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ABSTRACT

The guidance in building evacuation during and after a disaster is an important
and challenging problem, as the evacuees usually do not know the best route for
evacuation and the static exit signals do not necessarily guide the evacuees to the
right direction in dynamic situations. To find a best path in real-time within buildings
is nontrivial. This paper proposes a distributed decision support system that
efficiently computes the routes in real-time for building evacuation scenarios.
Dijkstra’s algorithm and Dynamic Programming are used for the route analysis. In the
proposed approach, the physical system is composed of sensor nodes and decision
nodes. The decision nodes, which are located at suitable locations for dynamic
guidance, are equipped with information displays. The approach is evaluated in
digital models and the authors built a 3D model with wall properties to be simulated
with the Fire Dynamic Simulator (FDS). Fire spread and temperature distribution in
the building under a mesh model are used as sensor input to test the proposed
algorithm.

INTRODUCTION

Decision making during an emergency response must be timely in order to
have an efficiently operation. In the case of evacuation, the main objective is to direct
evacuees away from the origin of harm during the ongoing hazard. However, the
evacuees do not always make best decisions during an evacuation without knowledge
of the situation. In the case of in-building evacuation, civilians do not necessarily
know the best path they should follow in order to reach an exit, as they may not be
familiar enough with the complex in-door design of the building. In addition, the
conditions inside the building may change rapidly due to the presence of hazard such
as spread out of fire. This results to challenges of safe evacuation.

Most research take the centralized decision making approach to construct a
centralized decision support system. A centralized approach is not fault tolerant, as it
relies on a single center of data collection, processing and communication. When
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thereis afailure in the processing center, the entire system is paralyzed. Furthermore,
there may also be failures in the communication system during an emergency.

The objective of this paper is to design and implement a dynamic decision
support system with distributed decision making. The system is to function in real-
time, adapt to the changes of the environment, and provide reliable decisions to the
evacuees regarding the direction of the best exiting path. The system use local
communications for its self-operating local decision devices to inform evacuees, in
the case when the communication infrastructure and the central processing center is
lost. In a distributed approach, by using local information for decision making is
more robust compared to a centralized solution.

The rest of the paper is organized as follows: Literature Review gives details
of the current literature for the importance of evacuation guidance and distributed
decision making. The data structure and computing logic are presented in the
Methodology section. In the Validation section, evaluation of the proposed work
along with some discussion are given. At the end is the Conclusions and Future Work
section.

LITERATURE REVIEW

The static system has its limitations due to the dynamic situation in
emergencies. For example, there are cases when some exits are blocked and the static
signs cannot reflect this critical information. Tang et al. (2009) studied the affect of
evacuation guidance on route selection for pedestrians using virtual reality. They
found that people tend to move toward doors regardless of the doors purpose and
condition. As a result, evacuation guidance that provides clear and correct
information is very important. Based on the best knowledge of the authors, dynamic
evacuation guidance is research topic still under development.

There are many approaches to derive shortest paths, which in general could be
categorized into two main categories - centralized and distributed. Leiserson et al.
(2001) have a detailed explanation about centralized algorithms and their
applications. However, these approaches have some drawbacks that negatively impact
the system’s functionality. For example, as the size of the building and the number of
floors increases, the required number of decision nodes increases accordingly. The
computing time of finding the best path towards the exit may be long and it cannot
provide an optimal decision in the limited time frame.

Due to the fact that centralized approaches might not be robust enough during
emergencies, shortest path finding problems using distributed algorithms are
proposed. Humblet (1988) proposed Distributed algorithm that compute shortest
paths by using Dijkstra’s algorithm in a network with changing topol ogy.

Most of the distributed algorithms are established for the network routing
problem. Li et a. (2003) have discussed self-organizing sensor networks that can
react to their environment and adapt to changes. They use a sensor network to
calculate a path that leads to one exit and does not go through the hazardous area. The
authors show the power of the algorithm to find the safest paths, but do not consider a
spreading hazard. Dimakis et al. (2010) developed a simulation tool that addresses the
needs for the simulation of emergency response conditions. The simulator operatesin
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a distributed way to reduce the simulation time and deat with the routing
communication. Its implementation contains both decision nodes and sensor nodes.
Nevertheless, it isasimulator in adigital world and the evacuation guidance might be
more complicated when it implements in rea-world case. The agorithm they
proposed did not consider the paradox that the shortest path it may end up with aloop
or amuch longer path.

METODOLOGY

The authors proposed a distributed decision support system for emergency
scenarios, and the system is expected to reduce evacuation time for individual
civilians. The system is divided in three tiers, which are the modeling database,
decision making model, and user interfaces. Below is the system framework (Figure
1). The detail for the framework of the decision support system is given as follows.

Dijkstra Peeking | Centralize+
Algorithm | the Exit | Distributed | Visibil
5
3D Model Data Model

Figure 1. Decision making mode!.

Decision Making

As shown in Figure 2, each Decision node receives data from sensors and it
shows information to both rescuers and evacuees. Under emergencies, evacuees need
aquick and clear direction to avoid the hazard area and to exit. At a Decision node
the authors proposed a distributed decision support system that maintains its
functionality even if part of the system is nonfunctional. The proposed algorithm is
based on a distributed Dijkstra’'s algorithm, and the efficiency of the algorithm is
attempted to be enhanced by using dynamic programming and adding an ability
called peeking. The definition of peeking is that the Decision node could peek for
information on the nodes directly connected to the Decision node itself.
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Figure 2. Workflow of decision support system.
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The proposed algorithm is composed of two parts: the Update function and
Calculate function. The Update function contains the work to established data
structure for the decision node and the update distance table and real-time data from
sensors, which only can be seen by specific neighbors. The Calculate function
calculates the shortest path by the distributed Dijkstra’'s algorithm for evacuees and
gives the direction to the next decision node towards to exit. However, the calculated
path may not be shortest in dynamic situations. To solve this, the peeking ability
provides an alternative opportunity as it may find the better route for evacuees with
the additional information gathered from the connected nodes. More detail
descriptions for the functions are given in the following.

Data Structure
In the data structure used, the Decision node contains four components as

shown in Figure 3: Description, Real-Time Data, Distance Table, and Shortest Paths
Table.

Description r=====--

/ Real-time | _____ A
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Node
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\ table :
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Figure 3. Data structure of decision node.

Real-time Data. As shown in Figure 3, data from sensors are received, and
information for the emergency situation is updated. A binary decision is made based
on the data. If it is dangerous on a network link, the distance is set to infinity.
Otherwise it maintains the same distance after updated.

Description. The resulting decisions are shown to evacuees or rescuers. Included in
the Description is the specific information of decision nodes. For instance, name,
coordinate and which area it covers. This information can give additional guidance
for both the rescuer and evacuees.

Distance Table. Distance table contains the local distance information for each node
to other nodes. For example D(I,])) is the distance between node | and node J. The
distance between two connected nodes would be the distance based on their [ocation.
In addition, updates to the distance table are carried out for different visibility level.
The visibility level is defined as one to represent in normal situation the
source node can only read distance table from directly connected nodes. When
visibility level is set to two, the source node will receive information from nodes
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within two links away from the source node. Figure 4 provides a simple network to
show the visibility and its corresponding visibility table. In the table, rows represent
the visibility level and each cell isthe nodes number.
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Figure 4. Simple network and Matric tableto illustrate visibility.

Shortest path Table. The table contains the shortest path the distance from source
node towards the exit and the path of each node calculated by the Distance Table. The
information is saved to atable for reuse in the calculate function the shortest path will
be updated by linksin visibility range.

Computing Logic

Shown in Figure 5 is the computing logic for the proposed work. The update
function transforms real-time data to binary decisions and update the distance table
according to the visibility level. The calculate function computes the shortest path
through Dijkstra’s algorithm by updated table and give the direction to next decision
node. In addition, dynamic programming is used to avoid repeat computing problem
on shortest paths avoid duplicated cal culations.

| Real-Time | Update Function
Data

!

( ) Real-Time Data—sBinary Decision Updated b
| Node |— | Distance
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(F Distance Table—Visibility Level
Distance |
Table

Calculation of Shortest Path

Updated Dijletra’s Algorithm
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Figure 5. Computing L ogic of Update function,
and calculation of shortest path

In Figure 6, a simple logic is shown in the decision making after peeking. The
direction from the connected node and the second node on the shortest path’s
direction is compared to see if they agree or not. If the direction were not the same,
the second link on the path would be considered as a dangerous area and the distance
is set to infinity. This way the possibility of sending people to dangerous areas is
reduced and a shorter way in dynamic situation is derived.
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Decision Making after Peeking

Definition
A = connected node
B = second node on shortest path
Direction1 = the direction of connected node
Direction2 = the direction of second node on shortest path
D1 = distance between second node on shortest path and its next node

If( Direction1 not equals to Directionz)

change D1 to infinity
do Dijkstra algerithm find direction

else

remain the same direction

Figure 6. Decision making after peeking

VALIDATION

Matlab is used to simulate a small area to implement the proposed algorithm
as shown in Figure 7. The network was constructed by the visibility graph. The
algorithm correctly changes its path when there is hazard on alink. Figure 7(a) shows
the shortest path when there is no fire the visibility level of Figure 7(b) isone and in
Figure 7(c) two. Figure 7(b) and Figure 7(c) shows the different levels of visibility
when there is a fire happened on the circled area. Compared to the distance in Figure
7(b) and Figure 7(c), we can find out that a shorter path is concluded when more
information form other nodes is considered.
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Figure 7. Visualization of shortest path (a), (b) and (c).

A random dense network for further testing shown in Figure 8(a) is
conducted. The random network can test the peeking ability. A 3D model was
simulated by Fire Dynamic simulator (FDS), and the information of temperature,
smoke density, and distance implemented on each vertex are send decision nodes in
the proposed approach. FDS is a computational fluid dynamics (CFD) model of fire-
driven fluid flow and Smokeview visualizes the FDS model in a 3D environment as
shown in Figure 8(b). Baum et al. (2000) showed that the numerical test for CFD
model in FDS is similar to real-world cases and there are research efforts such as
Floyd et al. (2005), Shi et al. (2008), and Chi et al. (2011) that utilized FDS to
generate series of data as input to the proposed system for simulation.
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Figure 8. (&) Random dense networks and (b) Temperaturein Smokeview.

In addition, comparison of the proposed approach to the original Dijkstra’s
algorithm under a 10 layer random network is also conducted. Figure 9(a) shows that
the execution time for the Dijkstra's algorithm would spend more than the proposed
algorithm. In Figure 9(b), it is shown that when visibility level is set to three, the
performance is as good as a centralized Dijkstra's algorithm. The distributed
algorithm can have the same performance with a gain in execution efficiency.
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Figure 9. (a)Execution time and (b) Distance from sour ce node to exit.
CONCLUSION & FUTURE WORK

The authors have presented a decision support system that give directions to
evacuees during an emergency Situation. Each decision node computes the best
direction towards the exit in a distributed manner, by using only local information.
The authors compared different visibility levels for the study of the efficiency and
performance of the proposed approach. The peeking ability is included to the
Decision nodes that can reduce the chance to have a looping cycle or go through a
longer path in distributed decision making. Future work is to include risk assessment
parameters such as temperature, smoke density and congestion to seek for an efficient
path. In addition, implementation of the approach into a physical system is to be
carried out.
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