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Abstract — A mobile ad-hoc network is a connection between mobile nodes which uses wireless media. This network does
not have an administrative center, so each node in addition to functioning as a sender and receiver of data information, also
functions as a router that will look for route information from the source node to the destination node. The topology of the
mobile ad-hoc network is always changing because the nodes move dynamically. The changing of mobile ad-hoc network
topology resulted in the repetition of route information searches. The process of finding route information requires a routing
protocol. The routing protocol-enabled nodes must maintain the energy usage in the route-finding mechanism. Choosing the
right routing protocol can be a solution to make energy use by nodes more efficient, especially in ad-hoc networks. This
study uses a routing protocol in the reactive category, namely dynamic source routing. This study aims to determine the
performance of energy consumption, residual energy, and packet delivery ratio with scenarios of increasing node movement
speed and network area. From the result of the research, it is known that DSR can handle changes in the speed of node
movement and network area related to energy consumption and residual energy. This is evidenced by the results of research
showing that with faster node movements and wider areas, less energy is required. Meanwhile, regarding the success of
packet delivery, the dynamic source routing protocol cannot handle changes in node movement and network area speed.
This is evidenced by the packet delivery ratio measurement results, which show that with faster node movements and wider
areas, many packets are not successfully received by the destination node.
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I. INTRODUCTION

A mobile ad-hoc network (MANET) is a connection
between mobile devices using wireless media. Each
mobile device is referred to as a node. Each node is
connected to other nodes without intermediary devices
(routers, switches, access points), so the configuration
process is carried out on its nodes. MANET topology is
always changing because the nodes move dynamically
[1]. This topology change results in repeated route
information searches [2]. This network does not have
an administrative center. Hence, each node on the
network in addition to functioning as a sender and
receiver of data information also functions as a router
that will look for route information from the sender
to the receiver [3]. These functions can be executed if
the nodes on the network have sufficient energy. The
energy the node uses is a battery, so it is limited. When
the energy is used continuously, the energy at the node
will decrease [4].

Nodes on the MANET function as routers that carry
out the routing process. The router carries out the
routing process to determine the route of the received
packet and forward it to the destination of the packet
[5]. The routing protocols are needed to perform a
routing process. MANET routing protocols are re-
quired to maintain route information. There are three
classifications based on their working mechanism, On-
Demand Routing Protocols, Table Driven Protocols,
and Hybrid Routing Protocols [6], [7]. The routing
protocol activated in the nodes must keep the energy
usage in the routing mechanism and data transmission
as small as possible. Choosing the right routing pro-
tocol can be a solution to make energy use by nodes
more efficient.

Several researchers have studied routing protocols
on MANET networks and performed a study about
DSR routing protocol implementation using random
waypoint mobility. In 2017, Qi et al. [8] measure the
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performance of PDR, end-to-end delay, and routing
overhead with variations in the number of nodes and
speed of nodes. From the test results, the PDR value,
end-to-end delay value, and routing overhead value
obtained fluctuate against the scenario of variations in
the number of nodes and the speed of node movement.

A study conducted by Poonia et al. [9] simulates
the DSR routing protocol performance. Simulation is
carried out using scenario of variations in the net-
work area. The parameter analyzed is the number of
dropped packets. The results indicate that the number
of dropped packages has increased from 150 × 150 m
to 550 × 550 m. However, when the area increased to
650 × 650 and 750 × 750 m, the number of packages
dropped decreased. In [10], in addition to using DSR,
AODV, and DSDV is also used with scenarios of
increasing the number of nodes with dynamic and
static conditions. The parameters analyzed are energy
consumption, throughput, and packet loss ratio. When
the number of nodes is 20, with all nodes being static,
the result is that the AODV and DSR routing protocols
are 0.3 Joules more efficient than DSDV.

Based on previous research about DSR routing
protocol performance on the MANET network, only
Suladria et al. [10] analyzed energy consumption. The
scenario used is the addition of nodes with dynamic
and static conditions, so other studies are needed with
different scenarios that also affect battery energy con-
sumption on the MANET. This study aims to analyze
the performance of DSR using energy consumption,
residual energy, and PDR parameters with the scenario
of increasing node movement speed and MANET
network area using NS 2.35.

II. RESEARCH METHOD

This section discusses MANET, dynamic source
routing, energy model, testing scenario design, network
design on NS-2, and data retrieval.

A. Mobile Ad-Hoc Network (MANET)

Mobile Ad Hoc Network consists of a collection of
nodes that communicate with each other and move dy-
namically [11]. Because the nodes move dynamically,
the network topology can change rapidly and unpre-
dictably. This network is also decentralized, where the
network configuration and data transmission processes
must be carried out by the nodes themselves.

MANET has several characteristics, including dy-
namic topology, decentralized network, lower band-
width capacity compared to wired networks, limita-
tions in terms of energy, and vulnerability to threats
[12]. Nodes are connected using wireless networks
such as cellular, wi-fi, and Blue-tooth [13]. Wi-fi
is a wireless technology commonly used by home-
owners, small businesses, and start-up ISPs. Some
of standards develop are 802.11a, 802.11b, 802.11g,
802.11n, 802.11ac, and 802.11ax [14]. This network

can be implemented in personal area networks, home
area networking, post-disaster conditions, and military
condition, and it also can use for NFC-based mobile
payment services [15].

B. Dynamic Source Routing (DSR)

DSR is a reactive routing protocol that works when
there is a request from the source node to send mes-
sages to the destination node. The mechanism used
by DSR is route discovery and route maintenance
[16]. This mechanism finds and maintains the best
route from the source to the destination node [17].
Route discovery uses RREQ and RREP, while route
maintenance uses RERR. DSR also has cache memory,
which stores all routing information of source nodes
contained in data packets [7].

The route discovery process begins with sending an
RREQ message from the source node to the nearest
node. The nearest node that receives the RREQ then
looks into its cache to see if there is any information
to the destination node; if there is, the node replies
with an RREP message containing route information.
When the node detects a problem on the route, a
RERR message will be sent to the source node. Wthe
source node receives the RERR message node, the
node on the problematic route will be removed from
the route cache. Data transmission will continue using
an alternative route still stored in the cache. If there is
no alternative route in the route cache, DSR will repeat
the route discovery process to find a new route [18].

C. Energy Model

Energy is an important factor in MANET because
the energy of nodes is sourced from the battery, so it is
limited. Energy i-Nodes consume energy and perform
the routing process. Energy usage is divided into four
states [19], [20].

1) Transmit
The situation where the node transmits packets with

power transmission PTx.
2) Receive

The state where the node receives a packet with a
receiving power PRx.

3) Idle
The state where no packets are sent through the

transmission medium. The node remains silent and
continues to listen to the transmission medium with
PIdle.

4) Sleep
The state when the radio is turned off, and the node

cannot is unable to detect the signal. The node uses
PSleep, which is smaller than the rest of the energy.

Analysis of DSR performance using the NS-2 tools
installed on Ubuntu 20.04. The network simulator
version used is NS-2.35. These tools will be used
to simulate the MANET network with the following
parameters as shown in Table 1.
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Table 1. Simulation Parameters
Routing Protocol DSR
Number of Nodes 20
Transmission Range 250 meters
Mobility Random Waypoint
Traffic-connection TCP
Connection 10 sources, 10 destinations
Packet Size 1024 bytes
Initial Energy 500 Joule
Simulation Time 300 seconds

D. Testing Scenario Design

The energy consumption research using the DSR
routing protocol uses two test scenarios, increasing the
node movement speed and the network area. The range
of each node is a maximum of 250 meters [21].

a) The Scenario of Increasing Node Speed
This scenario was tested with ten experiments
consisting of 20 nodes spread over a 1000 × 1000
meter network. Table 2 is a variation of the speed
used.

Table 2. The Scenario of Increasing Node Speed
Experiment Network area (meter)

1 500 × 500
2 600 × 600
3 700 × 700
4 800 × 800
5 900 × 900
6 1000 × 1000
7 1100 × 1100
8 1200 × 1200
9 1300 × 1300
10 1400 × 1400

b) The Scenario of Increasing Network Area
This scenario was tested with ten experiments.
The network consists of 20 nodes. The node
movement speed is 28-30 ms−1.

Table 3. The Scenario of Increasing Network Area
Experiment Network area (meter)

1 500 × 500
2 600 × 600
3 700 × 700
4 800 × 800
5 900 × 900
6 1000 × 1000
7 1100 × 1100
8 1200 × 1200
9 1300 × 1300
10 1400 × 1400

E. Network Design on NS-2

Network design is carried out by determining the
scenario to be used, and configuring node mobility,
traffic connections, and TCL scripts containing the
main program. The node mobility configuration pro-
cess sets the node’s distribution and movement. The
node mobility used in this study is a random way point
distribution. The nodes in the network spread and move
randomly.

The configuration of node mobility in Fig. 1 is
carried out in the scenario of increasing the MANET

area. The speed of node movements is about 28–−30
ms−1. The mobility configuration of nodes is saved
with the name “mobility1.txt”. Fig. 2 is the result
of node mobility configuration in the scenario of the
increasing network area.

Fig. 2 shows the configuration results of node 0
displacements in experiment 1 in the scenario of the
increasing network area. The initial position of node
0 is at coordinates x 198.15, y 287.20, and z 0.00.
Node 0 moves to the coordinates 317.99 and 420.30
with a speed of 28.40 m/s at the 0th second. Node 0
then moves to points 450.40 and 41.88 with a speed
of 29.15 at 6 seconds.

The traffic connection configuration is used to man-
age connections between nodes in the network, and
the transport,layer protocol is used. Fig. 3 is a traffic-
connection configuration in the scenario of increasing
the node movement speed and the network area. The
configuration result will make connections between 10
source nodes and 10 destination nodes. These nodes
communicate using the TCP transport layer protocol.
The transport layer protocol configuration is saved
under the name “tcp.txt”

Fig. 4 shows the results of the connection configura-
tion between node 1 and node 2. Node 1 will transmit
data with node 2 as the destination at 2.56 seconds.
The data sent by node 1 is 1024 bytes in size. The
data is sent using the FTP service.

The MANET network simulation is built with the
main program,as shown in the description in Fig. 5.
The beginning of the program is the definition of simu-
lation parameters as seen in Table 1. Then, the program
continues with the model energy configuration and
calls the mobility and traffic-connection configuration
files.

Each node in the network is configured with an
initial energy of 500 Joules. Tx power is the power
used by nodes to transmit data. Rx power is the power
used by nodes to receive data. Idle power is the power
used when the node is idle. In this condition, each node
can receive or send data. The power used in the sleep
state is sleep power. In sleep mode, before the sleep
power is awakened, nodes cannot receive or send data
[20].

Fig. 7 shows the main program’s calling of
“mobility-1” and “tcp” files. Both files must be in the
same directory as the main program. The main program
of experiment 1 scenario of increasing network area is
stored under the name DSR1.tcl.

F. Data Retrieval

The data retrieval process uses a trace file generated
from the simulation process. The trace file is obtained
after running the main program TCL file. The trace
file contains all the information during the simulation
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Fig. 1. Node mobility configuration.

Fig. 2. Results of Node Mobility Configuration

Fig. 3. Traffic connection configuration.

Fig. 4. Results of traffic connection configuration.

Fig. 5. Network parameter configuration in main program of node
mobility configuration.

Fig. 6. Model energy configuration.

process. The trace file has a .tr extension, and this file
will be filtered using AWK programming. Filtration
aims to retrieve data on energy consumption parame-
ters, residual energy, and PDR.

Fig. 7. File calling commands ”mobility-1” and ”tcp”

E(N/M) = 1(n>0)(1(M=N)E(Tack)

= +1(M ̸=N)E(Rack)) + 1(m>0)

= (1(M=N)E(Tpck) + 1(M ̸=N)E(Rpck))
(1)

where E(N/M) Isis node N energy consumed due to
node M, E(Tack) is the energy to transmit a single
ACK packet, E(Tpck) is the energy used to transmit
one data, E(Rack) is the energy to receive one ACK
packet, and E(Rpck) is the energy to receive one data.

a) Energy Consumption (EC)
The energy use nodes use use communicate with
each other is the definition of energy consump-
tion. During the simulation process, the nodes
on the MANET network communicate with each
other to send, forward, receive data and perform
the routing process [22].

b) Residual Energy (RE)
The residual energy [3] is the energy that the node
has used then the simulation has ended.

RE = InitialEnergy − EC (2)

where Residual energyis the amount of energy
that is not used by a node, Initial energy is the
total energy before the simulation, and energy
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consumed is the energy used by the node during
the simulation process.

c) Packet Delivery Ratio (PDR)
PDR compares the number of packets that are
successfully received by the destination node and
the number of packets that are successfully sent
by the source node at a certain time [23].

PDR =
Receive

Send
× 100% (3)

where Receive is the number of packets that are
successfully received by the destination node, and
Send is the number of packet that is successfully
sent by the source node.

III. RESULT

In the DSR routing protocol performance research,
network simulations were carried out using the Net-
work Simulator 2.35 tools. The network consists of
20 nodes. The source node will send a packet of
1024 bytes using the TCP transport layer protocol. The
nodes are configured using the DSR routing protocol
with a random way point distribution pattern.

In this distribution mobility model, the nodes in the
network are randomly distributed. First, each node will
select a target location with a random speed then the
node will continue to move to another location target
with another random speed [24], [25]. The simulation
is carried out in two scenarios, the first scenario is the
addition of variations in the speed of node movement
and the second scenario is the addition of the network
area. The scenarios aim to determine the effect of
increasing the speed of node movement and network
area using PDR, energy consumption, and residual
energy parameters.

A. Energy Consumption

Energy consumption is used to communicate be-
tween nodes during the simulation process [3]. During
the simulation, the nodes in the network use energy to
communicate with , other nodes such as sending, re-
ceiving, forwarding data packets, and executing routing
processes. Energy consumption is carried out in two
scenarios, increasing the speed of node movement and
increasing the area of the MANET.

a) The Scenario of Increasing Node Speed
Increasing speed is done by increasing the speed
interval by duration two ms−1. The details of
the speed increase are 1−3 ms−1, 4−6 ms−1,
7−9 ms−1, 10−12 ms−1, 13−15 ms−1, 16−18
ms−1, 19−21 ms−1, 22−24 ms−1, 25−27
ms−1, and 28−30 ms−1. The nodes spread and
move randomly using a random way point distri-
bution. This scenario is simulated on a network
with an area of 1000 × 1000 meters.
Based on the simulation results in the scenario
of increasing the speed of node movement as

Fig. 8. Energy consumption of node speed scenario.

shown in Fig. 8, the lowest energy consumption is
4072.97 Joule occurs when the node movement
speed is in the range of 28−30 ms−1, and the
highest energy consumption of 4144.20 Joule
occurs when the node movement speed is in the
range of 1−3 ms−1.

b) The Scenario of Increasing Network Area
In the second scenario, increasing the MANET
network area, the variations of network area used
are a (500 × 500 meters), b (600 × 600 meters), c
(700 × 700 meters), d (800 × 800 meters), e (900
meters × 900 meters), f (1000 × 1000 meters), g
(1100 × 1100 meters), h (1200 × 1200 meters),
i (1300 × 1300 meters), and j (1400 × 1400
meters). The network consists of 20 nodes that
move using a random waypoint distribution with
a movement speed of 28−30 ms−1.

Fig. 9. Energy consumption of network area scenario.

Based on the simulation results using the scenario
of increasing the MANET network area, as shown
in Fig. 9, node energy consumption decreases as
the MANET network area increases. The total en-
ergy consumed by the node is 4205.16 Joules in
the simulation using an area of 500 × 500 meters,
the experiment with the highest energy consump-
tion. Energy consumption continues to decrease
until the network area is 1200 × 1200 meters.
Then in the experiment using an area of 1300 ×
1300 meters, energy consumption increased from
the previous experiment by a difference of 2.29
Joules. Finally in the experiment with an area of
1400 × 1400, energy consumption decreased to
3821.14 Joules, which is the experiment with the
least energy consumption.
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B. Residual Energy

The residual energy is not used by the node until
the simulation process ends [3]. Therefore, the residual
energy consumption parameter is obtained from the
accumulation of the residual energy consumption at
20 nodes.

a) The Scenario of Increasing Node Speed
In this scenario, experiments were carried out
with speed ranges of duration two ms−1 during
1−3 ms−1 until 28−30 ms−1. The experiment
was carried out on a 1000 × 1000 meter network.
The residual energy tends to increase as the
speed of node movement increases as shown
in Fig. 10. From ten experiments with different
node movement speeds, the results show that the
most residual energy, which is 5927.04 Joules
occurs when the nodes on the network move in
the speed range of 28−30 ms−1, and the least
residual energy is 5855.80 Joules when the node
is moving at a speed range of 1−3 ms−1.

b) The Scenario of Increasing Network Area
In the scenario of increasing the area of the
MANET, experiments were carried out with dif-
ferent network areas. The variations of network
area used are a (500 × 500 meters), b (600 ×
600 meters), c (700 × 700 meters), d (800 ×
800 meters), e (900 meters × 900 meters), f
(1000 × 1000 meters), g (1100 × 1100 meters),
h (1200 × 1200 meters), i (1300 × 1300 meters),
and j (1400 × 1400 meters). Each network area
consists of 20 nodes that spread and move at the
speed of 28−30 ms−1.

Fig. 10. Residual energy of node speed scenario.

Fig. 11. Residual energy of network area scenario.

Fig. 11 shows the residual energy nodes consumed
of increasing the MANET network area. The value

tends to increase as the MANET network area in-
creases. For example, when experimenting with an
area of 500 × 500 meters, the residual energy is
5794.84 Joules; this is an experiment with the least
residual energy consumption. While the residual en-
ergy consumption mostly occurs in the experiment with
a network area of 1400 × 1400 meters, the residual
energy is 6178.86 Joules.

C. Packet Delivery Ratio (PDR)

The PDR compares the number of packets that are
successfully received by the destination node and the
number of packets that are successfully sent by the
source node at a certain time [23]. The source node
and destination node in each research consist of 10
nodes. The packet sent source node to the destination
was sized at 1024 bytes.

a) The Scenario of Increasing Node Speed
Experiments were carried out at different speeds
in the scenario of increasing the speed of node
movement. This scenario is simulated with 20
nodes spread over a network area of 1000 × 1000
meters.

Fig. 12. PDR of node speed scenario.

Fig. 12 shows the research result using the varia-
tion of node speed movement scenario, the price
peace. The The of PDR tends to decrease as the
speed of node movement increases. From the data
obtained, the highest PDR percentage is 98.84%.
The percentage result occurs when the nodes in
the network move at a speed of 4−6 Lowest
percentage of PDR is 97.80%. The percentage
result occurs when the nodes in the network move
at a speed of 28−30 ms−1.

b) The Scenario of Increasing Network Area
This scenario is simulated with 20 nodes spread
out using a random waypoint distribution pattern
with a node movement speed of 28−30 ms−1.
During the simulation process, nodes on the
network perform the process of receiving and
sending packets. This packet number will be
used to get the PDR parameter value. The PDR
parameter values for each experiment were then
compared to determine the effect of the MANET
network area on PDR.

Based on the graph in Fig. 13, the PDR value tends
to decrease as the MANET network area increases. For
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Fig. 13. PDR of network area scenario.

example, the highest percentage of PDR of 98.88%
occurred when the experiment used an area of 500 ×
500 meters. On the other hand, the lowest percentage
of PDR was 97.55% when the network was simulated
using an area of 1300 × 1300 meters.

IV. DISCUSSION

The energy consumed by nodes decreases as the
speed of node movement increases and the network
area increases. The faster node movement, the more
difficult the handshaking process will be so that the
node does not consume a lot of energy for packet
transmission. The larger network area, the more dif-
ficult for nodes to reach other nodes. Inaccessibility to
other nodes hence does not consume a lot of energy
for packet transmission.

The residual energy consumption parameter has a
value that is inversely proportional to energy con-
sumption because the more energy consumed, the less
energy remains. In the PDR parameter, DSR cannot
handle changes in the speed of node movement. This
is because the failure of the handshaking process
causes many packets unsuccessfully received by the
destination node. DSR also cannot handle changes in
network areas related to PDR. This is because the
larger network area, the more difficult for nodes to
reach other nodes. The inaccessibility causes many
packets that are sent not to reach the destination node.

V. CONCLUSION

Based on the results and discussion, several points
can be concluded as follows. DSR routing protocols
can handle changes in the speed of node movement
related to energy consumption. This is evidenced by the
results of research showing that faster node movement
requires less energy. With a small energy requirement,
the residual energy owned by the node is getting
bigger. However, the DSR routing protocol has not
been able to handle changes in the speed of node
movement related to the success of packet delivery.
This is evidenced by the results of research showing
that with faster node movements, many packets are not
successfully received. This is indicated by the low PDR
value.

The DSR routing protocol can handle changes in the
MANET network area related to energy consumption.
This is evidenced by the results of research showing
that a larger area requires less energy. With a small
energy requirement, the residual energy owned by the
node is getting bigger. However, in the PDR parameter,
the DSR routing protocol cannot handle changes in
the network area. This is evidenced by the results of
research showing that with a larger area, many packets
are not successfully received. This is indicated by the
low PDR value.
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