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Abstract

When emergencies happen, navigation
services that guide people to exits keeping them away
from emergencies are critical in saving lives. To
achieve timely emergency navigation, early and
automatic detection of potential dangers, and quick
response with safe paths to exits are the core
requirements, both of which rely on continuous
environment  monitoring and  reliable  data
transmission. Wireless sensor networks (WSNSs) are a
natural choice of the infrastructure to support
emergency havigation services, given their relatively
easy deployment and affordable costs, and the ability
of ubiquitous sensing and communication. In this
project, a situation-aware emergency navigation
algorithm named SEND, which takes the hazard
levels of emergencies and the evacuation capabilities
of exits into account and provides the mobile users
the safest navigation paths accordingly is being
proposed. The situation-aware emergency navigation
problem is formally modelled and a hazard potential
field in the network, which is theoretically free of
local minima is established. By guiding users
following descend gradient of the hazard potential
field, SEND can thereby achieve guaranteed success
of navigation and provide optimal safety. The
effectiveness of SEND is validated by both
experiments and extensive simulations in 2D and 3D
scenarios.

Index Terms—Emergency navigation; situation-
aware; sensor networks; exit capability; hazard
potential field.

Introduction

The important application of such in-situ
interactions is 10T based WSN-assisted emergency
navigation, where the WSN infrastructure is utilized
as a cyber-physical system. In this mobile
environment, the internal users are equipped with
PDAs or smart phones that can talk with the sensors.
The emergency occurs, the 10T based WSN explores
the emergent field and provides necessary guidance
information to users, so that users can be guided to
move out of a hazardous region through ubiquitous
interactions with sensors. There are several inherent
features of emergency navigation that significantly
distinguish itself from packet routing schemes.
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Figure 1

The navigation of human beings seeks for a
safe-critical path, other than packet loss or energy
efficiency which is the first priority as in packet
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routing. The safety of a path not only means to be far
away from a hazardous area, but also refers to mild
congestion, less detour as well as fast reaction to an
emergency. The human navigation consumes much
more time than traditional packet routing process,
due to the limited movement speed of people.

During one packet delivery process the
network is often considered static, human navigation
in contrast deals with emergency dynamics almost all
along the guiding process. Cannot simply borrow
existing packet routing schemes for emergency
navigation with 10T based WSNs. The requirement
of location information, and begin to consider the
impact of variations of dangerous areas, which
greatly enhance their applicability to more practical
scenarios. Most if not all of these location-free
methods seek for a global topological structure
embedded in the network as the public infrastructure,
through which different users can be safely guided to
the exit and avoid unnecessary overhead of
individually path planning.

Benefiting from recent advances in wireless
sensor network (WSN) technologies, large-scale
deployment of WSNs has become viable and
affordable, which ever used to serve as an
increasingly popular platform to engage continuous
environment monitoring .
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Fig 2 :Navigation scenarios in which the
hazardous region is defined as two hops from the
emergency site. (1) Users are directed to an exit in
a hazardous region, even though another exit
exists. (2) Only users already in the hazardous
region are directed to exit B.

Recently there is a trend to incorporate
WSNs into emergency navigation systems, aiming at
providing early and automatic detection of potential
dangers, such as geologic disasters, wildfire hazards
and oil/gas leakages, and navigating people to safe
exits while keeping them away fro m emergencies.

This work considers such a WSN-assisted
emergency navigation problem by utilizing the sensor
network infrastructure as a cyber-physical system. In
this mobile scenario, people are equipped with
communicating devices like mobile phones that can
talk to the sensors. When emergencies happen and
mobile users are trapped in the field, the sensor
network explores the emergencies and provides
necessary guidance information to the mobile users,
so that the users can be eventually guided to safe
exits through ubiquitous interactions with sensors.

Although many WSN-assisted emergency
navigation methods have been proposed, almost all
existing approaches equally regard the hazard levels
of different emergencies, as shown in Fig. 1(a). As
elaborated in different emergencies could occur
concurrently with each corresponding to a specific
hazard level. Considering a field with poisonous gas
leakage, the hazard levels of emergencies are closely
related to the poisonousness of the leaked gas. For
instance, chlorine gas is much more fatal than carbon
monoxide. Furthermore, different sizes of leakage
holes lead to different amounts of gas leakage per
unit time. Therefore, when planning emergency
navigation paths, people should be kept farther away
from chlorine compared with carbon monoxide.

A similar idea has been elaborated in the
field of chemical process safety. The navigation
approaches without considering different hazard
levels of emergencies may fail to provide necessary
protection in the navigation process. Another
limitation of existing works is that the evacuation
capabilities of exits are generally assumed to be
equal. When there are more than one safe exit, which
is very common in reality, existing methods simply
guide people to the nearest one for the sake of
timeliness.

Such strategy would probably guide a
majority of people to the same exit, which potentially
causes extreme congestions at the exit and
significantly prolongs the emergency navigation time
while leaving other exits of low usages. This can be
confirmed according to an investigation report in
2015 from ACT Emergency Services Agency, that
over 46% of victims in high-rise apartment fire crash
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in Europe are Killed in the congestions near the exits,
which keep off their last hope for survival. Hence, it
is rather necessary to take the evacuation capabilities
of exits into consideration during the emergency
navigation. Therefore, we can arrive at the plain fact
that a practical and efficient emergency navigation
scheme should be situation-aware, which means that
we should take into consideration both the hazard
levels of concurrent emergencies, as shown in Fig. 1,
and the evacuation capabilities of exits, as shown in
Fig. 1.

Despite its importance, on the down side, we
capitalize that it is not straightforward to design such
a situation aware emergency navigation. It is non-
trivial to directly extending existing methods which
inherently aim at navigating users along the paths
with equal distances to emergencies. The main
challenge here is how to define the safety properly,
incorporating the impacts of both different hazard
levels of emergencies and different capabilities of the
exits at the same time.

Let us take the road map based navigation
approach (RMN for short) for instance. RMN first
builds the road map by connecting the medial axis (a
path with equal distance to the hazards) of the
network, with a tail route connecting the exits, and
then guides users along the road map with preset
directions on the road segments. To incorporate the
impact of different hazard levels of emergencies, the
medial axis may be built as the weighted medial axis
(e.g., by assigning different weights to the distances
to different hazards to reflect different hazard levels).
However, it is still difficult to incorporate the impact
of different capabilities of the exits at the same time.
For one thing, the evacuation capability of an exit
represents the safety level instead of the hazard level,
but a unified treatment is far from ready-made.

For another, it is not easy to extend the way
of direction identification on the backbone, such that
the direction can divert the flows to exits in
accordance with their capabilities. To address the
above issues, in this paper, we present SEND, a
situation-aware emergency navigation algorithm,
which takes the hazard levels of emergencies and the
evacuation capabilities of exits into account and

provides the mobile users the safest navigation paths
accordingly.

Motivated by the fact that the natural
gradients of some physical quantities always follows
a natural diffusion law, e.g., water always flows from
the place with a higher gravity potential to that with a
lower gravity potential, we thus propose to model the
hazard levels of emergencies and the evacuation
capabilities of exits as hazard potentials with positive
and negative values, respectively. Then we establish
a hazard potential field in the network, which is
theoretically free of local minima. By guiding users
following the descend gradient of the hazard potential
field, our method can thereby achieve guaranteed
success of navigation and provide optimal safety to
users.

To the best of our knowledge, SEND is the
first situation aware emergency navigation scheme,
considering the impacts of both the hazard levels of
emergencies and the evacuation capabilities of exits.
It is fully distributed and does not require any
location information. It is more robust to emergency
dynamics since the constructed hazard potential field
reflects more global properties of the underlying
connectivity. Both small-scale tested experiments and
extensive simulations on large-scale WSNSs, in both
2D and 3D scenarios, validate the effectiveness and
efficiency of SEND.

Existing Systems
Path Planning and Navigation of Robots

Traditional robot navigation relies on on-
board sensors of the robots to sense the environment,
and often requires the location or geometric
information to minimize the navigation path length
while avoiding obstacles.

Emergency Navigation with WSNs

The first distributed algorithm for guiding
navigation across a WSN. To abstract the network by
establishing a skeleton graph, over which
approximate optimal safe paths can be found. The
partial link reversal by adding the weight of safety in
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path selection to guide users farther away from
hazardous regions.

Homotopic Routing and Information-Guided
Routing

Multiple navigation paths in a WSN.
Homotopic routing aims to find routing paths of a
specific homotopy type, to improve load balancing
and routing resilience. Information-guided routing
has been explored as a scalable approach for
scenarios with high query frequency

Drawbacks

Existing methods need a central controller to
collect information from the entire network it take
high network overhead. Existing cannot directly
applied to WSN-assist emergency navigation as these
approaches only design one path for one specified
robot. Only consider how to find a shortest/safest
path for each person while ignore the number of
people on the path and the path’s stretch. Some
emergency, excessive people running in a narrow
path may cause heavy congestion (or even stampede)
and large stretch. Only work on static networks Many
physical quantities follows a natural diffusion law,
and therefore the natural gradients of physical
phenomena are utilized to guide the routing process.

Proposed System

Mainly focus on finding the shortest/safest
path for each person, while other sub-optimal (yet
safe) paths are left unused throughout most of the
evacuation process. This proposed system considers
such a IOT based WSN-assisted emergency
navigation problem by utilizing the sensor network
infrastructure as a cyber-physical system. The
situation-aware emergency navigation problem and
establish a hazard potential field in the network,
which is theoretically free of local minima. Propose
to model the hazard levels of emergencies and the
evacuation capabilities of exits as hazard potentials
with positive and negative values, respectively. By
guiding users following the descend gradient of the
hazard potential field, this method can thereby
achieve guaranteed success of navigation and provide
optimal safety to users.

Advantages

Propose a path selection method and
theoretically prove that the selected paths guarantee.
Work on dynamic network scenarios. The emergency
dynamics since the constructed hazard potential field
reflects more global properties of the underlying
connectivity. Less Congestion and less traffic.

Modules

% Network Deployment

«»» Hazard Point

«» Path Hazard Metric and Safest Path

«» Shortest Situation Aware
Emergency Navigation

1. Network Deployment

We consider a field where there may be
different emergency events and multiple exits with
different evacuation capabilities. People inside the
field are anticipated to be immediately navigated to
appropriate exits while being far away from
emergencies in proportion to corresponding hazard
levels. Specifically, the emergency navigation paths
are expected to be farther away from areas with
higher hazard levels, and Personal use is permitted,
observations, we thus formulate the navigation
problem as a path planning problem.

Let R denote a 2D or 3D continuous open
space, which represents the field of interest. Inside R,
there exist n safe exits, which are located at points Pe
= {pi e]i = 1,2,...,n}. Each exit is assigned a weight
based on its evacuation capability. Suppose that inR,
there are m emergencies occurring at points Pd = {pj
djj = 1,2,...,m}. Each emergency is also assigned with
a weight based on its hazard level. We denote the set
of weights of exits and emergencies by We = {wi e|i
= 12,.n} and Wd = {wj dj =
1,2,...,m}respectively.

2 .Hazard Point

An emergency navigation problem s
essentially to find the optimal emergency navigation
paths in terms of safety. Quantifying the safety of a
path is equal to quantifying the hazard of a path,
which is closely related to emergency. In the
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following, we first focus on the hazard of an arbitrary
point in the field of interest, which is the basis of
finding the safest navigation path. Hazard Intensity:
To quantify the hazard of a location, we introduce a
novel metric called hazard intensity, which is based
on the observation that for an internal user, one may
feel more hazardous threat when getting closer to
emergencies, and would feel safer when getting
closer to exits. Furthermore, the feeling should be a
vector that has the ability to describe the direction of
the hazardous event. Fig. 3 shows an illustration of
this simple observation. It is indicated that, the
emergencies with higher hazard levels have higher
probability to jeopardize the users and the exits with
higher  evacuation capabilities yield higher
probability for users to getevacuated. Inspired
by the observation, were mark that any
function can be used to represent the hazardous
threats, as long as it is reversely proportional to the
Euclidean distance between the emergencies.

Obviously, the hazard intensity satisfies
superposition principle. In other words, the hazard
intensity at point p induced by multiple emergencies
and exits is the sum of the responses that would have
been caused by each stimuli separately.

Hazard Potential: The hazard intensity reflects only
an instant feeling of the user, which is not enough to
quantify the hazard of a single point. To this end, we
introduce a function called hazardous potential 10(p),
which\ represents the total hazardous intensity one
user has starting from infinity and ending at point p.
We choose infinity as a common reference point to
evaluate the hazard potential in different spaces.
Therefore, we define the hazard potential ®(p) of
point p as follows: ®(p) =Zp oo —— 1 (1)dl (2) The
hazard potential describes the cumulative hazard
intensity that the user should take when moving from
p to infinity. Accordingly, the difference of hazard
potential ®(p)—d(q) between points p and g can well
measure which point is more dangerous to the user.
Specifically, a positive value of the difference of
hazard potential indicates a higher chance of the user
at p to be harmed than at q. Therefore, the hazard
potential can be used as a tool to quantitatively
measure the amount of hazard of a single point.

3. Path Hazard Metric and Safest Path

Armed with the definition of single point
hazard, we are now able to define the hazard potential
field in a continuous space, which plays an essential
role in finding the safest paths for trapped users. A
hazard potential field ® in a continuous space R
satisfies VO(p) = I(p) (3) According to Gauss’s Law,
the potential field ® satisfies Laplace’s equation [22]:
Vi(p) = V20 =0 (4)

Note that the function satisfying Laplace’s
equation is called harmonic function and has the
mean value property. Mean Value Property: If
B(p,r) is a ball with the center at point p and the
radius of r in the open space R, then the value of @(p)
at the center of the ball is given by the average value
of @ on the surface of the ball. In addition, ®(p) is
also equal to the average value of @ in the interior of
the ball. Accordingly, we have

®(p) =1 B(p.1)|ZB(p,r) ®dd (5) where B(p.r)| is the
volume of the ball in R and 6 is the surface measure.
The mean value property implies that the hazard
potential of a point in R can be easily calculated with
information of the points within a disk of an arbitrary
radius r. This property naturally fits the well-known
unit disk graph (UDG) communication model [23] in
WSNs. Thus we can take advantage of the mean
value property of the hazard potential field to solve
the proposed safest path planning problem in a fully
distributed manner, by utilizing only the information
of node’s one hop neighbors.

4. Shortest Situation Aware
Emergency Navigation

We are interested in finding the safest path
from an arbitrary point p € Pn to an appropriate exit
pj e € Pe. The primary challenge of such problem is
to choose the safest path among huge amounts of
paths, which start from p and end at pj e. So in the
first step, we have to design a path hazard metric to
quantify the hazard of a path. As we discussed
before, the location of point p is more harmful to the
user than that of point q if ®(p) > ®(q). Intuitively,
the hazard of a path can be quantitatively measured
as the maximum hazard potential of the points on the
path. Therefore, we can define the hazard of a path C
as D(C) = max {®@(p)|,p € C} (6) Our objective is to
find the safest path C+ from point p to point pj e, such
that the maximum hazard along the path is minimum,
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i.e., C+ = argmin C D(C) (7) Although we have this
guideline to select the safest path among all possible
paths, we still face several problems to implement it
in discrete WSNs where many constrains are needed
to be considered.

Conclusion

The 45% where the shortest path algorithm
exceeds the ACO which is attributed to not yet been
implemented evaporation of the pheromone, the
pheromone amount in nature may to remain a few
hours to several months depending on different
aspects, such as ant species, soil type, causing a
minor influence on the effect of evaporation in the
process of finding the shortest path. Due to the long
persistence of pheromone, it is difficult for the ants to
“forget” a path that has a high level of pheromone but
have found a way even shorter. Keep in mind that if
this behavior is transferred to the computer to design
a search algorithm sometimes it can converge quickly
to the local optimum. The proposed system shows the
results of the trial are presented. shortest situation-
aware emergency navigation by considering a more
general and practical problem, where emergencies of
different hazard levels and exits with different
evacuation capabilities may coexist. The first model
the situation-aware emergency nhavigation problem
and formally define the safety of a navigation path.
The propose a fully distributed algorithm to provide
users the safest navigation paths, as well as an
accelerated version that can significantly boost up the
speed of the navigation.
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