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Multi-layer land use
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1.Introduction

= The development of land use has promote the land parcels to be
subdivided in three dimensional (3D) space according to certain
property rights.

= To manage 3D space becomes an urgent task for the
government, so we should mode these 3D space with geometric
representation as “solids”.

= The cadastral application requires the operations on the solid
objects to manage, operate and analyse the 3D parcels.
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Three aspects should be clearly described :

1) the precise geometric model that describe the shape and
geographic location of various 3D parcels, mainly based on
sets of boundary faces.

2) solid model that indicates all its boundary faces with
orientation to present the corresponding 3D parcel object.

3) the topological relationship that encode all the information
among the solids/parcels to keep the consistence of the
objects’ geometries.
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2. 3D cadastral model in LADM

Surv eying and Representation::
LA_Transformation

+ ion: CC_Op i ethod
+ transformedLocation: GM_Point
VersionedObject
+surveyor : 0.* baunitAsParty
«featureType»
Party::LA_Part:
1 Y = g VersionedObject
+represented 0.1 +party | 0.1 +rrr «featureType»
by . Administrative::LA_RRR
0.. 0..*
0.%
P—— +ro | 1% . -
«leature Type» +baunit VersionedObject
Special Classes::
LA_Source 1 «featureType»
Administrative:: 0.%
A for polygon-based (2D) or polyhedron- LA_BAUnit
based (3D) spatial units: no minus and
at least one plus, for topology-based S, 0.*
spatial units: at least one plus or minus '
.
'
VersionedObject K
«featureType» " "
Surv eying and Representation::LA_BoundaryFaceString minu VersionedObject
+ bfsiD: Oid 0.* «featgreTy;.n-j\l»
+ geometry: GM_MultiCurve [0..1] Spatial _Unlt--A
+ locationByText: CharacterString [0..1] . LA_SpatialUnit
0..* 0.. plus
constraints
{either geometry (2..* points) or locationByText (0 points)}
o :
0,2.*
{ordered} See Annex B for a more minus plus
n . detailed description of
peElcn=scikiect boundary face strings and
«featureType» boundary faces.
Surveying and Representation::LA_Point -
. .
+ estimatedAccuracy: Length H referencePoint
+ i lationRole: LA_Ir lationType 1 ' 0.* 0.*
+ monumentation: LA_MonumentationType [0..1] | - -
+ originalLocation: GM_Point VersionedObject
+ pll?: Oid . «featureType»
+ pointType: LA_PointType 0,3.* 0.#| Surveying and Representation::LA_BoundaryFace
+ /productionMethod: LI_Lineage [0..1] {ordered} -
+ transAndResult: LA _Transformation [0..*] + DbflD: Oid
+ geometry: GM_MultiSurface [0..1]
+ GetTransResult() : GM_Point + locationByText: CharaterString [0..1]
+sourcePoint | 1..* constraints
{either geometry (3..* points) or locationByText (0 points)}
+source +source | 1..* 0.*
«featureType» +source
01 Surveying and Representation:: 0.1
- LA_SpatialSource -
+ meast OM_Observation [0..*] [ 1..*
0.* |+ procedure: OM_Process[0..1]
+ type: LA_SpatialSourceType o
«codeList» «codeList» «codeList» «codeList»
Surveying and Surveying and Surveying and Surveying and

Representation:: Representation:: Represen@tion:: Representation::
3 D (a da stre‘ 1 1/4 1 LA_MonumentationType LA_SpatialSourceType LA_InterpolationType LA_PointType



2. 3D cadastral model in LADM

sull: Oid
surfaceRelation: LA _SufaceRelationType [0..1]
volume: Wolume [0..7]

| ——
+ + + + + + o+

[ LA feuel
This is the spatial prefile of a pure 30 topology structure {so no 20 or liminal representations in a0 Profile:20 Lewel
this lzwel). Thare are no overlaping volumes (20 _SpstislUnits). Howsver, volumeas may be n _
open at the bottomn or at the top, comesponding to non-bounded 30_SpatialUnits {in this case + Il Oid
the size of the volume cannot be computed). + name: CharacterString [0..1]
The following class sheould be omitted from any implementations of the 30_ProfileDefinition: + registerType: L& _RegisterType
LA BoundaryFaoseString. +  structure: LA Structure Type = tapolagical
This is the topological spatial profile for the 30 case. Mote that in 20_Lewvel the sttributs + type: LA LewelContentType [0..1]
structure is fized to “topelegical’. In the 30_SpatialUnit the atribute dimension is fixed to "30°
there still is an cptional referencePoint, which should be provided via 2 20 GM_Point. Finally, +level 0.1
there are 3 set of constraints defining = valid topeolical structure for 8 20 volume partition.
winwariants Sderived LAl
TAll topologieal boundany faces are used once in plus and also excatly once in minus direction.
Unless the boundary face is an the edge of the domain then eitharthe plus orthe minus direction i
uzed once (and the otherzero times).}

' i +zu |07
mmrar.lantn . N L ﬂ=E‘““:‘ﬁgl"’:'i":E':'"": minuzs fderived LA b ! : i izl Uit
{non_intersection: 30_Profile::30_BoundaryFace i T : T ] ] GT
boundany faces do not . Ha.® :I:I..1: 30_Profile::20_Spatial Unit
zelflintersect and do --4F S ! ! i ' : N
Eneet:l ather boundarny + fgeometny Ghi_Surface : ; : : e:.ft&ddr.ess.ld: Dld.[ﬂ" ]. _
faces 3t their + quality; DE_Element [0..7] o plus fdewived LA :D..*I: s =ion: Lﬁ—DlmengmnTWE =3
boundaries) : X label: I:hara.cterStrlng [E_I"ﬂ

\ X referenceFoint: Gh_Foint [0..1]
! 1

:

i

wlnvariants

TAll 30 _BoundanyF aces have oubreard orientation (normal vectar points to the outside). All
30_BoundanyF aces tagether form at least one outershell and O or mare innershells. In principle the shells
are closed, with the exception that they me open (unbound) to the top (o) and bottom (earth) direction.}
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Data model in prototype system

VersionedObject

SpatialUnit
SpatialRelationship SpatialRelationship
0..* 0..* 0.
3DLandParcel 3DLegalSpatialBuildingUnit 3DPhysicalBuildingUnit
0.7 1 0..*
& 0..1 0.1 &
! 1

Body

0..2

4..*

Face Edge Node
0.* 3.* 0.~ 2

30l (adastres 13741



3D land parcel and 3D legal space building unifg.#

o
ot
'

3D parcel space and 3D legal building unit space, are defined to
describe the 3D space represented by 3D solid/body.

Both focus on 3D body construction with surveyed boundary
edges and faces, to assure all 3D cadastral objects are valid 3D
bodies with precise descriptions and consistent topology.

3D property unit 30 building space

3D building space 7— 3D building space

30 property unit

3D parcel space

Surface parcel

Surface parcel

3D parcel space
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3. Body construction based on SketchUp
3.1 Definition of solid model and topology

3.2 Utilization of the topological model based
SketchUp

3.3 Solid construction
3.3.1 Initial conditions and constraints
3.3.2 Sorting faces around edges
3.3.3 Reconstruction of the solids

3.4 Handling complex configurations
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3. Body construction based on SketchUp

= Asolid is defined as a seamless 3D space with interior orientation
and its shell, which is closed and is made up of the faces.

= Unfortunately, many tools are not intelligent enough to recognize
and define the closed body with the sets of faces.

= Some software (SUv8) know to check whether there is a correct
solid / body with the selected faces, but do not know how detect
and find the body from the “messed” faces, let alone the
assembled bodies or bodies with holes.

303 Gatres 17721




3.2 Topological model based SketchUp

r -
0..* 3.7 |
v I
Loop EdgeUse e
+usedby SUODbject
0..* 1 Geom::Point3d
+outer_loop _
+inner_loop +next TPrevious 1
1 1 1 L 1
Face - >> Edge Vertex
1 2
4.*
0..2
0..x
body
<< - -1
+ Body UID: long touch
+ BoundaryFaces: Body* -
+ Volume: long 1
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= A 3D body is a 3D primitive and is basically incident to faces. So
the class Face i1s the focused element to be handled to create the
3D body.

= class Face is a oriented facet/facets with one outer loop, and zero
or more inner loops.

class DrawingEIement/
Face R > Edge i Face
+ all_connected() : Entity*
4.* + area(): float
+ classify_point() : byte
0..2 + edges() : Edge*
0..* + loops() : Loop*
body + mesh(byte) : Mesh*
<< — - 1 + normal() : vector
+ Body_UID: long touch + outer_loop() : Loop*
+ BoundaryFaces. Body* - + plane() : Plane*
+ Volume: long 1 + reverse!() : Face*
+ vertices() : Vertex*
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Hole in 2D and 3D
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3.3 Solid construction

= Input the faces, stored in the topological data structure provided
by Google SketchUp.

= Navigate in the data structure to extract bodies that are deemed
valid according to our definition.

= Store the bodies and relationships in prototype.

— 7
0..* 3.* \‘I/ | VersionedObject
|
Loop EdgeUse i
+usedby ;
SUObject . . .
. ) SpatialRelationship SpatialRelationship
0..% | 1 Geom::Point3d 0.+ 0.* ,_l o
+outer_loop ] o . N ] o )
nnnnnn - loop +next ‘tPrevious 1 3DLandParcel 3DLegalSpatialBuildingUnit 3DPhysicalBuildingUnit
0. 1 0.*
1 1 1 1 1
Face = Edge Vertex
1 2 1 1
4.* Body
¥ .- '
0..*
0.2
body 1
<< -4
+ Body_UID: long touch 4.7 .
+ BoundaryFaces: Body* [ ___ !
+ Volume: long 1 hace Edge e
1 3“* 1 2
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3.3.1 Initial conditions and constraints

= Each polygon is closed.

= Each face is a flat polygon and the curve face should be divided
Into several flat faces.

= No self-intersection with lines and no overlay between polygons.

= No isolate, hanging or dangling point and edge.
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3.3.2 Sorting faces around edges




3.3.3 Reconstruction of the solids

= Minimum body

= uniqueness and homogeneity (cadastral object)




3.3.3 Reconstruction of the solids

= Connect the faces

depth-first search breadth-first search

the unicity of the result
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3.3.3 Reconstruction of the solids
| Calculate the degree of edges @

3
Cull the hangling faces and update Preprocessing |

Face-sorting based on each shared face with degree >3

Y
Select aface and its one sidel« \

3
Create a new solid record (array)

3

[" Record it; Mark it used («——————

L

]
I
i
I
|
I
I
i
I
I
i
i
I
i
I
I
:
I
]
i
!
i
E |/—>Trawme each edge of the facg ¥
I
[}
i
i
[}
I (if1e
I -2
[}
i
[}
:
[}
|
I
I
i
[}
:
I
i
I
]
i
I
[}

ull the new face from solid recor

No new face

| Mark the edge "used" and record it in solid

¥
based on face-connection with degree =2-----» Search the nearest neighbor l'ae4
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3.3.3 Reconstruction of the solids
= The approach records the direction of the faces and the interior
of the body/solid.

= It is easy to get the neighbour bodies with the shared face/edge
and build the topologic relationships among bodies.

= So the relationships of data model is implemented and filled in,
which can keep the consistence of 3D bodies.

1 3. v |
+usedby | VersionedObject
Loop EdgeUse I~
SUObject
0.* | 1 Geom::Point3d SpatialRelationship \ SpatialRelationship
+outer_loop 1 o 0. 0.*
nnnnnn loop +next Tprevious B Parcel 3DLegalSpatialBuildingUnit 3DPhysicalBuildingUnit
1 1 1 1 1 0.* 1 0.*
E v 0.1 0..1
ace L Edge ertex
1 2 1 1
4“*
J
0..*
body 1 0..2
<< —-—1
+ Body_UID: long touch 4 L
+ BoundaryFaces: Body* ___
+ Volume: long 1 pacs Edge ode
1 3% 1 2
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4 Prototype system

= Framework of the prototype system
= Topological query

= Spatial operations




4 Prototype system

= 4.1 Framework of the prototype system

3D Data (Faces)

SketchUp

Solid
Construction

< >
Topo-query )
. Database
Analysis and <« (Oracle)
Operations
>

ﬁiTi

Google Earth Skyline




Test data




4.2 Operations and topological query

= Mergence operator of four bodies




Topological query




Process of splitting one unit into two units &=




= Splitting section view
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5. Conclusion and prospective outlook
= A 3D topology based on LADM is delivered.

= Real 3D bodies are constructed with the input faces and stored
the references in the 3D topological model.

= Next, the faces can be extended to be surfaces that would
support the curve surface and maintain the topology with other
geometric elements (solid, edge).




5. Conclusion and prospective outlook

= The attention in the context of 3D cadastre iIs concentrating on

the geometries, topological relationships, and the operations on
the cadastral objects.

= when all these techniques are solved, associated with the

registration and management, the complete 3D cadastre can be
Implemented and realized.







