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Abstract. When a large-scale disaster occurs, the telephone network and the 
cellular phone network may not be able to be used because of the hardware de-
struction and/or congestion. The wireless ad hoc network is expected to be a 
means of communication in such cases because it can be configured without 
network infrastructure. One of the most important problems in the wireless ad 
hoc network is maintaining high connectivity by autonomous routing according 
to the movement of the terminals. Another important problem is reducing the 
power consumption of the mobile terminals because the power resource of each 
mobile terminal is limited. In this study, it is aimed to solve both these prob-
lems and try to clarify the relationship between the quantity of routing packets 
and the data arrival rate when packet transmission intervals are changed in our 
model by use of a network simulator. The parameter values of Ad hoc On de-
mand Distance Vector (AODV) protocol also changed to improve the network 
performance. Three communication scenarios termed the two-way communica-
tion, the one-way data delivery, and the browsing that could occur in disaster 
situations are used. 
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1 Introduction 

Recently so many earthquakes have been occurred all over the world. Especially, the 
great East Japan Earthquake on March 11th 2011 caused extensive damage including 
more than 18,000 people died or was missing, more than 38,000 houses were fully or 
partially destroyed, and the cutting of lifelines by not only earthquakes but also sub-
sequent tsunami waves. In the fixed telephone network, maximum about 1.9 million 
lines were out of service. In the cellular phone network, maximum about 29,000 base 
stations stopped transmitting/receiving. It took more than 40 days to fully restore both 
fixed telephone and cellular phone networks. In addition, the cellular network expe-
rienced enormous voice call volume (maximum 50 or 60 times as much as normal) 
and restriction of 70% to 90%. Text messages faced much milder congestion, with 
only a 30% restriction. However, text messages service could not be used in the disas-
ter area where the base stations were corrupted.  
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It was also estimated that more than 5 million people had difficulty getting home 
on March 11th 2011 mainly in a metropolitan area of Japan. It is important to provide 
necessary information for such people from the standpoint of secondary disaster pre-
vention.  

We have been researching the performance of a wireless ad hoc network that can 
function without infrastructure in order to provide a means of communication when 
the existing infrastructure cannot be used in a time of disaster. When the wireless ad 
hoc network is configured with only a portable terminal, a difficult problem arises in 
maintaining the communication route while corresponding to the movement of the 
user terminals. An additional problem is decreasing the number of sending packets to 
control the network because of the limitations of the power resources of the terminals. 

In this paper, we consider three communication scenarios that could occur in disas-
ter situations. They are termed two-way communication scenario, one-way data deli-
very scenario, and browsing scenario. Performance of the ad hoc network protocol in 
these scenarios is evaluated with a model that simulates an actual Japanese city.  

In the two-way communication scenario, we examine how changing the parameters 
of data transmission and routing affect the data arrival rate and the quantity of routing 
packets. In the one-way data delivery scenario, we analyze the effect of changing the 
data transmission interval on the data arrival rate. In the browsing scenario, we ana-
lyze the effect of changing the data transmission interval and the size of requested 
data size on the data arrival rate. It also examined how changing the parameters of 
routing protocols on the data arrival rate. 

2 Communication Scenarios That Model Disaster 
Communication 

We constructed three communication scenarios based on some actual service models: 
a two-way communication scenario, a one-way data delivery scenario, and a browsing 
scenario. In the two-way communication scenario, all terminals in the network can 
send and receive data packets. This scenario assumes the existence of real-time com-
munication means such as telephones and messaging devices, which can exchange 
text regarding safety confirmation in real time. Figure 1(a) shows a graphic represen-
tation of the two-way communication scenario. 

In the one-way data delivery scenario, only one terminal can transmit original data, 
and the other terminals in the network can receive or relay the data. Figure 1(b) 
graphically portrays the one-way data delivery scenario. This scenario assumes that 
disaster information will be delivered from the disaster headquarters to the victims.  

In the browsing scenario, an immobile terminal acts as an http server. Other mobile 
terminals act as clients. Figure 1(c) shows a graphic representation of the browsing 
scenario. This scenario assumes that disaster information will be delivered from the 
server in the disaster headquarters to the victims’ terminals on demands. It also will 
be available to assume that the SNS (Social Networking Service) is used to exchange 
information in the disaster area. 
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Fig. 1. Communication scenarios 

3 Details of the Simulation Model 

We constructed a “real city” model by simulating an actual Japanese metropolitan 
area, as shown in Figure 2. This real-city model uses thick lines to represent main 
streets (20 m in width) and thin lines to represent side streets (5 m in width). We as-
sume that a major street consists of two one-way traffic lanes and that a terminal 
moves along the left side of the major street.  In the case of a minor street, we assume 
that it has a two-way traffic lane and that the terminal moves along the center of the 
lane in either direction. The probability of a terminal turning in a particular direction 
at a given corner is decided based on the Manhattan model for city area propagation. 

To replicate an actual environment, the existence of buildings in places other than 
the major streets and the side streets is considered. In our simulation model, when one 
terminal starts to communicate, it first calculates the propagation loss between adja-
cent terminals based on their positions. If the propagation loss between terminals is 
less than 70dBm, these two terminals enable communication. The wireless ad hoc 
network is configured with such communication-enabled terminals. To calculate the 
propagation loss, we first make the line-of-sight judgment by considering the pres-
ence of buildings. If two terminals are in the line-of-sight, the propagation loss is 
derived by the formula of free-space propagation loss. If they are not in the line-of- 
sight, the propagation loss is derived by formula (1)-(3) below, which is the extension 
formula of free-space propagation loss taking into account the effect of diffraction. 
We set the maximum number of diffractions at n = 3. The line-of-sight judgment is 
done in two dimensions (directions of a horizontal plane), and the diffraction in a 
vertical direction is not considered. 

 20 log   (1) 

 
, 1,  0 (2) 

 , 0.5， 1.5  (3) 

We applied these scenarios and models to the network simulator OPNET ver. 11 and 
performed simulations. 
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Fig. 2. Real city model 

4 Simulation Result of Two-Way Communication Scenario 

Table 1 lists the parameters used for the simulation of the two-way communication 
scenario. The number of terminals is set to 100. Each terminal randomly decides a 
destination terminal and starts to communicate. The speed of each terminal is set to a 
random value of 2 m/sec or less, which assumes the usual walking speed. The trans-
mission data rate is 4096, 16384, and 32768 bits/sec. Data is sent with Constant Bit 
Rate (CBR) at intervals of 0.25 sec and 1.0 sec. The value of the Active Route Time-
out (ART) in AODV is set to 0.25, 0.5, 1.0, 1.5, and 2.0 sec. 

Table 1. Parameters for the two-way communication scenario 

Simulation Time 900 sec. 

WLAN Protocol 802.11 g / 11 Mbps 
Routing Protocol AODV 

Transmission Power 10 mW 
 

Variations in the number of routing packets affected by changing the ART in 
AODV and data transmission intervals were analyzed. Figure 3 shows an example of 
the number of the routing packets versus ART in the case of a data transmission rate 
of 32768 bits/sec and a maximum speed of the terminals of 0 m/sec or 2 m/sec. It is 
obvious that when the ART becomes longer than the packet transmission interval, the 
number of routing packets decreases. It is observed that the quantity of routing pack-
ets similarly decreases in proportion to the data transmission interval when even the 
amount of data and the maximum speed of the terminal are changed. 

The data arrival rate in relation to the amount of data was analyzed. Figure 4 shows 
an example of the data arrival rate in relation to the ART when the terminal speed is 0 
m/sec (meaning all terminals are fixed), the data transmission rate is 4096 or 32768 
bits/sec and the data transmission interval is 0.25 sec or 1.0 sec. At a rate of 4096 
bits/sec, a higher data arrival percentage is obtained with a data transmission interval 
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of 1.0 sec compared to 0.25 sec. However, when the rate is 32768 bits/sec, the data 
arrival percentage is higher in the case of a 0.25-sec interval than a 1.0-sec interval.  

Figures 5 and 6 show the same results as Figure 4 except for the difference in the 
maximum speed of the terminal, 1 m/sec or 2 m/sec, respectively. By comparing Fig-
ures 4, 5 and 6, it is clear that the data arrival rate for a maximum terminal speed of 1 
m/sec or 2 m/sec is lower than for a speed of 0 m/sec. This is due to packet loss 
caused by terminal movement. 

When the data rate is 32768 bits/sec and the maximum terminal speed is either 1 
m/sec or 2 m/sec, the data arrival rate with a transmission interval of 0.25 sec is not 
necessarily higher than with a 1.0 sec interval. However, when the transmission rate is 
32768 bits/sec, the difference between intervals of 0.25 sec and 1.0 sec is greater than 
when the transmission rate is 4096 bits/sec. 

 

Fig. 3. Number of the routing packets per ART when the data transmission rate is 32768 
bits/sec 

 

Fig. 4. Data arrival rate in relation to the ART when terminal speed is 0 m/sec 
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Fig. 5. Data arrival rate in relation to the ART when maximum terminal speed is 1 m/sec 

 

Fig. 6. Data arrival rate in relation to the ART when maximum terminal speed is 2 m/sec 

5 Simulation Result of One-Way Data Delivery Scenario 

In this simulation, only one terminal (sender) transmits data to all the other terminals 
in the network, which receive the data and in turn relay it to other terminals if it is 
needed. The parameters used for the simulation are the same with the two-way com-
munication scenario (as in Table 1) except the number of terminals, the maximum 
speed of terminals, and the data rate. The total number of terminals is set to either 50 
or 100. The maximum speed is set to 1 m/sec. The data rate is set to 4096 bit/sec. We 
conducted five simulations in this scenario. 

Figure 7 shows the average data arrival percentage of the five simulations in rela-
tion to the data transmission interval when the ART is 3.0 sec. 

It was shown that the data arrival rate improves as the transmission interval in-
creases. This means that lengthening the transmission interval can avoid the conges-
tion of routing data at the sender. The results also indicate that the data arrival rate is 
improved by increasing the number of terminals. 
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Fig. 7. Data arrival rate in relation to transmission interval when there are 50 or 100 terminals 

Table 2 shows an example of the data arrival rate when the ART is changed from 
3.0 sec to 0.5 sec. The data arrival rate is improved an average of about 5% by chang-
ing the ART. Table 3 shows an example of the average data arrival rate by changing 
the method of data transmission. We used two methods. One is simultaneous trans-
mission, in which the sender transmits data from source to all terminals simultaneous-
ly. The other is partitioned transmission, in which the sender transmits data to ten 
terminals at a time and repeats it at intervals of a few seconds. The ART is set to 3.0 
sec. It is clear that a high data arrival rate was not obtained even with partitioned 
transmission. However, the number of routing packets in the case of partitioned 
transmission is smaller than with simultaneous transmission. By decreasing the num-
ber of routing packet transmissions, power consumption is reduced. This is effective 
in saving power, and efficient communication is the expected result. 

Table 2. Data arrival rate obtained by changing the ART in the one-way data delivery scenario 

 1st 2nd 3rd 4th 5th Average 

Data 

Arrival 

Rate[%] 

ART 3.0 s 73.1 73.8 67.9 62.1 68.4 69.1 

ART 0.5 s 79.3 73.7 76.2 68.1 81.4 75.7 

Table 3. Avarage data arrival rate and average number of routing packets 

 Simultaneous Partitioned 

Data Arrival Rate [%] 69.1 65.0 

Routing Packet [Mbit] 517 350 

6 Simulation Result of Browsing Scenario 

In this simulation, only one terminal acts as an http server and all the other terminals in 
the network acts as http clients and sends requests to the http server. The parameters 
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used for the simulation are the same with the one-way data delivery scenario except the 
number of terminals, the data size and the request interval. The total number of termin-
als is set to 101 (one server and 100 clients). The data size from server to clients is set to 
4kbyte, 8kbyte, or 16kbyte. The request interval is set to 10, 30, or 60sec. 

Figure 8 shows the data arrival percentage in relation to the data request interval. It 
was shown that the data arrival rate improves as the request interval increases. It also 
indicates that the data arrival rate is worsened as the data size increases. However, it 
can be said that the effect of request interval on the network performance is larger 
than the data size. 

Figure 9 shows the data arrival percentage in relation to the number of clients (100 
to 300). It was shown that the data arrival rate is worsened as the number of clients 
increase. It is very important to keep data arrival rate high even in the case when the 
number of clients increase. When the number of clients increases, both number of 
hops from client to server and the number of routing packets increase. So, we propose 
to change AODV parameters (TTL increment, TTL threshold, and Net diameter) to 
restrain the number of hops. As in the table 4, AODV parameters are changed from 
default value to Rev. A or Rev. B.  

 

Fig. 8. Data arrival rate in relation to data request interval 

 

Fig. 9. Data arrival rate in relation to number of clients 
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Table 4. The value of AODV parameters 

 TTL increment TTL threshold Net diameter 

Default value 2 7 35 

Rev. A 1 6 35 

Rev. B 1 6 10 

 

Fig. 10. Average number of hops and data arrival percentage when the AODV parameters are 
changed (total number of clients is 100 or 200) 

Figure 10 shows the average number of hops and the data arrival percentage when 
the AODV parameters are changed as the table 4 when the total number of clients is 
either 100 or 200. It was shown that the network performance is improved by decreas-
ing TTL increment, TTL threshold, and Net Diameter. 

7 Conclusion 

We evaluated the performance of a wireless ad hoc network for constructing a net-
work that provides the means of communication in a time of disaster.  

We designed three communication scenarios and examined the effects of changing 
the network parameters on the data arrival rate and the number of routing packets in 
these scenarios. 

In the case of the two-way communication scenario, we concluded that setting the 
ART longer than the data packet transmission interval can reduce the number of 
routing packets.  

In addition, it is clear that in the case of a relatively large transmission rate that 
shortening the data packet transmission interval decreases packet loss.  

More efficient communication can be expected by setting the appropriate setting of 
ART and the data packet transmission interval according to the data transmission rate 
and the network topology. 

The one-way data delivery scenario clarified that the data arrival rate is improved 
by lengthening the transmission interval. It is also shown that the data arrival rate is 
improved by increasing the number of terminals. It is possible to communicate effi-
ciently by partitioning the data transmission from the sender. 
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In the case of the browsing scenario, it is shown that the data arrival rate improves 
as the transmission interval increase as in the case of the one-way data delivery scena-
rio. However, the data arrival rate decreases as the number of terminal increases be-
cause the number of routing hops and the number of routing packets are increased. 
AODV parameters are changed to improve the data arrival rate even the number of 
terminal increases. By choosing these parameters properly, it is shown that the num-
ber of routing hops is suppressed and the data arrival rate can be kept relatively high. 

In the actual disaster communications, it is important to choose the communication 
scenario and AODV parameters properly to achieve both high data delivery rate and 
low power consumption. Future tasks include development, implementation, and the 
performance evaluation of the application corresponding to such communication sce-
narios. 
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