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ABSTRACT 
 
Designing 3D navigation systems requires addressing solution methods for complex topologies, 3D 
modelling, visualization, topological network analysis and so on. 3D navigation within 3D-GIS 
environment is increasingly growing and spreading to various fields. One of those fields is evacuation 
through the shortest path with safety in case of disasters such as fire, massive terrorist attacks 
happening in complex and tall buildings of today’s world. Especially fire with no doubt is one of the 
most dangerous disaster threating these buildings including thousands of occupants inside.  
 
This paper presents entire solution methods for designing an intelligent individual evacuation model 
starting from data generation process. The model is based on Multilayer Perceptron(MLP) which is one 
of the most preferred artificial neural network architecture in classification and prediction problems. 
We focus on integration of this model with a 3D-GIS based simulation for demonstrating an individual 
evacuation process. 
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1. Introduction 
 
Designing 3D navigation systems requires addressing solution methods for complex topologies, 3D 
modelling, visualization, topological network analysis and so on. The most important issue for realizing 
these solutions is gathering accurate 3D spatial data and for GIS researchers data collection is still one 
of the most challenging procedure. 
 
Data generation is also still a problem for the researchers who work on GIS based 3D navigation 
systems which comsumes their time more than doing their research. Gathering vectorized data from 
archives may reduce time and cost for GIS projects but these vectorized data can not be used in a GIS 
without the geometrical and topological corrections and needs post processing. Following a 
vectorization process the geometrical and topological corrections for the intersection points of the lines  
should have been performed which are very important to efficiently use the extracted vector data in 
GIS and other spatial applications. Second section of this study addresses efficient data generation 
process for a 3D network model. 
 



3D navigation within 3D-GIS environment is increasingly growing and spreading to various fields. One 
of those fields is evacuation through the shortest path with safety in case of disasters such as fire, 
massive terrorist attacks happening in complex and tall buildings of today’s world. Especially fire with 
no doubt is one of the most dangerous disaster threating the high rise and complex buildings including 
thousands of occupants inside. 
 
In research environments, two main approaches to indoor evacuation systems are currently accepted. 
One is 3D modeling environment that this study follows and the other is fire simulation models. 
Originating from 3D modeling environment, evacuation and routing is based on graph networks (Karas 
et al. 2006, Jun et al. 2009), while 3D visualization problems achieved by CityGML (Kolbe 2008) and 
most studies used to work with Lee's Node Relation Structure on 3D network construction (Lee, J., 
2001). Disasters such as world trade center 9/11 have made researchers attempt to use GIS technologies 
in response to disasters occurring in microspace of multilevel structures such as interior of the 
buildings in urban areas (Lee, J., 2007). 
 
Kwan and Lee (2005) examined the potential of using real-time 3D GIS for the development and 
implementation of GIS-based intelligent emergency response systems (GIERS) that aim at facilitating 
quick emergency response to terrorist attacks on multi-level structures. They observed that extending 
conventional 2D GIS to 3D GIS representations of the internal structures of high-rise buildings can 
significantly improve the overall speed of rescue operations. Their findings have motivated other 
geospatial scientists to develop intelligent emergency evacuation systems for complex buildings using 
3D GIS (Meijers, Zlatanova, and Pfeifer 2005). 
 
Network modelling based evacuation approaches have concentrated on a modification of Dijkstra's 
shortest path algorithm with distance or time as edge weights.  Evacuation of a building in case of 
emergency requires the evaluation of various human and environmental factors such as distribution of 
people inside the building, avoided exits, interactions of people with each other, their physical features, 
behavior of people with disabilities, architectural structure of the building and the management of 
elevators. Human related factors in regard to emergency situations are indicated by some researchers 
but there is still a lack of appropriate routing algorithm for evacuation purpose (Pu and Zlatanova 
2005). Meijers et al. (2005), Lee (2007) and Lee and Zlatanova (2008) acknowledge this deficiency. 
 
Beside 3D modelling approaches, crowd simulation modeling methods have been developed to predict 
emergency situations and to evaluate interior design for planning purpose. During the last decade, 
pedestrian flow and evacuation have attracted the attention of researchers (Kuligowski, E. D. 2005;  
Pelechano, N.; Malkawi, A. 2008). For emergency situations, modifying evacuation model based 
simulators has become a main goal to the researchers to provide protection in pedestrian facilities such 
as fire safety protection (Lo, 1999; Zhao, Lo, Lu, and Fang, 2004). 
 
As stated by Vanclooster and his colleagues, although it is aimed to guide human behavior under 
certain conditions both in network model and simulation model based approaches, connection with the 
real time building environment is missing. While simulation models have been developed from user 
perspective taking into account the individuality and physical state of human beings (gender, body 
type, age etc.) which lack of thorough semantic model of urban space, network based approaches have 
been limited to networks without a connection to the actual building structure. Therefore, both 
approaches are inadequate in one or more particular interests of urban planning (Vanclooster, A. et al., 
2010). 
 
Routing someone to an appropriate exit in safety can only be possible with a system that can manage 



and use spatial data of 3D topological transportation network of a building. In such systems also called 
navigation systems, realizing an evacuation of a building by guiding people in real time requires to 
implement complex analysis on 3D spatial data. Therefore, simulation process of our intelligent indoor 
individual evacuation model proposed in this study is directly related to formalization of 3D GIS 
environment with the abilities mentioned above. 
 
In this study it is intended to represent entire solution methods for designing an intelligent individual 
evacuation model starting from data generation process. We focus on integration of this model with a 
3D-GIS based simulation for demonstrating an individual evacuation process. Our proposed model 
considers the physical conditions of the environment and the properties of the person to be evacuated 
and produce the personalized instructions in real-time for providing a safe evacuation using the most 
appropriate routes for the user in emergency situations of  high buildings. In the study, Multilayer 
Perceptron (MLP) which is well known and widely used neural network structures was used for 
proposing intelligent evacuation model. 
 
All samples highlighted in this paper are on a 3D model of Corporation Complex in Putrajaya, 
Malaysia. Section 2 presents an accurate automated data generation process for 3D network models. 
Section 3 gives a brief information on visualization of 3D models with samples. In section 4 we 
elaborate our proposed intelligent indoor individual evacuation model, data preparation and neural 
network structure proposed for the model. Section 5 gives a sample fire evacuation scenario of an 
individual and presents the integration of our intelligent routing model with a 3D-GIS based 
simulation. 
 
2. Data Generation Process for 3D Network Model 
 
When we consider 3D navigation systems we may need to solve complex topologies, 3D modeling, 3D 
network analysis and so on. For realizing all these processes we need 3D spatial data. Data collection 
used to be the major task which consumed over 60% of the available resources since geographic data 
were very scarce in the early days of GIS technology. In most recent GIS projects, data collection is 
still very time consuming and expensive task; however, it currently consumes about 15- 50% of the 
available resources (Longley et al. 2001). 
 
Data generation is also still a problem for the researchers who work on GIS based 3D navigation 
systems which consumes their time more than achieving their applications or doing their research. Pu 
and Zlatanova (2005) point out that automatically extracting geometry and logic models of a building is 
difficult. In their study they shortly explain the advantages and disadvantages of the methods used for 
constructing geometry models of buildings and state that there is not an automatic approach for 3D 
reconstruction of the interior of buildings. They also indicate that it is very difficult to generate logical 
model of a building from its geometry model automatically as the nodes and links have to be created 
manually or half-manually with computer aided applications. 
 
To overcome this deficiency, 3D geometric and logical data of a building is obtained in CityGML 
format using a 3D model generation software which is based on a novel method called MUSCLE 
(Multidirectional Scanning for Line Extraction) (Karas et. al. 2008). This model is a conversion method 
which was developed to vectorize the straight lines through the raster images including township plans, 
maps for GIS, architectural drawings, and machine plans. Unlike traditional vectorization process, this 
model generates straight lines based on a line thinning algorithm, without performing line following-
chain coding and vector reduction stages. By using this model, it is also possible to generate 3D 
building models based on the floor plan of the buildings (Karas et al. 2006). This model can be 



described in 5 main steps: 

 Threshold processing 
 Horizontal and vertical scanning of the binary image 
 Detecting wrongly vectorized lines 
 Correcting wrongly vectorized lines by using diagonal scanning 
 Comparing the lines created by Muscle model and correction of the topological errors 

Process of the MUSCLE model can be summarized as showed in Figure 1. 
 

 
Figure 1. MUSCLE model process. 

 
2.1. Graphical User Interface Wizard for Generating 3D Network Models 

By using the MUSCLE Model described in Figure-1, the 3D Building and Topological Network model 
of a building can be generated automatically from raster floor plans. The user interface of 3D Model 
Generation Software is shown in Figure 2. 
 



 
Figure 2. 3D model generation user interface. 

 
2.1.1. Generating Corridors from Raster Floor Plans 
 
In network model, 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 MUSCLE model. After number of processes on selected 
middle lines, topological model and coordinates of the corridor are found as seen in Figure 3. 

 

 
Figure 3. Generating corridors of a building from raster floor plans. 

 
2.1.2. Generating the Rooms from Raster Floor Plans 
 
In determining the rooms, corridor is excluded from the image and only the rooms are left. Then, by 
applying the MUSCLE model, middle point of the rooms are determined and defined as the nodes 
which represent the rooms Figure 4. 
 



 
Figure 4. Generating rooms of a building from raster floor plans. 

 
2.1.3. Integrating Corridors with Rooms 
 
After locating the nodes that indicate corridor and rooms, the 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 the user (points with letter “M” in Figure 5a), 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 network model is generated as seen in 
Figure 5b. 

 

 
(a) Indicating stairs      (b) Obtained network model 

Figure 5. Generating network model of a building from floor plans. 
 
For creating connections between rooms and corridors, user selects a sequence of nodes which should 
end with a node on a link. In the background of the new link creation, some processes on the spatial 
database are carried out. Initial state of a node table is shown in Figure 6a. When user selects a point in 
the network area a new record representing related point location is added to the node table as shown in 
Figure 6b. User is allowed to select nodes continuously unless the selected node is on a link previously 
created. As soon as selecting a point on a previously created link, the link is deleted from link table and 
newly created links are added to link table. As seen in Figure 6c, an old link between nodes 2 and 5 is 
removed and three new links are added to the link table. 
 



 
(a) Initial state of node and link tables   (b) Selecting the start node of new link to be created 

(c) Selecting end point of new link to be created 
Figure 6. Link creating process of the network model 

 
2.1.4. Converting 3D Network Model into CityGML Format 
 
Once the network generation process completed, the network data is converted into CityGML format. 
We use CityGML’s Transportation Module to represent automatically generated 3D network model. 
The transportation model of CityGML is a multi-functional, multi-scale model focusing on thematic 
and functional as well as on geometrical/topological aspects. Transportation features are represented as 
a linear network in LOD0. Starting from LOD1, all transportation features are geometrically described 
by 3D surfaces. Starting from LOD1 a TransportationComplex provides an explicit surface geometry, 
reflecting the actual shape of the object, not just its centreline. The different representations of a 
TransportationComplex for each LOD are shown in Figure 7 (Gröger et al. 2008). 

 



 
Figure 7. TransportationComplex in LOD 0, 1 and 2-4 (example shows part of a motorway) (Gröger et 

al. 2008). 
 
In the study, 3D network data of a building is represented as a linear network in LOD0. The whole data 
generation process is described in a flow chart showed in Figure 8. 
 

 
Figure 8. Data generation process of a building’s network model in LOD0 using 3D model generation 

software. 
 
Outline of a sample code representing conversion process of 3D network model to CityGML is as 
given below. 
 



Open "c:\project.gml" For Output As #2 
… 
FOR … 
Print #2, "<gml:curveMember><gml:LineString srsDimension=" & Chr(34) & "3" & 
Chr(34) & "> 
<gml:posList id=" & Chr(34) & "1" & Chr(34) & ">" & Fix(xim(fn(th))); 
Fix(yim(fn(th))); Fix(Val(Text5) + (Val(Text4) * dk)); Fix(xim(tn(th))); 
Fix(yim(tn(th))); Fix(Val(Text5) + (Val(Text4) * dk)) & 
"</gml:posList></gml:LineString></gml:curveMember>" 
NEXT 
…. 
Print #2, 
"</gml:MultiCurve></tran:lod0Network></tran:Track></cityObjectMember></CityModel>" 
Close #2 

 
3. Visualization of a 3D Building and a Network Model 

Visualization of a 3D building model is performed by our own proposed Java based 3D-GIS 
implementation. The implementation uses citygml4j Java class library and API for facilitating work 
with the CityGML and JOGL Java bindings for OpenGL graphic library to carry out visualization of 3D 
spatial objects. 
 
The application supports 4 different types of a view mode for spatial objects. These modes are 
WireFrame (Figure 9a), HiddenLine (Figure 9b), Shaded (Figure 9c) and Shaded with Texture (Figure 
9d). 

 

  
(a) WireFrame     (b) HiddenLine 

  
(c) Shaded     (d) Shaded with Texture 

Figure 9. Viewing modes of 3D spatial objects in our proposed 3D GIS implementation. 
 
The prepared implementation reads CityGML datasets from LOD0 to LOD2. 3D building models are 
represented in LOD2 described by polygons using Building Module of CityGML (Figure 10). Network 



models are represented as linear networks in LOD0 using CityGML’s Transportation Module (Figure 
11). 

 

 
Figure 10. Building model (Textured viewing mode). 

 

 
Figure 11. Network model. 

 
 



 
4. Intelligent Individual Evacuation Model for Building Fires 
 
Fire occurrences came into being with the discovery of fire and are closely related to the evolution 
process of human being. Fire is also one of the most important threat for the high rise complex 
buildings of today's world with thousands of occupants inside. When we consider high population and 
the complexity of high rise buildings it is clear to see that performing a rapid and safe evacuation seems 
hard and human being does not have good memories in case of such disasters like world trade center 
9/11. In such cases, panic, gathering, mashing each other and having difficulties to reach exits is 
inevitable. Therefore, it is very important to design knowledge based real-time interactive evacuation 
methods instead of traditional strategies which lack of flexibility. 
 
Traditional fire evacuation systems having components such as smoke, heat, radiation-sensitive 
sensors, alarm systems and emergency warning lights are quite insufficient for today's modern 
buildings due to their lack of flexibility. Evacuation systems which are prepared in accordance with 
pre-defined evacuation scenarios are not capable of routing according to the knowledge of what is 
inside the building during and after the occurrence. This may lead to direct people to the paths which 
are closed or have gas leaks. 
 
Emergency situations are not static events but rather dynamic and uncertain. An ideal evacuation and 
routing system should be capable of taking into account and evaluate the status of users or user groups 
and produce special evacuation instructions according to these users or user groups. The stage in which 
people spend most of time in case of emergency is not reacting or taking action but rather the stage of 
realizing the event before starting to move. Uncertainty at the time of the emergency and the lack of 
clear information about the incident are factors in delaying the evacuation of the building. Therefore, a 
system that can provide understandable and clear information to all users in real time and resolve 
concerns of them will surely shorten the evacuation process. Such an ideal system is a smart evacuation 
system that should avoid congestion by sharing people in different paths or guide people to areas of 
risk (smoky and dangerous) to be taken in cases of necessity without the need for the user to determine 
the route and allow them to progress rapidly without hesitation. 
 
To realize an ideal intelligent indoor evacuation system, a number of main functionalities should be 
addressed. These functionalities are a spatial database for the management of large spatial datasets, 3D 
GIS based routing engine centralized in an appropriate host, mobile based navigation software for 
passing user related data to the host and present routing instructions clearly to the user, an accurate 3D 
indoor positioning system and a well organized wireless communication and sensor network 
architectures inside building. 
 
4.1. Preparing Data 
 
Beginning from this section, we will focus on how we make routing process of an indoor evacuation 
system gain intelligence. The aim of our proposed model is to take into count the environmental and 
user specific variables in case of fire occurring in a building and generate evacuation instructions 
needed till the user reaches the exit in safety by predicting the usage risk of links on transportation 
network of a building. The environmental and user specific variables affecting fire response 
performance have been taken as input factors of neural network proposed in this study to build our 
intelligent evacuation model. To create our universal data set we firstly have formed the risk levels for 
each factor and transformed their values into [1-5] system (Table 1). 



 
Num Factor name Real values Transformed risk 

values 
1 Temperature C� 0-45, 45-75, 75-150, over 150 1,2,3,4 

2 Fire Growth Rate (kW/sn2) 0, 0.0001-0.0058, 0.0058-0.024, 
0.024-0.094, over 0.094 1,2,3,4,5 

3 Visibility (meter) 0-10, 10-30, over 30 3,2,1 

4 Carbon monoxide concentration (ppm- 
particle per million) 

0, 0-100, 100-6400, 6400-12600, over 
12600 1,2,3,4,5 

5 Population (human/m2) 0-0.8, 0.8-1.8, 1.8-4, over 4 1,2,3,4 

6 
Triple Parameter  
(Alternative Ramp / Link Type / 
Physical Disability) 

Ramp: None/Has 
Link Type: Corridor/Stairs/ Elevator 
Disability: None/Has 
 

1,2,3 

8 Link Length (meter) 0-10, 10-30, over 30 3,2,1 
9 Age 18-40, 40-60, over 60 1,2,3 
10 Sex Male / Female 1,2 
11 Body Type Athletic, Normal, Fat 1,2,3 
12 Hearth Disease None / Has 1,2 
13 Respiratory Disease None / Has 1,2 
14 Joint-Muscle Disease None / Has 1,2 
16 Familiarity with Building Geometry None / Has 2,1 
17 Fire Protection Wear None / Has 2,1 
18 Gas Mask None / Has 2,1 

Table 1. Considered factors and their risk values. 

 
With meaningful combinations of 16 factors given above we had 14.817.008 records which constitute 
the universal set for our problem. For calculating the risk score of each record in universal set properly, 
we had weighted each factor to provide priority order. We have used corresponding value of Fibonacci 
series for each priority order as shown in Table 2. 
 

Priority 
Order Factor Name Priority 

Weight 
1 Physical Disability 1597 
2 Respiratory Disease 987 
3 Visibility 610 
4 Fire Growth Rate 377 
5 Temperature 233 
6 Gas Mask 144 

7 Carbon monoxide 
concentration 89 

8 Population 55 
9 Fire Protection Wear 34 
10 Link Length 21 

11 Familiarity with Building 
Geometry 13 

12 Joint-Muscle Disease 8 
13 Body Type 5 
14 Age 3 



15 Heart Disease 2 
16 Sex 1 

Table 2. Priority order of the factors affecting the fire response performance. 

To calculate the risk score of each record we have used cumulative sum of 16 factors as given below. 

Total Risk = (Weight1 x Risk Value1) + (Weight2 x Risk Value2)+ ..... + (Weight16 x Risk Value16) 
 
As we need to submit risk scores to the neural network to make it learn from samples we need to 
formalize output data for each record in universal set. In the study, the output factor (i.e., risk score) has 
been converted into five-level categorical variable ranging from "very high" to "very low" as given in 
Table 3. 
 

Risk Score Risk Category 
Less than 4400 VERY LOW 
4400-4600 LOW 
4600-5600 MEDIUM 
5600-6600 HIGH 
More than 6600 VERY HIGH 

Table 3. The output factor used in the study. 

 
4.2. Training and Testing of Proposed Neural Network 
 
In the study we have used Multilayer Perceptron (MLP) as a neural network structure. MLP is one of 
the most frequently used neural network architectures in both classification and prediction purposes 
and it belongs to the class of supervised neural networks (Figure 12). 
 

 
Figure 12. Architecture of an MLP neural network. 

 
In our training process we have used 30.000 randomly selected records from the universal set. We have 
developed a software to maintain works with neural network models using Java programming 
language. Our all data used for training and testing is stored in Oracle database. 
 
In this study, MLP is designed in three layers including an input layer, two hidden layers and one 
output layer. In the input layer we have 16 neurons and in the first and second hidden layers we have 



used 10 and 8 neurons respectively. In the output layer we have 5 neurons representing each risk level. 
We have used backpropagation algorithm as the training method with adjusted training parameters 
(momentum and learning rate) and used sigmoid activation function in all layers of MLP. 
 
In the test phase we have used 1000 randomly selected records from universal set which are not used in 
training phase to show the success rate of MLP accurately. The best results have been obtained when 
the learning rate is set to 0.1 and momentum is set to 0.5. The success rate shows the percentage of 
correctly predicted records. In the study, best prediction result has been found as 93.8%. 
 
5. 3D Simulation of Intelligent Indoor Individual Evacuation Model 
 
The intelligent routing engine which works integrated with our proposed MLP model is the most 
important part of our intelligent indoor evacuation model and is responsible to produce real time 
instructions for the users to assist them accurately till they arrive destination. For testing the evacuation 
model we have used our 3D GIS based implementation presented in our previous study (Atila, U., et. 
al, 2012). We have done the required coding to integrate our proposed MLP with routing engine for 
evacuation purpose. Our proposed simulation environment produces the input variables (eg. 
temperatures, fire growth rates, populations, visibilities etc.) needed by MLP model for each link in the 
transportation network within a scenario. 
 
In the beginning the acceptable risk level of the system is set to be "LOW". It means that, with the start 
of the evacuation, only links having "VERY LOW" and "LOW" risk levels will be able to use to find a 
shortest path to the destination and the others will be avoided. The flow chart given below explains the 
intelligent evacuation process briefly (Figure 13). 
 

 
Figure 13. Evacuation process. 



 
5.1 Fire Evacuation Scenario 
 
The scenario has been constructed in 3D model of Corporation Complex in Putrajaya, Malaysia. We are 
able to run our simulation within predefined scenarios stored in database. In the simulation, colors 
assigned on the links of network have different meanings. Yellow color indicates a burning fire on a 
link but the link can still be used. Gray color indicates smoke existence but the link can still be used. 
While red colors indicates that the associated link is not in use any more, black color shows the shortest 
path found by the system. 
 
So, let's see how our intelligent evacuation model reacts in case of fire accident. Assume that a user has 
been in the 8th floor of a 10 floor building when the fire accident has occurred in the ground floor and 
smoke expands to upper floors very quickly. Just after the fire alarm all the elevators have been 
positioned in the ground floor and not responding calls from floors (red lines in Figure 14). Shortly 
after, voice instructions have been heard asking people to never try to use elevators and evacuate from 
proper exits relevant to their floor number following evacuation lights which have been turned on 
indicating the direction of exits. 
 

 
Figure 14. Evacuation scenario (Scene-1). 

 
Suddenly, user feels that his mobile device vibrates asking him whether he wants to get instructions to 
go out of the building. He realizes that his mobile device follows the path to the nearest stairs and tells 
him to go downstairs just as voice from speakers. According to his mobile device there has been 
“LOW” risk for him in the stairs but this is not as much to prevent him to use the stairs (Figure 15). 
 



 
Figure 15. Evacuation scenario (Scene-2). 

 
User goes downstairs without hesitation till he arrives 3rd floor. Although voice instructions still wants 
him to go downstairs till ground floor, his mobile device finds an alternative shortest path because there 
has been a link on his way with “MEDIUM” risk level which is not acceptable by the routing system 
(Figure 16). So, the system has found an alternative path which does not include any link with the 
“MEDIUM” or higher risk level. Ismail follows his mobile device’s instructions and arrives the exit 
safely. 
 

 
 

Figure 16. Evacuation scenario (Scene-3). 



 
We have prepared four different charts (Figure 17-20) for better explaining the evacuation process and 
for comparing the situation of the links traversed by the user with the situation of all links affected by 
fire. These charts show the temperature, fire growth rate, carbon monoxide density and visibility values 
occurring during fire evacuation respectively. The status of the links traversed by the user is shown by a 
red line and the average value of each parameter occurring on all links affected by fire is shown by blue 
line.  
 
As seen in all charts, our intelligent individual evacuation model routes the system user to the links 
having more appropriate situation than the average status values of all links affected by fire. 
 

 
Figure 17. Temperature-time chart. 

 

 
Figure 18. Fire growth rate-time chart. 

 



 
Figure 19. Carbon monoxide density-time chart. 

 

 
Figure 20. Visibility-time chart. 

 
The evacuation process is completed in 198 seconds. As seen in Figure 17, the temperature values of 
the links that user has been guided during evacuation process is generally lower than the average 
temperature values of all links affected by fire. Figure 18 shows that the user has been guided to the 
links that has no blazing fire occurrence. Figure 19 shows that the user has never been guided through a 
link with carbon monoxide. Figure 20 shows that the links that user has been guided through has 
always more visibility than the average visibility of all links affected by fire. 
 
6. Conclusions 
 
This paper has suggested a novel method of evacuation from buildings in case of fire accident 
considering human and environment factors using MLP (Multilayer Perceptron) network which is one 
of the most preferred classification method of artificial neural networks. Our trained MLP network 
estimates risk levels of links in the path during evacuation with a prediction accuracy of 93.8%. 
 
For better understanding the intelligent routing process, an evacuation simulation which works 
integrated with MLP network has been developed and presented in this paper. The simulation is based 
on a Java based 3D-GIS implementation which can visualize 3D building and network models from 
CityGML format and perform analysis on a 3D network stored in Oracle Spatial’s Network Data 
Model. 
 
Our proposed model is promising for organizing more flexible, dynamic and user centric mobile 



interactive evacuation models but, there are still some fundamental issues that need to be solved for 
designing 3D navigation systems for evacuation purposes. One of the most challenging issue that needs 
to be considered is designing an accurate indoor positioning system. As a future work we intend to 
develop and integrate a well-organized indoor positioning model which will serve 3D positions to our 
evacuation model. With the advancements in mobile and wireless technologies we probably will see 
more attempts for designing intelligent building evacuation strategies in the near future.  
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