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Abstract—Generally, when an earthquake occurs, rescue
operations cannot be effectively conducted timely due to the
interruption of communications. This paper proposes a novel
communication approach, wireless mesh network (WMN)
communication, which can provide network access for
emergency rescue services after the earthquake to satisfy the
communication requirements of rescue work. Simultaneously,
when the wired networks or mobile networks have been
recovered at a later time, rescue workers could also connect to
the wired network or mobile network to provide continuous
communication services. Two typical wireless mesh network
topologies are designed and simulations are performed
respectively. The performances of different business
deployment in WMN are analyzed. Respective application
areas of different topologies are pointed out.
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INTRODUCTION

A strong earthquake could damage undersea cables,
cutting off phone and Internet services, therefore
communications can be interrupted under most
circumstances. Sometimes the networks are completely
destroyed, many phones could not be connected to the
network and the outside world could not understand what
happened in the site of earthquake, so it is very difficult to
carrying on the rescue work.
Accordingly, communicating with the outside world is
a very important way to shorten rescue time and to improve
rescue quality. By analyzing the existing features of
communication, especially the difficulties of earthquakespecific communication, this paper proposes to take wireless
mesh communication networks combining with emergency
vehicles once the original communication networks are
severed or could not be used. Two typical wireless mesh
networks topologies are designed for the proposed WMN
communications in the earthquake area, and the simulations
are performed respectively.
II.

BACKGROUND AND RELATED WORK

Earthquake-site is in mal-condition, and it is difficult to
access the network in remote areas. If the existing network
is damaged, it will take a long time to fully repair the
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network. After the earthquake happened, communications
with the rear center can not be interrupted evidently.
Therefore, the site of a disaster needs fast and efficient
network configurations, high-frequency exchanges of
information with the outside world, so that rescue workers
could learn more about the situation. Rescue task urgently
requires to communicate with outside world various
information, including text, image, audio and video, etc. But
it is of great trouble to predict the network environment in
the disaster areas. So it is evidently necessary to establish a
reliable network connection between the command center
and the earthquake site.
UCSD (University of California, San Diego) has research
on an emergency wireless mesh network, and achieved some
results under the support of NSF (National Science
Foundation) [1], which focused on the research of system
bottlenecks, justifying that the large number of small packets
consume system resources worse, when providing more
transportation for big packages. AIT (Asian Institute of
Technology) has participated in the long-range wireless
mesh network based the satellite and Wi-Fi network [2]. The
literature [3] provided a crisis management system in the
emergency situations, and analyzed some related
performances.
III.

WIRELESS MESH NETWORK COMMUNICATION

A. Wireless Mesh Networking Analysis
A WMN is dynamically self-organized and selfconfigured, with the nodes in the network automatically
establishing and maintaining mesh connectivity among
themselves. This feature brings many advantages to WMNs
such as low cost, easy network maintenance, robustness, and
reliable service coverage [4].
AODV (AD-hoc On-Demand Distance-Vector)
protocol is the routing protocol used in this experiment. A
source node initiates route discovery only when it has a
packet to send to a destination and it does not possess a
route. Routing tables only need to retain the routing
information which is necessary, and the routing information
is only retained in the path between the source nodes and
purpose nodes, so data packets only have to carry the
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destination address, which can save a great deal of
overhead.
Two typical designs are shown in Figure 1 and Figure
2. The specific network can be expanded on these bases.
Figure 1 for the circle topology, and Figure 2 for the chain
topology.
Wireless Mesh networks are easy to deploy, we could
build AP according to the situation for users to access
network at any time, and its unique multi-routing features
could enhance the network's flexibility and availability, soit
is faster than that compares with repairing the damaged
communication circuitry. Therefore, as a solution to the "the
last mile" technology, Wireless Mesh networks could be
exploited on the site in the earthquake.

is NS-2.33, topology simulation size is 900 * 700m2, and
simulation time is 150 seconds. Communication nodes were
set to 10, 20, and 30 respectively.
The default values in NS2 are as follows: frequency is
914 MHz, Gt = Gr = 1.0, L = 1.0, ht = 1.5m, hr = 1.5m. Gt
and Gr are the antenna gain of transmitter and receiver, d is
the distance between transmitter and receiver, L is the
system loss factor that has nothing to do with the spread.
Wireless network interface of mobile nodes uses two
threshold (carrier detection threshold CSThresh and receive
threshold RXThresh) to determine whether to receive the
signal transmission in channel or not [5].
In this paper, simulation model is based on two-ray
ground. According to two-ray ground, the receiver power of
receiver Pr is:
2 2

Pr =

Figure 1. ring-topology of mesh

Figure 2. chain-topology of mesh

It usually is time-consuming to repair network
infrastructures, so we consider combining emergency
communication vehicles in this paper. The utilizing of mesh
networks could reduce the dependence in the
communication system and strengthen robustness of the
system significantly.
B. Simulation Analysis
A simulation platform is set in this paper based on NS2. The operating system platform is Ubuntu8.04, NS version
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In NS2, RXThresh is 3.652*10-10W, that is, Pr is
3.652*10-10W. So according formula (1), d is 250m.
According to the literature [5] interfering radius of launch
range is about 2.2 times larger than the radius of the launch,
which is 330m. Therefore, the distances between the nodes
in the experiment are not more than 220m.
In all configurations of the business, the mark TCP
express business model in the simulation is only FTP, and
beside that are combination of CBR and FTP. CBR
simulates real-time business, FTP simulates non-real-time
business. Three main factors that are taken into account in
this paper: delay, throughput and package delivery ratio.
Delay formula is as follows:
n
Delay = ∑ ( receive _ time − send _ time ) / n
(2)
i =1
Receive_time is the time when each package is
received, send_time is the time when each package is sent, n
is the total number of packages, the unit of delay is
second(s). Throughput formula is as follows:
time = end _ time [ n ] − start _ time
(3)
throughput = pkt _ byte _ sum [ n] ∗ 8 / 1000 / time
(4)
pkt_byte_sum[n] is the byte size of packages received,
end_time [n] is the time which packages receive, start_time
is the time which package send, n is the sequence number of
packages, the unit of throughput is kb/s.
1) Chain topology
Experimental platform for chain topology consists of a
gateway node and 6 router nodes, in which 4 nodes provide
service of access. Figures 3, Figure 4 are the results of
simulating. From figure 3 we can see that the average delay
is less than 0.5s, delay will increase as communication
nodes increase accordingly.
From figure 4 we can see the change of throughput is
not drastic, but because of the collision between the nodes in
initial period of communication, network traffic and the
throughput are not as high as the situation at nodes 10
compared to the situation at nodes to 20 and 30. The
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throughput of network is as stable as communication, which
means the network traffic does not increase infinitely in the
specific topology.

Figure 6. throughout of ring-topology

Figure 3. delay of Chain-topology

3) Analysis of different business or topologies
In this part we will analyze the packet delivery ratio
between mixed business and business only using FTP
mainly. The comparison between link topology and ring
topology will be analyzed also. Figure 7 and figure 8 are
configured in the chain and ring topology.

Figure 4. throughout of chain-topology

2) Ring topology
Experimental platform for ring topology consists of a
gateway node, 4 router nodes. Router nodes were placed on
the corners of the region in the ring.
Experimental results are shown in Figure 5 and Figure
6. From figure 5 we can see that the average delay is less
than 0.5s, and the delay will keep steady along, some
mutations points appear in the beginning of the business.

Figure 7. package delivery ratio of chain -topology

Figure 8. package delivery ratio of ring-topology

Figure 5. delay of ring-topology

In figure 6, throughput upgrades significantly as the
nodes increased. In the ring topology, the router nodes
dispersed relatively, the communication nodes are far away
from each other, the possibility of network congestion is
small, resulting that probability of routing interrupting is
low, so the gateway points in ring topology get more
business compared to the chain topology.

From the two figures we can see package delivery ratio
is relatively low in the hybrid business, just about 0.2. In
contrast with only using FTP business, the ratio of delivery
business is much higher, more than 0.9.
There are two reasons that can account for this
phenomenon: first, UDP flow does not have congestion
control and confirmation mechanisms and it does not
guarantee a reliable link. Second, UDP and TCP compete
with each other fiercely in the wireless channel, also all
resulting in the loss of a large number of packets.
Figure 9 and figure 10 are the hybrid business and only
using FTP business with the topology of the chain and ring
respectively. We can see that in the same condition, the ring
topology has a bigger delivery rate of the business from the
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figures. From figure 9 and figure 10 we can see all kinds of
delivery rate obviously in the mixed business; the business
delivery rate is higher in the ring topology than that in the
chain topology.
In the situation of only using FTP business, the rate of
business delivery is not clearly distinguished because TCP
congestion control mechanism has played a heavyweight
role. Retransmit-overtime and other factors lead to the
change of rate are small. In the hybrid business, as a result
of the UDP competition, the TCP transmission is limited, so
there are some obvious changes.

Comparison with UCSD’s result that the latter only
focused on the research of system bottlenecks, justifying
that the large number of small packets consume system
resources badly, and other papers are mostly from prospect
of the overall system, proposing some general frameworks.
But they didn’t cover the problems of the details of the
underlying network issues: such as how different network
topology structures impact on system performance, where
different network structures application to. In this paper we
use NS2 simulate above issues, and analysis performance of
different network topologies.
IV.

Figure 9. Package delivery ratio of mixed business

Figure 10. Package delivery ratio of FTP business

4) Summary of Simulation
Simulation analysis shows that the topology of the link
structure suits the scene in which traffic is small, but when
communications distance gets longer, the structure of the
ring topology is more suitable in the scene since
communication is intensive and has larger business.
Descriptions in the paper could fully meet the requirements
for the main applications which are non-real time business.
The real-time case is underway to develop. Simulation
analysis of different configuration of the business showed
that it is very important for system that deploys business
rational. Simulation of business analysis showed that the
various allocation of business could impact on system
performance largely, real-time business and non-real-time
business distinct clearly, competition between TCP and
UDP channels is obvious. So we should configure the
specific network based on specific business and use multichannel protocol. This is also the next step we will do.

CONCLUSION

The physical setting of the earthquake site is complex;
a single network access may not be able to meet the needs
of rescuing, so association of wired and wireless
communications is believed to be a viable way. Because of
its unique broad capacity of wide coverage and other
characteristics, we use wireless mesh network in the early
time, covering other blind spots where others can not be
achieved, then collaborative communication with each other
after the mobile communication or the wired
communication restore to a better situation. The situations
of allocation of different business were analyzed and
pointed out system performance were impact comparatively
by the allocation of business. This paper performed two
typical wireless mesh topologies and pointed out their
application areas. We mainly discussed communications in
the earthquake site, but it can also be extended to other
disaster sites, such as snowstorms, floods and so on. The
next step is to design safe, efficient, stable wireless mesh
network.
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