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Slicing (conceptually)
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Slicing as two problems
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computing intersections:
future work from 2018

orojections to 2D/3D:
this presentation




Projections from 3D to 2D:
orthographic




Projections from 3D to 2D:
perspective




Leys, 2008



The 4D house
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The 4D house
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4D to 3D projections

* ‘Long axis’: more formal recreation of typical 4D
diagrams

* Orthographic and perspective

* R4in/out to S8, then stereographically to RS
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Long axis’ projection




4D projections
Dased on unit
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Orthographic and
perspective projections




Orthographic and
perspective projections
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R4 to S3to RS
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o spherical coordinates
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Back to cartesian with r=1
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Stereographically to SS
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ABSTRACT

Objects of more than three dimensions can be used 1o model geographic phenomena that oocur in space,
time and scale. For instance, a single 4D object can be used to represent the changes in a 3D object's
shape across time or all its optimal representations at various levels of detail. In this paper, we look
at how such higher-dimensional space-ime and space-scale objects can be visualised as projections
from R* 1o R*. We present three projections that we believe are particularly intuitive for this purpose: (i)
a simple ‘long axis® projection that puts 3D objects side by skie; (i) the well-known orthographic and
Mmm:m(ul)awmwam(ﬂmwammmum
10 RY, which results in an inwards-outwards fourth axis. Our focus is in using these projections from R*
10 R, but they are formulated from R* to R~ s0 as 10 be easily extensible and to incorporate other
non-spatial characteristics. We present a prolotype interactive visuakser that apphes these projections
from 4D to 30D in real-time using the programmable pipeline and compute shaders of the Metal graphics
AP,

BACKGROUND

Projecting the 3D nature of the world down to two dimensions is one of the most common problems at
the juncture of geographic information and computer graphics, whether as the map projections in both
paper and digital maps (Sayder, 1987; Grafarend and You, 2014) or as part of an interactive visualisation
of a 3D city model on a computer screen (Foley and Nielson, 1992; Shreiner et al., 2013), However,
geographic information is not inherently limited to objects of three dimensions, Non-spatial characteristics
such as time (Hilgerstrand, 1970; Giting et al., 2000; Homsby and Egenhofer, 2002; Kraak, 2003) and
scale (Meijers, 201 1a) are often conceived and modelled as additional dimensions, and objects of three or
more dimensions can be used to model objects in 2D or 3D space that also have changing geometries
along these non-spatial characteristics (van Oosterom and Stoter, 2010; Arroyo Ohori, 2016). For example,
a single 4D object can be used to represent the changes in a 3D object’s shape across time or all the best
representations of a 3D object at various levels of detail (van Oosterom and Meijers, 2014; Arroyo Ohori
etal, 2015a.c).

Objects of more than three dimensions can be however unintuitive (Noll, 1967; Frank, 2014), and
visualising them is a challenge. While some operations on a higher-dimensional object can be achieved by
running automated methods (e.g. certain validation tests or area/volume computations) o by visualising
only a chosen 2D or 3D subset (e.g. some of its bounding faces or a cross-section), sometimes there is
no substitute for being able to view a complete nD object—much like viewing floor or fagade plans is
often no substitute for interactively viewing the complete 3D model of a building. By viewing a complete
model, one can see at once the 3D objects embedded in the model at every point in time or scale as well
as the equivalences and topological relationships between their constituting elements. More directly, it
also makes it possible to get an intuitive understanding of the complexity of a given 4D model.

For instance, in Fig. 1 we show an example of a 4D model representing a house at two different levels
of detail and all the equivalences its composing elements. It forms a valid manifold 4-cell (Arroyo Ohori

Peer] Comput. Sci. reviewing POF | (CS-2017:02:16530-0:0:NEW 1 Mar 2017)
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Beautiful IFC models
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Beautiful IFC models




Our goal

* Develop an interface

between CityGML and IFC to B -

prepare for a fundamental /|
solution to bridge the gap NN B

between Geo and BIM.

* open-source API to represent
IFC + CityGML with the same
data structure | IfcOpenShell

e recommendations for future
Integration
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GeoBIM project use cases

 Use case 1: The process of submitting an IFC model to a building
permit-application portal by citizens and companies; checking the
IFC design against the existing physical world (represented in a 3D
city model) and against a 3D zoning plan; and finally updating the
3D city model by integrating the 3D building model.

 Use case 2: The process of supporting the life-cycle of objects with
a continuous information chain: using information about complete
urban areas in the design process (i.e. using geo-information in a
BIM application) and, at a later stage, converting plan, design and
construction data to maintenance data. The focus of this second
use case is on large infrastructure projects.

« Use case 3. Integration of sub-soil information in the BIM design
process (Abdou).

30



Zoning plans (height)




Shadow tests




Methodology
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Hachenberger, 2006

Nef polyhedron per volumetric object
Boolean set operations to solve use cases
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Prototype status

Parsing ~60 geometric and all (~700) mostly semantic
classes in |fc2x3 and ltc4

Generating CGAL Polyhedra_3 and Nef_polyhedra_3
from every object

Qutput as .obj with correct materials

Qutput separately objects that fail necessary validation
tests

Catch errors caused by bad data
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lo do

FIX more geometric iIssues
Add more validation tests
CityGML output

Work on use cases using: zoning plans, shadows,
noise and/or solar potential

Use CityGML in design software?

Test simplebim CityGML add-on?
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(Unexpected) problems

Many parametric shapes

Many types of transformations, some bugs remain
Very bad data

Need to discretise smooth curves and surfaces

Ifc schema pieces that are hard to implement in CGAL

Minimalist approach in GIS vs. maximalist approach in BIM (12 modules in
CityGML 2 vs. 768 entities in Ifc4Add1). Not counting selects, functions, etc.

BIM concepts that differ or don'’t exist in GIS software (topological faces, wires)

Georeferencing issues
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Transformations /
pDlacements

lfcAxis1Placement

[fcAxis2Placement2D

lfcAxis2Placement3D
lfcCartesianTransformationOperator2D
[fcCartesianTransformationOperator2DnonUniform
lfcCartesianTransformationOperator3D
lfcCartesianTransformationOperator3DnonUniform

lfcLocalPlacement



SOIMe errors
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