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Exploring the applications of 3D proximity analysis in a 3D digital cadastre
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ABSTRACT
Increasing population in urban areas and limitations of suitable lands for developing houses 
and urban infrastructure have led to the vertical development in cities. However, these 
developments are managed by a cadastral system which is mainly two-dimensional and cannot 
efficiently represent Rights, Restrictions, and Responsibilities (RRRs) in complex scenarios. In 
fact, a three-dimensional cadastre is required for efficiently registering and representing RRRs. 
In this paper, a 3D proximity analysis was proposed and implemented to determine RRRs and 
associated easement rights in non-topology-based data structures. This method can be used to 
investigate the surrounding spaces of a subject apartment unit or storage in a high-rise. The 
performance of the developed method was evaluated in a large complex high-rise in Tehran, 
Iran. The results confirmed that the proposed method can correctly identify the neighbor 
spaces in complex scenarios.
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1. Introduction

Population growth and shortage of land are common 
challenges in urban areas that have led to increased 
development of high-rises and complex buildings 
above and below the ground surface. As property 
privatization initially began with the division of land 
by two-dimensional (2D) models, it became the basis 
for the land registry (Stoter 2004). In many countries, 
land and property information is stored in a 2D sys
tem (Shojaei et al. 2015), which leads to 2D land 
registration and representation methods, while the 
real world is three-dimensional (3D). Mapping the 
3D world into a 2D model causes various limitations 
and inefficiencies (Shojaei 2014; Zhao, Yan, and Zhang 
2018). For example, it is very hard for the public to 
understand their rights by looking at 2D cadastral 
plans. The relationship between the property object 
(e.g. parcels) and right-holder(s) is the basis of every 
land administration system. In addition to rights, 
there can also be restrictions or responsibilities 
between the property objects and the right-holder(s) 
(van Oosterom et al. 2006). This emphasizes the 
importance of having an efficient system for recording 
Rights, Restrictions and Responsibilities (RRRs).

A 3D digital cadastre can facilitate understanding 
and recording RRRs in complex buildings and struc
tures. Furthermore, some 3D analysis tools can be 
built in a 3D digital cadastre to facilitate managing 
RRRs. For example, one of the difficult tasks in high- 
rises and complex buildings is finding neighbors and 
affected rights around a subject apartment unit in 

the design, develop and maintenance phases of 
a structure.

Defining RRRs in complex buildings is an error- 
prone process, which is conducted manually by sur
veyors for preparing cadastral plans. Due to the com
plexity of high-rises, finding the affected RRRs is not 
an easy task and requires lots of checking especially in 
easement cases. In these situations, benefited and bur
dened lots must be accurately identified in cadastral 
plans. For example, some parking spaces and storages 
might be very close to each other. Therefore, the rights 
of access might be required over a parking space. It 
means an easement right must be defined over the 
parking space to allow this accessibility. These rights 
might be difficult to identify in complex scenarios, 
therefore, the benefits of having some 3D analyses in 
a 3D cadastre system can facilitate identification, vali
dation, and registration of RRRs in high-rises and 
complex buildings. Despite the extensive research car
ried out in the field of 3D analysis, there is a lack of 
research in this issue especially in the cadastral 
domain (Ellul and Haklay 2006; Biljecki et al. 2015; 
Zlatanova 2015; Li et al. 2016; Shojaei et al. 2017; 
Atazadeh et al. 2019).

Therefore, the research question underpinning this 
paper is how to facilitate finding neighbor 3D RRRs 
(e.g. easements) around other RRRs in high-rises for 
3D cadastral purposes. To identify these RRRs, a 3D 
proximity analysis is required to identify neighbor 
RRRs in the proximity of a 3D space. However, there 
is a lack of research to use proximity analysis in 3D 

CONTACT Mohammad Taleai taleai@kntu.ac.ir

GEO-SPATIAL INFORMATION SCIENCE                
2021, VOL. 24, NO. 2, 201–214 
https://doi.org/10.1080/10095020.2020.1780956

© 2020 Wuhan University. Published by Informa UK Limited, trading as Taylor & Francis Group. 
This is an Open Access article distributed under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0/), which permits 
unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

http://orcid.org/0000-0002-5535-9008
http://orcid.org/0000-0002-8419-4425
http://orcid.org/0000-0003-2152-9272
http://www.tandfonline.com
https://crossmark.crossref.org/dialog/?doi=10.1080/10095020.2020.1780956&domain=pdf&date_stamp=2021-05-31


RRRs especially in the non-topology-based data struc
tures. This study aimed to develop an innovative 
method for a 3D proximity analysis to detect neighbor 
RRRs in a 3D space in the domain of land adminis
tration. The outcome of this research can be used in 
other applications such as disaster management (Chen 
et al. 2014) to provide valuable information such as the 
location of building entry and neighbor spaces (Kwan 
and Lee 2005; Tashakkori, Rajabifard, and Kalantari 
2015).

In order to design and develop an algorithm for 3D 
proximity analysis, a qualitative methodology was 
considered for describing, interpreting, and contex
tualizing this concept. First, a comprehensive litera
ture review was conducted to review the previous 
relevant studies (Section 2) and an algorithm was 
proposed (Section 3). Then, a case study was defined 
for data collection, analyzing, and evaluation to iden
tify the issues (Section 4). Finally, the conclusions 
derived through this study were addressed by present
ing issues that require further research in Section 5.

2. An overview of relevant studies

3D proximity analysis was identified as a required 
analysis for 3D cadastral applications by Shojaei 
(2014). However, its usage and the method of imple
mentation have not been comprehensively investi
gated by researchers in the cadastral domain (Ying 
et al. 2011b).

3D GIS analyses have been categorized into four 
aspects into the context of virtual city models by 
Moser, Albrecht, and Kosar (2010) including 
spread/flow analysis, 3D density, visibility analysis; 
and proximity or buffer analysis. Proximity or buffer 
analysis deals with identifying the surrounding area 
of a specific point or line. Moser, Albrecht, and 
Kosar (2010) showed this analysis can help urban 
planners to propose a new station on the route of 
a subway in an urban area. Furthermore, Walenciak 
et al. (2009) explained the implementation of a 3D 
buffer analysis in a web-based environment. The 
research was based on a 2D scenario and developed 
a new 3D-Web Processing Service (WPS) to process 
“BombThreatScenario3D”. It receives two input 
parameters, namely the location of the bomb in 3D 
coordinates and the explosive force in KG. The WPS 
creates two buffer zones, the security, and the danger 
zone, around the point.

In the context of 3D city models, sometimes buffer 
analysis is not sufficient and various 3D operations 
such as 3D intersection are required. For example, 
Chaturvedi (2014) developed an on-the-fly 3D analy
sis. The emphasis is given to 3D buffer analysis tech
niques for preparing evacuation plans or doing other 
emergency scenarios in an urban area. Additionally, 
the functionality also includes the implementation of 

3D operations such as 3D intersection, to determine 
the buildings, either completely inside or partially 
intersecting the buffer zones.

Spatial data structures have two types including 
topological and non-topological data structures. In 
a topological data structure, various researchers have 
investigated identifying neighbor objects based on 
topological relationships. For example: what 3D 
objects are located on top or under a certain 3D 
object? These analyses have been used in various 
domains such as noise, air pollution, and emergency 
situations (Lee and Zlatanova 2008).

In the cadastral domain, topological relationships 
can be utilized to identify relations among cadastral 
objects. Lee and Koh (2007) proposed a conceptual 3D 
cadastral model in Korea to design a conceptual 
schema for a 3D cadastre. They performed topological 
analyses based on a 3D Network Data Model to iden
tify spatial neighbors. They presented spatial queries 
based on topological relationships among 3D cadastre 
objects to access the adjacency information among 
apartment units.

Lee and Kwan (2005) proposed an approach to find 
topological relationships among 3D objects such as 
buildings and their internal partitions. They proposed 
a combinatorial data model (CDM) which simplifies 
the topological relationships among 3D objects by 
a hierarchical network structure called the node- 
relation structure (NRS) using graph-theoretic 
formalisms.

As shown in Figure 1 they applied spatial queries to 
detect neighbors within a building based on topologi
cal relationships. The query results are illustrated in 
Figure 1(b) which are the result of a spatial query to 
find adjacent rooms to TE210 which are sharing 
a vertical or horizontal wall with the TE210.

Lee and Zlatanova (2008) also described some algo
rithms for 3D spatial data manipulation and analytics 
to implement a planning/decision-making process. 
They developed a 3D topological analysis (3D buffer
ing) and an indoor navigation function to identify 
feasible and safe routes within a multi-level structure 
to navigate rescue personnel. They utilized spatial 
queries based on adjacency relationships among the 
3D spatial units to find a 3D shortest route for evacua
tion from a building.

Ying et al. (2011a) presented the design and devel
opment of a 3D cadastral prototype. They used a full 
3D topological data structure and focused on how to 
build and represent the 3D cadastral objects by 
a solid model based on SketchUp. In this research, 
solid objects are represented by a set of planar faces 
as spatial boundaries, based on the Boundary 
Representation approach. Some editing operations 
such as splitting parcels and merging parcels are 
performed. Finally, they apply a query to the corre
sponding objects according to a 3D parcel to 
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understand their neighbors. The red 3D property 
unit in Figure 2 is the selected one to query its 
neighbors through shared faces showed in green 
color.

Finally, Emamgholian, Taleai, and Shojaei (2017) 
proposed a novel approach for finding 3D neighbors 
in non-topological data. This approach, which is the 
initial result of their work, uses the coordinates of the 
corner of apartment units and by creating a 2D buffer 
around these points and finding the intersected 
apartment units, identifies the neighbor apartment 
units. However, this approach had some limitations 
to find all the 3D neighbors such as in a case that the 
target apartment unit was neighboring with more 
than one apartment unit. In this paper, their pro
posed approach was extended by using a 3D buffer 
around the edges (not only corner points) and mainly 
by exploring its application for finding the easement 
rights.

Despite the extensive research carried out in the last 
decade in the field of 3D spatial analysis, there is a lack 
of research on 3D proximity analysis based on non- 
topological data structures with a focus on 3D cadas
tre. According to the topology-based data structures, 

finding neighbor 3D objects can be easily identified by 
checking the common surfaces. However, for com
mon 3D data formats such as Industry Foundation 
Classes (IFC), there is no proper topology in the data 
structure (Benner et al. 2010). Therefore, other meth
ods are required to identify the neighbor 3D objects. 
The next section tackles this problem by designing and 
developing a method for 3D proximity analysis to 
identify neighbor RRRs around an object such as an 
apartment unit.

3. Designing a 3D proximity analysis

As discussed in the previous sections, finding neighbor 
3D spaces in non-topology based data structures have 
not been comprehensively investigated. Therefore, 
a proper method to find neighbor 3D spaces is 
required especially in the 3D cadastre domain, which 
has specific requirements. This paper focuses on 
developing a method for 3D proximity analysis to 
identify neighbor RRRs around objects such as apart
ment units and storages.

To perform 3D analysis, the research focuses on 3D 
buffer analysis to create a buffer for finding neighbor 
lots and easement rights. It also aims to perform 3D 
operations such as 3D intersection to determine the 
3D building objects, which are partially intersecting 
the created buffers. This implementation would be 
very helpful to automatically find neighbor RRRs.

In general, an apartment unit might have various 
neighbor units. Figure 3 presents all possible scenarios 
for the 3D neighborhood in voxel.

However, the proximity scenarios in 3D cadastre 
might be very complex and some of the cases in 
Figure 3 might not be possible in the real world. 
Therefore, algorithms should be able to detect all 
possible situations. In the following section, the pro
posed method is presented.

Figure 1. Adjacency relationships (Lee and Kwan 2005).

Figure 2. Topological query (Ying et al. 2011a).
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3.1. 3D proximity analysis method

To find neighbor objects, a linear buffering method 
was utilized to detect the intersections. In this method, 
first, the subject apartment unit is selected. Then, the 
coordinates of all corners of the faces are extracted. 
Then, for each face, a center point (center of mass) is 
calculated (see Figure 4(a)). This point is connected to 
the corners of each face. These center points help 
create more edges to detect the neighbor units which 
are not in the same size as the subject apartment unit 
(Figure 4(b)).

By defining a 3D buffer around these edges and 
increasing the radius, intersecting units with this buffer 

could be determined as neighbor units (Figure 4(c)). 
The amount of initial radius depends on the design of 
buildings and the spaces between the units.

To identify neighbor units in a specific location 
(e.g. below the apartment unit), edges are created by 
connecting the corners belong to the floor face to the 
center point. Then by creating a buffer around these 
edges and all edges of the floor face, intersecting units 
with the buffer are considered as lower neighbors. This 
process is repeated for all faces and all intersections are 
recorded. To visualize and store intersected apartment 
units, a unique code is added to the Geodatabase for 
apartment units.

Figure 3. All possible proximity scenarios in voxel (Jjumba and Dragićević 2016).

Figure 4. (a) Calculating the center of mass of each face. (b) Creating edges by connecting the corners of each face to the center 
points. (c) Calculating buffers for each edge.
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As high-rises are usually complex, various scenarios 
might happen. As an example, in Figure 5(a), one face 
of one apartment unit is shown with a 3D buffer on the 
edges. Obviously, the size of the building’s elements 
e.g. slab, ceiling, roof, wall, etc. will affect the radius of 
the created buffer and the radius should be set based 
on the thickness of these elements. By increasing the 
radius of the buffer, other neighbor objects might 
intersect with these edges. As an example, some ran
dom apartment units are shown in Figure 5(b).

This method can also be used to identify affected 
RRRs around other RRRs. For example, in some cases, 
storages are not located in easily accessible locations in 
high-rises and tenants need to cross some parking 
spaces to access them or even the doors of these 
storages are opened by covering some spaces over 
the parking spaces. Therefore, in some countries (e.g. 
Iran) an easement right is defined over the parking 
spaces to provide this access. The proposed 3D proxi
mity analysis can also be applied to these cases to 
detect these storages and define related easements on 
these parking spaces.

In this method, the storages are analyzed to make 
sure there is enough room to open their doors in the 
desired radius of 50 cm, which is a standard threshold 

for the right of access in Iranian Cadastral Regulations. 
If the door is very close (less than 50 cm) to the 
parking space, then an easement must be defined on 
the parking space to allow the owners to access their 
storage. In most cases, there are two possible 
situations:

● In the first case, as shown in Figure 6(a), there is 
not enough space between the parking space and 
the door of the storage. Therefore, the owner of 
the storage needs to have access to the storage 
through the parking space. In this situation, an 
easement is defined on this space to allow acces
sing the storage.

● In the second case, another common occurrence 
of easement rights between storages and parking 
spaces is when several storages are located in 
a corridor as shown in Figure 6(b). In this case, 
the owner of the storage needs to go through the 
parking space to have access to the storage.

To identify storages in the first case, the position of 
their doors is modeled as a point geometry in the 
dataset to create a buffer (50 cm) around these points. 
If there is an intersection, the parking space is 

Figure 5. (a) A subject apartment unit with a face and buffered edges. (b) the same apartment unit with some random apartments 
around it.

Figure 6. (a) Easement on parking space for accessing the storage. (b) Easement on parking space to give access to a corridor 
including several storages.
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identified as an easement as shown in Figure 7. If the 
parking space(s) owned by the same owner(s) as the 
storage, the owner of the storage has the right to use 
the parking space to open the storage door without 
defining an easement.

In the second case, as shown in Figure 6(b), the 
purpose is to identify parking spaces that block the 
corridors. To find these spaces, first, a buffer is created 
around the door of each storage to identify the corri
dors intersecting with them. Then, a buffer (50 cm) is 
created around the horizontal edges of the corridor 
spaces. If a parking space(s) is intersected with it and 
the parking space(s) has a different owner(s) from the 
storage lots, then the parking space(s) is defined as an 
easement to allow the owners of the storage(s) to have 
access to the storages through the parking space as 
shown in Figure 8. After defining the easement right, 
the owner of parking space should allow the other 
owners to pass through the parking space to access 
their storage. This is a typical scenario in high-rises in 
Iran and the owner of the car park and storages need 

to collaborate to use these spaces. In this process, if 
none of the above-mentioned situations occurs, no 
easement right should be defined. To automate this 
method, a plug-in was developed which is discussed in 
the following section.

3.2. Design and development of the 3D plug-in

The method (3D proximity and easement rights ana
lysis) described in section 3.1 was designed and imple
mented in a plug-in in ArcScene (V10.2) using C# to 
analyze 3D RRRs. This plug-in can work on high-rises 
with the extrusion geometry modeling approach. The 
plug-in was implemented in three conceptual layers 
using ArcScene, Adobe Component and C# (Figure 9).

Based on Figure 9, the data access layer provides 
required access to data formats (ESRI Shapefile, and 
PDF) for this plug-in. In the process layer, C# was 
chosen to provide a facility for developing the required 
functionalities and analyses. In the presentation layer, 
the ArcScene component visualizes the 3D model. 

Figure 7. Storages close to parking spaces.

Figure 8. Identify parking spaces that block the corridor accessing the storages.
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ArcScene components can accurately represent 3D 
models and support MultiPatch geometry. In addition, 
the system can represent underground structures, sup
port 3D measurement functionalities and visualize 
PDF data format, which is based on Adobe compo
nent. PDF file format is used for presenting the cadas
tral plans. Also, it provides administrative information 
regarding cadastral objects such as addresses, loca
tions, and annotations.

The next section describes a case study to test the 
proposed method and the proficiency of the developed 
plug-in.

4. Case study implementation and evaluation

In Iran, the cadastre system is based on 2D plans. 
Registered surveyors are responsible for preparing 
building subdivision plans (Strata plans) and submit
ting them to the land registry in DWG format. Strata 
plans are prepared in a way that illustrates the dis
tances and the areas of the properties for each floor 
separately. There is no roadmap for implementing 
a 3D digital cadastre in Iran at this stage. However, 
several researchers have investigated this possibility 
(Shirzad et al. 2014; Emamgholian, Taleai, and 
Shojaei 2017, 2018).

In order to test the proposed approach and evaluate 
the results, a complex high-rise building in Tehran, 
capital of Iran, was considered as a case study in this 
research. This high-rise includes 2360 spaces on 16 
levels (3 underground basements) with 320 apartment 
units and 68 easements between car spaces and 
storages. This complex residential high-rise was 

selected as a case study to do a variety of evaluation 
scenarios. Figure 10 represents the case study.

The cadastral plans of the case study in this paper 
were produced by a surveying company in DWG for
mat as shown in Figure 11.

After processing the two-dimensional cadastral 
plans (section 4.1), the spatial and descriptive infor
mation of the high-rise were imported into an ESRI 
Geodatabase (section 4.2). Then, the apartment units 
were visualized in ESRI ArcScene (section 4.3). In the 
next steps, the proposed methods, 3D proximity 

Figure 9. Architectural framework (Arrows indicate the major 
data flow).

Figure 10. A 3D model of the case study in ArcScene.

Figure 11. Second basement in a 2D cadastral plan.
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analysis, and easement rights analysis, were used (sec
tion 4.4) to identify RRRs around an apartment and 
also define easement rights. The following sections 
describe these further.

4.1. Processing 2D cadastral plans

The cadastral plans in DWG format were imported into 
ESRI ArcScene for topological checks. These checks 
include (Ying, Li, and Guo 2011b): All polygons must 
be closed, The boundary of polygons must not self- 
intersect, Polygons must create a planar partition with 
no slivers or gaps between them (Emamgholian, Taleai, 
and Shojaei 2017), All lines must be connected and 
make 2D polygons (Figure 12(a) shows unconnected 
lines in the drawing which were fixed in Figure 12(b) 
after joining the corresponding lines to make 
a polygon), Each polygon has a specific height based 
on each level with related property information.

4.2. Database creation

In this case study, ownership boundaries were defined 
in the ESRI Geodatabase in ArcScene. For simplicity of 
implementation, each level was defined separately in 
this Geodatabase. In addition, some descriptive fields, 
such as a unique code, were defined to facilitate the 
interaction between the programming language, the 
visualization software, and Geodatabase.

4.3. 3D visualization

To create 3D models, SketchUp and ArcScene were 
selected among the variety of 3D modeling tools. The 
reason for choosing these products is their flexibility 
to build 3D models and programming capabilities for 
required analyses in 3D.

Several methods exist for 3D object modeling 
including extrusion (Pouliot et al. 2011), Constructive 
Solid Geometry (CSG) (Jarroush and Even-Tzur 2004), 

Boundary Representation (B-rep) (Karki, Thompson, 
and McDougall 2010), Polyhedrons (Stoter 2004) and 
Regular Polytopes (Thompson 2007). In this paper, 
after the processing of 2D cadastral plans, the extrusion 
technique was considered to define 3D models for own
ership rights. This technique was chosen as it can model 
most of the existing buildings in Iran according to their 
shape of ceilings and roofs. For example, a 3D object 
(such as an apartment lot) can be created by extruding 
the bottom polygon along the Z-axis for the defined 
height.

The subdivision plan was used to create RRRs. 
DWG files are all composed of discontinuous lines 
with different lengths. To use these drawings in the 
ArcScene the geometries were checked against the 
topological checks discussed in Section 4.1.

Also to make solid objects from the extruded 
footprints and also to have a better 3D visual per
ception for apartment units, extruded models were 
imported to Sketch Up and exported to Collada 
format and then added to ESRI ArcScene again as 
shown in Figure 13.

The final model of the high-rises with their under
ground basements is shown in Figure 14. As this figure 
shows, the high-rises are very complex and have many 
overlapped RRRs which makes it a comprehensive 
case study for testing various scenarios. The next sec
tions discuss the evaluation phase.

4.4. 3D proximity analysis evaluation

To evaluate the plug-in, in the first part, the 3D proxi
mity analysis was tested in the case study. Then, in 
the second part, the easement identification analysis 
was evaluated in the same case-study to check the 
efficiency of the proposed approach in the plug-in. 
The identified easement rights and the results of the 
3D proximity analysis were compared with the 2D 
cadastral plans.

Figure 12. (a) Unconnected lines as part of a polygon in the cadastral plan (b) Related lines were connected to make a polygon 
after modification.
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In this step, to evaluate the proposed 3D proximity 
analysis method and the plug-in, several subject apart
ment units were selected to identify neighbor apart
ments at four directions (top, bottom, left and right). 
Then, the results were manually compared with the 
2D cadastral plan as a source of truth to make sure the 
results are correct and accurate.

During the evaluation phase, in the initial step, the 
method could not find small spaces around the subject 
units without having the edges for the center points. 
The reason was, some small spaces were located above 
the base level of the subject units. Therefore, it was not 
possible to easily identify them using this method. To 
resolve this issue, the center point of each face was 
added to the method to create more buffers in the 
middle of the faces to bring accurate results.

Another improvement was distinguishing the type 
of RRRs after having 3D buffer intersections. For 
resolving this issue, a field was added to the 
Geodatabase to semantically define the entity type 
(parking space, apartment unit, and common prop
erty). Therefore, when 3D buffer intersects with those 
entities, their entity types are identified and reported.

Since the thickness of the walls was not modeled in 
this case study due to limitations in accessing the 
architectural plans, the radius of the created buffer 
was set to 5 cm. Figure 15(a) shows the subject apart
ment, and Figure 15(b) to Figure 15(e) shows the 
results of determined neighbor apartment units. 
Figure 15(f) shows the recorded attributes in a table 
for future analysis. The comparison between the 
results which were stored in the database and the 2D 

Figure 13. (a) Extruded model. (b) Solid model of the Extruded footprints.

Figure 14. 3D model of high-rises in ArcScene.
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imported cadastral plans confirms that the 3D plug-in 
is able to correctly detect the neighbors.

4.5. Easement analysis evaluation

In the second phase of evaluation, the easement ana
lysis was conducted to test the efficiency of the pro
posed method and the plug-in and the results were 
again compared with the 2D survey plan.

There are also four different cases for testing the 
easement rights between parking spaces and storages:

(i) When a parking space is in front of a storage as 
an easement;

(ii) When two parking spaces are in front of 
a storage as two easements;

(iii) When a parking space is an easement in front 
of a corridor; and

(iv) When there is no parking space in front of the 
storages.

Using the developed tools, first, the locations of 
the storage doors were imported to the database 
and then, all the storage doors were tested to 
identify those which are close to the parking 
spaces or corridors. According to the results, 320 
storage doors were identified and among them, the 

distance of 68 doors to the parking spaces was 
closer than the defied threshold (50 cm). In addi
tion, two corridors were detected. Next, the ease
ments were automatically assigned to the parking 
spaces. Finally, a report was created to list the 
affected parking spaces. This report was compared 
to the 2D cadastral plan. By fixing some minor 
data issues in the 3D model, all easements were 
identified using the developed plug-in and the 
results were compatible with the 2D cadastral 
plan. In Figure 16(a), a storage is selected, then 
using the developed plug-in the closest parking 
space was identified as shown in Figure 16(b), 
and as the distance of the parking space is less 
than the predefined threshold (50 cm) the ease
ment right is stored in the table (Figure 16(c)).

In addition, another scenario was presented in 
Figure 17 to test the applicability of the proposed 
method in a corridor. In this case (Figure 17(a)), 
a storage at the end of a corridor was selected and 
the plug-in identified the parking space and assigned it 
as an easement as shown in Figure 17 (b and c) due to 
the distance of parking space and corridor.

Totally 320 neighborhood and 68 easement 
scenarios were tested to evaluate the proposed 
method and the plug-in. There was a parking 
space in front of a corridor and another side of 

Figure 15. (a) Target apartment unit. (b), (c), (d) & (e) The upper, lower and adjacent neighbors. (f) Results stored in the 
associated table.
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the corridor was a common property. However, 
in the initial evaluation, the plug-in assigned an 
easement to this parking space. To tackle with 
this case, the method was refined in a way that 
if a buffer around the corridor intersects with 
a common property, there is no need to define 
an easement as there is direct access for the 
corridor through the common property.

5. Discussion and conclusion

After the evaluation of the plug-in in this case study 
some important points were identified which are dis
cussed here further:

● The proposed method worked well in this case 
study. This case study was significantly complex 
due to having many different scenarios in these 

Figure 16. (a) Targeted storage. (b) Identified easement. (c) Results stored in the associated table.

Figure 17. (a) Target storage, (b) Identified easement, (c) Stored results in the associated table.
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high-rises. However, more high-rises can be 
tested to see the capability of this plug-in.

● The thickness of the walls and ceilings were not 
considered in this case study due to limitations 
on accessing the architectural maps. However, 
having some initial tests showed the plug-in 
works fine in these scenarios. The threshold 
needs to be increased gradually to detect the 
intersections.

● In Iran, shared walls are defined as median 
boundaries. In all apartment units in this case 
study, ownership boundaries were defined as 
the median.

● In this case, study the data received in DWG 
format. However, the data can be in any format. 
The plug-in just needs to have the coordinates of 
the corners. The current accepted data format in 
Iran for cadastral plan submission is DWG. By 
considering a pathway toward a 3D cadastre in 
Iran, Building Information Modeling (BIM) is 
suggested to model the ownership boundaries as 
well as the physical structure of the building. This 
integration will facilitate the implementation of 
a 3D digital cadastre in Iran.

● Defining easements on parking spaces brings 
limitations to these parking spaces in favor of 
other parties. This might affect the buyers of 
these units which have limitations on accessing 
their storages or parking spaces.

● ArcScene has limitations on the size of the data
sets. For massive datasets, ArcScene gets very slow 
to visualize and process the data. Therefore, other 
alternatives are required.

Due to increasing the number of overlapped multi- 
level developments, particularly in densely populated 
areas, there is a need for an effective and efficient 3D 
analysis for ownership boundaries. This paper high
lights the importance of 3D analyses in a non- 
topological data structure intending to use 3D proxi
mity to analyze neighborhood and easement rights in 
high-rises. In this research, the design and implemen
tation of a 3D proximity analysis were discussed and 
two developed 3D analysis tools were presented and 
implemented as a plug-in in ArcScene. In this plug-in, 
3D buffers are utilized to determine the neighbor units 
and car parks, partially intersecting with the buffers. 
Finally, the developed methods were tested using 
a case-study in various evaluation scenarios. The 
developed plug-in works on non-topological data 
structures based on coordinates of 3D objects. The 
plug-in can help surveyors and urban planners in 
their decisions for finding neighbor RRRs which is 
a manual and time-consuming task based on 2D 
cadastral plans in Iran.

The results show that the developed methods and 
tools are robust to investigate 3D spaces in complex 

apartments. These tools facilitate the identification of 
neighbor spaces and enhance the process of creating 
cadastral plans according to the regulations in Iran. 
The proposed method can be used at the design phase 
of building construction by providing a 3D model of 
the building and evaluating it before construction. 
This can benefit land surveyors and plan examiners 
to prepare and register strata plans respectively. 
Besides, it can be used by other stakeholders involved 
in the land administration process including develo
pers, architects, property managers, and lawyers in 
various applications and scenarios. For example, 
architects can check their design by analyzing the 
accessibility of spaces by processing the common 
areas and spaces connected to them.

One of the challenges in this research was having 
access to proper 2D floor plans of buildings. This 
dataset was provided after contacting several survey
ing companies and discussing the research aim.

3D proximity analysis is also very important in 
various applications such as disaster management. 
For example, in the case of an emergency, it is essential 
to act quickly to find neighbor apartment units to 
mitigate the risk. Also, 3D proximity analysis can be 
used to determine the best positions for deploying 
ladders before firefighters enter an apartment unit.

Although there are many complexities in terms of 
apartments’ shape and their neighbors in this case 
study, some other case study models must be consid
ered for testing the efficiency of this system as future 
work. In addition, further research is required to 
develop a proper data model for storing 3D subdivi
sion plans. DWG format is a proprietary format and 
conversion is not simple. Therefore, the proposed data 
model also needs a data format for exchanging of 
cadastral plans according to the cadastral regulations 
in Iran. Furthermore, the cases presented in this paper 
to determine easement rights are based on horizontal 
analysis, doing a case to find easement rights in ver
tical direction could be considered in future works.
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