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Introduction

National geoid model

The coming Galileo and current GOCE achievements are highly promising for broad opportunities
to use the applications of GNSS technologies for various studies of environment using precise
point positioning static and real time kinematic methods. For normal height determination
purposes more and more arising requirements for the high precision detailed geoid model. The
need for improved national geoid model is an urgent topic in the solid Earth geodetic studies at
the Institute of Geodesy and Geoinformatics, University of Latvia.
During the last years the research was devoted to the several issues related the geodynamics in
Latvia: (1) attempts to improve the precision of the national geoid model using different input
data, different global and regional Earth gravity models for comparison and using 2 different
software packages. Geoid height reference surface for Latvia of the precision of RMS 1.6 cm was
obtained; (2) selective examination of the distortions of national and local geodetic height
reference network; (3) the analysis of the GNSS permanent station observation data time series
and station displacements affected by Earth tides for period of 5 years; (4) the success of
development of digital zenith camera for vertical deflection and application for geoid model
improvement.

Two geoid computation methods were used for national geoid model
computation. The geoid calculation method by KTH was developed at
the Royal Institute of Technology (KTH) in Stockholm and it is based on
a modified version of Stoke's formula [3]. Data from the gravimetric
measurements of Latvian Geospatial information agency for the region
of Riga were used and EGM2008 data as well as data from
GO_CONS_GCF_2_DIR_R4 - Earth's gravitational field model obtained
by GOCE satellite. The best results were achieved using
GO_CONS_GCF_2_DIR_R4 model.The mean square error for the geoid
model in the region of Riga, obtained using GO_CONS_GCF_2_DIR_R4,
according to the GNSS/levelling data is equal to 7.5 cm.
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Digital zenith camera
Continuing digital zenith camera project, a prototype camera has been built and an extensive test
research carried out, looking for solutions and design elements which might present problems
and should be improved [1]. In general, camera properties were found close to expected. The
most problematic aspect of prototype camera was mechanical stability of camera assembly.
Effects of thermal deformations during observation sessions were found to be a serious disturbing
factor. Also, necessity to improve extent of automation was obvious. As a result, an improved
camera design was made. It uses different approach to observation process – motorized leveling
will be performed in each camera position before measurements, ensuring, that tiltmeter
readings are always small and minimizing problems rising from tiltmeter scale and orientation
uncertainty.
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LV'98 and KTH GO_CONS_GCF_2_DIR_R geoid height comparison [m]
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LV’98 and KTH EGM2008 geoid height comparison for solutions in
the region of Riga [m]

Difference between directions to reference ellipsoid
normal and tiltmeter axis in rotating coordinate system.
In ideal circumstances it should make circle with radius
of plumb line deflection value (shown by thin black line).
In reality, thermal deformations changes tiltmeter axis
direction relative to optical system, resulting in spiraling
trajectory.

DFHRS geoid height reference surface for the territory of Latvia [m]
New camera design

Drift of plumb line and ellipsoidal zenith positions and difference of
them in instrument coordinate system. Some bending of
instrument assembly has occurred besides tilting of support
surface, resulting in decidedly non-linear drift of tiltmeter and
imager relative orientation. Observation sessions must be short (a
few minutes) to avoid most of effects of this bending or include
them in linear drift model.

The method of digital finite
element height reference surface
(DFHRS) was developed at the
University of Applied Sciences in
Karlsruhe, Germany [2]. This is
based on an adjustment of highly
accurate global and gravimetric
geoid models to the local height
system represented by the set of
GNSS/levelling data. European
gravimetric geoid model of EGG97
was used as input data in the
calculations of Latvian geoid height
reference surface. 102 data points
of GNSS/levelling were used in
order to define the system. RMSE
value of the obtained model is 1.6
cm
based
on
the
102
GNSS/levelling points used in the
calculation.

Acknowledgement
The research was funded by ERAF project in Latvia, Nr 2010/0207/2DP/2.1.1.1.0/10/APIA/VIAA/077 and the project
FOTONIKA-LV FP7-REGPOT-CT-2011-285912.

LV’98 and DFHRS geoid solution height comparison [m]

References
1. Abele, M.; Balodis, J.; Janpaule, I.; Lasmane, I.; Rubans, A.; Zarinjsh, A.
2012. Digital Zenith camera for vertical deflection determination,
Geodesy and Cartography 38(4): 123–129.
2. Jäger, R. 1999. State of the art and present developments of a general
concept for GPS-based height determination, in Proceedings of the First
Workshop on GPS and Mathematical Geodesy in Tanzania (Kilimanjaro
Expedition 1999). Dar Es Salaam: University College of Lands and
Architectural Studies (UCLAS).
3. Sjöberg, L.E. 1986. Comparison of some methods of modifying Stokes'
formula. Boll. Geod. Sci. Aff. 46(2): 229-248.

