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ABSTRACT

In mobile ad-hoc networks (MANETSs), nodes use hello messages to detect neighbour nodes and to maintain

link connectivity. In a typical MANET routing, a node broadcasts hello messages at a fixed interval. However, a

fixed hello interval causes a long delay of neighbour discovery (if hello intervals are too long) or greater

bandwidth wastage due to unnecessary protocol overhead (if hello intervals are too short). In this study, we

investigate the impact of node speed and transmission range on hello intervals with respect to network

throughput. Through simulations of a MANET using ad hoc on-demand distance vector (AODV) routing protocol,

we show that the hello interval required to maximize network throughput can be determined as a function of

node speed and transmission range.
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I. Introduction

Mobile ad-hoc  networks (MANETs) are
characterized by their dynamic network topology
and resource constraints regarding bandwidth and
battery power. In typical MANET applications, the
connectivity of nodes changes frequently as a result
of movement, link failure, or fading effects’™. These
factors cause a node to change its information about
neighbour nodes frequently. Thus, a neighbour
discovery scheme is one of the most critical
challenges in MANETSs.

In general, a neighbour discovery scheme is used
to detect new neighbours and link breaks in
MANET routing protocols. Traditional MANET
routing protocols provide a mechanism to monitor
neighbourhood changes (new neighbours or lost

neighbours) by exchanging hello messages in fixed

intervals™. For example, the hello interval is 1 s in
ad hoc on-demand distance vector (AODV)™, and 2
s in optimized link state routing (OLSR)™. Although
the implementation of a fixed hello interval for
neighbour detection is very simple, its routing
performance in dynamic environments of MANETSs
has been critically debated. Use of hello messages
also contributes to overall network traffic and affects
performance. As hello messages are broadcast
locally by the nodes, they contend with data packets
for bandwidth. They may also increase the
probability of collisions with data packets or other
control messages in the network, which can lead to
medium access control (MAC) layer backoff and
buffer overflows at the interface queues. These
factors lead to an overall reduction in network
utilization and throughput as well as increase in the
packet loss ratio.
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Many previous studies have observed that the
routing performance is correlated to the link
detection capabilities of the hello emission
strategy[5’6]. With shorter hello intervals, new
neighbours and link breaks are detected faster.
However, hello intervals that are too short cause
unnecessary  protocol overhead. This reduces
network throughput and increases the energy
consumption of nodes. However, if a node sends
hello messages less often, then congestion and
resource waste will be alleviated, but neighbour
tables will be inaccurate and broken link detection
delay will increase. Such delay might lead to
unnecessary packet drops because of route
unavailability. Several adaptive algorithms were
proposed in previous studies”” " to control the hello
interval dynamically in order to achieve a good
trade-off between resource waste and the broken
link detection delay. The basic idea of these
schemes is to modify the hello interval based on a

d[8.9]

. . 7
node’s moving distance'” or spee or the number

of link changes[lo’m

in order to decrease route setup
and maintenance overhead. However, previous
studies did not examine sufficiently the manner in
which the node speed and transmission range affect
the hello interval in routing performance.

In this study, we investigate the impact of node
speed and transmission range on hello intervals with
respect to network throughput. Through simulations
of a mobile ad-hoc network (MANET) using an
AODV routing protocol, we show that the hello
interval necessary to maximize network throughput
depends on node speed and transmission range.

The remainder of this paper is organized as
follows. Section 2 outlines related works. Section 3
explains the manner in which speed and
transmission range affect the hello interval and
defines a mobility factor. Section 4 compares two
types of mobility models and describes our
simulation environment. In addition, through
simulation results of network performance, we
examine the correlation between the mobility factor
and hello interval. Section 5 presents the conclusions
of this study.
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. Related Work

2.1 Control Schemes of the Hello Interval

Traditional MANET routing protocols use a fixed
time interval to send hello messages, which is not
optimal. For example, if the nodes in a network do
not move, the links of the nodes will not change.
Therefore, sending hello messages at a fixed rate
will only cause unnecessary overhead in the
network. By contrast, if the nodes are moving too
fast, sending hello messages at a fixed rate might
advertise the links too late. Thus, when a node sends
a packet to a neighbour, that neighbour may no
longer be in its transmission range, in which case
the packet will simply be dropped. The node must
then exchange additional messages to find a means
to route the pending packets. Several adaptive
algorithms were proposed in previous studies to
control the hello interval dynamically. The basic
idea of these schemes is to adapt the hello interval

71

. . 8,9
based on a node’s moving distance™" or speed[ 1 or

the number of link changes“o'm.

Giruka et al”’ proposed an adaptive hello
scheme, in which a node emits hello messages at
every constant distance it moves. Thus, nodes
moving at higher speeds emit hello messages at
higher rates. Similarly, nodes moving at slower
speeds emit hello message at lower rates. To prevent
too slow or too fast emission rates of hello
messages, minimum and maximum rates are thus
defined as  MIN-BEACON-INTERVAL  and
MAX-BEACON-INTERVAL.

Jingwen et al.™ proposed Adaptive Classified
Hello Scheme (ACHS) for an improved hello
message. ACHS distinguishes nodes into 2 classes
such as nodes on the route and off the route. Then,
speeds of nodes in each class are compared to
determine proper optimum hello interval with
threshold velocity and determination velocity.

Basagni et al” proposed distance routing effect
algorithm for mobility (DREAM), which considers
mobility as a means to control the refresh timer to
broadcast messages. In DREAM, a node broadcasts
a control message according to its speed. The faster

a node moves, the more often it broadcasts
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messages. Conversely, the slower a node moves, the
fewer control messages it sends.

Huang et al"%

proposed an algorithm based on
the link change rate. A link is a local connection
with a neighbour, and the link change rate measures
the change in the set of links of a node over time.
The link change rate is first measured by monitoring
the number of acquired and lost links. If a node has
a link change rate close to zero, its neighbourhood
remains unchanged. Conversely, if a node has a high
link change rate, its neighbourhood has changed.
Based on this assumption, the hello timer can be set
to an adequate value. In stable networks, the value
of the hello timer can be higher so that no
unnecessary overhead is incurred. In highly dynamic
networks, the value should be small to monitor
changes in the network.

In addition, other adaptive hello schemes exist
that reflect link changes used to establish the
emission rate of hello messages. Previous

studies'"™

suggest that a node broadcasts hello
messages based on the number of link changes or
neighbours. Ernst et al proposed an adaptive
hello scheme that adapts the hello interval according
to link changes and interval length coordination with
neighbouring nodes. Hernandez-Cons et all"?
proposed a dynamic hello/timeout timer based on
link change rate as the number of new and lost links
per time elapsed since the last measurement.

Ingelrest et all”

proposed a turnover-based adaptive
hello protocol. “Turnover” refers to the change based
on the update to the neighbour table, meaning that
whenever a neighbour table is updated, turnover
occurs. Thus, the hello interval is regulated by the
ratio of the number of current to the number of
previous neighbours. The hello interval increases as
the link change rate diminishes, whereas the hello
interval  decreases as link changes occur
infrequently.

Previous studies proposed several dynamic control
algorithms for the hello interval. However, they did
not examine sufficiently the manner in which the
node speed and its transmission range affect the
hello interval in routing performance.

2.2 AODV Overview

The AODV is a reactive routing protocol, in
which routes are determined only as needed. When
a route is required, AODV uses a route discovery
process to learn a route. Once a route is established,
it is maintained as long as it is needed using a
maintenance procedure. AODV maintains routes
using a soft state approach: if a route is not used,
it expires after a specified period. If a path is
broken, a node that composes the path detects link
disconnection using its neighbour information. The
node then sends a route error message to neighbours
and route recovery mechanisms work to locate a
new route.

Two variables determine connectivity using hello
messages: HELLO_INTERVAL and
ALLOWED_HELLO_LOSS. HELLO_INTERVAL
specifies the maximum time interval between the
transmission of hello
ALLOWED_HELLO_LOSS specifies the maximum
number of periods of HELLO_INTERVAL to wait

without receiving a hello message before detecting a

messages.

loss of connectivity to a neighbour. The
recommended value for HELLO_INTERVAL is 1 s
and for ALLOWED_HELLO_LOSS is 2 sP.
HELLO_INTERVAL and ALLOWED_HELLO_LOSS
are related to the period of data packets lost
(neighbour lifetime) as shown in Fig. 1.

However, a node does not broadcast hello
messages every interval in the network. Rather, a
node should only use hello messages if it is part of
an active route. It means that an initial path
construction between the source and destination does
not strongly depend on hello messages. After a path

is constructed, a node in the path update its

ALLOWED_HELLO_LODSS X HELLO_INTERVAL

HELLO_INTERVAL HELLO_INTERVAL

time
Period of data lost
Last hello Link break Link break
message is received OCCUrs is detected
Fig. 1. Hello message operation in AODV.
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neighbour table steadily with hello messages from
neighbours. If the node does not receive any hello
messages from neighbours after neighbour lifetime,
it deletes the neighbours in its neighbour table. The
node then informs other neighbours that the path is
disconnected by sending a route error message,

which begins the route recovery process.

2.3 Mobility Models

Network performance is affected by mobility
models in MANET because links are disconnected
or maintained according to node movement """, We
introduce two mobility models, random waypoint
and Gauss-Markov mobility models, for use in
simulations"®

The random waypoint mobility model was
designed to apply simply to any mobile networks'”.
It has simple rules stipulating that nodes move
independently and randomly. Nodes initially are set
with a pause time and speed. They then choose any
waypoint to the destination within the limit and
travel to that destination in a straight line at a
configured speed. After reaching the destination, the
nodes pause before repeating the operation. Network
conditions can be different according to the
configuration of factors of random waypoint
mobility.

By contrast, the Gauss-Markov mobility model®
is inclined to move with specific patterns generally
in contrast to random waypoint mobility, which
changes direction sharply. In addition, the
Gauss-Markov mobility model move unpredictably
because it possesses a parameter to determine its
randomness. Nodes are assigned speed and direction
initially, but are changed according to the degree of
the parameter at fixed intervals of time. Specifically,
the current speed and direction are calculated based
on the previous speed and direction with a random

variable using the following equations:

s, =as,_,+(1—a)s+ ,/(1—@2)%’H
d, =ad, +(1—a)d+[(1-a))d,

where n and n—1 indicate current and previous
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instances, respectively. Thus, the current speed and

direction of the node are s, and d,, which are

ns
determined by other parameters. Among the
parameters, previous conditions such as s, —1 and

d, —1 represent the core of the mobility because the

major characteristic of Gauss-Markov mobility is

predictability of future conditions based on the
previous speed and direction. Constant values s and

d denote mean speed and direction. This means that

when instances increase, the values of s, and d, are

close to s and d. s, . and d, _, are determined

from random Gaussian distribution. All other
parameters are multiplied by tuning parameter «. Its
range is 0 <a <1 for adjusting randomness.
Therefore, perfect randomness is obtained when
a =0, whereas a linear model is obtained when

a=1.

Il. Two Parameters of Neighborhood
Changes and Mobility Factor

In MANETSs, most routing protocols provide a
mechanism to monitor neighbourhood changes (new
or lost neighbours) by exchanging hello messages in
fixed intervals. However, hello intervals that are too
long cause a long delay of neighbour discovery and
hello intervals that are too short cause unnecessary
bandwidth overhead in the network. Thus, designing
the hello interval properly according to mnode
mobility is necessary. In this section, we investigate
two parameters that affect neighbourhood changes:
node speed and transmission range. Then, in order
to incorporate two parameters, node speed and

transmission range, we propose a mobility factor.

3.1 Node Speed

If the nodes in a network do not move, the
neighbourhood of a node will not change. Because
the movement of nodes affects neighbourhood
changes, one crucial parameter is node speed. Fig.
2(a) and (b) show the neighbourhood changes of a
node when the node moves at two speeds, V; and V>
(Vi < V), respectively. The transmission range of
the node is assumed to be constant as R. The node

www.dbpia.co.kr
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@)
_..
@)

Fig. 2. Effect of node speed on neighborhood changes
when V; < Vs,

(b) Node speed=V,

at a higher speed travels a longer distance d during
the same time 7. This means the more neighbours
change during the same time. Thus, Fig. 2(b) at the
node speed V. shows a greater number of
neighbourhood changes than in Fig. 2(a) at the node
speed V; during the period =

3.2 Transmission Range

Even though nodes move, if nodes are located
within the transmission range of each other, the
neighbourhood of a node does not change. Thus,
another parameter that affects neighbourhood
changes when nodes move is the transmission range
of a node. Fig. 3(a) and (b) show the neighbourhood
changes of a node when the node moves with two
transmission ranges, R; and R: (R; < Ry,
respectively. The node speed is assumed to be a
constant V. In this example, Fig. 3(a) at the
transmission range R; shows a greater number of
neighbourhood changes than in Fig. 3(b) at the
transmission range R; during the period =

3.3 Mobility Factor

In most previous studies, mobility is normally
defined as node speed. For example, a node speed
of 300 km/h indicates a high mobility and 30 km/h

(a) Transmission range=R,

o
¢ O
O

(b) Transmission range=R,

Fig. 3. Effect of transmission range on neighborhood
changes when R; < R,.

indicates a low mobility, regardless of their
transmission range. As previously mentioned, both
the node speed and transmission range affect
neighbourhood changes when nodes move. When a
node moves outside the transmission range of others,
the link between them will break. Therefore,
incorporating two parameters, node speed V and
transmission range R, is necessary to define a
mobility factor. Clearly, the time to link breaks
depends on R over V. We define a new mobility

factor p as:

__R(m)
®= V(m/s) 1)

The mobility factor p indicates the period (s) of
a node to cross R (m) at the moving speed of V

(m/s).

IV. Impact of Node Speed and
Transmission Range on The Hello Interval

In this section, we investigate the impact of node

speed and transmission range on the hello interval in

245
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network throughput by simulations. We evaluate the
network throughput for different hello intervals by
varying node speed and transmission range using the
network simulator ns-3"7. By analyzing the
simulation results, we determine the relation
between the hello intervals and mobility factor to

maximize network throughput.

4.1 Simulation Environment

Our simulations were conducted on a network
with 50 nodes, which were randomly positioned on
a map. Based on transmission ranges, map sizes
were made different, that is, 300x300 m’, 450x450
m’, and 600x600 m’, by maintaining a transmission
footprint at approximately 17%. The transmission
footprint is the percentage of transmission range to
the map. Each simulation is run for a period of 600
s. Ten pairs of nodes are selected randomly for
source and destination nodes. Each source sends 4
packets/s at a constant bit rate to communicate with
the destination. The packet size is 512 bytes; thus,
the data rate is 16 kbps. All nodes move at a speed
of 10 to 30 m/s and within a transmission range of
70 to 140 m. In addition, we assumed a wireless
LAN interface of the IEEE 802.11b with a channel
capacity of 1 Mbps. The simulation parameters are
detailed in Table 1.

To investigate the effect of mobility patterns on a
hello interval in network throughput, we used two
types of mobility models for our simulation: random
waypoint and Gauss-Markov. Fig. 4 shows an
example of the trajectory of a mobile node, which
has an average speed of 20 m/s during 600 seconds.
Fig. 4(a) shows a moving pattern of a node using
the random waypoint mobility model. The random
waypoint mobility model is used typically for
simulation in MANETs because it is very simple
and assures randomness. Fig. 4(b) shows a moving
pattern of a node using the Gauss-Markov mobility
model. The Gauss-Markov mobility model can avoid
travelling to an unexpected spot and making a sharp
turn as characterized by the random waypoint
mobility model. If we compare the trajectory of a
mobile node for two mobility models, the node with

the random waypoint mobility model moves in a

246

Table 1. Simulation parameters.

Parameters Values
Mab siz 300x300 m’, 450x450 m’,
ap size 600x600 m”
Simulation time 600 s

Number of nodes 50

Sources and

. 10 pairs
destinations p

Random waypoint,
Gauss-Markov mobility models

10, 15, 20, 30 m/s

Transmission range | 70, 105, 140 m

Mobility model

Moving speed

Transmission
footprint

PHY/MAC protocol | 802.11b
Channel capacity 1 Mbps

17%

Loss model Friis propagation loss model

Constant bit rate model

512 bytes

Traffic model

Packet size

Source packet rate | 4 packets/s

{a) Random Waypeint mobility (b) Gauss-Markev mobility

Fig. 4. Trajectory of a node when using the random
waypoint and Gauss-Markov mobility models.

wider range than the Gauss-Markov mobility model
during the same period with the same average speed.

Parameters of each mobility model are presented
in Table 2. In the random waypoint model, all nodes
moved with a velocity of 10 to 30 m/s with no
pause time. In the Gauss-Markov model, we set
tuning parameter a to 0.75, which determines the
randomness of mobility. Average velocity was set
from 10 to 30 mfs, and average direction was
randomly set from 0° to 360°.
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Table 2. Parameters of mobility models.

Model Parameter settings
Random Pause time = 0 s
Waypoint
Mobility Velocity = 10, 15, 20, 30 m/s

Degree of random (a) = 0.75

Update period = 0.5 s

Gauss-Markov Average velocity = 10, 15, 20,
Mobility 30 m/s

Average direction = 0° to 360°
(random)

4.2 Impact of Node Speed

First, we investigated the impact of node speed
on the hello interval with respect to network
throughput. In all our graphs of simulation results,
we indicate the 90% confidence interval. Fig. 5(a)
and (b) show the network throughput according to
the hello interval for different node speeds with the
random waypoint and Gauss-Markov mobility
models, respectively. In our simulations, all nodes
were assumed to have the same transmission range
of 140 m and an average speed of 10, 15, 20, or 30
m/s in the map size of 600x600 m’. The graphs in
Fig. 5 show that the total network throughput
decreases as the node speed increases. For the same
node speed, we also observed that the network
throughput increased as the hello interval increased.
However, after a certain value of the hello interval,
it decreases. Therefore, an optimum value of the
hello interval exists that maximizes the total network
throughput. From these figures, we can observe that
the optimum hello interval increases as the node
speed decreases. By contrast, the optimum hello
interval decreases as the node speed increases. This
means that nodes moving at higher speeds require
hello messages at shorter intervals. Similarly, nodes
moving at slower speeds require hello messages at
longer intervals in order to maximize the total
network throughput. Also, these figures reveal that
the Gauss-Markov mobility model yields a higher
throughput with a longer optimum hello interval
than does the random waypoint mobility model. This
tendency is the result of the different characteristics

of moving patterns with the two mobility models,

130
120
2110

-y

o

o
|

Throughput (kbp
o ~N ® ©
& o & o

(&)}
o

00 05 10 15 20 25 30
Hello interval (sec)

(a) Random Waypoint mobility

130 ,
120]
110
100 |

Throughput (kbps)

1.5
Hello interval (sec)

(b) Gauss-Markov mability

Fig. 5. Comparison of network throughput based on hello
intervals for different node speeds.

which affect link change rate. The more
neighborhood changes in the random waypoint
mobility model than does in the Gauss-Markov
mobility model during the same period with the

same average speed.

4.3 Impact of Transmission Range

Second, we investigated the effect of the
transmission range on the hello interval in terms of
network throughput. In all our graphs of simulation
results, we indicate the 90% confidence interval.
Fig. 6(a) and (b) show the network throughput based
on the hello interval for different transmission
ranges with the random waypoint and Gauss-Markov
mobility models, respectively. Simulations were
conducted for transmission ranges of 70, 105, and
140 m with the same node speed of 15 m/s in the
map size of 300x300 m’, 450x450 m’, and 600x600
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Fig. 6. Comparison of network throughput based on hello
intervals for different transmission ranges.

m’ for each transmission range. The graphs in Fig.
6 show that the total network throughput increased
as the transmission range increased from 70 to 140
m. In addition, the optimum hello interval
corresponding to the maximum throughput increased
as the transmission range increased. This means that
nodes with a longer transmission range must
broadcast hello messages at a slower rate to increase
the total network throughput and thus reduce the
network overhead.

In Fig. 6, we compare the random waypoint and
Gauss-Markov mobility models based on the total
network throughput and optimum hello interval for
the different transmission ranges. Due to the same
reason as shown in Fig. 5, we note that the
Gauss-Markov mobility model yields a higher
throughput with a longer optimum hello interval
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than does the random waypoint mobility model.

4.4 Relationship of Mobility Factor to the
Hello Interval

The aforementioned simulation results revealed
that the optimum hello interval depends on two
parameters: node speed and transmission range. For
each graph in Fig 5 and 6, we first determined the
optimum hello interval that maximizes the network
throughput. We then determined the node-speed and
transmission-range combination that corresponds to
the optimum hello interval. We can represent this
combination as the mobility factor defined in the
(1). Fig. 7(a) and (b) show the relationship between
the optimum hello interval and mobility factor p
with the random waypoint and Gauss-Markov
mobility models, respectively. From Fig. 7, we
observed that the optimum hello interval of the
Gauss-Markov mobility model was longer than the
random waypoint mobility model for the same
mobility factor p. These figures exhibit a high
correlation between the optimum hello interval and
mobility factor .

To fit the simulation results, we established a
linear equation of the optimum hello interval, hello

interval, and mobility factor o as follows.

T‘hellumterval =CGH + Cy (2)

where c¢; and c; are constants. To determine the
constants ¢; and ¢;, we used 12 simulation points
with combinations of four node speeds and three

transmission ranges as follows.

Vim/s)=1{10,15,20,30}
R(m) ={70,105,140}

Using a linear regression analysis of the
simulation results given in Fig. 7, we obtained a
linear equation each for the random waypoint and

Gauss-Markov mobility models as follows.

Yj}mllointer'val = 0058“ +0.15 (3)
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T2
T, = 0-05841 + 0.15
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(b) Gauss-Markov mobility

Fig. 7. Relationship between the hello interval and
mobility factor .

ﬂzellointsmul = 0069,&“’025 (4)
Using (3) and (4), we can estimate the optimum

hello interval according to the mobility factor.

V. Conclusion

In this paper, we investigated the impact of node
speed and transmission range on hello intervals with
respect to network throughput using two mobility
models. Through simulations of a MANET using an
AODV routing protocol, we showed that the hello
interval to maximize the mnetwork throughput
depends on node speed and transmission range.
Specifically, with both random waypoint and
Gauss-Markov mobility models, the optimum hello

interval decreases as node speed increases, whereas

it increases as transmission range increases. To
incorporate node speed and transmission range, we
defined a mobility factor ;1 as transmission range
over node speed. Using the linear regression analysis
of the simulation results, we showed that the
optimum hello interval needed to maximize the
network throughput could be expressed as a linear
function of mobility factor . In future work, we
will study a dynamic hello interval control algorithm

using this relationship.

References

[1] A. Hinds, M. Ngulube, S. Zhu, and H.
Al-Aqrabi “A review of routing protocols for
mobile Ad-Hoc NETworks (MANET),” Int. J.
Inf. and Edu. Technol., vol. 3, no. 1, pp. 1-5,
Feb. 2013.

[2] P. Sivakumar, R. Srinivasan, and K. Saranya
“An efficient neighbor discovery through hello
messaging scheme in MANET routing
protocol,” The Int. J. Emerging Technol. and
Advanced Eng., vol. 4, no. 1, pp. 169-173,
Jan. 2014.

[3] C. E. Perkins, E. M. Belding-Royer, and R.
Das Samir, Ad hoc On-demand Distance
Vector (AODV) Routing, IETF RFC 3561, Jul.
2003.

[4] T. Clausen and P. Jaquet, Optimized Link
State Routing Protocol (OLSR), IETF RFC
3626, Oct. 2003.

[51 I D. Chakeres and E. M. Royer, “The utility
of hello messages for determining link
connectivity,” in Proc. = Wireless Pers.
Multimedia Commun., vol. 2, pp. 504-508,
Oct. 2002.

[6] C. Gomez, M. Catalan, X. Mantecon, J.
Paradells, and A. Calveras, “Evaluating
performance of real ad-hoc networks using
AODV with hello message mechanism for
maintaining local connectivity,” in Proc. IEEE
Int. Symp. Pers., Indoor and Mob. Radio
Commun., vol. 2, pp. 1327-1331, 2005.

[71 V. C. Giruka and M. Singhal “Hello protocols
for Ad-Hoc networks: Overhead and accuracy

249

www.dbpia.co.kr



The Journal of Korean Institute of Communications and Information Sciences ’18-02 Vol.43 No.02

8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

250

tradeoffs,” in Proc. IEEE World of Wireless
Mob. and Multimedia Netw., pp. 354-361,
2005.

S. Basagni, I. Chlamtac, V. R. Syrotiuk, and
B. A. Woodward, “A distance routing effect
algorithm for mobility (DREAM),” in Proc.
Int. Conf. Mob. Comput. and Netw., pp. 76-84,
Dallas, Texas, USA, Oct. 1998.

Y. Huang, S. Bhatti,
“Adaptive MANET routing for low overhead,”
in Proc. IEEE World of Wireless Mob. and
Multimedia Netw., pp. 1-6, Jun. 2007.

R. Ernst and P. Martin, “Adaptive HELLO for
the Neighborhood Discovery Protocol,” in
Proc. IEEE Conf. Local Comput. Netw., pp.
470-478, Oct. 2012.

N. H. Cons, S. Kasahara, and Y. Takahashi,

“Dynamic hello/timeout timer adjustment in

and S. Sorensen,

routing protocols for reducing overhead in
MANETs,” Comput. Commun., vol. 33, no.
15, pp. 1864-1878, Sept. 2010.

F. Ingelrest, N. Mitton, and D. S. Ryl, “A
turnover-based adaptive HELLO protocol for
mobile ad hoc and sensor networks,” in Proc.
IEEE Modelling, Anal. and Simulation of
Comput. and Telecommun. Syst., pp. 9-14,
Oct. 2007.

N.-U. Park, J.-C. Nam, and Y.-Z. Cho,
“Impact of node speed and transmission range
on the hello interval of MANET routing
Conf. Inf. and
Commun. Technol. Convergence, pp. 634-636,
2016.

T. Camp, J. Boleng, and V. Davies, “A survey

protocols,” in Proc. Int.

of mobility models for ad hoc network
research,” and Mob.
Comput., vol. 2, no. 5, pp. 483-502, 2002.

V. Timcenko, M. Stojanovic, and S. B. Rakas,
“MANET

models:

Wireless Commun.

routing protocols vs. mobility

Performance analysis and
comparison,” in Proc. World Scientific and
Eng. Academy and Soc., pp. 271-276, Aug.
2009.

J. Ariyakhajorn, P. Wannawilai, and C.

Sathitwiriyawong, “A comparative study of

random waypoint and gauss-markov mobility
models in the performance evaluation of
MANET,” in Proc. Int. Symp. Commun. and
Inf. Technol., pp. 894-899, Oct. 2006.

[17] C. Bettstetter, G. Resta, and P. Santi, “The
node distribution of the random waypoint
mobility model for wireless ad hoc networks,”
IEEE Trans. Mob. Comput., vol. 2, no. 3, pp.
257-269, Sept. 2003.

[18] B. Liang and Z. 1.
distance-based mobility management for PCS
networks,” in Proc. IEEE Int. Conf. Comput.
Commun., vol. 3, pp. 1377-1384, 1999.

[19] NS-3, https://www.nsnam.org/

Haas, “Predictive

Ht 5 & (Neung-Um Park)
2015\ 84 AR A}

o s 23]

- 20179 8 : AEEgw A=z}
- I AAE 24
. <IAlEol> mujal o= 4

& X & (Jae-Choong Nam)
2009 2% : AHNEw FHz}

A
]
-,
o)
Mo

o> TP mefE], mn}

2 o= =g

www.dbpia.co.kr



= [ Impact of Node Speed and Transmission Range on the Hello Interval of AODV Routing Protocol

Z 7 Ml (You-Ze Cho)

1982 : A-gfetw A=} Fst
i+ =4

19839 : sk=slr]ed %A}
T A &2

1988 : =rer|ed ZA}
T Al &4

1989 3~3A] : AENgw 1T

ofe gty s

251

www.dbpia.co.kr



	Impact of Node Speed and Transmission Range on the Hello Interval of AODV Routing Protocol
	ABSTRACT
	Ⅰ. Introduction
	Ⅱ. Related Work
	Ⅲ. Two Parameters of Neighborhood Changes and Mobility Factor
	Ⅳ. Impact of Node Speed and Transmission Range on The Hello Interval
	Ⅴ. Conclusion
	References


