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Preface

This report covers the geodetic activities at Lantmaéteriet (the Swedish
mapping, cadastral and land registration authority) and at universities in
Sweden for the years 2018-2022. The report was presented at the 19th
General Assembly of the Nordic Geodetic Commission (NKG) in
Copenhagen, Denmark, where it was held 5-8 September 2022. The
following universities contributed to and participated in the compilation of
the report:

e KTH Royal Institute of Technology (Kungliga Tekniska hogskolan) in
Stockholm,

e Onsala Space Observatory at Chalmers University of Technology in
Gothenburg (Onsala rymdobservatorium vid Chalmers tekniska
hdgskola i Goteborg),

e University of Gavle (Hogskolan i Gavle), and

e University West (Hogskolan Vast) in Trollhattan.

Sadly, we must mention that geodesist at RI.SE Research Institutes of
Sweden AB Per O.J. Jarlemark passed away on 13 July 2022 at the age of
60 and that former geodetic employee at Lantméteriet Stieg Vennstrom
passed away on 15 April 2022 at the age of 83.

This report contains many acronyms and abbreviations which are
summarized in Table Al.
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Geodetic activities in Sweden
2018-2022

|I. Geodetic activities at Lantmateriet

LANTMATERIET
—— e ey S|

|.1. Introduction

Lantmateriet, the Swedish mapping, cadastral and land registration
authority, is responsible for the national geodetic infrastructure. The
geodetic work is based on the geodetic strategic plan presented in 2018
(Lantmateriet, 2018). The activities in the fields of geodetic reference
frames and positioning are focused on

e the operation, development, and services of SWEPOS™, the Swedish
national network of permanent reference stations for GNSS,

e contributions of SWEPOS data to international initiatives such as EPN,
EPQOS, and IGS as well as international analyses of GNSS data,

e the implementation and sustainability of the Swedish national reference
frame SWEREF 99 and the national height system RH 2000 (ETRS89
and EVRS realisations, respectively), and

e improvements of Swedish geoid models.

Sweden, through Lantmateriet, is since 2018 member of the UNGGIM
SCoG and is also leading its working group on Education, Training and
Capacity Building.

|.2. Satellite positioning (GNSS)

The number of SWEPQOS stations included in EPN is 28. Seven of the
original SWEPOS stations have been included since the very beginning of
EPN. These stations are Onsala, Martsbo, Visby, Boras, Skellefted,
Vilhelmina and Kiruna (ONSA, MARS6, VIS0, SPTO, SKEOQ, VILO and
KIRO). The other 21 stations are represented by an additional monument
located at the original SWEPQS stations. Daily and hourly data are
delivered for all stations, while real-time data are delivered from 13 stations.

Lantmaéteriet operates the NKG EPN AC on behalf of the NKG. The NKG
AC contributes with weekly and daily solutions, since November 2019
based on CODE rapid products, using the Bernese GNSS Software. The
EPN sub-network processed by the NKG AC consists of 104 reference
stations (November 2022) concentrated to northern Europe. This means that
14 stations have been added to the NKG AC sub-network since the previous
NKG General Assembly four years ago.
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Lantmateriet contributes to the NKG GNSS AC project which produces
consistent, combined, and dense velocity field solutions in the Nordic and
Baltic area based on national processing using the Bernese GNSS Software
version 5.2, following the EPN analysis guidelines. A second reprocessing
of the full NKG network including all Nordic and Baltic countries is under
planning and will be consistent with EPN Repro3. The weekly solutions
from the earlier reprocessing (Lahtinen et al., 2019) and the continued
operational solutions contribute to the EPN densification project on a
regular basis.

Lantmateriet is the NGA in E-GVAP, processing data for approximately
750 GNSS stations mainly in Sweden, Finland, Norway, Denmark
(Lindskog et al., 2017). The two NRT ZTD products NGA1 and NGA2 are
currently provided. Both products are obtained from the Bernese GNSS
Software ver. 5.2 using a network solution. The NGAL product is updated
every hour while the NGA2 product is updated every 15 minutes. Due to the
limited access to real-time data, the NGA2 product is currently only
provided for all Swedish stations together with 19 stations from Finland and
5 stations from Norway using real-time GNSS data streams from the EPN.

|.3. SWEPOS — the national network of permanent
reference stations for GNSS

SWEPOS™ is the Swedish national network of permanent GNSS stations
operated by Lantméteriet; see the SWEPOS website,
https://www.swepos.se.

The purposes of SWEPOS are

e providing single- and dual-frequency data for relative GNSS
measurements,

e providing DGNSS corrections and RTK data for distribution to real-time
users,

e acting as the continuously monitored foundation of SWEREF 99,

e providing data for geophysical research and for meteorological
applications, and

e monitoring the integrity of the GNSS systems.

By September 2022 SWEPOS consisted of totally 461 stations (Figure 1.1),
of which 53 are of the highest class (class A) and 408 stations of class B.
This means that the total number of SWEPQOS stations has increased with 60
stations (12 of class A and 48 of class B) since the NKG General Assembly
in 2018.

Class A stations (see Figure 1.2) are dual-frequency multi-GNSS receivers
with choke ring antennas monumented on bedrock. They have redundant
equipment for GNSS observations, communications, power supply etc.
Class B stations are mainly established on top of buildings for network RTK
purposes. They have the same instrumentation as class A stations but with
somewhat less redundancy.
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Figure 1.1: SWEPOS network development in the past 4 years. The SWEPOS network
by the time of the previous NKG General Assembly in 2018 is shown to the left and by
the time of the 19th NKG General Assembly in September 2022 to the right. Blue
squares mark class A stations, blue dots class B stations, and yellow dots stations in
neighbouring countries and from other service providers used in the SWEPQOS Network
RTK Service.

v, ees
: * . - 5 ..
o. : u.c :v.a‘ : e T -
" ...:‘:'_ . -:.::.,.
® L ] A ... ™ .I;.
. ; s
. ..' : ..’- - 1-
.0‘ 0.- -. .“-:; = .c [] L2
. e ® 0‘.. .‘ .. .' ----- '. :'
B el L A ol
P, 0 s e w2
-a.;.:'. .- L .. --' .- ...' -‘ ;
Viwr s Vo . i o
k— Youd RS T
o i ,‘ .i . .

Five of the original 21 SWEPOS stations (Onsala, Martsho, Visby, Boras
and Kiruna) are included in the IGS network, as well as three of the
additional monuments with newer steel grid masts (ONS1, MAR7 and
KIRS8), which are also included in IGS-MGEX.

|.4. SWEPOS services

SWEPOS provides real-time services of metre level uncertainty (DGNSS)
and centimetre level uncertainty (Network RTK), as well as data for post-
processing in RINEX format. A transition from RINEX 2 to RINEX 3 is
implemented. An automated post-processing service, based on the Bernese
GNSS Software, is also available.

9(67)



LANTMATERIET

Figure 1.2: Example of a SWEPQS class A station. The photo shows the station in
Kramfors together with the hut for absolute gravity measurements. Photo: Holger Steffen.

R

LR

Good coverage of the Network RTK service has been obtained in border
areas and along the coasts through exchange of data from permanent GNSS
stations between the Nordic countries. Several stations from the SATREF
network in Norway and the Danish network of the Agency for Data Supply
and Infrastructure are included in the service with stations from private
operators in Norway, Denmark, and Finland as well as Sweden.

The Network RTK service has, in September 2022, approximately 8,800
subscriptions, which means ca. 4,900 additional subscriptions since the last
NKG General Assembly in 2018. Note that a subscription for agriculture
allows network access for up to five single users. Lantméteriet also has
cooperation agreements with seven international GNSS service providers
using data from SWEPOS stations for their services. This is done to increase
the use of SWEPQS data as well as optimising the benefits of the geodetic
infrastructure.

The real-time services utilise Trimble Pivot Platform GNSS Infrastructure
Software and are operating in virtual reference station mode. The Network
RTK service distributes data for GPS, GLONASS and Galileo as well as
GPS L5 and L2C signals using RTCM MSM. The plan is to include BeiDou
soon.

A redundant server infrastructure, a so-called High Availability solution,
was established in October 2020 in a separate physical location to meet the
demands for uninterrupted availability of the real-time services, from
current (e.g., agriculture) to future applications (e.g., autonomous vehicles).
This solution will protect against e.g., loss of electricity or internet
connectivity. System maintenance is facilitated since all traffic can be
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redirected to the other location, e.g., in case of failure or while updating one
location.

1.4.1. NEAR REAL-TIME DATA PROCESSING

In December 2021, Lantméteriet started to produce a new coordinate
solution given by an NRT GNSS data processing. The main objective of the
NRT data processing is to obtain hourly coordinates for all SWEPQOS
stations. The coordinates are used as an independent data set for the
monitoring of the quality of the reference stations used for e.g., the Network
RTK service.

The Bernese GNSS Software version 5.2 is used to acquire ionospheric free
linear combination measurements and process data in a network solution.
We use the ultra-rapid GNSS orbit products provided by CODE. For each
hourly data processing, besides the data for the last hour, four more hours of
data are added to the session to stabilise the estimation of ambiguity
parameters. After the ambiguity resolution step and in the final solution step
only the data for the last hour were used.

In the end of each NRT data processing, all estimated hourly coordinates are
connected to SWEREF 99. The displacements of the hourly coordinates
with respect to the “official” coordinates of the stations are calculated in
east, north, and up directions. The displacement information is further
distributed to the interface of the SWEPOS monitoring system.

Since the NRT data processing produces solutions for every hour, large
variations of the stations can be detected faster than daily and weekly
solutions. In addition, the hourly coordinates are useful to detect and study
the variations due to short-lived interferences, e.g., sudden large ionospheric
variations, which otherwise will be averaged out by the daily and/or weekly
solution.

1.4.2. GNSS SIGNAL DISTURBANCE MONITORING

As part of the SWEPQOS data quality monitoring, a near-real-time GNSS
signal interference detection system was developed to detect (un)intentional
signal disturbances of various sources using the SWEPQOS network. The
system (Abraha et al., 2021) utilises hourly RINEX files and detects
disturbances by monitoring and characterizing variations in signal level
(SNR). All available frequencies from GPS, GLONASS, Galileo and
BeiDou are monitored. If a disturbance is detected, an alert is sent to a focus
group within SWEPOS that addresses the issue to investigate it further and
determine a solution. The system has successfully identified critical
disturbances at several SWEPOS stations.

|.5. Reference frame management — SWEREF 99

SWEREF 99 was adopted by EUREF as the Swedish realisation of ETRS89
in 2000 (Jivall & Lidberg, 2000) and is used as the national geodetic
reference frame since 2007. The work regarding the implementation of
SWEREF 99 among different authorities in Sweden, such as local ones, is
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almost finalised (only one of the 290 Swedish municipalities still remains to
replace their old reference frames with SWEREF 99).

When necessary, e.g., when GNSS antennas were exchanged and when new
antenna models and computation strategies have been introduced, the
coordinates of the SWEPOS stations are regularly updated.

A review of the frame was undertaken during 2020 and updated coordinates
were implemented in the SWEPOS services in the beginning of 2021. The
new coordinates are based on GNSS data from autumn 2019 and the
NKG_RF17vel land uplift model (Hakli et al., 2019). The differences
between the previous and the updated coordinates are, overall, small and lie
within the specifications of the SWEPQS services.

There are about thirty reference frame defining stations in Sweden and, in
addition, approximately 100 stations in our neighbouring countries. The
number of foreign defining stations will however decrease with time, since
there is no ambition to determine all foreign stations anew when they are
altered.

By defining SWEREF 99 as an active reference frame we are exposed to
rely on the positioning services of SWEPQOS, like the Network RTK service.
All alterations of equipment and software as well as movements at the
reference stations will eventually affect the coordinates. To be able to check
all these alterations, approximately 300 nationally distributed passive so-
called consolidation points are used. Each year, 50 of them are remeasured
with static GNSS following a yearly programme.

A set of transformation parameters between ITRF2014 and SWEREF 99 is
available at Lantmaéteriet’s website and in the PROJ transformation library,
starting from version 7.2.1.

|.6. Maintenance of the national levelling network

The third precise levelling of the mainland of Sweden during 1979-2003
resulted in the national height system RH 2000 in 2005 (Agren et al., 2007).

RH 2000 is deemed the national height system for many years to come. It
will be based on levelling because the precision of height determination
with GNSS (height above the ellipsoid) is not as accurate as the levelling
technique. Consequently, the maintenance of the height control network
needs to be continued for the foreseeable future.

Since the beginning of the 1990s, a systematic inventory and updating of the
network is performed continuously. All benchmarks are visited but since
benchmarks founded in bedrock and nodal points are more valuable for the
perseverance of the network, destroyed points are replaced according to
specific criteria. This approach ensures that enough destroyed benchmarks
are replaced, securing the sustainability of the network and at the same time
keeping costs down.

When new height benchmarks are demarcated to replace destroyed
benchmarks, the levelling of them is done through procurement procedures,
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which is also the situation for the re-measurements of the 300 consolidation
points described in section 1.5.

The implementation of RH 2000 among different authorities in Sweden is in
its final stages. About 98% of the 290 Swedish municipalities have replaced
their local height systems with RH 2000.

|.7. Geoid determination

The current Swedish national geoid model is SWEN17_RH2000, which has
been computed by combining the Nordic NKG2015 gravimetric model with
Swedish GNSS/levelling data. Activities for its improvement are manifold:

e The new gravity reference system/frame RG 2000 was finalised in 2019
(see section 1.8).

e New gravity observations with Scintrex CG5 instruments are
continuously collected to fill gaps or replace old data of lower quality.

e Within the FAMOS project (see section 1.11.1), a geoid model for the
Baltic Sea will be computed that connects the BSCD2000 (an EVRS
with land uplift epoch 2000.0) in the sea to the EVRS realisations on
land. This will not only improve the geoid model at sea but also in the
border between land and sea.

e Shipborne gravity measurements on Lake Véttern were performed to fill
data gaps over the lake.

Recent focus is on improving and densifying the Swedish national
GNSS/levelling dataset. The number of stations will increase from 185 in
2021 to around 300 in 2023. The core of the new, updated dataset is the so-
called SWEREF GNSS stations for which accurate levelled heights are
available in RH 2000. A majority of these SWEREF points are the
consolidation points (see section 1.5) which allows to detect and remove
unstable points. Since 2019, the levelled normal heights of the
GNSS/levelling points are also checked by re-levelling relative to
benchmarks in the national precise levelling network.

The Swedish national GNSS/levelling dataset consisting of 185 stations was
delivered in 2022 to the EUREF working group “European Unified Height
Reference” and the ongoing work with the EHRS.

In 2020, an industrial Ph.D. student was initiated at the University of Gévle
in cooperation with Lantmaéteriet. This Ph.D. project aims at developing and
investigating different methods for regional realisation of the IHRS in
Sweden and the Nordic/Baltic countries.

|.8. Gravimetry

In the beginning of 2018 the Swedish gravity reference frame, RG 2000,
became official (Engfeldt et al., 2019) and in 2019 another realisation was
accomplished (Engfeldt, 2019). The reference level is obtained by absolute
gravity observations according to international standards and conventions.
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RG 2000 is in a zero permanent tide system in postglacial rebound epoch
2000, realised by totally 343 points of three different classes.

Since 2021, all Lantmateriet’s detail gravity observations got a gravity value
in RG 2000, no matter of which origin the observations were. The quality of
the older detail gravity observations is frequently investigated and more
detail gravity observations will be performed in the upcoming years
wherever needed.

So-called class A points in RG 2000 are 13 stations (see Figure 1.2) that are
revisited with Lantmaéteriet’s absolute gravimeter, FG5X-233, with an
interval of approximately one to three years. These absolute gravity stations
are co-located with SWEPOS stations. Ratan, Skellefted, Smagen, Visby
and Onsala are further co-located with tide gauges. Onsala is also equipped
with VLBI telescopes and a superconducting gravimeter, which is annually
calibrated with absolute gravity observations.

Since 2007, FG5X-233 regularly participates in local, regional and
international absolute gravity intercomparisons to keep track of possible
systematic biases. In 2022, Lantmaéteriet together with Onsala Space
Observatory and the Finnish Geospatial Institute arranged an
intercomparison at Onsala Space Observatory as a mission from the NKG.
The intercomparison lasted between May and July and gathered 16 different
instruments. Results will be published in 2023.

Postglacial gravity change in Fennoscandia is studied by means of repeated
absolute gravity observations in long time series. The first combined, open
accessible database of three decades of 688 separate observations at 59
stations in the Nordic and Baltic countries was published by Olsson et al.
(2019).

|.9. Geodynamics

Lantmateriet performs geodynamic research to support the understanding of
the physical mechanisms behind plate motion and deformation, and the
Fennoscandian GIA process. This may also include, depending on the study
or project, research regarding sea-level change, climate changes and
earthquakes. Results help improve correction models for these processes in
geodetic observations.

Studies of crustal deformation in Fennoscandia with continuous GNSS
observations were carried out within the BIFROST effort. The latest
reprocessed velocity field is based on 164 stations (Kierulf et al., 2021).
These data served as input for the official land uplift model NKG2016LU
(Vestal et al., 2019) and the 3D velocity model NKG_RF17vel (Hékli et al.,
2019). The next reprocessing of GNSS data, BIFROST2022, has been
initiated which will largely extend the number of stations (500+) and
observation time span.

Based on an analysis of three decades of absolute gravity observations in the
Nordic and Baltic countries, Olsson et al. (2019) introduced
NKG2016LU_gdot, a model of GIA-induced gravity rate of change in
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Fennoscandia. It is achieved by means of the NKG2016LU land uplift
model, together with the geophysical relation between gravity rate of change
and uplift recommended in Olsson et al. (2015).

Lantméteriet is involved in the EUREF effort on obtaining a high-resolution
velocity model for Europe and adjacent areas. The densified EPND2150
velocity field (https://epnd.sgo-penc.hu/) will be used to provide the first
official EUREF velocity model EuVeM2022 based on a new least-squares
collocation method with moving variance and taking plate boundaries into
account (Steffen et al. 2022).

The generation of the strain-rate product has become Lantmateriet’s
responsibility within EPOS. This European project is currently in the
sustainability phase (EPOS-SP). The first strain-rate grid for Europe can be
downloaded from the EPOS GNSS product portal at
https://gnssproducts.epos.ubi.pt. The Swedish consortium EPOS-Sweden
has been officially formed in 2022 and is supported as an infrastructure
project by the Swedish Research Council.

[.10. InSAR and Geodetic SAR

The geodetic infrastructure in Sweden will be complemented with at least
20 passive corner reflectors (Figure 1.3), co-located with SWEPQOS stations,
to support INSAR measurements. So far, 11 passive corner reflectors have
been installed. The network of passive corner reflectors will support a
nationwide GMS for Sweden and the EGMS. The Swedish GMS
coordinated by the Swedish National Space Agency is introduced between
2020 and 2022. The first product is the result of processing of 6 years
Sentinel-1 data (2015-2021) over Sweden and is available via the web-
based service at https://insar.rymdstyrelsen.se. It is based on the same
platform as INSAR Norway (https://insar.ngu.no/). The nationwide GMS
visualises the localisation of deformation in different parts of Sweden and
includes the time series of displacements for ~1.5 billion measurement
points. Lantmaéteriet will also participate in an activity related to
atmospheric corrections of the signals from the satellites.

During 2019-2021 Lantméteriet participated in the ESA founded project
Geodetic SAR for Baltic Height System Unification, led by the Technical
University of Munich (Gruber et al., 2022). The main goal of the project
was to investigate the possibility to connect tide gauges and national height
systems around the Baltic Sea by means of absolute positioning by SAR,
using active transponders. Three active transponders were installed in
Sweden at the SWEPQOS stations Martsho, Kobben and Vinberget and they
are still fully operational. Lantméteriet performed high resolution geoid
modelling at tide gauges. Projects results including the final report are
available from the project website https://eo4society.esa.int/projects/sar-hsu.
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Figure 1.3: Map overview of the distribution of the transponders and newly installed
passive corner reflectors in Sweden.
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I.I'l. Projects

Since 2015, Lantmateriet is engaged in the EU project FAMOS. The main
purpose of FAMOS is to increase the safety of navigation in the Baltic Sea,
mainly by finalising hydrographic surveying in areas of interest for
commercial shipping. Other important aims are to improve navigation and
hydrographic surveying with GNSS-based methods in the future and to
support the introduction of the new BSCD2000 in the Baltic Sea (Schwabe

et al., 2020).
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An important basis for future GNSS-based offshore navigation is an
improved geoid model in the Baltic Sea area. The forthcoming FAMOS
geoid will realise BSCD2000 in the Baltic Sea and connect to the EVRS
realisations on land. To achieve this, new marine gravity data are collected
over sea to check and improve the existing gravity data as well as to fill
gaps. Lantmateriet procured a ZLS marine gravimeter in 2017 which was
used to observe 12 shipborne and one airborne campaign since 2018 related
to FAMOS (Figure 1.4). Gravity data are continuously delivered to the
FAMOS database together with all data collected by the other participating
countries/organisations around the Baltic Sea.

During 2021, Lantmaéteriet computed a so-called FAMOS interim geoid
model based on the latest version of the FAMOS gravity database, which was
submitted to the project. The final FAMOS geoid model is expected to be
finalised and released during 2023.

1.11.2. “REFERENCE NETWORK IN THE AIR 2.0”

The research and innovation project “Reference Network in the Air 2.0” (in
Swedish: Stomnat i luften 2.0) is initiated by the Swedish Transport
Administration and is based on earlier research concerning positioning
systems for large-scale construction projects (Trafikverket, 2011).
Lantmaéteriet is, together with the KTH Royal Institute of Technology, RISE
Research Institutes of Sweden and WSP, a major partner of this project and
involved in most of the activities. The Swedish Transport Administration is
also contributing. The project started in 2019 and runs until the end of 2022.

The aim of this project is, through 13 sub-activities, to secure that the
Swedish Transport Administration uses a modern, robust, and future-proof
geodetic infrastructure for GNSS positioning.

1.11.3.MONITORING OF EGNOS

EGNOS is Europe’s regional satellite-based augmentation system. It was
developed to improve the performance of the GNSS systems and to provide
safety-of-life navigation services to aviation, maritime and land-based users.
Lantmateriet is one of the partners in the EGNOS SPMS project and
participates in the work package of local position performance assessment
where its objective is to monitor the position obtained by two SWEPOS
class A stations in Overkalix and Visby using EGNOS corrections. The
safety of life analysis of the data is done by Lantmateriet. At the end of each
quarter, the following tasks are performed:

¢ Daily monitoring and assessment of the availability of the data and the
processing,

e Quality check and analysis of the results, and

e Prepare quarterly reports.
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Figure 1.4: List of used vessels and map overview of measured tracks with Lantmditeriet’s
dynamic gravimeter, ZLS D13, during 2017-2022.
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1.11.4.NPAD

The research project NPAD — Network RTK Positioning for Automated
Driving — was funded by Vinnova with major partners being Lantmateriet,
RISE, Ericsson, Einride, Volvo and Scania. The project started in May 2018
and finished in November 2020.

The main purpose of NPAD was to develop, implement and test an efficient
distribution system for SWEPOS (Network RTK) correction data to enable

18(67)



LANTMATERIET

centimetre-level uncertainty GNSS positioning for an unlimited number of
mobile platforms, e.g., automated vehicles.

The proposed idea was to use a grid of fixed VRSs which could be
established to cover the test area in the NPAD project. The correction data
from SWEPOS for the VRS grid were then provided in broadcast mode
through the cell-phone network (location server). Lantméteriet made a
proposal to set up a new NTRIP caster on a server between the SWEPOS
VRS NTRIP and the location server.

Lantmateriet and the other partners implemented and tested the proposed
correction data distribution system according to the 3GPP standard Release
15 in the assistance data of the LTE Positioning Protocol. They also
implemented the needed software at the GNSS client side to test the
distribution mechanism and how this is handled by an RTK-enabled GNSS
receiver. The results showed clearly that the proposed solution works and
allows an unlimited number of GNSS clients. The handling of changing
from one VRS to another still needs to be handled and this can be done with
using other sensors like IMU.

1.11.5.PNK4UTM

The PNK4UTM - Positioning, Navigation, and Communication for
Unmanned Aerial Traffic Management — project is a R&D project funded
by the Swedish Transport Administration. The main partners in the project
are RISE, Ericsson, Lantmateriet, Telia, T2data, UMS Skeldar, Vastervik
municipality and Linképing University. The project started in April 2020
and runs until November 2024.

The purpose of this project is to analyse, plan and implement the required
infrastructure to prepare technology, processes, and business development
in the field of UAVSs. In the long-term, this shall significantly improve the
functionality of the cell-phone network and positioning services (as the
SWEPOS services) to perform the long-term implementation of unmanned
aerial traffic management. Furthermore, existing technology products,
processes and methods to enable secure positioning, navigation, and
communication for the UAVSs are tested and improvements will be
suggested.

Lantmateriet intends, together with Ericsson, to develop and provide
network RTK corrections to drones in an efficient manner via the 3GPP
format. There is also an interest in looking at alternative positioning
methods such as PPP or PPP-RTK.

1.11.6.PREPARE SHIPS

PREParE SHIPS — Predicted Positioning Based on EGNSS for Ships — was
a Horizon 2020 project funded by the European Union with participating
partnership organisations from Sweden, Germany, and Norway. The project
started in December 2020 and ended with the final seminar in May 2022.
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The aim of the project was to develop a decision support system for secure
ship navigation by dynamic prediction of ship movements and sharing of
such information ship-to-ship and ship-to-shore. This kind of system has
several benefits including provision of secure navigation in form of fairway
navigation and collision avoidance decision support, together with reduced
emissions into the environment. The proposed system design incorporates
several different techniques, like machine learning for dynamic predictions,
resilient and precise EGNSS positioning with sensor fusion, and
additionally employs a variety of transmission techniques and protocols.

Lantmateriet provided GNSS positioning support in form of network RTK
corrections for precise centimetre-level positioning and resilient positioning
by providing additional integrity information together with the correction
data. As for the NPAD project (section 1.11.4), corrections were provided
from fixed VRS points along the coastline to ensure scalability with a
potentially large number of future users. The main challenges were
establishment of new GNSS reference stations, adaptation of correction data
to comply with bandwidth limitations related to the dissemination channels
unique to maritime applications, and development of integrity estimation
and integrity messages for dissemination to the end-user.

1.11.7.“ROBUST SATELLITE POSITIONING”

The research project “Robust Satellite Positioning” (in Swedish: Robust
satellitpositionering) was initiated by Swedavia and financed by the
Swedish Transport Administration (Alexandersson et al., 2021). Participants
in the project were Swedavia, FOI and Lantmateriet. The project started in
August 2020 and ran until September 2021.

The main purpose of the project was to investigate if the SWEPOS GNSS
reference stations located close to airports can be used to detect and survey
electromagnetic interference in the GNSS band, to continuously monitor the
reliability of GNSS data. The possibility to detect jamming with the use of
information from SWEPOS’ GNSS receivers in combination with informa-
tion from FOI’s detection systems was studied, as well as how this
capability could be implemented in a nationwide detection system.

1.11.8.DINPAS

DINPAS — Digital Infrastructure Enabling Accurate Positioning for
Autonomous Systems — is an R&D project funded by Vinnova, Sweden’s
innovation agency. Involved partners are RISE, AstaZero, Combitech,
Ericsson, IBG, Katla Aero, Lantmateriet, Telia and u-blox. The project
started in October 2021 and will run until September 2023.

The aim of the DINPAS project is to evaluate the requirements of future
autonomous airports in terms of reliable, precise positioning as well as
scalability to large numbers of devices, to benefit the next generation of
industrial digital solutions. The targeted implementation, including software
for generating corrections, 3GPP-based delivery, and navigation device, will
be used for evaluating relevant performance.
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Lantmateriet’s contribution to the project comprises implementing a new
software for generation of GNSS corrections with the SSR technique. The
SSR corrections will be based on data from the SWEPQOS stations, and
different configurations of reference stations as input for generation of
corrections will be evaluated during the project. GNSS positioning based on
SSR corrections will then be compared to positioning using corrections
based on the OSR technique which are used in the ordinary SWEPOS
Network RTK service.

I.12. Further activities

1.12.1.REVIEW OF THE NATIONAL BOUNDARY BETWEEN SWEDEN AND
NORWAY

The national boundaries with Finland and Norway are reviewed
approximately every 25 years, as bilateral cooperation. During 2020-2024,
the boundary with Norway is reviewed. The Swedish Government has
appointed a so-called boundary commission at Lantmateriet for the review,
and the task is performed in cooperation with Kartverket, the Norwegian
Mapping Agency. During this review, Sweden is responsible for the
northern part of the border and Norway is responsible for the southern part.

The purpose is to get an updated documentation of the boundary and how it
is marked. The boundary markers will be restored, and the five-metre-wide
clearing along the boundary line is cleared from trees and shrubs (below the
tree line). It is worth noting that the field work is carried out predominantly
in demanding mountain terrain far from civilisation, and hence, planning is
always dependent on the constantly changing weather.

A helicopter reconnaissance and initial field work along the border was
performed in 2020. The field season in 2021 had up to three teams working
in parallel along the border who restored and measured 200 boundary
markers with high-quality coordinates and marked and cleared 60 km of
boundary line. This corresponds to approximately 45% of the total amount
of field work.

An important part of the work in summer 2022 was the restoration of
Treriksroset (Figure 1.5), where the national boundaries of Finland, Norway
and Sweden meet. After two days of intensive work, 260 kilos of mortar and
5 litres of paint, the cairn is again in top condition. Treriksroset was
inspected on 18 August 2022 by the national boundary commissions of
Sweden, Norway and Finland who also signed a protocol confirming the
work (see Figure 1.5).

The field work in 2022 completed another 45% of the restoration and
coordinate determination work, so that the work in 2023 and 2024 can
primarily be devoted to completion and documentation.
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Figure 1.5: Treriksroset. Here meet the national boundaries of Sweden, Norway, and
Finland. Personnel from Lantméteriet restored the cairn during 2022 and the boundary
commissions from Sweden, Norway and Finland inspected the restoration on 18 August
2022. Photo: Dan Norin.

1.12.2. PARTICIPATION IN PROJECTS OVERSEAS

Lantmateriet is involved in several projects abroad. Many projects have a
geodetic part and typical components are development of the geodetic
infrastructure and implementation of modern surveying techniques based on
GNSS. Countries which geodetic personnel have visited for assignments over
the last four years are Albania, Belarus, Bosnia and Herzegovina, Botswana,
Georgia, North Macedonia, Rwanda, and Serbia.

Besides the projects overseas, Lantmateriet has also been represented and
involved in different international seminars and working groups. For example,
Mikael Lilje is since 2017 one of the four vice presidents of FIG and Martin
Lidberg is since 2019 the president of EUREF. Rebekka Steffen chairs the
Joint Study Group 3.1: Geodetic, Seismic and Geodynamic Constraints on
Glacial Isostatic Adjustment of the IAG and was the EGU Geodesy Division
Early Career Scientist Representative in 2021/22. The UN Subcommittee on
Geodesy Focus Group on Education, Training and Capacity Building was
headed until early 2022 by Sweden (Mikael Lilje). Lantmaéteriet supports the
management of the geodetic UNESCO World Heritage Struve Geodetic Arc,
both nationally and internationally, and Thomas Eiderman is since 2022 the
Chair of the Struve Geodetic Arc Coordinating Committee.

1.12.3. ARRANGED WORKSHOPS AND SEMINARS

For Swedish GNSS users, seminars were arranged in Gavle in October 2019
and October 2021. The aim of these seminars held every second year is to
highlight the development of GNSS techniques, applications of GNSS and
experiences from the use of GNSS. Many locally organised seminars had
key speakers from Lantmateriet, who informed about e.g., SWEPOS,
SWEPQOS services and national reference frames. Lantméteriet is also
giving courses in e.g., geodetic reference frames and GNSS positioning.
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In 2019, Lantmateriet hosted the International GIA Training School.
Lectures by 16 international instructors were attended by 41 students from
all over the world. An excursion led to prominent places witnessing the
former glaciation and sea-level change.

1.12.4.PH.D. AND DIPLOMA WORK

Martin Hékansson successfully defended his Ph.D. on “GNSS hardware
biases in code and carrier phase observables” in 2020 at KTH. Anders
Alfredsson is currently working on his Ph.D. at the University of Gavle.
During the period 2019-2022 totally 18 diploma works have been
performed at Lantmaéteriet by students from KTH, Karlstad University,
Lulea University of Technology, the University of Gavle and Chalmers
University of Technology (not all published). They have mainly been
focused on GNSS and the SWEPOS services.

1.12.5.WEBSITE AND DIGITAL GEODETIC ARCHIVE

In the beginning of 2019, several new Digital Geodetic Archive services
were released. The services provide information about the national geodetic
control points as open data (under CCO license):

1. A web self-service: https://stompunkt.lantmateriet.se.

2. AWMS, which supplies the information in raster format, for import into
users’ own GIS.

3. A direct access service providing information via M2M, for integration
of data in the users’ own applications.

Besides the Digital Geodetic Archive, Lantmaéteriet hosts the analogue
Geodetic Archive, founded in 1805. It contains data and documents
regarding the basic geodetic measurements of Sweden from around 1750 up
till now.

During 2019 the review of the Geodetic Archive was completed, and the
structure of the information is now in accordance with Swedish archive
regulations.

1.12.6.GTRANS

Gtrans is a software for transforming coordinates for geodetic and
cartographic purposes. The programme is developed by the Geodesy
department at Lantmateriet and meanwhile widely distributed outside the
authority. The transformations and calculations are made with correct
algorithms and with sufficient precision.

In 2022, the new version 4.0 with a completely new graphical user interface
was released. All current transformations between Swedish national and
regional coordinate systems are included in the installation. The user can
create and add custom transformations and coordinate systems as well as
programme own plugins to read and write additional formats. The
calculation part of Gtrans can also be built into other programme systems.
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1.12.7.GUIDELINES FOR MAPPING AND SURVEYING

Lantmaéteriet contributes to efficient and standardised surveying and
mapping in Sweden through a series of best-practice guidelines called HMK
(a Swedish acronym roughly translated as “Guidelines for mapping and
surveying”).

HMK covers a wide variety of methods for geodata capture (e.g., laser
scanning, aerial photography, geodetic surveying) and includes
recommendations for professional surveyors as well as potential clients that
need to specify such services.

The guidelines are reviewed by a stakeholder reference group on an annual
basis and are published as new versions in case of major revisions. Five
documents covering geodetic applications were updated in the last 4 years:

Geodetic infrastructure
Control surveying

Terrestrial detail surveying
GNSS-based detail surveying
Terrestrial laser scanning

All HMK guidelines are published online at
https://www.lantmateriet.se/hmk, free of charge. The guidelines are also
supplemented by online courses and technical literature that cover topics
related to HMK more in-depth.
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2. Geodetic activities at the KTH Royal Institute of
Technology, Stockholm

FKTH %

NETCMETAF

2.1. Organisation and staff

Division of Geodesy and Satellite Positioning organisationally belongs to
the Department of Real Estate and Construction Management since 2018.
Since January 2015, Professor Anna Jensen was head of the Division, who
was appointed as professor in September 2014 following the retirement of
Lars Sjoberg. In 2018 she quit her full-time professorship and became guest
professor until 2021. Currently she is not associated with KTH.

At present, there are two full-time employees at the Division: associate
professor Milan Horemuz, who has been head of Division since 2018 and
associate professor Huaan Fan. Mohammad Bagherbandi is also part-time
(20%) employed at the Division as researcher. Furthermore, Dr. Johan Vium
Andersson is associated with the Division. He is employed at WSP, and he
collaborates with KTH in research and supervision of students.

2.2. Education

2.2.1. BACHELOR

KTH-Geodesy mainly contributes with teaching in geodetic surveying
techniques, map projections and reference frames in year 1 and 3 of the
Degree Programme in Civil Engineering and Urban Management (Swedish:
Civilingenjorsutbildning i samhéllsbyggnad). A total of around 150 students
are enrolled in this programme and 5-10 of these choose to specialise in
Geodesy and Geoinformatics in year 3.

To a smaller degree, KTH-Geodesy also contributes to the bachelor in
Constructional Engineering and Design with courses in geodetic surveying
techniques, laser scanning and 3D building modelling.

2.2.2. MASTER

At the master level, KTH-Geodesy contributes to the master programme
Transport and Geoinformation Technology with courses in GNSS, laser
scanning, geodata quality and adjustment theory. The master programme
has a total of around 40 students and 2-5 of these do their master thesis in
geodesy. The most popular topics for master theses have been laser
scanning in various applications, sensor integration, geodetic aspects of
building information modelling and geodata quality issues. Most of the
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master theses are carried out in cooperation with private companies or
governmental organisations.

To a smaller degree, KTH-Geodesy contributes to the master in Aerospace
Engineering with a GNSS course and co-supervision of master theses.

2.2.3. PH.D.

Ph.D. students at KTH-Geodesy are enrolled in the Ph.D. programme in
Geodesy and Geoinformatics with specialisation in Geodesy.

Four Ph.D. students have been active during 2019-2022; three of them
completed their studies (Martin Hakansson in 2020, Nureldin Gido in 2020,
Gustaf Uggla in 2021).

2.3. Research

Research at KTH-Geodesy is done partly by the staff being permanently
employed without external funding, and partly within the frame of
externally funded research projects where most of the funding is used for
salaries for Ph.D. students.

Research topics are physical geodesy, satellite gravimetry, GNSS- based
positioning and navigation, atmospheric effects on GNSS satellite signals,
geodetic reference systems and applications, geodetic surveying and theory
of errors, integration of GNSS and terrestrial surveying technigues,
geodynamics, laser scanning, and geodata quality.

External funding for research projects at KTH-Geodesy during 2018— 2022
was related to:

e Industrial Thinking through the Full VValue Chain in Coupling Geodesy,
Geodata Quality and Building Information Modelling, funded by the
Swedish Transport Administration, 2017-2021.

o Data Quality and Data Responsibility in the Built Environment, funded
by Smart Built Environment and Formas, 2017-2019.

e Control network in the air 2.0 (Stomnét i luften 2.0) funded by the
Swedish Transport Administration, 2018 — 2022.

Also, during 2019-2022 KTH-Geodesy has participated in the following
projects on capacity building in geodesy education and research. These
projects are funded by the EU’s Erasmus+ Programme:

e Geodesy and Geoinformatics for Sustainable Development in Jordan,
led by KTH-Geodesy, 2017-2020.

e Enhancing innovation competences and entrepreneurial skills in
Engineering Education, led by KTH-Geodesy, 2016-2019.

e Interdisciplinary Reform in Tourism Management and Applied
Geoinformation, led by Polytechnical University of Valencia, Spain,
with KTH-Geodesy as project partner, 2016— 2019.

e Doctoral studies in Geolnformation Science, led by Obuda University,
Hungary, with KTH-Geodesy as project partner, 2017-2020.
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e Developing Interdisciplinary Postgraduate Programmes and
Strengthening Research Networks in Geoinformation Technologies in
Armenia and Kyrgyzstan (GeoTAK), led by Polytechnical University of
Valencia, Spain, with KTH-Geodesy as project partner, 2021-2023.

All staff members of KTH-Geodesy also contribute to review of scientific
papers, participate in editorial boards of international scientific journals, act
as opponent and committee members at Ph.D. defences, perform review of
research proposals etc.

2.4. Other activities

KTH-Geodesy has been involved in several external activities with the
Swedish geodetic community as well as internal obligations in committees
and boards within the university.

Examples of external activities by KTH-Geodesy:

e Cooperation with the Vasa Museum; deformation monitoring of the
Vasa-ship twice yearly.

e Cooperation with the company Trimtec on continued education in
measurement uncertainty and GNSS for professionals in Sweden;
several one-day courses have been held every year since 2012.

e A seminar series on geodesy and building information modelling
arranged in cooperation with the Swedish Transport Administration with
two seminars per year since 2016.

e Presentations at national conferences, seminars, and workshops, for
instance Kartdagarna (the Swedish Mapping days) and Geodesidagarna
(the Surveying Days).

e Consulting for private and public organisations.

Examples of internal tasks at KTH undertaken by staff of KTH-Geodesy:

e Deputy programme responsible for the master in Transport and
Geoinformation Technology.

e Director of studies of the Geo-IT specialisation of education at the

School of Architecture and Built Environment.

Member of the KTH Scholarship council.

Member of the KTH Space Centre.

Member of the KTH Employment Committee.

Deputy programme responsible for the research education (Ph.D.) in

Geodesy and Geoinformatics.
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3. Geodetic activities at Onsala Space Observatory
— Chalmers University of Technology
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3.1. Organisation and staff

The Onsala Space Observatory (OSO) is the Swedish National Facility for
Radio Astronomy as well as the Swedish Geodetic Fundamental site. and
member of the GGOS Space Geodesy Network. OSO is hosted by SEE at
Chalmers University of Technology. OSO operates a variety of space
geodesy and geoscience instrumentation, among these geodetic VLB,
GNSS, a superconducting gravimeter, tide gauges, and radiometers, and
e.g., has the longest time series of geodetic VLBI observations worldwide.
Since 2021 Lantmateriet is providing financial support for the operational
space geodesy activities at OSO.

Until the end of August 2021, the Space Geodesy unit was part of the
Onsala Space Observatory division. During 2021 a few internal re-
organisations were carried out at SEE affecting the OSO division that hosts
the OSO infrastructure activities. The Space Geodesy unit left the OSO
division to become a part of a new GEO Division within SEE, starting in
September 2021. The Space Geodesy unit remained however a key part of
the OSO infrastructure with the responsibility to manage OSO’s geoscience
activities. The new structure did not work as well as expected, and it was
recently decided that the Space Geodesy unit will move back into the
Onsala Space Observatory division starting from January 2023.

Staff in the Space Geodesy group at the Onsala Space Observatory
during 2018-2022:

Seniors staff members:

Ridiger Haas, Gunnar Elgered, Peter Forkman, Jan Johansson (Adj. prof),
Thomas Hobiger (—2018), Maxime Mouyen (2018-), Marcin Rajner
(PostDoc 2018), Hans-Georg Scherneck (-2019), Eskil Varenius (2019-),
Armin Corbin (project assistant 2019), Karine Le Bail (2020-), Frédéric
Jaron (project assistant 2020), Peng Feng (PostDoc 2021-), Marie Cherrier
(project assistant 2022)

Guest Professors supported by the Hasselblad Foundation:

James L. Davis (2018-2022), Matt King (2018-2021), Cornelia Eschelbach
(2022-)

Ph.D. examinations:
Niko Kareinen (2018), Grzegorz Kloptek (2020), Joakim Strandberg (2020)

28(67)



LANTMATERIET

Current list of Ph.D. students (2022-10-01):
Periklis Diamantidis, Yiting Cai, Rebekka Handirk, Uttama Dutta

3.2. Education

The group working on geosciences at OSO national infrastructure takes part
in the academic teaching at Chalmers at bachelor, MSc, and Ph.D. level.
The infrastructure supports teaching by making a small fraction of the time
on its telescopes available for exercises by students on Chalmers and other
Swedish academic courses. The staff are also sometimes involved in
teaching and providing exercises at specialised graduate level schools that
are organised from time to time at the Observatory. Specifically, at
Chalmers, the 20 m telescope and SALSA, small antennas dedicated to
teaching, were used in astronomy and physics courses, the 25 m telescope
(Figure 3.1) in a satellite-communication course, GNSS equipment in a
satellite-positioning course, and laboratory equipment in courses on
microwave, millimetre wave, and THz technology. Students in the
engineering programmes at Chalmers made visits to the observatory.

3.3. Geophysical research infrastructure at Onsala

Geodetic VLBI: The geodetic VLBI observing sessions, using the Onsala
20 m telescope with its S/X frequency band receiver system, are 24 h long
and include regular IVS sessions in the R1-, RD-, RDV-, T2- and EUR-
series. In total > 200 S/X sessions in the IVS programme were observed
during 2018-2022. All sessions were recorded with the DBBC2 in vdif-
format on the FlexBuff recorder for geodetic VLBI. These data were then e-
transferred to the respective correlator.

Onsala twin telescopes (OTT): In 2018-2022, the OTT (see Figure 3.1)
were used for about 100 VGOS sessions of different kinds, for a total
observing time of approximately 600 hours/year.

Figure 3.1: The Onsala twin telescopes (OTT) and the 25 m telescope. Photo: Magnus
Thomasson.

GNSS stations: OSO’s primary GNSS station, called ONSA, has been
operated continuously during 2018-2022. It is a station in the SWEPOS
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network operated by Lantmaéteriet. It is also one of the fundamental
reference sites used in the global 1GS network, as well as in the European
EUREF network. An additional station, ONS1, has also delivered data
continuously the same networks network. In addition to ONSA and ONS1,
the 6 GNSS stations close to the Onsala twin telescopes were all running
continuously. Of special interest is the experimental station OTT5 which
was equipped with antireflecting material in periods during 2018-2022 to
study the possible improvement from decreasing the impact of unwanted
signal multipath propagation (see Figure 3.2).

Figure 3.2: Some of the GNSS installations at OSO.

ONSA ONS1 OTT6 OTT5

Gravimeter laboratory: The main purpose of the gravimeter laboratory at
Onsala is to maintain a gravity reference and calibration facility co-located
with space geodetic techniques. The facility is one component of the Onsala
Fundamental Geodetic Station. The laboratory is furnished with platforms
for visiting absolute gravimeters, which happens on average one to three
times per year. The laboratories primary instrument is a superconducting
gravimeter (model GWR 054). In international context the instrument is
called OSG054 and has been operated continuously with very few breaks in
recording (less than 10 days) since its installation in June 20009.

Tide gauges: The Onsala tide gauge station was running uninterrupted for
the entire period, 2018-2022 excluding the yearly cleaning of the well,
causing a data gap of approximately 2 hours each year. The sea level
observations are available from the official web site of national sea level
data operated by SMHI. Onsala’s other GNSS-based tide gauge station was
also operated continually over the years providing observations with a
sampling rate of 1 Hz. Data are stored in RINEX format and include multi-
GNSS (i.e., GPS, GLONASS, Galileo, Beidou) code- and carrier-phase
observations as well as SNR measurements.

Water Vapour Radiometers: The two water vapour radiometers, Astrid
and Konrad, measure the sky brightness temperatures at 21 GHz and 31
GHz from which the radio wave propagation delay in the atmosphere is
inferred. During 2019 Astrid and Konrad operated side by side in a
continuous mode up to July 2019, when a thunderstorm damaged Astrid.
Thereafter, Konrad has been operating continuously. An order for a new
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water vapour radiometer has been placed with Radiometer Physics,
Meckenheim, Germany. The delivery is expected in February—March 2023.

Aeronomy station: The aeronomy station consists of two radiometers: 1) A
single sideband H20 system (water vapour) that measures the sky
brightness temperature at 22 GHz, and 2) the double sideband CO/O3
system (carbon monoxide and ozone) that measures the sky brightness
temperatures at 111 and 115 GHz. Spectra from both radiometer systems are
used to retrieve vertical profiles of the observed molecules in the middle
atmosphere. During 2019 the mirror pointing system of the H20 radiometer
was rebuilt.

Seismometer station: OSO hosts a seismograph station in the SNSN at the
Uppsala University. We have data access to the local seismometer and keep
a continuous archive of its recordings. The station's waveform files are used
in delay calibration of the superconducting gravimeter and for noise
reduction in absolute gravity measurements.

Time and frequency laboratory: The time and frequency laboratory host a
hydrogen maser, necessary for VLBI observations, but which also
contributes to the universal atomic time. OSO also collaborates with RISE
on a Swedish time-keeping system. RISE owns a second hydrogen maser
and a caesium clock that are also installed at Onsala. These instruments are
used for comparison measurements and provide redundancy of accurate
reference time (and frequency) for the VLBI observations (both astronomy
and geodesy) at the observatory.

3.4. Users of the geoscience research infrastructure

The OSO geoscience instruments, including the geodetic VLBI observations
as the major activity, do not have individual scientific users who apply for
observing time. Rather the geoscience instruments make long-term
measurements of Earth parameters — which are thereafter stored in
international databases with open access. The data and the derived products
such as station positions, Earth’s orientation/rotation rate, and gravity field
are then used both by the global geophysics community for scientific
purposes and by civil society for a variety of practical applications including
supporting accurate geo-location services and monitoring of global change.
As far as we know, all use of the data for scientific purposes was within the
subject area 105 Earth and Related Environmental Sciences.

3.5. Outreach

During none-pandemic years over 1500 people visit Onsala Space
Observatory per year, its telescopes and exhibition. The observatory
organises guided tours, of which school groups of all ages accounted for the
most. Around 450 visitors/year come as part of three public open days,
during the Gothenburg Science Festival, on the Mother’s Day open day in
May and in conjunction with Rymdveckan in September.
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During 2022 a new visitor centre was inaugurated at the observatory. The
project has been coordinated in collaboration with Chalmers’s fundraising
office, Chalmersfastigheter and the host department at Chalmers (SEE). We
communicated news from Onsala facilities and research by Chalmers
scientists to the media in collaboration with Chalmers press office and

partner organisations.
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4. Geodetic activities at the University of Gavle

UNIVERSITY
OF GAVLE

4.1. Organisation

The Department of Computer and Spatial Sciences at the University of
Gavle (HiG, https://www.hig.se) offers graduate and postgraduate education
as well as performs research in geodesy, land surveying engineering,
geomatics, GIS and built environment processes.

4.2. Education

There are four different programmes at HiG, where three of them are at the
master level.

4.2.1. STUDY PROGRAMME IN LAND MANAGEMENT/SURVEYING (3 YEARS)

HiG offers two specialisations at the bachelor level in the land surveying
programme, i.e., Land Management (cadastral surveying) and Land
Surveying Engineering. The two specialisations share several courses for
both, such as surveying courses related to geodata capturing in 3D using
terrestrial, aerial, and satellite-based geodetic sensors. The programme
contributes with new knowledge/methods utilizing geospatial information.
In the land surveying engineering programme, students learn geodata
collection, management, analysis, and visualisation (location-based
information). The studies are focused on measurement technology and GIS.
The students get a solid theoretical foundation while they will work very
practically with the measuring instruments and software used in the
industry. Students learn to use geodetic sensors and make measurements in
digital images from drones as well as aerial and satellite images. More
information at https://www.hig.se/TGLAK.TEKN.

4.2.2. STUDY PROGRAMME FOR A MASTER OF ENGINEERING IN LAND
SURVEYING (5 YEARS)

The programme was established in 2020 and is called
“Civilingenjorsprogrammet i1 lantméteriteknik™ in Swedish. It focuses
primarily on collecting, managing, analysing and visualisation of spatial
data. The programme consists of five-year full-time studies and results in a
degree at Master level. It gives students knowledge in high demand and a
deep understanding of geospatial data, land surveying (geodesy), GIS,
computer programming, sustainable societal development, and smart cities.
After two common years, students choose between two specialisations,
either concentrating on technical land surveying or on GIS. Besides courses
in the specific subject matter, a broad education is provided in mathematics,
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computer science and the built environment. More information at
https://www.hig.se/TACIM.

4.2.3. MASTER PROGRAMME IN GEOSPATIAL INFORMATION SCIENCE (2
YEARS)

The Master in Geospatial Information Science aims to help address
challenges in the environment and society. The programme is a
multidisciplinary subject (established in 2015) that includes ideas, theories,
and methods from geosciences, in its broadest sense, and information
technology. The topic integrates technical and natural science and social
science research traditions. The focus is on knowledge building around
technical solutions and methods to collect, analyse, model, calculate, and
visualise all types of spatial, geographic, or georeferenced data. Geospatial
information science is traditionally an applied subject and tackles challenges
in e.g., social planning, decision making and industrial applications
(engineering or social science-oriented use).

HiG’s geodetic group contributes to the master programme in Geospatial
Information Science with the supervision of theses, courses within geodetic
surveying, laser scanning, satellite sensors and their applications in
Geospatial Information Science (satellite gravimetry, satellite altimetry,
INSAR, reference system, GNSS). More information at
https://www.hig.se/TAGSM.

4.2.4. MASTER PROGRAMME IN GEOMATICS (I YEAR)

This postgraduate programme in geomatics is a one-year programme and
requires an undergraduate programme in geomatics, or equivalent, as
prerequisite for admission. The geomatics programme consists of one thesis
project and nine taught courses. HiG’s geodetic group contributes to the
master programme in geomatics with the supervision of theses, courses
within geodetic surveying, laser scanning, satellite sensors and their
applications in Geospatial Information Science (satellite gravimetry,
satellite altimetry, INSAR, reference system, GNSS). More information at
https://www.hig.se/TAGEM.

4.2.5. PH.D.

Ph.D. students in geodesy are enrolled in the Geospatial Information
Science programme. Till now, three Ph.D. students have been enrolled at
HiG in geodesy.

Hadi Amin (2017-September 2022)

e Thesis title: Study on the Earth's Surface Mass Variations using Satellite
Gravimetry Observations
e Supervisors: M. Bagherbandi, F. Nilfouroushan, L. Sjéberg

Arash Jouybari (2018-2023 planned)

e Thesis title: Quality assessment in 3D mapping using aerial
photogrammetry data
e Supervisors: M. Bagherbandi, F. Nilfouroushan, A. Ekholm
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Anders Alfredsson (2020- ), industrial Ph.D. student from Lantmateriet

e Thesis title: Investigation of methods for regional realisation of the
International Height Reference System with case studies for Sweden and
the Nordic/Baltic countries

e Supervisors: J. Agren, P.-A. Olsson

4.3. Research

The research conducted within the research group has been done based on
external and internal funding. The research topics have primarily been
focused on applied geodesy, such as:

e Geodata capturing using different terrestrial, aerial (including drones)
and satellite-based geodetic sensors for 3D mapping
e Using drones (Unmanned Aircraft Systems) and different sensors for
environmental surveillance
e Change detection of engineering structures and hazard monitoring using
geodetic approaches
e Studying Earth’s gravity field and its applications (physical geodesy)
e Study on the geodetic reference system and datum unification
e Geodynamics and Earth Observation:
1. Climate change studies using satellite gravimetry and altimetry (sea
level rise, glacier melting, groundwater depletion and subsidence)
2. Measurement and analysis of anthropogenic and natural
ground/structural deformation using GNSS and SAR Interferometry
(INSAR)
3. GlA-related vertical land motion modelling using satellite geodesy
techniques
4. Earth’s interior parameter modelling (crustal thickness, viscosity).

In addition, HiG and Lantméteriet decided to collaborate more on different
research platforms in 2016. They decided to work on the strategies, relevant
research areas, and common interests such as:

e Automated decision making.

e Information supply in Geodata area (Change detection, image analysis,
3D modelling, building information modelling and crowd-sourcing).

¢ Information presentation and visualisation.

The collaboration plan is realised by elaborating joint doctoral students
within each area through research funding applications.

Table 4.1 shows external funds for research projects that HiG’s geodesy
research group participated in during 2019-2022. The research group is
active and works continuously with research applications with external
actors according to the department plan every year.
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Table 4.1: External funds for research projects during 2019-2022.

Financier Title Time period
Tillvéxtverket | Spatial data innovation (SDI) 2019-2021
Trafikverket | Satellite monitoring of railways using 2020-2021

INSAR
SWECO Cost-effective data capture, including 2019-2020
(Richert) satellite images for settlement monitoring

in Gavle
KKS Avans | Geodata competence at advanced level (for | 2020-2022
20 developing Civil engineering programme

in surveying technology)
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5. Geodetic activities at University West, Trollhattan
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5.1. Educational activities

In February 2018 two senior lecturers in Geodesy, one full-time and one
part-time, were employed in the SE education programme of University
West (UW). Shortly after, the HoD of engineering science decided to divide
the SE programme into two separate programmes, a pure SE with a higher
admission requirement than the old SE programme and a land surveying
covering Cadastre and land management with the old. A part-time senior
professor in Geodesy and a laboratory engineer in technical surveying were
employed after. The education curricula and new courses were developed,
and modern instruments were bought in consulting with the industrial
sectors. The university recruited new students in both programmes in the
first year, but the year after, the land survey programme moved to the
department of economy. On the 15th of March 2021, the HoD paused the
student recruitment in the programme for 2021, due to an over-production,
created by establishing several other education programmes, and lack of
connection of the SE to production technology, the only higher education
programme in engineering at UW. None of these plans and decisions were
discussed with or informed to the SE programme responsible teacher. All
supports and concerns from different industrial sectors (about 20 support
letters) were not successful and the HoD paused the student recruitment
again three months later for 2022. In such a situation and based on the
university rules, a consequence analysis needed to be performed for the
future of the programme. An external investigator was appointed, and he
submitted a report supporting the programme. However, in January 2022,
the university vice-chancellor, following the suggestion of the HoD and
after other formalities, decided to close the programme. In May 2022, the
full-time teachers were unemployed, and all activities in the geodetic
educations were ended.

5.2. Research projects

In 2019, the members of the SE programme succeeded to have a two-year
research project, granted by the SNSA with the title “On using satellite
altimetry to determine the crust-mantle density contrast on the oceans”, but
due to some internal administrative reasons and the pandemic, the grant was
used for four years. After closing the SE programme and stopping all
geodetic research at the university, the project grant moved to Uppsala
University by its leader. A small one-year project, granted by SWECO with
the title “Deformation Monitoring over Véstra Gotaland using InSAR data
of Sentinel-1 satellite mission” was performed at UW. In addition, UW
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succeeded to receive an Erasmus+ grant from the European Commission for
a mobility project, between UW and University of Addis Ababa, Ethiopia.
Some Ph.D. students and teachers visited UW for short geodetic research
sabbaticals, and some teachers from UW visited University of Addis Ababa
and gave lectures before the pandemic.

5.3. Ph.D. education

In December 2021, one Ph.D. in Geodesy was produced in collaboration
between UW and University of Addis Ababa, with the main supervisor from
the university and another Ph.D. in Geomatics in collaboration with
University of Sherbrooke in Canada with a co-supervisor from UW.
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Acronyms and Abbreviations

Table Al: Explanations of acronyms and abbreviations used in the report, in alphabetical

order.

Acronym or | Explanation

abbreviation

3GPP 3rd Generation Partnership Project

AC Analysis Centre

BIFROST Baseline Inferences for Fennoscandian Rebound
Observations Sea level and Tectonics

BSCD Baltic Sea Chart Datum

CODE Centre for Orbit Determination in Europe

DGNSS Differential GNSS

E-GVAP The EUMETNET EIG GNSS water vapour programme

EGMS European Ground Motion Service

EGNOS European Geostationary Navigation Overlay Service

EGNSS European GNSS

EGU European Geosciences Union

EHRS European Height Reference Surface

EIG Economic interest grouping

EPN EUREF Permanent GNSS Network

EPOS European Plate Observing System

ETRS European Terrestrial Reference System

EUREF International Association of Geodesy Regional Reference
Frame sub-commission for Europe

EUMETNET | European Meteorological Network

EVRS European Vertical Reference System

FAMOS Finalising Surveys for the Baltic Motorways of the Sea

FIG International Federation of Surveyors

FOI The Swedish Defence Research Agency (Totalforsvarets
forskningsinstitut)

GGOS Global Geodetic Observing System
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Acronym or
abbreviation

Explanation

GIA

Glacial Isostatic Adjustment

GIS Geographic Information System

GLONASS | Globalnaja navigatsionnaja sputnikovaja sistema

GMS Ground Motion Service

GNSS Global Navigation Satellite Systems

GPS Global Positioning System

HMK Guidelines for mapping and surveying (Handbok i mat-
och kartfragor).

HoD Head of Department

IAG International Association of Geodesy

IGS International GNSS Service

IGS-MGEX | IGS Multi-GNSS Experiment

IHRS International Height Reference System

IMU Inertial Measurement Unit

INSAR Interferometric Synthetic Aperture Radar

ITRF International Terrestrial Reference Frame

ITRS International Terrestrial Reference System

IVS International VLBI Service

LPP LTE Positioning Protocol

LTE Long Term Evolution

M2M Machine to machine communication

MSM Multiple Signal Message

NGA Nordic GNSS Analysis Centre

NKG Nordic Geodetic Commission (Nordiska kommissionen
for geodesi)

NPAD Network RTK Positioning for Automated Driving

NRT Near Real-Time

NTRIP Networked Transport of RTCM via Internet Protocol
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Acronym or
abbreviation

Explanation

0SO

Onsala Space Observatory

OSR Observation Space Representation

PNK4UTM | Positioning, Navigation, and Communication for
Unmanned aerial Traffic Management

PPP Precise Point Positioning

R&D Research and Development

RINEX Receiver Independent Exchange format

RISE Research Institutes of Sweden

RTCM Radio Technical Commission for Maritime Services

RTK Real-Time Kinematic

SALSA Such a lovely small antenna (or in Swedish: “Sicken
Attans Liten S6t Antenn”)

SAR Synthetic Aperture Radar

SE Surveying Engineering

SEE Department of Space, Earth and Environment

SMHI Swedish Meteorological and Hydrological Institute

SNR Signal-to-noise ratio

SNSA Swedish National Space Agency

SNSN Svenska nationella seismiska natet

SPMS Service Performance Monitoring Support

SSR State Space Representation

UAV Unmanned Aerial Vehicle

UNGGIM United Nations initiative on Global Geospatial

SCoG Information Management, Subcommittee on Geodesy

VGOS VLBI Global Observing System

VLBI Very Long Baseline Interferometry

VRS Virtual Reference Station

WMS Web map service
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Acronym or
abbreviation

Explanation

ZTD

Zenith Total Delay
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Appendix 3 - Onsala Space Observatory: Geodetic
publications 2019-2022 in international journals,
proceedings, and books
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Appendix 4 - University of Gavle: Geodetic publications
2019-2022 in international journals, proceedings, and
books
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Appendix 5 = University West: Geodetic publications
2019-2023 in international journals, proceedings, and
books
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