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Method and system for generating maps in an n-dimensional space.

@ A method for generating a vario-scale visual representation of n-dimensional objects (together forming a
space partition) is presented comprising the steps of
- generating a higher and a lower detailed n-dimensional object representation each comprising digital
data representing objects by zones in said n-dimensional object representations, said zones being
delimited by (n-1)-dimensional boundaries having at least one boundary segment,
- positioning the higher and lower detailed object representation in an (n+l)dimensional space, having in
addition to the dimensions of the n-dimensional object representations an additional dimension, wherein
the higher and the lower detailed n-dimensional object representations are assigned a first and a second
value for said additional dimension respectively,
- constructing an (n+1)-dimensional object representation by creating transscale boundary segments
between mutually corresponding boundary segments in the higher detailed and the lower detailed n-
dimensional representation,
- determining an intermediate n-dimensional representation by calculating a cross-section between an n-
dimensional slicing object and the constructed transscale boundaries.

Dit octrooi is verleend ongeacht het bijgevoegde resultaat van het onderzoek naar de stand van de techniek en
schriftelijke opinie. Het octrooischrift komt overeen met de oorspronkelijk ingediende stukken.
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Method and system for generating maps in an n-dimensional space.

BACKGROUND OF THE INVENTION

Field of the invention

The present invention relates to a method for generating maps in an n-
dimensional space.

The present invention further relates to a system for generating maps in an
n-dimensional space.

The present invention further relates to a client-server combination for
generating maps in an n-dimensional space.

The present invention further relates to a server for said client server
combination.

The present invention further relates to a client for said client server

combination.

Related Art

Digital map data is usually based on a reference (or base) map showing an
area partitioned into zones by boundaries. A map is a particular example of a 2D
representation, but more and more 3D ‘maps’ are being created and used nowadays.
The zones in the map represent different cultural and/or geographical features.
When displaying digital map data it is necessary to make a selection of the range to
be displayed. The resolution of the display limits the level of detail (LoD) with which
the selected range can be displayed. When displaying a larger range the image to be
displayed must be simplified in order to achieve that the image is sufficiently clear
to the user. Accordingly for smaller scale values the level of detail decreases.
Moreover when the display is part of a client and the map data is provided by a
remote server it is desired to limit the amount of data to be send by the server.

Various efforts have been made to achieve this.

One such approach is described by Van Qosterom in “The Reactive-tree: A
Storage Structure for a Seamless, Scaleless Geographic Database', Proc. Auto-Carto
10, Baltimore, Maryland, pages 393-407, March 1991. This publication describes

reactive data structures, i.e. vector based structures tailored to efficient storage and
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retrieval of geometric objects at different levels of detail. The publication further
considers construction of a 3D minimal bounding rectangle/block (MBR) or R-tree for
efficient selection of integrated space and scale queries. In particular a 3D R-tree is
considered, wherein the objects are represented by bounding boxes having an extent
in the xy-plane corresponding to the bounding rectangles of the objects and an extent
in the z-direction corresponding to the importance (scale) of the objects. The number
of importance levels is comparable to the typically used fixed map number of (paper)
map scales in one system, say 5 to 6 levels.

Another approach is described by Vermeij et al, in “Storing and using scale-
less topological data efficiently in a client-server DBMS environment”, in
Proceedings of the 7th International Conference on GeoComputation, University of
Southampton, United Kingdom, 8 - 10 September 2003. According to this approach a
data structure is provided that stores the results of a generalization as a scale-less
map inside a spatial DBMS. This structure enables interactive visualization of
polygonal subdivisions on any scale by maintaining a topological structure from
which a map can be reconstructed. The reconstruction of a polygonal subdivision for
a given scale is done in two steps. The first step retrieves the necessary boundary
lines from the database together with information on how these boundaries should
be combined for a subdivision. The second step reconstructs a topologic layer from
these boundaries. The two steps in the process are modeled in such a way that the
first step can be efficiently implemented on top of a standard spatial DBMS (with
three simple SQL queries). The second part of the process, which is more iterative,
can be either performed at the client side or on an application server. An important
feature of the data structure is that the data is stored topologically in such a way
that as much of the geometry of an object is re-used. This avoids redundancy (and
potential related inconsistencies) and makes the storage compact and ensures that
only little data needs to be shipped from the database. An integral part of the setup
of the data structure is the use of a third geometric dimension for the scale
information different for every object at instance level (and therefore not limited to a
fixed number of scales for the whole dataset). This enables the use of 3D indexing
methods on the combined geometric and scale data. This in turn allows the efficient
selection of records based on both the geometric as well as the scale requirements in

simple queries. The 3D geometries that are used to support these indexes are 3D
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boxes that are created as the 2D bounding boxes of the geometric shapes of

respectively the edges and the faces, extended with the scale values for the third I,Eaj:
dimension. Selection of faces takes place by intersection of 3D boxes with a 3D ",,;
rectangle. i

Another approach is described by Haunert, Dilo and Van Qosterom in
“Constrained set-up of the tGAP structure for progressive vector data transfer”,
Computers & Geosciences, 35 (2009) pp. 2191 —2203. Starting from a reference map,
a sequence of so called levels of detail are generated. The reference map has the
highest level of detail. The level of detail can be reduced by various generalization
operations including merge, simplify, and collapse (split and merge). In a simplify
operation a shared boundary between zones is replaced by a simplified boundary
that approximates the original boundary for example by a reduction of the number of
line segments used, while at the same time making sure that the new boundary does
not intersect any other existing boundary. In a merge operation a pair of zones
merges into a single destination zone. Le. one of the zones disappears. A collapse
operation comprises a sequence of sub-operations. In a collapse operation a 2D
feature is replaced by a one-dimensional feature or by a zero-dimensional feature.
E.g. a rectangle representing a road is replaced by a line. The area previously
occupied by the rectangle is split and the parts are reassigned to the adjacent zones.
These are the most common operations used. However, also other generalization
operations such as “typify” are possible. In a typify operation a complicated pattern
is replaced by a simplified pattern. For example, in a typified representation a group
of islands is replaced by a representative smaller set of islands.

By providing a set of images, each with a different level of detail, it is possible
to stepwise zoom in into an area and stepwise display more detail. The article
referred above describes various approaches to generate said sequence of images
with different levels of detail. According to a first approach each of the images is
directly generated, by applying optimization techniques, from the map having the
highest level of detail. The generation is quite computation intensive and therefore
just a limited number of fixed scales (LoDs) are computed. Subsequent LoDs may
not ‘fit well’ as they are independently generated from the highest LoD. According to
a second approach the levels of detail are generated iteratively. L.e. each level of

detail is generated from the next higher level of detail. This is less computational
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intensive and therefore many more LoDs may be computed. The end-result of this
iterative approach may be less good than an optimized end-result directly generated
from the highest LoD. In particular the article describes a hybrid approach, wherein
first a dataset at a lowest level of detail is generated. Subsequently a set of
intermediate datasets is generated that uses the information in the next higher level
of detail and the information in the lowest level of detail. For all the approaches
presented above, it is a disadvantage that subsequent steps involve a discontinuity
in the displayed features. For example zones that may be present in a particular

level of detail, may suddenly disappear in the next level of detail.

SUMMARY OF THE INVENTION

It is a first object of the invention to provide a method that allows for a
smooth transition from a higher to a lower level of detail.

It is a second object of the invention to provide a system that allows for a
smooth transition from a higher to a lower level of detail.

It is a third object of the invention to provide a client-server combination that
allows for a smooth transition from a higher to a lower level of detail.

It is a fourth object of the invention to provide a server suitable for use in
such a combination.

It is a fifth object of the invention to provide a client suitable for use in such a
combination.

According to a first aspect of the invention a method is provided for
generating a vario-scale visual representation of n-dimensional objects (at largest
scale fitting in a space-partitioning), comprising the steps of
- generating (S1) for each object to be represented a higher and a lower
detailed n-dimensional object representation, that each comprise digital data
describing a zone fitting in a space-partitioning, which zone is defined by (n-1)-
dimensional boundary segments, each boundary segment being shared with a
neighbouring zone,

- positioning (S2) a higher and a lower detailed n-dimensional object

representation in an (n+1)-dimensional space, having in addition to the dimensions
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of the n-dimensional object representations an additional dimension, wherein the oy
e
higher and the lower detailed n-dimensional object representations are assigned a L
first and a second value (scale level) for said additional dimension respectively, W
. = " (4
- constructing (83) non-intersecting trans-scale boundary segments (n- '
dimensional in (n+1)-dimensional space) between mutually corresponding boundary
segments of the higher detailed and the lower detailed n-dimensional object
representation (per object resulting in a gradually changing representation in the
scale dimension),
- determining (S4) an intermediate n-dimensional object representation by
calculating a cross-section (optionally fixed value for dimension n+1, i.e. the scale)
between an n-dimensional slicing object and the constructed trans-scale boundary
segments, wherein the cross-sections of said trans-scale boundary segments with the
slicing object form the boundaries of the corresponding zones assigned to said
represented objects in the intermediate n-dimensional representation.
Typically first steps S1-S3 are applied for each of the objects iteratively

before step S4 is executed.

DEFINITIONS

Throughout the description and the claims the following definitions are used.

A zone is an interior forming a connected and bounded part of a partitioned n-
dimensional (nD)-space. A zone in 2D and higher dimensions has one outer
boundary and may in addition have one or more inner boundaries. In a 2D-space a
zone is an area bounded by (straight or curved) lines. In a 3D-space a zone is a
volume bounded in that space. An example of a zone in 4D-space is a 4D-volume
bounded is space and time.
A boundary limits a zone or another boundary within a topological structure. A
boundary that limits a zone is the largest n-1 dimensional primitive that is shared
by said zone and a neighboring zone.

For example a 3D-object may have a 2D boundary in the form of planes.
These planes have a 1D boundary in the form of lines and these have a boundary in
the form of end-points (OD). In nD-space every boundary (of dimension n-1) is

associated with exactly two zones.
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A boundary set is a set of concatenated boundaries that together enclose an
interior connected zone.

A boundary segment is a smallest unit within a boundary. For example in 2D
a line segment is a boundary segment in a polyline boundary, i.e. a boundary
comprising a plurality of line segments concatenated by vertices (nodes). In 3D a
boundary segment is for example a polygon, e.g. a triangle forming part of a
polyhedral boundary.

An object is a real-world, e.g. a biological, physical or even virtual (e.g.
ownership) phenomenon having a distinct feature classification (e.g. according to a
cultural or a geographical classification scheme). For example in a 2D map zones
may have the feature classification “forest” or “water” as an indication for the
objects. Ina 3D map zones may have the feature classification “building” or “air.”
Also higher dimensional zones are conceivable; e.g. representations of moving or
changing 3D abjects, such as in geology applications. As another example, a 4D zone
may represent a building that exists within a 3D zone during a particular time
interval.

An n-dimensional object representation (nD-object repreéentation) isa
representation by an nD-space partitioned into zones that each represent exactly one
object.

An (n*)-dimensional object representation in (n+1)-dimensional space (n*D-
object representation) is an object representation including a scale dimension in
addition to the dimensions of the nD-object representation. The n*D-object
representation embeds the nD higher and lower detailed representations by
assigning each nD-object representation a respective scale value.

Trans-scale boundary segments are boundary segments extending between
mutually corresponding boundary segments in subsequent nD-object representations
embedded within the (n+1)D space. Trans-scale boundary segments have a
dimension that is 1 higher than the dimension of the dimension of the boundary
segments in said nD object representation and that dimension is equal to the
dimension of said nD object representation, i.e. they have the dimension n.

Vario-scale object representation ((n+1)D-object representation) is a completed
n*D-object-representation by adding the trans-scale boundaries formed by the trans-

scale boundary segments. The two n*D-object representations and the corresponding
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trans-scale boundaries completely bound the vario-scale (n+1)D-object
representation. Therewith a vario-scale object representation is a geometrical object
in the (n+1)D-space, e.g. a (n+1)D-zone in the (n+1)D-space. For example a road-
object is represented by an area (2D) in the original 2D representation and
represented as a volume in the vario-scale object representation defined by the
trans-scale boundary extending between an area representing the road-object in its
higher detailed n*D object representation and a corresponding area representing the
same road-object in its subsequent, lower detailed n*D object representation
embedded in said (n+1)D object-representation.

In case of a collapse an object is represented with a reduced number of
dimensions when reducing scale. A vario-scale object representation may collapse in
a direction of decreasing scale. For example, at a relatively large scale a road-object
is represented as a plane (2D), at a smaller scale it is represented by a line (1D) and
at a still smaller scale it is represented by a point (1D). Accordingly, in this case the
vario-scale object representation for the road-object comprises four trans-scale
boundary-segments that extend between the plane in said relatively large scale
representation and the line in said smaller scale representation. Furthermore, the
vario-scale object representation comprises a planar vario-scale object
representation part that extends between the line in said smaller scale
representation and the point in said still smaller scale representation. This vario-
scale object part has a trans-scale boundary comprising a first trans-scale boundary
element formed by said line and a second and a third trans-scale boundary element
formed by the connection lines between the end-points of said line in said smaller
scale representation and the point in said still smaller scale representation. The
number of dimensions of a collapsed object representation is a monotonically non-
increasing function of the additional scale dimension. For example an area object
can collapse to line object and then to point object (but not first collapse to point
object and then expand again to line object). Alternatively an area object could
directly collapse to a point object. Note: some objects may start as lower dimensional
objects in the highest detailed representation; e.g. in a 2D-representation a power
cable may be represented as 1D line object.

Collapsed vario-scale object representation-parts are defined as those parts of

a vario-scale object representation having less than n+1 dimensions within the
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(n+1)D space. An example thereof is the planar vario-scale object representation
part of the road object.

Generally speaking in the higher detailed representation the objects are
represented by zones that are defined by points p; having respective n-dimensional
coordinates (i1, xiz, ..., Xin), and in the lower detailed representation by points P;
with n-dimensional coordinates (Xis, Xis, ..., Xi»). The objects may be represented for
example by n-dimensional simplexes (n-simplex for short) that are defined by the
coordinates of their vertices. The n-simplexes are delimited by n+1 simplexes of
dimension n-1. More generally, the zones may be n-dimensional polytopes (n-
polytopes for short) bounded by (n-1)-dimensional polytopes, e.g. polygons in 2D
delimited by line segments, polyhedrons in 3D delimited by polygons or polychorons
in 4D that are delimited by polyhedrons. In principle, also other, non-linear,
geometric descriptions may be used, such as Bezier curves, Bezier surfaces etc,
however, for practical purposes descriptions by n-polytopes are most useful.

Starting from the higher detailed and the lower detailed n*D representations
(e.g. a higher detailed 2D map and a lower detailed 2D map) an (n+1)-dimensional
object representation is constructed that has in addition to the dimensions of the n-
dimensional object representation an additional dimension. The higher and the
lower detailed n-dimensional object representations are assigned a first and a second
value (scale levels sI and s2) for said additional dimension respectively. Accordingly
the coordinates p;: for the higher detailed representation are extended in one
dimension higher to (xi1, xiz, ..., Xin, xn+/=s1) and the coordinates for the lower
detailed representation are extended to (Xi1, Xiz, ..., Xin, Xn+1=82).

Subsequently one or more additional (n-dimensional) trans-scale boundary segments
are constructed that are delimited between mutually corresponding boundary
segments in the higher and lower detailed n-dimensional representation. The
additional trans-scale boundary-segments and the two versions of the n-dimensional
object having the first and the second value (xn+:1=sI and X.+=52) for the additional
dimension together completely bound the (n+1)-dimensional objects in the (n+1)-
dimensional representation. For example in case that n = 2, an object may have a
first polygonal zone zI with a first boundary set b1 in the first, higher detailed

representation and a second polygonal zone ZI with a second boundary set BI in the
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gecond, lower detailed representation. The polygonal zone ZI may be a degenerated
polygon, i.e. a polygon having all its vertices arranged on a line or sharing one
coordinate. One or more additional boundaries connect each point on the boundary
set b1 with a corresponding point on the boundary set B1. Basically it is sufficient to
construct an additional boundary object as a single ‘tubular’ shape! having the
polygonal zone 21 as its first end surface and the polygonal zone Z1 as its second end
surface. It will usually be more practical to construct a ‘tubular’ shape as a plurality
of connected trans-scale boundaries that extend between the boundary set of zone z1
and boundary set of zone Z1 corresponding therewith. These trans-scale boundaries
are composed of trans-scale boundary segments extending between corresponding
boundary segments in the boundary set of z1 and the boundary set of Z1. Typically
the segments are n-simplexes, i.e. triangles in case n=2 and tetrahedra in case n=3.
However, aggregations may be made depending on the circumstances. For example
two opposing triangles may be replaced by a quadrangle in case they are in the same
plane. In case the zones zI and ZI are polygonal, the vertices of the triangles may
coincide with the vertices of the polygons. In case the boundary sets b1, Bl of zones
zl, Z1 have the same number of vertices, then typically each pair of neighbouring
vertices in boundary set b1 form the first and second vertices of a triangle of which
the third vertex is from the boundary set Bl, and likewise each pair of neighbouring
vertices in boundary set Bl form the first and second vertices of a triangle of which
the third vertex is from the boundary set bl.

In case the boundary set b1 has a higher number of vertices than B1, then
part of the triangles having their base in bl may share a common vertex of BI as
their third vertex. Likewise, in case the boundary set B has a higher number of
vertices than b1, then part of the triangles having their base in BI may share a
common vertex of b1 as their third vertex.

Alternatively, in case the boundary set b1 has a number of vertices that is N
higher than that of B, then the description for the boundary set BI may be
extended with N intermediary vertices that are arranged on the boundary set Bl,
between the original vertices of Bl. In this way a boundary set B1’is obtained that

is equivalent to the original boundary set, but that has the same number of vertices

1 with changing shape and/or diameter (as bl and B2 are not equal).
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as bl. In the same way a boundary set b1 having a smaller number of vertices than
a boundary set Bl may be extended with additional vertices.

In a similar way a 3D higher detail zone zI and a corresponding lower detail
zone Z1 in the form of polyhedrons bounded by polygons may be converted into
equivalent polyhedrons by partitioning one or more faces of the polyhedrons and
making sure that there are corresponding boundary segments in 7 and B/ (and
similar for higher dimensions).

As indicated above, the trans-scale boundaries are concatenated into a trans-
scale boundary set that connects each point on the boundary set b1 with a point on
the corresponding (opposite) boundary set BI.

Typically the boundary sets b1, BI are matched segment-wise. Boundary
segments of bl are matched with corresponding boundary éeg‘ments in BI. Typically
the lower detailed representation is derived from the higher detailed representation,
or both representations are directly derived from a common representation.

In an embodiment of the method according to the first aspect of the invention
a higher detailed object representation comprises a concave zone zI (representing a
disappearing object) that merges with a second zone 22 (representing a growing
object) into a single destination zone in a lower detailed object representation, the
method comprises the step of subdividing said concave zone into convex subzones.
In case that the zone z1 is concave, it is possible that the trans-scale boundary
constructed between b2 and B2 is self intersecting. It is noted that not every merge
with a concave zone necessarily results into a mutually intersecting trans-scale
boundary. In practice various triangulations of a trans-scale boundary are possible
of which usually one or more are non-intersecting. However, in case there is no such
triangulation available or in order to systematically avoid self intersection of the
trans-scale boundary the constructed trans-scale boundary is constructed part wise
as claimed in claim 3. In this part wise construction auxiliary zones zla, 215, ... are
constructed to that end the zone 21 is first partitioned into convex subzones. Directly
adjacent subzone zIa is merged with a neighbouring zone 22. The first auxiliary zone
boundary set b2a bounds the concatenation zone 22’ of the first auxiliary zone zla
and zone z2. Next a second auxiliary zone boundary set b2b bounds said

concatenation 22’ with subsequent neighbouring (sub)zones z1b + z2’resulting into
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22”. This process is repeated until all subzones are merged with zone 22 and the
zone Z2 is obtained. The auxiliary zones zla, 21b, ..., 22, 227, ... and their auxiliary
zone boundary sets bla, blb, ..., b2a, b2, ... are assigned subsequently higher scale
levels.

After constructing the (n+1)-dimensional representation, it can be used for
efficiently obtaining vario-scale n-dimensional representations. Starting from the so
obtained (n+1)-dimensional representation an intermediate n-dimensional
representation is obtained by calculating a cross-section between an n-dimensional
slicing object and the constructed (n+1)-dimensional objects. For calculating the
cross-section it is sufficient to know the parameters that define the (n+1)-
dimensional objects. For example, in case the (n+1)-dimensional objects are
described by a mesh of (n+1)-simplexes, the cross-section with the n-dimensional
slicing object is calculated using the vertices of the (n+1)-simplexes. Should the
(n+1)-dimensional objects be described by Bezier shapes, the cross-section can be
calculated from the end-points and control points of the Bezier shapes. As claimed in
claim 9, the n-dimensional slicing object may be an n-dimensional hyperplane
defined by the additional coordinate s= sp, wherein sp is a predetermined value for
the scale independent of the coordinates defined by the n-dimensional space. In that
case all objects are rendered with the same scale sp. For arbitrary scale levels s the
cross-sections can be calculated. The steps between subsequent scale-levels can be
selected arbitrarily small, so that a true smooth zoom-in or zoom-out is obtained
without discontinuities in subsequent images.

It is not necessary that the n-dimensional slicing object is an n-dimensional
hyperplane having a fixed value for s independent of the other coordinates. In an
embodiment as claimed in claim 10, the n-dimensional slicing object has a value for
the additional dimension that is a function of the coordinates in the n dimensions
defined by the n-dimensional object-representations, e.g. the slicing object may be a
tilted hyperplane. In this way it can be achieved that some of the objects are
rendered with more detail than others. This feature can be used in so-called mixed
scale maps. For example, in a 3D perspective view map objects nearby may be
rendered with more detail than remote objects. Also more complicated functions may

be used for the value s of the slicing object, for example to obtain the effect of a fish-
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eye lens. In all case the method of the present invention results in topological correct
boundaries between the displayed objects (without overlaps or unintended gaps).

When generating the structure from a topologically correct highest detailed
n-dimensional representation, care should be taken that the derived lower detailed
n-dimensional representations are also topologically correct, i.e. it should be
prevented that zones representing objects overlap each other or that gaps are
present between zones. Various methods are known to generate such topologically
correct representations, such as the constrained t-GAP method described in the
above-mentioned article. Starting from topologically correct lower detailed and the
higher detailed n-dimensional representations, also topologically correct
intermediate representations are obtained. This is relatively easy in case that the (to
be merged and disappearing) object zone involved is convex. The (to be merged)
concave object zones may first be partitioned into convex sub-zones to achieve
topologically correct intermediate representations as indicated in more detail in the
sequel. In case of simplification of a shared boundary, care must be taken that the
simplified version of the boundary remains inside the space covered by the two zones
incident with the shared boundary (and in this manner making sure that no
intersections are introduced).

In order to obtain a reduction of a level of detail in a lower detailed
representation various reduction steps are possible.

A reduction step denoted as merge is realized in an embodiment of the
method according to the first aspect wherein a higher detailed n-dimensional object
representation comprises at least one disappearing zone (representing a
disappearing object) that merges with at least one growing zone (representing a
growing object) into a single destination zone in a lower detailed n-dimensional
object representation, said at least one disappearing zone and said at least one
growing zone having a common boundary, said common boundary being mapped
onto the opposite boundary segments (corresponding boundary segments) of the
disappearing zone.

A reduction step denoted as collapse 1s realized in an embodiment of the
method according to the first aspect wherein a higher detailed n-dimensional object
representation comprises at least one, typically elongated, zone, representing a

collapsing object arranged between neighbouring zones representing its
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neighbouring objects, and wherein a lower detailed (<n)-dimensional object
representing the collapsed object, and corresponding remaining parts of the space
originally occupied by the collapsing object are merged with the neighbouring zones
(objects).

A reduction step denoted as simplify is realized in an embodiment of the
method according to the first aspect, wherein a higher detailed n-dimensional object
representation comprises a zone having boundaries with a first number of boundary
segments, and wherein a lower detailed n-dimensional object representation
comprises a corresponding zone having boundaries with a second number of
boundary segments, wherein the second number of boundary segments is smaller
than the first number. The boundary segments are (n-1)-dimensional object in nD
space, e.g. line or curve segments bounding an area or plane segments bounding a
volume. Alternatively in case boundary segments are represented by polynomial
objects, a simplification of the boundary is obtained by a reduction of the polynomial
order of these objects. Le. ntt order polynomial segments are replaced by m*" order
segments, wherein n, m are integers and n>m21. For example second order
polynomial boundary segments may be approximated by linear boundary segments.
In 3D nt* order polynomial surface segments are replaced by m* order polynomial
surface segments.

Typically a boundary in the higher detailed representation does not have the
same number of boundary segments as its corresponding boundary in the lower
detailed representation. This situation typically occurs in case of a merge between
two (object-representing) zones, wherein a higher detailed n-dimensional
representation comprises at least a disappearing and a growing zone having a
common boundary, having a corresponding opposite boundary in a disappearing
zone. Also in that case various approaches are possible to construct the trans-scale
boundary segments between these boundaries. Typically (for a 2-dimensional
representation) the common boundary and the opposite boundary corresponding
therewith each are formed by concatenated line segments the common boundary
having a first number nI and the opposite boundary having a second number n2 of
line segments. According to a first approach a trans-scale boundary object is

constructed that is composed of a number nl of triangles having their base in the
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common boundary in the higher detailed n-dimensional object representation and a
number n2 - 2 of triangles having their base in the opposite boundary in the lower
detailed n-dimensional object representation.

According to a second approach first a pre-processing is applied to either the
original boundary (common boundary) or the opposite boundary (corresponding
boundary), before the trans-scale boundary segments are constructed. This pre-
processing is performed by the following steps:

- counting a first number of interior nodes on the common boundary,
- counting a second number of interior nodes of a opposite boundary on which
said common boundary is mapped,

determining a difference between said first and said second number,

- if the first and the second number are not equal then adding a number of
additional nodes equal to the absolute value of said difference to the one of the
common boundary and the opposite boundary having the lower number of nodes.
Therewith the common boundary and the opposite boundary mutually have an equal
number of internal nodes arranged in a sequence along the common boundary and
the opposite boundary respectively. The internal nodes of the common boundary are
denoted as primary nodes and the internal nodes of the opposite boundary are
denoted as secondary nodes.

Subsequently an edge is constructed between each primary node on the
common boundary and a secondary node on the opposite boundary on which said
primary node is mapped (corresponding secondary node). These edges define the
trans-scale boundary segments. This approach is equally suitable to a higher
dimensional application. In case of a 3D application, for example, a boundary is
defined by a set of 2D-boundary segments each defined by set of 1D-boundary
segments that are each defined by nodes. Once the number of internal nodes is
equalized according to the second approach, the number of 1D-boundary segments
can be equalized and subsequently the number of 2D-boundary segments can be
equalized. Subsequently trans-scale boundary segments can be constructed that
extend between the 2D-boundary segments.

According to a second aspect of the present invention a system is provided for
generating a visual representation in an n-dimensional space. The system comprises

a first facility for generating for each object to be represented a higher and a lower
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detailed n-dimensional object representation that each comprising digital data
describing a zone fitting in a space-partitioning, which zone is defined by (n-1)-
dimensional boundaries, each boundary being shared with a neighbouring zone.

The system according to the second aspect further comprises a second facility
for positioning an n-dimensional object representation into an (n+1)-dimensional
space, having in addition to the dimensions of the n-dimensional representations a
scale (s) as an additional dimension, wherein the higher and the lower detailed n-
dimensional representation respectively are assigned a first and a second value for
said additional dimension.

The system further has a third facility for creating an (n+1)-dimensional
object representation by constructing trans-scale boundary segments between
mutually opposite boundaries in the higher and the lower detailed n-dimensional
representation.

The system according to the second aspect further comprises a fourth facility
for determining an intermediate n-dimensional representation by calculating a
cross-section between an n-dimensional mapping object (slicing plane) and the trans-
scale boundaries composed of the trans-scale boundary segments in said
transformed (n+1)-dimensional representation.

The system according to the second aspect may be arranged in an integrated
unit comprising all its facilities in a single unit. Alternatively facilities of the system
may be arranged at mutually different locations and be coupled via a wired or
wireless communication channel.

An embodiment of the system according to the second aspect of the present
invention is arranged as a client-server combination this itself forms the third aspect
of the invention. The client-server combination comprises a server according to the
fourth aspect of the invention and a client according to the fifth aspect of the
invention.

The server according to the fourth aspect of the invention comprises the first
facility for generating the higher and a lower detailed n-dimensional representation.
The server according to the fourth aspect of the invention further comprises the
second facility for positioning these higher and lower detailed n-dimensional
representation in an (n+1)-dimensional space, and the third facility for creating a

vario-scale (n+1)-dimensional representation by constructing trans-scale boundary
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segments between mutually corresponding boundary segments in the first and a
second n-dimensional representation.

The client according to the fifth aspect of the invention comprises the fourth
facility for determining an intermediate n-dimensional representation. Accordingly,
the client is capable of generating true n-dimensional vario-scale maps by slicing the
received (n+1)-dimensional representations obtained from the server with the
appropriated n-dimensional slicing surface.

In the system according to the third aspect of the invention configured as a
client-server combination. The client is arranged to issue a request to the server
specifying both the spatial and scale ranges. In response to said request the server is
arranged to provide data of a transformed (n+1)-dimensional representation for
subsequently increasing scales and starting with data for the smallest scale, i.e. with
the lowest level of detail. In this system the client is arranged to simultaneously
render an intermediate n-dimensional representation with a gradually increasing
scale for scale values in between scale values for which the server already has
provided data of the transformed (n+1)-dimensional representation.

In this way the client-server combination for generating true vario-scale
maps in an n-dimensional space, supports progressive transfer.

In this way the client-server combination is capable of responding to for
(n+1)-dimensional representations both for n-dimensional initial map requests and

for n-dimensional delta map requests for zooming-in/out and panning.

BRIEF DESCRIPTION OF THE DRAWINGS

These and other aspects are described in more detail with reference to the
drawing. Therein:

FIG. 1 shows examples of different approaches for generating representations
(maps) of different level of detail from a source representation (map),

FIG. 2 shows various generalization operations for generating lower level of

detail representations,

In particular FIG. 2a shows an example of a portion of a reference object

representation (map),
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FIG. 2b shows the result of a collapse operation,

FIG. 2¢c shows the result of a merge operation,

FIG. 2d shows the result of a simplify operation,

FIG. 2e shows a topologically generalized area partitioning structure
corresponding to the sequence of operations applied to FIG. 2a,

FIG. 3 schematically shows a method according to the first aspect of the
invention,

FIG. 4A shows a merge operation in more detail,

FIG. 4B schematically shows the (n+1)-dimensional object representation in
this case,

FIG. 5 shows a triangulation of a trans-scale boundary,

FIG. 6 schematically shows examples of slicing objects,

FIG. 7a shows an (n+1)-dimensional represéntation derived from the n-
dimensional representations as described with reference to FIG. 2a to 2d,

FIG. 7b shows intermediate representations for a first set of intermediate
scale-values,

FIG. 7c shows intermediate representations for a second set of intermediate
scale-values,

FIG. 7d shows intermediate representations for a third set of intermediate
scale-values,

FIG. 7e shows a vario-scale representation obtained from the n-dimensional
representations according to a known method,

FIG. 7f shows intermediate representations obtained from the result of FIG.
7e for a first set of intermediate scale-values (note the equal set of representations

sl11,s12, 513, 14, which is not very useful),

FIG. 7g shows intermediate representations obtained from the result of FIG.

Te for a second set of intermediate scale-values (note the sudden change in
representation between s14 and 521 and the equal set of representations s21, s22,

5§23, 24, which is not very useful),

FIG. 7h shows intermediate representations obtained from the result of FIG.

Te for a third set of intermediate scale-values (note the sudden change in
representation between s24 and s3I and the equal set of representations 831, 832,

833, 34, which is not very useful),
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FIG. 8A shows intermediate n-dimensional representations obtained with a
set of “horizontal” slicing objects for constant scale,

FIG. 8B shows an example wherein the slicing object is a tilted plane,

FIG. 8C shows the intermediate n-dimensional representation that is
obtained by a cross-section of the (n+1)-dimensional representation with a tilted
slicing object,

FIG. 9A illustrates a curved slicing object by its curves of constant scale,

FIG. 9B illustrates a mixed scale representation obtained with the slicing
object of FIG. 9A,

FIG. 10A — 10F illustrates various stages of a merging step, wherein a
concave disappearing zone 21 is merged with a growing zone z2, therein,

FIG. 10A shows a part of a map with the original zones,

FIG. 10B shows said part wherein, now with the concave zone zI partitioned
into convex zones zlaq, z1b, zlc, and z1d,

FIG. 10C shows said part wherein it is illustrated how a convex part zla
within the concave zone is merlged with the growing zone,

FIG. 10D shows said part after the operation illustrated in FIG. 10C,

FIG. 10E shows a further stage,

FIG. 10F shows a final stage,

FIG. 11 schematically shows a sequence of a first n-dimensional object
representation, one or more auxiliary n-dimensional object representations and the
second n-dimensional object representation embedded in an (n+1)-dimensional
representation, as well as trans-scale boundary segments constructed therein,

FIG. 12 shows another example of a concave zone partitioned into convex
zones (now in case of a zone with a hole),

FIG. 13A — 13D show an example of related 3D-object representations, based
on the merge operation, therein,

FIG. 13A shows a higher detailed 3D-object representation,

FIG. 13D shows a corresponding lower detailed 3D-object representation,

FIG. 13B shows a corresponding first intermediate 3D-object representation,

FIG. 13C shows a corresponding second intermediate 3D-object

representation,
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s
FIG. 14A — 14C show in more detail a generic construction of an intermediate -
3D-representation, therein i
FIG. 14A shows an example of a higher detailed 3D-object-representation, (:_ .;;

FIG. 14B shows a mapping of corresponding elements in said shared iy
boundary elements and opposite boundary elements,

FIG. 14C shows how an intermediate 3D-object-representation is obtained,

FIG. 15A — 15C show two examples of a simplify operation, therein

FIG. 15A shows a merged object in a 3D object-representation,

FIG. 15B shows the result of a first type of the simplify operation,

FIG. 15C shows the result of a second type of the simplify operation,

FIG. 16A — 16D show a mapping of corresponding elements in a higher
detailed 3D-object-representation and in a corresponding lower detailed 3D-object
representation obtained by a simplify operation, therein

FIG. 16A shows the object of FIG. 154, including node/vertex references,

FIG. 16B shows the object of FIG. 15B, including node/vertex references,

FIG. 16C shows the object of FIG. 15C, including node/vertex references,

FIG. 16D shows a table with a mapping between the references used in FIG.
16A and 16B, as well as a mapping between the references used in FIG. 16A and
16C,

FIG. 17A shows a pseudo 4D-view of the 4D-representation constructed from
the 3D-representations shown in FIG. 16A and 16B, and

FIG. 17B shows a pseudo 4D-view of the 4D-representation constructed from
the 3D-representations shown in FIG. 16A and 16C,

FIG. 18 shows a first embodiment of a system according to the second aspect
of the invention,

FIG. 19 shows a second embodiment of a system according to the second
aspect of the invention,

FIG. 19A shows the second embodiment of FIG. 19 in more detail,

FIG. 19B shows another part of an embodiment of the system in more detail,

FIG. 20 shows an embodiment of a system according to a third aspect of the
invention comprising a server according to the fourth aspect of the invention and a

client according to the fifth aspect of the invention,
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FIG. 20A shows an example of the embodiment of the system according to the
third aspect in more detail,

FIG. 21A shows a first operational mode (simple initial map request) of the
embodiment of the system according to the third aspect,

FIG. 21B shows a second operational mode (progressive initial map request)
of the embodiment of the system according to the third aspect,

FIG. 21C shows a third operational mode (progressive zoom-in request) of the
embodiment of the system according to the third aspect,

FIG. 21D shows a fourth operational mode (progressive zoom-out request) of
the embodiment of the system according to the third aspect,

FIG. 21E shows a fifth operational mode (simple pan request) of the
embodiment of the system according to the third aspect,

FIG. 21F shows a sixth operational mode (progressive pan request) of the

embodiment of the system according to the third aspect.

DETAILED DESCRIPTION OF EMBODIMENTS

In the following detailed description numerous specific details are set forth in
order to provide a thorough understanding of the present invention. However, it will
be understood by one skilled in the art that the present invention may be practiced
without these specific details. In other instances, well known methods, procedures,
and components have not been described in detail so as not to obscure-aspects of the
present invention.

It will be understood that, although the terms first, second, third etc. may be
used herein to describe various elements, facilities and/or units, these elements,
facilities and/or units should not be limited by these terms. These terms are only
used to distinguish one element, facility or unit from other elements, facilities or
units. Thus, a first element facility or unit discussed below could be termed a second
element, facility or unit without departing from the teachings of the present

invention.
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Unless otherwise defined, all terms (including technical and scientific terms)
used herein have the same meaning as commonly understood by one of ordinary skill
in the art to which this invention belongs. It will be further understood that terms,
such as those defined in commonly used dictionaries, should be interpreted as
having a meaning that is consistent with their meaning in the context of the
relevant art and will not be interpreted in an idealized or overly formal sense unless
expressly so defined herein. All publications, patent applications, patents, and other
references mentioned herein are incorporated by reference in their entirety. In case
of conflict, the present specification, inclu&ing definitions, will control. In addition,
the materials, methods, and examples are illustrative only and not intended to be
limiting.

Like numbers and other references refer to like elements throughout unless
otherwise indicated.

Maps or other object representations may show objects with an amount of
detail depending on the scale of the representation. When decreasing the scale, the
size of the area increases, but the amount of detail available for individual objects
decreases. The reference (or base) map represents the objects involved with the
highest detail.

FIG. 1 schematically shows various approaches for generating lower level of
detail object representations, by way of example at scales s2, 83, s4 from a reference
object representation at scale s1.

According to a first approach (a) each lower level of detail representation is
directly constructed from the reference object representation. According to a second
approach (b) each subsequent lower level of detail representation is constructed from
the next higher level representation. The third approach (c) as described in more
detail in the cited article of Haunert et al. is a hybrid approach. Therein
subsequently a set of intermediate datasets is generated that uses the information
in the next higher level of detail and the information in the lowest level of detail

FIG. 2 shows in more detail various generalization operations for generating
lower level of detail representations. FIG. 2a shows an example of a portion of a
reference object representation or reference map. FIG. 2b shows the result of a
collapse operation. A collapse operation comprises a sequence of sub-operations. In a

collapse operation a 2D feature is replaced by a one-dimensional feature or by a zero-



10

15

20

25

30

22

dimensional feature. E.g. an elongated polygonal area representing a road 23 is
replaced by a polyline. The area previously occupied by the elongated object is split
and the parts are reassigned to the adjacent zones, here the zones z1, 22 and z4
respectively representing farmland, forest and water. FIG. 2c shows the result of a
merge operation. In a merge operation a pair of zones, here the zones zI and z2,
merges into a single destination zone, here zone z1. Le. one of the zones disappears.
A third example is a simplify operation. FIG. 2d shows the result of this operation.
In a simplify operation a shared boundary between zones is replaced by a simplified
boundary that approximates the original boundary for example by a reduction of the
number of line segments used, while preventing that the new boundary intersects
other existing boundaries. In this case the boundary between zones zI and 24 is
simplified. A topological generalized area partitioning (tGAP) structure, specifies the
desired generalization operations for each level of detail. The corresponding tGAP
structure for this example is shown in FIG. 2e.

The generalization operations described with reference to FIG. 2 are the most
common operations used. However, as described above, also other generalization
operations such as “typify” are possible (and can be represented in the mentioned
tGAP structure).

FIG. 1a to 1c and FIG. 2a to 2d illustrate that regardless the generalization
method and the generalization operations involved a step to a next lower level of
detail involves a discontinuity in the displayed features. Zones that may be present
in a particular level of detail, may suddenly disappear in the next level of detail.
FIG. 3 schematically illustrates an embodiment of a method according to the first
aspect of the present invention that avoids such discontinuities. The method
generates a vario-scale visual representation of n-dimensional objects based on an
(n+1)-dimensional space. The method comprises a first step S1 of generating a
higher and a lower detailed n-dimensional object representation. The higher and
lower detailed n-dimensional object representation may be generated with a method
known as such, for example the hybrid method described in the article by Haunert et
al. or with one of the other methods referred therein. As these methods are known as
such they will not be described in further detail here. The generated higher and
lower detailed n-dimensional object representation each comprise digital data

representing objects. The n-dimensional object representations have zones delimited
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by (n-1)-dimensional boundaries having at least one boundary segment. The n-
dimensional object representations may be 2-dimensional maps wherein the zones
represent different cultural and/or geographical features. Although the method is
mainly described here for a pair of a higher and a lower detailed n-dimensional
object representation, the present invention is also designed to be applied to a set of
n-dimensional object representations, together forming a partition of space.

In a second step S2 n-dimensional object representations are positioned in an
(n+1)-dimensional space, having in addition to the dimensions of the n-dimensional
object representations an additional dimension, wherein the higher and the lower
detailed n-dimensional object representations are assigned a first and a second value
(scale level) for said additional dimension respectively. Accordingly, in the case of a
2D map an object representation in 3D-space is obtained having the two dimensions,
e.g. (x,y) of the map, and in addition the scale dimension. In that case the resulting
coordinate system for the object representation is x,y,s. In a third step (S3) a (n+1)-
dimensional object representation is created by constructing generalized (or trans-
scale) boundary segments (n-dimensional) between mutually corresponding
boundary segments of the higher and lower n-dimensional representation. If o(x,y)
and O(x,y) are functions that assign an object to a location x,y in the higher detailed
object representation and the lower detailed object representation, then the (n+1)-
dimensional object representation is defined as Os(x,y,s1) = o(x,y) and Os(x,y,s2) =
O(x,y).

In a fourth step S4 an intermediate n-dimensional representation is
determined by calculating a cross-section between an n-dimensional slicing object
and the constructed (n+1)-dimensional objects.

These steps are now described in more detail with various examples.

FIG. 4A schematically shows a first, higher level of detail (n=2)-dimensional
object representation having a first object represented by zone z1 and a second object
represented by zone z2. Zone z1 is bounded by boundary segments b1, b2, b7, b8, b6.
The boundary segments of zone zI extend between nodes or vertices nl, n2, n8, né,
n5. Zone z2 is bounded by boundary segments b3, b4, b5, b8, b7. The boundary
segments of zone 22 extend between nodes or vertices n8, n3, n4, n5, n6. The zones

have a common boundary part comprising segments b7, b8, from n8 to n5 via né.
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In the next lower level of detail representation zones zI and 22 are merged into
destination zone Z2. Destination zone is bounded by boundary segments BI, B3, B4,
B35 that extend between nodes nl, n2, n3, n4,

FIG. 4B schematically shows the (n+1=3)-dimensional object representation
in this case. This 3D object representation comprises the scale s as an additional
dimension. The higher detailed representation is represented at scale s =sI and the
lower detailed representation is represented at scale s =52 in this 3D object
representation. For clarity the labels of the boundary segments b1, b2, etc. and Bl,
B2, etc. are not shown in FIG, 4B. In this respect reference is made to FIG. 4A.

A generalized boundary, also denoted as trans-scale boundary is now
constructed between corresponding boundary segments of the higher and lower n-
dimensional representation.

In this example zone 22 is expanded to zone Z2. Accordingly the boundary
segments b3, b4, b5, b8, b7 at scale s correspond to boundary segments B3, B4, B5,
B1 at scale s2. The mapping at the level of the boundary segments is: boundary
segment b4 at scale s corresponds to boundary segment B4 at scale s2, boundary
segment b3 at scale sl corresponds to the concatenation of boundary segments B3 at
scale 52, boundary segment b5 corresponds to the concatenation of boundary
segments B5 at scale s2, and the concatenation of boundary segments b7+b8 at scale
81 corresponds to boundary segment B1I at scale s2.

In this example zone 21 collapses. Accordingly the boundary segments b1, b2,
b7, b8, b6 defining zone z1I at scale s1 collapse into boundary segment B at scale s2.

Having identified the mutually corresponding boundary segments of the
higher and lower n-dimensional representation subsequently a trans-scale boundary
having trans-scale boundary segments defined between mutually corresponding
boundary segments of the objects according to the higher detailed representation
and the lower detailed representation is constructed.

According to the first mapping the trans-scale boundary comprises a first
segment delimited between b4 in the higher detailed representation and B4 in the
lower detailed representation. The first segment may be described as a triangulated
surface defined by a first triangle n4, N4, n3 and a second triangle n3, N3, N4.

Possible triangulations are described with reference to FIG. 5.

@
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A second segment is delimited between b5 in the higher detailed
representation and B5 in the lower detailed representation. The second segment
may be described as a triangulated surface defined by a first triangle n4, n5, N4 and
a second triangle n5, V1, N4. Likewise a third segment is delimited between b3 in
the higher detailed representation and B3 in the lower detailed representation. The
third segment may be described as a triangulated surface defined by a first triangle
nd, n8,N3 and a second triangle n8, n2, N3.

A fourth segment is the shared boundary with the to be removed zone and is
delimited between segments b8, b7, in the higher detailed representation and
between segment BI in the lower detailed representation. According to a possible
triangulation the fourth segment may be described as the set of triangles N1, n5, né;
n6, N1, n7: n7, N1, N2; and N2, n7, n8. Therein n7 is a constructed additional node.
The results are summarized in the following table. Column 1 (Boundary s1)
indicates the boundary segments of the object boundary in the higher detailed
representation. Column 2 (Boundary s2) indicates the boundary segments of the
object boundary in the lower detailed representation. The third column (TS)
indicates the vertices of the trans-scale boundary segments defined by the mutually
corresponding boundary segments. The fourth column (TR) indicates a set of

triangles that describe the trans-scale boundary segment.

Boundary s7 |Boundary s2 | TS TR

b4 B4 n3, n4, N4, N3 n3, n4, N4; n3, N4, N3

b5 B5 n4, n5, N1, N4 n4, n5, N4; n5, N1, N4

b3 B3 n3, n8, N2, N3 n3, n8, N3; n8, N2, N3

b8, b7 B1 n5, n6, n8, N2, N1 | N1, n5, n6; n6, N1, n7; n7, N1, N2; N2, n7, n8

It is noted that the triangulation of the shared trans-scale boundary may be
realized in various ways. One of those ways is illustrated in FIG. 5. FIG. 5 shows the
top-view of a situation wherein the mutually corresponding boundaries in the lower
detailed object-representation (scale s2) and in the higher detailed object-
representation (scale s1) have a different number of linear boundary segments. In
this example a shared boundary b_s in the higher detailed representation has a
number LS_s = 7 concatenated linear segments and its corresponding (opposite)
boundary set b_o (in the zone to be removed) has a number LS_o=5 concatenated

linear segments. A trans-scale boundary segment can be composed of a number LS_s
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of triangles having their base in the shared boundary b_s in the higher detailed
object representation, and their top in the corresponding boundary set b_o in the
lower detailed object-representation and a number LS_o - 2 of triangles having their
base in the opposite boundary b_o in the first object representation and their top in
the shared boundary b_s in the higher detailed object representation.

As a pre-processing step the number of linear segments of the mutually
corresponding boundaries b_s (shared) and b_o (opposite) may be harmonized by
subdividing linear segments in the boundary having the lower number of segments
so as to obtain a mutually equal number of boundary segments. In the example of
FIG. 4B a boundary segment b7 is subdivided into two linear segments
interconnected by node n7, so that both boundaries have 3 segments.

After construction of the (n+1=3)-dimensional representation, the next step
involves determining an intermediate n-dimensional representation by calculating a
cross-section between an n-dimensional slicing object SO and the constructed trans-
scale boundary of the (n+1)-dimensional representation. The cross-section of said
trans-scale boundary with the slicing object SO forms the boundary of the
corresponding zone assigned to said object in the intermediate n-dimensional
representation.

Several options are possible for the slicing object SO. In an embodiment the
slicing object SO is a plane with a fixed value for the scale, for example a value s =
a.s1+(1-a).52, wherein o is a value in the range of O to 1. This is schematically shown
in FIG. 6, as well as an alternative, wherein the slicing object SO! is a tilted plane.
FIG. 6 shows a further alternative wherein the slicing object SO21is a curved plane.

FIG. 7a-7d further illustrates an embodiment of the present invention with
the n-dimensional representations of FIG. 2.

FIG. 7a shows the vario-scale visual representation constructed from the n-
dimensional representations as described with reference to FIG. 2. The vario-scale
representation of FIG. 7a has in addition to the dimensions x,y a scale dimension s
In the (n+1)-dimensional object representation of FIG. 7, the highest detailed n-
dimensional object representation of FIG. 2a is assigned a first value s (scale level)
for said additional dimension. The next lower n-dimensional object representation of

FIG. 2b is assigned a second value s2. The subsequent next lower n-dimensional
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object representations of FIG. 2¢, FIG. 2d are assigned a third value s3, s4
respectively.

FIG. 7b shows intermediate (n=2)-dimensional representations obtained by
calculating a cross-section between an (n=2)-dimensional horizontal slicing object,
and the constructed trans-scale boundaries of the objects. The subsequent
intermediate (n=2)-dimensional representations are calculated with respective
planes having a value s in the range between sl and s2. For example, when s! is set
to 4 and s2 is set to 3, the slicing planes may have the values s11 =4, s12=3.75, s13
=3.5and s14 = 3.25. FIG. 7c shows intermediate representations obtained with a
slicing object formed by a plane with a scale value in the range between s2 and s3,
for example with s21 = 8, 522 = 2.75, etc. FIG. 7d shows intermediate
representations obtained with a slicing object formed by a plane with a scale value
in the range between s3 and s4. By gradually changing the value s of the plane
forming the slicing object a continuous transition is obtained from a higher detailed
representation to a lower detailed representation of a set of objects.

For comparison FIG. 7e shows a space-scale representation obtained from the
n-dimensional representations according to the method known from Vermeij et al,
referred to above.

FIG. 7f shows intermediate representations obtained from the result of FIG. 7e for a
first set of intermediate scale-values,

FIG. 7g shows intermediate representations obtained from the result of FIG. 7e for a
second set of intermediate scale-values,

FIG. 7h shows intermediate representations obtained from the result of FIG. 7e for a
third set of intermediate scale-values,

In this case the results obtained for intermediate scale-values within the
same set are the same (and do not contribute to smooth zoom, which is based on
gradual change). Accordingly, although intermediary representations can be
obtained for arbitrary scale values, the known method still results in abrupt
transitions at the boundaries defined by the scale values for the n-dimensional
representations from which the (n+1)-dimensional representation is constructed.

As indicated with reference to FIG. 6 the slicing object is not necessarily a

plane for a constant value of s. FIG. 8B shows an example wherein the slicing object
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S0 is a tilted plane. FIG. 8C shows the intermediate n-dimensional representation
that is obtained by a cross-section of the (n+1)-dimensional representation with the
tilted slicing object SO. The result is called a mixed-scale map as in one image both
higher and lower detail representations are seamlessly integrated. For comparison
FIG. 8A shows the intermediate n-dimensional representations obtained with a set
of ‘horizontal’ slicing objects, i.e. slicing objects for constant scale. In the
intermediate representation of FIG. 8C it is achieved that within the plane of said
intermediate representation a gradual transition in the level of detail is achieved.
This makes it possible for example to represent nearby objects in detail, while
simultaneously presenting an overview of remote objects.

FIG. 9A and 9B shows another example. Therein FIG. 9A illustrates curves of
constant scale (S=1, S=0,5 etc) for a slicing object. The slicing objects SO has
relatively small scale value for coordinates close to the centre of the x-y coordinate
system and the scale value increases with the distance from the centre.

The slicing object is for example a curved surface having the value for s:

A=

The cross-section between such a slicing object and the (n+1)-dimensional
object representation results in an intermediary representation as shown in FIG. 9B,
wherein objects near the centre are represented larger and objects remote from the
centre are represented smaller: a mixed scale map. Note that this is a simulation of
a true mixed scale map (taken from Harrie, L., Sarjakoski, L. T, and Lehto, L.
(2002). A variable-scale map for small display cartography. International Archives of
Photogrammetry Remote Sensing and Spatial Information Sciences, 34(4):237—242).
This simulation does not show less detailed representations towards the outside, but
only the in size reduced representations.

A particular situation arises if a disappearing object (zone) involved in a
merge is concave. This situation is illustrated in FIG. 10A. FIG. 10A shows a part of
an n-dimensional object representation at a high level of detail, having a first
concave zone z1, and a second zone 22. In the second map having the low level of
detail, zones 21 and 22 are merged into zone Z2, wherein zone z! is the disappearing
zone, This situation is shown in FIG. 10F. According to an embodiment of the

method according to the first aspect, the concave zone is first subdivided into convex
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subzones zlaq, z1b, zlc, z1d as shown in FIG. 10B. FIG. 10C to FIG. 10F further
illustrate a stepwise merge of the convex subzones z1aq, ..., 21d with the consuming
zone 22.

In the first step a convex subzone zla of the first zone 21 is selected that has
a common boundary with the second zone 22 (growing object). An auxiliary n-
dimensional object representation is constructed as shown in FIG. 10D, wherein a
new first zone is defined by separating (removing) the selected convex zone zlg from
the first zone zI and wherein a new second zone 22’ is defined by merging the
selected convex zone zla with the second zone z2. The first auxiliary n-dimensional
object representation is assigned a scale value intermediate a scale value assigned to
the scale values assigned to the n-dimensional object representation at a high level
of detail of FIG. 10A and to the n-dimensional object representation at a low level of
detail of FIG. 10F. Trans-scale boundaries (comprising trans-scale boundary
segments between mutually corresponding boundary segments) between mutually
corresponding boundaries in the n-dimensional object representation at a high level
of detail and in the first auxiliary n-dimensional object representation are then
constructed as schematically illustrated in FIG. 10C.

These steps are repeated, now with the new second (further growing) zone
22’ as the second zone, and with the new, reduced first (further shrinking) zone as
the first zone. As illustrated in FIG. 10D, in this case the selected convex subzone is
subzone z1b. After merging this subzone with zone 22’ the intermediary result of
FIG. 10E is obtained. This intermediate result is a second auxiliary n-dimensional
object representation that is assigned a scale value intermediate a scale value
assigned to the scale values assigned to the first auxiliary n-dimensional object
representation of FIG. 10D and to the n-dimensional object representation at a low
level of detail of FIG. 10F.

In the second auxiliary n-dimensional object representation of FIG. 10E a
new consuming (growing) subzone z2” is formed that bounds to two convex subzones
Ic and 1d of the original concave zone z1. These convex subzones Ic, 1d may be
merged simultaneously with the new second zone 22”. Therewith the result of FIG.

10F is obtained wherein only the second zone Z2 remains.
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In this process, each subsequent auxiliary n-dimensional object
representation is assigned a subsequently lower scale value. The last constructed
auxiliary n-dimensional object representation is the n-dimensional object
representation at a low level of detail and the other constructed auxiliary n-
dimensional object representations are assigned scale values in the range between
the scale values assigned to the n-dimensional object representation at a high level
of detail and the n-dimensional object representation at a low level of detail. This is
illustrated in FIG. 11, wherein the n-dimensional object representation having the
higher level of detail as illustrated in FIG. 10A is assigned scale value sl, the first
auxiliary n-dimensional object representation, of FIG 10D is assigned scale value s2,
the second auxiliary n-dimensional object representation of FIG. 10E is assigned
scale value s3. The third auxiliary n-dimensional object representation, of FIG. 10F,
which is also the n-dimensional object representation having the lower level of detail
is assigned scale value 54, wherein s1 >s2 > 83 > s4.

In a subsequent step trans-scale boundary segments are constructed that
extend between mutually corresponding boundary segments between each pair of
subsequent n-dimensional object representations in a depth order selected from the
sequence of a first n-dimensional object representation, one or more auxiliary n-
dimensional object representations and the second n-dimensional object
representation. These trans-scale boundary segments are schematically indicated as
dotted lines in FIG. 11

FIG. 12 shows another example, wherein the concave zone 21 is shaped as a
ring around an island z3. The concave zone z1 is partitioned into sub-zones zla, z1b,
zlc and z1d. A merger of zone z1 with zone 22 is performed stepwise by first merging
subzone zIa with zone z2 resulting in zone z22’, subsequently merging subzones z1b
and zIc with zone z2’ resulting in zone 22", and finally merging subzone z1d with
zone z2” resulting in a zone Z2 at lower level of detail.

The present invention is not limited to 2D objects. The method is equally
applicable to higher dimensional objects. This is further clarified by the following
example.

FIG. 13A and 13D respectively show a higher and a lower detailed 3D object

representation. In the higher detailed 3D object representation zones zi and zii are
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each represented by digital data as 3D-zones in said n-dimensional object
representations. The zones zi, zii are delimited by (n-1)-dimensional boundaries
having at least one boundary segment. In this case each zone is delimited by its set
of faces, front face, back face, left side face, right side face, bottom face and top face
(note that zone zii has 7 faces as left face has 2 parts: of which one is shared with
zone 2i), These faces form the boundary segments.

FIG. 13A shows a set of two 3D objects in the form of zones in a higher level
of detail 3D representation. Zone zi represents for example a first building, zone zii
represents a second building and zone ziii (not depicted) represents a background.

Also a lower level of detail 3D object representation is generated as shown in
FIG. 13D. In the lower detailed 3D object-representation as shown in FIG. 13D zone
zi and zone zii are merged into zone ZII. Zone Zi disappears in this merging
operation so that de lower detached representation has no ZI. FIG. 13B and FIG.
13C show subsequent intermediate 3D representations. FIG. 14A-FIG. 14C show
how a topological correct mapping is achieved using a generic approach (explained
below). A generic gradual transition is shown with a growing zone zii and a
shrinking and gradually disappearing zone zi.

FIG. 14A again shows the higher detailed 3D object-presentation as in FIG.
13A. Zones zi, zii are convex objects that have a shared boundary formed by the
right side-face (dark) of zone zi. Object 2i is to be removed in a merge operation with
growing object zii. In the lower detailed 3D object representation of FIG. 13D, this
shared boundary is mapped to a destination boundary comprising bottom face 1, top
face 3, front face 2, back face 4 and left side face 5 as indicated in FIG. 14A. As
shown in FIG. 14B, the shared boundary between the zones zi and zii is now
partitioned into boundary segments to equalize the number of faces, edges and nodes
in the shared boundary and the destination (or opposite) boundary. In the example
shown the shared boundary is provided with additional nodes a,b,c,d that are
mapped to nodes A4,B,C,D, edges a-b, b-c, etc mapped to A-B, B-C, etc, and faces I-5
that are mapped to faces 1-5 of the destination (opposite) boundary. Lower and
higher case characters indicate elements in the higher-detailed 3D representation

and in the lower detailed 3D-representation respectively.
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A 4D object representation is constructed, that has in addition to the
dimensions of the 3D obje;:t representations an additional dimension. The higher
and the lower detailed 3D object representations are assigned a first and a second
value (s1, s2 of scale level s) for said additional dimension respectively.,

For example, nodes a, b, ¢, d of the zone zii in the higher detailed
representation are defined by their 3-dimensional spatial coordinates x,y,z and a
value s1 for fourth coordinate s. For example nodes A, B, C, D in the lower detailed
representation are defined by their 3D spatial coordinates x,y,z and a value s2 for
fourth coordinate s.

Next a trans-scale boundary is constructed that is delimited between
mutually corresponding boundary segments of said at least one object in the higher
detailed and the lower detailed n-dimensional representation. In this case the
boundary segments of zone zii in the higher detailed representation are the top,
bottom front, back, right and two left side face of zone zii. The lower left side face of
zone zii forms a shared boundary with zone 2i and a remaining portion, not shared
with zone zi. The shared portion is partitioned in faces 1-5 (black) that are mapped
to faces I-5 (blue) of the destination (opposite) boundary as indicated above. Each
pair of a face 1-5 and its corresponding face 1-5 to which it is mapped delimits a
trans-scale n-dimensional boundary segment in (n+1)-dimensional space. For
example consider face 1 in thé shared boundary, which is defined by nodes a, d, f, e
in the higher detailed representation. This face I is mapped to corresponding face 1
in the destination boundary defined by A, D, F, E in the lower detailed
representation. For clarity nodes E, F are not shown in the drawing. Node E has the
same values for the coordinates x,y,z as its corresponding node e, but only has a
different scale value, s2 instead of s1. Likewise node F only differs by its scale value
from node f. The trans-scale boundary segment delimited by face I: a, d, e, f in the
higher detailed representation and its corresponding face I: A, D, E, F in the lower
detailed representation comprises four other faces: a first face a, d, D, A; a second
face d, f, F, D; a third face f, e, E, F and a fourth face e, q, A, E. Together these faces
form one of the (n=3)-dimensional boundaries of the (n+1=4)-dimensional
representation. Analogously a trans-scale boundary segment is constructed that is

delimited between each of the other faces 2-5 in the higher detailed object-
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representation and its corresponding one of the other faces in the lower detailed
object-representation. Further, analogously respective trans-scale boundary
segments are constructed that each are delimited between each of the other faces of
zone zii not part of the shared boundary in the higher detailed object-representation
and their correspondin;g, one of the other faces in the lower detailed object-
representation.

The concatenation of all trans-scale (n=3)-dimensional boundary segments
forms the vario-scale (n+1)-dimensional representation associated with the zone zii-
ZII.

An intermediate 3D representation for zone zii is now obtained by calculating
a cross-section between a 3D slicing object and the constructed 4D representation,
wherein the cross-section of said trans-scale boundary with the slicing object forms
the boundary of the corresponding zone assigned to said object in the intermediate
3D representation.

Analogous to the 2D case the slicing object may be formed by an object
according to the definition s = constant, wherein said constant value is a value in the
range between s and s2. Alternatively the value s may be a function of one or more
of the coordinates x,y,z, so that the intermediate representation has a level of detail
that is position dependent; e.g. to support the generation of 3D perspective views.

FIG. 14C shows an example of an intermediate representation obtained, in
the generic general transition, when the slicing object has a value s equal to
(s1+s2)/2. In the so obtained intermediary representation the original boundary is
extended with the volume indicated by dotted lines.

For clarity the present invention is set out for a simple case, wherein only a
limited number of objects are involved and it is shown how the trans-scale boundary
is calculated for a single object. In practice the higher and the lower detailed n-
dimensional representation may represent plurality of objects; e.g. forming a
partition of space (at every scale). The step of determining the trans-scale boundary
and the step of calculating the cross-section is executed for each of the objects. In
practice a boundary segment of an object is shared with another object. Accordingly
once a trans-scale boundary element delimited by said boundary segment in the

higher detailed representation and its corresponding boundary segment in the lower
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detailed representation is calculated for an object, it can be reused for the other
object sharing said boundary element.

FIG. 15A-C show examples of a simplify operation in the 3D case. FIG. 15A
shows a merged zone ZII obtained by a merging operation as illustrated with
reference to FIG. 13A - 13D and with reference to FIG. 14A — 14C. FIG. 15B shows a
result according to a simplify operation of a first type, wherein the object is
approximated by its “bounding box”, i.e. the smallest cuboid that contains the object.
FIG. 15C shows a result according to a simplify operation of a second type, wherein
the object is otherwise approximated (with a tilted roof).

FIG. 16A-16C shows how the object nodes of zone ZII are mapped in
accordance with each of the two simplify option to resp. zone ZII’ and ZII”.

FIG. 16D shows a table with a mapping between the references used in FIG.
16A and 16B, as well as a mapping between the references used in FIG. 16A and
16C.

FIG. 17A, B show a pseudo 4D impression for the merge followed by one of
the two simplify options. In this view it is shown how an (n+1)-dimensional object
representation is constructed, having in addition to the dimensions x,y,z, the
additional dimension s. Representations are assigned a first and a second value s1,
s2 for said additional dimension respectively. FIG. 17A shows how the higher
detailed 3D representation for zone zii is assigned scale value s in the 4D object-
representation and how the lower detailed 3D representation for the resulting
merged and simplified zone ZIT (first type of simplification) is assigned scale value
$2 in the 4D object-representation. The dotted lines indicate the relation between
mutually corresponding nodes in the representations for sI and s2. FIG. 17B shows
how the higher detailed 3D representation for zone zii is assigned scale value s1 in
the 4D object-representation and how the lower detailed 3D representation for the
resulting merged and simplified zone ZII” (second type simplification) is assigned
scale value s2 in the 4D object-representation. The dotted lines indicate the relation
between mutually corresponding nodes in the representations for sI and s2.

FIG. 18 shows a system according to the second aspect of the invention for
generating a visual representation in an n-dimensional space. The system comprises

a first facility 10 for generating a higher and a lower detailed n-dimensional
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representation Rk, Rl respectively each comprising digital data representing objects,
said n-dimensional representations having zones delimited by boundaries having at
least one boundary segment. The first facility 10 generates the higher and a lower
detailed n-dimensional representation Rk, RI, from a reference map Rref, which has
the highest level of detail. As indicated with reference to FIG. 1 various options are
possible to generate the higher and lower detailed n-dimensional representation Rh,
RI from a reference map (representation) Rref.

The system has a second facility with a first unit 20 for positioning the
representation R+ in an (n+1)-dimensional space. The representation B+ uses in
addition to the dimensions of the n-dimensional representations Rh, Rl an additional
dimension (s = scale), and the higher and the lower detailed n-dimensional
representation Rh, Rl are assigned a first and a second value s1, s2 for said
additional dimension of representation R+ in an (n+1)-dimensional space. The
system further has a third facility 30 for constructing (n+1)-dimensional
representation R++ by creating trans-scale boundary segments between mutually
corresponding boundary segments in the higher and the lower detailed n-
dimensional representation embedded in the representation R+, This (n+1)-
dimensional representation R++ is provided to a fourth facility 40 of the system.

This fourth facility 40 determines an intermediate n-dimensional
representation Rs by calculating a cross-section between an n-dimensional slicing
object SO and the trans-scale boundaries in the (n+1)-dimensional representation
R++,

In practice the n-dimensional representations may include concave objects.
For example the higher detailed n-dimensional representation Rh has a concave first
zone zI as shown in FIG. 10A that disappears as a result of a merging operation
with another zone 22 into a destination zone Z2 as shown in FIG. 10F.

FIG. 19 shows another embodiment of a system according to the second
aspect that is modified in that an additional unit 15 is provided for generating
auxiliary n-dimensional representations RI, R2 from the lower and the higher n-
dimensional representation Rl, Rh. This embodiment of the system is also suitable
for handling non-convex objects. The additional unit 15 provides the second facility

20 with a set of n-dimensional representations including the auxiliary n-dimensional

”."."
frost
i
[q..'lt
(1%
L]
|j...'.|
hd

i
}::)3-"
fad
fad



10

15

20

25

30

36

representations R1, R2 and the lower and the higher n-dimensional representation
RI, Rh.

The last constructed auxiliary n-dimensional representation is the lower
detailed n-dimensional representation R/ and the other constructed auxiliary n-
dimensional representations R1, R2 are assigned scale values in the range between
the scale values assigned to the higher detailed n-dimensional representation Rh
and the lower detailed n-dimensional representation RI.

The second unit 30 is arranged for constructing trans-scale boundary segments
extending between mutually corresponding boundary segments in each pair of
subsequent n-dimensional representations in a scale order selected from the
sequence of the higher detailed n-dimensional representation Rh, one or more
auxiliary n-dimensional representations R1, B2 and the lower detailed n-
dimensional representation R/,

FIG. 19A shows an example of the additional unit 15 in the embodiment of
FIG. 19 in more detail.

The additional unit 15 has a selection facility 151, for selecting an n-
dimensional representation Rk to be processed from a first and a second input. One
of the inputs is arranged to receive the higher detailed n-dimensional representation
Rh.

In said example the additional unit 15 has a identification facility 152 for
receiving the selected n-dimensional representation Rk and for identifying therein a
convex subzone in the first zone, for example subzone zla in the disappearing zone
z1 in FIG. 10B, that has a common boundary with the second zone, for example 22
(growing object). The presence of the disappearing and the growing object is
indicated by the first facility 10, for example on the basis of a tGAP representation.
The identification facility 152 provides an n-dimensional output representation Rk’
having identified therein the convex subzone zla.

The additional unit 15 further has a merging facility 153 for constructing
from said n-dimensional output representation Rk’ an auxiliary n-dimensional
representation Rk+1 wherein a new first zone, e.g. (z1b+zIc+z1d in FIG. 10D) is

defined by separating the selected convex zone zIa from the first (disappearing) zone
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z1 and wherein a new second (growing) zone 22’ is defined by merging the selected
convex zone zla with the second zone z2.

The control facility 50 repeatedly activates the selection facility 151, the
identification facility 152 and the merging facility 153. In the next iteration the
control facility 50 causes the selection facility 151 to select the auxiliary n-
dimensional representation Rk+1 as the new n-dimensional representation Rk to be
processed. In this new n-dimensional representation Rk to be processed the new first
zone (z1b+zlc+z1d) replaces the first zone z1, and the new second zone 22’ replaces
the second zone z2. The control facility 50 ends the procedure if all convex subzones
are merged into the second zone. In this way one or more auxiliary n-dimensional
representations RI, R2 are obtained in addition to the lower detailed n-dimensional
representation and the higher detailed n-dimensional representation.

For clarity, in this example reference is only made to a single concave zone
z1. In practice an n-dimensional representation may have a plurality of concave
zones. In that case, the identification facility 152 identifies for each of the concave
disappearing zones that is to be merged with anther, growing zone, a subzone in
the disappearing zone that has a common boundary with the growing zone. The
identification facility 152 may identify these one by one or for two or more
disappearing zones in parallel, depending on the processing capabilities of the
identification facility 152. Subsequently the merging facility 153 merges each of the
identified subzones with its corresponding growing zone, i.e. the growing zone with
which it has the common boundary. The merging facility 153 may carry out the
merging operation one by one or for two or more subzones in parallel, depending on
the processing capabilities of the merging facility 153.

Each of the auxiliary n-dimensional representations R1, R2 as well as the
lower detailed n-dimensional representation and the higher detailed n-dimensional
representation is assigned a scale value. The n-dimensional object representation Rh
having the higher level of detail is assigned scale value s1, the first auxiliary n-
dimensional object representation RI, is assigned scale value s2, the second
auxiliary n-dimensional object R2 is assigned scale value 83. The third auxiliary n-

dimensional object representation which is also the n-dimensional object
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representation having the lower level of detail Rl is assigned scale value s4, wherein
s1>52>s53>s4.

Qutput facility 154 provides these n-dimensional object representations to
facility 20. Facility 20 uses these n-dimensional representations Rh, R1, R2, Rl for
positioning these as representation R+in an (n+1)-dimensional space. Subsequently
facility 30 constructs an (n+1)-dimensional representation R++ by creating trans-
scale boundary segments between mutually corresponding boundary segments in
each pair of subsequent n-dimensional representations in a scale order selected from
the sequence of the higher detailed n-dimensional representation Rh, one or more
auxiliary n-dimensional representations RI, R2 and the lower detailed n-
dimensional representation RI.

FIG. 19B shows a further embodiment of a system according to the second
aspect. In that further embodiment facility 30 comprises a first counter and a second
counter 31, 32. The first counter 31 is arranged for counting a first number of
interior nodes Ns on a common (shared) boundary b_s between zones representing
respective objects. The second counter 32 is arranged for counting a second number
No of interior nodes of the corresponding (opposite) boundary &_o (of the
disappearing zone) on which said common boundary b_s is mapped. The system of
FIG. 19B further comprises a comparator 33 for determining a difference AN
between said first and said second number, as well as a modification facility 34, 35.
The modification facility 34, 35 is arranged for adding a number of additional nodes
to the one of the common boundary and the corresponding boundary having the
lower number of nodes. The number of additional nodes is equal to the absolute
value AN [of said difference. If the common boundary b_s has the lower number of
nodes then modification facility 34 modifies the common boundary by adding said
number [ AN/ of additional nodes, therewith obtaining a modified common boundary
b’ s. If the corresponding boundary b_o has the lower number of nodes then
modification facility 35 modifies the corresponding boundary b_o by adding said
number /AN | of additional nodes, therewith obtaining a modified corresponding
boundary b’ 0. The common boundary and the corresponding boundary so obtained
have an equal number of internal nodes arranged along the common boundary and

the corresponding boundary respectively. In the sequel the internal nodes of the
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common boundary will also be denoted as primary nodes and the internal nodes of
the corresponding boundary will also be denoted as secondary nodes.

The system of FIG. 19B further has an edge construction facility 36 for
constructing an edge Eso between each primary node on the common boundary and
a secondary node on the corresponding boundary on which said primary node is
mapped (corresponding secondary node).

The system has a segment construction facility 37 for constructing trans-scale
boundary segments Sso between mutually corresponding boundary segments in the
common boundary and corresponding boundary for each subsequent pair of
constructed edges.

In an embodiment, schematically shown in FIG. 20 an embodiment of the
system according to the second aspect is configured in a client-server combination
(according to the third aspect of the invention) as a server 14 according to the fourth
aspect of the invention that is coupled via a communication channel 1C to a client
1B according to the fifth aspect of the invention.

In the client-server arrangement part of the facilities are assigned to the
server IA and a remaining part of the facilities is assigned to the client /B. In an
embodiment shown in FIG. 20A, the server comprises the first facility 10 for
generating the higher and a lower detailed n-dimensional representation Rh, RI,
from the reference map Rref, which has the highest level of detail. In that
embodiment the server also comprises the second facility 20 for constructing the
(n+1)-dimensional representation R+ and the third facility 30 for constructing trans-
scale boundary segments between mutually corresponding boundary segments in the
first and a second n-dimensional representation embedded in the representation R+
in an(n+1)-dimensional space. The server IA is arranged to provide the extended
(n+1)-dimensional representation R++ to the client 1B, via the communication
channel 1C.

The client 1B comprises the fourth facility 40 for determining an
intermediate n-dimensional representation Rs by calculating a cross-section between
an n-dimensional slicing object SO and the trans-scale boundaries in the extended

(n+1)-dimensional representation R++. The client 1B specifies the n-dimensional
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slicing object SO, for example with user interface 60, and the resulting intermediate
n-dimensional representation Rs is displayed on a display 70. i

The server 1A is arranged to respond to requests @ from the client. The
following main types of requests may be considered.

1. A request to provide an initial map based on simple n-dimensional
spatial range overlap selection of the relevant (n+1)-polytopes representing the
vario-scale n-dimensional zones in the requested area A1 for the requested scale s1
as illustrated in FIG. 21A. In this case a progressive transfer of data generally is not
so useful. Note that the number of selected objects may be large, so it can take some
time before a map covering a requested area Al can be created by the client. ®

2. A request to provide initial map based on (n+1)-dimensional
(orthogonal) spatial-scale range overlap selection of the relevant (n+1)-polytopes
representing the vario-scale n-dimensional zones in the requested area Al starting
from the smallest scale sn (most coarse representation) until the required scale s as
illustrated in FIG. 21B. The server sends the selected (n+1)-polytopes sorted on
smallest scale value, this will enable progressive transfer for an area A1. The client
can quickly start drawing an initial course representation, while still receiving more
detail.

3. A request to provide the n-polytopes for a progressive zoom-in as
shown in FIG. 21C. Note the shrinking of the spatial range from an area Al at scale
sl to an area A0 at scale s0. Alternatively it is possible to provide for a simple zoom-
in. In that case the client does not need to receive ‘intermediate’ n-polytopes (this
alternative is not depicted in FIG. 21).

4, A request to provide the n-polytopes for a progressive zoom-out as
shown in FIG. 21D. Note the growing of the spatial range from an area A1 at scale
81 to an area A2 at scale s2. In this case the n-polytopes are sorted based on largest
scale value from the larger to the smaller scale value (which is the reverse order of a
zoom-in) Alternatively, also a simple zoom-out is possible without sending
‘intermediate’ n-polytopes (not depicted in FIG. 21)

5. A request to provide the n-polytopes for a simple pan from a first area
Al to a next area A3 represented at the same scale s1 as shown in FIG. 21E. In that

case the server immediately transmits the object data for the required level of detail.
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6. A request to provide the n-polytopes for a progressive transfer pan as .y

L&

shown in FIG. 21F from a first area A1 to a second area A3. In that case the server 40
subsequently transmits more and more detailed data (gradually changing from scale g:.'.|

sn to scale s1) for the requested spatial range A3, and the client can gradually o

increase the level of detail with which the image data in said spatial range A3 is
displayed.

In the claims the word “comprising” does not exclude other elements or steps,
and the indefinite article “a” or “an” does not exclude a plurality. A single component
or other unit may fulfill the functions of several items recited in the claims. The
mere fact that certain measures are recited in mutually different claims does not
indicate that a combination of these measures cannot be used to advantage. Any
reference signs in the claims should not be construed as limiting the scope.

Functions of the system may be carried out by dedicated hardware, such as
an application specific integrated circuit (ASIC), but may alternatively be
implemented by a suitable programmed general purpose processor, or by a

combination of dedicated hardware and general purpose processors.



10

15

20

25

30

42

NL Conclusies

1. Werkwijze voor het genereren van een vario-schaal visuele representatie van
n-dimensionale objecten (welke op een grootste schaal passen in een ruimte
partitionering), omvattende de stappen,

- voor elk te representeren object genereren (S1) van een meer en een minder
gedetailleerde n-dimensionale object representatie elk omvattende digitale data die
een zone beschrijft passende in een ruimte partitionering, welke zone gedefinieerd is
door (n-1)-dimensionale grenssegmenten, waarbij elk grenssegment gedeeld wordt
met een naburige zone,

- positioneren (S2) van een meer en een minder gedetailleerde n-dimensionale
object representatie in een (n+1)-dimensionale ruimte, die behalve de dimensies van
de n-dimensionale object representaties een extra dimensie heeft, waarbij de meer
en de minder gedetailleerde n-dimensionale object representatie respectievelijk een
eerste en een tweede waarde (schaalwaarde) voor genoemde extra dimensie worden
toegewezen,

- construeren (S3) van onderling niet doorkruisende trans-schaal
grenssegmenten (n-dimensionaal in de n+1 dimensionale ruimte) tussen onderling
overeenkomstige grenssegmenten in de meer gedetailleerde en in de minder
gedetailleerde n-dimensionale representatie (per object resulterende in een
geleidelijke verandering van de dwarsdoorsnede in de schaaldimensie),

- bepalen (S4) van een tussenliggende n-dimensionale representatie door
berekening van een dwars-doorsnede tussen een n-dimensionaal doorsnij-object en
de geconstrueerde trans-schaal grenssegmenten (optioneel voor een vaste waarde
van de dimensie n+1: de schaal), waarbij de dwars-doorsnede tussen het n-
dimensionaal doorsnij-object en de geconstrueerde trans-schaal grenssegmenten de
grenzen vormen van de overeenkomstige zones toegewezen aan genoemde

gerepresenteerde objecten in de tussenliggende n-dimensionale representatie.

2. Werkwijze volgens conclusie 1, waarin een meer gedetailleerde object-
representatie tenminste een eerste, concave zone (verdwijnend object) omvat dat
verenigd wordt met een tweede zone (groeiend object) in een enkele bestemmings

zone in een minder gedetailleerde object representatie, waarbij de methode voorts de
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stap omvat van onderverdelen van genoemde tenminste ene concave zone in convexe

subzones.
3. Werkwijze volgens conclusie 2, voorts omvattende de stappen van
a. selecteren van een convexe subzone in de eerste zone (verdwijnend object) die

een gemeenschappelijke grens heeft met de tweede zone (groeiend object),

b. construeren van een hulp object representatie waarin een nieuwe eerste
(verdwijnende) zone is gedefinieerd door afscheiden (verwijderen) van de
geselecteerde convexe subzone van de eerste zone en waarbij een nieuwe tweede
(groeiende) zone is gedefinieerd door verenigen van de geselecteerde convexe
subzone met de tweede zone,

c. herhalen van stappen a en b met de nieuwe eerste zone als de eerste zone en
de nieuwe tweede zone als de tweede zone totdat alle convexe subzones zijn verenigd
met de tweede zone, waarbij elke volgende hulp object representatie een
achtereenvolgens kleinere schaalwaarde wordt toegewezen, waarbij de laatst
geconstrueerde hulp object representatie de minder gedetailleerde object
representatie is, en waarbij de andere geconstrueerde hulp object representaties
schaalwaarden worden toegewezen in het bereik tussen de schaalwaarden die zijn
toegewezen aan de meer gedetailleerde object representatie en de minder
gedetailleerde object representatie,

d. construeren van trans-schaal grenssegmenten die zich uitstrekken tussen
onderling overeenkomstige grenssegmenten in elk paar in een schaal ordening
onderling opeenvolgende object representaties geselecteerd uit de meer
gedetailleerde object representatie, een of meer hulp object representaties en de

minder gedetailleerde object representatie.

4. Werkwijze volgens een der voorgaande conclusies, waarbij een meer
gedetailleerde n-dimensionale object representatie tenminste een verdwijnende zone
(verdwijnend object) omvat dat verenigd wordt met tenminste een groeiende zone
(groeiend object) in een enkele bestemmingszone in de minder gedetailleerde n-
dimensionale object representatie, waarbij genoemde tenminste ene verdwijnende
zone en genoemde tenminste ene groeiende zone een gemeenschappelijke grens

hebben, waarbij genoemde gemeenschappelijke grens wordt afgebeeld op een
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5. Werkwijze volgens een der voorgaande conclusies, waarbij een meer g
gedetailleerde n-dimensionale object representatie tenminste een, typisch
langwerpige zone omvat die een ineenstortend object representeert dat is gelegen
tussen buurzones die naburige objecten representeren, waarbij de minder
gedetailleerde n-dimensionale object representatie een bestemmingszone van een
lagere dimensie omvat die het ineengestorte object representeert en waarbij
overeenkomstige resterende ruimte die oorspronkelijk door de zone van het

instortende object werden ingenomen zijn verenigd met de buurzones.

6. Werkwijze volgens een der voorgaande conclusies, waarbij een meer
gedetailleerde n-dimensionale object representatie een zone omvat die een grens
heeft met een eerste aantal grenssegmenten en waarin de minder gedetailleerde n-
dimensionale object representatie een zone omvat die een grens heeft met een
tweede aantal grenssegmenten, waarbij het tweede aantal kleiner is dan het eerste
aantal en/of waarbij een of meer grenssegmenten in de minder gedetailleerde n-
dimensionale object representatie zijn weergegeven als elementen van een lagere
polynomiale orde (b.v. lineair in plaats van tweede orde) in vergelijking met hun
overeenkomstige grenssegmenten in de meer gedetailleerde n-dimensionale object

representatie.

7. Werkwijze volgens een der voorgaande conclusies, waarbij een meer
gedetailleerde n-dimensionale object representatie tenminste een eerste
(verdwijnende) en een tweede (groeiende) zone met een gemeenschappelijke grens
omvat die overeenkomt met een tegenoverliggende grens van de verdwijnende zone,
waarbij de gemeenschappelijke grens, en de daarmee overeenkomstige
tegenoverliggende grens elk zijn gevormd door aaneengeschakelde lijnsegmenten,
waarbij de gemeenschappelijke grens een eerste aantal nl lijnsegmenten heeft, en
de daarmee overeenkomstige tegenoverliggende grens n2 lijnsegmenten heeft, de
werkwijze omvattende construeren van een trans-schaal grens object dat is

samengesteld uit een aantal nl driehoeken die hun basis hebben in de
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gemeenschappelijke grens in de meer gedetailleerde n-dimensionale object
representatie en een aantal n2-2 driehoeken die hun basis hebben in de
overeenkomstige tegenoverliggende grens in de minder gedetailleerde n-

dimensionale object representatie.

8. Werkwijze volgens een der voorgaande conclusies, waarin een
gemeenschappelijke grens (tussen een groeiende en een verdwijnende zone) in de
meer gedetailleerde n-dimensionale object representatie wordt afgebeeld op een
overeenkomstige tegenoverliggende grens van de verdwijnende zone (in de minder
gedetailleerde n-dimensionale object representatie), waarbij de werkwijze omvat

. tellen van een eerste aantal inwendige knooppunten van de
gemeenschappelijke grens,

. tellen van een tweede aantal inwendige knooppunten van de
overeenkomstige tegenoverliggende grens waarop genoemde gemeenschappelijke
grens wordt afgebeeld,

- bepalen van een verschil tussen het eerste en het tweede aantal,

- indien het eerste en het tweede aantal niet gelijk zijn toevoegen van een
aantal extra knooppunten aan degene van de gemeenschappelijke grens en de
daarmee overeenkomstige tegenoverliggende grens die het minste aantal
knooppunten heeft, waarbij het aantal van de extra knooppunten gelijk is aan de
absolute waarde van het verschil,

- waarmee de gemeenschappelijke grens en de daarmee overeenkomstige
tegenoverliggende grens een onderling gelijk aantal knooppunten hebben die
respectievelijk in een reeks zijn gelegen langs de gemeenschappelijke grens en langs
de daarmee overeenkomstige tegenoverliggende grens, waarbij de interne
knooppunten van de gemeenschappelijke grens worden aangeduid als primaire
knooppunten en de interne knooppunten van de overeenkomstige tegenoverliggende
grens worden aangeduid als secundaire knooppunten,

- construeren van een rib tussen elk primaire knooppunt op de
gemeenschappelijke grens en elk secundaire knooppunt op de overeenkomstige
tegenoverliggende grens waarop het primaire knooppunt wordt afgebeeld

(overeenkomstige secundaire knooppunt).
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9. Werkwijze volgens een der voorgaande conclusies, waarbij het n-
dimensionale doorsnij-object een hypervlak is met een constante waarde voor de

extra dimensie.

10.  Werkwijze volgens een der conclusies 1 t/m 8, waarbij het n-dimensionale
doorsnij-object een waarde voor de extra dimensie heeft die een functie is van de
codrdinaten in de n dimensies gedefinieerd door de n-dimensionale object

representaties (gebruikt voor de zo genoemde gemengde schaal afbeeldingen).

11.  Systeem voor het genereren van een vario-schaal visuele representatie in een
n-dimensionale ruimte, (op de grootste schaal passende in een ruimte partitionering)
omvattende,

- een eerste faciliteit (10) voor het voor elk te representeren object genereren
van een meer en van een minder gedetailleerde n-dimensionale object representatie
(resp. Rh, R]) elk omvattende digitale data die een zone beschrijven in een ruimte
partitionering, welke zone gedefinieerd is door (n-1)-dimensionale grenssegmenten,
waarbij elk grenssegment gedeeld wordt met een naburige zone,

- een tweede faciliteit (20) voor positioneren van de meer en de minder
gedetailleerde object representaties in een (n+1)-dimensionale ruimte, die behalve de
dimensies van de n-dimensionale object representaties een schaal (s) heeft als een
extra dimensie, waarbij de meer en de minder gedetailleerde n-dimensionale object
representatie respectievelijk een eerste en een tweede schaalwaarde worden
toegewezen voor genoemde extra dimensie,

- een derde faciliteit (30) voor construeren van een (n+1)-dimensionale object
representatie door creéren van trans-schaal grenssegmenten tussen onderling
overeenkomstige grenssegmenten in de meer en de minder gedetailleerde n-
dimensionale object representatie,

- een vierde faciliteit (40) voor bepalen van een tussenliggende n-dimensionale
representatie door berekening van een dwars-doorsnede tussen een n-dimensionaal
doorsnij-object (snijvlak SO) en de geconstrueerde trans-schaal grenssegmenten,
waarbij de dwars-doorsneden tussen het n-dimensionaal doorsnij-object en de

geconstrueerde trans-schaal grenssegmenten de grenzen vormen van de
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overeenkomstige zones toegewezen aan genoemde gerepresenteerde objecten in de

tussenliggende n-dimensionale representatie.

12. Systeem volgens conclusie 11, waarin de derde faciliteit (30) omvat:

- een eerste teller (31) voor tellen van een eerste aantal interne knooppunten
op een gemeenschappelijke grens tussen zones die respectievelijk een groeiend en
verdwijnend object representeren,

- een tweede teller (32) voor tellen van een tweede aantal interne knooppunten
op een overeenkomstige tegenoverliggende grens (in verdwijnend object) waar
genoemde gemeenschappelijke grens op wordt afgebeeld,

- een vergelijker (33) voor bepalen van een verschil tussen het eerste en het
tweede aantal,

- een modificatie faciliteit (84, 35) voor toevoegen van een aantal extra
knooppunten aan degene van de gemeenschappelijke grens en de overeenkomstige
tegenoverliggende grens die het kleinste aantal knooppunten heeft indien het eerste
en het tweede aantal verschillen, waarbij het aantal van de toegevoegde
knooppunten gelijk is aan de absolute waarde van het verschil tussen het eerste en
het tweede aantal,

. waarbij de gemeenschappelijke grens en de overeenkomstige
tegenoverliggende grens onderling een gelijk aantal interne knooppunten hebben,
gelegen langs de gemeenschappelijke grens en de overeenkomstige grens, waarbij de
interne knooppunten van de gemeenschappelijke grens worden aangeduid als
primaire knooppunten en de interne knooppunten van de overeenkomstige
tegenoverliggende grens worden aangeduid als secundaire knooppunten,

- een rib constructie faciliteit (36) voor construeren van een rib tussen elk
primaire knooppunt op de gemeenschappelijke grens en elk secundaire knooppunt
op de overeenkomstige tegenoverliggende grens waar genoemd primaire knooppunt
op wordt afgebeeld,

- een segment constructie faciliteit (37) voor construeren van trans-schaal
grenzen tussen onderling overeenkomende grenssegmenten van de
gemeenschappelijke grens en de overeenkomstige grens voor elk paar

geconstrueerde ribben.
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13.  Systeem volgens conclusie 11 of 12, waarin de derde faciliteit omvat

a. een identificatie faciliteit (152) voor identificeren van een convexe subzone in
een eerste zone (verdwijnend object) die een gemeenschappelijke grens heeft met een
tweede zone (groeiend object),

b. een hulp n-dimensionale representatie constructie faciliteit (15) voor
construeren van een hulp n-dimensionale object representatie waarin een nieuwe
eerste zone is gedefinieerd door afscheiden (verwijderen) van de geselecteerde
convexe subzone van de eerste (verdwijnende) zone en waarbij een nieuwe tweede
(groeiende) zone is gedefinieerd door verenigen van de geselecteerde convexe
subzone met de tweede zone,

c. een besturingseenheid (50) voor herhaaldelijk activeren van de identificatie
faciliteit (152) en de hulp n-dimensionale representatie constructie faciliteit (15),
waarbij de nieuwe eerste zone de plaats inneemt van de eerste zone en de nieuwe
tweede zone de plaats inneemt van de tweede zone totdat alle convexe subzones zijn
verenigd met de tweede zone, waarbij elke volgende hulp object representatie een
achtereenvolgens kleinere schaalwaarde wordt toegewezen, waarbij de laatst
geconstrueerde hulp object representatie de minder gedetailleerde object
representatie is, en waarbij de andere geconstrueerde hulp object representaties
schaalwaarden worden toegewezen in het bereik tussen de schaalwaarden die zijn
toegewezen aan de meer gedetailleerde object representatie en de minder
gedetailleerde object representatie,

d. een constructie faciliteit voor construeren van trans-schaal grenssegmenten
die zich uitstrekken tussen onderling overeenkomstige grenssegmenten in elk paar
in een schaal ordening onderling opeenvolgende object representaties geselecteerd
uit de meer gedetailleerde n-dimensionale object representatie, een of meer hulp n-
dimensionale object representaties en de minder gedetailleerde n-dimensionale

object representatie.

14. Systeem volgens een der conclusies 11 tot 13, omvattende een client (I1B) en
een server (1A4), onderling gekoppeld met een communicatie kanaal (1C), waarbij de
server (1A) omvat

- de eerste faciliteit (10) voor genereren van een meer en een minder

gedetailleerde n-dimensional object representatie (resp. Rh, Rl),
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- de tweede faciliteit (20) voor positioneren van de meer en de minder
gedetailleerde n-dimensionale representatie (R+) in een (n+1)-dimensionale ruimte,
en

- de derde faciliteit (30) voor construeren van een (n+1)-dimensionale object
representatie (R++) door creéren van trans-schaal grenssegmenten tussen onderling
overeenkomstige grenssegmenten in de eerste en de tweede n-dimensional object
representatie,

- en waarbij de client (1B) de vierde faciliteit (40) omvat voor bepalen van een

tussenliggende n-dimensionale object representatie (Rs).

15.  Systeem volgens conclusie 14, waarbij de client (1B) is ingericht voor het
afgeven van een verzoek (@) aan de server (1A) en waarbij de server is ingericht om
als antwoord op dit verzoek te voorzien in gegevens voor een uitgebreide (n+1)-
dimensionale object representatie (R++) voor achtereenvolgens afnemende
schaalwaarden beginnend met gegevens voor de hoogste schaalwaarde, en waarin de
client (1B) is ingericht voor tijdens ontvangen van de gegevens simultaan genereren
van een tussenliggende n-dimensionale object representatie (/s) met een geleidelijk
afnemende schaal voor schaalwaarden gelegen tussen schaalwaarden waarvoor de
server (1A) gegevens van de uitgebreide (n+1)-dimensionale representatie (R++)

heeft geleverd.

16.  Systeem volgens conclusie 14 of 15, waarin de client (I1B) voorts omvat
- een weergave eenheid (70),

- een user interface (60).

17. Systeem volgens conclusie 14 of 15, waarin de server (1A) een opslageenheid

omvat voor opslag van een referentie kaart.

18.  Een server (1A) zoals gedefinieerd in een der conclusies 14, 15 of 17.

19.  Een client (1B) zoals gedefinieerd in een der conclusies 14, 15 of 16.
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