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Abstract

Flying Ad-Hoc networks (FANET) are the extended paradigm of the mobile Ad-Hoc networks and,
perhaps, one of the most emerging research domains in the current era. A huge number of tangible
applications have been developed in this domain. The main advantages of such networks are their easy
deployment, scalability, and robustness. However, the sparseness of these networks is an inherent
characteristic that is known to be a bottleneck. The main objective of this work was to provide an
alternative solution for the intermittently connected FANET by considering the philosophy of the Delay
Tolerant Network (DTN) approach. To realize the functionality of the DTN protocols in a three-
dimensional (3D) space, a social FANET model is proposed. FANET nodes are supposed to have a sparse
node density. Fundamentally, the proposed DTN assisted Flying Ad-hoc Network exploits the DTN
routing and mobility features. The new mobility modeling for 3D spaces was re-engineered and tested
with well-known routing protocols to analyze the performance of the model based on node speed, density,
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buffer, latency, message overhead, and power consumption. The effectiveness of 3D mobility models has
also been compared against the one of classical models. The obtained results reflect a significant
enhanced performance of the suggested DTN protocol for sparse FANET in a social scenario.

Keywords: FANET, DTN, Routing, Mobility Model, Delivery Probability, Latency, Energy.

1 Introduction

Flying Ad-Hoc networks (FANET) are collaborative and organized collections of Unmanned Aircraft
Systems (UAS). FANET can be widely used to establish wireless network infrastructures in areas like
disaster-hit regions, control borders or lines of territories where there are no pre-established network
connections or suffers a complete shutdown due to an unexpected catastrophe. The node of a FANET is a
dynamic flying machine, mainly a fixed-wing drone or a Multicopter having Vertical Takeoff and
Landing (VTOL) capability. In the case of Multicopter, Quad and Hexcopter models are highly preferred
due to their high stability. The node does not have a human pilot on board, hence is controlled by some
autopilot unit, and powered through batteries of high charge density. Such drones can be built very easily
by means of open hardware design [1, 2], like the Ardupilot Mega, Multiwii, and Pixhawk drones. These
nodes can be manually or automatically maneuverable. In the case of the fully autonomous nodes, the
formation of swarms is very common depending upon the requirement of the topology and the pattern of
the mobility [3, 4]. Architecturally, a Flying Ad-Hoc network is a layered approach where the node is at
the bottom layer and is either a solitary or a cluster of multiple nodes. There are multiple possible node
formations; perhaps the most popular amongst them is the cluster of the node that includes a cluster head
which sometimes works as a master node. The UAVs in a swarm performs multi-hop communication,
where each node acts as hop count or a relay that forwards the data packet towards the next node
available in the queue. The forwarding of messages or data packets is predefined through several routing
mechanisms. At the physical layer, where the node performs its mobility and also do the data
transmission in the form of Wi-Fi (IEEE802.11 b/g/n) or Zighee medium, the fundamental control of the
data transmission and the routing of the data packet is, therefore, the job of the Medium Access Control
(MAC) layer, which acts just on the top of the physical layer. The MAC layer of FANET provides a
methodology where the layer is open for all nodes in the existing group of nodes. Therefore, there is a
high chance to occur the collision of data packets. To avoid such a situation, network models have been
proposed [5]. One of the most popular mechanisms is the contention based MAC protocol, where the
neighboring node competes to share through the random access. In the case of contention free technique,
the medium is not governed by the random access but synchronized by some scheduling mechanism. The
protocol like directional antenna based MAC provides the leverage in FANET structure to enhance the
end to end connectivity and bypass the difficulties of link failure. A novel approach of position prediction
based MAC protocol [6] can be addressed in this context, where the position of each FANET node is
predicted based on a GPS vector. Several network layer routing protocols have also been developed for
efficient routing of data packets. A topology broadcast based on reverse path forwarding protocol [7] is
another approach for the intra-cluster communication between two or more nodes. Intelligent UAV-
Assisted Routing Protocol for Urban VANETS [8, 9, and 10] is also a well-known research approach,
where searches for the shortest path through a UAV assisted routing protocol can be performed. For a
densely deployed FANET architecture, the greedy forwarding protocol [11, 12] is also applicable, which



optimizes the number of hops during the transition of the message from a source to destination. In this
case, the fundamental principle is to choose the geographically closest node for forwarding the message.
UAV Ad-Hoc network (UAANET) is another immerging concept [13], which is a subset of the standard
mobile ad-hoc network where is mainly emphasized the direct communication from UAV to Ground
Control Station (GCS) and from UAV to UAV as well. The primary disadvantage of such methodology is
the huge amount of bandwidth that should be dedicated for each UAV to communicate since as the
number of node increases, the communication requirements also increase. Cellular network based
communication has also been proposed in this context; however, it is highly expensive and never gives a
tangible solution. An Intelligent MAC (IMAC) [14], or hybrid MAC protocol, has also been developed
and works both in the network and MAC layer in order to ensure a better end to end delivery in an
IEEE802.11 interface. Beaconless Opportunistic Routing [15] is a geographical beaconless protocol that
imbibes multimedia dissemination with a Quality of Experience support. Strong emphasizes on the MAC,
Network layer protocol and their effects on the node mobility [16] have been given in a precise and
specific manner. Dynamic Source routing [17, 18] is another routing protocol, which is a classical
protocol and can be actively used in flying ad-hoc networks. In this case, the only drawback is the
massive packet latency due to the discovery of the multiple routes at a time. A Comparison of Stateless
Position-based Packet Routing Algorithms for FANETSs [19] has also been proposed, where the node can
be identified by its location, rather than based on its address, and the data packets get forwarded based on
their coordinates.

This study was developed to overcome the following well-known problems and disadvantages. A FANET
model with high node density has some major impact on several elements of the message transfer. If the
node density is high, the message overhead will increase. In most of the cases, buffer overflow is obvious
during the flooding of the messages. If the number of nodes increases, the cumulative energy
consumption of the model will also increase. It is also observed that for Ad-hoc networks the increasing
node density leads to degradation of data packets delivery and throughput and increases end-to-end delay
[20]. Therefore, in the specific applications, the use of FANET model with a high node density is not
preferable, especially in challenging tasks like wireless infrastructure networks in borders and lines of
control zones; building a network infrastructure over a vast ocean or a desert; the exploration and
establishment of a network infrastructure in an extraterrestrial zone, like the Mars surface, where the
payload of the space probe is a big issue and sparseness of node is a normal phenomenon. Therefore, the
main contribution of this work involves the redesign of the mobility model of the Delay Tolerant
Networks (DTN) that performs the mobility of the node in a three-dimensional (3D) space to support
FANET. The developed solution gives the direction for the thought of an alternative approach such that
the node of the FANET can exploit the inherent behavior of a DTN node.

The remainder of the article is organized in the following way: Section 2 presents a detail literature
review of the relevant and contemporary related work. Section 3presentsthe state-of-the-art concept
related to the DTN assisted FANET architecture and details the proposed extended mobility design in the
context of social FANET. Section 4describesthe experimental setup and presents the results analysis,
which was carried out based on performance metrics; the performance of the redefined mobility models is
discussed. Section 5 involves the energy analysis of the proposed routing methodology and mobility
model. Finally, the conclusion is drawn in Section 6.



2 Related works

There are several developed works considering the mobility of FANET as the crucial issue to be focused
on. The architecture of the network is deployed in such a way that the nodes are dense enough and follow
some specific movement pattern within a specified geographical region. The simplest mobility pattern
that can be observed in a group of UAVs is the Zig-zag pattern, which is followed to perform, for
example, a raster scan image acquisition [21]. The most classical and perhaps fundamental mobility
models are the Random waypoint and Random walk models [22, 23, and 24]. The Random waypoint
model is a very common Entity-Based mobility model where each mobile node randomly selects one
point as its destination and travels towards this destination with constant velocity chosen uniformly and
randomly in[0, Vmax ]. Upon reaching the destination, the node stops for a duration defined by the ‘pause
time’ parameter (Tpause). After this duration, it again chooses another random destination and moves
towards it. A random walk can be considered as a special case of Random Waypoint model where the
pause time is zero. In this model, the nodes change their direction and speed after a certain time interval.
Each and every node randomly and uniformly chooses its new direction 6(z) inf0, 2z Jfor every new
interval t. Similarly, a new speed, v(t), is chosen uniformly in [0, Vma]. Thus, during any time interval t, a
node moves with the velocity vector (v(¢).cos8 (), v(t).sin 6 (¢)). If a node moves and touches the
boundary of the area under study, it gets bounced back to the interior of the area with an angle of 6(z) or =
— 6(t). The main challenge in such case is to enhance the mobility of those models in a 3D space
precisely.

A specific mobility model for disaster management has been proposed by Mukherjee et al. [25] where
two types of node are considered. The first category of x nodes among n nodes performs a random
movement by following Random waypoint and Random walk within a cluster that covers the disaster-hit
region, and the remainder n-x number of nodes will be at the cluster boundary and are responsible for
establishing the connectivity with GCS. Path planned mobility like Paparazzi mobility model [26] is also
considered as a stochastic model built upon the concept of the state machine and supports waypoint, oval,
scan and eight formations, where an aerial vehicle can choose a randomized speed. The Gauss-Markov
(GM) [27] model is another time space-based mobility model that takes the previous direction and the
speed to compute the new values in each iteration. The extended 3DGauss-Markov model [28], which
includes the additional z-axis, is also applicable to FANET mobility. Here, the third variable keeps track
of the pitch of the node with respect to the horizon. In those cases, the mobility of the nodes is predictable
and nodes are trying to make a permanent link between the network and GCS. Practical Swarm Mobility
has also been proposed by Li et al. [29] where the PSO algorithm is implemented in order to optimize the
problem by iteratively trying to improve the given candidate solution with respect to a given measured
guality. In this case, the movement of each node is highly influenced by its local positions as well as it is
guided into a better-known position within the search space and update that better location founded by
another neighboring node. They also proposed a group mobility model called Spatio-Temporally
correlated Group Mobility, fundamentally based on the Gauss Markov model [30]. The model emphasizes
the temporal property of trajectory as well as spatial correlation about the multiple UAVs that are able to
fly in a coordinated manner. In another work, Bouachir et al. [31] have made a comparative study
between Paparazzi mobility and Random waypoint mobility and have found a tradeoff between end to
end delivery and the delivery ratio. In another work, Radu et al. [32] give the direction to bridge up the
FANET application to a Fog System that could increase the potential chance of the rescue of mobility
form in a disaster-hit region. MP-OSLR routing strategy with standard mobility models has also been



suggested. Rosati et al.[33] have proposed a new routing strategy known as P-OSLR and compare it to the
standard OSLR strategy. They considered a GPS guided map based high-speed movement model and
analyze the performance of the routing only. Michael Le (2006) [34] addressed a UAV assisted
Disruption Tolerant Network focused mainly on the design and evaluation of routing mechanism for the
highly partitioned network. The considered scenario is a vast geographically separated region (two
islands) where there is no connection between them. The work addressed a real-life GPS information
trajectory calculation during route discovery and data forwarding. In another work, Mohamed-Ayoub
Messous [35] proposed a novel mobility approach that covers energy constraint, UAV network
connectivity as well as area coverage. The developed concept mainly emphasizes the mobility modeling
of the autonomous UAV fleet. The fellowship weight parameter o is the key to the proposed approach
which decides whether one UAV will follow its adjacent UAV node or not. The model is said to be a new
approach and achieve global convergence and fairness in comparison to two well-known models. The
concept of Last mile Tactical Edge Network (TEN)[36] tries to overcome the limitation of the resource
constraint equipment carried by the soldiers and has been highlighted in the form of software related
delay tolerant approach. The integrated communication device has the most suitable means of
communication and comprises mini UAVS, piezo-electric sensors and small communication devices that
not depends upon the infrastructure network like 4G/5G.Sanchez-Garcia et al. [37] proposed a PSO based
navigation for UAVs in a disaster like a scenario. The algorithm is able to perform faster trajectory
formation to identify victims, but it fundamentally considers an ideal mobility scenario where nodes are
frequently connected to victims, which is not a realistic approach. Karmakar et al.[38]introduced a
modified BFS technigque to design a message transfer protocol for AUV systems. Due to the high space
complexity (of about O(n')), this method will definitely suffer from high buffer usage, which is not
desired for FANET nodes.

The motivation of this work encompasses alternative mobility and routing solution for Flying Ad-Hoc
Network for the intermittently connected and challenged network, which sacrifices the performance in
term of message delivery, latency, node density, overhead ratio, and power consumption. To the best of
our knowledge, no such attempt of modification of FANET models has been proposed according to a
delay tolerant network perspective, which can be seen as the main novelty of this work. In addition to
that, this work is an effort to create a tangible solution that provides a wireless infrastructure for
uninterrupted Internet service, real-time traffic update, interplanetary and deep space network
infrastructure, to be used in weather forecast for those regions that are geographically separated with a
significant amount of distance and don’t have a good infrastructure to deploy Vehicular Ad-hoc
Networks.

3 DTN assisted FANET concept

The fundamental background of the FANET research is to achieve good message transmission speed,
reduce the transmission latency, optimize power consumption and improve the node mobility patterns.
The algorithms that have been proposed so far present good performances where the deployment location
is not enough vast and most of the nodes are in the line of sight with each other. The density of the nodes
in such case is also comparatively high. The communication from one node to another can easily be
performed in such a high node density; however, the real problem is the sparseness of the network. Since
there is a tradeoff between nodes density and the cumulative energy dissipation of entire FANET [39], in
a social scenario, like a big city where the different points have been separated by vast geographical



distance, the standard FANET routing protocols are therefore compromised. One solution is to increase
the number of nodes, but, by doing so; the performance of the network in terms of message overhead and
cumulative energy will be drastically reduced [40]. Under these circumstances, Delay Tolerant Network,
which is sometimes known as Disruption Tolerant Network (DTN), is the only solution through which the
data packet can be delivered with good performance, i.e. good Delivery Ratio, even when the network is
intermittently connected.

This work, therefore, addresses a DTN assisted solution for Flying Ad-Hoc networks where the mobility
pattern and the routing of DTN get mapped in Flying Ad-hoc network scenarios. The standard routing
algorithms use DTN assisted routing FANET where the mobility models take the vital role. The mobility
models, in this case, were redesigned to serve the purpose of the intermittently connected UAV nodes on
the fly.

3.1 Social FANET scenario

Social FANET is a group of UAV nodes that serves in a geographical region. The name social has been
used because there is an expectation that the nodes of the FANET will perform a synchronized and
collaborative task that mimics the social behavior of the system. The nodes have to ensure that they will
never interrupt the task of the other nodes and they perform the cooperative goal. In this architecture, the
nodes are intermittently connected with each other and perform opportunistic flooding or forwarding [41,
42] of the data packets. There are numerous flooding and forwarding methodologies reported in this
context. For example, the direct contact method where each node comes into direct contact with each
other to perform message exchanges. This method is supposed to be the degenerated cast of the
forwarding and uses only one copy of the messages at a time. Another example is the tree-based flooding,
which is similar to the diffusion computation technique and performs two-hop relay.

The most relevant protocol in the context of the social network scenario is the Exchange based routings
where message exchange plays a crucial role. In this approach, the most effective routing algorithm for
DTN was taken into account. The used routing strategy can be based on:

¢ Epidemic Routing: This is a classical routing strategy, perhaps the most simplified technique that
can be applied to a DTN environment [43]. The working principle of the routing scheme is:
1. Initialize the message and queued it in a buffer;
2. Assign an ID to the message;
3. If contact happens:
a. Exchange the list of ID as a summary vector;
b. Check summary vector for undelivered message ID;
4. Transfer undelivered messages.
This methodology takes the advantage of the physical locality and supports both non-random and
random movements of the nodes.
e Prophet Routing: This is a probabilistic routing protocol that uses history and transitivity
phenomena [44]. The fundamental working principle of the Prophet routing involves a metric
named delivery predictability P(X,Y), according to 0 < P(X)Y) < I, and computed among every
node X and each known node Y. This metric is then computed in such a way that a node having a
higher value for a specific destination will be chosen to be a better candidate to deliver the packet
to the destination. On the other hand, if P(X,Y) > P(Z,Y), then there is a better chance to send the



data packet from X to Y rather than Z to Y. Therefore, this protocol considers the following:

1. Each time nodes interact, the nodes exchange the summary vector and update their own
entry based on the identity of the other node and the following equation is used for
receiving:
P(X,Y) = P(X,Y)ora + (1 = P(X,Y)o1a) X Penc 1)
where Pencis a configurable encounter parameter.
2. If X meets more frequently with i, then there is a good chance to route the message
through X to i, then from i to Y, the destination. This is done based on:
P(X,0) = P(X,D)p1a + (1 —P(X,D)pq) X P(X,i) X P(X,Y) (2)
3. To manage symmetry, the DP value gets aged for all i with y, where y is a constant
aging factor, T is the time, and the used procedure is:
P(X,i) = P(X,0)o1a X ¥" 3
o Spray and wait Routing: In this case, the message is transmitted with two phases for L nodes
[45]:
1. Inthe spray phase, a number of L messages is forwarded, perhaps the nodes
receiving a copy to L distinct relay.
2. If it is unable to find the destination in the spray phase, each of the L nodes
carrying a single copy of the message performs the direct transmission.

¢ MaxPropRouting: The MaxProp Routing strategy is a novel approach to increase the chance
of delivering messages to the destination [49]. There are three fundamental tasks that have to be
carried out by MaxProp. 1) Neighbor discovery, 2) Data transfer and 3) storage management. The
core of MaxProp follows a peer list of messages based on the cost assigned. Here, the cost is
considered to be the delivery likelihood, and the adopted mechanism is given as:

1. Consider n as the number of nodes, each node i€ n keeps track of the meeting probability of its

peerj €n.
2. Set fji « lnl%,wherefjiis the connection likelihood 4
3. If i encounters j, then
flefi+1 (5)
4. Compute the cost c(i,i + 1, ... d) to each path possible along destination d:
c(i,i+1,..d) = T~ () (6)
5. Compute the cost of destination:
c(d) «low[c(i,i+1,..d)] 7

Besides a routing scheme, FANET also needs a proper mobility model selection to support social
structure. Since most of the existing DTN mobility modeling approaches upkeep movement in the two
dimensional (2D) space (x and y-axis), it is quite challenging to realize the actual FANET scenario in this
case. Thus, an enhanced mobility model is proposed to address the 3D space. Three typical movement
models have been considered here, namely: Random Waypoint, Random Walk and Shortest Path Map
based mobility with extended 3D navigation features. This work, therefore, is one of the newest attempts
to attain the DTN model in Flying Ad-hoc network ecosystem.

3.2 DTN assisted mobility design for FANET



Here, as already aforementioned, three fundamental mobility models were considered and applied for the
Flying Ad Hoc networks: Random Walk, Random waypoint, and Shortest Path Map based mobility
models, which are classical models used in this area [46, 47]. Additionally, it was exploited the
fundamental phenomena of those models to synthesize the modified model for 3D space. The
mathematical models of these three-movement models are presented in the following.

The random waypoint modeling in 3D space can consider a x b x ¢ cubic region and several random
variables can be defined in order to represent the creation coordinate of the waypoints where j node
chooses the movement period of i, which can be denoted by vector P; . With this convention, the
movement of the random waypoint model can be described as a stochastic process having discrete time.
Therefore, for each time period i, we have:

(P} ien, = B0 PR PS e ®)

If it is assumed that the node will choose the random velocity of V;to reach from P4 to P; with a pause
time Tp, then it can be written as:

{PiViTpi}ieNo = (PLViTp,) (P, V2Tp2)(P3 V3Tps)..... (9)

The value of the pause time is chosen from a random distribution fTy(zp) having an interval of [0,
Tpmax]With T4, < ©0. The velocity Vi is also chosen from a random distribution Fv(v) within the interval

[Vmin, Vmax]-

The transition length of the stochastic process is therefore addressed by:
j _ pJ pJ pJ pi
{Li}iEN0 = p},p/ P}, P} ..(10)

with, L= |

4

P - Pl | -y

4

The Random Walk model is fundamentally influenced by the Gauss-Markov modeling. This model is a
simple but effective mobility modeling that can be easily extended from 2D to 3D space. The limitations
in a harsh environment, like the limited transmission range of the airborne networks, can be easily
addressed with this model. The main feature of the model is that it is a memory based model having a
tuning parameter a. In this case, the Markov process is applied in a 3D space with Xn, Yn, Zn axis for n
number of nodes with 3D velocity vector computed as:

= @xpq+ (- a)x' + A - adx, . (12)
Yn=ayn1+t (1—a)y' + JA - a®yy,_, (13)
Zn=azZp+ (1— )z’ + (A - a?)z, . (14)

where a is the tuning parameter. The condition o = 0 implies a nonpredictable movement; hence the node
is movement is memoryless. On the other hand, when it is equal to 1 (one), the movement is predictable.
The direction d,, distance factor s, and pitch p, can be obtained therefore, using the following equations,
respectively:

dy= a.dpr+ (1— )d' + /(1— a?)d (15)

Xn-1



Pn = A.Pp_1 + (1 - a)p, + V (1 - az)pxn—l (16)

Sp= a.Spq+ (1— a)s'+ (11— aP)sy, | 17)
Finally, the velocity vector along the three axes can be obtained by the following expressions:
Ve = s cos(dy) cos(pn) (18)
vy, = spsin(dy) cos(py) (19)
V, = spsin(p,) (20)

In the case of shortest path map based mobility, the fundamental idea was derived based on the Dijkstra’s
shortest path finding algorithm. Hence, the movement path of each node is considered as a weighted
graph G =(V,N,w) with a cost function w:E — N that maps each edge (u, v) € Eto a non negative integer,
which implies a weight w(u, v) € N. The length function can be extended in w:V x V — N U {co}by
considering w(u,u) = 0 for all values of u € v, considering w(u, v) = oofor all (u,v) not belonging to E;
therefore, it is considered as a directed path XoeiX1€z....Xn-1€n,Where u = x, € Vtov = x, € V for graph
G =(V,N,w).Then, the length of path {L}is:
{L} = Zisaw(xion,x) - (21)

As the movement of each node is decided with the graph mapping, the domain of vertices involved in the
movement is small. The area of movement is defined using a specified map that mimics the property of
the graph. The nodes movements are defined according to the vertices point. Hence, the Dijkstra shortest
path algorithm can be used to predict the shortest path that each node should take to move from one point
to another. As the complexity of Dijkstra’s Algorithm is O(e log n), i.e. logarithmic time where e is the
number of edges and n is the number of nodes, the number of vertices involved in the movement
procedure is small and limited. Hence, this will yield a better a result as compared to other shortest path
algorithms that are available.

By exploiting the above mathematical model, the recreated mobility models can be outlined. The
modified Random walk model follows the Gauss-Markov rule as in Algorithm 1.

Algorithm 1: Random walk

1. Input:initial_range_x,initial_range_y,initial_range_z, and dx, pn.

2. current_x < current position in X axis;

3. current_y < current position in y axis;

4. current_z < current position in z axis;

5. min_distance < the minimum distance from one node to another;
6. max_distance < the maximum distance from one node to another;
7.n: number of nodes, o: tuning parameter, df > 0 to get sparseness.

8. Output: x_new, y_new, z_new;
9. begin

10. stepl:[Initialize the x,y,z position parameters]



11. X a X xna+(1-a)xx’+ V(I-a®) xn1 {a € 1 ; for better predictability }
12 yn€axyp+(l-o)xy + V(1-dd)yn1
13.  z€axznpi+(l-o)xz+ V(1-02)Zn1

14.  x <initial_range_Xx X current_XxxX

15. y <initial_range_y x current_yxy,

16. z <initial_range_z x current_z xz,

17. step 2: [Computing the distance]

18.  initial range d=q. dn1+ (1- ) d” + v (1- a?)xdn1

19.  initial range p=a. pra+ (1- @) p’ + vV (1- a?)Xpn1

20 df € o. dfpa+ (1- @) P +V (1- 0?) x dfys ; compute distance factor
21. angle_d € 2 x x x initail range d ; to get direction angle

22. angle_p € 2 x 7 x initail_range p ;to get pitch angle

23. distance < min_distance + initail_range x (max_distance — min_distance) + df

24, step 3: [Compute the new position]

25. X_new € X + distance x cos(angle_d)x cos(angle_p)
26. y_new < y + distance x sin(angle_d)xcos(angle_p)
217. z new &z + distance x sin(angle_p)

28.end

On the other hand, the random waypoint model takes a random initial co-ordinate in 3D space and starts
the movement from that location. Then, each and every time as it reaches to its target coordinate; it
simply takes another random coordinate in 3D space. Initially, the algorithm starts from the last updated
waypoint position, which is supposed to be the initial arming position of the node. The factor initial range
acts as a range factor for the navigation from the initial position to the final position, which must be
greater than zero. The high value of initial range results in a random coordinate that may scatter within a
large geographical distance. The new random coordinate position is computed by multiplying initial range
with the last updated coordinate value, as depicted by Algorithm 2.

Algorithm 2: Random waypoint

1. Input: coordinate x,y,z, initial_ranage;
2. Initial_coordinte_x < random (x);



3. Initial_coordinate_y< random(y) ;
4. Initial_coordinate_z < random(z);

5. Output: new_coordinate_x,new_coordinate_y,new_coordinate_z.
6. begin

7. stepl: [set initial position]
8. last_waypoint_x<Initial_coordinte_x
9. last_waypoint_y<Initial_coordinte _y
10. last_waypoint _z <Initial_coordinte z
11. step 2:
12. set initial_range>0
13. step 3: [Compute the new position]
14. new_coordinate_x<initial_range x last_waypoint_x
15. new_coordinate_ y <initial_range x last_waypoint_y
16. new_coordinate_z<-initial_range x last_waypoint_z

17. end

The third movement model is the shortest path map based movement and fundamentally works according
to the Dijkstra’s shortest path algorithm. It finds the shortest path amongst all reachable paths from the
source node and finds the most feasible path. In this case, we again have to initialize the coordinate with
the initial arming position of the correspondent FANET node. After that, for all nodes n, the unvisited
next coordinate is set to NULL. Therefore, all previous coordinates are set to NULL. Now, the previous
coordinate set and unvisited coordinate set are inserted into the queue. To find out the new coordinate, the
minimum weighted path has to be computed. In order to do that, the front element of the queue is
removed and stored into X1. Then, it should be compared with the alternate path, and if it is found to be
longer than the alternate path, then this path is ignored, otherwise is considered. The implementation is in
3D space depicted by Algorithm 3.

Algorithm 3: Shortest path map based movement

1. Input: coordinates x,y,z; n: number of nodes;
2. Output: new_path, new_coordinate_x, new_coordinate_y,new_coordinate_z;

3. begin

4. stepl: [Initialize the coordinates]



5. initial_coordinte_x<X;
6. initial_coordinate_y<y;
7. initial_coordinate_z< z;

8.step 2: forall n

10. Unvisited (initial_coordinte_x) < NULL

11. Unvisited (initial_coordinte_y) < NULL

12. Unvisited (initial_coordinte_z) € NULL

13. V1< [Unvisited (Initial_coordinte_x), Unvisited (initial_coordinte_y),
14. Unvisited (Initial_coordinte_z)]

15. X<&Previous_coordinate([initial_coordinate_x, initial_coordinate_y,-
initial_coordinate_z ])

16.V2&X
17. Queue< (V1,V2)
18. Distance (V1,V2) <0

19.step 3: [Compute the new path]

20. while not empty Queue

21. value(new_coordinate_x, new_coordinate_y,new_coordinate_z) < remove(Queue)
22. X1<value(new_coordinate_x, new_coordinate_y,new_coordinate_z)

23. For each Neighbor (X1)
24 Alt_path(x,y,z) €< Distance(V1,V2) + cost (V1,V2)
25. If Alt_path(x,y,z) <X1

26. new_path<Alt_path(x,y,z)

27. else

28. new_path< X1

29. previous(new_path) €<V1

30. Distance(V1,V2)€<new_path
31.  end while

32. end

4 Simulation Setup and performance analysis

The complete experiment was performed using the Opportunistic Network Environment (ONE) simulator
version 1.5.1 [48]. This simulator is an agent-based simulation engine that supports discrete events, and
whose main objective is to model the inter-node communication, node mobility, and message
management. The ONE simulator provides a realistic testbed for evaluating a real-life application of DTN
and mimics the convergence layer like Bluetooth, TCP, and UDP. The real-time integration from
simulation to emulation support can be easily performed and emulate most of the aspect of the DTN such
as radio link character, buffer storage constraints, mobility, and routing. Here, the idea of the FANET
modeling was to execute the performance analysis of DTN assisted Flying Ad-Hoc networks. The



simulation parameters were imputed as a script file in the format of ‘option = value’; these parameters
were chosen in such a way that the simulation mimics the most realistic scenario of a normal working day
in an urban or a rural region separated by a considerable geographical distance, where a node can serve as
an uninterrupted service provider of Internet, traffic updates and weather forecast.

Two crucial parameters that need to be addressed were node speed and node density. Hence, the impact of
these parameters on the message delivery probability was required to be carefully studied. In scenarios
like FANET, for example, where the nodes are far from each other and separated by a large amount of
geographical distance, these two parameters are the key factors to ensure the chances of successful
message delivery. In DTN, we mostly consider that the network is sparse. Therefore, an upper and lower
benchmark of the nodes number must be taken into account in the network for optimal performance of the
routing strategy. Some studies revealed that the increasing node density impacts in a reverse way on
message delivery [51]. However, the node speed acts in a proportional way: It seems that a higher node
speed results in a diminished message delivery due to a low encounter time amongst nodes, but the
number of contacts between nodes per unit time is raised; nevertheless, the delivery ratio is increased
[52]. In sections 4.2.1 and 4.2.2this issue is further discussed.

The energy sources for the nodes were supposed to be separate power units which are used for message
transmission and scanning of the nodes. The energy consumption by each node due to scan and
transmission was solely related to the routing algorithms, which have a uniform random distribution in
this case. It was also considered that each node has a constant amount of energy source for driving the
motor and other equipment on board. Therefore, the energy model that is used by the routing model
involves a scan energy reduction Es and a transmission energy reduction E:. Actually, the transmission
energy E;can be obtained as:

Et: A X Ex (22)

Where E,is the energy consumption for transmission and 4 is a parameter whose value can be obtained by
subtracting current updated time T, with the initial time of the node T:

A=T-Ts (23

Finally, the scan energy reduction can be obtained by the following formula where E,s is the required scan
energy:

Egz{asxA if 4<0 (24)

E,s otherwise

So the total energy reduced during routing is Ewm= Es + E:  (25)

Table 1. Used standard simulation parameters

Parameter Value




Simulation Time 43200 (12 hours)

Number of FANET nodes 40

Transmission range for 100m
IEEE802.11b/g/n interface

Transmission Speed 250K to 10M
Standard Buffer Size 500M
Update Interval 1sec
Message TTL 300 minute
Simulation scenario Area Metropolitan city scenario (180 Sq Km)
Variation of Node Speed 1kmph(i.e. walking speed) — 20kmph
Variation of Message buffer size 6MB (node with low processing and

memory power) — 700MB (high
processing node)

a — value(for random walk) 1

Table 2. Used specific simulation parameters for routing protocol

Parameters Value
Prophet (seconds in time unit) 30sec
Spray and wait (number of copies) 3
Spray and wait (binary mode) True
Epidemic N/A
MaxProp N/A

Table 1 indicates the used standard simulation parameters of the mobility models. On the other hand,
Table 2 presents the simulation parameters for different routing models, i.e. the specific simulation
parameters. Figure 1 depicts a snapshot for nodes movement in the proposed scenario using the flying
Ad-Hoc network infrastructure for a specific instance of time. Each point is basically a FANET node that
follows a specific mobility model. Each node is identified by a unique ID. The green circles indicate the
transmission range of each node. When two nodes are in the transmission range of each other, the



messages get transmitted between hem. For each node, a dotted stack representation is shown in order to
mimic the operation of the message buffer.
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Fig 1. Snapshot of the used simulation environment.
4.1 Performance metrics

There are two crucial parameters that were chosen to be analyzed. First one is about the fly speed of the
FANET nodes, node density and the buffer size of the FANET nodes. We elected these parameters
because it is found that the major performance overhead of the FANET network suffers due to the varying
non-synchronize speed of the nodes, and this is even more crucial in an intermittently connected FANET.
The message delivery chance is highly affected due to the varying speed. It has been also reported that,
depending upon the movement model, the performance also changes. FANET nodes are often suffered for
a restricted buffer size, because of much less load carrying potentiality; therefore, the buffer size has to be
taken as a crucial feature.

The performance metrics that were chosen to analyze the accomplishment of the routing methodology
with a proliferated node mobility structure were: delivery probability, average latency, overhead ration
and average buffer time.

The delivery probability P(d)is expressed as the number of messages delivered upon the number of
messages created:

P(d) =22 (26)

MC
Where My is the number of messages delivered and M. the number of messages created.

The Overhead (Og) ratio can be computed by the difference between relayed and delivered messages
upon the delivered messages:

M,—M
Op = LD (27)

Where M is the number of messages relayed and Mg the number of messages delivered.



Average Latency (L) is the difference between the average time to deliver the i message and the message
buffered into the message buffer:

L=T()a- T(i)o (28)

Finally, the Buffer time average (Br) signifies the difference between the time taken by i message to exit
and enter into the buffer memory:

BT = T(i)ex' T(i)en (29)

4.2 Result analysis about the delivery probability under proposed mobility models
4.2.1 Performance of node speed vs. delivery probability

Figure 2 depicts the impact of the delivery probability for each movement model corresponding to each
specific routing protocol under study.
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Fig 2. Node speed vs. Delivery Probability: epidemic routing for the proposed Random Walk, Random
Waypoint, and Shortest path Map based movement models.

Figure 2 illustrates the effect of the node speed on the delivery of the packets to the destination. From the
graph shown it is clear that the epidemic routing random walk model had decreased benchmark in
delivering the messages as was increased the speed of the nodes. In the case of the shortest path map
based model, as the speed increased, the DP increased up to 0.28 (maximum value) and after that, the
value of DP remained constant. This is due to the reason that this movement model follows a certain pre



defined specific path and, therefore, after a certain time, the DP value becomes constant. On the other
hand, the random waypoint model had better delivery probability due to the randomness of the movement
because there is a good chance of meeting the destination nodes in this case.
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Fig 3. Node speed vs. Delivery Probability: Prophet routing for the proposed Random Walk, Random
Waypoint, and Shortest path Map based movement models.

Since Prophet was specifically designed for restricted flooding, which is optimized too, the delivery
probability for Shortest path map based and Random waypoint reached up-to 0.48 and 0.50, respectively,
which had successfully achieved the higher benchmark of the delivery probability for Prophet in compare
to epidemic, as shown in Figure 3. A sharp fall of DP in case of node speed of up to 20 kmph for shortest
path map based model was also observed (from 0.50 up to 0.47). This was, perhaps, due to the same
reason of the epidemic routing case.

In the case of Spray and Wait, it could be observed a better performance in comparison to Prophet and
Epidemic strategy for the shortest path map based mobility (up to a delivery probability > 0.65). The
random waypoint model performed an average performance (DP of 0.55), as can be observed in Figure 4.
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Fig 4. Node speed vs. Delivery Probability: Spray and Wait routing forthe proposed Random Walk,
Random Waypoint, and Shortest path Map based movement models.

On the other hand, MaxProp routing produced a greatest delivery ratio, which was equal to 0.8856 for the
shortest path map based movement (Figure 5). This was the best performance found amongst all cases,
which was due to two main reasons: Firstly, in this case, all the FANET nodes keep track of the messages
delivery by using acknowledgments to ensure the delivery. Secondly, during the routing under well
organized shortest path map based mobility, choosing an optimal path amongst all possible paths is pretty
much effortless. In an organized path, the delivery likelihood with the peer node is quite high. Even if the
hop count crosses the threshold value, there still a good chance to deliver the message because of the high
delivery likelihood.
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Fig 5. Node speed vs. Delivery Probability: MaxProp routing for the proposed Random Walk, Random
Waypoint, and Shortest path Map based movement models.

4.2.2 Performance of node density vs. delivery probability

The impact of node density change for the specific routing strategies under the proposed modified
mobility scheme can be observed in Figure 6, 7, 8 and 9, respectively. From these figures, it can be
realized that the increasing order of node density implied a negative impact on the messages delivery for
most of the routing protocol models. For Epidemic routing strategy, the Random waypoint and shortest
path map based mobility produced almost the same results. This was because under both of these mobility
patterns, the message copy generated by Epidemic is almost the same and, as the number of node
increases, more redundant message copies are generated causing, therefore, the exhausting of the
messages buffer and the drop of messages. In such situation, the rate of messages drop is higher than the
rate of delivered messages, which leads to a performance decrease.
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Fig 6. Node density vs. delivery probability: Epidemic routing for the proposed Random Walk, Random
Waypoint, and Shortest path Map based movement models.

In the case of Prophet routing, due to the restricted flooding nature, the decrement of delivery probability
was not drastic but diminishing instead, Figure 7. In this case, shortest path map based model obtained a
relatively better and predictable performance relatively to random waypoint model, and the rate of change
of delivery probability was found to be the lowest one.
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Fig 7. Node density vs. delivery probability: Prophet routing for the proposed Random Walk, Random
Waypoint, and Shortest path Map based movement models.



On the other hand, spray and wait strategy performed better than the other techniques under study (Figure
8). In this case, the decrement of Delivery probability was insignificant for the shortest path map based
mobility, and, as we incremented the node density from 40 to 80, the delivery probability increased
drastically. In spray and wait, the fall of Delivery probability was significantly low due to basic
phenomena of the protocol itself. As it is common accepted, in spray phase, if the destination is not
found, then each node contains the messages copy and makes a direct contact in wait phase. It means that
the spray and wait protocol depends on direct contact at wait stage. In this scenario, if the number of node
increases, the chance of direct contact also increases. Although buffer overhead increases, that has effect
on the delivery performance due to the direct contact message, and therefore the delivery probability
improved, which limited here the maximum benchmark for messages delivery under shortest path map
based mobility of up to 60% with a 200 nodes density.
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Fig 8. Node density vs. delivery probability: Spray and wait routing for the proposed Random Walk,
Random Waypoint, and Shortest path Map based movement models.

On the other hand, MaxProp routing gave a minimum delivery probability of 0.41 and 0.29 for shortest
path map based and random waypoint mobility, respectively. In the case of the number of nodes between
40 and 80, a sharp rise in delivery probability was observed. However, the random walk model produced
a minimum benchmark in all studied cases.

By considering the above performance results, it can be concluded that, for an increasing node density,
the Spray & Wait routing strategy with shortest path map based mobility performs best in a Flying Ad-
hoc Network scenario due to a high chance of direct contact.

The reason of the fall of delivery probability found in most of the cases is that, in normal cases when node
density increases, more replicated messages will also be generated. As more messages are generated,
more message exchange occurs, which results in buffer overflows. In normal situations, message TTL has
a large value, so the rate of packet generation is mostly higher than the rate of packet drop or delivery;



therefore, congestion is obvious. That is way in most routing situations, DP decreased drastically as the
number of node increased.
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Fig 9. Node density vs. delivery probability: MaxProp routing for the proposed Random Walk, Random
Waypoint, and Shortest path Map based movement models.

4.2.3 Performance evaluation based on overhead ratio, average latency and buffer time

The message overhead ratio obtained for each different routing strategy is illustrated in Figure 10. From
the graphs shown, it is apparent that Spray and waits obtained the minimum message overhead. This has
even set a minimum benchmark for the shortest path map based model. In the case of epidemic routing,
the overhead was comparatively high because of the unrestricted nature of message relay and the massive
generation of message replica. In the case of Prophet protocol in Shortest path map based model, the
message overhead had increased because this strategy tries to achieve a high delivery probability with a
varying speed, as the Density probability suddenly falls down after the node speed of 17.5 kmph and,
therefore, the overhead increased exorbitantly. For MaxProp Strategy, the message overhead for random
waypoint and shortest path map based mobility was quite high in comparison to Prophet because of the
generation and buffering of both messages that are under threshold and beyond threshold values. In case
of random walk, as the chances of delivery become significantly low, more messages got, therefore,
buffered relayed to next hop, but they were hardly delivered, which resulted a high overhead ratio.
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Fig 10. Comparison of message overhead ratio for the four different routing strategies under the proposed
mobility models.

Figurell illustrates the characteristics of the message delivery latency of each routing strategy on the
proposed mobility scenario. For a constant buffer size, the average latency for random walk model was
always beyond 1400, except for spray and wait. The shortest path map based model performed a
consistent latency average for all routing strategy because of its better predictability of the navigation path
of the FANET nodes. It is guaranteed that a relatively better average latency of 20-150 units, a hode speed
between 5 to 15 kilometers per hour is achievable by FANET nodes in an ideal condition. Also, the hop
count value directly affected the average latency, as the hop count increased the chances to deliver the
data to the destination also increased because the message moves from the local buffer and migrates
throughout the innumerable nodes of the network. MaxProp suffered from high latency in case of random
walk and random waypoint because of the inherent property of the protocol to buffer and forward the
messages according to hop count for packets under threshold, and also based on likelihood for beyond
threshold packets.
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Fig 11. Comparison of Average message delivery latency for the four different routing strategy under
proposed mobility models.

The buffer time attribute shown in Figure 12 depicts the results obtained as to the duration of the retention
of the message i in the buffer. The buffer time parameter plays an important role to figure out the
utilization of the buffer memory and hence the delivery probability. A high message buffer time implies
mostly an increasing delivery probability as the message stored into the buffer has a better chance to be
forwarded. There is a trade-off between buffer time and mobility pattern. A mobility that does not
perform well due to high node speed may significantly reduce the delivery probability, although having a
high average buffer time. In the case of Random walk model, this phenomenon was significantly
perceptible. On the other hand, in the case of spray and wait, the high buffer time resulted in a good
delivery probability. For Prophet, this phenomenon worked in an inverse manner due to its restricted
flooding nature. However, in the case of MaxProp, the behavior found was different. Since MaxProp
works on the basis of delivery likelihood of the peer, the messages that are generated mostly relay on their
priority values. On the other hand, packet shaving low priorities are mostly deleted from the buffer.
Therefore, no messages stay a long time in the buffer.
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Fig 12. Comparison of Average Buffer time for different routing strategies under proposed mobility
models.

The next crucial parameter that was considered in this work was the relation between the delivery
probabilities with respect to the buffer size. It was found that the delivery probability dramatically
increased for all routing algorithms regardless of the used mobility model. This was found because a large
number of buffers imply higher messages storing capability in the nodes, hence less chance of packet
drop. In the case of latency, the enhancement of the buffer size plays a negative role and, consequently, it
increases the latency.
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Fig 13. (a) Delivery Probability vs. Buffer size and (b) Latency vs. Buffer Size for the four routing
strategies under study.



Figure 13(a) shows the effects of the increment of the buffer size on the delivery probability. From the
graph shown, it is clear that the MaxProp outperforms amongst all as the buffer size increased to 20MB or
more. In the case of Epidemic, the buffer size increased within the range of 30MB. In Prophet, the
delivery probability crossed Epidemic as increased the buffer size beyond 40MB. Spray and wait obtained
the lowest benchmark as to the maximum delivery probability, which achieved an upper limit of 0.2.
Therefore, it can be concluded that anode with high buffer size does not perform well in the case of the
spray and wait due to its wait phase. Secondly, in the case of MaxProp, high buffer size increased the
chance of delivery rate because more prioritize messages and acknowledgments had been buffered and
relayed towards destination. Additionally, it was observed that under the latency point of view, MaxProp
suffered more than the other three approaches, Figurel3 (b). As discussed earlier, prioritized messages
buffered and relayed based on the threshold level of hop count increases the chances of latency. In this
case, spray and wait performed with an unaffected behavior since the buffer size does not matter for
increasing delivery latency. However, Prophet, in this case, accomplished an average performance. In
order to achieve the best performance in the Flying Ad-hoc Network scenario, shortest path map based
movement is supposed to perform better than the other two models. Most of the routing strategies perform
well under this mobility model. Spray and wait routing with shortest path map based mobility is perhaps
the optimum methodology by looking at the performance point of view because, except one or two cases,
it out performed others in all studied cases.

4.2.4 Performance comparison of modified mobility models

Figure 14 depicts the average message delivery performance found using all studied routing strategies
with both standard and modified mobility models.DTN standard routing strategies were primarily
designed for message transfer amongst pedestrians, ground vehicles and stationary nodes, which are
supposed to be at the ground level with a maximum altitude up to 2 to 5 meters. As we are extending the
DTN communication philosophy for flying nodes, it is obvious that there may be some altitude difference
between nodes in some specific scenario. In that case, the airborne nodes my fly at an altitude of hundred
to thousand meters and difference may vary from 5 to 100 meters approximately. Considering this
situation, we developed a comparison in terms of average message delivery performance of standard and
proposed mobility models for all studied routing strategies. From Figure 14, it is clear that message
delivery ratio achieved by shortest path map based model was the best one among all strategies, and it is
also shown that the modified mobility models out performs the standard mobility models generally
considered for DTN mobility of ground nodes. Since the change of altitude is a primary factor in case of
all the models, and the nodes move freely in the 3D space, the performance of the modified mobility
model was superior in comparison to the traditional random walk, random waypoint and shortest path
map based model.
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Fig 14. Message delivery prob. Comparison of standard and modified mobility models.

5 Energy Analysis

The measurement of the energy dissipation was done based on several assumptions. Each FANET node
was considered an onboard transmission and receiving unit. The nodes had IEEE802.11 interface with
100-meter transmission range. We considered the total power of the network as 520000 mAh at the
starting of the simulation. The other used parameters are indicated in Table 3. Here, initial energy is the
energy hold by all nodes within the network at time T=0. The absolute energy dissipation is the parameter
that reflects energy dissipated within an instant of time by the entire network. Scan energy implies the
energy dissipated to scan the peer nodes, and the transmission energy is the amount of energy dissipated
to transmit and receive the message packets.

Table 3: Used Simulation Parameter Settings for Energy.

Variable Value
Total Power 520000mAh
Initial Energy 6.17x10°J

Scan Energy 0.014 J/s



Scan Interval 0.5 sec

Transmission Energy 0.13365 J/s

The energy dissipation found for the individual routing algorithms under study is illustrated in Figure 15.
Here, we considered the average energy dissipation for the well-known routing strategy under all three
mobility model with respect to time. From Figure 15, it is clear that the energy dissipation for MaxProp
routing was significantly high, and that it increased drastically after 10 hours of simulation. From Figure
15, it can be also realized that MaxProp routing outperforms all the others in terms of delivery

probability. One can also say the shortest path map based model had the best performance of MaxProp
under high node density as well as high speed.
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Fig 15. Energy consumption w.r.t time for the routing algorithms.

Figure 16 illustrates the overall power consumption by the network with respect to the average delivery
probability achieved by a routing protocol under specific mobility model. From this figure, it can be
understood that shortest path map based mobility model achieved the best delivery probability relative to
the other two mobility models. This guarantees an optimum performance of all routing protocols under
the shortest path map based mobility model.
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Fig 16. Power Dissipation vs. delivery probability achieved by the proposed mobility model.

6 Conclusion

In this work, the DTN assisted FANET scenario, which is noticeably relevant for the tactical application
of Flying Ad-Hoc networks, was studied. The study of the newly established mobility models with the
standard routing strategy gives a boulevard to implement Flying Ad-Hoc networks in intermittently
connected and challenged scenarios. The different routing protocols and their behavior were analyzed,
and it was found that the shortest path map based mobility performs best in the context of delivery
probability by considering Prophet and MaxProp routing approaches. Additionally, if an average latency
is considered, the same model outperforms the other models for both Prophet and MaxProp approaches.
Further, under the buffer size vs. delivery probability standpoint, the MaxProp had the best results
amongst the competitors. However, in an increasing node density, spray and wait as well as MaxProp
perform well. In an energy-based perspective, it can be claimed that the shortest path map based model is
most suitable for FANET scenario. Therefore, in a nutshell, we can conclude that MaxProp routing
protocol under shortest path map based mobility gives optimal performance in Flying Ad-hoc networks.
The performance study of different frameworks gives a way forward to choose the proper network
parameters to get an upstanding result in terms of performance. In order to improve the performance of
the routing methodology, local optimal buffer management with precise packet dropping policy can be
introduced. Messages queue management is also necessary to achieve better performance in case of



epidemic, and Prophet. We can assign the rank or priority of messages that are buffered. Based on the
rank, either the messages are delivered or dropped. To increase the chance of delivery of the message for
Prophet, the delivery predictability can be tuned using a modified fuzzy Prophet Mechanism [50]. In this
case, the range of delivery predictability has to be chosen based on the boundary value {0, 1}. If the value
is found lower than 0.5, then it is associated with low delivery predictability, and for greater than 0.5, too
high delivery predictability. The deliver predictability can be found using a membership function where
high membership is considered as a better forwarder. The routing methodology used was designed for the
DTN; hence, further exploration and the reconstruction of the hybrid mobility and the routing are
considered to be the future research challenges. Secondly, the performance of mobility can be tuned by
introducing the following scheme. Scale-free mobility regimes [53] can be introduced for the random
walk mobility model to tune up its performance. The scheme is executed in two phases. In the first phase,
an initialization has been done where each node is arbitrary distributed in a geographical location. In the
movement phase, if a node is willing to move to the next waypoint with a probability of p(#)), then it is
selected the next waypoint with a probability of p(ui)based on the priori sample computed from F(w,).
Then, it moves to the next waypoint with random speed (Vmin,Vmax). Using this methodology, the density
distribution is highly close to real-world trace having a confidence interval of about 95%. In order to
achieve real-time prediction of mobility, a Spatio-Tempo-SocioSemantic-Aware model can be used [54].
This model classifies the frequently visited location in the factor of time. The main component of the
model is a location sphere that comprises the frequently visited waypoints that are visited with often and
some non-frequent waypoints. By segregating the frequently visited waypoints to non- frequently visited
waypoints, the performance can be improved. A neural learning machine based model [55] can be taken
into account based on multilayer perceptron and Extreme Learning Machine techniques. This solution can
achieve an MSE score within 108 to 10 if a 6 neuron layered configuration is used. The flying Ad-Hoc
network in a DTN perspective also imbibes the energy analysis and optimization, which is another
acclaimed research domain.

In our belief, this work opens the potential research direction for DTN assisted FANET design and their
application for smart city Internet framework design, environmental monitoring, and others. The
application is not limited in the Earth, but also in extra-terrestrial research, like an exploration of life in
the neighbor planets like Mars.
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Fig 1. Snapshot of the used simulation environment.
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Fig 2. Node speed vs. Delivery Probability: epidemic routing for proposed Random Walk, Random
Waypoint, and Shortest path Map based movement models.
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Table 1. Used standard simulation parameters

Parameter

Value

Simulation Time

43200 (12 hours)

Number of FANET nodes 40
Transmission range for 100m
IEEE802.11b/g/n interface
Transmission Speed 250K to 10M
Standard Buffer Size 500M
Update Interval 1sec
300 minute

Message TTL

Simulation scenario Area

Metropolitan city scenario (180 Sq Km.)

Variation of Node Speed

1kmph(walking speed) — 20kmph

Variation of Message buffer size

6MB (Node with low processing and
memory power) — 700MB (High processing
node)

a - value (for random walk)

1

Table 2. Used simulation specific parameters for routing protocol

Parameters
Prophet (Seconds in time unit)

Spray and wait (number of copies)

Spray and wait (Binary mode)
Epidemic
MaxProp

Value
30sec
3
True
N/A
N/A

Table 3: Used Simulation Parameter Settings for Energy

Variable
Total Power
Initial Energy
Scan Energy
Scan Interval
Transmission Energy

Value
520000mAnh
6.17x10%J
0.014 J/s
0.5 sec
0.13365 J/s
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