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SUMMARY

Since several years, Lantméteriet (the National Land Survey of Sweden) has worked with the
process to convert the analogue information regarding the points in our national geodetic
networks to digital format. These networks are under the responsibility of Lantmaéteriet. It is
important to have a homogenous archive about the geodetic points. It is also important that
the data is easily accessible. Measurements and adjustments belonging to the national 3D,
horizontal, vertical and gravimetric networks are stored in a systematic way in the archive.
The Geodetic Archive at Lantmateriet does not have any information about local networks
that belongs to the municipalities.

Traditionally the different national geodetic networks have had their own archive separate
from the others even though many points are physically the same in the various networks. It
is even so that the same point may have several different point identifiers depending on what
network it belongs to. Converting towards a digital geodetic archive means that we have been
forced to merge the different datasets into one common database to make the use of the
geodetic archive more efficient.

A digital geodetic archive has been in place for the staff at the geodetic archive for some
years but we are now making it accessible for other users through the Internet. We hope that
this will help them to find the information by themselves. It will improve the efficiency of the
geodetic archive as well as the archive will be available 24 hours per day any day of the year.
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Digital Geodetic Archive

Anders ALFREDSSON, Mikael LILJE, Sweden

1. INTRODUCTION

Lantmateriet (The National Land Survey of Sweden) is responsible for the geodetic archive
covering information about all points included in the national co-ordinate, levelling and
gravimetric networks. The information used to be archived in paper format but has since
several years in steps been converted into digital format. The geodetic archive is today
completely in digital form except for very old information that is rarely asked for.

Also traditionally, the databases have been kept separately, information on triangulation
points has not easily been shared between levelling or gravity points when ever these are the
same physical point. This mean when we have updated the information, e.g. that the point
was found in good condition, we used to be forced to update the data in several databases or
registers manually.

Having the information in digital format has been necessary for many reasons. The
information is collected in digital format and should also be stored as so. Updating the
archive must be done from one central entrance independent if the point is originally a GPS-
point or a levelled point. The digital information in the archive is therefore more homogenous
and of better quality than the previous analogue.

The products asked from the geodetic archive are mainly list of co-ordinates or heights, point
descriptions or maps showing the location of the points. Making the archive available through
the Internet enables the user to find the information by her self and therefore the work of the
staff at the geodetic archive can be more efficient.

The Internet version will be published during 2006, at least for internal Lantméteriet users. A
registration of the users will be necessary so that we can follow what different users are
downloading. Despite the revolution concerning measuring techniques mainly with the use of
different satellite methods, some information in the archive is still classified or at least it is
not acceptable to retrieve large amount of data, this is mainly gravity values and height
values. Gravity values will e.g. not be possible to download at all through the digital geodetic
archive.

2. WHAT KIND OF INFORMATION IS STORED IN THE GEODETIC ARCHIVE

The information in the Geodetic Archive at Lantmateriet goes all the way back to the 18"
century. Some of the older information were though classified and stored at the Military
Archive of Sweden but are today accessible also to the public. The geodetic archive contains
information about the national co-ordinate, height and gravimetric reference frames. It
includes information about the points and their location. Also the measurements and
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computations that have been conducted to achieve the national reference frames are stored in
the geodetic archive.

The Geodetic Archive includes today e.g.
- 3800 modern triangulation points of good quality
-1 000 other triangulation points of less quality
- 5500 GPS points
- 12 300 older triangulation points
- 50 000 modern height benchmarks
- 70000 older height benchmarks
- 23000 gravity points
- 10 000 manuscripts
- 2000 point maps
- 8000 points used for aerial photogrammetry

All information regarding the modern triangulation points, GPS points and modern height
benchmarks are stored in the digital geodetic archive. Some of the older information is also
available in digital format.

Also as part of the geodetic archive is all the transformation formulas derived by Lantméteriet
between different national reference frames and between national reference frames and local
co-ordinate systems.

The geodetic archive will most probably not grow much in the future since the change of
measuring strategies has been implemented with the use of GNSS. The existing triangulation
network based on 3 800 points is now replaced by a much smaller number of permanent
GNSS stations and the new height network, that consists of some 50 000 points, will not be
replaced in a foreseen period of time with something similar. Permanent stations will be the
future regarding development and maintenance of most reference frames. Our height network
is maintained using levelling but this will only increase the number of height benchmarks
with a low number every year.

3. THE NEED AND ACCESSIBILITY OF GEODETIC INFORMATION

There are several reasons why we need to have the data in digital form and also accessible for
the users as well as the staff over the Internet. A geodetic point in Sweden may be a
triangulation point, GPS point, height benchmark or gravimetric point but many points are a
combination of two or three different types. The digitizing of the data forced us to merge the
different information types so e.g. when we update the information for a point in our national
triangulation network the same update can automatically be found when retrieving
information from the very same physical point but this time as part of our levelling network.
The information in the archive is therefore now more homogenous and of better quality.

Another important need for making the information available was to decrease the working
load of the staff at the geodetic archive so that they can do other type of work. The products
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asked from the geodetic archive are mainly list of co-ordinates or heights, point descriptions
or maps showing the location of the points. Making the archive available through the Internet
enables the user to find the information by her self and therefore the work of the staff at the
geodetic archive can be more efficient. We believe that this could save us a lot of work and
therefore also money.

4. ANALOGUE TO DIGITAL

Most of the analogue information that should build the archive was in the form of point
descriptions, see figure 3. To scan the material and do a correct OCR was not possible. Tests
were made but there where to many inaccuracies, that was to be corrected manually
afterwards. Therefore most of the analogue material was entered by hand. For the
triangulation points all information i.e. the name, description and type of benchmark of the
points was to be entered, together with the scan of the sketch.

Most of the height benchmark information was already in digital format and only the sketches
were analogue. The information was to be imported into the database.

The sketch were scanned in both cases and together with the sketch, the point identifier was
scanned with OCR to get a correct file name of the sketch.

5. TECHNICAL DESCRIPTION OF THE DIGITAL GEODETIC ARCHIVE
5.1 The database

5.1.1 Basic database solution

The digital geodetic archive consists of a database and a file server. The database is an Oracle
9.2 relational database. Side by side with the database a file server is running to store the
sketch picture that belongs to each point.

To get fast and accurate access to the data, one view for each product was implemented. The
content of each view is representing the data needed for the specific product.

Altogether there are about 100 tables that hold information of the actual digital geodetic
archive, 130 views and 50 functions in the table space.

5.1.2 Content

As mentioned in chapter 2, the aim with the Digital Geodetic Archive is to store information
about our geodetic points. The information is divided into main tables and sub tables. The
main table types are:
- PKT - Fundamental point information i.e. point identifier and description of the point.
- DATA - Co-ordinates and height information
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Of the total amount of tables, 19 tables are main tables.

To illustrate the surroundings around each point a sketch is drawn. This picture is saved as a
*.png file. These files are stored in a file structure on a file server and the path to the file is
stored in the database. There are about 11500 sketches of triangulation and GPS points and
about 48600 sketches of height bench marks stored as *.png files.

5.1.3 Structure

Due to the fact that it is possible for a single physical point to be several different types of
points, there are several different point identifiers for the same point. To make it possible to
connect the different kinds of information to a single physical point, we choose one point
identifier as our main identifier. All other identifiers are then related to the main identifier. A
consequence is an information union for many of the points. Some point information is
connected to a specific project i.e. co-ordinates or height and other information is point
specific i.e. textual description. This is the basics why the database is build around one table
containing the main point identifier.

5.2 Digital Geodetic Archive client

For the staff that works with the Digital Geodetic Archive on a daily basis to keep the
database up to date a client program is being used. The client makes it possible to keep the
database up-to-date with new information and to correct data that are wrong.

At an early stage of the development phase the aim was to serve most of the customers with
the client. The client was supposed to be used for the most of interaction with the database.
With the client data can be viewed together with a map as background and selections can be
based on the present map extent. Due to the development of the WWW interface, the client is
nowadays a plain tool to keep the database up-to-date.

The client is written in Visual Basic 6.0 and the database connection is an ODBC-connection.
For the map based functions, Maplnfo is used.

5.3 The WWW interface

To make the Digital Geodetic Archive public, a WWW interface was developed. The first
version was a plain HTML solution and the connection to the database was achieved by
IDC/HTX. Due to the low performance and the lack of security it was rewritten in ASP. In
that time the database where on a Microsoft Windows 2000 server with 11S. Now the WWW
interface is running on a Linux server with Apache web server and in the time for the move
all scripts were translated into PHP.

The WWW interface is consists of HTML forms produced by PHP and all products are
produced by PHP scripts. To connect to the database an OCI extension module in PHP is
used. The data exchange is performed with SQL.
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For internal users an advanced mode are available, that allows selections to be made based on
several different data types, e.g. quality and location of the points. In simple mode, available
for external users, selections can mainly be performed based on point identifier.

The products that are implemented into the WWW interface are:
- Point descriptions for triangulation points and GPS points
- Point descriptions for height bench marks
- Lists with triangulation points and GPS points
- Lists with height bench marks

The point descriptions are an information sheet about a point that consists of information to
find the point in the terrain. To present the data on one sheet with fixed layout, a PDF-file are
generated on the fly, see figure 3 and 4. This is done with a PHP class library called FPDF.
Together with the information on the point description, the sketch is placed as a picture file
and a map with the nearest surroundings is also included. The map have the size of 12 km?
map scale 1:50000 (48 km? and 1:100000 in the northern part of Sweden) and it is taken from
a map server the PHP library CURL.

To create the lists with the co-ordinates and heights as text files, a page are built in HTML.
The result can then be saved into a plain text file and can be read by our other software e.g.
for transformation into another co-ordinate system.

6. HOW TO ACCESS THE DATA

The data can be accessed via map or via textual information.

6.1 Selection via map

In order to select a point graphically there are an interface that supports selection of points
from a map. All points are plotted on the map and are then selectable, see figure 1. A
connection to the digital geodetic archive makes it possible to download a point description

of the point that is selected.

This tool is actually not a part o the digital geodetic archive. It is a service at Lantméteriet
that can be used to view many different types of data, not only geodetic.
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Figure 1: Example of selection via map.
When a point is selected, a popup window
shows information about the point and a
link to the point description.

6.2 Selection via text

The textual selections are performed via
HTML forms that communicate with the
database with SQL. The form is filled out and
the SQL query is built from the choices in the
form. In advanced mode, se figure 2, there are
more choices to be made, for example it is
possible to define co-ordinates for the search
area as a rectangle.

6.3 Example of the products
The main products from the digital geodetic

archive are point description sheets and text
lists with co-ordinates and heights.
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Figure 2: The form of point
descriptions in advanced mode.
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6.3.1 Point description

The point description is a sheet with information about a point. Due to the different type of
information to be displayed, the layout differs for the point descriptions for triangulation and

LANTMATERIET

LANTMATLRILT

SUNISTEESIRIVNING o Cas T A PUNKTBESKRIVNING e
Triangelpunkt 06 1705 Hajefix 2000-07-05
Namn Lin Gvairsveing med siiss
Verleberget Vistia Gataland

Kommun Kod Turwnk - Mirrsbo, vwd vigskil : Grnduga die

Ale 1440 3
Wiass 77 60 Flass 1 SWEREF 08| Fojdoesiamningsmelod Topograisk haria Sthldubh 1 ovee SO delen av en 3.8 x 2 x L4 m stor jordlfast sten, 33,2 m NN ous vigskalens i 17.5 1w NV om vagusin
A 2 GPS 7B Gotsbors NO Bi st fog kérvigen och 5.5 m VSV em keevigens o
Lage Skiss

e
25 km S om Trollhittan
13 km 50 om Lilla Edet
2.5 km NNO om Hilanda k:a

Hygge
3 |
L Ay \ -7
Ay \ k- -
L e L
i p
o /// o
\ - "
5o [
/ "
—HH T 1
- M L
—_—
Gl o
= o
TFirblbsdnchnig Rikirirsg igom) Fos-bipon ) T
cene Fajdskiinad. m| 1M g 2% 0.7 [Claverfic  [X]under fix
T-mirke (1 -0.690 T
Kors och 1947). Den linga skiran pekar i 0000 S Fnadl
. ran utgjorde 1890 irs markering. Market ] 7.
o 2002-08 : Stenem trolipen nibbad 5y '@
£ s
¥ ok
g
Anmaraning (igenttet mm) Kartiipp_(Temangkartan. Swala 1:50000) .
h 1947 &rs A 2t 1
Ej identisk med 1890 och 1947 rs punktar ” o
z 4 :
Punkten ingdr i Lilla Eder g -
e
[
[#o (]
280
Basta punkt for GPS - korsmarke 3 T
o
¥ Beringabund. | Berabnngsht =) Hotzysten
3 P 1987 1988 2008 1004 14485 RH 1000
Woordinater | RT 20 2 gon ¥ 016 7R 10 Lmpigh=t for GFS ™ Ak Sterfunnen 3r | Anmak &) Sterunnen :'|N|'NIU T dr | P1042 2004 14288 RHE 1970
Bra 7
Latiud Longitud | SWEREF 82 |ﬁasl\ lix ! Tom Frygtoid ne
18 BN Puriten uoceNTad It Beskmingen feviderad It
Wz GPS-matar | Ricee-mater| Ateriunnen | £ funnen | Forstard & |Beskrhin. uppratiad &, sign | Beskrivn. reviderad &r, sign 19880608
1970 1987 1970 T Olsson b

Figure 3: Point description of a

triangulation point.

Figure 4: Point description of a height
bench mark.

GPS points, figure 3, and height bench marks, figure 4.

The point descriptions are presented as PDF-documents and are convenient to save and send
digitally to other users. In cases when more than one point constitutes the selection, the PDF-
document consists of as many pages as points.

6.3.2 Lists

To get an overview of all the points in an area, it is convenient to get a list of all points. The
lists are supposed to be read by other programs, i.e. the format is important, e.g. the header of
the file should have a specific appearance.

The lists with co-ordinates for the triangulation points and GPS points will include the point
identifier, co-ordinates, status, a classification and the project that the point is a part of. The
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lists can also include attributes like type of benchmark, heights, height measurement method

and name of the point; see below for an example of a complete co-ordinate list.

The content of the height lists are point identifier and the height of the point in the chosen

vertical height system, in addition to that it can also include type of benchmark.
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