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Abstract: A Stable Ant-based Routing Protocol (SARP) for Flying Ad Hoc Networks is proposed
in this paper. SARP is based on the Ant Colony Optimization meta-heuristic, which selects the next
hop node according the stable value, pheromone and the energy of the link. The stable value is
calculated by the transmission range of the node and the distance between the current node and the
next hop nodes. SARP let the nodes broadcast HELLO messages periodically to obtain the neighbor
information. We describe SARP, implement it and evaluate its performance using NS-2 network
simulator. Simulation results reveal that SARP achieves better performance in terms of the packet
delivery fraction, throughput and normalized routing load, which is respectively compared with
AODV.

1. Introduction

Recently, Flying Ad-Hoc Networks (FANETS) have gained more and more attention in academia
and industry. FANETS are basically ad hoc network between UAVs, which are surveyed as a new
network family[1]. FANETSs share common characteristics with Ad Hoc networks, meanwhile they
also have several unique design challenges [2-4]. The dynamic topology of FANETS brings many
difficulties to design efficient and effective routing protocols to provide efficient routes between
sources and destinations[5]. However, researchers have proposed some routing protocols to the
requirements of different applications. The routing protocols that have been proposed for mobile ad
hoc networks can be classified into three basic groups[6]: table-driven routing protocols, on-demand
routing protocols and hybrid routing protocols.

Table-driven routing protocols are based on the classical wired approach. Using a purely pro-
active strategy, they calculate and maintain routes to all possible destinations. Examples of such
approach are applied by the Dynamic Destination Sequenced Distance Vector Routing (DSDV)[7]
and the Optimized Link State Routing(OLSR)[8]. These types of protocols use a burden of control
information to keep the network topology up-to-date. However, as the node mobility increasing,
keeping track of topology variations becomes difficult, which leads to a worse network performance
for FANETS.

On-demand routing protocols represent another sort of solution where the source node initiates
the routing discovery when there is no available path to the destinations. In such case, the route is
maintained until the data flow ends its activity or one of its nodes becomes inaccessible. Examples of
such kind of protocols are the Ad-hoc On Demand Distance Vector Routing (AODV)[9] and the
Dynamic Source Routing (DSR)[10], which uses the classical source routing approach. Both of them
display inefficient support for FANETS, as they require significant amount control information
during the route discovery process.

In the hybrid routing protocols, the network is divided into clusters and different routing protocols
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may be used for inter and intra-cluster routing: the goal is to find out an optimal solution by
combining both types of strategies. Examples of this kind of routing is the Zone Routing Protocol
(ZRP)[11]. In spite of the advantage of this flexible approach, small or highly dynamic networks
may not be able to take advantage of hybrid strategies due to the overhead associated with cluster
creation and maintenance.

Recently, there is an increasing interest in swarm intelligence (SI) or nature inspired algorithms
for routing in MANETS [6, 12-17]. Swarm intelligence is a computational intelligence technique that
involves collective behavior of autonomous agents that locally interact with each other in a
distributed environment to solve a given problem in the hope of finding a global solution to the
problem. Ant colonies, bird flocking, animal herding and fish schooling are examples in nature that
use swarm intelligence.

In this paper, we propose a stable ant-based routing protocol for FANETS, named SARP. SARP is
based on the Ant Colony Optimization meta-heuristic, which selects the next hop node considering
the stable value, pheromone and the energy of the link. The stable value is calculated by the
transmission range of the node and the distance between the current node and the next hop nodes.
SARP let the nodes broadcast HELLO messages periodically to obtain the neighbor information.
Simulation results using NS-2 network simulator reveal that compared with AODV, SARP achieves
better performance in terms of the packet delivery fraction, throughput and normalized routing load.

The rest of the paper is organized as follows: In Section 2, we descript the design and
implementation of SARP. The parameters used in the experiments and the performance results and
analyses are presented in Section 3. Finally, section 4 concludes the paper and outlines the future
work.

2. PROPOSED APPROACH

A. Route selection of SARP

In SARP, a source node starts a route discovery process by sending a special control packet, the
Forward ANT (FANT), which is replicated by all network nodes until it reaches the destination
nodes. Upon the reception of the first FANT, the destination node will send another special control
packet back, the Backward ANT (BANT), through the shortest known path. When BANT packets
arrive at the source, the path is established and the data flow may start its activity.

At each node r, a FANT selects the next hop node using the same probabilistic rule proposed in
the ACO metaheuristic as follow:

[T(r.s) ' [E®T[S(r.s)]" :
p(rs)=1 2 [T(ru)] [EW][s(rw)]

ugMy

fseM,

(1)
0 otherwise
where p,(r,s)is the probability with which ant k chooses to move from node r to node s, T(r,s)
is the routing table at each node that stores the amount of pheromone trail on connection (r,s), E(s)
is the visibility function given by 1/(c -e,).Where c is the initial energy level of the nodes and e, is

the actual energy level of node s.«, gand yare parameters that control the relative importance of
pheromone, visibility and stable value. s(r,s) is the stable value on connection (r,s) which is

calculated as follow:
4 if(0<D(r,5)<0.2R)
S(r,s)=18 if(0.2<D(r,s)<0.8R) (2)
2 if(0.8<D(r,s)<R)
Where D(r,s) is the Euclidean distance between noder and s. R is the radius of each node.

B. Pheromone update of SARP
When the nodes receive the FANTS, the amount of pheromone is changed as follow:
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T (r,s)= - p)T(r,s) (3)
Where , is a coefficient such that (- p) represents the evaporation of trail.
When the nodes receive the BANTS, the amount of pheromone is changed as follow:
T, (r,8) =T, (r,5)/ 1- p) + AT, (4)
Where aT, represents the amount of pheromone trail that the ant will drop during its journey.

C. Hello Messages of SARP

In the SARP protocol, HELLO messages are periodically broadcasted by nodes and are used for
link monitoring. When node A receives a HELLO message from node B, it discovers that node B is
in its wireless transmission range and therefore its neighbor. On the other hand, not receiving a
HELLO message from a node is interpreted as a broken link. The source ID of the sender is
deciphered from the header of the HELLO messages. Every node generates a time-stamped list of
its neighbors. The neighbor list is updated periodically and outdated entries are removed. The
number of neighbors of a node is the number of entries in the updated neighbor list.

3. PERFORMANCE EVALUATION

We use ns-2 packet level simulator (v.2.33) to simulate a space 1000mx1000m populated with
50 mobile nodes that are uniformly distributed in the region. Protocols :(1) SARP; (2) AODV with
Hello. There are one data source node and one destination nodes. The energy consumptions in
sending mode, receiving mode and idle mode are 1.6w, 1.2w and 1.15w respectively. Each data
point represents an average of ten runs with identical traffic models, but different randomly
generated mobility scenarios. We adopt dual channel environment. Other simulation parameters that
have been used in our experiment are shown in TABLE 1.

TABLEI.  SIMULATION PARAMETERS
Simulation Parameter Value
Simulation time 200s
Transmission range 250m
Initial energy 200J
Queue length 50
Propagation Model TwoRayGround
Channel WirelessChannel
Mac Protocol 802 11
Traffic CBR
CBR PacketSize 512bit

To prove the validity of the proposed approaches, we apply three metrics: (1) Packet Delivery
Fraction (PDF) is defined as the ratio of the number of packets successfully received by the
destination to the number of packets generated by the source. (2) Throughput is the sum of the data
rate delivered to all destinations. (3) Normalized routing load is the number of routing packets
transmitted per data packet delivered at the destination.

D. Varying nodes’ speed

In this experiment all nodes were allowed to move freely using the aforementioned random
waypoint model, with all being randomly associated with different mobility speed and power levels.
This experiment was performed to examine all possible cases, and to check the protocol’s
performance and ability to adjust in uncontrolled network behavior, structure and the various
mobility speeds of the network nodes.

Fig.1 shows the results obtained for PDF. As it can be seen, SARP performs better than AODV.
The reason is that SARP select the next hop nodes based on ACO, which mitigates the contentions
and collisions during broadcasting. The number of the packets reach the destination is increased.
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Figure 3. Normalized routing load for increasing node density

Fig.2 shows the results of throughput vs. the network density. Throughput is an important
performance metric that measures the transmission ability of a network. The throughput of SARP is
better than that of AODV. The reason is that SARP achieves better PDF.

Fig.3 shows the results of normalized routing load vs. the network density. The metric is
increased as the network density grows. SARP achieves better performance than AODV. The
reason is that SARP reduces the unnecessary rebroadcast of RREQ.

E. Varying packet rate of source node

For this experiment, the packet rate of source node is varied from 1 packets/s to 8 packets/s. All
nodes were allowed to move freely using the aforementioned random waypoint model. The node’s
speed change between 0 m/s to 17 m/s. This experiment was performed to examine the performance
of SARP and AODV with varying packet rate of source node.

Fig.4 shows the results obtained for PDF. As it can be seen, SARP performs better than AODV.
The reason is that SARP select the next hop nodes based on ACO, which mitigates the contentions
and collisions during broadcasting. The number of the packets reach the destination is increased.
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Fig.5 shows the results of throughput vs. packet rate. Throughput is an important performance
metric that measures the transmission ability of a network. The throughput of SARP is better than

that of AODV. The reason is that SARP achieves better PDF.

Fig.6 shows the results of normalized routing load vs. the packet rate. The metric is increased as
the network density grows. SARP achieves better performance than AODV. The reason is that
SARP selects only one neighbor node to forward the FANT, which reduce the unnecessary

rebroadcast.

4. CONCLUSIONS

The proposed protocol SARP in this paper has an important role in the performance of routing
protocols in FANETSs. SARP is based on the Ant Colony Optimization meta-heuristic, which selects
the next hop node according the stable value, pheromone and the energy of the link. The stable
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value is calculated by the transmission range of the node and the distance between the current node
and the next hop nodes. SARP let the nodes broadcast HELLO messages periodically to obtain the
neighbor information. Simulation results reveal that SARP achieves better performance in terms of
the packet delivery fraction, throughput and normalized routing load.
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