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Abstract The wireless network is a communication network that allows users to
communicate with each other without using a wired intermediary. One of the most
popular wireless network technologies is the mobile ad-hoc network (MANET). The
proper routing protocol is needed in designing the MANET network because each
user acts as a router or determines his path in sending information to the intended
user. Mobility models and traffic agents also affect the performance of the MANET
network route protocol. The mobility model represents users’ movement in every
condition of the MANET network, and the traffic agent acts as a protocol that allows
users to connect and share information. This research usedAODV,DSDV, andDSRas
the routing protocols. Randomwaypoint andManhattan grid are used as the mobility
model. TCP/FTP and UDP/CRB are used as the traffic agent. The DSR protocol has
the highest throughput and packet delivery ratio values in each variation of mobility
models with TCP/FTP traffic agent with the highest value of 638 Kbps at 60 node
variation and 99.95% packet delivery ratio at 20 node variation. In comparison, the
AODV protocol has higher throughput and packet delivery ratio values for each
variation of mobility models with UDP/CBR traffic agents with the highest values of
85 Kbps and 99.93%. The residual energy values for the AODV and DSR protocols
have relative values, but the DSR protocol holds the highest value for all variations
of 20, 40, 60, 80, and 100 nodes. The highest residual energy value is in the variation
of 100 nodes random waypoint TCP/FTP with 24798.73 J.
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1 Introduction

The development of information technology in Indonesia is proliferating due to the
public’s need for ease and speed in obtaining information which is getting higher day
by day. One information technology that provides convenience in communicating
and obtaining information is wireless technology. Wireless technology allows users
to communicate and obtain information in mobile conditions. One of the wireless
network technologies that is popular and widely researched because of its flexibility
in modeling and cost-effectiveness is the mobile ad-hoc network (MANET) [1].

MANET technology is suitable for use as an emergency network in Indonesia
because many areas in Indonesia lack telecommunications network infrastructure.
In addition, MANET technology can be used as a solution in the event of a nat-
ural disaster in Indonesia that causes damage to the telecommunications network
infrastructure in the area [2, 3].

In aMANET network, each node is connected to other nodes wirelessly, and these
nodes can move freely within the network coverage. It allows the MANET network
topology to change from time to time and allows for redundancy in transmitting
information between nodes [4].

The routing protocol on the MANET network is helpful so that nodes can deter-
mine the path or route they want to go. Routing protocols are divided into three
classes based on their performance and function on the MANET network, namely
proactive routing protocols, reactive routing protocols, and hybrid routing protocols.
Each type of protocol has its advantages and disadvantages [5].

Several parameters can influence the value of the quality of service (QoS) routing
protocol, includingmobilitymodel parameters. Eachmobilitymodel has characteris-
tics that can cause QoS values such as throughput, packet delivery ratio, and residual
energy of each routing protocol to be different. Each routing protocol has its path in
sending or forwarding data. Mobility models can also represent the conditions of an
environment because the movement of users in each mobility model is different [6].

Data traffic scenarios are required for data transmission at each node in the
MANET network. It can affect the QoS value in each routing protocol in theMANET
network. Because each traffic agent is responsible for sending data, it is essential to
note that each traffic agent has different characteristics. So simulation is needed to
determine the type of protocol and trafficmodel suitable for environmental conditions
and user movements on the MANET network [7].

The QoS performance test of AODV, DSR, and TORA reactive routing protocols
has been tested. It was found that the AODV routing protocol has a better QoS value
than DSR and TORA. In addition, the QoS performance test of the AODV, ZRP, and
AODVDR routing protocols was also carried out. It was found that the ZRP hybrid
routing protocol has a better QoS value than AODV and AODVDR [8].

Research has been done on using two traffic agents, namely TCP/FTP and
CBR/UDP, using the AODV routing protocol. It was found that TCP/FTP has a
better throughput value than CBR/UDP. However, the packet delivery ratio of the
two traffic models has a consistent performance in every scenario [7].
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Table 1 Hardware requirements

Component Specification

Operating system Linux Ubuntu 64 bit

CPU Intel Core i5 8250U CPU @ 3.4GHz

Memory 8 GB

Harddisk 100 GB

Research has also been carried out on the selection of mobility models in the
designof theMANETnetwork.Twomobilitymodels havebeenused, namely random
waypoint andMANET down left, using the OLSR routing protocol. It was found that
the random way point model has a better QoS value than the MANET down left [9].

Thus, based on previous studies, this study will analyze the effect of variations
in mobility models and traffic agents on the performance of routing protocols in the
MANET network. Routing protocols used are AODV,DSDV, andDSR. Themobility
models used are randomwaypoints andManhattan grids. Furthermore, FTP/TCP and
UDP/CBR are the traffic agent models used.

2 Method

2.1 Simulation Environment

The system design was carried out using the Acer Aspire E5-476G-58KE laptop with
specifications that can be seen in Table 1

While the software used in designing the system is as follows:

1. Network Simulator 2.35 is used to design the MANET network.
2. Text Editor is used to creating scripts based on Tcl and C++ MANET network

design.
3. AWK Script to calculate the quality of service value from the simulation that has

been made
4. BonnMotion used to create the mobility model we want

2.2 Simulation Models

There are four simulation models carried out. Models I and II use the random way-
point, while Models III and IV use the Manhattan grid with the parameters used are
shown in Table 2.
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Table 2 Parameter for models I, II, III, and IV

Parameters Model I Model II Model III Model IV

Mobility models Random waypoint Manhattan grid

Traffic agent type FTP CBR FTP CBR

Data type TCP UDP TCP UDP

Network size 1000m m × 1000m m

Routing protocol AODV, DSDV, and DSR

Number of nodes 20, 40, 60, 80, dan 100

Simulation time 1000s

Propagation
model

Two ray ground

Speed of mobile
nodes

0.1–2 m/s

Initial energy 1000J

Idle power 0.8W

Rx power 1W

Tx power 1.3W

Sleep power 0.003W

Packet size 512 bytes

Max pause 5 s

Block size 4 × 4

3 Result and Discussion

In this section, a comparison of each model’s throughput, packet delivery ratio, and
residual energy will be shown.

3.1 Throughput Versus Node

The throughput graphs against nodes from Models I, II, III, and IV are shown in
Figs. 1, 2, 3, and 4, respectively.

Figure 1 shows that DSR has a higher throughput value than others because it uses
cache routing to form transmission paths so that nodes with many DSR protocols
still have effective routing paths. Figure 2 shows that the AODV protocol has a
superior value than others. The UDP/CBR traffic agent sent data or packets directly,
and there is no checking that the data sent has been damaged or has not arrived
at its destination. Hence, the throughput value for UDP/CBR is small. The AODV
protocol is very suitable for use in CBR/UDP scenarios. Figure 3 shows that the
AODV protocol has a superior value than others. The AODV protocol has a better
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Fig. 1 Graph of throughput
against nodes from Model I

Fig. 2 Graph of throughput
against nodes from Model II

Fig. 3 Graph of throughput
against nodes from Model III

Fig. 4 Graph of throughput
against nodes from Model IV
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value in the Manhattan mobility model because the grid’s topology does not change
randomly. Hence, route discovery is not too difficult. Figure 4 shows that the AODV
protocol has a higher value on large nodes because the AODV protocol does not
maintain either the route already in use or on subsequent deliveries. The AODV
protocol will find the correct route again, which is very suitable if it has adjacent
nodes. In the UDP/CBR scenario, data is sent directly from the node.Moreover, there
is no packet numbering or re-checking of packets.

3.2 Packet Delivery Ratios (PDR) Versus Node

The graphs of packet delivery ratios against nodes from Models I, II, III, and IV are
shown in Figs. 5, 6, 7, and 8, respectively.

Figure 5 shows that DSR has a higher PDRvalue than others because it has routing
discovery which helps find the best route to get to the destination. Figure 6 shows
that AODV and DSR have almost the same PDR values at each node. The PDR
value of UDP/CBR is smaller than TCP/FTP due to the absence of numbering and
re-checking the data. Figure 7 shows that the DSR protocol excels in all nodes. The
DSR protocol has a high and stable PDR value, although it has routing discovery
which helps find the best route to get to the destination. The Manhattan grid scenario

Fig. 5 Graph of packet
delivery ratio against nodes
from Model I

Fig. 6 Graph of packet
delivery ratio against nodes
from Model II
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Fig. 7 Graph of packet
delivery ratio against nodes
from Model III

Fig. 8 Graph of packet
delivery ratio against nodes
from Model IV

also causes a decrease in PDR. It does not allow users to move freely, so data may not
reach the destination. Figure 8 shows that the small PDR value on theManhattan grid
with UDP/CBR is caused by the node being unable to connect because the sender is
far away. Also, CBR/UDP does not have data re-checking.

3.3 Residual Energy (RE) Versus Node

Graphs of residual energy value against nodes from Models I, II, III, and IV are
shown in Figs. 9, 10, 11, and 12, respectively.

Figure 9 shows that AODV has a higher residual energy value at 80 nodes. In
comparison, DSDV excels at 40 nodes. However, DSR has superior values at 20, 60,
and 100 nodes. Each network protocol has a residual energy value that does not differ
much. Figure 10 shows that DSDV has a higher residual energy value than others at
40 nodes. Meanwhile, DSR has superior values at 20, 60, 80, and 100 nodes. Figure
11 shows that the DSR protocol excels at 20, 40, 60, and 100 nodes. In comparison,
the DSDV protocol excels at 80 nodes. Each network protocol has a RE value that
does not differ much because the protocol will choose the closest path or the best
path in sending data to the destination node. The best residual value is in the DSR
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Fig. 9 Graph of residual
energy against nodes from
Model I

Fig. 10 Graph of residual
energy against nodes from
Model II

Fig. 11 Graph of residual
energy against nodes from
Model III

routing protocol because it has routing discovery. Figure 12 shows that the AODV
protocol excels at 20 and 100 nodes. In comparison, the DSR protocol excels at 60
and 80 nodes. Then, the DSDV protocol excels at 40 nodes. The best RE value is in
the DSR routing protocol because it has routing discovery. The same thing happened
in theManhattan grid mobility model, where UDP/CBR had a higher residual energy
value than TCP/FTP due to the absence of re-checking the data that had been sent.
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Fig. 12 Graph of residual
energy against nodes from
Model IV

4 Conclusion

The DSR routing protocol has better throughput performance and packet delivery
ratio on anymobilitymodels that use TCP/FTP traffic agents. The highest throughput
value is 638.61 Kbps at 20 nodes of the random waypoints, and the highest packet
delivery ratio is 99.91% at 100 nodes of the Manhattan grid.

The AODV routing protocol has better throughput performance and packet deliv-
ery ratio in every mobility model variation that uses UDP/CBR traffic agents. The
highest throughput value is 85.04 Kbps in the 100 nodes of the Manhattan grid, and
the highest packet delivery ratio is 99.93% in the 100 nodes of the Manhattan grid.

The DSR protocol has a higher residual energy value than the AODV and DSDV
protocols. The highest residual energy value is at 100 nodes of random waypoint
TCP/FTP with a value of 24798.73 J.
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