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SUMMARY

The processes of acquisition, storage, processidgepresentation of spatial data had a lot of
changes in recent decades, which led to new pésgs#iin the use of spatial information,
especially with 3D models generation of objectanfthese models is possible to understand
the dynamics of some phenomena and to define astiategies for interventions. In this
way, the cadastral information also was influenbsgdthis process, which has led many
researchers to verify the demands and impacts enc#dastral system of so-called 3D
Cadastre. This work aims to contribute to propeycpdures for the incorporation of 3D
information to the Urban Cadastre from the exisstrgcture, especially in where there isn't a
cadastral model that is the Brazilian case. Itragppsed to use a model for the spatial parcel
using a square cylinder of revolution and a cloaoh{s with attributes. The experiments with
data obtained from LASER scanning sensors (aendlground platforms) to assist in the
incorporation of 3D information to Cadastre werés$actory, not only for the use of cloud
points attributes for Cadastre, but by the integradf the LASER point cloud air and ground.
To make the studies, test areas were selectedarP&élo and Curitiba. In developing the
thesis, C++ libraries were used, implemented byeaedh groups in the area of
Photogrammetry and LIDAR data manipulation. Theultesfor the labeling of points with
attributes using mathematical models of the cylinsleow promise for the discussion of
spatial Parcel model for Cadastre, and allow ino@fe 3D data to Cadastre even without
Cadastral Model.
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1. INTRODUCTION

The study of the urban context, together withatfisibutes, has been the main
function of the Urban Technical Cadastre, mainljtsrmultipurpose characteristic. Although
not all the Cadastre's problems have not been ddlydhe researches developed to date, the
3-dimensional representation of the parcels and #i&ibutes are now considered, which
leads to a rethinking of the Cadastre model adoptetany countries.

Although at the time its was launched, by the rimaéonal Federation of
Surveyors (FIG), the 2014 Cadastre did not disthiesssue of three-dimensionality, some
initiatives in this aspect were explained, espgciahen talking of the exact definition of the
limits of the territorial unit (KAUFMANN; STEUDLER1998). Despite not explicitly citing
the issue of three-dimensionality of the parceifists, the 2014 Cadastre foresees a broad
cadastral reform not only in the aspect of dataissitipn and storage, but also a broad reform
in the legislation in effect on the Cadastre argl bgistration of real estate, following the
technological evolution.

In the search to define a better territorial dGoitthe Cadastre and registration of
real estate, some countries started to incorpaydtemetric altitude as a parcel attribute,
generating a new concept of territorial unit, tpatgl parcel (SHOSHANI, 2005).

Several technological research and developmentipgrdhave turned their
attention to the issue of three-dimensionality bé tCadastre. There are projects being
developed in countries like Holland, Sweden, Norwasael, China, Australia, Greece among
others, each one studying proposals and modelsldptahe structures of their cadastral
systems to incorporate the spatial issue. Oostetoah (2006) present an introduction on the
time aspect in the Cadastre, including a fourthesigion of the Cadastre.

From this context, this works aims to contributéhwthe discussions regarding
three-dimensionality of the parcel of the Cadaglisgussing means of acquiring, modeling
and representing the cadastral parcel, exclusiuelyhe urban environment, considering
paradigms of the Cadastre, mainly the presencetasfrthe Cadastre defined.

2. THE Cadastre AND THREE-DIMENSIONAL INFORMATION

Before treating the three-dimensional informaterectly in the Cadastre, note
an important aspect of the terminology used forGlaelastre in the three-dimensional issue.
Although literature and even the author of this kvoave used the expression 3-D Cadastre, it
Is sometimes not used correctly. This is becaus€tddastre is an abstract concept, therefore,
dimensionless. It is different from the cadastiaicel, which is regarded as an object and has
dimensions. It is not the Cadastre that is 3-D, ratiter the cadastral parcel, whether it is
called a lot, land or real estate.

It is interesting to distinguish this because saemeninologies used become
inadequate such as, for example, the so-calledCha@astre. There is no fourth dimension in
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the Cadastre, rather there is an analysis of thevier of the cadastral parcel over time. In
addition, 3-D does not necessarily mean that ogensidering the coordinate (X, Y, Z) or (E,
N, h), since each dimension can receive the atw&ibliinterest. If the terminology is adopted
as 3-D, 4-D, etc., one must consider it as n-D 6measince each theme applied to the
Cadastre like health, education, among others, dvbala dimension. In this work, the object
of study is the cadastral parcel, which in the tektbe referred to as spatial parcel with three
dimensions referring to the system of coordinabésY, Z). Thus, in this work, the 3-D
Cadastre considers the parcel in 3-D.

In the context presented, a spatial parcel mdul meets the incorporation of
three-dimensional information must take some ingrdgraspects into account. The main thing
is that not all countries have a well establishedlaStral model. In the case of Brazil, for
example, there are several parcel standards, algeddot. The lack of a standard for the
parcel makes the Cadastre management a problemcity,awithout allowing the use of
solutions for several places.

To work with a data acquisition strategy and spaiarcels for places without
defined cadastral model becomes advantageous, @ieces not limited to a pre-established
standard and inclusion of such data in a later intwiéde adopted will not be a problem.
Many countries do not have an established Cadasidel and therefore, using a strategy that
is not limited to one model is interesting to kebp data updated without detriment to the
observance of models.

The models of spatial parcels proposed by Stot€o&terom (2006) included 4
basic structures: tetrahedrdfid. 1), polyhedronsKig. 2), polyhedron with cylindrical and
spherical parts Hig. 3) and models obtained from CAD from CSGofstructive Solid
Geometry, breakdown into cells and curved objedisy(4).

Fig. 1- Modéd of atetrahedron

Fig. 2 - Set of polyhedrons

L
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Fig. 3 - Polyhedron with a cylinder and with sphere

Fig. 4 - Model based on CSG formed by the subtraction of two polyhedrons

Ekberg (2007) proposes the use of triangular featto recompose the objects
in 3-D as polyhedrons, for example. . He breaksrddive spatial features into triangles to
improve the topological consultatiorisg. 5 illustrates this concept.

Fig. 5 - Representation of spatial parcelswith triangular features

All these alternatives of the model of spatial geds took into account the
technical feasibility of implementation in databa€&D and GIS. Thus, even if not ideally,
these models have guided the use of three-dimeaisigiormation for GIS as well as for the
Cadastre. The polyhedron is the model that stands tbe most due to its easy
implementation, however, the topological relatiomsh objects contained in it are not so
trivial (ARENS et al, 2005).

One of the difficulties of establishing primitigeometrics for the Cadastre is
the irregularity of the boundaries of the parceistiee land surface. In many regions, there is
no established standard, which can lead to incemgiges in information. Thus, there will
always be an overlapping of spatial parcels orapat a square that does not legally belong
to any property.

Lack of definition of the parcel boundaries compiges the use of volumes for
the cadastral model, since these need at leastdainates and a height to establish the
upper and lower boundaries of the surface in qoesfrig. 6 shows a diagram of a
polyhedron's construction from these parameterspresent a spatial surface.
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Fig. 6 - Criteria for formation of the spatial parcel

Note in this case that the polyhedron considese@gular, which is not always
so in reality. Thus, definition of the spatial palrdepends on seven parameters, considering
the level of the land as starting plane. Considethre constructions existing in the spatial
parcel as subparcels, these would also dependhen parameters to be reconstructed. In the
case of spatial subparcels, it is possible to reftoat the polyhedrons from the Cadastre files
that have the ground floor plan of the property dathbase information on the number of
floors (FILLIN et al (2008)). Even then, this mouhgl would not be faithful to the reality,
since the forms used may not correspond to the gagraf the constructions.

To find a suitable model to represent and usesplagial parcels is important for
the Cadastre. However, it should not be mistakertHe modeling of virtual cities, whose
purpose is different. Although both borrow concdpasn each other, they differ in use.

The paradigms of virtual modeling of cities arsdxhon two main aspects: 3-D
geometrical modeling and modeling based on ima@¢sSBIKER et al.,, 2010). Both have
characteristics that help understand the use eetdimensionality for the Cadastre and help
in its incorporation to the cadastral systems.

The geometrical modeling has the advantage ofgbeased on CAD and GIS
concepts, using the same standards, formats ansl bois allows great interoperability
among various systems for edition and viewing ofdeis. Another great advantage is
flexibility of the modeling that allows anything tee modeled using the principles of B-rep
(Boundary Representatipmnd CSG. The disadvantage in this case is noingttod itself,
but the complexity of urban environments. The bmegldown of some complex structures
into geometrical primitives demands a great time eafiting, which leads to some
inconsistences between what the user expects fiermbdel and what the producer achieved
(NEBIKER et al., 2010).

On the other hand, the modeling based on imageshiesadvantage of allowing
a realistic construction of the landscape, buttlahito the point of view of the scene's
acquisition. There is also need to make the bmitleavalues of the pixels compatible. The
Google Street Views an example of this approach. In general, a ¢oation of both
approaches is used in more consolidated virtugl sytstems, applying brilliance values
obtained in the images as elements of texturdseigéometrical models modeled.

Both approaches illustrate the problem of obtgr8AD models from objects in
the urban scenario. For the Cadastre, there is\¢lee to establish the spatial parcel as an
object, although it is not actually materialized.dddition, the information for the Cadastre
must be current, which requires greater speed ta dequisition and consequently a faster
construction of models. In this aspect, both apgiea are not so fast, due to the time of
editing required to construct the model. For thel@#re, there is no need for such a realistic
modeling, only for specific themes like Histori¢ééritage Cadastre.
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In light of this context, concepts of a new citpaeling paradigm were used in
this work, calledRich point clouds (RPQNEBIKER et al., 2010). The term's translation in
Portuguese would not have the sense it has in $ngivhich h is a cloud of points with
various attributes, like intensity, RGB value, sifisation and others of interest. In general
lines, the LASER points have information on positiceturn pulse, time, among others.

With these new concepts, one can attribute to @aaft of the cloud several
pieces of information such as, for example, thes tgp construction it is part of or even the
property's cadastral enrollment. In addition, RAVABt al (2009) states that the point cloud
structure can be supported in database, givin@thele Spatial 11gs example.

3. METHODOLOGICAL PROCEDURES

To meet the objectives, we propose, to incorpotae three-dimensional
information to the Cadastre, a hybrid spatial pancedel, using concepts and paradigms of
City Modeling and primitive geometrics that canrepresented in the database. Thus, each
spatial parcel will be represented by a geometstrakture and the objects by point cloud.

Something that must be highlighted is that thetigsbg@arcel is an abstract
object. It cannot be measured completely, onlydhg that is on the land surface, which
generally corresponds to the plane that dividesstiaial parcel into two equal parts. While
the subparcels, which in this case are the coriginscor structures contained in the spatial
parcel, are physical objects.

The geometrical structure proposed for the sppaatel is the cylinder instead
of the polyhedron. Although Stoter & Oosterom (20B&ve placed limitations in the use of
cylinders for the database, technological advanoésralow this structure to be used. With
regard to the polyhedron, the cylinder has 5 (coatés (X,Y,Z), depth and facing)
parameters to determine the parcel instead of @ (wordinates (X,Y,Z) and height of the
spatial parcel), highlighting that both have theuwnd level as starting plane, that is, the
parameters in relation to the lot plane are comnwmoth. Fig. 7 illustrates use of the
cylinder as spatial parcel, with the continuousnaittifaceted cylinder in plane regions.

P(XYZ2)
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P(X,Y,2)

Fig. 7 - Example of the use of cylinder as spatial parcel.

Although the cylinder has less parameters thaptighedron, the mathematical
implementation of the verification of structuresitg interior is not so simple. According to
the methodology proposed, the cylinder is made fua center, radius and generatrix axis.
According to the model proposed, the cylinder ceigerepresented by the coordinates
obtained in the average point of the lot facing, ¢feneratrix axis is the depth of the lot and
the radius is half the value of the facing. Haviedined such parameters for construction of
the cylinder, the next stage was to mathematiaabure that an object was outside or inside
the spatial parcel.

Regardless of the model of the object insertedthiea spatial parcel, the
consultations on its topology are made in relatmnhe vertexes, whether these objects are
polyhedrons, tetrahedrons, CSG objects, among tlidrerefore, once the consultations
refer to points, using the concept of RPC beconadid gince verification and labeling of the
points do not depend on the total number of injunts.

For the mathematical model used in the labeliracgss of the points to meet
the objectives proposed, some initial consideratiomere required. The first approach used
the concept of distances within the cylinder, It labeling process generated a sphere due to
the countless directions that the distance vectaridcassume, which rendered such use
unfeasible.

Henceforth, the approach used was to define &mysf local coordinates X'Y'
in the XY plane with origin fixed in the averageimoof the facing in front of the parcel,
which coincides with the center of the cylinderck#r The system was defined such that the
Y' axis would coincide with the alignment of the facing.Fig. 8 illustrates the position of
the new system of coordinates in relation to thatiap parcel. In continuous line is the
original system of coordinates, in blue the transfiethe axes to the center of projection of
the cylinder and in red is the system resultingnfrotation6, with the X' axis coinciding with
the cylinder's axis. The X and Y values can alsure the values of E and N of the UTM
system.
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Fig. 8 - Positioning of thelocal coordinate system in relation to the original system

The parameters of transfer to the new system ofdosates would occur by
subtracting the point of origin of the cylinderrndhe point of interest being tested. While the
parameter of rotation would need more than onet@yond the point of origin of the spatial
parcel. This is due to the fact that the parameteatation is obtained from the factor of
inclination of the equation of the straight lineathpasses through the cylinder's point of
origin.

To solve this problem, there is the need to ohaéncentral point of the nearest
spatial parcel that is in the same alignment. With points, one thus determines the straight
line equation and finds the angle of rotatibof the new system of coordinates in relation to
the system of origin. It is important to study thign of the angle of rotation because it is
obtained through the tangential arc function and hmmapact on the coordinate system's
direction.

With the transfer and rotation parameters defirtbd, equations for the new
system of coordinates are given by equations 4band

X'=(X= X< coso+ (Y=Y < serd )

Y'== (X= X )¢ serd+ (Y=Y Jx cosd (5)

Where

X' Y’ are coordinates of the points in the newtsys;

Xc Y¢ are coordinates of the cylinder's center,

XY are coordinates of the points being tested;

0 is the angle of rotation between the systems ofdinates.

The consultation conditions to know if the poistplanimetrically within the
cylinder are given by equations 6, 7 and 8.
X'<0
[X'T<depth (6)
Y'<radius

4~ —
~
~
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The information on the depth and facing are obthimethe database or can be measured in
the field also, remembering that the value of thinder's radius is obtained through the
value of the facing.

For altimetric verification of the point being ted in relation to the cylinder, the
equation of the circle in the Y'Z plane was usethevé the equation's result to be less than or
equal to the value of the radius established, that® would be inserted in the cylindrical
spatial parcel. Equation 9 shows the consultatmmition for the points.

(Y'Y+(Z- Z.)?< radius?
9)

Where

Z is the coordinate of the point being tested;

Y' is the coordinate of the point tested in thealesystem;
Zcis the coordinate of the central point of the ayén

Therefore, the point being tested must meet tineliions of equations 4.3, 4.4,
4.5 and 4.6 to be labeled with the attribute desine this case the cadastral enrollment. As
already cited, whether the point originates fronpant cloud or from polyhedrons, the
mathematical model is consistent and can be used.

The constructions in this proposal can be repteseby a vertical cylinder or
the point cloud itself of the construction. Wher ttase, one can opt for a hybrid model
between these two approaches. Although, likewisgotilyhedron, the cylinder has problems
with regard to the boundaries, note that no modptasents the reality and, therefore, one
must choose the one that is best for the applicatfanterest. For the Cadastre, a realistic or
geometrically faithful representation is not alwalye best solution since one cannot execute
measurements of the Registration of properties adeais by the legislation in effect. The
three-dimensional information in the Cadastre d¢bates mainly toward the urban planning
area and legal area. It can also be used for tieestate Cadastre, except in the limits of the
spatial parcel, since these are not materializeéddition, the Cadastre data can be used in
the so-called 3-D GIS, for tourist and geomarketpglications.

The choice for the cloud point was to facilitabe topology of the structures
within the parcels. With use of tHePC concept, the points may have various attributes. |
addition, it is much easier to control the pointhiwi a cylinder than another volume. The idea
Is to use the range of attributes to facilitate thpology and identification of properties.
Although acquisition of the points is somewhat lmmsbme, technological progress tends to
minimize these costs with time. The model propasssek the point clouds obtained by aerial
and land LASER, with integration of both.

4. EXPERIMENTSAND RESULTS
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The test area is located in the Polytechnic Ceottddniversidade Federal do
Parana (UFPR), Curitiba - PR. This area was chdsento availability of the aerial LASER
point cloud and the possibility of conducting aldiesurvey with the land LASERFig. 9
shows an image of the test area.

Fig. 9 - Polytechnic Center of UFPR

SOURCE: www.googlemaps.com

The aerial LASER data of the test area was pravidg Prof. Dr. Daniel
Rodrigues dos Santos, from the Geometrical DepattroE UFPR. This point cloud was
elaborated by Instituto LACTEC of Paramiég. 10 below shows the point cloud of the aerial
LASER.

Fig. 10- Aerial LASER point cloud of thetest area

The data survey with land LASER was done in De@m010, using an
equipment granted by the Geology Department of UFRR initial idea was to collect a
point cloud, uniting various scenes that would maaweral walls, especially corners of the
constructions. However, on the day scheduled ferstirvey, there was rain, preventing the
survey. The scenes were collected the next day,nbttin the configuration previously
established due to the time conditions and equipreailability. Fig. 11 shows the cloud of
points collected.
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Fig. 11- Land LASER point cloud of the test area

The first step to integrate both point clouds wasutline the strategies to verify
the points common to both clouds. As already meetip it is impossible to know a priori if a
point is present or not in the aerial and land LRStoint cloud at the same time.

To determine the points that may be common to hmiint clouds, the
convex_hullalgorithm was applied in the aerial LASER poirdud. The interest in this case
Is not in the contour of the construction, but eatin the points that define the straight line
segments that define the contour. From the strdilgtequations of these points, their points
of intersection were defined.

After determining the points of interest in theiaeLASER point cloud, planes
were then extracted in the land LASER point cloRdints were collected manually through
the Cyclonesoftware for definition of the planes. Since thensity of the points is high, a
threshold of 5 cm was chosen to separate the plaigsguishing planes from windows,
pillars, floor and wallsFig. 12 illustrates the result of this process, showirgplane of the
walls (red), of the pillars in light green, of theor in green and of a lateral wall in orange.

Fig. 12 - Point cloud with the planesin highlight

Using the result of the intersection of planegoits corresponding with the
aerial LASER were found. With the points chosem, parameters of transformation between
the point clouds were obtained using the transftionaof similarity. Table 1 below shows
the parameters of transformation and the standariiion.

Table 1 - Parameters of transformation between the point clouds

Parametro | Valor do parametro

Desvio-padréo
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Rotacao X (em 0,553341 0,002804
radianos)

Rotacao Y (em -0,052737 0,006131
radianos)

Rotacao Z (em 0,111036 0,013127
radianos)

E (em metros) 677670,487342 0,059906
N (em metros) 7183789,101412 0,068592
h (em metros) 915,478115 0,104128
Escala 1,009331 0,002765

From the parameters found, the inverse transfoomatas applied in the points
of the land cloud, placing both in the same refeeern this case, geodesic. With regard to
test area 2, one notes that the standard deviatiohe points were better, that is, the
correspondence of the points found by intersectibiplanes and straight lines was more
adequate, even with different points of denskygy. 13 below shows the result of the
integration.

Fig. 13- Result of theintegration of point clouds

After the integration of point clouds, the poimtsre labeled as of the concept
established for the spatial parcels. Since theastn is not ideal, two cylinders were
established for the methodological test, dividifmg tregion of the study area into two
cylindrical spatial parcels. The intention in thiase was to simulate two adjacent lots,
dividing the point cloud. The radius used for thyinder was 11.5 meters, resulting from a
23-meter facing. The depth used was 20 meters.c€hters generated for the cylinders are
defined by the points dfable 2.

Table 2 - Parameters of the cylindersused in test area 3

Cilindro E(m) N(m) h(m) Raio(m) Profundidade(m)
Cilindro 1 677658,26 7183788,28 913,42 11,5 20
Cilindro 2 677679,35 7183778,44 913,44 11,5 20

Fig. 14 shows the result of the point labelingwo cylindrical parcels in red
and blue. In this case, th&SEditapplication was used to view the labeled clouds.
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Fig. 14: Cloud Points with visible
parcels

5. FINAL CONSIDERATIONS

Incorporation of the 3-D information to the Cadass not a trivial task and,
therefore, requires careful analysis of the obyestione seeks to attain and the purposes of
this information. It does not suffice to add a damathe altimetry of parcels or constructions.
The three-dimensional objects must be inserted imel defined Cadastre model, where
reference systems used are clear.

This work proposed to work with the 3-D informatieven in situations where
the Cadastre model does not exist or has not yaeoplated the three-dimensionality of
objects, mainly in the urban context. In this asp#dte results presented were satisfactory,
actually incorporating the 3-D information to thargels existing in the database, since the
algorithm classifies the point cloud with the dities of interest, mainly the cadastral
enrolliment. Although Brazil still does not have @Iwdefined urban Cadastre model, the
general guidelines of the Cadastre of the MinisfrZities launched in 2009 guide the basic
principles of the organization of the Cadastre idasic information, but still do not clearly
contemplate the use of 3-D information for the wrl@adastre. Note, however, that this
situation is not exclusive to Brazil, since findirag Cadastre model for the most varied
situations is not among the most trivial tasks. réfare, the results of this work contribute
toward discussion of the Cadastre basic model, igtudsion of work groups of FIG
(Commissions 3 and 7).

Use of the cylinder as spatial parcel is an imgrarcontribution to the Cadastre
as it opens range of possibilities not only forresgntation of objects in space, but also new
possibilities of topological relationships. The deristic of the cylinder proposed in this
work makes use of information present in the Cadast that can be acquired in the field,
and establishes based on the facing value thamgs bf the spatial parcel above and below
the surface. It is evident that the use limit of fharcel above and/or below the surface does
not depend on a criterion, but using the facing@alan contribute toward the impact study of
the spatial parcel's use.

Another important aspect to highlight is the matielimits of the parcel. The
model proposed in this work is not a model for tiegal Cadastre or Property Registration,
since for these, all the limits must be materialiZgéven the polyhedrals used in literature do
not have their limits materialized, which is alsot the case with the cylinder. The only
advantage of the cylinder in this aspect is thatesiit is a revolution solid, its surface is
tangent to the planimetrical limits of the parcel.
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The mathematical model proposed for use of theadgt and the conditions for
its use are consistent, showing that mathematidai$ypossible to use the quadratic cylinder
of revolution as spatial parcel. The labeling pthges of the points depend on the minimum
parameters for execution and the points surveydtianfield for the procedure are of easy
access, there being no need to enter the parsahtey the limit points.

The topological verifications of the 3-D objeatsthe cylinder are also possible,
and as shown mathematically in the work, regardiédbe format of the objects, since the
model works exclusively with points, whether theggmate from point clouds or solid
vertices like the tetrahedron, polyhedron and athérhe labeling procedure is also
satisfactory, it being possible to not only us@infation from the database but to also include
it.

The RPC concept opens an excellent opportunityu® of the point cloud for various
applications. In this work, the attribute of intereised was cadastral enroliment, although
many others may be incorporated. Viewing of thenpaioud is still a pertinent question,
however, with use of theAStoolslibrary and commercial software, it is possiblevtew the
points in LAS format, also showing some attributes.

An important recommendation is to test use ofclylmder as a storage structure
of the spatial parcel in database and possibleemehtation of topological consultations.
Thus, it will be possible to compare the resultgshwstructures proposed by Stoter &
Oosterom(2006), like the polyhedron. In this widere are works correlated to this being
developed for the organization from the 3-D infotiora from the Cadastre in Databases.
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