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Abstract: Finding a shortest path in a high rise building during
critical incident or evacuation is facing two main issues which are
evacuees find difficulties to find the best routes and their behavior
makes the process more difficult. These problems are important since
it is related to the human’s life. By providing the shortest path and
control the evacuee behavior, these can lead to successfulness of
evacuation. To overcome these issues, two main objectives have been
carried on which is initiated by identifying the shortest path algorithm
for evacuation. Then follows by design and develop an evacuation
preparedness model via shortest path algorithm to choose a suitable
exit route to evacuate. Three steps are involved to achieve the
objectives. The first step is Building Layout Plan, followed by
creating the Visibility Graph and finally implements Dijkstra
Algorithm to find the shortest path. Based on the experimental study,
the result shows that Dijkstra Algorithm has produced a significant
route to exit the building safely. Even though there are other factors
need to be considered, this preliminary result has shown a promising
outcome which can be extended to improve the robustness of the
algorithm. In conclusion, the obtained shortest path is believed can

Introduction

A disaster is an unexpected occurrence that happens
anytime and anywhere. Most people are unaware about
the prevention or safety awareness to face the disaster.
When it happens, the evacuation process is conducted to
save the victim and if there are no proper plans, the
situation becomes worse. Evacuation means rapid
removal of people temporarily from building or disaster
in a threatened area as rescue or precautionary measure.
The complex building and human behavior during the
evacuation process are directly affecting the
successfulness of evacuation in order to find the best
evacuation routes. The best evacuation route is
considered by the time consuming and the safety of the
evacuee. Hence, finding the shortest path in a safest way
is very important (Bu and Fang, 2010).

There are two main problems that involve in the
evacuation preparedness. The first problem is
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assist evacuee to choose a suitable exit route to evacuate safely.
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evacuees find difficulties to find the best routes
(Fariza et al., 2013) and secondly, their behavior
makes the process more difficult. These problems
occur due to the complex man made building and
evacuee unfamiliar with the building structure layout.
The other reason why the evacuee hard to find the best
evacuation route is because the modern building
currently tend to be large scale, multifunctional and
complex as reported by (Wang et al., 2011).
Nowadays, people chasing to build unique and complex
building to compete with the others, however the
smoothness of the emergency route are not take part in the
first requirement. Building layout strongly influences the
finding of shortest paths. The more complex of the
building will increase the difficulties of evacuee to the exit
route. Subsequently, evacuee will panic and show various
behaviors in order to save themselves.

Decision making during an emergency situation has
to be made in perfect timing in order to reduce the
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evacuation time and avoid any injuries related to the
ongoing hazard. Making the best decision during the
evacuation is very difficult for the evacuees, most of
the times they do not know which is the best route they
should choose to reach the exit especially in a building
since they are unfamiliar with the building structure.
Moreover, the building structure change due to the
spreading of presence hazard and the task of finding a
safe route is more difficult (Filippoupolitis and
Gelenbe, 2009). In order to find an exit route in exact
time, cooperation from the evacuee are the key factors
in making the evacuation process going smoothly. As
said by (Fu et al., 2013) the compliance from the
evacuee give the large impact on the successfulness of
evacuation process. If the evacuees did not give any
cooperation  during the  evacuation  process,
unfortunately the evacuation time will be longer than
expected. Moreover, as reported by (Jirasingha and
Patvichaichod, 2011), factors that influencing travel
time are people, evacuation path, building layout
design and also distance from current to destination
place. In order to manage the importance factors
involved during the evacuation process, a good
evacuation management should be proposed.

Hence, to overcome the problems, this research
proposed two objectives which are identifying the shortest
path algorithm for evacuation. Then, followed by design
and develop evacuation preparedness model via shortest
path algorithm on exit route selection to evacuate.

This research is expected to produce independent
evacuation preparedness algorithm for exit route to help
evacuee to escape from building safely. It is more
reliable and faster, especially to those who are not
familiar with the building. Beside, a good planning is
needed to evacuate the victim from the area which is in
danger to a safe area. This evacuation planning can
overcome the evacuee problem in finding the best
evacuation route. They just have to follow the instruction
given and easily find the exit route (Garg, 2011).

The important contribution is assisting the crowd of
evacuee smoothly during the evacuation to find the exit
and safe route in the short time. Indirectly reduce the
number of victims involved in the incident.

Methodology

Figure 1 shows the research methodology approach
in solving the discussed problem.

There are three steps for obtaining the shortest path in
this research area. The first step to take in action is
structure the layout plan of the selected building. The
building that is chosen for the first real design due based
on the suitability of the building research scope. The
layout is focused on the higher floor for example, 14"
floor, which the office located. The reason why to
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choose office environment is because of their complex
arrangement with too many rooms and staffs. This
situation is important to be considered in finding the
shortest path and manage the evacuee behavior.

Floor layout given as shown in Fig. 2 is an image
format layout and has to convert into 2D blueprint layout
to make it easy in generating the node and weight from
node to node.2D blueprint layout was designed using
Auto CAD Software exactly with the real building. The
2D blueprint layout will be added some nodes and
weight. Nodes in the layout are defined by doors of the
office arrangement and weight is the distance among
nodes. After setting the node to all doors, egress and
staircase the weight are generated from one node to
another with consideration of the environment obstacle
such as wall which is cannot be passing through.

Doors are selected to act as a node because it is the
vital way that evacuee will choose during the evacuation
in rescuing themselves to safest place. Nevertheless,
because the building is on the 14th floor, window are not
selected to be a node and do not have any important role.
The pointed node is the staircase as it become the last
egress route to get out from the building safely.

Second step relates to Visibility Graph. From the
created 2D blueprint of the building, edges weight or
distance from each node are accumulate into a table
using excel file. This table will be read as matrix format
as an easy way to plot the visibility graph. The visibility
graph is plotted based on the weight of each node and
the relationship of the node as shown in Fig. 3. Node
relationship is defined by the direction of node either
in two ways of one way. To generate the visibility
graph, MATLAB program is created. Data from the
excel file is imported into the MATLAB program
where the data is read in matrix data format and
converted into sparse array to plot the visibility graph.

Building lavout plan

l

Visibilitv graph

Dijkstra algorithm

Fig. 1. Research methodology to find shortest path
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Fig. 2. 2D layout of the 14th floor office building

According to the matrix and sparse array, the
MATLAB program successfully generates the
visibility graph. It shows all the nodes created in the
previous 2D blueprint layout and the relationship of
the node based on the weight of each node. The
structure or arrangement of the visibility graph and
2D layout is looked different. However, this matter
has not given any influence and also not affects the
distance calculated as long as there is no false
relationship between the nodes.

Last but not least is the Dijkstra Algorithm
implementation. Dijkstra  Algorithm has been
embedded in the MATLAB program to calculate the
shortest path between nodes. A simulation has been
made to calculate the distance between source node
and destination node in the building. Source node is
the current place of the evacuee in the building, where
the destination node is the safe place or exit route to
evacuate.

Dijkstra Algorithm is selected because it can
calculate the shortest path efficiently in solving

selection of route and provide safer evacuation plan as
stated by (Kang et al., 2013) and supported by
(Wang et al., 2011; Zhang et al., 2010). In addition,
(Xu et al., 2012) mention that Dijkstra Algorithm
targets to is to find the shortest distance between a
node to all other nodes, follows by (Kaitao et al.,
2012) which is nearly to scope of research. Wu and
Chen (2012) Dijkstra Algorithm also claims to be the
best approaches in solving simple shortest path
problem and always get the shortest route from any
evacuation node, same with (Ldmmel et al., 2010).
Furthermore, Dijkstra Algorithm is agreed (Bu and
Fang, 2010) to be graph search algorithm which can
solve the single sources shortest path problem in
graph and later on supported by (Jaiswal and
Chakrawarti, 2013; Biswas et al., 2013).

Results

The calculation of shortest path using Dijkstra
Algorithm will generate the shortest route in the graph
by displaying the different color of node.
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Fig. 3. Visibility graph
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Fig. 4. Shortest path simulation result
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Total distance of the route and a list of visited path are
also presented. Figure 4 shows the preliminary
simulation result of the shortest path evacuation in the
14th floor building office.

The shortest path from Node 7 to Node 49 has
been calculated. Dijkstra Algorithm has obtained the
result, where the distance between Node 7 to Node 49

As shown in Table 2, A28 which is Node 7 is a
room and Node 49 represent Z5 is a staircase.
Staircase is an exit route as it will guide evacuee to
take the route out of the building.

Table 1. List of distance between nodes

Node Weight
is 34 meters. This result conforms with the Dijkstra (7-8) 515
Algorithm where if there are changing of nodes, the (8-10) 2'67
process will repeat again until satisfy the shortest '
ath (10-13) 6.20
patll (13-51) 8.98
Discussion (51-50) 900
(50-49) 2.00
In order to calculate the best shortest path in the Total 34.00
simulation MATLAB program, the source ID and
destination 1D ml%.St be glven.before the caleulation Table 2. Comparison of real nodes and visibility graph
part take place. Dijkstra Algorithm has calculated the Real node Matric node
shortest path starting from source ID to Destination
ID. Based on the result, seven nodes were visited to A28 7
reach the destination node which are node A30/BO 8
7>8>10>13>51>50>49 (Table 1). A35 10
As it compared to the real structure of building, the B4/Z12 13
real node are renamed as shown in Fig. 5 in the visibility =~ Z9 51
graph according to the matrix data and Table 2 26 50
differentiate the list of node. Z5 49
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Fig. 5. Visibility graph
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Conclusion

In this study, shortest path in the selected building for
14th floor has been obtained using a MATLAB
simulation program. Generating the result involve three
main steps which are2D Building Layout Plan, Visibility
Graph and Dijkstra Algorithm. The first step is
converting the real layout plan into blueprint layout
using AutoCAD software. Second step is creating the
visibility graph according to matrix data of the building
and the last step is finding the shortest path using
Dijkstra Algorithm. The shortest path result is believed
can assist evacuee to choose a suitable exit route to
evacuate. For future improvements, one of the aims is to
find the shortest path dynamically by considering the
existence of obstacle during the evacuation process. This
might involve the shortest and safest route during
evacuation. The needs to enhance the Dijkstra Algorithm
by utilising Artificial Intelligence (AI) method such as
Ant Colony Optimization (ACO) and Particle Swarm
Optimization (PSO) will be also considered.
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