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A COMBINED PROJECTION METHOD AND AN APPARATUS FOR IMPROVING
ACCURACY OF MAP PROJECTIONS

The present invention refers to a map projection method combining first intermediate data
obtained by a first projection method for projecting surface data and second intermediate data
obtained by a second projection method for projecting surface data to generate a projected
map. The present invention further refers to an apparatus for map projections and to a geo-

graphic system comprising said apparatus.

Background of the invention

Map projections are essential tools for generating maps for civil engineering, urban planning
and various navigational tasks for technical applications. Errors and distortions in these maps
greatly influence the resulting quality and accuracy of the performed task. For example, in
civil engineering projects, like the construction of roads or tunnels, in which long distances of
hundreds of meters have to be bridged at an accuracy in the range of centimetres, the errors

induced by distorted maps may lead to significant follow-up costs.

In general, map projections allow to represent the surface of a three dimensional object, like a
sphere or an ellipsoid, on a plain. Basically any mathematical function that transforms coordi-
nates from the curved surface to the plain is regarded as a projection. Since each map projec-
tion of a curved surface causes certain distortions, map projections have been classified in
terms of metrics or properties that are preserved well and/or impose distortions in the pro-
jected map, for example, size of the projected area, distortion of shape, accuracy of directions,
and preservation of bearing, distance or scale. Typically, map projections preserve one or
more of these properties though not all of them simultaneously. Among these criteria the
preservation of local angles and accuracy of the projected area are important projection prop-
erties in the application areas of civil engineering and urban planning. Map projections, that

preserve angles locally are also called conformal.
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Among other projection techniques, conical projections and UTM projections are commonly
used to represent the surface of the earth. The former is based on the principle that a cone is
superimposed over the ellipsoid representing the earth and the surface is thereafter projected
on the cone. The final planar map is generated by unfolding the cone. The UTM projection is
based on a sub-division of the surface of the earth into sixty zones, each covering six degrees
of longitude. For each zone a map is generated using the transverse Mercator projection,
which maps the surface of the earth on a cylinder, which is thereafter unfolded to form a

plain.

Apart from the already mentioned errors inherent to each projection technique, conventional
maps are error-prone when they are used at their boundaries or even outside of their projec-
tion scopes. However, since most areas considered in civil engineering and urban planning are
usually not located in the centre of a projection and may even span more than one projection
zone, the projection parameters of one central zone typically have to be used also at the
boundaries and even for generating maps for the adjacent zones, which therefore leads to the
abovementioned errors and distortions. Moreover, these errors and distortions accumulate
over the borders of zones and greatly degrade the quality of the results of the particular plan-
ning tasks. Similarly, for most applications focused on large areas the use of a conformal

conical projection does not fulfil the required accuracy requirements.

Since traditional projection techniques require the application of methods that induce high
distortions and result in poor accuracy, for example of larger areas, maps produced today us-
ing UTM projections and conical projections do not achieve a precision and reliability re-

quired in civil engineering and urban planning tasks.

Therefore, it is an object of the present invention to overcome these disadvantages and to pro-
vide a method for improving accuracy of map projections, in particular to minimize distor-
tions related to angular and areal metrics. It is also an object of the present invention to pro-
vide reliable projection techniques that allow for generation of maps with an improved accu-

racy for regions located at map boundaries and for large areas.
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Summary of the invention

This problem is solved by the map projection method and the apparatus for map projections

as defined in the claims.

A map projection method according to the present invention comprises the steps of projecting
surface data using a first projection method, thereby generating first intermediate data, pro-
jecting the surface data using a second projection method, thereby generating second interme-
diate data, and combining the first and second intermediate data to generate a projected map.
Thus, the surface data to be projected are independently subjected to a first projection method
and a second projection method leading to two independent intermediate data sets, which in

combination form the desired projected map.

The surface data are related to locations on a surface, which is to be represented on the pro-
jected map. Each location of the surface is defined by a set of coordinates related to a one-,
two-, three- or multi-dimensional coordinate system, such as a Cartesian coordinate system,
polar coordinate system, cylindrical or spherical coordinate system, preferably a geographic
coordinate system. Preferably, for a spherical object a position is given by its longitude 4 and
latitude ¢. The surface data may include a set of data elements related to spatiotemporal char-
acteristics of the surface, such as systematic, regional, descriptive and analytical data for each
location or area of the surface, for example geographic information comprising statistical data
of features and population, surface structure, vegetation, economy, heat, pressure, rainfall, and
others. Furthermore, the surface data may be represented as a digital data set of data elements

or may comprise analogue values.

The first and the second intermediate data are directly related to the surface data and prefera-
bly comprise a set of data elements related to the data elements of the surface data. Similarly,
the data elements of the first and the second intermediated data projected using the first pro-
jection method and the second projection method, respectively, are related to a location on a
projection object, for example a plain, defined by the respective projection method. Each lo-
cation on the respective projection object can be defined by a set of coordinates related to a

one-, two-, three- or multi-dimensional coordinate system, such as a Cartesian coordinate sys-
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tem, polar coordinate system, cylindrical or spherical coordinate system. For example, a loca-

tion on a plain is defined as two values (x, ) defining its position in relation to an origin.

According to the inventive method, the first and second projection methods use the location
specified by each data element of the surface data to compute the location of a corresponding
data element of the first intermediate data and the second intermediate data, respectively.
Thus, each data element of the surface data is processed into two independent, yet related data
elements of the first and second intermediate data. Also, the first and second projection meth-
ods may take into account the spatiotemporal characteristics represented by each data ele-

ment.

In the final processing step of the inventive method, the corresponding data elements of the
first and second intermediate data are combined to generate a projected map. Preferably, the
projected map is represented by a set of data elements each related to a position (x, y) on a
plain. The combining step is not restricted to a particular function or transformation. The
combining may further comprise a spatiotemporal post-processing of the resulting data ele-
ments, such as smoothing, averaging, classification, thresholding, interpolation and other
methods. For example two distinct source data elements of the surface data may result in two
target data elements referring to two proximate locations or even the same location on the
projected map. During post-processing both target data elements may be used to generate one
single data element of the projected map combining or averaging the spatiotemporal charac-

teristics of the two source data elements of the surface data.

The projecting steps can be performed sequentially or in parallel on one or more computing
resources. Preferably, each projecting step is preformed on a dedicated computing resource,

such as a processor, core, or hardware logic.

The inventive map projection method greatly improves the accuracy of the projected map by
reducing distortions and enhancing the quality of the project map. It is also a flexible ap-
proach, which enables a selection of appropriate projection methods for particular regions of
the earth and allows for adjustment of factors influencing the combination of the intermediate

data sets.
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According to a preferred embodiment of the present invention the method further comprises
the step of deriving the surface data from an ellipsoid. The surface data is derived from the
ellipsoid by analyzing the surface of said ellipsoid and constructing a set of data elements for

each location on the ellipsoid.

In another embodiment of the present invention said deriving the surface data comprises
transforming the ellipsoid into an oblique spherical representation. Preferably, the ellipsoid
surface data is transformed into a normal spherical representation and subsequently, the nor-
mal spherical representation is transformed into an oblique spherical representation. Prefera-
bly, each position on the surface of the ellipsoid is defined in terms of longitude 4 and latitude

@, which are transformed into auxiliary coordinates (4',¢"), used to generate the oblique
spherical representation defined by oblique spherical coordinates (£,7) with respect to an

oblique pole on a sphere that may vary from the poles characterizing the ellipsoid.

In a preferred embodiment said transforming the ellipsoid into an oblique spherical represen-
tation comprises selecting reference points on the ellipsoid, calculating an oblique pole using
said reference points, calculating oblique spherical coordinates for each data element on the
ellipsoid and using the oblique pole and the oblique spherical coordinates to derive the surface

data. Preferably, each location (4,¢) on the ellipsoid is transformed by first computing the
auxiliary coordinates (A4',¢’) for the normal spherical representation, wherein A'= 4 and ¢’

is derived as

, tan(45° +9)
tan(45° + )= 2

eopee W
tan“(45° +—
( 2)

with sin(y)=esin(@) .

The auxiliary coordinates (1, ") are thereafter transformed to the oblique spherical coordi-

nates (£,7), such that

siné =sin'sin g, +cos ¢’ cos ¢, cos(4, ~ 4'), and

cos'sin(A' — 4;)

tanny = s
7 sin @' cos @), +cos@'sin g, cos(A' - 4;)
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wherein (1),,¢;) is the oblique pole of the oblique spherical representation. The oblique pole

can be calculated based on the selected reference points.

According to another preferred embodiment of the present invention said choosing reference
points comprises choosing at least four reference points. Preferably, a first reference point is
chosen in the centre of a region and at least three reference points are chosen at the periphery
of the region, preferably, as farthest on the border as possible. Preferably, each reference point

pi is defined by its coordinates (4,,9,). The oblique pole may be derived by selecting three

reference points, comprising a central point pp and two additional points p; and p,, and trans-

forming their coordinates to respective auxiliary coordinates (4;,¢;). For example, for a coni-

cal projection method the oblique pole (4),¢,) is preferably computed as

cos | cos A, (1— )+ f cosg), cos A, —cos@; cos A, and

tan A, =
¢ cos@, sin A) (f —1)— fcosg, sin A, +cos@; sin 4,

cos @] cos(4), — /) —cos @; cos(4, — 4;)
sing; —sin g,

tan g, =

: ! : !
. sin —Ssin
with £ =2 S0P
sin @ —sin g,

Similarly, for cylindrical projection methods the oblique pole (4,,¢;,) is preferably derived

as

cos A, tan ¢, — cos A tan ¢,

: ' ' : ' [ and
sin A tan ¢, — sin A, tan ¢

tan /1Q =

tan @), = —ctan g, cos(4, — 1) .

According to yet another embodiment of the present invention said deriving the surface data
comprises sampling a map representing the surface of said ellipsoid. Preferably, the map itself
is a UTM projected map, however, any other projection of a surface can be used to generate
the map. The map may be an analogous map, such as a printed map, or a digital map compris-
ing surface data. The invention does not rely on a particular map type or content. For example

the map can be coded according to a colour pattern and may comprise spatial data related to
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individual locations on the map. During said processing the continuous data of the map is
subdivided according to a two-dimensional rectangular pattern or grid and for each grid ele-
ment a sample of the map is taken. The samples may correspond to colour values representing
geographic information. Preferably, the sampling is done at a resolution which is capable of
sufficiently representing the relevant data on the map. For example, the map may be a stan-
dard map of a country of the earth depicting each province in a different colour and compris-
ing data related to roads as lines and data related to cities showing their expansion in a par-
ticular colour. The sampling may be preferably done at an accuracy of at least 150 dots per
inch (dpi) for a map of a size of 10 x 10 cm?, and preferably at an accuracy of 200 to 2400
dpi. Each sample may be classified according to its colour and position to represent the data
of the map, such as a political region, roads or cities. Moreover, adjoined samples defining an
area belonging to the same class can be analyzed and used to define an additional data ele-
ment representing said area. The final location of such additional data elements can be defined
as a midpoint of the area, such a the centre of a political region or a city. Roads may be repre-
sented by a plurality of additional data elements representing start and end points as well as

connecting points defining straight segments of the roads.

In a preferred embodiment of the present invention the ellipsoid comprises geographic data
representing a surface of the earth. Preferably, a portion of the ellipsoid comprises data for a
continent or large geopolitical regions, like the Arabic peninsula, Europe or Northern Amer-
ica. The portion may also represent a particular country, like the Kingdom of Saudi Arabia,

European countries, or the United States of America.

In a particular preferred embodiment of the present invention a portion of the ellipsoid repre-
sents one or more UTM zones, preferably four UTM zones wherein said portion is used to
derive the surface data. Even though the invention is not limited by a particular UTM zone or
latitude band, the UTM zones are preferably selected from a group consisting of UTM zones
36 to 39 preferably comprising latitude bands Q to S for the Kingdom of Saudi Arabia, UTM
zones 29 to 37 preferably comprising latitude bands S to W for Europe, UTM zones 28 to 39
preferably comprising latitude bands H to S for Africa, UTM zones 10 to 20 preferably com-
prising latitude bands Q to U for Northern America, UTM zones 15 to 25 preferably compris-
ing latitude bands E to Q for Southern America, UTM zones 49 to 56 preferably comprising
latitude bands G to L for Australia, UTM zones 43 to 52 preferably comprising latitude bands
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Q to U for East Asia, and UTM zones 34 to 02 preferably comprising latitude bands S to X

for the Russian Federation.

In yet another preferred embodiment of the present invention a portion of the ellipsoid repre-
sents a surface of the earth in the range of 10° to 40° N latitude and 20° to 60° E longitude,
preferably 15° to 35° N latitude and 25° to 60° E longitude, wherein said portion is used to

derive the surface data.

According to a particularly preferred embodiment of the present invention the first projection
method is one of an oblique Lambert projection and an oblique Mercator projection, and the
second projection method is an oblique stereographic projection. Preferably, the oblique
Lambert projection transforms a data element represented as oblique spherical coordinates

(£,n) into a data element of the first intermediate data with coordinates (x;, y.) on a plain
with a scale m;, such that

-sin go(D-Dp)

x, =ctané,e sin{(n —1,)siné, },

y, = tang, [l cos{(y -y )siné, } and

—si D-D,
B COSfoe sin &o( o)

2

m
t cosé

&)

wherein D=In tan(l + £) and D, =In tan(z +
4 2 4 2

Likewise, an oblique Mercator projection transforms a data element of the surface data into a
data element of the first intermediate data. Given the representation of a data element in

oblique spherical coordinates (£,77), the oblique Mercator projections delivers the location of

the resulting data element as coordinates (xs, ¥») on a plain with a scale m, according to the

following equations:

Xp =(77_770):

¥, =Intan(45°+ %) , and

1
m,, = .
M cosg
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The oblique stereographic projection, which is preferably used as the second projection
method, transforms the location of each data element into coordinates (xs ys) on a plain with

scale mg, such that

cosé&sin(n —1,)
14sin&sin &, +cosEcos &, cos(7—1,)

Xg =

sin& cos &, —cosé&siné, cos(—17,)
1+sinésiné, +cos&cos &, cos(r7 —1,) ’

2

Mo = .
¥ 1+siné&siné, +cosécosé, cos(n —n,)

and

S=

In another embodiment of the present invention said combining the first and second interme-
diate data comprises selecting a weighting factor and applying the weighting factor to a
weighted sum of the first and second intermediate data. The weighting factor k is preferably
selected in the range of 0.1 to 0.9, preferably in the range of 0.2 to 0.5, and most preferably &
= 0.35. The selection of £ may be a result of an error analysis based on projections of a plural-
ity of reference points p;. The weighting factor k is applied to a weighted sum of a data ele-
ment of the first intermediate data given as (x;, y;) and a data element of the second interme-
diate data given as (x, y,), which resulits in a location (x, y) and scale m of a data element on

the projected map, such that

x=R-(k-x,+(1-k)-x,),and

y=R-(k-y+(1-k)-»,),

wherein (x;, y;) is preferably one of (x;, yr) and (xp, yu), and (x2, y2) = (xs, ys). R denotes the

radius of the sphere of the spherical representation, which is given as:

R= N-cos'(p,c ’
cos @',

wherein ¢, is the standard parallel passing through the centre point p, and ¢, the projection

of the standard parallel on the sphere in the spherical representation. For each combination of

data elements the weighted scale m is computed as
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2h(1=k) O, 3% ¥,

m* =k’m} +(1—k)’m} +
L=k ms cos’& dn Oy Bn On

) in case of using the oblique

Lambert projection, and

kcos(n - 11,)

m® =k*m;, +(1—k)-m§{1+
cos&

} in case of using the oblique Mercator

projection.

According to a particularly preferred embodiment, the inventive method further comprises
displaying the projected map. The coordinates (x, y) and the scale m of each data element are
used to generate a graphical representation. Also, a spatiotemporal post-processing, similar to
the processing techniques used during the combining step, could be used, such as smoothing,
averaging, classification, thresholding, interpolation and other methods, if two distinct pro-
jected data elements refer to two proximate locations (for example within a neighbourhood of
a pre-defined size) or even to the same location on the projected map. These data elements
may be processed to form one single graphical representation. Also, post-processing tech-
niques, such as averaging and interpolation, could be applied, to quickly compute graphical
representations for missing values in-between of the projected data elements. All graphical
representations may thereafter be displayed on a digital screen or could be printed on a car-

rier, such as paper, plastic or other synthetic material, to display the projected map.

Furthermore, a computer readable medium according to the present invention stores com-

puter-executable instructions for causing a computer system to perform the inventive method.

An apparatus for map projections according to the present invention comprises storage means
for storing surface data, and one or more processing units connected to the storage means for
projecting the surface data using a first projection method to generate first intermediate data,
for projecting the surface data using a second projection method to generate second interme-
diate data, and for combining the first and second intermediate data to generate a projected
map. The storage means may comprise one or more volatile or non-volatile storage units. One
or more processing units may be directly connected to the storage means or may communicate

with the storage means via a bus. The one or more processing units may comprise one or
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more processors and/or one or more cores and/or may be represented by one or more virtual

machines running on one or more physical processing units.

In a particularly preferred embodiment the one or more processing units are further config-
ured to derive the surface data from an ellipsoid.

According to another embodiment of the present invention the one or more processing units
are configured to derive the surface data by transforming the ellipsoid into an oblique spheri-

cal representation.

In another preferred embodiment, the inventive apparatus further comprises input means for
selecting reference points on the ellipsoid, wherein the one or more processing units are con-
figured to transform the ellipsoid by calculating an oblique pole using said reference points,
calculating oblique spherical coordinates for each data element on the ellipsoid and using the
oblique pole and the oblique spherical coordinates to derive the surface data. The input means
may comprise any direct or indirect input devices, such as a keyboard, mouse, joystick, de-

vices based on accelerometers and other sensors, or any other pointing device.

In yet another embodiment of the present invention the storage means further stores a map
representing the surface of said ellipsoid and the one of more processing units are further con-
figured to derive the surface data by sampling the map. Preferably, the map stored in said
storage means is a digital representation of the surface. Preferably, the one or more processing
units are also configured to drive a scanning device that samples a printed map and delivers
the digital representation, such as a digital image of the printed map, wherein the digital im-
age preferably comprises picture elements (pixels) arranged in a rectangular, equally spaced

grid or pattern.

According to another embodiment of the invention the ellipsoid comprises geographic data

representing a surface of the earth.

In another particularly preferred embodiment of the present invention the first projection
method is one of an oblique Lambert projection and an oblique Mercator projection, and the

second projection method is an oblique stereographic projection.
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Furthermore, according to a preferred embodiment of the present invention the one or more
processing units are configured to combine the first and second intermediate data by selecting
a weighting factor and applying said weighting factor to a weighted sum of the first and sec-

ond intermediate data.

In yet another preferred embodiment of the present invention the apparatus further comprises
display means for displaying the projected map. The display means may comprise any output
means or an interface providing digital or analogue data signals for displaying the projected
map. The output means preferably comprise an electronic visual display, such as liquid crystal
displays (LCD), plasma display panels and light-emitting diode (LED) displays, or any flexi-
ble or rollable display device.

Also, according to a preferred embodiment of the present invention the input means and the
display means are integrated to form a touchscreen. The touchscreen may be operated directly
with a finger or hand, or indirectly by using a stylus or a light pen, or the like. Preferably, the
touchscreen is used for selection of the reference points on a displayed surface of the ellipsoid
or a map and for selection of an appropriate weighting factor according to visual feedback

denoting the current distortion of the projected map.

Furthermore, a geographic information system according to the present invention comprises

the inventive apparatus.

Detailed description of the invention

Further details and characteristics of the invention are described below in an exemplifying

example of the invention in conjunction with the drawings in which:

Figure 1 shows a schematic illustration of the earth depicting lines of longitude;

Figure 2 outlines a division of the earth into 60 UTM zones;

Figure 3 shows a schematic view of the central meridian of zone 36;

Figure 4 is a map of the Arabic Peninsula with selected reference points;

Figure 5 illustrates the selection of reference points;

Figure 6 illustrates a spherical representation used to calculate oblique spherical coordi-

nates in a geometrical diagram,;



WO 2012/028164 PCT/EP2010/005391

-13 -
Figure 7 is a graph showing the dependency of weighting factor k and scale m; and
Figure 8 is a bar chart showing the accuracy of maps generated according to the present

invention in comparison with state of the art approaches.

Figure 1 shows a schematic view of the earth showing lines of longitude or meridians that are
abstract equidistant arcs on the surface of the earth running from the north pole 1 to the south
pole 3. The lines of longitude range from 180° west (W) to 180° east (E). The line of longi-
tude 5 denoted with 0° is called central meridian or prime meridian. The position of a location
on the surface of the earth is given by the line of longitude running through it. Furthermore,
the position of said location on the line of longitude is given by the latitude. Circles of latitude
or parallels are arranged perpendicular to the lines of longitude ranging from 90° south (S) to
90° north (N) with a central circle of latitude called the equator 7. Therefore, as well known in
the art, each point on the surface of the earth can be conveniently located by its longitude A

and latitude o.

Figures 2 and 3 show a commonly used subdivision of the earth into 60 zones, each zone 9
spanning over 6° of longitude and having a central meridian 11 in its centre. Such zones 9 are
conveniently used in the univérsal transverse Mercator (UTM) coordinate system as a grid for
specifying locations on the surface of the earth. According to the UTM system maps are pro-
jected in each zone 9 following a specifically configured transverse Mercator projection. In
addition, each UTM zone 9 may be subdivided into 20 latitude bands each spanning 8° of
latitude, wherein each latitude band is denoted by a letter of the Latin alphabet, leaving out
letters I and O, starting from the south pole 3 to the north pole 1. As a result of the artificial
definition of the zones 9 and bands most regions of the earth, like the Arabic peninsula,
Europe or Northern America, or even large countries, like the Kingdom of Saudi Arabia, may
span over multiple zones 9. For example, the Kingdom of Saudi Arabia is mapped on four
zones 9 of the UTM system, in particular zones 36, 37, 38, and 39. Obviously, since each
zone 9 has its own mapping parameters for the UTM projection, the maps displaying large
countries spanning over multiple zones 9 reveal distortions and irregularities on the bounda-
ries of adjoined zones 9. Also, the common approach using parameters for a projection of a
zone 9 also beyond the covered 6° of longitude leads to undesirable distortions and errors at

the periphery of the resulting projected map.



WO 2012/028164 PCT/EP2010/005391
-14 -

Figure 4 shows a map of the Arabic Peninsula and the Kingdom of Saudi Arabia being gener-
ated using a Lambert projection. This map shows a region that extends beyond a single UTM
zone. Figure 4 also shows the selection of a central point po which serves as the centre of the
projected map. Further reference points p), p2, and p; are selected for calculation of an oblique

pole (4;,p,) and for calculation of distortions in order to determine a suitable weighting

factor %.

Figure 5 shows another selection of reference points comprising one central point po and four
additional reference points p1, p), ps, and ps, wherein the central point po is preferably se-
lected at the centre of an area, e.g. a geographic area, which is in Figure 5 circumscribed by a
continuous line, and the other four reference points py, ..., ps are preferably selected equally
distributed at the farthest distances from the centre on the area boundary, i.e., on the continu-
ous line. In the preferred embodiment of Figure 5, three reference points po, p1, and p, are
used to calculate the oblique pole Q and are preferably distributed over the elongated area,
indicated as a dashed line. Since in Figure 5 an oblique Lambert projection is used as the map
projection, three reference points po, p1, and p; are used to determine the coordinates of the
oblique pole Q and furthermore are used to determine the distortions in the area. Given the
fact, that distortions are proportional to the distance from the centre of the projection and
given the fact that one of the remaining reference points p3 and p; is farther from the centre
than the other remaining reference point, the distortion is preferably tested at the farthest re-
maining reference point and the other remaining reference point is ignored. Thus, reference
point p4 could be used to test the distortion and reference point p3 could be ignored, since p; is
farther away from the centre than p;. Therefore, in a preferred embodiment, four reference
points po, p1, p2, and ps are used to calculate the oblique pole O and the distortions in order to

determine a suitable weighting factor .

Figure 6 shows a geometric representation of a sphere with two poles P, P’, the central point
Ppo, oblique poles O, (”, as well as a plain spanned by two axes x and y used for the projection
by the first projection method, the second projection method and the final combination that

generates the resulting projected map.
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The projected map can be generated by first selecting a plurality of reference points on an
input map, for example the reference points po, pi, p2, and p3 of Figure 4 or the reference
points po, p1, P2, p3, and ps of Figure 5. Each reference point p; can be represented by two

coordinates specifying the longitude A and latitude ¢, thus p;, =(4,,9;). These coordinates
may be transformed into auxiliary coordinates (4,,¢;) that are subsequently used for calcula-

tion of the oblique pole Q = (4,,¢,) -

The calculation of the oblique pole Q is to a certain extent determined by the projection
method used during further processing. In particular, at least two types can be identified: pro-
jections based on a cone, used for example in the oblique Lambert projection, and projections
based on a cylinder, as used for example in the oblique Mercator projection. If a projection

technique based on a cone is to be used, for example as a first projection method, the oblique

pole O =(4;,p,) is given as

_cos@, cos A (1= 1)+ fcosg, cos A, —cosg, cos 4,

tan A, = — — ~——= and
cos@, sin A (f —1)— fcosgy, sin A, +cos@; sin 4,

cos @, cos(A, — A)) —cos @, cos(A, — 4,)
4 0 2 Q
sin @, —sin g,

tan ¢, =

. ’ . '
. sin @, —sie,
with f =, T,
Sin@; —sIe,

For a projection technique based on a cylinder the oblique pole can be computed, such that

cos 4, tan ¢ — cos A/ tan ¢,

tan ﬂ’é = M ' ! e ’ ’
sin A, tan ¢, —sin A, tan ¢

tan ¢, = —ctan g, cos(d, — 4) -

After calculation of the oblique pole, the oblique spherical coordinates (£,77) can be calcu-
lated for each position on the input map. The data represented in spherical coordinates (£,77)

may be used as the input of two independent projections, either following a first projection
method, preferably an oblique Lambert projection or an oblique Mercator projection, most

preferably an oblique Lambert projection, or following a second projection method, which is
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preferably an oblique stereographic projection. The two independent projections result in two

intermediate data sets, comprising data elements represented as coordinates (x;, y;) with a

scale m; and (x3, y;) with a scale my, respectively, for each location on the input map.

Thus, for a combination of the oblique Lambert projection with an oblique stereographic pro-

jection the projected coordinates (x, y) with a scale m are combined, such that

x= R(kc tané, e "% PPsin{(n —n,)siné, 1+

2(1 _ COS 5005(77 770) >
1 +sin&siné, +cosécos &, cos(n —1,)

y= R(kc tan&, [1 —e~M%oP P eos{(n —n,)sing, }]-l—

21—k sinécosé, —cosé&siné, cos(m—mn,) |° and
1+sinésiné, +cosécosé, cos(n7—1,)

2
m? = k2 cos? §0e-25in§0(D—Do) + 4(1-k)? .
cos & [1 +sinésin &, +cosécos &, cos(n -1, )]
———2k(1 k) (C,C,+CC )J
cos’ &
with
&, —sin é5(D-Dy) ,
C = % =cosg,e COS{(U - Uo)smé:o} ’
&, —sin £5(D-Dp) -
C = 5’7— =cosé,e cos{(n —1,)siné, } ,
C, = A =cos& e "o P-Lo)sin{(n 17, )sing, } , and
c _% ) cos§sin(77—770){sin§+sin fo}
=

on - [1 +sin&sin &, +cosécos &, cos(n — 770)]2 ’

wherein k is a weighting factor, D=In tan(— 6) D,=In tan( + é:0) and R denotes the

radius of the sphere of the spherical representation.
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Due to the fact, that for an oblique Mercator projection the spherical coordinate &£, of the

centre point po equals to 0, the computation of the projected coordinates (x, y) with scale m
can be simplified for a combination of the oblique Mercator projection with an oblique

stereographic projection to:

S i
0

B v é B sin&

y_R{klntan(4+2)+2(l k)1+cos§cos(77—r70)}’and

2 K 41-k) 2{1+kcos(n—no>}_
cos’¢  {l+cos& cos(n —1,)} cosg

In detail, the oblique Mercator projection is given as x, =(7-17,), ¥, =Intan(45’ +§) , and

m, = ! ,and, due to &, =0, the oblique stereographic projection is simplified to:
' cosé ¢

cos&sin(y ~17,)

X, s
1+ cos&cos(n7—1,)
sin
37! =2 é: >
1+cos&cos(n—1,)
2

m, = .
> 1+cos&cos(n—1,)

Figure 7 shows a graph illustrating the dependency of the weighting factor & and the scale m.
The weighting factor k can be a pre-defined value or can be selected from a pre-defined range
following any suitable error analysis of the resulting projected map. A preferred method for

selecting the weighting factor k analyzes the function m, (k) for a set of reference points
p, =(¢&,,n,) . In particular, the minimum of each function m, (k) is determined and the corre-

sponding value of & is selected as a candidate for the weighting factor. Such analysis can be
performed, for example, by existing differentiation techniques or by determining the function

m, (k) for a plurality of sample values and either choosing the minimal sample or finding the
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minimum using interpolation techniques. The weighting factor k is selected to be the maximal

minimal value.

Figure 7 shows several functions m, (k) for the central point po and the reference points py,

P2, and p; as continuous lines, as well as corresponding functions m(k) for the Mercator pro-

jection and the stereographic projection as dashed lines. Since the maximal minimal value of

functions m, (k) is to be determined, the minimum of the uppermost parabola is selected as

the optimal weighting factor &. In other words, k reflects the minimum value of m in the high-
est curve in order to obtain the best accuracy of the combined projection. According to the

example of Figure 6, a value of k= 0.4 would be chosen as the weighting factor.

Having chosen the optimal weighting factor & each data element of the surface data can be
projected on the plain of the resulting map. Since all calculations so far are related to the
oblique pole Q, the resulting coordinates (x, y) are preferably rotated in a final step, in order to
generate a map that is aligned according to the central point po and the pole P. This can be

done by calculating an angle 7, such that

cosg,, cos@, sin(A, — 4,)

sing, —sing, sing,

tan7z =

and by rotating the X and Y axes:

X =xcost+ ysinr, and

Y =—xsint + ycost.

The invention can be automated using traditional programming techniques and integrated into
existing geographic information systems. The inventive method can also be implemented in

dedicated logical hardware connected to such systems.

The inventive method has a large impact on the quality and accuracy of the projected map.
Figure 8 shows a bar chart comparing the critical distortion in m/km of state of the art projec-
tion techniques with the inventive combined projection method. Even though the present in-
vention is not restricted to a particular projection technique used as the first or second projec-

tion method, a combination of the oblique Lambert projection with an oblique stereographic
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projection, as well as the combination of an oblique Mercator projection with the oblique

stereographic projection have been found to suit most relevant areas of the world.

On average, it was found that the critical distortion can be decreased by 72% in relation to
state of the art projection techniques. As an example, the critical distortion for an UTM pro-
jected map may be at 12.75 m/km in one zone and for the Lambert projection 15.75 m/km in
the whole area. In contrast, the inventive combined projection method using a combination of
the oblique Lambert projection as the first projection method and the oblique stereographic
projection as the second projection method results in a critical distortion of 5.13 m/km in the

whole area.

Similarly, an application of the oblique Mercator projection leads to significant improvements
in the critical distortion. As an example, the UTM projection results in a critical distortion of
12.75 m/km in one zone and the oblique Mercator projection to a critical distortion of 12.59
m/km in the whole area. In contrast, the inventive combined projection method employing a
combination of the oblique Mercator projection as the first projection method and the oblique
stereographic projection as the second projection method leads to a critical distortion of 9.3

m/km in the whole area.

The invention is applicable to any surface of an object that is to be projected on a plain and,
consequently, to any geographic area on the surface of the earth. Particularly, the invention is
not restricted to a certain range of latitude or longitude. It is to be understood that for different
geographic regions and areas with varying latitude and longitude the weighting factor & and
the reference points must be adjusted to produce reliable and accurately projected maps. For a
particular geographic area, an appropriate selection of the reference points po, pi, as well as
the shape and orientation of the desired region have also to be taken into consideration, to
define the location of the oblique pole Q and other parameters that may influence further

processing.

It is to be understood, that many modifications may be provided to the method or apparatus
without leaving the scope of the invention. For example, different projection techniques can
be used as the first and the second projection method and the combination can be done ac-
cording to any other function that is capable of suitably combining the two intermediate re-

sults, such as any weighted sum, weighted mean, weighted average, and the like. Also the
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selection of the reference points can be different from the examples described, which could
also be chosen in the periphery or around the centre of the source map. However, certain spa-
tial configurations of the reference points could be avoided to inhibit singularities during

computation.

It is to be understood that the invention may be practiced within the scope of the claims dif-

ferently from the examples describes.
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Claims

A map projection method comprising the following steps:

projecting surface data using a first projection method, thereby generating first inter-
mediate data;

projecting the surface data using a second projection method, thereby generating sec-
ond intermediate data; and

combining the first and second intermediate data to generate a projected map.

The method according to claim 1, further comprising deriving the surface data from an

ellipsoid.

The method according to claim 2, wherein said deriving the surface data comprises

transforming the ellipsoid into an oblique spherical representation.

The method according to claim 3, wherein said transforming the ellipsoid into an obli-
que spherical representation comprises selecting reference points on the ellipsoid, cal-
culating an oblique pole using said reference points, calculating oblique spherical co-
ordinates for each data element on the ellipsoid and using the oblique pole and the

oblique spherical coordinates to derive the surface data.

The method according to claim 4, wherein said choosing reference points comprises

choosing at least four reference points.

The method according to one of the claims 2 to 5, wherein said deriving the surface

data comprises sampling a map representing the surface of said ellipsoid.

The method according to one of the claims 2 to 6, wherein the ellipsoid comprises

geographic data representing a surface of the earth.
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The method according to claim 7, wherein a portion of the ellipsoid represents one or
more UTM zones, preferably four UTM zones, wherein said portion is used to derive

the surface data.

The method according to claim 7, wherein a portion of the ellipsoid represents a sur-
face of the earth in the range of 10° to 40° N latitude and 20° to 60° E longitude, pref-
erably 15° to 35° N latitude and 25° to 60° E longitude, wherein said portion is used to

derive the surface data.

The method according to one of the preceding claims, wherein the first projection me-
thod is one of an oblique Lambert projection and an oblique Mercator projection, and

the second projection method is an oblique stereographic projection.

The method according to one of the preceding claims, wherein said combining the first
and second intermediate data comprises selecting a weighting factor and applying the

weighting factor to a weighted sum of the first and second intermediate data.

The method according to one of the preceding claims, further comprising displaying

the projected map.

A computer-readable medium storing computer-executable instructions for causing a

computer system to perform the method according to one of the preceding claims.

An apparatus for map projections, comprising:

storage means for storing surface data; and

one or more processing units connected to the storage means for projecting the surface
data using a first projection method to generate first intermediate data, for projecting
the surface data using a second projection method to generate second intermediate da-
ta, and for combining the first and second intermediate data to generate a projected

map.

The apparatus of claim 14, wherein the one or more processing units are further con-

figured to derive the surface data from an ellipsoid.
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The apparatus according to claim 15, wherein the one or more processing units are
configured to derive the surface data by transforming the ellipsoid into an oblique

spherical representation.

The apparatus according to claim 16, further comprising input means for selecting
reference points on the ellipsoid, wherein the one or more processing units are con-
figured to transform the ellipsoid by calculating an oblique pole using said reference
points, calculating oblique spherical coordinates for each data element on the ellipsoid
and using the oblique pole and the oblique spherical coordinates to derive the surface

data.

The apparatus according to one of the claims 15 to 17, wherein the storage means fur-
ther stores a map representing the surface of said ellipsoid and the one or more proc-

essing units are further configured to derive the surface data by sampling the map.

The apparatus according to one of the claims 15 to 18, wherein the ellipsoid comprises

geographic data representing a surface of the earth.

The apparatus according to one of the claims 14 to 19, wherein the first projection
method is one of an oblique Lambert projection and an oblique Mercator projection,

and the second projection method is an oblique stereographic projection.

The apparatus according to one of the claims 14 to 20, wherein the one or more proc-
essing units are configured to combine the first and second intermediate data by select-
ing a weighting factor and applying the weighting factor to a weighted sum of the first

and second intermediate data.

The apparatus according to one of the claims 14 to 21, further comprising display

means for displaying the projected map.

The apparatus according to claim 22, wherein the input means and the display means

are integrated to form a touchscreen.



WO 2012/028164 PCT/EP2010/005391
24

24. A geographic information system comprising an apparatus according to one of the

claims 14 to 23.
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