5 METHOD FOR EXTRACTING DATA FROM A VISION DATABASE IN 100RDER TO FORM
A SIMULATION DATABASE [001] The invention relates to a method for extracting data from a vision
database in order to form a simulation database for a simulation device for simulating motion sequences
in a landscape. 15[002] Known simulation devices can be used for example for training pilots or drivers of
military vehicles. Such simulation devices include a - 2 - graphic unit, which provides the graphic
representation of the simulation based on a vision database. [003] In addition, such a simulation device
can include one or more computer-based simulation units, which calculate the movements of

5
METHOD FOR EXTRACTING DATA FROM A VISION DATABASE IN
10 ORDER TO FORM A SIMULATION DATABASE
[001] The invention relates to a method for extracting data from a vision
database in order to form a simulation database for a simulation device for
simulating motion sequences in a landscape.
15 [002] Known simulation devices can be used for example for training

pilots or drivers of military vehicles. Such simulation devices include a



5 objects in the landscape. The calculation of motion sequences and interactions of individual objects
within the simulated landscape is performed with the aid of§ simulation database, in which object data of
the individual objects are entered. These object data can be& the basis for the recognition of collisions and
the planning of routes. 10[004] The object-based landscape can have the following individual objects by
way of example: these can be objects such as buildings, such as houses and bunkers, vehicles, such as
busses or tanks as well as landscape objects, such as for example plants or rocks. Further, the

object-based landscape can include network objects, for example, roads, 15tracks and streams as well as
land area objects suchSi8Rftifi$Ibredpchidyenisier HBacHERNT ESRIRPR 0N Shtfitasimelatiar
simulation of the landscape and the motion sequences is possible, the vision database and the simulation

database of the simulafi®pededita MeincaadRASSvith one another. Thus, it is ensured - 3 -
[003] In addition, such a simulation device can include one or more
computer-based simulation units, which calculate the movements of
5 objects in the landscape. The calculation of motion sequences and
interactions of individual objects within the simulated landscape is
performed with the aid of a simulation database, in which object data of
the individual objects are entered. These object data can be the basis for

the recognition of collisions and the planning of routes.

10 [004] The object-based landscape can have the following individual
objects by way of example: these can be objects such as buildings, such
as houses and bunkers, vehicles, such as busses or tanks as well as
landscape objects, such as for example plants or rocks. Further, the
object-based landscape can include network objects, for example, roads,

15 tracks and streams as well as land area objects such as fields, forests,

deserts or beaches, for example.

[005] So that a realistic simulation of the landscape and the motion
sequences is possible, the vision database and the simulation database of

the simulation device must correlate with one another. Thus, it is ensured



that the graphic output and the behavior of the objects in the virtual landscape are consistent to one
another. [6] Multiple standards exist for the format of the vigion database, which enable the exchange of
such vision databases between different graphic 5 units. A% often used type of such standards is the
Open Flight Format. In a vision database, essentially the visible surfaces of the objects, so-called
polygons, are entered. These polygons can be provided with attributes, which determine their colors, for
example. In addition, it is possible to fill the polygon with patterns or textures. Such textures are saved in
the vision database in separate graphic files and assi%?ﬁe)d to the polygons via a texture palette. In

I

addition, the orientatiof8f tHeeteXiBPEIsI RePvh ansbliforPedararpRidEteramests 1) Anferiitdcal
structure of the vision database, in which groups of polygons are formed, is indeed possible; however, the
affiliation of 15 polygol¥ESGRAQiAIRAICHNBEIS T B OVRtBRPIRAsCape is not normally reflected in the
group. In addition, the polygons are grouped in the database according to their arrangement in the virtual
landscape or other criteria which are important for the representation. [8] In contrast, no standard for the
format of simulation dqed6lseduitiple/Sthndgrdthexitiifal shstéonsaf o cheifiésient diatatbakien whidbes are
compatible to one another, still a data exchange between these simulation devices is not possible due to
different formats of theesiahi&tioe datdizases.of Bgdh pisioledatahasdsab éwaarediferehatgrapiacice, new
5vision and simulation databases must be constructed.
5 units. An often used type of such standards is the Open Flight Format. In
a vision database, essentially the visible surfaces of the objects, so-called
polygons, are entered. These polygons can be provided with attributes,
which determine their colors, for example. In addition, it is possible to fill
the polygon with patterns or textures. Such textures are saved in the
10 vision database in separate graphic files and assigned to the polygons via
a texture palette. In addition, the orientation of the texture placed on a

polygon can be predetermined.

[007] A hierarchical structure of the vision database, in which groups of
polygons are formed, is indeed possible; however, the affiliation of
15 polygons to individual objects in the virtual landscape is not normally
reflected in the group. In addition, the polygons are grouped in the
database according to their arrangement in the virtual landscape or other

criteria which are important for the representation.

[008] In contrast, no standard for the format of simulation databases

20 exists. This is related to the distinct differences of the simulation devices.



[9] The invention is based on the object of providing a method which enables the exchange of a vision
database between two simulation devices. [10] The solutior) of this object takes place according to the
present invention with the features of the characterizing part of claim 1. Advantageous embodiments of
the invention are described in the dependent claims. [11] According to the invention, a method for
extracting data from a vision database in order to form a simulation database is proposed, 15 wherein in
the vision database, graphic data of a plurality of individual objects in the form of polygons as well as
textures assigned to the polygons are entered, and wherein in the simulation database, object data of the
individual objects are MR ANNRa¥ TR FoRYSIRGStahstwos differeg)t paifimitiahiosr sl§uGesasss by
classification of the individual objects described in the vision database by the graphic data,  b)
assignment of the textGrRIBRAHREE dBjepeRIABST. Still® driRPXabANIOBRVRRAZNS IRSURHIAHEON

database by _ _ _ _ _ _
devices is not possible due to different formats of the simulation

databases. This is problematic, in that for a new simulation device, new

5 vision and simulation databases must be constructed.

[009] The invention is based on the object of providing a method which
enables the exchange of a vision database between two simulation

devices.

[010] The solution of this object takes place according to the present
10 invention with the features of the characterizing part of claim 1.
Advantageous embodiments of the invention are described in the

dependent claims.

[011] According to the invention, a method for extracting data from a
vision database in order to form a simulation database is proposed,
15 wherein in the vision database, graphic data of a plurality of individual
objects in the form of polygons as well as textures assigned to the
polygons are entered, and wherein in the simulation database, object data

of the individual objects are entered, and has the following steps:



5assignment of polygons to individual objects based on the object class assigned with the polygons via its
texture. [12] With this method, the exchange of a vision database between a source simulation device
and a target simulation device is possible. Thus, a corresponding simulation database is formed in the
target simulation device based on the graphic data in the vision database. As a result, the vision database
of the source-simulation device is useable in the target-simulation device.In addition to the generation of
the graphic representation in the vision system of the target simulation device, also a simulation in the
target simulation device can be performed based on the 15generated simulation database. [13] The
generation of the object data 8} the iRGIIURN SHjetieHh Bhasspsulticlnerifiasdion takélepiped/idunlitiple
steps. In a first step, the individual objects described by the graphic data of the vision database are
classified. A list of objeRRi€eiSsdassriRaskinaibe. VlSGOﬂ[gf&?hﬁfﬁ@ V8 @Rt EtRIA the vision database
are assigned with textures, which correspond in the graphics unit to the surface of the polygon. Typically,
one texture can be used for multiple polygons of the vision database. In a second step, the textures

entered in the vision 5 datab&3e areagsgjgneshtaotithotietidassaheuigacediassps,first step. Thus, a list
of textures can be produced, whereby the textures are assigned to a respective determined object class.
The assignment can be entered in a cross-reference list (X reference list), which can be programmed in

XML for example. c) Generation of object data in the simulation database by
5 assignment of polygons to individual objects based on the object class

assigned with the polygons via its texture.

[012] With this method, the exchange of a vision database between a
source simulation device and a target simulation device is possible. Thus,
a corresponding simulation database is formed in the target simulation
10 device based on the graphic data in the vision database. As a result, the
vision database of the source-simulation device is useable in the target-
simulation device. In addition to the generation of the graphic
representation in the vision system of the target simulation device, also a
simulation in the target simulation device can be performed based on the

15 generated simulation database.

[013] The generation of the object data of the individual objects in the
simulation database takes place in multiple steps. In a first step, the
individual objects described by the graphic data of the vision database are

classified. A list of object classes is generated.



10[015] In a third step, the polygons of the vision database are assigned to the individual objects of the
simulation database. This assignment can be performed based on the list produced in the second step. In
this connection, a compiler can be used, for example. [016] Preferably, the simulation database is
providable to a simulation 15 device for simulation of motion sequences in a landscape with individual
objects and for simulation of interactions with these individual objects, whereby the simulation database is
useable for calculating the sequence of motion and interactions in the landscape and/or whereby the
vision database is useable for graphic representation of the landscape. - 7 - [17] Preferably physical
properties of the objecfQHésef'?sﬁeRﬂYi@n@'ﬂ%" TeEIEfniflo 6 piviRt&lPrRseca ef assigpREt Wilsses can
be performed during the definition of object classes. By means of this process, additional information
regarding the individudebjeess sdhigR Seqereamd the faudHBERigataBisdo (1 AuWEfagebibss a
method, in which the method ste;%s a) and b) are performed manually and/or the method step %is
performed automaticalRRI¥ER inTRIGRILY sRIIS XEAE 192 RS aRRL) fomBILHIG BPbOsRMEh B an be
processed compared to method step c). Thus, in step a), a few object 10 classes are provided for the
individual objects contXigiifl#akag0al INhFsEEFOBAISIERLelN®) [eXEIERT SRIBIRA Y HRI MSRPer of
textures of the vision database is assigned to the object class. The vision database includes fewer

texturesithan polygonsJaiabasheaiskiars Ward iSeihe miesH ¢lansesnipERAURRA the thenBigkiSIEBY object

data in step c), the )
Thus, a list of textures can be produced, whereby the textures are

assigned to a respective determined object class. The assignment can be
entered in a cross-reference list (X reference list), which can be

programmed in XML for example.

10 [015] In a third step, the polygons of the vision database are assigned to
the individual objects of the simulation database. This assignment can be
performed based on the list produced in the second step. In this

connection, a compiler can be used, for example.

[016] Preferably, the simulation database is providable to a simulation
15 device for simulation of motion sequences in a landscape with individual
objects and for simulation of interactions with these individual objects,
whereby the simulation database is useable for calculating the sequence
of motion and interactions in the landscape and/or whereby the vision

database is useable for graphic representation of the landscape.



15 large number of all polygons of the vision database is to be evaluated. The automating of method step
c) can substantially accelerate the method accordingly. [19] Preferably the assignment of a texture
to an object class is provided based on a designation of the'texture, in particular a filename. This offers
20the advantage that the graphic content of the texture must not be - 8 - analyzed. Based on the
designation of the texture, a quick assignment of the texture to an object class is possible. [20] Further, it
is proposed that depending on the object class, an algorithm for generation of the object data in the vision
database is 5 selected. The object data can differ considerably, depending on the object classes. While a
discrete object can cortfpkide drIgfarYpBRXRIcR! diaRestias vithtba oRiRh&lagetFork sietRere
possible, which extend essentially over the entire landscape. Since the data structures in the simulation
database can differ for the oBfitteRisset, Blasierl uBEEdiRsS et AlBeri®iRordRTRaaLifgbf Bese
object data can be necessary. [21] Preferably, in the vision database, the graphic data are entered in the
form of polygon groupiR85QRaesttibiites, iheAetmirgraiprljerdsklaatens, B%igneans Ak gu§gon
groupings, and the attributes are assigned to the object classes. Groupings of graphic data in the vision
15 database can repreBEMi8S$ olSfeettionak tnionfBatitic Fagaisiigh doed ROIPGHKHA NS EFiIn§2BaRenake
possible the identification of the object. Thus, a further list of attributes can be provided, which are
assignedl to predetermfit8r66;detegipylation database.

[018] Advantageous is a method, in which the method steps a) and b) are

performed manually and/or the method step c) is performed automatically,

since in method steps a) and b), a relatively small number of elements can

be processed compared to method step c). Thus, in step a), a few object

10 classes are provided for the individual objects contained in the virtual

landscape and in step b), the comparatively small number of textures of

the vision database is assigned to the object class. The vision database

includes fewer textures than polygons, since the textures are used

repeatedly. In contrast, with the generation of object data in step c), the

15 large number of all polygons of the vision database is to be evaluated.
The automating of method step c) can substantially accelerate the method

accordingly.

[019] Preferably the assignment of a texture to an object class is provided
based on a designation of the texture, in particular a filename. This offers

20 the advantage that the graphic content of the texture must not be



[22] Particularly advantageous is the generation of object data in the - 9 - individual objects based on the
object class assigned to the polygon grouping via its attributes. Analogously to the generation of object
data based on the object class assigned to the polygons via'their textures, the object data can be
generated based on the object class assigned to the 5 polygon grouping via its attributes. This offers the
advantage that entire polygon groups can be adopted from the vision database into the simulation
database. [023] Particularly advantageous is a method, in which all polygons of the polygon grouping are
assigned to an individual object, when one polygon of a polygon grouping is assigned to this individual
object. Fewer polygon@idligtest oBaspibahEradissianaiay ehtedfgyrfofa RFSHIBORAY ¢
sufficient in order to assign the entire polygon grouping to an individual object. In this manner, the
extraction of the data fFBfhBYEUWRiEhadk He ReeeRifated. 15[024] It is advantageous when
object data from network objects, in particular roads, railway tracks and/or riversare generated in the
simulation database, which include network paths, whereby multiple polygons, which are assigned to a
common network obje¢02Miss, Ruetassignés! torope sedwibrkt oliggeiadiagedorthpostnjent relatsnanthus, -
10 -
algorithm for generation of the object data in the vision database is
5 selected. The object data can differ considerably, depending on the object
classes. While a discrete object can comprise only a few polygons
connected with one another, network objects are possible, which extend
essentially over the entire landscape. Since the data structures in the
simulation database can differ for the object classes, also the use of

10 different algorithms for generating of these object data can be necessary.

[021] Preferably, in the vision database, the graphic data are entered in
the form of polygon groupings and attributes, in particular grouping
designations, assigned to the polygon groupings, and the attributes are
assigned to the object classes. Groupings of graphic data in the vision
15 database can represent an object. An attribute, which is assigned to a
polygon grouping, can make possible the identification of the object.
Thus, a further list of attributes can be provided, which are assigned to

predetermined object classes.

[022] Particularly advantageous is the generation of object data in the

20 simulation database by assignment of polygons of a polygon grouping to



sections of network objects adjacent one another, for example, road sections, can be combined. [25]
Preferably, the proximity relation includes the orientation of the texture assigned to a polygon. From the
orientation of the texture 5 assigned to a polygon, in particular the orientation of the represented object
can be derived. This relates to roads, railway tracks and/or rivers in particular. [26] Preferably based on
the coordinates of a polygon and the orientation of the assigned texture, a line piece is defined. The line
piece can be oriented parallel to the orientation of the assigned texture and defines a part of the network
object. [27] In addition, preferably adjacent line pieces of polygons of the same network object class can
be combined to a netwWHA\EHR! B3PIREIEoRARRELIER JhEdjakISs lifE DI E85I8NEEIygoBRORMYRBFK paths,
the 15structure of a network object can be defined. [28] Preferably network paths, whose end
coordinates have a miSiFREPHIStaHEe At dAdiahot PO GoMEY dt Fhargenshapa RAie el 8 @Embined
to a common network path. With this process, gaps in the network object can be recognized and closed.
The snap distance mugﬁﬁér%r@%é’ﬁ‘%ﬁﬁ&&%mﬁﬁ?ﬂ 9 dheaf Y9 shdaaliRistexhEedhfp in the

network object. [29] It is further advantageous if intersecting network paths are _
object data can be generated based on the object class assigned to the

5 polygon grouping via its attributes. This offers the advantage that entire
polygon groups can be adopted from the vision database into the

simulation database.

[023] Particularly advantageous is a method, in which all polygons of the
polygon grouping are assigned to an individual object, when one polygon
10 of a polygon grouping is assigned to this individual object. Fewer
polygons must be observed because already, one polygon of a polygon
grouping is sufficient in order to assign the entire polygon grouping to an
individual object. In this manner, the extraction of the data from the vision

database can be accelerated.

15 [024] It is advantageous when object data from network objects, in
particular roads, railway tracks and/or riversare generated in the
simulation database, which include network paths, whereby multiple
polygons, which are assigned to a common network object class, are

assigned to the network objects based on proximity relations. Thus,



combined to a common network path. In this manner, multiple network 5 paths of the same network class
can be combined to a common network object. [30] In addjtion, it is proposed that a network object of the
simulation database includes network nodes and that at théQéordinates of an intersection of two network
paths of a network object, a network node is generated. By means of the combination of two network
paths in a network node to a common network path, the number of the network paths can be reduced. In
this manner, the network object can be more efficiently searched for route planning, for example. [31]
Further, it is advantageous if object data of land area objects are 15 entered in the simulation database.
By providing land areaS515ée8s iRfadgiiv o eikerise bReeHaRNAcRRSIRhjdels 30 alferesad
properties of the land can be represented. Thus, for example, the ground that can be traveled by a vehicle
can be separated fromS§E¢IRRPoGAR AMEPRBINEGSE be traveled by a vehicle. - 12 - [32] Particularly
advantageous for the use of the simulation database is if the simulation database has the structure of a
guadtree. By means of the structure of a quad tree, the data of the simulation database can be efficiently
stored for calculations j026¢ siPreiatiablylethes piroridaitjoretehsinatuesofrieqoadtnetiaccefetihtes
access to the simulation database. [33] By way of the present invention, it is not necessary to revert to
data additionally insertegkiote thasigpienl databagmiggure thé-rernessanoridotatasiondiontize sixtulation
database can be calculated from the data contained in the visual information. Thus, only such functions
for the control of the vidssigned/itua qipdads cambe atitvdde dhehmieatatidso cluiporregracentaicdgly by
the vision database. By means of the invention, it further can be achieved that the simulation database is
an accurate polygonal anjgge cdriisevikanedhtaliasaelates to roads, railway tracks and/or rivers in

particular.

[026] Preferably based on the coordinates of a polygon and the
orientation of the assigned texture, a line piece is defined. The line piece
10 can be oriented parallel to the orientation of the assigned texture and

defines a part of the network object.

[027] In addition, preferably adjacent line pieces of polygons of the same
network object class can be combined to a network path. By the
combination of adjacent line pieces of polygons to network paths, the

15 structure of a network object can be defined.

[028] Preferably network paths, whose end coordinates have a minimal
distance form one another as a predetermined snap distance, are
combined to a common network path. With this process, gaps in the

network object can be recognized and closed. The snap distance must



[34] Possible embodiments of the invention are described next with 15reference to Figs. 1 through 11. In
the figures: Fig. 1shows a functional diagram of a simulation device; Fig. 2shows a virtual landscape with
individual objects; Fig. 3shows the structure of an open-flig tision database; - 13 - Fig. 4shows a table
with an assignment of textures to object classes; Fig. 5shows a flow diagram of a first object recognition

therefore be provided such that it is greater than the largest expected gap

in the network object.

[029] It is further advantageous if intersecting network paths are
combined to a common network path. In this manner, multiple network
5 paths of the same network class can be combined to a common network

object.

[030] In addition, it is proposed that a network object of the simulation
database includes network nodes and that at the coordinates of an
intersection of two network paths of a network object, a network node is
10 generated. By means of the combination of two network paths in a
network node to a common network path, the number of the network paths
can be reduced. In this manner, the network object can be more

efficiently searched for route planning, for example.

[031] Further, it is advantageous if object data of land area objects are
15 entered in the simulation database. By providing land area objects, in
addition to discrete objects and network objects, also different properties
of the land can be represented. Thus, for example, the ground that can be
traveled by a vehicle can be separated from such ground which cannot be

traveled by a vehicle.



algorithm; 5Fig. 6shows a flow diagram of a second object recognition algorithm; Fig. 7shows a flow
diagram of an algorithm for recognition of network objects; Fig. 8shows a flow diagram of an algorithm for
recognition of land area objects; Fig. 9shows a schematic representation of the detection of direct
connections in a network object; Fig. 10shows the schematic representation of the detection

[032] Particularly advantageous for the use of the simulation database is
if the simulation database has the structure of a quadtree. By means of
the structure of a quad tree, the data of the simulation database can be
efficiently stored for calculations in the simulation device. In addition, the

5 structure of a quadtree accelerates access to the simulation database.

[033] By way of the present invention, it is not necessary to revert to data
additionally inserted into the vision database, since the necessary
information for the simulation database can be calculated from the data
contained in the visual information. Thus, only such functions for the
10 control of the virtual individual objects can be activated, which are also
supported accordingly by the vision database. By means of the invention,
it further can be achieved that the simulation database is an accurate

polygonal image of the vision database.

[034] Possible embodiments of the invention are described next with

15 reference to Figs. 1 through 11. In the figures:
Fig. 1 shows a functional diagram of a simulation device;
Fig. 2 shows a virtual landscape with individual objects;

Fig. 3 shows the structure of an open-flight vision database;



of gaps in a network; 15Fig. 11shows the schematic representation of the detection of intersections in a
network object. - 14 - [35] The representation in Fig. 1 shqws a block diagram of a simulation device,
which is suited for simulation of motion sequences in a landscape 8 with individual objects 9 through 13.
This simulation device 1 includes a graphic unit 4, which accesses graphic data stored in the vision
database 5 2. In addition, the simulation device 1 includes simulation units 5 through 7, which access the
object data of the individual objects 9 through 13, which are entered in a simulation database 3
programmed according to an industry standard. [36] The simulation database 3 represents, therefore,
essentially a mathematical imai§e 4f the visfhiPWatarable MihPshasRopEEH Bfd@FWHE e HRIRK as
possible with the vision database 2, in order to make possible a "natural” navigation of
computer-generated virtual forces (computétagsisiated forces). [37] The simulation database 3 can
be a Compact Terrain Database 15(CTDB), for example. The vision database 2 can be a 3D Terrain

Fig. 5 shows a flow diagram of a first object recognition
algorithm;
5 Fig. 6 shows a flow diagram of a second object recognition
algorithm;
Fig. 7 shows a flow diagram of an algorithm for recognition

of network objects;

Fig. 8 shows a flow diagram of an algorithm for recognition
10 of land area objects;
Fig. 9 shows a schematic representation of the detection of

direct connections in a network object;

Fig. 10 shows the schematic representation of the detection

of gaps in a network;

15 Fig. 11 shows the schematic representation of the detection

of intersections in a network object.



Database, for example. [38] The representation in Fig. 2 shows a computer-generated landscape 8 with
individual objects 9 through 13. Included as individual objegtzz 9 through 13 are discrete individual objects
9-11, network objects 2012 and land area objects 13. The diScrete individual objects 9-11 include, - 15 -
for example, vehicles 9, buildings 10, as well as landscape objects 11 such as trees. The network objects
12 include in particular roads, railway tracks, and/or rivers. The land area objects 13 include, for example,
fields, deserts, and/or rocky background as part of the landscape 8. 5[039] As shown in Fig. 3, the vision
database has a substantially tree- shaped structure. Starting from a root node 22, the graphic data
entered into the vision [#abaEeearesRSROERIIA8 18Itk fIARVYSG R 2hagiao 8 rstxwaden
represents a point within the landscape 8 and defines the coordinates of the point within the landscape 8.
A polygon, in particulafg\46fratdishtieIHHBE A S BN HadigRe RTIOHI ASRHENSED HE & 28RASFaPE node
16. The vertex nodes 15 subordinate to the face node 16 are also recognized as its children and

represent the corner cSotdiRdfckiviguaé Jigefsn? tarouathdiFgdiisssiitalignsdesdignbdnmusdaséture. All

textures used ) ) ) _ _ o
graphic unit 4, which accesses graphic data stored in the vision database

5 2. In addition, the simulation device 1 includes simulation units 5 through
7, which access the object data of the individual objects 9 through 13,
which are entered in a simulation database 3 programmed according to an

industry standard.

[036] The simulation database 3 represents, therefore, essentially a
10 mathematical image of the vision database 2 and should be correlated as
accurately as possible with the vision database 2, in order to make
possible a *“natural’ navigation of computer-generated virtual forces

(computer generated forces).

[037] The simulation database 3 can be a Compact Terrain Database
15 (CTDB), for example. The vision database 2 can be a 3D Terrain

Database, for example.

[038] The representation in Fig. 2 shows a computer-generated
landscape 8 with individual objects 9 through 13. Included as individual
objects 9 through 13 are discrete individual objects 9-11, network objects

20 12 and land area objects 13. The discrete individual objects 9-11 include,



15 in the vision database 2 are entered in the texture palette 14. In the texture palate, references to the
graphic data of the textures are provided and an ordinal nuirg)er is assigned. In order to allocate a specific

texture to a polygon, the texture attribute is set to the corresponding ordinal number in the face node

representing the polygon. - 16 - [42] Face nodes 16, which represent the polygons, can be grouped to
objects as children of an object node 17. In addition, it is possible to carry out random groups to a group
node 20 in the vision database 2. For example, an object node 17 can be grouped together with a noise
node 18 5and/or a light source node 19 as children of a group node 20. [43] In addition, references to
other files of the visionfBEtE¥ARW\Aa YBticifsd BxiuidingTetéhcasnygds s, iardseasdiebirsitexknple, a
discrete object 9-11, in particular a vehicle, can be stored in a separate file within the vision database 2.
[44] Fig. 4 shows a so-ZafBRerB8EFefdipAeIerk QRIRdyld heyredBanlewisords fialwep, by
classification of the individual objects 9-13 represented in the vision database 2 by the graphic data,
object classes are defiHagkf.teefesd MaEFendd Bsta8dcAreB;cRPiaassd3c It e ®uilain§xanRI8es, trees,
roads, rivers, fields, deserts, etc., for example. 15 According to the method of the present invention, in a
second step, the textufiodRRITH #ABX I NarkI2WId s RSP LR RRESEaRE. 8ssigned to the
object classes defined in the first step. This can occur in particular based on the file name, which is
entered in the texture palette 14 of the vision database 2. In addition, the texture data can be visually
20o0bserved and assigfegojorresphioaingito Big.oBjetiechkasion database has a substantially tree-
shaped structure. Starting from a root node 22, the graphic data entered

into the vision database are provided as leaves of this root node 22.

[040] A vertex node represents a point within the landscape 8 and defines
the coordinates of the point within the landscape 8. A polygon, in
10 particular a surface of the landscape 8, is entered in the vision database 2
in a face node 16. The vertex nodes 15 subordinate to the face node 16
are also recognized as its children and represent the corner coordinates of

the polygon.

[041] A polygon 16 typically is assigned with a texture. All textures used
15 in the vision database 2 are entered in the texture palette 14. In the
texture palate, references to the graphic data of the textures are provided
and an ordinal number is assigned. In order to allocate a specific texture
to a polygon, the texture attribute is set to the corresponding ordinal

number in the face node representing the polygon.



- 17 - [45] According to the method of the present invention, in a third step, object data are generated in
the simulation database 2. In this manner, the polygons of fhe vision database 2 automatically are
assigned iteratively to the individual objects of the simulatiorr database 3. In this 5 regard, the algorithm
60 represented in Fig. 6 can be used. In a first step 61, a face node 16 is selected. In the following step
62, the texture attribute of the face node 16 is detected. From the texture palette 14, the assigned texture
file name is determined. Further, it is checked whether this texture file name is assigned with an object
class in the cross reference list. In the event the texture file name is assigned with an object class, the

object node 17 superol8itdie tGe8eTad8NdBe VY HEIPRIRSE BN NGRS YIBES f£a RIS U aGhien
represent polygons, subordinate to the object node 17are adopted as a common individual object in the
simulation database 3 PIE51EFS ThiFEER e RIREINIROtE 16 RACklOGel IR RIEFR SHEYes 16
are processed iteratively. [46] A further algorithm 50 for recognition of objects within the vision database
2 is shown in Fig. 5. INQ8niARHBHERIBSA T AWRVIIPHE Y. 6) thie aYiRinthAa80RsR<Z on foject
nodes 17. In a first step 55, an object node 17 is selected. In a second step 56, it is checked whether a
20designation is locate aRHRe 176 AAIRRIHBOHT the CHjdRe fhaePet gaiisriMihREIssigIAd_ kS of
designations to object classes also can be - 18 - entered into the cross reference list. If such a
designa®ion is recogniZAHIR st SPHECRR epHaS SNtHGEY hBraHRRCHLIRE-object node 17 can be
adopted as individual objects in the simulation database 3. This object recognition algorithm 59 also runs
iteratively and observes all provided

[043] In addition, references to other files of the vision database via so-

called external reference nodes 21 are possible. For example, a discrete

object 9-11, in particular a vehicle, can be stored in a separate file within

the vision database 2.

10 [044] Fig. 4 shows a so-called cross reference list. According to the
present invention, in a first step, by classification of the individual objects
9-13 represented in the vision database 2 by the graphic data, object
classes are defined in the cross reference list. Such object classes can be
buildings, houses, trees, roads, rivers, fields, deserts, etc., for example.
15 According to the method of the present invention, in a second step, the
textures provided in the texture palette 14 of the vision database 2 are
assigned to the object classes defined in the first step. This can occur in
particular based on the file name, which is entered in the texture palette
14 of the vision database 2. In addition, the texture data can be visually

20 observed and assigned corresponding to an object class.



50bject nodes 17 in the vision database. [47] In the vision database 2, multiple groupings of graphic data
of the same individual object 9-13 can be contained, which represent different conditions of the individual
object 9-13. Thus, for a house, for example, in an undestr'o§7Zd state as well as a destroyed state can be
entered in the vision database 2. Such dynamic individual objects 9-13 are entered in the vision database
2 in practice in separate files referenced by an external reference node 21 and can be recognized with an
algorithm, which is based on the algorithm 50, whereby in contrast to the algorithm 50, with the algorithm
for recognition of dynamic objects, external- 15reference nodes 21 are considered instead of object nodes
17. [48] Depending o SbbfteqIdiss] e Maestiihing PRRRNANYRRYAB rétSgHE itiRidual
objects and adopt in the simulation database 3. The presentation in Fig. 7 shows the flow chart of an
algorithm for recogniti®iPiGitdGriathjgeneiater phfeufimidatan - dmaRasard/ o Blivdrannes - [49]
Initially, it is checked for each face node of the vision database 2 whether the texture assigned to it,
according to the cross #8erBAYEINEE iLhsHighadsoR MAdtRsass. fineatsalihapfRe poRigopd
represented by the face node is assigned to a network class, then it is adopted as an 5 element of a
network object 12 in théesaHVRYidA daeadididuad RRIRMS LidBiskBUBION FRIRRASS) for tHE Wisiulation
database 3 is derived from the orientation of the texture in the vision database 2, whereby the line piece is
adoptecPin a line list in"@RAE ISR AHARCR LHRSERIPhEL HEdEsCHE \Pﬁiéﬁ?@pr@%&{%@%s are

processed, the line list is considered. [50] First, the line pieces 100, 101 are checked to the effect, as to

whether they directly a8foirfalRBer9He Fitcls 13RIee®d (seld FRE IPIPYHRTISSISE BRe RenEaxiYiE path

102 is produced in the network ob{ect 12, which corresponds to the combination of both line pieces 100,
101. This attribute of the face node 16 is detected. From the texture palette 14, the

assigned texture file name is determined. Further, it is checked whether
this texture file name is assigned with an object class in the cross
10 reference list. In the event the texture file name is assigned with an object
class, the object node 17 superordinate to the face node is determined
and all of these face nodes 16, which represent polygons, subordinate to
the object node 17are adopted as a common individual object in the
simulation database 3 (step 63). Thereafter, the next face node 16 is

15 reviewed and all face nodes 16 are processed iteratively.

[046] A further algorithm 50 for recognition of objects within the vision
database 2 is shown in Fig. 5. In contrast to the algorithm 60 shown in
Fig. 6, the algorithm 59 works on object nodes 17. In a first step 55, an
object node 17 is selected. In a second step 56, it is checked whether a
20 designation is located under the attributes of the object node 17. For this

purpose assignments of designations to object classes also can be



15method is performed for all line pieces 100, 101 in the line list. [51] As shown in Fig. 10, an unwanted
gap can exist between two network paths 103, 104. Thus, ip a further step, the network path 103, 104 of
the network object are checked as to whether gaps to othe ﬁétwork paths 103, 104 exist. Beginning from
the end of each network 20path 103, 104, it is checked whether the end of a second network path - 20 -
103, 104 lies within a predetermined distance, in particular, a snap distance. If this is the case, both
network paths ends are connected with an additional line piece to form a common network path 105.
Also, this algorithm for recognition of gaps is performed iteratively for all network Spaths 103, 104 of a
network object 12. [052NigE80 ARISr tRR ShPRTOFEERTEARS HiFh HetWdHadifRsignatian iSiRARINERFONK paths
106, 107 can be present in the network object 12. Thus, also intersecting network paths can be
connected to a commoHeR:RfoiR FafieXi 6f653R £ athepiRTS U EHBREA dBR BRISE hodRedh 878 network
paths 106, 107, when the ends of the two network paths 106, 107 lie further from one another than the
predetermined snap diBBAEEPIRIRS Madividias RBIRETR IBigha Sinndation daahane1d7 id inglierkd on its

end to a defined snap length. In the event this Ieng?thening should intersect a _
recognition algorithm 59 also runs iteratively and observes all provided

5 object nodes 17 in the vision database.

[047] In the vision database 2, multiple groupings of graphic data of the
same individual object 9-13 can be contained, which represent different
conditions of the individual object 9-13. Thus, for a house, for example, in
an undestroyed state as well as a destroyed state can be entered in the
10 vision database 2. Such dynamic individual objects 9-13 are entered in
the vision database 2 in practice in separate files referenced by an
external reference node 21 and can be recognized with an algorithm,
which is based on the algorithm 50, whereby in contrast to the algorithm
50, with the algorithm for recognition of dynamic objects, external-

15 reference nodes 21 are considered instead of object nodes 17.

[048] Depending on the object class, different algorithms are used, in
order to recognize individual objects and adopt in the simulation database
3. The presentation in Fig. 7 shows the flow chart of an algorithm for
recognition of network objects 12, in particular roads, railways, and/or

20 rivers.



15 second network path 106, a network node 109 is produced at the intersection of the two network
paths, and the two network paths 106, 107 are combined into a common network path 108. [054]
The network objects 12 represented in the vision database2; in particular roads, are typically generated
with automatic tools and can 20therefore include adjacent polygons, which are successive, like a - 21 -
corrugated sheet. After generation of the network object 12 in the simulation database 3, this corrugated
sheet structure can lead to occurrence of an unwanted buckling effect in the simulation during crossing
over of the network object 12. In order to prevent this, an 5 algorithm for smoothing the network object 12
can be used in the simif148bn [Aéitalask 5 stk feERAftolrer 1IRRERIBEjMFONIakREE Akes or
closed forest areas, which can have arbitrary shapes and can contain islands, algorithm 80 shown in the
flow diagram of Fig. 8 WhRIEEr AngdestHERISSIaNGHhith iFe BRESERAINSLIPGHRsCERESCIRIBIRIRCES IR Wifether
they are assigned to a land area class. Should this be the case, the projection of this polygon on the
XY-plane is formed an8SHPREGIALIRIWOK 81§ Rrdd dRRER3S TRARENSIANINEOR (RREREd Riter all
face nodes 16 of the vision database 2 are processed, all adjacent land area parts of a land 15 area
object 13 are connectdHSviACENBAGR tReRSSITNRA R ORI tofiarh Rl IFadeRiathRs ian
trafficability can be defined as a physical property of the land area. 56] Further, the vision database
2 can céntain driving hflePaeRe AW HIcREISh B2 THE BIRtHRNED iHakb&ssuldiiorddiidis avhich

are
line piece 100, 101 (Fig. 9) for the simulation database 3 is derived from

the orientation of the texture in the vision database 2, whereby the line
piece is adopted in a line list in the simulation database 3. After all face
nodes 16 which represent polygons are processed, the line list is

10 considered.

[050] First, the line pieces 100, 101 are checked to the effect, as to
whether they directly adjoin another line piece 100, 101 (see Fig. 9). If this
is the case, a network path 102 is produced in the network object 12,
which corresponds to the combination of both line pieces 100, 101. This

15 method is performed for all line pieces 100, 101 in the line list.

[051] As shown in Fig. 10, an unwanted gap can exist between two
network paths 103, 104. Thus, in a further step, the network path 103,
104 of the network object are checked as to whether gaps to other
network paths 103, 104 exist. Beginning from the end of each network

20 path 103, 104, it is checked whether the end of a second network path



20impenetrable. These driving hindrance objects can be individual objects - 22 - 9-13, which are
recognized via the texture of their polygons according tog;% algorithm 60, or also point objects, which are

recognized based on an attribute with the algorithm 50. [

G]’I’le simulation database 3 lies in the target

platform in a non- 5 illustrated manner in a quadtree and is stored as binary data sets. This provides, on
the one hand, a fast loading time of the simulation database 3 and on the other hand, accelerates access.
The quadtree of the simulation database comprises a static and a dynamic part. With a completely
dynamic quadtree, a relatively long path exists from the outermost quadrant to the innermost. These

paths can be shortened®¥ a

tilRRidVitHe crPaprdels miteds duaishe dlaBRLHEs Rfih anSABBX. These

quadrants are subdivided then dynamically in smaller units, up to a determined maximum number of
polygons. [58] Each qutighame@ontdins sHiidierpsderit RahivRNkeRBRHRAES afe LopaRsad with Thus,

polygons can be very quick(l%fccessed online at a specific spatial position. Somenigg‘lications require,

however, polygons thagaré

ipRaklper AIese o dersn Fi caRmleNatRIke PRIANEYRvaS®s kisw which

network paths and buildings are nearby. Thus, in a further processing step, important objects (buildings,
trees, and network patAd PR SOEIFREHiRMHPEgaps is performed iteratively for all’ network

5 paths 103, 104 of a network object 12.

10

15

20

[052] Also, after recognition of gaps in a network object 12, still further
network paths 106, 107 can be present in the network object 12. Thus,
also intersecting network paths can be connected to a common network

path.

[053] Furthermore, another gap can exists between two network paths
106, 107, when the ends of the two network paths 106, 107 lie further from
one another than the predetermined snap distance. In this case, as
shown in Fig. 11, the network path 107 is lengthened on its end to a
defined snap length. In the event this lengthening should intersect a
second network path 106, a network node 109 is produced at the
intersection of the two network paths, and the two network paths 106, 107

are combined into a common network path 108.

[054] The network objects 12 represented in the vision database 2, in
particular roads, are typically generated with automatic tools and can

therefore include adjacent polygons, which are successive, like a



- 23 - Reference Numerals: 1Simulation device 2Vision database 53Simulation database 4Graphic unit
5Unit for route planning 6Unit for collision recognition 7Unit2ffr control of individual objects 8Landscape

corrugated sheet. After generation of the network object 12 in the
simulation database 3, this corrugated sheet structure can lead to
occurrence of an unwanted buckling effect in the simulation during
crossing over of the network object 12. In order to prevent this, an
5 algorithm for smoothing the network object 12 can be used in the

simulation database 3.

[055] For recognition of land area objects 13, such as lakes or closed
forest areas, which can have arbitrary shapes and can contain islands,
algorithm 80 shown in the flow diagram of Fig. 8 is used. All face nodes
10 16, which represent polygons, are checked as to whether they are
assigned to a land area class. Should this be the case, the projection of
this polygon on the XY-plane is formed and adopted as part of a land area
object 13 in the simulation database 3. After all face nodes 16 of the
vision database 2 are processed, all adjacent land area parts of a land
15 area object 13 are connected with one another, so that they form a
common contour. For example, its trafficability can be defined as a

physical property of the land area.

[056] Further, the vision database 2 can contain driving hindrance
objects, which form a driving hindrance in the simulation, that is, which are

20 impenetrable. These driving hindrance objects can be individual objects



9 - 11Discrete individual objects 12Network objects 13Land area objects 14Texture palette 1515Vertex
node (corner point node) 16Face node (polygon node) - 2%2 170bject node (object node) 18Sound node
(noise node) R

9-13, which are recognized via the texture of their polygons according to
the algorithm 60, or also point objects, which are recognized based on an

attribute with the algorithm 50.

[057] The simulation database 3 lies in the target platform in a non-
5 illustrated manner in a quadtree and is stored as binary data sets. This
provides, on the one hand, a fast loading time of the simulation database
3 and on the other hand, accelerates access. The quadtree of the
simulation database comprises a static and a dynamic part. With a
completely dynamic quadtree, a relatively long path exists from the
10 outermost quadrant to the innermost. These paths can be shortened by a
static grid. One can directly access the static quadrants with an index.
These quadrants are subdivided then dynamically in smaller units, up to a

determined maximum number of polygons.

[058] Each quadrant contains a list of polygons, which lie completely or
15 partially in it. Thus, polygons can be very quickly accessed online at a
specific spatial position. Some applications require, however, polygons
that are not nearby, rather objects. For example, a route planner wants to
know which network paths and buildings are nearby. Thus, in a further
processing step, important objects (buildings, trees, and network paths)

20 are sorted in the gquadtree.



19Light source node 20Group node 521External reference node 22Root node 50, 60, 70, 80Algorithm
100, 101Line piece 103 - 108Network path 109Network nogg - 25 -

Reference Numerals:

1 Simulation device
2 Vision database
5 3 Simulation database
4 Graphic unit
5 Unit for route planning
6 Unit for collision recognition
7 Unit for control of individual objects
10 8 Landscape
9-11 Discrete individual objects
12 Network objects
13 Land area objects
14 Texture palette
15 15 Vertex node (corner point node)

16 Face node (polygon node)



Patent Claims 1.Method for extraction of data from a vision database (2) for forming a simulation
database (3), Swherein in the vision database (2), graphic ggta of a plurality of individual objects (9-13) in

the form of polygons and textures assigned to the polygon

re entered, and wherein in the simulation

database (3) object data of the individual objects (9-13) are entered, with the following steps: a) definition
of object classes by classification of the individual objects (9-13) described by the graphic data in the
vision database (2), b) assignment of the textures to the object classes, 15c)generation of object data in

the simulation databas%(s) by

18
19
20
5 21
22
50, 60, 70, 80
100, 101
103 - 108

10 109

Object node (object node)

Sound node (noise node)

Light source node

Group node

External reference node

Root node

Algorithm

Line piece
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Network node



assignment of polygons to individual objects (9-13) based on the object class assigned to the polygon via
its texture. - 26 - 2. Method according to claim 1, characteor% ed in that the simulation database (3) is
providable to a simulation device (1) for simulation of motidn“sequences in a landscape (8) with individual
objects (9- 13) and for simulation of interactions with these individual objects 5 (9-13), wherein the
simulation database (3) is useable for calculation of the sequence of motions and interactions in the
landscape (8) and/or wherein the vision database (2) is useable for graphic representation of the
landscape (8). 3. Method according to one of the preceding claims, characterized in that physical
properties of the object classes are defined. 4. Method according to one of the preceding claims,
characterized in that the method steps a) and b) are performed manually and/or that the method step c) is
performed automatical@?gwgﬂgﬂ%ccording to one of the preceding claims, characterized in 15 that the
assignment of a texture to an object class is made based on a designation of the texture, in particular of a

file name. 6. Method agcording dgaaergf tig REGERIA USRS AR d5thhse (2) for forming

a simulation database (3),

5 wherein in the vision database (2), graphic data of a plurality of
individual objects (9-13) in the form of polygons and textures

assigned to the polygons are entered, and

wherein in the simulation database (3) object data of the individual

objects (9-13) are entered,
10 with the following steps:

a) definition of object classes by classification of the individual

objects (9-13) described by the graphic data in the vision database

(2),
b) assignment of the textures to the object classes,

15 C) generation of object data in the simulation database (3) by
assignment of polygons to individual objects (9-13) based on the

object class assigned to the polygon via its texture.



- 27 - selected for generating of the object data in the simulation database (3). 7. Method according to one
of the preceding claims, characterized in that in the vision %%tabase (2), the graphic data are entered in
the form of polygon groupings (17) and attributes, in particdlar grouping 5 designations, assigned to the
polygon groupings and that the attributes are assigned to the object classes. 8. Method according to claim
7, characterized by the generation of object data in the simulation database (3) by assignment of
polygons of a polygon grouping (17) to individual objects (9-13) based on the object class assigned to the
polygon grouping (17) via its attributes. 9. Method according to claim 7 or 8, characterized in that when
one polygon of a polygdn grolY§fiPA ACLOAAEgNEY ¢k hdRhdiasEkjeet (N 1BRtathsofgBatBNhe
polygon grouping (17) are 15assigned to this individual object (9-13). 10. Method according to one of the
preceding claims, characteriz@@tﬁgpﬁ% $iHe BravidaRle datansisruialionjdeyiesd NdRT feRbAiObjects

(12), in particular roads, railwa¥ tracks and/or rivers, are generated, -28 - _
of motion sequences In a landscape (8) with individual objects (9-

13) and for simulation of interactions with these individual objects
5 (9-13), wherein the simulation database (3) is useable for
calculation of the sequence of motions and interactions in the
landscape (8) and/or wherein the vision database (2) is useable for

graphic representation of the landscape (8).

3. Method according to one of the preceding claims, characterized in
10 that physical properties of the object classes are defined.
4, Method according to one of the preceding claims, characterized in

that the method steps a) and b) are performed manually and/or that

the method step c) is performed automatically.

5. Method according to one of the preceding claims, characterized in
15 that the assignment of a texture to an object class is made based

on a designation of the texture, in particular of a file name.

6. Method according to one of the preceding claims, characterized in

that depending on the object class, an algorithm (50, 60, 70, 80) is



which include network paths (103-108), wherein multiple polygons, which are assigned to a common
network object class, are assigned to the network objectsé& ) based on proximity relations . 11. Method
according to claim 10, characterized in that the proximity 5Telation includes the orientation of the texture
assigned to a polygon. 12. Method according to claim 11, characterized in that based on the coordinates
of a polygon and the orientation of the assigned texture, a line piece (100, 101) is defined. 13. Method
according to claim 12, characterized in that adjacent line pieces (100, 101) of polygons of the same
network object class are combined to one network path (102). 14. Method according to one of claims 10

through 13, characteriZsdeipieskionsansiagaghsf( it obies) daiade Birisiovlativicdatalasse @-smaller

distance from one another than a predetermined snap distance, are combined to a common network path.
15. Method according to one of the claims 10 through 14, characterized in that intersecting network paths
(106, 107) are combingd to a /ethime moednding atl(208) the2preceding claims, characterized in

that in the vision database (2), the graphic data are entered in the

form of polygon groupings (17) and attributes, in particular grouping

5 designations, assigned to the polygon groupings and that the

attributes are assigned to the object classes.

8. Method according to claim 7, characterized by the generation of

object data in the simulation database (3) by assignment of

polygons of a polygon grouping (17) to individual objects (9-13)

10 based on the object class assigned to the polygon grouping (17) via

its attributes.

9. Method according to claim 7 or 8, characterized in that when one
polygon of a polygon grouping (17) is assigned to an individual
object (9-13), all polygons of the polygon grouping (17) are

15 assigned to this individual object (9-13).

10. Method according to one of the preceding claims, characterized in
that in the simulation database (3) object data from network objects

(12), in particular roads, railway tracks and/or rivers, are generated,



16. Method according to one of claims 10-15, characterized in that a network object (12) of the simulation
database (3) includes network nodes (109) and that at the ¢cgordinates of an intersection of two network
paths (106, 107) of a network object, a network node (109)§§s' generated. 17. Method according to one of
the preceding claims, characterized in that object data from land area objects are entered into the
simulation database (3). 18. Method according to one of the preceding claims, characterized in that the
simulation database (3) has the structure of a quadtree.

which include network paths (103-108), wherein multiple polygons,
which are assigned to a common network object class, are

assigned to the network objects (12) based on proximity relations .

11. Method according to claim 10, characterized in that the proximity

5 relation includes the orientation of the texture assigned to a

polygon.

12. Method according to claim 11, characterized in that based on the
coordinates of a polygon and the orientation of the assigned

texture, a line piece (100, 101) is defined.

10 13. Method according to claim 12, characterized in that adjacent line
pieces (100, 101) of polygons of the same network object class are

combined to one network path (102).

14. Method according to one of claims 10 through 13, characterized in
that network paths (103, 105), whose end coordinates have a
15 smaller distance from one another than a predetermined snap

distance, are combined to a common network path.

15. Method according to one of the claims 10 through 14, characterized
in that intersecting network paths (106, 107) are combined to a

common network path (108).



10

16.

17.

18.

-29.

Method according to one of claims 10-15, characterized in that a
network object (12) of the simulation database (3) includes network
nodes (109) and that at the coordinates of an intersection of two
network paths (106, 107) of a network object, a network node (109)

is generated.

Method according to one of the preceding claims, characterized in
that object data from land area objects are entered into the

simulation database (3).

Method according to one of the preceding claims, characterized in

that the simulation database (3) has the structure of a quadtree.



