
  

  
Abstract—Since the population density grows in metropolis, 

more and more people lose their lives in case of disasters. In 
order to locate and save these people, communication tools are 
essential. Therefore, the importance of communication is 
increased recently. Systems such as Global Positioning System 
(GPS) are not consistent enough to locate and save a person on 
time. We have developed a system that allows cellular phone 
users to communicate directly, in a very short time. We use 
frequency-division multiplexer (FDM) together with 
time-division multiplexer (TDM) to give all the users enough 
time to communicate. In this architecture, each person who 
desires to make phone calls in case of an emergency would be 
able to establish calls with a round-robin algorithm. The system 
is also able to adjust the time limit for the users. 
 

Index Terms—Emergency communications, bandwidth 
allocation, adaptive systems.  
 

I. INTRODUCTION 
Communication becomes highly crucial when there is an 

emergency situation e.g. earthquake. However, there are a 
number of reasons that make people unable to communicate 
with each other. In these cases, the lack of communication 
causes many life losses [1]. Moreover, investigations show 
that half of the deaths occur within the first two hours of the 
disaster [2]. The most common way to be informed about the 
status of a person is cellular phones. Especially, when an 
earthquake strikes, there are several major problems about 
mobile communications [3]. Unfortunately, for each operator, 
there is a limit for simultaneous communications. Hence, 
several methods were developed to avoid lack of 
communications. In 2002, Meissner et al. pointed out the 
difficulties of designing a system for disaster communication 
in The First IEEE Workshop on Disaster Recovery Networks 
[4]. In the same conference, Midkiff et al. presented a novel 
system for disaster and emergency response [5]. Those 
presentations contained the information that there are great 
challenges for developing an adaptive system. In 2007, Rao 
et al. investigated the methods for using IT in emergencies [6]. 
In 2008, a system that uses GSM backhauling is developed in 
order to allocate more bandwidth for the area of disaster [7]. 
In 2011, Duressi et al. developed “an adaptive architecture 
for ad hoc communications to be used in emergency 
conditions” [8]. All approaches so far are concerned about 
either manipulating the bandwidth of the cell-phones, or 
using ad hoc mode to determine the location of another 
person. Furthermore, GPS is erroneous about 50m (164ft) 
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horizontally and about 100m (328ft) vertically [9]. In our 
approach, we set time limitations for each user, which allow a 
huge number of users to communicate when used with the 
approaches described in this paper. Notice that, the best 
location information can be provided by a person. If the 
person is alive, (s)he may describe if (s)he is effected by the 
disaster. If so, a person’s description would be more precise 
and powerful than any system. It is obvious that in case of 
emergency, more than usual number of people try to make 
phone calls to their friends and relatives. Since the cell phone 
networks use time-division multiplexing (TDM), when the 
limit is reached, no more users are able to make phone calls. 
However, in case of a disaster, intuitively, a person who is 
able to make phone calls, would not desire to end the call. 
This situation is the main reason for lack of communication. 
If an operator has the capacity of serving at most U number of 
users, another user will receive the server busy tone. Our 
system avoids unnecessarily long communications using 
frequency-division multiplexer (FDM) together with TDM. 

 

II. SYSTEM ARCHITECTURE 
Cell phone communications are continuous. FDM 

technique is used for mobile phone communications. In 
emergency situations, such as earthquake, the main issue is 
congestion. Since there is no time limit for users, when the 
total frequency bandwidth capacity is reached, no more users 
are able to communicate. In some cases, communication may 
be essential. However, when there is a scarcity, users do not 
want to end their communication. Since the cell phone 
operators do not use Time-Division Multiplexing, most of the 
users are not able to communicate in an emergency. In our 
paper, we design a system that is adaptive for congestion 
using both FDM and TDM, allowing all the users to 
communicate with each other in a short time. 

Consider that the total bandwidth of a mobile phone 
operator is B and each user needs A amount of bandwidth 
allocated in order to make phone calls. That means the 
operator is able to serve at most /  number of phone calls 
at a time. Consider that an average user uses bandwidth for T 
seconds. That is, with full capacity, seconds are needed for a 
group of users to finish their calls on average. Consider that 
there are U numbers of user pairs, who desire to make a call, 
it takes seconds for all the users to communicate. That is, 
usually, in case of emergencies, more than usual number of 
users desire to make calls. Here, we use TDM to limit the 
time that two users communicate.  ×                                             (1) × =  × × =                        (2) 
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There is a protocol that prevents a user to continue talking 
in each operator. If one uses credits, he/she cannot keep 
talking on the phone when their credit is over. If one uses 
billed tariff, the operator blocks the calls when the due date 
for bills is reached. Our purpose is to use this protocol in 
order to prevent over-usage of an allocated bandwidth in 
emergency situations. 

Consider that every user has L seconds to finish the call. If 
they do not end the communication, the operator will cut the 
line. As a result T is replaced by L in the equation. Hence, the 
equation becomes                                               (3) 

For sake of simplicity let us say that =                   (4) 

and =                                       (5) 

Notice that  denotes unlimited calls and  denotes 
limited calls. Hence, by using (3) and (4), we can say that =                     (6) 

In (3), UAL/B seconds are enough for all users will be able 
to inform each other. To be more precise, consider that an 
operator has 60 million users and at most 500 thousand user 
pairs can communicate with each other simultaneously. That 
is, = 5 × 10                               (7) 

Consider that each phone call continues 100 seconds in 
average.  = 10                                      (8) 

Even if one of every six user desire to make phone 
calls(that is 5 million pairs). That is, seconds to serve all the 
users. That is 1000 seconds, approximately 16.6 minutes. 
Also, notice that there is no queuing system in cell phone 
operators. Hence, if any user fails to make a call, he/she 
should continuously try until a pair of user ends their phone 
call. This brings up energy problems (batteries last shorter 
when a call is attempted) besides the communication 
problems [11], a system for time limitations would not be 
sufficient to solve both problems. A user still can run out of 
battery trying to establish a call. = 5 × 10                             (9) 

Thus, by (3), it takes 

× ××                                       (10) 

In order to prevent the situations described above, we use a 
queuing system besides time limitations. First, consider that 
we use 10 seconds of time limit, that is L = 10. Hence, C /C = 10 , by (6), when considering the example case 
described above. That means it takes 200 seconds for all users, 
who desire to make calls, to communicate. Consider that all 
of the users of the operator try to make phone calls (60 

million users, 30 million pairs), with 10 seconds of time 
division, by (3), it takes 600 seconds, that is 10 minutes. With 
a simple queuing system, users will be informed about the 
waiting time and will not continuously try to establish a call. 

A. Multiplexing Algorithm 

 
Fig. 1. FDM. 

 
Fig. 2. TDM. 

 
Fig. 3. FDM with TDM. 

 
In Fig. 1, we show the current multiplexing of cell phone 

operators. There are four users who are able to make phone 
calls (Users 1 to 4). Besides, there are four more users who 
are hearing the operator busy tone (Users 5 to 8). There is 
only one way for any of the waiting users to establish a 
connection. That is, at least one of the four communicating 
users ends their phone call. Fig. 2 represents TDM where 
users have a time limit. When we use TDM, within the same 
period, all users are able to communicate with each other. Fig. 
3 shows our system, which uses both multiplexing techniques, 
and also a queuing algorithm. Within the same period, all the 
users are able to communicate four times. 

B. Queuing Algorithm 
The queuing system steps in when the capacity of the 

operator is full and more users try to establish phone calls. 
Notice that, some mobile numbers are defined as emergency 
numbers and those numbers will have no time limits or more 
time limits than the ordinary users. 

while the capacity is not full 
do 
 establish connection 
end while 
 
while any user U tries to make a call 
do 
 add U to queue 
end while 
 
while queue is not empty 
do 
 serve the next user 
end while 
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C. Call Ending Algorithm 
Meanwhile, there is another algorithm that runs during the 

phone calls and ends the call when the time limit is reached. 
When a user is dropped, the system automatically appends 
that user to the queue. Thus, the system prevents continuous 
call attempts. The call will be automatically established when 
there is an empty slot.  

for each call in progress 
simultaneously do 
 if any user U exceeds time limit 
 then 
  end call 
  add U to queue 
 end if 

D. Time Slot Determination 
It is obvious that, after people are informed about their 

relatives, there is less number of users who want to 
communicate. Therefore, people who need more time to get 
informed, or have not been informed yet, might use more 
time after a while. The system does not allow unnecessarily 
long phone calls, but if the number of users is small, it would 
be redundant to have a very short time limit, as can be seen in 
Fig. 3. In this case, both the system and the users are 
unnecessarily busy. In this case, we have a number of 
options.  

The first solution is to remove the time limit. That option is 
applied if the average for a user to end a call is less than the 
time limit. That is, the value of formula (6) is less than 1.  

The second solution is to extend the time limit. When we 
set a value α, and the value of (6) is between 1 and α, we 
apply the second solution. 

 

III. CONCLUSIONS 
We have developed an adaptive system that goes online in 

case of disasters and emergencies. The system manipulates 
multiplexing strategy of cellular phone operators. The system 
is also enterable. It does not prevent localization techniques 
developed before. Moreover, it makes people available to 
describe their location, which is more accurate than any other 
localization technique. Setting a reasonable time limit helps 
people to get informed about each other and prevents 
unnecessarily long phone calls, hence the congestion and 
service unavailability. Using a queuing algorithm would 
prevent continuous call attempts. Moreover, dynamically 
changing the time limit would prevent unnecessary number 
of disconnections between users.  
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