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91. Map Basics
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Fig. 1. World Map with Latitude-Longitude coordinates.

Usually the normal HSC Map user does not need tavkifie map coordinate system
details which are summarized in this chapter. Haxei¥ you add your own maps to
the HSC Map module “C:\HSC7\Map\Maps” folder, it ynbe useful to read this
chapter first.

The traditional latitude-longitude map coordinatstem is shown in Fig. 1. The
equator divides the earth into the northern andheso hemispheres. The N and S in
the Y-axis scale stand for North and South. Thexis-zero point has been fixed at
Greenwich, London. This divides the Earth into wastand eastern hemispheres. The
W and E stand for West and East in the X-scale.

The location data may be specified using variougasies. Traditionally, the Y-axis
coordinate is given first and then the X-axis. Egample, the location of the Outotec
Research Oy main entrance (red point in Fig. 1.y iva specified in the following

way:
Y-axis X-axis Syntax Datum  Comment
Latitude Longitude

N 61° 27.727 E 21°52.068' dd’mm.mmm’ WGS-84 DkfawuGPS
61° 27.727' N 21°52.068'E dd°mm.mmm’ WGS-84 Oklgrtax

N 61° 27'43.6" E21°52'4.1" dd°mm’ss.s” WGS-84ecénds also
61.46198333 21.87126667 dd.ddddddd UTM Decimal &rm
N 61° 27.719' E 21°52.276' dd°mm.mmm’ UTM National

N 61° 27'43.2" E 21°52'16.5" dd°mm’ss.s” UTM Nl
6817.447 km 1546.457 km UTM National

HSC Map supports all these formats and many otlegis: d = degree, m = minute,
s = second.
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91.1 Map Datums

The map datum specifies tlgarth’s shape onefixed point and thescale Due to
historical reasons, countries often use their oational datums in their maps.

The Earth’s shapés far from a perfect sphere. Its shape is fixgdspecifying the
ellipsoid, which may be used for trigonometrical locationca#tions, Fig. 2. The
Ellipsoid is a smooth mathematical surface that fiessthe shape of the earth surface.
The required parameters are:

a = Earthradius at equator = Semi Major Axis = 6338 km (WGS-84)
b = Earthradius at poles = Semi Minor Axis = 6352 km (WGS-84)

f = Flattening = (a-b)/a = 0.0033528106647 (WGS-84)

e = Eccentricity=2*f-f"2

Fig. 2. Earth shape modelled with a geometrical ellipsoid.

The current worldwide ellipsoid standard is callbe WGS-84 (World Geodetic
System 1984). This datum is used commonly in GP8gators (GPS = Global
Positioning System).

National datums may be converted to this formatgighe national ellipsoid data with
DX, DY and DZ parameters which describe the natida@um shift to the WGS-84.
le. the national datum fixed poishift to the WGS-84. The basic datum-point of
Finland is the Observatory of Helsinki. These stdfues specify the origo shift in the
Cartesian based x-y-z-coordinate system in the Isigicthe earth.

The HSC Map Datum Databasecontains several national datums, i.e. specifioatio
of the ellipsoid and shift values to the WGS-84udat You may see this data by
selecting“Tools, Datums,...”. You may also add your own data to this file, for
example, using MS Excel. However, do not add nelroos to this file. The path of
this file is usually: “C:\HSC7\Map\MapDatum.xIs”.

The difference between the national datum locagioimts is usually less than 200 —
300 meters compared to WGS-84. For instance, tfieyehce cannot be seen on the
large-scale maps like Fig. 1. In Finland the sisiftoughly 200 m. The HSC Datum
Converter may be used to estimate the effect ofDhtum shift on the location

coordinates. Selecfrbols, Translator 3..." from the main menu, Fig. 3.
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Fig. 3. Map Datum Converter converts Datum 1 location ddtcimal format) to
Datum 2 location data. Shift values DX, DY and D&sdribe the difference between
Datum 1 and 2 fixed points in x-y-z-coordinate syst which origo is in the middle of
the Earth. X-axis points to Greenwich, Y-axis touktpr 90° East from Greenwich
and Z-axis points to North Pole.
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91.2 UTM Coordinates (Kilometer Coordinates)

Fig. 4. Default UTM zones of the world.

National maps are typically based on kilometer dowtes, because the distances and
areas are easy to calculate on these maps. Thebaded coordinates are, however,
valid only within a limited latitude-longitude raegbecause the Earth is spherical and
a ball-shaped surface is impossible to convenvtedimensional form without a large
distortion, Fig. 4. However, for a limited surfa@nge it is possible to carry out the
conversion with reasonably low distortion and error

The UTM (Universal Transverse Mercator) projectioithe most common method to
convert the limited area of the spherical latitloiegitude map in a flat two-
dimensional form, Fig. 5. Usually the width of th&M zones is 6°.

Fig. 5. The default width of the UTM zone is 6°.

The UTM zone Y-coordinates describe the distanaenfrthe equator. The X-
coordinate describes the distance from the UTM zmmmdral meridian (i.e. longitude
line from North to South Pole). Commonly, in ordemget nice looking number values
theFalse EastingandFalse Northing parameters are used.
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Fig. 6. Currently used UTM (Gauss-Kriiger) zones in Finla@dntral meridians are
21°E, 24°E, 27°E and 30°E. These maps are alsedckliKJ-maps.

Finland uses slightly modified UTM projection tyff@auss-Krtger), the zone width is
only 3° and the Scaling Factor is 0.9996 instead..6f The basic datum-point of
Finland is at the yard of Observatory of Helsinki.

Small countries often use only one UTM zone, howelsgge ones need more. For
example, Finland uses 6 zones of which the cemealdians are: 18, 21, 24, 27, 30
and 33°. The most common ones are 21, 24, 27 ahd-BP 5. At the west coast the
following UTM parameters are used:

- Central Meridian 21°
- False Easting -1500 km
- False Northing 0 km

These values specify the coordinate sacmhéch is used in Finnish UTM (Gauss-
Kriiger) maps.
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Fig. 6. Latitude, Longitude — UTM Grid Converter.

You may use the HSC Map Latitude, Longitude — UTMdGConverter to test the
effect of the UTM datum on the coordinate valuag, 6. The UTM converter may be
opened from the HSC Map main méefiwols, Translator 2...” selection.

You may see some national UTM parameters by sapddSC Map main menu
“Tools, Datums,...”. You may also add your own data to this file,daample, using
MS Excel. However, do not add new columns to tiles fThe path of this file is
usually: “C:\HSC7\Map\ MapDatum.xIs”.

IMPORTANT:

1. If you add and calibrate new maps to HSC Map pleasgember to select the
valid map Datum first. If you select the wrong dhe coordinates will be in error.

2. HSC Map version 1.0 supports only UTM and Latitwdergitude maps with the
same Y- and X-scale. These maps are often calladrdttangular Mercator
Projection, Cylindrical Equidistant Projection dafe@ Carr maps.

3. HSC Map supports origo shift and rotation in allpnia
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91.3 HSC Map Datum Database

Fig. 7.HSC Map Datum Database.

You may open HSC Map Datum Database using main nsmtection “Tools,
Datums...” or you may use Excel to open the file:

C:\HSC7\Map\ MapDatum.xIs

This file do not contain all possible datums (sdi2800 may be found) but you may
easily add the missing datatum by inserting a new to the datum table. However,
do not insert or delete colums, because then HS@ tdads the datum record data
from the wrong data fields.
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91.4 Location Data Error Sources

The GPS navigator gives usually the error in metetdeepends on the local conditions
and the number of visible satellites. Usually thmereis a few meters.

The national datum shift compared to WGS-84 is lipdess than 300 meters, in

Finland this shift is some 200 meters. The Datumvecsion error using DX, DY and

DZ parameters is some meters because it doesksoint® account the Scaling Factor
and rotation shift of the x-y-z-coordinates.

HSC Map saves the Stock Place location data usitigrnal datum because the DX,
DY and DZ parameters may vary.

The Latitude-Longitude and UTM conversion errougially small within the given
UTM zone, however, outside this zone the erroraases a lot.

The rounding-up error depends on the location valrdax. One degree is roughly
111.3 km and one minute is 1.8 km and one seco@®.8 m. On this basis some
examples of the the syntax errors may be given as:

Syntax Rounding-up Error (meters) Comment
N dd.mm.ss 15.46 m Seconds
N dd.mm.mmm 0.928 m Decimal minutes
N dd.ddddd 0.556 m Decimal degrees
N dd.dddddd 0.056 m Decimal degrees

The North and South Pole and continents move sloilily dimensions of the earth
change, the WGS-84 ellipsoid specifies the eardipshapproximately. So nobody
knows which are the absolutely correct place coatgis.



