos system measurements against a cor-
responding RTK solution method using Latvian Global Positioning Network geodetic point
(G2 class).
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SEISMIC MOMENT TENSOR AND FOCAL MECHANISM
OF THE MW3.3 EARTHQUAKE OF MAY 11, 2021 IN
THE KYOTO-OSAKA BORDER REGION DETERMINED
BY WAVEFORM INVERSION

Dmytro Malytskyy', Kimiyuki Asano?, Miroslav Hallo?, Andriy Gnyp',
Oleksandra Astashkina’, Lucia Fojtikova>, Jifi Malek>, Ruslan Pak’,
Vasyl Ihnatyshyn“>, Valérijs Nikulins®

! Carpathian Branch of Subbotin Institute of Geophysics, National Academy of Sciences of
Ukraine, 3-b Naukova str., 79060 Lviv, Ukraine

2 Disaster Prevention Research Institute, Kyoto University, Gokasho, Uji, Kyoto 611-0011, Japan
3 Institute of Rock Structure and Mechanics, Academy of Science of the Czech Republic, Prague,
Czech Republic

4 Institute of Geophysics, National Academy of Sciences of Ukraine, Kyiv, Ukraine

> Ferenc Rdkdczi Il Transcarpathian Hungarian Institute, Kossuth square, 6. 90202 Berehove,
Ukraine

6 SIA Geo Consultants Olivu str. 9, Riga, Latvia

Email: dmalytskyy@gmail.com

Determining parameters of an earthquake source is an important task for a deeper study
of the source processes itself, the calculation of theoretical seismograms at defined sites,
a comparative analysis of different approaches in forward and inverse problems, and for
the tasks of engineering seismology as well [1]. In the case of weak-to-moderate earthquakes,
the polarities and amplitudes of the first arrivals of P-waves observed at seismic stations are
usually used to determine the focal mechanism. When there are available observed wave-
forms at a large number of stations with azimuths evenly distributed around the epicenter
and a sufficiently accurate velocity model, the inversion usually results in a satisfactory and
precise focal mechanism solution. The problem tackled in this contribution is an inversion
of the focal mechanism if a low number of seismic stations is available.

For the purpose of this research, we selected a weak crustal earthquake that occurred
on May 11, 2021, on Kyoto-Osaka border in Japan (06:08:44.03 UTC, 34.836°N, 135.616°E,
Mw3.3, depth 12.49 km). Three-component waveforms observed by CEORKA (Committee
of Earthquake Observation and Research in the Kansai Area) seismic stations are shown in
Fig. 1. The seismic moment tensor of the earthquake, shown in Fig. 2, was determined by spe-
cialists of the Japanese National Research Institute for Earth Science and Disaster Resilience
(NIED) by inverting the whole observed waveforms from three broadband stations F-net.

In the current contribution, we present results of determining the source time function
(STF) and moment tensor of the same earthquake using a method for moment tensor
inversion of only direct P- and S-waves. The used method is presented in [2, 3], it is a version
of the matrix method developed for the calculation of direct waves in horizontally layered
medium on a half-space radiated from the point source represented by its moment tensor.
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Fig. 1. Records (in displacements) of the Kyoto-Osaka earthquake of May 11, 2021
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The seismic moment tensor was determined using our method by inverting the waveforms
corresponding only to direct waves recorded at four stations: DIG, NRO, OCU, and MNZ
(Fig. 3), and eleven stations of the local strong-motion seismological observation network
CEORKA: DIG, NRO, OCU, MNZ, TOY, HSD, KM2, KTR, IHS, SMA, and TDO (Fig. 4).
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To conclude, the seismic moment tensor inversion is important but non-trivial task and
the number of observation points influences the precision of the solution. Still, when using
appropriate advance technicks and carefull data quality check, it is possible to infer the focal
solution from a low number of observational points.
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Tectonic stress is an important factor that controls the occurrence of earthquakes.
Knowledge of the stressed state of the earth’s crust is necessary to understand geodynamic
processes, the activation of tectonic faults that are located near energy facilities (nuclear
power plants, hydroelectric power plants), the disposal of hazardous environmental waste,
including storage facilities for radioactive materials, and underground hydrocarbon storage
facilities. Taking into account tectonic stresses allows minimizing the consequences when
the regime of anthropogenic loads changes.

Using the World Stress Map (WSM) database and supplementing it with information
on tectonic earthquakes in the Eastern Baltic region (mainly earthquakes in Estonia [1]),
a generalized map of the azimuths of maximum horizontal stresses Sumax in the East Baltic
region and adjacent territories was created (Fig.).

The state of tectonic stress can be assessed using 4 parameters: the orientation Spmax
and three scalar quantities - three principal stresses Sy, SHmax and Spmin. Depending on the
ratios of the three principal stresses, there are three main variants of the earthquake focal
mechanisms: Normal faulting (Sv > SHmax), Strike-slip faulting (Stmax > Sv > Shmin) and Thrust
faulting (SHmax > Shmin > Sv).

Parameter Smmax Was estimated based on the solution of earthquake focal mechanisms.
The method based on solving the earthquake focal mechanisms makes the largest contribu-
tion (from 74 to 86 %) to the assessment of direction of Sgmax. In the study area, a minor con-
tribution to the estimating the direction of Sgmax make other methods: hydraulic fracturing
measurement, overcoring or other strain relief measurement, well bore breakout orientation
from analysis of individual breakouts.

All information on the earthquake focal mechanisms and their parameters in the Eastern
Baltic region from 1976 to 2018 previously was summarized, i.e. for the instrumental obser-
vation period. Complete or partial solutions to earthquake focal mechanisms were analyzed
for 8 earthquakes with magnitudes from 1.2 to 5 [2].

Smoothing of the Shmax directions is performed on a regular grid using a special smooth-
ing algorithm [3]. Directions of Spax were calculated using 0.5° grid, with a search radius of
500 km, taking into account data quality. With this long-wave averaging method, first of all,
the influence of large-scale terrestrial structures is taken into account, while the influence
of local inhomogeneities is less noticeable.

Data quality had four accuracy class from A to E. The accuracy class determines the devia-
tion of the azimuth Spmax from its average value. Class A corresponds to a deviation of + 15°,
Class B: + 20°, Class C: + 25°, Class D: + 40°, and Class E corresponds to a deviation > + 40°.
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The azimuths of tectonic stresses Sumax in the Eastern Baltic region have a number of
features.

Azimuth of Sgmax decreases from 157°-166° in the Kaliningrad region to 102°-114° in
Estonia. On the territory of Latvia, azimuths Sgmax vary from 115° to 150°.

The predominant type of earthquake focal mechanisms in the Eastern Baltic region are
Strike-slip and Reverse.

Within the Baltic Syneclise, a certain influence of the thickness of the sedimentary cover
on the azimuth Sgmax was revealed. With an increase in the thickness of the sedimentary
cover (from 0.25 km in Estonia to 2.1 km in the Kaliningrad region of Russia), the azimuth
SHmax increases.

Individual deep tectonic faults in the earth’s crust can influence on changes in Symax azi-
muths. In particular, after the Taurage-Ogre deep fault, the azimuth Sgmax begins to decrease
from 170° to 90° and then increases slightly again to 104°. Thus, the effect of rotation of
the Sumax vectors is noted. However, not all deep tectonic faults have such a significant effect
on changes in Sgmax azimuths.
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Fig. Generalized Map of maximum horizontal stresses Sumax vectors in the Eastern Baltic region
and surrounding territories

Comments: red color - points on profile 1, blue color - points on profile 2, green color —
1986 DSS profile and points on the profile, the purple dotted line shows the outline of the Baltic Syneclise.
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A connection was discovered between the azimuth Symax and the gravitational influ-
ence [4] of individual parts of the earth’s crust along the Deep Seismic Sounding (DSS)
profile. The maximum correlation coefficient was found between the azimuth Sgmax and
the gravitational influence of the sedimentary cover (k = - 0.85), the gravitational influence
of the earth’s crust without taking into account the influence of the sedimentary cover
and the upper part of the basement (k = 0.84), the gravitational influence of the thickness
of the earth’s crust up to boundary IV (k = 0.83 ).

The results of assessing the azimuths of maximum horizontal stresses Sgmax in the Eastern
Baltic region are important from scientific and practical points of view.

From a scientific point of view, knowledge of compression and extension areas will allow
to better understand the history of the geodynamic development of the region.

From a practical point of view, knowledge of azimuths and Sgmax values will make it
possible to assess the geodynamic potential in the area of important engineering and tech-
nical facilities. For example, this is necessary at the Plavinu hydroelectric power station, in
the area of the underground gas storage facility in Incukalns. Assessment of tectonic stress
parameters may be relevant for understanding the geodynamic conditions in the areas where
radioactive materials are buried in Baldone and Ignalina, as well as in the area of nuclear
power plants located near the East Baltic region (Leningrad, Belarusian).

The next stage of research is to estimate the magnitudes (scalar quantities) of three prin-
cipal stresses: Sv; SHmax and Skmix, that is important for modeling geodynamic conditions and
estimation of geodynamic potential in the area of the above objects.
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Seismological monitoring is crucial for understanding and mitigating the effects of
earthquakes and related geophysical phenomena. Globally, the importance of seismological
monitoring is related to devastating earthquakes in tectonically active regions, which often
lead to massive loss of life and destruction of infrastructure, as well as nuclear non-prolifer-
ation, where seismology in particular plays a key role on worldwide monitoring of nuclear
weapon tests [1, 2]. However, seismological monitoring is important even in relatively inac-
tive, low-seismicity areas, such as Latvia, due to presence of small-magnitude natural earth-
quakes and human induced seismic activities [3]. Here we outline main necessity for local
seismic wave monitoring in Latvia, its aims and scope as well as most important challenges
and prospects for seismological measurements in the Baltic region.

Baltic region is characterized by relatively low seismic activity. In the recent history, no
earthquakes larger than magnitude five have been observed, with largest ones occurring
in 1976 in Osmussaare, Estonia with magnitude 4.7 and in 2004, Kaliningrad region, with

)
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Fig. 1. Seismological observation stations around Latvia

82" International Scientific Conference of the University of Latvia, 2024 20
GEODYNAMICS AND GEOSPATIAL RESEARCH


mailto:viesturs.zandersons%40lu.lv?subject=

magnitudes reaching 5.2 [4, 5]. Nevertheless, there are multiple small magnitude (<2.5) events
observed with almost annual return frequency [3, 6]. In addition, seismic vibrations from
human made blasts, either from mining of natural resources or military drills are commonly
observed in the area. The area is monitored by a virtual network of 10 permanent broadband
seismic stations - three in Estonia, two - Lithuania, two - Finland, one in Poland, Latvia
and Denmark (Fig. 1). While existing stations are used successfully to monitor large earth-
quakes, a more intricate network is required to accurately locate smaller events [3, 6], which
can be crucial when calculating the seismic hazards.

Main challenges of seismological observation in Latvia are thus related to lack of seismic
observation stations and lack of manpower for in-depth seismic data processing. The lack
of observation stations is highlighted by a recent seismic event in the morning of 30" April
2024. Multiple people reported ground shaking in a relatively large region for more than
10 seconds in Courland, Latvia to maximum intensity of 4 by EMS-98 scale, the description
of movement being similar to a shallow earthquake. However, as no seismic stations were
nearby, with the closest one being more than 80 km away, signs of an event were detected in
only one - Slitere - observation station. This greatly complicated the analysis of the event.
The location could be determined by only back-azimuth from the mentioned observation
station, and the precise P and S arrivals were masked by relatively large background noise.
This led to epicenter location in the Baltic Sea, not matching the shaking reported by people

(Fig. 2).
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Fig. 2. Event analysis and reported intensity of the event on the morning of 30™ April 2024
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In-depth seismic monitoring using a sparse station network also takes significant amount
of time, as advanced methods such as station cross-correlation must be used to determine
even bare minimum information - first P and S arrivals. In fact, the recent testing of
machine-learning (ML) algorithms in event detection highlighted many cases that have been
missed by routine analysts, likely due to lack of manpower in the monitoring network [7].

It is very likely that the importance of seismic monitoring in Latvia will only increase.
Large scale infrastructure projects related to the use of geological resources such as deep
mining or underground CO; storage will necessitate improved ground monitoring, consid-
ering environmental risks. Seismic monitoring can also play a crucial role in geopolitics, an
example being the recent destruction by blasting of the Nordstream pipeline in the Baltic
Sea. In future, improvements in the seismological observing network, and data processing
are required. Recent work regarding ML methods in seismic monitoring is a good start,
however more emphasis needs to be put on ML model adjustment. In addition, seismic event
parameter analysis is also a topic that needs attention, which could directly lead to improved
seismic hazard analysis in the region.
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In order to obtain estimates of stability and statistical properties of deflection of ver-
tical (DoV) measurements by digital zenith camera VESTA [1, 2], 26 overnight (typically
7-12 hours long) observation sessions were done at a fixed site by two adjacent cameras
(placed within 1-10 meters from each other). About 5000 measurement positions for each
instrument were abtained. 12-position (sub-session duration of 15-20 minutes) DoV solu-
tions [1, 2] were calculated within a sliding data window along these positions. Analysis of
data showed the following:

o On average, DoV values obtained by both instruments are quite close (Fig. 1), differ-
ence between averages (vertical lines on Fig. 1 B, C) is 0.01 arc seconds for X () and
0.024 arc seconds for Y (£) at distribution rms around 0.12 arc seconds. Neverthe-
less, these differences are not negligible in comparison to formal accuracy estimate
(RMS/sqrt(N)) of ~0.002 arc seconds.
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Fig. 1. Distribution of 12-position DoV values (in arc seconds) obtained by two adjacent
instruments: A — scatter on XY plane, B - histogram of X () component variations, C - histogram
of Y (§) component variations
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Distributions of DoV values for different sizes of sliding data window are quite similar;
most extreme values are gradually eliminated for data windows of more duration,
leading to slightly smaller RMS (Fig. 2). Averages of individual sessions (slanted
crosses on Fig. 1A) may differ from total (many sessions) average by up to ~0.2 arc
seconds (Fig. 1).

o Although distribution of results both for individual sessions and for whole bulk of
data look close to normal, averages of individual simultaneous sessions show con-
siderable differences (occasionaly up to 0.2 arc seconds) between both instruments.

« Within a session, random-looking fast variations (with periods of minutes) are super-
imposed on others, much slower (with periods of hours to days), but in the long run
also random (Fig. 3). These variations presumably are result of varying horizontal
gradients of atmosphere refractivity (density).

 No persistent dependency on time-in-day (UT) was found.

 Contrary to expectatations, close correlation of results of adjacent cameras was not
found. Differences in DoV components are considerable, up to several tenths of arc
second. Time dependency of differences include both fast and slow components.
However, quite often similar time dependency patterns are present, also both fast
and slow. That indicates presence of several variability mechanisms, some common
to both instruments and some separate.

» No pronounced dependency on distance between cameras (within ~1 to 10 m).

o Attempts to provoke more intense air turbulence in direct proximity of cameras
(heaters, fans) led to slightly bigger variability of results, but did not change general
pattern.
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Fig. 2. Distribution of DoV X (n) value for different sizes of sliding data window
(60, 30, 20 and 12 rotation positions)
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Presently we find it difficult to propose detailed explanations of such behavior. Some
differences between cameras may arise inside telescope assemblies. Fast twinkling com-
ponent, caused by passing of turbulece cells across field of view, most probably is similar
for both cameras, but is far beyond time resolution of DoV solutions (not less then a few
minutes). Structure and dynamics of horizontal density gradients in atmosphere are poorly
known, but, as it seems, should not experience big differences between cameras, especially
in far zone. Possibly local topography features add some input. Additionl research would be
necessary to clarify situation.
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Geometric leveling is a conventional method for transferring height differences between
points in a leveling network relative to the sea-level surface, or geoid. However, this approach
is labor-intensive and time-consuming, particularly over long distances or in the presence
of topographic or administrative barriers.

An alternative to geometric levelling involves using precise geoid undulation data,
denoted as N, along with ellipsoidal GNSS heights, denoted as h, to derive normal or orth-
ometric height, H = h - N. While this method offers faster and easier height determination,
it’s hindered by the limited accuracy of geoid surface properties necessary for precise leveling.
Deflection of vertical measurements, indicating the geoid surface’s inclination with respect
to the reference ellipsoid surface, along a traverse between leveling points, present a viable
solution. These measurements can be obtained independently for intermediate points, and
a combination of old and new data can be used, allowing for significantly larger distances
between measurement points compared to geometric leveling.

Measurements of deflection of vertical conducted using digital zenith cameras have been
employed in studies to determine geoid undulation, as evidenced by works such as those
by Hirt and Flury (2008) [1], Voigt and Denker (2014) [2], and Schack et al. (2018) [3]. In
the United States, numerous surveys aimed at validating geoid slope along the traverse have
been undertaken over time, employing various methods and technologies, as documented
in studies by Smith et al. (2013) [4], Wang et al. (2017) [5], and van Westrum et al. (2021) [6].

This study conducted a trial of height transfer using quasi-geoid undulation extrapolation.
The approach combined deflection of vertical measurements from the digital zenith camera
VESTA (Vertical by STArs) with ellipsoidal height measurements obtained via GNSS. To
evaluate this approach, extensive deflection of vertical measurements were collected along
a 4.5-kilometer traverse between first-order leveling points. GNSS height measurements
were taken at three first-order leveling points situated at each end of the traverse and in
the midpoint. Subsequently, the height transfer outcomes were compared with the existing
network data sourced from the national geodetic database.

Utilizing extrapolation techniques, geoid undulation along a traverse with either meas-
ured or known deflection of vertical values can facilitate precise transfer of undulation var-
iations. When combined with GNSS ellipsoidal height measurements, this method enables
accurate transfer of heights above sea level.

The accuracy of geoid undulation transfer can reach approximately 0.1 mm/km or higher,
given a deflection of vertical accuracy of around 0.1 arcseconds and an average spacing
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between measurement points of a few hundred meters. In areas with relatively uniform geoid
surfaces, the spacing between points can be extended, potentially up to 1-2 km. However,
in regions with complex topography, such as mountainous terrain, closer point spacing may
be necessary, and the selection of points should consider the impact of topographic features.

If a lower accuracy (1-2 mm/km) is acceptable, a global geopotential model with high
spatial resolution, such as GGMplus, may suffice, with potential support from deflection of
vertical measurements calibration. Nonetheless, simultaneous calculations utilizing geoid
model data can help identify major data inaccuracies.

Combining deflection of vertical measurements with GNSS-measured ellipsoidal heights
for determining normal height presents several advantages over geometrical leveling. deflec-
tion of vertical and ellipsoidal height measurements can be independently obtained for
intermediate points, allowing for the integration of old data with new measurements. This
approach proves advantageous for long-distance profiles or when encountering natural or
administrative obstacles. GNSS measurements can be conducted concurrently or sequentially
with deflection of vertical measurements, offering flexibility in measurement scheduling
based on weather conditions and equipment availability. Furthermore, the distance between
measurement points can be significantly larger compared to geometrical leveling.

The deflection of vertical measurement process with digital zenith camera VESTA is
completely automated and can be conducted by a single operator, whereas geometrical
leveling campaigns are resource-intensive, necessitating a team of skilled individuals and
inflating campaign expenses. However, deflection of vertical measurements are restricted
to clear nights, posing challenges when scheduling measurements in regions with frequent
cloud cover, although geometric leveling also demands specific weather conditions. Thus,
the suggested method could present a more cost-eftective and convenient option compared
to traditional geometrical leveling.
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High sensitivity magnetometry can be used for various application with respect to
the Earth’s magnetic field, such as magnetic anomaly detection and navigation using precise
measurements of the Earth’s magnetic field. Models of the Earth’s magnetic field distribution
exist, they can be used to determine the necessary magnetic field sensitivity for naviga-
tion purposes, see Fig. 1. The magnetic field of the Earth varies in the range of 25 000 to
65 000 nT. Typical magnetic anomaly detection requires a magnetic field sensitivity of less
than 10 n'T/Hz"2.

Fig. 1. Earth’s magnetic field distribution over Europe [1], approximate change of each magnetic
field component - By: 4.6 nT / 1 km, By: 1.4 nT / 1 km, B;: 5.1 nT /1 km

One possible candidate for high sensitivity magnetic field measurements are NV centers
in diamond whose quantum properties can be leveraged for magnetic field sensing, addition-
ally the crystal lattice structure of a diamond naturally enables vector magnetometry due to
the four possible directions that the NV centers can be oriented in the diamond [2], see Fig. 2.
Left. The current magnetic field sensitivity of our experiment using a double quantum ODMR
method [3] for slowly varying magnetic fields is on the order of 1 nT/Hz!2, see Fig. 2. Right.
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Fig. 2. Left: diamond crystal unit cell with an N'V center. Right: experimental PSD noise floor
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The presentation is dealing with the development, simulations and tests of a Model
Predictive Control (MPC) flight control for the autonomous flight of configurable drones
along a defined trajectory.

The computation of the control parameters u(t) — e. g. the propeller rotation rates of
a propeller drone - is theoretically based on the availability of the full so-called 19 parameter
control deviation dy(t) = y(t)aes — Y(t)nav (nav = multisensory navigated) due to the below
mentioned differential equations of flight physics. In case of a remote control, dy(t) is directly
read form the slider-/joystick-based control settings of the pilot. Here the PID control has
become a standard to compute continuously the control variables u(t) at any time t;.

To fly however autonomously along a desired, in first instance only waypoint-based
defined trajectory y(t)des, the PID control algorithm becomes inappropriate, as the desired
navigation state parameters y(t)des contains 19 parameters. The associated desired way posi-
tion polygon y(t)des is however only a 3D sub-vector of y(t)des. So there is an large uncertainty,
how to “fill up” the missing parameters y(t)des, rest » complementary to y(t)des, in order be able
to solve the differential equation for getting u(t). This goes hand in hand with the fact that
“any” defined trajectory y(t)des is not guaranteed to be flyable, means controllable, due to
the physical characteristics of the inertia matrix J and the motor allocation matrix M. M is
giving the relation (linear in case of propeller drone) between the above controls u(t) and
the resulting thrusts and torques in body frame of the drone within the differential equation
below. [2]

The MPC avoids all above complications in an autonomous flight. Common with the
PID control, the MPC algorithm is based on the unique first order flight physics differ-
ential equation y(t) = f(y(t), J, M, u(t)) of a flight object to be controlled. The total vector
u(t) = [u(ty), .., u(ty), .. u(tm)] of the control parameters is in the MPC case piecewise predicted
along the desired waypoint trajectory y(t)des in terms of MPC sequences u(t;) over control
horizons ATj = [ty, .., t;, .. ta]j, j = 1, nj in time spans ATj. So it holds for the total control
vector u(t) = u(ty), .., u(t;), .., u(tm)]. The above-mentioned uncertainties on the complemen-
tary parameters y(t)des, rest can be overcome by the MPC method, as well as the problem of
flyability of a defined trajectory y(t)des, in respect to get a complete set of unique control
parameters u(t) = [u(ty),.., u(t),.. u(tm)] along y(t)des. [2]

In the first part of the presentation, the principle of the MPC algorithm is explained, by
the derivation of the mathematical model for the computation of sets of controls u(tj) over
predicted time-horizon ATj. The solution for (t;) leads to the introduction of a quadratic cost
function, which has to be minimized to receive the controls u(t;j). The MPC method leads to
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a Qi-weighted result with theoretical residuals dy(t) between the controlled and the desired
[y(t1)des -» Y(ti)dess - Y(tnj)des]j>j = 1, njand so in [J(t1)des, - F(ti)dess -» ¥(tn) . Ji» j = 1, nj over
each time horizon ATj. Further residuals dy(t)” between the desired y(t)des and the navigated
¥(t)nav have to be handled from time to time. In the MPC algorithm the matrices J and M are
set as free configurable parameters, so any type of drones can be configured.

The final part of the presentation is dealing with the implementation of the MPC flight
control using python and ACADOS toolkit [1]. The implementation of the MPC flight control
is validated and tested under simulation conditions by hardware in the loop (HIL) and
software in the loop (SIL). The performance and robustness have been tested and discussed,
and the validated MPC flight control system has been adapted for a real-world application.
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The geomagnetic storm on March 17, 2015, had a strong impact on the GNSS position-
ing results in many Continuously Operating Reference Stations (CORS) in Europe. This
storm is named St. Patrick’s Day storm and it was the first super geomagnetic storm during
the 24'" Solar Cycle. It gained the attention of many researchers [1-6].

The analysis of Global Positioning System (GPS) observations in Latvian CORS stations
discovered a strong impact of this space weather event over the whole country. The impact
appeared as a moving cloud of positioning discrepancies across the country. However,
the analysis of the days before and after March 17 revealed other smaller duration ionospheric
scintillation events daily.

In space weather research the investigations of ionospheric storm effects are of a funda-
mental importance [6]. By some authors is noticed that the impact is more severe at high
latitudes, while at low latitudes the impact is associated with different types of ionospheric
disturbance. By contrast, midlatitude irregularities are less severe, and they are usually attrib-
uted to expansion of auroral and/or equatorial irregularities under disturbed conditions [6].
The objective of our study was to analyze the GPS positioning discrepancy cloud movement,
the Total Electron Content (TEC) and the Rate of Change of TEC Index (ROTI) relationships,
as well as discrepancy statistics in mid-latitute region, Latvia.

First, the post-processing of the selected dataset in the Bernese GNSS Software v5.2 [7]
was carried out during the contract work of the European Space Agency (ESA) in 2020.
Computing strategy parameters included kinematic double-difference network solution,
ionosphere-free linear combination, CODE products, and four IGS/EPN network stations
(LAMA (Olsztyn, Poland), METS (Metsahovi, Finland), VISO (Visby, Sweden), VLNS
(Vilnius, Lithuania)) as reference stations. GPS observation data with an elevation cut-off
angle of 15° were used for 90 second (sampling data 30 sec) intervals of kinematic post-pro-
cessing. The FES2004 ocean tidal model was used, along with correction of the solid Earth
tide effect. The Dry Global Mapping Function (DRY-GMF) was used for the tropospheric
delay modelling. The maximum size of accepted cycle slip corrections was 10.

For the analysis of the post-processed data, we used software programs in Fortran
g95, C++, and Phyton programming languages, developed at the Institute of Geodesy and
Geoinformatics (GGI).

The Bernese GNSS Software v5.2 post-processed data solutions were validated. The posi-
tioning results with discrepancies of > 10 cm were compared with filtrated average monthly
station coordinates. The obtained solutions were considered faulty solutions if the values
of discrepancies differed by more than the threshold of £10 cm (Northing, Easting, Up, or
summarized sqrt(dN? + dE? + dh?)). The analysis methodology using the software developed
by the authors will be explained in presentation.
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The analysis of space weather impacts on GPS positioning in Latvian CORS stations
found strong degradation during the St Patricks’ day geomagnetic storm on March 17, 2015.
However, the less degraded results were fixed daily in post-midnight/predawn ionospheric
scintillations for the entirety of March 2015. The sets of simultaneously occurring discrepan-
cies over the network of CORS stations that were formed by a subset of CORS stations were
named discrepancy clouds due to the electron density irregularity in the ionosphere, which
can also be considered as the electron cloud, similar to molecular clouds in [8]. The cases of
degraded results were searched in suspicion of a space weather impact on GPS observation
results in the entire observation series in March 2015. In the frame of this study, the dis-
crepancy clouds were analyzed. The discrepancies distribution and correlation analysis in
discrepancy peaks, as well as the correlation with ROTI instead of TEC because the bins
of ROTI information were much smaller than the max TEC values per day, were applied in
Bernese GNSS Software v5.2 solutions. The whole set of disturbed solutions/stations with
associated subsets of discrepancies and ROTI values for analysis was divided into three
analyzed subsets.

The conclusion of the study was that each “shot” after 90 seconds gave a completely
new cloud with a new impacted station subset, its configuration, and completely irregular
discrepancy values. Following analysis of the positioning discrepancy clouds, the results
revealed were as follows:

In plots of time series of sequentially disturbed solutions, the discrepancy size distribu-
tion was irregular and could not be predicted;

In the count of faulty solutions per station, the mean per month was 221 in 30 ‘calm’ days
and 319 per station in one day of the storm;

The mean discrepancy for ‘calm’ days was 0.92 m and for the day of the storm was 4.52 m;

The standard deviation of the discrepancy of ‘calm’ days was 3.39 m and was 12.75 m
for the storm day;

Each “shot” after 90 seconds gave a completely new cloud, with a new impacted station
subset, its configuration, and completely irregular discrepancy values;

The duration of Loss-of-Lock was long for Latvian CORS stations up to 4 hours for IRBE
station (Fig. 1);
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Fig. 1. Latvian CORS stations and their respective Loss-of-Lock start times and durations
in minutes
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The fluctuation of discrepancies during the geomagnetic storm in meters for Northing
was [-130.5; 106.9], Easting [-74.9; 120.5], and Up [-531.6; 154.6];

The Pearson’s correlation computed between discrepancies and ROTI values appeared
weak;

The Pearson’s correlation computed between discrepancies of monthly peak subsets was
moderate;

The fluctuation of sites in discrepancy clouds was more intense on ‘calm’ days (Fig. 2).
During the storm, the boundaries of adjacent clouds were more stable because all the CORS
stations were impacted.
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Fig. 2. Center coordinate variations for 36 peak clouds on the calm days in March 2015 (on the left
side) and 149 clouds during the geomagnetic storm on March 17 (on the right side)

The area of analysis on March 16-18 was increased by including the EGNOS ground based
Ranging and Integrity Monitoring Stations (RIMS): GVLA and GVLB, LAPA and LAPB, and
WRSA and WRSB. The duration of Loss-of-Lock for EGNOS ground based RIMS stations
lasted up to 10 hours in St. Patrick’s Day geomagnetic storm.

The original article of the study is published in [9].
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Multipath is one of the error sources in GNSS measurements [1]. C/A code multipath
error might be reduced by implementing a software method that uses wavelet transform
as a basic data processing trend [2]. A new technique described to separate multipath and
the receiver tracking error to study multipath affection on airborne receivers [3]. A necessary
operation in the high-precision GNSS positioning is double-difference integer ambiguity
resolution. The proportion of success of integer ambiguity fixing is called the success rate [4].
The combined model is a new technique that improves the ambiguity success rate when a few
numbers of the satellites” precise observations are available [5]. The wide lane (WL) ambiguity
fixing rate was enhanced when using triple frequencies (L1 + L2 + L5) for approximately
100 km baseline length [6].
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Fig. 1. Baseline map (maps.google.com)

This article discusses the effect of multipath error percentage on ambiguity fixing rate with
dual GPS frequencies (L1 + L2) and triple GPS frequencies (L1 + L2 + L5). For that reason,
simulated data for stations mentioned in Table and its plan illustrated in Fig. 1 has been used
to study the ability to fix the ambiguity in different multipath proportions in the raw data.
The selected positions are placed in Poland away from each other by approximately 110 km
which is considered a long baseline. Data simulated with dual and triple frequencies at an obser-
vation rate of 0.10 HZ and cut of angle 10 degrees for two hours. The linear combinations that
come from wide-lane (L1 + L2) and narrow-lane (L1 + L2) are used to fix the ambiguities [7].
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Table. UTM Coordinates (Zone 34 U) of selected Stations in Poland for creating the simulated data

Station E (m) N (m) h (m)
KRAW1 422706.370 5546527.540 267.110
MIE1 529921.810 5570403.450 227.596

The triple-frequency linear combination is used which has been described below
equation [8].

K1 K2 K3 1 A s
A A A3 A A4 M
van + 2+ 52 Bayon

Where VA, cis the DD phase linear combination (cycles); K;, K>, and Kz are the oefficients.

A1 is the wavelength of the i-th carrier frequency (i = 1, 2, 3); VA is the DD operator @; is
the phase observation on the i-th carrier frequency, in cycles (i = 1, 2, 3); R is the geometric
range (meter); dR is the orbital error (meter); I; is the ionospheric delay (meter) on the 1st
carrier frequency LI; T is the tropospheric delay (meter); N; is the phase ambiguity (cycles) of
the i-th carrier frequency and &g, is the phase noise (including receiver noise and multipath).
The authors changed every time in the simulated data the percentage of multipath from 10 %
to 80 % from the raw data, the results showed that by using dual frequencies, there is no
solution but it’s easy to fix the ambiguities with the triple frequencies.

Fig. 2 shows that the percentage of success rate decreases with increasing the multipath
ratio in raw data, but the solution could be achieved using triple frequencies. Raw data with
10 % multipath led to approximately 62 % success rate, 40 % multipath led to approximately
10 % success rate, and from 50 % until the end, the success rate fluctuated around 9 %.
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Fig. 2. Ambiguity success rate using triple frequencies in different multipath percentages in raw data

82" International Scientific Conference of the University of Latvia, 2024 37
GEODYNAMICS AND GEOSPATIAL RESEARCH



Analyses in this paper deal with the impact of multipath error on the number of ambigu-
ity success rates using triple frequencies. Results show a high correlation between the num-
ber of observations affected by a multipath error with a wide lane ambiguity success rate.
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The Polish state 1st class levelling network has over 40,000 points. Its partial modernization
took place in 1999-2012 [1] [2], as a result of which the PL-EVRF2007-NH vertical frame
was introduced. The 20-year period between the modernization of the network (the so-called
Measuring Campaigns) indicates the need to perform such in the coming years. In 2016
the Head Office of Geodesy and Cartography (HOGC) reported that in 20 years the network
had about 23 % points getting lost [3]. Therefore, the new levelling network will be limited to
main lines with about 16,000 points. It will maintain a height connection between the most
important network points, like the satellite stations ASG-EUPOS, with neighbouring
countries [4]. Current regulations require an accuracy of 1.5 mm/km, less than the last one
(1 mm/km), this follows the trend away from the highest possible accuracy [4] [5], whether
declarative or real one. So far, the levelling lines were routed to cross each of the 380 powiats
(second level of Polish administrative division). The reduced network will remain powiats
without 1Ist class points (or with a limited number). Gap filling will be provided by GNSS
levelling, which is a cost-effective method and additionally makes possible to bypass terrain
obstacles [6] (e.g. rivers). All the points, whether established in by precise geometric or
GNSS levelling, will be adjusted in one-step process and require the same accuracy level
(1.5 mm/km).
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Fig. 1. The experiment localisation on the levelling network (left) and close up to points and vectors
(right), with two ASG-EUPOS stations. Own study based on HOGC tender documentation.
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Because satellite levelling has never been used to date for such works, no regulations
were implemented. The ones in use date from 2002 [7], i.e. before permanent GNSS station
systems were widespread. For this reason, the Head Office of Geodesy and Cartography
commissioned a measurement experiment, which will be used to develop new regulations
for the vertical network modernisation process.

The presentation shows the results of the experiment. The measurement (Fig. 1) was car-
ried out for 7 points of the existing 1st class matrix, of which 2 are excentres of the ASG-EU-
POS network. Unlike other studies, the aim was not to achieve the highest GNSS levelling
accuracy (e.g. [8]) but to determine the accuracy achieved by an ‘average’ surveying company.
Therefore, neither antennas with individual calibration, nor the Bernese GPS Software was
used. Typical geodetic equipment in the form of SatLab Freya integrated antenna receivers
was used and vectors were calculated in the Trimble Business Center 5 software. Observa-
tions were performed for two days synchronously over 12 hours each with A 5° elevation
mask. As a result, the height differences between the points were calculated, which were
converted to normal altitudes through the national quasi-geoid model PL-geo0id2021 [9]
(system PL-ETRF2000, PL-EVRF2007-NH) according to the formula:

AHleB = AhﬁB — Aup

1)
AHEB - normal height difference between point A and B,
Ahgp  _ ellipsoid height difference,
Alap normal undulation difference taken form quasi-geoid model.

The analysis of the results was carried out for 2,4,6,8 and 12-hour sessions, in
the adopted GNSS systems: (1) GPS only, (2) GPS+Galileo, (3) GPS+Galileo+GLONASS, and
(4) GPS+Galileo+GLONASS+Beidu. For each session, two vector solutions were performed
(@) inimal - the vectors connect the points as they would be measured by geometric levelling,
and (b) each point with each (8 vectors were calculated for each point: 6 for the points and
two for the nearest ASG-EUPOS stations). A total of 40 calculation scenarios were analysed.
In each case, the height difference results from the vector calculation, not the coordinate
difference. The exception was a single scenario (41th) based on the absolute PPP (Precise Point
Positioning) method calculated for a 12-hour session of GPS+Galileo+GLONASS+Beidu sys-
tems by the Canadian Geodetic Survey server for automatic calculation called CSRS-PPP [8].
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Satellite-based estimation of evapotranspiration (ET) has emerged as a vital tool in hydro-
logical and agricultural studies due to its wide spatial coverage and temporal resolution
[1-4]. This paper presents a comprehensive review of existing methodologies, datasets, and
challenges associated with satellite-derived ET estimation [5-8]. We systematically evaluate
the strengths and limitations of various satellite sensors and retrieval algorithms utilized
in estimating ET over different spatial and temporal scales [9-11]. Additionally, we discuss
the uncertainties inherent in satellite-based ET products and explore strategies for improving
their accuracy and reliability [12-15]. Furthermore, we highlight the applications of satel-
lite-based ET estimation in water resource management, agricultural productivity assess-
ment, and climate change studies [16-20]. By synthesizing current knowledge and identifying
future research directions, this review aims to provide a valuable resource for researchers,
practitioners, and policymakers involved in the utilization of satellite data for understanding
the complex dynamics of evapotranspiration processes at regional to global scales [21-28].
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Efficient and equitable access to municipal services hinges on well-designed admin-
istrative divisions. It requires ongoing adaptation to changing infrastructure factors. We
propose a novel transparent data-driven method for territorial division based on geospatial
data, the Voronoi partition of edge-weighted road graphs and a special case of the minimax
facility location problem [1]. By considering road network structure and strategic placement
of administrative centers, this method seeks to minimize travel time disparities and ensure
a more balanced distribution of administrative time burden for the population. We show
implementations of this approach in the context of Latvia (see Fig. as an example).

Fig. A division of Latvia into 6 territorial units satisfying the travel-time minimax principle
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The COVID-19 pandemic has necessitated the rapid development and deployment of
innovative solutions for detection, management, and mitigation [1-2]. “Smart4COV19: An
Innovative Approach to COVID-19 Detection and Management Using Smart Technologies”
presents a comprehensive overview of the Smart4COV19 project, which leverages smart
technologies, including Artificial Intelligence (AI) and Internet of Things (IoT), and remote
sensing to combat the COVID-19 pandemic [3]. The project focuses on the utilization of
these technologies for early detection of the virus, efficient patient management, and effective
resource allocation [4-5]. The paper discusses the integration of Al algorithms with IoT
devices for real-time data collection, processing, and transmission, which has significantly
improved the efficiency of COVID-19 detection and management [6, 7]. However, the imple-
mentation of these technologies also presents challenges, such as data privacy and security,
interoperability, and the need for robust validation [8, 9]. The paper explores these challenges
and proposes potential solutions, paving the way for the wider adoption of smart technol-
ogies in pandemic response [6, 10]. Finally, the paper outlines future research directions,
emphasizing the need for continuous innovation and improvement in smart technologies
for pandemic management [11, 7].
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Forest ecosystems are with high ecological and economical value, were forest biomass
is major biophysical parameter in the global CO2 cycle, targeted at the REDD+ activities.
Remote sensing for earth observation is widely utilized by means of optical and most recently
SAR based methods to study forest perameters, where to derive above ground biomass (AGB)
and forest height, as well as to study forest structure. SAR signal penetrates differently into
the forest canopy in respect to the wavelength. This implies different sensitivity of the SAR
method to the forest canopy structural parameters.

The SAR Interferometry (InSAR) is mostly sensitive to the vertical distribution of
the phase scattering centers within the forest volume. The X-band DLR’s bistatic InNSAR Tan-
DEM-X mission that is dedicated for generation of the high fidelity global digital elevation
model, is well utilized in the forest studies to derive canopy height model. It is found that
the bistatic InSAR coherence is a general parameter that is sensitive to the forest structure
and could derive forest structural parameters. Volumetric decorrelation is highly observed in
forest ecosystems and its loss depends on the biomass levels. Seasonality changes are causing
coherence loss in spring in the non-frozen period of the year, or increasing coherence during
the winter in the sake of frozen conditions. It is shown that coniferous species exhibits lower
coherence loss rather than deciduous species during frozen conditions. During seasonal
change in spring and autumn, the variation between frozen and unfrozen conditions is very
common, especially in mountainous temperate forests in Bulgaria at higher altitudes above
sea level, which could cause ice and snow breakage hitting large scale of the forest territory.

The seasonality changes that impact the SAR signal are not well studied in Bulgarian
forest ecosystems via SAR methods. This study focusses on amplitude and phase analyis
based on bistatic InSAR measurements from TanDEM-X, in two types of forest ecosystems.
First biome is flat dingy forest with high forest density and height, near black sea coast of
Bulgaria, comprising the biosphere reserve (BR) of ,Kamchia®“ The second biome is moun-
tainous temperate mixed forest in the north-west of the Balkan mountain massif in rugged
terrain. Four single polarization and two dual polarization bistatic TanDEM-X measurements
in stripmap mode were utilized in this study.

In the amplitude analysis, RGB combination were elaborated from the InSAR coherence,
phase and intensity for better representation of the InSAR observables from TanDEM-X, to
represent physical differences of natural targets. Winter measurements showed high penet-
ration in X-band into the canopy revealing backscatter from the forest's understorey. Due to
higher resolution of the products local roads and forest paths are prominent in the summer
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acquisitions. In the mountains geometric distortions are general issue in the TanDEM-X
imagery.

In the flat dingy forest, phase analysis showed that coherence is rather higher during
leaf-off in late autumn due to wet conditions and higher penetration, resulting better sensi-
tivitiy to the forest volume. Intensity is 2 dB lower in summer conditions rather than winter,
due to higher energy loss from the canopy during leaf-on. Coherence loss in areas with
small incidence angles found to be higher in winter. Elaborated transect in decidous forest
showed high penetration during winter and leaf-off, with differences more than 10 meters
between scattering phase centers vertical location in both seasons. Conducted phase analysis
on different species for winter and summer showed highest differences amongst deciduous
forest speices rather coniferous ones. Statistical analysis also confirmed highest differences
for deciduous species.

Dual polarization TanDEM-X products showed certain differences early and late spring
after leaf-on, suggesting more dihedtral scattering contribution during leaf-off.

The TanDEM-X InSAR bistatic data showed high contrast of the scattering phase centers
vertical location in depend of seasonality. The TanDEM-X bistatic InSAR data is well utilized
to represent differences in the sake of environemntal factors in the forest ecosystems.
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Forests are complex ecosystems that host more than 70 % of the Earth’s biodiversity.
Forests, which are also of critical importance for the sustainability of life, help reduce
the greenhouse gas effect by absorbing carbon dioxide in the atmosphere and play an
important role in balancing atmospheric conditions. It also contributes to protecting water
resources, preventing soil erosion and reducing air pollution. Protecting and sustainably
managing forests, which are the centre of natural life and indispensable for the sustain-
ability of life, has vital importance for nature and human beings. Forest fires, which play
a major role in the destruction of forests, are devastating events that occur due to natural
or human-induced causes and threaten the ecological balance. In this study, it is suggested
to use deep learning techniques to segment burned forest areas to effectively analyse forest
losses caused by forest fires and to correctly implement improvement works.

The open-access Satellite Burned Area Dataset is used to create burned area segments
from Sentinel-2 images. Although this dataset has been prepared for burn severity mapping
with 6 classes (the first 5 classes represent the burn severity and the 6th class represents
background). In this study, only 73 labelled images have been used and 690 image patches
have been created in 256 x 256 pixel size. 552 and 138 image patches have been used for
training and testing of both models. These sub-datasets have been generated for R, G, B
and R, G, NIR Sentinel-2 bands for two classes which are background and burned areas.
The first class represents unburned areas which are generated by merging of background
and two burned area classes from the original dataset. The burned area class is generated by
merging three burned area classes (moderate severity, high severity and extreme severity)
from the original dataset. The image patches which consist of more than 98 % background
have been eliminated to obtain our sub-dataset.

UNet and FPN architectures have been used for binary burned area semantic segmen-
tation. The same hyperparameters for both architectures have been used. resnet18 encoder,
imagenet’s weights have been used for model training. The used loss function is the sum of
the dice loss and focal loss functions. The obtained IoU scores for RGB dataset are 45.7 %
for UNet and 42.3 % for FPN respectively. The IoU scores for RGNIR dataset are 76 % for
UNet and 75.2 % for FPN respectively.

The results show that there are no significant differences between the two models.

82" International Scientific Conference of the University of Latvia, 2024 49
GEODYNAMICS AND GEOSPATIAL RESEARCH



	_64wl79nm8sbu
	_pjv7fhpl0tzw
	_nnhimxre7d1
	PREFACE
	On positional astrometric observations of various space objects in GGI
	Diana Haritonova, Ansis Zarins, Augusts Rubans

	RECENT ADVANCES AT THE RIGA SLR STATION 
	K. Salmins, J. del Pino, J. Kaulins, S. Melkov

	ANALYSE OF THE SPECTRAL INDICES OF VERTICAL COORDINATES OF LATVIA’S GNSS PERMANENT STATIONS
	Paweł Postek1, Wiesław Kosek1, Kamil Maciuk2

	ESTONIAN NEW GENERATION RTK NETWORKS AND HEIGHT ACCURACY 
	Harli Jürgenson

	ASSESSMENT OF ACCURACY OF GNSS MEASUREMENT MODELS USING BASE STATION AND RADIO MODULE SOLUTIONS
	Armands Celms1, Linda Grinberga1, Toms Lidumnieks1,2, Jolanta Luksa1, Miks Brinkmanis-Brimanis1

	SEISMIC MOMENT TENSOR AND FOCAL MECHANISM OF THE Mw3.3 EARTHQUAKE OF MAY 11, 2021 IN THE KYOTO-OSAKA BORDER REGION DETERMINED BY WAVEFORM INVERSION
	Dmytro Malytskyy1, Kimiyuki Asano2, Miroslav Hallo2, Andriy Gnyp1, Oleksandra Astashkina1, Lucia Fojtikova3, Jiří Málek3, Ruslan Pak1, Vasyl Ihnatyshyn4,5, Valērijs Ņikuļins6

	FEATURES OF TECTONIC STRESS IN THE EASTERN BALTIC REGION
	Valērijs Ņikuļins1, Dmytro Malytskyy2

	SEISMOLOGICAL MONITORING OF LATVIA – NECESSITY, COMPLEXITIES AND FUTURE PROSPECTS
	Viesturs Zandersons, Jānis Karušs

	ON ACCURACY OF VERTICAL DEFLECTION MEASUREMENTS BY DIGITAL ZENITH CAMERA VESTA
	Ansis Zariņš, Inese Vārna, Augusts Rubāns

	A TEST OF HEIGHT TRANSFER USING DIGITAL ZENITH CAMERA VESTA AND GNSS MEASUREMENTS 
	Inese Varna1, Ansis Zarins1, Gunars Silabriedis1, Katerina Morozova1, Armands Celms2

	GNSS DENIED NAVIGATION USING THE GEOMAGNETIC FIELD
	Reinis Lazda, Antra Asare, Oskars Rudzitis,Florian Gahbauer, Mona Jani and Marcis Auzinsh

	MODEL PREDICTIVE CONTROL FOR AUTONOMOUS FLIGHTS OF DRONES – MATHEMATICAL MODELS, SYSTEM DEVELOPMENTS AND TESTS
	Felix Vortisch1, 2, Reiner Jäger1, 2

	ON THE MOVEMENT OF GPS POSITIONING DISCREPANCY CLOUDS
	Jānis Balodis, Madara Normanda, Ansis Zariņš

	AFFECTION OF THE GPS SIGNAL L5 ON MULTIPATH ERROR MITIGATION IN DIFFERENTIAL POSITIONING SOLUTIONS 
	Mohamed Abdelhamid1, 2, Kamil Maciuk1

	GNSS LEVELLING – AN OPTIMISED GNSS SESSION FOR 1ST CLASS LEVELLING NETWORK
	Łukasz Borowski1, Piotr Banasik2, Kamil Maciuk2

	SATELLITE-BASED EVAPOTRANSPIRATION ESTIMATION: A COMPREHENSIVE REVIEW 
	Lachezar Filchev1

	ENHANCING EFFICIENCY THROUGH GEOINFORMATICS-DRIVEN TERRITORIAL REORGANIZATION 
	Peteris Daugulis

	SMART4COV19: AN INNOVATIVE APPROACH TO COVID–19 DETECTION AND MANAGEMENT USING SMART TECHNOLOGIES AND REMOTE SENSING 
	Lachezar Filchev, Maria Dimitrova, Georgi Jelev, Plamen Trenchev, Milen Chanev

	STUDYING SEASONALITY IMPACT ON TANDEM-X BISTATIC INSAR DATA OF FOREST ECOSYSTEMS IN BULGARIA
	Zlatomir Dimitrov

	COMPARISON OF TWO DEEP LEARNING MODELS TO DETERMINE BURNED FOREST AREAS FROM SENTINEL-2 IMAGERY
	Ahmet Kılıç1, Bahadır Kulavuz2, Tolga Bakirman2, Bulent Bayram2


