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The last decade has witnessed a steep growth in multimedia traffic due to real-time content delivery such as in online games and
video conferencing. In some contexts, MANETs play a key role in the hyperconnectivity of everything in multimedia services. In
this context, this work proposes a new scheduling approach based on context-aware mobile nodes for their connectivity. The
contribution relies on reporting not only the locations of devices in the network but also their movement identified by sensors.
In order to illustrate this approach, we have developed a novel agent-based simulator called MASEMUL for illustrating the
proposed approach. The results show that a movement-aware scheduling strategy defined with the proposed approach has
decreased the ratio of channel interruptions over another common strategy in mobile networks.

1. Introduction

Mobile ad hoc networks (MANETs) are composed of flexible
nodes that usually join or leave. In MANETs, many optimi-
zations have been addressed to provide high quality of service
(QoS) [1]. In addition, QoS-driven approaches have per-
formed data mining for identifying key aspects for improving
the MANET performance such as selecting which services to
deploy [2]. The ways of improving QoS in MANETs are
diverse, and each of these brings a new insight aspect for
improving MANETs. Among all these possible aspects, this
work focuses on the analysis of device movement in MAN-
ETs and the content-aware techniques by specially consider-
ing the protocols for transmitting multimedia contents.

The literature has analyzed the movement of devices in
MANETs. For instance, smart movement of unmanned air
vehicles (UAVs) has been proposed for improving connectiv-
ity in MANETs of UAVs [3]. In this context, triangulation
heuristics were proposed to avoid the computational cost of
solving the corresponding NP-hard optimization problem.
The connectivity in high-speed MANETs becomes crucial,

and Chen et al. [4] proposed to use link stability probability
estimation between nodes to rapidly adapt to the MANET
topology among other parameters, including an interruption
prediction mechanism. However, these works did not
provide a MANET simulator in which alterations of their
proposals could be tested to improve the state of the art in
this context.

Content-aware strategies can adapt the scheduling of
communications considering the type of content transmitted
[5]. More concretely, some works focus on specific contents,
being particularly common targetingmultimedia transmission
types as these are the neediest in terms of bandwidth and con-
nection stability. Among others, one can observe the work of
Venkatesh et al. [6] about a QoS-aware routing protocol for
video streaming in MANETs. In addition, another QoS-
aware strategy is balanced between real-time and non-real-
time traffic [7]. In general, online interactive transmission
may benefit from real-time communication without disrup-
tions being the latter one of the most critical aspects.

In the intersection of movement analysis on MANETs
and specific interactive multimedia transmission, this work
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proposes a novel simulator for supporting further analysis of
MANETs composed of devices that include sensors for iden-
tifying locations and movements. The proposed simulator
called MASEMUL allows scheduling strategies to be aware
of locations, movement directions, and speed of the devices
conforming the MANET. MASEMUL is open source. For
illustrating this approach, we propose a strategy that esti-
mates the nodes that are more stable, in terms of relative
movement with the previous and next nodes in the channel,
to establish a high bandwidth channel for transferring real-
time multimedia content.

Scheduling network strategies usually ignore the
movement information when handling networks as one can
observe, for example, in [8], which even considered real-
time traffic changes. Moreover, even in MANET scheduling
works such as [9], the literature lacks support for the defini-
tion of movement-aware strategies based on relative move-
ment among network devices. Furthermore, well-known
general-purpose network simulators like OMNeT++ and
NS-3 also omit the possibility of defining movement-aware
strategies based on the movement of the current device and
surrounding ones. The main advantage of MASEMUL over
other network simulators is its capacity of designing schedul-
ing strategies in a distributed way considering the movement
of each device and other surrounding devices. MASEMUL
supports the simulation of UAVs among other vehicles.

This article is structured as follows. The next section
introduces the related work indicating the main gap of the lit-
erature covered by this work. Section 3 presents a novel
approach for supporting multimedia real-time communica-
tions in MANETs. Section 4 presents MASEMUL, and
Section 5 discusses the most relevant aspects of the experi-
mentation. Section 6 mentions the main conclusions and
depicts some future research lines.

2. Related Work

The related work falls into the categories of (a) existing
scheduling algorithms and approaches, (b) network simula-
tors in the context of this work, and (c) a further comparison
with OMNeT++ and NS-3 simulators.

2.1. Network Scheduling Algorithms. Coordinated scheduling
algorithms have been used to mitigate intercell interference
in different types of networks. In particular, Nardini et al.
[8] solved the coordination of cluster of nodes as an optimi-
zation problem. Their algorithms obtained suboptimal solu-
tions fast enough to adapt to traffic changes in real time.
Their results showed a reduction of used resource blocks,
and consequently, their approach reduced energy consump-
tion. In addition, Song et al. [10] improved scheduling by a
free space optical framework. They used a relay selection
algorithm to adapt to different weather conditions for boost-
ing transmission quality.

Concurrent scheduling has been applied in improving
massive multiple input, multiple output (MIMO). For
instance, Ma et al. [11] investigated scheduling between
backhaul and access link for maximizing QoS-satisfied trans-
mission flows. Their experimentation showed improvements

in terms of network throughput and number of successful
transmission flows in comparison to other existing schemes.

In MANETs, scheduling also plays a relevant role. In par-
ticular, Tuan et al. [9] proposed a channel-aware scheduling
mechanism that considers integrated time in frequency-
based downlink LTE. They improved around 12% over other
methods such as modified largest weighted delay first (M-
LWDF), proportional fair (PF), and exponential/propor-
tional fair (EXP/PF).

Video transmission has been improved in different kinds
of networks. For example, Sharma et al. [12] proposed a cat-
alytic computing approach for improving resource-based
mobility management in video transmission. Their approach
relied on a homogeneous discrete Markov model for deter-
mining user mobility patterns and an algorithm for conges-
tion prediction and selection of fast routes among serving
terminals.

Moreover, the cooperated blockchain networks have
been applied to a wide range of use-case domains such as
smart healthcare, smart city, smart transportation, smart
grids, and UAVs. The survey of Nguyen et al. [13] showed
the security challenges in networks that can be solved with
blockchain in these scenarios.

The aforementioned related works propose the mecha-
nism of scheduling network packets in different kinds of sce-
narios. A few of these actually consider MANETs. However,
these strategies were not integrated into a simulation envi-
ronment, where their approaches could be easily simulated
for MANETs. Thus, practitioners may find it difficult to test
and improve their approaches, missing a MANET simulator
for that purpose.

2.2. General-Purpose Network Simulators. The Discrete
EVent Simulation framework for MANETs (DEVS-M) was
proposed as an adaptation of the previous DEVS-Suite simu-
lator focusing on MANETs [14]. This simulator also checks
the velocity and movement of nodes. They tested the load-
balancing scheme for illustrating their approach. Their simu-
lator programmed in Java and their load-balanced technique
showed that the simulation execution time did not increase
with the network size, which was an advantage over other
simulators and load-balancing strategies.

The estimation of QoS and also quality of experience
(QoE) is a problem widely addressed in the literature. For
instance, neural networks have been used for addressing this
problem with machine learning using a device-aware and
content-aware approach [15]. In particular, their approach
used a multilayer perceptron and measured the medical
QoE based on the visual perception of medical experts as
input and estimated output.

Nevertheless, these simulators are not adapted for MAN-
ETs except for the case of DEVS-M, which is basically
focused and illustrated on load balancing rather than on the
reduction of interruptions in channels of communications
with moving devices, which reduces the impact on the quality
of transmitted multimedia flows. In this context, this work
covers this gap of the literature by presenting a MANET sim-
ulator based on easily configurable strategies with distance-
based heuristics as described in the next section.
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2.3. OMNeT++, NS-3, and Other Simulators. Among all the
network framework simulators, OMNeT++ and NS-3 are
especially relevant for their popularity and their extensive
functionality. Both are designed for supporting discrete event
network simulators. OMNeT++ is built as a C++ modular
library, on which network simulators can be built. However,
it lacks its own simulator. NS-3 is a free network simulator
software that supports IP and non-IP-based networks. It sup-
ports models such as Wi-Fi, WiMAX, or LTE. Although
there are mobility models for OMNeT++ and NS-3, these
platforms still lack the support of the direct definition of
strategies based on information such as relative speeds.

Table 1 compares themost relevant features of OMNeT++
and NS-3 with the novel proposed MANET simulator named
MASEMUL, in the context of this work. These simulators sup-
port the simulation of MANETs. OMNeT++ requires using a
domain-specific language, while in NS-3 and MASEMUL, it is
not necessary to learn a domain-specific language. The com-
parison also includes the 5G-air-simulator [16] and Yet
Another MANET Simulator (http://www.pages.drexel.edu/
sf69/MANET_Simulator.html (last accessed on 01/25/2021))
from the Drexel Network Modeling Laboratory. It is worth
highlighting that 5G-air-simulator is an extension of the
LTE-Sim simulator of Piro et al. [17] from the lab, which
was initially developed in 2010. 5G-air-simulator used the
same environment with new capabilities and consequently is
the result of the work for more than a decade from
TelematicsLab.

The advantages of the presented MASEMUL over these
existing alternatives are mainly related to the definition of
strategies based on the movement properties. More con-
cretely, in MASEMUL, strategies can access the movement
information of each device represented as a vector. These
strategies can be designed for being specifically aware of
movement in an easy and straightforward way. Further-
more, the agent-based simulation approach of MASEMUL
guides designers in specifying their strategy in a distributed
way, defining the behaviors of individual nodes, and mak-
ing the network more robust against failures and dynamic
circumstances.

3. The Proposed MANET Agent-Based
Simulator for Evaluating Communications
with Multimedia

The proposed simulator referred to as MASEMUL (MANET
Agent-based Simulator for Evaluating communications with
MULtimedia) is introduced considering the most relevant
underlying basis in Subsection 3.1, the functionalities associ-
ated with its architecture in Subsection 3.2, and finally the
movement-aware strategies in Section 3.3.

3.1. Relevant Underlying Basis of MASEMUL. In MASEMUL,
we have modeled devices as context-aware components that
use location and movement information from sensors for
scheduling and routing purposes in mobile networks. More
concretely, location is represented with a 3D vector. The
movement is also represented with a 3D vector with the
direction of the movement and the magnitude representing

the actual speed. The simulator uses 3D vectors for the loca-
tions and movements of vehicles to support vehicles with dif-
ferent altitudes such as UAVs. In order to simplify the
visualization, the simulator uses a vertical projection repre-
sentation, omitting the third z dimension.

MASEMUL considers the types of compression for
videos and images. It simulates the time of compressing
and decompressing at each end, and it considers the size of
transmitted videos considering the corresponding compres-
sion factor. Therefore, the QoS metrics reflect the influence
of the specific multimedia compression.

The proposed simulator considers devices that are aware
of their location and movement (i.e., direction and speed).
Each device operates autonomously but coordinates with
shared behaviors to keep MANET aware of their informa-
tion. In particular, we have developed this simulator follow-
ing the process of developing efficient agent-based
simulators (PEABS) [18]. In this context, each device is mod-
eled as an agent, with a shared goal of improving QoS in
transmission of multimedia content in MANETs.

3.2. Description of the Functionalities and Architecture of
MASEMUL. Figure 1 presents the block diagram of the main
functionalities of MASEMUL. In this simulator, devices are
created in the beginning with the proper sensors to be
context-aware of their locations, directions, and speeds.
Their locations, directions, and speeds are randomly initial-
ized. Then, source and target devices are selected for
performing the multimedia streaming/conferencing. The
simulator selects the scheduling and routing strategy. It
establishes the channel according to this strategy. The simu-
lation continues with a loop that simulates the streaming of
multimedia content. Each iteration simulates the transmis-
sion of a packet and the movement of MANET devices
according to their locations, directions, and speeds. Each iter-
ation checks whether the channel is broken because the dis-
tance of any two consecutive nodes of the channel may
surpass the corresponding threshold. If the channel is bro-
ken, then a new channel is reestablished according to the
strategy. The simulation updates several QoS measurements.
More concretely, it calculates the average communication
delays, computed as end-to-end delays. It also calculates the
packet delivery ratio and the packet loss ratio. Besides the
common QoS measurements, this simulator also simulates
the number of times that the channel is broken, as these
may cause pauses in real-time multimedia transmissions.

Moreover, MASEMUL has the possibility of simulating
several scheduling strategies in the same scenario for perfor-
mance comparison. It can use the two strategies described in
this article or any other implemented by the user. In these
cases, everything is repeated for each strategy at the begin-
ning and in each simulation iteration.

The movement-aware scheduling approach uses a greedy
algorithm, in which each node selects the next node, and
then, it takes the next decision with the available options.
This greedy algorithm checks that the channel does not go
through the same nodes to avoid infinite loops in the search.
In this approach, it is essential to select proper heuristics to
facilitate reaching the target device properly.

3Wireless Communications and Mobile Computing

http://www.pages.drexel.edu/sf69/MANET_Simulator.html
http://www.pages.drexel.edu/sf69/MANET_Simulator.html


In particular, this framework has an object-oriented
“Strategy” interface with a distance method that calculates
the heuristic for each node, knowing the current node, the

node that is being evaluated, and the target node. Figure 2
shows a relevant excerpt of the class diagram of the MASE-
MUL. The “MainSim” class guides all the other classes in
the simulation. The “Channel” class simulates each commu-
nication and can use different movement-aware strategies.
Practitioners can define new movement-aware strategies by
implementing the “Strategy” interface. Each of these strate-
gies can access the environment and access all the reachable
network elements or devices (i.e., objects of “Device” class)
and use their movement and relative speed among other
information. The “QoS” class monitors the simulation to cal-
culate the QoS measurements.

Practitioners can just test new strategies by just
implementing this Strategy interface with its method, using
the MASEMUL framework publicly available on its website
(http://grasia.fdi.ucm.es/ivan/masemul/ (last accessed 02/
01/2021)). This framework includes two examples of strate-
gies that will be presented later in Section 4 when presenting
the experimentation. The class diagram shows how the envi-
ronment contains several devices, and each channel includes
a strategy for establishing communications between the tar-
get and source devices. Another class measures the QoS indi-
cators, and the environment is graphically displayed with
another class.

This approach avoids exponential complexity solutions
such as brute-force approaches and backtracking algorithms,
which address NP-hard problems with exponential complex-
ity cost. In usual medium and big MANETs, this cost is not
affordable for the necessary time that would be needed to
calculate paths.

3.3. Simulating Movement-Aware Strategies. Figure 3 shows
an example of a simulated network scenario by using the
novel MASEMUL simulator. In the simulator, you can estab-
lish the simulated time in seconds, the number of devices, the
environment size (expressing width of a square area in
meters), the maximum distance to communicate among
two different devices, the maximummovement speed in each
axis, and the simulation display speed (i.e., number of ms for
showing a simulated second).

InMASEMUL, the nodes of MANETs are initialized with
random locations and movements. Certain strategies can be

Table 1: Comparison of OMNeT++, NS-3, 5G-air-simulator, Yet Another MANET Simulator, and MASEMUL.

OMNeT++ NS-3 5G-air-simulator
Yet Another MANET

Simulator
MASEMUL

Can it simulate MANETs? ✓ ✓ ✓ ✓ ✓

Can users perform simulations without learning any
domain-specific language?

✗ ✓ ✓ ✓ ✓

Is it written in a general-purpose programming language
(e.g., C++/Java)?

✓ ✓ ✓ ✓ ✓

Can you define strategies that directly access the movement
vector of each device?

✗ ✗ ✗ ✗ ✓

Can it simulate movement-aware strategies? ✗ ✗ ✗ ✗ ✓

Can the strategies be defined with an agent-based simulation
approach by defining autonomous behaviors in the network
nodes?

✗ ✗ ✗ ✗ ✓

Create MANET devvices with
sensors

Initialize their locations, directions
and speeds randomly with a range

Select source and target nodes

Select a scheduling and
routing strategy

Establish a channel for transmitting
multimedia content

Transmit a packet of the
multimedia streaming

Move IoT devices according to their
directions and speeds

Channel broken?
No

Yes

Establish a channel for transmitting
multimedia content

Update the QoS measurements

Finish simulation?
No

Yes

Figure 1: Block diagram of the proposed MASEMUL simulator.
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deployed, and one can observe the repercussion of one or
several strategies. Each strategy will be represented with a dif-
ferent color selected by the user. In the simulation display,
the channel including the devices and its links are highlighted

with the color associated with the strategy. Among others, in
each iteration, the simulator outputs (a) the number of bro-
ken channels as indicators of how many times the communi-
cation may be disrupted and (b) the average delays.

QoS Channel

MainSim

num_ticks
sleep_time_per_iter
main(args)

‹‹Interface››
Strategy

distance(current, device, target)

ClosstToTarget
distance (current, device, target)

Movement Aware

distance (current, device, target)

Device
position
movement

Environment

DisplayGraphics

environment
channels[]
colors[]
paint (graphics)

capacity
max_distance
listDevices

live()
reachable (position)

distance (device)
live()
relativeSpeed()

weight_movement
weight_distance

acumDelays[]
numBrokenChannels[]
numChannels
numTicks
reportBrokenChannel(channelIndex)
reportDelay(channelIndex, delay)
avgDelay(channelIndex)
brokenChannels(channelIndex)

environment
devices
source
target
strategy
establish(source, target)
isBroken()
measureDelay()
findNext()

Figure 2: Excerpt of class diagram of MASEMUL.

Figure 3: Example of simulation with sensor information of devices in MANETs (orange for highlighting the nodes of communication
channels and black for the other nodes).
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The proposed approach is especially relevant in scenarios
where there is enough network infrastructure and the com-
munications rely on MANET nodes. Figure 4 shows a net-
work diagram in a maritime scenario with different vehicles
such as ships, sailboats, and UAVs that are moving. All these
vehicles will know their location, direction, and speeds
through GPS and digital compasses (also known as magne-
tometers). Vehicles communicate to other nearby vehicles
conforming to a network using the defined scheduling
strategy.

4. Experimentation

In order to show the potential of our novel simulator compo-
nent, the proposed new simulator was compared with the
well-known and validated 5G-air-simulator [16], in order
to check that basic scenarios without movement information
have obtained similar results. Table 2 shows the parameters
that were used in all the experimentation as basis.

Although there are several testbeds for evaluating com-
munications, to the best of the authors’ knowledge, there is

not any testbed that included the complete movement infor-
mation (e.g., movement direction and acceleration) to vali-
date the proposed simulation tool and movement-aware
scheduling strategies.

Figure 5 compares the packet losses over the time simu-
lated with the 5G-air-simulator and the packet losses
obtained with MASEMUL. As one can observe, the packet
loss results were similar in both simulators. More concretely,
the average difference between the packet loss outputs of
both simulators was only 2.77% in this experimentation.
The packet losses are calculated in each time frame as the
ratio of packets that have not arrived yet at their destination.
It is worth noting that the packet delivery ratio is the opposite
of the packet loss ratio used in these graphs, and conse-
quently, the former can be easily calculated as 100% minus
the information presented in these graphs. In the first time
frames, the initial packets were sent and not received yet
causing the effect of an apparently high packet loss percent-
age. This mainly shows a potential downside of this measure-
ment mechanism rather than an actual network performance
problem. Later, we have compared different scheduling algo-
rithms considering location and movement information in
some of them, discussing results. This shows the potential
of movement-aware scheduling algorithms to improve QoS
in the transmission of multimedia content in MANETs.

In order to test a new strategy referred to as “movement-
aware” strategy in mobile networks, we compared this with a
common heuristic strategy for obtaining pseudooptimized
paths considering the distance as the prime factor denoted
as “closest-to-target” strategy from this point forward. More
concretely, each node will select the node that is closest to the
target from the available ones nearby. This strategy is com-
mon in short-path routing protocols [19]. Then, the

Figure 4: Network diagram of a maritime scenario.

Table 2: Parameters of the experimentation.

Parameter Value

Simulated time 1000 s

Number of devices 50

Environment size (width of a square area) 1000m

Maximum distance to communicate
among two different devices

200m

Maximum movement speed in each axis 5m/s

Simulation speed (real time divided by simulated time) 10
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streaming channel will stay in the same channel of devices
until this is broken, meaning that the distance between any
two consecutive nodes surpasses the threshold of maximum
possible distance for communication.

In the proposed movement-aware strategy, each node
checks the relative movement over all the nodes in their
available range. It will pick up the node that has the shortest
heuristic considering the weighted sum of the square of the
relative speed and the squared distance to the target.
Equation (1) calculates the heuristic distance function that
is used for selecting the next MANET node:

h c!,m!c, n
!,m!n, t

!� �
= Km ∗ m!c −m!n

���
���
2
+ Kd ∗ n! − t

!���
���
2
,

ð1Þ

where h is the heuristic function, c! is the current node loca-
tion, m!c is the movement of the current node, n! is the evalu-
ated node location, m!n is the movement of the evaluated

node, t
!

is the target location, and Km and Kd are the con-
stants of the weighted sum for respective movement and
the distance to the target.

These squared distances are efficiently calculated without
the need of calculating any square root. The “Device” class
has two methods for efficiently calculating the squared
distance and squared relative speed with, respectively, Equa-
tions (2) and (3) without needing any square root:

sqrDistance n!, t!
� �

= nx − txð Þ2 + ny − ty
� �2, ð2Þ

sqrRelativeSpeed m!c,m
!

n

� �
= mc,x −mn,xð Þ2 + mc,y −mn,y

� �2,
ð3Þ

where all the vectors n!, t
!
, m!c, and m!n have the same mean-

ing as in the previous equations and where for any v! vector,
its components are represented as vx and vy.

Figure 6 shows an example of a simulated network
scenario by using the novel MASEMUL simulator, which is
comparing closest-to-target and movement-aware strategies,
with, respectively, orange and blue colors. Notice that in the
simulator, the devices continuously move and stay in the
channel while this is not broken. In these experiments, we
simulated an environment of 50 devices with the capacity of
communicating over 200m in a total area of 1 km × 1 km.
The maximum speed was 5m/s in each axis component, in
which each simulation iteration represented a second of real-
world time. In MASEMUL, it took 5386ms of execution time
to complete the simulation of the strategies.

Figure 7 compares the percentages of broken channels for
the two strategies, considering the percentage of iterations in

5G-air-simulator
MASEMUL
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Figure 5: Packet losses simulated with 5G-air-simulator.

Figure 6: Closest-to-target (orange nodes and links) and
movement-aware (blue nodes and links) strategies in the MANET
(black for the other nodes).
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which the channel needed to be reestablished. In addition,
Figure 8 shows the histograms of broken channels for both
strategies. One can observe that the movement-aware strat-
egy had a lower number of broken channels in comparison
with the closest-to-target strategy. In addition, the distribu-
tion of the percentages of broken channels is lower in the
movement-aware strategy (i.e., with a range from 0.0% to
25.0%) than in the closest-to-target strategy (i.e., with a range
from 5.0% to 52.5%). Multimedia traffic benefits from this
lower percentage of broken channels to facilitate the seamless
synchronous audio-visual communication for virtual
meetings among the passengers of several vehicles of the
MANETs.

Figure 9 compares the average delays between both strat-
egies. In addition, Figure 10 shows the histograms of delays
for both strategies. As one can observe, there is no clear
advantage of one over the other, as in some iteration one is
better and then the other way around. In general, the
closest-to-target strategy gets the lower delays if there is no
broken channel. However, broken channels also introduce
some delays, and consequently, in these cases, then the
movement-aware strategy had better results in some itera-
tions. On average, closest-to-target had slightly lower average
delays with 159ms than with movement-aware strategy with
a 171ms of delay in average. In real-time traffic, delay is a
crucial QoS parameter, although in this case this difference
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can be considered negligible as it is about one hundredth of a
second.

A strong point of the movement-aware strategy is that
even though the delay is slightly higher with a low number
of broken channels, the advantage is that when having a
low number of broken channels, it will lead to having less
packet losses and which will guarantee a better visual quality
and seamless delivery of multimedia contents.

Furthermore, we have compared the performance of the
proposed MASEMUL simulator with the most similar exist-
ing MANET simulator considering fair comparisons using
the same platform and programming language. In particular,

we considered that the most similar simulator is Yet Another
MANET Simulator, as it is also specifically focused on MAN-
ETs with different movements of their nodes. It also uses the
same programming language, i.e., Java. We executed both
simulators with the same Java virtual machine, in the sample
platform (i.e., Windows 10) and the same hardware (Lenovo
Laptop p52 with Intel Core i7 vPro 8th generation processor
and 16GB of RAM). We used the Performance Monitor (also
known as PerfMon) of Windows for measuring this compar-
ison. Figure 11 shows the comparison of processor usage
between Yet Another MANET Simulator and MASEMUL.
It shows that MASEMUL improves the processor usage

0

0.05

0.1

0.15

0.2

0.25

0.3

0 1 2 3 4 5 6 7 8 9

D
el

ay
 (s

)

Time (s)
Closest-to-target
Movement-aware

Figure 9: Comparison of delays.

.00 .05 .10 .15 .20 .25
0

5

10

Fr
eq

ue
nc

y 15

20

25

Delay (s) in closest-to-target

Delay (s) in closest-to-target

(a) Closest-to-target strategy

.00

40

30

20

10

0
.05 .10 .15 .20 .25 .30

Fr
eq

ue
nc

y
Delay (s) in movement-aware

Delay (s) in closest-to-target

(b) Movement-aware strategy
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decreasing it over the existing alternative Yet Another
MANET Simulator. Figure 12 compares the disk usage.
MASEMUL has a lower usage than Yet Another MANET
Simulator, specially when launching the application at the
beginning of the execution.

5. Discussion

In conclusion, the proposed MASEMUL has assisted in
defining movement-aware scheduling strategies. The pre-
sented movement-aware strategy reduced the percentage of
broken channels, which is useful for carrying real-time mul-
timedia transmissions.

It is worth noting that in the movement-aware strategy
when having a great weight in the part of relative movement
speeds, it could obtain longer paths with a higher number of
nodes, increasing the probability of a broken channel due to
the higher number of devices that could separate from each

other. Notice that both algorithms use greedy algorithms in
which a decision of a path may imply that later in other
points of the path conditions could be worse. Thus, only
brute-force algorithms could guarantee the minimum rela-
tive speed considering all the nodes of the path, and their
computational costs are not affordable even in medium
MANETs. In brief, in the proposed movement-aware strat-
egy, the calibration of heuristic weights is important to obtain
the actual reduction of the percentage of broken channels.

Machine learning approaches have proven to be useful
for estimating the quality of experience obtained by users in
networks [15]. In addition, realistic simulators such as 5G-
air-simulator provide ways of realistically simulating differ-
ent network aspects [16]. The existing MANET simulator
DEVS-M focuses on load balancing. However, none of these
tools allow experimenting with the basics of simple MANET
scheduling strategies that are movement-aware in networks
of mobile devices for reducing the number of interruptions
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as the current work does, which helps to improve the QoS of
multimedia transmission in MANETs.

Since the network is relying on information from device
sensors, there is a risk of suffering perception-layer attacks
in which the attacker can alter the information perceived
by devices. In these attacks, the network would malfunction
as the scheduling would be based on unreliable information.
The proposed approach could be secured by identifying
perception-layer attacks based on the detection of unusual
patterns of location changes and movements as addressed
in other perception-layer security mechanisms [20]. In
particular, each device could use any of the available light-
weight machine learning or novelty-detector approaches
for this purpose. The MANET scheduling mechanism could
also apply some general analysis to detect unusual patterns
in the evolution of movements and locations of the devices
to not only rely on the specific security measures of each
device.

The goal of MASEMUL is to support scheduling strate-
gies based on the movement information, and these
movement-aware strategies cannot be directly implemented
in other network simulators such as ns-2, ns-3, OMNet++,
and OPNet. The goal of this work is not to develop a network
simulator that replaces such existing network simulators but
rather to actually complement these simulators with some
new support for this new kind of movement-aware schedul-
ing strategies. In fact, we plan to integrate MASEMUL func-
tionality as a plugin of any of these network simulators.

6. Conclusions and Future Work

This work has presented a framework for simulating different
scheduling strategies in MANETs considering that the mov-
ing devices have sensors that can track their movement direc-
tion and speed. In this way, new scheduling strategies can be
defined considering this information. The novel simulator
has used the 5G-air-simulator as a basis for checking its real-
istic simulations in some scenarios. The article has shown
that a proposed movement-aware strategy has improved
another strategy just aware of locations in mobile networks,
in terms of percentage of broken channels over time. The for-
mer strategy is also aimed at improving the QoS of multime-
dia transmission.

As future work, we plan to develop newmovement-aware
strategies that are aware of context information for obtaining
better quality parameters such as packet losses, delay, and
throughput. We also plan to apply these strategies in real
MANET scenarios for further assessing them.
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