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Abstract

The areas such as emergency services, transportation, security, visitor
guiding, etc. are the subjects of 3D network analysis applications.
Especially, the problem of evacuating the buildings through the shortest
path with safety, has become more important than ever in a case of
extraordinary circumstances (i.e. disastrous accidents, massive terrorist
attacks) happening in complex and tall buildings of today’s world.

This study presents a model which, first, automatically extracts geometry
and topology of a building; second, computes the distances among all
entities and records them into the geodatabase; and then, investigates the
shortest path between two user-specified entities by using 3D network
analysis based on modified Dijkstra algorithm. The model also provides a
user with a 3D interactive visualization feature. This paper briefly
describes the model and presents a simple application, it is described
somewhere else in detail.

1 Introduction

The areas such as emergency services, transportation, security, visitor
guiding, etc. are the subjects of 3D network analysis applications for
indoor. Especially, the problem of evacuating the buildings through the
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shortest path with safety, has become more important than ever in a case of
extraordinary circumstances (i.e. disastrous accidents, massive terrorist
attacks) happening in complex and tall buildings of today’s world.

Interiors of buildings are often represented as two-dimensional spaces
with attributes attached to them. Therefore, most of the available
navigation programs use primarily 2D plans for visualization and
communication features for indoors. These programs have not been
structured with respect to the functionality of the building, but largely with
respect to the navigation/visualization routes. However, in the last few
years, there has been an increasing interest in modeling based on
functionality of interiors (Meijers et al, 2005).

Lee, (2001) has developed a topological data model, the Node-Relation
Structure (NRS). In this model, Straight Medial Axis Transformation
technique was used to obtain the Network Model of a building.

Gillieron and Merminod (2003) have developed a personnel navigation
system for indoor application. They have built a topological model for
navigation applications and implemented route guidance and map
matching algorithms.

Meijers et al. (2005) have reported a semantic model representing 3D
structuring of interiors to be used for an intelligent computation of
evacuation routes. And they have demonstrated and tested the model on an
implementation.

Pu and Zlatanova (2005) have pointed out that automatically extracting
geometry and logic models of a building is difficult and the nodes and
links have to be created manually or half-manually.

In this study, a new method was developed to automatically extract 3D
Building Model (Geometry) and Network (Logic) Model from
architectural plan of a building. In designed system, it is possible to
perform network analysis based on the models generated by using
automatic extraction method. In the following sections, this method will be
described and automation and 3D analysis systems will be introduced.

2 3D Models of Building

In order to perform network analysis indoors, 3D models of the building
should be generated. The initial model is called “Building Model (BM)”
which provides 3D visualization of the building. 3D BM is stored only for
visualization and drawing purposes, while it does not contain any
topologic information. The main objective is to let the user see the
geometry of the buildings on screen (Figure 1a).
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3D Network model is called “Network Model (NM)” which represents
the path network in the building based on a graph representation. NM
contains the paths between the entities in the building. Each entity is
defined as a node and links between the nodes are also stored in this
model. Therefore, NM is a topological model since it contains connectivity
information (Figure 1b). Besides, it contains geometric information such as
coordinates of the nodes and link lengths to provide visualization and cost
(the shortest/optimum path) computation. The model, which is represented
both geometrically and topologically, is called “Geometric Network
Model” by Lee (2001) (Figure 1c).

Modeling the corridors which connects the rooms in the building is very
important. To ensure correct cost computation, these corridors are modeled
in a separate graph formed by nodes, while other entities are represented
by a node. In order to visualize the path alignments, the geometry of the
corridors should be designed. Therefore, corridor which is modeled
separately becomes a sub-graph of the NM (Meijers et al, 2005).
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Fig. 1. (a) 3D Building Model. (b) Topologic Model (No geometry).
(c) Network Model (Topology + Geometry)
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3 Implementation Of The System

The system contains two modules. The first module is to automatically
generate BM and NM from architectural plan and the second module is the
analysis module which computes the best path in a modeled building and
provides 3D visualization and analysis of the path. By using the method
developed here, it is possible to generate 3D BM and NM based on the
floor plan of the building.

Architectural plans of the buildings are generally either drawn on a
paper as blueprints or stored in vector format. Blueprints can be stored in
raster format after scanned by a scanner. Whether floor plan information is
in raster or vector format, or even drawn on a form by a user, this method
can be applied in any case. The key point is that images of the floor plan
should be pictured on the form of the user interface. The models are then
generated automatically by analyzing and processing these images.
Therefore, the method is basically an image processing method.

The method depends on generating middle points of the lines. BM and
NM are generated and stored in a geo-database after a series of processes
including generating and vectorizing the lines and optimization.

3.1 Generating 3D Building Model

By using the method described in the previous section, BM is generated
in the first stage. As shown in Figure 2, first, lines are determined, and
then lines and points, both generate the floor plan, are obtained by
determining intersection points using optimization process (Figure 2b).
Based on user defined data such as floor numbers and heights, 3D BM is
generated after designing each floor automatically by assigning different
elevation values to floor plan (Figure 2c-d).
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Fig. 2. (a) Floor plan of building.  (b) Obtaining points and lines.
(c) Designing the floors. (d) 3D Building Model.

3.2 Generating 3D Network Model

3.2.1 Generating Corridors

In NM, corridor is the main backbone in the floor plan since it connects
the rooms with all the other entities in the building. Therefore, determining
and modeling the corridor is very important. Once corridor was provided
by the user, algorithm leaves only the corridor in the image, and then,
determines the middle lines based on the method described in the previous



6 Ismail R. Karas, Fatmagul Batuk and Abdullah E. Akay

section. After number of processes on selected middle lines, topological

model and coordinates of the corridor are found as seen in Figure 3.
@

Fig. 3. Generating Corridors.

3.2.2 Generating the Rooms

In determining the rooms, corridor is excluded from the image and only
the rooms are left. Then, by applying the method, middle point of the
rooms are determined and defined as the nodes which represent the rooms
(Figure 4).
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Fig. 4. Generating the Rooms.

3.2.3 Integrating Corridors with Rooms

After locating the nodes that indicates corridor and rooms, user
interactively points out which room nodes connect with which corridor
nodes, and geometric network for 2D floor plan is generated (Figure 5a).
After stairs (or elevator) nodes are indicated by a user, the network is
automatically designed by assigning different elevation values for each
floor based on various data such as floor number and floor height, and
then, 3D NM is generated as seen in Figure 5b.
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Fig. 5. Generating Network Model.

3.3 Geo-Database

After generating BM and NM as explained in the previous section, they
are transferred to a geo-database to be stores. This section describes the
structure of this database.

BM contains two different tables: point and line tables (Figure 6). Point
table indicates all the intersection points, while line table contains the lines
which are generated by connecting the intersection points. The lines are
used to draw 3D model of the building on the screen. BM is generated only
for visualization of the building. When a user looks at the building model,
he can easily analyze network model, which is difficult to comprehend

visually.

B Points : Tablo B Lines : Tablo
Point_ID X ¥ z Start_Point | End_Point
1 26001046512 343 a ia 1] 2
2 53.001046212 343 =) 1 3 4
3 2B.001021975 2595 q o 5 g
4 74001021978 295 =) o 7 g
5 25.001056364 199 g L 9 10
F 74.0010565364 199 a o 11 12
= u . . = 13 14

Fig. 6. Points and Lines tables of BM in the Geo-Database.

NM also contains two different tables: nodes and links tables (Figure 7).
Even though table structures in NM looks like the ones in BM, each node
is unique and its coordinates are stored in node table in NM. Network can
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be visualized and the distance between the nodes can be computed based
on the coordinates. Link tables contain the connectivity relationships
between the nodes. Besides, the cost between two nodes is stored in the
link table. The cost can be travel distance information computed based on
the coordinates of the nodes (Euclidean Lenghts) or travel time.

B Nodes : Tablo 2 ablo

Node_ID % ¥ z FromNode ToNode Cost

] 1 92001347826 145 5 y 1l 5 g

] 2 286 145 5 — 3 i =

1 3 92,001 253 5 — b p 5

] 4 91999870229 145 5 — 5 3 3
] 5 o2 83 5 -

B B2 319 5 - 7 3 4

] 7 50 247 5 || g 3 g

N 8 134 253 5 || g 3 1

10 1 =]

Fig. 7. Nodes and Links tables of NM in the Geo-Database.

3.4 Determining the optimum path

After storing BM and NM information into the database, shortest
(optimum) paths are generated. Once all the paths are determined by using
Dijkstra algorithm, a table is developed for each node in the network.
Node tables contain the paths from a node to each and every one of the
nodes in the network. Therefore, the number of node tables equals to
number of nodes. Figure 8 indicates a node table for node 44. This table
can provide the information on the shortest paths from node 44 to all the
other nodes. For example, the table indicates that the shortest path from
node 44 to node 29 contains the following nodes: Node: 29 - Path: 23,
Node: 23 - Path: 26, Node: 26 - Path: 46, Node: 46 - Path: 43, Node: 43 -
Path: 44. Therefore, the optimum path between node 44 and 29 follows the
nodes of 29-23-26-46-43-44.



Automatically Extracting 3D Models and Network Analysis for Indoors 9

H 44 : Tablo
Node Known Cost Path
44 -1 il
43 -1 5 44
46 -1 9 43
47 -1 10 43
» ] -1 14 k3
49 -1 7 43
26 -1 109 46
a5} -1 109 46
23 -1 112 26
53 -1 209 26
B3 -1 112 a1
o6 -1 209 J515]
24 -1 118 23
27 -1 116 23
28 -1 120 23
29 -1 113 23
=4 L] 140 [ ]

Fig. 8. Optimum paths generated by using Dijkstra algorithm for Node 44.

3.5 Network Analysis

Network analysis can be performed after generating and storing the
shortest path information into the database. It is possible to visualize
building model and whole network in 3D (Figure 9a). An optimum path
and cost between user-defined two entities can be determined. The
optimum path can be analyzed and visualized in 3D (Figure 9Db).
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Fig. 9. (a) 3D visualisation of Building and Network Models.
(b) 3D visualisation of optimum path between two entities.
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4 Conclusions

In this study, a new method has been developed to automatically
generate building and network models for building which are subject to 3D
network analysis. By using the software designed based on the generated
models, it was indicated that the model data can be produced quickly,
efficiently, and systematically and can be stored into a geo-database to
perform network analysis.
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