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SUMMARY

The implementation of a 3D cadastre is work-intemsand expensive and legitimation of
such expenses is necessary. A legitimate path gefn@ntation is that 2D systems fail to
communicate complex legal situations correctly. dAladditional arguments can help to
strengthen the position of 3D cadastres and prosughport from other professions and social
groups.

The paper is based on a newly developed modelDovi§ibility. We discuss the model and
how it can be used for two different applicatioras. The first is the assessment of property
value, where the visibility or invisibility of sp#ic objects can have a big impact. The other
example is spatial planning. Spatial planning sh@llarantee that cities are working
economically and socially, that space is not wasaed that the planned environment meets
cognitive requirements. For example, evidencespitial cognition show that visibility of
landmarks is an important topic for tourism andigation and should thus be addressed.
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1. INTRODUCTION

Land administration data is crucial for large paftpublic administration. Cadastral maps as
the geometrical part of land administration aredglly the only large scale maps covering
the whole country and thus these maps are useths$&s like spatial planning or property
taxation. 3D cadastres as an extension of traditioadastral systems address the problem of
the vertical subdivision of rights. The developmeita system like a 3D cadastre has a
number of aspects that need attention: Legal isquresesses, modelling, and storage. As a
result, various new possibilities emerge and nedzkbtaddressed in discussion. Some of these
possibilities may not provide sufficient revenuas bthers may be important enough to
legitimate the expenses of a 3D cadastre. In skeases, tasks supported by 3D cadastres
have already been performed using a 2D cadastezxéomple visibility analysis. If buildings
are shown in cadastral maps, visibility betweentiaty points on the map can be analysed.
However, since height may play a crucial role ia thsibility analysis, the analysis is not
reliable. 3D cadastres can provide better result@lso need new approaches. Fogliaroni and
Clementini developed an approach for visibility lgss based on projective geometry
(Fogliaroni & Clementini, 2014). The model allows determining visibility of objects, e.g.,

if one object is completely, partially, or not aedéd from an observer object by a third object
deemed an obstacle. This is computationally sifimea single viewpoint but their solution
can do this also for arbitrary viewpoints in a sf)ieozolume. In the paper we discuss the
chances for new applications provided by this naygiroach.

Land administration shall not only provide distinidicumentation of the legal situation, it is
also the main tool for land tax estimation andlémel market. Land tax can be either based on
productivity of land or on its value (Muggenhubegrk, 2013). Determination of productivity
is usually a decent approach for agricultural ar@ad does not require 3D. Land value,
however, is heavily influenced by its potential (Savratil et al., 2014). In addition there are
other parameters. The value of the location is dnighthere is a spectacular view, i.e., if
important elements of the surrounding area aréleisApartments with sea view are typically
more expensive than apartments where the vieworskbtl by existing or planned buildings.
In other situations it might be the view acrossty ar the visibility of an important landmark
of the city like the Eiffel tower in Paris or theastminster Bridge in London. A 3D cadastre
provides all information on 3D rights and respoitgies and since these rights are the legal
basis for future constructions, they describe p@kfuture blockings. A 3D city model adds
all existing buildings to the potential and canvaeisthe question about current visibility.
This is possible on a whole planned building otlanlevel of flats in a condominium only.

A different situation occurs, if the building autitp has to decide, whether a planned
building fits into the cityscape and can be appdowésibility of the planned building may be
an influential factor. The ensemble of the Vienitg centre is UNESCO World Heritage.
Unrestricted creation of buildings would changed¢heemble and can lead to losing the status
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of UNESCO World Heritage. On the other hand, ablgsibuilding can also become a
landmark of a city. Both cases can be determineddilility analysis.

The paper starts with a discussion of visibilitylsis followed by a brief presentation of the
method developed by Fogliaroni and Clementini. Then available data for 3D visibility
analysis is discussed followed by a discussiorwaf possible applications. Some remarks
conclude the paper.

2. VISIBILITY ANALYSIS

Visibility analysis was mainly used in two diffeteways until the introduction of 3D city
models in the late 1990ies: 3D game engines aiilitis analysis for terrain models. These
applications originally used the 2+1D approach anty later moved to real 3D models.
Another peculiarity of gaming engines is that tiheginly focus on determining world objects
that are visible from a given viewpoint (the plagtandpoint in the virtual environment). In
order to show the limitation of these approachesstae with a discussion of 2D approaches
and later explain 3D solutions.

2.1 Visibility analysis for 2D scenes

In a 2D scene, objects are typically representedheyr projection to the x/y plane. In
visibility analysis variation of object shape aloiing z-axis is ignored. A conical object, for
example, would create the same shadowing effeat @ginder with an identical projection.
Cases where an object is visible above or beloWesec object are ignored. Situations where
an object is visible through another object, eithecause the object has a hole or it is
transparent, are also disregarded.

The advantage of the 2D approach is the computdtiand conceptual simplicity. The
shadowing effect of an object is determined byt#rgents to the object. Figure 1 shows the
situation where the shadow is determined for autarcobject with respect to a single point.
The result of such an analysis is a binary decidimints behind the object are either visible
or invisible. Objects lying completely in the objeshadow are invisible from the projection
point. Finally, objects are partially visible ifeth overlap with the object shadow.

However, the situation changes if the shadowindeitermined with respect to a projection
area. Figure 2 shows a situation where the shadodeiermined from a projection area
instead of a point (compare Figure 2). The objeadsw has the property as in the first case:
Points in the object shadow are not visible from pinojection area, or more precisely, points
in the object shadow are invisible to every pomthe projection area. Points in the partial
shadow are visible only from some points in thggution area. That is, objects in the partial
shadow may be at the same time completely visgaetjally visible, or invisible, according
to the points of interest in the projection area .
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Figure 1. Shadowing effect of objects in 2D
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Figure 2. Shadowing effect of objects in 2D with gpect to a projection area
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2.2 Visibility analysis for 2+1D scenes

The extension of these approaches for the thireedgion happened in two steps. At first, the
concepts for 2D are applied in situations whera @ain 3D space. The best examples for this
approach are games from the early 1990ies like &dstkin 3D, one of the earliest first
person shooters. The 3D rendering of visible objdcaws upon visibility analysis carried out
on objects’ 2D projections. The geometrical problefvsuch applications is the same as in
Figure 1 because all graphics need to be computed the egocentric perspective of the
player. The first games used a completely flat mvhent but later examples stepwise
include height differences (ramps, stairs, etc.).

A classical adaptation of the idea in GIS applmadiis the view shed analysis. The analysis
typically starts from a digital elevation model addtermines the visibility from or to a
specific grid cell. Unfortunately, the result ofcbuan analysis heavily depends on the used
algorithm and its implementation (Fisher, 1993).wdger, the methodology is still used
because the concept is simple and it works for matuations. What it cannot deal with,
though, is visibility through holes. A bridge, fexample, partially blocks the view but it may
be possible to see other objects below the brisdgkia between its pillars. Modelling this
kind of situation is difficult with standard appaiees. Today, all commercial GIS software
packages provide view shed analysis for 3D-modglsically for both, raster and vector
models. This can be used, e.g., to determine théosts produced by a planned building. The
drawback of the current implementation is that they typically based on 2+1D (compare,
for example, Yang et al., 2007) and holes in bogddstructures are still problematic.

2.3 Visibility analysis for 3D scenes

Different approaches for modelling and storage®fcadastres exist. Most of the approaches
are object based, since this seems to be the abaigproach. Vector GIS is based on “sets of
coordinates and associated attribute data” (Baist@l2, p. 34). A provable correct 3D
visibility analysis for the situation like in Figeirl would require ray tracing. The concept is
quite old (Appel, 1968) but is computationally in$&/e because it requires following each
ray from the observer position and check if it hatsy object. The density of the rays is
determined by the required quality of the result.

CAD systems have more efficient algorithms impletedn These algorithms are useful to
present 3D objects on screens. As a basis they aegeometrical model of the objects
including potential holes. Ying et al. (2011) pretesl a working model using the example of
an apartment building with a complex ownershipdtree. Vandysheva et al. (2011) did the
same for a Russian example. Both papers start finenhand Administration Domain Model
(ISO DIS 19152, 2011) and prove that the domain ehathn cope with complex 3D
geometry. Chiang (2012) did the modelling basedCagGML and presented a web-based
user interface on top of orthoimages. Abdul Rahreaal. (2012) showed how to model
underground structures. Work has also been donaspacts other than pure representation
and visualization: Form example, Zhao et al. (20ih®pstigated topological relations and
Thompson and Van Oosterom (2011) proposed a mod#idck data integrity (i.e., to avoid
overlaps).
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In the literature, other approaches, e.g., usingv@onoi diagrams (Gold, Tse & Ledoux,
2006) can also be found. However, they are notin@uded in standard software products
used in the Gl industry.

3. QUALITATIVE VISIBILITY ANALYSIS

Fogliaroni and Clementini (2014) recently developedqualitative model for visibility
relations among three solids in space. The modaViges spatial predicates of the form
Riis(A,B,C) capturing the semantics of the visibility relatioolding between an observe)(
and an observed objet)(when a third, opaque, obje€)(acts as an obstacle.

The model is an extension to 3D of previously deped qualitative calculi (Billen and
Clementini, 2006; Fogliaroni et al., 2009) and @&séd on the projective frame of reference
depicted in Figure 3. Such a projective framewaak be used to partition the space into
various sets of so-called acceptance volumes. Aemance volume is a parametric subset of
the 3D space having as parameters 2 soBdsn@C) of any shape. Each acceptance volume
is associated a visibility relation (e.¥isible(A,B,C), meaning that, if a third solid A falls
into that acceptance volume, the associated raldtadds among the observed object A and
the observer B (e.g., A is visible from B when Gisobstacle).

The frame of reference introduced by Fogliaroni @ementini can be used to split the space
in several manners, each corresponding to a qtisaditaalculus of different granularity. A
coarse Vvisibility model is described (compare Fegu#(a)) that is only capable of
distinguishing 3 main relations: Visible, Partialfisible, and Occluded. A finer-grained
version of the model (compare Figure 4(b)) is alsaved that is capable of distinguishing
several types of partial visibility. Namely, thendr-grained model allows for expressing
where the visible part of a partially visible olijes perceived with respect to the obstacle
from the observer viewpoint (i.e. Left, Above Left).

The model demands low computational effort (i.e. diefinition of the constructive elements

of the frame of reference starting from the obsearal the obstacle solids) and works in full

3D: that is, it can be used to model visibilityatbns holding among objects grounded to
Earth, but also for flying objects and objects witlles and concavities (the treatment of non-
simple solids is discussed in the original paper).
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(d) (e) (f)

Figure 3. The projective frame of reference for vibility relations (f) draws upon 2 reference solidga) and
consists of 2 pairs of cones (b) (c) and 3 planah (e) tangent to them (Source: Fogliaroni & Clemetini
2014)
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Figure 4. Coarse (a) and finer-grained (b) visibity model.\
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4. DATA FOR VISIBILITY ANALYSIS IN A 3D CADASTRE

Data for a traditional 2D cadastre are typicallyrstl as a partition: Parcels must not overlap
or leave gaps and thus neighboring parcels havenamon boundary line. The storage
strategy can then focus either on the boundaryslimethe parcels. One problem for the
change to 3D is, that 3D parcels will be formedradwaally. Even in large cities, only a
relatively small number of houses will be registees 3D property. Thus the 3D cadastre
alone will not provide a comprehensive picture isfhility. However, most of the large cities
have digital 3D city models showing the existingldings. The 3D city models represent the
physical reality and the 3D cadastre provides &ttt information on the 3D legal situation.
We ignore the alignment problem in this paper ssslime that lines and surfaces between 3D
city model and 3D cadastre are perfectly aligndusT buildings that do not completely fill
the volume of the 3D parcel could, in the future, dnlarged and use more space. The
difference between 3D parcel and 3D city model lsarefined as follows: A 3D city model
allows assessment of current visibility and 3D p&@llow—in combination with building
regulations and other public restrictions—assesswiditure visibility.

It is important to note, that both data sets mgstthhe same height definition. The difference
between geometrical and physical definition (corapBavratil & Unger, 2013) is rather
small for typical heights of buildings but a vedlioffset would cause serious problems. The
heights must also refer to a standard height lamel must not refer to terrain level at that
point. Otherwise, height differences resulting frtme terrain will be ignored, which could
lead to wrong results.

The 3D qualitative visibility model presented ino@taroni & Clementini, 2014) can work
with any spatial representation consisting of sefts3D coordinates like, for example,
CityGML data. However, the model can also be imgatad in a CAD environment. One of
the limitations of the model is that the concep imathematical model. Thus curvature of the
earth is not included. Therefore, vertical errarghie assessment will be inevitable and they
will increase with the horizontal distance. In atdnce of 1km, ignoring the curvature of the
earth causes an error of almost 8cm, which caregkeated for most applications. However,
in a distance of 10km the effect sums up to alrBost

5. SAMPLE APPLICATION “PROPERTY VALUE”

One application of 3D visibility analysis concethg evaluation of land parcel or real estate
values. The value of a land parcel or a real ediefgends on several factors including
proximity to main roads and transportation meaa#,composition and land-use restrictions.
Data from numerous sources is necessary to praedsonable results. A major aspect of
land value, for example is the possible land use @otential public law restrictions. A 3D
cadastre can be necessary to combine possiblendsase restrictions to a coherent picture
(compare Navratil 2012, Frank et al., 2012). Anothgortant factor to be considered relates
to visibility. For example, the climatic parameten® important for the assessment of land
value for agricultural land. This includes the amkoaf sunlight that land receives (i.e., can
“see”) over the year. Visibility analysis can beeddo perform such an analysis: sun can be
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modeled as the observed object and features (ailglinys, trees, mountains) nearby the
analyzed land can be deemed to be obstacles posgibluding sun to the land. Similar
analysis is required for built environments. Builgliregulations in many countries provide
minimum requirements for exposure to light. Thislklguarantee that apartment in the
ground floor still get sufficient lightning for adeate living conditions. Current GIS analysis
can model the sun as a point moving over the skiycasting a different shadow for each
position. These different results are then combioean average exposure to light. However,
the method is difficult when modern, highly fragrtesh architecture is involved. Correct
results would require ray tracing because thikesanly method to correctly assess the effects
of reflected light and light through transparenttpaf buildings. However, the method is not
(yet) fast enough for large scale applications. Tirethod developed by Fogliaroni and
Clementini can be used as a starting point to dsthe inclusion of transparent parts.

A similar analysis can be performed to have a bettsessment of real estate values. In this
case, not only sun exposure, but also visibilityistially pleasant landmarks (e.g. a lake or a
park) affects the value of the real estate. Thisvident by the prices of hotel rooms: Rooms
with a nice sight usually cost more than roomsnfiga nearby building. The definition of
“nice sight” ranges from natural beauty (e.g., kl@v, sea-view, or mountain-view) to
monuments (e.g., Victoria Harbour, Eiffel Tower, Statue of Liberty). The same concept
influences the value of apartments on the housiatket. The analysis answers the question,
if the view between an apartment and a landmarkeis, partially blocked, or completely
blocked. In a first step, the volume of the aparttrie used as a projection area. However,
since we typically observe reality through windoavel walls block the outside visibility, the
walls can be added. After adding the walls, thelteg) assessment of visibility will always
be partially blocked even if the landmark is visilthrough all windows because the landmark
will not be visible from point immediately behinldet walls.

The visibility analysis (and thus the value estioat can be pushed even forward by
considering how the surrounding environment mayngkain the future. Assume, for
example, that a piece of land is today largely ergoto sun because there are no occluding
features nearby. However, this situation may changée future if nearby land parcels are
not yet built according to the limits provided thetbuilding regulations. Figure 5 shows an
example for such a situation. As long as parce$ Bat built, apartments on parcel A have
ocean-view. However, if a building on parcel Badidr and uses the complete extent of the
parcel, none of the apartments on parcel A may kbepocean-view. The problem is
therefore, that future buildings may change theenily assessed value. The danger of such a
development can be assessed using land developiagistand compare them to the current
building status (from the 3D city model).
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ocean

beach

parcel B

parcel A

Figure 5. Example of possibly blocked view

6. SAMPLE APPLICATION “SPATIAL PLANNING”

As shown with the first sample application, 3D bikly analysis can provide a more
comprehensive evaluation of real estate value. Weweit can also be used for spatial
planning and land administration. For instancedladministrators can be supported in
decision making about land use. Some parts of dhdscape are visible from large areas.
Changes in the land use of these parts thus hatrereg effect on the visual attractiveness of
an area. Wind power plants, for example, have tegative effects: They produce noise and
are not visually attractive. Both need to be disedsin a process of approval. While the
discussion of noise is easy (the definition a maxmmnoise level and the measurement of
produced noise at the plant can be used to determiminimum distance to villages),
visibility is a more difficult problem. A nice, viglly attractive scene can be a strong basis for
tourism because many tourists are looking for iataplaces.

The same problem also occurs in built areas. Momasria cities are buildings with a specific
historic or artistic significance. Hiding these raments behind other buildings will make it
more difficult for tourists to find the buildingsSt. Stephen’s Cathedral in Vienna, for
example, is visible from numerous places in Viebeaause the street network consists of
concentric circles and radial roads. The radiatisdaad to the city canter where St. Stephen’s
Cathedral is situated and thus the cathedral enofisible. Originally this should help the
orientation and today it is attractive for tourists
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Visibility can also have implications on UNESCO WhbHeritage. The city center of Vienna
is an example for this. The justification for ingtion is defined as: Three key periods of
European cultural and political development — thelile Ages, the Baroque period, and the
Grunderzeit — are exceptionally well illustrated tye urban and architectural heritage of the
Historic Centre of Vienna (Bundesdenkmalamt, 2000). A new construction rhaye a
significant impact of the visual appearance of\therld Heritage. Thus the effect needs to be
assessed. One possibility is to identify the changesibility for the World Heritage. The
project may be prohibited if it blocks too muchtleé World Heritage and changes the visual
appearance in a negative way.

Landmarks can also help people navigate in an uh&nenvironment. The instruction
“follow the River Thames in the direction of TowBridge” is easy to understand if you stand
at the river bank and see the bridge. Howeveheafuiew to the bridge is blocked, there is a
50% chance to start walking in the wrong directigisibility analysis using 3D city models
can then be used to improve navigational instrastiand 3D cadasters can help assessing
possible viewpoints.

7. CONCLUSIONS

The paper showed a computational approach to assabgity of objects from areas. The
approach allows assessing the situation wheregettabject is visible or partially visible
behind other objects from a projection area. Fromespoints in the projection area the target
object is visible while it is blocked from otheripts. We briefly discussed two applications
for such a model and showed that there are questibere such a model can provide helpful
information.

Both applications do not only need data from a 30astre but also from a 3D city model.
Combining both sources requires spatial congruefitye data sets are typically created
differently: 3D city models are created from aimm@taser scanning or aerial photogrammetry
while 3D parcels for the cadastre are often contgdi from building plans or terrestrial
survey. Therefore reaching congruency includes sortexesting research questions like
deciding if a horizontal distance between two waitplanes should be eliminated or not.

The visibility model presented by Fogliaroni ande@kentini can also be improved.
Transparent objects and mirrored views are noagetessed. They could be added in future
versions. The model also assumes certainty ab@ugéometry. This is a reasonable but
probably unrealistic simplification. A building vita flat roof, for example, may be used as a
terrace and plants or other objects may be placeith® roof. This will change the height of
the building slightly and may change visibility. @eetrical imprecision of the objects could
thus be another direction of development for thel@hoAlso issues of Earth surface curvature
can be addressed in future improvements of the htodally, the integration of 3D visibility
analysis in current tools should be discussed. iHuisides ideas about aligning of data from
different sources, e.g., 3D cadastral and CityGMtad
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