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Abstract. Flying Ad-hoc networks (FANETSs) are wireless networks that allow
unmanned aerial vehicles (UAVs) to interact with one another without a perma-
nent infrastructure. For effective data transfer in FANETS, routing protocols like
Ad hoc On-Demand Distance Vector (AODV) are crucial. While several studies
have investigated the use of ETX (Expected Transmission Count) in specialized
networks such as Vehicular Ad-hoc Networks (VANETSs) and mesh networks,
there is a lack of comprehensive study across routing protocols under FANETSs.
This research gap shows how important it is to have a structured way to check
how well ETX metrics work in FANETS, taking into account network structure,
mobility patterns, and environmental circumstances. The research examined the
efficacy of ETX and hop count routing metrics utilizing the NS-3 network simu-
lator. In this work, simulations of Ad hoc On-Demand Distance Vector (AODV)
routing protocol were conducted in two scenarios: one employing the ETX metric
(AODV-ETX) and the other utilizing the conventional hop count metric (original
AODV). Various performance metrics, including average throughput, average
end-to-end delay, packet delivery ratio (PDR), and useful traffic ratio (UTR), are
evaluated.

The results show that in varying density of network environments, the ETX met-
ric leads to higher delays but improves packet delivery ratios, throughput, and
UTR. However, in scenarios with varying speeds of UAVs, it leads to a high end-
to-end delay, a lower packet delivery ratio, lower throughput, and a lower UTR,
compared with the hop-count metric. It is observed as well that the ETX metric
performed better than the hop count metric in terms of end-to-end delay, packet
delivery ratio, throughput, and UTR when the network load changes.
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1 Introduction.

In recent years, wireless networks have gained appeal in modern communications, especially in
mobile contexts like FANETs, MANETSs, and VANETS [1]. The numerous applications of UAVs
(Unmanned Air Vehicles) have garnered significant attention. Current advancements in electron-
ics, sensors, and communication have enabled the creation of tiny UAVs for military, commer-
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cial, and civilian uses. However, one tiny UAV is insufficient. Multiple UAVs can create a sys-
tem that exceeds the capabilities of a single tiny UAV. A flying ad hoc network (FANET) is a
network of tiny UAVs connected and working together to achieve high-level goals.

The fundamental characteristics of FANETSs include mobility, ease of installation, and a rela-
tively low cost of operation, versatility, the absence of central control, the ability to self-organize,
and the ad hoc nature of relationships between UAVs, these features can help to extend the com-
munication range in areas that lack infrastructure [2].

Furthermore, even if bad weather disconnects some UAVs from the network during
operation, the remaining UAVs can still connect to the network, in addition, these net-
works may overcome issues like short range, network failure, and restricted guidance
that occur in a single UAV system. The design of FANETS ensures that all UAVs in-
teract with each other and the base station at the same time, even in the absence of a
pre-established fixed infrastructure. This allows for immediate delivery of aggregated
data to the base station as well as sharing among linked UAVs. Despite this, there is a
need to surmount several formidable obstacles to enhance networking and communica-
tions [1]. The FANET nodes, have unique mobility, capable of reaching speeds between
30 and 460 km/h [2] in three-dimensional space. Consequently, the communication
pathways among UAVs demonstrate considerable variability and are exceedingly un-
predictable. Moreover, frequent alterations in topologies lead to an elevated incidence
of packet loss, increased routing expenses, and communication delays. The interplay of
elevated velocity, considerable distance between airborne nodes, erratic weather con-
ditions, and possible node failures may result in network disruptions.

Fig. 1. Flight ad-hoc Network.

In such cases, the creation of a new routing path becomes critical. Subsequent events,
like mission updates, may also cause modifications in topology. Additionally, several
military and emergency rescue applications require the prioritization of low latency,
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high dependability, and resilience. The dynamic characteristics and frequent operations
of a FANET present considerable hurdles for the formulation of efficient routing pro-
tocols. Routing is a formidable challenge in FANETSs. An effective routing system must
be rapidly adaptive to alterations in topology and wireless connection conditions, which
are prevalent in FANETS [3]. Many routing protocols employ different methods to im-
prove network performance, decrease packet losses, and adapt to changing settings and
situations. Additionally, because of their commonalities, researchers have looked at the
idea of implementing the routing algorithms employed in MANETSs into FANETS [4].
Some researchers have categorized this into primary groups like Proactive protocols,
Reactive protocols and Geographic routing protocols [5], while others [6] have classi-
fied this into Swarm-based routing, Position-based routing, Topology- based routing,
Hierarchical- based routing, DTN-based routing, and Learning algorithm.

The most widely used routing protocols generally consider hop-count as routing metric,
however it may not perfectly determine the optimal path between source and destination
nodes.

Many common routing protocols employ hop-count as a default metric, although it may
not determine the optimal path between source nodes and destination nodes. This issue
is particularly prevalent in FANET networks. As route reliability varies over time, link
brakes grow, leading to large packet losses. The Expected Transmission Count (ETX)
metric was suggested in [8] to address hop-count metric issues, particularly in through-
put and PDR, however FANETSs have not fully explored both of them. The main objec-
tive of this study is to derive the relative merits of this metric. The motivation of this
research is that having a good understanding of the relative merits will help to serve as
a base for developing more effective routing metric for routing protocols in FANETSs
networks.

This article is organized based on the following; related work as discussed in section
I, and the simulation environment used to include network topology, traffic patterns
and simulation parameters as stated in section III. Section IV presents the results and
discussion of the study, and Section V concludes the paper.

2 RELATED WORK

Despite its initial introduction in 1999 [7], AODV remains one of the most extensively
used communication protocols. Recent studies have examined the AODV protocol in
several MANETS, such as [9]. Further research indicates that wireless sensor networks
and FANETS (i.e UAVs) may employ the AODV protocol.

Researchers have suggested a ZigBee AODV (Z-AODV) to adapt the AODYV protocol
to wireless sensor networks [10], and have modified the AODV to enhance VANET
QoS in [11], [12], next section will give a brief information about AODV routing pro-
tocol

A flocking-based routing protocol for unmanned aerial vehicles (UAVs) called BR-
AODV was suggested in [13]. In order to compute routes on demand, the protocol
makes use of a popular ad hoc routing protocol. In addition, it makes use of the Boids
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of Reynolds mechanism in order to preserve connectivity and routes while transferring
data.

The ETX metric [8] has been proposed and included to the route cost to enhance the
multi-hop routing protocol's route discovery and maintenance over the hop-count. The
number of transmitted and received probe packets determines it.

The authors of [14] suggest three new ETX-based metrics to make the ETX metric
better in VANET networks. These are light ETX (L-ETX), light reverse ETX (LR-
ETX), and power light reverse ETX (PLR-ETX). The aim is to reduce the routing over-
head in dynamic ad hoc networks. In [15], the authors have used Network Simulator 3
(NS3) to compare how well Ad hoc On Demand Distance Vector (AODV), AODV-
ETX, and Modified AODV-ETX work in vehicular ad hoc networks (VANET).

In [16], the Expected Transmission Count (ETX) metric has combined with the Re-
ceived Signal Strength Indicator (RSSI) and battery voltage in order to make judgments
on routing.

In [17] it presents EEMGR, a routing protocol for Wireless Multimedia Sensor Net-
works (WMSNs) that integrates Energy-Aware and ETX (Expected Transmission
Count) metrics for routing decision-making.

Link State-Aware Geographic Opportunistic (LSGO) [18], utilizes both ETX and geo-
graphic location.

The VETX metric combines two metrics, least hop-count, and ETX, in Low-Power and
Lossy Networks (LLNs) [19]. The purpose of this work aims to select optimum route
in high density network, the implementation of VETX is evaluated using the Cooja
simulator.

Collision-aware routing (SCAOR) is described as an opportunistic routing protocol in
[20]. This routing protocol uses a routing metric that is based on node density, ETX-
based connection quality, and packet advancement.

A software-defined framework called SD-TDQL has introduced in [21] that use ETX
to measure network quality. The forwarding ratio of each node serves as the probability
of successful transmission, representing the trustworthiness probability. Each node as-
sesses the trust value of its neighbors based on the reliability of packet forwarding.

a. Overview on AODV , “Ad hoc on —demand distance vector (AODV)

The key characteristic of AODV is its on-demand behavior, which initiates routing ac-
tivities only when the data packets require a route. If there is no existing route from the
UAV source to the UAV destination, such that a route discovery process is based on
query and reply cycles. One feature of AODV relies on route tables and sequence
numbers to prevent routing loops and determine which routes are fresh. Many details
of this protocol are available at [6].

b. Overview on Expected transmission count (ETX)

The expected transmissions and retransmissions (ETX) for a link are the expected data
transmissions and retransmissions that are necessary to deliver a successful packet.
ETX is a routing metric that has been intended to locate high throughput routes in a
multi-hop wireless network. The ETX metric considers the effects of link loss ratios,



Libyan Journal of Informatics, Vol. 01, Issue 02, Dec. 2024 53

asymmetry in both directions of each link, and interference among the consecutive links
in a path. All of these factors are taken into consideration.

A link's ETX is determined from its forward and reverse delivery ratios. Forward de-
livery ratio (df) is the probability that a data packet gets to the receiver; reverse delivery
ratio (dr) is the probability that the ACK packet arrives. The chance of a transmission
being received and acknowledged is df x dr. Each packet transmission is a Bernoulli
trial, resulting in an expected number of transmissions as follows in equation 1:

1
dfxdr (1)

ETX=

The chosen route has the lowest ETX number compared to other routes from the same
source to the same destination [8].

Table 1. simulation parameters used in this simulation

Parameter Value

Application Type Constant bit rate (CBR).

Number of UAV sources that transmit 20

packets.

Routing Protocols AODV-ETX,AODV-hop count

Simulation time 110 seconds.

Packet Size 64 bytes.

Data rate 2048bps.

Simulation area 2000m x 2000m x900m.

Transmission power 20dbm.

Physical data rate 6Mbps.

Modulation type OFDM and 10 MHz bandwidth.

MobilityModel GaussMarkovMobilityModel[22].

Speed Mobilty [0-60]m/s.

Mobility model. Random way point.

MAC layer. 802.11p

Antenna model. Omni Antenna.
TwoRayGroundPropagationLoss

Propagation model. Model.

3 Simulation Results and Analysis

3.1 Simulation parameters and Topology

The research examined the behavior of ETX and hop count routing metrics through the
network simulator NS-3.33. The academic community extensively uses NS-3 due to its
simulator core, which facilitates parallel execution, encompasses a diverse array of
communication protocols, and offers relative ease of extension for specific needs. Con-
sequently, the NS-3 simulator is selected for the assessment of this research.
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This research incorporates the AODV routing protocol with ETX metric and simulate
AODYV in both case one in case of using ETX with AODV (AODV-ETX) and other in
case of use AODV with hop count (original AODV). Table 1 provides all simulation
parameters used in this simulation environment, while Figure 2 illustrates the simula-
tion topology.
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Fig. 2. Simulation Topology.

3.2 Performance metrics

This section introduces the metrics to evaluate the performance of the ETX and hop
count metrics described in this work:

1. Average Throughput: The number of data packets in bits that received at destination
during exchange of data packets between UAVs.

Average Throughput [b/s] :TPT_*: @)

where, T, the time at which last packet is received by receiver and T is the time when
the first packet is sent by sender, where Pr is the total number of packets received suc-
cessfully in bytes.

2. Average End to End Delay (AEED): The total time taken by all data packets from
source to destination over total number of successful received data packets.

AEED=End to End delayx1000(ms). 3)

Where
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TDT

End to End delay = SV, 4
TDT=TDT+YX, delay [i] (3)
delay[i]=T:[i] — T[i]. (6)

Where P. represents a total number of successful received data packet, delay[i] is delay
of flow i.

3. Packet delivery ratio (PDR): PDR is the ratio between the number of received data
packets by destinations UAVs to total number of data packets sent by UAVs senders.

_ Totalnumberofrecieveddatapackets

PDR

x100 7

totalnumberofsentdatapackets

4. Useful traffic ratio (UTR): The ratio between total number of received data packets
in bytes to total number of control packets sent and data packets sent.

_ Totalnumberofrecieveddatapackets

UTR:

totalnumberofsentpackets X 100 (8)
Where total number of sent packets =total number of data packet sent (in bytes) + total
number of control packets in all layers (in bytes)

4 Results and Discussion

The researchers conducted simulation experiments with different scenarios. The simu-
lation results of the AODV-ETX were compared with the simulation results of the orig-
inal AODV. Using a simulation model described in previous sections, end-to-end delay,
throughput, packet delivery ratio, and useful traffic ratio have been determined and
plotted. The performance metrics are obtained by averaging results over 100 simulation
runs. Each data point represents an average of at least 10 runs with identical traffic
models but randomly generated with different mobility scenarios. Identical mobility
and traffic scenarios are used throughout this work.

The following three experiments were conducted to evaluate the performance of the
ETX metric with hop-count metric:

1. Varying speed of UAVs: In this scenario, the effect of movement of UAVs has been
studied by varying the maximum speed of the UAVs from 10m/s to 60 m/s, with
increments of 10m/s. The results are shown in figures3,4,5 and 6.
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It is clear from figure 3, the ETX metric has higher delay than the hop count in all cases
of speed values. This is due to the fact that discovery of new route with ETX metric
takes more time than hop-count.
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Fig. 3. Speed of UAVs versus Average End to End Delay.

Fig. 4. illustrates the performance of packet delivery ratio changes with the UAV's max-
imum speed. Compared against the ETX metric, the hop count metric performed better.
This is because ETX responds slowly to the rapidly changing network topology, which
leads to unnecessary routing discovery process and results in data loss.
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Fig. 4. Speed of UAVs versus Packet Delivery Ratio.
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It can be seen from figure 5, hop count shows better performance at moderate speeds
but declines at higher speeds in most cases. The hop count has a higher useful traffic
ratio than the ETX metric; hence, the hop count uses less control overhead compared
with the ETX metric for routing establishment.
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Fig. 5. Speed of UAVs versus Useful Traffic Ratio

Figure 6 shows how the performance of average throughput changes with the UAV
maximum speed. The hop count metric has better performance than the ETX metric.
This is due to the hop count metric having a higher performance of the packet delivery
ratio, which provides a better average throughput performance.
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Fig. 6. Speed of UAVs versus Throughput.
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2. Varying number of UAVs: This research studied the impact of network density on
network performance by varying the number of UAVs in term of average end to end
delay. From figures 7, it is observed that as the number of UAVs increases, both end-
to-end delay increases for both the ETX metric and the hop count metric. It is evident
that the delay in ETX metric is larger than the hop count metric. This is due to the
fact that the ETX metric takes time to calculate the link quality for each link from
source to destination, hence the route establishment takes more time than hop count
metric. Furthermore, the path length of the ETX metric might be is longer than the
path with hop count metric.

Data rate=2048bps,Packet size=64bytes,Number of Sources =20
UAVs
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Fig. 7. Average End to End Delay Versus Number of UAVs.

In Figure 8, PDR (packet delivery ratio) are inversely proportional with an increase in
the number of UAVs. This is the result of the number of packets that are received at
destinations decreases as the number of UAVs increases. It can observe that the ETX
metric consistently performs better than the hop count metric across various numbers
of UAVs, which helps in sustaining better throughput and packet delivery ratio in dy-
namic and dense network environments.
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Fig. 8. Packet Delivery Ratio versus Number of UAVs.

From Figure 9, it can be observed that regardless of whether ETX or hop count is used,
routing protocols present a Useful Traffic ratio (UTR) that decreases with an increase
in the number of UAVs. Where in a small number of UAVs, the ETX metric has a lesser
UTR than hop count, while in a high number of UAVs, the hop count metric has a lesser
UTR than ETX metric. From these results, it can be concluded that the hop count is
unable to bear efficiency in large networks, while the ETX has better performance in
large networks.
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Fig. 9. UTR versus Number of UAVs
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It can be seen from figure 10. The throughput shows a slight decrease as the number
of UAVs increases. Despite the decrease, the ETX metric has better throughput than
hop-count “drops in large networks.
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Fig. 10. Throughput. versus. Number of UAVs

3. Varying number of Sources: The performance of ETX metric is evaluated with the
number of sources (i.e., flows), varying from 10 to 50 in the number of sources. The
purpose of this study is to analyze the capacity of the wireless network. As shown in
Figure 11, end-to-end delay varies with the number of sources (i.e., traffic flows). It
is observed that, at lower traffic loads, the end-to-end delay is low and increase rel-
atively with traffic load. The contention time and retransmission time at the MAC
layer also increased and ETX has a higher delay than hop count.
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Fig. 11. Average end to end delay versus Number of sources.

Based on Figure 12, the research noted that the packet delivery ratio is reaching a max-
imum value at lower traffic flow, and decrementing with an increment in traffic flow.
This is caused by a high level of network congestion and multiple access interferences
at certain regions of the FANET network. The introduction of the ETX metric leads to
identifying high-quality routes and therefore significantly increases the PDR.
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Fig. 12. Packet Deliver ratio versus Number of sources.
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As illustrated in Figure 13, there is a 7% traffic ratio measured when there are 10
sources. When the sources increase, both metrics show a decrease in useful traffic ratio.
The hop count metric has a sharper decline, indicating that the efficiency of hop-count
decreases more significantly with more sources. On the other hand, the useful traffic
ratio decreases more slowly, showing that it can handle an increase in number of
sources better than the hop count. The network becomes more congested, leading to a
lower useful traffic ratio.
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Fig. 13. Useful traffic ratio versus Number of sources.

Figure 14 depicts that throughput of both metrics decreases as the number of sources
increases. The ETX metric shows a higher throughput compared to hop count across
all number of source cases; the maximum number of throughputs reached 1500 bps
when ETX was applied, while hop count reached about 1400 bps when the number of
sources was 10. With hop count, the minimum number of throughputs reached about
1205 bps and 610 bps when the number of sources reached 50. This means as the num-
ber of sources increases, the congestion in the network will increase, and both metrics
will introduce large overhead packets to find out high-quality routes, which has an ef-
fect on network throughput.
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Fig. 14. Throughput versus Number of sources.

5 Conclusion

Flying Ad Hoc Networks, also known as FANETS, are networks of unmanned aerial
vehicles, or UAVs, that are capable of self-organization and communication. They are
not dependent on any external network infrastructure. The highly dynamic nature of
UAVs in FANETS causes abrupt changes in the network topology and hence makes
routing among the UAVs a crucial task for a wide range of uses, including monitoring
the environment, dealing with emergencies, and surveillance. The main challenge to
designing routing protocols that are suitable for all scenarios and conditions is still un-
der research. Routing metrics are crucial in determining the optimal quality path. This
research looked at how well ETX and hop count routing metrics worked in the NS-3
network simulator and compared them. This shows how important it is to choose the
right metrics to improve network performance in flying Ad hoc Networks (FANETS).

This research tested the Ad hoc On-Demand Distance Vector (AODV) routing pro-
tocol in two scenarios: one using the ETX metric (AODV-ETX) and the other using the
classic hop count metric (original AODV). The results show that the ETX metrics cause
longer delays in different types of network densities while improving packet delivery
rates, throughput, and UTR. In cases with different UAV speeds, this results in signif-
icant end-to-end delay, a lower packet delivery ratio, lower throughput, and a lower
UTR, in contrast to the hop-count metrics. The ETX metric outperforms the hop count
metric for end-to-end delay, packet delivery ratio, throughput, and UTR under varying
network loads. These research findings highlight the importance of properly selecting
routing metrics to guarantee resilient and effective communication in FANETS. Subse-
quent research can expand upon these findings to enhance and optimize routing strate-
gies that utilize the advantages of ETX for superior network performance.
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