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A database for a navigation device Includes digital elevation model data defining a three-dimensional surface. The database stores,
for plural tiles of a tiling, a first array including three-dimensional coordinates of vertices of plural triangulated irregular networks,

TINs, for the respective tile, and a plurality of second arrays.

—ach second array respectively defines triangular faces of a TIN and

Includes a plurality of vertex indices of the vertices to define triangular faces of the respective TIN. A method of outputting a three-
dimensional representation of a terrain and a method of generating the database are also described.
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ABSTRACT

Database for a navigation device, method of outputting a three-
dimensional representation of a terrain and method of generating a
database

A database for a navigation device includes digital elevation model data
defining a three-dimensional surface. The database stores, for plural tiles of
a tiling, a first array including three-dimensional coordinates of vertices of
plural triangulated irregular networks, TINs, for the respective tile, and a
plurality of second arrays. Each second array respectively defines triangular
faces of a TIN and includes a plurality of vertex indices of the vertices to
define triangular faces of the respective TIN. A method of outputting a three-
dimensional representation of a terrain and a method of generating the
database are also described.
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Database for a navigation device, method of outputting a three-
dimensional representation of a terrain and method of generating a
database

Technical Field

Embodiments of the invention relate to methods and devices associated with
the use of height information in navigation devices. Embodiments of the
invention relate in particular to a database for a navigation device, a method
of outputting a three-dimensional representation of a terrain and a method
of generating a database for a navigation device. Embodiments of the
invention relate in particular to such devices and methods in which height
information is stored in the form of TINs respectively defined for tiles of a
tiling.

Background

Height information for a terrain is increasingly widely used in navigation
devices. One exemplary field in which such height information may be used
is the outputting of three-dimensional maps. Optical output devices may be
used for outputting electronic maps. Since electronic maps may be displayed
on screens of small and/or portable devices, they have the advantage of
being versatile and compact. Three-dimensional (3D) maps, i.e. perspective
representations, may be of particular value to the user owing to their high
recognition quality. I.e., the recognition of an environmental region, such as
a street intersection, may be facilitated when a three-dimensional map 1s
output, as compared to a convgntional two-dimensional representation.

Digital elevation model (DEM) data may be stored in the form of triangulated
irregular networks (TINs). Good run time performance may be attained when
rendering the terrain from TINs. DEM data may be organized in accordance
with a tiling, with tiles of the tiling covering the area in which DEM data for
the terrain is available for rendering. A tile having rectangular or trapezoidal
shapes may be split up into plural triangular patches. For each one of the
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patches, a TIN may be defined. Thus, plural TINs may be defined for
respectively each tile of the tiling.

In one approach to store TINs for a tile, the data for each TIN is stored
separately such that all information required to reconstruct the TIN is
included in the separate data structure for the TIN. In a conventional
approach, the data describing a TIN may include an array in which three-
dimensional coordinates (i.e., coordinate 3-tuples) for the vertices of the
respective TIN are stored, another array which includes vertex indices to
specify which ones of the vertices respectively form corners of the various
triangular faces of the TIN, and, possibly, yet another array defining normal
vectors of the triangular faces.

Fig. 11 1illustrates data 41 defining plural TINs for a tile. The data 41
includes a unique identifier for the tile. An array 42 defines coordinates of all
vertices of a first TIN defined on the tile. An array 43 includes vertex indices
and defines the triangular faces of the first TIN. Another array (not shown in
Fig. 11) may include information on normal vectors for the first TIN. An
array 44 defines coordinates of all vertices of a second TIN defined on the
tile. An array 45 includes vertex indices and defines the triangular faces of
the second TIN. Another array (not shown in Fig. 11) may include
information on normal vectors for the second TIN.

The conventional approach as explained with reference to Fig. 41 may result
in redundant information being stored. For illustration, if the first and
second TIN have vertices 1n common, the three-dimensional coordinates of

these vertices may be stored several times. I.e., the coordinate 3-tuples may
be included both in array 42 and in array 44. Such redundancy is
undesirable with a view to storage space requirements.

Summary

Accordingly, there is a need for a database and for methods which mitigate
the above-mentioned drawbacks. There is in particular a need for a database
and for methods which allow plural TINs to be respectively defined for each
tile of a tiling, while mitigating redundancy problems.
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According to an aspect, a database for a navigation device is provided. The
database includes digital elevation model (DEM) data defining a three-
dimensional surface of a terrain. The database stores, for each tile of a
plurality of tiles of a tiling, a first array and a plurality of second arrays. The
first array includes three-dimensional coordinates of vertices of plural
triangulated irregular networks, TINs, for the respective tile. Each second
array respectively defines a TIN and includes a plurality of indices of the
vertices for which vertex coordinates are stored in the first array to define
triangular faces of the respective TIN.

In the database, the three-dimensional coordinates of vertices of various
TINs defined for the tile may all be aggregated in one first array. Thereby,
problems associated with undesired data redundancy may be mitigated.
Plural second arrays may make reference to one and the same first array.

The database may store, for each tile of the plurality of tiles of a tiling,
respectively only one first array which includes coordinates of vertices.

For each one of the vertices, the three-dimensional coordinates are included
in the first array only once, even if the vertex is a vertex of several TINs.

Each second array of the plurality of second arrays may be a triangle strip.
Thereby, a compact description of a TIN 1s provided. Storage space
requirements may be reduced.

An index for at least one vertex may be included in different second arrays.
Thereby, the same entries of the first array are utilized by different second
arrays when the corresponding TINs have a vertex in common.

The database may store, for each tile of the plurality of tiles, at least two
second arrays. This allows a tile to be broken up into two triangular patches.
On each one of the triangular patches, a TIN may be defined. The triangular
patches may be rectangular, isosceles triangles. The combination of data

from different levels of detail is thereby facilitated.

The database may store, for each tile of the plurality of tiles, at least six
second arrays. This allows the terrain to be stored on two different levels of
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detail for a given tile size. At least one of the second arrays may correspond
to a TIN which partially or fully overlaps with the TIN represented by another
one of the second arrays for the same tile. At least one of the second arrays
may correspond to a TIN which is fully contained in the region covered by
the TIN represented by another one of the second arrays for the same tile.
For each tile of the plurality of tiles, two of the six second arrays may
respectively define a TIN on a triangular patch obtained by bi-secting the tile.
The four other second arrays may respectively define a TIN on a triangular
patch obtained by partitioning the tile into four equal-sized rectangular,
1sosceles triangles. The TINs defined on the smaller size triangular patches
may respectively partially or fully overlap with a TIN defined on the larger
size triangular patch.

Entries for vertices in the first array may be ordered in accordance with a
distance metric for vertex coordinates. The sequence of entries in the first
array may be selected such that for any given vertex having an entry in the
first array, the successive entry of the first array includes the vertex
coordinates of the one vertex which is not included in any one of the entries
preceding the entry for the given vertex, and which has minimum distance
from the given vertex according to the distance metric. Thereby, an order of
entries may be established in which the distance between the vertex
coordinates of successive entries, determined according to the distance
metric, 1s small. The distance metric may be an L, metric or any other
suitable distance metric.

When the entries in the first array are ordered in accordance with a distance
metric, a delta encoding may be used for the vertex coordinates stored in the
first array. Vertex coordinates in an absolute frame of reference or relative to
a characteristic point on the tile may be stored for the first entry of the first
array. For each following entry, the difference in coordinates (i.e., the
distance vector]) between the vertex coordinates of the vertex which is
assigned to this entry and the vertex coordinates of the vertex assigned to
the directly preceding entry may be stored in the first array. With the entries
being ordered in accordance with a distance metric, the most significant bits
of the entries which are zeroes may be omitted. Thereby, storage space

requirements may be further reduced.
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For some or all tiles of the tiling, the database may store more than one first
array which includes three-dimensional coordinates of vertices of plural TINs
for the respective tile. In this case, at least one of the first arrays 1is
referenced by different second arrays of the respective tile.

According to another aspect, a navigation device is provided. The navigation
device includes the database of any one aspect or embodiment, an optical
output device, and a processing device. The processing device 1s coupled to
the database and to the optical output device. The processing device may be
configured to control the optical output device to output a representation of
a three-dimensional terrain based on data retrieved from the database.

The processing device may be configured to render plural triangulated
irregular networks, TINs, for a tile to generate the perspective view. The
processing device may be configured to determine three-dimensional
coordinates of vertices of the plural TINs from one and the same first array
stored in the database for the respective tile.

According to another aspect, a method of outputting a representation of a
three-dimensional terrain is provided, in which the representation of the
three-dimensional terrain is generated using a database of any one aspect or
embodiment.

In the method, plural triangulated irregular networks, TINs, may be rendered
for a tile of a tiling. Vertex coordinates for vertices of the plural TINs may be
retrieved from one and the same first array stored in the database for the
respective tile.

According to another aspect, a method of generating a database for a
navigation device 1s provided. In the method, the Ifollowing steps are
respectively performed for each tile of a tiling: Vertex coordinates of vertices
of plural triangulated irregular networks, TINs, defined for the respective tile
are determined. A first array which includes the determined vertex
coordinates for the various TINs is generated. A second array is respectively
generated for each one of the plural TINs, such that each second array
respectively includes a plurality of indices of the vertices for which vertex
coordinates are included in the first array. The second array 1s generated so
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as to define which vertices are located at corners of the various triangular
faces of the respective TIN.

In the method, the vertex coordinates of plural different TINs are aggregated
in one first array. Redundancy problems may thereby be mitigated.

The first array may be generated such that the three-dimensional
coordinates of any vertex are included only once in the first array, even if the
vertex 1s a vertex of plural TINs.

Each second array of the plurality of second arrays may be generated as a
triangle strip. Thereby, a compact description of a TIN is provided. Storage
space requirements may be reduced.

The plurality of second arrays may be generated such that an index for at
least one vertex is included in different second arrays. Thereby, the same
entries of the first array are references by different second arrays when the
corresponding TINs have the respective vertex in common.

For each tile of the plurality of tiles, at least two second arrays may be
generated. For each tile of the plurality of tiles, at least six second arrays
may be generated. Thereby, triangular patches configured as rectangular
isosceles patches may be defined, for which respectively a TIN may be
defined. Combining data from different levels of detail is thereby facilitated.

The method may include determining an order of entries for vertices in the
first array in accordance with a distance metric. To this end, a procedure
may be performed in which a vertex is selected to be a starting vertex, for
which an entry is generated at the first position in the first array.
Subsequently, the following steps are performed iteratively to add entries for
vertices to the first array: For the vertex which is the last in the first array,
the one of the remaining vertices which are not yet included in the first array
1s selected which has minimum distance from the vertex which is the last in
the first array. An entry for this vertex is then added at the end of the first
array. The process may continue until entries have been generated in the
first array for all vertices.
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A delta encoding may be used for the coordinate 3-tuples of the vertices. If
entries for vertices are generated in the first array in accordance with a
distance metric, a distance vector may be determined when the nearest
neighbour vertex has been determined. Distance vectors between successive

vertices, rather than the absolute vertex coordinates, may be stored in the
first array.

The database may be stored on a storage medium. The database may be
deployed to a navigation device.

It is to be understood that the features mentioned above and those to be
explained below can be used not only in the respective combinations
indicated, but also in other combinations or in isolation.

Brief description of the drawings

The foregoing and other features of embodiments will become more apparent
from the following detailed description of embodiments when read in

conjunction with the accompanying drawings. In the drawings, like reference
numerals refer to like elements.

Fig. 1 is a schematic block diagram of a navigation device.
Fig. 2 illustrates a terrain with superimposed tiling.
Fig. 3 is a plan view of a tile of the tiling.

Figs. 4 and S5 are perspective views 1llustrating the triangulated irregular
networks (TINs) for triangular patches of a tile.

Fig. 6 is a schematic view of a database.
Fig. 7 is a plan view of a tile for which two TINs are defined.

Fig. 8 is a schematic view of a data defining the two TINs of Fig. 7.



10

15

20

25

30

35

CA 02773422 2012-04-02

-8 -

Fig. 9 is a plan view illustrating the partitioning of a tile for another level of
detail.

Fig. 10 is a flow chart of a method of generating a database.
Fig. 11 is a schematic view of a conventional database.
Detailed description

Fig. 1 schematically illustrates a navigation device 1 according to an
embodiment. The navigation device 1 comprises a processing device 2
controlling the operation of the navigation device 1. The processing device 2
may comprise a central processing unit, for example in form of one or more
microprocessors, digital signal processors or application-specific integrated
circuits. The processing device 2 may also include a graphics processor. The
navigation device 1 further includes a database 10 stored in a storage device
3. The storage device 3 may comprise any one, or any combination, of
various types of memory, such as random access memory, flash memory or a
hard drive, but also removable memories such as a compact disk (CD), a
DVD, a memory card or the like. The navigation device 1 also includes an
optical output device 4. The navigation device 1 may include additional
components, such as a position sensor and/or a wireless receiver and/or an
input interface 5.

The storage device 3 stores a database 10 which defines a three-dimensional
terrain. The data in the database 10 may be used by the processing device 2

to generate three-dimensional maps, i.e., to visualize the terrain, in a bird’s
view or in a worm’s view perspective view, or similar.

As will be explained in more detail in the following, the data in the database
10 is organized in accordance with a tiling. For each tile of the tiling, the

data in the database defined plural TINs. Each TIN may be defined on a
triangular patch having the shape of a rectangular, 1sosceles triangle.

The data defining the plural TINs for a tile respectively include a first array
in which the three-dimensional coordinates of all vertices of the plural TINs
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defined for the respective tile are contained. The first array may be a list
which successively includes coordinate 3-tuples of various vertices.

The data for each tile includes plural second arrays, each defining triangular
faces of one of the plural TINs for the respective tile. Each second array may
be an array of vertex indices specifying which ones of the various vertices are
located at the corners of the triangular faces of the TIN. Thereby, the
triangular faces of the TIN are defined.

The data for each tile may further include an array of normal vectors for
each TIN.

Fig. 2 1s a schematic plan view of a terrain for which a tiling 8 is defined. The
terrain may extend over various elevation levels, as schematically indicated
by shaded areas. Shaded areas may be at one elevation level, such as sea
level, while non-shaded areas may be at other elevation levels, exhibiting
gradual changes in elevation.

The tiling 8 has plural tiles, such as tile 11. The tiling 8 is defined to cover
the terrain. The tiles of the tiling may be essentially rectangular, in
particular square, or, taking into account the effects of spherical projection
for large size tiles, may be slightly trapezoidal.

The three-dimensional surface structure of the terrain may, at least to a
good approximation, be represented by plural TINs defined for each tile. TINs
show good performance when rendering the surface structure at run time.

Fig. 3 1s a plan view of a tile 11. The tile 11 is bi-sected into triangular
patches 12 and 13. Each triangular patch 12, 13 is a rectangular, isosceles
triangle.

The definition of triangular patches may vary between tiles in an alternating
fashion. For illustration, triangular patch 12 is located in the north-west
portion and triangular patch 13 1s located in the south-east portion of tile
11. Tiles which share a side with tile 11 may be bi-sected such that one
triangular patch 1s located in the north-east portion of the tile and the other
triangular patch is located in the south-west portion of the tile.
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On each one of the triangular patches 12, 13, a TIN may be defined. Fig. 4
illustrates a TIN 18 defined on triangular patch 12. Fig. 5 illustrates another
TIN 19 defined for triangular patch 19.

The TINs 18, 19 have several vertices in common. In order to reduce data
redundancy, data defining the two TINs 18 and 19 uses a global list of vertex
coordinates for the tile, in which the three-dimensional coordinates of all
vertices of TIN 18 and of all vertices of TIN 19 are included. Vertex
coordinates of vertices which are vertices of both TIN 18 and of TIN 19 are
nevertheless stored only one time in the list of vertex coordinates.

Fig. 6 1s a schematic view of a database 10. The database 10 may be used in
the navigation device 1. The database 10 defines, for each one of plural tiles,
a plurality of TINs.

The database 10 includes data 21 defining plural TINs for a first tile and
data 22 defining plural TINs for a second tile. For a greater number of tiles,
data similar to data 21 and data 22 would be stored in the database 10 for
each additional tile. '

The data 21, 22 for different tiles may have the same basic structure. Only
the structure of data 21 will exemplarily be explained in more detail.

The data 21 includes a unique tile identifier and data defining plural TINs.
The data 21 includes an array 23, e.g. a list, of three-dimensional vertex
coordinates of all vertices included in any one of the TINs defined for the tile.

The data 21 includes a second array 24 which describes the triangular faces
of one TIN. The second array 24 may be an array, e.g. a list or table, of vertex
indices. The second array 24 may define which ones of the various vertices
having an entry in the first array 23 form corners of triangular faces of the
TIN. The second array 24 may define the triangular faces in the form of a

triangle strip.

The data 21 includes another second array 25 which describes the
triangular faces of another TIN. The second array 25 may also be an array,
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e.g. a list or table, of vertex indices. The second array 25 may define which
ones of the various vertices having an entry in the first array 23 form corners
of triangular faces of the other TIN. The second array 25 may define the
triangular faces in the form of a triangle strip.

If more than two TINs are defined on the tile, a correspondingly greater
number of second arrays which are respectively arrays of vertex indices are
included 1n the data 21. The number of vertices included in the first array 23
may increase with increasing number of TINs. However, all second arrays
refer to the same first array 23 even if more than two second arrays, e.g. six
second arrays, are provided. For any vertex which is a vertex of plural TINs,
the vertex coordinates are stored in the first array 23 only once,
independently of the number of TINs which include the respective vertex.

The second entries may respectively store the plural triangular faces of the
TIN as a triangle stripe. This will be illustrated with reference to Figs. 7 and
8.

Fig. 7 shows a plan view of the tile 11. The tile 11 is bi-sected into triangular
patches 12, 13. One TIN is defined on patch 12. Another TIN is defined on
patch 13. The two TINs have vertices A, B and E in common. l.e., vertices A,
B and E are vertices of the TIN defined on patch 12 and of the TIN defined on
patch 13.

Fig. 8 1s a schematic representation of the data 21 representing the digital
elevation model (DEM) on the tile 11. The data 21 includes a first array in

which the vertex coordinates of vertices A-H are stored. The three-
dimensional coordinates of vertices A, B and E are included in the first array
only one time.

The data 21 has a second array 24 describing the triangular faces of the TIN
on triangular patch 12. The second array 24 is a triangle strip in which
various vertices are included in a list. For illustration, the TIN on triangular
patch 12 may be defined as triangle strip “ACBDEFC”. At run time, this will

be resolved to define the triangles ACB, CBD, BDE, DEF, and EFC. Thus, all
triangular faces may be defined in a compact way by a list of vertex indices.
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The three-dimensional coordinates of all vertices can be retrieved from the
first array. Thus, the triangular faces may be reconstructed.

The data 21 has another second array 25 describing the triangular faces of
the TIN on triangular patch 13. The second array 25 1s a triangle strip in
which various vertices are included in a list. For illustration, the TIN on
triangular patch 13 may be defined as triangle strip “AGBHE”. At run time,
this will be resolved to define the triangle AGB, GBH, and BHE. Thus, all
triangular faces may be defined in a compact way by a list of vertex indices.
The three-dimensional coordinates of all vertices can be retrieved from the
first array. Thus, the triangular faces may be reconstructed.

More than two TINs may be defined for each tile. The TINs may also overlap
with each other. For illustration, in addition to two TINs defined on
triangular patches respectively having an area equal to half the tile size, four
TINs defined on triangular patches respectively having an area equal to one
quarter of the tile size may be used for each tile.

Fig. 9 illustrates the tile 11 partitioned into four rectangular, isosceles
triangular patches 14-17. Patches 14 and 17 are obtained by bi-secting
patch 12. Patches 15 and 16 are obtained by bi-secting patch 13. On each
one of triangular patches 14-17, another TIN may be defined.

The TINs defined for the smaller triangular patches 14-17 may be used to
show the terrain at a greater level of detail, for a given tile size. Different
levels of detail may be combined. For illustration, a larger triangular patch

12 and the TIN defined thereon may be combined with smaller triangular
patches 15, 16 and the TINs combined thereon when rendering the terrain.

When a total of six TINs are defined for a tile, an array of vertex indices may
be provided for each one of the six TINs. The array may respectively be a
triangle strip, as explained with reference to Figs. 7 and 8. Each one of the
arrays of vertex indices may reference vertices for which the three-

dimensional coordinates are stored in one and the same first array.

When generating the database in which, for each tile, there is a global first
array including vertex coordinates for plural TINs, the entries in the first
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array may be ordered in accordance with a distance metric. l.e., the
sequence in which vertex coordinates are stored in the first array may be
selected based distances between the vertices. This allows the vertex
coordinates to be stored in delta encoded form.

Fig. 10 1s a flow chart of a method 30 of generating a database for a
navigation device. The method may be used to generate the database 10 of
the navigation device 1.

At 31, the set of all vertices of the various TINs defined for the tile is
determined. The set of vertices may be the set of all vertices of two or six
TINs defined for the tile. The set of all vertices is denoted as M.

At 32, one of the vertices is selected. The vertex may be selected randomly or
using an algorithm which determines a starting point for a delta encoded
chain. An entry is generated in the first array for the selected vertex. The
entry includes the vertex coordinates of the selected vertex.

Additional entries are added to the first array in an iterative manner. In the
first iteration, the first array only has the entry for the vertex selected at 32.

At 33, the selected vertex is removed from the set M. The set M is updated so
that it only includes vertices for which no entry has been generated in the
first array, yet.

At 34, the vertex in M 1s determined which has minimum distance from the

vertex for which the last entry in the first array has previously been
generated. In the first iteration, the vertex which has minimum distance

from the vertex selected at 32 is identified. Any suitable distance metric may
be used. For illustration, an Ly-metric may be used.

At 35, the coordinate delta between the vertex coordinates of the vertex
determined at 34 and the vertex coordinates of the vertex for which the last
entry in the first array has previously been generated is determined. This
coordinate delta 1s written into the first array as new last entry of the first
array. Thereby, delta encoding of vertex coordinates may be performed. If no
delta encoding is to be performed, the coordinates of the vertex selected at
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34 (rather than the coordinate delta) may be written into the first array as
new last entry of the first array.

At 36, it is determined whether there is more than one vertex left in M, 1.e.,
whether entries have already been generated in the first array for all vertices
of the various TINs. If there is more than one vertex left in M, the method

returns to 33 and steps 33-36 are repeated. Otherwise, the method proceeds
to 37.

At 37, a triangle strip is generated for each TIN. The triangle strip may be
generated as list of vertex indices, each vertex index uniquely 1dentifying one
of the vertices for which coordinates have been registered in the first array.

At 38, the first array and the second arrays are stored in the database.

The method 30 may be performed for plural tiles of a tiling. The method 30
may be performed for all tiles of a tiling.

The database generated using the method 30 may be deployed to vehicle
navigation devices.

While methods and a device according to embodiments have been described
in detail, modifications may be implemented in other embodiments. For
illustration, while a tiling of square tiles has been illustrated in some
embodiments, other tile shapes may be used.

Embodiments of the invention may be used for visualizing three-dimensional
terrain, without being limited thereto.
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CLAIMS

1. A database for a navigation device, said database including digital
elevation model data defining a three-dimensional surface of a terrain,
wherein said database stores, for each tile of a plurality of tiles of a tiling:

- a first array including three-dimensional coordinates of vertices of plural
triangulated irregular networks, TINs, for the respective tile, and

- a plurality of second arrays, each second array respectively defining
triangular faces of a TIN and including a plurality of indices of said vertices
for which vertex coordinates are stored in said first array to define triangular
faces of the respective TIN.

2. The database of claim 1,
wherein each second array of said plurality of second arrays is a triangle
strip.

3. The database of claim 1 or claim 2,
wherein an index for at least one vertex is included in different second
arrays.

4. The database of any one of claims 1-3,
wherein said database stores, for each tile of said plurality of tiles, at least
two second arrays.

D. The database of claim 4,
wherein said database stores, for each tile of said plurality of tiles, at least
six second arrays.

6. The database of any one of claims 1-5,

wherein entries for vertices in said first array are ordered in accordance with
a distance metric for vertex coordinates, wherein said first array includes
said three-dimensional coordinates in delta-encoded form.

7. A navigation device, comprising:
the database of any one of claims 1-6,
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an optical output device, and

a processing device coupled to said database and to said optical output
device, said processing device being configured to control said optical output
device to output a representation of a three-dimensional terrain based on
data retrieved from said database.

8. The navigation device of claim 7,

wherein said processing device is configured to render plural triangulated
irregular networks, TINs, to generate said perspective view, said processing
device being configured to determine three-dimensional coordinates of
vertices of said plural TINs from the same {irst array of said database.

0. A method of outputting a representation of a three-dimensional
terrain,

wherein the representation of said three-dimensional terrain is generated
using a database of any one of claims 1-6.

10. The method of claim 9,

wherein plural triangulated irregular networks, TINs, are rendered,

wherein vertex coordinates for vertices of said plural TINs are retrieved from
the same first array of said database.

11. A method of generating a database for a navigation device, comprising
the following steps respectively performed for each tile of a tiling:

- determining three-dimensional vertex coordinates of vertices of plural
triangulated irregular networks, TINs, defined for the respective tile;

- generating a first array which includes said determined vertex coordinates;
and

- generating a second array for each one of said plural TINs, each second
array being generated to respectively include a plurality of indices of said
vertices for which vertex coordinates are included in said first array to define
triangular faces of the respective TIN.

12. The method of claim 11,

wherein each second array of said plurality of second arrays is generated as
a triangle strip.
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13. The method of claim 11 or claim 12,

wherein said plurality of second arrays is generated such that an index for at
least one vertex is included 1n different second arrays.

14. The method of any one of claims 11-13,

wherein, for each tile of said plurality of tiles, at least two second arrays are
generated.

15. The method of any one of claims 11-14, further comprising
determining an order of vertices for which vertex coordinates are to be
included in said first array in accordance with a distance metric, and

delta encoding said three-dimensional vertex coordinates when generating
said first array.
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