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Abstract—Over the last decade, many researchers have focused on Mobile 
Ad Hoc Networks as the main communication method in disaster recovery situ-
ations. In these researches, there has been marginal focus on the mobility pat-
terns of nodes in disaster recovery scenarios. In this paper, a deeper analysis has 
been performed on some of the main mobility models used in testing new pro-
tocols and a new mobility model is proposed to incorporate some neglected fac-
tors concerned with disaster recovery situations. 
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1 Introduction 

Managing disasters and emergency situations requires accurate and precise mes-
sages delivery, on which sensitive decisions making in such scenarios depends [1]. 
Since most of the infrastructure of any communication is eradicated by the strike of 
the disaster, this can affect rescuing missions and recovery which are timely critical. 
The alternative should be planned and set for managing the post disaster situations 
and emergency issues. 

Disaster perspective, is how people look at the disaster and what they believe that 
is most critical to be managed after the disaster, which affects the parameters that are 
chosen and taken into consideration in such situations, this can affect efficiency of 
disaster management which supposed to minimize losses in lives [2]. 

Communications play a key role in disasters recovery and emergency management 
situations. Ad hoc networks are infrastructure-less networks which make the main 
focus of researches is how to implement them in disasters recovery areas.  In order for 
the study of disaster recovery situations to be more realistic and of higher credibility, 
the mobility model that describes node movement in the network area should be rep-
resentative and reflects such scenarios. This is the motive behind the proposed model 
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for Ad hoc networks that will be used as a model in decision-making in such situa-
tions [3] [4]. 

2 Related works 

Disasters and emergency cases, such as hurricanes, earthquakes, attacks...etc., can 
be hardly predicted, moreover their severity can be hardly estimated [1]. Post man-
agement for emergency and disasters can be critical for the evacuation and rescuing, 
or any other process related to the recovery.  

As an infrastructure-less network, MANETs are the best choice so far for such cas-
es. Though their performance degrades in the case of end-to-end paths. The multipath 
routing protocols serve as a method to enhance the performance of the communica-
tion networks in such situations [5]. However, in disastrous situations, such protocols 
are considered to be complex due to the metrics of performance such as delay time, 
reliability of communication, the consumption of power and other metrics that make it 
difficult to build a system to solve management problems in such scenarios [6]. 

In [5] a MANETs multipath routing protocol was presented on the base of the bio-
logical attractor selection scheme, in which the author stated that this way could im-
prove and enhance the flexibility of the network and make it adaptable to the dynamic 
changing environments. This has appositive effect on the packet-delivering ratio and 
on the overall performance and throughput. 

COMVIVOR is communication framework for survivors in disaster or emergency 
situations, which considers the strategy of smart positioning to increase the speed of 
the information spreading process. This framework aims at positioning the special 
nodes in a better way to improve the propagation. The model shows that the smart 
positioning enhances the dynamics of propagation [1][7]. 

Most of the published work on disaster recovery using MANETs have tested net-
works using random mobility models. Random Waypoint is an example of these 
models. Besides being unrealistic, random mobility patterns do not accommodate the 
special conditions and limitations that are present in disaster areas. Hazards and life-
threatening factors do not participate when designing node mobility. Results extracted 
using random, uncontrolled and none calculated movement have less significance and 
are unable to represent enough indicators to help decision makers. 

Moving into a threatened area of the network has significant impact on the availa-
bility of the nodes and hence effect the continuity of network functions. Moreover, 
even if the node is not shut down by external factors, the performance levels of nodes 
are highly threatened to be compromised by external factors such as heat and humidi-
ty, which are major factors that can jeopardize any electronic device. 

Defining a special mobility model for such scenarios has major effects on many 
other aspects of networking. For instance, any new proposal for routing mechanisms 
that aim for disaster recovery cannot be evaluated properly under the commonly used 
mobility models such as Random waypoint model. The assumption of random loca-
tions of nodes is a critical issue that can significantly affect the efficiency of routing 
and rout cost calculation. Therefore, the proposed model intendeds to be more realis-
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tic and hence, produces more reliable routing decisions. In addition, the proposed 
mobility model increases the predictability of node locations in a way that can simpli-
fy route selection by knowing node location and cell business in advance. 

Another possible area of enhancement by using the proposed model is media ac-
cess control. By the definition of our model, contention levels are easily obtained by 
cell weight. As per the explanation of the basic functionality of the mobility model, 
the cell weight depends on the number of nodes in the cell alongside with other fac-
tors. Therefore, knowing the cell weight is usable as a decision making factor so that 
the media access control mechanism takes the cell business into account when decid-
ing giving turns to nodes to use the channel. This is particularly true if nodes are clas-
sified according to their significance as senders in the network. 

In another scenario, many studies have proposed frameworks and algorithms to 
transform the GPS maps into digital representations, in which to help in the emergen-
cy cases and disastrous situations, such algorithms suffer the consuming of time, 
where time is a very critical factor in evacuating or rescuing processes, plus the time 
and memory space required to save the data and analyze it [8].  

Data collection and delivery is a critical issue in emergency cases, for this purpose; 
many studies have proposed frameworks and algorithm to minimize the delay of in-
formation transmission and enhance the data collection process. Opportunistic net-
works and Data tolerant networks were used for this purpose. In [9] the deployment of 
opportunistic protocols in disaster situation was analyzed. On the other hand an in-
formation system was proposed to handle sever failure in a disaster case with the 
existence of cloud computing [10].  DistreesNet is a wireless sensor network that has 
the ability to provide data collection in emergency cases [11]. 

Not only the delay of data delivery is caused in emergencies, but also the compu-
ting requirements to generate maps are relatively high. In [7], a system to generate a 
map for pedestrians in disaster situation was proposed. In which the collection of data 
and sharing messages without end-end networks, that doesn’t rely on cloud compu-
ting.. 

3 Proposed Model 

In any emergency, the need for communication increases significantly. Thus, this 
paper presents a model to help enhancing and repairing the destruction in the network 
and communication channels, using Ad Hoc Wireless Networks. 

Main objective behind this model is to help the recovery and minimize time needed 
to reach the totally destroyed areas, since using an end-to-end will cause congestion 
and high load on the same paths available. Moreover this increases power consump-
tion and increase delay time.  

A disaster area is treated as an empty and open-space area. This assumption is be-
hind the oversimplified scenarios when studying disaster recovery situations with 
MANETs. A deeper look at an earthquake area reveals that many factors should be 
taken into account. The aftershock of the earthquake should be analysed in a way that 
excludes the weak areas that are more likely to be hit again should are given smaller 
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levels of acceptance as candidate residency option. On the other hand, regions that 
have higher accessibility from outside the area are the best choices and should have 
higher acceptance. It is important to remember that this analysis can be done in short 
time in some cases, but it might not be feasible in the case of disasters. 

First, the proposed model will split the disaster area into grids. The area is going to 
be divided into a hexagonal grids, since transmission areas for the node is circular and 
the hexagonal is the closer shape to cover circular areas, and if the model is to be 
applied on mobile phones the hexagonal is the adopted shape for the cellular net-
works. After the area is divided, a path finding method should be taken into account 
to find the path that should be followed during node's movement in the disaster area, 
the nodes will be spread in the hexa-cells. 

 
Fig. 1. Area into Hexa- Grids 

Three common algorithms are known in finding the paths in such emergency situa-
tions: Breadth first search; this algorithm explores in all directions equally. The se-
cond algorithm is the Dijkstra’s Algorithm that seeks the lower cost paths by avoiding 
the blocked ways due to the disaster, the trees, enemies near places and others obsta-
cles.  Lastly,The A* is a modified algorithm of the Dijkstra’s. Where it was optimized 
for a single location. 

Using such algorithms to filter the locked neighbouring cells that are impassable. 
Due to destruction, the weight of such cells will be the least, to decrease the possibil-
ity of entering those areas.  A heuristic function can be applied to find the distance 
between two grids “areas”.  

Each grid cell has a weight that represents the priority of that cell. This weight will 
help the nodes to decide their paths and where to move in the destroyed area, the 
weight value will depend on the ability to use the grid cell, in other words if this place 
is safe to enter or not.  

In order to decide the weight of any cell, the range of possible values depends on 
the factors that matter the most. For instance, the importance of the cell in reference to 
the area of the disaster is a major issue. For example, it might be beneficial to know 
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the parts of the area that must be covered and, if possible, to cover them with a larger 
number of nodes to support higher rates of data transmission. In the case of this work, 
the weight depends on the desired number of nodes in any cell. For example, if a 
maximum of N nodes is desired, the range will be [-N … N]. The weight will be set in 
both negative and positive values, the range proposed for this model falls between -10 
to +10. In this case, 10 nodes or less is the desired crowd. 

Figure 2 shows the cell A is crowded, cell B is not crowded yet and can have more 
nodes, the grey represent the impassable grids. 

The propagation of the nodes will start according the following: 
A parameter that is defined as desired number of nodes (i.e. name of the defined 

parameter D). Figure 3 shows how the process works, where W= Weight of the cell 
that the node is approaching or considering for routing and positioning purposes. D = 
the desired number of nodes. 

At any given time, each node in the cell has a copy of the weight value. Having 
this value stored in each node has many advantages; one advantage is that this value 
will never be lost since all nodes have it. This is a very critical point since there is not 
central management in the network. The other advantage is that the value can be ob-
tained by a simple communication with the nearest node inside the cell. 

For the second stage, after the nodes take their places according to the cell weight 
in the grid, there should be a re-weighting algorithm that works in the case of new 
disaster shock or new emergency situation later after the first strike. In this case each 
new node enters the cell should send a broadcast message to the first hop neighbors. 
Upon the receipt of this broadcast, the weight value in each node should be reduced 
by 1. After that, the value of weight is copied into the new node as well. In this case 
when the number of nodes increases in the cell the weight of the cell shall decrease in 
order to keep minimum nodes crowding in the cell. 

To summarize the basic functionality of nodes in order to implement the proposed 
mobility model, Figure 4 shows the main steps. 

 
Fig. 2. Nodes in hexa Grid cells 
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Fig. 3. Proposed Model 

 
Fig. 4. Area into Hexa- Grids 
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4 Conclusion 

The proposed model enables the network to propagate the nodes into the disaster 
areas according to grid cells distribution. This is done with priority given to each cell 
as a leading value for the nodes to spread accordingly. This enables the Ad hoc nodes 
to repair any distortion or interruption in the communication channels in the disaster 
areas. In which should help in the recovery and rescuing in such areas. 

For future directions, the model will be prepared using networks simulation, taking 
into account street maps representation. Moreover, the mobility model will be incor-
porated into different routing mechanisms to evaluate it role in improving perfor-
mance levels. Finally, the model shall be used with media access control protocols to 
reach higher performance and fairness in channel sharing. 
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